FAST ACT| Ne&hERROL SYSTEM The present invention concerns fast acting
control _systens which are usable, e.g., to tune electronic devi ces such as

5 RE S|gnal receivers. In a nodern television receiver, nor e

pi ctures at the same time, for exanple, in current 4x3 as ﬁ’d{\
screens, small images, are inserted within a- Ilarger i{r%]ﬁ% Newe W|de
screen teI evi sion receivers (16x9 aspect ratio wd en display 10

format) sonetinmes have a "POP"-feature (picture-outside-picture) .which can
di splay three or nore aUX|I|ary olctures in a vertical colum in unused
screen area along side the nalf ' S | SIEME de screen receiver®
Is set for the nmain picture to be dISp| ayed wth a 4x3 aspect ratio. 1 5 ¢
For providing such a feature, the receiver is provided with two tuners,
The first tuner is used Tbeeri@S%tth%V%‘ilﬁn concerns fast acting control

systems which are usable, e.g., to tune electronic devices such as

5 RF signal receivers.

In a modern telévision receiver, two or more pictures
at the same time, for example, in current 4x3 aspect ratio screens,
small images, are inserted within a larger image. Newer wide
screen television receivers (16x9 aspect ratio wide screen display

10 format) sometimes have a "POP" feature (picture-outside-picture)
which can display three or more auxiliary pictures in a vertical
column in unused screen area along side the main picture when -
the 16x9 wide screen receiver is set for the main picture to be
displayed with a 4x3 aspect ratio.

15 For providing such a feature, the receiver is provided
with two tuners. The first tuner is used ‘to provide the main
picture and the second tuner is used to provide the POP pictures.
These POP pictures are "snap shots" of 3 other sources, usually
other channels, acquired by sequentially tuning the second tuner

20 to one of the channels, loading video memory with one field from
that channel, - and then proceeding to the next channel. If the
tuner takes 300 milliseconds (ms) to tune between POP sources, it
may take more than a second for the second tumer to cycle
through all of the three channels. This very slow refresh rate

25 degrades the viewability of the POP channels so that the POP
pictures are usually used only to monitor the available
programming- appearing on the POP channels. However, if the

e tuner used to sample the POP channels could tune fast enough,
then all three POP pictures could be updated at almost a real time

30 rate.
' The present invention is also applicable where it is
desirable to fast tune to a selected frequency which is at a
frequency distant from the current frequency. Such a situation
can occur in the case of direct satellite broadcasting where over
.35 500 channels are available. Moreover, the invention is generally



pi cture and the-second tuner is used to provide the POP pictures. These POP
pict:ures are "snap shots" of 3 other sources, usually other channels,
acquired by sequentially tuning the second tuner 20 to-one of the channels,
| oadi ng video menory with one field fromthat channel, and then proceeding
to the next channel. |If the tuner takes 300-#lliseconds (ns) to tune :
bet ween POP sources, it may take nore than a second for the second tuner to
cycle through all of the three channels. This very slow refresh rate 25
degrades the viewability of the POP channels so that the POP pictures are

b 5 APl ot | B o6 TS RIS SR A DT
fast enough, taenll€8raiiee POP pictures coul d be updated at al nost a real
time 3 0 rate. The preseli anphasédnidcked d60pPPPLEADEEr WheEdntrd] | System
' such as a television tuner, a frequency representative signal is
5 generated by a controllable oscillator and compared against a
reference frequency in a phase detector (PD), with the output
~ signal from the phase detector having a DC component which is
indicative of the phase and frequency difference between the two
signals. The output signal from the phase detector is coupled to
10 an active or passive low pass filter for smoothing out small
changes in the output signal. The low pass filtered signal can be
used to adjust the controlled oscillator, usually in the form of a
voltage controlled oscillator (VCO). In place of the low pass filter,
modern PLL circuits use a current sourcing output stage which is
15 coupled to an integrating capacitor in the feedback loop of an
amplifier. In such an arrangement, if there is a large difference
between the frequency of the received signal and the frequency
of the selected signal, it can take hundreds of milliseconds before
the large integrating capacitor reaches the ‘desired DC voltage so
20 that the PLL will lock. It is this long integration time which
prevents the quick tuning of a tuner, e.g., for the POP pictures.
Prior art tuner control arrangements shown in Figs. 1-
3, have disadvantages for use for POP pictures. In the various
figures, like members are designated with like numerals.
25 Television tuners which use a phase locked loop can have lock
times as long as 300 milliseconds (ms).
Referring to Fig. 1, transistor 14 is an off-chip
relatively high power amplifier coupled to the output terminal of
a lower power operational amplifier 16 disposed on an integrated
30 circuit chip as part of PLL 10. The tuning signal from the 'phase
" detector is coupled to input terminal 17 of operational amplifier
16 and in turn to .transistor 14. The output signal from the
collector of transistor 14 is coupled to various varactor diodes in
tuned circuits (not shown) of VCO 12, and is also fedback to
35 terminal 17 through integrating capacitor 18 and a network 19
- comprising a resistor 20 in parallel with a capacitor 22. Resistor



