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(54) Optimum biasing system for electronic devices

(57) A biasing system is described which provides essentially total immunity against slow background fluctuations, coupled
with excelient detection sensitivity for fast signals. Its principle is a control loop, based on an operational amplifier 15,
which sensas the output voltage of the device 10 and adjusts the bias applied to it via a network 18, so that it remains at a
constant level, determined by the reference bias 14. The bias generating network 16 also acts as dynamic load and thus
high stage gain can be achieved, yielding excellent sensitivity and S/N ratio. The control is made effective at low
frequencies only, by including a low pass filter 13. Thus, high frequency signals are unaffected. The principle is illustrated
with a photodiode circuit which provides immunity against extreme variations in ambient lighting conditions.
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OFTIMUM EIASIMG SYSTEM FOR ELECTROMIC DEVICES

Thiz irwention 1 z e oan  imProved  techaidue for

controlling  the ofFerating Point of eleckronic dewices, 2o

that their oubfub iE made  insen

backaround fluctustionzs, while exce
als

achieved to FHJT =13

'“"S

zitiwe to SLOWLY warding
llent zensitivity can ke

various fLechnidues are in existence for hiazing el

gectronic
devices .9, transisteors, Photodetectorsz  eto,, =20 that
their often shrong dependence on  backsrownd Paran weters.,
zuch  az  temPerdture and  liskt, iz minimized. In 3eneral.
these technidues suffer from several disadwvantases ViZa
i9 thes reduire makin® & comfromize between oferabing Foink

shability and signal zensitivity, since the circuit
configurations used to reduce their derendence on backaround
fFluctuations also reduce the dewice senzitivits asainzt the
zignals themzelves, 1is they sield limited duemamic rants
circuits and introduce  non-linearities  in the  swstem
response  ewen in redions well  awad  from o the satur ion
Points, Thiz make:z circuit dezisn Problsmatic, zince it
necessitates  either 3 Priori knowledze of the dynamic rarse

58

1

.

limits or. the incorporaticn of  some form of  external
acjustment, whickh iz uszually  updesirable, due to its
zubiective nature and the incumbent lozs of  eduirment
simprlicity, iii S0 redyire considerable circuit

compP lexitd L, H second i third crcder benPerature
compensation circuits.

Aecording  to the Present inwention. the swstem consizts of
an electronic dewice to be stabilized and a conbral swsten
which maintains the oPerating Point of  Lhe device o a
constant, Pre-determined valus.

specific embodiment of the inventicn will wnow bz dezcribed
by way of examfle for the stabilisaticon of & photodetector
acainst backoround  1ighk fluctuations. It should, hiowever,
e emPhazized that the applicabilits of Lthe te chnidue iz

T

C'

IRETR Serizral 3 encomf asses the fabllldation ot
ezsentially AMY device afainzt ex te mal influences, Examples
are ¢ the stabilizaticon of transiztors, diodes and  obher
seniconductors againszt +~mer3+JPe floctuations and  of
transducers against backsround fluctuabions of the Faramsber

that theys sre ~nFPo;md o mEasupre (e.9. magnetic sensor
ztabilized aZainzt the earth’z mafastic field) etc.

W

The core of basic. oeneral swshtem iz described  with
reference Lo t¥ block dizgram shown i Figure 1.

The Electronic Dewice 18 iz followed by an Cektionaly Sisnal
Conditiconing Cirowit 11, which Produces & suitable JubpPut
Woltaze 12 ProPorticnal Lo the Parameber of intereszt Le.3.
light lewelr. Thiz OutpPuk Yoltase iz fed throusl 3 Low Fass
Filter 13 to one inPut of an Operabional Amplifier 15 which
formzs  the bias control look.

1=
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Nperaticonal BePlifier muzt obeiogsla be
chosen  with due  refsrd  bo =iEnal 1nw~P=1nn- aroundd the
various  intervening  circwits 2o that it results i ooeeerall
HEGATIVE feedback. otherwize the szstem will be uwnztable.
Some  form of  feeduencd comPensabion Cnoh shown in this
diagrams mays ke pecessard. in order Lo achleve shability
i
)

Thiz inFut of the

The other ivkPut of the OFerabicnal AmPlifier iz conneched
to the Reference Bias block 14 which sets uk a2 wvinttags
corresPending  to  the reduoired oferating Point conditions.
The Operational Amplifier iz followed by the EBlas
Generating  Hetwork 18,  which Produces the correct biazing
conditions  for the Device., Thiz network 16 alzo serws:z a5 3
high  imPedance  denamic  lead  for the Device. so that wery
high waluss of woltase 9ain can be obbtaived which rezult in
excellent  zenzifiv xty and 1mPFﬂde SionaloHoize Perdotrmanss
zifce  Rigk @ain iz Flaced EARLY in the amPlification chain
of  the  sgsztem. Thi_ Point will become clearer  in the
Fhotodiode circuwit  oublined bH1HM. An imFortant comPonent
the «u_tem iz the Low Fass Filter. Thiz allows
zzenbially  comflete insensitivity a9ainst SLOW wariabicons
flue  paramcber  onder  measuremsent  Cassumin® that o an
ational AmPlifier of szufficientls  higkh 9ain has been

vy
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1, Y, due  bo the  effect  of the nesative feedback which
forces  the  ontPot woltsse  to ke edoal to the reference
fizz. Thiz is because the Low Fazs Filter zhafes the
fredusncy  resPonse of the look 9ain o that it iz werd Hiak

at  low  fredusncies  bub dreofs to zero abt hish freduencie:z.
Thuz, the useful zignal iz «ob affected bw the nedative
fesdback, if care iz taken to ensure that the low freduency
limit <©53dh Point)? of the Passband iz well ABOVE Lthe corner
frequencds  of  bhe Low Fass Filter (ke za9 3 decadsd. and
full signal sensitivity is mainbained.

