POWNER SUPPLY This invention rel ates ip power supplies such as for V?‘c‘&isc‘%
displ ay -apparatus and, in partictular, to power supplies that incorporate
swi t chi ng~devices. It has 5 particul ar application to apparatus which
requires different supply levels at different tines. A video display
apparatus, such as a conputer nonitor, incorporates one or nore power
suppli-es that produce regul ated voltage | evel sjfor various load circuits 10
of the video display apparatus. Additionally, nonitors that operate at nore
t han one sel ectabl e horizontal or line-rate deflection frequency may
require different operating voltages for certain circuits, in particular
the horizontal output stage, at differen%gﬁggégbf or scan 15 frequenci es.
It is possible to produce the range of de S Ege | evel s by providing
mul ti pl e wi ndings or -taps ofhiaspibneentipnl yrelatesf bonpowetosuppaipsesudheas
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possi bl e so that iiwerpses d8B188€ib8SELe4NEnBhay! Paguate dissbpahed i n
the swtching devéggig'fnéeeélégggsn%gingg}tain circuits, in particular the
horizontal output stage, at different operating or scan
15 frequencies. It is possible to produce the range of
desired voltage levels by providing multiple windings or
~taps on a power supply transformer, for example. The
appropriate tap or winding is then selected for a given
scan frequency. Such selection may be inconvenient and
20 time consuming or, if done by automatic circuitry, complex
and costly to implement. A pulse width modulating
frequency-to-voltage converter on the other hand, provides
W the ability to produce the desired operating voltages in
response to a given operating or scan frequency. The
25 operating voltage is typically developed across a capacitor
that is charged from a voltage source by periodic coupling
via a switching device. The switching device, such as a

field effect transistor (FET), for example, is responsive
to a frequency-dependent pulse width modulated (PWM)

30 signal. The PWM signal is dependent on the operating or
scan frequency so that the capacitor voltage is in turn
also determined by the operating frequency.

It is important that the switching device change
éonductive states as rapidly as possible so that the power,

35 and resulting heat, that are dissipated in the switching
device are kept to a minimum.



In accordance with one aspect of the:present invention, there is provided a
power supply for a video display apparatus conprising neans for providing a
first signal having a frequency representative of an operating 5 fggquencyy
of said video display apparatus; mnmeans responsive to said first signal for
produci ng a second signal conprising pul ses having pul se wi dths determ ned
by said frequency of said first signal; g#_r_ansformer having a first

wi ndi ng coupl ed to said second signal producing 10 nmeans and bei ng

energi zed therefrom and having a second wi nding energized fromsaid first
wi ndi ng; first switching neans coupled to said second wi nding for receiving
a first switching control signal therefrom said first sw tching neans
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switching control signal therefrom, said first switching
means having an output-terﬁinal; a capacitor coupled to |
15 said output terminal and being charged in response to said
first input signal for establishing a voltage thereacross
representative of said frequency of said first-signal; and
second switching means coupled to said firét switching
means and to said first winding and responsive to the
20 energization thereof for providing a second switching
control signal to said first switching means to enhance
the switching action of the first switching control signal o
on the first switching means. W
-In accordance with another aspect of the present
25 invention, there is provided a power supply for a video
display apparatus comprising: means for providing a signal
comprising pulses having pulse widths representative of a
selected operating frequency of said video display
apparatus; a transformer comprising a first winding
30 coupled to said signal providing means and being energized
therefrom, and a second winding magnetically coupled to
said first winding; a switch coupled to said second
winding for receiving pulses therefrom for rendering said
switch conductive; a capacitor coupled to said switch for
35 being charged when said switch is rendered conductive in
order to establish a supply voltage thereacross; and
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order to establish a supply voltageﬁghereacross; and -1 b- nmeans coupl ed
to said=first winding and to sai‘d switch for providing pul ses fromsaid
fnrst wiweding to said switch for rendering said swtch nonconductive. In
accordance with a further aspect of the 5 present invention, there is
provi ded a power supply for a video display apparatus conprising: means for
providing a signal having a characteristic repgesentative of a selected
operating frequency of said video display apparatus; -a transforner
conprising a first winding 10 coupled to said signal providing nmeans and
bei ng energi zed therefrom and a second w nding magnetically coupled to