desirable to fast tune to a selected frequency which is at a frequency

di stant from

the current frequency. Such a situation can occur in the

case of ‘direct satellite broadcasting where over 3 5 500 channels are
avai |l abl e.. Mreover, the invention is generally -2- applicable to
speed-up the operation of a control systemincjuding an integrator. In a
phased | ocked | oop (PLL) for a control system such as a tel evision tuner,

frequency representative signal
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transistor 14. Thus, for the feedback loop, the forward gain is
provided by amplifiers 14,16.

Capacitor 18 is the integrating capacitor as discussed
above. Capacitor 22 provides high frequency roll-off for the
feedback loop. In this arrangement, the long PLL lockup time is
caused by the limited collector outpuf voltage slew rate (dv/dt) of
transistor 14 to charge (or discharge) capacitor 18. In this
particular case, the slew rate limitation of transistor 14 is
dependent upon the slew rate limitation of amplifier 16. .

An arrangement similar to that discussed in an article
by Bernard Glance, in the September 1985 issue of IEEE
transactions on Microwave Theory and Techniques, MTT-33,
Volume 9, entitled "New Phase-Locked Loop Circuit Providing
Very Fast Acquisition Time", is shown in Fig. 2. Anti-parallel
diodes 30,32 are connected across resistor 28 in the input circuit
of amplifier 14,16. This arrangement is intended when a
multiplying phase detector (PD) 34 is used in the PLL. Diodes
30,32 act to lower the effective value of resistor 28 when the DC
voltage from the phase detector exceeds a diode conduction
threshold voltage of about 0.6 volts.

However, Glance will not work with a digital phase"

detector. With a digital phase detector, the phase detector
response is in the form of a pulse width modulated square wave
having an average DC value which is the correction signal.
Because these pulses all have the same amplitude, the pulses
cause the diodes to turn “on” regardless of the amount of tuning
error. This means that at least one of the diodes will always be
active, even for very low phase errors (narrow-pulse widths) and
the steady state characteristics of the system will be altered.

The circuit shown in Fig. 3 shows a PLL using a tri-
state phase detector 34 such as employed in a Motorola 44802
integrated circuit. Such a circuit is relatively fast when tuning a
span of only 1-2 channels. For example, it may only take 20 ms to

‘tune from channel 10 to 12. However, when tuning across a band

break, such as from channel 6 to channel 7 in the U.S., or the low



i ndi cative of the phase and frequency difference between the two signals.
The output signal fromthe phase detector is coupled to 1 0 an active or
passive | ow pass filter for snoothing out small changes in the output
signal. The |l ow pass filtered signal can be used to adjust the controlled
oscillator, usually in the formof a voltage-4entrolled oscillator (VCO).
In place of the low pass filter, nodern PLL circuits use a current sourcing
_output stage which is 1 5 coupled to an integrating capacitor in the

f eedback |1 oop of an anplifier. |In such an arrangenent, if there is a large

di fference betyRproft ige fomduindy t6f thehhigleCond &5t aho®r BAAd! e ﬁlh?%ﬁ&cy
of the selected signal, k@pcan t ake .hun rgds of mlli i{acond before the
[

| arge integrat™R&€c M8 chekhishds g BEFARE e, Rltasge desedior tthe
PLL wi |l | ock.makimum tditput ombichniegrsaailyn limited Wi d#2 pVeeentWhene laggeck

tuning of a ' Yehnefed chlfhed NrePPEqRirShL! e EEiBlor'shrdiMIEl §AH" tRlre
is a limit as to how fast integrating capacitor 18 can be charged in
response to phase detector output signal Vd. - More particularly,
neglecting the voltage drop across resistor 20, the voltage charge
rate dv/dt of capacitor 18 will be dependent upon Ic or Iin, and.
the values of capacitor 18 and resistor 28. Thus, if a large change
10 in tuning voltage is required, there could be a slew rate limitation
of the output signal of phase detector 34.

