CMOS | LLATOR This invention relates, in general, .to oscillators, and

nor e icularly, to a-low power consunption, 5 conplenentary netal oxide
sem conduct or (GWJQ oscillator. CMOS ctt<uits have commonl y been used inCy
applications requiring | ow power consunption. However, in CMOS circuits
having oscillators, often tinmes the oscillator ends. up consumng a

rel atively |arge anount of power due t&MASKRR@IDBAPARhs occurring in the
transition region of- the P-channel and N-channel transistors. Nhny CMOS
oscillators eit have one.or two interface pins._In the sin
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the interface pin to g;ound. A series of an odd number of
inverters were arranged in a-loop wherein the input to the
first inverter was connected to the interface pin and the
output of the last inverter was connected to the interface

20 pin. A plurality of series conpected inverter pairs were
then placed in parallel with a connection between the first
inverter and a second inverter forman the loop to provide
a latch. 1In such an oscillator the .first inverter stays in
the tranSLtion-reqlon and both of its transistors have to

25 be large enough to overcome the drive from the inverters
forming the latch, and as a result, the leakage current is
large.

Accordingly a problem with manv CMOS oscillator
circuits of the past has been that they consume a greater

30 amount of power than is desired for many CMOS integrated
circuits used in battery operated equipment.' Also in some
cases the oscilléto: frequency has not been as stable as
required with power supply variations. 1In addition, it is
desirable to have as small a capacitor as possible to

35 obtain a desired frequency with the proposed oscillator.
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35 obtain a desired frequency with the proposed oscillator. When a
capaC|tor is small enough it can be integrated as part of an integrat '
clrcuit chip, and the smaller the capacitor the less chip area requgiﬁ%ﬁ;or
the capacitor. Accordlngly, t he present invention seeks to provide
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el ectrode of first transistor, the output of the second inverter being
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first and secontl transi stors orma
which exhibits substantial frequency stability with power

supply variations.

In accordance ‘with one aspect of the present invention, there
is provided, a CMOS oscillator havinq a flrst and a second
power supply node and comprising a first and a second series
connected transistor coupled between the first and second
power supply node, the first and the second transistor each
having'a'control electrode; é first and a second inverter
each having an iﬂput and an output, the inputs being coupled
together.and the output of the first inverter being coupled
to the control electrode of first traneistor, the ocutput of
the second inverter being coupled to the control electrode
of the second transistor; a third inverter coupled to a node
formed between the first and second transistors, the third
inverter having an ocutput coupled back to the node formed
between the fifst and second transjstors to form a latch; a
fourth inverter having an input coupled.to the outpdut of the
third inverter, the fourth inverter providing an output; a
fifth inverter having an anut coupled to the- outnat of the
fourth inverter and providing an output coupled to the inputs
of the first and second 1nverters, and a capacitor coupled from
the "inputs of the first and second inverters to the second

power supply node.



fourth inverter having an input coupled to the output of the third ‘
inverter, the fourth inverter providing an output; a fifth inverter having

an in coupled to the output of the fourth.inverter and providing an ¥
out put pled to the inputs of the-34+rst and second inverters; and a
capaci coupl ed fromthe inputs of the first and second inverters to t-0g '

second power supply node. -3- In accordance with a second aspect of the
i nvent i on 't her eIRsapeovigege swiNDR AYIhtaAPSRdviafgdhe ieveatdona §BesAd
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electrode of the N-channel transistor and having an input; a
capacitor having a first and a second terminal,'the first
terminal being coupled to tne inputs of the first and second
inverters and the second terminal being oonnected to the second
power supply node; and latch means coupled to the first
electrode of the N-channel transistor and providing an output -
.coupled to the first terminal of the capacitor

_The subject matter which is regarded as the invention is
set forth in the appended claims. The invention itself,
however, together with further obJects and advantages thereof,
may be better understood by referring to tﬁe following
detailed description taken in conjunction with the accompanying

drawings.