said first w ndi : SW upl ed. t o.said .second windi.ng the. swiic
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. therefrom, and a second winding magnetically coupled to
said first winding; a switch coupled to said second
winding the switch having a main current path and a
control path including a control terminal, the control
15 path being capable of turning the main path on and off in
response to first switching pulses received by the control
terminal from the second winding; and means coupled to
said first winding and to said control terminal of said
switch for providing to said control terminal second
20 switching pulses non-magnetically derived from said first
winding, said first and second switching pulses working in
combination to operate said switch.
W, ' In accordance with a yet further aspect of the
present invention, there is provided a power supply in
25- which a power supply output level control signal is
provided to a first winding of a transformer; and a switch
receives switching control signals from a second winding
of the transformer, the switch also receiving further
switching control signals from the first winding of the
30 transformer to enhance the switching action of the
switching control signals on the switch. '



-2- An enbodi nent of the present inventiqd, given by way of non-limtative
- exanple, will now be described with reference’to the acconpanyi ng draw ngs,
in which: FIGURE 1 is a block and schematic drawi ng of a portion of g/Video
di spl ay apparatus incorporating a power supply enbodying the present '

I nvention; and FIGURES 2 and 3 illustrate waveforns associated 10 with the
circuit of FIGURE 1. Referring to FIGURE 1, there is shown a portion of a
video di splay apparatus, illustratively shown as a color nonitor for a

computer, in which a video signal in 15 tfe formof red, green and bl ue

col or video components are applied to the video display apparatus, for
exanpl e, froma conputer (not shown) via an input termnal strip 10. The
col or video conponents, designated R, G and B are applied to chrom nance
and | um nance processing circuitry 11 which 20 generates the red, green and
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25 terminal sefepehBel toathenakcompanydngs dirawitigs)alin which} - desi gnat ed
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FIGURES 2 and 3 illustrate waveforms associated oo/
10 with the circuit of FIGURE 1.

Referring to FIGURE 1, there is shown a portion
of a video display apparatus, illustratively shown as a
color monitor for a computer, in which a video signal in
15 the form of red, green and blue color video components are
applied to the video display apparatus, for example, from a
computer (not shown)'via an input terminal strip 10. The
color video components, designated R, G, and B are applied
to chrominance and luminance processing circuitry 11 which
20 generates the red, green and blue color drive signals. The
color drive signals are applied via a conductor 12 to the g_)
electron gun assembly 13 located within the neck of a
cathode ray tube (CRT) 14.
Also applied to the video display apparatus via
25 terminal strip 10 is a synchronizing (sync) signal,



defl ecti on wi ndings 17, located on CRT 14. Horizontal or 10 line rate sync
pul ses are applied via a conductor designated HS to horizontal deflection
cisr cui t 'y 20 whi ch produces horizontal or_Iln% rate deflection current via
termnals Hand H in horizontal deflection w ndings 21, also |ocated on

CRT 14. The defl 15 def di .
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voltage is appige Plecgion windings 17 and 21 create electromagnetic
deflection fields that provide horizontal and vertical
~deflection of the electron beams 22 generated by electron
gun assembly 13 in a predetermined pattern in order to form
a scanned raster on a'phosphor display screen 23 located on
20 the front panel of CRT 14.
It is desirable to configure the deflection
circuitry of a video display apparatus operating as a
~ computer monitor to be able to operate at different
25 deflection or scan frequencies, in order to be compatible
with different computers having various operating
frequencies, or with computers having two or more
selectable frequencies that may be used to improve the
resolution of the video display. The frequency of the
30 synchronizing information on conductor CS, as indicative of
the deflection frequency, may be used to cause the
respective deflection circuitry to operate at the proper
fréquency. Proper operation of the deflection circuits,
such as horizontal deflection circuitry 20, may require
35 adjustment of the operating supply voltages at different
deflection or operating frequencies. In an embodiment
of the present invention, this is accomplished in the
‘following manner: :




