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21 08796 | MPROVEMENTS | N OR RELATI NG TO AWPLI FI ER CI RCUI TS FCE HI\@7?®
| MPEDANCE SI GNAL SOURCE This invention relates to anplifier circuits

ope jon 5 with high'inpedance signal sources. Electret m crophones have

for ime time been avail able which use_ plastic dielectric materials that r
‘permanently retain an el ectroastatic <hat ge and which exhibit sufficiently

| ow out put i npedance to operate-with discrete conponent transistor o -

anplifiers. 10 e tAN | ' Ch¥ ' phone and
anplifier packaégp%oy Ep%“%éﬂndﬂ tkggkmgcﬁet@pg%ﬁ%nee{l@g ?%;F??st or anplifier

pl aci
with an LSl anplifier ha‘gﬁﬁoi’%@ﬁﬂ@%ﬁéﬁ&%&% ssi bl e because as the

el ectret m croplpie {inSeBidA PeRItes td ampPARRF 1RGPS ForSsgepatfsh and,
therefqre, spall, el ectret m%ﬂo?ghones exhi bit an i npedance 15 which is

t oo grehat Y’bagrhﬁ% ’ﬁ"peﬂ?ﬂf:@nﬁ | SOES®Stier. For exanple, to achieve a
:owf requency cEtecirietoficirophdrest haven for csomehtime beérh a&atmaei,wmmhehof at
east two ¢ ' used m cr ophones
may exhi bi Py%q’égg%ﬁ @g%ﬁ%&gﬁc %ﬁ:&rﬁaﬁl& t% ggﬁ 2’%‘5@%@% !{’F ?332%'{ %“order to

provi de eqaleciirepstatie chargacand which exbibids suffiichently dowouteut ni crophone,
the i by ophaanes 2 Bhe ey Ul a1 sctete tTipohi Y LTI StOF it prareLy ™ 11

ci rcui]td’for' opeﬁgﬁaﬁ‘lr\‘/\ﬂmba %ézéhslggﬁﬁ?%‘é“@?rmﬁ%t’é\dnwgd ang’éh i npedance
i ncl udes aﬂ%%ﬁge tlsy?ebuﬁrng the idﬁg@:&eteo%jdogenciqrauéig:ghgr%?momﬁ%émg thg
source to { %gphé a5 PRV M- b, 18" : & asl MPEdance
conver si on" e ﬁg 13'?3 Ce a%nh H}%rg Rk §¥1V§f i 1S Y F?Isl ng
circuit fotheredectietymicraphenerfs| mideesmalitest dts icabagitaote|is decrtegsed equal
to an unwaph&d +hi I G4k IohbEr i pling
circuij mﬁ@‘?’e@égﬁ”ﬁpﬁ? ?jgérilégerégﬁnti@%ﬂﬂloéégu x?%i’baﬁ?fégl tdgfée%] an

i ut c S
anpl i f1%d Waidh 3 &R0 greats ﬂ:@n%ni"Fr@)rﬁ"f‘ﬁé’"si@ﬂ%émpth@#rco AT ﬁﬁa“&%Pcui t may
provi de tweo sichdeve f 1owrrdgueaty cut off of 100 hertz, a microphone with a '

capacitance of at least two hundred picofarads must be used but
small electret microphones may exhibit a capaéitance of only one to
ten picofarads. In order to provide equivalent Tow frequency

20 rolloff from the electret microphone, the input resistance of an
appropriate amplifier must vary inversely with the microphone
capacitance. . ' o

According to this invention an amplifier circuit for operation

with a signal source of predetermined high impedance includes an

25 amplifier, an input coupling circuit for_ccup1ing the source to the
amplifier and providing a high-to-low. -
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transfor mat i on and may |ncI ude a bipolar transistor arranged In an

emitter-fol | ower -confi gurat.ion follow ng a unipolar transistor 10

arranged as a source follower. Were the input coupling circuit seéex to G,
onnect a capacitiive si gnal source, such as an electret mcrophone, t he
lifier, the other coupling circuit me& e a duplicate of the i nput

coupl i hg ci r@rf;rrécﬁw& | Shvb Rl Bhedn ¥eloiRROI e WibFF RPN (oS (e
ca acr tance o e S| source propri ate cases, S

smal | enough 'ike r?@uvh&n@g%rtceatvrqrhpmmérnert@nﬁhﬁ §m5h iﬁe %«kﬁmww and
coupling ci r@urérsl a TogndVdquant ® eﬁunrwanﬂedzlsrwrt pracr\a\dedela: ghédC reference

