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POWER SUPPLY SWITCH REFERENCE 
CIRCUITRY 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The present invention relates to integrated circuits and in 
particular to MOS integrated circuits. Still more particularly, 
the present invention relates to switch circuitry for switching 
between power supplies. 

2. Description of the Related Art 

In some situations, it is desirable to provide retention of 
data in integrated circuits such as memory devices. A 
number of circuits are commercially available for retaining 
data in SRAMS when power is removed. An example of one 
such device may be found in US. Pat. No. 5,099,453, 
entitled Con?guration Memory For Programmable Logic 
Device, US. Pat. No. 4,713,555, entitled Battery Charging 
Protection Circuit; US. Pat. No. 4,122,359, entitled 
Memory Protection Arrangement, and US. Pat. No. 4,451, 
742, entitled Power Supply Control For Integrated Circuit. 
These devices are often known as “Zero power circuits”. 
Typically, in a Zero power circuit, the contents of the circuit 
are protected in the event that the power supply voltage to 
that circuit drops below some predetermined or selected 
threshold voltage i.e., the voltage of a secondary power 
supply. This protection may be accomplished by switching 
the circuit from a primary power apply to a secondary power 
supply, typically an internal battery, when the voltage of the 
primary power supply drops below that of the secondary 
power supply. 

Power control circuits exist which provide automatic 
sensing of a primary power source voltage. These power 
control circuits provide for automatic switching to a sec 
ondary power source when the primary power source volt 
age drops below a predetermined threshold voltage. 

Typically, a comparator is employed to compare the 
voltage of the external power source with the voltage of a 
predetermined threshold, which is typically the voltage of 
the battery power supply. When the external power supply 
voltage drops below the voltage of the battery power supply 
voltage, the circuit typically switches the integrated circuit 
to the battery power supply from the external power supply. 
Such a system works well for integrated circuit systems that 
employ 5.0 volt power supplies. Problems, however, occur 
for integrated circuit systems running on power supply 
voltages at 3.0 volts. In particular, these powers supply 
voltages may range about from 2.7 to about 4.0 volts. As a 
result, at various times the external power supply voltage 
may drop below that of the battery supply power voltage. 
Therefore, it would be advantageous to have a method and 
apparatus for switching power supplies that does not rely on 
the voltage of the battery power supply as a reference 
voltage to switch power supplies. 

SUMMARY OF THE INVENTION 

The present invention provides an apparatus and method 
for switching between two power supplies, a primary power 
supply and a secondary power supply. The present invention 
generates a ?rst reference voltage using the voltage of the 
primary power supply and the secondary power supply, 
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2 
wherein the primary power supply voltage is variable. The 
present invention also generates a second reference voltage 
based on the voltage of the primary power supply. The ?rst 
and second reference voltages each have a different slope 
and the crossing point between these two reference voltages 
indicate that a switch between the primary power supply and 
the secondary power supply should occur. 

Typically, the primary power supply is an external power 
supply to a integrated circuit, and the secondary power 
supply is a battery power supply that is used when the 
primary power supply voltage drops below some pre 
selected level. The primary power supply voltage is recon 
nected to the integrated circuit when it exceeds the prese 
lected level. These preselected levels are selected by 
adjusting the crossing point between the ?rst and second 
reference voltages according to the present invention. 
The above as well as additional objectives, features, and 

advantages of the present invention will become apparent in 
the following detailed written description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the invention 
are set forth in the appended claims. The invention itself, 
however, as well as a preferred mode of use, further objec 
tives and advantages thereof, will best be understood by 
reference to the following detailed description of an illus 
trative embodiment when read in conjunction with the 
accompanying drawings, wherein: 

FIG. 1 is a diagram of a integrated circuit system that is 
powered both a primary and a secondary power supply; 

FIG. 2 depicts a circuit for generating control signals 
known in the art; 

FIG. 3 is a circuit for generating control signals; 
FIG. 4 depicts a schematic diagram of a circuit for 

generating signals for detecting a switching point according 
to the present invention; 

FIG. 5 is a schematic diagram of a reference circuit 
implemented in a N-well CMOS process; and 

