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(57) An apparatus for circuit power-down with minimal impact on circuit performance during powered conditions. An
embodiment includes a bias block switching means, a first switch, a first switched constant current means and a first
voltage follower. The bias block switching means has a first node, second node and a third node. The bias block
switching means has a first state for substantially electrically connecting the first node and the third node and a second
state for substantially electrically connecting the second node and the third node. The bias block switching means 1s
responsive to a power down control signal for switching between the first state of the bias block switching means the
second state of the bias block switching means. The first node of the bias block switching means 1s operatively coupled
to a reference voltage and the second node of the bias block switching means 1s operatively coupled to a first supply
voltage. The first switch has a first node and a second node. The first switch has a first state for substantially electrically
1solating the first node and the second node and a second state for substantially electrically connecting the first node
and the second node. The first switch 1s responsive to the power down control signal for switching between the first
state of the first switch and the second state of the first switch. The first node of the first switch provides the output
signal. The first switched constant current means 1s coupled to the first node of the first switch and the first supply
voltage. The first switched constant current means has a first state for providing a constant current output and a second
state for providing substantially no current. The first switched constant current means 1s responsive to a bias signal for
switching between the first state of the first switched constant current means and the second state of the first switched
constant current means. The bias signal 1s output from the third node of the bias block switch. The first voltage follower
has a first terminal, a second terminal and a third terminal. The first terminal receives the mput signal, the second
terminal 1s operatively coupled to the second voltage supply and the third terminal 1s operatively coupled to the second
node of the first switch. An advantage 1s only permitting parasitic current during power-down operation. Multiple
stages are possible.
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Abstract

An apparatus for clrcuilt power-down with minimal impact on

circult performance during powered conditions. An

embodiment includes a bias block switching means, a first

switch, a first switched constant current means and a first

voltage follower. The bilas block switching means has a

first node, second node and a third node. The bias block

switching means has a first state for substantially

electrically connecting the first node and the third node

and a second state for substantially electrically
connecting the second node and the third node. The bias
plock switching means 1s responsive to a power down control

H

signal for switching between the first state of the bias

block switching means the second state of the bias block

switching means. The first node of the bias block switching

means 1s operatively coupled to a reference voltage and the

second node of the bias block switching means is

operatively coupled to a first supply voltage. The first

switch has a first node and a second node. The first switch

has a first state for substantially electrically isolating

the first node and the second node and a second state for

substantially electrically connecting the first node and

the second node. The first switch 1s responsive to the

power down control signal for switching between the first

g

state of the first switch and the second state of the first

F

switch. The first node of the first switch provides the

output signal. The first switched constant current means 1is

coupled to the first node of the first switch and the first
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supply voltage. The first switched constant current means

has a first state for providing a constant current output

and a second state for providing substantially no current.

The first switched constant current means is responsive to

F

a bias signal for switching between the first state of the

first switched constant current means and the second state

of the first switched constant current means. The bias

F

signal 1s output from the third node of the bias block

switch. The first voltage follower has a first terminal, a

second terminal and a third terminal. The first terminal
recelves the input signal, the second terminal 1is
operatively coupled to the second voltage supply and the
third terminal 1is operatively coupled to the second node of
the first switch. An advantage 1is only permitting parasitic

current during power-down operation. Multiple stages are

possible.
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Apparatus For Circuit Power-Down

Inventor: ILIASEVITCH, Stepan

Field of the Invention

The present invention relates generally to electronic
circults and more particularly to a method and apparatus

for circuit power-down.

Background of the Invention

Power consumption is a key performance characteristic in

electronic circuits. Generally speaking, low power

consumption 1s desirable because there are many beneficial

effects such as low heat dissipation and low power supply

requirements.

A problem 1n electronic circuit design is that sometimes

portions of an electronic circuit are not necessary for

given period of time yet they still consume power during

that time. Therefore, it is desirable to reduce the power

- e

consumption of unused portions of an electronic circuit for

r—

certain periods of time.

