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YUV VIDEO LINE DOUBLER

Doubling the aumber of lines, re-
sulting in 32kHz horizontal deflection,
effectively reduces the visibility of the
line structure of a television picture.

The most costly parts of a Iihe
doubler are the A-to-D converters and
the line memories. Fig.1 shows

the "block diagram of a line
doubler for Y, U and V signals,
embodying an inventive featu;e.
The Y signal path is the same
as an R, G or B channel.

: The ‘U and V channel uses a
single A-to-D. converter and a. single
fine memory. This is achieved by mutti-
plexing the U and V signals. Effectwely
the U and V signals are sampled at haif
the clock frequency, thus halving the
bandwidth of the signal path. However,
the U and V signals have a bandwidth
of approxnmately a quarter of. the
bandwidth of the ¥ s1gna| The same
clock: signal .is ‘used for converting the
Y and the multiplexed U and V signals,
so that the latter are still over
sampled, maintaining full bandwidth.
Consecutive output samples of the
converter are alternately U and V
signals that are stored in the memory,
At the output of the memory the data

« rate Qf U and V has doubled. U and V
are demultiplexed in the digital domain -

rather than in the analog domain. The
expense of a digital demultiplexer and a

D-to-A coaverter, and the cost of .an

analog demultiplexer might well break

.

l i nes,
effectively reduces the VISIbI|Ity of the line
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dying an i-nventive feature. The Y S|gnal
annel . . The U and V channel uses a
er and a single

" The npst costly parts of a line doubler are the A—to D converters and the

?é]er for Y, U and
is the sane as
single A-to-D.

line menory. This is achieved by nulti- plexing

Effectively the U and V signals are sanpled at hal £
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However, the U and Visd Wgsc,gay%eaeg@&q%m&,e,ogr@pprOX| mately a quérter :

of the

required. At the input of the A-to-D
converters the signals have to be
clamped to defined dc levels to. avoid

. Signal clipping. In carrying out an

inventive feature, for the U and V

" signals a single clamp switch could
be used for both, as shown in Fig. 1.

Digital video processing requires
the use of a clock signal that is locked

to horizontal line frequency. For this -

purpose a phase .locked clock generator

- has been used operating at 2TMHz. {t

consists of a voltage controlled oscilla-

tor and means to compare the phase of

horizontal or composite sync (CSl) and
the clock signal (CLK). Since "the fre-

quencies of these are different, a divi-

der {counter) circuit is used to make
them equal. The output of the phase
comparator is connected to the .VCO
via a fow pass filter that reduces sensi-
tivity to noise and other phase distur-

" bances in the reference signal.

The counter and phase comparator
are realized in a programmable logic
device (PLD) of Fig. .4 and are
‘functionally as shown in Fig. 2.

An 11 bit counter divides the
frequency of 27MHz down to the

- horizontal line frequency,

of 15625Hz. The duty

cyc!e of the most stgniticant bit (Q10)
of the counter output is about 2:1.
Fig.2 also shows some waveforms of the
circuit in the situation where a small
phase difference is present between the
input phase reference signal CS! and
counter output Q10. The down going
edges of composite sync signal- CSI

. trigger, via an inverter, flipflop FF,

‘that has output. signal SYN. This flip-~

flop is reset at the instant that counter
output Q10 goes high. Since the low-to-
high ratio of Q10 is 2:1, the presence’
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and the cost of an

bandwi dth of the Y si gnal The sarre cl ock signal is used for

ma Shegt Kag BedniReplared t | pl exed U and V signals, so that the latter
i ntaining full bandvvl dth. Consecuti\reaost pigg sanpl es of
re alternately Uand V signals that are stored in the -_

e output of the menory the data rate of U and V has doubl ed.

Uand V -~ are demul tiplexed in the digital domain rather than in the analog

domai n. The expenseobfeqaaltting palseslém@dli phewerwitihd a D-to-A converter, .

aroklen Jirds nailltt gl Baver anyminfhienoe| |
on the output signal of the flipfiop.
Some combinational logic drives enable
ENA of a tristate buffer connected to
Q10. ENA will be active when SYN and
Q10 have the same logical level. As
shown in Fig.2 the circuit will output
high level pulses when the phase of the
sync input is advanced to Q10 and low
level output pulses when the phase of
SYN is lagging. High level output pulses
will cause the VCO to increase its

- frequency, low level puises the oppo-

site. In this manner the oscillator will
automatically adjust its frequency for
minimal phase errors. In the absence of
errors ENA will not be active at all.
When no input sync is present CSI will
be continuously high. Flipfiop FF will
stay in reset position and ENA will
never be active, so that the oscillator
will be operating at its nominal free
running frequency.

The practical circuit is shown in
Fig. 3. The doubling procedure is
conventional. For the analog multi-

plexer U1 a quad anafog switch with
type number DG601 (Siliconix) is used.
For each channel two switches are
connected in parallel alternately turned
on via EXOR gates U2A and U2B. The
clamp switches are incorporated in the
A-to-D converters. The Y signal is
clamped to ground ievel and U and V
are clamped to a level adjusted Dy

converting
are still



_-2- even.  Furthers a triple Dto-A conver- ter and a cl ock
generator/control ler are required. At the input of ®A& &.£68D converters
ﬂh:eShset to be clanped to defined dc levels to avoid signal
‘rying out an inventive feature, for the U and V signals-a
tch could be used for both, as shown in Fig. 1.
_D| glta Vi deo processing requires the use of a clock signal that is IocRed

"to horizontal | l'i ne fBF&‘i?oqr?é(ter Foryt hbemultlplexmg is .

carried out by latches U10 and U11.

They latch, .respectively, the odd and

the even samples that are output from )
the line memory. The reference '

voltage is present across

capacitor C5.

The VCO is built up with mmverter
UB6A and .peripheral components. Vari-
cap D1 aliows the frequency to be
varied. R24, R25, C22 and C23 repre-
sent the lowpass filter. The counter and
phase comparator are implemented in
PLD U7. All internal signals of the
- counter are phase locked to horizontal
sync. Therefore all control signals for
the memories, the multiplexing and the
clamping can be output of the same
device (U7). :

The double rate horizontal sync
signal is advantageously taken from the
double rate Y signal. This provides a
sync signal that has a fixed phase rela-
- tionship to the video signals. Any phase
jitter of the clock generator has
. ‘minimum influence in this way.