FIGS. 6 and 7 depict graphs of voltages V 
and Va according to the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

With reference now to the ?gures, and in particular with 
reference to FIG. 1 is a diagram of a integrated circuit 
system that is powered both a primary and a secondary 
power supply. Load 10 is connected to either power supply 
voltage Vbm or V661. Power supply voltage Vbm is a ?xed 
power supply voltage while power supply voltage VCCJL is a 
varied power supply voltage. The power supply voltage 
connected to load 10 is controlled by transistors M1 and M2. 
Load 10 is connected to lower power supply voltage V55, 
which is a power supply voltage having a voltage less than 
either power supply voltage Vbm or V661. The gates of 
transistors M1 and M2 are controlled by control signals CTL 
and CTL. 

Presently, these control signals are generated by the 
circuit system shown in FIG. 2. Power supply voltage Vbm 
is employed as a switching reference point in the prior art. 
When power supply voltage VCCl is less than power supply 
voltage Vbm, the internal power supply voltage VCCSW is 
equal to power supply voltage Vbm. When power supply 
voltage VCCl is greater than power supply voltage Vbm, the 
internal power supply voltage VCCSW is equal to power supply 
voltage V Comparator 12 generates a control signal CTL 
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in response to a comparison of voltages Vbm and VCCJL at its 
input. Control signal CTL is generated by inverter 14. 
Control signals CTL and m are complimentarily control 
signals that are generated at the output of the comparator. 
For a 3.0 volt integrated circuit system, the battery voltage 
cannot be used as a sWitching reference. As a result, different 
voltages are employed to set up the sWitching point. 

According to the present invention, the control signals 
CTL and CTL for sWitching poWer supplies in the circuit 
system of FIG. 1 are generated by the circuit of FIG. 3 by 
comparator 16 With inputs for voltage Va and Vref according 
to the present invention. The control signal CTL is generated 
by inverter 18. 

FIG. 4 depicts a schematic diagram of a sWitching refer 
ence circuit for generating signals for detecting a sWitching 
point. According to the present invention, a sWitching ref 
erence circuit 20 is depicted. SWitching reference circuit 20 
generates signals to used detect a sWitching point to sWitch 
betWeen poWer supplies by [circuiting] circuitry such as the 
circuit depicted in FIG. 3 according to the present invention. 
SWitching reference circuit 20 includes a start-up circuit 22, 
a current source circuit 24, and a reference circuit 26. 

Start-up circuit 22 includes transistors T7—T10. Transis 
tors T7, T8, and T10 are N-channel metal-oxide 
semiconductor ?eld effect transistors (MOSFETs) according 
to the present invention. Transistor T9 is a P-channel MOS 
FET. The source of transistor T9 is connected to poWer 
supply VCCl While the source of transistor T10 is connected 
to poWer supply voltage V55. PoWer supply voltage VCCJL is 
higher than poWer supply voltage V55. PoWer supply voltage 
V55 is typically a ground poWer supply voltage. Start-up 
circuit 22 is employed to start current flow Within current 
source circuit 24. 

Current source circuit 24 includes transistors T1—T6. 
Transistors T1—T6 are MOSFETs according to the preset 
invention. Current source circuit 24 also includes a capacitor 
C1 and a resistor RS. The current in current source circuit 24 
is determined by resistor RS. Transistors T1 and T2 are 
P-channel MOSFETs according to the present invention 
While transistors T3—T6 are N-channel MOSFETs according 
to the present invention. Transistors T1 and T2 have sources 
connected to poWer supply voltage V661. Capacitor C1 also 
is connected to poWer supply voltage V661. The gates of 
transistors T1 and T2 are controlled by the current passing 
through transistor T8 in start-up circuit 22. Transistors T5 
and T6 are used to provide a more precise current. 

