-'¥HIéH EFFI CI ENCY AMPLI FI ER W TH REDUCED SW TCHI NG DI STORTI ON BACKGROUND OF

THE | NVENTI ON The invention relates to power anplifiers. In particular,
the invention relates to a switchable anplifier operating between at |east
two power |evels 5 whi ch has reduced switching distortion, fast

response tinme and i nproved power handling. A class-G power anplifier

di sclosed in Sanpei, U S. Patent No. 3,061, 280, switches between two | evels
of rail voltages (two positive and two negative rails) 10 to provide a
nore efficient and cool er runni ng design than single rail voltage

appr oaches (with oR&GHoEFELE 1&@ EﬁiVéTﬁaaE?UCﬁP idle and at
relatively | ow signal c SHATGHIRG DISTORTION G power anplifier uses the | ow

supply rails. As signal conditions increase, i.e., 15 - when t he out put
SwW ng exceeds the RS nl¥) ' Nthe anplifier automatically
switches to the hi ' ortion of the output sw ng

(ot enceeds, e e sl 4d0n, £T0hEo0BbCRal ML Vo5 |

conditi ons, particular, the invention relates to a switchable

amp;ifier operating between at least two power levels

5 which has reduced switching distort;i.on, fast response
time and improved power handling.

A class-G power amplifier disclosed in Sampei,

U.S. Patent No. 3,961,280, switches between two levels

of rail voltages (two positive and two negative rails)

10 to provide a more efficient and cooler running design

than single rail voltage approaches (with one positive

and one negative rail). At idle and at relatively low

signal conditions, thé class-G péwer amplifier uses the

low supply rails. As signal conditions increase, i.e.,

15 " when the output swing exceeds the lower supply rail

voltage, the amplifier automatically switches to the

higher supply rails for that portion of the output

swing that exceeds the lower rail voltage. This

approach improves the overall efficiency of the design

20 because for a large portion of the signal conditions,

the émplifier uses the low voltage rails whiqh are

typically one-half the voltage of Ehe high voltage

rails. As a result, the input power, and ultimately

the power dissiﬁétibn is less than that of the

25 conventional class-AB approach. At lower power levels,



\

dhe anpllfler uses the Iom1vo|tage ralls which are typically one-half the
vol tage of the high voltage rails. As a result, the input power, and
ultimately the power dissipation is |ess than that of the 25

conventional cl ass-AB approach. At |ower power |evels, 2 power

di ssipation is approxi mately one-half of the class-AB val ue. Thus, with

t he sanme out put power level, a switchable class-G design can use smaller
heat sinks and power transfornmers than a conparable class-AB 5 -desi gn.

Most known cl ass G anplifier desi gns however, have  severe perfor mance
mianone i a, BRI e by g
o e LS L P, Tl O SN, LB B
The 'saturation and;syeich ReritRM=-#AlLEl 85ECE d’ésﬁ&h‘}rban use smaller heat
sinks and power transformers than a comparable class-AB
5 design.

Most known class-G amplifier designs, however,
have severe performance limitations at high
frequencies. Typical slew (switching) rate values are
low, and the totall harmoni:c distortion (THD) is high

10 due to device switching "limitations. In known
arrangements, for example, switching is accomplished by
a diode and a pair of power transistors. Thé
saturation and switching characteristicé of such
devices determine the transient response of the output

15 signal at the rail transition and limits the speed at
which the output can slew from rail to rail.

Fig. 3 shows the basic circuit of a known class-G
amplifier, similar to Sampei above. In the
arrangement, two different voltage supplies V, and Vy

20 representative of the respective low and high power
supplies (rails) are coupled to a pair of corresponding
.amplifiers Q, and Q, connected in series, as shown,
with the emitter of Qy coupled to the collector of Q.
A switching diode Dg; is connected between the series

.25 connectlon of the ampllflers Qy and QL, as shown, and

to the: lower voltage supply V,. A similar arrangement



"evi ces determine the transient reéponse of the output 15 ~signal at

the rail transition and limts the speed at which the output can slew from

rail to rail. Fig. 3 shows the basic circuit of a known class-G anplifier,
simlar to Sanpei above. In the arrangenent, two different
vol tage supplies [err] and [err]. 20 representative of the respective

| ow and hi gh power supplies (rails) ar & coupled to a pair of correspondi ng
anplifiers [err] and [err] connected in series, as shown, with the emtter
of [err] coupled to the collector of [err] A switching diode Ds is |
connect ed between tife REq¥igdedmn the compdamentasy Ofe opPESitee POIR&EALY and

5715 provi ded on 1 T4 HAEAFEPYCLI VO e oo B B9l voirpess -
sl 1 ers [orr] andif S “niven L BEEFLELoEF BhnodReL QenautiTSh 57y pe
as illustrated. 5 gevices of'%ﬂﬂgﬁfﬁéwﬁgﬂﬁﬂﬂgiJﬂt§u%&5@tSg 491658 rated. e
5 In the arrangement illustrated in Fig. 3, the
device Q,; or Q' is referred to as the upper device and
the device Q, or Q. is referred to as the lower
device. .When the input signél Vi, is less than the
lower rail voltage V,, the upper device Q, is cut off,
10 and the lower device Q, supplies output current via Dg
which is forward biased. When the input signal exceeds
the lower voltage V, the upper device Q, is turned on.
When this happens, the switching diode Dg; is reverse
biased and cuts off the current from the lower voltage
15 V;, for that portion of the output signal swing that
exceeds V,. The diodes D, and Dy which are in the
respective base circuits of the lower and upper
devices, establish a voltage relationship between the
devices so that the lower device Q, is prevented from
20 going into saturation.
Attempts have been made to improve the efficiency
and performance of class-G operation. For example,
Dijkmans et al., U.S. Patent No. 4,706,035, shows two
level output (two positive and two negative) class-G,
25 amplifier with a bootstrap capacitor for driving the

output up,to.thé sécphd supply voltage. A switching



device [ernr] or [err] is referred to as the upper device and the device
[err] or [err] is referred to as the |ower device. Wen the input signal
[err] is less than the lower rail voltage [err] the upper device [err] is
cut off, 10 and ‘the | ower device Q supplies output current via [err]
which is forward biased. Wen the input ,signal exceeds the |ower voltage
.[err] the upper device [err] is turned on. Wen this happens, the swtching
diode [err] is reverse biased and cuts off the current fromthe | ower