The described circuit performes
well with minimum visible defects. It
uses readily available components and
does not require microprocessor sup-

s port. Compared to an RGB video line
: doubler a YUV doubler is of lower cost.
However, a matrix for double rate
video has to be provided. Since these
are available in integrated circuits, that
also incorporate contrast and brightness

- controls, this should not be a disadvant-
age. '
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—purpose—a—phase—tocked cI ock

t}ag been used operating at 27M—|z It
~.consi sts_of tage con (%or and means to conpare the
iﬂ“ “u %ﬂ | I) and the clock signal (CLK).
enC| es of erent, a divi- der .(counter)
~ci rcwt S used to make them equal. The output of the phase conparator is
connected,to the VCO via a | ow pass filter that.yeduces sensi- tivity.to
noi se and ot her phase distur- banceés in the refgrence signal. The
counter and p conparator are realized in a programmable |ogic device
(PLD) of Fig. and are functionally as shown in Fig. 2. An 11 bit
counter dividgQs A pise-lockoop circuit, comprising:
2 controliable oscillator (53);
& source of a synchronizing signal (Q4);
a flip-flop (62) responsive 0 said synchro-
nizing signal for generating a2 flip-flop output
signal (SYN) at a first state when an edge
- (LEVLE2) of sald synchronizing signal occurs,
said output signal alternating between said first
state and a second state (HA); characterized
by _ '
a decoder (101a) for applying said syn-
chronizing signal to an output of said decoder .
(66c) via a signal path of said synchronizing
signal that includes said flip-flop to generate a
phase difference indicative signal (OUT) at
seid output of sald decoder, said phase dif-
ference indicative signal being generated in
accordance with a phase difference bstween
said synchronizing signal and an output signal -
of said oscillator (CLK), such that for phase

ditferences that are both positive and negative,

no other flip-tiop is included in any signal path

of ssid synchronizing signal between sald

source of synchronizing signal and said output
5 of said decoder; and .

a low-pass filter (54) responsive to ssid
phase difference indicative signal and coupled
to a control input (53a) of said oscillator for

-+ controlling said oscillator in a phase-lock-loop
10 manner such that in steady state phase-lock
operation, an edge (CE) of said ascillator out-
putsignahsaﬁgnedw@saldedgeof
synchronizing signal.

15 .2 An apparatus according to Claim 1 further

' characterized by, a counter (52) responsive to

said oscillator output signal (CLK) for frequen-

oy dividing said oscillator output signal, said

- counter being coupled to said decoder (101a)

20 for providing timing information of said edge
(CLK) ot said oscillator output signal.

3. An apparatus according to Claim 2 character-

tzed in that said counter (52) is coupled to said

25 flip-flop (62) for generating said flip-flop output
signal at said second stete (SYN=LOW).



frequency of 27MHz down to'ﬂh@%hee arsiB%oq{te I Ai ne frequency, of 15625Hz.
Theumnml"c"mlmlgﬂ he nost Sy ¢ (QL0) of the counter output is
abo SO shovvsD HEW H of the circuit in the
situati‘on'wh&re®a Snal|l pha i is present between the input
phase reference signal CSI and counter output QLO0. The down yng edges
of conposite sync signal CSI trigger, .via an inverter, flipftgp FF, that
has output signal SYN. This flip- flog is reset at the instant that
counter output QLO goes high. Since the lowto- high ratio of QIO is 2:1,
t he resenC(; A phase-lock-loop circuit according to Claim 3
p .

characterized in that said counter (52) pro-
30 duces a first signal (CikDiv) and wherein a

pulse width of a pulse of said phase difference

indicative signal (OUT) is determined in accor-

dance with a length of an interval between an

instant (LEt) when said flip-flop output signal
35 (SYN) assumes said first state (SYN=HIGH) in

response to said synchronizing signal (CSI)

and an instant (TT1) when said first signal

occurs, :

40 §. A phase-lock-loop circuit according to Claim 4
characterized in that sald counter (52) gen-
erates a second signal (CLEAR) that is time-
shifted with respect to said first signal (CIkDiv),
whersin sald synchronizing signal (CS1) is de-

as rived from a video signal (VIDEO IN) and In-
cludes a horizontal rate signal and an equaliz-
ing pulse (EQ) between a given pair of puises
(CS)) of =aid horizontal rate signal and wherein

_ in a given period of said horizontal rate signat -

60 said second signal causes said flip-flop (62) to
assume said second state following the occur-
rence of said equalizing pulse in a manner to
prevent said equalizing pulse from affecting
said phase difference indicative signal (OUT).

6. A phase-lock-loop circuit according to Claim 1
O!ISWM in that a pulse of said phase
difference Indicative signal (OUT) is at a first

'magnitude (HIGH) when said phase difference
is positive and at a second magnitude (LOW)
when said phase difference is negative. :

7. A phase-lock-loop circuit ‘according to Claim 1
further characterized by, a counter {52) respon-
sive to said oscillator output signal (CLK) for
generating a first signal (CikDiv) at a lower
frequency wherein said decoder {1013) in~
cludes a tri-state gate (86) that couples said
first signal of said counter to gn output terminal
p(shec) of saidig:te to develop .a pulse of said

ase efror indicative si '
output terminal. orel (OUD &t seld
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will-

of equalising pul ses i g0
it i

when ‘SYN and cno have the sa

out put _ hi gh, | evel pul ses when the p

8.

A phase-lock-loop circuit according to CIaum 1
further characterized by, a counter (52) respon-
sive to said oscillator output signal (CLK) for
generating a first signal {ClkDiv) that is coupled
to said decoder (101a) wherein when said syn-
chronizing signal (CS!) phase-leads said first
signal, a pulse of said phase difference indica-
tive signal {(OUT) has a leading edge in re-
sponse to said fiip-flop output signal (SYN) and
a trailing edge in response to the occurrence
of said first signal (TT1), and when said syn-
chronizing signal phase-lags said first signal,

th broken line, will not have any
8p Some conbi national |ogic

ected to QLO. ENA will be active

| et

hase of the

said pulse has a leading edge (TT2) in re-

sponse fo the occurrence of said first signal
and a tvailing edge in response to said flip-flop
output signal.

