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This invention relates to a nonolithic high voltage driver circuit, and
nore particularly, though not exclusively to such a hlgh vol t age
driver circuit for use as an interfate between | ow vol SEHE530AED
signals input to a Cathode Ray Tube (CRT) display, such as a conputer
nonitor, and the high voltages requi red at t he cat hodes of the CRT. 1
0 Backgr ou e entl The vi deo
driver circuit for a co BPﬂﬂB {%ghh Q%ﬁu &er CHC‘% I nterface between
the I ow voltage video i nput signals, which are generally between 1 and

5 Vol ts peak-to-peak, and the hi I quired at thecathodes
of the nmonitor, which should befgglé1 ogboﬂyué) ggg‘go{l/olts peak-to-peak, with a
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manuf act ur edi’b%h Vd?a&@at({%vrﬁl C’5§8H’ftc Wd&’é?o?% ansg&?%@%lﬁcgf" Vgeeépr O&peny ve,
since 20 sepaltage videposignhls daputr &y @i CtadlodEuRdyefﬂubee(CRﬂ‘e &nsp]/ay

circuits aregifif z}(smél tcohgggﬂéf Vrﬁpnftﬁﬁu'ahﬂn%é" H9Bn Q&Vﬁg{su Eé@p@#her

about 4 voltS pea é ore be
desirabl e t ocpthodgseofa thﬁélR'l?oltage _driver circuit in nonolithic form

However,1guch a circuit woul Qackground of the Invention
The video driver circuit for a computer monitor is required

to interface between the low voltage video input signals, which
are generally between 1 and 5 Volts peak-to-peak, and the high
voltages required at the cathodes of the monitor, which should be

15 about 40-50 Volts peak-to-peak, with a bandwidth equivalent of
45-70 MHz or more. Known video driver circuits for computer
monitors are generally built either using discrete components or
as a hybrid circuit, for example circuit LM2407 manufactured by
National Semiconductors. Such circuits are expensive, since

20 separate components are required. Furthermore, the known
circuits are difficult to drive, requiring high input current and
about 4 volts peak-to-peak input voltage.

It would therefore be desirable to produce a high voltage

driver circuit in monolithic form. However, such a circuit would

25 usually need to be produced using high voltage analog
manufacturing processes, due to the components necessary for the
voltages involved. In such a manufacturing process, the PNP and
NPN components are not symmetrical, causihg a substantial
asymmetry in the output signal, which is undesirable. Also it is

30 (difficult to provide high quality transistors of both PNP and NPN
types in the same process. This asymmetry can be seen as
waveform 17 in FIG. 5. Waveform 18 shows the theoretical ideal
waveform.

Brief Summary of the Invention

35 The present invention therefore seeks to provide a

monolithic high voltage driver circuit which overcomes, or at least



25 usually need to be produced using high voltage anal og
manuf acturing processes, due to the conponents necessary for the
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coupl ed 10 to thee coicutiuictitput, pat puld-dos i -cintpot eiagethatingeamawpay an i nput
coupled to the circuit input and an output coupled to the circuit
output, wherein the pull-down output stage comprises a current
mirror having an input stage and an output stage, the input stage
having a static input coupled to the reference voltage source and
15 an output, the output stage having a dynamic input coupled to the
circuit input and an output coupled to the circuit output, and the
current mirror further comprising an impedance coupled between
the output of the input stage and the dynamic input of the output
stage. ' _
20 In a preferred embodiment, the static input of the input
| stage is coupled to the reference voltage source via a transistor,
the static input being coupled to a first current electrode of the
transistor, the reference voltage source being coupled to a control
electrode of the transistor and a second current electrode of the
25 transistor being coupled to the circuit output. The output of the
output stage of the current mirror is preferably coupled to the
first electrode of the transistor.
In one embodiment, the dynamic input of the output stage
of the current mirror is coupled to the circuit input via a_
30 capacitor. The input of the pull-up stage is preferably directly
coupled to the output of the main amplifier. Preferably, the
output stage of the current mirror comprises a darlington
transistor arrangement, and, if desired, the input stage of the
current mirror can comprise a darlington transistor arrangement.
35 In a preferred embodiment, the driver circuit further
includes a black level clamping circuit having an input coupled to
the circuit output and an output coupled to the circuit input. A



coupled to the circuit input and an output coupled to the circuit

out’put, wherein the pull-down output stage conprises a current mrror
havi ng an i nput stage and an output stage, the input stage havi ng a
static input coupled to the reference voltage source and 1 5 an out put,

t he output stage having a dynamic input- Soupled to the circuit input
and an output coupled to the circuit output, and the current mrror
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coupled to toﬁqﬁitr at the' cr)]gtlf)tu't (ff the black level clamping circuit. The

