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The invention relates to a level shifter as
5 used for example in an input stage of a power supply
regulator of a television apparatus, in particular to a
circuit arrangement. that combines an 1nput.s1gnal with
a reference signal to produde'an output signai that is
level shifted relative'to that of the input signal.
10 In a power supply arrangement of, for example, a

television receiver, a voltage representative of a DC,
regulated supply voltage B+ is coupled to, for example, an
inverting input terminal of a B+ voltage regulator. A

reference voltage is coupled to, for example, a .
15 noninverting input terminal of the regulator. The

feed-back voltage that is representative, for example, of

regulated supply voltage B+ is compared, in the input
stage, with the reference voltage to generate ap,output
voltage that is coupled to a controllable arrangement.

20 controllable arrangement regulates voltage B+ at a level

that is determined by the reference voltage.  Voltage B+

@

The

may be used, for example, to energize a deflection circuit
output stage for a cathode ray tube (CRT).

In one prior art circuit,

a voltage

25 representative of, for example, a 1evel-of.the.beam current
" in the CRT is summed with the reference voltage, such that

the sum of both, instead of the reference voltage alone, is
applied to the noninverting input terminal of the input

stage. A variation of the beam current repregentative

30 voltage varies voltage B+ so as to maintain constant the

raster width in the CRT whgh the beam current changes.
The summation of the constant reference voltage
and the variable beam current representative voltage is '

done, in such prior art c1rcu1t by coupllng the beam

35 current representative voltage via a zener dlode to the

noninverting input terminal.

The zener diode develops

between its anode and cathode electrodes the reference
' voltage. Thus, the reference voltage that level shifts the



a refierence signal to produce an output signal that '%h veI shifte
relative to that of the input signal. 10 In'ss laced
arrangenment of, for exanple, a tel evi sion receiver,

representative of a DC, - regul ated supply vol t age B+

exanpl e, an inverting input termnal od-a B+ voltage regulator
reference voltage is coupled to, for exanple, a 15 noninverting input
termnal of the regulator. The - feed-back voltage that is
representati vé’eaﬁ‘brc‘@é%ﬁﬁﬂ repFesentatiyf RIS Gf FardietagouRtad with
conmpared, in tdye gyl curreﬁtaﬂepratéﬁtétﬁwéEﬁémﬁﬁgéevoltage to generate

an out put : vol tage that. is,coupl ed t ont rol I L2

20 controll abl e arrang%ré’rﬁ ‘?‘é f')%?%s go?‘fébezeé}'reraﬁ%‘aﬁ evle -mf
det er mi ned by ﬂ&@ﬁam&mg@!img‘e{:e sohengeoBrage duerdip t’;@m@e’ditl-flfﬁ: :
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ray tube lor art .crrcuit, a voltage 25
representatlvdeﬂEIftﬂ Ghangg e, a IeveI of the beam cur r ent

It may be desirable to sum the beam current
representatlve voltage with a reference voltage to generate
a sum voltage that is applied to the noninverting input
10 terminal of the input stage without using such zener diode.
In an embodiment of the invention, the reference
voltage is produced by a voltage source of, for example,
the well known bandgap type. The beam current
representative voltage is summed with, or level shifted by,
15 the reference voltage that is produced by the bandgap type
source. Advantageously, the bandgap type source is less
susceptible than the zener diode to temperature Ehanges,
component aging or noise.
In a circuit embodying an aspect of the
20 invention, an input signal, such as a beam current
representative voltage, is coupled in series with an
emitter electrode of a first transistor that operates as a
common base amplifier. A second transistor, operating as a
current source, and having its collector coupled to the
25 collector of the first transistor, supplies the collector
current of the first transistor. A current mirror
arrangement, that includes the first transistor, causes the
'collector_cufreﬁt in the first transistor to be equal to
that supplied by the collector current of the second
30 transistor, when the input signal is at a predetermined
magnitude such as zero. A first voltage; such as produced
by a bandgaﬁ type source, is coupled via a resistor to a
junction terminal between the collectors of the first and
second transistors. The collector currents of the first
35 and second transistors produce a difference current that
. develops a voltage across the resistor that is summed with
the first voltage to produce a second signal that is



in the CRT is summed with the reference vol tage, such fﬁ?éheetHasE
both, instead of the reference voltage alone, is Immﬂm

noni nverting input termnal of the input st age. A v
beam current representative 30 vol t age ~Zari es vol tage

mai ntai n constant the raster width in the CRT when the beam current
changes. The sunmation of the constant reference voltage

and the vari aSle¥edoRe%t @t dhe JARMEIOn Her iR + addrg second FGanal fiSych
prior art cireta nta)grﬁmmid hathd b Be¥mingd e dhd eﬂi&fﬁﬁﬂicﬂma@ ald age

via a zener diode onlnvertl ut_ ter di ode
devel ops ‘1[ t"\et s?oé'r}(?&e CInf A Hode léfeatﬂyr & q} eragﬁfe
vol t age. ThU§ecpmd rtafagysarsdonso| whga et Magnﬂtudafdﬁ;hhﬁalnput signal

5 is predetermined such as zero. When the magnitude of the

input signal is different_from.the predeterminéd magnitude,
the second signal is different from the first voltage by an’
amount that is proportional to the magnitude of the input
signal. o

10 In accordance with an aspect of the invention, a
power supply includes a level shifter level that shifts an
input voltage used for controlling an output supply voltage
of the power supply. A controllable conductive element is’
coupled to the input supply voltage for generating, from

15 the input supply voltage, the output supply voltage. The
power supply includes a comparator, coupled to the
conductive element, for varying, in accordance with an
output signal of the comparator, the conduction of the
conductive element to control the output supply voltage A

20 currert mirror arrangement that includes a transistor 1s
responsive to a current in a first. circuit branch for
generating in a first main current conducting electrode of
the transistor a current that is the current mirror of the
current in the first circuit branch. The first main current

25 conducting electrode is coupled at a junction terminal to a
second circuit branch for conductlng at least a portion of
a current in the second circuit branch. A source of the
input'voltage;is coupled to the transistor for varying the
current in.the first main current conducting electrode to

30 produce a difference related current that varies in
accordance with the input voltage. The difference current
is related to a difference between the current in the first
main current conducting electrode and the current in the
second circuit branch.. A first resistance is coupled to

35 the junction terminal for conducting the difference related
current to develop a voltage acroes the resistance that
varies in accordance with the input voltage. A source of
temperature compensated first voltage is coupled via the



2o s beam current representative voltage is series cou eenReMmmo
the beam current representative vol tage. - A di &

such zener diode |level shifting is that a change in the
due to tenperature, 5 aging or an |nher€ﬁr noi se in the zener dlode
causes the | evel to change. It may be desirable to sum

e e U S o shERT ESRLA SRR AR ik LT BIE el LagBalR
ternm nal of thacrapattheayesisthoge dsi cgmbicledzendeh dheddirst voltage
I'n an e”b0d|”E@Broﬁetgﬁobﬂﬁﬁnh'Q@mpEEch%%eﬁgﬁﬁﬁnsated second voltage at
the junction terminal. The second voltage varies in
5. accordance with the input voltage The second voltage is
level shlfted in accordance with the first voltage. The  _
temperature compensated,_level shifted, second voltage is.
coupled to an input of the comparator for varying the
output signal of the comparator to control the output
10 supply voltage.
In the Drawing:
FIGURE 1 illustrates a simplified schematic
diagram of a power supply regulator circuit that includes a
level shifter, embodying an aspect of the invention;
15 . FIGURE 2 illustrates a detailed schematlc dlagram
of the level shifter of FIGURE 1; and
FIGURES 3, 4, 5 and 6 illustrate level, shlfters
embodylng dlfferent aspects of the invention, respectlvely
FIGURE 1 illustrates a simplified schematic
20 diacvam of a power supply of a television receiver, not
shown in the FIGURES, that includes a regulator 100 that is
an integrated circuit that requlates a supply voltage B+.
Voltage B+ may be used, for example, to energize a
horizontal deflection circuit or output stage 99 of the
25  television receiver.
A voltage V+, representative of voitage B+, is
obtained from output stage 99. Voltage V+ is coupled to a
voltage divider 605 that includes series coupled resistors
601, 604 and 602. Resistor 604 includes a wiper k for
30 developing at wiper k a voltage that is representative of,
for example, voltage B+. The voltage at wiper k, that is
adjustable by varying the position of wiper k, is coupled
to an inverting input terminal 608 of an error amplifier
610 via a resistor 607. ' '
35 A small voltage that is proportional to the beanm
current in the CRT of the receiver is coupled from a



voltage is produced by a voltage source of, for exanple, eén
bandgap type. The beam current representatlve voltagemﬁ
or level shifted by, 15 the reference voltage that is prod

bandgap type sour ce.. Advant.ageousl y;-5the bandgap type

suscepti bl e than the zener diode to tenperature changes ' conponent

agi ng or n0|se circuit enbody % an aspect _of the 20
e

i nvention, ?Fﬁ&ﬁrglﬁh%91n§u€ﬁ §§a35585WF€uFr§ﬁta rmipgtebdhi &0 oI

vol tage, is quwébﬁag@ Bge esthathlanlndlcae&weteﬁ thecbeadecutrentlrst
transi stor that oper at %g

