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STOCHASTIC RESET CIRCUIT 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates generally to inte 
grated circuits, and more particularly but not exclusively to 
power on reset circuits. 

[0003] 2. Description of the Background Art 

1. Field of the Invention 

[0004] A poWer on reset circuit (POR) prevents invalid 
conditions in an electrical circuit by ensuring that the 
electrical circuit has su?icient poWer before it is initialiZed 
or alloWed to operate. In an integrated circuit device, for 
example, a POR circuit may be employed to ensure that 
su?icient poWer supply voltage is available to the device 
before the device is initialiZed or enabled. Otherwise, the 
POR circuit may keep the device disabled. A POR circuit 
thus alloWs the device to poWer up correctly after a shut 
doWn, for example. 

[0005] FIG. 1 schematically shoWs an example POR cir 
cuit. In the example of FIG. 1, the resistor ladder comprising 
resistors R1 and R2 scales the voltage of a poWer supply 
Vdd. Aresistor R3 pulls up the input of an inverter 103 When 
a transistor Q1 is OFF, such as When Vdd is too loW to 
generate suf?cient voltage across the resistor R2. Upon 
poWer up, Vdd increases to a point Where the voltage across 
resistor R2 is suf?cient to turn ON the transistor Q1. At that 
point, referred to as “trip point,” the transistor Q1 pulls the 
input to the buffer formed by inverters 103 and 104 to 
ground, deasserting the poWer on reset signal at the output 
of the inverter 104. In the example of FIG. 1, the poWer on 
reset signal is active high and asserted at loW Vdd to 
initialiZe the device. 

[0006] A POR circuit may also be used as a loW voltage 
detector after the poWer ON event. For example, When Vdd 
subsequently falls beloW the trip point, the POR circuit of 
FIG. 1 may again assert the poWer on reset signal to 
re-initialiZe the device. 

[0007] Achieving loW poWer consumption in integrated 
circuit devices becomes more important as battery poWered 
devices become more popular. For example, it is desirable to 
minimize poWer consumption When a device enters sleep 
mode, Which is characterized by a relatively long period of 
time When the device is essentially inactive. Because a POR 
circuit is for the most part inactive except during poWer up, 
it is desirable to disable the POR circuit after the poWer up 
sequence. One problem With disabling a POR circuit is that 
it is di?icult to ensure that the POR circuit is enabled during 
poWer up. If the device is not enabled during poWer up, 
device failure can result. 

SUMMARY 

[0008] In one embodiment, an integrated circuit device 
includes a poWer on reset (POR) circuit and a stochastic 
reset circuit con?gured to control enabling and disabling of 
the POR circuit. The stochastic reset circuit may have a 
value from among many possible values. The POR circuit 
may be enabled during a poWer up sequence of the device 
When the value of the stochastic reset during the poWer up 
is not a value designated to alloW disabling of the POR 
circuit. The stochastic reset circuit may be con?gured such 
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that the probability of the POR circuit being disabled during 
the poWer up is extremely loW. After the poWer up sequence, 
the stochastic reset circuit may be controlled to alloW 
disabling of the POR circuit to conserve poWer. 

[0009] These and other features of the present invention 
Will be readily apparent to persons of ordinary skill in the art 
upon reading the entirety of this disclosure, Which includes 
the accompanying draWings and claims. 

DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 schematically shoWs an example poWer on 
reset (POR) circuit. 

[0011] FIG. 2 schematically shoWs an example core cir 
cuit, imbalanced latch, and POR circuit. 

[0012] FIG. 3 schematically shoWs a stochastic reset cir 
cuit controlling a POR circuit, in accordance With an 
embodiment of the present invention. 

[0013] FIG. 4 schematically shoWs further details of a 
stochastic reset circuit in accordance With an embodiment of 
the present invention. 

[0014] FIG. 5 schematically shoWs a stochastic reset cir 
cuit being driven by a Write mechanism, in accordance With 
an embodiment of the present invention. 

[0015] FIG. 6 schematically shoWs further details of a 
POR circuit in accordance With an embodiment of the 
present invention. 

[0016] FIG. 7 schematically shoWs a control signal from a 
stochastic reset circuit being quali?ed by another signal, in 
accordance With an embodiment of the present invention. 

