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(where r can be any real nunber, for instance from1l.5 to 4.5) is desirable
for the horizon . u i npi ng processor.
This coul d previgﬁé?$¥?gﬁkﬁj%§fkégﬁ$§g%r §f§g§€g§?ﬁﬁﬁ§£§g§é nmul tipliers

t oget her and the powSIONLINEAR TRAMNSEER CHARMIBERETIC is limted by r
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BACKGROUND OF THE INVENTION

For analog scanning processors in a cathode ray tube (CRT), a transfer characterstic of
power r (where r can be any real number, for instance from 1.5 to 4.5) is desirable for the
horizontal dynamic focus (HDF) section of the scanning processor. This could previously
only be realised by cascading several multipliers together and the power of this transfer
characteristic is limited by r being an integer. Moreover, the complexity of using- the
multiplier configuration will increase if a higher power transfer characteristic is to be

20 realised.

In this section, two different approaches to generating the same transfer characteristics are
discussed. Although the discussion touches on the multiplier configuration and the
logarithmic-exponential configuration, it can be extended to other configurations or

circuits in which any form of transfer characteristics is to be implemented.
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The first configuration uses multipliers and switches and is shown in Figure 1. Switch S1
is used to select the input to the second multiplier block such that the overall transfer
characteristic can either have a power of 3 or 4. Switch S2 selects the output signal either

30 from the first or second multiplier block so as to obtain the correct transfer characteristic.



WO 02/ 067183 PCT/ S&1/00025 -2 In figure 1, the system conprises basic
multiplier cells which are only able to produce a transfer characteristic
in the fowmoeeiBhput' ), where the power, r, is limted t@carsGon@ger
nunber. If a system needs a power that is a real nunber (ie 2.6), a
designer will tend to inplenment the nmultiplier to provide a power of 2 or
3 as an approximation. If a power of 5 higher order, for exanple 7 or 8, is
to be designed, then the circuit geonmetry will increase in size and/or
conplexity. Furthernore, if the systemis required to be able to sel ect
froma range of power terns, numerous switches have to be inplenented to
sel ect the inputs for each nultiplier, and also to select the desired
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be expressed in _another formas shown bel ow fLinput).=l nput'
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appr oachmceealgggiecsdqu@[elsg,ﬂmnc anplifier is shown in Figure 2b. This basic

|l ogarithm c anplifier consists of an operational anplifier, an input
resistlor, R,,, that is used to convert the voltage input, Vi,p,t, to a
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current i nput age output, Vo,,,Pitl. Fromthe transfer
The transfer charactenstlc in the form of Input’, can be expressed in another form as shown

below.
15 [ (Unput)=Input” =e""Ure In: naturallog

With this new representation, it shows that this system can be implemented using another
approach. This approach mainly consists of 3 sections and the block diagram for each
section is shown in Figure 2a. First, a logarithmic transform has to be supplied to the
20 input, where the result of the transform is (In(Tnput)). Next, it is necessary to amplify the

product with a constant value (r). Finally, an exponential transform is done.

With this approach, a system with a different power term can be generated by controlling
the amplification factor in the amplification block. However, there are drawbacks to this
25 approach. A basic logarithmic amplifier is shown in Figure 2b. This basic logarithmic
amplifier consists of an operational amplifier, an input resistor, Rj,, that is used to convert
the voltage input, Vineu, to a current input, I, and an NPN transistor which is used to
convert the current input to a logarithmic voltage output, Voypuwi. From the transfer
function of this logarithmic block as shown in Figure 2b, it can be seen that the output is
30 dependent on the process parameter, I, Moreover, this logarithmic amplifier employs

negative feedback, which means that the issue of control stability should be considered.



function of this logarithm c block as shown in Figure 2b, it can be seen
that the output is 30 dependent on the process paraneter, |. Mreover, this
| ogarit hmwvo oanwiisf i er enpl oys negative feedback, which mpamsGohveio2s he

i ssue of control stability should be considered. WO 02/ 067183

PCT/ SGOL/ 00025 -3 Furthernore, this circuit exhibits a strong tenperature
dependence due to the thermal voltage, VT as well as Vi,,/R;,, or I. This
dependence can be significantly reduced by using various conpensation
techni ques. These conpensation techniques nmay require extra conponents to
be added, which would increase the circuit geonetry. 5 SUMWARY OF THE

| NVENTI ON The present invention provides a circuit for generating a

non-11 “eﬁ%—tﬁehﬂ&%‘f ®his CREREKAbIS  Srong! REAPLADG: depCncdnBl Wil th tihe Uherfrld] T €N
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the transn@ionefak@bé adde8] Which svogrNatairdhddirattdebm@tryt he of fset current of
each current mrror sub-circuit at respective predetermned |evels and 15
summ Ag the respective output currents of the current mirror sub-circuits.