FIG.1 illustrates one enbodinent of the present'invention;
FIG.2 illustrates a modification which can be made to

the circuitry of FIG 1; and
FIG.3 illustrates yet another embodiment.of the present

invention.
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however, together with further objects and advantages thereof, may be ) _
better understood-by referring to the follow ng detailed description taken

in conjunction with the acconpanying drawings. FIG 1 illustrates one. :
enbodi nent of the present invention; FIG 2 illustrates a nodificat}j Whi ch
Q%B.be made to the circuitry of FIG 1, and FIG3 illustrates yet Andifgr
embodil nent of the present invention. ~~ -3a- A CMOS oscillator an be
made as an integrated circuit chip is illustrated in FIG 1 The oscillator,

of FIG 1, has a single interface pin 10. A capacitor 11, which is
illustrated as being external to the integrated circuit chip, is connected
frominterface pin 10 to a circuit reference potential 12 illustrated as
groynd. 1t shoul ca Momtcactitiflaltoirf whapackharbédlnade | & eqn ek psatedart of

the integratgd Gl euldy £ Nen h1qtehtaseaPyl %gs‘f?“'ﬁéigﬂh?ﬁo@. gy er nal
-node of the integrated circuit. Inverters and have T nputs connected
to interfacefFnl Athag iy Siingleldnsesfrdespran b0t pud sttt oW tGhode

of a P-channgd .iilansdaded ak/bedd eR¥8EheL 44 PROVifESgAbP W HHuil the
gate el ectrode, of an N-chann transi sto ransj stors 17 and 18

are connect etP1Br k¥ i RPARS Lﬁr\‘?BDWBthrﬁaégi Bt hél t:"'-3IL-6é'a YHound t er mi nal

12. Invert erseflSrenwe phbtemtialds 1Rnjillhetorhed asvgréoemd. uskt should be
noted that if capacitor 11 is integrated as a part of the
integrated circuit then interface pin 10 could simply be an
internal node of the integrated circuit. Inverters 13 and 14
have inputs connected to interface pin 10. Inverter 13
provides an output to the gate electrode of a P-channel.
transistor 17, and inverter 14 érovides and output to the

gate electrode of an N-channel transistor 18.



her ern, be
N- channe

formed b

any conventional inverters; however, in a 5 preferred enbodi nent
the inverters are CMOS inverters conprised generally of a P-channel
transi stor connected in series having their gate el ectrodes

en the*P-channel and N-chamrgel 10 transistors. Inverter 13 |§,
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inverters 13 and 14 are proportioned such that the
switching input voltage of inverter 13 is approximately
equal to the supply'voltage VbD minus a P-channel
threshold voltage, Qhereas, the switching input voltage of
inverter 14 is approximately equal to an N-channel
transistor threshold voltage. Exemplary sizes of
transistors that can be used are given hereinafter.

An output node 19 is formed between transistors 17 and
18, and is connected to the inputs of inverters 21, 23, and
27. The connection to the input of inverter 27 is via line
26. The output of inverter 21 is connected to the input of
inverter 22 while the output of inverter 23 is connected to
the input of inverter 24. The output of inverters 22 and

24 are connected together to the input of an inverter 27.

The outputs of invertérs_zz and 24 are also coupled to node
19 by line 26. The output of inverter 27 is connected to
the input of an inverter 28, and the output of inverter 28
is connected to the input of an inverter 30 by line 29.
Inverter 30 has an output which is connected to interface
pin 10 by line 31 thereby closing the loop on pin 10. 1In
the past, CMOS osclllators have been built having one
inverter connected directly from pin 10 to node 19. Such

ted to
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an oscillator did not have transistors 17 and 18, and in sone cases had
anot her 'pair of series connected inverters in parallel with inverters_2
a&nd 22. Such an oscillator only required two inverters coupled from
output of- the 5 series connected parallel ‘arranged inverters back t¢ p
1This type of prior oscillator has a hsgher power consunption, e
grea er frequency variations with power supply variations, and requires
| arger capacitors than does the oscillator of the present invention. 10
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i.gh on ,node 1 line 2 ause_i.nverter 27 to
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potential across capacitor 11 increases, the output of
inverter 14 will switch before the output of inverter 13
15 since inverter 14 requires a lower switching input voltage.
The increasing voltage at pin 10 will cause the output of
inverter 14 to switch low and transistor 18 will be cut
off. As the voltage on pin 10 continues to increase,
eventually inverter 13 will switch causing its output to go
20 low thereby enabling transistor 17. When transistor 17 is
enabled node 19 will rise towards Vpp thereby causing
. the outputs of inverters 21 and 23 to go low which causes
the output of inverters 22 and 24 to go high thereby
reinforcihg the high on line 26. The high on node 19 and
- 25 line 26 will cause inverter 27 to switch thereby providing

a low on the input of inverter 28 which causes inverter 28
to provide a high on line 29. The high on line 29 will
cause inverter 30 to provide a low on line 31 thereby
causing capacitor 11 to discharge back through inverter 30.

