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conpensafe for the changes |n t he anbi ent condltlons the anount of Ilght
out put by the backlight is varied. 15 I s desirabl e that when
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logarithmc 25 lifier is used which outputs a’logarithm ¢ function

of a linear itAPHr lgh’On eomprnsen forthe shangey intbe ambiamp boridiktonsytlicamapanef at es
of "this type M SEeut BR R RARRG e frichr cace 1 mear |y between' desi gnat 'eSr
br eakpoisits. Wen @ dﬂd@ﬁkﬂe ithitit when Ka%hﬁ%ﬂaémm%h&‘aeor%c&&%d‘{& kARl
i ncrease i s changéed. 30 n exanple of a prior art circuit h
‘provi des thi sth@tagabhangbyn bsglstnmppear fingarrte te viewet. hA dinearrchahge thirtghtness%ar
I nput to ¢ hang Sesn'a%le ec 1l1Jste tfllg liitsgl y 1s errl ggteall Xlgtgac%tonltg tlije pilot as it changes
brightness, and if the brightness needs to be changed manually by the pilot, it is easier if
 the brightness changes in a linear fashion. A difficulty which is encountered when
20 trying to provide a backlight which changes brightness in a linear fashion is how the
human senses perceive these changes in brightness. It is well known that in order for
the changes in brightness to appear linear to the viewer, the intensity of the light source
must mcrease according to an exponential function. '
In order to drive the backlight and give the perceptlon of linearity, a logarithmic
25 *amplifier is used which outputs a logarithmic function of a linear input. One solution is
to provide an amplifier which generates a piece-wise linear approximation of a
logarithmic function. An amplifier of this type outputs voltages which increase linearly
between designated breakpoints. When a breakpoint is reached, the slope of the voltage
increase is changed.
30 - An example of a prior art circuit which provides this capability is shown in
Figure 1. In this circuit, the linear input to change the output voltage is received at input
13. An offset voltage is also received at input 15. The gain of op amp 12 is controlied
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very high output voltage tolerance. Other solutions have been used which have a

- discreet approach with matched transistors in the feedback path of an op amp. An
analog divider IC is used to cancel out temperature sensitivity. Although this circuit
does have good performance, it does require gain and offset calibration and has a cost

20 -~ that is prohibitive.
Therefore, an object of the present invention is to provide a logarithmic
amplifier which is inexpensive, insensitive to heat, and does not require gain and offset,

calibration.

25 | SUMMARY OF THE INVENTION
Described herein is an amplifier which converts a linear input signal to a

nonlinear output signal. The output signal is a piece-wise linear approximation of a
nonlinear function. The circuit includes a first stage and a plurality of additional stages.
The accuracy of the output is controlled by the number of additional stages. The first

30 ~ stage include_s a first stage op amp with a non-invertixig output at ground and an
inverting input which receives the linear input signal, the offset voltage, and feedback
from the first op amp 'output. The first op amp outputs a voltage which.i's proportional
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non-1inear waveform on a piece-w se |inear basis by providing a pair of
circuits, one 30 capabl e of reducing the slope of an output circuit curve
when a prwoos2essned out put | evel has been reached and the pattyuso7esmabl e of
I ncreéasing the slope of an output circuit csirve when a different

predet erm ned out put |evel has been reached. Such circuits are cascaded in
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i ncludes a fi st d.a..blucal Lty . of additjonal, .stages.. The accuracy
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anplifier out . _The first, opergtional. anplifier outputs a voltage which
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anplifier. Also at the output of t age op anp
resistor. whi ctheshperofitse filsestage op ahp btpuf véltdge s Basleting adwitchiblyifiedrsi$ bach

stage output Saciaditional stage is turned on, the slope changes. This creates a piece-wise linear
15 © - approximation of a nonlinear function at the output of the first stage op amp.

Two separate embodiments of the amplifier are described herein. In one
embodiment of the amplifier, a logarithmic function is outbut. in a second embodiment,
an exponential function is output. The main difference between the two circuits is the

| type of signal which is transmitted to the in\?érting input of the additional stage op amp.
20 In the logarithmic amplifier, the first stage oj) amp output is put across a resistor and is
received at the inverting input of the additional stage op amp. In the exponential
amplifier, the input voltage is put across a resistor and is received at the additional stage

op amp inverting input.

25 | BRIEF DESCRIPTION OF THE DRAWINGS
Figizre 1 is a circuit diagram of a prior art logarithmic amplifier.
Figure 2 discloses a systém diagram for a fluorescent backlight where the
dimming portion of the system uses a logarithmic amplifier.
Figure _3 is a circuit diagram of the logarithmic amplifier.
30 Figure 4 is a graph comparing the output of the logarithmic amplifier with an

ideal logarithmic curve.
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5 voltage which rises at a known slope in relation to the linear input :
signal. Each additional gain stage includes an op anp with an inverting

i nput, a nhan- verting input, and an output voltage. A co pstor is
p03|t|one\¥°t?§{2\‘7’\§én the first stage and the inverting input Qh?ﬂ'tsﬁ‘;e,ﬁ%iﬁ
addi ti onal stage op anp. A reference vol ta?fé I's input into the
non-inverting input of the op anp. A switching neans is connected to 10
the output of the E;gtmﬁdwﬂwew}ﬁmmmmhwmmm@addlghhwhemﬂbe vol t age
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first -stage- op anpFiuir@@ts a/gﬂaphgempﬁmglhéIompuaoﬁﬂremﬁnn’egnélfamphfmamthan each

additional stage is turned on, the slope changes. This creates a piece-

: Wi se |inéar apgabwpmmmhcwea nonlinear function at the output of the
first stage op anp. Two separate.enbodi nents of the anplifier are described
herei.n. I n one enbodi nent of the anplifier, a logarithmc.function is
output. In a second 20 DESCRIFTIONIOF FTAEPIIFERRER EMBUDIMENTS out put. The
mai n difference between the two circuits.is the type of signhal which is
transnitted to theShownnnFIgyrethecﬁnhoﬂﬂnan@fabaddigthmﬁqﬂdmldm’slahe :

