-1- CMOS PONER- ON DETECTION CIRCU T FI ELD OF | NVENTION This invention.
relates to a CMOS power-on detection circuit for indicating en a supply
potential reaches a predetermn ned val ue. BACKGROUND ART Inte ted TrICH
technol ogy permts the fabrication, on a single chip, of conplex e”étffdn
circyits containing many conponents. One frequently used technol ogy for
fabricating integrated circuits enpl oys conplenentary

met al - oxi de-sem conductor (CMOS) transistorg. This technology offers the
advant age of enabling the fabfication of conponents‘having snall dinensions
and consequently enabl es the production of |nte%rated circuits of small

surface area with reduced fabiCiMOs iPOWER-HNs DEAELTIONeC188VAAt age of COMOS:
technology is that circuits consumng very |ow current can be made. For

exanple, logic circuits can be desig h current path i's never
establ i shed between power supply |in2§%Li ﬁ¥ 3&HEH§§é§ the only significant
power consunption is caused by supplylng charge to capacitances associ at ed
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t he above nenti opeededeamtiagdowa lalear acteri stics of CMOS circuits can be
exploited over as wide a range of applications as possible, they are often
designed to function with a supply voltage whose value only slightly
exceeds the absol ute val ue of the hi gh8ACKGROUND ART

\ Integrated circuit technology permits the
fabrication, on a single chip, of complex electronic
circuits containing many components.

One frequently used technology for fabricating
integrated circuits employs complementary
metal-oxide-semiconductor (CMOS) transistors. This
technology offers the advantage of enabling the
fabrication of components having small dimensions and
consequently enables the production of integrated circujts'
of small surface area with reduced fabrication costs.

A further advantage of CMOS technology is that
circuits consuming very low current can be made. For
example, logic circuits can be designed so that a DC (;

(N current path is never established between power supply
1ines. In such cases the only significant power
consumption is caused by supplying charge to capacitances
associated with various nodes of the circuit. In the
stand-by mode the circuits only consume the current
required to balance charge leakages and currents through
transistors which are not completely switched off.

‘In order that the above mentioned advantageous
characteristics of CMOS circuits can be exploited over as
wide a range of applications as possible, they are often
designed to function with a supply voltage whose value
only slightly exceeds the absolute value of the higher



2 threshold voltage of the two types ('p- channel and n-channel ) of
tranSIStors enployed izn the circuit. Conpl ex- systems, such as: '
n1croprocessors belng t-he subject of increasing need for productlon nay
conta,ngone or nore: logic circuits (e.g. flip-flops, shift registers, etc.)
whose T'nitial state nust be defined when.the circuit i.s sw tched-on so

that. correct circuit operation ensues. In ordger to maintain the p035|b|I|ty'

of using a Iow1supp|y voltage it is necessary to provide the above
resetting functions as soon as-the circuit becones operatlonal in other

wor ds as- soon as t@ﬁréEﬁ?iX y§5£9§glp@st%§aﬁn€ #} kﬁ%ﬁhﬁql fdnecessary

for the circuit t nlnunlva ue is Just.
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detection circuits are. KBﬁ ebugywé:ﬁe.r § b¢h cassaﬂ\bampa%etsfsatrst.hsyiﬁglrhe
i ndi cat e when the sy ol d

type -of circuit algggéﬁffepg 3ﬂc5ﬁﬁ?f$%nﬁf 6@9& ﬁﬂgﬁﬁﬁ%ﬁg HgQéﬁPrsﬁf

continuously. Th|sornmenelbogteektrcmiDSOQE(nazf]imwdﬁﬂmﬁ,dshéitlong&stenst
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for providing an indi cafhoordbentohma impa i uttee gfo st baildltyedfs wginyg woll bage -
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each pair being coupsetitingsfunctiors weensdon sas the sdownd tpdesomesppl y
"n‘b transi storgoba®ibhatl FRNGHWF idwad YAe ¥ 38 the supply voltage
has reached its minimum va1ue_necessany.for the.circu1t to
operate. As explained above this minimum value is Jjust in
excess of the higher threshoId voltage of the
transistors. : : :
Power-on detection c1rcu1ts are known but. suffer the
- disadvantage that they only 1nd1cate when the sum of the
 two threshold voltages is' reached. This known type of
Ccircuit also. suffers an add1t1ona1 d1sadvange of consum1ng
current cont1nuously : _ -
This invention seeks to provide a power on detection
circuit in-which at least one of the above mentfoned.
disadVahtages of known circuits is mitigated.