vol t age t hat at of.the.in t sta othatthe

di ffe?ence [ ﬁm ﬁ&eﬁ%(sbybgﬁﬁeé'ﬁuglfgup ld\?t %’E‘-‘ér‘gg &Weq:'ﬁpw gif $r0

coupling &ir cutnutr §s emtbebantibl 1y tsbéelé(:auoampzl@ﬂe:df versd opi gfhndhe ssiigna®. * The

anplifier crrg@hgm@egqr gglude a precision current repeater circuit capable
a

of operation ver om/voltages having.first and second uni pol ar
transi stors whi chEpiﬂb\ﬁOUE]'H‘gpr‘tﬁuéél@chm"riéﬁl ™o stagescof (i@pedancansf er

ratio that I%rarrmr%ﬁaaﬂorreaﬁdomxﬁﬁlnerudmalEhﬂaneplﬁrangrmrsrért@hga@ha aphere
t he coupling cr g§1rnclude unr larfttﬁgarstors s 6% eat er serves
to drive theei'] tE5rEe Pr'%s%fb% e TP f‘?d’n“W?q RoWaBs ¥ cri bed by
way of ek@npheraiged &0 a sowricer foldewénra t Wieermc tioariapyt rwupl‘rmgr obcuiit whi ch

e rof o1 CneERCaE! orhbde oPBidak oL sh Gratf Lilhee! Sl Sndpfapk O aor am

~of an enbodi e rnven €d sc rc draw ng
of an 35 gicrapboné,ndat thet ammbfnmmertheoqther-'rcgumns circuist m &€ achematic

drawing whi clyppiché Wrakhy ﬁEGH‘EcohEﬁng' aprttuﬂelmnag fric! Gainlg 87 i@ coupling
circuits; Fl nal gsr st ance pr ovi ded by

5 G 4
el enents of Fﬁ%aqiﬁBDtW'BFﬁsqﬂﬂﬁ°’6Wa$G$ tthgfcqqa@i thansignal, spurce
i nst ant ab®ouandivivich, Vial dpgopriatel cegesyi iked;mbm eenmrg}r aphsendnddgrialted

capaci tance %¥Eﬁﬁothg¥"11ements of the amplifying and coupling circuits. The
duplfcate coupling circuit provides a DC reference voltage that
closely matches that of the input coupling stage so that the
difference in outputs between the input stage and the duplicate
20 coupling circuit is essentially the AC voltage of the signaT
source. |
The amplifier circuit may include a precision current repeater
circuit capable of operation at very low voltages having first and
second unipolar transistors which provide a precisely controlled
25 ‘current transfer ratio that is insensitive to variation in bipolar
transistor gain. Where the coupling circuits include unipolar
transistors such a repeater serves to drive the unipolar
transistors. ' ' o
The -invention will now. be described'by-way of example with
30 reference to the accompanying drawings in wh1ch 11ke references -
\e ' denote 1ike parts, and in which:
FIG. 1 is a block diagram of an embodiment of the invention; -
FIG. 2 is a simplified schematic drawing of an-
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FIG ® is a detailed schematic drawing of an 10 integrated circuit

i er enbodying the invention. Referring nowto FIG 1, a block diagram
)ntegrated circuit anplifier for .a high inpedance m crophone 100 of

t R&capaci tance type is shown. The expgession high inpedance «m crophone of
the capacitance 15 type is intended to refer to what are generally known in ‘o
the art as é?%%?¢%ﬁe%£cPBpﬁBﬁe%nEﬁHtéﬁﬁac|tance m cro- phones, the latter

differing fromthe mees ia ahatthisedi sbAchbtscl arafingewraRant | y e
charged. The f{ese nte rate :

I
roans 20 cotLehbarbg) FBaPa EapHiry" PrBsrps” 4 Fa MG SRothe of cou i ng
to a high inpmﬂmhrmgsurhcustsqcrophone 100 of the. capacitance type. .
M h 100 i | j K h h t he
Same. packhge as et Sy 1iEhdne Tha' GHHEE, EuBREICLoBREARR B2 0NN L
provi di ng aHﬁY|¢l%me%t$c@ftthﬁzlﬁbhheblaalng checudtpofs FEG.t Be asoapl i ng
circuit, /\fﬁﬁé%f@ﬂeof0£ﬁ§€a&9§n@3u§'é?éﬁaﬁ“%%@@&ﬁéogg?gg ﬁg%§§ﬁeﬁ' g

circuits of the duplicate co I'ng circurts 10la a provi de
ref erence D& Vbi¢ Re 1Pk bﬁ?nch69iﬁﬁﬁﬁeaﬁﬁpﬁﬁleﬁnélrCU|t 102. 30

| nput coupling cirai¢. 30ie Qrdéﬁiikddsﬁbﬂéﬁaﬁﬁlcl HPEWARge ogORKEr Sion
Nor e artl ular %%gescr e dlscu5ﬁ|on of FILG 2, the