B zpecific examPle o illuztrate &he application of the
abowe  Senersl  Principles  to oa Plhobodiode circuit iz P Sy
in Fiouwe 2. In thiz case the Electronic Dewice 19 1 thee
photodiode D2, There 1 ne peed o Signal Conditicning
Circuit 11. zince  the Photodiods  produces 4 woltase
Profortional  to the  light lewvel which can be fed directls
to the Low Pazz Filter 13 formed be the res zizhor-cakacitor
combination C1l.E1 Thé Feferencs Bias 14 iz simply 3 do
woltaze level 9enstrated exbernally (its  fenerabion  is
trivial and iz wnob ,hnwu in this zketechs circwit diasrami.
IC1  i=  the Orerational FAmPlifier 15 with the correct inkub
Folarity  for  thizs Particolar  application (TRl causzes
zignal inwversionl. '

15t
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The transiztor TRI forms a2 woltase conbeolled coreent
sorce and iz, fhﬁPEFOPE- the Biaz Genetr. tlnu Metwork 1o,
Thisz current sourcs has verd biah denamic imPedance Cof
the order  of  mesa ohmzs ) oand bherefore & ers hluh wvioltage
2ain can  be  achiswved at the oubtbPut 12, Care must be taken
ot to  lowsr  thiz high imPedance ke 1“3; e thw collector
of  TEi. Thus F1 must  be wers bigh. 2z most be the infuk
impedance of the followin® =tage Cconnected at Point 120,
Id=all9, +hiz =ztase should be an  imfedance  converbing
boffer, =such a5 an emmiter or source followsr, in orders to
[

u

minimize 1oading effects. The Photodicds 18 can be oferaied
sither  with zero woltase biaz,  reselbing in the hiskest
Foszible sensitivits but  relativels =low rezkonse (due to
thie depletion lader caPacitance? o with reversze bias, which

yields the fastest Fossible resPonss, zince it minimises
thiz cafacitance. In order Lo awoid  the Possibilits of
AFplying  forward bias to the Plhotodiode Ceven transientlad,
which could damage it from exceszzive power dissifation. 2
Protection circoit  has been incorforated. This consisztzs of
the dicde 01 and  aszociated resistor a+ the basze of TEL.

Thiz= Part of the circuit doss nobt have 2 counterpart in the

general dizgram  shown in Figure 1. since it iz sPecific to
thiz Particular aPPlication and it is nob wnidue Cdifferent
o additiconal means of Protection m&u bis imcorforated at
warious Partz of the circoitd, Similarlys,  the coukling
cabfacitor C2 does onot hewve a counterPart in Figure 1. It
frorms  effectivels a2 high Fazs  filter ftozetbher with the
inFut  imPedance of the following circuiters . so that the dc
isz  wolbase of the Phobodiods iz blocked out and does ook
capse  saturation of the following 5ta995. It can also zsrys
the  PurfPose of increasing bhe stesbn of Lhe =lobe of the
owerall  sdstem  freduency  resPonse Frum Edbenctave o 12
db-octave  in combination with  the Low FPazs Filter 132, by
matching the 3 db Poinbs of the two filters

!
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CLATIMS

(&)

1. A conbirol sgzbem  for biasing an electronic dewice
zo that s=low  backoround floctuaticons are subPprezzed, while
exzellent senzitivitsd iz attaired with hish  freduency
modulation of the Parameter constitubing the wzeful signal.
The backaround FParameber mad  be  the  same 2z the sisnal
parameter te.9.  the detecticn of  modulated lisht in the
Frezencs  of ambient ligsht) but could be different (o3, the
reduction  of thermal deift in a device meazoring electrical
zianals The sushemn includes., in comlbination, an
oferational  amPlifisr which comPares the ocubpuf woltase of
the dewice after filterin® theowzb 2 low pass filter with a
reference biaz  and a2 biss  feneratind  nebwork  whickh is
Ariven by the oFerstional amelifier and subPlies Lhe dewice
with suitable biasing conditions.

1 ll

2. A conbrol susstem  according o claim 1. wherein  a
=ignal conditioning circgit iz interPozed  betwesen  Lhe
elecfrnnlu device  and the low fazs Filbter. in arder fTo

Froduce a Lunv~n1~u+ ouhPul woltase.

I, A conkrol sesten  acoording Lo u141m 1 o zlaim £
wherein  the biasz  Senerating webwork 1o ach: 3. hiahk
imPedance  denamic  lead  for bhe dewice 168, 3w

Ficsk walue of woltaze fain can be obtained, Sivind excellent
zensitivits2 and imfFrowved siznal to noize ratio.

G A oconbirol susstem accordina® o oane of the Preceding
claims aFfFlied to the bizsing of 2 Photodetector  as
dezcribed 1n Fiaurﬂ ) whﬁrwlu one o more of e Following
additional features have beesn incorPorated:

ay protective mwan, Lo safeguard the device afainst owerload
and .

by oa coufling capacitor o avoid saturation of the followinw
shates and T imFrowe  the filterins action at low
fredquencies § increase the =loke stesfness of the fredusncs
resPonse  J.

=. B control sgstem for 2 Phobodebector, substantialla
as  described with  reference to Fisures 1 and & of the
aocomfanding dirawings.
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