B

amp. 10 jphe CHBRAGNUaRbe BPLo! diafides ih B dnlifib: cBkiBACarbinditle AGIAR A Sthe

resi stor and e|v tronal stage op amp Inverting

i nput. BRIEF Q&Sﬁﬁi ﬁﬂ@@%tWﬁngﬁtMﬁc@VﬁMllnoidetgoam of a
prior art logarithmc anplifier, Figure 2 discloses a systemdi agramfor a

f1 uor escent bamasgntdmcﬁseﬂte@ah@ess ahwﬂqﬁglq!fswmuéfadﬂ%n@}t dhoHglises a

ot 1 v Py Simsngtt 28, e AR e O Rl % BB e

g g?_} IUfSIQ(;; 2‘1"'0& uﬁ@ M&ﬁﬁ%odlﬂ’ﬁ@f 33, hI’l’a&s@&Hl ¥i®m the 1%&139@/ adffk8dent is at a level which

‘15 is proportlonal to the desired intensity of the backlight. The pulse width modulator 33

converts this input signal into a pulse with a width that is proportional to the desired
‘intensity of the backlight. These periodic pulses are transmitted to inverter 34 which
‘outputs a signal of sufficient amplitude in order to drive the backlight at the desired
intehsity. The backlight 36 in this case is a fluorescent light which is common in liquid
20 - crystal displays. Photodiode 30 is positioned in the backlight cavity of the display and
is used as an input to the optical feedback control system. The optical feedback control -
system maintains the backlight intensity while compensating for variations due to
temperature fluctuations and aging degradation. The output of the photodiode 30 is
transmitted to logarithmic ampliﬁer 32. The logarithmic amplifier converts the linear
25 signal output from the light sensor 30 into a logarithmic function which is then
| ' combined with the manual intensity adjustment at pulse width modulator 33.

In order for the display to operate in a manner which is not distracting to the user
and is easy to adjust, power must be provided to the fluorescent backlight in a manner
such that any changes in intensity of the backlight appear linear to the viewer. In order

30 to increase the brightness of the backlight in a fashion which éppears linear to the
viewer, the actual power increase must be an exponential function. It is a peculiarity of

' the human senses that things such as sight and sound need to increase exponentially in



Figure 5 discloses a system di agram for a fluorescent backlight where-the

di nmi ng portion of ThiséheyEisd edn exponential anplifier. Figure. 6 is a
- circuit ¢peegrgrof t anplifier..Figure 7 is pchuspieisynpari ng.
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“cavity of the pdi s%l ay aﬁd ?s used é an inﬁg)t} tlo theoopt iéc%gil f eedback
cont r ol 1&yst €The dikmivaptage ef thisstypédafdet ap i that the yitidrolerdnce af the Zeher diadk| i ght
intensity while conpeniati ng for variagtigns due to tenperature fluctuations

and agi ng dedrerkdor@nvoltage ey yasy, frogs S brie 2o (Changerindemperature Auther alferct: o

| ogarithmc 1.f] | L 0] Lf ] ver ' 25
Si gnal out pu'?H? rcdin%k%%‘éa%% ?gépﬁg gﬁg@éﬂ%@% ﬁ?%‘@‘”f’%’?g‘?ﬁ%ﬁ% @o%icr?%%ﬁg# %ﬁlﬁ%ﬁ I'S
t hen combi nedhigh thsts, taniticomiply tatmikitdry ¥tandirds taf@ Réquide gaid &Rl offset Balibaatiunat or
33. In order for the display to operate in _a manner which is not i
distracting to theDLssb:setgwd%ggreéazgthme&medsmboéw ofthetinyautionoegeribedo
the fluprescent .backli h{é-gi n .a Jranner sut;‘h th[fl]}at any, 'ch%p%%? Ln intensity of
the bach i ghtiSHBALF PPREGS YEobH RPalie ™o e Hay: gl Sifnys p BiesEss o
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viewer, the aCtual power increase nust be an exponential function. It iS a

pecul i arity of2 whizhthasinvegingsamd nohdavertingipputsu At thsinvering input asothednpiged to '

| nerease ex pov% tgtgé %k,l 3/ffsle’[] voltage 66, as well as a feedback signal. The input voltage is the

linear adjustment signal received from an external source such as the light sensor 30.

20 The offset voltage 66 is provided because a'log'arithmic function cannot equal zero.

| Without the offset, the 6utput of the circuit will be zero when the input is zero. The

output voltage of op amp 42 is transmitted th the pulse width modulator 33. Positioned -
in a feedback loop to the inverting input of the op amp, is resistor 44. The magnitude of
this resistor and resistor 45 controls the gain of first stage'op amp 42. |

25 The circuit in Figure 3 also shows three additional stages for the logarithmic
amplifier. Dependin_g on the desired accuracy of the circuit, as many stages as
necessary can be added. Connected at the output of the op amp 42 are resistors 46, 48,
and 50 in addition to resistor 44. Voltage from op amp 42 runs through these resistors
and is received at the inverting inplits of op amps 58, 60, and 62. Received at the non-

30 inverting inputs of op amps 5 0, 60, and 62 is a reference voltage which is provided by
reference voltage source 64. The appropriate reference voltage for each stage is

provided as a function of the voltage drop across resistors 80, 82, 84, and 85. The
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PCT/ US97/ 21017 -5-—Tntensity for themto appear to be linear. As such, a .
| ogarithm c anplifi §f;s kifeetifadBéeiREplatkd ch converts the linear inputs fromthe

phot odi o Q. a l tion for increasing or’ ' t he
fl uor esc&ﬁ?ggﬁ%‘gfi ghqwmmlinﬁm One solution to the @gﬁ’%lt mc
anplifier problemis e an anpl i figr whi ch outputs a |log function
as a series of. piece-wi se |linear segnents. In prior art devices which use
this type of appatofiopampsHs, 60,5wdi62ds received et the bastasf traasistore®h Sdsa 36
conbination with an op.:.anmp., The zenetr diodes each have a.djfferent .

b Bakdownvol FSRRRRe” TR PalFHIGs ZEosme 4o wansiiuus art avapetdior By Foeringe
.sl.ope of the ; | - of the. op anp can. be changed so as to .
provi de an ap%?%fn%gtsf%&rgé#%&g%ari thmic function. The disadvantage of
thi's' type "of. set  uPhé bgtappioxitatiorarhplifier shoveri BnEiguey 3 ishaevariablergath citbarit. -
breakdown voltage can vary from5%to 20% Changes in tenperature further
af f ect t fiese P gaimofithesircgit krdependant po the dmaplitudee ¥, devtbe applitudbof Viin  nost
cases they require high costs, cannot conply to mlitary standards, and
require gain inprgasss; thegainmpplied tathe sigsal decregsgso Jhg embodinggmt of thejcircpite

preferred enbgdi nent..of ovention, .Descrihbed,herein is anplifier
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~‘appr oxi mat i onseginedt inA0FEE-Wile Sintat ipbidXimatidifof PIg FkdHohC GRiPsthgdsan beC! udes

