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AVPLIFIER CIRCUIT  The present invention relates to an anplifier circuit
havi ng a programmabl e configuration, and.nmore particularly, but not
extlusively, to such an anplifier circuit whose configuration is selectable
at will by a ug8logmdae 1 nvention also relates to a nethod of repoByse22?

I nputs to an anplifier. In the past, apa qg signal processing circuits
have been provided by discrete conponents. In such arrangenents the

topol ogy of the circuit and the val ues of the conponents to be chosen at

the outset to be "correct” forAMBRIPEER I(CIRCUITApplication. Such
circuits have a di sadvantage that where changes in circuit requirenents

occur, it may:be difficult to reconfigure the circuit to have a djfferent
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circuits ot hel wethdanownapply e Wit &of Hi AmplakDgr Syst ens whi ch have
circuit portions which can be selectively enabled or disabled to custom se

the circuit for a particular application, and which have circuit elenents
whi ch can be I3 oghgmpasto @halode, sﬁsnaiexmc@ssaneesmwitrape@ange been

provided by discrete components. In such arrangements the
topology of the circuit and the values of the components to be
chosen at the outset to be "correct® for the particular
application. Such circuits have a disadvantage that where
changes in circuit requirements occur, it may be difficult to
reconfigqure the circuit to have a different topology.

More recently, analog integrated circuits have been provided.
Such circuits aim to include many or all of the required
integers within the integrated circuit. However, the cost of
making an integrated circuit for each different possible
application would be prohibitive, and accordingly it has
become -known to provide multi-purpose analog integrated
circuits otherwise known as integrated circuit analog systems
which have circuit portions which can be selectively enabled
or disabled to customise the circuit for a particular
application, and which have circuit elements which can be
programmed to provide, for example, a desired impedance.

In a known integrated circuit analog system, an array of
configurable analog cells, capable of interconnection with
other cells of the array, can be individually configured to
set various programmable resistors and capacitors in the cells

. to desired values. The setting circuitry includes amplifiers
whose configuration is desirably programmable.

An embodiment of the present invention provides an amplifier
circuit suitable for use in integrated circuit analog systems,



In a known integrated circuit analog system an array of configurable
anal og. cells, capable of interconnection with other cells of the array, can
be individually configured to set various programmuabl e resistors and
capacitors in the cells to desired values. The setting circuitry includes
anplifiers whosmoewoed7rggur ati on i s desirably programuabl e. ARCEGBM221TNt
of the present invention provides an anplifier circuit suitable for use in
integrated circuit anal og systens, - 2 -WD 97/09779 .
PCT/ GB96/ 02217 - 2 - and having just such a
progranmmabl e configuration. According to a first aspect of the present

I nvention thersl haviingvijdetl suwchanglpfdgammabliei tonbiguratisna first and a
second two-input ‘differential input circuit, the first differential input

circuit having first and second . input terminals and a second differential
Cnput i roui AYRRFERGSL ey @ S StoMREStn St Hie MEREEDt RYRELSP Fhere is
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the present inve t%pn t.here |§hgrQV|ded.an a Ilﬂle& %JhCUIt caaRLLgipg a
first and a s d erminals, 1rst input termina eihg connecte a
first circuit input, the fourth input terminal being connected
to a fourth circuit input, and programmable circuitry for
selectively connecting the second and third input terminals
either to second and third circuit inputs respectively, or to

the fourth and first input terminals respectively.

According to a second aspect of the present invention there is
provided an amplifier circuit comprising a first and a second
two-input differential input circuit, the first differential
input circuit having first and second input terminals and a
second differential input circuit having third@d and fourth
input terminals, the first input terminal being connected to a
first circuit input, the fourth input terminal being connected
to a fourth circuit input, and programmable circuitry for
selectively cbnnecting the second and third input terminals
either to second and third circuit inputs respectively, or to
the fourth and first circuit inputs respectively or both to a
fifth circuit input.

Preferably the first differential input circuit comprises
first and second amplifying elements, and the second
differential input circuit comprises third and fourth
amplifying elements, each said amplifying element having a
respective main current path and a control terminal connected
to the respective input terminal.

Conveniently each main current path is defined by a pair of
main current electrodes, one main current electrode of the



two-input differential input circuit, the first differential input circuit
havi ng. first and second input termnals and a second differential input
circuit having third and fourth input termnals, the first input term nal
bei ng connected to a first circuit input, the fourth input term nal being
connected towaokh@eé h circuit input, and progranmabl e circ®CTIGBYS/R217

sel ectively connecting the second and third input termnals either to
second and third circuit inputs respectively, or to the fourth and first
circuit inputs respectively.or both t& & fifth circuit input. Preferably
the first differential input circuit conprises first and second
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nodes together.

Advantageously the amplifier circuit has first bias circuitry
for providing a first current path from the first node to a
reference potential and for providing a second current path
from the second node to the reference potential.

Conveniently, the amplifier circuit comprises first and second
transimpedance circuitry, the first transimpedance circuitry
being responsive to the currents in the main current paths of
the first and second amplifying elements, and the second
transimpedance circuitry being responsive to the currents in

the main current paths of the third and fourth amplifying
elements.

Advantageously the first and second transimpedance circuitry
comprise current mirror circuitry.

Conveniently the first and second transimpedance circuitry
comprise folded cascode circuitry.

Preferably the first and second transimpedance circuitry
comprise respective first and second controllable offset
circuitry and mode selection <circuitry for selective
connection of a control terminal of the controllable offset
circuitry of one transimpedance circuitry to the output of the
other transimpedance circuitry, whereby common mode output
levels may be controlled.



Preferably the anplifier circuit further conprises connecting circuitry for
sel ectitvely connecting the first and second nodes together.

Advant ageously the anplifier circuit has first bias circuitry for providing
a first current path fromthe first node to a reference potential and for
provi di ng a sesowemor ent path fromthe second node to the redmRecBISOZ217
potenti al . Conveniently, the anplifier circuit conprises first and second
transi npedance circuitry, the first traQ§hngedance circuitry being
responsive to the currents in the main current paths of the first and
second anplifying el enents, and the second transi npedance circuitry being
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conprise respective first and second controllable offset circuitry and
node selection circuitry for selective connection of a control
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conmon node out put > contro
of the second and third amplifying elements is determined.

Preferably the first and fourth input terminals are inverting
terminals and the second and third input terminals are
non-inverting input terminals.

According to a third aspect of the present invention, there is
provided an integrated circuit analog system comprising an
amplifier circuit in accordance with the first or second
aspects,

According ‘to a fourth aspect of the present invention there is
provided a method of supplying inputs to an amplifier circuit
having first and second two-input differential input circuits,
wherein the first differential input circuit has first and
second input terminals and the second differential input
circuit has third and fourth input terminals, comprising
connecting a first circuit input to the first input terminal:
conngcting a fourth circuit input to the fourth input
terminal; and selectively connecting the second and third
input terminals either to second and third circuit inputs
respectively, or to the fourth and first input terminals
respectively.