| t 15 VL for.that portjon of the oufput, signal .sw t hat, exceeds
\[/grr?geThe di odes [‘%’r‘?‘ie ant I[Oié’rr'fh?\hf’bll’fpé‘ge T4 rg pddt§ vgg‘ﬁaé’«? AU t S

of e Jouer and RSl dieY! §68er £5L WD Axkaliiags Lebol 4OaILRa8] W5e

t he devi ces so that ‘ower~ devi ce preven r Om

into saturation. ALl Soflayfe b&sﬁbgggaewcéggr Oé?‘jtkﬁgﬂﬁf fhe! ?ﬂ)@fﬁ%@%p

performance of cl ass-G operafi on. exanp s et a

Patent No. 4,706, Oﬁrﬂmﬂ;ﬂbv!e@%ht?uﬁ:pﬂﬁiﬁ?y\ﬂtﬂéﬁiﬂﬁé@_&il'.fbdﬁ"@evice
negative) class-G 25 anplifier with a bootstrap capacitor for driving

the output W to thekr dbsbsmey! yatreritg®, tRebdbyChellcing the system

performance.

In class-G operation switching distortion will

occur twice each half-cycle as the input signal V,,

increases above or decreases below the lower voltage

10 V. The distortion caused in conventional class-G

operation is due to switching delays occurring at such

transitions.

SUMMARY OF THE INVENTION

15 The present invention is based upon the discovery
that an amplifier operating in plural voltage modes may
be implemented with reduced switching distortion and
improved power handling by means of parallel device
outputs with separate switching diodes. There is also

20 provided means for preventing saturation of the output
devices in each of the various voltage modes. In
addition, a broadband improvement in switching speed
and a reduction in switching distortion may be achieved
by maintaining a small input drive current in a

25 predetermined relationship with respect to the output



4 diode is in the output circuit of the |ow'voltage source. A series diode
circuit is provided between the bases of the output devices. Al though the
bootstrap circuit inproves output sw ng, the upper output device 5

still becones saturated, thereby reducing the system performance. In

cl ass- G operation switching distortion will occur tw ce each half-cycle as
the input signal [err] increases above or decreases below the | ower voltage

10 VL. The distortion caused in gonventional class-G operation is due
to switching delays occurring at such transitions. SUMVARY OF THE | NVENTI ON
15 - The pFesefRatn iHEPPE' %%‘é‘tf’%&)oﬁxlenefﬁlf%@ve’rry;q h& &AW
anplifier operatin pl yral voltage, nodes ngy nent eg w th.reduced
switching distorti gf‘? aH& Cippr 8bake ?r r&ﬁmwiw‘%&?f&e&r‘ he jeges.
device outputs with sep rate switc I

provi ded means for prev Ht??i %'?R?é] ?‘ tﬁgvgg[:%u? “1§'ditéted to an

amplifier switchably operatlve in plurality of voltage
5 modes depending on the level of the input signal. The
amplifier comprises a'commdn driver for each level, a
plurality of output devices arranged in parallel, each
operative at a selected voltage level and being coupled
to the common driver for the corresponding voltage

10 mode. One output device of each parallel circuit is
connected in series to the output device of the next
adjacent voltage level. Switching diode means is
coupled to a node between series connected output
devices at each voltage level.

15 In another embodiment, the invention is directed
to an amplifier for switéhing between voltage modes
which includes a driver and a output device for each
voltage level. The output devices are connected in
series. Means for preventing saturation of the common

20 driver and the output devices in each level is
provided.

In another embodiment, the invention is directed
to an amplifier switchably operative in'varioﬁs voltage
modes, each mode including a driver and an output

25 Aeﬁicé.-_Each oﬁtpgt device is connected in series

between the voltagehlevels-and means is coupled to the



devi ces in each of the various voltage nodes. In addition, a broadband

| mprovenent in switching speed and a reduction in switching distortion may
be achi eved by maintaining a small input drive current in a 25
predeterm ned relationship with respect to the out put 5 so that the
upper devices are forced into a | ow copduction state prior to sw tching
bet ween the nodes. I n one enbodinent, the invention is directed to an
anplifier switchably operative in plurality of voltage 5 nodes

depending on the | of, iiﬁ%ﬁ sigpna e AR} d SOPRET §
conmron driver for g’é htl é)vilelhfta p urF a???ybgf t-cf)%t put cﬁev% ?éré arréangggplﬁ%

paral l el , each opeialis¥figat tAeSEGISH o t 88RahEY el privl beingswotBhedgt O

t he conmmon driver for thé correspondi ng voltage 10 node. One out put
devi ce of each par plefttleeti thei lekb@lgonnected in series to the output device
of the next adjacent voltage |evel. Swi tching diode neans is coupled to a

node between series conmbet ptesehpuinvention is designed to moderate the
5 inherent distortion caused by'effects 6f switching at
high frequencies, and to improve the performance of

class-G operation by providing a combination of
features not presently available in conventional
systems. In particular, the invention provides for

10 parallel upper and lower output devices for improved
power handling at the intended output power levels. An
individual switching diode is coupled to each pair of

upper and lower output devices to reduce the switching
distortion which would occur if only one switching

15 diode were employed with plural output devices. 1In
addition, each amplifier has a common emitter resistor

to enforce current sharing. The separate switching

‘diodes allow for the elimination of separate emitter
resistors for both the upper and lower devices which

20 might otherwise be required to force current sharing.

In the present invention, nonsaturating circuitry
is provided for both the upper and the lower devices to
improve the slew rate or switching capability of the

25 devices.. In the prior art, saturation is not fully

considered and once it occurs in a power transistor,



devices at each vol tage level . 15 I n anot her enbodi nent, the
Invention is directed to an anplifier for swi tching between voltage nodes

which includes a driver and a output device for each voltage level. The
out put devices are connected in series. Means for preventing saturation of
t he common 20 driver and the ouyput devices in each level is

provided. In another enbodinment, the invention is directed to .an anplifier
swi tchably operative in various voltage nodes, each node including a driver

betneen 1 he. vol t agd e VBEdHpe e (15 E%%%?%#%% Y SBBUE° B oAsE e
| east one of the dr Vers. d t t put causing the driver to conduct prior
to switching betme§% 4HE ;P?mﬁﬁ% present invention is designed to

moderate the 5 'nhep[sentaﬁ' SL41 £ PnERUSERlpBYc BhE eCEBaRraW bENi et

invention, low distortion switching is achieved by

5 means of circuitry which causes the upper power devices
to turn on with a relatively low current prior to the
point where the input signal makes a transition above
or below a reference, e.g., the lower voltage rail. In
other words, prior to the input signal exceeding the

