CMOS, POAER- ON DETECTI ON Cl RCUI T - 2176959 Thi's invention relates to a CMOS
power-on detection 5 circuit for indicating when a rising supply potenti al
reaches’ either a predeterm ned or a maxi num yalue. In copending United

Ki ngqont Pat ent Application No. 8406687 there is described a CMOS power-on
detection circuit which provides an output indication when the |argest 10
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circuits in which detection is only nade when the supply potential exceeds
the sumof two 15 threshold voltages and nmay provide a detection circuit in
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Is not fully 25 %peratlvef Thi s i npyention seeks t rovi de a
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circuit conprh%rg%gié t and second supply lines; capacitive means in which
a charging cur ren %énerated In response to a rising supply potential;

first and _second conpl entm a¢irMOt t 0 finth £¢ oc sp endiregt app 1 ic sti oesover aereas

the first and spoOrgh RPRIY dEHES RAdWh LOBFEUFEQ fh which detection s only
~ made when the supply potential exceeds the sum of two

15 threshold voltages and may provide a detection circuit in
which no current is consumed by the circuit after detection.

Power-on detection on exceeding the largest
threshold voltage can however be disadvantageous in certain
circumstances. For example some logic circuits do not

20 operate correctly at supply potentials which just exceed the
threshold voltage. In such cases the power-on detection
circuit of the above menationed copending application would
provide a power-on indication at a point in time in the rise
of the supply potential at which the circuit is not fully

25 operative.

This invention seeks to provide a power-on detection
circuit on which the above mentioned disadvantages are
mitigated.

According to this invention there is provided a CMOS

30 power-on detection circuit comprising first and second supply
Tines; capacitive means in which a charging current fis
generated in response to a rising supply potential; first and
second complementary MOS transistors connected in series
between the first and second sipply lines with their drain




-2- electrodes connected together to forma first node, the gate el ectrode ’
of the first transistor being connected so 5 that the first transistor
passes a first current which increases as the supply potential rises; neans:
for driving the gate el ectrode of the se¢ond transistor to provide a serond
current therethrough proportional to the charging current, -an indi cati on of
the supply potential having 10 attained a predeterm ned value bei ng
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upon tPe r@aae \ae@&:.twei Oéftﬂ@effiﬁétaﬂﬂaﬁgﬁgﬁéfcﬁé%ﬁgt éonﬁﬂetéﬁagg' 39
curren aciiive means e ene a e f ou rsi di ode
moans cahnddiah SE iT€ STaneifEoE adsed vt GRrREER ¥hShi rot and
second SLmuﬂqcﬂeaunseaslﬁhersugphyspcbeﬂthaﬂerihesebEEaaenfothdrﬁvﬂag di ode
b st t
e SOV SO A% LG LS e g FALEA ERERIELS! 06 BOYAR b 50
t ransi st or sngnniwgursnntLmhemsthrou@h pnangruhgnebytouthenchpagsaq by the
second trf”Eﬁf%éHt'ﬁaﬁ-fﬁé&@%@i&h”@? Eﬂétﬁgbglgegﬁﬁﬁ?ﬁﬂﬁighﬁglﬁ rrent in

t he capaC|t|ve neans. In an e e 1 nvenfion the
cur r entLGyi rq"'cﬁaMSa|Wé?%%%r‘&i\‘%rY%IW?%BﬁsP§PBFd8ﬁdb¥eéond di ode
means COUD';%hdétéﬁﬁix@Gdbpé'MQQﬁlihecﬁaﬁ & avdtracsadasHpakyihi nes and

PG, 2 ¢ e Rded SRR o APEy Lo U8 DB R0 SRR R s
fourth currents.

The charging current in the capacitive means may be

15 generated through first diode means connected in series
with the capacitive means between the first and second
supply lines and forming a second node therebetween, the
first diode means conveniently being formed by a third Mos
transistor having its gate electrode connected to the

20 second node.

The means for driving the second transistor may
comprise current mirror means whereby current passed by the
second transistor is a predetermined multiple of the
charging current in the capacitive means.