Embodiments of the present invention will now be described
with reference to the accompanying drawings in which:-

Figure 1 shows a block diagram of a first embodiment of an
amplifier circuit in accordance with the present invention.
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--4 - .Preferably the progranmable circuitry has an input for a digital
signal, whereby the <connection of the control electrodes of the
second and third anmplifying el enments is determn ned. Alternatively the

programmmabl e egemigty s one-time progranmabl e, wher ebypdixeBsn2217
connection of the control electrodes of the second and third anplifying

el enents i s determ ned. Preferably the first and fourth input termnals
are inverting termnals and the second and third input termnals are
non-inverting input termnals. According to a third aspect of the present

i nvention, thegerés2 prsmswdefi BLIdK Qﬂia?ér.%&t chf Cw Tseeaahogmsﬁaiﬁahﬁoaﬁr bal Ng
an anpllfler 8 f}&% gggcc rdance wné secgnd aspects.
According to our T HESEH oF BRE°D %ﬂﬁﬁnwﬁﬁﬂ/ &HVFH F%“Ts provi ded a
met hod of supplylng I nputs to an anpllfler circuit having first and second
two-input di Figieatsi aéndv&pl& ;saﬁqwlt %ar\&ﬁe{:eama%{l&mfafsa &hiﬁ@r@ﬂﬂdﬂhehleput

circuit has f rst and second i nput t.erm.,nal s _an he secp erenti a
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first circui inveptiono the flrst I nput termnal; connecting a fourth
circuit input to the fourth input termnal; and selectively connecting the

and third input termnals either. to secgond dthird CIrCUIt i nput s
second plgure pE shows a partial cf%cult %&agram £ urgh

embodiment of an amplifier circuit in accordance with the
invention.

Figure 5 shows the circuit of Figure 3 supplemented with
exemplary transimpedance circuitry to form a complete
amplifier, or amplifier input stage.

Figure 6 shows another example of a transimpedance circuit
usable with the embodiments of Figures 3 and 4.

Figures 7-9 show known transistor amplifier input stages,
having alternative transimpedance circuitry wuseful in
understanding the present invention.

In the drawings, like reference numerals indicate like parts.

Referring firstly to Figure 1, a first differential amplifier
(60) comprises a first differential input circuit, having
first and second input terminals (61,62) and an output
terminal (63). The output at the output terminal (63) is
determined by the difference between the voltage at
non-inverting terminal (61) and the voltage at inverting-input
terminal (62). The circuit of Figure 1 further consists of a
second amplifier (70) comprising a second differential input
circuit having third and fourth input terminals (71,72) and an
. output terminal (73). The voltage at the output terminal (73)

is determined by the difference between the voltage at the

non-inverting third input terminal (71) and the voltage at the



respectively, or to the fourth and first input termnals respectively.

Enbodi ments of the present invention will now be described with reference
to the acconpanyi ng draw ngs in which: - Figure 1 shows a bl ock diagram of
a first enbodi nent of an anplifier circuit in accordance with the present

i hventi on. wogwag-,vp 97/ 09779 PCT/GB96/02217
PCT/ GB96/ 02217 - 5 - Figure 2 shows a bl ock
di agram of a second enbodi nent of an anplifier circuit in accordance wi'th
t he inventi on. Figure 3 shows a partial RiTcuit diagram of a third

enbodi nent of an anplifier circuit in accordance with the present

i nvention. Feudite ﬂn@@%@ RAphital e it £y 2ar am:af c?‘s.xfdﬁlilft:t hshown in
. enbodi nent of_an anpll ler. circult in.,accordance. W vent
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transi npedancihe ctirst t iyput oterhimad ge61xoopl the Hipstfamplibienmibo))ea

Input stage. goyren input terminal (84) connected to the fourth input
terminal (72) of the second amplifier (70). The circuit also
has second and third input terminals (82,83) which may
selectively be connected to the second input terminal (62) of
the first amplifier (60} and the third input terminal (71) of
the second amplifier (70), respectively, via switches (90,91).
As shown in Figure 1, switch (21) has a first position in
which it ccnnects the second circuit input (82) to the second
input terminal (62) of the first amplifier (60), and a second
position where the switch connects the fourth circuit input
(84) to the second input terminal (62) of the amplifier (60).
Similarly, the switch (91) has a first position in which it
connects the third circuit input (83) to the third input
terminal (71) of the second amplifier (70), and a second
position in which the switch connects the first input terminal
(81) to the third input terminal (71) of the second amplifier
(70). The position of the switches (90,91) is programmable,
and in Figure 1 there is provided a digital control input
terminal (92) for programming both the first and second
switches (90,91) either to both be in their first position, or
both be in their second position. Alternatively, the position
of the switches (90,91) may be determined by other
programmable means, such as for example by fusible links.

In the first position of the switches (90,91), the first and
second circuit inputs (81,82) feed only the first amplifier
(60) and the third and fourth circuit inputs (83,84) feed only
the second amplifier (70). Thus, the amplifiers are mutually
independent. For the second position of the switches (90,91)
only two circuit inputs, first input (81) and fourth input
(84) are "shared" among the two amplifiers (60,70). As the
inputs are applied in opposite senses to the two amplifiers,
the amplifier outputs, as apparent to one skilled in the art,



Figure 6 shows another exanple of a transinpedance circuit usable with the
enbodi rents of Figures 3 and 4. Fi gures 7-9 show known transi stor
anplifier input stages, having alternative transi npedance <circuitry
useful in understanding the present invention. In the draw ngs, |ike
ref erence nunewelssodrmali cate |i ke parts. Referring firstly POTABY6#2217., a
first differential anplifier (60) conprises a first differential input
circuit, having first and second i nput t_ej}rrj_nal s (61,62) and an output’
termnal (63). The output at the output términal (63) is determ ned by
the difference between the voltage at non-inverting term nal (61)
?ndth he vol tvapel athaiwerﬂdm-m?prbfbeém%ggl si@ra. THehdd r G t tg;fe Fisaebfia 1
urther cons . .second.anplifier. cogprising, a secon
it forent | ar TR ElrAtAREEe " b ametis' L oS nobe 8P REPELG® 1 92)
and am out pudifigrAntdial igputThdifterenkiadt awtpusuapplifierd nal (73) is
determ ned by the difference between the voltage at the non-inverting third

oo moe) oooBstdrring "hou'® £o”' F18Ere" 5'° a gecona emBodiment of the
invention will now be described. Comparing with Figure 1, it
will be seen that the embodiment of Figure 2 is substantially
the same as Figure 1 except that each of the switches has a
third position in which the second input (62) of the first
amplifier (60) and the third input (71) of the second
amplifier (70) are connected to a fifth circuit input (95).