30 As capacitor 11 is discharging, the output of inverter 13
will switch to a high level as the wvoltage on pin 10
decreases to its switching input voltage thereby disabling
.transistor 17. As capacitor 11 continues to discharge, the
output of inverter 14 will be switched to a high level,

35 thereby enabling transistor 18. By transistor 18 being
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idecreases to its switching input voltage thereby disabling trénsistor,17.
i1 As’ capdcitor 11 continues to discharge, the output of inverter 14 will be,
sm@t“%;s to a high level, 35 thereby enabling transistor 18. By
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‘at ‘the input of inver6er 27 by way of line 26, by vy
series-inverters 21, 22, and by way of series inverters 23, 24. The |ow on
inverter 27 5 places a low on line 29 which causes the output
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e N-channel transistor. .
outputs of inverters 22 and 24, and thereby set the latch

formed by series connected inverters 21, 22, line 26, and
series connected inverters 23, 24. The transistors of
inverters 21, 23, and 27'are-propoftioned such that the
switching input voltage of inverter 27 lies between the
switching input voltages of inverters 21 and 23. Inverter
30 supplies the charging current for capacitor 11 and
therefore the size of the-charging transistor in inverter
30 will affect the charging time, and in a similar manner,
the discharging time of capacitor 11 is proportional to the

- physical size of the discharging transistor in inverter 30.

25

30

In a typical CMOS inverter the charging transistor will be
the P-channel transistor and the discharging transistor
will be the N-channel transistor. '

By way of example only,'and assuming that all of the
inverters of FIG. 1 are conventional CMOS inverters having

‘a P-channel and an N-channel transistor, the following

transistor sizes in microns can be used in conjunction with
a capacitor of 10 nanofarads to provide a frequency of
approximately 125 Hertz with a Vpp voltage of 5 volts.
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By way of exanple only, and assum ng that all of the inverters of FIG 1
are conventional CMOS inverters having a P-channel and an N-channel

tsr ansi stor, the following transistor sizes in mcrons can be used in
conjuncti.on with 30 a capacitor of. 10 nanofarads to provide a frequency

approxi mately 125 Hertz with a VDD vol tage of 5 volts. -7 Reference

B~ FRANSI STOR N TRANSI STOR Nunbe?- width length

width length 13 -80 9 .6 80 5 14

6 80 80 6 17 15 9 _ -

- 18 " Reference - P TRANSISTOR 9 2§ TRANSISTOR 2

9 10 _Numbery 2o width lemgth g width lenggkh 50 10
28~/. - 10 9 20 9 24 6

50~". 6 13 50 27 80 1% 9 6 805 9
28 1 9 15 9 30 : 10

75 S 10 %4. 125 1 5 Becaus® the c¥@rent supplpgd by in&erter 30

changes with tempdrfature, the stabiSity of ®he frequency with tenperature
~can be inproved bygreplacing inverter 30 with a large Pgchannel gtransistor
and by adding an external 20 resistor in parallel with capacitor 11 as
illustrated in FI@!T 2. 'PIG 2 showla porti®n of the cilPcuitry & FIG 1
along with the chgsges to inprove tdqe tenpggature stability of gghe
oscillator. A Iar%F P-channel transjstor 33 has its gaES electrgpe
connected® o Iine23 which carries!qhe 9 .

24 6 " 50 6 50
27 . 15 -9 15 9
28 _ 15 9 15 9

30 . 10. 75 - 10 125
15 ' '

Because the current supplied by inverter 30 changes
with temperature, the stability of the frequency with
temperature can be improved by replacing inverter 30 with a
large P-channel transistor and by adding an external

20 resistor in parallel with capacitor 11 as illustrated in
FIG. 2. PIG. 2 shows a portion of the circuitry of FIG. 1
along with the changes to improve the temperature stability
of the oscillator. A large P-channel transistor 33 has its
gate electrode connected to line 29 which carries the

25 output of inverter 28. Transistor 33 has one current
carrying electrode connected to Vpp and the other
current carrying electrode connected to line 31 which goes -
to interface pin 10. A resistor 32 is connected in
parallel with capacitor 11, and when the output of inverter

