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- - g 2195505 GAIN CONTRCL CELL This invention relates to gain,
control cells for adjusting the gai‘ns of signal paths. 5 A nunber of
different- arrangenents have hitherto been proposed for adjustbﬁﬂ 2§§A?S|ns
of ‘'sygnal paths in anal ogue |IC systens. One wel} «nown circui 9 _
bal anced nul ti-plier arrangenent having two pairs of emtter-coupled
transistors coupled so-as to elimnate variations in the 10 qui escent

out put voltage. This arrangement, howeVEINFONTRRE GELBw out put i npedance
and no rejection of supply line signals. Consequently other arrangenents

ft fe d. | nmong ' [as,_and_signal, curren passi ng
T5through one of & he s priedhtfh +abarhdied Saty iodhrrsl frlTs b0 "
added to the bi as2¥iIRseiRgp _%i%@iﬁﬂrQQQQiGheldphéhsnultipller so that the
_bias currents cgncel amg fuhep bfrp&:dfféfeﬂuteﬁahﬁe éﬁﬁédﬁgveTﬂftKQPit‘.‘gbﬁen

ts d | bed aboye suffer, {rom 20 seyera | sadvant ages,  no

o e ] Gl Al SIS A acaerdone
transi stors used I@ sYstemsrenmne1WéD1.khﬁwﬂeeﬁfétitpﬁ@eé{&hﬁ&Eéﬁééﬂin :C
technol o are of | : rOBnee, weve it _is. 0 nor na
desirable to 25 MU laPheboRREnt RRYEE EWE e, Sr Snfftarootpida
current nmirror promreisteors coupbedesenastto ebininsteovartabionsrirnthe

h teristi ' ' SS 4 I np
Craneistors.  Tho ad %P"*‘"’%?E‘Q‘?‘%‘E? s‘{ﬁ%?%fﬁ; o THES afPRRGLRARE, hobdfell? |
where its | ow gai&g %%%s%slﬂ'ﬁ orFRutsimpedance apdore. rejectienuefaaupply

obj ect of the prebiwé siynalson Conpequeritly gBhércapiafyefi8htsArehoften
-requires nuch le &P % & bi assi ng than known arrangenments and which is
-subgtantially in3%53|€$ % to the current gain of current mrrors.

In one solution, the bias and signal currents passing

15 through one of the multipliers are inverted by a current
mirror and added to the bias current passing through the
"other multiplier so that the bias currents cancel and a high
impedance output is provided. ‘

The known arrangements described above suffer from

20 several disadvantages, notably complexity of biassing
arrangments and sensitivity to the gain of the pnp
transistors used in the current mirror. 1In general, pnp
transistors in IC technology are of reiatively poor
performance. However, it is not normally desirable to

25 invert the structures described to eliminate the pnp current

\ | mirror problem since the base-emitter voltage/collector
current characteristics of npn transistors are less ideal
than those of the pnp transistors. The pnp devices must
therefore be used for the current mirror where its low gain

30 causes dc offsets and gain errors.

‘It is thus an object of the present invention to
provide a gain control cell which requires much less complex
biassing than known arrangements and which is substantially
insensitive to the current gain of current mirrors.

35 'Accérdingly, the invention provides a gain control
cell comprising an input stage having first and second input
nodes and including a first current mirror, an output stage
having an output node and including a second current mirror
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35 Accordingly, the invention provides a gain control cell conprising
an ipput stage having first and second i nput nodes and including a first
current nirror, an out put stage having an Qutput node and including'a -~ *
second current mrror - 2- substantlalryznatched to said first curr efw™’
mrror,;.and first and second current sources coupled to bias said input and
out put stage y L&l aigd I def i by the
rati o of sa %u%gﬁgﬁ%&hii& gg@?@?@ gndQ2195 stan F%Sk mﬁ%ag énggﬁt of the
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1 shows a known b Iance arr, enent; Figure 2 sh known
variation of 1§hge g’@% F&-‘@e i} oIS ,sgufcegn@qq di?re 3
shows a gasnsubetankie&ﬂ& amdepemﬁ@ntoc&hthmntmmwent giins of thHws, in the
bal anced "“lEhB%bﬁ% nt shown in Figure 1, an input current is
supplied to rrnput |s i nput current is d|V|ded bet ween t he

