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5 TECHNICAL FIELD
The present invention relates to power-on reset
circuits and more specifically to power-on reset circuits
used in semiconductor devices.

10 BACKGROUND ART
When power (V_ ) is applied to a semiconductor
device, the various components comprising the device
receive power in an essentially random fashion. One
potential outcome is an indeterminate state when V_

15 reaches a steady-state level. Similarly, some components
such as flip-flops require a settling time for the
components to reach a steady operating condition. Thus a
circuit, referred to as a power-on reset (POR) circuit,
is employed to ensure that the components of a

20 semiconductor device remain in a reset state until a
stable V. is attained. The POR holds the device
components in reset with a reset signal which is removed
when steady state conditions are attained.

With increasing use of laptop computers,

25 personal digital devices such as PDAs, cell phones and so
on, there is an increased awareness to maintaining a low
power consumption. A prime area of consideration is the
design of POR circuits. Such circuits come into play
only during the power-on cycle, and ideally become

30 inactive and consume no power afterward. It is thus
desirable to have a POR circuit that is capable of
turning itself off in order to conserve power during its
inactive (or steady state) condition.

35 SUMMARY OF THE INVENTION
A power-on reset circuit comprises a first
charging means coupled between a power supply terminal
and a node A. The potential at node A drives a first
circuit consisting of first and second series coupled
40 transistors, having an output which follows the potential
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In a preferred embodiment, the charging means
is a capacitor coupled between the power supply terminal
10 and node A. The transistors of the first circuit are
N-channel zero threshold devices. The transistors in the
second circuit include a P-channel device and an
N-channel device, the N-channel device also being a zero
threshold voltage device.
15
BRIEF DESCRIPTION OF THE DRAWING
The Figure shows a schematic diagram of the POR
circuit of the present invention.

20 BEST MODE OF CARRYING OUT THE INVENTION
With reference to the Figure, the power-on
reset circuit 100 of the present invention comprises two
outputs POR and POR, respectively providing a reset
signal and an active low reset signal at the front end of
25 circuit 100. The POR signal is driven by inverters 106
and 102, and the POR signal is driven by inverter 104
which simply inverts the output of inverter 102. The
width-to-length (W/L) ratios of the transistors
comprising each inverter are given. The top ratio
30 specifies the device dimensions for the P-channel device,
while the bottom ratio specifies the dimensions for the
N-channel device. This is exemplified in the Figure by
the internal representation of inverter 130, showing the
transistors and their corresponding W/L ratios. 1In
35 addition to the inverters, the W/L ratios of the transis-
tors comprising the circuit are also shown in the Figure.
The back end of the power-on reset circuit
includes a voltage detection stage 162 comprising
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output is coupled to a second ci [ R , .
P N~£hanne1 transgs or 5%3 Lav1ng a source-drain coupling

between a power rail 110 and a node B. N-channel
transistor 152 has a similar source-drain coupling
between node B and ground. Each N-channel transistor
5 150, 152 is a zero threshold voltage (V, = 0 V} device.
Moving forward, node B is coupled to the gates
of transistors 140 and 142 which constitute charging
circuit 164. Transistor 140 is a P-channel device having
a source coupled to power rail 110 and a drain coupled to
10 the drain of an N-channel, zero threshold voltage
transistor 142. The source of transistor 142 is coupled
to groﬁnd.
Continuing forward, the drain-drain connection
node C of the 140/142 transistor pair is coupled to the
15 input to inverter 130. Node C is also coupled to ground
via capacitor 122. The output of inverter 130 is coupled
to node A which in turn is coupled to power rail 110 via
capacitor 120. A feedback path 160 is provided from node
A to drive the gates of transistors 150 and 152.
20 In operation, when power is initially applied
to the circuit, power rail 110 begins ramping up from
zero volts. The voltage V, at node A follows the voltage

Voower rait &t poWer rail 110 as capacitor 120 begins to
charge. As V, increases above 0 V, transistors 150, 152
25 begin to turn on. Since the gate of transistor 152 is

coupled to node A, it immediately begins to conduct,
recalling that transistor 152 has a source coupled to
ground and V, = 0 V, and will continue to do so during the
power-up sequence since the condition V, 2 0 V holds

30 during power-up. This has the effect of lowering the
potential V, of node B to ground potential. Consequently,
transistor 150 begins to turn on, since its V,  too is
greater than V, = 0 V. This tends to drive V;, from ground

potential to A/ However, the gate-source

wer rajl*

35 capacitance of transistor 142 is large; observe in the
Figure that the W/L ratio for transistor 142 is 3.1/117.
This has the effect of delaying the rise of V; and, as a

rgsult, V, will lag behind Voower rail *
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rigey otrRBSEPEOF e142 hRegdnB tanturn on, since its Vv, = 0 V
and V; is positive. This will tend to slow the charge
time of capacitor 122 as the charge flowing from
transistor 140 is divided between capacitor 122 and
transistor 142. As the capacitor charges, the voltage V,
at node C begins to rise. V. continues to rise until it
reaches the trip point of inverter 130, namely the
threshold voltage of the N-channel device comprising the
inverter. When that happens node A is coupled to ground
via the N-channel device of inverter 130, thus taking the
voltage V, at node A to ground.