~an_op anmp 42 which has inverting and non-inverting .inputs. At the inverting
i nput are theaddagor rendoveddepensiftg @Bthe desisaskacoutacygbthe @ppraximation. dfach '

f eedback, signal,. . The i.nput volfage i.s, the |inear., adj ust ment sign recei ved

from anggxter u%ﬁﬁ@@%ﬁﬁﬁ“&&%ﬁ@‘ﬁ* & difeqpires @ re F@cﬁf'?é”&%' t age 66
i's provided ' ) j %HW istoi ol Rl e

of fset, the %‘Sfﬁ%ﬁ&?%g@lt%%%@é%%%S%% &;a%ero en t g%ﬁg%tls% .zertg.fw}he

out put vol t ags2, 34, ap 861pAskiming thatiths nefetende Veltdghés fivd saltsyamt tsinpthelredistor 33.

Positioned 25 _in a feedback.loop to the inverting input of the op anp, is "
resistor 44. vakesshgwndngiguss 3.the calpylated referencrivoliages ars 2 vplts (¥ 4) alghe nenre

gain of first, . h ' it kL Fi .3 r ¢

addi ti onal st%g%@goﬂrﬂ Fﬁg’gﬁ)éé r6|£t %r‘ﬁgiég @r?ﬁﬁt H} e@h%&w'%ﬂﬁé?gﬁgﬁﬁ%p g@s@ed

~accuracysof theoles (V)iat theaoniaveiting Bgaso ggsary can be added.

Connected at the output of the op aifr;?ﬁﬁzﬂ?réelﬁgesi stors 46, 48, 30 and 50
H

in addition to resTheeircuioperates tycapplyiagm gpindeghesinverting inpwt efighampde For
resistors and i s . recejived_ at the. inverting J nputs of .op anps 58,. 60 nd
62. Recei ved Y& 19 valygs of \?in, C%OUHS ess thag tfle \%itagc at the ILx)lon- 1 vert?ng input of op

amp 62. V,, passes through resistor 44 and is present at the invertihg input of op amp

62. The non-inverting input of op amp 62 is driven by V1. When the voltage at the
20  non-inverting input of op amp 62 is greater than the voltage at the inverting input, the
output of the op amp rises to positive rail. Under these conditions, transistor 56 is
reverse biased and does not contribute any current into the summing junction on the
inirerting input of first stage op amp 42. Similarly, transistors 52 and 54 are reverse
biqsed and do not contribute any current into the summing junétion at the input of first
25 stage -op amp 42. When Vg is less than the V1, the gainof op amp 42 is a function of
| reéistors 44 and 45.
When Vg, is above V1 ‘b1.1't is less than V2, the first gain breakpoint is active.
Op ainp 62 begins dﬁving the base of transistor 56; forward biasing the base—enﬁﬁer_
junction, until the.transistof 56 emitter'\}oltage is equal to V1. Current from the output
30 | 6f op amp 42 flows through resistor 46 and transistof 56 into the invei'ting input of op
| amp 42, -Si_nce ihe dutput volfagé of op amp 42 is less than V2, tra'nSistors.SZ and 54 are
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inverting inputs of op anps 58, 60, and 62 is a reference voltage which is
provi ded by reference voltage source 64. The appropriate reference voltage
for eachwaiespeszas provided as a function of the voltage dregr/asyxedel? -
resistor 80, 82, 84, and 85. The PCT/ U97/ 21017 -'6- output of op anps
58, 60, and 62 is received at the base of transistors 52, 54, and 56,

e Fover o vt HRRIER Bl SRl Y s BRSAR BL inarBRIToF Ld
appr oxi mat i omzanAy 4 fesgk, the QAR of Bp P 26is 3 flnsctn\GETeRRbR 44245 Aid4gui t . The
gain of the circuit i’s dependent on the anplitude V[err]. As the anplitude

-of Vferr] i ncreaséé’heﬁﬁmmhis greydri thah VO bublessthgn al3, decirep@risecditbgain -
enbodi ment of the circuit own in Figure 3 has four discreet gain stages
Each gain stdug@kgemsabestlm | Omamp &3 roentinues ta drive the-bass ef transéstor 56,

approxi mation of a | nctio Gai,n stages can bhe 10 ded qr, renpved
dependi ;% on ?%a%'?‘géfﬂﬂm E?aB?IStPh?}“ W{)F%YlanHWGEgEﬁn&éHY‘F‘B@Fa

gai n-stage f e & &RS

reference vo?{ aéges ats{sg%%foﬂvﬁg%%%@g%géng%ﬁw e clllﬁ§‘t§er m Hggtt Ee réesistor
val ues of 80vofidge B4qualrtd V&5. Cuiten fionptht batput bLop %pr@%ﬁumsttaﬁew ﬁmfughe
vol ts, and usi ng the resi.stor values shown in Figure. 3, the cal cul ated

ref erence voles 9%4@1%‘1 transitersS6(intp) the inveging inputrdrop At Ggrrﬁmfptlno flawsop

(VB) at the disRoe s 45 s 35 e 805und iR of PP gL inc e °

appl yi ng a g%utpﬂt%hi@ fDpRUip 4Dis| 1843 ¥harPV 3 AParRERor2- is S retREsé vidddd %Ad H6ss Of

Vlerr], the V[err], is less than the voltage at the non-inverting |nput of
op anp 62. Vet chtpheisesy cimrent gito thssinventing 4ripu ofl op amprdds et a sdsult)the gain of

i ven by 'VE%‘ﬁhqiﬁﬁf%@aﬁﬁm@ﬁ%ﬂp&&%%%%ﬁ#'nggi npat o?f ?Spaﬁp”pagzi if
h h t

7l ces Lo posi 11 ve PRPF Youttato VeV ek Bendfhopinifa 8BS fp pmyC, So

nverti g i nooriates AR el OfNarktlor 36 opllefing 15 AR B RERIHR 01 5°

I nverting i nput nd 54

are reverse 2hittefttodsl dOp ashpd dmtlnmﬂé dtibeithe &Byoﬁuﬁﬂsm@r 34vegulatigg e ng
junction at the input of fjrst sta% p anp 42. \Wen V[err], 1s less than
the V1, the ¥altAsePn ths teampistep emittes t9 ¥R Om#mp 58 drives the base of transistor 52

forward biasing the base-emitter junction, until the transistor emitter voltage is equal to

