
INTEL 1320

 

 

 
 
  

U5006566935B1

(12) United States Patent (10) Patent N0.: US 6,566,935 B1
Renous (:45) Date of Patent: May 20, 2003

(54) POWER SUPPLY CIRCUIT WITHA 5,336,945 A * 8/1994 Ikeda ......................... 327/293
VOLTAGE SELECTOR 5,341,034 A 8/1994 Matthews ..... 327/534

5,446,397 A * 8/1995 Yotuyanagi .. ...... 327/66

(75) Inventor: Claude Renous, Grenoble (FR) 35507494 A 9/1996 Sawada ~~~~~~~~~~~~~ 327/695,748,033 A 5/1998 Kaveh et al. . 327/545
~ . - - ~ RE36,179 E 4/1999 Shimoda ........... 327/407

(73) Ass1gnee. STMlcroelectronlcs S.A., Gentilly (FR) 6,002,295 A 12/1999 Gens et a1. 327/546

( *) Notice: Subject to any disclaimer, the term Of this 6,040,718 A * 3/2000 Henry ........................ 327/407
patent is extended or adjusted under 35 * cited by examiner
U.S.C. 154(b) by 0 days. 7 .

Primary Examiner—Terry D. Cunningham
. (74) Attorney. Agent, or Firm—Wolf, Greenfield & Sacks,

(21) Appl. No" 09/649’901 P.C.; James II. Morris

(22) Filed: Aug. 28, 2000 (57) ABSTRACT
(30) Foreign Application Priority Data _ _ _ _

A power supply c1rcu1t rece1v1ng several supply voltages on
Aug. 31, 1999 (FR) ............................................ 99 11033 respective switches, at least one of the switches being a first

(51) Int. Cl.7 ................................................... H02] 1/10 PhilOS transistor connected between imipf the hSEPPly. . . v0 tages an a common output term1na , t is sw1tc eing

(52) U'S' 0' """"""""""""" 327/408’ 327/530’ 3577/1826 associated with a second PMOS transistor connected
_ 7 ’ ‘ between the gate of the first transistor and a power supply

(58) Fleld of Search y............... ........ / ......... 3-7/407, 408, node maintained at the highest Of the other supply voltages,
327/530’ 546’ 307’ 64’ 80’ 87’ 126’ 130 with a third NMOS transistor, which is less conductive in the

(56) References Cited on state than the second transistor, connected between the
US. PATENT DOCUMENTS

4,341,961 A *
4,617,473 A
4,654,829 A *
5,157,291 7x
5,187,396 A *

7/1982 Komoriya .............. 365/189.03
10/1986 Bingham ............... 307/66
3/1987 Jiang et al. . 365/189.03  

10/1992 Shimoda ..................... 327/408
327/652/1993 Armstrong, 11 et a1.

gate of the first transistor and the ground, and with a fourth
PMOS transistor having its source connected to the power
supply line of the switch and its drain connected to ground
via a current source, and to the gates of the second, third, and
fourth transistors.

17 Claims, 3 Drawing Sheets

 
INTEL 1320f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US 6,566,935 B1Sheet 1 0f 3May 20, 2003US. Patent

ddV

 
CS

 
FigZ

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US. Patent May 20, 2003 Sheet 2 0f3 US 6,566,935 B1

 
Fig 3

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US. Patent May 20, 2003 Sheet 3 0f3 US 6,566,935 B1

V3

V2

V1

D3

[El-Hi
Vdd

-r\, TI

.1 .1 T11

T3

 
 VAI

Fig 4

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US 6,566,935 B1

1
POWER SUPPLY CIRCUIT WITH A

VOLTAGE SELECTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to power supply circuits,
and especially to power supply circuits that receive several
supply voltages and that select the highest supply voltage.
Such power supply circuits are used, for example, in a
rechargeable battery device for supplying the device from
the battery or from an external power source, if any.

2. Discussion of the Related Art

FIG. 1 shows a conventional power supply circuit receiv-
ing two supply voltages V1 and V2 on two respective supply
lines L1 and L2, and providing a voltage Vdd on an output
node S. The two supply lines are connected to the output
node by two P-channel MOS transistors (PMOS), respec-
tively T1 and T2. A comparator A1 has two inputs respec-
tively connected to the two supply lines so that the output of '
comparator A1 is at a low level when voltage V1 is greater
than voltage V2 and at a high level otherwise. The output of
comparator A1 is directly connected to the gate of transistor
T1, and is connected to the gate of transistor T2 via an
inverter 11.

Such power supply circuits are used when it is desired to
obtain a small voltage drop between voltage V1 or V2 and
voltage Vdd. In the cases where a high voltage drop can be
tolerated, diodes are used instead of transistors T1 and '12.