As a consequence, the gate potential of
transistors 150, 152 go to ground because of the feedback
path 160 from node A to the gates of the transistors.
Since V; is positive at this point, the effect of
grounding the gate of transistor 150 is to turn the
transistor off, since its Vg becomes less than the
transistor’s threshold voltage. However, transistor 152
remains on, since V,, = 0 V and its V, is 0 V. This
combination of circumstances tends to drive V, to ground
potential. Though V, goes to ground; transistor 150
remains off even though the gate potential is at 0 V and
Vy is at 0 V. Any tendency for transistor 150 to turn on
will drive V, above the transistor’s gate potential, which
remains at 0 V by virtue of the feedback path 160 to node
A, and thus turn itself off (recall that V, = 0 V). V, is
driven back to ground through transistor 152 and in this
way, V; is maintained at ground potential.

P-channel transistor 140 remains turned on
since Vg = Vg - V,.or rajir Which at this point is less than
the transistor’s V.. Capacitor 122 maintains its charge
via transistor 140, thus maintaining a HI at the input of
inverter 130 and producing a constant LO (i.e. ground) at
its output. Thus node A remains grounded. Consequently,
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i ncludes a voltage etection stage I62 conprising
potential. With V, malntalned at ground potential,
transistor 140 remains on and transistor 142 is off.
This condition presents a logic HI to inverter 130 which
outputs a LO, thus holding node A to ground.
10 . Thus, in the steady state condition, it can be
seen tQat there are no power burning stages. Transistor
152 remains on to hold node B at ground potential, and
since transistor 150 is off there is no current flow from
the power supply through transistor 152. Transistor 140
15 serves to provide a logic HI to inverter 130, thus
maintaining a L0 at node A, which is fed back to
transistor 152 and so on, maintaining the steady state
condition. Capacitor 120 and capacitor 122 maintains its
charged state since there is no discharge path and so
20 does not dissipate energy in the steady state condition.
As noted above, the triggering of inverter 130
drives node A to ground thus putting the circuit into a
zero power-consuming steady-state condition. There are
two factors which affect the triggering of inverter 130.
25 First, is the charge build up of capacitor 122. It is
the charging of the capacitor which brings V., up to a
positive voltage. The charge time of capacitor 122 can
be adjusted so that the trip point of inverter 130 is not
reached until the power reaches the desired voltage level
30 V.- As shown in the Figure, a value of 2.2226 pF for
capacitor 122 was shown to exhibit the desired effect.
The second factor is the sizing of N-channel
transistor 142. The high ground-source capacitance
resulting from the large gate area of the transistor (W/L
35 is 3.1/117) permits V; to lag behind V Voouer rait *
vV, must be at a potential sufficiently lower than V

Moreover,

power rait
so that V  of P-channel transistor 140 becomes less than

its threshold voltage, allowing transistor 140 to turn on
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- 3- \?54339%? transi stor 150.having a source-drain coupling

bet ween a po | 110 and a node B. N-channel transi CHFUSIEBRUs a
simlar source-drain coupling - between node B and ground. Each
N-channel transistor 5 150, 152 is_g-zero threshold voltage (V[err] =0
V) devi ce. Movi ng forward, node B is coupled to the gates
of transistors 140 and 142 which constitute charging circuit 164.
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node C of the 140/142 transistor pair is coupled to the 15 I nput to

i nverter 13 Cis also coupled.to ground via ca ' .
The out put §?°|9%}\9/g°}§%er 130 is coupl ed to node A which in /ﬂ%/z%és%
coupled to power rail 110 via capaci tor 120—A-feedback-path 160 is
provi ded from node A to drive the-gates of tran5| stors 150 and 152.
20 In operation, when power is ini st Replaced { g t he
circuit, power rail 110 begins ranping up from si The

vol tage VA at node A follows the vol t &aims it || wer rail
110 as capacitor 120 begins to charge As V[err] i ncreases above 0V,

transi stors 150, 152 25 é%r¥ tur Since the gate of transistor
152 is 1coudt RPHSFTRIEF 98t (C} 6&‘@?@"’:}%‘@'}% to conduct,
recal ling that transi stlarding fmﬁs sauza:)e ﬂwphﬂ:b\itﬁung a \g:smstﬁe and

i nce. fhe oM gt e’ o \F pEfate poudy ddiory, e RIEY 41 ST
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fr om gr ound FYespongg e t3 frigger [%gﬂald—mkﬁ/eﬁlrﬁménﬁfdl%- ked to
hold the voltage level of the charging means at ground
10 potential when triggered; and
second means (162, 164, 122), electrically
couple’d to the first means, for providing a trigger
signal in response to a rising voltage level at the
charging means (120), the second means adapted to trigger
15 the first means:;
a feedback path coupling the charging means
{120) to the second means (122).

20 2. The reset circuit of claim 1 wherein the charging
means is a first capacitor (120) coupled between the
power supply voltage and a first node (A), thereby
producing a rising voltage level as a power supply begins
to increase in voltage.

25

3. The reset circuit of claim 2 wherein the first means

is an inverter (130) having an input to receive the

trigger signal and having an output coupled to the first
30 node {(A).

4. The reset circuit of claim 3 wherein the second

means includes a second capacitor (122) coupled between
35 the inverter input and ground, the trigger signal being a

first voltage potential across the second capacitor.

-
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second capacitor (122) to a level equal to the first
voltage potential, in response to the rising voltage
level of the charging means.

6. The reset circuit of claim 3 wherein the second
means includes:

a second capacitor (122) coupled between the
inverter input and ground;

a P-channel (140) device coupled in series with
an N-channel device (142) at a second node (C), the
second node being coupled to the second capacitor to be
charged thereby; and

a pair of zero voltage threshold transistors
(150, 152) coupled at a third node (B), the third node
being coupled to the gates of the P-channel and the
N-channel devices;

the feedback path {(160) coupling the first node
to the gate of each of the zero voltage threshold
transistors.