Techniques to reduce the power consumption of unused

portions of an electronic circuit are known to exist.

09/10/99 1 Nortel File: 10622ROUS01U
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One such technique is a circuit arrangement for reducing a

H
S

reference supply voltage level of a reference generator for

an ECL circuit during a power-down mode. A first switching

network 1s connected to the input of a reference generator

for disabling of the input of the reference generator in

response to a control signal so as to reduce the level of

the reference supply voltage. A second switching network is

connected to the output of the referenced generator for

disabling of the output of the reference generator in

response to the control signal.

disconnect two signal nodes so as to control the passage of

It 1s common to use transistors as switches to connect or

ki

ac and dc silgnals between the two nodes. Examples of such

switches are bipolar, JFET or MOS switches.

When bipolar or JFET transistors are used, the control node

O

F

I the transistors generally has low impedance to the

signal nodes being switched so it must be allowed to follow

the signal with minimum effect (i.e. with minimum ac

current injection). This is to say it must have high a.c.

1mpedance or it must have the a.c. signal specifically

superimposed on any d.c. voltages needed for control. Such

control techniques are known for bipolar and JFET switches.

When MOS transistors are used as switches, however, the

situation 1s more complex because an alternate scheme is

O

ften used. With this scheme the controlling gate is

connected to a sufficiently high potential to ensure the
09/10/99 2 Nortel File: 10622ROUS01U
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D

transistor will remain well turned on for the full range of

signals to be switched, and the high impedance of the MOS

gate prevents excessive loading of the signal. When very

high frequency ac signals are involved, however, the

capaciltance between the channel and the gate of the MOS

switch represent sufficiently low impedance to be a serious

18sue.

Thus, the known power-down techniques are deficient in that

they affect the cilrcult performance during powered

conditions. Further, some known power-down techniques do

not reduce the power consumption of a circuit by an

adequate amount.

Therefore, clearly there is a need to adequately power-down

a circult with minimal impact on circuit performance during

powered conditions.

Summary of the Invention

The present 1nvention is directed to an apparatus for

circult power-down with minimal impact on circuit

performance during powered conditions.

According to one aspect of the present invention, there is

provided an apparatus for circuit power-down including a

bias block switching means, a first switch, a first

switched constant current means and a first voltage

09/10/99 3 Nortel File: 10622ROUS01U
Gowlings File: 08-883908US



CA 02282091 1999-09-10

follower. The bias block switching means has a first node,

second node and a third node. The bias block switching

means has a first state for substantially electrically

connecting the first node and the third node and a second

state for substantially electrically connecting the second

node and the third node. The bias block switching means 1is

responsive to a power down control signal for switching

p—

between the first state of the bias block switching means

the second state of the bias block switching means. The

first node of the bias block switching means is operatively

coupled to a reference voltage and the second node of the

bias block switching means is operatively coupled to a

first supply voltage. The first switch has a first node and

a second node. The first switch has a first state for

substantially electrically isolating the first node and the

second node and a second state for substantially

electrically connecting the first node and the second node.

The first switch is responsive to the power down control

g

signal for switching between the first state of the first

switch and the second state of the first switch. The first

—

node of the first switch provides the output signal. The

first switched constant current means is coupled to the

first node of the first switch and the first supply

voltage. The first switched constant current means has a

first state for providing a constant current output and a

second state for providing substantially no current. The

first switched constant current means is responsive to a

Fv

bias signal for switching between the first state of the

first switched constant current means and the second state

09/10/99 4 Nortel File: 10622ROUS01U
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1tched constant current means. The bias

t from the third node of the bias block

st voltage follower has a first terminal, a

and a third terminal. The first terminal
put signal, the second terminal is
pled to the second voltage supply and the

1s operatively coupled to the second node of

h.

the 1nvention is that it only permits

nt during power-down operation.

