LI NEAR AVPLI FI ER Background of the Invention 5 The present i nvention .
relates to anplifiers and, nore particularly, to a linearized w de band
anplti fier. There are. many applications which require the use of

di fferegpital anmplifiers in which it is not desir ﬁ ,2 troduce
non-linearities in the output signal produced ld? {h %éip One such

application is in television receivers and,4i.n partlcular the differenti al
I F ihput signal to the denodul ator section of the TV denopdul ati ng system

Typically, a differential anplifier is used in the TV denodul ati ng - system
as the interface between the IF 15 . output stage and the denodul ator. In

general the |IF output signal is a difieEARtAMPLYPIERge that is applied to
the differential anplifier. The differentral anpliiier converts the
voltage to a differential current that is supplied to the denodul ator of
the TV denodul ating system 20Backgmowsde @fadhecilavantdiarh sone prior art
differential anplifiers is that distortion is introduced in the current

outputs thereof due to the tr stors base tte rities.
' Ponaur a8 sound TG RESRSTH, LAYSHEIDR TALALDR cEPCHIBLLRLOER ARA, rhgRe
qual ity sterem)ﬁétﬁibulayk?entotmlklﬂbarnzedomidenbaaddamplbéhernotes mhich

can lie close to th%ﬁ%%ﬁé%@é%&%ﬁﬁﬁd%%L‘ﬁhﬂbﬁtPé 9ol £ndl 4

enough, these beat notes esira e In
an attenpt to elifferenrtial sampkitiersninivweichi it 3o n°§r eﬁb§apﬁ6IEBed
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Henge, al t hougtredeiyersrand: B8 partheatar; n'ghecﬂéﬁﬁenaptmiquuimpumell
at |0“’frequem%f§hal to the demodulator section of the TV demodulating
‘system. Typically, a dlfferentlal amplifier is used in
_ the TV demodulating system as the interface between the IF
15 output stage and the demodulator. In general the IF _
output signal is a differential voltage that is applied to
the differential amplifier. The.differential amplifier
converts the'veltage to a differential current that is
supplied to the demcdulator of the TV demodulating system.
20 A problem associated with some prior art differential
amplifiers is that distortioh is introduced in the current
outputs thereof due to the transistors base-emitter diode
non-linearities. In monaural sound TV systems this may
O ndt be a problem. However, in high quality stereo TV
' 25 systems this distortion can lead to beat notes which can
lie close to the sound carrier'eignal. If the distoftion
is high enough, these beat notes can become audible which
is highly undesirable. ' _
In an attempt to eliminate this distortion, the prior
30 art has included 1inearizing stages coupled to the input
stage of the differential amplifier. Because the
linearizing stage of the prior art has a fregquency
response different than the direct siqnal.path phase
errors are introduced. Hence, although the prior art
35 linearizing scheme may work quite.well at low frequencies,



-2- distortion generated in the differential anpl i fier- will not he
cancel l ed at high frequencies due to the phase shift in the cancelllng
current path of the linearizing stage with respect to the.direct input#

signal path. 5 Thus, a need exists for a wi deband |inearizing™sghene
for elimnating distortion in-a differential anplifier. Summary of the -
| nvention 10 Accordingly, it is obj ect of the present invention:

~to provide an inproved differential anplifier. It is another object of the,f
~invention to-provide a linearized wide band .differential anmplifier. In
accordance wth the above and ot her objects there 15 I's provided a

di fferenti agigsprtibar gepepatedndnf thet difterentiald lafntparleﬂtezalmarmol ifier
sections each | cludin élrst agg Ee%ond dlfgere t|aII §%E¥n ct ed e
t ransi-stor mf?ﬂcgh egaggs g EEHARPOE 5’ of the -
first and sehbﬁ'd iinf theegahaklddpyi f:ue'resccpachs O(fodqbﬂeedmarmasmct ively:
to first anﬂté&&%@th”?ﬂhﬁe?t fttsetﬁ lait e & ghpt& s Iaasgfaﬁq{l the secand