7. The reset circuit of claim 6 wherein the N-channel
device (142) is a zero threshold voltage device.

8. A power-on reset circuit comprising:

first means (120) for raising the potential at
a node A as a power supply voltage increases;

second means (150, 152), electrically coupled
to node A, for raising the potential at a second node B
in response to a rising potential at node A;

third means (140), electrically coupled to node
B, for raising the potential at a third node C in
response to a rising potential at node B, the third means
having means for delaying the onset of raising the

R R O O

potential at node C; and
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transi stors 150, 15 0 0 cause of the feedback path 160
from node AVPItAHE 58@& Fgﬁhggﬂégaﬂﬂﬁ5ﬂ§;h I8P err] is positive
at this poi atectiicaliigcconplad tognuﬂuuhrtptfﬁbgﬁwe hhetpatentiml 150 is
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since V[ errglectricaddy coupled ta nag@e/AThi s conbi nati on of
ci rcunstances tends to drive V[err] to ground 25 potential. Though
V[err] goes to ground, transistor 150 remai ns of f even though the

gate potential is at 0 V and
9. The reset circuit of claim 8 further including an

10 inverter (106) having an input coupied to node A, an
output of the inverter providing a reset signal.

10. The reset circuit of claim 8 wherein the fourth
15 means is an inverter (130) and the first voltage level is
the trip point of the inverter.

11. The reset circuit of claim 8 further including a

20 power supply terminal and a ground terminal, wherein the
first means is a first capacitor (120) coupled between
the power supply and ground terminals.

25 12. The reset circuit of claim 11 wherein the second
means includes first and second series-coupled, N-channel
transistors (150, 152), coupled at node B, gates of the
transistors coupled to node A.

30
13. The reset circuit of claim 12 wherein the N-channel
transistors are zero threshold voltage devices.

35 14. The reset circuit of claim 12 wherein the third

means is a P-channel transistor (140) having source and
drain terminals coupled between the power supply terminal
and node C, and having a gate coupled to node B.

A



Vlerr] is at 0 V. Any tendency for transistor 150 to turn on. wi ||
drive V[err %Pove the transistor's.gate potentTar “whi ch .remai ns at
0 V by virt 9 B8R"%Re feedback path 160 to node 3 tH@Beealkdplicbth USIHAAAS0 .

itself off (recall that V[err] =0 V). V[err] Qank to
ground through transistor 152 and in thyg- %“\ng\“ﬁ‘! s mail nt ai ned
at ground potential . P- channel I ns

turned on since V[err] = Verr] - V[err], which at this p0|nt is |less
than 35 ~ thbe t mhesireset mybalin:] of €apdmi tar whéfedni thei meanss folrar ge

via transistor 140, t.hus g p verter
130 and proéﬁé|33ng &5n§P EE#B E %§E8 ﬁ%{ggﬁoia leggge 1EQ Thus
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PCT/USQ8/24§§8e C and ground, and having a gate coﬁEled to node B.

5
16. The reset circuit of claim 15 wherein the third
means further includes a second capacitor (122) coupled
between node C and ground.
10
17. The reset circuit of claim 14 wherein the first and
second N-channel transistors (150, 152) are zero
threshold voltage devices.
15
18. A power-on reset circuit comprising:
a first terminal (110) for connection to a
first potential;
20 a second terminal for connection to a second

potential;
a first capacitor (120) coupled between the
first terminal and a first node (Aa):;
an inverter (130) having an input and an
25 output, the output coupled to the first node;
a second capacitor (122) coupled between the
input of the inverter and the second terminal;
first means (162), electrically coupled to the
first node (110), for outputting a voltage level that
30 follows the potential of the first node; and
second means (164) for charging the second
capacitor (122), the second means having an input coupled
to receive the output voltage of the first means, the
second means further having an output coupled to the
35 second capacitor.
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node A to g?‘&]nd.’rﬂforese% Circul ﬂﬁlé’,qullp tlﬁewéle&?&? 3‘1115@ tion, it
can be meaasn inkcdudelsc meanse fior delaying rdheg osisede o f Trensi st or

152 renainsfggr%gnggkg Qﬂgpsgc%Edg%%%Egﬁgg%ﬁntiaI, and si nce

transi stor there 1's no cu ow from t he power supply
t hrough transistor 152. Transistor 140 15 serves to provide a logic H
to invegrter 130, thus mai ntaining a LO at node A, which is fed back
to transi stor 152 and .,so qn, namintgining the steady state

condition. e8pactPEr TESELAGITCHI Ao ClRIRM F§ wheredn the firstarged
state sinceémehfke intlnded aCpaige ofaiderdd Tonnected transistors

(150, 152) coupled between the first and second
‘terminals, a gate of each of the transistors being
10 coupled to the first node (110).

L4

21. The reset circuit of claim 20 wherein each of the
transistors is an N-channel device having a zero
15 threshold voltage.

22. The reset circuit of claim 20 wherein the pair of

transistors (150, 152) is coupled at a second node (B):
20 the second means includes a P-channel transistor and an

N-channel transistor coupled in series between the first

and second terminals, a gate of each being coupled to the

second node; and a source of the P-channel transistor and

a drain of the N-channel transistor are coupled to charge
25 the second capacitor.