BRIEF DESCRIPTION OF'iNVENTION :

ST According to a first aspect of the invention there is
o ' _provided a CMOS poweh-on-detectidngcircuft for providing
o ~ - -an indication when the magnitude of an applied supply
- s - ‘voltage exceeds the largest of the threshold volitages of
- its transistors, the circuit including first and second
pairs of complementary MOS transistors each pair being _
..COupTed'in.series between first and second power supply
Tines, transistors of a first conductivity type having
their source electrodes coupled to the first power supply



“pair. In one e
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'fffthelr sour ce eIectrodes coupled to thefirst pomer supply '-§ “|jne and','i'
- transistors of a second conductivity type having their ghurce el ectrodes = -
© coupled to the second power supply:-line, each pair of tfansistors |nclyd|ng_'

arelatively long and a relatively short channel transistor, the | ong? i

- .channel transistor in the first pair. being of different conduct|V|ty type
~to that of the |ong channel transistor of the second pair and the '
_;hmndth to-length ratio of each |ong chamdel trani stor being large enough to.-

~.ensure that for gate-source voltages greater t han:a predetermned val ue"

its current  i.shi her

- ab ts threshold vol t th t hi
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val-ue of the ap vol t g ,
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tranistor of jig the current in the short channel transistor of its _‘-15

pair for the same gate- source voltage._the short channeI
transistors of the first and second pairs and the Tong
channel transistor of the firt pair being biased to turn
on with increasing value of the épp1ied supply VOTtage,
means coupling a first node . formed between the trans1stors
- of the first pair to the gate electrode of the long '
channel transistor of the second pair, the said indicatzon'
being provided by a predetermined potential change at a-
second node formed between the transistors of the second
pair.
The gate electrode of the"1ongﬂchanne1-transistor of
the first pair-may be coupled to that power“supﬁly-line c
which is coupled to the source electrode of the short o A
channel transistor of its pair. o
In one embodiment of the invention the gate e1ectrode
of the short channel transistor of the first pair may be.
coupled to that power supply line which is coupled to the -
source e1ectrode of the 1ong channel tranistor of its
pair. . . S
In another embodiment of the invention the gate
electrode of the short channel transistor of the first. _
pair may be coupled to the second node whereby the current’
through the transistors of the first pair is cut off by
the predetermined potential change at the second node._



palr In another ‘enbodi ment of 't he |nventron the gate eIectrode of the n"-qu'

short. channel - transi stor of the first pair may be coupled to the second
node whereby the current through the transistors of the first pair is cut

of f. h@gthe predeternined potential change'at the second node. -4- The
gate-electrode of the short channel transistor of the second pair nmay be
coupl ed to that power supply line which is coupled to the l.ong channel
‘tranistor of its pair. First,and second circuyits, each in accordance with
the first aspect of the |nvent|on may be coupl ed together, the conduct|V|ty
types of the |ong channel’ transistors in the first and second paits of the
second circuit being cd# eyatret alectoodeood ithet sborésphannet peansiotor hef

"first circuit. A d 4as e e [
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t hreshol d vol t agepaifr.d ts tranS|stors the circuit including first,. second

third and fourth pairs gf, éﬁn ff mwcg§§uﬁmg“5b§ERr?nl?ﬁEQr&©L sbuttes
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first circuit.
‘According to a second aspect of the invention there .
"~ is provided a CMOS power on detection circuit for
providing an indication when the magnifude of an applied
supply voltage exceeds' the largest of the threshold

\J

voltages of its transistors, the circuit including first,

second, third and fourth pairs of complementary MOS
transistors, each pair being coupled in series between

first and second power supply lines, the sources of the
p-channel transistors being connected to the first power
supp1y-Jine and the sources of the n-channel transistors
being conected to the second power supply line, each paih

| of transistors inc1uding'a relatively long channel and a
relatively short channel transistor, the width-to-Iength
ratio of each long channel transistor being large enoughh
to ensure that for gate-source voltages greater than a
predetermined value above its threshold voitage, its
current is higher than the current in the short channel
transistor of its pair for the same gate-source_vo1tage,
the p-channet'transistors in the firstfand third pairs

- having long channels and the n-channel transistors in the
second and fourth pairs having long channels, the gate
electrode of the p-channel transistor of the first pair
and the n-channel transistor of the fourth pair being

- coupled to the second and first power supply Vtines -
respectively; a first node formed between the trans1stors



. to'ensure that for gate-source voltages greatefnthanﬁa-predeternfned val ue
- above its threshold voltage, its current is higher thagsthe current in the
. short channel transistor of its pair for the same gate+#Source voltage ~f-he

p-channel transistors in the first and third pairs havi ng . Tong channels:ﬁnd
the n-channel transistors in the second and fourth pairs having long - ~

" .channels, the gate electrode of the p-chanthel transistor of the first palr

~‘and- the n-channel transistor of the fourth pair.. belng coupl ed to the: second

:'and first: pomersgﬁﬁl ngeﬁagpspgpﬁ%vg
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provided by predetermined potentia1 changes at the second )
. and third nodes. -

BRIEF DESCRIPTION OF DRAWINGS.