15 output of the black level clamping circuit preferably comprises a
pair of current paths, a first of the current paths being coupled
via a first current mirror to the circuit input to provide a pull-
down current at the circuit input, and a second of the current
paths being coupled via second and third cascaded current

20 mirrors to the circuit input to provide a pull-up current at the
circuit input. Preferably, when the voltage level at the input of
the black level clamping circuit and the reference voltage level
generated from the supply voltage source are substantially
identical, and the logic control circuit enables the output of the

25 black level clamping circuit, then the sum of the pull-up and the
pull-down currents at the circuit input is substantially zero.

The sum of the pull-up and the pull-down currents at the
circuit input preferably causes an external capacitor coupled to
the circuit input to be charged or discharged.

30 Conveniently, the circuit is manufactured utilising active
elements which are formed of anir one or more of Metal Oxide
Semiconductor (MOS) transistors, Field Effect Transistors (FET),
Bipolar Junction Transistors (BJT), P-channel transistors, N-
channel transistors, PNP transistors or NPN transistors.

35 Brief Description of the Drawings

One embodiment of the invention will now be more fully
described, by way of example, with reference to the drawings, of



- 3- reference voltage input of the black |evel clanping circuit is
preferably coupled to the supply voltage source. The input of the
bl ack I evel clanmping circuit is preferably coupled to the circuit
output via a relatively high value inpedance. Preferably, the 5 out put

‘of the black level clanping circuit is €dupled to an out put of alogic
control circuit, the logic control circuit having an input coupled to
a cl anpi ng vejfjage pul se source for enabling the output of the black
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currents at tiHe monolithic high voltage video driver circuit of FIG 3; an

15 FIG. 7 shows sample waveforms in the system of FIG.

Detailed Description of the Drawings
Thus, as shown in FIG. 1, a typical, known, circuit 1 used for
the purpose of providing a high voltage drive at high frequency
for driving CRT's in computer, and other, monitor applications,

20 includes a preamplifier 2, whose output is coupled to a discrete or
hybrid driver circuit 3, which is a discrete circuit of individual
transistors discretely wired and including thin film, or thick film,
resistors mounted on an insulating substrate. Such a hybrid
circuit 3 is expensive because of the additional assembly work

25 involved but has the advantage that optimized PNP and NPN
transistors can be used in the same module. In this typical
application the load capacitance Cpoap represents the typical load
presented by the cathode of the CRT and it's associated
components.

30 The conventional hybrid circuit 3 has an internal circuit
as shown in FIG. 2. A voltage amplifier is formed using transistors
4 and 5 and resistors 6 and 7. Resistor 7 is used to degenerate the
voltage gain and to improve the linearity of the transfer
characteristic of the amplifier. The base of transistor 4 is

35 connected to a reference voltage supply Vgrgep, which is usuvally 12
Volts. The output of the amplifier, taken at the junction of
resistor 6 and the collector of transistor 4 is coupled to the bases



circuit input preferably causes an external capacitor coupled to t he
circuit input to be charged or discharged. 3 0 Conveniently, the
circuit is manufactured utilising active el enents which are formed of
any one or nore of Metal Oxide Sem conductor (MOS) transistors, Field
Ef fect Transistors (FET), Bi pol ar Juhction Transistors (BJT),
P-channel transistors, N channel transistors, PNP transistors or NPN

transi stors. ofStwo transistors 8 and 9.BrTeinsidessr Bpandm cfretdvupld@w ngs
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circuit of FIG 4;Referring now to FIG 3, a schematic block diagram of a

10 Driver Circuit 16 according to an embodiment of the present
invention is shown. A main amplifier 10, which is essentially
similar to that described above with reference to FIG. 2, receives
the input signal Viy via an input buffer stage 15. The output from
the main amplifier 10 is coupled to an active pull-up stage 11,

15 whose output is coupled to provide the output signal Vouyrt. The
main amplifier 10, as well as the active pull-up stage 11 are
supplied with a supply voltage Vcc and with the reference voltage
supply Vrgr, which is also supplied to the input buffer stage 15, as

- will be more fully described below.