23. The reset circuit of claim 18 wherein the first
terminal is a power supply rail and the second terminal
30 is a ground rail.

24. A power-on reset circuit comprising:
a power connection (110);
35 a ground connection;
an output node A;
a first capacitor (120) coupled between the

power node and the output node; ”",IIJ |"||L| 'IIJI "I’sl " Im




20 does not dissipate energy in the steady state condition.
As noted abgve the triggering of inverter 130 T Tdarives nede A to

ground "t husYPUPEIHg the circuit into a 281 i - consni iy 824630,
steady-state condition. There are two facy N @ct the
triggering of inverter 130. 25 Fi rstaai-s thm | ,I up of
capacitor 122. It is the charging of th ' J f | cly brings
Vlerr] up to a positive voltage. The-charge time of capdcitor 122
can e beladjustedfimsthahdtbecbmﬂpqmanaisﬂbﬁSn@mﬁnar1520iqpupied
reached unti, . r h t i : err]. As
shown in thé%%%%?g,gmge&g'?%g’ g?’ ez???%?;?’?ﬂ'&ﬁﬂ‘g%{cf}?& '?%'ro% [vvas] shown

to exhi bit toanectiiond &heefiirst and second trapgdisferFheTuRY} is t he

sizing of NegRather at a nbk@ng;stor 142. The high ground-source

capaci tance resulting fromthe | arge gate area of the transistor (WL
35 Bs 3.1/117) perm%dvﬁépr]f%%&’%éﬁ%rﬁ%rﬁ@wﬂrﬁ)v&?“ple&

V[err] nust jpe sariespdletiicen thef powesnidonreatsion ad \Yhar rdround  so that
VLT AR B8 bl e SR il f¥ore coled ' esiol o
together at a node C, the third and fourth transistors
each having a gate coupled to node B;
10 a second capacitor (122) coupled between node C
and the ground connection;
a first inverter (130) having an input coupled
to node B and an output coupled to node A; and
a feedback path (160) coupling the output node
15 to gate terminals of the first and second transistors.

25. The reset circuit of claim 24 wherein the first and
second transistors (150, 152) are zero threshold voltage
20 N-channel devices.

26. The reset circuit of claim 24 wherein the third
transistor (140) is a P-channel device and the fourth
25 transistor (142) is a zero threshold voltage N-channel

device.

27. The reset circuit of claim 24 wherein the first and

30 second transistors are zero threshold voltage N-channel
devices, the third transistor is a P-channel device, and
the fourth transistor is a zero threshold voltage
N-channel device.

35
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28. The reset circuit of claim 27 further including a
second inverter (106) having an input coupled to the

output node, whereby the output node serves as a reset
signal and an output of- the second inverter serves as a
5 complement of the reset signal.

29. The reset circuit of claim 28 further including a
third inverter (102) having an input coupled to the

10 output of the second inverter (106), and a fourth
inverter (104) coupled to an output of the third
invertér, whereby the output of the third inverter serves
as the reset signal and an output of the fourth inverter
serves as a complement of the reset signal.

_—
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-7- Cd.ains
circuit conprising: g

A power-on reset

e g ép) for outputting a
| 1HUpp! y vol t age: )

vol tage 5 | evel in response to a ri ..
first meansyéddiesz el ectrically cougl char gi PET)ﬁEfé)ﬁw or
providing a ground potential in _ response to a trigger srgnal, the

first neans adapted to hol d t he8ttage | evel of the chargi ng neans
at ground 10 potenti al when AMENBEBICLAIMS second means

(162, 164, 122)recetvelty the Mtbiational Bufaudha® Rebniahe199or(3b.on@ens, for
pr ovi di ng 2h; ;g:lﬁi%ﬁﬁl claims 12$aéhhalzelcah&ue&»§cm§mcta&a§1gre,%g P:ﬂ_x\agg,agﬁe' i‘\éel at
oL B il SRR i SERGY: (Prddss

first neans, the second neans iInc coupl ed
zero voltage threshold transistors (150, 152); a feedback
path coupling tha pheeg+og mesets circuit comprising:

charging means (120) for outputting a voltage
5 level in response to a rising power supply voltage:;
first means (130), electrically coupled to the
charging means, for providing a ground potential in
response to a trigger signal, the first means adapted to
hold the voltage level of the charging means at ground
10 potential when triggered; and
second means (162, 164, 122), électrically
coupled to the first means, for providing a trigger
signal in response to a rising voltage level at the
charging means, the second means adapted to trigger the
15 first means, the second means including a pair of series-
coupled zero voltage threshold transistors (150, 152);
a feedback path coupling the charging means
(120) to the pair of zero voltage threshold transistors
(122).
20

2. The reset circuit of claim 1 wherein the charging
means is a first capacitor (120) coupled between the
power supply voltage and a first node (A}, thereby

25 producing a rising voltage level as a power supply begins
to increase in voltage.

3. The reset circuit of claim 2 wherein the first means

30 is an inverter (130) having an input to receive the
trigger signal and having an output coupled to the first
node (A).