An exemplary embodiment of the invention. will now be
described with reference to the drawings in which
Figure 1 illustrates a power-on detection circuit in
accordance with the present invention; '
Figures 2 to 5 are explanatory graphs and; _
Figure 6 illustrates a preferred embodiment of a
_ power-on detection circuit of the invention. '

DETAILED DESCRIPTION OF INVENTION

Referring now to Figure 1 the power-on detection
- circuit of the invention comprises: a first pair of
complementary MOS trasistors formed by a p- -channel
- transistor 1 and an n-channel transistor 2 and a second'
pair of complementary MOS transistors formed by a
p-channel transistor 3 and an n-channel transistor 4.
The transistors of each pair are connected in series
with one another between first and second power supply
lines 5 and 6 respectively. The p-channel transistors 1
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p-channel transistgpagsistors 1 and 2. o W /L* for the -

PP The channel length L* of the n-channel transistor 2
l\s)u .~ "is smaller than the channel length L of the p-channel
transistor 1.  The width to ‘length ratio W/L of the
p-channel transistor 1 greater than the ratio W*/L* of
the n-channel transistor 2. :
For the second pair of transistors the p-channel
transistor 3 has the shorter 1ength L* whilst the width
to length ratio W/L of the n- ‘channel trans1stor 4 is
greater than the ratio w*/L* for the p- channe]

transistor 3. :
The drain current Ipg for an MOS trans1stor 1s

given in good approximation by
Ips= K(sz-vT)Z

Z&T/ . where K is a factor proport1ona1 to the w1dth to-length

ratio of the channel of the transistor.
It is well known that the thresho1d voltage VT

of a short channel MOS transistor is Tower than the
thresho1d voltage V1 of a ‘transistor of the same type of
conductivity having a 1onger channel, both belonging to
the same integrated circuit. This is 111ustrated in
F1gure 2 which shows a graph of JTE} plotted as a
function of gate-source voltage Vgs: for three

different transistors. .
Line A is for a trans1stor having a channel length

Ly and channel w1dth Wy, line B is for a transistor



“ The-drain current IDS for an MOS transistor is glven |n good approxlnatlon
" by [err] where Kis a factor proportional ‘to the width-to-length ratio of

- the channel -of the transistor. It is well known that the’threshold vol t.age:
©“ VT of a short channel MOS transistor is |ower than the threshold voltage\VT
. of atransistor of the same type of conductivity having a | onger channeff"L

bot-h. bel onging to the sane |ntegrated circuit. This is illustrated in

flelgure 2 which shows a graph of - [err] pﬂotted as a function of gate source
“voltage VGS for three different transistors. .Line Ais for a transistor. -

havi ng ‘a channel - Ien t h rrl nnel e Iln Bis for a
~ ‘transistor ral % [dir\mt(?t'ﬁ Q% ﬁ‘@ttﬁ" g??bgrglhlaﬁﬂ vihose: channel
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[err] and width her t rates for-a
gi ven .gat e- sodiscforola dgansisit oxnhay 1nge at ﬁhégnsﬂd‘)ﬁd?&g‘éﬂ V3L t he

‘transi st or. of alnde Wildth M tlhqs(hléry-r TanOfthEththaﬂ?LSt or, with a greater .-
©o.width-to-length ratio and h er v

current of the trafSi SHGUTEF & | ﬁé tﬁ%?

threshol d voIW@déawerdwsﬂhahowsrﬂre bnesbo] dt noltage eVt ofi the hi gh K

factor transi s <Retapddst ik NAnkNR LA KubRERE! of LR Stnd Uedy gher
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gat e-source voltages. The principles illustrated in Figure
with a greater width-to- 1ength ratio, and hence a h1gher-

value of K can be 10wer than the current of the transistor .
of line B with a lower K factor having a lower threshold -F-J
vo1tage VT ‘than V7. However, the current in the ' o
high K factor transistor exceeds that in the low K factor
transistor for higher gate-source voltages. ' _
The principles illustrated in Figure 2 will now be
applied in discussing the operation of the circuit of J
Figure 1 in response to a rising supply voltage VDD
applied. across the two pairs of transistors. For N
~simplicity the influence of the output resistances of the
transistors will be neglected and the same carrier
mobility for n and p channel transistors will be
assumed. | :
Three cases fall to be considered; VTP)"TN-
Vip = VTN and Vyp VTN where Vyp and
Y1y signify the absolute value of the thresho]d :
voltages of the long channel p and n transistors
respectively. The case in which Vyp is greater than
V7N will firstly be discussed and reference will now
also be made to Figure 3 of the drawings in which
Tps is plotted as a function of Vpp for each of o
the transistors 1, 2, 3 and 4.. In figure 3 the lines A,
B, C and D correspond to the transistors 1, 2, 3 and 4
respectively. '
For .this case as the va]ue of. the supp]y vo1tage
Vpp increases the line B illustrates that the short



applled I n dlscu551ng the operatlon of the CIFCUIt of Figure 1 in
._Lo a rising supply vol tage VDD applied across the two pa?rs of trahgfg?gfggf
~For siinplicity .the influence of the output resi stances of the tran5|stors
mnIL%ge negl ected and the sanme carrier nobility for n and p channel __—~
tramSf$tors .will be assumed. Three cases fall to be con5|dered,/ferf] '
. %ﬁ;r]harg [err] where [err] and [err] signify the absolute varhe of . the'
m esho vol t ages ‘of ..t he | ong channel :p ang n transj stors respectively.
_ e case in which VIP is greater than TerrT i1l firstly be di scussed and

reference will now al so be nade to Figure 3 of
is plotted as a function.o J of the drawings in which [err]
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_[err] - tracks with Vpp-
.. \WnenVpp exceeds Vppo for ‘which the re1at1on
R .'f_KA(VDDo-VTp)2 KB(VDDQ-VTN)Z

