A CORI NG AND PEAKING CIRCUI T . BACKGROUND OF THE | NVENTI.g@lqbomﬁi eldy

of the Invention The present invention relates to ;
peaki ng/ depeaking cir- cuit for accentuating the outlingg“%}?lgthgopV
objects in a televi- 5  sion picture,yor on the contrary, for attenuating
the outlines. The present invention nore particularly relates to a
coring cir- cuit for disabling the peaking when the | evel of the
signal to process is too | ow Di scussion of the Related Art 10
Fig. 1 is a functional diagramof a conventional peak- i ng/ depeaki ng
circuit. In this circuit, a signal Y, generally a tel evision

| umi nance signal is delayed a fA (CORING WNDOPEAKING &IRCUIT circuit 10 and
del ayed a second tine by a delay circuit 11. A
BA THE I ION
Field of the Invention . :
The present invention relates to a peaking/depeaking cir-
cuit for accentuating the outlines of the objects in a televi-
5 sion picture, ‘or on the contrary, for attenuating the outlines.
| The present invention more particularly relates to a coring cir-
cuit for disabling the peasking when the level of the signal to
process is too low. :
Di i £ 1

10 Fig. 1 is a functional diagram of a conventional peak-
ing/depeaking circuit. In this circuit, a signal Y, generally a
television luminance signal is delayed a first time by a delay
circuit 10 and delayed a second time by a delay circuit 11. A
circuit 13 provides a signal D2 that is twice the output Y2 of

15 .dela.y circuit 10 minus signal Y and the output Y3 of delay cir-

' cuit 11. As indicated in Fig. 1, if signal Y is a square pulse,
signal D2 has, at the beginning of the square pulse, a negative
pulse immediately followed by a positive pulse and, at the end
of the square pulse, a positive pulse immediately followed by a

20 - negative pulse.

Signal D2 is applied to the input of .an attenuator 15,
which multiplies signal D2 by a coefficient 0.125, and to the
input of an attenuator 16 which multiplies signal D2 by a co-
efficient 0.375. The output DP of attenuator 15 is provided to a

25 subtractor 18 which subtrac.ts signal DP to the output of at-
teriuator 16 which is preViousiy processed by a coring circuit 20
and by a multiplier 22. The coriﬁg circuit 20 transmits at its

. output P the output signal of attenuator 16 only if this signal

30




circuit 13 provides a signal D2 that is twice the output Y2 of 15 del ay

circuit 10 mnus signal Y and the output Y3 of delay cir- cuit 11. As
indicated in Fig. 1, if signal Y is a square pulse, signal D2 has, at
t he begi nning of the square pul se, a negative pul se i nmedi ately

foll owed by a positive pulse and, at the end of the square pulse a
‘positive pulse imedi ately foll owed by a 2@ negative pul se.

Signal D2 is applied to the input of an attenuator 15, whi ch
multiplies signal D2 by a coefficient 0.125, and to the i nput of -an

attenuator 16 whi chAmuladdeti 24 weapiszks Dghd\outpub- of subtrattori b8t ad 3@
The output DP Qfe13bb&N¥dh3lanta gwloweqrﬁ fovides R 183 ghch
subtracts signal Dgéfo t he ouf put of at- *» t enuat or b% gﬁd

previously procd®sed by a coring circuit 20 and by a nultlpller 22.
The coring circuit Zﬁghéanapitammﬁhins a depeskinytsiyrishe m@w%&nﬁﬁﬁwE&YOf
by & cori 1y oi GRHCTECU o8 S0l x2, pRSRR Bkl B VR A BRI e
coring circuit sgng}, als more ogoldss. mmfifedxedemngaum@mbain sig-
nal G provided to multiplier 22, and added to signal ¥2. If the
multiplication coefficient of mulfiplier 22 is lower than 1/3,
the subtraction of signal DP is dominant, and signal Yp has,. as
-10 indicated in A, progressive step-form rising and falling edges.
In contrast, if the multiplication coefficient of multiplier 22
exceeds 1/3, the addition of signal P is dominant. Then, signal -
Yp has, as indicated in B, a rising edge preceded by a negative
pulse and followed by an overshot, and a falling edge preceded
15 by an overshot and followed by a negative pulse.

Up to now, the functions of the block diagram of Fig. 1
have been achieved with elements operating in voltage mode.
SUMMARY OF THE INVENTION '

An object of the present invention is to provide a peak-

20 ing/depeaking circuit, and more particularly a coring circuit,
of a particularly simple structure.

In embodiments of the present invention, some functions
shown in Fig. 1, are achieved in a particularly simple way, due
to a specific structure formed with elements operating in cur-

25 rent mode.