[0017] FIG. 8 schematically shoWs a POR circuit in accor 
dance With an embodiment of the present invention. 

[0018] The use of the same reference label in different 
draWings indicates the same or like components. 

DETAILED DESCRIPTION 

[0019] In the present disclosure, numerous speci?c details 
are provided, such as examples of circuits, components, and 
methods, to provide a thorough understanding of embodi 
ments of the invention. Persons of ordinary skill in the art 
Will recogniZe, hoWever, that the invention can be practiced 
Without one or more of the speci?c details. In other 
instances, Well-knoWn details are not shoWn or described to 
avoid obscuring aspects of the invention. 

[0020] The examples beloW may refer to logical states of 
a signal as being active HIGH or active LOW. It is to be 
understood, hoWever, that such logical states are arbitrary 
and depend on implementation details. For example, a signal 
being active (i.e., asserted) in the logical LOW state in one 
application may be active in the logical HIGH state in 
another application. 

[0021] A poWer on reset (POR) circuit may be designed to 
consume as little poWer as possible under operating condi 
tions. This alloWs the POR circuit to be kept ON all the time 
Without signi?cantly straining device poWer. While desir 
able at ?rst glance, this approach typically involves a penalty 
in terms of die area or performance. For example, the siZe of 
the circuit may be made relatively large to achieve loW 
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power consumption. The response time may also get slower 
because of the energy conserving design. 

[0022] Another approach to achieving loW poWer con 
sumption in a POR circuit is to use a circuit that Will tend to 
poWer up in a particular desired state (e.g., enabled). The 
circuit can then be put in an alternate state (e.g., disabled) at 
some point after poWer up. This approach is noW described 
With reference to FIG. 2. 

[0023] FIG. 2 schematically shoWs an example core cir 
cuit 210, imbalanced latch 220, and POR circuit 130. The 
imbalanced latch 220 is so named because it tends to poWer 
up in one state over another by design. In the example of 
FIG. 2, the imbalanced latch 220 tends to poWer up With its 
Q output in the logical LOW state. A logical LOW at the 
disable input of the POR circuit 130 enables the POR circuit 
130 to operate and thus assert its poWer on reset signal 
during poWer up. The imbalanced latch 220 includes a data 
input D and a Write enable input W. 

[0024] The core circuit 210 may comprise electrical cir 
cuitry con?gured to Write to the imbalanced latch 220. At 
some point in time after poWer up, the core circuit 210 may 
Write to the imbalanced latch 220 by presenting a logical 
HIGH signal at the Write enable input W and a logical HIGH 
signal at the data input D. This results in the Q output of the 
imbalanced latch 220 going to the logical HIGH state, Which 
disables the POR circuit 130 to conserve poWer. The imbal 
anced latch 220 may be made imbalanced by using unequal 
values of capacitors C1 and C2 at the differential outputs Q 
and QB or using imbalanced feature siZes in the normally 
symmetric latch cell, for example. 

[0025] One problem With the imbalanced latch 220 and 
similar circuits is that they tend to have a failure rate under 
some conditions, such as at certain temperatures, voltages, 
poWer up rates (e.g., very fast or very sloW), or poWer supply 
Waveforms (e.g., bouncing poWer supply Waveform). When 
a failure occurs, the imbalanced latch 220 Will poWer up in 
a state Where its Q output disables the POR circuit 130, 
preventing the POR circuit 130 from properly initialiZing the 
device. 

[0026] FIG. 3 schematically shoWs a stochastic reset cir 
cuit 310 controlling a POR circuit 230, in accordance With 
an embodiment of the present invention. The stochastic reset 
circuit 310 and the POR circuit 230 may be incorporated in 
an integrated circuit device. In the example of FIG. 3, the 
POR circuit 230 has a disable input and outputs a poWer on 
reset signal. In one embodiment, the disable input is active 
HIGH in that a logical HIGH signal disables the POR circuit 
230. A logical loW signal at the disable input enables the 
POR circuit 230, alloWing it to generate the poWer on reset 
signal to enable or initialiZe the device during poWer up. 