F

nd features of the present invention will

to those ordinarily skilled in the art upon

#

followling description of specific embodiments

n in conjunction with the accompanying

Brief Description of the Drawings

The embodiments

reference to th

Figure 1 1is a b
FFigure 2 is a b
F'igure 3 1is a b

Figure 4 1s a b

Figure 5 is a b

09/10/99

of the invention will now be described with

e accompanying drawings, 1in which:

)

lock diagram of a power-down circuit;

lock diagram of another power-down circuit:

I

N

lock dlagram of an input emitter follower:

.y

lock diagram of an output emitter follower:

lock diagram of a first switch;
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Figure 6 is a block diagram of a second switch:

Figure 7 is a block diagram of a power supply switch;

Figure 8 1s a more detailed block diagram of the first

switch;

Figure 9 1s a more detailed block diagram of the second

swlitch;

—

Figure 10 1s a more detailed block diagram of the power-

down circuit:;

Figure 11 is an embodiment of the invention including a

powered down voltage reference in place of the bias block
swltching means;
™

Figure 12 are alternate switch implementations according to

embodiments of the invention; and

Figure 13 are various alternate implementations of the

first switched current source or the second switched

current source, or both.

I

Similar references are used in different figures to denote

similar components.

Detailed Description of the Invention

The detailed description of the invention includes

¢ a general overview of the invention, and

® a description of the embodiments of the invention,

including the presently preferred embodiment. Description

of the structure, operation, advantages and alternatives

are included.

09/10/99 6 Nortel File: 10622ROUS01U
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Overview

ﬁ
—

An overview of the invention follows. Generally speaking,

1n an emitter follower stage which biased by a current

source or resistor, a MOS transistor is connected between

P

the third terminal of the emitter follower and the current

source or resistor. The gate of the MOS transistor is
connected to a power-down control signal through a large

reslistor or long channel inverter stage. This arrangement

allows the third terminal of the emitter follower to be

completely disconnected from the current source or resistor

during power-down conditions.

During normal operations (not during power-down

condltions), however, the MOS transistor will not slow down

the input signal at high frequencies because its gate 1s

connected to a power-down control signal through a large

F

resistor or high output impedance of the long channel

1nverter stage. Thus, the power down circuit uses switches

—

to substantially shut off the current to the circuit to be

powered-down, however, the powered condition is left

g gp—
aaand

relatively unaffected. By substantially shut off it is

meant that only parasitic currents are left, such as

leakage.

P

Use orf MOS devices as switches are beneficial as they

minimize voltage drops which in turn minimzes effect on

09/10/99 7 Nortel File: 10622ROUS01U
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supply voltage, power, headroom needed for optimum circuit

design and performance.

When very high frequency a.c. signals are involved in this

invention, however, the capacitance between the channel

#

and the gate of the MOS switch represent a sufficiently low

impedance to be a serious issue, in which case the high
lmpedance control or a control with the a.c. signal

superimposed are solutions just as they are for bipolar and

JFET devices.

The inventlon has wide application in input/output

amplifiers, pads, and many other circuits. The invention
may be used to completely power-down output pads, which may

consume the most power on a chip.

Further, an embodiment of the invention uses MOS

Lransistors as a.c. switches in high performance bipolar

circuits. An example of this embodiment is a CML pad

receiver cilrcult that features complete power-down

capability. The circuit can fully power down high

performance circuits while minimizing impact of

performance. Also, the combination of bipolar and MOS

devices made available in BiCMOS technologies has many

advantages.

Another beneficial aspect of the invention is that a pre-

drive 1nverter connecting the gate of the switch to another

09/10/99 8 Nortel File: 10622ROUS01U
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signal operating twice the first terminal-third terminal

voltage above the signal being switched applies both a d.c.

enable signal for the switch transistor and the

superimposed a.c. signal, without need of additional

complexity. In effect, both the PMOS device of the pre-—

drive 1nverter and the main NMOS switch both act as a.cC.

signal switches.

Embodiments Description (Including the Presently Preferred

Embodiment)

A description of the embodiments follows, from the general

empbodiments of the invention to specific embodiments of the

invention, with reference to the figures. The presently

pretferred embodiment is also described.