. is true,. the voltage V7 at the node 7 changes to
_Vpp. The change of voltage at the node 7 occurs
because the K factor Kp for the transistor 1 is greater
‘than the factor KB for the transistor 2. On the other
hand because the transistor 4 has more current for a given
gate-source voltage than the transistor 3 the voltage Vg
at the node 8 changes. simultaneously to zero._
~ The case for V1p < VTN is fllustrated in the
‘graph of Figure 4. In this case, the p- -channel
transistors 1 and 3 will turn on first and the vottage
S VY7 at the node 7 will track with the- supply voltage
'_&V;' ___t”-_e Vpp. The voltage Vg at the node 8 remains equal to
' ' ' Vpp as long as Vpp is smaller than Vppo- '
When Ypp=VpDoO

KD(VDDO'VTN)Z Kc(Vnno VTP)Z

and the vottage Vg at the node 8 will change to zero
since the K factor Kp of the transistor 4 is greater
‘than the factor K¢ of the transistor 3.
As shown regardiess of whether VTP is greater or
~Tess than V7N, the voltage Vg at the node 8 changes
in each case from the supply voltage VDD to zero when
Vpp = Yppo- In other words the voltage Vg



true, the. voltage V7 at the node 7. changes to [err] . The. change of

'~gvoLtage at the node 7 occurs because the K factor KA for the transistor 1

ii's greater than the factor KB for the transistor: Jon the other hand,;
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':_-predet er m ned iétamgﬁudﬂ:atm wiatagheataplplidledt €uppNfl voneagE Yhs§ oreddiredal ue
Terr] to the val ue ZeW$eJ] : _

& rédi §¥ues that ‘the appl1ed supply voltage has -

The behaviour of the voltages V7 and Vg of the L R
nodes 7 and .8 respectively are illustrated in Figure 5 of _i_i-.
the drawings which is a graph of voltage versus time._- T

‘The ‘actual. value of the detected threshold vo]tage
can be shown to be given by '

reached

Vopo & Ty +LTJ'(/K nan
FIR GRS
where V1 is the mean value of the absolute
_values of the threshold voltages for the Tong p and n
‘channel transistors and ZSVT is the difference between
them. K and K* are the factors proportional to W/L and
w*/L* for the long and short channel transistors
| respectively. '

" The circuit of Figure 1 provides the de51red power-on \ui
detection and detects the point at which the applied ;
supply voltage exceeds the higher threshold vo1tage of the =
transistors of the circuit} The circuit of Figure 1 o
therefore provides a significant advantage over the prior
art circuits in which suppiy'voltage detection only occurs
when the suppiy voltage exceeds the sum of the’ threshold

voltages. The transistors of Figure 1 are not however
switched off once the detection is performed.

A modification may be made to the circuit of Figure 1
in which the gate electrode of the transistor 2 is _
connected to the node 8 rather than to the supply line 5.



the reqU|red value The behaV|our of the vol t ages V7
and 8 respectively are illustrated in Flgure 590f theaggaX?n;i &E?cﬂoﬁgsaY %;
gr?ph of voltage versus tine. The actual val ue of the detected threshold

VO t-ﬁg can, be shown to be given by [err] where VT is the mean val ue of the
absolit e values of the threshold voltages for the long p and n channel

transi stors and AVT is .the difference betmepm-thent K and K* are the

factors proportional to WL and W/L* for ‘the |long and short channel
:tranS|stors respectlvely -The-circuit of Figure 1 prOV|des t he desired
power - on det ecti qm. a,r.y@hdet edtr-:cutilbetbel hransisboer? tweulphe eﬁ!'tst?;fffl Py the

voltage exceeds t h
circuits The > 1N Fhel B o 8og gafeid1vak! 8Ae RbdéNe unenstied righelr (e

erefore rOV|d

ggran;gge OV§L ttﬁhnaﬂh@ﬂdaWP1G@H§uFFdeﬁeﬁﬁ? hagﬁ fh V%éfg%g!g@?ﬁgfeoﬁut.