" Embodiments of the invention more part1cu1ar1y relate to a
coring circuit for an input signal in the form of a differential
input current having two components in phase opposition. The
coring circuit comprises a first pair of cascode transistors bi-

30 ased by a. same reference voltage, for applying a first fraction
of the components of the differential current to first two re-
spective resistors; a second pair of cascode transistors biased
by this reference wvoltage, for providing a second fraction of
the components of this differential current to a differential

35 “current output of the circuit and to two respective branches of
a differential stsge receiving the‘“ voltages across the first re-

T



2 . An adder 24 receives the out put of subtractor 18 and the

delayed | um nance signal Y2, and provides the processed signal Yp.
Signal DP, which is a depeaking signal, is pernmanently 5 ~subtracted from
si gnal Y2, whereas signal P, which is a peaking signal, is nore or

| ess anplified, depending upon the gain sig- .nal G provided to
multiplier 22, and added to signal Y2. If the mul tiplication _
coefficient of multiplier 22 is |ower than 1/3, the subtraction of
signal DP is dom nant, and signal Yp has, as 10 indicated in A

progressi ve st egistors: rand riyoaadring Icupgert] giources WhlchnWagelYim-he
mul tiplication r&%fwsl%agifsu&& tfdahuﬁé a4 differéﬁsﬁd&aae%ot aes@%si ion

of signal Pis m nant . Then Si Yp has, ted in

rising edge pre gepy the tP?Ei aﬁ? fa‘iﬁ‘&ﬂ"ﬂ%\;@ﬁot
and a falling aﬂgﬁmghaseﬂzﬂmﬂEnxﬁshvran overshot and foll owed by a negative
pul se. €4 b A

have been %Chi eved W P’Q%/ents gﬁgratl ng |n VO t%lge (rir:oalq @ae%%l\*%RY

OF THE | NVENTI Ckygeen the value Apf offhec segpnd Heesistarndnd nthet Yahe ©f gthe

provide a peak-£2&t reé{%diﬁpﬁéwcﬂﬁél#aﬁ:io&ﬁﬂ tHBI 1A bh@t&@'dnu 8r&® i ng
circuit, of a particularly sinple structure. '

embodi nment s of 1E‘H’é"s‘present i nvention, sone functions, shovvn in Fi g.
1, are achieved in akmgakhngldepleykmgmim\wy actoeding to boe serddimént of
struct Ureﬂ””‘%@“f&b&kﬁ&ﬁ”&&:&&%@“&& 'aBo&é’mentioned coring circuit; a

third pair of cascode transistors biased by the reference volt-
age, for injecting a third fraction of the components of the
differential current respectively into an input branch and an
output branch of a current mirror; and a differential multiplier
15 receiving- a differential multiplication voltage and the differ-
ential current ocutput of the coring circuit, two oﬁtput branches
of the multiplier being respectively comnected to the branches
of the current mirror..
According to an embodiment of the invention, the differen-
20 tial input current of the coring circuit is obtained from an in-
put voltage, this input wvoltage delayed once and this input
voltage delayed twice. A differential stage receives the wvoltage
of the output branch of the current mirror and the input voltage
delayed once, the two branches of this differential stage being
25 respectively connected to the input and output branches of the
current mirror. The voltage of the output branch of the current
mirror constitutes the output signal of the peaking/depeaking
circuit. ' |
According to an embodiment of the invention, the differen-
30 tial input current of the coring circuit is provided by two par-
allel connected output branches of two differential stages, one
of which receives the input voltage and the input voltage de-
layed once, the other stage receiving the input wvoltage delayed
once and the input voltage delayed twice.
35 ‘The foregoing and other objects, features, aspects and ad-
vantages of the invention will become apparent from the follow-




25 “rent node. Embodi ments of the invention nore particularly

relate to a ~coring circuit for an input signal in the formof a
differenti al i nput current having two conponents in phase opposition.
The coring circuit conprises a first pair of cascode transistors bi-
30 ased by a.sane reference voltage, for applying a first fraction

of the conmponents of the differential curreét to first two re-

spective resistors; a second pair of cascode transistors biased by
this reference voltage for providing a second fraction of t he

components of t#HPgG ateiled Massriptiorenf Lblustaptive enbpdimesds of cthe pre-

out put of,the csé&ﬂlinmib@ wilh HRRBACLHVEodfunBel@s wWiith the adcompanying
differenti al a_ge éecel ving the voltages across the first re-

3 sisto ‘two coring current sources which respectively con
nect two transiB SCRI P Ef B stage to a supply

voltage, tge two corwg Ct'”&%ves‘&%&?fb&e' Ao OL& e Y @nSlntional func-
. ‘tional diagram of a peaking/depeaking circuit:;
Fig. 2 represents an embodiment of a coring circuit ac-
cording to one embodiment of the present invention;

Fig. 3 represents a transfer diagram illustrating the op-

10 eration of the circuit of Fig. 2; ' .
' Fig. 4 represents circuitry to add to the coring circuit

of Fig. 2 to realize a peaking/depeaking circuit; and
Fig. 5 nepreseots an embodiment of a circuit for providing
a current signal required by the circuits of embodiments of the
15 present invention.
DETAILED DESCRIPTION
According to the invention, the’ signal D2 of Fig. 1 is in
the form of a differential current having components D2+ and
D2-. From this signal D2-/D2+, all the other signals are proc-
20 essed as differential currents until the output wvoltage Yp is
provided.
Fig. 2 represents an embodiment of a coring circuit ac-
cording to the invention. It is in particular the specific
structure of the coring circuit according to the invention that
25 provides a significant s:[.mplification' of the peaking/depeaking
circuit.
A pair of PNP cascode transistors Q1 and Q2 transmits a
fraction of the differential current D2-/D2+ to two resistors 30
| and 31. The bases of transistors Q1 and Q2 are biased by a con-
30 stant reference voltage Vr. Transistors Q1 and Q2 receive re-
spectively on their emitters the components D2- and D2+, and
their collectors are connected to ground GND through resistors
30 and 31, respectively.