A phase-lock-loop circuit according to Claim 8
charscterized in that said counter (§2) gen-
erates a socond signal (CLEAR) that is time-
shifted with respect to said first signal for ini-

tializing said flip-flop (62) and for causing it o
essume said second state (SYN=LOW) in ¢ -

given period of said synchronizing signal (CSH).

10. A phasedock-loop circuit according to Claim 8

",

12.

characterized in that said flip-flop (62) is the
only memory stage in any signal path betweeon
sald counter (52) and said output (66c) of said
decoder.

A phase-ock-loop circuit according to Claim 1

characterized in that said synchronizing signal

(CS)) is coupled to said decoder (1012) in a
manner that bypasses sald flip-flop (via 67) for
enabling the generation of said phase error
indicative signal (OUT) in normal operation and
for disabling the goneration of sald phase error
indicative signal when said synchronizing sig-
nal is missing.

A phase-lock-loop circuit, comprising:
8 controllable oscillator (53) for generating

\; the circuit



sync input is advanced to QL0 and | ow | evelTh %&p}t{%@; . when t he phase of

T R o | ner bace.ite

the oscillator
cauttonliti talTy adjust its frequency for errors. In the

absence of errors ENA will not be actlve at all. V\hen no i nput sync is
present CSk wilf be continuously hi gh Flipflop FF will stay in reset

posi tion and ENA aniosdilatay\éighial (GKpCt i ve, so that the oscillator will be

operating at its nosricouter {(52p @espensive ) siid @gailency - ] - The practi cal

circuit is shown latery sighal fpr frequerily ediviting (3kid eecilpr ocedure’ i s
latory signal to generate first (ClkDiv) and sec-
-8 ond {CLEAR) signals having a time differsnce
therebetween and that are synchronized to
sald oscillatory signal, each having a lower
frequency than that of sald oscillatory signal;
. a source of & synchronizing signal (CSI);
0 characterized by
an edge triggered fiip-flop (62) responsive
to seid synchronizing signal for generating &
flipflop output signal (SYN) at a first state
: (HIGH) in accordance with a transition of said
.18 synchronizing signal, sald first state being gen-
erated when a phase difference between said
synchronizing signal and said first signal is
positive and when said phase difference is
{ negative, said flip-flop being responsive to said
i 20 second signal for generating said flip-tlop out-
: put signal at a second state {(LOW) in accor-
dance with said second signal, sald flip-flop
output signal alternating between said ficst and
-: second states within a given period of said
i o8 synchronizing signal;
: a decoder (101a) for ganeraung a signal
(OUT) that is indicative of sald phase differ-
ence at a first state (HIGH), when said flip-fiop
SR output signal is at said first state and said first
30 signal (ClkDiv) is at a first state (HIGH), for
generating said decader output signal 2t 2
sacond state (LOW), when said flip-fiop output
signal is at said second state (LOW) and said
first signal is at a second state (LOW) and for
as generating said decoder output signal at a third _
state (TRI-STATE) during the remainder of 2 i
given period of sald synchronizing signal; and
a low-pass filter (54) responsive to said
phase difference indicative signal and coupled
<0 0 a control input (53a) of said oscillator for
controlling said oscillator in a phase-lock-loop
manner.

13. A phase-lock-loop circuit according to Claim
4% 12 characterized in that both when said phase
ddference is positive and negative, only one
(FALLING EDGE) of a rising edge and a falling
_edge of a given pulse of ssid synchronizing
signal (CSI) affects said phase difference indi-
s0 cetive signal (OUT) and only one (FALLING
: EDGE) of a rising edge and a falling edge of a ' - R SRR
given pulse of said first signat (CIkDiv) affects AR
said phase difierence indicative signal. : ' '

ss  14. A phase-lock-loop according to Claim 13 char-
acterized in that said edges of said synchroniz-
ing (CSI) and first (ClkDiv) signals are aligned
in steady state phase-lock operation.




conventional. For the analog multi- - plexer TH;L f@etqgsage apal 09 switch wth

typﬁ“ﬂlﬂw lﬁ' I 1iconix) is used. For . edswi t ches are
con "m IIE alternately ‘turned on IJ U2A and U2B.
. The * cJarfp 4w fches are incorporated in the ers. The Y
signal is . clanped to ground | evel anh U and V are clanped to a | evel
adj usted by o
- 15. A phase-lock-loop circuit, comprising:
a controliable oscifator (53) for generating
en oscillator output signal (CLK);
means (52) responsive to said oscillator
‘0 output signal for frequency dividing sald os-
cillator output signaf to generate 2 first signal
{ClkDiv) at a lower frequency than that of said
oscillator output signal and that is synchro-
nized thereto;
a source of a synchronizing signal (CSf)
containing pulses;
an edge triggered flip-flop (62) responsive
to sald synchronizing signal for generating a
fiip-tiop output signal (SYN) at a first state
(HIGH) in accordance with an edge (LE1) of
said synchronizing signal, said first state being
generated when a phase difference between
said synchronizing signal and said first signal
is positive and when sald phase difference is
negative, said flip-fiop output alternating be-
twoen said first state and a second state
{LOW); characterized by §
a decoder (101a) responsive to sa:d flip- .
flop output signal and to said first signal for
generating at an oufput of said decoder (66c) a :
decoder output signal (OUT) that is indicative |
of said phase difference and that is indepen-
dent of a duty cycle of said syrnchronizing

erated in accordance with a difference between
a time (LE1) when said first state of said flip-
flop output signal occurs and a time (TT1) -
when said first signal occurs, such that for
posiive and negative phase differences, no
flip-fiop other than ssid flip-flop is used to -
incorporate timing information from said syn-
chronizing signal Into phase difference infor-
: mation of said decoder output signal; and ‘
a low-pass filter (54) responsive to said
phase diiference indicative signal and coupled
to a control Input (53a) of said oscillator for
controlling said oso:llaxor in a phase-lock-loop
manner.

16. A phase-lock-loop circuit according to Claim

"~ 18 characterized in that in steady state phase-
lock operation, an edge (CE) of said oscillator -
output signal (CLK) is aligned to occur sub-
stantially simultaneously with an edge (LE1) ot
said synchronizing signal.