35 4. The reset circuit of claim 3 wherein the second
means includes a second capacitor (122) coupled between
the inverter input and ground, the trigger signal being a
first voltage potential across the second capacitor.

wesoeo sweer grcee o | (TR TN




(120) to the pair of zero voltage threshold_transisters-——— (122). 20
2. The-resavoodneeset of claim 1 wherern the charging NEPOTEUS98/24630 1 1 St

capacitor (120) coupled between the _4g_ p@heﬁmS:_ atedge and a first

node (A), thereby 25 producing a rising v ﬂﬂg~,ﬁﬁa %qaﬁpomer suppl y
BEH- cifjcuit of claim

0) having I nput to

begi ns to increase in voltage.
2 wherein the first nmeans 30 I's an inverter
receive the tri nal V|n upl o the first
node (A). 2+ 35Thg ¥ ég%%e tc??cﬁ ngﬁ%gﬁwﬁége%ngg ? second
means |ncIm@unsiﬁunthmkcnmmbmdes 41Q2rcumupKéd4befmeenharg1ng the

second capacitor (122) to a level equal to the first

voltage potential, in response to the rising voltage

5 level of the charging means.

6. The reset circuit of claim 3 wherein the second
means further includes:
10 a second capacitor (122) coupled between the
invertgr input and ground; and
a P-channel device (140) coupled in series with
an N-channel device (142) at a second node (C), the
second node being coupled to the second capacitor to be
15 charged thereby:
the pair of zero voltage threshold transistors
(150, 152) coupled at a third node, the third (B) node
being coupled to the gates of the P-channel and the
N-channel devices;
20 the feedback path (160) coupling the first node
to the gate of each of the zero voltage threshold
transistors.

7. The reset circuit of claim 6 wherein the N-channel
25 device (142) is a zero threshold voltage device.

8. A power-on reset circuit comprising:
first means for raising the potential at a node
A as a power supply voltage increases:

30 second means (150, 152), electrically coupled
to node A, for raising the potential at a second node B
in response to a rising potential at node A, the second
means including first and second series-coupled, N-
channel transistors, coupled at node B, gates of the N-

35 channel transistors coupled to node A;

third means (140), electrically coupled to node
B, for raising the potential at a third node C in

response to a rising potential at node Bi_Eggﬂfgigg_ggggg__
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the inverter input and ground, the trigger signal being a first
voltage potential across the second capaC|tor

- 8-
further

10

15

20

25

30

35

includes a circuit (164) for char
(122) to a level equal to the first
the rising voltage 5 | evel of the char

YOMM¥6Feset circuit of clai %Wmeenk@aceaeconaﬂmswﬁ,‘%s
Ul second capacitor
Blllﬂ |aj I n response to

having means for delaying the onset of raising the

si:::::m

potential at node C; and

fourth means (130) for holding the potential at
node A to ground in response to node C reaching a first
voltage level, the fourth means having an input
electrically coupled to node C to receive the potential
at node C, the fourth means further having an output

.electrically coupled to node A.

9. The reset circuit of claim 8 further including an
inverter (106) having an input coupled to node A, an
output of the inverter providing a reset signal.

10. The reset circuit of claim 8 wherein the fourth
means is an inverter (130) and the first voltage level is
the trip point of the inverter.

11. The reset circuit of claim 8 further including a
power supply terminal and a ground terminal, wherein the
first means is a first capacitor (120) coupled between
the power supply and ground terminals.

12. [Cancelled]

13. The reset circuit of claim 8 wherein the N-channel
transistors are zero threshold voltage devices.

14. The reset circuit of claim 8 wherein the third means
is a P-channel transistor having source and drain
terminals coupled between the power supply terminal and

0B

node C, and having a gate coupled to node B.

AMENDED SHEET (ARTICLE 19)



6. The reset circuit of claim3 wherein_the second nmeans further

i ncl udes: 10WO 99/27652 a second capacitor (122) coupl ed betrorarsssizesso

i nverter input and ground; and -1 ThlsSh@tlﬁ’asﬁ&ﬁﬁiQﬁic ddeV| ce (140)
coupled in series with an N-channel dEHIEEI a second node
(O, the second node bei ng coupl ed tof [§i HH lf U&pamtor to be 15
char ged t her eby; the pair o hreshol d

transi stors féﬂ?% ﬁ%%ﬁﬁ t ode
bei ng coupl edr> toqi e gat es 0 E\ng-jfcﬁ';anaﬁl Iﬁ%‘rgq n Qﬁel\#éégnne%’rn
devi ces; 20delaying is amdifghamnsl, wene (Wesshold Yeltage @devicenode
to the gate @fyPaq{awing Qﬁ.‘a’-ﬁ'{ Qnepldafteed W&%ﬁ‘ﬂ&hs co%%i.éénﬁéﬁﬁgéﬁ

7. The reset CIrCUIt of” claim 6 whereinh the N channel device (142) is
a zero thredfde) G andgEFrIRA cAnd having a gafRsoupledste pPRe P

conpri & ng: first neans for raising the potential at a node

16. The reset circuit of claim 15 wherein the third
means further includes a second capacitor (122) coupled
_ between node C and ground.
10

17. The reset circuit of claim 14 wherein the first and
second N-channel transistors (150, 152) are zero
threshold voltage devices.