10 low rail voltage, the upper device is turned on
slightly so that when full voltage switching occurs, it
is accomplished with negligible switching distortion.
Likewise, when the input signal decreases to near the
lower rail voltage the upper devices remain turned on

15 during the transition with low current flow so that
again switching occurs with virtually no distortion.
The foregoing arrangement is achieved at low as well as

high frequencies.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic diagram illustiating a high
efficiency amplifier with low switching distortion
.according to one embodiment of the invention employing
a grounded supply;
25 Fig. 2 is a schematlc diagram of a high efficiency

ampllfler W1th low sw1tch1ng distortion in accordance



i gh frequencies, and to inprove the performance of class-G operation by
provi ding a conbination of features not presently available in conventional
syst ens. In particular, the invention provides for 10 paral | el upper
and | ower output devices for inproved power handling at the intended out put
power |evels. An individual swtching diode is coupled to each pair of
upper and | ower output devices to redu&e the switching distortion which
woul d occur if only one switching 15 di ode were enployed with plural
out put devi ces. In addition, each anplifier has a cormbn emtter resistor
to enforce currentwitiaramgther TEebsdpaert etswehehtiingetitddas eaplloyinhor & he
elimnation of separate emtter resistors for both the upper and | ower

devi ces which 20 driven givwent heupplye; Bnd equired to force current sharing.
In the present invention, nonsaturating circuitry is provided for both the
upper and the |ower deWi®s 8o igprovechempatiewdigorasr Lllustraging a

capability of the 25 ,devices. In the prior art, saturation is not
fully considered fHRP@RELPR2L A AEE1G aHMek r ansi st or,
5

DESCRIPTION OF THE INVENTION
Fig. 1 illqstrates an embodiment a high efficiency
amplifier with reduced switching distortion of the
invention using, for ease of description, a so-called
10 grounded supply approach. In the present invention,
there is provided bipolar, [i.e., plus (+) and minus (-
)] lower rail voltages V, and +/- upper rail voltages
Vy which are generated from respective full wave bridge
rectifiers 12 and 14 supplied from a center-tap
15 .transformer 16. Filter capacitors 18, 18’ store the
rectified voltage from the lower windings 20 of the
transformer 16 for the low rails +/- V,. Likewise, the
filter capacitors 22, 22’ store the rectified voltage
from the upper windings 24 of the transformer 16 for
20 the upper rails +/- V, as illustrated. Typically, the
lower windings 20 have half as many turns as the upper
windings 24. The transformer 16 is shown connected to
a conventional 120 volt supply.
The present invention includes respective sets of
25 lower deviceslsofanﬁ upper devices 32. The lower

devices include a driver 34 and a plurality (at least



i/ the switching tine. is increased by about an order of magnitude or nore.
As an additional inportant feature of the invention, |ow distortion
switching is achieved by 5 means of circuitry which causes the upper
power devices to turn on with a relatively low current prior to the point
where the input signal makes a transigion above or below a reference, e.g.,
the lower voltage rail. In other words, prior to the input signal exceeding
the 10 | ow rai l voltage t he upper device 1is turned on slightly so

Lt then (ul] VOl 4305, 3 NI CEECALS nebhcd SEROTENLS A LB LR b )
R L S e A T e
e 61 e Tl A ST A"
is a schematic di agaP;igurattital.l NGilgewi 4, the upper devices 32 comprise
5 a driver 38 in a common Darlington configuration with
a plurality of.upper output devices 40A-40N. On the
negative side, the devices are of the opposite
conductivity type, as illustrated, and are labeled with
primed (’) reference numerals corresponding to similar
10 elements on the ﬁpper gside. The lower 6utput devices
36A-36N and the upper output devices 40A-40N will be
referred ﬁo without 1letter designations unless
reference to a particular device is required.
In Fig. i, each lower device 36 is coupled with a
15 corresponding upper device 40 in series, as
illustrated. For example, the lower device 36A has its
collector coupled to the emitter of the upper device
40A. Each lower device 36A-36N has its emitter coupled
to an corresponding emitter resistor 42A-42N, and to
20 the common output lead 43, as illustrated. The emitter
and collector of each pair of series connected devices
36A,40A----36N,40N form a corresponding node 45A-45N.
A cofresponding switching diode 44A-44N are coupled
between the corresponding node 45A-45N, and commonly to

>

25 the lower voltage V.



ef ficiency anplifier with I'ow switching distortion according to one

enbodi nent of the invention enploying a grounded supply; 25 Fig.
2 is a schematic diagramof a high efficiency anplifier with | ow swtching
distortion in accordance 8 with another enbodinent to the invention

enpl oying a driven power supply; and Fi 3 is a schematic diagram
illustrating a conventional class-G anplifier. DESCRIPTI ON OF THE | NVENTI ON
Fig. 1 illustrates an enbodiment a high efficiency anplifier with reduced
switching distortion of the invention using

| . for ease qQf descriptiaon,
so-cal | ed 10 gr oundERe sty 858P8 cﬁwlngnlﬁhBrﬁVéggat%Wh€£ﬁ¥$¥ﬁnék

(DT b Provi 920 Bpel Sty dkiy s PLES: (Ml TALS dougled OUEckd'ene,
respective full wavg; pr 99y Gdddd Y a1 51380stEiAYPBY | ElnbF L8 Ay GSd¥ s t AP
connected diodes 656A-56N, double diode 52, diode
5 resistor combination 54, diode 55 and series connected
diodes 56A’-56N’ connected between a bias supply B*,
B--, as shown.
The bases of the upper and lower drivers 38 and 34
are coupled by a set of series connected diodes 56A-
10 56N, forward biased with respect to the driver 34, and
a diode 58, reverse biased with respect to driver 38.
The upper driver 38 is coupled between the upper rail
Vy and the éutput 43 by a pair of series connected
capacitdrs 60 and 62. In addition, the base of the
15 driver 38 is couéled to the output 43 by means of zener
diode 64 and resistor 66. Resistor 68 supplies current

to the zener diode 64 from the upper rail V, as shown.