In such an arrangement, the values of capacitor 18
and resistor 28 are large, because the tuning voltage is used to
control a VCO, the sensitivity of the VCO is high and the loop

15 bandwidth (BW) must be low. For example, in the some tuners Vd
= 1.3V, resistor 28 = 22k, and capacitor 18 = .22 microfarads, so
that for a dv/dt = 260 v/Sec. and it would take about 100ms to
tune 25 volts. ' .

According to aspects of the present invention, a more

20 rapid charging of an integrating capacitor of a control system, such

' as PLL, is provided when large changes in the charge of the
integrating capacitor are required, e.g., large frequency changes
(large error) in the tuning of a tuner. The capacitive value of the
integrating capacitor is reduced in value when large frequency

25 changes or large error correction are required. This reduction of
capacitive value is accomplished by switchably connecting a
second capacitor in series with the integrating capacitor, so that
the total capacitance of reduced value can be more quickly
charged. .

30 Reference may be had to the drawings wherein:

Figs. 1-3 show portions of tuners according to the prior
art, partially in block diagram form and partially in schematic
form. o

Figs. 4 and 6 show various embodiments, partially in

35 block diagram form and partially in schematic form.



3, have di sadvantages for use for POP pictures. |In the various figures,

| i ke menbers are designated with |ike nunerals. 25 Tel evision tuners which
use a phase | ocked | oop can have lock times as long as 300 mlliseconds
(ms). Referring to Fig. ‘1, transistor 14 is an off-chip relatively hi gh
power anplifier coupled to the output termnal-%f a | ower power operational-
anplifier 16 disposed on an integrated 30 circuit chip as part of PLL 10.
The tuning signal fromthe phase detector is coupled to input termnal 17
of operational anplifier 16 and in turn to transistor .14. The oyt put
signal from the coll ectoFigd. faaandstbr shéwi sl?»@dmgiesﬂohfe vc??drg%&ri\f&hacgpg
di odes in tunedgg LEL t )4,0of VCO 12, and is al so fedback to
termnal 17 thrgfjégﬁ%(%(gééa iﬂgt@ badé'i tor 18 and a network 19 conprising a
resistor 20 in parall el wRefemingpaew do Eig. Redicsosding to aspects of the

present invention, the tuning arrangement shown in Fig. 1 is made
5 quicker by the faster charging of integrator capacitor 18 when a
large frequency error exists, e.g., the selected channel is distant in
frequency from the currently tuned channel. In order to change
frequency, PLL 10 sinks or sources current to charge (or
discharge) capacitor 18. As in Fig. 1, capacitor 18 and parallel
10 network 19 are coupled as a feedback network for amplifier
14,16. However, as shown in Fig. 4, complementary transistors Q1
and Q2 have their collector electrodes respectively coupled to +Vcc
and -Vcc with the base electrodes coupled to the PLL side -of
network 19. The emitter electrodes of transistors Q1,Q2 are
15 coupled together with both emitters coupled through resistor 36
to the junc_tion of network 19 and integrating capacitor 18.

The voltage developed across network 19 by the
sinking/sourcing current from/to capacitor 18, due to the error
correction action of PLL 10, produces a voltage across resistor 20,

20 which makes one of complementary transistors Q1,Q2 conductive
when that voltage exceeds the Vbe of the appropriate transistor
for the corresponding polarity of current. The conductive
transistor Q1,Q2 couples capacitor 18 to an appropriate power
supply source, i.e., +Vcc or -Vcc, through resistor 36. This action |

25 provides additional sinking/sdurcing current from the external
power supply, of the correct polarity, to charge capacitor 18 in a
'shorter period of time.

The value of resistor 36 is chosen to limit the
maximum sourcing/sinking current which can be provided to

30 capacitor 18, with the resistance value of resistor 36 having an

' effect on the transient response of the system. For example, it is
possible to provide an charging impulse current level which will
produce overshoot or ringing in the circuit. Moreover, transient
response can be further effected because the input circuit of the

35 conducting transist__or Q1,Q2, along with resistor 36, shunt
feedback resistor 20.
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-3- 24 provides power supply voltage to the collector el ectrode of
transistor 14. Thus, for the feedback |oop, the forward gain is provided
by amplifiers 14,16. Capacitor 18 is the integrating capacitor as di scussed
5 above. "~ Capacitor 22 provides high frequency roll-off for the feedback

| oop. In this arrangenent, the long PLL | ockugp-tine is caused by the
limted collector output voltage slewrate (dv/dt) of transistor 14 to
charge (or discharge) capacitor 18. In this particular case, the slew
rate limtation of transistor 14 is 1 0 dependent upon the slew rate

e oL, L o e A MERSORTRISK T A ) 36SS5end, o1
e.g., in PLL 10 or amplifier 14,16, which prevents fast
charging/discharging of capacitor 18, this slew rate limitation can
be circumvented, as shown. The augmentation of the capacitor

5 charging/discharging current provided by the tuning signal from

PLL 10 permits a quick change of the electrical state of capacitor

18 to a charge state which will correspond to the selected channel.