(€

V3. Current from the output of op amp 42 continues to flow through resistor 44,
transistor 56, resistor48, and transistor 54, into the inverting input of op amp 42.
20 Current also flows through resistor 50 and transistor 52 into the inverting input of op.
amp 42. As aresult, the gain of op amp 42 is a function of resistors 44, 45, 46, 48, and
50.
The transfer function of the circuit for a voltage of zero to -5 volts is plotted
along with an ideal log function 70 in the graph of Figure 4. The output of the circuit is
25 plotted along the Y axis with the input to the circuit plotted along the X axis. Line
segment 72 in the graph shows the performance of the circuit when only resistors 44 and
45 control the gain of the op amp 42 and none of the transistors in the circuit are turned
 on. Line segment 74 shows the operation of the circuit after the first gain breakpoint is
| active and transistor 56 is conducting current to the inverting input of op amp 42. At
30 this point the gain of the circuit is controlled by resistors 44, 45, and 46. Line segment
76 shows the operation of the circuit when the first and second gain breakpoints are

‘active. Current is conducted through both transistors 54 and 56 and the gain of the



resi.stors 44 and 45. Wen V[err] is above V1 but is less than V2, the first
gai n breakpoint i s TaisSheeeHas ac8® begi ns driving the base of tranS| st or
56, forwgpdshdesasi N9 Hlﬂm m er 30 junction, until theriseiraoeetor 56
emtter voltage is e rrent fromthe out put of op anp 42 flows
t hrough resistor 46 and transistor 56 |nto the inverting input of op anp

-42. Since the output voltage of op n? 42 is less_than V2, transistors 52
and 54 are Cciropihisgentriled by res1stors44 45, and 46 and 48. Finally, line segment 78 shows

PCTI USST] 2104 oLl by bPUETSHE 335 heH, 0010 arBY pRUSARM SRR 1 nt0.

~function of Cﬁser&tlpé@d%nedﬂ&ougmdaﬁs@sto%@ns4 lagd ‘5{5%& thel g&u%ﬁa’;}i ﬁhp unaen V2
but less than V3, the first and second gal n breakpoints are active. Qo anp

62 conti nuescmmoupdbymsnﬁéoméé&i;%ﬂ&ns §0.0Assan bsseenmrﬂm;naphs, eashtstage

vol t age_on t transji st or er 60 _.be IVI ase

of tranS ot oft 4 REh s e sloge of Bttt Bhor p%ﬁ@%ﬁ%&a PR Of o1 o

54 emtter vg %Fﬁg&ge losEl?a}% d&g@ﬂ;a&m%és put of op anp 42
transi tor

continues to ow th resrs 46 an into the inverting
i nput of op anp 42An aﬁmnammmlaidsnexitlorb‘m fldoresceit baekliglit dimrhihgacirtuitriasisivat or -
54 into the jnyerti ngI nput of op, a 42. Since the 10 out put vol tage
‘of op anp 42ntigueds Ipghis pericular giseyl %Fxmen%algmnhﬁefw@ﬁ%@%aé@éawand

racul b tho Deratke BRNIAL DB ol Brivifes ¥ Gld dipi et BEcBedty °

48. Whep V[ esrhplifiéy 1§bmmd1ﬂ’cieni ﬁds&lﬁnﬁﬂlﬂib ErRAk IR IS Siraiie wehithepildd anp
62 continues to drive the base of transistor 56, regulating the volta e on

t he transi stwishésto malgfm m:eualtaélumment:pf fbﬁﬂueasmn backlight intendity,\this i$yma:

. of transistof 54.r.e ti ol-t.age,.on the.tr stor e r to V2 QO
anp 58 drive ‘f‘ﬁ!}l% ‘f ﬁ%ﬁg c;lﬁh “Z‘W‘W&‘r%ﬂ‘lﬁ‘?h&* nhﬁ‘i& enmtter

junction, unbidontfel by ﬁﬁéﬁétp rTl%Qx%ﬁa?ﬁoﬁ%E 8orle uﬁ%ﬁihﬁepgafés info4hE gmtsef rom

the output of "op anp 42 continues flow thriough resi'stor 44, transistor
56, resi st orwithh maxddlatordiés iDRependifig on ithet magrimde of thetsigngl ﬁ-nmmcpoﬁermal anp 42.

20  Current a oflovxsthr gh resistor 50 and transistqgr 52 into {he
i nvertihg i rigERlt éﬁ' 3&@0@5?@&5 putppts pulsss An g ey lahﬁﬂwhﬁgetﬁe -
function of gomh§F ﬁfeﬁ)ufé’ls égbenéé!t oﬂ%he @e@ﬂeéﬂmnsuy of the fluorescent backlight.

Inverter 98 converts the output of the pulse width modulator toa signal which drives

fluorescent backlight 100. As in the circuit described in Figure 2, the light sensor 102
compensates for changes in temperature as well as age degradation. The output from
20 the light sensor is fed back into pulse width modulator 96. |
Disclosed in Figure 5 is a second embodiment of the invention. Described
herein is an amplifier which in réspoﬁse fo a linear input signal outputs a piece-wise
approximation of an exponential function. The exponential amplifier includes an op
amp 110 which has an inverting and non-inverting input. At the inverting input of 110
25 is the input voltage (V;,) 115, the offset voltage 117, as well as certain feedback signals.