20 The input to the main amplifier 10 is also coupled to an
active pull-down stage 12, whose output is coupled to the output
of the active pull-up stage 11 to provide the output signal Vouyrt
and to the input of a Black Level clamping stage 13, whose output
is coupled to the input signal Vyn supplied to the input buffer

25 stage 15. The Black Level clamping stage 13 also receives, as an
input, a clamping voltage Vcramp via a logic stage 14. The Black
Level clamping stage 13 is also coupled to receive the supply
voltage Vcc and the reference voltage Vggg, which is also supplied
to the pull-down stage 12 and the logic stage 14.

30 As shown in detail in FIG. 4, as main amplifier 10 includes
transistors 20 and 21 and resistors 22 and 23, which correspond
to transistors 4 and 5 and resistors 6 and 7 in FIG. 2, except that,
in this case, transistor 21 is formed as a MOS device, which has
some desirable characteristics, as will be described below.

35 The active pull-up stage 11 is essentially similar to
transistor 8 used in the circuit of FIG. 2, except that this transistor
8 is replaced in the circuit shown in FIG. 4 by a pair of MOSFET



FIG 6 shows a schematic bl ock diagramof a systemutilising t he
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7 shows sanple waveforns in the systemof FIG Det ai | ed
Description of the Draw ngs Thus, as shown in FIG 1, a typical,
known, circuit 1 used for t he purp*o;ée*of provi ding a high voltage
drive at high frequency for driving CRT's in conputer, and other,
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gain and to ieﬁ%l?%q}@%ﬁe OF ::\)ﬁ'%?arﬂr? é/?rgtf lﬁﬁéérﬁ?éj%ng}ﬁ%r&%% %(L:‘ﬁ%?igg‘[neﬁnéﬂlg of
the anpll @i erl2 Theludesea ofumreringnister baving 35 ispuhestaged foomedrbyer ence
vol tage S“ppltian\éﬁ%rs WY Ghd Souskal kesiddr 60, at@l ba- oﬂ-gﬂ\tokttaglﬂtfﬁﬁnéd‘e
anplifier, taken at the junction of . resistor_6 and the col gctor of
transi stor 4 bYstiagsiters 59 and Bhsand resistor 57. The input stage and the

output stage of the current mirror are coupled by a resistor 62.
Assuming the value of resistor 62 to be small, the source current
15 to the current mirror is supplied via a resistor 61, providing a
static input. A capacitor 54 dynamically couples the signal from
the input buffer stage 15 to modulate the output of the current
mirror. |
The output of the current mirror output stage is coupled to
20 the circuit output Voyr via a MOSFET transistor 63, whose gate is
coupled to the reference voltage supply Vrgr. Since the signal
provided from the input buffer stage comes from an emitter
follower transistor 29, it is of suitable phase so as to increase the
pull down current available at the drain of transistor 63. In this
25 way the pull down current under static or low frequency
conditions is maintained at a low level while with fast transients
the current can be significantly increased.
The input buffer stage 15 is used to provide an input
buffering function so that the input impedance is high. As shown
30 in detail in FIG. 4, the input buffer stage 15 consists of transistors
27, 28, 29, 30 32, 34, 35, 36, 38 and 39 and resistors 31, 33 and
37. Transistors 29 and 30, which constitute separate emitter
followers, provide signal drive to the capacitor 54 in the active
pull-down stage 12, and, via resistor 31, to transistor 20 in the
35 main amplifier 10. In order to improve the linearity of the
circuit, transistors 32, 34, 35 and 36 provide a three-output
current mirror in combination with the current defining resistor