Reference circuit 26 contains transistors T11—T15. Tran 
sistors T11, T13, and T14 are N-channel MOSFETs With 
transistor T12 being a P-channel MOSFET. Transistor T15 
is a NPN bipolar transistor according to the present inven 
tion. The circuit of the present invention in the depicted 
eXample is implemented using a p-Well CMOS process. In 
a N-Well CMOS process, a PNP bipolar transistor Would be 
employed as depicted in FIG. 5. Start-up circuit 22 is 
connected a poWer supply voltage VCCl and a ground poWer 
supply voltage V55. Reference circuit 26 is connected to 
poWer supply voltage VCCSW Which may be either poWer 
supply voltage VCCl or Vccbm, Which is the battery back up 
poWer supply voltage. This connection to poWer supply 
voltage VCCSW is made through the collector of transistor 
T15. Reference circuit 26 also is connected to poWer supply 
voltage VCCl and a loWer poWer supply voltage V55. Tran 
sistor T12 is connected to poWer supply VCCJL While transis 
tors T11, T13, and T14 are connected to poWer supply 
voltage V55. Aconnection to poWer supply voltage V55 is also 
made through a capacitor C2. The gate of transistor T12 is 
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4 
controlled by the voltage Vref at node V1[, Which is the 
voltage drop across transistor T11]. The circuit 20 is 
designed such that when measured with respect to V661, Vref 
is constant whenever VCCJL is high enough to activate the 
circuit 20. That is, Vref is a stable reference voltage that 
remains a constant voltage drop below VCCJL whenever VCCJL 
is high enough to activate the circuit 20. Therefore, referring 
e. g. to FIG. 7, it follows that when measured with respect to 
V55, Vref tracks changes in, i.e., follows, V661, and thus has 
the same slope as VCCJL whenever VCCJL is high enough to 
activate the circuit 20. PoWer supply voltage VCCl is the 
external poWer supply voltage. Reference circuit 26 also 
includes resistors RB, R1 and R2. Reference circuit 26 
generates [a] the voltage Vref [from] on the node V1[, Which 
is the voltage from node V1 to the loWer poWer supply 
voltage or ground]. Reference circuit 26 also generates a 
voltage Va at node V2, Which is the voltage drop across 
capacitor C2 to poWer supply voltage V55. Voltages Vref and 
Va are the signals employed to determine When to sWitch 
betWeen tWo poWer supplies according to the present inven 
tion. The function of sWitching control circuit is described in 
more detail beloW. 

When poWer supply voltage VCCl rises, current flows 
through transistor T9 toWards node N1, Which results in the 
voltage at node N1 to increase. The increase of voltage VCCl 
causes the current traveling through transistors T7 and T9 to 
increase. The current flowing through transistor T7 is equal 
to the current through transistor T9. Transistor T8 is mir 
rored to transistor T7, Which results in the current through 
transistor T8 also increasing. The voltage at node N2 drops 
as the current through transistors T7—T9 increases. The drop 
in voltage at node N2 results in transistors T1 and T2 being 
turned on alloWing current to ?oW through these tWo tran 
sistors. In response, the voltage at node N3 goes up turning 
on transistor T10 in start-up circuit 22. In response, transis 
tor [TIO] T10 pulls the voltage at node N1 doWn disabling 
start up circuit 22. At this time, all of the transistors T1—T6 
are Working in a Weak inversion region. The current through 
these transistors is loW. Capacitor C1 is added to hold the 
voltage loW at node N2 for a short period of time to alloW 
current source circuit 24 sufficient time to generate current. 
Current source circuit 24 is employed to generate the current 
for creating voltages Vref and Va based on poWer supply 
voltage V661. 

Capacitor C2 is employed to respond to frequency 
changes. Thus, if noise occurs from the poWer supply, Vref 
and Va should folloW each other. 