[0027] In the example of FIG. 3, the stochastic reset circuit 
generates anAlloWDis (“alloW disable”) signal that disables 
the POR circuit 230. The AlloWDis signal is typically 
asserted at some point in time after the device has completed 
its poWer up sequence. The stochastic reset circuit 310 may 
comprise a probabilistic circuit con?gured to alloW the 
stochastic reset circuit 310 to have a very high probability of 
poWering up in the desired state, Which in the example of 
FIG. 3 is a state that enables the POR circuit 230 during 
poWer up. In one embodiment, the stochastic reset circuit 
310 is con?gured to have a very high probability of poW 
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ering up in a state Where the AlloWDis signal is deasserted 
(logical LOW in the example of FIG. 3) to alloW the POR 
circuit 230 to operate during poWer up. After the device is 
in a desired operating condition, Which is typically some 
time after the poWer up sequence, the stochastic reset circuit 
310 may be controlled to assert the AlloWDis signal (logical 
HIGH in the example of FIG. 3) to disable the POR circuit 
230, thereby minimiZing poWer consumption. In the 
example of FIG. 3, a poWer supply Vdd provides poWer to 
both the stochastic reset circuit 310 and the POR circuit 230. 
In one embodiment, the POR circuit 230 is disabled by 
removing the poWer supply Vdd from the POR circuit 230. 

[0028] FIG. 4 schematically shoWs further details of the 
stochastic reset circuit 310 in accordance With an embodi 
ment of the present invention. In the example of FIG. 4, the 
stochastic reset circuit 310 comprises a set of storage 
elements 400 (i.e., 400-1, 400-2, . . . 400-N) and a decode 
logic 410. Each storage element 400 may comprise an 
electrical circuit for storing information. A storage element 
400 may comprise a register, a ?ip-?op, or latch, for 
example. Preferably but not necessarily, the storage ele 
ments 400 comprise identical circuits manufactured using 
the same process to make their behavior even more predict 
able. Together, the set of storage elements 400 outputs a 
binary Word presented to the decode logic 410 for decoding. 
As can be appreciated, upon poWer up, the set of storage 
elements 400 Will have a value among a plurality of possible 
values, the number of possible values depending on the 
number of storage elements 400 employed. 

[0029] The decode logic 410 may comprise an electrical 
circuit for decoding the outputs of the storage elements 400. 
The decode logic 410 disables or alloWs disabling of the 
POR circuit 230 only for one particular value or limited 
number of values of the storage elements 400. In one 
embodiment, the decode logic 410 asserts the AlloWDis 
signal only for a particular output value of the set of storage 
elements 400. That is, assuming there are N storage elements 
400 and each storage element 400 stores and outputs l-bit of 
information, the decode logic 410 may assert the AlloWDis 
signal to disable or alloW disabling of the POR circuit 230 
in only 1 value out of a possible 2N values of the storage 
elements 400. Any other values of storage elements 400 Will 
result in the AlloWDis signal being deasserted (thus alloWing 
the POR circuit 230 to be enabled). For example, in an 
application Where there are 16 storage elements 400 driving 
the decode logic 410,1 value out of 65536 possible values 
may be used to assert the AlloWDis signal. That particular 
value may be decoded by the decode logic 410 as an 
instruction to assert the AlloWDis signal to disable the POR 
circuit 230. The remaining 65535 values may be decoded by 
the decode logic 410 as an instruction to not assert the 
AlloWDis signal to alloW the POR circuit 230 to operate. 

[0030] In operation, the storage elements 400 Will poWer 
up in an unknoWn state. HoWever, since there is only one 
value out of many possible values of storage elements 400 
outputs that Will result in the POR circuit 230 being dis 
abled, the chance of the storage elements 400 poWering up 
in a state that Will disable the POR circuit 230 is extremely 
loW or, as explained beloW, essentially Zero for practical 
purposes. Some time after the device is poWered up and 
initialiZed, the storage elements 400 may be Written With the 
one value that Will result in the decode logic 410 disabling 
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or allowing disabling of the POR circuit 230. Disabling of 
the POR circuit 230 helps the device conserve power. 

[0031] Exploring the probability of the storage elements 
400 poWering up in the undesired state (i.e., state that 
disables the POR circuit 230) involves tWo considerations. 
First, if the poWer up state of the storage elements 400 is 
completely arbitrary, the probability of poWering up in the 
desired state is a simple calculation. Assuming binary logic 
is employed in the design of the storage elements 400 and 
the decode logic 410, the probability of the single undesired 
state coming up out of all the possible states is l in 2N, Where 
N is the number of storage elements 400. 