The input voltage is the linear adjustment signal received from an external source such
as the intensity adjustment 92. The output voltage of op amp 110 is transmitted to the
pulse width modulator 96. Positioned in the feedback loop to the inverting input of the
op amp, is resistor 112. The magmtude of this resistor and resistor 114 controls the gam
30 of first stage op amp 110. '
The c1rcu1t in Figure 6 also shows three additional stages for the exponential

ampllﬁer Depending on the desired accuracy of the circuit, as many stages as
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The -transfer function of the CII‘CUIt for a voltage of zero to -5 volts is

plotted along with %ShekeﬂhsﬂwiWétlon 70 in the graph of Figure 4. The

out put ofvd 98R29814" CUI tted along the Y axi s \wdmwssde16mput to
the circuit plotted Li neg.segment 72 in the graph shows

t he performance of t IrCUIt when only resistors 44 and 45 control the
gain of the.o nd n f the transiskro circuit ar ur ned
o, "Line. seqRBiewy g ﬁagdf? oS Bt peeBp oplnhe el bOVpeP oS sl L 00T
breakpoi nt i §28.cf30V end11sh, tTl?é'i%bﬁExﬁHltaE@rdn% tR0El Hebdbsistdrs A istrEeei Vi at the -
i nverting input of “op anp 4 his point the gain of the circuit

is-controll em\tcynngampulsmfspzhh,pszl%, bZQdankBlZd.lheneﬂegraethe nof-ishertiag irpaits of
operation of the circu wh he first an second gai n breakpqgints are
active. Curr€RAMPS 1 één&%ﬁ’é‘ghéxr‘%%ﬁefﬁﬁ%"q%ﬁﬂh&?’dﬁgﬂlﬁ deghy 15 t he
gai n of ¢t he 7 | 44,
35, "and a0 angies soE sty T apbioprisf stftinke LLERT Gl S8y SEVIARIALE
circuit Vmenftlﬂwwfxlolfﬂievcﬁﬁ 8O0fbp avfuds tddistets 186,21380140, and 142.2The yatputof opent

i s conducted through tranS|stors 52, 54, and 56 and the gain of operational

5  anplifieampsli@, k?émmdﬂ%mcmwi@ﬁhbam&ftmmsmll 812Ghpud 324, As. can |
be seen in the grap eac of t i rcui t changes esloeof ‘the |

~ output of opéersag' r‘?g)f g??p"f%? E&Fﬁ@f‘s‘?tﬂ?%S gﬂﬂlﬁn HEO2| near -

segments cl oGy of RN SHHeRD b fdual | og function. An alternate

enbodi nent o the Tl uorescent bac light dimmng circuit is shown 10 in

Figure19. In this Therexponential amplifier showm ircRigorestiisiaatariablel gairi eitcuits Thequin
i nstead of the | ogarj t hm cﬁ&npl ifier. The circuit provides the sanme output;

however, t he o&ihssaeHitinfepsadant op dhe saplipde atithe fnput ypKaee, éﬁtheﬁa@qlttvéﬁpf the { he

gi‘ rtcﬁiat fl Lgrs@cen&tégff%{;&% Fensa%lllé&ttomiéggﬁal%ﬁ%a roug | an eﬁgjl ;J;t rent

- adj ust ment 93mb$birﬁerﬁl6ft1&toife{iit sBovai Fxgﬁretmm fotuedisdredt igath stagedS Each gain
exponential anplifier 94. The signal fromthe exponential anplifier goes

into the pul s@gegendiatesa ling segmens in Hpiseeriviseingar approximgtion gﬂ&n equnneudu gnal
frome onenla Lfier 94 ul se w at o uts ul ses
on . pdB oar CuftioRe Capiabes ea b Asded i Himivich AedPatoe e dewiedsRtRer of
desired integs éﬁﬁr&ﬁnﬁaﬁ@nfﬁé&[ﬁaﬁﬁﬁhl é%ﬁﬁkﬂaggmr thé HYc%ﬂittlﬁ'F@ﬁeS%eﬁﬁfés% t he

output of the pulse wdth nodulator to a srgnal which drives
reference voltage. The reference voltages at the non-inverting inputs of op amps 116,

- 122, and 126 are determined by the resistor values of 140, 138, 136 and 142. Assummg

the reference voltage is 5 volts, and using the resistor values shown in Figure 5, the
20 calculated reference voltages are: 2 volts at the non-inverting input of op amp 116 (V4),
3 volts at the non-inverting input of op amp 22 (V5), and 4 volts at the non-inverting
input of op amp 126 (V6). _
This circuit operates by applying a gain to the inverting input of op amp 1 10.
The input voltage 115 is applied to resistor 128 and is present at the inverting input of
25 op amp 116. The non-inverting input of op amp 116 is driven by V4. When the'voltage
at the non-inverting input of op amp 116 is greater than the voltage at the inverting
input, the output of the op amp rises to positive rail. Under these conditions, transistor
118 is reverse-biased and does not contribute any current into the summing junction on
the inverting input of first stage op amp 110. Similarly, transistors 120 and 124 are
30 reverse biased and do not contribute any current into the summing junction of the first
* input of first stage op amp 110. When the input voltage is less than V4, the -gain of op
amp 110 is a function of resistors 112 and 114,
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20 fluorescent backlight 100. As in the.circuit described in Figure 2, the

| i ght sensor 102 conpensates for changes in tenperature as well as age '
degr adat | output fromthe light sensor is fed back picphopeiore W dt h
nodul at or bm;ge‘scl osed in Figure 6 is a Z cond enbodi ment of the

I nvention. Described hereinis an anplifi which in response to a linear

i nput signal outputs a piece-w se 25 approxi mati on of an exponenti al

“function. The exp&%ﬂﬁhaﬂnmlﬁﬁollﬁgeéﬁ*gﬂehf@rﬁmeéf”ehublp@&@myﬁathe wptgain er 110

which h f
M0 T's the | hsakbvnt A% PR PP LI bee puvBeie assa?ﬁaés@svt%f#é"iwg'” | s
certain feedpagi &haeﬁesemﬁaﬁuhamﬁtunﬁ%maoﬂ P18 ikt PGlBipe 3Ckdial VA, Si gnal

received from an external source such as the intensity a ust rrent 92. The
out put vol t aGarrefit $6m thonpotvdltagell 1 5 fApws threugh rediStar 428 amilkammstmdl I8intothe

pul se wi_dth podul ator 96, Positjoned in the feedback | gop_{o the inverting
i nput of theWYﬁM‘PBWa‘?f‘JQr?Hmhoersm‘F Pwugmlﬁagmﬁsxﬁ)@nﬁéigmwﬁotms

ol 1 er 1100 FRERS Rty hrholl oF ndPbohefbuct b buckée 8 0L R Blput
for the expopfap mmbp 1a0pIAsfaxe§m651e aﬂeae?ﬂm?gwmwﬁmd@@wﬁesﬁwrm;wa t he

circuit, as nmany stages as PCT/ US97/ 210 9- necessary can be added. In
“direct ‘connegrd b2B.wi th t he- |nput voltage are re5| stors 114, 128, 130, and

107 e TP O RS | RS0 kS SRS T R Stha 1
non-i nygr t i ngamrﬂbﬁlcgoﬁftsﬁ'cacﬁ% fﬁﬂ)ﬁnﬂl% c&x%ue@f&jdﬁﬂ?eethe b&e%ﬁﬁﬁﬁ&ﬁ??%

voltage which is provided by reference voltage source 134. The appropriate-
r ef er ence votdgalptingdhe ecltige sna@tratmspmmmﬂattoam 0P amptli2@rbegins ldhemgcihe age
drop across resistors, 13 40,, and 142. The jout put qf. op anps.