5 termnal of a winding 30 of a power transformer 31. The other terninal '
of winding 30 is connected to the collector ofs a sw tching transistor 32.
Conduction of transistor 32, deternined by control circuit 33, causes
current to flow in wi nding 30 which, by transforner action, causes current

to 10 flow in windings 34go32 cgnngSKQ%ﬁfO%ﬂﬁ%F \qlﬂg'%%ﬁgﬂgtaéK is
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a constant regulated level. Regulation of the voltage
across capacitor 40 results in regulation of the lcad
supplies derived from transformer windings 35 and 36.
Transformer 31 also provides electrical isolation between
20 the "hot" AC line and the "cold" load circuits and user
interface connectors, such as input terminal strip 10. The
current in winding 35, rectified by diode 41, charges
capacitor 42 to provide a voltage at a terminal 43 that is
used to power various circuits of the video display
25 apparatus, such as chrominance and luminance processing
circuit 11, for example. The voltage established across
capacitor 44, derived from winding 36 via diode 45, is o/
applied to the drain terminal of a field effect transistor
(FET) 46. FET 46 forms part of a frequency dependent
30 power supply'circuit 47 that operates as follows. '
Power supply circuit 47, operating as a DC to DC
converter, incorporates pulse width modulating circuit 50,
which receives an input signal, as shown in FIGURES 2A and
3A on a conductor 51 from horizontal deflection circuitry
35 20. Illustratively, FIGURE 2 illustrates circuit 6peration
at a horizontal deflection rate of 15.75 kHz, while FIGURE
3 illustrates operation at 31.50 kHz. The signal on
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conductor 51 conprises pul ses occurring at the horizontal deflection or
line ratie. Pulse width nodul ator circuit 5Qg-illustratively conprising an
|ﬁtegratéd circuit, designated for exanple, as NE5560, manufactured by
Signetics 5 Cbrporation, i ncorporates an output transistor 49. Pulse
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The source terminal of FET 46 is also coupled to a supply
20 capacitor 63 wvia an inductor 64. Transformer 54 provides
DC isolation that allows the secondary circuits to be
referenced to the voltage across capacitor 63.
: The . deflection rate or frequency representative
- pulses produced by puise width modulator circuit 50 that
25 are applied to primary winding 53 cause switching of FET 46
by transformer action. Conduction of FET 46 charges
/ _ capacitor 63 via FET 46 and inductor 64 from the supply
voltage developed across capacitor 44. Since the
conduction time of FET 46 is determined by the horizontal
30 deflection frequency represented by the deflection
frequency representative pulses from pulse width modulator
circuit 50, the voltage developed across capacitor 63 will
~also be dependent upon the horizontal deflection rate or
frequency and may therefore be utilized as a supply voltage
35 for circuits that require different operating voltage
levels in response to different deflection fregquencies.
.The voltage'across capécitor 63 is applied to horizontal
deflection circuitry 20 through a transformer winding 65



deflection circuitry 20 through a transfornmer w nding 65 -6- via a
terminal 66. Wnding 65 fornms the prina~f-wi nding of a high voltage __
transforner 67. Conventional flyback or retrace pul ses produced by

hori zontal deflection circyit 20 develop a _voltage across tertiary w nding
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- As an embodiment of a novel aspect of the
present invention, pulses from pulse width modulator
circuit 50, shown in FIGURES 2B and 3B, are coupled from
the primary winding of transformer 54 to the base of

20 transistor 60 via differentiating network 72 comprising
resistor 73, capacitor 74, and diode 75. The leading edge
of the turn-off pulse for FET 46, occurring at time tl' is

" differentiated by differentiating network 72 to form the
positive going .pulse signal shown in FIGURES 2C and 3C,

25 ywhich is applied to the base of transistor 60. The
differentiated pulse from the trailing edge of the pulse
from modulator 50 is reduced in amplitude by diode 75. Thng
differentiated positive-going pulses quickly turn on
transistor 60, as shown by the collector-emitter voltage

30 waveform in FIGURES 2D and 3D. .Conduction of transistor 60
rapidly turns off FET 46, as shown in FIGURES 2E and 3E.
FET 46 is effectively turned on by the occurrence of a
synchronizing pulsg at time tz, which determines the end of
the turn-off pulse. FET 46 therefore dissipates very

35 1little power during switching with the result that the
operating temperature of FET 46 remains low, which
contributes to high reliability.