Voltage Vref at node V1, when measured with respect to 
V661, is temperature independent and is about [VCCJL —] 0.5 V 
initially and then settles to a stable value after the current 
source is stabiliZed. [This] When measured with respect to 
V55, the value for Vref is calculated as folloWs: 

S481 
3233 

Where VBE is the base emitter voltage of transistor T15; K 
is the ratio of the current mirror T3 and T11, S,- is the device 
siZe (W/L)i for i=1, 2, 3, and 4 S1 is the device siZe of the 
?rst transistor (T1) in current source 24, S2 is the device siZe 
of the second transistor (T2) in current source 24, S3 is the 
device siZe of the third transistor (T3) in current source 24, 
S4 is a device siZe of the fourth transistor (T4) in current 
source 24, kT/q is the thermal voltage. The voltage Vref 
controls transistor T12 With node N5 being pulled to ground. 
The voltage Va is sWitched from VCCl to R2/(R1+R2) V661. 
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With reference to FIGS. 6 and 7, graphs of voltages V661, 
Vbm, Vref, and Va are depicted according to the present 
invention. In these tWo graphs, the X-aXis is time in milli 
seconds and the Y-aXis is voltage. Crossing point 30 is the 
point at Which the load or circuitry is sWitched from the 
battery poWer supply to the primary poWer supply. Crossing 
point 32 is the point at Which the load or circuit is sWitched 
from the primary poWer supply to the battery poWer supply. 
Voltage Vref, which is measured with respect to V55 in FIGS. 
6 and 7, is based on voltages VCCl and VCCSW as can be seen 
With reference back to FIG. 4 and equation 1. As can be seen, 
When voltage Vref is greater than Va, the poWer supply is 
sWitched from Vbm to V661. The resistor ratio R2/(R1+R2) 
determines the crossing point, the point at Which Va and Vref 
cross each other, for sWitching betWeen poWer supplies. The 
voltage Vref alWays folloWs V661. In other Words, Vrefhas the 
same slope as V661. Voltage Va has a different slope from 
Vref. The slope of voltage Va is determined by resistors R1 
and R2 in FIG. 4. After crossing point 30, voltage Vref is 
based only on voltage VCCJL Without any in?uence from 
voltage Vbm because at that point, the poWer supply voltage 
VCCSW has been sWitched from the battery poWer supply 
generating voltage Vbm to poWer supply voltage generating 
voltage V661. The poWer supply voltage VCCSW is sWitched 
back to Vbm after time T3. 

In the depicted example the battery voltage Vbm is 3.5 
volts and the crossing points 30 and 32, the voltage at Which 
Va and Vref (measured with respect to V55) cross has been set 
to 2.3 volts. The crossing point may be altered by changing 
values for resistors R1 and R2 in FIG. 4. Also, the battery 
current Ibm is used by the sWitching reference circuit only 
betWeen times T1 and T2 and T3 and T4. At other points in 
the graph in FIG. 6, the current Ibm in the sWitching 
reference circuit is equal to 0. 

FIG. 5 is a partial schematic diagram of another embodi 
ment of the switching reference circuit 20 of FIG. 4. 
Speci?cally, the circuit 20 of FIG. 5 is designed for use in 
integrated circuits that are formed in a P-type substrate 
according to an N-well CMOS process—the circuit 20 of 
FIG. 4 is designed for use in integrated circuits that are 
formed in an N-type substrate according to a P-well CMOS 
process. Therefore, when measured with respect to V55, Vref 
in FIG. 5 is a constant, stable reference voltage. That is, Vref 
remains at a ?xed voltage above V55 once VCCJL is high 
enough to activate the circuit 20. Conversely, Vref in FIG. 5 
is not a constant reference voltage with respect to V661. 
Furthermore, for clarity, only the current source 24 and the 
Vref portion of the reference circuit 26 are shown. However; 
one can use the start-up circuit 22 and the Va portion of the 
reference circuit 26 of FIG. 4 in the circuit 20 of FIG. 5, or 
can use other start-up and Va circuitry as desired. 

One advantage of the present invention is that the sWitch 
ing circuit may be employed for any type of VCC part With 
requiring only a small battery current during a short sWitch 
ing period. The present invention also provides an advantage 
of alloWing different reference points to be set for sWitching 
betWeen poWer supplies. The present invention may be 
implemented for integrated circuit parts using various poWer 
supply voltages, such as 5.0 and 3.3 volts. The present 
invention provides loW battery currents during sWitching 
periods, Which is de?ned as the time betWeen the starting of 
the circuitry and the crossing point to sWitching poWer 
supplies. As a result, under the present invention, battery life 
is not affected by the sWitching reference circuit. 