15

18. A power-on reset circuit comprising:
a first terminal (110) for connection to a
first potential;
a second terminal for connection to a second
20 potential;
a first capacitor (120) coupled between the
first terminal and a first node;
an inverter (130) having an input and an
output, the output coupled to the first node;
25 a second capacitor (122) coupled between the
input of the inverter and the second terminal;
first means (162), electrically coupled toc the
first node (110), for outputting a voltage level that
follows the potential of the first node, the first means
30 including a pair of series-connected N-channel
transistors coupled between the first and second
terminals, a gate of each of the transistors being
coupled to the first node; and
second means (164) for charging the second
35 capacitor (122), the second means having an input coupled
to receive the output voltage of the first means, the
second means further having an output coupled to the

second capacitor.
W—— LTI




A as a power supply voltage increases: 30 ___ second neans (150,

152), electr oupl ed to node A for raising- the-potentlal at a
second node ‘%8%15%5% n response to a rising mtsg&mghec%tk r]od TUREAE s ond

means including first and second seried8cpupl Gnnel

transi stors, coupled at node B, gates oft;he ' ”m transi stors
coupled to node A, t hird jhrean rlcaIIy coupl ed
t o node B, for ra|5|ng t he potentlél at athird node Cin

response tola.riwhagrpQBEnbuabuat nﬁdela;gtpe whereinc&he second
having meang Lot 46E#¥E8E hBEnS"E8E 8B153i%L"e¢nk Bnset of the

charging of the second capacitor.
20. [Cancelled]

21. 'The reset circuit of claim 18 wherein each of the
10 transistors has a zero threshold voltage.

+

22. The reset circuit of claim 20 wherein the pair of

transistors (150, 152) is coupled at a second node (B):
15 the second means includes a P-channel transistor and an

N-channel transistor coupled in series between the first

and second terminals, a gate of each being coupled to the

second node; and a source of the P-channel transistor and

a drain of the N-channel transistor are coupled to charge
20 the second capacitor.

23. The reset circuit of claim 18 wherein the first
terminal is a power supply rail and the second terminal
25 is a ground rail.

24, A power-on reset circuit comprising:
a power connection (110):
30 a ground connection;
an output node A;
a first capacitor (120) coupled between the
power node and the output node;

LT
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potenti al

coupled to node Cto receive the potenti al

at node C, and f
pot enti-al -atWO99/7276sa0de A to ground in response to node !
5 vol tage | evel, the fourth means hagingTiasshesnH B”““ﬁ el ectrical

t.he fourt

means further having an out put el ectri c‘ﬂ‘ | oinhode A
9. The reset circuit of claim8 further incl® ng an I nverter

broviding a reset of gideet GEF decdld, srangiBEby Asd. dsd) Faireq
wher ei n t he ilowerties betwasandhes povemcannectizgoprdndhehgrdurst vol t age
com{é?ﬁ:i%cfri P i Hirdt WHa ISR E trandistors cbhplBY reset

| evel is

circuit of claims§8

5

10

1s

20

25

30

35

ur't her including a
together at a node B;

third and fourth transistors (140, 142) coupled
in series between the power connection and the ground
connection, the third and fourth transistors coupled
together at a node C, the third and fourth transistors
each having a gate coupled to node B;

a second capacitor (122) coupled between node C
and the ground connection;

' a first inverter (130) having an input coupled

to node C and an output coupled to node A; and

a feedback path (160) coupling the output node
to gate terminals of the first and second transistors.

25. The reset circuit of claim 24 wherein the first and
second transistors (150, 152) are zero threshold voltage
N-channel devices.

26. The reset circuit of claim 24 wherein the third
transistor (140) is a P-channel device and the fourth
transistor (142) is a zero threshold voltage N-channel
device.

27. The reset circuit of claim 24 wherein the first and
second transistors are zero threshold voltage N-channel
devices, the third transistor is a P-channel device, and
the fourth transistor is a zero threshold voltage

Ll

c L

N-channel device.

*
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power supply termnal and a ground term nal, wherein the first neans
Is a first (120) coupl ed between” — " The power Su

ground term na S7E§5 12. [Cancel | ed] élgem 1}3 RcTE 1%]§%§9§B??38Mt
of claim8 wherein the N channel 20 ansi o 23 ol ar eshol d

vol t age devi ces. 14. The reset ci rcuj Eﬂﬂ %) Lvherel n the
third neans 35 I's a P-channel transistor ha . iz dr ai n

term nal s coupl ed between the power supply term nal and node C, and
havi ng a gaa®. conipéeresetnoilec®Bit of claim 27 further including a

second inverter (106) having an input coupled to the

output node, whereby the output node serves as a reset
signal and an output of the second inverter serves as a
5 complement of the reset signal.

29. The reset circuit of claim 28 further including a
third inverter (102) having an input coupled to the

10 output of the second inverter (106), and a fourth
inverter (104) coupled to an output of the third
inverter, whereby the output of the third inverter serves
as the reset signal and an output of the fourth inverter
serves as a complement of the reset signal.

0
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- 10- 15. The reset circuit of claim 14 wherein the nmeans for
del ayi ng i syaohhghannel , zero threshold voltage device * perrssszasst 140)

havi ng drain and source term nals coupl ed between node C and
ground, and having a gate coupled to node B. 5 16.
The reset circuit of claim15 wherein the third means further
i ncl udes a second capacitor (122) couplAd bet ween node C and
gr ound. 10 17. The reset circuit of claim 14 wherein
the first and second N-channel transistors (150, 152) are
zero
&4 22
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(54) Title: ZERO POWER POWER-ON-RESET CIRCUIT
(57) Abstract

the second charging stage (164).

A power—on-reset circuit includes a first charging stage (162) for building up a charge during power up. The rising voltage of the
first charging stage is sensed and used fo control means (122) for charging up a second charging stage (164). When the second charging
stage reaches a first voltage level, a circuit (130) is tripped to pull the potential of the first to ground. The grounding of the first charging
stage (162) is fed back to the charging means (122) which shuts off its power buming components and maintains the first voltage level at




c'éupl‘e.d to the first nodg;“) and PcT]l;e09n§ (rezar{'l's_ %%..

for charging the second - 35 . .capacitor (122)'?%@&9}:2%%&

havi ng an i nput coupl ed to receive the output voltage of the

first means, the second neags further having an out put

coupled to the second capaci‘for.