17. A phase-lock-loop circuit according fo Claim . -+ .0 . ... .
15 characterized in that said first signsl gen- = =~ 7 '
erating means (52) comprises a counter {52)
responsive to said oscillator output signal
{CLK) for frequency dividing sald oscillator out-
put signal, said counter being coupled to said
decoder (101a) for providing timing information

signd' said h ) ou“pu( sigﬂa‘ being _‘:":—", I \“ et ot O .\;.\.‘. ..-.;.-. A ;



-4- potentioneter R11. Denultiplexing is carri ed out by | at ches U10

and Ilmm espectively, the odd andhis e‘ lh@d that are
out ptﬂwuﬂmmﬁ I nory. The reference volt acr oss

capaci t or® " ¥he*VCOis built up with inver ri pher aI '
conponents. Varqr cap D1 allows the friqquency to be var i ed 4, C22

and C23 repre- sent t he | owpass fllter The counter ‘and

of said edge (CE) of said oscillator output
signal.

-18. A phasedock-loop circuit according to Claim
s 17 characterized in that said counter (52) is
coupled to said flip-flop (62) for generating
said flip-flop output signal (SYN) at said sec-
ond state (LOW).
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. phase conparator are inplemented in PLD U7. Al internal signals of the
T Bk HaxBeen Rdplag® | ocked to horizontal sync. Therefore_all _control signals
f s, the .nultiplexing and the clLanping ca?‘ncpb@o[tﬁaput of the
s ' The doubl e rate horizZontal” §yvig si-gnal-is.. - .
advant ageousl'y taken fromthe double rate Y’ si gnal . fhf"%‘“p‘r-"o'\‘ri des & sync
signal that has a fixed phase rela- tionshifp to the video signals. Any -
phase jitter of the clock generator has m erum Linfluence in this way, ...
The described circuit performes well with nmininumvisiblétefects. LLl uses
readi ly avail abl e conpone .

A line-locked-clock generator circuit includes }
an oscillator, a counter with a 2:1 ratio output
pulse connected to a tristate buffer, a reference
input for providing composite sync and a control
circuit. The clock generator is coupled to a
line memory. Video cowponent signals U and V
are clamped using a single clamp arrangement.

The clamped signal is processed through an
analog-to-digital converter and applied to
the line memory.



mdoes~ngL_LequLFe—ﬂ4crbprocessor sup- port. Compar ed to'an RGB video line

doubl er a YUV doubler is of |ower cost. However, ggg%gr 3g f.or double rate
'th@@d ey ovi ded. Since these are avai | ab in‘integrated circuits,
' orate contrast and bri ght ness controls this should not be

-5- —
SHEET 1 OF 4 , i

A
8
¥ —ii ™ =+ G
D
sclup ' “‘ )
A
suux A
Vo—t—a 8 LINE
P*———I—-b -~ . UBMORY
Vo—it—e ./ o
L e oo/ -
4
__{S <lap . 4

5 i . CLOCK GENERATOR / CONTROLLER

FIG.1 BLOCK DIAGRAM




GI—GH—‘I‘I‘E*JT' A phase | ock- | oop circuit, conprising: a controllable

oscill a or . a source of a synchroni zHFﬁj* §|7g‘r]3<§| (&), - a
Th‘F m responswe to said synchro- ni zing signal for generating

t put signal (SYN at a first state when an edge
ai d synchroni zi 8BEET ghd@F dtcurs, sai d out put signal
alternatl ng betvveen said first state and a second state (HL);

characteri zed by VCC a decoder (10la) for applying said syn-

chroni zing signal to out put of sai d decoder (66¢c) via a signal path .
of said synchroni zi ng gT that includes said flip-flop to generate a
phase difference indidative Bynal "(oUT) at
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« saivd ‘G'ﬂ't-'put:- of -'.'sai d decoder, said phase dif-
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synchroni zi ng signal” and an out put signal
such that for phase
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accordance with a phase difference between
( of said oscillator (CLK),
di fferences that are both positive and negative.
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ference indicatineg signal

sai d

no ot her fIip-rop Is included in any signal path of said synchrni zi ng
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(53a) of said gscillatdgr, |T§1 1 ngegaehpsci klator In a
phase- | ock:l o 1 8] %t eathf3atate phase- | ock
operation, 4n ®lge [{ Slout B2 Ha—
e
Rl R3
78 10k
Fiscas ¥
=
| +5v
bR
::FB
44 4§v
A6 "‘ae azoI L - - >y |
22« || 100 = oo SoeT 520 Tee ___l:Lg_ E&T: e %
100n ' N — 2 —
N> < 51011 001 ——
c3 Q2 |cssrc % D12 Doz BRI
Vv - - 510I3 003 —
—— ] 3] 014 004 (2SI
2 =5 Stz BEHE—
: i EHE
' 2] 210e’ _
l;g '::k 200“’ g“ Lcs - r HIZ _ Eé% - .
T
e Taua : ‘;ﬁ:ﬂ HUS3021 :
+§V
-FCSS ITE_ u "2 %
] 10u 3mSRl
u-a £1010 09
J3 = —$1012 002
Y - "R 013 003 g
= ] DI« 00«
] 5101 003 j
) 7jois  gos S
= 2] 1
= g i-u 1+ o (15
‘,'g:ﬂ HME3023
. ‘?" '3 Yaaces
SYwC VCC (1] 4
ves o T pi%0" 12
VERT ASET _ﬁ__@- uso uz2c
~ 74504 74ACE6
oo e S 22 . ] ~
uz _'/’
a5C0o60
M idbexs  1n3 |22 :
i S4INI 1016 |55
| 1383 1352 B
S H 52 19 + —

~—etrys

a R SN o L A Y S ettt
IR - A N LR

-
'.EDCG

uet
T7ASC«

L L .

- e



puL_sl_gnal—ks—&H—gﬁed with said edge'of sai d ' ""'S'yhchroni zi ng signal.