25 In an embodiment of the invention the current
mirror means includes a fourth MOS transistor and second
diode means coupled in series between the first and second
supply lines and having a third node therebetween, the ~
third node being connected to the gate electrode of the

30 second transistor, the gate electrode of the fourth
transistor being connected to the second node and
preferably the third and fourth transistors being of the
same conductivity type.

The current mirror means preferably comprises a

35 plurality of current mirrors.

The second diode means may be formed by a fifth MOS
transistor having its gate electrode connected to the third
node.

Output means may be coupled to the said first node
and conveniently the output means comprises inverting



transi stor being connected to the second node-and preferably the third and
fourth transistors being of the sane conductivity type. The current mrror
means ‘preferably conprises a 35 plurality of current mirrors. The second
di ode uteans may be formed by a fifth MOS tramsistor having its gate

el ectrode connected to the third node. Qut put neans may be coupled to the
said first node_and conveniently the output neans conprises inverting

-3- neans. Typuﬂﬂq\fﬁhe |nvert|ng nmeans are forned by two CMOS 5
inverters. Preferably &ibicadiy theannveripinmyimsxhs espontommed by hewo CMOS
predet er m neg poLRUA@ygFhange at the said first node for reducing current
consunption by the CIrCUIt foIIomA said indication. 10 The
addi ti onal means may cd¥g® rﬁéaiﬁ ierakingansgie previded respousivat
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20, the supp|y|uenmﬁnating current in the current mirror means.
An exemplary embodiment of the invention will now be
described with reference to the drawings in which;
Figure 1 shows a preferred embodiment of a power-on
15 detection circuit in accordance with the present invention
and;

Figure 2 is a graph illustrating the rise of the
supply potential VDD with time for the circuit of Figure 1.
Referring now to Figure 1 the circuit comprises

20 first and second supply lines 10 and 20, the supply line 10
receiving a supply voltage VDD and the supply line 20 being
a reference line, the supply voltage VDD being positive
referenced to the reference line.

A capacitor CO has a first terminal connected to the

25 supply line 20 and its second terminal connected at node A
to the drain electrode of a P-channel MOS transistor QO
which has its drain electrode also connected to its gate
electrode to form a diode and its source electrode
connected to the supply line 10.

30 A pair of complementary MOS transistors Ql and Q2
are connected in series between the supply lines 10 and 20
with the source electrodes of the transistors Ql and Q2
respectively connected to the supply lines 10 and 20 and
their drain electrodes coupled together to form a node B.

35 The transistor Q2 which is the N-channel transistor of the
pair also has its gate electrode connected to its drain
electrode at the node B to form a diode and the gate of the
P-channel transistor Q1 is connected to that of the
transistor QO.



receiving a supply voltage VDD and the supply |ine 20 being a reference
line, the supply voltage VDD being positive referenced to the reference
line. A capacitor CO has a first termnal connected to.the 25 supply line :
20 and its second terminal connected at ‘node A to the drain electrode™sf a
P- channel MOS transistor QO which has-i#s=drain el ectrode al so connected to
Its gate electrode to forma di ode and its source el ectrode conhnected to
the supply line 10. 3? A pair o npl enentary MOS transistors QL
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Referring now to Figures 1 and 2 together, the
instantaneous voltage VDD of the supply which is applied to
the supply line 10 rises with time T following its
application until it reaches a maximum value VDDO at a time
15 TO0. This rising supply potential may be expressed as;

e’

VDD = S.T where S = VDDO/TO

When the threshold voltage VT of the P channel
20 transistor Q0 is exceeded the capacitor CO will be charged
through the diode connected transistor QO by a current I0
where;

I0 = S.CO
25 _ N
By the action of a current mirror circuit formed by
two current mirrors and which includes the complementary MOS
transistors Q1 and Q2 the gate electrode of the transistor Q4
will be driven by a voltage derived from the instantaneous
30 voltage on the capacitor CO and the transistor Q4 is able to
pass a saturation current I4 which is a multiple N of the
charging current I0 of the capacitor CO.
This saturation currént I4 of the transistor Q4 may
therefore be expressed as
35
14 = N.IO