pair of transistors of i TSt secon erent fier sections’
are coupl ed to aTPBfni AaPeed ﬁﬁ?&ﬁsafPGféryﬁéé mchepe t he

col l ectors gértéabiminatingi aistoktdnai 1hoas daifexetnttim fam;ﬂhﬂjérf erential
anplifier section are interconnected with the collectors of one of the '
‘transistors of the second pair of transistors of the first and second -

differential anplifier sectl§hmm#€§p9@tthsl}nwsn&iﬁvkst out put of the
anplifier while the coIIectors of 30 the first palr of transistors of the :

igf?gglglffgrentkccor ng &er %eitlgg %L%ab@t%EC %gziegélinvention _ _
- to provide an improved differential amplifier. : [
It is another object of thé invention to provide a o
linearized wide band differential amplifier. ' _
In accordance with the above and other objects there
- 15 is provided a differential amplifier comprising first and
second differential amplifier sections each including _
first and second differentially-COnnected-transistor pairs
with the bases of the first pair of transistors of the
- first and second differential amplifier sections coupled
20° respectively to first and second inputs of the amplifier
while the bases of the second pair of transistors of the .
first_and.second_differential amplifier sections,are
coupled-to a. terminal to which a reference potential is - .,np
| supplied the collectors of the first pair of transistors_ (e
25 of the first differential amplifier section are | |
interconnected with the collectors of one of the -
transistors of the second pair of transistors of the first
and second differential amplifier sections respectively to
a first output of the amplifier while the collectors of
'30. the first pair of transistors of the second differential
amplifier section are interconnected with the collectors
of the other one of the transistors of the second'pair_of
transistors of the first and second differential amplifier
sections respectively to a second output of the amplifier;
35 and a linearizing element coupled between the emitters of



of the othe e of the transistors of the second pair of transistors of
the first and second differential anplifier sections respectively to a
second outpqy~of t he anpllfler 35 and a linearizing el enent coupl ed

bet ween.the“emitters :of -3- a respective transistor of the second pair

of traﬁﬁlﬁ§ s- of each of the first and secondglifferential anplifier

sect| r -provi ding a cancell ation signal which cancels the
non<linearity effects of the base-emtter diodes of 5 the transistors. of
the anplifier. Brief Description of the Drawing The single Figure is a '
schemati c di agram al kuapeatriva tQansﬁ.Beoﬁ‘l bEetnat sabondppafirebfotrafgistors
present invention. getalbed gn t he Pref rred Enﬁ glnen }urnlng
to the single FlguP BAERCOf s anﬁ.ﬁggppge 3FFF8P§ B aFmghﬁ Prer
10 of the present- samedbnsnfortprsv&ddagsaoodnbbanaaiphléngnalOwhachucaaéels
O he mmOuTact uredehB BBAShINEILY! BOEALE] bl EHE! phaRThHILELE Boes of
conventi on. bi pol ar ‘processing tech i's couple

first ‘and secofd o&hputxamsig@orSanG theaampiifhexnte supplied antl-phased
output currents io and -io. respectlvely D'fferentlal anplifier 10 converts
a differentially applied input voltage uts 14 and 16 to the
differential output currents soBFd&& QPSFS&HtﬁE n9f1she Rrawing

differential anplifier 25 - section of anpllfler 10 conprises first and

second differentially c a ra d '
S|n1larly, a second dlf?ﬂg ﬁggﬁg E%?u% g 3&%&?§1§ géggrgﬁ %IrS%%raﬁing
second dlfferéﬁtlath9 deﬁﬁe@pe&ipalamp@nfﬁexngﬁstbespzssgmtanavsatAOn- The

bases qy)

Detailed Description of the Preferred Embodiment:

P o Turning to the single Figure there is shown
?_ R " 15 linearized'differential amplifier 10 of the present
P  - ‘invention. It is understood that amplifier 10 is suited
- h to be manufactured in monolithic integrated circuit form
- utilizing convention bipolar processing techniques.' A
load means 12 is coupled to first and second outputs 44
20 ~and 46 at which are supplied anti-phasedfoutput currents
- iy and -iy respectively. Differential amplifier 10
i : converts a differentially applied input voltage Vi at
o _ inputs 14 and 16 to the differential output currents
S sourced at load means 12, A first. differential ampllfler
25 section of amplifier 10 comprises first and second -
differentially connected pairs of transistors 18, 20: and
34:38., Similarly, a second differential amplifier section
is formed by first and second differentially connected -
- pairs of transistors 22:24 and 36:40. The bases of
; 30 - transistors 18 and 20 are coupled to input 14 while the
;- - bases of transistors 22 and 24 are coupled to 1nput 16.

f . : The bases of transistors 34, 36,38 and 40 are coupled to
- terminal 42 to which is supplied a reference voltage Vg.
Transistors 18, 20, 38 and 40 have their collectors

35 coupled to first output 44 while the collectors of



730 transistors 18 and 20 are coupled to input .14 while the
transistors 22 and 24 are coupled to input 16. The bases of tran®
36,38 and 40 are coupled to termnal 42 to which is supplied - a refe ence
vol tage VB. Transistors 18, 20, 38 and 40 have their collectors 3§,
coupled to first output 44 while the collectors of -4-- tran5|ston\ 22,
24, 34 and 36 are coupled to second -g& put 46. The emtters of the
transistors are respectively coupled to constant -current sources QG“?QQEF
30, 32, 48, 50, 52 and 54 which source equal currents I-E. The 5 “enifter

~of transistor 18 is coupled to the enitter of transi st o via. re5|stor 60
whi | e t hbransistersf282;aR4is84rand B6 svepteupled tosseco utputhe
emtter tr I § | a o] 4

EThheen 860708 Shekedfs, off ENbOELUngtBEbRLOLLE" pRRLES VR CLICT O]

emtter 69“PlaﬂsF§t69n§§aF§ FHEréﬁFtﬁéﬂrgﬁst3§nsﬁ§boﬁ04032:Tﬁ§roperat|on of

the diffep nsnaanarrshlimsensQShreaSeqﬁaioew%heaat as ggef ar described in
t hat. a dlfz gentlg g X g applied across_in uts 14. and 16 causes
tranBi st BRitEEr of txangigter 18,4s: goupledcronkhecepikkersesdrs 22, 24, 34

and 38 ttﬂdnéﬁsbert34neda0résﬁﬁdorl66 wRL3e the ehlittke @gscribed,
o 1 11 cFERbEAEELECRD S aPhERkAC LR, HoGARkDE BE kb, knd Bat ekl B 3;23”?.°f
across tteahsistenwi 88e¢r Simdtavlya resdsterosi obupiessthboemit&eand 20
Commar etoOCHRARTAELS! 34 o 0aglor cPRRSEEELE Se M SpTLLS, 22 00 2¢
- 10 66 couples the emitter of transistor 20 to.the emitter of .
transistor 40. The operation of the differential . ' i‘J-
amplifier sections is conventional as so far - |
described in that a differential input_voltageiapplied.
across inputs 14 and 16 causes transistors 18,”20, 36 and
15 40 to- conduct while transistors 22, 24, 34 and 38 tend to _
be turned off and vice versa. ‘ . - . 7;
 As will be described, non-linearity effects are '
created in the differential amplifier sections of _
amplifier 10 due to unequal changes in VBE (the voltage, = .
20 developed across. the base-emitter diode of a- transistor) ' .
of transistors 18" and 20 compared to transistors 34 and 38
in one section and transistors 22 and 24 compared to
transistors 36 and 40 in the other section. ‘For - instance,
- as transistors 18 and 20 are turned on in response to a NS
25 positive voltage Vi at input 14 transistors 34 and 38
will be turned off. Similarly, transistors 36 and 40 will
be turned on and transistors 22 and 24 will be turned off.
in response to ‘the negative going voltage Vi at input
16. 1In this state the Vpg of transistors 18, .20, 36 and
30 40 will increase slightly while that of transistors 22, _
24, 34 and 38 decreases greatly. Hence, the change in the
current ij flowing through transistors 18, 20, 36 and 40
is not linear with respect to the change in the current
51 flowing through transistors 22, 24, 34 and 38 with
35 respect to the differential input voltage Vi and -Vj.



as transistors 18 and 20 are turned on in response to a 25 positive
voltage, Vi at _input 14 transistors 34 and 38 will be turned off.