2. An apparatus according-to Claim1l further characterized by, a .
colihj t e #sive to said oscillator output signal (CLK) for-.
fre “ ﬁ uf di viding said oscillator output sicanst.,sssai d _
cou )l ed togfRke geggdqr (101s) for providing tim ng -
I nformati on of said edge CLK) of said oscillator output sighal. e
3 An apparatus according to C al m 2 character- ized in that said
counter (52) is coupled to said flip-flop (62) for generating said

'f'I I p-fl op out put signal at said second state (SYN=LOW.
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k-1oop circuit according to Claim3 acterlzed
is }f%et}ﬁsﬁ’gﬁﬁ lach (d MV?J
grence

I | (52) pro- duces a first signa
'”d' I m ge with a length of

mndth of a pul se of said phase diff
an interval betmeen an | NSEARET( REQY dhen sald fI|p flop output S|gnal

is determ ned in accor- da
(SY umes—sairdfiTet Stat
synqhhro—a:zi ng si gnal ﬁl)
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and an instant (TT1l) when said first signal occurs. 5. A
. phase-1lock-loop circuit according to Claim4 characterized in that said
counter (52) gen- erates a second signal (CLEAR) that is tine-
shifted with respect said first signal (dKkDv). wherein said
synchroni zing signal (CSlI) is de- rived froma video signal (VIDEO IN)
and | n- cludes a horizontal rat®e signal and an equali z- I ng pul se
(EQ- between a given pair of pul ses (CSl) of said horizontal rate
si gnal and wher.ein In a given period of said horizontal rate signal
sai d second signal caus¥yVs¥IDEQ | BIREBOUBLER o assunme sai d second
state follow ng the occur- rence of said equali.zing pulse in a manner
to  prevent said equalizing pulse fromaffecting sai d phase
di fference indicative signal (QUT). -
Doubling the number of lines, re-
sulting in 32kHz horizontal deflection,
effectively reduces the visibility of the

line structure of a television picture.

The most costly parts of a line
doubler are the A-to-D converters and
the line memories. Fig.1 shows

the block diagram of a line
doubler for ¥, U and V signals,
embodying an inventive feature.
The Y signal path is the same
as an R, G or B channel.

The U and V channel uses a
single A-to~-D_converter and a single
line memory. This is achieved by multi-
plexing the U and V signals. Effectively
the U and V signals are sampled at half
the clock frequency, thus halving the
bandwidth of the signal path. However,
the U and V signals have a bandwidth
of approximately a quarter of the
bandwidth of the Y signal. The same REPLACEMENT SHEET
clock signal is used for converting the ' ’
Y and the multiplexed U and V signals, 12 SEP 996
so that the latter are still over
sampled, maintaining full bandwidth. '
Consecutive output samples of the
converter are altemately U and V
signals that are stored in the memory.
At the output of the memory the data
rate of U and V has doubled. U and V
are demultiplexed in the digital domain -
rather than in the analog domain. The
expense of a digital demultiplexer and a
D-to-A converter, and the cost of an
analog demultiplexer might well break

RELACEMENT SHEETS  SG

Descripilon.: paged .. to paged A
aim(s)  rpeged..f. o paged .
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magni t ude (LOW

phase-1ock-l1oop circuit according to Caim1l

. 6. A phase-1ock-loop circuit accordig to Caiml
> a pul se of said phase

magni tude (H GH)when said phase diffejence

di fference indicative signal (OUT)

charucterized In that
Is at a first

is positive and at a second

when sai d phase difference is negative. 7. A

further

characterized
by, a counter (62) eesmpofiurther, a gripte t-toafdcenrved-| at or out put signal

(CLK) for

‘geneeraandig alockr generagordicoG@olBr \dreat a | ower

frequency wherein sesqhicsnodar thdOimput | 6f the A-to-Ddes a tri -state gate
(66) that couples sgpdverters tid Sisigidifalnave Sed dgeounter to an out put
term nal

clamped to defined dc levels to avoid

Signal clipping. In carrying out an
inventive feature, for the U and V

- signals a single clamp switch could
be used for both, as shown in Fig. 1.

Digital video processing requires
the use of a clock signal that is locked

to horizontal line frequency. For this

purpose a phase locked clock generator
has been used operating at 27MHz, It
consists of a voltage controlled oscilla-
tor and means to compare the phase of
horizontal or composite sync (CSi) and
the clock signal (CLK). Since ‘the fre-
quencies of these are different, a divi-
der (counter) circuit is used to make
them equal. The output of the phase
comparator is connected to the VCO
via a low pass filter that reduces sensi-
tivity to noise and other phase distur-
bances in the reference signal.

The counter and phase comparator

are realized in a programmable logic
device (PLD) of Fig. 4 and are

functionally as shown in Fig. 2.

An 11 bit counter divides the
frequency of 27MHz.down to the
horizontal line fréquency,

of 15625Hz. The duty

cycle of the most signiticant bit (Q10)
of the counter output is about 2:1.
Fig.2 also shows some waveforms of the
circuit in the situation where a small
phase difference is present between the
input phase reference signal CSl and
counter output Q10. The down going
edges of composite sync signal CSi
trigger, via an inverter, flipfiop FF,
that has output signal SYN. This flip-
flop is reset at the instant that counter
output Q10 goes high. Since the low-to-
high ratio of Q10 is 2:1, the presence

mCBMENT SHEET
12 SEP 1996




R (6"\6‘0) of said gate to devel op a pul se of said
. signal (OUT) at said out put term nal.

-7-

out put signal

a A phase-lock-loop circuit according to Claim1l
characterized by, a counter (52) respon- si ve,
(CLK) for

phase error Indicative

further
to said oscillator

generating a first signal- (kD v) that Is

coupl ed to said decoder (10la) whgrein when said syn-

of equalising pulses in CSi;, shown with
broken line, will not have any influence
on the output signal of the tlipflop.
Some combinational logic drives enable
ENA of a tristate buffer connected to
Q10. ENA will be active when SYN and
Q10 have the same logical level. As
shown in Fig.2 the circuit will output
high level pulses when the phase of the
sync input is advanced to Q10 and iow
level output pulses when the phase of
SYN is lagging. High level output pulses

will cause the VCO to increase its

frequency, low level pulses the oppo-
site. In this manner the oscillator will
automatically adjust its frequency for
minimal phase errors. In the absence of
errors ENA will not be active at all.
When no input sync is present CSI will
be continyously high. Flipflop FF will
stay in reset position and ENA will
never be active, so that the oscillator
will be operating at its nominal free
running frequency.