As noted above, the upper and lower portions of
20 the circuit 10 are true mirror images of each other
with the devices either being poled oppositely or being
of opposite conductivity type. Accordingly, in the
description below, unless necessary, only the upper

half of the circuit 10 is described.
25 At power on, but at zZero input. signal conditions,

the amplifier 10 operates from the low voltage supply



45 - - transformer 16. Filter capacitors 18, 18 store the rectified
voltage fromthe | ower windings 20 of the transforner 16 for the lowrails
+/- [err] Likewi se, the filter capacitors 22, 22' store the rectified
voltage fromthe upper w ndings 24 of the transforner 16 for 20 t he

upper rails +/- [err] as illustrated. ﬂypically, the | ower wi ndings 20
have half as many turns as the upper wi'ndings 24. The transfornmer 16 is
shown connected to a conventional 120 volt supply. The present invention

i ncl ud ti 2 I Is ' 32.
The-| owsr devi ces. ThoPhaio B ye 0 pARThUES lle EpP BT CBG RE

river an uralrty

of |ower output de%hgeﬁaéﬁﬁng@&t,hi SMalet §haCEné NSuthity FevitesS 36ATBBRI ¥

coupled to the base of each _ ower output devices 36A-36N in a
Darlington configupgdl g1 dikaWheSClowde VEPEaAgEeYVLches® S698PAi68e5drop a

driver 38 in a common Darlington configuration with a plurality of upper

out put devi ces 40AwHilh @& elstablished by the switching diodes 44A-44N.

5 Similarly, on the negative side, the Darlington driver

34’, the output device 36A’'-36N’ are all at -V, less

one diode dfop via.switching diodes 44A’'-44N’'. The

arrangement is a complementary power amplifier with +/-

V, rails and with an idle current value determined by

10 the bias string diodes 55, 55’ and resistor diode
combination 54.

The 1lower drivers 34, 34’ have corresponding
common emitter resistors 72, 72’ series connected to
the output 43, as illustrated. Likewise, on the lower

15 side, the emitters of drivers 34, 34’ are coupled by a
resistor capacitér combination 74 in parallel with the
common emitter resistors 72, 72'. These components are
employed to turn off the outputs during alternate
cycles of operation, e.g., in typical class-B fashion.

20 Thus, each of the lower devices 30 are coupled to the
output 43 by means of the emitter resistors 42A-42N and
42A' -42N’, which force current sharing between the
output devices 40A-40N and 40A’-40N’, respectively to
the output 43.

25 In the signgl_ﬁriyeq system ih accordanée with

Fig. 1, théﬂpbsipivé and.negative pre-drivers 48-48’



negative side, the devices are of the opposite conductivity type, as
illustrated, and are |abeled with prinmed (') reference nunerals
corresponding to simlar 10 el enents on the upper side. The |ower
out put devi ces 36A-36N and t he upper output devices 40A-40N wi || be
referred to without |etter designationsiaunless reference to a particul ar
device is required. In Fig. 1, each lower device 36 is coupled wth a 15
corresponding upper device 40 in series, as illustrated. For -
exanpl e, the | ower s [ [Tty Olpk t 5 of
t he -upper device 46%%%E§%%g?é%ggége%?%éggéﬁﬁé tﬁhgpéfg %ﬁ?fﬁgﬁgggﬁ%fgg to
an correspondi ng efdd k@l EQILSGEpef 2P NoIAHYd ¥,2Pia uppd AesABEY 30Ut put
l‘ead 43, as illustrated. The emtter and col lector of each pair of series
connect ed devi ces ok 46dtput 3eifmgl g Nt it eAapENdiodexesked 4¥L; 4&Ne A
correspondi ng swi tchi ng di ode 44A- 44N are coupl ed between the correspondi ng’
node 45A- 45N, and cowplEmnent@ar3dSpre-dritersov@s 486 andetecofresponding

5 lower devices 30 provide an amplified signal powered
from voltage rail V.

When peak the output signal exceeds the lower
voltage +V;,, on the positive side, for example, the
driver 38 and the upper output devices 40A-40N. are

10 turned on for any portion of the voltage swing greater
than V,. On the negative side, the driver 38’ and
upper output devices 40A’-40N’ are driven on for any

swing greater than

V. During these peak signal swings, the output
15 current is supplied momentarily by the +/- V, rails.
The +/- V, supplieé are momentarily idle. When the

signal drops belovi +/- V,, then the lower rails take
over. During those signal conditions which exceed +/-
V, the upper output devices 40 raise the collector

20 voltage of the lower amplifiers 36 above the +/- V.
At the same time, the collector to emitter voltage of
each lower device 36A-36N is maintained at a
nonsaturated low voltage value by the series connected
diodes 56A-56N.

25 An impprtant feature of the invention is the

- employment of- separate switching diodes 44A-44N for



40 The input signal swing is provided by a pair of pre-drivers 48, 48",

whi ch are coupled across the circuit by neans of a bias string 53
conprising series connected di odes 56A-56N, doubl e diode 52, diode 5

resi stor conbination 54, diode 55 and series connected di odes 56A - 56N
connect ed between a bias supply B++, Bqg as shown. The bases of the upper
and | ower drivers 38 and 34 are coupled by a set of series connected di odes
56A- 10 56N, forward biased with respect to the driver 34, and a di ode

58, reverse bi asede\gichh r&eggeﬁcet t?gz‘ﬂié’ﬁr 3§,hi'£pgutﬁi%§;jb‘géi Vgigﬁgg'ﬁéa"t-

coupl ed between the upper rail” [efr] and’ the ou a pa series

connect ed capaci to&gipggv@ dnf2in tHe 3Ry ERRePaeRirddle d?t.%desdmay

driver 38 is coupled™to tche output 43 by neans of zener diode 64 an

resistor 66. Resisbar efp15yRAl WhtchRUAFENEmhD1EReaR@NRAVE QdRohdrf £aRLAGE
upper rail [err] as shown. As noted above, the upper and | ower portions of

20 the circui thafl a& esingle ntomaoni swdeshdhgeatilods .her Avcbbdihgly,

devi ces either being poled oppositely or being of opposite conductivity

type. Accobdi ngl ythey are not only physically small and lower in cost,

but from a performance standpoiht, they switch at a

higher rate and stoie less energy, greatly reducing

distortion. At the same time, the separate switching

diodes 44A-44N enable the emitter resistors 42A-42N in

10 emitter circuit of the lower devices 36A-36N to be

commonly used in the emitter circuit of the upper

devices 40A-40N, whereby the output currents can be

shared. This eliminates the need for additional

emitter resistors for use with the upper devices 40A-

15 40N which is a significant saving both in parts
requirements and circuit board real estate.