- 5- of two transistors 8 and 9. Transistors 8 and 9 are coupl ed
together to forma "C ass B" output stage. Transistors 4 and 5
are connected in a cascode arrangenent used to minimze the "M1ler"

f eedback capacitance, so as to 5 maxi m ze the frequency response. Since
the circuit is built using discrete Transistors, it is possible to

sel ect suitable PNP and NPN devices for this output stage. However, as
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The output signal Vouyr is applied to the gate of tramsistor 45
via a high value resistor 52 so as to be compared to the voltage
applied at the gate of transistor 44. Diode 53 is included to limit
the voltage difference that can otherwise occur between the gate
20 of transistor 44 and the gate of transistor
The outputs of the comparator formed by transistors 44 and
45 are taken from their respective drains and coupled through a
pair of current mirrors formed by transistors 43 and 42 and 41
and 40, respectively, to the input buffer stage 15. The current
25 output at the collector of transistor 40 is coupled to the base of
transistor 27, via resistor 37. The current output at the collector
of transistor 42 is coupled to the base of tranmsistor 27, via the
current mirror formed by transistors 38 and 39 and via resistor
37. The sum of the currents at the base of transistor 27 therefore
30 cause a net pull up, or pull down current at the circuit input
terminal, where the input signal Viy is
The outputs of the comparator formed by transistors 44 and
45 are further coupled to the logic stage 14, which contains a
Transistor-Transistor Logic (TTL) input stage formed by
35 transistors 65, 67 and 70, together with resistors 64, 66 and 68.
The emitter of transistor 65 is coupled to receive the clamping
voltage Vcramp which is used to enable the pull up, or pull down,



30 As shown in detail in FIG 4, as main anplifier 10 includes

transistors 20 and 21 and resistors 22 and 23, which correspond to
transistors 4 and 5 and resistors 6 and 7 in FIG 2, except that, in
this case, transistor 21 is fornmed as a MOS device, which has sone
desirabl e characteristics, as will be des®ribed below. 3 5 The
active pull-up stage 11 is essentially simlar to transistor 8 used in
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clamping voltage pulse Vcpamp would be in a low state (0 - 0.4 _

volts according to the TTL specification) and the feedback current

from the Black Level clamping stage 13 would be disabled. During.

15 the black reference phase of the video signal as indicated by the
straight portions 75 depicted in the video waveform 76 shown in
FIG. 7, the clamping voltage pulse 77 in FIG. 7 could be at a logical
high state (2.4 volts or higher according to the TTL specification),
when the current from the Black Level clamping stage 13 is

20 enabled, causing a charging or discharging of the capacitor Cin. In
this way the output waveform which is the inverted and
amplified form of the video waveform shown in FIG. 7, will have
it's black level voltage brought to a level defined by the black
level clamp voltage reference relative to the supply voltage Vcc.

25 Thus, the input signal Vinyx to the driver circuit 16 can be coupled
through the capacitor Ciy and the d.c levels at the output of any
preamplifier used, such as preamplifier 2 in FIG.1, are not
important. As the amplifier is intended to have sufficient gain, an
input voltage on the order of 0.7V, or 1V, peak black to peak

30 white is sufficient as an input signal Vin, or Vinx before the
capacitor Cin.

As shown in FIG. 5, the driver circuit 16 produces a large
improvement in the negative-going edge of the output waveform
19, as compared to the waveform 17 of known circuits. The rising

35 edge is not ideal, but is relatively sharp.

Thus, there has been described a monolithic video driver
circuit having a lower cost than previously known driver circuits,



15 tothe current mrror is supplied via a resistor 61, providing a
static input. A capacitor 54 dynam cally couples the signal from t he
i nput buffer stage 15 to nodul ate the output of the current mrror.
The output of the current mrror output stage is coupled to 20 t he
circuit output V[err] via a MOSFET transi8tor 63, whose gate is

coupled to the reference voltage supply V[err]. Since the signal
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mai nt ai ned at I l.eye Ll ' f S} : . : can
be signifi canf ??ﬂ#gfggs%fd\mh, Félfon ﬁ%eblé%gu#&%hﬁpgr l%t%égtgﬁlg%é&?uésed to
provi de ard i npedificationpuanérimprovementsncarp behanadendy ppersopetkilled i s
high. As showh 3fe ait]yABidlid dkpafidd fon! At I2BYE SEIhErpaiage 15 consists
of transistors . 27, 28, 29, 30732, 34, 35, 36, 38 and 39 and resistors
31, 33 and IBVeBRONTy gnsjstors 29 and 30, which constitute separate

emtter foll owers, provide signal drive to the capacitor 54 in the
active pul | -down stage 12, and, via resistor 31, to transistor 20 in
the 35 main anplifier 10. |In order to inprove the linearity of the
circuit, transistors 32, 34, 35 and 36 provide a three-output current