emtters of transi 51'&19( imaqtiaamwpérlr naown bee Aees £1ld ya dasanided, MY MpY Ve
appl i ed bet wgen ehdagpl: %Sﬂﬁtﬂ‘?e@gren-gé"t% SH:@ AdRfirlgL Wk Ahidis] are

bi assed by current enerator [err d, rder to eI|n1 ate variations in
the quiescent out pfaPse dgShoys & “B‘alk?a q8d, pi&iRlde® and T4

receivingxmhar&amQQMEﬁuxﬂ voltage Vc as transistors [err] and [err] and
l[je??isegngt [ te?re] Sgg%r%%ggug eéﬁ‘gégé ﬁ‘e&’% ﬁ'(ea:toaselgﬁgeéf (ﬁl}é :ﬁiﬁ%‘% xd [Ser2r5]
and [err] bemugtipldiest anmpaigementn®f [Rigure 1; and
| Figure 3 shows a gain control cell according to the ;;) :
invention. _ : _ _
15 Thus, in the balanced ‘multiplier arrangeméent shown in
Flgure 1, an input current is supplied to input node 1.
'This input current is ‘divided between the emitters of
transistor Ty, and T, in response to a control voltage Vc
applied between the bases thereof. ' Transistors T, and
20 T, are biassed_by current generator Ii and, in order to
eliminateIVariations in the quiescent output voltage, a
second pair of transistors T4 and T, receiving the same
control voltage Vc as transistors T, and T, and biassed
at the same current level is added, the bases of transistors
25 T, and T, being coupled together, the bases of . 5
transistors T, and T, being coupled together and the WV
. transistors of T; and T, being coupled together. AaAn
output signal is then provided at node 2 from the collectors
of traneistors T; and T5. This arrangement provides
30 only a low impedance and provides no rejection of supply
line signals, as mentioned above.
f In a variation of this arrangement, it is known to
invert the current (bias and signal) flowing in transistor
| Ty by a well known current mirror. arrangement provided by
35 transistor Ty, as shown in Figure 2. The inverted current
is then added to the bias current flowing in transistor Ty



transistors of [err] and [err] being coupled together. An output signal is
then provided at node 2 fromthe collectors of transistors [err] and [err]
ThlSzarrangenent provides 30 only a IOM/lnpedanie and provides no rejection
of sypply lIine signals, as nentioned above variation of this :
arrangenent’, i't is known to invert the current (bias and signal) flomﬁng in
transistor [err] \PH&';V‘EH: rror r d
transistor [err], aé S OmﬂC#ﬁQ“@é&Héi%ﬁqu% n%@ét% curggﬁgﬁﬁ% ﬁ ﬁgédded
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in response to this voltage. However the known arrangenents descri bed above
suffer from several disadvantages as,di scussed earlier and consequently it
is an object of the present inventiof shown in Figt2e 3 to overcone or at

| east all evi at¥0 sonme of these Y@ di sadvant atps. Thus according to the

i nvention, the gain control cell sho&n in Figure 3gconsists of an input
stage 10 and an out put stage 11. The™i nput stage 16 3conprises a diode [err]
a transistor [err] and a current mrror formed by a

o and that the currents in transistors T; and T, in the
— arrangements shown in Figures 1 and 2 can be divided in the
15 ratio I,/I, in response to this voltage.
However the known arrangements described above suffer
" from several disadvantages as discussed earlier and
consequently it is an object of the present invention shown
in Figure 3 to overcome or at least alleviate some of these
20 disadvantages.

Thus according to the invention, the gain control cell
shown in Figure 3 consists of an input stage 10 and an
output stage 11. The input stage 10 comprises a diode
Dy;, @ transistor T;, and a current mirror formed by a

25 transistor T,,, and is biassed by a current source I,,.
W The output stage 11 comprises emitter~coupled transistors
Ty and T3 and a current mirror formed by a transistor
T35, and is biassed by current source I5.
Diode Dy; has its cathode coupled to the emitter of
30 transistor T,; and its anode coupled to a first input node
12 and to the output of current mirror T,,, the transistor
- Ty; having its collector coupled to the current mirror
Ty4, its emitter coupled to the current source I;; and’
its base coupled to a second input node 13. Transistors
35 T;, and Ty5 have their emitters coupled to the second
current source I,, and their bases coupled to input nodes
12 and 13 respectively. The second current mirror Tyg is
coupled between the collectors of transistors Tiz and