functio
coupl i ng‘om r]ﬁﬁ% %nécol I%mB]l g?'%lx'l fubefyiagndibg: iRYeRtAO8-st or of
t he order of hundrdmsf@trnEQOMGw t8eERGsel| ha bipeHadiegphmao?Saaapacitive @

m crophone At qdtdreg MRl I EUWRIEY e el £8-08 haigROMpelahae 210 that @

coupling circuit I'mum per t or fEnce s Cfipedance o
great er 381ﬂ%ﬁf@9ﬂ9&%ﬂkﬂ%t0fnb@@aﬁékaplhahdedtwpetha shpwuiti The o

m crophone idkgMesd Sl ueiisy fﬁﬁ@h&ﬁcénﬁféféﬁhoﬂﬁtBfet étegkaggkgébglbetmeen

there is a practical Iomer | imt g can e constru
char ged 18 e8RS 35 ntended (&e. rﬁ#ﬁ% tPtW %tmEFP gpBRAalhyskppen in

manuf act ur e tie amta@tem@fmhqu@rwa@n@g ahe 8apacetahbs ghiegbret cell
decreases, Spchodnoeess, ttrhe Cfi)@l(::elf' a&lfferlng from the former in that

its dielectric is not permanently charged.. The present

integrated circuit amplifier comprises a coupling means

20 caomprising duplicate coupling circuits 10la and 101b for
coupling to a high impedance such as microphone 100 of the
capacitance type. Microphone 100 is most likely a
miniature electret microphone housed in the.éame package
as the amplifier. The amplifier also comprises a gain

25 providing amplifier circuit 102 connected to thé outputs
of the coupling'circuit A reference source 103 of d1rect
current voltage biases diode 01rcuits of the duplicate
coupllng circuits 10l1la and 101lb and prov1des a reference
DC voltage to thezgainmpro?iding'ampliiier-circuit~102.

30 Input?coupiing.circuit‘101a,primarily-serves_an
impedance conversion function. More pafticularly described.
in the discussion of FIG. 2, the coupling circuit 101la is
capable of proximately simulating a resistor of the order
of hundreds of'mégohms. Because the impedance of a

35 capacitive microphone 100 varies with frequency, it is
well known-iu the art that a coupling circuit for
optimum.performance-should'provide.an impedance greater

38 than the largest impedance provided by the capacitive



presented. Accordingly, an electret significantly smaller than electrets
presently avail abl e nmust exhibit a nuch smaller capacitance. Conseg#
the~optinal input 10 inpedance for an anplifier. matching such an ¢
.l be much greater The present coupllng circuit 10 a provides s
i stance of the order of hundreds of nmegohns and an out put resistance of
th “order of mncnnpuqnelan<ﬁhs fiequeepcyvbabdgod Apserestnity signa

I ; ted b
voltage gain. o iR %té@t Chi € i‘ia;lg ér@“&krﬁ é dunlsigat ed by

coupling CIrCUIt er to per ect ance t he ctret cell 100,
coupl i ng C|rc@qunlmimiﬁnﬂﬂs&%ﬁaS%Bpthtaﬁéé b&lG@n§&HF9§PénPaﬁFQQﬂa :

equi val ent  capaGrANr & Keéferis (&L ﬁﬁeéiéétr8€|| QBQstthSEEaWéil known in
capacitance Cs _of the connection. The perfectly balanced circuit alleviates

power suppBy fdies @anif antigre Rt s%leﬂ:@eﬁoﬂﬁFFﬁBhQPPEUH@thfa they ans@ of e

connected to e Qﬂé?:ﬁ}fé?ﬁ“é%I\D dePréakes, CkbCbks1eBe ba a@rmlawe on with
the coupling circuits,

i.fier, 102 25 proyides an over to t.he
out put of capQFQ§QR§qgtx L ymh?geeXEGBEPﬁgsﬁEﬁigﬁﬁﬁgé mﬁﬂiﬁiﬁ?
a ﬁon3| der gbl y:hlaeﬁ%?recweﬁ pMﬁtlﬁg&ﬁﬁMhﬁlE bust, efahabmnl laf math
schemati ¢ drawi ng ,of cou Cl I cui a_a 10 0
shown. Power s&}%ﬁ a‘?ﬁpoae(f]e 'poIéS?%g‘]éEeﬁggybe%Bg 8?52? u?i: and
sybsequent of i jmpesiancee. £ diPd campNPLiennmatching suchaaneblmethefvneldt