FIG. 2A shows the variation of gate voltages VGI and
VG2 of transistors TI and T2 for an example of relative
variation of supply voltages V1 and V2. Voltage V1 remains
constant while voltage V2 crosses voltage V1 as it decreases,
then as it increases. It is assumed that comparator A1 and
inverter 11 are both supplied between voltage Vdd and the
ground.

When voltage V2 exceeds voltage V1 by a threshold AV
characteristic of comparator A1, voltage VA1 provided by
the comparator is equal to voltage Vdd. Thus, gates G1 and
G2 are respectively at voltage Vdd and at ground. As a
result, transistor T2 conducts and transistor T1 is 011', tran-
sistor T2 transmitting voltage V2 on output node S.
Similarly, when voltage V2 is smaller than voltage V1 by
threshold AV, voltage VA1 provided by the comparator is at
ground, whereby transistor T2 is off and transistor T1 is on,
transistor T1 transmitting voltagc V1 on output node S.

Range iAV is a range in which the comparator, which is
by nature imperfect, behaves linearly. The comparator
behaves linearly between times t1 and t2 when voltage V2
progressively decreases from voltage V1+AV to voltage
Vl—AV and voltage VG1 progressively decreases from
voltage Vdd to the ground.

Inverter 11 includes a PMOS transistor and an N-channel

MOS transistor (NMOS). The threshold voltage of the
PMOS transistor 0f inverter 11 is called VTH, which voltage
is also that of PMOS transistors T1 and T2. Similarly, the
threshold voltage of the NMOS transistor is called VTL.

At a time t3, voltage VG1 is equal to voltage Vdd—VTH,
and at a time t4, voltage VG1 reaches voltage VTL. Gate
voltage VG2, at the output of inverter 11, progressively
varies between a zero level at time t3 and a level Vdd at time
t4.

Transistor T1 starts conducting when its gate voltage VG1
reaches voltage Vdd—VTH, that is, at time t3.

At a time t5, gate voltage VG2 reaches voltage Vdd—
VTH. Transistor T2 stops conducting at time t5.
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Thus, there is a range of simultaneous conduction (CS) of
transistors T1 and T2 between times t3 and t5. There is a

similar range of simultaneous conduction CS on either side
of a time tr when voltage V2 becomes greater than voltage
V1 again.

During a simultaneous conduction, the power supply
sources generating voltages V1 and V2 are shorted, which is
not desirable. Further, if the power supply source providing
the highest supply voltage exhibits a high impedance, the
shorting of the power supply sources results in a drop of the
highest supply voltage to the level of the other supply
voltage, and comparator A1 can no longer determine which
of the supply voltages is greater. The power supply selection
circuit is then blocked in an intermediary state and no longer
properly ensures its function.

On the other hand, the principle used in the circuit of FIG.
I does not enable selecting the highest of three supply
voltages or more.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a circuit
for selecting the highest of two supply voltages or more,
which can operate without short-circuiting power supply
lines.

To achicvc this objcct, as wcll as others, thc prcscnt
invention provides a power supply circuit receiving several
supply voltages on respective power supply lines, each of
which is connected to a respective switch, at least one of the
switches being a first MOS transistor of a first conductivity
type, connected between the associated power supply line
and a common output terminal, which includes, for said at
least one switch: a second transistor, of the first conductivity
type, connected between the gate of the first transistor and
a power supply node maintained at the highest of the other
supply voltages, a third transistor, of a second conductivity
type, which is less conductive in the on state than the second
transistor, connected between the gate of the first transistor
and a reference potential, and a fourth transistor, 0f the first
conductivity type, having its source connected to the power
supply line associated with the switch and its drain con-
ncctcd to the rcfcrcncc potcntial via a currcnt source, and to
the gates of the second, third, and fourth transistors.

According to an embodiment of the present invention,
said current source is a fifth transistor, of the second con-
ductivity type, having its gate connected to said power
supply node.

According to an embodiment of the present invention, the
power supply circuit includes two power supply lines and
two respective switches, the power supply node associated
with a switch being directly connected to the power supply
line associated with the other switch.

According to an embodiment of the present invention, the
power supply circuit includes three power supply lines, a
sixth transistor connected between the third power supply
line and the power supply node, and having its gate con-
nected to the second power supply line, and a seventh
transistor connected between the second power supply line
and the power supply node and having its gate connected to
the third power supply line.

According to an embodiment of the present invention, at
least one of the switches is a diode.

According to an embodiment of the present invention, the
second transistor has a width-to-length ratio of 20/2, and the
third transistor has a W/L ratio of 3/25.

According to an embodiment of the present invention, the
fourth transistor has a W/L ratio of 40/2, and the fifth
transistor has a W/L ratio of 3/50.
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