effecti ve
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anchronizing pul se at time [err], mhich‘deternines the end of the turn-off
pul se. FET 46 therefore dissipat'es very 35 |little power_during swtching
wi:th théw#esult that the operating tenperature of FET 46 renmai ns | ow, mhich

contributes to high reliability. * C

power supply for a video display apparatus corrpri Si ng Imuumclmmlw,w

a firdt signal having a frequency representarfbe of an operating“fréqUEncy
of said video display apparatus; neans responsive to.said first signal for
produci ng a second signal conprising pul ses having pul se w dths deternined
by said frequency of said first signal; a transfornmer having a first

wi ndi ng coupl ed tgLzggl second signal producing nmeans and being energized
therefrom and having a second winding energized fronJ aid, fir wi ndi n
first swtching neans coupl®d %%Qéﬁf'gs%%?ﬁ%vﬁe%i% ‘fﬁ (SR fﬁ]nga%P‘?? s
swi t chi ng cont rolcospyisgindwer efrom said first swtching nmeans having an
output termnal; a capacit Py

charged in response to sai %?&dpéﬁomg%% pﬂ"ré a%gé}?%n ng aﬂ%r?age
t her eacr oss repr &raguancy representatinems an mn:aﬁnmfrﬁq}tmcy afl said
second swit chi ng yiRfds 4*1 SHd) rst switching means and to said
first wnding and responsive e ener gi zati on thereof for PrOV|d|ng a

second swi tching control siRff#ls t@%%ﬁ'tij‘fq o faid i fhance
the sw tching actpmﬁm«jieafsé&n@mimmwmiﬂnélmes)maMél;_snslse

SwW tching neans. w:.dt-Lhe S E P lﬁ/y deuci]efirequency o saJ.cia telrst signal;
' a transformer having a first winding coupled to

\ sald second signal producing means and being energized
therefrom, and having a second winding energized from said
first winding; _ | _

first switching means coupled to said second
winding for receiving a first switching control signal
therefrom, said first switching means having an output
terminal; _

a capacitor coupled to said output terminal and
being charged in response to said first input signal for
establishing a voltage thereacross representative of said
frequency of said first signal; and

second switching means coupled to said first
switching means and to said first winding and responsive to
the enérgization thereof for providing a second switching
control signal to said first switching means to enhance
the switching action of the first switching control signal
on the first switching means.

2. The power supply defined in Claim 1, wherein
said second switching control signal renders said first
switching means nonconductive.

3. The power supply defined in Claim 1 or 2,
wherein said first switching means comprises a field
effect transistor. '



sai d second switching control signal rendérs said first swtching neans
nonconductive. 3. The power supply defined_%E%ngLﬂLlfoL—QT—MMErein said
first switching nmeans conprises a field effect transistQ 4. Thexgower -
supply defined in daim1, 2 or 3 wherein sai m‘ \!\!ﬂguency

conprises a line-rate deflection frequency. Q“mmn ly defined in
G@aim1l, 2, 3 or 4, conprising neans for.giffererftiating the said second
signal, the differentiated signal controlling the switching of the second

swi tching neans. 6. A power- supply for a video display apparatus
conprising: neans for providing a signal conprising pul ses having pul se

w dt hs representative @f a I i firequency,af, _sai d_,vi de
di spl ay apparatus; a t?éns?ggngg%ggngﬁﬁéﬁkgagfﬁpf lﬁi#&?ﬁ@ 30u6|85 30 sai d
si gnal providheyeinassidndperatingnérgauedcyheomprisesand lineecatne w ndi ng

”BQ”Etical'ydéfﬂééﬁﬂoﬁof?égﬁeﬁh st winding; a switch coupled to said second
w nding for recerving pulsés therefromfor rendering said switch

conductive; a capacitor coupled to said switch for being charged when said

switch is rendered congyctiye bBwéi'd_Qﬁp?deabEQhéahiﬁ euRRIY 1Y0bt ageor
"t hereacross; .and neanps cougled t ai i rst said switch for
n

g sai.d mnnglng gnd toQ
provi di ng puf seSOPPEAFLRAMeRNS: IQrdififergntipfing the £8id; 8REEPANG said-
swi t ch noncosilgnalyethé. diffepenelatadpkygrali cetdtrolCiagnthe wherein said

e corPhcel ciEhd bk SherkBdbRg, SHe.ERRH AoBhich, SOl es =1 ona
6. A power supply for a video display apparatus
comprising: '

means for providing a signal comprising pulses
having pulse widths representative of a selected operating
frequency of said video display apparatus;

a transformer comprising a first winding coupled
to said signal providing means and being energized
therefrom, and a second winding magnetically coupled to
said first winding;

a switch coupled to said second winding for
receiving pulses therefrom for rendering said switch
conductive; .
a capacitor coupled to said switch for being
charged when said switch is rendefed conductive in order to
establish a supply voltage thereacross; and

means coupled to said first winding and to said
switch for providing pulses from said first winding to said
switch for réndering said switch nonconductive.