SimlarTy, transistors 36 and 40 will be turned on and transistors 22 and
24 mnllkbe turned off in response to the negative going voltage Vi at input
16. In this state the VBE of transistors 18, 20, 36 and 30 40 w || o
increase slightly while that of transistors522, 24, 34 and 38 decreases
greatly. Hence, the change in the current il flow ng through transistors.
18, 20, 36 and 40 is not Iinear with respect to the change in the current

-i-1 flow ng thr transi stors 22, 24 34 and 38 w 3 espect to the
di-fferenti al &#'v Sistorsjion ¢ myoducedriy t%'(ﬁ sac‘@?hltjr 2% A8 oduced by
the anplifier |ammmﬁlﬁg the ppipd aifidriearteidl ainputpwoMmddageo td a
differenti al %é&%tet Wi rjt %M%\fyf q_pt i nvention the non-I|inear

r S

effects of the ansi se-enitter diodes in the differential -
anplifier sectiondn &he memﬂréu Ihwentsiat the aetlinean effectr0f /the

circuit whigCh, +3%nd 'ét%:‘ %a%t-éiﬁ%éﬁ%é&‘e% SEPemb, dif?éré&%'i)éfs the

emtter of tranS|stor . he emtter, of transistor The resista ce of

resistors 10 %P iézlere@%ﬁﬁw iis &iiminared oy utsmom |cangallakio
resistor 56 is o&quaﬂnetasri&i\ﬁd Weirdhid Retthesic) ids rmhmtﬁélaed]prbémp@fées

crects O e i Tk W od s G 0k EERRA LS SR LT
is-applied at NMpummmttnntoﬂ%rqnnslstnrrﬁau :mheumhsis&anceo¢fagesiﬁfﬂrss
CRES 1L GaBE 010y B A e Ml | VIR B BBl 200
) resistor 56 is equal to a value R2.

In describing how the non—llnear effects of the base—
emitter diodes of the differential amplifier sections are
cancelled it will be assumed that a p031t1ve going input

15 voltage is applied at input 14 with respect to input 16
and that a voltage Vggy is generated across the base-
emitter of transistors 18 and 20 while a voltage Vpgz is
developed across the base-emitter of transistors'zz and
24. As transistors 18 and 20 are turned on the current

20 1; flows through the resistors 60 and 62 and via the

“transistors 34 and 38 to terminal 42. This develops a .

bias voltage across the base-emitter of these transistors
| | equal to Vpgy. Similarly, as transistors 22 and 24 turn
o/ off,_the'current iy flows from transistors 36 and 38

25 through resistors 64 and 66 as shown. Thus, Vpgy is
established across the base-emitter junction of these two .
transistors. The difference voltage between the emitters
of transistors 36 and 38 establishes a current is
therethrough as well as resistor 56.

30 . From the Figure is seen that the absolute magnitude

~ of the anti-phase output ‘currents produced at outputs 44
. - and 46 is equal to: | | |

io = 3i7 + i3 - i3} and (1)
35



24. As transistors 18 and 20 are turned on the current '20 il flows - .

. through the .resistors 60 and 62 and via the transistors 34 and 38 to /

- terminal 42. This devel ops a hias voltage across the base-enmitter of these
transistors equal to VBE2. Sinilarly, as transistors 22 and 24 turn O,
the current i1 flows fromtransistors 36 and 38 25 through’resistor$ 64
and 66 as shown. Thus, VBEl is establiséed across the base-emtter _
junction of these two transistors. The difference voltage between the ¥
emtters of transistors 36 and 38 establishes a current i2 therethrough as- -
well as resistor 56. 30 Fromthe Figure is seen that the absolute
nagnltude of the antl-phase out pdb suRrdantrs 1pr oduced at outputdz¢4 and 46
is equal to: io=3i1 +i2-1i1; and : (1) 35 |o =21 + 12