Lransistors 2k S MR i o dneL [ 5REatERnShab1ae BLrBRAY! HBYLoe

enpl oyed. 35 ng ciTcui teiminals | NL
agd I N2 for cpmmymﬂeg;an)xnanﬁnx¢s®sh¢nccpn6ntheoordﬁr Pérhﬂﬂdﬂ@dﬂMpﬁum

| N2, jan Xt T eHRigbRH bRl APuse! SLatEea oPbeoeRboarir! B CARAGY ot

m cr ophone ciorcurt articu ow val ue constant current
source 221 iskdd@hmsuwhinie agevidingne Bearilit upitynsigpad NPddiags &adaui t

nore partigularly deghigieithg rbix"@;ﬂtsm'ﬁ'?@ eht k&1 y3duplieated o3t
source 22 Iségaggfiéjcircult 101b. 1In order to perfectly.balance the
electret cell 100, coupling circuit 101b comprises a
capacltance value equivalent to the equ1va1ent
capacitance Ceq of the electret cell and the stray
2d capacitance Cs of the connection. The perfectly balanced
circuit alleviates power supply noise and other noise.
The coupling circuits 10la and 101b are connected
to the gain providing amplifier circuit 102. 1In
combination with the coupling circuits, amplifier 102
25 provides an overall gain to the output of capacitiﬁe
: microphone 100, while reduclng the source impedance to a

......

considerably lesser value. -
Referring now to FIG. 2, a.simplirie& schematic
& drawing of coupling circuits 10la and 101b of FIG. 1 is
30 shown. Power supply and element polarities may be
reversed in this and subsequent figures, i.e. NPN for
PNP trans1stors, N-channel field effect transistors are
shown; MOS fleld effect transistors. may be likewise
. employed.
35 : Coupling c1rcu1t 101a compr1ses input terminals
IN1 and IN2 for connectlng to capacitive microphone 100.
At terminals IN1 and IN2, an extremeiy_high'input
38 resistance is presented to the capacitive microphone



'5',f0r driving diodes QL ahd'CQ, symretrically placed about input ternnal
: -Ref erence voltage source 103 (FIG 1) provides a DC reference vol tage

proxi mately sinul'ate a resistor haV|ng a value of the order of hundreds of
megohms. | ripkRciey Gy | M partiewlaBnnacliew valugecgnstant guumepd! ar

tran5|5t0rthréB“?Z!“i&”éﬁo&ﬁaﬁﬁiéﬁoéod%ri§e§rbﬂ@ne@¥méntubgeah iaphLee
*201. Transi,stor Jlég{OVldes a 15 first s | dance reduction and has

its source HAHHRE ?QP{?EF?%%épﬁﬁtépﬁt%B &rd??ﬁﬁépggoincﬂheThe bi pol ar
‘transi st or d¥sduasismneast FIGS 3N enhéteﬁrf@htowﬁr&@r22101!sdp96vadéacond

t d dugct t .20 '
Source. 2on PRI AHedes Atk orsmmet Bl tTon THeS0ABRYSS wni on
connects thmpunuﬁernpnalciﬁl t Referenpcevvdlbgganpbufeer 108r (RIG.103. The

-~ qui escent- 5«&3 y r ref erence
'3oltage sodrce 10 Ejgg%éﬁcﬁﬁ@6¥€+%§g%£eago §8é EQE §5Lnode 206 is
raised to &%W d«ﬁd?‘i%ﬁg yalllheQ%\nodﬁh@oatm-hsemedtopfowﬁ diodesQRl That

- hi gher vol taage dd Kauie CdRaE SsGirdiossl 212n@n9nésr9fepeﬁee'eoxehgs by the
emtter to base Vol "As a result, the quiescént DC -

éﬁ%e of transjstor .
“vol t agd®v BRPXIRFERLY yS1py, %get%er?%tﬁF%ﬁcBaprgaae provi ded
at nodeI 2067amuers]cuf athel G deys & rmnﬂie@é &?em@g(@megpl y hbgh [ rrﬁedance at
~terminal INl, the electrica ut of m cropho i s _hi
susceptible to noi'®PYhde tq@ﬁggfa§$ I%}sot%°55 P gubﬁlghﬁoggﬁ at 213.
‘To aIIeviamd1Hunnmpqianntransxs$thJlIs Blié een spotiapl transistopl Thgis
~circuit 10 P n 8+ dunli ¢; he
: n1crophone%§ﬁb lﬁéﬁggg% q%%%ﬁ%%féa% f%g%éléeoﬁ 1 g??b%&ggeé QL7
and Qﬂ@ﬁ nﬁ;ngtnstggqngﬁ“gmngﬁance reduction and has 1ts source

connected to the base ofza_bipolar transistor Q4.

=

The bipolar transistor Q4 is connected as an emitter
follower for providing:a second stage of impedance
reduction, if required. It is biased_by current ,

20 source 204. Between transistor Q4 and current source 204
- is node 208 which connects the coupllng circuit to gain |
.prov1d1ng amplifier circuit 102.