n base anpl | f|er
transi stor, operating as a éae VNDNIen §6u 851e3n8 Ravit n§ ggggﬂlect
coupl ed to thehe@beamofurrendt o¢cuhs, fLsscoup&nduyngra éGEplléblfﬁér

collectorg 60&Ufé£56d§&n&h§nfaéﬁ&c£fé@stﬁéoinvénﬁgbﬁento”hrrOf :
arrangenent, that I nc] ydes,the first _transistor,. causes the col ector

current in tHRPRINGGTEIAGSIRPRE FETBEDRLUEPO B err°Fh&PE§ﬁﬁbPFe919ytPhe
~collector: curpedducd ameispedivoltage Vg .. Level shifter 600
establishes a fixed offset voltage between terminals - 611
and 609 that is determined by a voltage VBG‘ Voltage-vBG
10 is generated in a bandgap type voltage source 699. Bandgap
type voltage source 699 advantageously maintains voltage

v constant such that voltage V_. is affected

sggnificantly less by component gging or tolerance than
wouid have occurred had a zener diode been used. As
15 explained later on.the feed back arrangement of regulator
.100 causes voltage B+ to be such that voltage VIN becomes
equal to voltage V NIN' ;
An 1ntegrat1ng filter 612 is coupled between
1nvert1ng input terminal 608 and an output terminal: 618 of
20 ampllfler_610 to provide the loop filter of regul:ﬁorllnﬂ-
0’ developed at terminal 618 is

coupled to a first input terminal of an adder 613. A

A filtered error voltage V

horizontal rate sawtooth generator 98 develops a horizontal
rate signal, having an upramping portion, which is added to

25 error voltage V, in adder 613. The sum signal that is also

upramping, is agplied to an inverting input terminal (614)
of a comparator 615 functioning as a pulse width modulator.
' When, during its upramping portion, the output of
adder 613 becomes more p051t1ve than a constant DC voltage
30 vﬁEF'
comparator 615, a negative going transition at an output

that is coupled to a nonlnvertlng input terminal of

terminal 615a of cemparator 615 is cdupled via a buffer .
amplifier 616 to a control terminal 617a of a switch 617b
of a switch mode power supply outpﬁt stagel617 to turn on
35 switch 617b of output stage 617; |
An input terminal 617c of output stage 617 is

coupled to unregulated voltage V Regulated voltage B+

UR"



30 transistor, when the input signal is at a predetefﬁ? et Has Been (Replatiste
such as zero. A first voltage, such as produced by
source, is coupled via a resistor to a _6_junction ter he

coll ectors of the first and second transistors. The collector currents
of the first 35 and second transistors produce a difference current that

devel ops a vdﬂgnnhqﬁldgéut£e i@&¢§tpﬁttﬂé}mhﬁa§UBde YEtdutput dtegdirst
vgltage to prqﬂyfe a second signal that is -
The duration, during each horizontal period, H,.
in which: switch 617b conducts is determined by the level of
5 error voltage Yo of error amplifier 610. Thus, regulated
voltage B+ is determlned by voltage V. As indicated

NIN°®
is produced by level shifter 600,

before, voltage V. NIN
embodylng an aspect of the 1nvent10n, that is descrlbed now
_ in detail. _ _
10 ~ FIGURE 2 illustrates a schematic diagram of level
shifter 600 of FIGURE 1 and of error amplifier 610.
Similar numbers. in FIGURES 1 and 2 represent similar items
or functions. Level shifter 600 of FIGURE 2 is temperature
compensated over a wide range of ambient operating |
15 temperatures, such as between 0°C and 70°C, to produce
voltage V. NIN that is substantially unaffeéted by a change
in the temperature within such range.
A temperature compensated current control
arrangement 650 generates a control voltage VBR on a rail
20 signal line 900. Rail signal line 900 is coupled to the
base electrode of each of transistors Q142, Q725, Q727,

. Q736 and Q737. The emitter electrodes of the
above-mentioned transistors are coupled through
corresponding resiétors to a fixed DC voltage Vcc‘ Current

25 control arrangement 650. controls voltage V. BR in such a way
that the collector current in each of the above-mentioned
transistor stays substantially constant when the
temperature changes. An example of an arrangement that is
similar to current control arrangement 650 .is described in

30 detail in U.S. Patent No. 3,886,435, in the name of S. A.
Steckler, entitled VBE VOLTAGE SOURCE TEMPERATURE
COMPENSATION NETWORK. ' |

' Level shifter 600 includes transistors Q736 and

Q737. The emitter currents in transistors Q736 and Q737

35 are controlled by resistors R728 and R69, respgctively,
having the same value, so as to cause the respective
collector currents of transistors Q736 and Q737, that are
températﬁre compensated, to be equal. The collector of -



devel-oped at the junction terminal. The second signal 'ESSheefH QEnReplaced
magni tude that is determned by the first voltage and uul
“collector currents i.n any of the first and second t

the magni tude of the input signal 5 |&7predetern1ned such as zero

t he magnitude of the input signal -is different fromthe predetern1ned
magni t ude, the second signal is different fromthe first voltage by an
anount that i §TPREPEEPFORAP 7t &St FOUREGH (i@ sunnedy HdEror arrglné;ﬁ:g‘en Yo

Inlachrdﬁngetﬂhth1aa1aaBQCEﬁaPshbto&@vgmgan19134landlgwmy sum@ly i ncludes. ~
a level shifter snhiftts. an val t e ’
control Iing afi°d E g?rsﬂgpt§a989558§ Q737 dﬁpfﬁﬁuﬁﬁﬁgq;s }ﬁ Aector of

control | abl e toadststor @Fédent The emittcamrdfectnamstﬂsé:qrn@jﬁssupplopupdledage L

for genergtingo SLEH 47 enbBabaill SRRl LAld:a0% o arlliuly SUpP! y

vol t age. Inclu conpar coupl.ed to the
conduct i ve eI '@ﬁéﬁﬁlsFBF QABYi HSOVP-ﬂe&c&Sﬁedm \HW% dr:.veo gach gfal

of the Conpareiaﬁs1§her§ogdgstaﬁa of73uhe The emitter of transistor Q734 -
' is coupled to ground via a resistor R732. The P-N Junct1on
of transistor Q734 between the base and emitter- electrodes
10 of transistor Q734, provides temperature compensation that
compensates for a temperature related variation of the .
" base-emitter voltage of transistor Q733. The emitter of
transistor Q733 is coupled through resistor R731 to
NINI of FIGURE 1 is developed.
15 The value of resistor R731 is equal to that of resistor
R732. Voltage V NINI is prevented from exceeding
predetermlned limits in either polarity by a dlode network
675. The collector of transistor Q733 is coupled to the
collector of transistor Q736 at a junction terminal 733A.

terminal 611, where voltage V

20 . Assume that voltage V. is zero. 1In this case.

NINI
the current mirror arrangement of transistors Q733, Q734

and Q735, produces a collector current i in transistor

0733
Q733 that is equal to the collector current iQ734 in
transistor Q734 because the base current of transistor Q735

25 is negligible. As explained before, when voltage VNINI is
zero, collector current 19736 in tran51stor Q736 is equal
to collector current 1Q737 in tran51stor ‘0737 over a w1de

temperature range. Also, when voltage V. is zero, ‘each

NINI
of collector current 19734 and its mirror the collector

0733 is equal to current 19737 over such wide

temperature range. It follows .that current 1Q733 is also

30 current i

equal to current 1Q736’
Bandgap type voltage source 699 supplles
temperature compensated reference voltage V that is
35 coupled via a resistor R729 to terminal 733A. 'Because, as
described before, when voltage V, NINI is zero, current-iQ733
is supplled entirely by current 1Q736' and because the
impedance at terminal 733A, that is contributed by the



c¢onductive element to control the output supply voltageThigSheet Ha placed
mrror arrangenent that includes a transistor is - resa Ilmi I
current in a first circuit branch for generating in

current conducting el ectrode of - the Wansistor a current that is the

current mrror of the current in the first circuit branch. The first

mai n current Sansiuctd t i ( i 0 ' to
a second%,(‘izbi‘lrlcui'_t bra%gﬂt%orféc%n _uct@r%od%félﬁs gsjporﬁﬂdn%o;&{ﬂéﬁa

current in thémemprid FekRkohRA7th 1A e @icdherafiere, volitage YWaht &de i s
coupl ed to thedrmeinfilstTy3X4 ois WfWdINGd R1tage GUI I entThug,t B8 fadcird®Ride

current conduct.i el ectrode t 0 . produce a iB% er ence re) ated .current
that varies inm 3._1;'}9 anacacsé?ecF%coeP v‘\(h}}% ltrﬁ@qqﬁrﬂﬂ' Wgﬁetthdéﬁ PRE dvrivar erfce
current 5 izencel stddage &g fier develbethifted by e amotntn thia fiis st
mai n current eRdUCiNG,fl&ed @de and the current in the - second

circuit branch.” Afirst resistafe is coupled to 35 the junction-termnal

for conducting the diffdaRgaldageedyy; adutteaminad @dlelisp dd ffemende
across the re$ﬁ@&%&d,haiu;rents iQ736 and 19737 will not be equal. The
' difference current between .cgrrents iQ.733 apd iQ736 willl
10 cause a voltage to develop across resistor R729 that, in
turn, will cause a corresponding change in voltage Vyin 2t
terminal 733A. Because transistor Q733 is coupled,
relative to voltage VNINI’ as a common base a:mplifieJ_:, and
because resistors R731 and R729 are, illustratively,