.30 28 is low, thereby placing a low on line 29, transistor 33
will be enabled thereby charging up capacitor 11 very
rapidly. Conversely when the output of inverter 28
provides a high level on line 29 transistor 33 will be
-disabled and capaéitor 1 wiil discharge slowly through

35 resistor 32. The'"on“ or conducting resistance of

~vTaNLItURT/



25 output of inverter. 28. Transistor 33 has ‘one current carrying el ectrode
conpect'ed to VDD and the ot her current carrying el ectrode connected to line
W ch goes to interface pin 10. A resistor 32 is connected in parall.el LA
fapaC|tor 11, and when the output ‘of inverter .30 28 i's |ow, thereby

pl asihg 'a I ow on |ine 29, transistor 33§m Il be enabl ed t her eby charglegLyp\/
capacitor 11 very rapidly. Conversely when the output of inverter
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requenc abi | i oyer \ i ons e, 0scillator

1 ustrar echoverets 4t pB81E" b3 RBka" Sl | e kot B 4 pes™ S
and 2, onl MnadWHéﬂBodSshoannr fIG.n 2 wille Havensnuclorpasgeon duri ng
normal operation a rr nj

using a{i){%??%ﬁﬂﬁgmgggPﬁlégghuggﬁ %§W% Veﬁﬁg%§;v4#§§§§°%§ ??gﬁ ggggn is
the input vihe aagciblatogeilbnstratiedbdnh FRGhahnel and N-channe

transi s§@rs con t r Q%CQ t egﬁPt on lon if
Its-i an? vol tagtéwltsﬁéjabéggh% rel%ﬁgg’gvag Fa;ig cr)bféﬁ Y\I- an%elolrlfg
traqﬁlstor %ngpgﬁgzﬁvlﬁeaggp@ﬁyrggpgggén the transitlon region during

. normal operation, however, the leakage.current is limited
) to a minimum by using a long transistor in each of the
inverters. The transition regibn is the input voltage
15 range for which both P-channel and N-channel transistors
~conduct current. A CMOS inverter is in the transition
region if its input voltage is above the threshold voltage
of the N-channel transistor and below the supply voltaqe
minus the P-~channel threshold voltage. In the transition
20 region, a leakage path is established from the Vpp
supply to ground through.the series connected P-channel and
N-channel tran31stors.
FIG. 3 illustrates a sxmplifzed CMOS oscillator hav1ng
the features of the present invention. The oscillator
. 25 operates in a similar manner as does the oscillator of FIG.
1. A éapacitor,41 is céupled between ground reference node
42 and interface pin 40. Pin 40 is also connected to the
inputs of inverters 43 and 44. The output of inverter 43
is connected to a control electrode of a P~channel
30 transistor 47 while the output of inverte: 44 is connected
to the control electrode of an N-channel transistor 48.
P-channel transistor 47 and N-channel transistor 48 are
connected in series between voltage Eerminal nodes 46 and

42, Vbltage'terminal 46 receives power supply voltage
35 Vpp- A node 49 is formed between transistors 47 and 48
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m nus the P-channel threshold voltage. In the transition 20 region, a
| eakage path is established fromthe VDD supply to ground through the "
s&ries connected P-channel and N-channel transistors. FIG 3 illustrates A\
sinmplified CMOS oscillator having the features of the present inventio .'z;
I$9 pscillator 25 operates in a sinmlar manner as does the oscillator
G A capaci tor 41 is coupled bet weerr 9gr-ound ref erence node 42 and

interface pin 40. Pin 40 is al so connected to the inputs of inverters 43
and 44. The outgut of invert r 43 I s ,connect to, a contro elegﬁrode of . a

P-channel 30 #P4nifsFBRNEFLRAI k8 #Re 10RYN© faqrﬁﬂﬁ?iﬁeﬁ4-?s cORfeRVERYFOo
the control ebéctinedetet 3&n Nschannebthﬁamnsﬁhe WiputP-ahoameinventer s52¢

47nand N Cha“‘i‘ﬁ%&&@gﬁh;&@ \:iﬁge%‘érc%"é‘%t %ﬁé&r 3 dd % br?ééfeé‘% V%%Pgﬁy

term nal nodes térm CEel ves power
vol tage 35 VDERrmingde 2stich Mithednyertesns tilamsndthls @hemmut °f9-

and is Conseciﬁdekeeénshnﬁﬁta@%anohR@@Héﬁ é@-tﬁ@“ﬁdﬁﬁﬁnsf(ﬁn'{W@%£€ér51
i's connected t ut of gn inverter 52. The output of inverter 52 is