- The quiescent voltage at node 208 is controlled
'by direct current reference voltage source 103 (FIG. 1).

25 The reference voitage Vr at node 206 is raised to a higher
voltage by the anode to cathode drop over diode Q2, That
highér‘voltage likewise appéars at node 212 and is dropped
'in value by the emitter to base voltage of transistor Q4.
As a result, the quiescent DC voltage VI at node 208

- 307 directly tracks the -reference. voltage provided at node 206
by source 103. '
As a result of the extremely hlgh impedance at
terminal IN1, the_electrical.slgnal output of
microphone 100 is highly.su3ceptihle to noise and, in

35 particular, to powér supply noise at 213. To allev1ate the
noise and to reject its effects, dupllcate coupllng
circuit 101b-1s=prov1ded. In part1cular,.1n order -to

- 38 duplicate the microphone 100, a capacitor C2 connects to

node 206 for biasing diodes QL.and @2. The arrangenent of the di odes-
@2, the-current source221, and ghe reference voltage 10 at node 206 -

N
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m 6rophone 100 i s connected to diodes QL and 2. The val ue of capacitor
shoul d -be chosen so as to sinulate the equival ent capacitance Ceq and sy
capacitance Cs of 5 mcrophone 100. In effect, the duplicatedconbinatidn
diodes QL7 andg QL8, uni pol ar tranS|stor'5%'and bi pol ar transi stor QL4

ggrfect I yI bal amet eth?camadaa@e gnmflemm QUE I W ts GRDd smﬂﬂnéwd%Sle and”
uni pol ar transistor and bi po ans ef er ence
vol%age sour ¢8! Ef?&ﬁ?f’elg§o( RSGEOPRES (?\ﬂt Ar Cg?%%b i 19%e \Fbst V_ﬁéb‘@_ _
ig? ozngpr;ug capauutofocﬁ shbaldam@lunhsenSSGS&%TWWIifmgggﬁélageCEBSUI;
a u egring at node no 0
duplicate cod%?@i Qééﬁ %pgﬁfégfg%gﬁéﬁ(ﬁyaj Eﬁﬁwﬁﬁﬁ?ﬁﬁ ?d%ﬁt?ga
bi as vol t e mRcrophane M)Ow dilmg ezfrf;elcltf i mheldxmm:tca]mmnlmlmstnodeoiw of
coupling cirg ta i f 209 is
essentially t %6%%913%7 EHE éﬁgr @gﬁgéle oﬁﬂghe n1crop one‘id%9§°$%gs noi se

entering at- ZUrahguetQI3QldrPB@fesKﬂag@aiﬂdﬁﬁ;ﬁhﬁximpeﬁﬁnmeb@@hvenspbnng
circuit 10la @ ualsl 0 égg% '
i nput signals %%ég%glfgﬂﬁﬁiﬁégﬁ a S?ﬁggﬁﬂ qﬁ!?are t hus. not anp [ %dggy t he

operation of Hhi naRdobinPAgTCctransistor. Gain providing circuit
102 in siqgplified fORQfGQEHE:éSQ&l% W&I&M%ﬂf&ﬁolwslmﬁgrai d Greuit
(@I C) operational .anplifier 210. i s_connected to node 208 by resi stor

R22 and to ndRfEPvidesyreferenge p}gétag\phgrr &4 page 208 Q%HcqUPLiRg esi st or
R23 control s ébﬁc@iﬁsrquomeasamaon@aet e 4 BHYWY it NwPingi er

Cormnal or1 GERurEr et BEEPand At RN (T BE WhitaeF B (eppestify
operational eaplnéder206, suggeseeé odtUﬂphlmunywﬂnubkmugnuirau&ilimfms
dosi on crimodeoriis ofa T UBBEbkihRTely, sudF 3shy IR Vit VlNadY V2 00
FIG 3, an irgadnprevhdingrenpiilderf eircudpl m@@ @is cgess ol 208 aD1b
conprises a CofghPMg circuit 101a. The voltage difference between
nodes 208 and 209 is essentially the output AC signal
~ voltage of the microphone 100. 'Thus noise entering at .