Figure 1 1s a block diagram of a power-down circuit. The

power down circult includes a bias block switching means

10, a flrst switch 40, a first switched constant current

means 460 and a first voltage follower 48. The bias block

switching means 10 has a first node 12, second node 14 and

a third node 18. The bias block switching means 10 has a

first state for substantially electrically connecting the

first node 12 and the third node 18 and a second state for

substantially electrically connecting the second node 14
and the third node 18. The bias block switching means 10 is
responsive to a power down control signal 16 for switching

H

petween the first state of the bias block switching means

10 the second state of the bias block switching means 10.

09/10/99 9 Nortel File: 10622ROUS01U
Gowlings File: 08-883908US
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The first node 12 of the bias block switching means 10 is

operatively coupled to a reference voltage 19 and the

second node 12 of the bias block switching means 10 is

operatively coupled to a first supply voltage 21. The first

switch 40 has a first node 42 and a second node 44 . The

first switch 40 has a first state for substantially

electrically isolating the first node 42 and the second

node 44 and a second state for substantially electrically

connecting the first node 42 and the second node 44. The

first switch 40 1is responsive to the power down control

signal 16 for switching between the first state of the

first switch 40 and the second state of the first switch

40. The first node 42 of the first switch 40 provides the

output signal 38. The first switched constant current means

40 1s coupled to the first node 42 of the first switch 40

and the first supply voltage 21. The first switched

constant current means 46 has a first state for providing a

constant current output and a second state for providing

substantially no current. The first switched constant

current means 46 1s responsive to a bias signal 45 for

swltching between the first state of the first switched
constant current means 46 and the second state of the first
switched constant current means 46. The bias signal 45 is

P

output from the third node 18 of the bias block swiltching

means 10. The first voltage follower 48 has a first

terminal 50, a second terminal 52 and a third terminal 54

The first terminal 50 receives the input signal 28, the

second terminal 52 1s operatively coupled to the second

09/10/99 10 Nortel File: 10622ROUS01U
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voltage supply 23 and the third terminal 54 1s operatively

coupled to the second node 44 of the first switch 40.

ﬁ

Figure 2 1is a block diagram of another power-down circult.

The power-down circult includes a bilas block switching

means 10, a power supply switch 18, an input emitter

follower 26, a buffer 32 and an output emitter follower 36.

The bias block switching means 10 has a first node 12, a

second node 14 and a third node 18. The bilias block

switching means 10 has a first state for substantially

electrically connecting the first node 12 and third node 18

and a second state for substantially electrically
connecting the first node 12 and the second node 14. The
bias block switching means 10 1s responsive to a power down
control signal 16 for switching between the first state of

the bias block switching means 10 and the second state of

the bias block switching means 10. The first node 12 of the

plas block switching means 10 1s operatively coupled to a

reference voltage source 19. The second node 14 of the bias

block switching means 10 1s operatively coupled to a first

voltage supply 21. The power supply switch 18 has a first
node 20 and a second node 22. The power supply switch 18

has a first state for substantially electrically isolating

the first node 20 and second node 22 and a second state for

substantially electrically connecting the first node 20 and

the second node 22. The power supply switch 18 is

responsive to the power down control signal 16 for

.

switching between the first state of the power supply

o

switch 18 and the second state of the power supply switch

09/10/99 11 Nortel File: 10622ROUS01U
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18. The first node 20 of the power supply switch 18 is
operatively coupled to a second supply voltage 23. The
input emitter follower 26 receives an 1nput signal 28,
recelves the power down control signal 16, and is

gr—

operatively coupled to the third node 18 of the bias block

P

providing a buffer input signal 30.

switching means 10 for

j —

The buffer 32 receives the buffer input signal 30,
operatively coupled to the third node 18 of the bias block

switching means 10 and operatively coupled the second node

22 of the power supply switch 18 for providing a buffer

output signal 34. The output emitter follower 36 receives

the buffer output signal 34 and receives the power down

control signal 16 for providing an output signal 38,

usually to a load.