7. The power supply defined in Claim 6, wherein
said means coupled to said first winding and to said
switch comprises signal differentiating means.

8. A power supply for a video display apparatus
-comprising: '

means for providing a signal having a
characteristic representative of a selected operating



& )

conprising: neans for providing a signal having a characteristic
representative of a selected opérating * C L M S * -9 -
frequenqy of said video display apparatus; a transformer conprising a first

wi ndi ng coupl ed to said signal providing nmeans and bei mﬂmmllﬂ“&ww“"
therefrom and a second w nding nagnetically coupled t I ng;
a swigtch coupled to said second wi nding the sw.tch haV|ng A cdrrént
path and a control path including a control termnal, the control pat h
bei ng capable of turning the main path on and off in response to first

swi tching pul ses received by the control termnal fromthe second w nding;
and neans coupl e i f| rol term nal of
said switch for SF‘% %ﬁﬁg’ tg'rs%lal ? con ?&ggrl%flgllp%sa%%o%f swi t chi ng pul ses
non- magneti cal ly derived fuaomrgms(fomegt cpmpriisd nas & <£1fnsﬂsmmddngemwled
swi tchi ng pul ses c80Rkhia0 signdaThirRliding' hedRd 3@1@1 o Urletyizq The

power supply define whereln said secon w't chi ng pulses cause
said switch to she&R E@Fheéﬁdcénﬁﬁeppﬂe wingding maeaetisad

&Lrst smiachlng Bd?&ﬁiler gihalngmerdsupplyhdeflne? in CI?}n18 or ]

erein e neans for providin can in ul ses erentl s the

signal provided by the pro?l&wﬁ CﬁegﬁyP %Wgr B%y %%5 power

supply out put | eswlitchnhavling gnaains qmrmxteqbatth and mstcmtmd:hg:am a

transforner, and, ﬁciﬁh&%@ re%%h%?%ISWb LAY CRLr °n%f%ﬂ?#599”ﬂg econd
ans

wi ndi ng of the ti Wit chal'so 1'ecel vi er SWtc
control signals capable of turnlng the main path on and off in response to

first switching pulses received by the control terminal
o/ from the second winding; and

. means coupled to said first winding and to said
control terminal of said switch for providing to said
control terminal second switching pulses non-magnetically
derived from said first winding, said first and second
switching pulses wordking in combination to operate said
switch.

9. The power supply défined in Claim 8, wherein
said second switching pulses cause said switch to switch
between conductive states more rapidly than said first
switching bulses. '

10. The power supply defined in Claim 8 or 9
wherein the means for providing second switching pulses
differentiates the signal provided by the providing means.

11. A power supply in which a power supply
output level control signal is provided to a first winding
of a transformer, and a switch receives switching control
signals from a second winding of the transformer, the
switch also reéeiving further switching control signals
from the first winding of the transformer to enhance the
switching action of the switching control signals on the
switch.



fromthe first winding of the transfornmer ‘to enhance the swi tching action
of the switching control signals on the swi t ch. -10- . * Cﬂ\ L
M S * 12. A power supply according to Caim11l,.
| evel of the power supply varies with the duty ratio of the smntch 13 A
power supply according to Claim11 or Claim 12 in V\:hl Hlmmutmnmw trols
the charging of a capacitor, which establifhes the ou

power supply. 14. A power supply according to any one of Caind 1 t6 13,

in which the further control signals received fromthe first w nding effect
faster switching of the switch than the control signals received fromthe

second wi nding. 15. A p u accor d aj 11 to 14,
conpri si ng means for dlf#i; §%&%¥1 ?Ef ?°E °s$£ﬂéw igsp+Bduce
the further cowiah ﬁigrmitspuﬂ&ev%boa@rthenmd:wesmphyl'aai:j{esswhenetne
descri bed wt Qitfte}; FAEE P e &gpespanying draw ngs.

13. A power supply according to Claim 11 or
Claim 12 in which the switch controls the charging of a
capacitor, which establishes the output level of the power
supply.

14. A power supply according to any one of
Claims 11 to 13, in which_the'further control signals
received from the first winding effect faster switching of

o

the switch than the control signals received from the
second winding.

15. A power supply according to any one of
Claims 11 to 14, comprising means for differentiating the
level control signal to produce the further control
signals. ' '

16. A power supply substantially as herein
described with reference to the accompanying drawings.