20 node 213, or DC voltage drifts appearing in both coupling
circuit 10la or 101b, appear equally on nodes 208 and 209
as common mode input signals t¢ amplifier 102. Such
signals are thus not amplified by the 6peration-6f gain
providing circuit 102. _

25 : Gain providing c1rcu1t 102 in s1mp11f1ed form
comprises a Complementary Bipolar Integrated Circuit (CBIC)
operational amplifier 210. It is connected to node 208 by
resistor R22 and to node 209 by resistor R23. The ratio of
resistor R24 to resistor R23 controls the closed loop gain

30 of the gain providing amplifier éircuit 102. The amplified

1. output signal of microphone 100 is provided at terminal OT1

with reference to ground.terminal_OTz. While a '
CBIC operationallamplifier is suggested, other integrated
circuit amplifiers known in the art may be substituted

35 therefor, provided any necessary design changes are made to
coupling circuit 10la and 101b. - |

| ‘Referring to FIG. 3, an input biasing circuit
38 for coupling circuits 10la and 101b'comprises a constant




:7- current source 302 and a diode circuit 301. Current source 302 and
di gge.rcuit 301 in conbination are represented in FIG 2 by current
721 and 222. The diode circuit 301 conprises series-connected 5 |
@0 and Q21 whose emitter junction areas are a nultiple M of the
ftter junction areas of di odes Q1, Q¥ -Q17, or Q18. The current *source

302 formrl se&r%-gh&t st e Uy dda Efléd'éir@ilsclglflts ﬁf:f aﬁhﬁl&nt ft: he glmstgfrv
unction area r 0 ein nmu le o at of tran .

| JQ19 The coSPBEECE: ?”(9|2 ﬁn%éjislﬁ‘{ﬁ %ﬁ?l&q %ﬁl Bkt PBRTe di odes. |

Transi st or ERPriesendede dineF It rzeﬂzyst@xmenﬂ?lébnmmbmm add c2R2are in turn

connect ed t% %”g&gﬁ@'éf%%%%ﬁﬂgﬁi cdqﬁﬁqg%é“gg f%é”g% c&gé transi stor 15'

J7 are connecte ormn term cur rent” sourc stor R10, the
emi tter - &r edipdeiso PO tama!nﬁzéa: mbs:s@e&mﬂe@mumameam nadredaai n
saturation ﬁurlrteptlel S off tHeABIHUr %&Hﬁqxpe&f’eﬁ W4 Y4 £QILL Nl P2,
collector current in_transistor QL9, whose value Is constant and

i nsensiti veQ®&.t 8TsRAB- variations in the current t hrough transistor J7.

The present Input lmasua&r@nﬁ;cwduwemao:be%dafﬁtﬁé‘és of F$ONAAA CE SRR

over| oad. e [ are. connect ed between .
the referen é 93?‘%853'&51 (9% “éﬁ?lcqo s‘i%aente%'tﬁfr%tJ%‘b%?’c%“S%eaZS
whi ch f povwaond hraasisabh'dﬂﬂd@@lngﬁhemmnﬁxpmeIoﬂrtbutldMegrated circuit

di ode is gi [ oces pendent
. constant; )ﬁgng?‘ﬁeor #i?i on%’gtlr":]ea:’z’q'‘]'\cli’xq:q:ro e eﬁ éﬁ’b’ﬁ S%gf 1vg]slgh? he
~di ode vol tagéoremen§1sc|edz ddiodescon Fransistom Q3 aammmnetéd to
TPeral L oresifilthaobliiio lla R WHIRAL W U Tuh ARMQIER'ELY 25
unipolar transistor J7. The source ‘and gate of transistor

15 J7 are connected formlng a two terminal current source.
Resistor R10, the enitter area ratlo of transistors Q23 and
Q19, and the nominal draln saturatlon current Idss of
transistor J7 provlde a highly controlled collector current

_ in transistor Q19, whose value is constant and insensitive

20 to small variations in the current through transistor J7.

_ The presént input biasing circuit provides
prctection from microphone_overload;"Diodes Q20 and Q21,
like diodes Q1 and Q2, are connected between the reference
voltage Vr at node 206 and constant current source 302,
- 25 which forward blases all diodes.
The current I in an 1ntegrated circuit .diode is
given by ' ' ' '

I =:JoAj
30 | . .
‘where Jo is a process dépendent'ccnstant;.Aj-is the o
junction area; q'is the e1ectronic charge; V is the diode
~ voltage; k is Boltzman's constant; and T is absolute
temperatnre; (Note that %I at room temperature is

35 approximately 25 millivolts.) Then the small-signal

38



-8: resistance of the diode under forward bias is given by Re[err] 5

-voltage, and haV|ng different junction areas exhibit small-signal

St
1Ea :‘I g;t lemal cha]?/se%a%fb%?l F‘g 9h$t ?o‘e\g ?’ﬁa?oﬁfa’éﬂd @smi‘fs%é‘o’lﬁﬂ

-

Thus, di odes fabricated with the sane process, with the sane applied 4:%%%)‘
E 3

r\§|stances which-vary inversely with their junction-areas. If the F
currents are negligible, Q0 has 10 an gnktter junction area fifty tines

| odes are glﬁ\larly

¥hibit a

smal | -signal resistance fifty tlnes that ~of QO and Q1. 15- One
particul ar purpose of diodes a¥ OPKTs to nmininmise the input capacitance
presented to m crophone 100 at tedkinadI| NI. However, the symmetrica
pl acement of first and second diodes QL and @ about input IN1l, together

wth biasieng di odes Rl anh &Rds Pt g flest da Wi thetngOsandvpnbegss, Such a .