mrror in conbination with the current defining resistor
-7-



33 to prowde actlve puII- own currents for the emtter follower

ansi stors and 30. Transistors 38, 39 and 28 and resistor 37
are |ncI mﬂuwﬂ“umm MEse current conpensation for the I nput
current, ase current of transistor 27. 5 The
Bl ack Level cl anpi ng stage 13 is forned 0 th transi stors 44 and 45
formng a long-tailed pair conparator. Resi stor 50, together with
di ode-connected transistor 49, are Cléigiyect ed between the reference
vol tage supply V[err] and ground reference G\D, provide a current =
which is then mrrored by 1 0 transistor 51 into a second current mrror
formed by trdnsi stormonolithi¢6higid vbltdge nrmrd@mﬁe ¢(a'nprisi1rg‘ent for
transi stors 44 an ReRdrS | {0 sone vol t age
shift of the 2 éﬁf’““ map“R firct ‘ﬁﬁgﬁ 9 yblfkel SeOLef, 0]
vol tage shift a prrémtd@gtmltbchm‘admgcﬂénghvmhtwe quépely §1gmﬂ \/\hl chis

relative 1 5 to {he-faybpbey/ %gb{ goyg(%r] The output signal
oo R R Rl 8 Sty o Ba b T
so as v
H} a{lSl st ortﬁﬁavﬁugcae fhst iigp uﬂ%uﬁﬁﬂ e thercircuit inpuie eﬁ/@b&@ﬁﬁ iﬂpﬁg e:ﬁnce t
at can otherw ween ransi an e gate
of transist off fed 6" Hle T erSB?fbu‘fost%e FH}}TC&%‘# A% d by
transi stb0s 44 and pull-ugbSoutput t sthge ha\ungtanlmpmesgnqﬂedetajrthe neu
led th h t d 43 and
coup! € o tl?e -, Tin Bﬁi;fhf?ér flrgﬁ‘ OE@HE %’% & % {ﬁ%’ &fcﬁ‘t‘?ts'o?éﬁﬁts an

42 and 41 pective I n ut buf st a

current 25  out p@t pail-downc gptpatt &ﬁagéf hayingsiagt Urptkt009§p]@éug<P dftet o the
base of c‘ifo%'i‘ﬁ iAper a%H a¥i BuffRiti 66@pled’to thBechuaitenhtptisf Pvheint he
col | ector ﬁrans or 42 js.coupled to the base of transistor 27,
via the cur ré VR oPHEF L § %Faﬁeﬁ%b%eé 33 CHFEDEoMHS vi a

resistorl 5 hal7ng ziEhanputns@dgd lmdcanr entputastagbe thasmpuk $tageshatiag 27

therefore 3 § SEAHOSnBaSuBlld P ToRiLhodI Ufiag L6iloehnd N ©1 OV

i nput ter ere inpu
output the output stage having a dynamic input coupled to the

circuit input and an output coupled to the circuit output, and the
current mirror further comprising an impedance coupled between

20 the output of the input stage and the dynamic input of the output
stage.

2. A monolithic high voltage driver circuit according to claim 1,
wherein the static input of the input stage is coupled to the

25 reference voltage source via a transistor, the static input being
coupled to a first current electrode of the transistor, the reference
voltage source being coupled to a control electrode of the
transistor and a second current electrode of the transistor being
coupled to the circuit output.

30
3. A monolithic high voltage driver circuit according to claim 2,
wherein the output of the output stage of the current mirror
being coupled to the first electrode of the transistor.

35 4. A monolithic high voltage driver circuit according to any

preceding claim, wherein the dynamic input of the output stage of
the current mirror is coupled to the circuit input via a capacitor.