A second pair of PNP cascode transistors Q3 and Q4 trans-
35 mits a fraction of the differential current D2-/D2+ .to the re-
spective branches of a differential stage formed by two NPN




through a second resistor. 5 According to an enbodi nent of the

I'nvention, the ratio be- tween the value of the second resistor and

t he "val ue of the first resistors is twice the ratio of the first and
second frac- tions. A peaki ng/ depeaki ng circuit according
to one enbodi nent of 10 the invention conprises the above-nenti oned
coring circuit; a third pair of cascdile transistors biased by the

ref erence volt- age, for injecting a third fraction of the conponents,
of the differential current respectively into an input branch and an

out put branch ofremst¢stexmtQSviandoQ6.afdanstitorsr 8At ped @4l axey|
receiving a di fgﬂaﬁﬂéiaﬂgy %&f%ﬁfﬁﬂr&r‘a&?'ﬂéﬂf redst b6 Eahbestors 01 and
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‘differen- 30 currgnt m%ﬁeﬂﬁd@ tﬁ%dc%?mﬁgt%‘? r%%@@%vmgbyatm
par - ' resistor 36. The current Ic of sources 33 and 34, i.e., a coring
curient which can be adjusted by a signal C, determines the .
width of the coring range of signal D2+/D2-, i.e., the amplitude
15 of signal D2+/D2- below which the output P+/P- of the circuit is
zero.

A pair of PNP cascode transistors Q7 and Q8 transmits a
fraction of the differential current. D2-/D2+ as a differential
current DP-/DP+ which corresponds to the depeaking signal DP of

20 Fig. 1. Transistors Q7 and Q8 are connected in parallel by their
bases and their emitters to transistors Q1 and Q2, respectively,
and the collectors of transistors Q7 and Q8 provide the compo-
nents DP- and DP+. The cascode transistors Q1-04 and Q7, Q8 dis-
tribute the currents of canponénts D2- and D2+ as a function of

25 the sizes of these transistors. Thus, the attenuation coeffi-
cients of attenuators 15 and 16 of Fig. 1 are obtained by se-
-l'ecting transistors Q3 and'_Q4 three times larger than transis-
tors Q7, Q8, and transistors Q1 and Q2 four times larger than

" transistors Q7 and Q8. The relative sizes of these transistors

30  .are indicated in brackets in Fig. 2. '

Thus, if components D2- and D2+ have values 8(I-i) and
8(I+i), respectively, (where I is a constant quiescent current,
and i is a variable current representative of signal D2), cur-
rents 4(I-i), 4(I+i), 3(I-i), 3(I+i), I-i, and I+i circulate re-

35 - spectively in the collectors of transistors Q1-Q4 and Q7 and Q8.
The collector currents of transistors Q1 and Q2 generate volt-



al l el * connect ed out put branches of two differential stages, one of

whi ch receives the input voltage and the input voltage de- | ayed
once, the other stage receiving the input voltage del ayed once and
the input voltage del ayed tw ce. 35 The foregoing and.ot her
obj ects, features, aspects and ad- vant ages of the invention wll
becone apparent fromthe foll ow 6

ing detailed description of illustrative enbodi nents of the pre-
sent invention when taken in conjunction with the acconmpanying
dr awi ngs. ageR BFroEsERsbstane 8P ik JIRATIhe @ fiference between vpltagies e

desi:ri b?g reﬁrmsré%%rﬁﬂ Qial 3iU{H3'a 11ed td ena! v ahBEN ¥ zﬂsis—f
pecki N0l epecki o 4 Y. e ovamets o Wy, cORECED, 38, ACHL "Rl o 2
I nvention; value 3R gl esieporsd86t bas ar satter 8RI agitdm thdses tvaduesg
the op- 5 there is a current 3i in resistor 36, p:r:ovided that this E;urrent
Siislowerthanﬂ\ecurrenticofsmn;de33or34. Then, the
collector current of transistor Q5 has a value of Ic-3i, and the
collector current of transistor Q6 has a -value of Ic+3i. As a
result, the components P- and P+ each have a value 3I-Ic, which
10 ‘'is. independent of i; the differential current P+/P- is zero for
any value of i. This operation mode is obtained within a
"coring" range.
Generally, the differential current P+/P- is canceled in
the coring range by selecting the ratio between the value of re-
15 sistor 36 and the value of resistors 30 and 31 equal to twice
the size ratio between transistors Ql (or Q2) and Q3 (or 04).
Otherwise, the differential current P+/P- will vary with a
slight positive or negative slope.
Now, if current 3i in resistor 36 tends to exceed value Ic
20 (goes outside the coring range), the excess current cannot be
absorbed by source 33. Thus, in the example of Fig. 2, the col-
lector current of transistor Q5 is zero and the collector cur-
rent of transistor Q6 establishes at 2Ic, independently of the
value of current i, provided that it is higher than Ic/3. Then,
25 the component P- establishes at 3(I-i) and the component P+ es-
tablishes at 3(I+i)-2Ic.
Fig. 3 illustrates the variation of the differential cur-
rent P+/P- as a function of current i. Between values -Ic/3 and
Ic/3 of current i (within the coring range), the current P+/P-
30 is zero. Beyond value Ic/3, current P+/P- varies according to a
straight which intersects the wvertical axis at a point -2Ic. Be-
low value -Ic/3, current P+/P- varies according to a straight
which intersects the vertical axis at a point 2Ic. '
If the ratio between the value of resistor 36 and the
35 .  value of resistors 30 and 31 differs from twice the size ratio
between transistors Ql and Q3 (or Q2 and Q4), the slope of sig-