synnetrlcal di ode arrangeneny%E{OV| rogressive signal npre55|on and
limting to VHithdde G 3 ‘F‘He"%'& ho%'édolPaié}‘?ﬁeﬁilﬁg?’é‘FPFy whi ch are

in excess of j"tﬁfdﬁlorslaw@ds!miblt Sha 5l FsUgtaDCResist Mliceyawhien whep one
taps the mc honeé bt o into.it. or 25 othermnse overloads it. Using
the above eqtﬂ{)le&fﬁ Yo y!ﬁi‘r 1% | B P A#Ee®S- it is possible to

cal cul ate the snal | -Xf grle FEmngat@scmrnmmesbmraemeglrgublelhQZQnHaground

ag a fun o] f S I t t age

w2 crophond 106° Sy LIS B ELERP cldby oMt AEPARIATy )
AC si gnal volﬁa&g@s:a(teq et¥qd« QY allchedl@#@ﬁlQ%l geRd QAparersinilandk is

rel atively cony@idatd® Ve ardd-t4€1dd8! ol 2PEPISwS | SR QP' sRgeqQbeqones
large ( > + 2 kT/ e smal | -sj gnal . resi stance decreases

exponent i al | P&k %’?W%t%rﬁ%&lﬁw 1\ kpsigeanegnt+ite. “r%% E%t of
unwant ed chargg® and @21 nput node INl (FIGS 1,2 and 3) due to

g?;ggrggglI?;g?df;a3§lemﬁ§%ﬁ%&ﬂar purpose o: qggggonqg OQn&S QUiCk{X

minimise the input capacitance presented to microphone 100
at terminal IN1. However, the symmetrical placement of
first and second diodes'Ql'and Q2 about input IN1, together e
. with biasing diodes Q20 and Q21 provides a further v
20 advantage. Such a symmetrical diode arrangement provides
progressive signal'compfession and limiting to voltage
.swings from the microphone of either polarity which are in
excess of normal sighal levels. 'This-might occur, for
example, when one taps the microphone, blows into it, or
25 otherw1se overloads it. B | |
Us1ng the above equations for current flow in a
dlode, it is possible to calculate the small—s1gnal input
resistance between input. INl and. ground as a function of
the instantaneous AC 31gnal_input voltage from

L

. 30 microphone 100. A plot of this relationship is shown in

FIG. 4. For small AC signal voltages (< + kT/q), the
small-signal input resistance is relatively constant.
However, if the instantaneous signal voltage becomes large
( > + 2 kT/q), the small-signal.resistance decreases
35 exponentially with instantaneous signal voltage magnitude,
. Thus any unwanted charge on the input node IN1 (FIGS. 1;2
and 3) due to large-amplitude transient signals from
38. microphone 100 is quickly dispersed, rapidly restoring o



£9 - qU|escent bi as conditions. Thus this circuit provide€s a,Jarge I nput

re ¥ ance (and hence good | owfrequency response) for small signals, while
ing a small input resistance, progressive S|gnal limting, and fast -
0 4“'ad 5 recovery for large signals. gReferring nowto FIG 3, a detailed

sqhénatlc drawi ng of an enbodi nent of -an integrated circuit anplifier for a_\J
hi gh i npedagetestcentphdns obndisiongaci Thuset ciyguideproviidesla ty of “ .
current 10 lﬁfggaﬁﬁﬁﬁt99381g@ﬁnc@nQaﬁg3h@ﬂb@hg%b%.Q@W JJH ghout for 7.

driving variou enent s of e circuit Transi stors (B, 2 and Q@4
provi de addrespaBsedufPENEMRAps SEEDM S, Blile Qﬁfv¥ﬂ¥?%nﬁigﬂﬁi APRRE t he

previously gesestihndegaphopirexisiiveg sd@ﬁlaJlf i1amithiheGi fapid tfa? dveersiivad in
detail and conprises_transistors g 1 @, QL0, QL1, Q12, Q13, resistors
R7, RS, R2oTeeR%eTR AOLLaLrBs,F ERp 51 'Reference vol tage circuit 103

conpri ses bipol ar ReﬁesrihgrnﬁﬁZtan@Iﬁol5age.Menamhqy|snhemarrcFﬂ2 20
RS and RelersdifR°he!gh CRBCALENE 8 S30URISLHIRddikddsy oO) L ect of base

junction re%% |ase es a cons I"ector ¢current which flows
through resaspbifier fott pr bvguesmneud@meemnmbm@ecsﬁ thede 206 that is

i ndependent . o aéf?&héﬁve&gégﬁﬁcihd@%d% %ﬁ ral@%ﬂ‘ﬁfzg%rfﬂﬁﬁﬂy vol t ages,
however, tran I st or turates ansi stor. , along with resistors