The practical circuit is shown in
Fig. 3. The doubling procedure is
conventional. For the analog multi-

plexer U1 a quad -analog switch with
type number DG601 (Siliconix) is used.
For each channel two switches are
connected in parallel alternately turned
on via EXOR gates U2A and U2B. The
clamp switches are incorporated in the
A-to-D- converters. The Y signal is
clamped to ground ievel and U and V
are clamped to a level adjusted by




.-chr‘o‘ni zing signal (CSlI) phase-leads said first signal, a pulse of said

+phase difference indica- tive signal (QUT) has a | eading edge In re-
sponse to sold lip-flop output signal (SYN) and atrailing edge In
response to the occurrence of said first signal (TT1), and when said
syn- chroni zi ng signal phase-lags-gaid first signal, - sald pul se has
a |l eading edge (TT2) In re- sponse to the occurrence of said first

si gnal and a trailing edge In response to said flip-flop out

signal. B. A phase-lock-loop circuit according to Claim$8

characterized in that said counter (52) gen- erates a second signal
(CLEAR) that Is tine- shifted with respect to sold first signal for

ini - talizing said fphedtiometé?) rand bgﬁuﬁﬁHﬁai)Jin i{gto - assune said

second state (SYNLOW iBafried out by latches U10 and U11.

They latch, respectively, the odd and
the even samples that are output from
the line memory. The reference
voltage is present across

capacitor CS.

The VCO is built up with inverter
~UBA and peripheral components. Vari-
cap D1 alliows the frequency to be
varied. R24, R25, C22 and C23 repre-
sent the lowpass filter. The counter and
phase comparator are implemented in
PLD U7. All internal signals of the
counter are phase locked to horizontal
sync. Therefore all control signals for
-the memories, the multiplexing and the
clamping can be output of the same
device (U7). .

The double rate horizontal sync
signal is advantageously taken from the
double rate Y signal. This provides a
sync signal that has a fixed phase rela-
- tionship to the video signals. Any phase
jitter of the clock generator has
minimum influence in this way.

The described circuit performes
wel! with minimum visible defects. It
uses readily available components and
does not require microprocessor sup-
port. Compared to an RGB video line
doubler a YUV doubler is of lower cost.
However, a 'matrix for double rate
video has to be provided. Since these
are available in integrated circuits, that
also incorporate contrast and brightness

controls, this should not be a disadvant- e
age. = e O




. gi ven period of said Synchronizing signal (CSl).

10. A phase-I| ock-Ioop

.Cirg Claim8 characterized in that said flip-flop (62)
|s t'mnﬁmnm ﬂﬂ“’ﬂi{)ry stage in any signal path between

(52) "and sai dmous (

circuit according to Claiml cr_laé
si gnal (GS) is coupled to said d

bypasses said flip-f
phase error i ndic

di sabling the generaji %Rp

sai d synchroni zi ng S|g

sai d counter

66¢c) of said decoder. 11. A phase-1ock-I oop

a source of a synchronizing signal (Q4);

a flip-fiop (82) responsive to sald synchro-
nizing signal for generating 8 flip-flop output
signal (SYN) at a first state whon an edge
(LEILE2) of sald synchronizing signal occurs,
said output signal alternating betwaen said first
state and a socond state (HA); characterized
by

a decoder (101a) for applying said syn-
chronizing signal to an.output of said decoder
(66¢) via a signal path of sald synchronizing
signal that includes said flip-flop to gonerate a
‘phase difference Indicative signal (OUT) at
sald output of eald decoder, said phase dif-
ference indicative signal being generated in
accordance with a phase difference between
sald synchronizing signal and an oufput signal
of said oscillator (CLK), such that for phase

differences that are both positive and negative,
no other flip-tlop is included in any signal path
of ssid synchronizing signal between saild
source of synchronizing signal and said output
of said decoder; and

a low-pass filter (54) responsive to said
phase difference indicative signal and coupled
to a control {aput (53a) of said oscillator for
controlling said oscillator in 8 phase-lock-loop
manner such that in steady state phase-lock
operation, an edge (CE) ot said oscilfator out-
put sigaal is aligned with said edge of said
synchronizing signal. )

An apparatus according to Clalm 1 fucther
characterized by, a counter (52) responsive to
said oscillator output signal (CLK) for frequen-

cy dividing sald oscillator output signal, said

counter being coupled to sald decoder (101g)
for providing timing information of sald edge
(CLK) of said oscillator output signal.

An apparatus according to Cleim 2 character-
izod in that seid counter (62) is coupled to sald

flip-flop (62) for generating said flip-flop output -

signal at said second state (SYN=LOW).

actei zed in that said synchronizing
coder (101a) In a-

eﬁr{ﬁ’i a 67) for enabl ing the generation of said
ative signal (QUT) in nornmal operation and for

& I ndi cative signal when
awn%i&éoé&léﬂ@ d

manner that

REPLACEMENT SHEET
42 SEP 996 i
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C12.7A phase-1 ock-1oop circuit, conprising:

) .

I*ng csald bscd |

ond (CLEAR) signals having a time di<f ference
synchroni zed to .

di vi

frequency

a controll abl e

enerating an oscill atory signal (CLK); a

said oscil - | atory signal for frequency
| atory signal to generate first (C kD v) and sec-

t herebeteen and tlat are

said oscillatory signal, each having a | ower

than that of said osdllatory signal:

4.

7.

A phase-tock-loop clrcuit according to Claim 3
characterized in that said counter (52) pro- -
duces a first signal (ClkDiv) and wherein a
pulse width of a pulse of said phase difference
indicative signal (OUT) is determined in accor-
dance with a leagth of an Interval between an
instant (LE1) when said flip-flop output signal
{SYN) assumes sald first state (SYN=HIGH) in
response fo said synchronizing signal (CSl)
and an instant (TT1) when. said first signal
ocours.

A phass-lock-loop circuit according to Claim 4
charactorized in that said counter (52) gen-
erates a second signal (CLEAR) that Is time-
shifted with respect to said first signal (ClkDv),
wherein said synchronizing signal (CSf) Is de-
rived from a video signal (VIDEO IN) and in-
cludes a horizontal rate signal and an equafiz-
ing pulse (EQ) between a given pair of pulses
(CSI) of said horizontal rate signal and wherein
in a given period of said horizontal rate signal
said second signal causes said flip-flop (62) to
assume said second state following the occur-
rence of sald equalizing pulse in a manner to
prevent said equalizing pulse from affecting
said phase difference indicative signal (OUT).