10 “eration of the circuit of Fig. 2; . Fig. 4 represents

circuitry to add to the coring circuit of Fig. 2 torealize a
peaki ng/ depeaki ng circuit; and ' Fig. 5 represents an enbodi nent
of a circuit for providing a current signal required by the circuits
of enbodi nents of the 15 present invention. - DETAI LED DESCRI PTI ON
According to the invention, the signal D2 o Fig. 1 is in the form of
a differential current having conponents D2+ and D2-. Fromthis
signal D2-/D2+, all the other signals are proc- 20 essed as differenti al

currents until pak Ruffsuwivhin age Yorisg range hegomes positive or negatiye 2
represents an eihodiiPoe Wirgy ¢8kbNInEEhCH tuidesirable. §&Elﬁj'an§1é% Naia-

invention. It is_ in gartlcular the specific structure of the corlng

circuit accordi KR ti AGSHE i 16h & [Fdroylt acqarging o the dR
sinmplification ¢het tempesktur® deaeide Ngr when CithéUlﬂabrication technblpgyr

' grffglrpeﬁ??afdguﬁ%%t %%?%V\D resi g%m: ratiosfg%ﬂg&f%&n%gs!e’g of

transi stors QL ehementsgf (fagec@abyre, (wapistors oxt transistershhighl haye

E/L Tr ansi st ?r Szlbggn@ﬂ%lgrai@@@idfﬁ dl‘%ra?'ﬁerls‘lﬂalgfh*srﬁl “YuRBtddde ioE Q‘{F%Ejt‘?fns
e conponents an +,.an eir collectors onnected to
ground GND t hr oBEFRYURS SFo ke ga-brl"?d:iaﬂdt%‘f’mrl@g%m v%‘ﬁ tion, a-p

second pair of [RRBscarecedsy ttcaashiews zacQGratddelnt:muegra@ technaology .
R o R R
: 2 for realiz:.ng a peaking/depeaking circuit according to the in-
\}entlon. The components DP+ and DP- drawn from the collectors of
transistors Q7 and QB_ are provided to an input branch and an
output branch, respectively, of a current mirror including PNP
15 transistors Q9 and Q10. The emitters of transistors Q9 and Q10
‘are connected to a high supply voltage Vcc. The collectors of
these transistors, which form the input and output branches of
the current mirror, are comnected to ground GND through respec-
tive current sources 40 and 41 of same value. The bases of tran-
20 sistors QQ and Q10 are connected to each other and are connected
to the collector of transistor Q9.

The components P- ‘and P+ are injected in two biasing
branches of two respective differential stages forming a multi-
plier. One stage comprises two NPN transistors Q11 and Ql2, and

25 the other stage comprises two NPN transistors Q13 and Q14. The
emitters of transistors Ql1 and Q12, receiving the component P-,
are comnected to ground GND through a current source 43. The
emitters of transistors Q13 and Ql14, receiving the component P+,
are connected.to ground GND through a current source 44 of same

30 value as source 43. The collectors of transistors Q12 and Q13
are connected to voltage Vcc and their baséS'receive a component
G+ of a differential control voltage G+/G- which determines the
multiplication coefficient of the multiplier. Transistors Q11
and Q14 receive at their bases the component G- and their col-

35 . lectors are connected to the input branch and to the output
branch of the current mirror Q9, 010, respectively. |



5 ) transistors QS and Q. Transistors B and 4 are connected in

‘parallel by their emtters and their bases to transistors QL and Q.
The collectors of transistors & and 6 are respectively connected to
the collectors of transistors B and 4 and respec- 5 tively provide the
conponents P- and P+ of a differential cur- rent which corresponds to .
t he peaking signal P of Fig. 1. The Bases of transistors B and G

are connected to the collectors of transistors QL and @,

respectively. The differential stage @, @ is alowgain stage; for

this purpose, the eWithethisfcafigurationsi $her differenteQdeiween obhe cdbltt o

ground through f&%ﬂ@fél Yatput curtdhf YH tag%ﬂ%&pi NGbresrided Gy BeeHEd t O
each ot her through resi stor_36. The curr of ig_urces %3 and
"34, i.e., a cor¥ r°rs of trapsistors i, apd, 0 fe@‘eo

determ nes t he rent DPw/Di-h 1¥ dbtainedi og tmlgmpnit sarmaduﬁbﬁt/ B%anche$ of t he
2[?'0'[]7 ;desé5 mi¥rof! §512101672 P ruRELAK"BE GRu1le1B1 24 P24 oRd/ B2 aIthQStor
18 of Fig. 1 are thus achieved.