Switching distortion occurs during the transition
around V,. Such distortion results from a number of
factors. First, there is distributed inductive

20 impedance in the circuit elements and capacitive
impedance especially associated with the switching
diodes 44. In order to minimize the switching
distortion, it is useful to gradually ﬁurn on or turn
off the wupper devices 40 prior to the voltage

25 transition. For example, at high frequencies, a pair

of series capaqitor§ 60 and 62 establish a voltage



description bel ow, unless necessary, only the upper half of the circuit 10
I s described. 25 At power on, but at zero input signa

conditions, the anplifier 10 operates fromthe | ow voltage supply VL as
follows. On the positive side, the collector of the Darlington driver 34
and the output devices 36A-36N are all gt the | ower voltage +[err] |ess one
di ode drop which is established by the switching diodes 44A-44N. 5
Simlarly, on the negative side, the Darlington driver 34', the output
device 36A -36N are all at [err Iess one di,ode drop via swi t chi n
44A" - 44N . The ar%ﬁ@‘éﬁﬁn?l?%u e FARRGAFITSWEL aRpl PR _FS\F?

il d th t det t
i odes 55, 55 andPPbereRof 5.85% ggﬁﬁ e 1 e b 43 du@é?s%%%‘?'gﬁ-
h di 2 th
ot put 43, her 11 oof T EFE ke, Bt €. 07 pRBCHoR BHIRE G e
emtters of driverg§addeitéredfo CUHY €820Y @ At high  frequencies, the

5 capacitors 60 and 62 act as a reactance whereby a
current is supplied to the base of the driver 38 as the
output voltage increases. Accordingly, at high
frequency the driver 38 is fully turned on causing the
upper output devices 40A-40N to amplify the incoming

10 signal at all input signal levels. While this
arrangement is not, strictly speaking, pure class-G
operation and sacrifices some efficiency, it is useful

at high frequencies to eliminate switching distortion

altogether. In essence, then the upper devices 32
15 operate independently as a high power amplifier at high
frequency, e.g., about 10,000 KHz. At lower

frequencies, e.g., about 1 KHz, however, it is not
desirable to turn the upper devices 32 full on unless
the input signals exceed V. Accordingly, a low
20 frequency circuit is provided to gradually turn on the
upper driver 38 and the devices 4"0A-40N before the
transition above V;. The circuit includes a series
connection of zener diode 64 and upper rail dropping
resistor 68. The node 67 between the diode 64 and
25 resistor 68 is c;oupie__gi via resistor 66 to the base of

the driver 38. The zeéner diode 64 has a fixed voltage



Fesistor capacitor conbination 74 in parallel with the cormmon emtter
resistors 72, 72'. These conponents are enployed to turn off the outputs
during alternate cycles of operation, e.g., in typical class-B fashion. 20
Thus, each of the |lower devices 30 are coupled to the output 43 by neans of
the emtter resistors 42A-42N and 42A' -42N , which force current sharing
bet ween the out put devi ces 40A-40N and MDA - 40N , respectively to the

out put 43. 25 In the signal driven systemin accordance with Fig.
1, the positive and negative pre-drivers 48-48' 12 provi de adequate

signal swing to dridiop Mhidilddti= i ishdsd tHe riddd empdr af Fike@®hicagadeer I ]
vi a upper devices 32. For output swngs up to but not to exceed [err] the
conpl enent ary pr e- cabores stHES outPutad® .t h&sc ahee yirpaitngignal incxeases,
devices 30 provide an anplified signal powered fromvoltage rail [err] Wen
peak the output si g:ﬁgﬁ voltaagesnoge abvietr increases causing the current to

flow in the base of driver 38. This causes the driver

5 . 38 to conduct. The degree to _which the driver 38

conducts, however, is a function of the base current.

The amount of current in the base is greatly limited by

the resistor 66. Accordingly,- the driver 38 is in a

low conducting state prior to the input signal

10 transition above V. The switching transition is

anticipated, because the upper device is turned on. As

a result, the driver 38 and the upper output devices

40A-40N more gradually switch from the low rail voltage

V., to the high rail voltage V,, resulting in

15 significantly reduced switching distortion. In

addition, because there is a current in the emitter of

the upper devices 32, the switching diodes 44 switch at

a highef speed and with less delay. As the signal

voltage decreases and approaches V, there is a delay,

20 such that, the upper devices 32 remain on slightly

after the voltage transfers to the lower rail V,. Such

an arrangement softens the switching distortion
providing a smoother transition.

Anothér feature of the invention is the prevention

25 of saturation in both the lower devices 30 and the

upper devices 32. 'I-'lriils._ is accomplished by means of



voltage [err] on the.positive side, for exanple, the driver 38 and the
upper output devices 40A-40N are 10 turned on for any portion of the
voltage swing greater than VL. On the negative side, the driver 38 and
upper output devices 40A -40N are driven on for any swing greater than
[err] During these peak .signal sw ngs, 14 he output 15 - current is
supplied nonentarily by the +/- [err] rails. The +/- VL supplies are
nmonentarily idle. Wen the signal drops below +/- [err] then the | ower

oL oK Ve DU SR R et o il
Vo tage of each | oml deirie SRS eNTRSFn AEUTRER af0a ABHsathrat ed 1w
vol tage val ue by t%%/daﬁmﬁ%%ogﬁstﬁé%néﬁ& %é.ver 38 conlfg[rl s
I mportant feature of the invention is the enploy t of separate swtching
di odes 44A-44N for paired diodes 58 and 70. The purpose of the diode pair
5 is to force driver current into the collector of driver
38 through diode 70 whenever the collector/emitter
voltage of the driver 38 reaches a selected value
greater than the saturation voltage.
In the lower devices 30 the diode string 56 is in
10 the base circuit of the lower driver 34, and the diode
58 is paired with the diode string 56 in the base
circuit of the upper driver 38. When the input signal
matches or exceedé the lower rail voltage V,, the base
diode 58 becomes forward biased turning on the upper
15 device 38. In this.arrangement, the voltage difference
between the collector and the base of the lower driver
34 is minimized to a value of the sum of the voltage
drops of the diode string 56 minus the voltage drop of
the base diode 58 which is forward biased. In this
20 way, the driver 34 is prevented from being driven into
saturation, hence its switching time is greatly
imprové’d.
According to the invention the lower devices 30
and the uppér devices 32_ are prevented from going into