15 equal, the gain, or the ratio between voltage and

\Y/

voltage VNINT' is one, resulting in an amplifieglgaving a

unity gain. :

) In carrying out another aspect of the invention,
voltage VNIN' that is level shifted relative to voltage

20 Vygyny DY an amount that is equal to voltage Ve follcws

- variations of voltage VﬁIﬁI that occur in a range between
positive and negative values.
" Voltage Vag is temperature compensatéd and has a
tolerance range that is narrow relative to, for example, a

25 zener diode. Furthermore, cbmponent aging affects voltage
VBG-substantially less than it affects, for example, the
breakdown voltage of a zener diode. Moreover, the level
shifting caused by level shifter 600 is, advantagebusly,
less susceptible'to temperature, aging and noise when

30 compared with that produced by a corresponding level
shifter in the prior art that utilizes a zener diode
interpoéed between a beam current input terminal and a
noninverting input terminal of a differential amplifier to
perform such level shifting. '

35 : Should a temperature change cause a corresponding
change in current iQ736' for example, tha.t, as indicated
before, would be relatively small, transistors Q737, Q733,

Q734 ahd Q735 will causeé a proportional change in current .



varies in accordance with the input voltage. A source ofh,sSheetpgg@gernq;; fafed

conpensated first voltage is coupled via the

-4- resi stance to the junction term ép such that t #I“ "lu I”II
across the resistance is conbined with theTirst vol t age

devel opi ng a tenperature conpensated second vol tage at: the junction
term nal. The jsecon QGHP

vol tage. The sl@&%%%ﬁéa%%elﬁg&rﬂ % \?e% sﬁﬁ ﬁSd(';(\é(?%:t()%rn'I %ced?l\%nlﬂ{ge tlr?e
flrst V0|tagetemﬂgrature from affectlng the dlfference current between

Therefore, when voltage NINI is

currents i and 1

Q736 Q733"
zero, voltage V. NIN is, advantageously, not affected by

5 collector currents i “and i but is entirely

Q736 Q737'

determlned by wvoltage V BG that is temperature compensated._.
It should be understood that temperature

- compensation may be adequate even when voltage V. NINT ie
significantly dlfferent from zero. If temperature

10 compensation, in this case, is inadequate, a further
improvement in temperature compensation may be obtained by
coupling the terminal of, for example, resistor R732, that
in FIGURE 2 is grounded, to a voltage that is different
from zero and that is related to, for example, voltage

15 VNINI'

Advantageously, voltage V as explained before,

'
is maintained at tight tolerances, ?g temperature
compensated and is substantially unaffected by components

. aging. Therefore, advantageously, no factory_temperature

20 burn-in process is fequired prior to the installment of
regulator 100 of FIGURE 1 in the television receiver.
Furthermore, voltage divider 605 that includes resistors
601, 604 and 602 is required to:compensate, advantageously,
only for a narrower tolerance range than in prior art

25 circuits in which a zener diode is used for performing the
level shifting function of level shifter 600 of FIGURE 2.

Voltage VIN is coupled to the base of a
transistor Q721. The clamping operation of a pair of
transistors Ql45'and Q146 prevents voltage V from being

39 above voltage VBG or from being below voltage BG by more
than a predetermined magnitude. Voltage VI is coupled to
inverting input terminal 608 and voltage V. NIN is coupled to
noninverting input termlnal 609 of error amplifier 610.
Amplifier 610 includes a current source formed by a

35 transistor Q142 that provides the combined emitter currents
.of a transistor Q148 and of a transistor Q149, coupled as a
differential amplifier. The bases of transistors Q148 and
Q149 are coupled to the emitters of transistors Q721 and



tenperature conpensated, |evel shifted, second vol t ageh mShaﬂHasBmm
an- i nput of the conparator for varying the - output

the -
sc

conparator to control the output 10 suppligvoltage
Draw ng: - : FIGURE 1 illustrat fi e

di agram of a power supply regulator circuit that - |ncludes a Ievet
shifter, enbo hRQ: t |

illustrates a Zg?aF?QEQ%Qh Eiﬁ%ﬁ%%&f%‘%jé}han?e% 3 ﬂg%f%%g %
FIGURE 1; andemitter followerﬁ @9?5@@161 velbages Vi useda¥grietel the

shifters bﬁEEdeEn&n@dﬂﬂﬁtﬁﬁsiywkgﬂéhéﬁ%z 'f@@i@é@ﬂvei§5p30t|V6|y
FIGURE 1 illustrates a %I I|f|e9 schematic 20 dl%ﬁ[aHIOf a SE g
of a television receive MIFTRM 35 FPLLReRTFELOD  Fhg |ﬁ§|ﬁﬂ% El

regul at or 5100tbh#hei sollectars wifedraired cidrsli 914 adnd egl4 ot esusesuapl y
vol t age B+.

hori zont al deFPEC ﬁlgﬁggﬁp?;%ﬁgdut pﬁﬁns‘{ a%rae%%’n%f‘?%:}ﬁégregfé %%EF?GURE
. 1, to be equal to the dlfference between the collector
currents in transistors Q148 and Q153. Consequently,
current 1610 that is coupled to filter 612 of FIGURE 1, is
10 proport10na1 to the difference between voltages VIN and
VNIN The proportlonellty factor is determined by the gain
of error amplifier 610.
FIGURES 3, 4, 5 and 6 illustrate level shifters
600a, 600b, 600c and 600d, respectively, embodying other

15 aspects of the invention, respectively. In FIGURES 2-6,

numbers and symbols of similar items or functions are
similar except that they include the letters a, b, ¢ and 4,
in FIGURES 3, 4, 5 and 6, respectively.
In FIGURE 3, resistors R731 and R732, that are
20 used in the circuit of FIGURE 2, were eliminated. Without
' resistors R731 and R732, the gain of amplifier 600a of
FIGURE 3 is, advantageously, higher than unity.
In FIGURE 3, a diode Dcma and a temperature
_ compensated: current source Ila cause the collectorlcurrents'
25 in transistors Q737a and Q736a to be, for example, equal.
Similarly, transistor Q734a causes the collector current in
transistor Q733a to be, for example, equal to that in each
of tran51stors Q737a and Q736a when voltage V. NINI
In FIGURE 4, voltage V. NINIb is applied
30 differentially between the emitters of transistors Q733b
and Q734b. Such arrangement provides, advantageously, an

is zero.

improved common mode rejection.
In FIGURE 5 the type, N-P-N or P-N-P, of the
corresponding transistors is opposite than that in FIGURE 2
35 so that voltage V.

NINIc
voltage V instead of to ground.

may, if desired, be referenced to

In FIGURE 6, the input impedance to wvoltage

VNINId is, advantageously, higher than to voltage V NINI "of



25 tEW ﬁsBeme A vol tage V+, representative of
voitage alned from out put. stage 99. Vbltage V+ is coupled to

605 that includes sqyles coupl ed resistors 601,
604 and 602. ReS|s or 604 includes a w per X for .30 devel opi ng at W per k
a voltage that is representative of, - for exanple, voltage B+. The

vol tage at w p@t;uhz bhakchsise of %%U%Ts%@leeo@/avac&&hagstteg p9st @Rt g

w per k, is cou o] inverti i nput termnal 608 of an error
anplifier §28e9|55 aPe?P%FGFr6§?1Qg¥erp A smal | voltage that. .
is proportional to the beam  current in the CRT of the receiver is

coupled froma
5



'ter‘rﬁiasr)eey\mgjﬂ;éég@hagéaansforrrer Ttoatermnal 611-to form ~a vol tage@

V[-err] ] at1ve of the beam current. Vol t age
V[err] ;" JH 'F/hen a variation of t he beam curr.ent occurs, is
coupl 'shifter 5 600, enbodying an aspect of the invention,

to a - noninverting input termnal 609 of error anplifier (o]
produce an input voltage V[err]. Level 1&mi fter” 600 esta%%%&%ésgg7fp%¥dA

of f set vol t aggpeuween term nals 611 and 609 that is deteinmined by a
vol tage V[errT-— Vol tagg V[ ep[] likiegeggﬁs%ggihg_a bandgap type vol tage
a

source 699. Bandgap _type voltage source vant ageousl y mai ntai ns
vol t age VBG const anfizgéh (RAR4P )vendagecoBd i(214LNetragsistors that

si gri fi.cant| yatesgoliyleampengsinmagi 84 reerbakebanGapiidier (610);
' an input stage (Q721) coupled at a first juhétion
5 terminal (base of Q148) to a control elegttdde (base) of
said second transistor (Q148) for estabiishing a voltage
level at said control electrode.of said second transistor
(Q148) in accordance with a voltage (Vig) that is developed
at an input terminal (608) of said input stage such that an
10 output current flowing in said input stage is coupled to
said first junction terminal;
a source (Q727) of a first current; characterized
by .
' a third transistor (Q726) having a current gain
15 éharacteristic that is representative of a current gain '
' characteristic of said second transistor (Q148);: and |
a current mirror arrangement (Q722,0730) coupled.
to said third transistor (Q726) and responsive to said
first current (ffom 9727) and to a control electrode
20 current of said third transistor (Q726) for generating at
an.outpuf terminal of said current mirror arrangement
(Q722,0730) a second current (at collector of Q722) that is
coupled to said first junctioh terminal (base of Q148),
said second current having a first portion derived from
25 said first current (frbm Q727) that generates said output
current of said input stage and a second portion derived
from said control electrode current of said third
transistor -(Q726) that generates said-éontrol electrode
current of said second transistor (Q148), wherein a
30 deviation of said current gain characteristic of said
second transistor (148) from a nominal value thefeof'that
produces a corresponding deviation_ih said control
electrode current of said second transisfor'(Ql48) is
compensated by said control electrode current of said third
35 transistor (Q726) so as to substantially prevent such
current deviation from.affecting said output current of
said input stage. | -