In addition, the output voltage Yp of the peaking/ depeak—
ing cincuit is provided by a follower transistor Q15 which re-
ceives at its base the voltage of the output branch of the cur-

10 rent mirror Q9, Ql0 (i.e., the collector voltage of transistor
Q10). Transistor Q15 has its collector connected to voltage Vcc
and its emitter, which provides voltage Yp, connected to ground
through a current source 46. Voltage Yp and a voltage Y2, which
corresponds to the delayed signal Y2 of Fig. 1, are applied to

15 the bases of transistors Q16 and Q17, which form a low gain dif- ~

' ferential stage. The emitters of transistors Q16 and Q17 are
connected to ground by respective current sources 48 and 49 of
same value and that. are connected to each other througﬁ a resis-
tor 50. The collectors of’ transistors Q16 and Q17 are connected

20 to the input branch and output branch of the current-mirror Q9,
'010. This differential stage provides the function of the adder
24 of Fig. 1. | _ '

To ensure that transistors Q7 and Q8 (Fig. 2) are cori—
stantly conductive, NPN cascode transistors (not shown) biased

25 by voltage Vr can be connected between transistors Q9 and le

~ and terminals DP+ and DP-. This also isolates multiplier Q11-Q14
from transistors Q7 and Q8, and thus allows to bias the multi-
plier with a different voltage.

Fig. 5 represents an enbodiment of a circuit providing the

30 differential current D2+/D2¥ from voltages Y, Y2 and Y3 of Fig.
1. The output branches of two low gain differential stages are
connected in parallel and provide components D2+ and D2-, re-
spectively. One of the stages comprises PNP transistors Q18 and
Q19 whose emitters are connected to voltage Vcc through respec-

35 tive current sources 52 and 53 of same value, and .are connected
to each other through a resistor 54. The other differential




zero. A pair of PNP cascode transistors Q7 and (B8 transmts a
fraction of the differential current D2-/D2+ as a differenti al
current DP-/DP+ which corresponds to the depeaki ng signal DP of 20 Fig.

1. Transistors Q7 and B are connected in parallel by their bases and
their emtters to transistors QL and @2, respectively, and t he
collectors of transistors Q7 and @8 provi de9the conpo- nents DP- and
DP+. The cascode transistors QL-Q4 and Q7, B dis- tribute the
currents of conponents D2- and D2+ as a function of 25 t he sizes of

t hese transi st oF@IeTREEPTISES IPPeHaRFIGTOrgcREP -and Q21 whosesepitters are
attenuators 15 ecmhettedf tdiglthgar vcobtiacugth hyspective curkenti Sgurces 56

and ransi ot or <00 ngt e, veTHS of PRkely ¥ '35 anq are EBhieSthn B

B. The relativead %eﬁftmlgé gr apeistorr $830f sampe vdlyei est vesistan Sdket s
in Fig. 2.5  The colledttis off tﬁ&mﬁ%ng ar@@zzli?Zier& Rk U8Smtrenit)

and 8(1 where | S, & const cent current
and i is a varlfﬁ%ﬁ ean?i%n ié Ot i 8“%* RS e ngD??g thent s
4(1-i), 4(1+i),clgoneht BRt+i Fhel baseandf| transis:ttdmt @18e- ax% 021 spmﬂveel y

in the coIIect r T or
currents of tranm%bg%si}(\)?hgngg@ ge%rtgte %Qij % bases of Q%aﬁé’iét%(ils

9 and Q20 both receive voltage
10 : A complete peaking/depeaking circuit according to the pre-
sent invention, achieved from elements operating in current
mode, comprises approximately 55 transistors and 41 resistors,
whereas conventional circuits using elexi\ents operating in volt-
age mode and furthermore not comprising the depeaking function,
15 include appromeately 75 transistors and 48 resistors.
Having thus described at least one illustrative embod:.ment
of the invention, wvarious alterations, modifications and im-
provements will readily occur to those skilled in the art. Such
alterations, modifications, and improvements are intended to be
20 within the spirit and scope of the invention. Accordingly, the
foregoing description is by way of example only and is not in-
tended to be limiting. The invention is limited only as defined
in the following claims and the equivalents thereto. .
- What is claimed is: '



6 i ages across resistors 30 and 31. The difference between vol tages
across resistors 30 and-31 is applied to the termnals of resis- tor
36. In the exanple of Fig. 2, resistors 30 and 31 have a al ue 3R and
resistor 36 has a—vaf—cre~8ﬁ*‘WTﬁ‘t‘h’§e val ues, 5 t her g pﬂwaSH;'urr' 3

in resistor 36, pr _ urrent 3i is | auer tREm BEEN
current | C of sourc ﬂ“‘“ m“‘“l“m the 10 collector curre 4 Eg
H -

t ransi st or QB has a va ae wof Ml cs3i* and the collector current o
transi stor has a value of I1c+3i. As a result, the conponents P-
and P+ each have a value 3l-1c, which 10CLBIM§ | ndependent of i; the
differential current P+/P- is zero for any value of i. This operation