[0032] A second consideration is that identical elements in 
an identical environment (e.g., process, temperature, volt 
age, poWer supply ramp pro?le, location inside the device) 
tend to poWer up in the same state. This can be exploited to 
improve the probability of poWer up in the desired state if 
the storage elements are kept as identical as practically 
possible. Assuming binary logic, if the storage elements 
poWer up to output either all logical HIGH or all logical 
LOW, then a decoding logic that requires approximately half 
of the storage elements to output a logical HIGH and half to 
output a logical LOW Will have a very loW probability of 
poWering up in the undesired state. This can improve the 
probability of proper poWer up beyond the simple random 
state calculation described above if all the elements poWer 
up randomly. For example, in the case With 16 storage 
elements, assume there is a 90% chance that all storage 
elements Will poWer up in the identical state, and a select 
eight storage elements must output a logical HIGH and the 
remaining eight storage elements must output a logical 
LOW in order to enter the state that alloWs a POR circuit to 
be disabled. In that case, the probability of a successful 
poWer up increases from about 1 in 65536 to l in 100,000, 
000. Therefore, it can be seen that by choosing a large 
enough number of storage elements, the probability of 
poWering up in the undesired state can be made essentially 
Zero. That is, the probability of poWering up in the undesired 
state can be made small enough so that the number of poWer 
up events required to achieve a reasonable probability of 
failure can be much greater than the practical number poWer 
ups a device Will undergo in its lifetime. 

[0033] FIG. 5 schematically shoWs the stochastic reset 
circuit 310 being driven by a Write mechanism 510, in 
accordance With an embodiment of the present invention. 
The Write mechanism 510 may comprise electrical circuitry 
for Writing a value into the storage elements 400. For 
example, the Write mechanism 510 may comprise one or 
more registers of a microprocessor. SoftWare may be used to 
Write a disable code (i.e., unique value that Will result in 
assertion of the AlloWDis signal) into the register, Which in 
turn outputs the disable code into the storage elements 400. 
Altemately, the storage elements 400 may form registers that 
are Written to by the Write mechanism 510. The storage 
elements 400 present the disable code to the decode logic 
410, Which decodes the disable code as an instruction to 
assert its AlloWDis signal. Assertion of the AlloWDis signal 
disables or alloWs disabling of the POR circuit 230. 

[0034] As can be appreciated, the number of storage 
elements 400 may be increased to improve the probability of 
the stochastic reset circuit 310 enabling the POR circuit 230 
during poWer up. The disable code to be entered into the 
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storage elements 400 to disable the POR circuit 230 may 
also be chosen to maximiZe the chance of the storage 
elements 230 poWering up With an output value that is 
different from the disable code. For example, the disable 
code may have a random value that has nearly equal number 
of logical HIGHs and logical LOWs. 

[0035] Preferably, the control signal that disables the POR 
circuit is active HIGH so that the signal is at logical LOW 
during loW poWer supply levels, such as during a poWer up, 
thereby enabling the POR circuit. For example, the AlloW 
Dis signal is preferably active HIGH. This Way, the POR 
circuit 230 is enabled When the AlloWDis signal is at logical 
LOW, a logical level that may be relatively easy to generate 
at loW poWer levels. 

[0036] FIG. 6 shoWs further details of a POR circuit 230 
in accordance With an embodiment of the present invention. 
The POR circuit 230 receives a Disable signal and outputs 
a poWer on reset signal. The Disable signal may be the 
AlloWDis signal of the stochastic reset circuit 310 (see FIG. 
3), for example. In the example of FIG. 6, a transistor Q2 
controls the feeding of a poWer supply Vdd to the rest of the 
POR circuit 230 except the NOR gate 610, Which is alWays 
connected to Vdd. The transistor Q2 turns OFF When the 
Disable signal is asserted (logical HIGH in FIG. 6), thereby 
poWering doWn the POR circuit 230 to achieve loW poWer 
consumption. Asserting the Disable signal also forces the 
poWer on reset signal at the output of the NOR gate 610 to 
be deasserted (logical LOW in FIG. 6). 