(2 Mor eover 5 ' Vi=iRL + (VBEL ~VBE2); or - (3).
[err] 10 ™CF®PYS&Fry, [err] Substituting equatlons 4 and 5 into equation 2
yields: 15 [err] If . R2 = Rl/2, then [err] Thus, 'is seen that the . -
cancel l gtion circuit of thg,pLe LN tion ANS S e non-ljnear

5 oft 3& %Eerans@azﬁ i $

._effects of the baseé-emtter xdio r's of the in t stage.

A

1o 91 _Ysem - VER2) (4) o
Rl - Rl o o

10 similarly,

C (Vegr - Vams) |
i, - IBEL - T2 e

. Substituting equations 4 and 5 into equatlon 2 y1e1d5°:"

15. , .

1o . Vi 20p - Vprd) | (Vagy - Vpmp) (6)
R1 R1 ' - R2

If R2 = R1/2, then:

2V, : .
20 R S

Thus,'it is seen that the cancellation circuit of the
present invention cancels the non—linear effects of the
base-emitter diodes of the transistors of the input stage ;:Q_
of differential ampllfier 10 such that the output currents '
therefrom are a ‘linear function of the different1a1 '
applied input voltage Vi.

Hence, what has been descrlbed above is a novel
differential ampllfier the output of which is linear over
a wideband of . input signal frequencies._ The amplifier
includes first and second differential amplifier_sectioné
and a linearizing element the latter of which cancels the
effect of diode non-linearities of the base-emitter '
junctions of the transistors comprising the differential

25

30

amplifier.
35



of differential anplifi'er 10 ‘such that t he output currents 25 therefrom
are a Ttnear function of the differential applied input voltage Vi. Hence,
what . has been described above is a novel differential anplifier the out put

of mhldﬁzls | i near over a wi deband of input signal :
anpl.ifier 30 includes first and second differenti {lmmhjm llll I ons
and - a linearizing elenent the latter of whigh cancel di ode

non-linearities of the base-enmitter junctions of the transistors conprising
the differential amplifier. 35  Clains 5 1. An anplifier (10),
conprising: a first differential anplifier section including first and -
second differentially connected tranS|stGﬂa§§ﬁrs (18, 34; 20,38), the bases -
of the first pair of transistors (18,20) being coupled to a first input
(14) of the 10 anplifier, the bases of the second.pair of transistors
(34,38) being coupled to a ternminal (42) to which a reference potential is
supplied, the collectors of the first pair of transistors and a first one

-of the secgnd pai g ,of hhaaﬁbiﬁ%&ﬁerhﬁg LCedmpd slidega first output of the 15
anplifier and the collectqr f he secorjd_oné qof, t.he sec %tr of :

transi stors being coupPeJlFétadégé&ﬁGnG&FﬂuP ifier, SeGtLon
differenti al aﬁmkstlahdssebbnu uueEb¢emg1huugtc@m&e&&m@h¢n&ﬂ§nsﬁuﬂ|pdﬂqs

connect ed tfa“?{tg pigrﬁsg %ﬁ%g‘é%s ot ik 5&4%@33%3% Ye télﬁgéfs%oz@” |
of transistors 'cou secon 6
18 20) being coupled to a first input (14) of the
10 amplifier, ‘the bases of the second pair of transistors
" (34,38) being coupled to a terminal (42) to which a
reference potential is supplied, the collectors of the
first pair of transistors and a first one of the second
pair of transistors being éoupled'to a first output of the
| 15 amplifier and the collector of the second one of the
second pair of transistors being coupled to a second
output of the amplifier; '
a second differential amplifler section including
first and second differentially connected transistor pairs
20 (22,40; 24,36); the bases of the first pair of transistors
(22,24) being coupled to a second input (16) of the
'amplifier, the bases of the second pair of transistors
: (36,40) being coupled to said terminal, the collectors of
N "~ the first pair of transistors and a first one of said
25 second pair of transistors being coupled to said second
output of the amplifier and the collector of the second :
one of said second pair of transistors being coupled to
said first output of the amplifier; and
_ circuitry (56) coupled between the emitters of
30 said first transistors (36,38) of said second pair of
transistors respectively of said first and second
: differential amplifier sections for providing a signal
| which cancels the non-linear effects of the base-emitter
junctions of said transistors of the amplifier.