node i s obtai ned wi t]h cor,i.n t he

rang erally
differential current P«r)-? Porﬁggcﬁwié?d%f’ﬁ an fnp“tth§i€'6?]r n‘d’zr();epr tb? form
selecting the refiia d;éifneetmtztdie imphitecafrent- hating tsios comp@ntsd ihhphase ue

of resistors 3(},&9,@1%%0 1?‘2 M wrh:gt%%rﬁléec&@?ﬁ% f ween

transistors QL (or W se | fferential

current P+ P- will vad \%FFH Q?ir of Cagqogpt tRRNSiStoEs Ji0lnega) iki@sefoby a
Now, if cugrentfilist tref€bdriiedro3CadeNCi ), 0 £8xCaSEIyiabUE Efrst) fract8e€Sof

out si de the coréc_rl}:g1 rcﬁ:q:e% t he r?e)é}eslsélsgcq%ee gEann(‘?:rkubie abS%ts)ggc_py

source 33. Thus,
tively first and second resistors (30, 31);

- a second pair of cascode transistors (Q3, Q4) biased by
the first reference voltage, for providing a second fraction of

10 each of the components of said differential current to a differ-
-ential current output (P+, P-) of the coring circuit and respec-
tively to first and second branches of a differential stage (05,
Q6) that also receives voltages across the first and second re-
sistors; and ‘

15 - two coring current sources (33, 34) are respectively
comnected to first and second outputs of the differential stoge
(05, Q6) to a supply voltage (GND), the two coring current
sources being connected to each other through a third resistor
(36).

20 2. The'coring circuit of claim 1, wherein the +ratio be-
tween the value of the second resistor (36) and the value of
the first resistors is twice the ratio between the first and
second fractions.

3. A peaking/depeaking ‘circuit comprising:

25 - the coring circuit of claim 1;

- a third pair of cascode transistors (Q7, Q8) biased by
said reference voltage (Vr), for injecting a third fraction of
the components of said differential current respectively into an
input branch and an output branch of a current mirror (Q9, 010):;

30 and B

- a differential multiplier (Ql1, Q14) receiving a differ-
ential multiplication voltage :('G+ , G-) and the differential cur-
rent output (P+, P-) of the coring circuit, two output branches
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lector current of transistor Q@ is zero and the collectar_cur- rent

of transistor Q6 establishes at 2lc, independently of the val ue o
current i, provided that it is higher than Ic/3. Then, Zﬁm,llﬂmnmt

P- establishes at 3(I-i) and the conponent P+ es- rmmﬁm
3(1+i)-2lc. Fig. 3 illustrates the variation of the"
differential cur- rent P+/P- as a fukktion of current i. Between

val ues -1c/3 and lc/3 of current i (wWithin the coring range), the

current P+/ P- 391-;hei S rpa_"r ond value 1c/3, current P+/ P- varies

according to a® ’c’?? iTespRcSkiely: renyestad do hesbranchesoi nt
-2l c. . Be- of| bhe\miruentlxﬁlﬁprcurrent P+/ P- varies according to a

st rai ght whi ch i pfg gﬁgm t, igt 2

If the ratio betvvee% t he val ue BS%%??%% %gﬁg')ﬁh%ﬁcq‘?%“ '3. *‘mée%f the
resistors 30 afdffarentind inpyty gurkent (DR+,siD2e)r af i the corlnbepd\mnﬁ-t is
transi stoss Ql obBdindd (FfromUBnaffpd)voliti§e S{PPE HidSiflput voltage delayed

7 once (Y2) and said input voltage delayed twice (¥3), and com-
prising a differential stage (Q16, Q17) receiving the voltage of
the output branch of the current mirror (Q9, Q10) and said input
voltage (Y2) delayed once, the two branches of said differential

10 stage being respectively comnected to the input and output
branches of the current mirror, the voltage of the output branch
of the current mirror constituting the output signal (Yp) of the
peaking/depeaking circuit.

5. The peaking/depeaking circuit of claim 4, wherein the

15 differential input current (D2+, D2-) of the coring circuit is
provided by two parallel connected output branches of two dif-
ferential stages, one of which receives the input letage (Y)
and the input voltage delayed once (Y2), the other st‘age receiv-

. ing the input voltage delayed once (Y2) and the input voltage
20 delayed twice (Y3).



nal P+/ P- within the coring range becomes positive or negative
instead of being zero, which is undesirable. Such a slope varla- ’ tion
cannot. occur in a circuit according to the invention whe

tenperature varies or when the fabrication technol ogy j
because the above-nentioned ratios are #2term ned by
nature (resistors or transistors) which have i dentica :
characteristics as a function of the tem perature or the fabrlcatlon
technol ogy. In addition, these ra- tios are easy to achieve
accurately in integrated technol ogy. 10 Fig. 4 represents an

enbodi nent using the circuit of Fig. 2 for -realizing a -

peaki ng/ depeaki ng circuit accofdCARING ANRePERKING CIRCWAIht | on. The
conponents DP+ and DP- drawn fromthe collectors of transistors Q7
and B are provided to an input branch and an out put branch,
respectively, .of a current mrror including PNP 15 transistors @@ and
QLO. The emitters of transistors @@ and Q10 are connected to a high