R12, R1B) anepeatersr80ide903. D@nﬂePQPeW@é%latrﬁg@mcMqus sufficiently )
%Sl ?W t he Sﬂnﬁbuﬁuahtagervarﬁolﬁgl Wa.@‘ll%ufsl 1 ctietentof |t ld”i.ld#\ﬁﬁﬁ.s Q and ¢
pr event satu i stor . us. r.eference
vol t age C|rtﬁg?si§§°ﬁﬁlh§ ﬁ@?l@&aae g PTaY] %/%ﬂﬂﬁéif &% at node 213
than i s possubtenti thps firomd cietaridsc®0li,a902B%n3B 903. Also,

the previously descrlbed ga1n-prov1d1ng ampllfier

i

15 circuit 102 is shown in detail and comprlses trans1stors_
Q7, Q8, Q9, Q10, Qii, Q12, Q13, res1stors R7, R8 _R22,
R23, R24 and capa01tor Cl.

- Reference voltage clrcult 103 comprlses

. blpolar trans1stor Q32 and voltage dividing resistors R12,

20 R13 and R21. Transistor Q22 of current source 902, with
its oollector-base Junction reverse-biased, provides'a
constant coliector'current which flows through
resistor R21 and provides a reference voltage at node 206
that is.independenf of supply voltages at node 213. At low

25 - supply voltages, however, transistor Q22 saturates, and
transistor Q32, along with resistors R12, R13, and R21,
provides a DC reference voltage that is sufficiently below
the: supply: Voltage Vs to maintain bias current flow in
diodes Qi: and: Q2 (preventlng the saturation of

30. transistor Q19). Thus. reference voltage circuit 103 will

. function at a- lower supply voltage Vs at node 213 than is ' o
possible w1th a flxed reference bias.

35
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CLALMS 1. An anpli fier circuit for operation with a signal source of
pr edet er mi ned "hi gh i npedance, the circuit includimg—am anplifier,:-an i r@
[

}

~s0®upling circuit for coupling the source to the anplifier and 5 Lo prov
a hi-gh-to-1ow i nbedance conversion between the sﬁ H“W“I‘HE lu 11 fiers
arid a |ike coupling circuit for providi-dg €0 the i ntially

-s%el y a signal equal to an unwanted i@ provi’éledc-t-o" t e anplifier by
e

_ i nput coupling circuit,- wher eby the anplifier output is substantjally
solely an anplifiled Arrampbifier etnsuib forspparation #ith i signalcaourse of
circuit as ojdeetmifed hdghn fpbddricedi tHe afrdutRUindludng” ah Canipl i fRet] an
circuit for providi nﬂ,a rﬁer,eng& sour.ce 0{ di rect gurrent QL.t age. ,3. A
circuit as CIPRMEeRPUPAING & FIRUT Y, GB'i“h‘gngn e geHTes; 4e WS amplii f1er and o
li mting5t heyrovdialg & rivight te-19euimpedarte Aomiersion batwednaithedourceclaadm 3
wherein the jnp [ CJ REu T | d ' S nd the
i nput bi as ctfhlecﬁp['lqglr‘:g'{’uggg &atﬁ*léeé:gp Eﬁr@ gﬁ& E%C@r’_?ngg‘ggg#ﬂqga‘r:%{ll el wth,
and havi ng aamplhfierosubstentialdy spledy & sigral enwal] dacan vnwanted w¥gnal he one
or 20  nor &, 4,9, e SmPQYRE: NG Ehd GHpdt. cBupRga&Hcufit £ wherétilithe
subst anti al prr%gg | efgi%ﬁege_s@ﬁi bedrbgvi_th re?erenc% tg the 1, % SWCJ)r 5 of
t he acconpardfiPhif gragitryd. iosubstaptially solely an amplified version of the
.10 signal from the source. '
2. A circuit as claimed in-claim 1 including an input bias
s circuit, and a circuit for providing a reference source of direct
' current voltage: .
3. A circuit as claimed in claim 1 including an input bias
15 circuit for 1imiting the signal from the source. '
4. A circuit as claimed in claim 3. wherein the input coupling
circuit includes one or more diodes, and the input bias circuit
~ includes at least one diode connected in parallel with, and having a
junction area much greater than the junction area of, the one or
20 more diodes of the coupling circuit. |
5. An amplifier circuit substantially as herein descri bed_

‘with reference to Fig. 1, 2, 3 or 5 of the accompanying drawings.
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