25 transistor [err] and is biassed by a current source Ill. The output
stage 11 conprises emtter-coupled transistors [err] and [err].and, a _
current mirror formed by a transistor [ewrh -and is biassed by current'LJ1
source.[err] Diode [err] has-its cathode coupled to the emtter of 30 :
transi stor [err] and its anode coupled to a first input node 12 and to the
out put of cuTjgntthercoll&ttort hé. ﬁgnbeanqrcpuplhdhaoitgei&aputlbﬂctor

coupled to tEﬁeCEFESﬁEaEhrEQEtTﬁérrbESaﬁﬁ‘Ehebu%gﬁﬂlﬁggto ghﬁs g&&se& -

source [err] se-cou ond ansistors - -
35 T12 and TAStHEeE Fh@lFeSﬁP§t€P§rSBEpPé§rP6 and $heorgldectemt ofour ce
[err] and theranbaaearcwgaled to i nput nodes 12 and 13 respectively. The

second curgent m r Lor g% is coug% 21 the col,l cto& of, transi stors
[err] and RE EBFFE Pgr P 5EPRSLS5GE &a1t ¢St he i nput of
t he second cmirenred1byocuanentnmdurpwtTagdena4fed theroughd dietieeen t he
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t he output no 14 so . that the quiesc ent out put Burrent Ti's nom Nal

zero. The erFBF§eﬂﬁ| ﬁr£P€ ?nsréﬂécéé shbtracked from Shat in -
transistor T;, at the output node 14 so that the quiescent

15 output current is nominally zZero.

The errors which are introduced in the div1s10n of
‘current I;; between diode D;; and transistor T;; due
to the finite current gain of current mirror T)4 9enerate
an offset voltage such that the current in transistor T,,

20 exceeds that in transistor T,, by the factor necessary to
compensate for the errors due to the finite current gain of
the current mirror Ty provided that transistors Ty4
and T;5 are matched. The quiescent output current is thus
substantially independent of the current gains of the pnp

25 transistors used in the current mirrors. .

The input 51gna1 may be a current supplied to input - g;,
node 12 in which case input node 13 is coupled to a suitable
bias voltage or may be a voltage applied to input node 13 in
which case input node 12 is. coupled via a resistor to a bias

30 voltage, normally equal to the quiescent level at input node
13. In the second case the signal current flowing in the

~ input circuit will usually be substantially defined by the
resistor.

To simplify the discussion conszder the case where the

35 input signal is a current supplied to input node 12. The

' part of this current which flows through the input stage 10
is mirrored;by_transistor stage T14 the output current of
which is also drawn from the input node 12. Thus,
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current I Il between diode [err] and transistor [err] due to the finite
current gain of current mirror T14 generate an offset voltage such that the
gurrent i.n transistor [err] 20 exceeds that in transistor [err] by the

factor ‘necessary to conpensate for the errors=dbe=to the finite current
gain of ‘the.current mrror T15, provided that transistors T and [err] are
mat ched. The qui escent. out put current -is thus substantially independent of
“the current gai ns2BParepthyiphaif:thaseignal cusyent fheweuthwveughi therinput

The inpu; sagnal §ﬁag?eleECUTh§n§%§ﬁfﬂ|bﬁﬁréﬁt:fDéhiﬂQdEhﬁquH ﬂﬁéfﬂnﬁ&ée :