voI¥agegurSThee?fgnsfﬁﬁﬁﬁgyw ?mghaga Qheetdanshetenﬂtbfanﬁezthreshold .
i

ipnga er ﬁﬁd ét?r%upPEnE°¥ﬁ¥§ﬁg§Vtﬁé*E¥§#Hﬁsﬁvﬁye3

the detection'is perf he circ f
Figure 1 in whichadet dgat dselm@e‘yotthtaﬁetf‘ﬁéﬁsﬂ'-ﬁbfi%t?gs i q'ie"a‘ﬂtol'Ed :

t he node 8 rather I <
ransistor Bonol d}{;&é‘ CoLtt atiéec%di%ﬁemehltla@'ﬁto Vg:10Suéh suetitags rmay tbe he

fall he potenti de 8
when the higher tenedurad byol3 édé'cl“s"td 83e5ﬁ59? ) P fibae
of f current thro die 1) awtsi i aisrch 1and:om di ﬁt@eaér beocgtgg‘}?l}ee@[ﬁ{ ngUt

through the tran5|s é%é%‘%g in order to cut of f its own current.
_ \y; o ‘A preferred embodiment of the invention in which the
o above occurs is illustrated in thure 6 to which reference
. will-now be made. Like parts in Figure 6 to those in '
" Figure 1 bear like reference numerals.
_ In Figure 6 third and fourth pairs of complementary
MOS transistors are connected between the supply lines 5
B and 6 the transistors in each pair being- connected in
sertes with one. another between the . two supply lines.
. "The third pair of "transistors comprises a long
. channel p-channel transistor 9 and a short channel
. n-channel transistor 10 the transistors 9 and 10 having
" their source e1ectrodes connected to the supply lines 5
_ . and 6 respectively and their drain electrodes connected
g '~ together to form a node 11. o '
The fourth pair of transistors comprises a short
_ _ ~ channel p-channel transistor 12 and a long channel
- . n-channel transistor 13 the transistors 12 and 13 having
their source electrodes connected to the supply lines 5
and 6 respectively and the1r dra1n e1ectrodes connected
‘together form a node 14, :
The gate electrode of transistor 13 is connected to
~ the supply 1ine 5 whilst the gate eTectrodes of the
transistors 9 and 12 are coupled to the nodes 14 and 11
respective1y. o , '
The gate e1ectrode of the tran51stor 10 is connected



»

. "f._@-.;'j.and 4 lt IS necessary t hat these transl stors be control | ed - by a voLtage
'_""-::'gcorrpl ementary to [err]. -Such a vol tage_nay be produc ‘by;a circuit -
“:conpl enentary to that shown in Figure 1, which circuit uld i'tself be
"~ controlled by the voltage V8 in order to cut off its -own ctirrent.-A *jyi
~.preferred enbodi ment of the invention in which the above occurs.is- T
~oillustrated in Fi gure 6 to which referengg-w I'l now be made. Like parts in
. Figure.6 to those in Figure 1 bear |ike reference numerals. In"Fi gure 6
~.ithird and fourth pairs of conplenentary OS transistors are connected
“ between the subpl{he imede B anil cthehegatearediestaode 9fesbe paansbetqg 3.

ohrapan o gt ;ﬁﬁ?l%%ﬁ”@?mt*frtm‘m*"‘sw tanauenel kbrhe, E?%?
~-and ‘a short chahn®d 'FF’E:h%ﬂﬁfb é}?slsé‘cp(?r 'tr§ﬁ§F§rﬂJGP§5 ig #reo
_-havu ng their sooncectédcin opbsabtmhecittﬂd éaa:ht rﬂ:mmmlhynlneneernamdtSr. ;

. respectively and t:'ﬁ% f&ﬂﬂr\eloeé:tﬁfﬂﬁ'se (‘So%e@rrq@ tdoggt %E ?Qrggrg’h@ node

11. The fourth pai ransi stors “Cha

" transistor 12 wadlm’grs:h%r@mmlwmy tﬂoénsﬁ"s?tﬂérisiiiwﬁhépﬁraﬁsﬁstors 12

~and-13 having XEE£1yp %C@ﬂﬁme@dﬁ&rﬁm‘%é Qot Fq gavePLY. lrpes 5 and 6°
- respectively and he|r drain Iect ~odes cong’ecte et her. -forma node 14."

The gate el ect YOlB2ES V7 rmaing LS i

&8 al"‘o BeTEMBRNY 1ine 5 -
whi'l.st "t he gatkess ethamdqqu)ffdmetlte amssestm whd cand 1p2> arg,coupl ed to the

" nodes 14 and T | di t tQp 10
(r:]gnﬁth edan JH’I“ ﬁﬁ?n%;c#'v ﬁ'}]adt{‘ﬁ gﬁ{a"fﬂee ec h(r?eo gqg [&Eewbﬁgﬁg?s?& .Isﬁ -

case Vip<L VTN. In both cases and if Vyp equa'ls - o
VTN, the voltage Vg at the node 8 changes from the = . o
‘value Vpp to zero when Vpp becomes higher than ‘the

higher threshold voltage of the transistors.