-11- 19. The reset circuit of claim18 wherein the second
Claims

1. A power-on reset circuit comprising:
charging means (120) for outputting a voltage
5 level in response to a rising power supply voltage:
first means (130), electrically coupled to the
charging means, for providing a ground potential in
response to a trigger signal, the first means adapted to
hold the voltage level of the charging means at ground
10 potential when triggered; and
second means (162, 164, 122), electrically
coupled to the first means, for providing a trigger
signal in response to a rising voltage level at the
charging means, the second means adapted to trigger the
15 first means, the second means including a pair of series-
coupled zero voltage threshold transistors (150, 152):;
a feedback path coupling the charging means
{120) to the pair of zero voltage threshold transistors
(122).

20

2. The reset circuit of claim 1 wherein the charging
means is a first capacitor (120) coupled between the
pover supply voltage and a first node {(A), thereby

25 producing a rising voltage level as a power supply begins
to increase in voltage.

3. The reset circuit of claim 2 wherein the first means
30 is an inverter (130) having an input to receive the

trigger signal and having an output coupled to the first
node (A).

35 4. The reset circuit of claim 3 wherein the second
means includes a second capacitor (122) coupled between
the inverter input and ground, the trigger signal being a
first voltage potential across the second capacitor.

 eNDED SHEET l flﬂﬂjmlﬂ lllﬂ fﬂ[l | ’"’




U
rreans i ncl udes nmeans for del aying the .onsek=0f- % %h/ 246@Pthe

second capacitor. 20 Cancelled 10 M%geﬁ&l rcuit
of claim 20 wherein each of the transistors is an N-channel device
having a zero t hreshol d vol tage. 15 22. The reset circuit of
cl aim 18 wherein the pair of trans™8Tor (150, 152) is coupled at a
second (B); the second neans includes a P-channel transistor and an

Second termnabs, ' oih% Fespt Sifeuts ar Slpfn 4 Mpesein' LR nedond g node:
and a drain of neansPfapther! includes a circuit (164) for charging the
second capacitor (122) to a level equal to the first
voltage potential,. in response to the rising voltage
5 level of the charging means.

6. The reset circuit of claim 3 wherein the second
means further includes:

10 a second capacitor (122) coupled between the
inverter input and ground; and
a P-channel device (140) coupled in series with
an N-channel device (142) at a second node (C), the
second node being coupled to the second capacitor to be
15 charged thereby:;
the pair of zero voltage threshold transistors
(150, 152) coupled at a third node, the third (B) node
being coupled to the gates of the P-channel and the
N-channel devices;
20 the feedback path (160) coupling the first node
to the gate of each of the zero voltage threshold
transistors.

(2

X i 7 -

The reset circuit of claim 6 wherein the N-channel
25 device (142) is a zero threshold voltage device.

8. A power-on reset circuit comprising:
first means for raising the potential at a node
A as a power supply voltage increases:;

30 second means (150, 152), electrically coupled
to node A, for raising the potential at a second node B
in response to a rising potential at node A, the second
means including first and second series-coupled, N-
channel transistors, coupled at node B, gates of the N-

35 channel transistors coupled to node A;

third means (140), electrically coupled to node
B, for raising the potential at a third node C in
response to a rising potential at node B, the third means

S YO




tfansistor and a drain-ef The N-channel are coupl EE&U' ; 98r!h;86t§0

second capacitor. 25 : 23. The reset C|rCU|F'pi .cl ai mi8 ﬁm@ﬂ@g@
the first termnal is a power supply rail and4 rd¥ Yecomd -
terminal is a ground rail. 30 24_a A power-on reset circuit

conpri si ng: a power connecti on (110); a

ground connecti on;
first capacito

node:

10

15

20

25

30

a5

an out put node A

ha‘al?\@ neana' 28r PE6YEFIhd the onsetP8¥CralRiiiy Al t e out pUt

potential at node C; and

fourth means (130) for holding the potential at
node A to ground in response to node C reaching a first
voltage level, the fourth means having an input
electrically coupled to node C to receive the potential
at node C, the fourth means further having an output
electrically coupled to node A.

9. The reset circuit of claim 8 further including an
inverter (106) having an input coupled to node A, an
output of the inverter providing a reset signal.

10. The reset circuit of claizm 8 wherein the fourth
means is an inverter (130) and the first voltage level is
the trip point of the inverter.

11. The reset circuit of claim 8 further including a
power supply terminal and a ground terminal, wherein the
first means is a first capacitor (120) coupled between
the power supply and ground terminals.

12. [Cancelled]

13. The reset circuit of claim 8 wherein the N-channel
transistors are zero threshold voltage devices.

14. The reset circuit of claim 8 wherein the third means
is a P-channel transistor having source and drain
terminals coupled between the power supply terminal and
node C, and having a gate coupled to node B.
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_-'2L2- ' ‘_ first-and second transistors ( ) Js&) Qtﬂmfl 2&630

I n series between the power connection and the ground |
first and second transistors coupled - t oget her at WENH@%%CMACY‘ 19%

third and fourth transistors (140, 142) coupled in series between the
power connection and the ground con on, the third and fourth
transi stors coupl ed together at a node C, the third and fourth

transi stors havi coypl£d, t Byl a
second capaci to’rs'( 1%% c’iﬂﬁk 5”%&'& 4 %ﬁ%"cq‘n%%m}“tg‘é g%m for
connecti on; delaying is an Ne-chanhelgrzero (tieshold ngltagendeviceupl ed
to node C and a 0, back
pat h (160) coupfaé)(g’t'ﬁﬁi ﬁfﬁj%qn ealg&é?‘%iqaelr‘mcﬁgpl‘dfbﬁe I'rst and
second transi stiwde € and ground, and having a gate coupled to node B.