The pres§ﬁ&ﬂ%ﬂ¥9ﬁEhpfﬂﬁfﬁ@vﬁﬁﬁﬁbﬂes a method for generating a non-linear

transfer characteristic, including the steps of: providing a circuit
having a plurality of current mrror sub-circuits operating in 20 parallel
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current imchg: sub-circuit for determ ning an output current of the

current mrror sub-circuit; generating the transfer characteristic by
settitig the of PRERli, AR FOIROCOCUR PSR OPETHIFS O PEAEL PRGN hesircut

respect i 4g8h RLeEatBI o Befcir@NElSidNe FHEM RNt B8 3088 binyRt REhRYL of an
output-side transistor of the current mirror sub-circuit for determining an output current of
the current mirror sub-circuit, whereby the transfer characteristic is generated by setting
the offset current of each current mirror sub-circuit at respective predetermined levels and

15 summing the respective output currents of the current mirror sub-circuits.

The present invention also provides a method for generating a non-linear transfer
characteristic, including the steps of: ' | -
providing a circuit having a plurality of current mirror sub-circuits operating in
20 parallel within the circuit, each current mirror sub-circuit having an offset current applied
to an output terminal of an output-side transistor of the current mirror sub-circuit for
determining an output current of the current mirror sub-circuit;
generating the transfer characteristic by setting the offset current of each current
mirror sub-circuit at respective predetermined levels and summing the respective output

25 currents of the current mirror sub-circuits.

Preferably, the offset current of each current mirror sub-circuit is adjustable to modify the
transfer characteristic. Preferably, the transistors of each current mirror sub-circuit are
NPN bipolar junction transistors (BJTs). Alternatively, the transistors are PNP BJTs.
30  Alternatively, the circuit is made up of a combination of NPN and PNP current mirror sub-

circuits. Alternatively, the transistors are NMOS or PMOS.



25 currents of the current mrror sub-circuits. Preferably, the offset
current of each current mrror sub-circuit is adjustable to nodify the
transfer wbaractiesi stic. Preferably, the transistors of each/scor/n@as mrror
sub-circuit are NPN bipolar junction transistors (BJTs). Alternatively,
the transistors are PNP BJTs. 30 Alternatively, the circuit is nade up of a
conbi nation of NPN and PNP current mrror sub- circuits. Alternatively, the
transi stors are NMOS or PMOS. WD 02/ 067183 PCT/ SGOL/ 00025 -4 Preferably,
positive slope conponents of the transfer characteristic are provided by
NPN current mrror sub-circuits and negative sl ope conponents of the
transfer characteristic are provided by PNP current mrror sub-circuits.
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mrror sub-. circuj . The present inventjon also provides a systemfor
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thereof,ci\(ml[@trsei n the offset current of each current mrror circuit is set
to a respective predeterm ned | evel, whereby the transfer characteristic
is generated by sunm ng the respective output currents of the current
mrror i_g circuits. Therﬁﬁresent i_.nventjon also Qrfvi des a.current dgmrror
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Ci rcui t schR4ctgemeriatludigga transfer characteristic, the circuit including:
20 mat ched i nput and qutput transistors connected in current. m.rror
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an em tter (keLinuiRht 4PREEYS af Bliput terminal of an output-side transistor of the current
mirror circuit for controlling an output current thereof, wherein the offset current of each
current mirror circuit is set to a respective predetermined level, whereby the transfer
characteristic is generated by summing the respective output currents of the current mirror

15 circuits.

The present invention also provides a current mirror circuit for use in conjunction with a
plurality of other current mirror circuits for generating a transfer characteristic, the circuit
including:

20 matched input and output transistors connected in current mirror configuration, the
output transistor having an offset current applied to an emitter terminal thereof for
adjusting an output current of the current mirror circuit, whereby the output current can be
summed with output currents of the other current mirror circuits to generate a piece-wise

linear transfer characteristic.
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Preferably, the system is a horizontal dynamic focus adjustment system for use in a
cathode ray tube. Preferably, the non-linear transfer characteristic is in the form of a
characteristic of the form y=x", where x is the input, y 1s the output and r is a real number
adjustable between range limits r; and 7. These range limits can be set as necessary, for
30 example for a EW Pincushion curve with a W-shape form (East-West geometry

correction), r; may be 1.5 and r; may be 2.5. In an alternative example, for horizontal



adj usting an output current of the current mrror circuit, whereby the

out put current can be summed with output currents of the other current
mrror ciwouRle7i8® generate a piece-wi se |inear transfer pchiGach@nsstic.
25 Preferably, the systemis a horizontal dynam c focus adjustnent system
for use in a cathode ray tube. Preferably, the non-linear transfer '
characteristic is in the formof a characteristic of the formy=x', where
X is the input, y is the output and r is a real nunber adjustable between
range limts r, and r2. These range l-ismts can be set as necessary, for 30
exanple for a EWPi ncushion curve with a Wshape form (East-Wst geonetry
correction), r, may be 1.5 and r2 may be 2. 5. In an alternative exanple,