The third and fourth pairs of complimentary MOS
transistors operate in exactly similar manner.  If '
Vip< VTN then the voltage V14 at the node 14
~ tracks with the supply potential Vpp until Vpp
reaches the value Vppg. For the case Vp DVTN: _
the value of Vig remains at zero. In both cases and for
the case Vyp = Vyy the value Vi1 of the voltage |
at the node 11 will change from zero to Vpp when Vpp _
reaches the value VDDO- _ : | \

When the voltage Vppp is reached by the supply
voltage the coupling between the node 8 and the gate
‘electrode of the n-channel transistor 10 will cause this.
transistor to be turned off. thereby cuttmg of f current
through the third pair of transistors. - ‘

The coup'ling between the node 11 and the gate e'l'ectrod'e of _
the p-channel transistor 3 will cause this transistor to be
cut off when the potent_iﬂ at node 11 changes from zero to
Vpp, thereby cutting off current through the second pair



of the secand palr of tran5|stors i's. connected to the node 11 rather than.'_ﬂ'~
to. the supply line 6. -Capacitors 15 are connected: in parallel wth each
" shor t:-ehannel tran3|stor - The: portion of_Flgure 6 conprised by the first

and- sgecond pairs of conplenentary MOS. -transistors operates exactly as
descritbed with reference to Figure 1. . The vg%tage [err] remains at zeroas
‘lang as VDD renmmins |ess than [err] for the"tadse in which [err], and is
"apprOX|nater equal to the val ue of [err] for the case [err]. -In both

cases and if VIp ggu he voltage [err] at the node 8 changes from
the vat ue VDD to- G@ %Laﬂg?gfbrg becones hi gher than .the higher threshold
vol tage of the tranS|sFBFsC°Whe PG bertwern f Bhe t 10 dills asvd d%ﬁpmﬂ#@nﬁéﬁytNESe-

‘transi'stors operape theepachhiinéi Mtk @4 s TREGYErL 2 wil\VEA soVatt Rentube of f

I t V14 at .t'he_naode k th th t t I
Fgrr?gseacheg the%\'/'aﬁﬁes‘l'f&i?caﬁdvlzmﬁ?"?h%“e%sqpép %‘rﬁ)ﬁ I'\%al err}\tv%mugh
remai.ns at zero. the Houhtbapatraofl MAS trensistorsrr] the value [err] of
the voltage at the ”Odfhlwc]%bthﬁﬁ"”‘ﬁ'?@wéér??iﬁ@]rr%&é)d"arr{] J“)%e%ak%r 'é]tectrode

reaches the val ue kerr I.S reac pply. _
vol tage the coupl PRigtBet heehannel nbean sl stfr theviddt @cdi dot ltdf(ﬂ‘é Bfft ﬁéans1 stor
n-channel transi szoanaocmkéqaamsteytt:us tfﬁnsriéstarrrtemﬁaethtﬂwlgﬁdtaﬁf fikerepyir

cutting of f curre o]
bet ween t he node ?& hﬁg #ﬁg ébfkap ect cxépf% 4 ﬁiﬁi gpxgﬁgﬁgv§boﬁ9 the
will cause this transhigcwittdsbeteppedif when the potentlal at node 11 .
‘changes from zero to Vg)‘pﬂihgg‘eg)y,gél,tglm ﬂfﬁié‘dﬂr]&e%n{ehrﬁlﬁ&fﬂst ¢ second
aiyr
Pail _ _-:J picofarads may be connected in para11e1 with each short
“channel transistor. This prevents ‘the formatton of
 undesired voltages across those_tranststors. - Such
. voltages could be produged_if the perasitic capacitors
' para11e1 to the long channel transistors are significant.
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©312- ‘of transistors. The coupling betmeen the node 11 and the gate

et'ectrode of the p-channel transistor 12 will al so act g0 turn off

. transistor 12 and consequently cut off the current thr h the fourth pair
“of MOS transistors. The coupling .between the node 8 and the: gate electrbde

of the n-channel transistor 2 mnll act ‘to turn off tran5|stor 2 and

consequently cut off the current through. ihe first ors'

~Im this way current consunption by the circuit is: st a aC|tors o
-15 typically sone tenths of picofarads may be conne fﬂi m w’ -

each short channel transistor. This pCleAVBMS s the flor red

- vol tages ‘across those transistors. “Such voltages c¢ould be produced I f the

" parasitic capacitors parallel to the |ong channel transistors are

circuit includP

- second . conductF0|§9r§9§ebﬁ5V?ﬁ©

" significant. 1.-13A CHQ$ MEower-om dnies bhakrciotewid fan oy iddwigt amor
- providing an imdutahwanwﬁentbeenﬁmiw@e Obf 2dn adpPliedl Py welltage

exceeds the Iargest of hr es g vol t ages oftgts tranS|stor§§ t he
n

6 FF?SP %ndaggﬁﬁ d° a}v% d@HﬂﬁWV Nﬂé t S|stors 
each pal r bei ngreospsédrspn thei| eisrtxett\eiamctudmg afidr sste candd sesveerd: pagisy - |

lines,” transi SB?réoﬂﬁié‘mEhtﬂy Cﬁ@@'“@:‘&ﬂéié’tdd@%d@\“d’éﬁﬁ BRI SQ%Cp%d

electrodes coupled to the tirst ?omer | i ne and tranS|stors of

hest %'b r%ecen%oaq*tﬁressw]m dd nes»t’ he
second power supahyihwes efich PRrst oéortamwitw swpmcluadm@ aheelratlvely