5

16. The reset circuit of claim 15 wherein the third

means further includes a second capacitor (122) coupled
between node C and ground.

10
17. The reset circuit of claim 14 wherein the first and
second N-channel transistors (150, 152) are zero
threshold voltage devices.

15

18. A power-on reset circuit comprising:
a first terminal (110) for connection to a
first potential;
a second terminal for connection to a second
20 potential;
a first capacitor (120) coupled between the
first terminal and a first node;
an inverter (130) having an input and an
output, the output coupled to the first node;
25 a second capacitor (122) coupled between the
input of the inverter and the second terminal:
 first means (162), electrically coupled to the
first node (110), for outputting a voltage level that
follows the potential of the first node, the first means
30 including a pair of series-connected N-channel
transistors coupled between the first and second
terminals, a gate of each of the transistors being-
coupled to the first node; and
second means (164) for charging the second
35 capacitor (122), the second means having an input coupled
to receive the output voltage of the first means, the
second means further having an output coupled to the

second capacitor. ~—~’—’f~_d—f‘————“—?
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2%.-The. reset circuit of claim?24 ‘Wwherein the first ah secon

transistors (150, 152) ar g;x3ero threshol d vol tage ngqwrﬁg
26. The reset circuit of ctaim24 wherein the third

is a P-channel device and the fourth 25 tranS|stor (142) is a zero

t hreshol d vol tage N-channel devi ce. ~13= 27. The reset circuit of
claim24 wherein the first and 30 second transistors are zero threshol d
vol t age N-channel devi ces, the thegghkdg ansi stor is a P-channe
devi ce, and the fourth transistor is a zero threshold voltage

N- channel devic
?9. The reset circuit of claim 18 wherein the second

means includes means for delaying the onset of the
8 charging of the second capacitor.

20. Cancelled

1o
21. The reset circuit of claim 20 vherein each of the
transistors is an N-channel device having a zero
threshold voltage.
1s
22. The reset circuit of claim 18 wherein the pair of
transistor (150, 152) is coupled at a second (B); the
. second means includes a P-channel transistor and an N-
20 channel transistor coupled in series between the first
and second terminals, a gate of each being coupled to
i the second node; and a drain of the P-channel
transistor and a drain of the N-channel are coupled to
charge the second capacitor.
25
-, . <
U 23, The reset circuit of claim 18 wherein the first
terminal i{s a power supply rail and the second
terminal is a ground rail.
30
. 34. A power-on reset circuit comprising:

a pover connection (110):
a ground connection;
35 an output node A;
a first capacitor (120) coupled between the
power node and the output node;

ncomvam |
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-13: 28. The reset, circuit of clatmz2AEarse thlﬁ 3 /249683
second inverter (106) hawi. ng an i nput coupled to t W;—{iﬁhut:ba ‘Alpodg

wher eby' t he out put node serves an a reset signal and an out put of the
second inverter serves as a 5 conplenenh of the reset signal. 29.
The reset circuit of claim28 further inC aalng a third inverter (102)
havi ng an i nput coupled to the 10 out put of the second inverter (106),

and a fourth first and second transistors (150, 152) coupled
in series between the power connection and the ground
connection, the first and second transistors coupled
together at a node B;

5 third and fourth transistors (140, 142) coupled
in series between the power connection and the ground
connection, the third and fourth transistors coupled
together at a node C, the third and fourth transistors
each having a gate coupled to node B;

10 a second capacitor (122) coupled between node C
and the ground connection:
a first inverter (130) having an input coupled
to node C and an output coupled to node A; and
a feedback path (160) coupling the output node
15 to gate terminals of the first and second transistors.

25. The reset circuit of claim 24 wherein the first and

second transistors (150, 152) are zero threshold voltage
20 N-channel devices.

26, The reset circuit of claim 24 wherein the third

P transistor (140) is a P-channel device and the fourth
o 25 transistor (142) is a zero threshold voltage N-channel
device.

27. The reset circuit of claim 24 wherein the first and

30 second transistors are zero threshold voltage N-channel
devices, the third transistor is a P-channel device, and
the fourth transistor is a zero threshold voltage -
N-channel device.
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i;n‘ve‘rfier (104) coupl ed t'?ch n out put of the t{\ihrd P?Tfu\&rtgﬂ/v@elq.efgﬁ%e
tput of. tthe third inve r serves as e rese a
8; Fﬁe ?ourtﬁ i nverter serves as a conpl enent oﬂﬁEﬁﬂﬁiéﬁﬁﬁﬁﬁgkgdﬁgj

28. The reset circuit of claim 27 further including a

second inverter (106) having an input coupled to the

output node, whereby the output node serves as a reset

signal and an output of the second inverter serves as a
5 complement of the reset signal.

29. The reset circuit of claim 28 further including a
third inverter (102) having an input coupled to the

10 output of the second inverter (106), and a fourth
inverter (104) coupled to an output of the thira
inverter, whereby the output of the third inverter serves
as the reset signal and an output of the fourth inverter
serves as a complement of the reset signal.
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