[0037] The poWer supply Vdd is provided to the POR 
circuit 230 When the Disable signal is deasserted (logical 
LOW in FIG. 6). In that case, the resistor ladder comprising 
resistors R4 and R5 scales the voltage of the poWer supply 
Vdd. The resistor R6 pulls up the input to the inverter 604 
When a transistor O3 is OFF, such as When Vdd is too loW 
to generate suf?cient voltage across the resistor R5. This 
results in the output of the inverter 604 driving a logical 
LOW into an input of the NOR gate 610. With the Disable 
signal deasserted and the output of the inverter 604 at logical 
LOW, the poWer on reset signal is thus asserted at loW Vdd. 

[0038] Upon poWer up, Vdd increases to a point Where the 
voltage across resistor R5 is suf?cient to turn ON the 
transistor Q3. At that point, the transistor Q3 pulls the input 
of the inverter 604 to ground, resulting in a logical HIGH 
being presented at an input of the NOR gate 610. With the 
Disable signal deasserted and the output of the inverter 604 
at logical HIGH, the poWer on reset signal at the output of 
the NOR gate 610 is deasserted. The poWer on reset signal 
may be used to reset the device that incorporates the POR 
circuit 230 to ensure proper initialization. 

[0039] As can be appreciated, other factors may be taken 
into account before disabling the POR circuit 230. For 
example, besides requiring Writing of a disable code in the 
stochastic reset circuit 310, other conditions may have to be 
met before the POR circuit 230 is poWered doWn. For 
example, the AlloWDis signal may be quali?ed by another 
signal. 

[0040] In the example of FIG. 7, both the AlloWDis signal 
and a Sleep signal must be asserted to disable the POR 
circuit 230. As previously described, the AlloWDis signal 
may be asserted by Writing the disable code into the storage 
elements of the stochastic reset circuit 310. The Sleep signal 
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may come from other parts of the device to indicate that the 
device is going into sleep mode, Which is a power conser 
vation mode of the device. The Sleep signal and the AlloW 
Dis signal are ANDed by the AND gate 720, Which outputs 
the Disable signal to the POR circuit 230 When both con 
ditions (sleep mode and entry of disable code) for disabling 
the POR circuit 230 are satis?ed. This Way, the POR circuit 
230 can only be disabled during sleep mode. 

[0041] FIG. 8 schematically shoWs a POR circuit 830 in 
accordance With an embodiment of the present invention. 
The POR circuit 830 is similar in design and operation to the 
POR circuit 230 of FIG. 6 except for the addition of a 
transistor Q4 to accept a Sleep signal. In the example of FIG. 
8, a deasserted Sleep signal (logical LOW in FIG. 8) turns 
ON the transistor Q4 to alloW the poWer supply Vdd to be 
provided to the POR circuit 830 even When the Disable 
signal is asserted. Thus, both the Sleep signal and the 
Disable signal need to be asserted (both logical HIGH in 
FIG. 8) to turn OFF the POR circuit 830. To prevent 
glitching the poWer on reset signal at the output of the NOR 
gate 610, the Disable signal may be asserted before asserting 
the Sleep signal to poWer doWn the POR circuit 830 for sleep 
mode. To reaWaken from sleep mode during normal opera 
tion, the Sleep signal may be deasserted While keeping the 
Disable signal asserted. Other components of the POR 
circuit 830 have been previously described in connection 
With FIG. 6. The con?gurations shoWn in FIGS. 6 and 8 are 
exemplary, and additional devices may be introduced to 
drive nets to logical HIGH or LOW in the disabled state to 
achieve Zero or loW poWer consumption. 

[0042] Improvements to poWer on reset circuits have been 
disclosed. While speci?c embodiments of the present inven 
tion have been provided, it is to be understood that these 
embodiments are for illustration purposes and not limiting. 
Many additional embodiments Will be apparent to persons of 
ordinary skill in the art reading this disclosure. 