, It should be noted that the additional sinking/sourcing

current provided to capacitor 18 by transistors Q1,Q2 does not

10 flow through resistor 20. Thus, when tuning is complete, i.e.,

capacitor 18 is charged/discharged according to the output voltage

of PLL 10 and PLL 10 has obtained a lock, the voltage generated

across resistor 20 by PLL 10 becomes insufficient' to keep the

appropriate transistor Q1,Q2 conductive, i.e., the voltage is less

15 than the Vbe diode potential of the appropriate transistor, and

transistors Q1,Q2 are rendered non-conductive. Thus, once lock is

established, small correction currents required to compensate for

temperature drift are not enough to turn “on” either of transistors

Q1,Q2 and PLL 10 behaves as if tramsistors Q1,Q2 were not
20 present.

In the arrangement shown in Fig 4, the ‘current
augmenting arrangement of integrating capacitor 18. uses
“externally provided currents in order to charge/discharge the
integrating capacitor at a faster rate to provide shorter response

25 time. This is in contrast to the arrangements shown in Figs. 1, 2
and 3, where the charging currents for the integrating capacitor
are subject to slew rate limitations of phase detector 34 and
amplifier 14,16. The best that the circuit of Fig. 2 can do is to
momentarily reduce the resistance in series with integrating

30 capacitor 18 by having the diodes conduct and bypass resistor 28.
However, the charging/discharging currents still come from phase
detector 34 or amplifier 14,16, and the magnitude of such
charging/discharging current are much more limited compared to
the augmenting charging/discharging current of the arrangements

35 shown in Figs. 4 and 5 which are derived directly from a power

supply.



transactions on M crowave Theory and Techni ques, MIT-33, Volune 9, entitled
"New- Phase- Locked Loop Circuit Providing 15 Very Fast Acquisition Tinme", .is
shown in Fig. 2. Anti-parallel diodes 30,32 are connected across resistor
28 in the input circuit of anplifier 14, 16. Thi s arrangenent is intended
when a multiplying phase detector (PD) 34 is7used in the PLL. Diodes
30,32 act to lower the effective value of resistor 28 when the DC 20
voltage from the phase detector exceeds a di ode conduction threshold

vol tage of about 0.6 volts. However, G ance will not work with a digital

phase detector. Wt h alﬂiegcimhxtphma datenttof Fighet nimeadetlﬁ‘%gl@;source
average bC. vy Wik, dbesb3f, A R  HEbifOr s28208 UY, CaOp ot BT
have the sanme &igs. tZJdEmd t31e and has ealBada poldi 6dmaedoblyurmsismt‘ 20 and
regardl ess of (hgadifiinY. OfCApHRie 22 filters the phase detector pulses to a DC
- 5 voltage across resistor 20 and thus, the circuit arrangement can be
used with a digital phase detector.

Normally the open loop gain of Fig. 4 will have a
frequency response as shown in figure 5a. Since the magnitude
response crosses the O dB ordinate at a 20 dB/decade slope ‘and

10 the zero (z) and pole (p) are away from this cross-over point, the
phase margin (fc) for stability would be adequate. @ When the
speed-up circuit is active, as shown by the dotted line of Figure
5a, the gain increases and the abscissa cross-over point shifts up
in frequency. This results in a decreased phase margin, with the

15 third order-pole (p) provided by network 19 béing close to the
cross-over frequency.

- An improved response is shown in Flg 5b wherein the
gain is increased and the third .order pole is further removed from
the abscissa cross-over point, which helps to maintain phase

20 margin. The movement of pole is accomplished because
transistors Q1,Q2, and resistor 36, coupled across resistor 20 and
capacitor 22, act to shunt network 19, the presence of which is the
reason for the existence of pole.