In the first two positions of operation of the switches
(93,94), the circuit of Figure 2 is operable in exactly the
same way as previously described with respect to Figure 1.
However, in the third position of the switches (93,94), in
which the second and third input terminals (62,71) are
connected to the fifth circuit input (95), the output of the
first amplifier (60), at output terminal (63) corresponds to a
gain factor multiplied by the difference between the input
voltage at first input terminal (81) and the voltage at the
fifth input terminal (95) and the output of the second
amplifier, at the second output terminal (73), corresponds to
the gain factor multiplied by the difference between the
voltage of the fourth circuit input (84) and the voltage at
the fifth circuit input (95).

It will be understood that the designation of the input
terminals of the first and second amplifiers (60,70) 1in
Figures 1 and 2 is not intended to be limitative. In other
embodiments of the invention, for example, the first input
terminal (61) of either amplifier could be the inverting
terminal, and the second input terminal (62) of either
amplifier the non-inverting input terminal.

Input stages to amplifiers frequently use differential



fourth inverting input termnal (72). The circuit shown in Figure 1 further
has a first circuit input (81) connected to the first input termnal (61)
of the first anplifier (60), a fourth input term nal (84) connected to the
fourth input termnal (72) of the second anplifier (70). The circuit also
has second andwgwzegrenput term nals (82,83) which may sel ectRGTAGEI6HER17
connected to the second input termnal (62) of the first anplifier (60) and
the third input terminal (71) of the sec_o%d anmplifier (70), respectively,
via switches (90,91). As shown in Figure I, switch (91) has a first
position in which it connects the second circuit input (82) to the second
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where the switch., Cﬁnne he f QCII’ tot&ﬁsecon ir‘?
termnal (62F°8Fithe &bl |W%r §' Sl"“lﬁ Iy, (&M (IWC haRIECTd
position in whrapbistorsnmact swo he:dxdpomhdmtm.ﬂ.lstqna (88Rallyt h&hehi tekm

i nput term na%, &Zﬁ) Oimé iecg?fr%st Lisbher §dfiti ﬂpd qae%gfegﬁ‘g Fﬁﬁét | Ofgd N

whi ch the swi connec 1nput termnal, (81) t I'rd input
termnal (71F r&Psi"ﬁ*é°§%co‘Pi€ e i (PR 7doweyRE pddit iiSn BPSERRlCy tEIRKe
(90,91) is propddtieht esoaridtatll,guie dsé haba-ideptivaXetransistidr, and

control i nputtg%e{._make?é?%) bgo%) a%rdogl q.gglé‘ngn? &%g hehifd lan q_plg second
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their second position. Alternatively, the position of the swtches
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electrode corresponding to the described source electrode and
a base electrode corresponding to the described gate electrode.

Referring now to Figure 3, an amplifier input circuit  (200) of
a third embodiment of an amplifier circuit in accordance with
the present invention has transconductance circuitry
comprising four transistors (100,101,102,103). Each of the
transistors (100,101,102,103) has a gate electrode which is
responsive to an applied voltage to control the flow of
current in the channel between the drain and source.. The
source electrodes of the first and second transistors
(100,101) form a first common node (104), and a first current
source (105) provides a first current path from the first
common node (104) to a reference supply (106). The source
electrodes of the third and fourth transistors, (102,103) form
a second common node (107) and a second current source (108)
provides a second current path from the second common node
(107) to the reference potential (106). The input circuit has
first to fourth input terminals, (110,111,112,113). The first
input terminal (110) is connected to the gate electrode of
first transistor (100) and the fourth input terminal (113) is
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--7 - - will have nutually opposite signs. Hence in the second
configuration, the <circuit of Figure 1 can provide a differential
input, differential output anplifier. Referring now to Figure 2, a second
enbodi nent of wio®7iswention will now be described. Conpari ngPoTiGBée21r e 1,
it wll be seen that the enbodi nent of Figure 2 is substantially the sane
as Figure 1 except that each of the sw t_cI;eg_ has a third position in which
t he second input (62) of the first anplifier (60) and the third input (71)
of the second anplifier (70) are connected to a fifth circuit input (95).
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corresponds tolthﬁ.\g?ain factor multip Iedaﬁ%’ the difference between the
vol tage of tRELPOBIYHI¢i FEGRLVER pFiangss Tt heh® oPESERA Al nPNE fherminal
circuit inpufli®p) or thewifourbh uirfertstverminel Yhe3jesigkewise, ofsddina
I nput selector circuitry (121) has one input connected to the third
input terminal (112) and another input connected to the first
input terminal (110). The second selector circuitry (121) has
an output (123) connected to the gate electrode of the third
transistor (102), such that the gate of the third transistor
(102) in operation receives signals from the third input

terminal (112) or from the first input terminal (110).

The first and second selector circuitry (120,121) are
responsive to applied digital control signals (130). This
control signal acts on both selector circuitry so that. they
are switched in synchronism between their two inputs. Thus for
a first digital control signal, the first selector circuitry
(120) connects the second input terminal (111) to the gate
electrode of the second transistor (101) and the second
selector circuitry (121) connects the signal at the third
input terminal (112) to the gate electrode of the third
transistor (102). For a second digital control signal, the
first selector circuitry connects the fourth input signal at
fourth terminal (113) to the gate electrode of the second
transistor (122) and the second selector circuitry (121)
connects the first input signal at first terminal (110) to the
gate electrode of third transistor (123).

Also shown in Figure 3 is a connecting switch (131) which
serves to selectively interconnect the first and second nodes
(104,107) in response to the applied control signal (130). The



termnals of the first and second anplifiers (60,70) in Figures 1
and 2 |s not intended to be limtative. In other enbodi ments of the

i nvention, for exanple, the first input termnal (61) of either anplifier
could be the inverting termnal, and the second input term nal (62) of

ei ther anplifi ewvodi®r®on-inverting i nput termnal. | nput  spEXyeB9sHRnI7
anplifiers frequently wuse differential WO 97/ 09779

PCT/ GB96/ 02217 transi stor pairs. Such@ transistor pair may, for
exanple, consist of tw field effect ransi stors, twe bipol ar
transistors or two conpound transistors. Usually, the term"pair"” inplies
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uses the ternms drain, source and gate to designate the el ectrodes of such

transistors. However, jt is envisaged that bipolar tranpsistors could be
used i nst ead B fFETPLtY shown  iRsFighre, 3. s WReRhiongdneboYee SBYYRS ar
transi st or waenéradlyonoecicetverth nme | een.ﬁageé edinted ecEprétSNoNdufthé P
the describeq iRrgl, €Cio3d20258" HGunt & Iﬁ]?f@ EQT digng t he
descri bed source ggtro e ang Z base el ectrod% correfs2 ng %g td t‘{{ch hb
descri bed gatr@egl gct‘\'%dé is desired to provide a vo tage output. Other
examples of this further circuitry, in the form of
transimpedance circuitry can be derived from Figures 7-9. An
advantageous form of the transimpedance circuitry will be

later described with reference to Figure 6.