for horig%gglﬁgdfor@g %‘gs%g,;@;; G WeIFUADAARS, ve Hsdynam ¢ focus adj ustment, rf

may be 2. y be 4.5. "Advant ageousl y, enbodi nents of the present
i nvention can provide a transfer characteristic having real values of r,
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are neededpitend ¢ ¢izwitichemetmmsmainsahe fame Emarsyeteryiayingcl pewveritermige $omot
depend o&trﬁe QGess,.RAr ameter, | . Advant ageously, the invention allows an
or *a”

end user™ oévflrsEeem'to adj ust the transfer 15 characteristic, and

hence the i nmage displayed by the CRT, by adjusting an external offset

current control. BRI EF DESCRI PTI ON OF THE DRAW N 0 Figu 14s bl ock

di agrt&m Ofvariagep y’a‘rtE“? igyRnfignn 4057 QL RPN Hﬁgaéwﬁgg?‘?qaﬁgagm{ E%Fﬁ%fff’{fr the
stability issue does not come into play. Fewer components are needed to realise the same

transfer characteristic and it does not depend on the process parameter, I.

Advantageously, the invention allows an end user of a CRT system to adjust the transfer
15 characteristic, and hence the image displayed by the CRT, by adjusting an external offset

current control.
BRIEF DESCRIPTION OF THE DRAWINGS

20 Figure 1 is a block diagram of a prior art system for generating a non-linear transfer
characteristic;
Figure 2a is a block diagram of a prior art logarithmic exponential configuration for
generating a transfer characteristic;
Figure 2b is a schematic circuit diagram of the configuration shown in Figure 2a;

25 Figure 3 is an example transfer characteristic of non-linear function;
Figure 4 are four examples of non-linear transfer characteristics formed in a piece-wise
linear manner;
Figure 5 is a diagram of a current mirror circuit in accordance with an embodiment of the
invention; ’

30 Figure 6 is a diagram of an example transfer characteristic of the current mirror circuit of

Figure 3;



characteristic; Figure 2a is a block diagramof a prior art logarithmc
exponential configuration for generating a transfer characteristic; Figure
2b is a swbenmtiig3 circuit di agram of the configuration sheem/SGol/biogure 2a;
25 Figure 3 is _an exanple transfer characteristic of non-linear function;
Figure 4 are four exanples of non-linear transfer characteristics fornmed in
a piece-wise linear manner; Figure 5 is a diagramof a current mrror
circuit in accordance with an enbodi nent of the invention; 30 Figure 6 is
a di agram of an exanple transfer charagteristic of the current mrror
circuit of Figure 5 WD 02/067183 PCT/ SG0L1/ 00025 -6 Figure 7 is a block
di agram of a systemin accordance with an enbodi nent of the invention;
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:B(t-to)u(t to)+C(t-t,)u(t-t,)+D(t-t2)u(t-t2)+.... n=0 whereto <t i <1t2
<tn_ % for n>4andto>0and where u(t-to) |saun|t step function of
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A basic idea of the invention is to sum several piece-wise linear functions to obtain the
desired transfer characteristics. Any function, for example, logarithmic, quadratic; etc, can

10 be approximated in the following form:

o

F(O=D" A" =Bt —t)u(t —t,) + C(t =t )u(t —1,) + Dt —t,)u(t —1,) + ...

n=0
wheret, <t, <t, <t,, forn>4andt; >0

and where u(?-tp) is a unit step function of magnitude 1 when ¢ > #j and zero otherwise.
For example, the transfer characteristic shown in Figure 3 can be expressed in following

15 form:
F@ =1 -Du(t =) =10 = 2)u(t -2) + 2(t =3u(t -3) =20t - 4)u(t - 4j

By forming such piece-wise linear (PWL) functions, any kind of transfer characteristic can
20 be approximated. It is desirable to control two parameters of each of these PWL functions:
the time of the conduction corners, (ie, fy, #;, {2, etc) as shown in Figure 3, and also the
slope at each corner. In Figure 4, the branch outputs indicate the components of the PWL
function and bold lines indicate the total output by summing the individual branches.

From the plots shown in Figure 4, it can be seen that by controlling the conduction corner

J
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and slope of each branch, any kind of transfer characteristic can be implemented. More
branches are needed for a system with a more complicated transfer characteristic. For a
more complex transfer characteristic, for example, f{Input) =Inpur’, increasing the number
of branches for a specific input range and output magnitude will make the output curve

more accurate.