supply voltage Vcc. The CO'leCt%&Eﬂﬁ&:tfﬁLihéﬂEﬁﬁ%bé&ﬂéiStors’ whi ch form
t he i nput and out put branches o - e current mrror, are connected to
ground GND t hrough respec- tive current sources 40 and 41 of sane

val ue. The bases of tran- 20 sistors Q9 and QLO are connected to each
ot her and are connegted coII r f transisto . e
The components P- afdSPHg gi’tﬁ}”é%t isggp"f\% 1n'che %?%cﬂ‘f‘e? 81£7 wo
respective dif ferentiall inpugecufoent rt@vanguttnb componenps$ | bn . pl@se sippgei-
conprises two NpNht rRnshgops1,Qbk éagoc@étraﬂ&s%%rs b%%%{d?%?iéoﬁﬂeref- |

conprises two NPN transj stors CﬂB and
transi stors QLETEREe I2Ltagec @PPLIRE the oﬁ?é‘FFFi‘P“ of each gf, theneOFPRY to
ground G\D t hr giegs eof wheedi f fexenteal ourkient to respectively first and sec-

_ ond resistors. A second pair of cascode transistors biased by
the first reference voltage provides a second fraction of each
of the components of the differential current to a differential
current output of the coring circuit and respectively to first
and second branches of a differential stage that also receives
voltages across the first and second resistors. Two coring cur-
rént sources respectively connect first and second outputs of
the differential stage to a supply' voltage and are comnected to

. each other through a third resistor.

Figure 2

* This'Sheet Has Been Reﬂlaced

 HANAEAm i




emitters of transistors QL3 and Ql4, receiving the conponent P+, are

connected to ground GND through a current source 44 of same 30 val ue as
source 43. The eollectors of transistors QL2 and QL3 are connect ed
to voltage Vcc and their bases receive a conponent - G+ of a
differential control voltage G+/ G whic lfeternlnes t he

mul tiplication coefficient of the nultlik Transi stors Qil and
QL4 receive at their bases the conponent G and their col- 35 | ectors
are connected to the input branch and to the out put branch of the
current mrror Q, QLO, respectively.

8 Wth this configuration, the difference between the dif-
ferential output current of the multiplier (provided by the col- :
| ectors of transistors Cﬂl andﬂCﬂ4) and of the differential cur- rent
DP+/ DP- is obtained on th t and out put branches of 5 mrror (O,
QLO. The functions of nultlp ier 22 and of subtractor 18 of Fig. 1

are_thus achi eved.
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In addition, the output vol tage Yp of the peaking/ depeak- i ng
circuit-is provided by a follower transi stor QL5 which Te- : cei ves at
its base the voltage of the output branch of the cur - ~— rent mrror (9,

QL0 (i.e., the collector voltage of transistor QL5
has its collector connected to voltage )gg and& ' .
provi des voltage Yp, connected to ground t hrough a Sl 46.
Vol tage Yp and a vol tage Y2, .whi ®2- cor DBdponds to the detaygd sjgnal
Y2 of Fig. 1, are applied to 15 t he ‘bases @f transistors QL6 anc 7,
which forma |l ow gain dif- erential stfge. The emtters of
transistors QL6 and QL7 are : connected t¢ ground by respective current
sources 48 and 49 of same va@ei)and t hay 8dr€) connected to each ot her
t hrough a resis- tor 50. Thé¢ collectorsjof transistors QL6 and QL7
are connected 20 to the input ranch and ofit put branch of the
current-mrror @, i3 -differenti rovi des .t he function
of the adder QA of Fl @3 1. |Q7 Q&nsuf 84 hat | Ransistors Q7
and @B (FigVr2) 4dre 4on- ntly condygtile, N3caspadé4transi stors
(not shown) _ en transistors
@ and Q10 and term hal s and DP-. is alsyp isolates nmultiplier
Ql1- Q14 haom}t r apgiipors Q7iaqd B, apdlthus alBawe) top bga B the
mul ti - plrer wth a different_voltage. Fig represents
an enbodi nrent of acircuit |provid r%P‘t he 3@ diffefential purrent D2+/ D2-
fromvoltages Y, Y4 and Y3}{of Fig. 1. The out pyit brancphes of two | ow
gain differenti al stages anre oy poe | el anf provide
conponents D2+ and 3e i spectivel y. € of tIhe3.stages conpri ses
PNP transistors QL8 andIc' 1 y1e+31
36 o
Qs —L 3 Q6
3 SR 3
i O e, Hm
33 | 31
GND - GND
co
Fig 2
P-i:/P-
121
Ieiy -~ ¢
- “Ic/3 1
2k’ :
Fig3
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QL9 whose enitters are connected to vol tage Vcc through respec- 35 tive

current sources 52 and 53 of sane value, and are connected to each

ot her through a resistor 54. The other differenti al

9 stage conprises PNP transistors Q20 and Q21 whose enitters are
connected to voltage Vcc through respectjyg current sources 56 and 57
of sanme value as sources 52 and 53, and are connected to each ot her

t hrough a resistor 58 of sane value as resistor 54. 5 The col |l ectors of
transi stors QL8 and 1 provide the conponent D2+ and the collectors
of transistors QL9 and Q20 provide the conponent D2-. The bases of -
transi stors QL8 and Q1 receive vo#tages Y and Y3, respectively, and
the bases of transistors Cﬂ9d§nd Cgb both receive voltage Y2. 10