. input node is couple a suitable bias,voltage,of na vol tage .
applied to input ﬁgﬁgelgr?ﬁuﬁﬁ?cﬁ §g§83?n88}¥ﬁgaegﬁécﬁs Eéﬁgiﬁg 59a£52n51stor

resistor to a bi apadd Tehtand, Thgrcausgseguaighalt bergentstenflowvethertin
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the signal currentrahsistotr PyghsohthenputputagurtentTis apprakimatedyt
f1owi ng througho! fg; EP¥has! 298wRE HAESERSLIRAL1EbERE 18RS, aRRPY 6 O
and t to ow .t

transistor pair T causes a Sl gn curren kér el n
havi ng an anplitu@Ber§F§F53°Fo°FhEFefﬁBRPﬁgcpﬁrFHE EhpWing: Rjroughp§nprt
ratio of the biasstageendswitlrbe Thereagedl aboveebhel haltnguehtoughe finite
}[g&i};tfg Lerr] LarbO%e" §89nPYe" BErEUhtCRL-TLE 2] , ThRa? B2 EEedebPohlithy
_ increase in the current flowing in transistors T,, and
15 T,5 compensates exactly for the loss of output signal due
to the finite current gain of current mirror T,s5, assuming
"the gains of current mirrors Ty4 and T35 to be matched.
The gain of the circuit is thus I,,/I,, and is
substantially independent of the current gains of the pnp
20 transistors T;, and T;g.
It should be noted that the current mirror T;g may
be connected in opposited phase to that shown.
In this case the circuit provides an output current of -
opposite phase to that in the case discussed above. The
25 gain remains, substantially independent of the pnp current
U gains but a dc offset dependent thereon is now produced. -
This arrangement is thus a less preferred version.
It will be noted that the biassing of the circuit can
be extremely simple: in the case of current input it
30 suffices to correct input node 13 to a suitable voltage
. source, which can be relatively high impedance since only
the base current of transistor T,; must be supplied
therefrom. .
Thus, what has been described is a gain control cell
35 having a current driven and a voltage driven input terminals
and a current outpﬁt having a gain defined by the ratio of
the two current sources, the gain being substantially
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transistor T12 so the output current is approximately 10 twi ce that flow ng
through transistor pair T12 and T13. The fraction of the input .current .
flow ng through input stage 10 will be increased above one half due toé;pe'
finite current gain of current mrror [err]6 and t he correspondi ng i ncr¥se
in'the.current flowing in transistors T12 and 15 [err] conpensates exactly
for the | oss of output signal due to the finite current gain of current

mrror T15, Avdependente ofaithe surxentegains of #{eertrr]a%t[oeﬁ raesd o
mat ched. Thet&@ uRrdnite mﬂmtrst ithd lowrderts lgatink irots Witjertdring any
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opposi t ed phastched.hat shomn In thi.s case the circuit provides an output
current of gopposite phase to that in the case di-scussed above. The 25 gain
remai ns substantially i ndependent of the pnp current gains but a dc of fset
dependent theréon is now produced. This arrangenent is thus a |ess
preferred version. It will be noted that the biassing of the circuit can be
extremely sinple: in the case of current input it. 30 suffices to correct

i nput node 13 to a suitable voltage source, which can be relatively high

i npedance since only the base current of transistor [err] nust be supplied
t heref romygThus, what has been described is a gain control cell 35 having a
current drlven and a voltage driven input termnals and a current output
having a gain defined by the ratio of the two current sources, the gain
bei ng substantially -6- independent of the current gains of t he
transistors used in
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the current mrrors, the current gains not engendering any substanti al

of f set out put current provi ded only that they be matched. 5 10 15 20 25 30
35 . 7 - CLAIMB 1. - A gain control cell n9r|5|ng an input stage having
first, and second i nput nodes and including a™f?r3t current 5 mrror, an

out put stage having an out put node and i ncluding a second current mrror

substantially matched-to said first current ﬁé&g& and first and second
current sources coupled to bias said input g t put stages respectively,

wherein the gain of the cell is defined by the ratio of said two 10 current
sources and is sgbstani ah&ﬁ bBﬁQES'id'é@llOth %i%%&eah &ﬂb&% QEaE;Q%avmg

current mrrors I n cqQn st.anti al her.ei nbef ore
descri bed by mayngsgxaﬁﬂlﬁ &BPBFeHEQeFoaPPg P€1§d1E5 3pLizsyycygrent
5 mirror, an output stage having an output node and including
a second current mirror substantially matched to said first
current mirror, and first and second current sources coupied
to bias said input and output stages respectively, wherein
the gain of the cell is defined by the ratio of said two
10 current sources and is substantially independent of the
current gains of the current mirrors.-

2. A gain control cell substantially as hereinbefore

described by way of example with reference to Figure 3.
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