A




‘woutd—trave—oceurred—had a zener di ode been used. As 15 expl ai ned | ater on

t Irgis 6R&A HBS BKerPRE gnent of regqgul ator 100 causes voltage B+ to be
suc / err] becones equal to voltage V[err].
iumm,’ ﬂbﬂ ter 612 is coupl ed between . inverting input term nal
608 term nal 618 of 20 anpllfler 610 to provide the | oop
filter of regulator 100 Afilteredtdrror voltage V[err], devel oped at
termnal 618 is coupled to a first input term nal of an adder 613. A

‘hori zontal rate saw ooth genegﬁtg& g%mﬂg ég@grghgg %gqg%gi - rate

si‘gnal , havi ng an upranp ort|o error voltage
V[err] in adde?h%EQCt?ﬁbzg n%glﬁhéF sahf iBPutsetage cORRFLFEE, 3i EOUBBRi ed

to aln InvegI tlh nﬂraﬂ@ﬂétéﬁr(@mi)(@aamed a@faﬁ e@meéatﬁélﬁaﬁefunshdogaﬂa as
a pul se w dt

It t
the out put of ougpugda%;r%ag BEcBALd impR p%g?? tfgﬁ%ﬁ%%%%% qﬁ%ﬁ? EK; on
voltage 36 V|[ele¢trodatofssabdpfedrth transisvert{@IR1 hput terninal ~of

comparator 615, a negatiye 9OARO.LPPEL L) 00 r@ U Er1aim 1,
characterized in that said first current source (Q727)
generates said first current hav1ng a value that is
independent of said variation in said current gain

10 characteristic of at least one of said second (Q148) and
third (Q726) transistors. |

4. An amplifier according to Claim 1;
characterlzed in that said current mirror arrangement
(Q722,Q730) prevents said variation in said current gain of

15 said second transistor (Q148) from affecting an offset
voltage at said input terminal (608) of said input stage
(Q721). '

5. An amplifier according to Claim 1
characterized by second means (91422 coupled to a second

20 junction terminal between corresponding main current ‘
conducting electrodes (emitters) of said first (Q149) ‘and
second (Ql148) transistors for genérating a current that
varies in the same sense as said first current (from Q727)
independently of said current gain characteristic of said

25 second transistor (Q148).

6. An amplifier according to Claim 1,
characterized in_that said first (Q149), second (Q148) and
third (Q726) transistors are bipolar transistors of the

_.Same type.

30 7. An amplifier according to Claim 1,
characterlzed in that said current mirror arrangement
(Q722,0730) 1n¢ludes a fourth transistor (Q722) that
generates said second current that flows in the same
direction as said first current (in Q727) and that is equal

35 to the sum of said first current and said control electrode
current of said third transistor (Q726).

8. An amplifier according to Claim 1,
characterized in that said third tramnsistor (Q726) is

T R




.tﬁhg@m@&*ﬁ@iﬂe@keﬂﬂﬁﬁaratOr 615 is coupled via a buffer anplifier 616
to a nal 617a of a switch 617b of a switch node power
supp e 617 to turn on 35 _switch 617b of output stage 617

An i 617c of output stage 617 is . coupl ed to unregul at ed
vol tage V[err]. Regulated voltage B+ -14- - _ . S
) 6_- 'S c%%\fﬁle%p %%t%ti daen ao ustipglljntalt %ranghn %:'lor?n:gld b%ftw%lé%p létn %’1%%%
. terminal (608) and an output terminal (610a) of said
amplifier. ' ,
| 9, " An amplifie:“accordingfto Claim 1,

5 _'qharaéteriZed by means (699) for generating a temperature
_cgmpepsatéd control voltage (VBé) that i;,coup;ed to a
control electrode of a bipolar, further transistor (Q273)
for generating said first current at-a collector electrode
of said further transistor (Q273) that is unaffected by a
10 variation of a current gain characteristic of said further
transistor (Q273). . '
10, An amplifier according to Claim 9,
characterized in that said current mirror arrangement
further comprises an additional transistor (Q730) coupled

15 in a diode configuration for conducting therethrough a
current that is equal to a sum of said first current (from
Q727) and said cqntfél electrode current of said.third
transistor (0276). . _

11. An amplifier according to Claim 10,°

20 characterized in that said current mirror arrangement
includes another transistor (Q722) having a base electrode
that is coupled to said additional transistor (Q730) and a
collector electrode that is coupled to said control
electrode of said second transistor (Q148).

25 . 12. An amplifier according to Claim 11 further
comprising a second additional transistor (Q724) having a
base electrode that is coupled to. said additional
transistor (Q]30) and a collector electrode that is coupled
to a base electrode of said first transistor (Q149).

30 13, An amplifier according to Claim .1,
characterized in that said amplifier forms an error
amplifier in a regulator of a television apparatus power

supply.

R



617. - The duration, during each horizontal period, H, é;~
In-which switch 617b conducts is determned by the level of 5 error

voltage V[err] of error anplifier 610. Thus, regul ated voltage B+ is
determ ned by voltage V[ferr]. As indicated before, voltage V[err] is
produced by | evel shifter 600, enbodyi ng an aspect of the inventi.on,

that is described. now in detail. 10 -15~ FIGURE 2 illustrates a
schemati ¢ di agram of | evel shifter | GURE 1 and of error -

anplifier 610. Simlar nunbers in é@%@@%@ig and 2° represent S|n1Iar

“items . or functi®nkEV RER! E ) 2

conpensated over a w de range otNanbmgn@ngqb@tm@@AﬂiTugeHmmratures such
as between O[err]C and 70[err]C, to produce ~voltage VNIN that is

substantially unaffected by a change -in the tenperature within such
range. . 5 - AAlevepeshifitercsponsaeeditves antvardablel input

arrangement 650'ggf€£ééefvgi§§?trghcﬁoggagebggﬁ %ﬂr%ed%lrepresentatlve -

voltage of a cathode ray tube in a television receiver,

and produces an output voltage ( NIN) that changes when
the input voltage changes, such that the output voltage

10 ( NIN) is level shifted relative to the input voltage
(VNINI)° The output voltage ( NIN) is coupled to an
input terminal (+) of an error amplifier (610) of a
power supply voltage regulator. The level shifter
(600) includes a current mirror arrangement responsive

15 to the input voltage. A band gap type voltage source
(699) determines the amount of level shlftlng that is

produced by the level shifter (600)

20
25
FIG. 1

30

35
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20 -signal line 900. Rail signal Iine 900 is coupled to the base

el ectrode of each of transistors Q42, Qr25, Q727, Q736 and Qr37. The
emtter electrodes of the abovgea@nssoned. transistors are coupl ed
t hy ough correspondi ng resi st @rekaro 1. f.xed DC volitage V[err]. Current
25- control arrangement 650 control s ¥Ptage VBR in such a way " that
the collector current- in each of the above-nentioned transi stor stays
substantially constant when the . tenperature changes. An exanple of an
arrangement that is ~  simlar to current control .arrangenent 650 is -
described in 30- detail in U S. Patent No. 3,886,435, .in the name of S. A
Steckler, entitled VBE VOLTAGE SOURCE TEMPERATURE - COVPENSATI ON
NETWORK. Level shifter 600 includes transjistors Q736 and .
Q737. The emitter currents in transistors Q736 and Q737 35 are controlled
by resistors R7F28 and R69, respeq?t-r-vel-y', ------ hﬁVI ng the sane val ue, so as
to cause_the respective col | eclaL currents -of transistors Q736 and
Q737, that are | &) =~
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The col |l ector

of
Q734. The

col | ector

transi stor

to each of :the bases of
Q735 provides the base current

Q734 and Q735. The

pled to the collector of

Q737 is coupled to a current mrror arrangenent
Transi st or

eeds Qr33,
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transistors Qr33 and Q734. The enitter of transistor Q734 i's coupled to
gr OUfils ¥hedt Rad B&nHeplac&’32. The P-N junction of transistor Q734 between

t e ba el ectrodes 10 of transistor Q734, provides
tqrrperqmﬂf _ i on that . RoEpeRNSgres for. a tenperature rel ated
vari ati base-em tterd-\nﬁﬁtOFQaf:M.. transistar Q733. The emtter

of transi stor Q733 is coupled thf M resistor R731 to t er m nal

611, where voltage VNINI of FIGURE 1 is devel oped. .15 The val ue of
resistor R731 is equal to that of resistor R732. Vol tage V . is
prevented from exceedi ng . NI NI predetermned limts
in either polarity by a di d’d’ec et WOtk

Q733 is coupled to the collecto

term nal 733A. 20 Aiz#
case the current mrror ar

Qr35, _produces a collectar current
equal to-the collector-current if[erf

—Fhe—col | ector of transistor -
si stor ggfy at a junction o
age err]"is zero. In this

TAgAs Stors Q733, Q734 and
t tor - Q733 that is

- V8go o - ANA— —

600q
Voo —o ——
O3 Q736b o
Ny N
A A
| b
;  RM%H I
Beb~——] =
a734b I a3
[o]
——
VNINID

Fig.4



tranS|storh a g gase current of transistor Q735 25 IS
u

negllglble when voltage V[err] is zero,
cadllector :c n transistor Q736 is equal to col |l ector
cyrrent ifer or Q737 over a w de t enperat ure range.