122, and 126{3355@5 qaeeéﬁovng) 35’ PraRd biasieg ta base aﬁeﬁteﬂwe@m thedransisigr 1%91
respectlvely e Nl {se

he i nver t1 pemitFt a6 0 VsE el b EREVGlgE Sl ATRBRMER LR

anplifier shessfstdr28iapdtansistos 1 18 mmabh-&r@eg inpat 6fop dmp The: Qadréntadsot he
circuit is dependent on the anplitude of the input voltage. |f the

anpl i t Ude of flows thrﬁpsh resistar 448 ané rprsisters] 20t into theinverting input afoptamp 51Qnal

f ur ther incr Siheg ?he mput voltage is less than V6, transistor 124 is still reverse-biased and does not

contribute any current into the inverting input of op amp 110. As a result, the gain of op
amp 110 is a function of resistors 112, 114, 128, and 130.
When the input voltage is greater than V6, all three gain breakpoints are active.

20 Op amp 116 continues to drive the base of transistor 118, regulating voltage on the
transistor emitter to V4. Op amp 122 continues to drive the base of transistor 120,
regulating the voltage on the transistor emitter to V5. Op amp .1 26 drives the base of | \
transistor 124 forward biasing the base emitter junction, until the transistor emitter
voltage is equal to. V6. Current from the input voltage 115 continues to flow through

25 - resistor 128, transistor 118, resistor 130, transistor 120, into the inverting input of op
amp 110. Also flowing into the inverting input of op amp 110 is current from the output
of op amp 110 through resistor 112. Cwrrent also flows through resistor 132 and
transistor 124. As a result, the gain of op amp 110 is a function of resistors 112, 114,
128, 130,and 132.

30 The transfer function of the circuit for an input voltage of zero to -5 volts is
plotted along with the ideal exponential curve 150 in the graph of Figure 7. The output
of the circuit is plotted along the Y axis with the input to the circuit plotted along the X



enbodi nent . of the circuit shown in Figure 6 has four discreet gain stages.
Each gain 15 stage generates a line segnent in a piece-w se |inear

appr oxi mawo 08129824 an exponenti al function. Gain stages can PeTaSzII0LY
renoved, depending on the desired accuracygef the approximation. Each
additional gain stage for the circuit in Figure 6 requires a reference

vol tage. The refer.ence vol es,.at _the.non-inverting.j,nputs. of. op_anps 116,
152, “and 106 B THBE SrameRS8 g R e-imlnEns pedrianes g e Roretis SeheR Bl b g

142, Assunmi ngegiftord 1R 4RI AYULREROMEE bABISfite Gp %R 130 2R HottSbMYe LRSI EBRIiRT OF
val ues shown in Figure 6, the ctal cul"ated reference voltages are: 2 volts at

t he non-i nverthé pigcuihaettumed op. hine stgerit\iby, shdws thet aperdtionod theocirduihvaster theg -
i nput of 122.(V5),. and 4 volts at the non- inverti i nput  of o
126"(v8) . T S8 Bioakbit B e oA ATRIong 18 I e aPE SRS UbE R

: 11 : . : ) ; . d i
bresent St ¢ Hapwfopatin 1 he AL S inc galy B oS cheloBB Breiad 3%

anp 116 is driMeand)28/4Lind6egménid 56 shdvidBe aperatien Botheicireait Whed the st af Op
anp 116 is greater than the voltage at the inverting input, the output of
the op anp risgeend gaip briakpeiatsarg activen furrentie sendusted; thiough bothr transistars118.18

S onctl o on (e 12058 5 gitn AP the <HPb 1 ol by sistat 1 1 Tacl . a0 %0
transistors. ¥0a18/0iné 3dpriéd 1Bsgﬁaﬁ§ﬁ1@iog§%§oﬁaﬁﬂfé%eﬂﬁ 8@9@{& 4t SR, and

current into the 'summ ng junction of t I rst 1 nput I rst stage op anp
110. WhHh t hdhirdgain bredkpaipts ars abtiees Cirzent 1¥contibeted) thiroughf tramsistorp 118,00 20samd

f i f i 112 d 114 WO 98/ 29824 .

POt USO8/ 910 105 84 thaygaii ol i L0 i5spRaelled by wrisierst 12 Al 128, 13, e d33

CT usae 210t e put™ A 4 S ; D )
La?g of tﬁaﬁsﬁiés‘%aglﬁb 1%8 “Pglrg%ga%gﬂ’ [ zlillssl ﬁg% \ée%rgsag-cg!mﬂge% élr% Jj?%%l:ékl ﬂo‘%%%? |{] the

transi stor’ 11p ®nap 11@suchahitabecdmbidavt oftthe Mear Segrhenté closéliaboximatss an
voltage 115 flows through resistor 128 and transistor 118 into the 5

i nverting i npepoRmtighfunson.10. 'Since the input voltage is |ess than V5,

transisjors 120 a 124 are,still reverse-bi.ased an t..cont.ri bute any
curre'nt{é!)nto the i HVeftT? m’ﬁh_r?ﬁhfe ‘1!ies e%r%&c%ugrard@%@%ﬁl 1 oRdeR® 1y of op
amp 110 is a codijty wath tBé Phteft Sthites ahd 2o prbyfe tAONE skiRRd in the art with the

information needed to apply the novel principles and to construct and use such

specialized components as are required. However, it is to be understood that the
invention can be carried out by specifically different equipment and devices, and that
20 various modificatiohs, both as to the equipment details and operating procedures, can be
.accomplished without departing from the scope of the invention itself.