Turning now to Figure 4, an amplifier input circuit of a
further embodiment of an amplifier circuit in accordance with
the invention is shown. The circuit of Figure 4 is
substantially similar to that described with respect to Figure
3, except that the first and second selector circuitry
(120,121) of Figure 3 has only two selector inputs whereas the
first and second selector circuitry (160,161) of Figure 4 each
have three selector inputs. The first two selector inputs are
connected similarly to those described with respect to Figure
3, and the third selector input is provided from a common
input terminal (162). The first and second selector circuitry
(160,161) is digitally controllable similarly to the circuitry
of Figure 5, but responds to three digital control signals. In
the same way as previously described, for a first digital
control signal, the second input terminal (111) is connected
to the gate of the second transistor (101) and the third input
terminal (112) is connected to the third transistor (102},
whereas for the second digital control signal, the fourth
input terminal (113) is connected to the gate of the second
transistor (101) and the first input terminal (110) is
connected to the gate of the third transistor (102). For a
third digital control signal, the gates of both the second and
third transistors (101,102) are connected to the common fifth



Referring now to Figure 3, an anplifier input circuit (200) of -a third
effbodi rent of an anplifier circuit in accordance with the present

i nvention has transconductance circuitry conprising four transistors
(100, 101, 102, 103). Each of the transistors (100,101,102,103) has a gate

el ect rode whi cwaisgreemsponsi ve to an applied voltage to contr ecTiapesbd2ow of
current in the channel between the drain and source. The source el ectrodes
of the first and second transistors (100,101) forma first common node
(104), and a first current source (105)  provides a first current path from
the first comon node (104) to a reference supply (106). The source

el ectrodes oinpite tBetdinal fQuebh. tramy St@imnedtild 108} idH M 1 $HCONY,

comon node nd a_second currepnt source (108) “provides a Second

current pat h{-%ér)%%ﬂ'ﬁ%ee s‘é%oﬁgec&mﬁﬁa od’@n(‘fﬁi) Fgrade [uy that pbr ekethl

(106) « The i®peitsetorslianchdshifridr siigtibal oatates npie £ Erst nalds ,second nodes

(110,111, 112 1d4)107hh @l Eg].mg??%%)iﬁr .npﬁn (110) is connected to the gate
t ' a

el ectrode of first transistor n e fourth input termnal (113) is
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- 9 - connkst atisausded gabevel eatithderafetéicd Outd h Biis SBQr (EhSher

First sel ect@{y&ifiG t& a3s LAPW,_ oC d tge second i nput

termnal (11 ran anot%e_rgﬁ%%%)utgﬂcgﬁ%gg%gdl%g %ﬁ%ﬁr %g“fln Ot s[ugp%eﬁgp

(113). The fHi%t Y@Wct SLTGuitayt r §F (T2gyrehsd & REQide (@22)complete

Cﬁnnect ed ltoammmiaamﬂstaagﬁ.rade ekampie sefoadcbmpm&ta; gain( £@dye, WAOLRGY

the gate el egignde, r i [ooms 1) . .in operation

sel ectively receives élltg;akla?s ??g%’ffﬁgﬁ s?c%n?‘ i ﬁ'ﬁﬁgégerﬁ%l re€ference to
Figure 3, "and transimpedance circuitry similar to that

described with respect to Figure 9, is shown in Figure 5.

Referring now to Figure 6, another example of transimpedance
circuitry useable with +the transconductance circuitry of
Figures 3 or 4 will now be described. The transimpedance
circuitry has first and second inputs (201,202) for connection
to the respective drains of first and second transistors
(100,101) and third and fourth inputs for connection to the
respective drains of <the third and fourth transistors
(102,103), described with reference to Pigureé 3 or Figure 4.

The circuitry of Figure 6 consists generally of four branches
connected between a first supply potential (109) and a
reference potential (106). The first circuit branch consists
of the series connection of a current source (214) having one
terminal connected to the above-mentioned supply potential
(109), and another terminal connected to the first input
terminal (201). The first input terminal (201) is connected to
the source of a p-type field effect transistor (220), whose
gate is connected to a bias potential input terminal (219).
The drain of the p-FET (220) is connected to the control
circuitry (216) of the current mirror circuitry (218), and the
control circuitry (216) is connected at another terminal
thereof to the above-mentioned reference potential (106). The
second circuit branch has a second current source (215)



(111) or the fourth input termnal (113). Likew se, second sel ector
Gircuitry (121) has one input connected to the third input termnal (112)
and anot her input connected to the first input termnal (110). The second
selector circuitry (121) has an output (123) connected to the gate

¢l ectrode of tweenedrrd transistor (102), such that the gate JCTIGRIAIAUT
transistor (102) in operation receives signals fromthe third i nput
termnal (112) or fromthe first input tefsipal (110). The first and
second selector circuitry (120,121) are responsive to applied digital
control signals (130). This control signal acts on both selector circuitry
so that theycanmestedcladd bnesywsdwimals ntheteefn tibhethet vempplput potdhtialf or
a first digi on Y , f : I | Ui JCh c%ﬁ;cts
the second i trtlgh??f e%?’nangli (q%?l)oéﬂﬁ h%éﬁétn%qeﬁtceﬁc%:egge Jc'(c)t%El %‘Lé/e ésecor?d

transi stor (¥e¥piBal (RB23ecBhe secepdorinpivtc harmingd?1§202dnniect gornreted

tsi gnal ?t t?tot hfuieg isRHcet eégri draal ,stééléaa tpl-ﬁyll% gaierel ﬁ?frefafée tefaﬁélfﬁsﬁédﬁ rd
ransi st or or a secaond digital contrql sjgnal, _the first. selgectar

circuitry coi%é%% 5 t“%‘é’stLﬁqotr? i ﬁﬁ&“é‘?‘&ﬁgﬁéa?c% oJE'i?? hlbt""@Fm‘?%e"%ffi) J[’E""[%he

gate el ectrodersinahe 62toind tThensidsadn (422)thend sdwergeconBETel €222) is

The gat e ef ecpTReCBaRCLD, L8, LORELoLIEY cSteRftry)) (175 of SORiie Midbor O

connect i ng sﬁﬂf'éﬁgl“i%l)&% ¢h §’é$v & ogéé?’)é'ctti%i?ailnt%%%ec?g‘?wlf%ﬁdst

and second nedecsuitoy, 1817) i dsr expuesteto tiohethgp pdrain cofit mol £igisin at—tyEs0) .

The £i9E1RREEY transistor (223), whose source is KoHnEEe840%3l7

the reference potential node (106).