For exanple, the transfer characteristic shown in Figure 3 can be expressed
in followng 15 form

f(t)=l(t-wpwewe3 | (t-2)u(t-2)+2(t-3)u(t-3)-2(t-4)u(t-4) PBy/SGoL/MRF such
pi ece-wi se |linear (PW) functions, any kind of transfer characteristic can
20 be approximated. It is desirable to control two paraneters of each of
these PW functions: the tinme of the conduction corners, (ie, to, tj, t2,
etc) as shown in Figure 3, and also the slope at each conmer. In Figure 4,
t he branch outputs indicate the conponknts of the PW. function and bold
lines indicate the total output by summ ng the individual branches. From
the plots shown in Figure 4, it can be seen that by controlling the
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transconductance system.

15
In the basic cell, instead of NPN and PNP BJTs, N-type and P-type MOS transistors can be
used with equal effect.

The equation governing the NPN basic cell is shown below:

20 1uRiy = (ot + ogor Ro =ViIn[(ly /1, )(Ae, /A, )] )
where: Vr is the thermal voltage of the transistors; Iiy, Loy are the current mirror input and
output currents, respectively; Ag, Ag; are the emitter areas of Q1 and Q2, respectively. If
MOS type devices are used instead of BJTs, the above equation will follow the model of
the relevant MOS device used.

25

As can be seen from Figure 6, the transfer characteristic is governed by a linear part and a

non-linear part, given respectively by:

R
Output = —=

out

x Input -1 (linear) @)

offset



drives a current output of a positive or negative slope according to the
cell characteristics and is generated by an input system such as a
vol t age- twooreHAB: converter or a transconductance syst e®CTAGoi/mozhe basi c

cell, instead of NPN and PNP BJTs, N-type and P-type MOS transistors can be
used with equal effect. The equation governing the NPN basic cell is shown
below. 201 in Rin- (I out +'offset )Rout =V T 1 nrr t (I out /I in M5 I
[AE2 A (1) where: VT is the thermal voltage of the transistors; Ili,,, lou,

are the current mrror input and outgut currents, respectively; AEl, AE2
are the emtter areas of QL and 2, respectively. If MOS type devices are
used instead of BJTs, the above equation will follow the nodel of the
rel evant MOS device used. 25 As can be seen from Figure 6, the transfer
char act elripst £ ¥ Iggver ned byhoa llmeedr part and a non-linear paf3), given
respectively B Qutput = R x Input - | "f.5C1 (linear) (2) R out WO
02/ 067183 PCT/ SGOL/ 00025 -8 Input = R x laffset (non - linear) (3) R n
By observing equation (1), and naking certain assunptions, the fornula for
the condgghbving 04ideibn ( BOARLhAMSierARPKSIm SiRths HBle €RtiuyEl: tHeGuadicabn ( 3)
model s the conduction corner as % t he output transistor starts to conduct,
at whi chegraéreqedtionGirpene) e beftrived. Sanitionr @) models thoycondyetiqnremer @ir r ent .
Assunpt i : ' . af [ :
tr anarst Sreting! BEbAr AR bl Bl 36 SRR ot iRy (RGP AL 1o

the input current.

Assumption 1: Taking the emitter area of both the input and output transistors to be

the same. Hence Ag; will be equal to Ag;.

Assumption 2: At the point where the output transistor starts to conduct, Iy 1s small
10 compared to losrer.
Assumption 3: If Rouloftser”Rinlin, the output transistor cannot conduct, hence
Lin<Routlotfse/Rin-

It is important for the circuit designer to choose appropriate characteristics of the
15 conduction corner in order to achieve the desired accuracy of the output curve. This is a
matter of choosing the values of Rj; and Ry, taking into account the temperature g:ffect on

the output current of the V1 term from equation (1).

When an input current is present, the potential at the base and emitter of Q1 will increase.
20 A voltage comparison at the base and emitter of Q2 determines whether Q2 conducts. The
potential at the emitter is set by Lme:Rou, and this setpoint can be changed easily through
the Tomser current. Q2 will start to conduct when IR, is greater than IgsecRow. The output
current of this basic cell will be summed together with other cells to form the output

current of the system. The number of branches in the PWL function, and hence the

[\
w

number of basic cells required, will depend on the complexity of the desired transfer

characteristic.

The transfer characteristic of a basic current mirror cell is shown in Figure 6. Bold lines
indicate the theoretical PWL branch while dotted lines show the actual transfer

30 characteristic of the basic cell. By modulating the offset current Iy, it is possible to