Al so, when voltage VNINI |s zero, each ; col l'ector current i[err] and
its mrror the collector 30 currentdléguwﬁhstequal to current if[err]

over such wi de t enper at ure range. Mtoﬁqlloms that current i[err] is
al so . .equal to current i[err]. Bandgap type voltage
source 699 supplies erature conpensated reference voltage
V[err]Jthat is 35 coupled VI aresistor R72oytoterm nal -733A.  Because,

'MNlzerd, current i[err]
cause tlhe i npedance at
Q733 - .

as descri bed before, when vjpltage V[err]
is supplied entirely by current § '
~termnal 733A, that is contriipsce

 RT2%
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1 anee
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ce?1ectors of transistors Q733 and Q736 is high,:
“resistor R729 is zero; therefore, voltage V[ eryr

equal to voltage v[err]. Thus, in accordance,/
i nvention, when voltage V[err] is 5 zero,: Vp
shifted by an anmount that is equal to voljage, \ o s sl '
When voltage V[err] at terminal 611 is differént™ e fréh?iero“‘€u?rents
i[err] and i[err] will not be equalj_The % d|fferencercurrenan§tween §
currents i[err] and i[err] will 10~ cause a voltage to-déeVel op-across |

resistor R729 that,aifevEL, SHIFTER FOR A POWER SUPPLY, FOR EXAMPLE
IN A TELEVISION APPARATUS

The invention relates to a level shifter as

5 used for example in an input stage of a power supply
regulator of a television apparatus, in particular to a
circuit arrangement that combines an input signal with
a reference signal to produce an output signal that is
level shifted relative to that of the input signal.

10 - In a power supply arrangement of, for example, a

' television receiver, a voltage representative of a DC,

regulated supply voltage B+ is coupled to, for ekample, an
inverting input terminal of a B+ voltage regulator. A
reference voltage is coupled to, for example, a

15 noninverting input terminal of the regulator. The
feed-back voltage that is representative, for examplé, of
regulated supply voltage B+ is compared, in the input
stage, with the reference voltage to generate an output
voltage that is coupled to a controllable arrangement. The

20 controllable arrangement regulates voltage B+ at a level
that is determined by the reference voltage. Voltage B+
may be used, for example, to energize a deflection circuit
output stage for a cathode ray tube (CRT).

In one prior art circuit, a voltage

25 repreSentative of, for example, a level of the beam current
in the CRT is summed with the reference voltage, such that
the sum of both, instead of the reference voltage alone, is
applied to the noninverting input terminal of the input
stage. A variation of the beam current representative

30 voltage varies voltage B+ so as to maintain constant the
raster width in the CRT when the beam current changes.

“The summation of the constant reference voltage
and the variable beam current representative voltage is
done, in such prior art circuit, by coupling the beam

35 current representative voltage via'a zener diode to the
noninverting input terminal. The zener diode dsyelops
between its anode and cathode electrodes the reference
voltage. Thus, the zefe;euce voltage that level shifts the
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turh, will cause a corresponding change in voltage V[err] at term nal
733A. Because transistor Q733 is coupled, relative to voltage VN NI

as a common base anplifier, and because resistors R731 and R729 are,
illustratively, 15 equal, the gain, or the ratio between voltage VNIN and
voltage V[err] is one, resulting in an anplifier having a unity gain.
In carrying out another aspect of the inw@nrtion, vol tage V[err], that
is level shifted relative to voltage 20 V[err] by an anmount that is equal
to voltage V[err] follows vari ations of voltage V[err] that occur in a
range betweenbeam cyszsienty Eepreseafatiive valtage is series coupleg,ifde \BG

I's tenperat ur g HeOHeRRS 2ugdeditd et entatikvel @baB&gel ange that is narrow
(platve Lo, 107 XDl A Sovard o U EHLLTGISEE Ao qaERLAY)
exanpl e, the is thateakdhangeoliradgtheofzenezrenel tdgedéue Mo campreratiure evel
shifting %ausea%i% lgvelh SHHdntOXdilse 120¥aRt 3gF0HShYode, - causes the
level to change. )
It may be desirable to sum the beam current
representative voltage with a reference voltage to generate
a sum voltage that is applied to the noninverting input
10 terminal of the input stage without using such zener diode.
_ In an embodiment of the invention, the reference
voltage is produced by a voltage source of, for example,
the well known bandgap type. The beam current
representative voltage is summed with, or level shifted by,
15 the reference voltage that is produced by the bandgap type
source. Advantageously, the bandgap type source is less
susceptible than the zener diode to temperature éhanges,
component aging or noise.
In a circuit embodying an aspect of the
20 invention, an input 'signal, such as a beam current
représentative voltage, is coupled in series with an
emitter electrode of a first transistor that operates as a
common base amplifier. A second transistor, operating as a
current source, and having its collector coupled to the
25 collector of the first transistor, supplies the collector
current of the first transistor. A current mirror
arrangement, that includes the first transistor, causes the
collector current in the first transistor to be equal to
that supplied by the collector current of the second
30 transistor, when the input signal is at a predetermined
magnitude such as zero. A first voltage; such as produced
by a bandgap type source, is coupled via a resistor to a
junction terminal between the collectors of the first and
second transistors. The collector currents of the first
35 and second transistors produce a difference current that
' develops a voltage across the resistor that is summed with
the first voltage to produce a second signal that is

ﬂThmiéthérePMCQmentsheet
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dess susceptible to tenperature, aging and noi se when 30 conpared with

t hat . produced by a correspondi ng | evel shifter in the prior art that
utilizes a zener diode i nt er posed between a beam current i nput

term nal and a noninverting input termnal of a differential anplifier
to perform such level shifting. 35 =-3- Shoul d a tenperature
change cause a correspondi ng change in current i[err], for exanple,

st 2 00 <oappeq B i Mol LEkBLIC! VoIl L ool e IREOTE,
at a magnitude that is determined by the first voltage and
not by the collector currents in any of the first and
second transistors, when the magnitﬁde of the input signal

5 is predetermined such as zero. Wwhen the magnitude of the

input signal is different_from the predetermined magnitude,
the second signal is different from the first voltage by an
amount that is proportional to the magnitude of the input
signal.

10 In accordance with an aspect of the invention, a
power supply includes a level shifter level that shifts an
input voltage used for controlling an output supply voltage
of the power supply. A controllable conductive element is
coupled to the input supply voltage for generating, from

15 the input supply voltage, the output supply voltage. The
power supply includes a comparator, coupled to the
conductive element, for varying, in accordance with an
output signal of the comparator, the conduction of the
conductive element to control the output supply voltage. A

20 currert mirror arrangement that includes a transistor is
responsive to a current in a first.circuit branch for
generating in a first main current conducting electrode of
the transistor a current that is the current mirror of the
current in the first circuit branch. The first main current

25 conducting electrode is coupled at a junction terminal to a

' second circuit branch for conducting at least a portion of
a current in the second circuit branch. A source of the
input voltage is coupled to the transistor for varying the
current in.the first main current conducting electrode to

30 produce a difference related current that varies in
accordance with the input voltage. The difference current
is related to a difference between the current in the first
main. current conducting electrode and the current in the
second circuit branch.. A first résistanée is coupled to