In
connected to ﬁgdﬁ Q§etgHFBB§ A8 fPRgested &0 hhe, 3 ¥ A% 11BFRREESE The
output of 5 paverrhe Sktpatabfoinvetreered4 dd wdngeteditaninteeface 53
whose out put éf cgﬁnected to the input of an inverter 54. The out put of
inverter 54 i 8 Ronnécted to interface pin 40. As the output of inverter 54
charges capacitor Ag, the prtprtepfiinwexiter G4 dhardesy capaeitew 4he gate-

el ectrode, gf %Ggé‘egf' 4&%@%&5?%&&;} Eh'l%uy"'&dtgﬁ?élst?o tv;k?é‘séééé”efécwode
cease conductlng an tch |n% I nput, vol tag
of N-channel transistor 4 This w1ll cause transistor 48
to cease conducting and when the swltchxng input voltage of
inverter 43 is reached, the output of inverter 43 will go
low thereby enabling transistor 47 which causes node 49 to
15 start increasing voltage wise. The inéreasihg voltage at
node 49 will overcome the output of inverter 52 and cause
inverter 51 to provide a low output. The low output on
inverter 51 will cause inverter 52 to provide a high output
which maintains node 49 at a high potential. Inverter 53
20 inverts the output of inverter 51 and inverter 54 inverts
the output of .inverter 53 which causes capacitor 41 to
start discharging back through inverter 54. As capacitor
41 discharges, inverter 43 will switch its output to a high
level which disables transistor 47, and as capacitor 41
25 continues to discharge inverter 44 will then switch
enabling transistor 48. When transistor 48 is enabled,
node 49 will be pulled towards ground. The cycle then
repeats itself. . :
The CMOS oscillator of the present invention is
30 particularly useful as an LCD display driver, and the
' simplified oscillator of FIG. 3 readily lends itself to
driving a two digit LCD display. |
By now it should be appreciated that there has been
provided a CMOS oscillator which has low power consumption,
35 exhibits good frequency stability with voltage power supply



|nverter 43 is reached, the output of inverter 43 will go Iom1théreby
pliNg transi stor 47 which causes node 49 to 15 start increasing voltage
ui \‘ The increasing voltage at node 49 wi |l overcone the output of 4

52 and cause inverter 51 to provide a | ow output. The low ou ut
on invérter 51 will cause inverter 52 tbOprOV|de a hi gh out put which \) .
mai nt ai ns node 49 at a high potential.-Inverter 53 2.0 inverts the outp ut
of inverter 51 and inverter 54 inverts the output of inverter 53 which
causes cap¥ertiationhst,o requires szhieywi nal vackschaldaghingnwanagigar . pand
capaci t or Bp1 gl%@ 9% aryﬁ{gfé f‘x?’té\f:fécéwgiﬁh 'wgeautbw& déppryi oh | evel

whi ch di sab nAsi stor 47, dnd as-capaci_t continues o
di schar ge Pﬁ@éﬁﬂ@r1&$ﬁﬂqﬁe%¢m§h%vﬁ¥%ﬁe%ﬁagFPﬁgtbPaA§N§ﬂ&enﬁ3WhNRﬁl15

transi st or y4@a4i %oela:&lalza@ Mesf&cmféebehe%hgactiew dg n@r@Hybks The cycle
|nvent|on is 30

then repeats itself q&g§c50|llator of L Ssent
parti cuPar 9"E¥8Fu|t§§ gﬁ Ui SHES ATl Shdt ReCaPRRLM%d Dsci | | at or
of FIG 3 thadgey laaddsliigcinidgdd alsoi bgcreasesdi gTh bE&hedi aprys, Bshaow

it should- i qte s.b pr.ovi ded oscillato

i SnCnbd BRRRREE' Ao hdled NELE: DR OPEF A BRI (US|
vol t age potberefippey the fﬁhqu&n¢2ucMﬂngeseqaryeﬁiatlew val ue oscillating

capacitor and only requires a single interface pin. Wen the supply

vol tage increases, the current fromthe inverter, which is used to charge

and di scharge the capacitor, increases, 5 however, the voltage range over

"whi ch the capaci-tor is charged and dlscharged also |ncreases I n other

wor ds,. t he :
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capacitaor is charged faster over a w der voI t age range, and therefoe
§ ¢ et
/’ ‘.':."';.'