The present invention is depicted using MOS technology. 
Other types of technology in transistors may be used accord 
ing to the present invention. 
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While the invention has been particularly shoWn and 

described With reference to a preferred embodiment, it Will 
be understood by those skilled in the art that various changes 
in form and detail may be made therein Without departing 
from the spirit and scope of the invention. 
What is claimed is: 
1. A poWer supply sWitching circuit for sWitching poWer 

supplies to a load, the poWer supply sWitching circuit 
comprising: 

a sWitching circuit connected to tWo poWer supplies 
supplying tWo voltages, a primary poWer supply and a 
secondary poWer supply, the primary poWer supply 
providing a ?rst voltage and the secondary poWer 
supply providing a second voltage, the ?rst voltage 
being a variable voltage Wherein the sWitching circuit 
is controlled by a control signal, the control signal 
causing one of the tWo poWer supplies to be connected 
to the load, Wherein one of the tWo voltages is con 
nected to the load; 

a reference circuit including: 
means for generating a ?rst reference voltage utiliZing 

the ?rst voltage and a sWitched voltage, the sWitched 
voltage being sWitched betWeen the ?rst voltage and 
the second voltage, Wherein the ?rst voltage refer 
ence has a ?rst slope; and 

means for generating a second reference voltage uti 
liZing the ?rst voltage, Wherein the second reference 
voltage has a second slope that is selected to provide 
a crossing point With the ?rst reference voltage, 

Wherein the sWitching circuit sWitches betWeen the tWo 
poWer supplies in response to an occurrence of a 
crossing point betWeen the ?rst reference voltage and 
the second reference voltage. 

2. The poWer supply sWitching circuit of claim 1, Wherein 
both the ?rst reference voltage and the second reference 
voltage are loWer than the secondary poWer supply voltage. 

3. The poWer supply sWitching circuit of claim 2, Wherein 
the secondary poWer supply is a battery poWer supply. 

4. The poWer supply sWitching circuit of claim 1, Wherein 
both the ?rst and second reference voltages are less than the 
?rst voltage. 

5. The poWer supply sWitching circuit of claim 1, Wherein 
the slope of the second reference voltage is selected as 
folloWs: 

Wherein R1 and R2 are resistor values. 
6. The poWer supply sWitching circuit of claim 2, Wherein 

the secondary poWer supply voltage is greater than the 
primary poWer supply voltage. 

7. A poWer supply sWitching circuit for sWitching poWer 
supplies to a load, the poWer supply sWitching circuit 
comprising: 

a sWitching circuit connected to tWo poWer supplies 
supplying tWo voltages, a primary poWer supply and a 
secondary poWer supply, Wherein the primary poWer 
supply generates a ?rst voltage and the secondary 
poWer supply generates a second voltage, Wherein the 
sWitching circuit is controlled by control signal, the 
control signal causing one of the tWo poWer supplies to 
be connected to the load, Wherein one of the tWo 
voltages is connected to the load; 

a comparator circuit having a ?rst input connected to a 
?rst input reference voltage, a second input connected 
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to a second reference voltage, and an output, connected 
to the switching circuit, Wherein the control signal is 
generated at the output; 

a reference voltage circuit including: 
a ?rst circuit comprising a ?rst transistor having a base, 

a collector, and an emitter, the collector [being] 
having a connection that is sWitched betWeen the ?rst 
voltage and the second voltage in response to the 
sWitching circuit connecting one of the tWo poWer 
supplies to the load, a second transistor having a 
gate, a source, and a drain, and a resistor, having a 
?rst end and a second end Wherein the drain of the 
second transistor is connected to the ?rst end of the 
resistor and the second end of the resistor is con 
nected to the emitter of the ?rst transistor, Wherein 
the ?rst reference voltage is [equal to voltage drop 
across the second transistor] present with respect to 
the lower power supply voltage, Wherein the drain of 
the second transistor is connected to the ?rst input of 
the comparator circuit; and 

a second circuit comprising a ?rst resistor and a second 
resistor connected in series, Wherein the ?rst resistor 
has a ?rst end connected to the ?rst voltage and a 
second end connected to a ?rst end of the second 
resistor, Wherein the second reference voltage is 
equal to a voltage drop across the second resistor and 
Wherein the ?rst end of the second [transistor] resis 
tor is connected to the second input of the cornpara 
tor circuit. 