35



amplifier, the bases of the second pair of transistors (36, 40) belng
coupled to said terminal, the collectors of the first pair. of tranS|sto(s
and a first one—of—said 25  second pai r of transistors being coupled. to

sai d second outp and the collector of the second ome¢ of
said second pair m ‘l lhgi!@iml ‘“EI ng coupled to said first output of ‘the.
anplifier; and ci s coupl ed bejgween the emtters of 30 said ’
first transistors (36,38) of said second pair of transistors respectively *
of said first and second differential anplifier sections for providing a
si gnal which cancels the.non-linear effects of the base-enmitter junctions

of said transi f.ors e tamphifiericf. C%im 1 vwher&im sapdi ircudtrylaim1 = -
wher ei n sai g ggyf %ﬂéiﬁﬁéé@ féeih ?ﬁ%(gzhgét'fgsi‘sthﬁé% o
| er | ai m fi rst

resi stance val_ue. e anp wherel n sail _
d|fferent|eﬂvﬁ%ﬂﬁ'|f|er sectlon includes: a first resistor (60) coupled
between the emtters of the first one of said first pair of transistors“and_

;?iegefgrg%nﬁegnr egrs%égeé\fﬁfmgzal Oélée%gn% "?% %Pgag%g‘g) %gﬁ BI ed bet ween

t he en1ttenﬁ&ﬁfﬁﬂﬁﬁﬁ%ﬁknﬁﬂniifiﬁrs%#@ti¢msin?kﬂde%f transi stors.and the
said first transi st @frsRiresBoRsE oo éﬁuﬁiéﬂsbétﬁéénhﬁﬁenamiﬁtdrs

et 1k SS5 SOUEF o ot i Py, LR B L SbaheELE B 1
said second one of said second pair of transistors hav1ng o
10 - a predetermined resistance value; and B
' '~ a second resistor (62) coupled betWeen'the"'- R
jemitters of the second one of said first pair of
trans1stors and the said first transistor of said second

pair.of tran51stors hav1ng said predetermined resistance
15 value. '

4. The amplifier of claim 3 wherein said second
differential amplifier section includes: . -
. a first resistor (64) coupled between the- emitters
20 of the first one of said first pair of tran51stors and
said second ‘transistor of said second pair of transistors
having said predetermined resistance value,-and _ |
‘a second resistor (66) coupled between the ,
emitters of the second one of said first pair of . N
25  transistors and said first transistor of said second pair -
of transistors having said predetermined resistance value.

5. The amplifier of claim 4 wherein said resistance
value of said first and second resistors of said first and
30 gecond differential amplifier sections is twice said
resistance value of said resistor of said circuitry.

6. The amplifier of claim 5 including current“supply

means (IE) coupled to the emitters of said transistors
35 '



a first resistor (_6'4) coupl ed between the enitter s 20 of the first one of
said first pair of transistors and said second transistor of said second
pair of :transistors having said predeterm ned reststance value; and a

second¥fesi stor  (66) coupled between the enitters e of
sai.d first pair of 25 transistors and said fi rStmilmgﬁHﬂmmﬂmﬂl d.
second pair of transistors having said pregtetermn I stance val ue. 5.
~The anplifier of claim4 wherein said resistance value of said first and
second resistors of said first and 30 second differential anplifier
sections is twice said resistance value of said resistor of said circuitry.
6.- The anpl Pfi 8rigf firstrand second,differentialpamplifier @otiangl ed
to the emtteggrofoncdny’ aNsupstantially Sondtatt! icudreditd second
differenti al ?ﬂgl ifier séctions for sourCing a substantially constant
current ther etRREEFRTO¥IR 15 20 25 30 35
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