~ Tong and a rel gl vely s0oLhoGhanBslyt L8NE SRS ¢ | AR AN 1ine

and transistors of a second conductivity type having their t\J
source electrodes coup]ed to the second power supply line, .
~each pair of transistors 1nc1uding a relativeiy long and a
re]ativeiy short channel transistor, the 10ng channel
tran51stor in the first pair being of different _
'conductivity type to that of the 1ong channel tran51stor_
of the second pair and the width-to-length ratio of each
long channel transistor being large enough tb'ensure.that'
for gate-source voltages greater than a predetermined _
value above its threshold voltage, its current is higher
than the current in the short channel transistor of its
pair for the same gate-source vo]tage, the short channel
transistors of the first and second pairs and the long -
channel transistor of the first pair being biased to turn \_/
on with increasing value of the applied supply voltage,
a first node formed between the transistors of the first
pair being coupled to the gate electrode of the long
channel transistor of the second pair, the_said.indicetion
" being provided by a predetermined potential- chenge at a
second node formed between the transistors of the second-
pair.

2, A circuit as claimed in claim 1 wherein the gate
electrode of the long channel transistor of the first pair



tran5|stor in" the flrst palr be|ng of dlfferenT‘EﬁﬁHUEFTVlty type to that . -
of thel ong channel transi-stor of the second p to-length 5?.
rati o_of each. l-ong channel transistor being |ar Q“ﬂmlﬁﬂt‘mgmtre t hat for
gatexzgource vol tages greater than a predeternin vaal ke #&bo¥e 1ts threshol d
vol tage, ‘its current is higher than the current in the short channel .
transistor of its pair for the same gate- seddee vol tage, the short channel
transistors of the first and second pairs and the |ong channel transistor

_ of the first pair being biased to turn on-with ing¢reasing valu o
appl i ed- supply. volia@@upkﬁ¢|?%tthikkPQWﬁﬁnﬁﬁH@@ﬂmééﬂetHB‘%Fah§|SP%PEert?he

- first pair being gpeipsesré® éTecHedde adfeciieodmorit ichanhenytebashstor of
transistor. of the, ﬁecond pait, the said indication being provided by a

pr edet er ni ned pot EhY i B¢ Thange at a second. node ‘formed between:the
‘transi.stors of the second pair. 2. Acircuit as clained in claiml

wherein the gate. gl ectgoderaf 4 Ngs :@Irlflln@'darﬂ?lc'ltariﬁlnfil gt,.oQ Qhe'ir-bq?nf tﬁét.g@@ér

-14- is coupled to_that power supp p % SOU{Ce
el ectrode of ‘'t he %hﬁ??'%ﬁ%nﬁ%ltHQwﬁﬂﬂ%ﬁ(ﬁhQH“ t§rﬂ§§35 8r o AF&?rEhT? .
sclainmed in clainpdierig shepréd tdetipet eovieactsuppd yofl imeewhlioht 1shemmeled

‘transistor .of .the t y haf's
coupl ed to the. soﬁ$ gﬁé g@?#%&ie é%ﬁﬁé?% ongkm%agﬁgﬁetPgﬂgggtgtbnfi¥?%Pp%fr
4. - Acircuit attslpafed in claim1 or 2 wherein the gate el ectrode of"

the short channel transistor of the first pair is coupled to the second

node f or med bet ween the
e N | 4. circuit as claimed in claim 1 or 2. wherein the gate

N\ ' electrode of the short channel transistor of the first
pair is coupled to. the second node formed between the
transistors of the,second pair. ' '

5. A circuit as claimed in any preceding claim wherein

the gate electrode of the short channel transistor of the
'7_second pair is coupled to. ‘that _power supply 1ine which is

coupled to the long channel tran51stor of its pair.

6. A CMOS power:on detection circuit Comprising first
and second circuits coupled together each c1rcu1t being as
claimed in any preceding claim, the conduct1v1ty types of
the long channel transistors: in the first and second pairs
of the second c1rcuit being complmentany to those in the
respective pairs of the first circuit.