'I;he odi'f)—ﬁ_t""s"“b'f""‘f“‘h‘e conpar-ator forned by transistors 44 and 45 are

furthe | ogi ¢ stage 14, which contains a
Tr ansi wﬂmm [J)ﬂ% @Hogi c (TTL) input stage forned by 3 5 transistors
M

65, 67 andc7/ with resistors 64, 66 and 68. The emtter of
transistor 65 is coupled to receive the dllanping vol tage V[err] which
Is used to enable the pull up, or pull down,

- 8- current and the output at the collector of transistor 70 is

coupl ed throygh resistors 71 d 73,to the bgses of,.trgnsistors 72
and 74 Stepots madnQebid atigh wolteed deives' ERPRECECRAGAE WPIARY ot or ¢ 72
and 74 prezediegl dlaimniwlreir uheeitputr ofnthbepd@lagk stagelis cdaspilng
stage 5 13 fé&ﬁ}h%&”?d qgegrﬁlgtprﬁ?tOPL{tllaa#BélﬁrGaxﬁﬂifie{jom current at the base

of transistor curren ctrcui't input term nal can be

stored in3a capacitor 78 CIN used to couple the input signal VINinto
this drgver @i {41 S | n lihCathi;on shown
inl10 FIG %’, a %r %gjﬁ’pﬁ@fsﬂ gegfﬂgévu%ﬂ% Fgcgituazlzdggdt?%gsgﬁhgn I nput
capaci tor 78 PIesefing flgluonkhersan | they oudpyn sfagg rﬁ!e HESTH| RAITQe
cl anpi ng vol t eg@ppisese aVi®irlihgren| crahsistor arkanvgahese (0 - 0.4 volts
according to the TTL specification) and the feedback current fromthe

Bl ack Level cl anping stage 13 woul d be disabled. During 1 5 the bl ack
referencd ha%e of At monolithic diighavolagé nitivert eitchit abeording tostngi ght

portions 75 dSpllifith | Hafh® Whéieen AECEALM §Eagth¢Ntid current mirror

comprises a darlington transistor arrangement.

8. A monolithic high voltage driver circuit according to any

15 preceding claim, further comprising a black level clamping circuit
having an input coupled to the circuit output and an output
coupled to the circuit input.

9. A monolithic high voltage driver circuit according to claim 8§,
20 wherein a reference voltage input of the black level clamping
circuit is coupled to the supply voltage source.

10. A monolithic high voltage driver circuit according to either
claim 8 or claim 9, wherein the input of the black level clamping

25 circuit is coupled to the circuit output via a relatively high value
impedance.

11. A monolithic high voltage driver circuit according to any one
of claim 8, 9 or 10, wherein the output of the black level clamping
30 circuit is coupled to an output of a logic control circuit, the logic
control circuit having an input coupled to a clamping voltage pulse
source for enabling the output of the black level clamping circuit
according to a voltage level of the clamping voltage pulse source.

35 12. A monolithic high voltage driver circuit according to any one
of claim 8 to 11, wherein the black level clamping circuit
comprises a comparator for comparing a voltage level at the input



FIG 7, the clanping voltage pulse 77 in FIG 7 could be at a | ogical
hi gh Imm or higher according to the TTL specification),
when I !@Imfthe Bl ack Level clanping stage 13 is 20 enabl ed,

causi g & charwgi di scharging of the capacitor Cerr]. In this
way the output waveformwhich is the i aviElt-ed and anplified form of
the video waveform shown in FIG 7, will have it's black Ievel

vol tage brou%btthteobi’adke\lﬁeld@f byidclify Btk referenéee‘(@lta kafgeyol tage
ol v L &

reference relative to_ the Verr hus, the 1 nput
si gnal VI NX gsn@me%rfrvm réHPP m/q! ebéoewp@d prowd%r%gh t he

capaci tor Cl bugigt hbehd. sulptiteds the blaekolsvieltclampany circuit. preanmplifier
used, such as preanplifier 2 in FIG 1, are not inportant. As the

anplifier is intended to have sufficient gain, an i nput vol tage on

t he order5 of 18.7VA anohdithieakighl aokage @dewér &iﬂ:lﬁhianeoﬂ(ﬁngmf ickdiant as an
i nput si gnal Y[ r b o rr].

ns shoun i ? %E&relﬂ thgl Ot eéutcff)?g%x% Bi%k level E?a?@ﬁx}ng Eirthit

i nprovenent CAMITESCS edaPaiv eofysiuiteédpethss a rfarsm pthe mwmrmths 19, as

conpared to b@mg@m Pédnvﬂ 81 fik VYAl %ErE&r td el tFEHY fhpa teage i's not
ideal, but is relativel

us, there has bee scribed -
a nonol i t hi c PYPYHES ﬂrP‘&é cfown Curﬁ?‘?‘c@?tthﬁaﬂrﬁﬁlta“f%ranéoét 5?9%‘21 &&evi ously =
known drl @er tle¢ rutréist, paths being coupled via second and third cascaded - 9-

but still pr ayh A9t 489 56" MG 46588 ¥V prlidl! 4 pYldF Whrrent at

the circuit input.