Figure 3 1s a block diagram of the input emitter follower

26. The 1nput emitter follower 26 includes a first switch

40, a first switched constant current means 46 and a first

voltage follower 48. The first switch 40 has a first node

472 and a second node 44. The first switch 40 has a first

state for substantially electrically isolating the first

node 42 and the second node 44 and a second state for

substantially electrically connecting the first node 42 and

the second node 44. The first switch 40 is responsive to

the power down control signal 16 for switching between the

first state of the first switch 40 and the second state of

first switch 40. The first node 42 of the first switch 40

provides the buffer input signal 30. The first switched

constant current means 460 1s coupled to the first node 42

09/10/99 12 Nortel File: 10622ROUS01U
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of the first switch 40 and the first supply voltage 21, the

first switched constant current means 46 having a first

state for providing a constant current output and a second

state for providing substantially no current, the first

switched constant current means 46 being responsive to a

bias signal 45 for switching between the first state of the

first switched constant current means 46 and the second

*

state of the first switched constant current means 46, the

bias signal 45 being output from the third node 18 of the

pias block switching means 10. The first voltage follower
48 has a first terminal 50, a second terminal 52 and a
third terminal 54. The first terminal 50 receives the input

signal 28, the second terminal 52 is operatively coupled to

the second supply voltage 23 and the third terminal 54 is

operatively coupled to the second node 44 of the first

swlitch 40.

Figure 4 1s a block diagram of the output emitter follower

30. The output emitter follower 36 includes a second switch

56, a second voltage follower 62, a third voltage follower
712, a fourth voltage follower 80, a second switched

constant current means 90 and a third constant current

means 92. The second switch 56 has a first node 58 and =a

second node ©60. The second switch 56 has a first state for

substantially electrically isolating the first node 58 and
the second node 60 and a second state for substantially
electrically connecting the first node 58 and the second

H
prow-

node o00. The second switch 56 is responsive to the buffer

output signal 34 for switching between the first state of

09/10/99 13 Nortel File: 10622ROUS01U
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g

the second switch 56 and the second state of the second

switch 56. The second voltage follower 62 has a first

terminal 64, a second terminal 66 and a third terminal 68.

The first terminal 64 receives the buffer output signal 34

and the second terminal 66 is operatively coupled to the

second supply voltage 23. The third voltage follower 72 has
a first terminal 74, a second terminal 76 and a third
terminal 78. The first terminal 74 is operatively coupled
Lo the third terminal 68 of the second voltage follower 62,
the second terminal 76 is operatively coupled to the second
supply voltage 23 and the third terminal 78 is operatively

F

coupled to the first node 58 of the second switch 56. The

fourth voltage follower 80 has a first terminal 82, a

second terminal 84 and a third terminal 86. The first

terminal 82 1s operatively coupled to the second node 60 of

the second switch 56, the second terminal 84 is operatively

coupled to a fourth supply voltage 88 and the third
terminal 86 provides the output signal 38. The second
switched constant current means 90 is coupled to the third

p

- the second voltage follower 62 and a fifth

terminal 68 o1

supply voltage 91. The second switched constant current

means 90 has a first state for providing a constant current
output and a second state for providing substantially no

current. The second switched constant current means 90 1is

responsive to the power down control signal 16 for

switching between the first state of the first switched

constant current means 90 and the second state of the first
switched constant current means 90. The third constant

current means 92 1s for providing a constant current output

09/10/99 14 Nortel File: 10622ROUS01U
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F

operatively coupled to the second node 60 of the second

switch 56.