8. The poWer supply sWitching circuit of claim 7, further 
comprising a current source including: 

a ?rst transistor and a second transistor, each transistor 
having a source, a drain, and a gate, the sources of the 
?rst transistor and the second transistor being con 
nected to the ?rst voltage, the gate of the ?rst transistor 
and the second transistor being connected to the drain 
of the second transistor; 

a third transistor and a fourth transistor, each transistor 
having a source, a drain, and a gate, the drain of the 
third transistor being connected to the drain of the ?rst 
transistor, the drain of the fourth transistor being con 
nected to the drain of the second transistor, and the 
gates of the third transistor and the fourth transistor 
being connected to the drain of the third transistor; and 

a ?fth transistor and a siXth transistor, each transistor 
having a source, a drain, and a gate, the drain of the ?fth 
transistor being connected to the source of the third 
transistor, the drain of the siXth transistor being con 
nected to the source of the fourth transistor, the sources 
of the ?fth transistor and the siXth transistor being 
connected to a loWer poWer supply voltage, and the 
gates of the ?fth transistor and the siXth transistor being 
connected to the drain of the ?fth transistor, 

Wherein the gate of the ?fth transistor in the current source 
is connected to a gate of the second transistor in the 
reference circuit and Wherein the source of the siXth 
transistor is connected to the loWer poWer supply by a 
resistor having a ?rst end connected to the source of the 
siXth transistor and a second end connected to the loWer 
poWer supply voltage. 

9. The poWer supply sWitching circuit of claim 7, Wherein 
in the second circuit, the second end of the second resistor 
is connected to the loWer poWer supply voltage by a tran 
sistor having a drain connected to the second end of the 
resistor and a source connected to the loWer poWer supply 
voltage, Wherein the transistor has a gate controlled by the 
?rst reference voltage. 
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10. The poWer supply sWitching circuit of claim 7, 

Wherein the ?rst transistor is a PNP transistor. 
11. The poWer supply sWitching circuit of claim 7, 

Wherein the ?rst transistor is an NPN transistor. 
12. The poWer supply sWitching circuit of claim 10, 

Wherein the second transistor is an N-channel MOSFET. 
13. The poWer supply sWitching circuit of claim 9, further 

comprising a current source including a ?rst transistor, a 
second transistor, a third transistor, and a fourth transistor, 
Wherein the ?rst reference voltage is generated as [folloW 
ings] follows: 

kT 
Vrlef = VCCl — VBE — 

S481 Rb] 5253 E 

Wherein Vref is the ?rst reference voltage measured with 
respect to the lower power supply voltage, VCCJL is the ?rst 
voltage, VBE is a base ernitter voltage of the ?rst transistor 
in the ?rst circuit, S1 is the device siZe of the ?rst transistor 
in the current source, S2 is the device siZe of the second 
transistor in the current source, S3 is the device siZe of the 
third transistor in the current source, S4 is a device siZe of 
the fourth transistor in the current source, kT/q is the thermal 
voltage, Rb is the resistor in the ?rst circuit, and Rs is the 
resistor in the current source. 

14. The poWer supply sWitching circuit of claim 7, further 
comprising: 

a current source including: 
a ?rst transistor and a second transistor, each transistor 

having a source, a drain, and a gate, the sources of 
the ?rst transistor and the second transistor being 
connected to the ?rst voltage and the gate of the ?rst 
transistor and the second transistor being connected 
to the drain of the second transistor; and 

a third transistor and a fourth transistor, each transistor 
having a source, a drain, and a gate, the drain of the 
third transistor being connected to the drain of the 
?rst transistor, the drain of the fourth transistor being 
connected to the drain of the second transistor, the 
sources of the third transistor and the fourth transis 
tor being connected to the loWer poWer supply, and 
the gates of the third transistor and the fourth tran 
sistor being connected to the drain of the third 
transistor; 

Wherein the gate of the third transistor in the current 
source is connected to a gate of the second transistor in 
the reference circuit. 