The third branch of the circuit is similar to the first
branch, and has a current source (314) connected serially
between the third input (203) and the supply potential (109),
the third input (203) being connected to the source of a third
p~-FET (320). The drain of the third p-~-FET (320) is connected
via the controlling circuitry (316) of second current mirror
circuitry (318) to the reference potential (106). The fourth
branch of the circuit is similar to the above-described second
branch, and has a series connection of a fifth current source
(315) between the supply potential (109) and the fourth input
terminal (204). The fourth input terminal (204) connects to
the source of a fourth p~FET (322) whose drain is connected
via the series connection of the controlled circuitry (317) of
the second current mirror (318) and the drain-source path of a
second end FET (323). The gates of the third and fourth p~FETS
(320,322) are commonly connected to the bias potential input
terminal (219).

As shown in Figure 6, the transimpedance circuitry further
comprises a switching arrangement for controlling common-mode
levels and this will now be described:-

The drains of the second and fourth p-FETS (222,322} are
connected to respective output terminals (240,340). First



- 10 - connecting switch (131) is <closed in response to the
above- nenti oned second digital control signal, and opened in response to

t he above-nentioned first digital signal. The circuitry shown in Figure
3, "as nentioned above, serves generally to convert input voltages into
currents. Furtwereemreui try, (201,202) shown for exanpl e in PCHERI6/ER21T\ | |
be needed if it is desired to provide a voltage output. O her exanples of

this further «circuitry, in the form_of transinpedance circuitry can
be derived fromFigures 7-9. An advantagéﬁﬁs form of the - transi npedance
circuitry will be later described wth reference to Figure 6. Tur ni ng

20W| |t19| glr gglrs%ﬂpl:?@int@gfg%ﬁél :{zdd}puis Cb&ﬁﬁéét&ie n??l‘)!ra]!r Tfﬁ%gte&hsgw%@t ﬁfrs%n
circuit  of T¥9 RISk (Fan) Pl Serond inmit, Ml epigh s

respeet to chquCEaiet@epheth@DVEhmehtneneandupptpn@c&ehemabr(a09¢U|mh9
(120, 121) of it Stk &8 1S ﬁ'lst: t%ﬁ' %‘i&-@hh??“'ﬁq]‘f‘eiéaéox&{&éédr tb 2and

second sel ectoy circuitry 16 16 ure each have ree selector

i nput4. The FRF&t Fm&lgem F% éP@ sonFd@idardyni |seqopd; Fuardaput
descri bed wi smtmpmrcumtfygqmﬁ Ragl hhefifwdmphectﬁnnew iSo the

provided fro m&gg; n T ' a I or
circuitry (1%%33%{ df%rﬁﬁ%ﬂcoﬁ%m& I a Iseeés%%é 13 t Q-_%;?%%%%gr §§I t?’% of
Figure 5, buFuPB%X)oEB'SIeB%l%hr *e'erm»ga%altleahtr@ndsugmapstpmﬁ chansghed w&9 as
previously deserighed, oforthe ffirdt dhaFt®! (2995 I OA Sl:lhg.liﬁl ,svhlt%hs.ﬁqomévli&ﬁm

Eﬁreni ﬂ?'r d(.lﬁ? ifergne g) | ﬁ&&,e%t etht%f (gmnge%%% $stt U d( JS%?%B%
tea

'S connec heth rd Fansi St
wher eas for PREESRCAAR P control signal, the fourth input ternina

(113) is connected to the gate of the second transistor (101) and the first

(102). For arvh spemp et BESHe" bekdhe iBedRhla ot ol ik RSB A ane

For CORtT ol 81gh 0 secon
third tran3|§?6r%F( QEFPR&EP are connected to the conmon flfth

The circuitry of Figure 6 has two operating modes. In a first
mode, the gates of first and second n-FETS (223,323) are
connected via the respective switching circuitry to the supply
potential terminal (109), whereby the first and second n~FETS
each provide a low resistance connection between the
controlled branches of the respective current mirrors
{218,318) and the reference node (106). In a second mode, the
output voltages are cross—-coupled to the n-FET of the
respective other branch, to provide common-mode compensation.

The inclusion of selection circuitry consisting of the first
and second two-input switch circuitry (241,341) and the third
switching device (242) provide switching between the two
modes. Control of the selection circuitry is wvia a digital
control signal input at a terminal (350), operable to
simultaneously switch the elements of the selection circuitry.

In the first mode of operation, there is no interaction
between the one half circuit comprising the first and second
branches and the other half circuit comprising the third and
fourth branches. The output of each half is therefore
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--11 -+ input termnal (162). The connecting switch (131) s
responsive to the digital control signals such that in both the second and
third digital states the first and second nodes (104, 107) are connected in
common. As diveeomeserd above with reference to Figure 3, furtiker/GBIsroe2irt ry
as shown in Figures 6-9 may be used to supplenent the input circuitry of
Figure 4 to provide a conplete anplifie[_%%age. An exanpl e of a conplete
gai n stage, having transconductance circuitry as described with reference
to Figure 3, and transinpedance circuitry simlar to that described with

respect to FidpteeminedSbgheme impdt Wi-ents tBEtBAEI RFLAOW to Figure 6,
anot her exanpl e of transinpedance circuitry useable with the

transconductance circuitry of Figures 3 or 4 will now be described. The
transi npedand@ cfheuseegndanoder of apeérstiongd theucesnpabtiR§2ywiteh (242)

connect i on tdd he16£&Re bl ihal abfs Yrdin Shodifk SAGONGst E%%Siﬂzgé.c{i n=-FET

(100, 101) and é ird %ﬂd fourth inputs for connection to the resp Ve
drains of t%&): MY tBegsersndt m-FETanGd&orarg 16be 1697e. d&her igate Wi h
reference to fHirglr es-FETOr(223)uris 4respdisivel renli thiey Ohtutd Welage st Stise
general |y of Je@éhdbr&l{’éﬂifcs q{gﬁed wee LLS p t.enti 109)
and a reference paqtentia g%%gg e(ﬂ%r)s't %II“I‘?C%*’% E?razc'r%cﬁl%%oeo &8s °a£ éhe
second n-FET (323)  is responsive to the output voltage at the
first output terminal (240). The second mode allows a desired
common-mode operating voltage to be established at the output
of the circuit, which would otherwise have no intrinsic means

of providing a determined common-mode output voltage.

In the second mode of operation the output stages no longer
refer to the voltage on the reference node (106), but rather
to the voltage at the drains of the first n-FET (223) and the
second n-FET (323). The two n-FETs are operated in their
linear region, such that there is an approximately 1linear
relationship between the drain current and both the gate and
drain voltages. This means that the potential on the drains is
effectively connected to the reference potential (106) by two
parallel resistors, whose values are linearly dependent on the
gate voltages. Since the gate voltage of each n-FET is derived
from the output of the opposite circuit half, the circuit, in
the second mode of operation, has a self-compensating
function. Thus, so long as the two cutputs are complementary
the combined resistances of the two n-FETs will not change and
the drain potentials remain constant. However, if, for
example, the output voltages both rise - i.e. if a common mode
output change occurs - both resistors will reduce in value,
lowering the common drain potential so that the output level
returns to the correct, - i.e. common-mode compensated -
output level.