10 connected to the supply'line 20. Referring -nowto Figures 1 and 2

toget her, the instantaneous voltage VDD aof the supply which is applied to
the supply line 10 rises with time T following its application until it
reaches”a maxi num value VDDO at a tine 15 @ This rising supply potenti al
may be expressed as;. VDD = S. T where S = VDDO TO Wen the threshold vol tage
VT of the P channel 20 transistor Q is exceeded the capacitor COw |l be
charged t hrouglwhere di dde ac pmestetted ntimeadsimtlaripdd dry. a current |1 O where; 1O

= S.CO 25 By the actiond&f QH@JrJSe hd U ert MtHits TPk OVerd WP rent

mrrors and which inclu conpl enentary tran I stors and @ the
gat e el ectrode cofrneme thrdadientor Q4 will be driven by a vol tage derived
fromthe instantaneous 30 voltage on the capacitor CO and the transistor 4

is able to pass a saturation curr {g Tﬁg\ngibé tiple N of the
charging current 10 of the capacit 3 dt |on current 14 of the
transistor 4 nay therefore be expressed as 35 14 = -5- where N

is a predeterm ere §t|aplaoq‘rstm l:f)erb%nadser{@qllpg&” Qget W ‘g{;%at&r {mn

the current 13
transistor Q3, the voltage on the node between the

transistors Q3 and Q4 will be held close to the potential of
10 the supply line 20, i.e. nearly at zero volts.

It is possible that the current I3 will exceed the
current I4 at a point in time before that at which the supply
potential stabilizes at its maximum value.

In this case the condition 14 exceeds I3 is reached

5 when

N.S.CO=K3(VDD~VT)2

and the potential at the node C will change to VDD when
10

- S.CO
VDD-VT = N X3

In this way, the circuit will provide a power-on
15 indication by means of a rapid change of the potential at the
o node C from zero to VDD when the rising supply potential has
reached a predetermined value.
If the supply voltage VDD reaches its maximum value
VDDO before the condition
30
N.S.CO = K3 (VDD - VT)2

has been reached, the current I0 charging the capacitor CO
will decrease and may be expressed by the equation



K3 being a constant dependent upon the paraneters of the transistor @3,
vol tage on the node C between the transistors @B and Q4 will be held clo
to the potential of 10 the supply line 20, i.e. nearly .at zero volts. It

possi ble that the current 13 will exceeg the current 14 at a point in"t
before that at which the supply potential stabilizes at its maxi numvalu
In this case the condition 14 exceeds 13 is reached 5 when [err] and the

pot enti al

at the node C will I&hange to VDD Wen 10 [err] In this way, th

circuit will provide a power-on 15 | cation by =@f a rapid change
the potential at the node C from zer d“ﬂﬁnwmmnlggggigging supply

potenti al

has reached a predetermn value. If t |y vol tage VDD

reachesbits maxi num val ue VDDO before the condition 30 [err] has been

r eached,
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expressed by the equation [err] where

I's a constant defined by the

equation [err] 10 The current 14 will becone |ower than the
current 13 at a tine T given by [teyrd Ko (v-VT)2
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The current 14 will become Tower than the current 13
at a time T given by

T-10 -.2—8-([”-1—%9 &%

At this point the transistor Q3 conducts more
strongly than the transistor Q4 and the voltage at the node C
will switch to that of the supply potential VDD.

Consequently a change in the potential at the node C
from zero volts to VDD provides an indication that the supply
voltage has ceased to rise.

As described above the circuit provides a power-on
indication by means of a change in the potential at the node
C when the rising supply voltage has reached a predetermined
value or a short time after the supply potential VDD has
reached a maximum value.

In order to provide a suitable output signal from
the circuit the node C between the transistors Q3 and Q4 is
coupled to an output terminal 30 by two series connected CMOS
inverters. The first of the inverters is formed by a
P-channel transistor Q5 and an N channel transistor Q6
connected in series between the supply lines 10 and 20 and
having their drain electrodes connected together to form a
node D. The gate electrodes of the transistors Q5 and Q6 are
connected together and to the“node C. The second inverter 1is
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15 At this point the transistor @:conducts nore strongly than the _
transistar 4 and the voltage at the node Cwll switch to that of the
supply potential VDD. Consequently a change in the potential at the node C
20 frdmzero volts to VDD provides an indication that the supply voltage
has ceased to rise. As described above the-c¥reuit provides a power-on

I ndi cation by nmeans of a change in the potential at the node C when the
rising supply voltage has reached a predetermned 25 value or a short tinme
after the supplRBropotdsd ity a/ob ¢hannehchedn sii sb&r ndi amd uen Nncbarneelto
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oulput terminal 30 the node D is connected to the gate
electrode of a P-channel MOS transistor Q9 whose source
eletrode is connected to the supply line 10 and whose drain
electrode is connected to the gate electrode of the

15 transistor 1. Similarly the node C is connected to the gate
electrode of a N-channel MOS transistor Q10 whose source
eletectrode is connected to the supply line 20 and whose
drain electrode is connected to the gate electrode of the
transistor Q4.