Assunption 2: At the point where the output transistor starts to conduct,
lout is small 10 conpared to loffset. Assunption 3: If Routloffset>Rinlin,
t he out puwotaeasst or cannot conduct, hence 1in~Routl of f eewr/SRomodoesi s
inmportant for the circuit designer to choose appropriate characteristics of
the 15 conduction corner in order to achieve the desired accuracy of the
output curve. This is a matter of choosing the values of Rin and Rout,
taking into account the tenperature effect on the output current of the VT
termfromequation (1). Wen an input.gurrent is present, the potential at
the base and emtter of Q1 wll increase. 20 A voltage conparison at the
base and emtter of 2 determ nes whether 02 conducts. The potential at

the emt Rout et PRy ged. easily
through TRt PoF rlardter elRRHIR" eRPY rllifioaCh B EAL B FRARDTE)
greater tdaaaasxhgﬂjﬁ&etkﬁomnput'ﬁlf@cbu«tiplshift toulnerxegttt Bifmitahnlly dybdestreasioe [ksehel be
summed together with el | the ut rrent of the system
The b @Dt DBPIhEHZE SR doRE Mndt TSRS andihaniss’ Hhe Bes dimbtrelor

basi c celrbl%fére;qluiaeeﬁsue/\bﬂ {he daRERE] OMKE hﬁnsq&rmﬂa%tewtl@ﬁf tH&adie skl edtter ansf er
characteristic. The transfer characteristic of a basic current mrror cell

i s shdwnsame & GaitkeosticBol WL brareed expepdiab Bie sondystion eemet i Bz navipnegrigmdh whi |l e
dotted I et?m%{aﬁ)‘g’egfgft ﬁl&l%wst&é@ﬁ\fvg to b§9m%l§{ﬁ£@%{ Blel & EBPSC@B C&?\%%bgﬁgjéc cel I.

By nodul a | ng current fset, I'S possi 7183
PCT/ SGOLAQS025 rep&s@hamgmbﬁdme for Ehlesa‘yeuem; Hzalt amtt@ldl &tvuant,aoetdmelryemyoqmlnsomedl ng a

controll abI e j ust ment . lof fset, the out nch, will
Shit ot oSG AR Yehsr il B SechRaCI R orE st o HEP RS Polinch can
be shi ftﬁdrxidhtatlftﬁ Vegfidal directidngUke afprophife)dirt @dirblling @k \dspldyhen acCRA
transfer characteristic of the basic cell. The transfer characteristic of
the D&si &8 | is the 5 sanme as the theoretical PW branch except at the
conduction corner. The non-linearity of the transistor effectively allows
the curve to be snoothed at the conduction corner. This

A block diagram of a system of an embodiment of the invention is shown in Figure 7. In

this system, we define the input as a voltage source, Vi, and hence a transconductance
circuit is needed to convert the voltage input to a current input, Ii;. Ii, then acts as the input
15 to a circuit comprising basic PNP or NPN cells, or both, depending on the transfer desired
characteristic. The output is then fed into an amplitude control circuit to obtain the same
magnitude at'the maximum input signal for each different transfer characteristic. The
necessity of the amplitude control circuit can be seen from Figure 6. By adjusting Ioé‘se‘,
the output current amplitude is altered. In the exemplary system shown in Figure 7, three
20 adjustment signals are used, namely Iyger, lomserr and lomses: By modulating [ogrser; the
power (Vi r is the power) of the proposed invention can be changed from r; to r» where
r; and r, can be any arbitary positive real numbers. Next, with Iomet Set a particularly
interesting aspect is that Iosen, lotises can be a combination of the first Ioery. In this way,

it 1s possible to generate a complete transfer characteristic which is easily adjustable by

[\]
w

way of a single or multiple current controls.

As shown in Figure 8, it is possible to convert a curve of the form output=A,inpuf’ to a
curve of the form output=A4 zinpuﬂ, where A; and A4, are constants, by adjusting the offset
currents in order to move the conduction corners, P1, P2 and P3. This dynamic

30 adjustability advantageously allows dynamic adjustment of the transfer characteristic.



does not represent a problemfor the system but instead advantageously
snooths the output. In this way, so-called W, S and C-corrections can be
i npl enentwo o2i6tiBe  hori zontal or vertical directions (asprapsGopnicase) for
controlling the display on a CRT 10 screen. A block diagramof a system of
an enbodi ment of the invention is shown in Figure 7. In this system we
define the input as a voltage source, Vin, and hence a transconductance
circuit is needed to convert the voltage input to a current input, I;,,.
lin then acts as the input 15 to a ci-rl@uit conprising basic PNP or NPN
cells, or both, depending on the transfer desired characteristic. The
output is then fed into an anplitude control circuit to obtain the sane
magni t udepadNrge maxi mum i nput signal for each different transfer
characteristic. The necessity of the anplitude control circuit can be seen
fromFigure 6. By adjusting loffset, the output current anplitude is
altered. ,In the..e | ar I i Lo T 0 adj ust nent
signal s ell're usl}‘e%fgﬁﬁa@n% ﬁ%ﬁagl%(?égﬁ_ﬁn%)%?ﬁag%ﬁ:&%gé?ﬁn(%%l?’slg%lg&n y nmodul ati ng