14. A monolithic high voltage driver circuit according to claim
15 13, wherein, when the voltage level at the input of the black level

clamping circuit and the reference voltage level generated from

the supply voltage source are substantially identical, and the logic

control circuit enables the output of the black level clamping

circuit, then the sum of the pull-up and-the pull-down currents at
20 the circuit input is substantially zero.

15. A monolithic high voltage driver circuit according to claim

14, wherein the sum of the pull-up and the pull-down currents at

the circuit input causes an external capacitor coupled to the circuit
25 input to be charged or discharged.

16. A monolithic high voltage driver circuit according to any

preceding claim, wherein the circuit is manufactured utilising

active elements which are formed of any one or more of Metal
30 Oxide

Semiconductor (MOS) transistors, Field Effect Transistors (FET),

Bipolar Junction Transistors (BJT), P-channel transistors, N-

channel transistors, PNP transistors or NPN transistors.

35 17. A monolithic high voltage driver circuit substantially as
hereinbefore described with reference to the FIGS. 3 to 7 of the
drawings.



éppl i cations. It wll be appreciated that although only one

parti cul ar enbodi nent of the invention has been described in detail,
various 5 nodifications and i nprovenents can be made by a person skilled
in the art without departing fromthe scope of the present i nvention.
-10- - 181 4i ns 1. A nonolithic
hi gh voltage driver circuit conprising: a circuit input for
receiving a | ow voltage input signal; 5 a circuit output for
providing a high voltage output signal; a reference vol tage
sour ce; a main anplifier ccﬂb’?téacfo a supply voltage source and

having a first input coupled to the circuit input, a second input

coupled to the reference | t . sQuree n tpyi; 1 O a

pul | -up output stage haV|¥{8)D§ﬁﬁ‘ﬁ’r?p§ﬁggo¥8?I@§ talénﬁkp‘;ﬁ%ﬁt of the mai n

anplifierSand an output coupled to the circuit output;

pul | -down out put s C i put
Aagﬁ)t %ﬁfhiebgc}&@lc @\t’a{(ﬁ? ?ﬁ'f)e? \A%ﬁ:&lﬁ N&6) inclGlésLy %mhﬂ

and an out put coug‘
pul | - down outasnplisiendd 0orpupledsta f@G@W@nﬂﬂrﬁnﬂ“@)rSlgnél %vathgnant. nput

stage and an tﬁﬁf&mstég@g%) t hehengwuipust A6/ RAY i Mdin amy lafist 410y isnput
coupled to the reference vol.ta ource an p t he out put
stage havi ng “é’“ﬂ’?ﬁfg foc 2R nit 31‘1’&538 §iaee 13" The mput £6 ‘the "maft
10 amplifier (10) is also coupled to an active pull- -down stage (12),
whose output is coupled to the output of the active pull-up stage
(11) to provide an oufput signal Voyr, and to the input of a Black
Level clamping stage (13), whose output is coupled to the input
signal supplied to the input buffer stage (15). The pull-down
15 output stage (12) is formed of a current mirror having an input
' stage having a static input coupled to a reference voltage source
and an output stage coupled to the output of the input stage via
an impedance and having a dynamic input coupled to receive the
input to the main amplifier and an output to provide the output
20 signal from the circuit.

FIG. 3.



circuit input and an output coupled to the circuit output, and the

current mrror further conprising an |npedance coupl ed between 20 the. )
out put of the input stage and the dynam c input of the output.. stage -----
2. A nonolithic high voltage driver circuit according to claim 1, -
wherein the static input of the input stage is coupled to the .25 referenae
vol tage source via a transistor, the static input being " coupl ed to a’
first current electrode of the transistor, the reference vol tage ™
source being coupled to a control el ectar ode of the transi stor and a
second current electrode of the transistor being coupled to the
circuit output. 30 3. A pnonolithic high voltage driver circuit
according to claim 2, wherein the output of the output stage of the
current mrror belng coupled to the first el ectrode of the transistor.
35 4. A nonol i hi gh I tage driver c uit acc&:dlng to any :
precedi ng claim i e"dynam c input- o st age of t he
current mrror is ¢oupled t he circuit input via a-capacitor. '