25 saturation, a condition where the increased drive



13 each device 36A-36N, which provide significant inprovenent in the
switching tine. Separate diodes may be enployed which are smaller and have
a lower rating than a single common switching diode. Accordingly, 5

they are not only physically small and |lower in cost, but froma
performance standpoint, they switch at a higher rate and store |ess energy,
greatly reducing distortion. At the sane time, the separate swtching

di odes 44A- 44N enable the emitter resistors 42A-42N in 10 emtter
circuit of the |lower devices 36A-36N toihe commonly used in the emtter

circuit of the uppet,fifyics gg@-4§&¥%§@§reg¥1EQ§Fog¥g¥t currents ggnﬂgg

shar ed. Thi s el i mnates he hee addi t'ion . B resi

use with the upper ' ; c : 40 [ L., c Ving
both in parts Pequil?ﬁéntﬁlgén)ésg%rﬁgﬁﬁogéa%l\gpea l£eu;tf thréégg\%\n{#c%?’tﬁgedsaié

distortion occurs C@fé@@l?h%nh&&&%@i%r@{%ﬁ][gﬁﬁkpﬁﬁlﬁ U5t BLEWO Y ate
I rst,

results froma nunber of factors. ere 1is i stributed
i nductive 20 | vapbulescein i nexd¢dss CisfUi40 elETENt erfinthidrPasdddnt®,
I npedance e%?eciallg a§SOf{ated with the smﬂ;ching . 1 1 £
ypically, recovery speeds are ten times larger i
saturation is permitted to occur and a slew rate of 40
volts per microsecond would be impossible and the

distortion would be high.

Fig. 2 is similar to Fig. 1 except that a driven
10 supply approach is employed where the output point is
now the power supply common and the amplifier output is
grounded. The high voltage pre-drivers 48, 48’ are
eliminated and the circuit is driven by an operational
amplifier 80 which is powered from a regulated low
15 voltage source, for example, +/- 15 volts supply. 1Idle
current in the bias string 53 is supplied via from the
'+/- 15V source supply via resistors 82, 82’. Of note,
is that the critical circuit functions are the same as
illustrated in Fig. 1, and the same reference numerals
20 are applied to the elements having the similar
functions. The driven supply approach illustrated in
Fig. 2 is preferred since it eliminates the high
voltage drivers 48-48‘, which operate above Vi. This

greatly simplifies the power supply arrangement of the

25 amplifier and is much more cost effective.



di odes 44. - In order to mnimze the swtching distortion, it is
useful to gradually turn on or turn off the upper devices 40 prior to the
vol t age 25 transition. For exanple, at high frequencies, a pair of
series capacitors 60 and 62 establish a voltage 14 divider circuit. The
capacitors 60 and 62 are coupl ed between the high rail VH and the out put
43. The base of the driver 38 is coupled to the node between the capacitors

60 and 62. At high frequencies, the 5 capacitors 60 and 62 act as a
reactance whereby a current is supplied1§o the base of the driver 38 as the
out put voltage ‘increases. Accordingly, at high frequency the driver

38 is fully turned on C%?"i‘&ait%%g;éﬁ”pﬁ%v%“tﬁé’énd%‘é:s%‘ifib‘é%'séﬂk'tt \%fggla{‘{y

the incom ng 10 - signé& nput™  Signa eve hi s

arrangenent is not,,,§idd il | YorpPEddW t PWE UESHIEMNUR b BMEnts of
sacrifices some efficiency, It is useful at high frequencies to elimnate

switching distorti the present invention, it will be apparent to those

skilled in the art that various changes and

5 modifications may be made therein without departing

from the invention, and it is intended in the appended

claims to cover such changes and modifications as fall

within the spirit and scope of the invention.



’gt heri.” In essence, then the upper devices 32 _15 operate . ..
‘Eihder}tly as a high power anplifier at high frequency, e.g., about

10, 000 KHz. At | ower frequencies, e.g., about 1 m il is
not desirable to turn the upper devices 32 full on urmuﬂl” mmll”“ﬂlgnal S
exceed [err] Accordingly, a low 20 frequency circuit i 8 ptovided to
gradual ly turn on the upper driver 38 ah® the devices 40A-40N before the
transition above [err] The circuit includes a series connection of zener
di ode 64 and upper rail dropping resistor 68. The node 67 between the
di ode 64 and 25 WHATCSI St a1k Ssoupl ed via resistor 66 to the base of
the driver 38. The zener dirode 64 has a fixed voltage 15 drop which
establ i shes 1t he node 67 1at a AnXedmpliFage abwiechdislputdpdrativeAs imea
out put signal increases, the voltage node at 67 increases causing the
current to f4 ow i n glherdiddsy adf dvolteags8modés sdependsing hendtheedle¥el of 38
to conduct. The degree to which the driver 38

3 the input signal comprising:

4 circuit means for each voltage mode including a
5 common driver for each level, and a plurality of output
6 devices arranged in parallel, each operative at a
7 selected voltage level and being coupled to the common
8 driver for the corresponding voltage mode, one output
9 device of each level being coupled in series to an
10 output device of the next lower level; and
11 switching diode means being coupled i)etween series
12 connected outputs of each output device.
1 2. The amplifier of claim 1 further comprising
2 means for preventing saturation of the common driver
3 and each output device in each level.
1 3. The amplifier of claim 2 wherein the means for
2 preventing satura'tion in each level comprises paired
3 diode means coupled to each level and a common terminal
4 of said diode means coupled to the input.
1 ) 4. The amplifier of claim 3 whexein the diode

2 means comprises at least a plurality of diodes for



conducts, ‘however, is a function of the base current. Fhe—anouiit of current
in the base is greatly linmted by the resistor 66. Accordj ifer
38 is in a low conducting state prior to the input si gnﬁi‘“\mm‘“!’mmﬂm‘\
transition above [err] The switching transition is antly ed, n becadse

t he upper device is turned on. As a result, the driver- 38 and t he upper

out put devi ces 40A-40N nore gradually 2fitch fromthe low rail voltage VL
to the high rail voltage [err] resulting in 15 significantly reduced
switching distortion. I n addition, because there is a current in the
enmitter of fhe uppprosddings MAtipie swltagergdhopaesndsa sloweh wolbhagegher
speed and with |l ess delay. As the signal voltage decreases and approaches
VL there is2a del appd20with regphcthhe, at hdghppevodbageesode-remain on
slightly after the voltage transfers to the lower rail VL. Such an
arrangenent softens the swi tching distortion providing a snoother
transition. Another feature of the .invention is fhe prevention 25 . . of
saturation n both the Power Rfe AWM EHR#%%@aHEp%rEHEEQ%ESCQQPr+HF§giS
acconplisheg by means Rf

Tegulator means coupled between the output of the
3 amplifier and an input to the common driver of an
4 elevated voltage mode for causing the driver and
5 parallel connected output devices to be conductive
6 before the input signal causes switching between the
7 voltage modes.
1 6. The amplifier of claim 5 wherein the
2 regulating means comprises a zener diode.
1 7. The amplifier of claim 5 wherein the regulator
2 further comprises a series resistor for regulating
3 current to the driver whereby the output devices are

4 turned on at a relatively low level.