| of fsetl the apowelity M current miisr bitecipanwsropeaitinthe pradpdsatin twenirdwin) can
be changed fromrl .to r2 where rl and r2 can be. arbitary positive real
urbers SRR VNP SBOT Saih et CUTa PP ARG R rEBBLEE o & | hat
I of fsetl ouipRf-§iaetBniabr Hahd cGHR IRl KB-Bfcuiter ddiéddinin@fah @tdut clhiferkt biFs way,
it is possible to generate a conplete transfer characteristic which is

easi |y adjeusiresst nipgr sysciygant, ohergby ithegirensér characiepslc eugssmedcbnheeting. As
shown i nFj Lt eLSip j > Q4 :

out put AT cfizer of ERMAARRk ek QoG ORUEL b Bl Ep Rl iint e s and
are constantsng thy resgpaskiongput bierenfsfelie cuctent minte sub-cocdiér: t 0 nove t he

cond %ti on corners, P1, P2 and P3. This dynamc 30 adjustability
advantrageously all ows dynam c adjustnent of the transfer characteristic. WO
02/ 067183, PCT/a8kt 80028 ainT 1,50her&th MMITset durrdht 6F E&dhi durfedf m@estenBlcirbgt a
non-linear transfer characteristic, including: a plurality of current

mrror siAdysiabls tosmedibr he FARSHIFhFAFEIFEL within the circuit,

-

3. The circuit of claim 1 or 2, wherein the transistors of each current mirror sub-

15  circuit are NPN bipolar junction transistors (BJTs).

4, The circuit of claim 1 or 2, wherein the transistors of each current mirror sub-
circuit are PNP BJTs. '
20 5. The circuit of claim 1 or 2, wherein the circuit comprises a combination of NPN

and PNP current mirror sub-circuits.

6. The circuit of claim 1 or 2, wherein the transistors of each current mirror sub-

circuit are N-type or P-type MOS transistors.

25
7. The circuit of claim 5, wherein positive slope components of the transfer
characteristic are provided by NPN current mirror sub-circuits and negative slope
components of the transfer characteristic are provided by PNP current mirror sub-circuits.

30 8. The circuit of claim 5, wherein positive slope components of the transfer -

characteristic are provided by PNP current mirror sub-circuits and negative slope



5 each current mrror sub-circuit having an offset current applied to an
output termnal of an output-side transistor of the current mrror
sub- ci r cuWwD oRos718®t er m ni ng an out put current of the cur PEMSGIL/N00RSF
sub-circuit, whereby the transfer characteristic is generated by setting
the offset current of each current mrror sub-circuit at respective
predeterm ned |l evels and sunm ng the respective output currents of the
current mrror sub-circuits. 10 2. The circuit of claim1, wherein the
of fset current of each current mrroflbub-circuit is adjustable to nodify
the transfer characteristic. 3. The circuit of claim1 or 2, wherein the
transistors of each current mrror sub- 15 circuit are NPN bi polar junction
transi st@afoh&dd 89 the dranstBech@tdcteriktic £8 pedvaddd by PN Zurrdh@hRion siheirédignsi st or s
of each current mrror sub- circuit are PNP BJTs. 20 5. The circuit of
claim1 or 2, wherein the circuit conprises a conbination of NPN and PNP
current g4n rrof;hesc%' ﬁ'orf%féﬁrﬁﬁ; wﬁereiﬂlﬁe ﬁ%ﬁ—‘f‘iﬂéatr t%i%l‘ & erflic % a%@%—%}i& the :
transi stors of each Current’ mrror sub- CITcuit are type or ype MOS
t ransi stappsoximbtioh oflf Aehaiatetistic of the | fairm y5x", whikreixnispos itpuy sigahlpyels an
conmponents of . the transfe cpar cterjstic are provided g NPN,.cur r ent
mirror SRR % A L BHE PU IR BRI DebgTRRgRAR LTSt TURG 1 PAfpement
char act ejfiygd &GseE@rdt 0¥ betest ddre BNBRe GUAERIThirr GRE r&iM3- circuits. 30 8. The
circuit of claim5, wherein positive slope conponents of the transfer
characteristic are provided by PNP current mrror sub-circuits and negative
sl ope WA D2/ 0Q el 6l ceAdih A0 R tined-hr £ 0P AR AN SR, BRAMGANSLESs of
characteristic are provided By N N'CUrrent mrror sub-circdits. T9. The
circuit of clmbmdibhg avkerwei hatihe am@waliiynefruteramsier soharadtseepestting ins a
ghefﬁ%mga%l]&ﬂgvﬁ{hgi;hﬁggﬁrl&ﬁe e%gh g‘ur?e% I;nellgr})re gdb%i'rc%it%av%n%eanf ST ¥arTent app L xS
to an output terminal of an output-side transistor of the current mirror sub-circuit for

determining an output current of the current mirror sub-circuit;
generating the transfer characteristic by setting the offset current of each current
mirror sub-circuit at respective predetermined levels and summing the respective output

15 currents of the current mirror sub-circuits.

