METHOD AND APPARATUS PROVI DI NG HI GH SPEED

VIDEO SIGNAL LIMTING 5 This invention relates to limters
and particularly to hi gh speed |imters suitable for use with w deband
(i.e. video) si gnal . sources. Precise limting of fast '
rise-tinme narrow (e.g., less than . 100 nano- Second) pul ses of relatively
| ow anplitude (e.g., <1 volt) 1 O presents a technical challenge. It is
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or examp in'video signal processing circuits.

As an example, it is common practice to apply peaking
to luminance signals for improving the apparent sharpness of
20 image edges. Certain types of peaking circuits, however, create

overshoots which are acceptable at most video signal levels but
which may exceed 100 IRE levels for signals at or near peak
white. Exceeding the peak white levels may, in turn, lead to
undesired saturation or "blooming" effects and so it would be
235 desirable to limit or "clip” overshoots exceeding peak white levels. -
A particular problem in limiting pulses of short duration and
- relatively low amplitude is delayed response. Other applications in
which fast pulse limiting action would be desirable include noise
limiters in communications equipment, input signal conditioners
30 in analog to digital converters and so forth.

The present invention is- directed to meeting the need
for a limiter suitable for general signal limiting applications and
particularly well suited for applications, such as video signal
processing, for limiting relatively fast pulses (e.g., in the nano-

35 Second region) which may be of relatively low amplitude (e.g., in
the milli-Volt region). '



2 A nmethod, in accordance with the invention, for

limting an input signal, conprises coupling the input signal to an

output termnal via the base emtter path of a first transistor

coupling a threshold signal to the output termnal via the base 5 emtter

path of a second transistor; applying a supply voltage to the col |l ector

el ectrodes of the first and second transjstors; - coupling the output

termnal to a source of referqu pfotentlal Vi a, a first  resistor and to
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a further resis accor ance W eature
of the invent |S§1ﬂ &@qnde EANSISLOT. r e stor Re, the further resistor Rd and

the out put i npedance prys@f hhﬁwgmﬁmmsv%hﬂﬂﬁiﬁﬂgr@Eeaﬁﬂ;e%ﬁ?d@d such
t hat Re>Rd and Rd>

oreqoi n urt her features
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FIGURE 1 is aecledtaodes] commerdd ctodi agyupplef terntinabt and hwﬂmcgdlemnterof the
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source of reference potential via an emitter resistor, Re. A
threshold voltage source, having a predetermined output
impedance, Ro, is connected to the base of the second one of the
transistors, the base of the first of the transistors being coupled to
20 a source of input signal to be limited. A capacitor is coupled
between the collector and base electrodes of the second transistor
the emitter of which is coupled to a given one of its base and
collector electrodes via a further resistor, Rd.
In accordance with a further feature of the invention,
25 the emitter resistor Re, the further resistor Rd and the output
impedance Ro of the threshold voltage source are scaled such that
Re>Rd and Rd>Ro.
The foregoing and further features of the invention
are shown in the accompanying drawing wherein:
30 FIGURE 1 is a detailed schematic diagram of a first
embodiment of the invention; and
FIGURE 2 is a detailed schematic diagram of a second
embodiment of the invention.
The limiter circuit of FIGURE 1 comprises first and
35 second bipolar transistors, Q1 and Q2 having collector electrodes
connected to a supply terminal 3 for receiving a source of supply



The limter circuit of FIGURE 1 conprises first and 3 5 second bi pol ar
transistors, QL and @ having col |l ector. el ectrodes connected to a
supply termnal 3 for receiving a source of supply

3 vol tage (+Vcc), having emtter el ectrodes comonly connected at
-circuit node "A" to an output termnal 2 and coupled to a source of
reference potential 4 (ground) via a first resistor Re. A - threshold
vol tage source 5 is connected at circuit node "B" to the 5 base of the
second transistor Q2. A capacitor Cl i$ coupled bet ween the col |l ector
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sel ect the Theveni p equival ent
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source 5 i s gofahebyeddifl tradsestati Q2shnd ROthﬁlh (llB%idtbRJRf%Zdou dng this
rel ationship,,Ro is

| ess than Re. °® w%ltpgbﬁéseectﬂgc{mpﬁe tfﬁ‘%a%gg&f@d“\égé\% p%cﬂech t?‘g Lg e
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capacitances form a potential divider for developmg the threshold voltage Vt
for the limiter. '
It is desirable for optimum compensation for delay of
transistor Q2 that the source resistance for the base of transistor
20 Q2 from the collector supply Vcc be less than the value of resistor
Rd which, in turn, is selected to be less than the value of resistor.