frequency changes very little. CLAI V5 osci |l | at or haV|

ffrst and a second power supply. node, COerlpJ’I si iﬂﬁiﬁﬂ" ”Htmm oA
series connect @th.g\ﬁl stor coupl ed between th d power
SUpRl y node, t and the second transistor each’havi ng & control

el ectrode; a first and & SN ddMErd&dr 826 MnHAVING AN P ANG RN gt
t he i nputs being coupled together and the output of the first inverter

bei ng coupl ed Y¥PR}E R 1 OBt itHfe ff Stst3NS ansiesodd safd SSutSeRe v e 9
t he second i nvwa:w;éxemg:am;ﬁacbet@dd}e cemtfridstelaem rs@@ naf ptdw:s&e@@dy
transi stor; athrdlnvetert dtoa oq:efor bet en tleflrst and
sécond transi 1By, ¥ ¥t a\nve %er® ST Sodtp put 8S5tpPEY Bk to the
node f or nmed beiqm:szrplt hecl efd txidegnch sfeicnc;rtd atnrdaraslsstv:@msl tl@ero’rtmra elagthc ivavd ng
fourth invertel, g0 Ay P Yu P8 L ARE QLY I%t tptﬂé% tRifedher and

i nverter, the fourth I nverter pI’OVI ding an outg?\’E I nverter havi n?
an i nput couplttf (RUERE QK e JH nsite imgEemte T é-l“tgelc%}ﬁ’c}eﬁré\?l dihgg coRtrO
out put COUpleQﬂébéﬂyadraxﬂfiﬂﬂkldyadku@%brqnQh&e%Qquwnwerka@sse%adda
capaci tor. coupl ed fromthe I nputs of the first ang cond inverte s to
second power SUPRTFEToPEIPE OUPHE oSS 8 CSPREES! S eCIF AP Ofn&PE efﬁ'é
out put of the tt:’rainrscLszmrtaertmndcdmpleectelxa(cloupdetiheonadeoﬁer e medt \heeme'ehe
first and secq % tff& Sﬁ%g&r e@én% o hﬁls@é@”e% e3thirdNGntWPe QS%'abth;

of claim1l fur I nc sevent h i nverter aV| ng an I nput cou

t he out put of at“h@ut"—ml’lr"-d<=|° letdePa&Ffdtﬁa\FF‘ﬁgnaﬁeoGPEEFGCBG[SVeGnt GhﬁhéiFﬁﬁut

of the fourthandv@eldhsaRdahd16her30¢e orHed RELWRGNal BBurth inverter
having an input coupled to the output of the third inverter,

the fourth inverter providing an output; a fifth inverter
having an input coupled to the output of the fourth inveiter
and providing'an output coupled to the inputs of the first
and second inverters; and a capacitdr coupled from the inputs
of the first and second inverters to the second power supply
node.
| S 2. The CMOS oscillator of claim 1 wherein the output
of the third inverter is coupled back to the node formed
between the first and second transistors by a sixth inverter.
3. The CMOS oscillator of claim 1 further incluaing
a seventh inverter having an input coupled to the output of
the third iﬂverter and having an output coupled to the input
of the fourth inverter and to the node formed between the
first and second transistors; and.an eighth inverter coupled
between the output of the fifth inverter and the inputs of

the first and second inverters.
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first and second transistors; and an eighth inverter Coiﬁgﬂl ween t_;he

0 of the

i :@rs

ni and tenth inverters connected in Seri es between the node fornmed
between the first and second transistors and the input of the fourth

i nverter. 5.

fifth inverter and the inputs of Mﬂ\l “ﬂ
-12- 4. The CMOS osciliator « ncl udi ng