1 8. The amplifier of claim 5 wherein the regulator
2 means comprises reactive means operative to produce a
3 current to the driver at relatively high frequency.
1 9. The amplifier of claim 8 wherein the driver is
2 turned on at said high frequency bypassing switching

3 between voltage modes. -



16 dlode CIFCUItS in.the base/collector circuits of both the |ower_ _and

upper devices

30 and 32. The base/colIectOL_9+%eurt’ﬁT”Tﬁ§~UBber

driver 38 contains paired diodes 58 and 70. The purp

pair
is to force driver current into the coll ector of drl‘m\ma“\v i ode 70
e

whenever the collector/emtter voltage of the drlve

val ue greater than the saturation voltage. In theilower devices 30 the

di ode string 56 is in 10 the base circuit of the lower driver 34, and
the diode 58 is paired with the diode string 56 in the base circuit of the

ssa Sel ected

5

upper drivery 38. When thggi Nppie S f%cgfscﬁlﬁxfe\ﬁ?éréﬂ? é%lh%ﬂtpper

vol tage [err] the base diode 58 becones
15 . devize 38. devidés

rward biased turning on t

collector and the base of the lower driver 34 is mninmzed to a val ue of

the sum of the voltage drops of the diode string 56 m nus the voltage drop

of the base diode 58 which is forward biased. In this
1 11. The amplifier of claim 1 wherein the output
2 devices in a lower voltage mode include impedance means
3 coupled in parallel to the output and wherein said
4 impedance means acts as a load for each output device.
1 12. The amplifier of claim 1 wherein the driver
2 and each output device comprises complementary pairs of
3 solid state switching means coupled to a common output.
1 13. The amplifier of claim 1 wherein the driver
2 and the output devices are Darlington connected.
1 14. The amplifier of claim 13 wherein the
2 Darlington connected devices have a common base
3 terminal coupled to an emitter of the driver.
1 15, An amplifier switchably operative in a
2 plurality of voltage modes depending on the level of
3 the input signal comprising:
4 a saturabie driver for each level, and at least
5 one saturable output device operative at a selected
6

voltage level and beiﬁg coupled to the driver for the

SRNEE "EAred houtioht a@erEent er ence between the



20 way, the driver 34 is prevented from being driven into saturation, -
hence its switching time is greatly inproved. Accordimgto the invention

t he | ower devices 30 and the upper devices 32 are pr _ Py i nto
25 saturation, a condition where the increasedﬁ m “ﬂ““ﬁﬂl auses
* c

the devices to achieve a mninmm 17 col l ector amies voltage

[err] Thus, by preventing saturatidn, the outiput recovery speed is
greatly enhanced permtting switching or slew rate values in excess of 40
volts per mcro-second. 5 Typically, recovery speeds are ten timnes

I i f ti ' L.{ted_t d | t f 40 volt
m ¢ osecond fout d DECTRBBEERBHES AT LERGSMEr Bt | T vBhl GeBECIBHE PHEPS <

where the ouf put porereee O, Sl 1EReI Cpoing MMIAT PRER e, AP e
output Is g output device of the next lower voltage level;
10 switching diode means being coupled between the
11 series connected outputs; and
12 means for preventing saturation of the driver and
13 output device in each level.
1 16. The amplifier of claim 15 wherein the means
2 for preventing saturation in each level comprises
3 ‘paired diode means coupled to each level and a common
4 terminal of said diode means coupled to the input.
1 17. The amplifier of claim 16 wherein the diode
2 means comprises at least a plurality of diodes for
3 providing multiple voltage drops in a lower voltage
4 mode with respect to a higher voltage mode.
1 18. An amplifier switchably operative in a
2 plurality of voltage modes depending on the level of
3 the input signal comprising:
4 a driver for each level, at least one output
5 device operative at a selected voltage level relative

, 6 to the input signal and being coupled to the driver for

7 - the corresponding mode, the at least one output device



grounded. : The high .voltage pre-drivers 48, 48 arem
circuit is driven by an operational anplifier 80 whichy “ﬂ\lmﬂma
regul ated | ow vol tage source, for exanple, +/- 15 voI;tHlmﬂm bel)
current in the bias string 53 is supplied via fromthe #/-¢18Vv foufce
supply via resistors 82, 82'. Of note, g that the crfitical circuit
functions are the sane as illustrated in Fig. 1, and the sane reference
nuneral s 20 are applied to the elenments having the simlar

functions. The driven supply approach illustrated in Fig. 2 is preferred
since it eli®inatesCf hGaﬁP‘gH%]t ringi gceuplad- 48 sepiesh bpeldlt OURIE

2ol 111 r carg 13 mARYHER COEdite GFPEE: TEET "vSLERaR 1978 hor o have been
descri bed V\i‘l@t are at pr aetgﬁg consi.dered _to be.,the pref erlr§d erI_;oodi rrer}tls of
the present™1nvention, i% et gfﬁ%%?eﬂ?aflg Pr3%E sPHRtES BETIRE YRS hat

various chapges andgerjes connected outputs; and

12 regulator means for causing the driver and output
13 devices of each next higher voltage mode to turn on
14 prior to the input signal achieving the selected

15 voltage level.