15. The poWer supply sWitching circuit of claim 14, 
Wherein in the second circuit, the second end of the second 
resistor is connected to the loWer poWer supply voltage by 
a transistor having a drain connected to the second end of the 
resistor and a source connected to the loWer poWer supply 
voltage, the transistor having a gate controlled by the 
reference voltage. 

16. The poWer supply sWitching circuit of claim 15, 
Wherein the ?rst reference voltage is determined as folloWs: 

S481 Rb 

] 5253 E 

Wherein Vref is the ?rst reference voltage, VCCl is the ?rst 
voltage, VBE is a base ernitter voltage of the ?rst transistor 
in the ?rst circuit, S1 is the device siZe of the ?rst transistor 
in the current source, S2 is the device siZe of the second 
transistor in the current source, S3 is the device siZe of the 
third transistor in the current source, S4 is a device siZe of 
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the fourth transistor in the current source, kT/q is the thermal 
voltage, Rb is the resistor in the ?rst circuit, and Rs is the 
resistor in the current source. 

17. The poWer supply sWitching circuit of claim 16, 
Wherein the second reference voltage is determined as 
folloWs: 

Wherein Va is the second reference voltage, R1 is a resistor 
value of the ?rst resistor in the second circuit, R2 is a resistor 
value of the second resistor in the second circuit, and VCC is 
the ?rst voltage. 

18. A poWer supply sWitching circuit for sWitching poWer 
supplies to a load, the [method] power supply switching 
circuit comprising: 

a sWitching circuit connected to tWo poWer supplies, a 
primary poWer supply and a secondary poWer supply, 
Wherein the sWitching circuit causes one of the tWo 
poWer supplies to be connected to the load; 

a circuit including: 
generating means for generating a ?rst reference volt 

age utiliZing the ?rst voltage and a sWitched voltage, 
the sWitched voltage being sWitched betWeen the ?rst 
voltage and the second voltage, Wherein the ?rst 
voltage reference has a ?rst slope; and 

generating means for generating a second reference 
voltage utiliZing the ?rst voltage, Wherein the second 
reference voltage has a second slope that is selected 
to provide a crossing point With the ?rst reference 
voltage, 

Wherein the sWitching means for sWitching circuits 
sWitches betWeen the tWo poWer supplies in response to 
an occurrence of a crossing point betWeen the ?rst 
reference voltage and the second reference voltage. 

19. A method for sWitching betWeen a primary poWer 
supply and a secondary poWer supply, Wherein the primary 
poWer supply voltage provides a ?rst voltage and the sec 
ondary poWer supply voltage provides a second voltage, the 
method comprising: 

generating a ?rst reference voltage utiliZing the ?rst 
voltage and a sWitched voltage, the sWitched voltage 
being sWitched betWeen the ?rst voltage and the second 
voltage, Wherein the ?rst reference voltage has a ?rst 
slope; 

generating a second reference voltage utiliZing the ?rst 
voltage, Wherein the second reference voltage has a 
second slope, Wherein the second slope is selected to 
provide a crossing point With the ?rst reference voltage; 
and 

sWitching betWeen the primary and secondary poWer 
supplies in response to an occurrence of the crossing 
point betWeen the ?rst reference voltage and the second 
reference voltage. 

20. A switching reference circuit for selecting a ?rst 
power supply or a second power supply to power a load, the 
switching reference circuit comprising: 

?rst, second, and third supply nodes,‘ 
a current source operable to generate a constant source 

current; 
a ?rst transistor having a ?rst node coupled to the ?rst 

supply node, a second node, and a control node 
coupled to the second supply node,‘ 

a ?rst impedance element having a ?rst node coupled to 
the second node of the ?rst transistor and having a 
reference node for providing a ?rst reference voltage; 
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10 
a second transistor having a ?rst node coupled to the 

reference node of the impedance element, a second 
node coupled to the third supply node, and a control 
node coupled to the current source, the second tran 
sistor operable to conduct a constant current that is 
proportional to the constant source current,‘ and 

a voltage divider having a ?rst node coupled to the second 
supply node, a second node coupled to the third supply 
node, and a reference node for providing a second 
reference voltage such that the ?rst and second refer 
ence voltages select the ?rst power supply when the 
?rst reference voltage is greater than the second ref 
erence voltage and select the second power supply 
when the second reference voltage is greater than the 
?rst reference voltage. 