The speed of the PLL of the present invention is very

25 fast although it cannot be made arbitrarily small. The locking
time of the PLL can be reduced to below 10ms, which is a
sufficiently short time for the three POP pictures to have an
almost real life motion. -

Referring now to Fig. 6, a second embodiment of the

30 present invention is shown. Due to the large gain of amplifier
14,16, the input terminal 17 of amplifier 14,16 is a virtual ground
node. One end of a capacitor 40 is coupled to the junction of
network 19 and capacitor 18, and the other end is switchably
coupled to ground by a switching transistor 42. . When . transistor

35 42 is inactive (non-conducting), the feedback loop behaves in a
usual manner. However, when transistor 42 is rendered



error. This nmeans that at |east one of the diodes wll always be active,,
even for.very | ow phase errors (narrow pulse widths) and 3 0 the st eady
state characteristics of the systemw || be altered. The circuit shown in
Fig. 3 shows a PLL using a tri- state phase detector 34 such as enpl oyed in
a Motorola 44802 integrated circuit. Such a- 8ircuit is rel atively fast "
when tuning a span of only 1-2 channels. For exanple, it may only take 20
nms to 3 5 tune fromchannel 10 to 12. However, when tuning across. a band
break, such as fromchannel 6 to channel 7 in the U S., or the | ow -4-
end of the onecoaddctivet by &i ghitehihgofsigmadt applitdintd, the busge tedéetrode,c théan

100 nms.  This chy RYCRURG 1P G518 86 Xlpdlitor?18 is coupled to ground
through the collector-emitter circuit of transistor 42 and capacitor
40, with the other end of the network 19 being coupled to the

5 virtual ground node of input terminal 17. If the value of capacitor

40 is much larger than the value of capacitor 22, network 19 is
signal shunted and is out of the system. Thus, this arrangement of
capacitor 40 switchably coupled across network 19 eliminates
pole P3 of Figs. 5a and 5b. The switching signal applied to the

10 base of transistor 42 can be, e.g., a signal indicative that there is
no PLL lock, or the negative of a signal indicative that there is PLL
lock. |

However, there is another aspect to the circuit of Fig.
6. When transistor 42 is active (conducting), capacitors 18 and 40

15 are connected in series to ground. Since the total capacitance of
capacitor 18 in series with capacitor 40 is less than the
capacitance of capacitor 18 By itself, the reduced total capacitance
reduces the time required for the charging/discharging of the’
integrating capacitor by amplifier 14,16, without any augmenting

20 of the charge/discharge current coupled to integrating capacitor
18.

Although the present invention is shown in the context
of a PLL tuner for the selection of tuning frequencies, the present
invention is usable in control systems generally, in order to

25 speed-up response times. '



maxi mum out put which is usually limted to 1/2 Vcc. \Wen large frequency
changes .are required, the detector saturates and there 5is alimt as t
how fast integrating capacitor 18 can be charged in response to phasg
detector output signal Vd. Mre particularly, neglecting the vol p#qg
across resistor 20, the voltage charge rate dv/dt of capaci t or &8
dependent upon Ic or lin, and the val ues of capacitorlls and rag
Thus, if a large change 1 0 in tuning vo ta?e LS regU|red,
slewrate |imd.aji of the output signal of phase dete
AR,

N2 .
arrangenent, es of capacitor 18 and resistor 28 ;
the tuning voltage is used to control a VCO, the sensiti_?mmm ﬂi nﬁi?EJI!E
funere Vd = 1.3V resi sdor Bgconsl sy3Han SBmERSIE LS = 22 m or of arads, .S
that for a dv/dt = 260 wiSus. fandrovidingl d sigoal ainditativOref taa error;

) 5 error correction means for correcting the error in
response to the signal indicative of the error, said means for
correction including an integrating capacitor for integrating a
version of the signal indicative of an error with a first response
time, and

10 . means for reducing the response time for the
integrating capacitor integrating the version of the signal
indicative of an error from the first response time to a second
response time by coupling a second capacitor in series with the
integrating capacitor. '

15

W
.

2. A tuning system for a signal receiver comprising:
means for providing a tuning signal for the tuning of
the receiver in response to a signal selection, the means for
providing a tuning signal including an integrating capacitor for
20 integrating a version of the tuning signal with a first response
~ time, and _

- means for reducing the response time for the
integrating capacitor integrating the version of the tuning signal
from the first response time to a second response time by

25 coupling a second capacitor in series with the integrating
capacitor.