- Re. Stated in mathematical terms, Re>Rd>R1 A useful
approximation is to select the Thevenin equivalent impedance of
source 5 to be less than the value of resistor Rd. The equivalent

25 impedance or "output" impedance of source 5 is given by the
relationship Ro=(R1){(R2)/(R1+R2). Using this relationship, Ro is
selected to be less than Rd which is selected to be less than Re.
Desirably, the value of capacitor C1 is selected to be substantially
greater than the total capacitance including stray capacitances

30 (not shown) between the base and emitter electrodes of the
second transistor Q2.

In the foregoing description, terminals 1 and 2 and
transistor Q1 form a first circuit path which provides the function .
of coupling the input signal IN to the output terminal 2 via the

35 base emitter path of the first transistor Q1. The connections of the
output terminal 2, the threshold source 5 and the transistor Q2



30 (not shown) between the base and emtter el ectrodes of the second
transi stor Q2. In the foregoing description, termnals 1 and
2 and - transistor QL forma first circuit path which provides the
function of coupling the input signal INto the output termnal 2 via
the 3 5 base emtter path of the first transistor QL. The connections of

t he output termnal 2, the threshol d4source 5 and the transistor C2
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source of del &yzcoad and fourth circuit path element values are selected to
exhibit an impedance inequality in which Re>Rd>R1 wherein Re
and Rd are the values of the first and second resistors,

20 respectively, and R1 is the source impedance for the base of
transistor Q2 from the supply Vcc. A useful approximation is
Re>Rd>Ro wherein Ro is the output impedance of the threshold
signal source.

As previously discussed, the main problem in limiting

25 small fast pulses is one of limiter delay. It is herein recognized
that in the example of FIGURE 1 the principal source of delay is
due mainly to the input capacitance of the second transistor Q2.
This transistor has to be charged through the emitter resistor Re
and the threshold source impedance R1 . Consequently, the

30 feedback voltage applied to the emitter of transistor Q1 is delayed
with respect to the input signal voltage IN by the time to charge
the base-emitter capacitance of the tramsistor Q2 and any stray |
capacitances associated therewith. If resistor Rd and capacitor Cl
were not present in the circuit, this charging delay would cause

35 the input pulse to be cut-off not flat, but slashed. Moreover, in the
absence of Rd and CI, in the case of very narrow pulses the cut



due nmainly to the input capacitance of the second transistor Q. Thi s
transi stor has to be charged through the emtter resistor Re and the
t.hreshol d source i npedance Rl . Consequently, the 30 feedback voltage
applied to the emtter of transistor QL is del ayed Wi th respect to the
i nput signal voltage IN by the time to charge t he base-em tter

capaci tance of the transistor 2 and any stray capaci tances associ ated
therewith. If resistor Rd and capacitor Cl were not present in the
circuit, this charging delay would causes3 5 the input pulse to be cut-off
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be selected in a spectfic application to satisfy specific
requirements of supply voltage, circuit power dissipation,
threshold voltage requirements and so forth. The value of the
capacitor C1, desirably, is selected to be substantially greater
20 than the total capacitance between the base and emitter
" electrodes of the second transistor Q2. The exemplary value noted
above is more than an order of magnitude greater than the base
emitter capacitance and stray capacitance associated with
transistor Q2.
25 The example of FIGURE 1 may be modified as shown in
FIGURE 2 to provide improved precision. In FIGURE 2 the resistor
Rd is coupled between the emitter and base electrodes of the
second transistor Q2 and the entire circuit has been formed in an
integrated circuit 200. Integration provides close matching of
3.0 transistor threshold voltages and resistor tolerances and values as
well as improved reliability. |
Other changes may be made in the embodiments
herein described. For example, in the discrete version of the
limiter of FIGURE 1 the threshold voltage source may be replaced
35 by a potentiometer to facilitate precise adjustment of the
threshold voltage Vt. The same change could be don in the