Referring to Figure 7, a known amplifier stage comprises a
differential pair generally similar to one half of the



of the series connection of a current source (214) having one term nal
connected to the above-nentioned supply potential (109), and anot her

term nal connected to the first input terminal (201). The first input
termnal (201) is connected to the source of a p-type field effect

transi stor (22@p9mdmse gate i s connected to a bias potenti alpCrigneen2217
termnal (219). The drain of the p-FET (220) is connected to the control
circuitry (216) of the current mrror circuitry (218), and the control-
circuitry (216) is connected at another~t¥ninal thereof to the
above-nentioned reference potential (106). The second circuit branch has a

second CUrrepkafi@oh@fctan® circuit 3f 09149 3 . ‘
PCT/ GB96/ 02217 circuitry® 3¢ E Tes I ndd o ftar T, pailr

term nal thePEBPTLZES hEWSUEERPSESERRS | 41/ 2L0SRChaMAVANT: e FRlfereleqtrads
thereof to thkensecberd itopud trespestlivé2@AputTheereir@ld (Dps). t ehel EYur(ce02)
I s connected uLee -t fi t |

(525) whose SaTERPASE of et BrafERDERE Vi), B Sonth tﬁde?"'n’%sdn%?%zf@ .
The drain of at Re9€edfla AR (99Dyent somyret £6) t 6oPReckwnthe| pede to a
circuitry (2&dhroé sfir reféreéfdd Gotdrtiailt () (28, dandetbrt Ddhespdritics!

o type f1ol d2FT 38?“%?3”}?2?3;‘?%%1@5@?*3&%2&%@&%@5 4 <ihlaPen® s
ref erence potEARFLFLORRIaYe Gxpc lyTremphementamhch of the circuit is

simlar to the first branch, and has a current source (314) connected

ol one M0 Ll | BB (ARl BNRA BUBPL V! ERhaLeld s e
source of supply potential (10) via respective loads (L1,L2)
which constitute transimpedance circuitry for converting the
respective currents of the pair into voltages. It will be
understood that the transistors (8,9) each conduct a current
dependent upon the respective drain voltage. A differential
ocoutput voltage is derived between the drain electrodes by the
current applied to the respective load. Each transistor of the

differential pair operates in class-a.

The circuit has disadvantages in that the power supply
rejection ratio of each transistor of the pair is low. Thus,
as the supply potential varies, the drain voltage of the
individual transistors will likewise vary. Hence, for example,
noise in the power supply will appear in the voltage at the
drain of each transistor, but would however be supressed if an

output were taken differentially between the drains of the
transistors.

Referring to Figure 8, in a modification of the amplifier of
Figure 7 the drains of the two transistors (1,2) are instead
coupled to the supply potential (10) via respective branches
(11,12) of an output circuit (13) having a current mirror.
So-called common mode input changes, where the input levels
have a common, i.e. same sense variation with respect to the
reference potential, are substantially cancelled in the
single-ended output. As is known in the art, this circuit has



p- FET (320). The drain of the third p-FET (320) is connected via the
controlling circuitry (316) of second current mrror circuitry (318) to the
reference potential (106). The fourth branch of the circuit is simlar to

t he above-descri bed second branch, and has a series connection of a fifth
current sourcewpd¥herbet ween the supply potential (109) and PCF/GBIGCOA2NT7
input termnal (204). The fourth input term nal (204) connects to the
source of a fourth p-FET (322) whose drain is connected via the series’
connection of the controlled circuitry ¢32¢)~of the second current mrror
(318) and the drain-source path of a second end FET (323). The gates of the
third and foyrt -EETS (320, 322) are commonl.y cqprnected to th ias_.
botent i al i nauopB; BPREF F3R83Y e RSt fa AL :r HHR: R Forhnert drdirineh.c
circuitry fuwikbr respeet sts Biguie @hiopgrateanienelass-dB.control | ing
common-node |l evels and this will now be descri bed: - The drains of the
second and fourth p-FETS (222,322) are connected to _respective output
termnal s (2}@, fyofurthexiknown ampljdfiey) fyrepit, shown in Figure 9, two
PCT/ GB96/ 0222 6ads (14,15) provide current patHs betwemt pthe tdralinsalofl He

i s connected I i pput; fi MR- LAp Ltoh Gi jt A1),
the second H?tr%%‘ ggghéﬁ%:%%@?saggﬁﬁeé%&’ étl\(;g%to E% g%%%&}r%%ntlﬁogr%ly sg%ﬁ%ﬁl
potential (189Ftheke REGARt pathhe Pprveenthen @¥3ing ¢ ppd( e reference
connect ed t opoltengda® atret pecgitdeddvia FETséBPEs . cHreniarés, tise celithnel of

two- i nput a respective transistor having a gate receiving a constant
voltage (for common gate operation) and respective branches
(16,17) of a current mirror (18). This common source-common
gate arrangement provides folded-cascode operation, and thus
has an improved input common-mode range. In this circuit, the
loads, the common gate transistors and the current wmirrors
form transimpedance circuitry.

The arrangement of Figure 9 operates in a manner generally
analogous to Figure 8.



R

switch circuitry (341) has a first input_ g d to the second out put
termnal (340), a second i nput C‘MW i‘g‘mﬁaﬁuppl y potential term nal
(109), and an output connected t SRIRS! the first n-FET (223). A
third switching device (242) is connected between the drains of the first
and second n- FEK¥@2®, 323). The operation of the transi npercmeB602217
circuitry of Figure 6 will now be descri bed: - The circuitry of Figure 6
has two operating nodes. In a first node, 7tkle gates of first and second
n- FETS (223, 323) are connected via the réSpect ive switching-circuitry to
the supply potential termnal (109), whereby the first and second n-FETS
each providerayms | ow resistance connection between the controlled
branches of the respective current mrrors (218,318) and the
reference node (106). In a second node, the output voltages are
crossacoupled to the n-FET of the respective other branch, to provide

common- node £0 akh@i; £3ad NE 3Gl WS s Sielecti ofy il CULRI Y, C WSki N
of the fi rstfhm,ﬁcéﬁg?%%?gn%&%ﬁﬁt'cﬁ&cﬁlc%ﬁg‘raya(%ﬁ&l?h‘gn?t%%a%ﬁ%lrdg
swi t chi ng de¥e ) dbttRrentiad t tnpuly Sircielty t RRet fdTAbd Sl Efegentdpl of
the sel ecti oinput czirtcuit shanings Slirgt! alndc articond dinpoel terpihads andethenal
(350), 0pera§+€oﬂcﬁ ﬁ"ﬂbgéﬂégé’f' yingaﬂéctlﬁ@&if' %{E‘i}ltng Ofcn.{ﬂ? L C e8P tn
circuitry. _Tn the first node of dperation, thereis no i nteraction

bet ween t he PR¥hAerminadg 1 thenFirstndnpPiuk teyminal,deadingoFenpestedetoand

the ot her hatirst reirduitoimputi, nghlehEoultth difit f Petriindl Bednhgs cohhecgaaput

of each halfeds Jtherglof € cirenit input, and programmable circuitry for
selectively connecting the second and third input terminals
either to second and third circuit inputs respectively, or to
the fourth and first input terminals respectively.