11. The method of claim 10, further including the step of adjusting the offset current of

each current mirror sub-circuit to modify the transfer characteristic.

20 12. The method of claim 10 or 11, wherein the transistors of each current ‘mirror sub-

circuit are NPN bipolar junction transistors (BJTs).

13. The method of claim 10 or 11, wherein the transistors of each current mirror sub-
circuit are PNP BJTs.

25
14. The method of claim 10 or 11, wherein the circuit comprises a combination of NPN

and PNP current mirror sub-circuits.

15. The method of claim 10 or 11, wherein the transistors of each current mirror sub-

30  circuit are N-type or P-type MOS transistors.



5 output signal and r is a real nunber adjustable between range limts r
and r2 by adjustnent of the offset current of one or nore of the current
mrror suwoaeneusis. 10. A nethod for generating a non-|i RearsGoi/enzs er
characteristic, including the steps of: providing a circuit having a
plurality of current mrror sub-circuits operating in 10 parallel within
the circuit, each current mrror sub-circuit having an offset current
applied to an output term nal of an output-side transistor of the current
mrror sub-circuit for determ ning anutput current of the current mrror
sub-circuit; generating the transfer characteristic by setting the offset
current of each current mrror sub-circuit at respective predeterm ned

|evel s ang SUFILNGLAS SCOREE e/ SyRULRYSosih. QDL SRhioRlort N BT ERker 1 or

sub-C|rc I'ts a|n11 rth ng the step of
adj ust i nghidaeenitfcsate @usvidedt bpf NPBachrrentr rmgmor mub-rCUEmESUBH@I negaiive tstopaodi fy

the transfer characteris 20 12. The a|n110 or rein
the tr an§P%‘P6‘Pe§“§)‘Pfc té%lgﬁ“ (%"drcp%‘ﬁ‘fte’iﬁt‘rcr%? p?ﬁﬁfegg’y FE\IL—F FUTESPA TR TP Ctl)ximél\r{m
junction transistors (BJTs). 13. The nmethod of claim 10 or 11, wherein the
transistors of each current mrror sub- circuit are PNP BJTs. 25 14. The
met hod ofi 7cl ailie 1@etod 10f. claimerldi rvharaincpastiict slopenrompeaenis cdniben&dnsEa of

NPN .and NEl) t%rl{srt{cersl% rgvru?J gbpﬁi)r CYdR - mior SR8 cHELROd,0f n&h@vems gor 11,

wherein € ransi h" current mrror sub- 30 circuit are type
or P-t ypeokmxémsamhs tramsfer HDaO2Yi QB 7418 BroPIEA SEDIFNY 00261t mifRr Jub-cifkhgs.met hod
of claim 14, wherein positive slope conponents of the transfer
characteristic are provided by NPN current mrror sub-circuits and negative

sl ope cqgponemesn&hod BEckinansf Rhercihathaabeilingdrd €ardfee chiiaviedett Bya FbER-
current minor sub-circuits. 5 17.. The net hod of claim 14, mherein positive
sl Opel%om@qqmrgmgfatlpxh@f ' f:kaqaigcﬁq_ﬂstlc of the form y=x', where x is an input signal, y is an

output signal and r is a real number adjustable between range limits r; and r; by adjustment

of the offset current of one or more of the current mirror sub-circuits.

19. A system for generating a non-linear transfer characteristic, including:

15 a plurality of current mirror circuits in parallel, each current mirror circuit having
an offset current applied to an output terminal of an output-side transistor of the current
mirror circuit for controlling an output current thereof, wherein the offset current of each
current mirror circuit is set to a respective predetermined level, whereby the transfer
characteristic is generated by summing the respective output currents of the current mirror

20 circuits.

20. The system of claim 19, wherein the offset current of each current mirror circuit is

adjustable to modify the transfer charactenstic.

25 21. The system of claim 19 or 20, wherein the transistors of each current mirror circuit

are NPN bipolar junction transistors (BJTs).

22. The system of claim 19 or 20, wherein the transistors of each current mirror circuit

are PNP BJTs.

23. The system of claim 19 or 20, wherein the circuit comprises a combination of NPN



characteristic are provided by PNP current mrror sub-circuits and negative
sl ope conponents of the transfer characteristic are provided by NPN
current mvorewedsbh-circuits. 18. The nmethod of clai m 10, peirSGsi/moehe
non-linear transfer characteristic is a piece 10 wi se approxi mati on of a
characteristic of the formy=x", where x is an input signal, y is an

output signal and r is a real nunber adjustable between range limts rl and
r2 by adjustnment of the offset current of one or nore of the current
mrror sub-circuits. 19. A system for-Igenerating a non-linear transfer
characteristic, including: 15 a plurality of current mrror circuits in
paral lel, each current mrror circuit having an offset current applied to
an out putind eNPFigagbntahiran cRelligut - si de transi stor of the current mrror
circuit for controlling an output current thereof, wherein the offset
current of each current mrror circuit is set to a respective

pr edet er iy ned the . WAEHEDYo by LRhah ‘ﬁge tr%(;?s'icﬂ? %?Eéc%tdu&ehrsmﬂ-g(%%ﬁr%&‘% d by
sunmmi ng the respective output currents of the current mrror circuits.
20. The sxed¥¢ypeadr Fetype MQQtravisterei n t he of f set current of each current
mrror. circuit is adjustable to nodify the transfer characteristic. 25 21.
The system of claim19 or 20, wherein the transistors of each current