3. A tuning system for a television apparatus capable
of tuning signals, comprising:
30 a phase detection means for providing a tuning signal
for tuning of the apparatus in response to a signal selection;
means for tuning' the apparatus in response to the
tuning signal comprising an integrating capacitor which is one of
charged and discharged by current responsive to a version of the
35 tuning signal at a first response time, and
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tune 25 volts. Accordi ng to aspects—of-the present invention,

rapi d charging of an integrating c tor of a control

PLL,.is provided when |arge change Il e"l,lﬂm the Lg
capacitor are required, e.g., Iarg s (19

tuning of a tuner. The capacitive val ue of the 1nt ‘egrat i ny :
reduced in value when | arge frequency 25 changes or |arge \-—/ correction
are required. This reduction of capaci)bl ve value is acconplished by

swi t chably connecting a second capac_i t in series with the integrating
capaci tor, so that themeans foap;aniplmg:ea csbconducqnhoimrumcsmidsewmte

qui ckly char W _13g

wher ei n: &?éjmge%ﬁ fl%lrtlg 0 tuners ccord‘i“ﬁg F tEgp&ﬁs?eoroqaﬁpe

partially |n°l311’&ﬂéﬂgdﬁa§r émql@m%d same@ravngncm@m .feom the fnrst
response time to a second response time.

5
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form Figs. 4 and 6 show various enbodi nents, partially in 35 bl ock diagram
formand partially in schematic form -5 - Figs. 5a and. 5b show Bode
response characteristics of the embodiment of Fig. 4. Referring nowto Fig.
4, according to aspects of the present in}igntion, t he tuning arrangenent
shown in Fig. 1 is made 5 quicker by the ster charging of integrator

capacitor 18 when a |arge freglangdrRE @Rl 8tee- 9-, the

sel ect ed-channel is distant in frequency from the currently tuned channel.
In order to change frequency, PLL 10 sinks or _sources current to charge (or
ABSTRACT

A more rapid chﬁrging of an integrating capacitor (18)
of a PLL is provided when large frequency changes are desired.

5 In one embodiment, the phase locked loop (PLL) circuit (10) sinks
or sources current to charge or discharge the integrating capacitor
(18). A threshold voltage proportional to a current through the
'capacitor turns on a circuit which sinks or sources more current of
the proper -polarity to the integrating capacitor (18) from an

10 external source (+Vcc, -Vcc) until a PLL lock is achieved. Once the
lock is achieved, if a small correction current is required by the
PLL, the small correction current is below a threshold required to
actuate the augmenting circuit (Q1, Q2, 20, 36), and the PLL loop
behaves in the usual manner as if the augmenting circuit (Q1, Q2,

15 20, 36) were not present. In another embodiment, the integrating
capacitor (18) is reduced in value by switchably connecting a
second capacitor (40) in series with the integrating capacitor (18)
so that the total reduced capacitance of reduced value can be
charged more quickly.

20

Fig 6



di scharge) capacitor 18. As in Fig. 1, capacitor 18 and parallel 1 0
network.19 are coupl ed as a feedback network for anplifier 14,16. However,
as shown in Fig. 4, conplenentary transistors QL and 2 have their

col l ector electrodes respectively coupled to +Vcc and -Vcc with-the base

el ectrodes coupled to the PLL side -of negework 19. The emtter el ectrodes
of transistors QL, Q2 are 1 5 coupled together with both emtters coupl ed
through resistor 36 to the junctionggf network 19 and integrati-ng capacitor
18. The vol tage dev@f TR&macr oss ne_{jprk 19 t Y& &i nki ng/ sourcing current
fromto capacitor)®8 eaerror corrgction action of PLL 10,
produces a vol,t age ' ' es one of conpl enentary
transi stors IQ)Z &xTeeds the Vbe of the
appropriate transi Pepl arit¥‘ of current. The .
conductive t | S pr bat\l Ok {

heet Has Been RTlaced '
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supply source, i.e., +Vcc or -Vcc, through resistor 36. This action 25
provi des additional S|nk|ng/sourC|ng current fromthe external power
supply, of the correct polarity, to charge capacitor 18 in a shorter period
of time. The value of resistor 36 is chosen to limt the maxi mum