2. An amplifier circuit comprising a first and a second
two-input differential input circuit, the first differential
input circuit having first and second input terminals and the
second differential input circuit having third and fourth .
input terminals, the first input terminal being connected to a
first circuit input, the fourth input terminal being connected
to a fourth circuit input, and programmable circuitry for
selectively connecting the second and third input terminals
either to second and third circuit inputs respectively, or to
the fourth and first circuit inputs respectively or both to a
fifth circuit input.

3. An amplifier circuit according to claim 1 or claim 2
wherein the first differential input circuit comprises first
and second amplifying elements, and the second differential
input circuit comprises third and fourth amplifying elements,
each said amplifying elements having a respective main current
path and a control terminal connected to the respective input
terminal.

4. An amplifier circuit according to claim 3 wherein each
main current path is defined by a pair of main current
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--14 -. determ ned by the input - hal f. In the second
mode of operation, the connecti n w m“mm‘ﬂ cl osed so that the drain
potentials of the first n-FET (2 t he 8ecdnd n-FET (323) are the
sanme. The gat e wootasrmt n- FET (223) i s responsive to the out peer/epdsiozge at
the second output termnal (340), and the gate potential of the second

n- FET (323) is responsive to the output voltage at the first output

terminal (240). The second node al | ows "a*8eSired comon-node operating
voltage to be established at the output of the circuit, which would

ot herwi se heaaeedt&oaabrl Néé HRAAS éﬁrﬁr&V' €188t Podiet @l N2d LRFERBoARSRY
output vol t age. Int ﬁ_gratlont e out_put sta es no
re

| onger ref e 18 t (FBFF ag&iﬁﬁg{:ﬁg re‘? 2 RRRPNG 0 TP FYing; h&?e’f‘ﬁn’{'he
vol tage at tfegmdmg res ﬁirsthembdest and FEhe( 22dn courtdrd sebackioie-HE (ERE) .

The two n-F [ CamPe{ ,m@,k eqlhd € e n
appr oxi mate:%y rlane%r 1[%fat 1"ons et aggn e é(;‘!r’glﬂens curr rﬁt] ani b%?#?%é
gate and dr eﬂ%?%@&g&f. thes ﬁ’BHﬁQ Rl if Hénﬁoteé-ﬁﬂe&ft FPTHOG & Fecerd
effectivel y my@enected to the reference potential (106) by two parall el
resistors, whose values are linearly dependent on the gate voltages. Since
the gate voltage of each n-FET is derived fromthe output of the opposite
circuit hal f8- t h&nci mpldfipn t gdrcydkonaceapdiing of toopelaikons Husther

sel f- corrpens:aimmsfmecuoaﬁecirbh@ cﬁﬁcﬁﬂﬁgf For NFelabt iIPEPUiconRkBLting the
conpl enent arﬁ/upé%t %?ngl ngd qﬁ) f the two n-FETs will not change
and the drai en P& Pgn‘é F*However, if, for exanpl e, the
out put v_oltages both rise - i.e. if a com*rpn node output change occurs -
both resista.s Wan amiuddern cidicugt ladveirtifigt ke @UATHE dF abP POokaPthét SO
that the OUtéBﬂpri@iﬁb first bias circuitry providing a first current path
between the first node and a reference potential and providing
a second current path between the second node and the
reference potential.

7. An amplifier circuit according to any one of claims 3-6
further comprising first and second transimpedance circuitry,
the first transimpedance circuitry being responsive to the
currents in the main current paths of the first and second
amplifying elements, and the second transimpedance circuitry
being responsive to the currents in the main current paths of
the third and fourth amplifying elements.

8. An amplifier circuit as claimed in claim 7 wherein the
first and second transimpedance <circuitry each comprise
respective current mirror circuitry.

9. An amplifier circuit as claimed in claim 7 or claim 8
wherein the first and second transimpedance circuitry comprise
folded cascode circuitry.

10. An amplifier circuit as claimed in claim 7 or claim 8
wherein the first and second transimpedance circuitry comprise
respective first and second controllable offset circuitry and



returns to the correct, - conmon- rmde conpensated - output
level .~ Referring to Figure H”ﬂg:ﬂ ﬁmum stage conprises a
differential pair generally si of the WO 97/ 09779
PCT/ GB96/ 02217 *15 - t ranconduct ance
circuitry of Fwopemer7d and 4. The pair corrprl ses two transi styargchbozryeach
havi ng a gate el ectrode connected to a respective input termnal (3,4).
The source el ectrodes of the transistors (1,2) are connected together at a

node (5), and a current source (6)- conmed®s -the node to a source of
reference potential (7). For differential operation, the input voltages

| dtot d the two t
conpl ement arioad Ut sBeibh BIEBn ey "ot el ¢ eS| Py tian, ot cotrala
source of sU§MANadt eref al theo) conkroddpblei vofifsats (¢tirdwdtryhi cbf one

constitute tffiHdikipRdance Cidiaidhdil Or ¢ SONVRIt | NGt reggectiye Cukh gts
of the pair jnto volta%es It will De understood that the transistors E

each conduct REMRHPERANGE TR tYon YRR pEPRROR Moden QBFRulelexels
di fferenti almayjtheutcondrodedi s deri ved between the drain el ectrodes by the
current applied to the respective load. Each transistor of the differential

pair operates, in _class- iD\
1l. An ifier circuit as claimed to any preceding claim

wherein the programmable circuitry has an input for a digital
signal, whereby the connection of the control electrodes of
the second and third amplifying elements is determined.

12. An amplifier circuit according to any preceding claim
wherein the programmable circuitry is one-time programmable,
whereby the connection of the control electrodes of the second
and third amplifying elements is determined.

13. An amplifier circuit according to any preceding claim
wherein the first and fourth input terminals are inverting
input terminals and the second and third input terminals are
non-inverting input terminals.

14. an integrated circuit analog system comprising an
amplifier circuit according to any preceding claim.