M rror cRECui The adyetePNf Rilfd@l a5, jviBeld QRsitivansdst 06BpoBAtsbf B trahiRrsyst em
of claim19 or 20, wherein the transistors of each current mrror circuit
are PNP Bipractersgiicage prpyided hx (Y STt FiFON Oirgts 20d ngBFS; SORCROMHORERIF t

conpr i Seéf&eQ&Hgyeggia&afr&%r@a‘ic Meg%e%y%@%&@]{gg@%&%% and PNP current

mrror circuits. e syst cl/aim 19 or erein the transistors

of each current mrror circuit are N-type or P-type MOS transistors. 5 25.
The SysSt &g of Tﬁcle as'yg%er%?’ of Vé:'{lqa%lebgl, R/ggr'e}n' \fngsiﬁlvg R op%oc nqggn%%% 8} tltxeh etratng exr‘] ster
characteristic are provided by PNP current mirror circuits and negative slope components

of the transfer characteristic are provided by NPN current mirror circuits.

27. The system of claim 19, wherein the non-linear transfer characteristic is a piece-
15  wise approximation of a characteristic of the form y=x', where x is an input signal, y is an
output signal and r is a real number adjustable between range limits r; and r, by adjustment

of the offset current of one or more of the current mirror circuits.

28. The system of any one of claims 19 to 27, wherein the system is a horizontal

20 dynamic focus adjustment system for use in a cathode ray tube.

29. A current mirror circuit for use in conjunction with a plurality of other current
murror circuits for generating a transfer characteristic, the circuit including:

matched input and output transistors connected in current mirror configuration, the

25 output transistor having an offset current applied to an emitter terminal thereof for
controlling an output current of the current mirror circuit, whereby the output current can
be summed with output currents of the other current mirror circuits to generate a piece-
wise linear transfer characteristic.

30 30. The current mirror circuit of claim 29, wherein the offset current of the current

mirror circuit is adjustable to modify the transfer characteristic.



characteristic are provided by NPN current mrror circuits and negative

sl ope conponents of the transfer characteristic are provided by PNP
current mvoroeeTB3y cuits. 10 26. The system of claim 23, wrersiGo/pegstive

sl ope conponents of the transfer characteristic are provided by PNP
current mrror circuits and negative slope conponents of the transfer
characteristic are provided by NPN current mrror circuits. 27. The system
of claim 19, wherein the non-linear transfer characteristic is a piece- 15
Wi se approxi mation of a characteristi.g4af the formy=x, where x is an
input signal, y is an output signal and r is a real nunber adjustable
between range limts rl and r2 by adjustnent of the offset current of one
or nore of the current mirror circuits. 28. The system of any one of clains
19 to 27, wherein the systemis a horizontal 20 dynam c focus adjustnent
syst em f ®r. us®ht¢ bureert ailrodeiraudtyoft alien 2261 33 whareierthe ramsigorsaif thaittrdndr use

in conjunction with lurality of other current ) r circuits for
generatiﬁﬁ”%“??ﬁﬁﬁ?%ﬁpgﬁﬁ¥’%ﬂ@%ﬁ@?ﬁ@?mﬁﬁg(éginggbﬁ%%f di ng: matched i nput
and out put ‘transistors connected in current mrror configuration, the 25
out put transistor having an offset current applied to an emtter term nal
theredf. por EbacwmtntimngonATet efutlaiputt ene0.ofhareia the rarpTions; of s cerenéui t
wher eby fhe out put, our rygﬁﬁehﬂ§sﬁﬁﬂﬂﬁgm“‘th;OUtth currents of the other
current mrror circuits to generate a piece- wise linear transfer
characteristic. 30 30. The current mrror circuit of claim?29, wherein the
of fset current of the current mrror circuit is adjustable to nodify the
transfer characteristic. WO 02/ 067183 PCT/ SGOL/ 00025 ~-.14 31. The current
mrror circuit of claim29 or 30, wherein the transistors of the current
mrror circuit are NPN bipolar junction transistors (BJTs) or PNP BJTs. 5 _
32. The current mrror circuit of claim29 or 30, wherein the transistors
of the current mrror circuit are Ntype or P-type MOS transistors.