20 When the potential at the node C becomes equal to
the supply potential VDD the transistors Q9 and Q10 will be
turned on thereby cutting current through the transistors Q1
and Q4 so that the power-on detection circuit ceases to
consume current when the power rising is over.

\J, 25 Nevertheless, once a detection is made by the
circuit of the rise of the supply potential VDD applied to
the supply line 10, the circuit will remain in a switched
condition with the output terminal 30 providing an indicating
output voltage equal to VDD until such time as the supply

30 potential VDD falls below the threshold voltage VT.

The invention has been described by way of example
and modifications may be made without departing from the
scope of the invention. For e§amp1e, although in the
described embodiment the transistor Q4 is driven from the

35 charging current developed in the capacitor CO via two



~ beconme VDD. In order to cut current consunption by the circuit 10 foll ow ng
-the provision of a power-on detection signal at the output term nal 30 the
node D is connected to the gate el ectrode of a P-channel MOS transistor @
whose source eletrode is connected to the supply line 10 and whose draird
électrode is connected to the gate el ec8rode of the 15 transistor 1.
Simlarly the node Cis connected to the gate el ectrode of a N-channel MOS
transi stor 0 0sSe source ﬁLetectro e is cgnngcteg to the sgpaly i ne 20
and whose GYAr&NEIBEFFBASi ENd8nAGcDRE £§SERE TG4 @N8l BOrEo@E AV SHe

transi stormfAro2® may be emplbhed.t hdfpdesdtried nat clulreenadai@ridecarest equal

to the supply eptial s ngi A a il 1 be turned on
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power - on dthecsamea conductivdayedypre witdurthedur garte e trodesower ri sing
I's overs 285nnected togbgkeriheless, once a detection is made by the
circuit of the rise of“the supply potential VDD applied to the supply |ine
10, the circuit will remain in a switched condition with the output

term nal 30 providing an indicating output voltage equal to VDD until such
time as the supply 30 potential VDD falls below the threshold voltage VT.
The i nvention has been descri bed by way of exanple and nodifications may be
made wit hout departing fromthe scope of the invention. For exanple,

al though in the described enbodi nent the transistor Q4 is driven fromthe
35 charging current developed in the capacitor COvia two - 8-
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current mrrors, this i's not essential and nore or fewer - mrrors nay be
enpl oyed. |If desired no current mrror need be used in which case the
transi;stors QO and 4 woul d be of the same conductivity type with their
gate el’ectrodes ‘5 connected together.’ -9 -gCLAIMS 5 1. A CMOS
power -on detection circuit conprising first and second supply |ines;
capacitive neans in which a charging current is generated in response to a
rising supply potential; first and second cefgfmgrentary MOS transistors
connected in series between the first and 10 second supply lines with their
drain el ectrodes connected together to forma first node, the gate
el ectrode of 8thd.first A rCM0S gawerromgietsvieidreccirciintcomperising first

t i st ' [ ch, i IRV tenti al
H es: “means fofsf Sddoq Bk iy MEAIAEREtnddis SHERMIOR &N 7 |
provi de a seconFbangindg quirentrig gensrated i bnaresponse thaa grbgingrrent,
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maxi nrum val ue bei ng praovi ded by a predeterm ned potent’

said node in 20§£§£§iﬁﬁﬂﬁ§ qFhed cHnigereies Rrivegn (Hhe rF158t A second

currents. 210 sebuhdisupply imes|with théibr eiraimceXdet god@s Cobhgatted

connected | n ceabteE, B SEIE At R, (ohe aite eEFFr LR ot B

suppl y lines andimstritnansistomdeinty connathedosm. that the first
transistor passes a first current which increases as the
supply potential rises; means for driving the gate

NG 15 electrode of the second transistor to provide a second
current therethrough proportional to the charging current,
an indication of the supply potential having attained a
predetermined or maximum value being provided by a
predetermined potential change at the said node in
20 dependence upon the relative values of the first and second

currents.