35 the junction terminal for conducting the difference related
current to develop a voltage across the resistance that
varies in accordance with the input voltage. A source of
.temperature compensated first voltage is ecoupled via the
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~9-° i[err] to occur that wll prevent even such small change in
tenperature fromaffecting the difference current between currents
i[err] and i[err]. Therefore, when voltage Verr] is zero, voltage
V[err] is, advantageously, not affected by 5 collector currents i[err]
and i[err] but is entirely det erni ned™by voltage VBG that is

t enper at ure conpensat ed. It should be under st ood t hat

t enperature t y. d n al.t N
Si gﬁ. ficantly d| %gér@e%?é%r%(?nn%lggoj lpr??ejf%grrp@ér% ur e C% % %%%t yohlggge
this case, is |dGERYRatRe Xesistange is cwh)mmen@rﬁh mhet hrstavalsage

conpensati on mﬂobed@mM@ﬁ@gba( tempe £HHPHS %dﬂ&é@fé& Redcopla vbottagxage! e,
.resistor R732, %hat roun a volta%F that is

di 11 er ont B8 iuns i femaat. | T sarind vartabe kaaes, iAot s

Verr]. ) accordance with the input voltage The second voltage is
' {gvel shifted in accordancé with the first voltage. The -
temperature compenséted,_level shifted, second voltage is '
coupled to an input of the comparator for varying the
output signal of the comparator to control the output
10 supply voltage.
In the Drawing:
FIGURE 1 illustrates a simplified schematic
diagram of a power supply regulator circuit that includes a
level shifter, embodying an aspect of the invention;
15 FIGURE 2 illustrates a detailed schematic diagram
of the level shifter of FIGURE 1; and
FIGURES 3, 4, 5 and 6 illustrate level shifters
embodying different aspects of the invention, respectively.
FIGURE 1 illustrates a simplified schematic
20 diagram of a power supply'of a television receiver, not
shown in the FIGURES, that includes a regulator 100 that is
an integrated ci:cuit that regulates a supply voltage B+.
Voltage B+ may be used, for example, to energize a
horizontal deflection circuit or output stage 99 of the
25 television receiver.
A voltage V+, representative of voitage B+, is
obtained from output stage 99. Voltage V+ is coupled to a
voltage divider 605 that includes series coupled resistors
601, 604 and 602. Resistor 604 includes a wiper k for
30 developing at wiper k a voltage that is representative of,
for example, voltage B+. The voltage at wiper k, that is
adjustable by varying the position of wiper k, is coupled
to an inverting input terminal 608 of an error amplifier
610 via a resistor 607. '
35 i A small voltage that is proportional to the beam
current in the CRT of the receiver is coupled from a
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Advantageously, vol tage V[err], as explained before, i s maintained at

tlght tol erances, is tenperature conpensated and is substantially
unaf f ected by conponents aging. Therefore, advantageously, no factory
tenperature 20 burn-in process is required prior to the installment of
regul ator 100 of FIGURE 1 in the teIeV|5|o% receiver. Fur t her nor e,

vol tage divider 605 that includes resistors 601, 604 and 602 is -
required to cogneRsary. w§ﬂa§9§agﬁoe§éﬂsfo eroflﬂbertékﬂEﬁHQOWQ& &QJQkﬁﬂPe
range than in prior art Circuifs in ﬂﬁ a zener diode is us%' for

perforn1ng t hed V°1tP89eVN§h[fFPﬂ5 %%n%?@%ﬁ@?ﬁv?e@%thQNWQQﬂ FFE <Y -FI GURE
Vol t ageoYiage] v ouphetl variede Woee ofvaxriation of

; ansi otor OT2be TRgnCLarRLR 89§f%f o0 LofoPBAvEL a Leve YT S QL4S

IN 30 abbve 66Pt agmbv{imng an a$nﬁ¢be¢ﬁgtlbelwmtx@ye WB@ by nore
than a predet ehB‘nEﬁdeE&ﬂﬂgt Eﬂﬁut t’@hﬁﬁﬂ&ﬂé@ér&flérﬁwpémltﬁer 610 to

i nverting input- tterm nal e V[err] is. c
g P produce an 1nput vo ta egVNIN level (hf¥terté50

establishes a fixed offset voltage between terminals 611

and 609 that is determined by a voltage Vpg- Voltage Vo,
10 is generated in a bandgap type voltage source 699. Bandgap

type voltage source 699 advantageously maintains voltage

constant such that voltage V. is affected

A"/
sggnificantly less by component gging or tolerance than
would have occurred had a zener diode been used. As
15 explaiped later on the feed back arrangement of regulator
100 causes voltage B+ to be such that voltage VIN becomes
equal to voltage V NIN®
An -integrating filter 612 is coupled between
inverting input terminal 608 and an output terminal: 618 of
20 amplifier 610 to provide the loop filter of regulc®or 1M7.
A filtered error voltage V., developed at terminal 618 is
coupled to a first input terminal of an adder 613. A
horizontal rate sawtooth generator 98 develops a horizontal
rate signal, having an upramping portion,. which is added to
25 error voltage Yo in adder 613. The sum signal that is also
upramping, is applied to an inverting input terminal (614)
of a comparator 615 functioning as a pulse width modulator.
- When, during its upramping portion, the output of
adder 613 becohes'more positive than a constant DC voltage
30 V.

REF’
comparator 615, a negative going tran51t10n at an output

that is coupled to a neninverting input terminal of

terminal 615a of comparator 615 is coupled via a buffer .
amplifier 616 to a control terminal 617a of a switch 617b
of a switch mode power supply output stage 617 to turn on
35 switch 617b of output stage 617. ‘
An input terminal 617c of output stage 617 is
coupled to unregulated voltage Vur* Regulated voltage B+
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ponfhverting I nput term nal 609 of error anplifier 610. - Amplifier 610
I ncl udes a current source fornmed by a 35 transi stor QL42 that provides

the conbined emtter currents - of a transistor QI48 and of a transistor
QL49, coupled as a ~differential anplifier. The bases of transistors
Q148 and QL49 are coupled to the emtters of transistors Q721 and

is developed at an output terminal 617d of output stage.
617. . o
The duration, during each horizontal peribd} H,
in which. switch 617b conducts is determined by the level of
S error voltage Vo of error amplifie; 610. Thus, regulated -
1N+ As indicated
before, voltage VNIN is produced by level shifter 600,
embodying an aspect of the invention, that is described now
in detail.
10 - FIGURE 2 illustrates a schematic diagram of level
shifter 600 of FIGURE 1 and of error amplifier 610.
Similar numbers in FIGURES 1 and 2 represent similar items
or functions. Level shifter 600 of FIGURE 2 is temperature
compensated over a wide range of ambient operating
15 temperatures, such as between 0°C and 70°C, to produce
voltage VNIN.that is substantially unaffected by a change
in the temperature within such range.

‘voltage B+ is determined by voltage Vy

A temperature compensated current control
arrangement 650 generates a control voltage VBR on a rail
20 signal line 900. Rail signal line 900 is coupled to the
base electrode of each of transistors Q142, Q725, Q727,
Q736 and Q737. The emitter electrodes of the
above-mentioned transistors are coupled through
corresponding resistors to a fixed DC voltage Voer Current
25 control arrangement 650 controls voltage VER in such a way
that the collector current in each of the above-mentioned
transistor stays substantially constant when the
temperature changes. An example of an arrangement that is
similar to current control arrangement 650 is described in -
30 detail in U.S. Patent No. 3,886,435, in the name of S. A.
Steckler, entitled VBE VOLTAGE SOURCE TEMPERATURE
COMPENSATION NETWORK. B |
-Level shifter 600 includes transistors Q736 and
Q737. The emitter currents in transistors Q736 and Q737
35 are controlled by resistors R728 and R69, respectively,
having the same value, so as to cause the respective
collector currents of transistors Q736 and Q737, that are
temperature compensated, to be equal. The collector of -

This is the replacement sheet

pate: 12 JiL 1%



CWZB respectively. Transistors Q721 and Q723 operate as emtter
followers to couple voltages V[err] and V[err] to the bases of

transi stors QL48 and Ql49, respectively. A current mrror
arrangenment 610b that is coupled 5 to the collectors of transistors QL48
and QL49 causes a current i[err], coup’sd to integrating filter 612 of
FI GURE 1, to be equal to the difference bet ween the col |l ector

curtents 10 035405, U810 GRlEOUSCHUEIL e e rEOE i

S couple o ortlona
di fference betweeﬁ torindes Vrepsis&ays Q733, Q734Tﬁedp96%%ft|13ﬁhllty

factor is dete%@uﬂ%@tBY b@et9€h§15t0r0b7§WrQ§ éBﬁbléﬂetoﬁﬂﬁh collector of
FIGURES 3, 4, 5 and |II§%ﬁrat bev el

5000, reapect | FERPSISTOOALTRE of RBF CBLERERcOfs tERnERECPhEIT dif Souslid
respectlveBy e ERGHREE 2h6, basesnufb&ranamétsyabQVS3oané|Qﬁ3%u itens or

Ut ons a1, prangiSber opAsepll ikl AU pASkOBErELRE!BELS et e

transistors Q733 and Q734. The emitter of transistor Q734
is coup;ed to_ground via a resistor R732. The P-N junction
of transistor Q734 between the base and emitter electrodes

10 of transistor Q734, provides temperature compensation that
coﬁpensates for a temperature related variation of the
base-emitter voltage of transistor Q733. The emitter of
transistor Q733 is coupled through resistor R731 to

NINI of FIGURE 1 is developed.

15 The: value of resistor R731 is equal to that of resistor
R732. Voltage V NINI
predetermined. limits in either polarity by a diode network
675. The collector of transistor Q733 is coupled to the
collector of transistor Q736 at a junction terminal 733A.

20 . Assume that voltage V. NINI is zero. In this case,
the current mirror arrangement of transistors Q733, Q734
and Q735, produces a collector current 19733 in transistor
Q733 that is equal to the collector current iQ734.in
transistor Q734 because the base current of transistor Q735

25 is negligible. As explalned before, when voltage V. NINI is
zero, collector current 19736 in transistor Q736 is equal
to collector current 19737 in transistor Q737 over a-wide
temperature range. Also, when voltage V. NINI is zero, each

terminal 611, where voltage V.

is prevented from exceeding

of collector current 19734 and its mirror the collector

30 current 19733 is equal to current 19737 over such wide
temperature range. It follows that current 19733 is also
equal to current 1Q736'

Bandgap type voltage source 699 supplies

temperature compensated reference voltage VBG that is

35 coupled via a resistor R729 to terminal 733A. Because, as
described before, when voltege VNINT is zero, current 19733
is supplied entirely by current iQ736’ and because the
impedance at terminal 733A, that is contributed by the
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In Fl GURE 3, resistors R731 and R732, that are 20 wused in the circuit of

FI GURE 2, were elimnated. W thout resistors R731 and R732, the gain
of anpllfler 600a of FIGURE 3 is, advantageously, higher than unity.