A phase-lock-loop clreuit according to Claim 1
characterized in that a pulse of sald phase
difference Indicative signal (_OUT) lIs at a first

magnitude (HIGH) when sald phase difference
is positive and at a second magnitude (LOW)
when said phase ditference is negative.

A phase-lock-oop circuit according to Claim 1
further characterized by, a counter (52) respon-
sive to said osclilator output signal (CLK) for
generating a first signat (ClkDiv) at a lower
frequency wherein sald decoder (101a) in-
cludes a tri-state gate (86) that couples said
first signal of said counter to an output terminal
(66¢) of said gate to develop a pulse of said
phase etror Indicative signal (OUT) et sald

output terminal. .
12 SEP 1996




‘a s‘o'urce of a synchroni zing signal (CSl); characterized by an edge

-trigger ‘responsive - to said synchrorizing signal -for
geng?ai Ijﬂlu”"mj"'ﬂmmm,out put signal (SYN) at a first state (Irahin
accordance With & ttansition of said synchronizing signal, said first,
state being gen- erated when a phaseqdifference between said

synhrnl zing signal and said first signal is positi-ve-and when said

phase difference is g NRGMbéBek de«felﬂ? 2 % Bfhich §Sponsive to said
second signal for genergiy bdt By [d Sduntey ) re - signal at a second
state (LON in accor- g @ad! 5&@@%%@( lgor S@I D flip-flop
out put signal al ternatin& iélmtﬂ&qsooupled

to seld decoder (101a) whereln when said syn-

chronizing signal (CSI) phase-leads said first

signal, a pulse of said phase difference indica-

tive signal (OUT) has a leading edge in re-

spoase 10 sald flip-fiop output sigaal (SYN) and

a tralling edge in response 1o the occurrence

of sald first signal (TT1), and whon sald syn-

chronlzing signal phase-lags sald first signal,

sald pulse has a leading edge (TT2) in re-

sponse fo the occumrence of said first signal

and a trailing edge in response to sald flip-flop
output signal.

9. A phase-lock-loop circuit according to Claim 8
characterized In that sald counter (52) gen-
erates a second signal (CLEAR) that Is time-
shifted with respect to said first signal for Ini-
dalizing said Rip-flop (62) and for causing it to
sssume sald second state (SYN=LOW) in 2
given petiod of said syachrontzing signal (CSH).

10. A phase-lock-loop circuit according to Claim 8
characterized in that said flip-flop (62) is the
only memory stage in any signal path between

~ sald counter (S2) and sald output (6bc) of said
decoder. _ - '

11. A phasa-lock-toop circuit according to Claim 1
chdracterizod in that sald synchronizing signal
(CS) Is coupled to sald decoder (101s) in a
manner that bypasses said flip-flop (via 67) for
engbling the generation of said phass eror
indicative signal (OUT) in normal operation and
for disabling the generation of sald phase error
indicative signal when said synchronizing sig-
-nal is missing.

12. A phase-lock-loop circuit, comprising:
: a controllable oscillator (53) for generating
an oscliltatory signal (CLK);

a counter (52) responsive to said oscil-
latory signal for frequency dividing said oscil-
latory signal to generate first (ClkOiv) and sec-
ond (CLEAR) signals having a time difference
therebetween and that are synchronized to
sald oscillatory signal, each having a lower
frequency than that of sald oscillatory signal;

N2SEP 6 2
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. second states within, a given period of said synchroni zi ng signal; '
. a decode “l“m “lmuwﬂl rating a signal (QUT) that is Indicatie of said
phase di;‘H ﬂ a first state (HHGH). when said flip-flop

output signal® i at said first tate and said-first signal (dkDiv) Is at

a first state (HHGH for generating said decoder output signal at a
second state (LOW, when said flip-flop output signal |Is at said second

stale (LON and sald first signat 8s—at a second state (W and for

generating sai d decodgsodté pfla Singhahiziag signah(CSH: state (TRI - STATE)
during the renmi ndgharadterized by 9i ven period of said synchronizing signal; ,and

a |l owpass filter (54)ad6€d%0lﬂ§¢éf€dﬂ P! (62) respapbeee di fference | ncdnuive
signal and coupl edto gaidtsynchréditiig SlgnalinRE igeadrailg &f - sai d oscillatr for
controlling said omlobagml Sgeal q_@gg?-,chlﬁ,ﬁ%
(HIGH) in accordance with a transition of said
synchronizing signal, sald first state being gen-
erated when a phase differerice between said
synchroniziag signel and sald first signal is
positive end when said phase difference is
negative, sald flip-flop being responsive to said
second signal for generating said flip-flop out-
put signal at a second state (LOW) in eccor-
dance with said second signal, sald flip-flop
output signal alternating between sald first and
- second states within- a given perfod of sald
synchronizing signal; .
& decoder (101a) for generating a signal
(OUT) that is indicative of sald phase differ-
ence at a first state (HIGH), when said fiip-flop
output signal is at said first state and said first
signal (ClkDiv) Is at a first state (HIGH), for
generating sald decoder output signal at 2
socond state (LOW), when said flip-flop output
signal Is at said second state (LOW) and said
first signal is at a second state (LOW) end for
generating said decoder output signal at a third
state (TR-STATE) during the remainder of a
given period of sald synchronizing signal; and
a low-pass fitter (S54) responsive to said
phase difference indicative signal and coupled
to a control input (53a) of said oscillator for

controlling said oscillator in a phase-lock-loop
mmw‘ :

13. A phase-lock-loop clrcult according to Claim
12 characterized in that both when sald phase
difference is positive and negafive, only one
(FALLING EDGE) of a tising edge and a falling
edge of a given puise of sald synchronizing
signal (CSY) affects said phase difference indi-
cative signal (OUT) and only one (FALLING
EDGE) of a rising edge and a falling edge of a
given pulse of said first signal (ClkDiv) atfects
sald phase difference Indicative signal.