2. The circuit oF claim 1 wherein the charging
current in the capacitive means may be generated through

25 first diode means connected in series with the capacitive
means between the first and second supply lines and forming
a second node therebetween.

3. The circuit of claim 2 wherein the first diode means
30 is formed by a third MOS transistor having its gate
electrode connected to the second node.

4. The circuit of any preceding claim wherein the means
for driving the second transistor comprises current mirror

35 means whereby current passed by the second transistor is a
predetermined multiple of the charging current in the
capacitive means.

L



§
3. The circuit of claim2 wherein the first diode neans 30 is fornmed by .
~a third MOS transistor having its gate el ectrode connected to the second
node. 4. The circuit of any preceding clai mwherein.the nmeans for :
driving the second transistor conprises ggr~ent mrror 35 neans wher eby
current passed by the second transistor is a predetermned nultiple of the
charging current in the capacitive neans. -10- 5. The circuit of
claim4 wheFei n t HEheucizowiti ofoclaimnd whekadnsthef curirenkORitrrarsi st or

and second (Lol PnoTadas CRUPbELL OS! LESNBELYBENahAC sELbRly Aldqaccond
supply lines and having a third node hereBe ween, e®ER°Pd Rode bei ng
connect & tRPARS ¢evRledcinrseries batweenothet finstsand segongasupply

el ectrode of inée dRd'kavingna €h9rabrbAE cREPEPLeUebA,! RReSeRIRA RodRe 10

6. The circuit of ¢ alng BEgnd 5 whe EI@ tge third and fourth

transistorébﬁéﬁ% teRneghed EAJERE; FRES F;ﬁ@.r?.e of The 8eFen™ of any one

of clainms 4cranéistergi théehgaté elacteolenbfr thentanrthorpansdstarpl urality

of current r Cefhl GUI f one of clains 5 to 7 wherein
%%%%g éonﬁected Ig tﬁbbgggapgfpﬁaéts

t he second nmeans s forne transistor 20 having its
gate el¥etrode connected to the third node. 9. The circuit of any

precedi ng cgai m whphgi 8ipghpY! ofCaNaimg §0HRKCE WRekBEnSehd khity AAde. 25
10. The CIrEUIt of , claim mheLeln tge outgut nmeans ,cqQnpri ses i nverting
means. ourth transistors have the sam conduct1v1g9 type.

7. The circuit of any one of claims 4 to 6 wherein the
15 current mirror means comprises a plurality of current
mirrors.

8. The circuit of any one of claims 5 to 7 wherein the
second diode means is formed by a fifth MOS transistor
20 having its gate electrode connected to the third node.

9. The circuit of any preceding claim wherein output
means is coupled to the said first node.

25 10. The circuit of claim 9 wherein the output means
comprises inverting means.

11. The circuit of claim 10 wherein the inverting means -
is formed by two CMOS inverters.
30
12. The circuit of any preceding claim wherein
additional means is provided responsive to the
predetermined potential change at the said first node for
reducing current consumption by the circuit following said
35 indication. .
13. The circuit of claim 12 wherein the additional means
comprises means for terminating current in the current
mirror means.
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ﬁl. The circuit of clairm 10 wherein the inverting neans is fornmed by two
CMCS inverters. 30 12. The circuit of. any preceding clai mwherein
addi ti onal nmeans is provided responsive to the predeterm ned potenti al
changeat the said first node for reduci ng-cyfirent consunption by the
circuit follow ng said 35 indication. 13. The circuit of claim 12
wherein the additional nmeans conprises neans for termnating current in the
current mrror I#ans. A CMdS powdrebfiSdpbeetion déreutitosubstenttially as
substantial ly i | be it ce .t ng.asgqt ed..inb5
the draw ngs. ?%e€§{§0&§%8§85§§ 114t BepELERERCEO! 8n@ 2311 LikEShERKCY n

5 the drawings.
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