em tter capacitance and stray, capacitance associated with transi stor

. 25 ' The exanple of FIGURE 1 may be nodified as shown in

FIGURE 2 to provide inproved precision. In FIGURE 2 the resistor Rd is

coupl ed between the emtter and base el ectrodes of the second transi stor

@ and the entire circuit has been formed in an integrated circuit 200.
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| |
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7 Cains: . 1. Anethod for limting an input signal (IN),
sai d nmet hod conprising the steps of: 5 coupling said input
signal- (IN) to an output term nal (2) via the base enmitter path of a
first transistor (Ql); coupling a threshold signal (Vt) to
sai d out put term nal via the base enmitter path of a second transistor
(Q@2); applying a supply vej tage (+Vcc) to the collector 10
el ectrodes of é i.d flrst and second transistors; coupling
said output te (2) to a source of ref erence potential (4) via a
first resistor (Re) and to a selected ~one of the base and coll ector

el ectrodes of the secondqtrangkisy f?& ?%&nge@]qpﬁggﬁgnmeﬂ OEainRd) and

15 coupli ng a capacli tor se an col | ector
el ect rodes of %’&lﬂép‘%e%%m@"csﬂ%&sﬂ@t Stepsgof: 2. The method of

cl FU m]iL furtggr COWP“ si Bgltlf)h Séaﬁﬂsmputohgn%@ (IN) to an o@t?ﬁ@cﬁeﬂlﬂﬂnﬁl f

val ue for said,firs st or er e value o

sai d second reSsV? ﬁd ase, itter paﬁl of a f‘rsgéﬁaé?ﬁtﬂ h@zl)out put

i rrlpedan](3e f_o(r]I sai d sour c_eonplmg al thresholyl sigmall (Vhintto saida&fsutphla_rtethl_inal

val ue of sai c a or limting an
2% 3ﬂg Bgappar Egh of. 2. second Fraf AR AQS):; !

i nput signal, onpri ? a first
circuit path for coupli ngpplﬂldgl apsupplygmeltage @Vee) touthsucolleetgmal vi a

the base em gt Efedi’?ddbs()fofasil'dr ffirshrﬁﬁ? sec@nd fransistors; a second

circuit path for coupling a {hreshol gnal 0 the output termnal via
the base emitter path of CRURHRgn&aid outtP‘htné?ré‘E‘B‘ra (2) to a source of 5 (hjrd

C} rcEl tfpat h fﬁéfewma/ eﬂuslur(nb yviaolat figst tresistor (Re) caid &@t ar seleetdd oders1
of the first an pat
for coupl | ng + ABCoRE %@? i Ulecter slegmpdes of fBe AR BB
a first resi st6Q2amdiata second resistor (Rd); and
15 coupling a capacitor (C1) between the- base and
collector electrodes of said second tramnsistor (Q2).

: 2. The method of claim 1 further comprising the steps
of:
20 selecting a value for said first resistor (Re) that is
greater than the value of said second resistor (Rd); and
selecting an output impedance for said source of
limiting signal that is less than the value of said second resistor.

25 3. Apparatus for limiting an input signal, said
apparatus comprising:
a first circuit path for coupling said input signal to an
output terminal via the base emitter path of a first transistor;
a second circuit path for coupling a threshold signal to
30 the output terminal via the base emitter path of a second
transistor;
a third circuit path for applying a supply voltage to
the collector electrodes of the first and second transistors;
a fourth circuit path for coupling the output terminal
35 to a source of reference potential via a first resistor and to a

A




8 sel ected one of the base and collector el ectrodes of the second

transi stor via a second resistor; afifth circuit path for
coupling a capacitor between t he base and coll ector el ectrodes of said
second transistor. 5 4. The apparatus as recited in Claim3
wherein said second circuit path and said fourth circuit path are
selected to exhi bit an i npedance inquglity i n which Re>Rd>Ro wherein Re
and Rd are the values of the first and se€tond resistors, 10 respectively,
and Ro is the sglesiedo@nei ppcdienbesofantheallecten glectrodes @fathe second

5. A pul se |iffahSistoc/IRr hSkB&nNd resistor: first (Q) and second (Q)
bi pol ar transistors having col l.ect Ofi goectro es connected to a suppl
e

termnal (3), having r’rf‘%‘cherc"éqlﬂﬁztl?ad Tc SRVBHINE o RARREILRr thetwseBut pﬁt

terminal (2) thearbdiseoand ecollectrselectrmdes bEf xidneecemd eangiktdrd) via a
first reskstor (Re); a threshol d vol tage source (5)
connected to the base of 20 said second transistor ((2); a
capacitor (Cl) coupl ed bétwekEhe tawaca;uulseas aoecited in &m 3| sdterenesaid sai d