In FIGURE 3, a diode Derr] and a tenperatyre conpensat ed current
source I[err] cause the collector currents~25 in transistors Q737a and
Q736a to be, for-exanple, equal. Simlarly, transistor Q734a causes
the collector yietdry of trlandlSitalkar QQZ§3anao V\zﬁs {OTh AT Gual to
that in each i of tranS|stors gﬁ37a and Q736a en volta e VNN i s
zero.’ ig729 M HasdgteT4 R7¢8) f"égéeWF NEBerefaps! |‘é<dlg‘3"tﬂe Vyin 2t

differential | y Heatmigmsl t'naperi]st tequaloftot vamsagéovg Q73ﬂb15, in abdiBdice
Sur ot bar O Al et MANEHICIHRK B8, when! TPLENGE Vol RATe°

rejection.
correspondifng t#entsi oditaages Vgppodist deveans hﬁtednbltl SUREnQuIgE that timt

vol tage V[err] é&ﬁéllﬂb¢$5yﬁg§$ vbe referenced to vol t age V[err]

i nstead of to ground.
9 When voltage at terminal 611 is dlfferent

NINI
from zero, currents 1Q736 and 19737-w111 not be equal. The
difference current_between currents i and i will

0733 0736
10 cause a voltage to develop across resistor R729 that, in

turn, will cause a corresponding change in voltage Vyin 2t
terminal 733A. Because transistor Q733 is coupled,
relative to voltage V. NINI’ 25 @ common base amplifier, and
because resistors R731 and R729 are, illustratively,

15 equal, the gain, or the ratio between voltage VNIN_and
voltage V. NINI' is one, resulting in an amplifier having a
unity gain.

In carrying out another aspect of the 1nvent10n,

voltage VNIN’ that is level shifted relative to voltage
20 VﬁINI by an amount that is equal to voltage V o follcws

variations of wvoltage V NINI that occur in a range between
positive and negatlve values. '

Voltage VBG is temperature compensated and has a
tolerance range that is narrow relative to, for example, a

25 zener diode. Furthermore, component aging affects voltage
Vag substantially less than it affects, for example, the
breakdown voltage of a zener diode. Moreover, the level
shifting caused by level shifter 600 is, advantageously,
less susceptiﬁle'to temperature, aging'and noise when

30 compared with that produced by a corresponding level
shifter in the prior art that utilizes a zener diode
interposed between a beam current input terminal and a
noninverting input terminal of a differential amplifier to
perform such level shifting. ' '

35 _ Should a temperature change cause a correspondlng
change in current 1Q736' for example, that, as indicated
before, would be relatively small, transistors Q737, Q733,
Q734 and Q735 will cause a proportional change in current
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Jn FI GURE 6, the input inpedance to voltage - V[err] is, advantageously,
hi gher than to voltage V[err] of FI GURE 2 because of the usage
of a transistor Q750 that is coupled as an emtter follower.

-9-

iQ733 to occur that will prevent even such small change in
temperature from affecting the difference current between
currents iQ736 and iQ733,. Therefore, wheﬁ voltage VNINT is
zero, voltage VNIN is, advantageously, not affected by
5 col;ector curreats iQ736'and iQ737, but is entirely |
determined by voltage Vag that is temperature compensated.
It should be understood that temperature
compensation may be adequate even when voltage VNINI is
significantly different from zero. If temperature
10 compensation, in this case, is inadequate, a further
" improvement in temperature compensation may be obtained by
coupling the terminal of, for example, resistor R732, that
in FIGURE 2 is grounded, to a voltage that is different
from zero and that is related to, for example, voltage
5 Vyinr- | |
Advantageously, voltage VBG' as explained before,
is maintained at tight tolerances, is temperature
compensated and is substantially unaffected by components
aging. Therefore, advantageously, no factory temperature
20 burn-in process is required prior to_the,installmcnt'bf
regulator 100 of FIGURE 1 in the television receiver.
Furthermore, voltage divider 605 that includes resistors
601, 604 and 602 is required to compensate, advantageously,
only for a narrower tolerance range than in prior art
25 circuits in which a zener diode is used for performing the
level shifting function of level shifter 600 of FIGURE 2.
Voltage ViN is coupled to the base of a
transistor Q721. 'The clamping operation of a pair of
transistors Qi45 and Q146 prevents voltage VIN from being
30 above voltage Vpg OF from being below voltage Vee by more
than a predetermined magnitude. Voltage ViN is coupled to
inverting input terminal 608 and voltaga VNIN is coupled to
noninverting input terminal 609 of error amplifier 610.
Amplifier 610 includes a current source formed by a
35 transistor Q142 that provides the combined emitter currents
of a transistor Q148 and of a transistor Q149, coupled as a
differential amplifier. The bases of transistors Qi48 and
Q149 are coupled to the emitters of transistors Q721 and
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5 - -12- CLAI VS 1.
An anplifier conprising: first (QL49) and second (QL48)
transi stors that are coupled to forma differential anplifier (610);
an input stage (Q721) coupled at a first junction 5 termnal (base of
QL48) to a control electrode (base) of

. -~10-

Q723 respectively. Transistors Q721 and Q723 operate as
emitter followers to couple voltages Ving 2nd Vo to the
bases of transistors Q148 and Q149, respectively.
A current mirror arrangement 610b that is'coupled
5 to the collectors of transistors: Q148 and Q149 causes &
current i610' coupled to integrating filter 612 of FIGURE
1, to be equal to the difference between the collector
currents in transistors Q148 and Q153. Consequently,
current 1610 that is coupled to filter 612 of FIGURE 1, is
10 propgrtional to the difference between voltages VIN and
VNIn® The proportionality factor is determined by the gain
of error amplifier 610. :
FIGURES 3, 4, 5 and 6 illustrate level shifters
600a, 600b, 600c and 600d, respectively, embodying other
15. aspects of the invention, respectively. In FIGURES 2-6,
numbers and symbols -of similar items or functions are
similar except that they include the letters a, b, c and 4,
in FIGURES 3, 4, 5 and 6, respectively. |
In FIGURE 3, resistors R731 and R732, that are
20 used in the circuit of FIGURE 2, were e;iminated. without
' resistors R731 and R732, the gain of amplifier 600a of
FIGURE 3 is, advantageously, higher than unity. -
In FIGURE 3, a diode Dema and a temperature
compensated current source I1a cause the collector currents
25 in transistors Q737a and Q736a to be, for example, equal.
Similarly, transistor Q734a causes the collector current in
transistor Q733a to be, for example, equal to that in each
of transistogg Q737a and Q736a when voltage VﬁINI
In FIGURE 4, voltage VNINID is applied
30 differentially between the emitters of transistors Q733b
and Q734b. Such arrangement provides, advantageously, an
improved common mode rejection. '
In FIGURE 5 the type, N-P-N or P-N-P, of the
corresponding transistors is opposite than that in FIGURE 2
35 so that voltage VNIﬁIc may, if desired, be referenced to
voltage Vcc’ instead of to ground.
_ In FIGURE 6, the input impedance to voltage
Vninig iS. advantageously, higher than to voltage Vi s of

is zero.
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sai d second transistor (QL48) for establishing a voltage | evel at said

control electrode of said second transistor (QL48) in accordance with a
voltage (V[err]) that is devel oped at an input termnal (608) of said
i nput stage such that an 10 output current-l-owing in said input stage is
coupled to said first junction ternlnal a source. (CﬁZ?)

of a first current; characterized % g %éagg gt
(Q726) havi ng oF EGPRENE Eﬁﬁ?P%ESQﬁu§Qﬁn%ﬁQQQ|Qf @h§F3P§1F BFe¥d %6 ¥F a
current gain cotpledtasishieniDitesaiftbldes@yd transi stor (QL48); and

a current mrror arrangenent (Qr22,Q730) coupl ed to said third
transistor (Q726) and responsive to said first current (from Q727) and
to a control electrode 20 current of said third transistor (Qr26) for
generating ats an output. termnal of said current mrror arrangenent
(Qr22,Q730) a second current (at collector of Qr22) that is coupled to
said first junction term nal (base of Q148),
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sald second current having a first portion derived from25 said first

curr at generates said out put current of said input
stag " ”mm 4 l tion derived fromsaid control electrode current
of sai chi I istor (Qr26) that generates said control electrode

current of sald second transistor (QL48), wherein a 30 deviation of said

current gain characteristic of said secpnd transistor (148) froma
nom nal val ue thereof that produces a correspondi ng deviation in said
control el ecBlBEES current of said second transistor (Q148) is

conpensated by said contrbl elctanplel figr erdampfisiaigt third 35 transistor
(Qr26) so as to Substant'fifytp( SESY éﬂ#ﬂkecoﬁa”ég?gs 16 W O That

affectlng said output current o sal d
are coupled to form a d1fferent1al ampllfler (610);

an input stage (Q721) coupled at a first junction
5 terminal (base of Q148) to a control electrode (base) of
said second transistor (Q148) for establishing a voltage
level at said control electrode of said second transistor
(Q148) in accordance with a voltage (Vin) that is developéd
.at an input terminal (608) of said input stage such that an