15. A method of supplying inputs to an amplifier circuit
having first and second two-input differential input circuits,
wherein the first differential input circuit has first and
second input terminals and the second differential input
circuit has third and fourth input terminals, comprising:-

connecting a first circuit input to the first input
terminal;

connecting a fourth circuit input to the fourth input
terminal; and

selectively connecting the second and third input
terminals either to second and third circuit inputs
respectively, or to <the fourth and first input terminals



The circuit has di sadvantages in that—the—power supply rejection ratio of
each transistor of the pair is low T e supply potential varies,
the drain voltage of the indi v“‘“ﬂé“\l\iﬂ”ﬂs‘ﬂm will Iikew se vary. Hence,
for exanple, noise in the powe s appear in the voltage at the
drai n of each {oambmsor, but wiul d however be supressed if agraHopuizIrer e
taken differentially between the drains of the transistors. Referring to
Figure 8, in a nodification of the anplifsgr-of Figure 7 the drains of - the
two transistors (1,2) are instead coupled to the supply potential (10) via

respective branches (11,12) of an output circuit (13) having a current
mrror. So- cEPFRRFEWAAM node i nput changes, where the input |evels have a

comon, i.e. same sense variation with respect to the reference potential,
are substantially cancelled in the single-ended output. As is known in the
art, this circuit has WO 97/ 09779

PCT/ (B96/ 02217 , - 16 - a. good power supply
rejection ratio. The arrangenment described with respect to Figure 8
operates in cl ass-AB. In a further known amplifier circuit, shown in

Figure 9, two |oads (14, 15) provide current paths between the drains of the
transconductive input transistors and the supply potential. Further current
pat hs between the drains and the reference



potential are provided via a series circuit of the channel of a respective
transistor having a gate receiving a .constant. voltage (for comon gate
operatlon) and respective branches (16 17) of a current mirror (18). This
corimon source-conmon gate arrangenent provi des fol ded-cascode operation
and thus has awddememyed i nput conmon-node range. In this ci peuaidnoshd2er

| oads, the common gate transistors and the current mrrors form

transi npedance circuitry. The arrangenment of Figure 9 operates in a °
manner general |y anal ogous to Fi gure 8. 174 WO 97/ 09779

PCT/ GB96/ 02217 - 17 - CLAI M5 1. An
anplifier circuit conprising a first angdea se ond two-input differenti al
input circuit, the first differential in iyguit having first and second

input termnals and the second differenti al
fourth input term 4 the first i
circuit input, the }

|ant circuit having third and
{2al| i ngagonnected to a first

circuit input, and progranmablife circpitry for se i connecting the
second and third in termngl s er to sgeor ' ' 4 nput s
respectively, or t¢ the fourth NSt input t ' respectivel;.3

Fig.2.
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2. An anplifier circuit conprising a first and a second two-i nput
differential input circuit, the first differential input circuit having
first and second input termnals and the second differential input circuit
having third and fourth input termnals, the first input termnal being
connected to awopssermi rcuit input, the fourth input terni nal p&ficBesn2217
connected to a fourth circuit input, and programable circuitry for

sel ectively connecting the second and third input termnals either to -
second and third circuit inputs respectielgy, or to the fourth and first
circuit inputs respectively or both to a fifth circuit input. 3. An
anplifier circuit according to claiml1l or claim2 wherein the first
differential input circuit conprises fLst d second anplifying el enents,
and the second differential input circF&[ _ggprises third and fourth
anpl i fyi ng el enents, each said anplifying~el enents having a respective nmain
current path and2gggont ol teﬁninaH ﬁonnéaﬂed tQ.the riespective input

term nal . 4. Ancggglﬂfier ircuif ac g 123HP13 wher ei n each nain
current path is definkdlby a %&2@ 0

IIDl; ] ~ 4 LAY 09779

- lellectrodes, one main
@I ctrode| of thHe second

PCT/ GB96/ 02217

4
current electrode 4dnd a
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third anplifying el ement and the corresponding main current el ectrode of

the fourth anplifying elenment form ng a second node. 5. An anplifier
circuit according to claim 4 further conprising connecting circuitry
for selectively connecting the first and second nodes together. 6. An

anplifier circiwoomegerding to clains 4 or 5 further conpri simer/Erdspiaibi as
circuitry providing a first current path between the first node and a

ref erence potential and providing a second current path between the setond
node and the reference potenti al. 7. ,3}4ynﬂifier circuit according to
any one of clainms 3-6.further conprising>fitst and second transi npedance

. circuitry, the first transinpedance circuitry being responsive to the
currents in the main current paths of e first and second anplifying

el enents, and t h@gQRecond transi npedanc tgl_ Ltry being responsiv@gpo the
currents in the nmaih current paths of the*third and fourth anpliflying

[ o r )
el enent s. 8. A Qﬂpllfler circurt as clarnmed in claim? erezn t he
first and second ansigyedance dzabntry each conprise respgyti urrent
mrrorf circuitry. 9. YAn_anplifi®r Nircuit as clained in clfaim 7 for claim

8 wherein the firgt and ot

npedance ci r gqeitry—comprd se fdl ded
cascode circuitry. 10, ' '
claim8 wherein e—++ﬂ%t

respective first gnd seg¢on

cl aijnred { n {cl ai m|7 or
e cifrculfry
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WO 97/ 09779 PCT/ GB96/ 02217

--19 -- node selection circuitry for selective connection of a control
termhal of the controllable offset <circuitry of one transinpedance
circuitry to the output of the other transinpedance circuitry,

wher eby commonwpemepet put | evel s may be control | ed. 11. AreciiehdsioRar
circuit as clained to any preceding clai mwherein the programabl e
circuitry has an input for a digital signal, whereby the connection of the
control electrodes of the second and third4f#lifying elements is

det er m ned. 12. An anplifier circuit according to any preceding claim
wherei n the progranmabl e Flgi y is one-tine progranmabl e, whereby the
connection of the control el's#!iodes of the second and third anplifying
elements is deternmined. PRIORARRnplifier circuit according to any

precedi ng clai mwherein ®the first ang, fourth input termnals are inverting
input termnals and thé&S¢ ¥ddd i nput terminals are non-inverting
i nput term nals. 14. A d{ ed) pircuit anal og system conprising an
anplifier circuit accored preceding claim
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15. A nmethod of supplying inputs to an anplifier circuit having first and

second+two-input differenti al
dirfferential
second differenti al

i nput circuits,
input circuit has first and second i nput term nals and the
i nput circuit has third and fourth i nput tZbRes

wherein the first

conpri sing: - connecting a first CII‘CUIt ut to the first ‘j,,,»_{f
term nal ; cofMELTi ng a f oOWPRLR Wfourth | Y
termnal; @ ‘& e
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An amplifier circuit comprises a first and a second two-input differential input circuit. The first input circuit has first and second input
terminals and the second input circuit has third and fourth input terminals. The first input terminal is connected to a first circuit input, the
fourth input terminal is conmected to a fourth circuit input, Programmable circuitry is provided for selectively conmecting the second and
third input terminals either to the second and third circuit inputs or to the fourth and first inputs.