5 ' nndifications-nﬁy be nmade therein w thout departing fromthe

I nvention, and it is intended 'QS appended clains to cover.such change
and nodifications as fall Wltg‘hm q{aﬂﬁﬁi 3 -scope 0 ""'

VWHAT IS CLAIMED I S: 1 ifier swi

in a 2 plurality of volt ding on thgq e

the input signal conprising: 4 circuit neans vol t age

node including a 5 common driver for each level, and a plurality of

out put 6 devices arranged in parallel, each operative at a 7

sel ected voltage | evel and being coupleg4qto the comon 8 driver for

t he correspondi ng vol tage node, one output 9 ~ device of each |evel

bei ng coupled in series to an 10 out put device of the next |ower

| evel ; and 11 swi t chi ng di o®B3SBRARE bei ng coupl ed bet ween series

12 connect BUGBUEPBISIBNCEAANPDIFPER WEVH CREDUCED SWITCHING DISTORTION

gg}tolulr;!t ?{)nm:)f C![ er%lrégiffn{%f:’%Dtrg{albsllyn%pzerativen?.%ng ;T)i)tgr ]I:f’(\:/l(rancgfl:' rlgoltage
modes depending upon the level of the input signal is disclosed.

A circuit for each voltage mode includes a common driver for each

level and a plurality of output devices arranged in parallel.
Each output device is operative at a selected voltage level and
is coupled to the common driver for the corresponding voltage
mode. One output device of each level is coupled in series to
an output device of the next lower level. A switching diode
circuit is coupled between series connected outputs of each
output device. 1In one embodiment, paired diocdes are coupled to
each level in a common terminal of the diodes are coupled to the
input. A regulator is provided for causing the driver and the
output devices of each next higher level to turn on prior to the
input signal achieving a selected voltage level. The circuit
thus provides smooth switching between levels with reduced
distortion.



3 ' and each output'device-in each level. 1 3. The anplifier

of claim2 wherein the nmeans for 2 preventing saturation in each |evel
conprises paired 3 di ode neans coupled to each |l evel and a common
termnal 4 of said diode neans coupled to the input. 1 4,
The anplifier of claim3 wherein the diode_2 means conprises at | east
a plurality of diodes for 20 1 pﬂé@iding mul tiple voltage drops in
a |l ower voltage 2 node with respect to a higher voltage node. 1 '
5. The anmplifier of claiml1 further conprising 2 regul at or neans
coupl ed between the output of the 3 anplifier and an input to the
common driver of an 4 el evat Ejtage node for causing the driver and
5 paral |l el connected outp SSE ' qnductive 6 before the
i nput signal causes switchin ervde 4@% &oltage nodes. 1
6. The anplifier of Sclai Oghe whelein o t lge requl ati-ng nmeans
conpri ses a zener diode. > N r T ' .
. ' v
Q — & »




L . -7. The anplifier of claim5 wherein the regul ator 2

further conprises a series resistor for regulating 3 current to the
driver whereby the output devices are 4 turned on at a relatively | ow
l evel . 1 8. The anplifier of claim5 wherein the regulator 2
means conprises reactive nmeans operativg 80 produce a 3 current to the
driver at relatively high frequency. 1 9. The anplifier of claim
8 wherein the driver is 2 turned on at said high frequency bypassing
switching 3 bet ween vol t age nodes 211 10. The
anplifier of claim1 wherein the evi ces produce shared
output current. 1 11 fdclaim 1 wherein the

out put 2 devices in @ | de i WicNude I npgdance neans 3
coupled in parallel to th&utpuf,fn erefnlald 4

acts as a |load for each ont put—devied 12

claim1 wherein the driv 3 hn ldhfpu devj
conpl ementary pairs of =

O

—




*

-3 solid state smﬁfching means coupled to a common output. 1

13. The anplifier of claim1 wherein the driver 2 and ‘'t he out put

devi ces are Darlington connected. 1 . 14. The anplifier of claim
13 wherein the 2 Darlington .connected -devices _.h ' ase
3 termnal coupled to an emtter of the driver. |I;yg sHEET HASBEEN Wn
anplifier switchably. operative in a2 pluralit o? vekbggeebodes ||
depending on the |evel of*-3 the input signal conpeiskfig=—~———" a
saturabl e driver for each level, and at least 5 one saturabl e out put
device operative at a selected 6 vol tage | evel and being coupled to.
the driver for the 22 7 correspondi ng vol tage node, the at |east
one output 8 devi ce of each |evel %é?ng coupled in series to an 9

out put device of the next |ower voltage |evel; 10 swi t chi ng di ode
means bei ng coupl ed between the 11 series connected outputs; and 12

means for preventing saturation of the driver and

_#y3
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13 out put device in each level. 1 16. The anplifier of
claim15 wherein the neans 2 for preventing saturatlo N—eacHTEeve

conprises 3 pai red di ode nmeans coupled to each | evd Réﬁ*@ﬁmﬁﬁﬁﬁﬁg
term nal of said diode neans coupled to the input. 1 WAY B9
anplifier of claim16 wherein the diode 2 means co 6 ..... ..Leasr“
plurality of diodes for 3 providing nultiple voltagged -

vol tage 4 node with respect to a higher voltage node. 1 18.
An amplifier switchably operative i 4a 2 plurality of voltage nodes
depending on the |level of 3 the input signal conprising: 4 a
driver for each level, at |east orsesmRa@mT 5 devi ce operative at a

sel ect ed V0|t&g@H|@W@hclﬂﬂ@&iﬂﬁ?ﬂiFIER wi®nt REpHEERY tswbi NGNS 1886 RBION
coupled to th he corregponaln nmoae,

dr|v r_for The at I east one
out put devi ceeA ? fler s tc@ﬁ@ﬁlyl WG cd ‘Biﬂ‘ﬁys&fl‘é%l‘fﬁ:g%n
out put 9 modes e‘eveeélo@ ugrn rthet lévekrofy theagepheveignal is disclosed.

A circuit for each voltage mode includes a common driver for each

level and a plurality of output devices arranged in parallel.
Each output device is operative at a selected voltage level and
is coupled to the common driver for the corresponding voltage
mode. One output device of each level is coupled in series to
an output device of the next -lower level. A switching diode
circuit is coupled between series connected outputs of each
output device. 1In one embodiment, paired diodes are coupled to
each level in a common terminal of the diodes are coupled to the
input. A regulator is provided for causing the driver and the
output devices of each next higher level to turn on prior to the
input signal achieving a selected voltage level. The circuit
thus provides smooth switching between levels with reduced
distortion.

(Figure 1)




10 swi tchi ng di ode neans being coupled between the 11 series

connected outputs; and 12 regul ator neans for c
and out put 13 devi ces of each next higher voltage no eREﬁLAGEI\WElQ‘ﬁSil{éET

prior to the input signal achieving the selected 15" : oltage'é?‘ve
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