10 output current flowing in said input stage is coupled to

said first junction terminal; .
a source. (Q727) of a first current; characterized

by )
. a third transistor (Q726) having a current gain

15 characteristic that is representative of a current gain
characteristic of said second transistor (Q148);:and

a current mirror arrangement (0722,0730) coupled

to said third transistor (Q726) and responsive to said
first current (from Q727) and to a control electrode

20 current of said third. transistor (Q726) for generating at
an output terminal of said current mirror.arrangement
(Q722,0730) a second current (at collector of Q722) that is
coupled to said first junction terminal (base of Q148),
said second current ‘having a first portlon derived from

25 said first current (from Q727) that generates said output
current of said input stage and a second portion derived
from said control electrode current of said third
transistor -(Q726) that generates said-éontrol electrode

' current of said second transistor (Q148), wherein a

30 . deviation of said current gain characteristic of said

'~ second transistor (148) from a nominal value thereof that
produces a corresponding deviation in said control
electrode current of said second transistor (Q148) is
compensated by said control electrode current of said third

35 transistor (Q726) so as to substantiaily prevent such.
current deviation from affecting said output current of
said input stage.
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- 13- 2. An anplifier according to Claim. 1, -
*characterized in that Said i nput stage conprises a fourth t ransi st or

(Q721)I H”m itter follower, and said out put current of said
I nput I mgllﬂmﬁg emtter -5 el ectrode of .said fourth transistor .
L M S * .

(CﬁZl).* An amplifier according to aim 1,
characterized in that said first curremt3source (Q727) ~ generates said
first current having a value that is i ndependent of said variation in
Zﬁhd current gain }0 chargpterAEtA&bqufgrIé§§g%dggg %B EiéngQPPHd (Cﬂ48)
characterized in that said input stage comprises a fourth
transistor (Q721) coupled as an emitter follower, and said
output current of said input stage flows in an emitter
5 electrode of said fourth transistor (Q721). ' -
. 3. An amplifier according to Claim 1,
. characterized in that said first current source (Q727)

generates said first current having a value that is
independent of said variation in said current gain

10 characteristic of at least one of said second (Q148) and
third (Q726) transistors.

4., An amplifier according to Claim 1,
characterized in that said current mirror arrangement
(Q722,Q730) prevents said variation in said current gain of

15 said second transistor (Ql48) from affecting an offset
voltage at said input terminal (608) of said input stage
(Q721). - o

_ 5. An amplifier according to Claim 1
characterized by second means (Q142) coupled to a second

20 Jjunction terminal between corresponding main current
conducting electrodes (emitters) of said first (Q149) and
second (Ql48) transistors for genérating a current that
varies in the same sense as said first current (from Q727)
independently of said current gain characteristic of said

25 second transistor (9148).. ' _

6. An amplifier according to Claim 1,
characterized in_that said first (Q149), second (Q148) and
third (Q726) transistors are bipolar transistors of the
same type.

30 7. 2An amplifier according to Claim 1,
characterized in that said current mirror arrangement
(Q722,Q730) includes a fourth transistér (Q722) that
generates said second current that flows in the same
direction as said first.current (in Q727) and that is equal

35 to the sum of said first current.and said control electrode
current of said third transistor (Q726). |

8. An amplifier according to Claim 1,
characterized in that said third transistor (Q726) is
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t hisrd—Q726) tTansi stors. - 4 An anplifier according to Claim

=1, | n that said current mrror arrangenent
(CVZZ,E& “WEME& “Haid variation in said current gain of 15 said second
~ trans ) st t @m af fecting an of f set vol tage at said input

term nal (608) of said input stage (Qr21). S 5. An anplifier
according to Caiml characterized by4second neans (Ql42) coupled to a

d 20 | ti t 1.nal. t ' ' ts .
Conducti ng of ect el (ol S el GRS Pl BERaRHR B smpuc | (o)

transistors forteyaHdak i (RP%) and en output termineds (pPhOaheofasdidense as
said first currg@iifiem Q727) i ndependently of said current gain

anpl {11 6r according to Ghaim BB ATDILEhAI AEROFEITe toRGLal Y i rep

(QL49), secend diadR)teaniked byt Meahs( Q628)) tfoangeneratingeabtewperature

transistors Of_éJMbensatéd control voltage (V,,) that-is coupled to a
control electrode of a bipolar, further transistor (Q273)
for generating said first current at a collector electrode
of said further transistor (Q273) that is unaffected by a

10 variation of a current gain characteristic of said further

transistor (Q273). '
10. An amplifier according to Claim 9,

characterized in that said current mirror arrangement

further comprises an additional transistor (Q730) coupled

15 in a diode configuration for conducting therethrough a
current that is equal to a sum of said first current (from
Q727) and said control electrode current of said.third
transistor (Q276).

o 11, An-émplifier accoxrding to Claim 10,°

20 characterized in that said current mirror arrangement
includes another tramsistor (Q722) having a base electrode
that is coupled to éaid additional transistor (Q730) and a
collector electrode that is coupled to said control
electrode of said second transistor (Q148). _

25 12. An amplifier according to Claim 11 further
comprising a second additional transistor (Q724) having a
base electrode that is coupled to said additional
transistor (Q730) and a collector electrode that is coupled
to a base electrode of said first transistor (Q149).

30 13. An amplifier according to Claim .1,
characterized in that said amplifier forms an error
amplifier in a regulator of a television apparatus power-
supply. '
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sane type. 30 . 7. An anplifier according-to daiml

‘characterized in that said current mrror arrangenent (Qr22, Q730)

i ncludes a fourth transistor (Qr22) that generates said second current
that flows in the sane direction as said first current (in Q727) and
that is equal 35 to the sumof said first current and said contro

el ectrode current of said third transi st (Cﬁ26) : ‘8. . An
anplifier according to Claim1, char ac erlzed in that said third
transi stor (Qr26) is ABSTRACT

A LEVEL SHIFTER FOR A POWER SUPPLY, FOR EXAMPLE
IN A TELEVISION APPARATUS

5 A level shifter (600) receives a variable input
- voltage ( NINI). such as a beam current representative
voltage of a cathode ray tube in a television receiver,
and produces an output voltage ( NIN) that changes when
the input voltage changes, such that the output voltage
10 ( NIN) is level shifted relative to the input voltage
(VNINI)' The output voltage ( NIN) is coupled to an
input terminal (+) of an error amplifier (610) of a
power supply voltage regulator. The level shifter
(600) includes a current mirror arrangement responsive
15 to the input voltage. A band gap type voltage source
(699) determines the amount of level shifting that is
produced by the level shifter (600).

FIGURE 1
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-14-° coupl ed outside a signal path fornmed between an input term na
(608) and an output term nal (610a): of said- anplifier. ' 9.
An anplifier according to Claim 1, 5 characterized by nmeans (699) for
generating a tenperature conpensated control. voltage (V[err]) that is
coupled to a control electrode of a bipolar, further transistor (Q73)
for generating said first current at a | ector el ectrode of said
further transistor (Q73) that is unaffected by a 10 variation of a .current
gain characteristic of said further ~transistor (Q73). ' 10.
An amplifier according to Claim?9, characterized in that said current
“mrror arrangenent further conprises an additional transistor (Q730)
coupled 15 in a diode configuration for conducting therethrough a -
current that is equal to a sumof said first current (from '

[Fm====7"""="=77
i
0 I
! = w { . ~
1 = L .
©
(I o P& S
I ‘ | | RE ~
y ' =}
{ o o
| W ' s
| @© /A O | -{
x=
I Lol 1
{ jdm |
I [ [
< o
| & L‘t"—-‘ Y '
I = I
i o 2 |
+ g [ =4 —
I 356 ]
I
1 1= '
" © {
! 2 =] |
{ -3 2 [- ‘nch f f
1= 1] o i ac !
o = ] }
<o | = o I -
: = LA g & L=
] l = N o
| poa { &
PN I S d axvv-lll
ad e =2 ol |
B R~ =
lw = ]
T=1kg { Hu
[ ICD 1
LS - = )
SE= S|
=55 =]
[~
k
=T
- @
SN .
= N)out
b =1
c_:'\ ﬁ“ © éco
w| & v

B+
(99
HORIZONTAL

OUTPUT

STAGE

~ This is the replacement sheet

Date: ]ZEJUL 1%



CﬁZ?} and said control electrode current of said third
An anplifier according to Claim 10, 20

(Q76) .

11.

characterized in that said current mrror
transi stor (Q722) having a base el ectrode

addi ti onal

to said contro
An anplifier according to Caim 11l fuzyaer
transi stor (Qr24) having a

12.
addi ti onal

sai d addi ti onal
to a base electrode of said first transi stor

coupl ed
13.

anplifier forms an error
appar at us power -

transi stor (Q730) and a

col |

arr angenent
t hat
ect or

t ransi stor

i ncl udes anot her

el ectrode that

el ectrode of said second transistor (QL48).

base el ectrode that

Is coupled to said

I's coupl ed
25

conprising a second
I's coupled to

transistor (Q730) and a collector electrode that is

An amplifier according to Caim.1,
anplifier in a regulator of a television

(Q149).

30

characterized in that said
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