U

7. A CMOS power on detection circuit for providing an
indication when the magnitude of'an,applied supply voltage
exceeds the largest of the threshold voltages of its

'transistors, the circuit including first, second, third
and fourth pairs of complementary MOS trahsistdrs,-each
pair being coupled in series between first and second

_'power supply lines, the sources of the p-channel

transistors being connected to the first power supply line



n}IranS|stors of the . second pair. 5. - A CIFCUIt as clalned N any recedlng
~oclai-m wherein the gate el ectrode of the short channel tranS|stor of -t he

- second pair is coupled to that power: supply Ilne mhl rS Loupled To the

“l-ong ‘channel transistor of its pair. 6. - A CMOS power-o
conprising first and second circuits coupLeg-t oget her ea m
ong C anna

“‘clainmed in any preceding claim the conductivity types o
. transistors. in the first and second pairs of the second CIrCUIt bei ng
- conplmentary tomﬂosbelnomheeseoﬁe¢hevo-phanaebftramsfstom$(bexngt 7.
- CMOS power .on lnl GWi r n ti t
Q%%%%E&%Q Qo QHe sEQBnH goldl guﬁﬁh& fiﬁ@- éﬁthﬁﬁf% ﬂ?eshold_.

- magni tude .of an appl
-vol t ages of |t§”ﬁﬂéﬂ§¢§€érénc

- fourth Ea{rs OWFQQEFN@WQHEabYtNESahhamStﬁhﬁ§$st6ﬁ9htﬁélW1¢EhIEhIIEHdﬁK1Ln
~ series etween I ces e
" .p- channel tran§|§ § QQ gaﬁg i8ﬂﬂg§p§8n?gp?hén???§ér[Rﬁ%ﬂgc*hﬂﬂ%/qq9ﬂ§L

- -15- and the sdor @ssuse tthetnfornagase-spounsesvoltages ngrea)tmectm t®d the

¥ vol t age -excee est .0
Hé‘éBréuFF’PﬁéVﬁHWan*gr anngk A ahird and-

~~second power S il tlirif ne@avl 108! Ebgfretié‘f‘stﬁié’sﬁo1d‘4&ﬁ%  a g4l ativel y

~long channel and a

ratio of each FHﬁge@ﬁa ﬁeI?ﬂ¥Sﬁs$§P5r thei pETrang e‘%nB@%hquf¥HﬁﬂﬁQP§rmu for

nnel transj|stor e mndt to | ength -~

_h*gate source- voltiraged sgoeavér itbapadrpferetive ns amel gE&eKsoﬂnneawdktadUﬁ£h0|d
‘voltage, its cypl g chﬁpﬁ'ghQPaBQ?QtBPeiﬁ“Ehgnti#Q Qﬁh tﬁifdgﬂﬁWQF'

t ransi stor of |ts rce vo -channel :
transistor in ﬁhdiﬂsr%Pﬂsnﬁhﬁnnﬁaspaﬂﬂsthévnfﬁﬁﬁﬂﬂﬁﬂ(ﬁﬂﬂﬂﬁﬂ%ﬁQﬂijﬁﬂuihe =

n-channel - trangietodids and BGrth pairs having long channels, the gate

_e1ectrode ‘of the p- channe1 transistor of the first pair
and the n-channel trans1stor of the fourth pair ‘being
coupled to the second and first power supp]y 1ines _
respectively, a first node formed between the trans1stors
of the first pair being coup]ed to the gate electrode of

" the n- channel trans1stor of the second pair, a second node
formed between the transistors ‘of the 'second pair being
coupled to the gate electrodes of the n-channel _
transistors of the first and third pairs; a third node
formed between the transistors of the th1rd pair being
coupled to the gate e1ectrodes of the p-channe1
trans1stors of the second and fourth pairs and a fourth
node formed between the transistors of the fourth pair N\
being coupled to the gate electrode of the p-channel
transistor of the third'pair, said indication being _
provided by predetermined_potentfa1 changes at the second

“and third nodes. R '

8. A cincuit as claimed fn cTafm-7-whenein a capacitor
is provided in parallel with each short channel transistor

9. A CMOS power-on deteotion“circuit.sobstantia11y as
herein described with reference to and as illustrated in



" p-channel transistor of ‘the first pair and:the n-

' éecona:andffdhrth;pafrs'haVing'fong ehanhels, the¢Eat ectrod

[ BI Iwr of thegq
fourth pair bei*ng coupled to the second and first A
0

respectively, a first node forned between the tranS|stors the first pai r.

. bei ng- ceupled to the gate el ectrode of the n-channel ‘transistor of the

second pair, a second node forned bet ween t-lé-transistors of the second -
pai'r -bei ng-coupled to the gate el ectrodes of the n-channel transistors of

‘the first and third pairs; a third node fornmed between the transistors of

a)

t-He third pair befl hautmdpl e & ot Hdhegstrawdingstr odes. of the p- channel .
transistors of the second and fourth pairs:and a fourth node formed =~
bet ween the transistors of ==he—foorttrparTDEr g coupled to the gate.

el ectrode of the p-channel ‘transistor of the third .pair, said indication
bei ng’ prOV|ded by predeterm ned potential changes at the second and third
nodes. 8. A circuit as clained in claim7 wherein a capacitor is provided
in parallel with each short channel transistor 9.. A CMOS power-on
detection circuit substantlally as herein described with reference to and
as |Ilustrated in - -16 Flgure 1 or 6 of the dramnngs -