What is claimed is: 
1. An integrated circuit device comprising: 

a poWer on reset (POR) circuit con?gured to generate a 
poWer on reset signal based on a control signal; and 

a stochastic reset circuit coupled to the POR circuit, the 
stochastic reset circuit having an initial value from 
among a plurality of possible values upon poWer up of 
the integrated circuit device, the stochastic reset circuit 
generating the control signal to enable the POR circuit 
during the poWer up When the initial value is not a 
designated value that alloWs disabling of the POR 
circuit, the designated value being one of the plurality 
of possible values. 

2. The integrated circuit device of claim 1 Wherein each 
value in the plurality of possible values comprises a binary 
Word. 

3. The integrated circuit device of claim 2 Wherein the 
stochastic reset circuit comprises: 

a set of storage elements outputting the binary Word; and 

a decode logic con?gured to decode the binary Word. 
4. The integrated circuit device of claim 3 Wherein each 

storage element in the set of storage elements stores a single 
bit of information. 

5. The integrated circuit device of claim 1 Wherein the 
stochastic reset circuit comprises a plurality of storage 
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elements and the probability of the initial value being the 
designated value is l in 2N Where N is the number of storage 
elements in the plurality of storage elements. 

6. The integrated circuit device of claim 1 Wherein the 
POR circuit includes a disable input that When activated 
removes poWer to the POR circuit and Wherein the control 
signal is coupled to the disable input. 

7. The integrated circuit device of claim 6 Wherein 
application of the control signal to the disable input is 
quali?ed by another signal. 

8. The integrated circuit device of claim 1 Wherein the 
POR circuit includes a disable input that When activated 
alloWs disabling of the POR circuit and a sleep mode input 
that When activated together With the disable input removes 
poWer from the POR circuit. 

9. The integrated circuit device of claim 1 Wherein the 
stochastic reset signal alloWs disabling of the POR circuit 
When the stochastic circuit is controlled to have the desig 
nated value after the poWer up. 

10. A method of controlling operation of a poWer on reset 
circuit in an integrated circuit device, the method compris 
1ng: 

determining an initial value of a set of storage elements 
upon poWer up of the integrated circuit device, the 
initial value being a value in a plurality of possible 
values of the set of storage elements; and 

enabling a poWer on reset (POR) circuit to generate a 
poWer on reset signal When the initial value is not a 
designated value that alloWs disabling of the POR 
circuit from generating the poWer on reset signal, the 
designated value being a value in the plurality of 
possible values of the set of storage elements. 

11. The method of claim 10 Wherein the set of storage 
elements comprises digital logic. 

12. The method of claim 11 Wherein the digital logic 

13. The method of claim 10 further comprising: 

receiving a ?rst signal; 

generating a second signal based on a current value of the 
set of storage elements, the current value being a value 
in the plurality of possible values of the set of storage 
elements; and 

disabling the POR circuit from generating the poWer on 
reset signal When the ?rst signal and the second signal 
are both asserted. 

14. The method of claim 13 Wherein the ?rst signal 
comprises a sleep signal indicating that the integrated circuit 
device is going into a poWer conservation mode. 

15. An integrated circuit device comprising: 

a stochastic reset circuit con?gured to have one of a 
plurality of possible values; and 

a poWer on reset (POR) circuit con?gured to generate a 
poWer on reset signal based on a current value of the 
stochastic reset circuit, the current value being one of 
the plurality of possible values of the stochastic reset 
circuit, the POR circuit being enabled to generate the 
poWer on reset signal during a poWer up of the inte 
grated circuit device When the current value of the 
stochastic reset circuit during the poWer up of the 
integrated circuit device is not a particular value des 
ignated to alloW disabling of the POR circuit. 
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16. The integrated circuit device of claim 15 Wherein the 
current value of the stochastic reset circuit is stored in a set 
of storage elements. 

17. The integrated circuit device of claim 16 Wherein the 
probability of the set storage elements having a particular 
value in the plurality of possible values is 1 in 2N Where N 
is the number of storage elements in the set of storage 
elements. 

18. The integrated circuit device of claim 15 Wherein the 
current value can be changed by Writing a neW value to the 
set of storage elements. 
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19. The integrated circuit device of claim 15 Wherein the 
current value is decoded by a decode logic generating a 
control signal used to control poWer provided to the POR 
circuit. 

20. The integrated circuit device of claim 15 Wherein 
poWer to the POR circuit is removed When the current value 
is equal to the particular value designated to alloW disabling 
of the POR circuit. 