21. The switching reference circuit of claim 20 wherein 
the ?rst supply node is operable to be directly coupled to the 
second supply node. 

22. The switching reference circuit of claim 20 wherein 
the ?rst transistor comprises a bipolar transistor; the ?rst 
node of the bipolar transistor comprises a collector; the 
second node comprises an emitter; and the control node 
comprises a base terminal. 

23. The switching reference circuit of claim 20 wherein 
the ?rst transistor comprises an NPN bipolar transistor; the 
?rst node of the NPN bipolar transistor comprises a 
collector; the second node comprises an emitter; and the 
control node comprises a base. 

24. The switching reference circuit of claim 20 wherein: 
the ?rst supply node is the same as the second supply 

node,‘ and 
the ?rst transistor comprises a PNP bipolar transistor; the 

?rst node of the PNP bipolar transistor comprises a 
collector; the second node comprises an emitter; and the 
control node comprises a base terminal. 

25. The switching reference circuit of claim 20 wherein 
the impedance element comprises a resistor. 

26. The switching reference circuit of claim 20 wherein 
the ?rst node of the second transistor comprises a drain, the 
second node comprises a source, and the control terminal 
comprises a gate. 

27. The switching reference circuit of claim 20 wherein 
the voltage divider comprises: 

a second impedance element having a ?rst node coupled 
to the second supply node and a second node coupled 
to the reference node of the voltage divider,‘ and 

a third impedance element having a ?rst node coupled to 
the reference node of the voltage divider and a second 
node coupled to the third supply node. 

28. The switching reference circuit of claim 20 wherein 
the voltage divider comprises: 

a second impedance element having a ?rst node coupled 
to the second supply node and a second node coupled 
to the reference node of the voltage divider,‘ 

a third impedance element having a ?rst node coupled to 
the reference node of the voltage divider and having a 
second node,‘ and 

a transistor having a ?rst node coupled to the second node 
of the third impedance element, a second node coupled 
to the third supply node, and a control node coupled to 
the ?rst reference voltage. 

29. The switching reference circuit of claim 20, further 
comprising a start-up circuit coupled to the current source. 

30. The switching reference circuit of claim 20 wherein.‘ 
the ?rst supply node is operable to be coupled to the ?rst 
power supply,‘ and 
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the second supply node is operable to be coupled to the 
?rst power supply when the ?rst reference voltage is 
greater than the second reference voltage and to the 
second power supply when the second reference volt 
age is greater than the ?rst reference voltage. 

31. A method for switching between a primary power 
supply that provides a ?rst voltage and a secondary power 
supply that provides a second voltage; the method compris 
ing: 

generating a constant current; 

generating from the ?rst voltage and the constant current 
a ?rst reference voltage having a ?rst slope; 

generating from the ?rst voltage a second reference 
voltage having a second slope that is dijferent than the 
?rst slope; and 

switching between the primary and the secondary power 
supplies in response to a comparison of the ?rst and 
second reference voltages. 

32. The method of claim 31 wherein generating the ?rst 
reference voltage comprises generating the ?rst reference 
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voltage from a voltage that is switched between the ?rst and 
the second voltages. 

33. The method of claim 31 wherein: 

?rst reference voltage has the ?rst slope with respect to a 
third voltage; and 

the second reference voltage has the second slope with 
respect to the third voltage. 

34. The method of claim 31 wherein: 

the ?rst reference voltage has the ?rst slope with respect 
to the ?rst voltage; and 

the second reference voltage has the second slope with 
respect to the ?rst voltage. 

35. The method of claim 31 wherein the absolute value of 
the ?rst slope is greater than the absolute value of the second 
slope. 

36. The method of claim 31 wherein the absolute value of 
the second slope is greater than the absolute value of the ?rst 
slope. 