sour ci ng/ si nki ng current which can be provided to 3 0 capacitor 18, wth
the resistance value of resistor 36 having an effect on the transient
response, of the system For exanple, it is possible to provide an charging
i mpul se current |evel which will produce overshoot or ringing in the
circuit. Mreover,.transient response cam be further effected because the
input circuit of the 3 5 conducting transistor QL,Q2, along wth
resistor 36, shunt feedback resistor 20.
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-6- Thus, if there is aslewrate limtation in the system e.g., in PLL 10
or anplifier 14,16, which prevents fast chargi ng/ di schargi ng of capacitor
18, this slewrate limitation can be circunvented, as shown. The
augrment ati on of the capacitor 5 charglng/dlscharglng current provided by
the tuning signal fromPLL 10 permts a quick change of the electrical
state of capacitor 18 to a charge state which will correspond to the

sel ected channel. It should be noted that the additional sinking/sourcing
current provided to capacitor 18 by transistors QL, @ does not 10 fl ow
through resistor 20. Thus, when tuning,s conplete, i.e., capacitor 18 is
char ged/ di schar ged accordlng to the output vol tage of PLL 10 and PLL 10 has
obtai ned a | ock, the voltage generated across resistor 20 by PLL 10 becones .
insufficient to keep the

Tuntulr f;;ﬁ;vg L{
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appropriate transistor QlL, Q2 conductive, i.e., the voltage is less 15 than
the Vbe di ode potential of the appropriate transistor, and transistors
Q, @ are rendered non-conductive. Thus, once |lock is established, small
—"Correction currents required to conpensate for tenperature drift are not
enough to turn "on" either of:transistors QL, Q2 and PLL 10 behaves as if
transistors Q, Q@ were not- 20 present. In the arrangenent shown in Fig 4,
- the current augnenting arrangement of integrating capacitor 18. uses
.. externally provided currents in order to charge/discharge the i ntegrating
capacitor at-a faster rate to provide shorter response 25 tine. This is in
contrast to the arrangenents sho&&lln Figs. 1, 2 and 3, where the charging
currents for the integrating capacitor are subject to slewrate limtations
of phase detector 34 and anplifier 14,16. The best that the circuit of Fig.
2 can dois to

. Bode ""/’
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nonentarily reduce the resistance in series with integrating 3 0 capacitor
18 by havi ng the di odes conduct and bypass resistor 28. However, the
chargi ng/ di scharging currents still conme from phase detector 34 or
anmplifier 14,16, and the magni tude of such chargi ng/di scharging current are
much nore limted conpared to the augnmenting chargi ng/ di schargi ng current
of the arrangenents 3 5 shown'in Figs. 4 and 5 which are derived directly
froma power supply. -7- The circuit arrangenent of Fig. 4 uses a
current source output which does not require the resistor 28 of the prior
art of Figs. 2 and 3, and has a Bode polsggforned by resistor 20 and
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capacitor 22. Capacitor 22 filters the phase detector pulses to a DC 5

vol t age. across resistor 20 and thus, the circuit arrangenent can be used
with a digital phase detector. Normally the open loop gain of Fig. 4 wll
have a frequency response as shown in figure 5a. Since the magnitude
response crosses the 0 dB ordinate at a 20 dB/ decade sl ope and.10 the zero
(z) and pole (p) are away fromthis cross-over point, the phase margin (fc)
for stability would be adequate. Wen tH6speed-up circuit is active, as
shown by the dotted line of Figure 5a, the gain increases and the abscissa
cross-over point shifts up in frequency. This results in a decreased phase
margin, with the 1 5 third order-pole (p) provided by network 19 being
close to the cross-over frequency. An inproved response is shown in Fig. 5b
wherein the gain is increased and the third order pole is further renoved

e

Fhﬂfe

de fectsr

5;.|fzt
Slonsv

R

eet Has Been Replaced

e

.
2
fry

Sy
0 gt
0
Sl

P A
w3t im e



t he~absci ssa cross-over point, which helps to maintain phase 20 margin.
The * novenent of pole is acconplished because transistors QL, @, and
resi stor 36, coupled across resistor 20 and capac'tgb‘%r.l 2fe r@ﬂgcémemmhuet
network 19, the presence of which is the reason f tﬁe existence of pole.
The speed of the PLL of the present invention is very 25 fast although it
cannot be nmade arbitrarily small. The 10cking ti rpatef Lgs Qwhgéan be
reduced to bel ow 10ns, which is a sufficiently short ti {or he three POP
pictures to have an alnost real life notion. Referring nowto Fig. 6, a
second enbodi nrent of the 30 present invention is shown. . Due to the |arge
gain of anplifier 14,16, the input term'nal 17 of anplifier 14,16 is a
virtual ground node. One end of a capacitor 40 is coupled to the junction
of network 19 and capacitor 18, .and the other end is switchably
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coupled to ground by a switching transistor 42. Wen transistor 35 42 is