A conpl et e peaki ng/ depeaki ng circui® accBrding to the pre- sent

i nvention, achieved fromelenents operating in current <yode,

conprises approximately 55 transistprs apd 41 resistors,

.20
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wher eas conventional circuits using elements operating in volt- age

mode and furthernore not conprising the depeaking function, 15 i ncl ude
approximately 75 transistors and 48 resistors. Havi ng thus .
described at |east one illustrative enbodi nent ~of the invention,
various alterations, nodifications ana I, proverments will readily"
occur to those skilled in the art. Su ﬁ4 alterations, nodifications,
and i nprovenents are intended to be 20 within the spirit and scope of:

t he invention. Accordingly, the foregoi ng description is by way of
exanple onfy and is not in- tended to be Iimting. The invention is -
limted only as defined inthe follow ng clains and the equival ents
t hereto. What is clained is:

10 ' : CLAI V5

Fig 5



1. Acoring circuit for an input signal

the input signal
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) nieape 8%
I nput branch and an out put branch of a current mrror (Q, QL0); and
30 - adifferential multiplier (Ql1, Ql4) receiving a dif-
ferential mut+plication voltage (G+, G) and the differ

current output (P+, P-) of the coring circuit, two out pu hes of
the nultiplier being respectively connecte to t he ”Q [ﬂ[”
current mrror. 4. "The peaki ng/ depe

claim 3, wherein the di-fferential input current (D2+, D2 of the
coring circuit is obtained from an 4 vol tage (Y), sald I nput

vol t age del ayed once (Y2) and saidTnput voltage delayed tw ce (Y3),
and com 5 prising a differential stage (QL6, QL7) receiving the

vol tage of the oWl RidkciRg a8LRasft tﬂa& @A H8pht MhigeH1 (@2), Qbhhrastesai d
i nput ~vol tzegeg_éiYZ de 4(_1 once, hes of .sai d
differenti al FP% &5196’@ y%oﬁngggmiﬂ*e AnpYE: CHREent
out put having two components in phase opposition (D2+, D2-), the coring
circuit comprising:
5 ~ a first pair of cascode transistors (Ql, Q2) biased by
a same reference voltage (Vr), for applying a first fraction of
the components of the differential current to two respective
first resistors (30, 31);
- a second pair of cascode transistors (Q3, Q4) biased by

10 said reference voltage, for providing a second fraction of the
components of said differential current to a differential cur-
rent -output (P+, P-) of the circuit and to first two respective
branches of a differential stage (Q5, Q6) receiving the voltages
across the first resistors; and

15 - two coring current sources (33, 34) respectively con-
necting two transistors (Q5, Q6) forming the differential stage
to a supply voltage (GND), the two coring current sources being
connected to each other through a second resistor (36).

2. The coring circuit of claim 1, wherein the ratio be-

20 tween the value of the second resistor (36) and the value of the
first resistors is twice the ratio between the first and second
fractions. ) i

\_ 3. A peaking/depeaking circuit comprising:
- the coring circuit of claim 1;

25 - a third pair of cascode transistors (Q7, 08) biased by
said reference voltage (Vr), for injecting a third fraction of
the components of said differential current respectively into an -
input branch and an output branch of a current mirror (Q9, Q10);
and

30 - a differential multiplier (Q1l1, Ql4) receiving a dif-
ferential multiplication wvoltage (G+, G-) and the differential
current output (P+, P-) of the coring circuit, two output
branches of the multiplier being respectively connected to the
branches of the current mirror. —
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branches of the current mrror, the voltage of the out put branch 10 .. of
the current mrror constituting the output signal (Yp

Cr e, “enerointhe " differential input corront dﬂm‘\\mﬂm W

coring circuit is provi ded by two paralj el connected® odt put Br anches
of two dif- 15 ferential stages, one of which receives the input voltage
(Y) and the input voltage del ayed once (Y2), the other stage receiv-

ing the input voltagd.dehaypdaRivig/depdakinly ditPWf \WkiAd8, wherefs! &M
twice (Y3). differential input current (D2+, D2-) of the coring circuit is
obtained from an input wvoltage (Y), said input voltage delayed
once (Y2) and said input voltage delayed twice (¥3), and com-
5 prising a differential stage (Q16, Q17) receiving the voltage of
the output branch of the current mirror (Q9, Ql0) and said input
voltage (Y2) delayed once, the two branches of said differential
stage being respectively connected to the inpuf and output
branches of the current mirror, the voltage of the output branch
10 of the current mirror constituting the output signal (Yp) of the
peaking/depeaking circuit.

; 5. The peaking/depeaking circuit of claim 4, wherein the
differential input current (D2+, D2-) of the coring circuit is
provided by two parallel connected output branches of two dif-

15 ferential stages, one of which receives the input voltage (Y)
and the input voltage delayed once (¥2), the other stage receiv-
ing the input wvoltage delayéd once (Y2) and the input voltage
delayed twice (Y¥3).
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