14. A phase-lock-loop according to Claim 13 char-
actoerized In that sald edges of said synchroniz-
ing (CSI) and first (CDiv) signals are aligned
in steady state phase-lock operation. -




.manner. 13 A phase: Iock | oop circuit accorrding to Claim 12
-.char acumlﬁmnuw lm‘HH“I)ot h when sai d phase difference |Is positive and
negat i _ (FALLI NG EDGE) of a rising edge and a falling "

edge of *a i vVen "pufse®of said synchroni zing signal (CSlI) affects sid
phase difference |Indi- cative sigrtal-(QUT) and only one (FALLING
EDGE) of a rising edge and a falling edge of a gi ven pule of- said first

signal (dkbDiv) affeth A phasedeskdogihelasitdioiripdsiegice i ndi cative signal. 14. A
phase- | ock-1 o0op accor di ng a conbliabla dilates 1(53) for genawtiag i zed in that said
edges of sai d synchr onianoscilfator output(sigiia) (G} first (O kDiv) signals are
aligned in steady st aaansh{&2) réspoishapty xald oosciilator
output signal for frequency dividing sald os-
cillator output signat to generate a first signal
(CikDiv) at a lower frequency than that of said
- oscillator output signal and that Is synchro-
nized thereto;
a source of a synchronlzlng signal (CSH)
comtaining pulses;
~an edge tiggered flip-fiop (62) responsive
to sald synchronizing signal for generating a
fiip-flop output signal (SYN) at a first state
(HIGH) in accordance with an edge (LE1) of
said synchronizing signal, sald first state belng
generated when a phase difference between
said synchronizing signal and said first signal
Is positive and when sald phase difference is
negative, said flip-fiop output alternating be-
twoen said first state and a second shta
(LOW); characterized by :
a decoder (101a) responsive to said {lip-
flop output signal and to said first signal for
geanerating at an output of said decoder (66¢) a
decoder output signal (OUT) that is indicative -
~ of said phase difforence and that is indepen-
dent of a duty cycle of said syrichronizing
signal, said decoder output signal being gen-
erated in accordance with a differance between
a fime (LE1).when ssid first state of sald flip-
flop output signal occurs and a time (TT1)
when sald first signal occurs, such that for
positive and negative phase differonces, no
flio-flop other than said flip-flop is used to
incorporate timing informaxnon from said syn-
chronfzing signal into phase ditference lnfor-
mation of sald decoder output signal; and
a low-pass filter (54) responsive to said
phase difference indicative signal and coupled
to a coatrol Input (53a) of said oscillator for

controlling said ascillator in a phase-lock-{oop
manaer.

16. A phase-lock-loop circuit according to Claim
15 characterized In that In steady state phase-
lock operation. an edge (CE) of said oscillator
output signal (CLK) is aligned to occur sub-
stantially simultaneausly with an edge {LE1) ot
sald synchronlzing signal.




=-9- 15, A phase-1 ock-Toop circuit corrpr|5| ng:

oscill a
means (

a

control | abl e

iﬂ ,mm rating an oscillator output signal (CLK);
l E[mﬂmﬂ sai d oscillator out put signal for frequency

di viding*safd 'os-n s

(A kD v) at a lower frequency than that of said
i s synchro- ni zed t hereto;

si gnal

and t hat

€l'l |l ator output signal to generate a first signal

- 10 -

17. A phase-lock4o0p circult according to Claim

T

15 characterized in that sald first signal gea-
erating means (52) comprises a counter (52)
responsive to sald oscillator output signal
(CLK) for frequency dividing sald osciltator out-
put signal, said counter being coupled to said
decoder (101a) for providing timing information
of said edge (CE) of said osciliator output
signal,

A phase-lock-loop circuit according to Claim
17 cheracterized in that sald counter (52) is
coupled 1o sald flip-flop (62) for generating
said flip-flop output signal (SYN) at sald sec-
ond state (LOW).

osci | I at or out put




,a source of a synchronizing signal (CSI) cont ai ni ng pul.ses. an
.edge triggered flip-flop (62) responsive to said synchronizing signal
for genering a flip-flop output signal (SYN at a first state
(HGH) in accordance with an edge (LEl) of sai d synchroni.zi ng signal,
said first state being generated when a phase difference between
sai d synchroni zing signal and said first signal is positive and when
sai d phase difference is negative,ypaid flip-flop output alternating
be- tween said first state and a second state (LOW; characterized
by a decoder (10l1a) responsive to said flip- fl op output signal
and to said first signal yiigr vIDEOJEIREADOUBLER an- out put of said decoder
(66¢c) a decoder output signal (QOJT) that s indicative of said
phase difference and that- i s i ndepen-

ABSTRACT

A line-locked-clock generator circuit includes
an oscillator, a counter with a 2:1 ratio output
pulse connected to a tristate buffer, a reference
input for providing composite sync and a control
circuit. The clock generator is coupled to a
line memory. Video component signals U and V
are clamped using a single clamp arrangement.

The clamped signal is processed through an

analog-to-digital converter and applied to
the line memory.

FIG 3




- dent of a duty cycle of said synchronizing si gnal , .sai d decoder out put

signal being gen- erated in accordance with a difference between- a
time (LE1l) when said first state of said flip- “flop output signal
occurs and a tinme (TT1) when said first signal occurs, such that for
positive and negative phase differencs, no flip-flop other than said
flip-flop is used to incorporate timng information fromsaid syn-
chroni zing signal into phase difference Infor- mati on of said decoder -
out put signal; and _ alowpddds filter (54) responsive to said
phase difference indicative signal and coupl ed to a control -input
(53a) of said oscillator for - controlling said oscillator in a o
phase-1 ock- | oop manner . 16. A phase-lock-loop circuit according to
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*15 characterized In that
edge (CE) of said oscillator

In steady state phase-

| ock operation, an

out put signal (CLK) is aligned to occur
" sub- stantially sinmultaneously with an edge (LE1l) of sai d
synchroni zi ng signal. - 10 - 17. A
phase-1ock-l1oop circuit according to Caim 15 characterized in that
said first signal gen- '
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cerat ng neans (52) conprises a counter (62) responsive to said

-osci |l ator output signal (CLK for frequency dividing said oscillator
out - put signal, said counter being coupled to said decoder (101a)
for providing timng Information- of said edge (CE) of said oscillator
out put signal. 18 A phase-lock-loop circuit according to Claim 17
characterized In that-said counter 33 is coupled to said flip-flop
(62) for generating said flip-flop output signal- (SYN). at said sec-
ond state-(LOW. Pot—Mm ' &
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Fig.4 Internal circuit of Programmable Logic Device