i nactive (non-conducting), the feedback | oop behaves in a usual nmanner.
However:, when transistor 42 is rendered -8- conductive by-a sw tching
signal applied to the base el ectrode, the end of nefihis the roplapéradnt shieet
capacitor 18 is coupled to ground through the collector-emtter circuit of
transi stor 42 and capacitor 40, wthat/ge other end qf .t he 719 bei ng
coupled to the 5 virtual ground node of input term °ﬁ7.ﬂ? val ue of
capacitor 40 is much larger than the value of capacitor 22, network 19 is
signal shunted and is out of the system Thus, this arrangenent .of

capacitor 40 switchably coupled across network 19 elim nates
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pol e P3 of Figs. 5a and 5b. The switching signal applied to the 1 0 base of
transistor 42 can be, e.g., a signal indicative that there is no PLL |ock,
or the negative of a signal ‘indicative that there is PLL | ock. However,
there is another aspect to the circuit of Fig. 6. Wwen transistor 42 is
active (conducting), capacitors 18 and 40 1 5 are connddizis the r@Blal ﬁ‘leﬁ?'
ground. Since the total capacitance of3fapacitor 18 in series W tﬁ sheet
capacitor 40 is less than the capacitance of capaci bg{ A % itself, the
reduced total capacitance reduces the tine required for Qe {‘({S

chargi ng/ di scharging of the integrating capacitor by anplifier 14, 16,

w t hout any augnenting 20 of the charge/di scharge current coupled to
integrating capacitor 18. Although the present invention is shown in the
context of a PLL tuner for the selection of tuning frequencies, the present
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invention is usable in control systens generally, in order to 2 5 speed-up

response tines. 9 CLAIMS: 1. A control system conprising: neans for-
providing a signal indicative of an error; 5 Thﬁ,gq I ectiagn
means for correcting the error in response to the signal ggr%@géén Hﬁ“%*

error, said neans for correction including an |ntegrat|ng capaci-tor for

jntegratlng a version of the signal i Adfcative of an - E7€%(|rst
response tine, and 1 0 means for reducing the resppn time for
t he
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integrating capacitor integrating the version of the signal

an error fromthe first

tuning system for a signa

i ndi cati ve of

response time to a second response time by couplin
a second capacitor in series with the integrating capagid igrthe kgplacempn shee

tuning signal for the tuning of the rgggiver in response.to a_ si

sel ection, the means for providing a tdning signal inda€: ng
capacitor for 20 integrating a version of the tuning signal w't

receiver conprising: means for providing a

NG

first

response tinme, and neans for reducing the response tine for the integrating

capacitor integrating the version of the tuning signal

fromthe first

response tinme to a second response tinme by 25 coupllng a second capaC|tor
in series with the integrating
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capacitor. 3. A tuning system for a television apparatus capabl e of
tuning signals, conprising: 30 a. phase detection neans for
providing a tuning signal for tuning of the apparatus in response to a_
signal sel ection; neans for tuning the apparatus in riadphHerepiacement sheay
signal conprising an integrating capacitor which is one of charged and

di scharged by current responsive to aeyersion of thepggo ( ggnal at a
first response tine, and This Sheet Has Been Re | ace Wﬁ% for
coupling a second capacitor in series with
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the integrating ®apacitor for reducing the tine for response of one
charging and di scharging the integrating capacitor fromthe first response’
~time ta a second response tine. 5 This Sheet Has Been Repl aced

CLAIMS :

1. A control system comprising:

means for comparing an input signal to a reference signal
to generate an error signal;

means for filtering said error signal to produce a control
signal, said filter means including amplifying means having an input
and output, and a feedback path coupled between said input and
output of said amplifying means; and

means for controlling a time constant of said control
system in response to a time constant control signal, said controlling
means being coupled to said feedback path having a control input to
which said time constant control signal is applied.

2.  The control system of Claim 1, wherein:’

said feedback path includes first and second capacitance
elements coupled in series; and

said time constant control means includes a switching
element coupled to the junction of said series combination of said
first and second capacitance eclements and provides a switching path
between said junction and a reference potential point in response to
said time constant control signal.

3.  The control system of Claim 2, wherein:
said series combination of said first and second
capacitance clements is coupled between said input and output of
said amplifying means.

4. The control system of Claim 3, wherein:
said amplifying means is an operational amplifier; and
said input of said amplifying means is a virtual ground
potential.