second transi S&é&orfc@%)ircxﬁf‘ th_and_said fourtg Eﬁ'ﬁﬁgl?p{ ﬁ?i%ﬁegéefaeﬁgﬁ Cgﬁulol ed

bet ween t he base ectr a se ected gne | ect or
el ectrodes of 95hibif @nsdmpe af‘?‘an‘élieﬁilé lty @p) which Re>Rd>Ro whgreuthepm se

limter a? r ecah@dRidnafd ahe ﬁameref Nthe first and second Sr%ki%téﬂert resi st Or
(7)1, O EOPLUBARSER apl 0, ol onfSlS 85086 5 981 b O
sai d second resigadr s¢@®e.i s of a val ue greater than said gi ven out put
i npedance of said threshold voltage source (5).
5. A pulse limiter, comprising:
first (Q1) and second (Q2) bipolar transistors having
15 collector electrodes connected to a supply terminal (3), having
emitter electrodes. commonly connected to an output terminal (2)
and coupled to a source of reference potential (5) via a first
resistor (Re); |
a threshold voltage source (5) connected to the base of
20 said second transistor (Q2);
a capacitor (C1) coupled between the collector and
base electrodes of said second transistor (Q2); and
a second resistor (Rd) coupled between the base

electrode and a selected one of the base and collector electrodes of
25 said second transistor (Q2).

6. The pulse limiter as recited in Claim 5 wherein:
said first resistor (Re) is of a value greater than that of
said second resistor (Rd);
30 said threshold voltage source (5) exhibits a given
output impedance; and
said second resistor (Rd) is of a value greater than said
given output impedance of said threshold voltage source (5).

N IIII|II| |I|II| IIIII ||III || |III



9 7. The pulse.limter as recited in Caimb5 wherein:

said capacitor (Cl) is selected to be substantially greater in val ue
than t.he total capacitance, including strays, bet ween t he base and
emtter electrodes of said second transistor 5 (). 8. The
pulse limter as recited in CQaim5 wherein said t hreshol d vol t age
source (5) conprises: third (Rl) and fourth (R2) resistors
coupl ed between 1 0 the base el ectrode ofg said second transistor (@) and
respective ones of sayd sypp [Fps! 3 [ r ference
potential (4); and 47', lp‘(!l%egilgh{lﬁ{ %eecgf% i kﬁﬂp ?‘%vlibfrgg?

resi stance sel ected téalﬂecﬂﬁé%lt@héﬁzlt)hés \ﬁ&ll‘EFée t%at??d Sé‘@é%wrl i stor

(Rd). 15 greater in v%luér hhaRUkRE {otal teapadRahee) tlﬁdludingnytra?sﬂ ai s
5-8 wherein sai d f| b(agé and second é sai,d fir
and second (Rd?etr"%%errbt and hPRUHST £

tran I St. S Re)
Fiodlss 08 7' BepSBl e et
capaci tor (Ci)((aﬁ)a formed in an integrated circuit and 20 wherein said
second resistor (Rd) is coupled between the base and emtter el ectrodes
of said second transistor (%l)1 10. The_pul se limter as
recited in any of O ains85 e pulserlémites aasd regited l(ngla% swherpdn said

transi stors (QlpesB8id Volisde (ﬁﬁ)mgS(gpdc&ﬁgmes( Rd) resistors, said

h hol d I f d
|t egrat ed o r oot t(200) léf%%e CHIRE R A T

coupl ed bet \v@erthé Hsaseastectrode of ®ald esdcondeltegisinndes(Q2) widl mepmtdve
transistor (Qz)o'nes 38f said supply terminal (3) and said source of reference
' potential (4); and
said third resistor (R1) exhibits a resistance selected
to be less than the value of said second resistor (Rd).
15
9. The pulse limiter as recited in any of Claims 5-8
wherein said first (Q1) and second (Q2) transistors, said first (Re)
and second (Rd) resistors, said threshold voltage source (5) and
said capacitor (C1) are formed in an integrated circuit and
20 wherein said second resistor (Rd) is coupled between the base and
emitter electrodes of said second transistor (Q2).

10. The pulse limiter as recited in any of Claims 5-8
wherein said first (Q1) and second transistors (Q2), said first (Re)
25 and second (Rd) resistors, said threshold voltage source (5) and
~ said capacitor (C1) are formed in an integrated circuit (200) and
wherein said second resistor (Rd) is coupled between the base and
collector electrodes of said second transistor (Q2).

30
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