‘What is claimed is:
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. V\hen the i nput. voltage IS greater than V5 but |less than V6, the first and:
second 10 gai n breakpoints are active. Op amp 116 continues to drive

t he. base @Wg%gr stqr,,sgﬂe%mgsegaulﬁadag the vol tage on the pEp8bHi10i7

emtter t Vi ng tE?ﬁ base of transistor 120,
ction til the transistor 120 emtter

forward biasing the baﬁmum
voltage is equal to V5 romthe i B ut vol tage continues to flow

t hrough resistor 128 and transi stor 118 GL She inverting |nput of op anp
110.. Qurrent also iLS ou h resi 10 130 nd transis 120 nto
the inverti ng i nput- of éﬁag\ﬁ%‘ ‘t‘?egmr?e 163, 85?%‘5% g 1‘@3‘50\1
transistor, %kc’:e—ﬁ?s Y dﬁﬂﬁ% t contribute any current .
into the |nvert| put o op a 110 As a resul't, the gain of op anp 110
is a function of resr st afisst $thge which cohiiftisesand 130: V\hen t he input vol tage

Is greater than V6, all three§%rn breakpoints are active. Cgb
116 contfnues to drive the b t@tagepaﬁmpsmamnenverfe@}rla? %@T‘?}B‘Fl e on

"the transistor emtter . 3 é‘?‘@{
transi stor 120, regul at ?nﬁrg%#ﬁ oI .’%rge on&@%}%rgﬁgihgtlg{e%nﬁl{ﬁé&? . Op
anp 126 drives the baseoﬁgettvbns@ @t@ﬁnaﬁﬁutforward bi asing the base emtter

junction, until the transistor emtter voltage is equal to.V6. Current from
the input vol tage 115 conti naé@dthackmswtqrrmm@tsdz@tweenthegu@ubfpftbeﬁrst

transistor 118, resistor 130 _trangi.st.or ertr t of
op amp 110. Also fl owi nﬁtag‘?‘r?%a‘f‘ﬂénﬁmfe‘ﬂ’ P@Fqﬁ?} %% fﬁﬂ%’ rent
fromthggout put of op aggy éﬁ&{&fa Larent also flows

through resistor 132 and transr tor 124. As resuF’t the gain of op anp
110 is a function of resi stomoﬂféﬂvohﬂgfé,soﬁﬁﬂcoﬂtﬂ&te@odhelmcmﬂﬂpomt and

The transfer function of the circuit for, an inpuf yoltage of, zero to -5
volts is plotted al ong atlprﬁtpn%a(f%%nals%aér?eﬁwaaho\éﬂre\ria a‘rg?“tﬂégﬁr aph of
Figure 7. The outp% ‘]I“%‘%le circuit is plotted along the Y axis with the
input to the circul o ‘ed along the X PCT/ US97/ 21017 - 11 - axis.

Li ne segment 152 in the gr aphn 6p aip with arvinverning input] Sorsinveing iue andruny
resistors 1 12 and 1 14 control the gain of the op anp 110 and none of the
transisttérs in 5 the -oupytiit are turned on. Line segnent 154 shows the

operation of the circuit after Ih‘%ﬂ{" r831t°’ B%é&ﬁ%ﬁgrispgpérﬁp%ﬁ{pw&ﬁﬂgop

transi stor 118 i s conducti ng®&8¥Y
' amp inverting input;

a reference voltage source which inputs to the nort—inverting input
of the op amp; and _
20 a switching means connected to the first stage through the control
| resistor where the switching means is activated when the voltage at the
inverting input of the op amp is greater than the referenee voltage at the |
non-inverting input of the op amp, the switching means directs the
current flowing through the control resistor to the inverting input of the
25 ' - " first stage op amp which changes the gain of the first stage op amp..

2. The amplifier of claim 1 wherein the nonlinear output approximates a

‘nonlinear function with a constantly decreasing slope.

30 3. "The amplifier of claim 2 wherein the switching means of each of the
additional gain states is connected to the output of the first stage op amp, and the
switching means is activated when the output voltage received that the input of the
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input of op anp 110. At this point the gain of the circuit is controlled by .
resistors 1 12, 114 ThiafheetiegBeenReplacedqnpnt 156 shows the operation of the
“circuit Ypopdoees firs “;F ai n-breakpoints are actpepuseiornt is
conduct ed t hrough bot 118 10_j3and 120 and the gain of the
circuit is controlled by resistors 112, 114, 128, and 130. Finally, line
segnment 158 shows the operation of the circuit when the . first. second . and
Third gain bROGROR Hasshm i ¥ ey etercif i FelPienod e A4 e BN SRR  or s

118, 120, an BSh ) Bnfft i S e - ool
112, 114, 123’f%d _anozlﬁgtg Qﬁk%ghﬁeggﬁgﬂgg%ﬁgﬁfﬁg&g%gh{,lﬁ‘gg?yhm@tﬁ%ggbo 1§t he

ci rcui t- changkscdrtm] sésigter tofthd ineerting impuit pfithedirstoytagerop ahd) such that the
conmbi nation of the linear segnents closely approxi mates an exponenti al
function. What is-clained is: PCT/ US97/ 21017 -12- CLAI M5 1. An -
appar at t hat conyert | Lo | 6 Q ' r RH% Eu’t
throughusz pi ece- vmms{e I?E%ar ﬂal%ggpﬁn%{‘ilyﬁl%gg#%e %@%ﬁgﬁ{d&?@%&?%%ﬁnw a
first 5 staggnoMonGhiticobnstH@y idcrbasingd sloperge operational anplifier (42)

- Wth a non-inverting input at ground, an inverting input connected which
receives the linear input signal and an offset voltage, and an output; a
feed.back resistor_ (44)..conn ed_.bet ween the output.of the first age
operati onal ‘anplifi-er (%m%‘ﬁﬁefﬁgcmr"t’r}leﬁﬂni b ngc‘FfEa’?siqu&aE?é%‘E :
oper at i onal ?gm Lo je€ i) Ll & th al LGSt EI .

oper at i onal dg%ﬁafl?er %42 ; and g’n g??‘get&vtg%ﬁg%gmg%u?ce (g@?thgonnect ed
t o t he i(hver tswiighingmi¢ansis activated wheh tlet dugputootiage reoeiatd thapthefiput of ) to

i nput said offset voltage; the apparatus being characterized by: at _|east

one addi ti on&Aditional stagenp amapisigreater; than e aeferedpe voliage 3t thenpasin¥ertipg inaut g -
58) with an iorg\%er%dldﬁ%oﬁg%tgg%j ‘l.Jéig'n ’%@F E@ggﬁ?ggl%%ﬁ%@?&@aﬂr}g%&%h 6"(}%‘& %go‘g% n

control resi Shoortfth resiior tMe BOEARE Mnpub of fre'tirst shjdicpisannl St age

operational anplifier output and the operational anplifier

15 6. The amplifier of claim 1 wherein the switching means are transistors.
7. The amplifier of claim 1 wherein the amplifier is used to control
brightness on a display.
20 8. . The amplifier of claim 1 comprising three additional gain stages, creating

four linear piece-wise segments to approximate the log function.