- 11 - — B A nmonol i thic _hi.gh vol tfage dri ver [cuit accordlng to

any
1)/'

Croap

Gnd

FIG.2 (prior aer)



preceding claim wherein the input of the pull-up stage is directly o
coupled to the output of the main anplifier. 5 6. A nmonolithic high .-
voltage driver-circuit according to any preceding claim wherein the - :
out put stage of the current mrror conprises a darlington transistor
arrangement. 1 0 7. A monolithic high voltage driver circuit according
to any preceding claim wherein the input stage of the current mrror
conprises a darlington transistor a/Mangenent. 8. A monol ithic high
vol tage driver circuit according to any 1 5 preceding claim further
conprising a black |level clanping circuit havi ng an i nput coupled to
the circuit output and an out put coupled to the circuit input.

9. A nono&}thic hi gh voltage driver circuit according to claim8, 2 0
wherein a r i blacgk level clanping circuit
is coupled to the supply vol tage source. 10. A nonolithic high

vol tage dri circuit according to either claim8 gr claim9, wherein
the input o evek—elarpihge2 - +-E-tig—+— COLp|edjff)the
circuit outputl@ia a felat iyely hllﬁl allue npedance. / 11. A

monol i t hi ¢ hi gh ve+tafe—drhyer di i ccor di ng -Hy—Frec— . of claim
8, 9 or 10,\Hﬁerein t he outjput qf th tack leve] c|anmping 3|0 2§ﬂ?uit IS
coupled to a put of a llpgig.lcontrol T } ' r ol

circuit havinglan i nput coy to a npi ng vol tage pul se sour ce for
enabling the oyt put_of the | evel clanping cirtuit acgording to a
vol tage | evel ¢f the clanpi tage—pu-se—souree-
‘ |
3 L
Vevame
14 1z 12



35 12. A nonolithic high voltage driver ctrcuit according toe any one
of claim8 to 11, wherein the black | evel clanping circuit : conprises a
conparator for conparing a voltage |level at the input : :
- 12 - of the black level clanping-circuit wth a reference voltage
| evel genetated fromthe supply voltage source and providing an
out put at the output of the black I evel clanping circuit. 5 13. A
nonol ithic high voltage driver ci r Mht according to claim 12, wherei n’
the output of the black |level clanping circuit conprises a pair of
current paths, a first of the current paths bei ng coupled via a first
current mrror to the circuit input to provide a pull-down current at
the circuit input, and a second of 1 0 rrent paths being coupled via
second and third cascaded 5 current mrrors the circuit input to
provi de é:bull-up current at.@ trhe-Gi-f-etH-4--i-AptH-----; 14. A
nmonol i t hi HF@H"VBTFdﬁé"HFFVerTC|r¢U|ﬂ°accord|n to cIa|n11 5 13, wherein,
olit t :
K

when t he : xge—TrﬁnﬂhJat tihe— T put—ofiyg cl anpi ng
circuit anokthe reference VQItage eve t he supply
vol t age sourice are-gubstantji:al |y |dent C

contr ol

circuit enall ¢s théjou pﬂl,of t he h&ﬁ circuit, then
the sum of tiag-pullHln-andlihe pul F®fopn
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20 the circuit input is substantially zero. 15. A nonolithic high:

vol tage driver circuit according to claim
pul | -up and the pull-down currents at the circuit input causes -an

external capacitor coupled to the circuit 25 input to be charged or

di schar ged. '16. A nonolithic high voltage driver circuit accordlng
to any preceding claim wherein the circuit is manufactured utilising =
active elenents which are forned of any ongspor nore of Metal 30 i de
Sem conductor (MOS) transistors, Field Effect Transistors (FET),

Bi pol ar Junction Transistors (BJT) P-channel transistors, N channel
transi stors, PNP transistors or NPN transistors1Z73 5 17. A nonolithic
hi gh voltage driver circuit substantially as herelnbefore descri bed
with reference to the FIGS. 3 to 7 of the dr awi ngs.
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14, wherein the sum of the ff:“