The CI&KE(EN&SIdﬁaﬁlrﬁtdizﬂfnéiaﬂméﬁ\Murﬁﬂdrtﬂncknqﬁndt

L

¥

inverter i's rg Iaced b nati}tr %Istl_;é){s hcabvrh_[teg:cfaet ’{'ﬁt é iseecqnneq:,weae control
e fi

el ectrode, the Fh r&tde

el ng cou rst power suppﬁy

node, the sem:@tm e d @I%W%ertcﬂj‘m @I“t%t td4red isgaand dfransd Stiany andl thexond
i nverters ang,%‘p@ SO Ol e 8] 868 rQfife A co0upl ed to the output of the fifth

i nverter; and

urther_including means in parallel with the capacitor to

di scharge the cabpaci tBre B10S o/t IS HAS 191 e ci4iher siferdish t he
t hreshol ds ofidren f:.rfxﬁértﬁﬁ’i.d feqcaﬂada@rﬂﬁras :ﬁraelsa%wefetwavqatg 0 dihade, ane

of the inverters rovi d pr edet er ut ut a |l owe ol t age

than the ot He¥¢9™H er"’tne '/°°" 1Cl\?(é§ tsrc{aﬁ rat By t‘é\f rt:g 4§55 9 *fldl econd
power suppl yeowmlesd cnmmhesmmgsta pRwEharmvelp lyr angiest drtheh@sicrgda dliectrcgted a
second el ectyode, OUHOL IS 16¥ Sl G el Sl oP18E101S R1AG GouP! ed

to the first powe supp node; "an N-channel transistor hav ng a first
a second el edtd ddee Mot odopliesit Zoidec tifo ¢OuRled ftior dtheeloadPudde foft ehe

N-channel t rashStioh 2@iekg e@taplfecttthert hec1eahg @leanlsr ade pafr a1 1Pwghannel
he second el ectrqde. of the N-channel transi stor being coupl ed

transi stor,
to the seco
coupled to t

SRR 35T TOFe HFoik SRRFFS EPE FAPEELtFert er havi ng an out put

hes. The CMOS oscillator of claim 1 wherein the thresholds

of the first and second inverters are asymmetrical so that one

of the inverters will provide a predetermined output at a

lower voltage than the other inverter.

7. A CMOS oscillator having a first and a.second power

supply node, comprising: a P-channel transistor having a first

and a second electrode and a control electrode, the first

electrode being coupled to the first power supply node; an

N-

channel transistor having a first and a second electrode

and a control electrode, the first electrode of the N-channel

transistor being coﬁpled to the second electrode of the

P-channel transistor, the second electrode of the N-channel

transistor being coupied to the second node of the power

supply; a first inverter having an output coupled to the

control electrode of the P-channel transistor and having an

input; a second inverter having an.output coupled to the

control electrode of the N-channel transistor and having an

input; a capacitor having a first and a second terminal, the

first terminal being coupled to the inputs of the first and

second inverters and the second terminal being connected to

the second power supply node; and latch means coupled to the

first electrode of the N-channel transistor and providing

an

output coupled to the. first terminal of the capacitor.

-\



inverter having an output coupled to the control el ectrode of the N-c
tir ansistor and having an input; a capacitor H!m,muuﬁtmmma seco
terminal, the first termnal being coupled to first and
second |nverters and the second term nal being connected td the second
\:16 " supply node; and | atch neans coufi®ed to the first el ectrode of the
N-channel transistor and providing an output coupled to the. first term nal
of the capacitor. 8. The CMOS oscillator of claim8 wherein the CMOS
oscillator is a moflolitFhe F¥RSRefidlatar 9% Haémn§ HherRiPethnt CHPSce
pin, the si ngbecumnetéace.e,par\ndstmangzjtdweufudg&tattear Riigakief hhhiengapaci t or
%tached thereto %.h he ca améhoer San be erllq__extercnal coggonent 9. A
osci | | at 61 guBs an a?‘fy B herel it des Cl‘lib il Pef‘erence to &nd as
illustrated i fiFeg. Eerﬂ-gaQ of they GRpAciter Ia’tamcrllgg. thezetexsoofthahethe

speci ficationchgachess é@ﬂrpdt@@Ce:Wem Qipdna tt.he applicants ori gi naI
typescript. It maé contaln a %/;‘glaman ments which are dlfI}QCUH to rea
r

The original typesCript c%'m%lﬁ Iahese thRekaanbdtentE RBPeHR ??@“p’ét‘?“e?i

on the prem sestbf refler@atanto ffd s illustrated in Fig.1, Fig.2 or
FPig.3 of the Drawings.

control el ectrode of the P-channel transistor and Ravim g an input; a secogd

uss pu;ﬂnd:a:lnnhnnzqnﬂnu& by photocopying the applicants original
o ;ftuE:nqr«uhuxsﬁuwnuﬂuuh1&#&::»uxﬂnnxtonum. The original
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