9. A dﬁnming control system for a fluorescent light comprising:
a manual input means for adjusting brightness of the fluorescent light;

25 a pulse width modulating means which in response to the manual input means
periodically output pulses with a width proportional to the brightness of the fluorescent
light;

-an invertor in contact with the pulse width modulator which translates the output
pulses into a power signal which drives the fluorescent light;

30 a light sensor proximate to the fluorescent light which provides optical feedback
based on the brightness of the fluorescent light; and
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I nverting input; 20 a reference voltage source (64)
~which inputs to the Ti¥Bhedt O¥Hebd Dlade@put of the operational anplifier; and

a swi tchigpgogbads (AL ected to the first staggcisemwdbr he
gain control resistor ﬁ llﬁ h/vh
when the voltage at t

erein,fhe switching nmeans is activated
stage operational anplifier is greater than the reference vol tage (64) at

nput of ‘fhe 25 addi ti onal
" the non-inverting Mhimpliier ipgentactyyith e pulsswidih mpdulator which canprisia lindes 2,

i ough’ t ne. oapit Sk FEAR et blpurorih o TidsE e e Rl TP

“the.first st iRplpMa lcotipPisilg: ampl i fi er (-42) which 30 : changes
-the gain of the first stage operational amplifier (42). 2 The appar at us
of Claim1, wherein theafissiistageshichcopprisesspr oxi mat es a nonlinear function
with a cgnstantly decreasing slope (Fig. 4).., . -13 -. .. _

PCT/ US977 21017 3.  The appa?iﬁ%étagg°§Wﬁ$’%aM'ﬂ%ﬁeﬁ%BP%%‘ﬁﬁqﬂnﬂg%ans
(L, Q@, @) of each of ihBainadtlis icBfiMcreditcR tbfes thd HRRR ahdgn .
output of the first stage Sngp ratcl ongf arrpfl?%%er,sanéﬁt%g @\ENI tThi ng neans
is activated when the ooffgtvolage; agran(oftput; | ) received at the input of the
raddi tional stage operational amplifier is greater than the reference

vol tage at the non-inverti ng?fssgdackresistos camagetadhetivess:the autppicotthe Srg|

ontrol “rest stor tot hetpl apf gbf Bsipveling HphFR: wp oR e BRABUPRAIEY O "
anplifigg. 10 4. The agplothe gaidfof thedduitput volage; @ t he switching means

(QA, @, @) of each of the additional gain states is connected to the
output of the first stage opan offsesvaltagersoniceicennectaddo thegjunetiancpding andans | s

activated when the output, voltage.(VM err.]), received. at .the input of the
~additional stage operat ?tc}ﬁ%f?(’ ‘?T%ﬁ“g‘?‘%fg?lg sige.fach °?Wﬁﬁdé%l°"‘i‘r§“+ YpEBence
vol tage at.the nonc(;,ﬁly,%riﬁg':ng input of the additional stage operational
anplifier, the switching neans directs the current flow ng through the gain
control resistor to the inveanopampwith aminvertiag finmg,ta ronsigeenting iyt candl an
anplifi %

output;
a gain control resistor between the first op amp output and the op
amp inverting input; |
o a reference voltage source which inputs to the non-inverting input
of the op amp; and _

20 | a switching means connected to the first stage through the control
resistor where the switching means is activated when the voltage at the
inverting input of the op amp is greater than the reference voltage at the
no_n-ihverting input of the op amp, the switching means directs the
current flowing throth the control resistor to the inverting input of the

25 | first stage op amp.

10.  The amplifier of claim 9 wherein the nonlinear output approximates a

nonlinear function with a constantly decreasing.slope..

30 11.  The amplifier of claim 10 wherein the switching means of each of the
additional gain states is connected to the output of the first stage op amp, and the

switching means is activated when the output voltage received that the input of the
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5. * The apparatus of Claim 1, wherei-n the swtching neans are'transi stors
20 (Q, @, @B). 6. The apparatus of Claiml, wherein the anplifier (32)

(i s used wwoesm982o| brightness on a display. 25 7. POmesyppelTat us of
Claim 1, conprising three additional gain.gtages, cr eati ng four. |inear
pi ece-w se segnents to approximate the |og function. 8. The appar at us of

Claim1, furt /. | S ar

bri ght ness of® “\‘Oﬁglg;r% &SC dep n?“‘f ﬁs@#?ﬁ%%b?ﬂ ﬂ%géfefé%‘é@%ol@g?alt fthe m%g‘wg&lhgg?putti ng
neans (33), Idfﬂ%ﬁbzﬁaktb%bmb , thB Swittlih hie@hs didelks th%uﬁbnﬂﬂbwlﬁg BR66gh t O
the manual input neans (35) periodically output pulses with a width
proportional thecaoriml besisyertndesinyérting dnput obtheSirstratagei aprampy.36) ; and an
inverter (34) in contact with the pul se width nodul ator (33) which

transl ates the out put puI ses into a power signal which drives the

fluorescent |ight @5 mnpl?e?géﬂﬁfﬁll%&{ﬁ%ﬁﬁmﬁ‘ﬁneegddl?g%% it at us of

Caim9, further corrpr|S| t “sensor te to

t he fl uor escepdating@bir 1jriea) pieks-oisesegnents o mp&mmﬂiatéthedﬂgiﬁincﬁased on the
brightness of the fluorescent |ight (36).

13.  The amplifier of claim 9 wherein the output approximates a nonlinear

10 function with a constantly increasing slope..

‘14, The amplifier of claim 13 wherein the switching means of each of the
additional gain states is connected to the output of the first stage op amp, and the
switching means is activated when the output voltage received that the input of the

15 additional stage op amp is greater than the reference voltage at the non-inverting input
of the additional stage op amp, the switching means directs the current flowing through
the control resistor to the inverting input of the first stage op amp.

15.  The amplifier of claim 14 comprising three additional gain stages,

20 creating four linear piece-wise segments to approximate the exponential function. -

16.  The amplifier of claim 9 wherein the switching means are transistors.
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