Figure 5 1s a bl
first switch 40
and a first MOS

inverter 94 rece

1s for providing

signal 96. The f

source 102 and a

p—

ock diagram of the first switch 40. The

includes a first long channel inverter 94
transistor 98. The first long channel

1ves the power down control signal 16 and

a first long channel inverter output

1irst MOS transistor 98 has a gate 100, a

drain 104. The gate 100 receives the first

long channel inverter output signal 96, the drain 104 is

the first node 4

1s the second no

Figure 6 1s a bl
second switch 56

second long chan

124. The fifth M

110 and a drain

the second switc

60 of the second

inverter 114 is

for providing a
positive supply
inverter 114 rec
negative supply
inverter 114 1is
the fifth MOS tr

recelves the sec
09/10/99

2 0of the first switch 40 and the source 102

de 44 of the first switch 40.

—

ock diagram of the second switch 56. The

includes a fifth MOS transistor 106, a

nel 1nverter 114 and a first large resistor
OS transistor 106 has a gate 108, a source

112. The drain 112 is the first node 58 of

h 50 and the source 110 is the second node
switch 56. The second long channel

operatively coupled to ground 116 and is
second long channel output signal 118. A

ﬁ

input 120 of the second long channel

—

eives the buffer output signal 34. A

input 122 of the second long channel

—
—

operatively coupled to the source 110 of

ansistor 106. A first large resistor 124

ond long channel inverter output signal 118
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1s for providing a first large resistor output signal 126

to the gate 108 of the fifth MOS transistor 106.

FFigure 7 1is a block diagram of the power supply switch 18.

The power supply switch 18 includes an inverter 128 and a

)

ninth MOS transistor 132. The inverter 128 receives the

power down control signal 16 and is for providing an
1nverter output signal 130. The ninth MOS transistor 132
has a gate 134, a source 136 and a drain 140. The gate 134

recelves the 1nverter output signal 130, the drain 140 is

the first node 20 of the power supply switch 18 and the

*

source 136 1s the second node 22 of the power supply switch

18.

F

Figure 8 1s a more detailed block diagram of the first

switch 40. In more detail, the first switch 40 includes a
second MOS transistor 142, a third MOS transistor 150 and a
fourth MOS transistor 160. The second MOS transistor 142

has a gate 144, a source 146 and a drain 148. The drain 148

1s the first node 42 of the first switch 40 and the source
146 1s the second node 44 of the first switch 40. The third

MOS transistor 150 has a gate 152, a source 154 and a drain

156. The gate 152 receives the power down control signal
lo, the drain 156 is operatively coupled to a second supply

voltage 23 and the source 154 is operatively coupled to the

gate 144 of the second MOS transistor 142. The fourth MOS
transistor 160 has a gate 162, a source 164 and a drain
leo. The gate 162 receives the power down control signal

F
—

16, the drain 166 is operatively coupled to the gate 144 of

09/10/99 16 Nortel File: 10622ROUS01U
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the second MOS transistor 142 and the source 164 is

operatively coupled to the first supply voltage 21.

Figure 9 1s a more detailed block diagram of the second

switch 56. In more detail, the second switch 56 includes a3
sixth MOS transistor 170, a seventh MOS transistor 178, an
eighth MOS transistor 186 and a second large resistor 194.

The sixth MOS transistor 170 has a gate 172, a source 174

and a drain 176. The drain 176 is the first node 58 of the

second switch 56 and the source 174 is the second node 60
of the second switch 56. The seventh MOS transistor 178 has
a gate 180, a source 182 and a drain 184. The drain 184

recelves the power down control signal 16, the gate 180 is
operatively coupled to the second supply voltage 23. The
eighth MOS transistor 186 has a gate 188, a source 190 and
a drain 192. The source 190 is operatively coupled to the

source 174 of the sixth MOS transistor 170, the drain 192

1s operatively coupled to the source 182 of the seventh MOS

transistor 178 and the gate 188 is operatively coupled to

the first supply voltage 21. The second large resistor 194
1s operatively coupled between the gate 172 of the sixth
MOS transistor 170 and the source 182 of the seventh MOS

transistor 178.

Figure 10 is a more detailed diagram of the power-down

clrcuit.

F

Figure 11 is an embodiment of the invention including a

powered down voltage reference in place of the bias block
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switching means. This, along with more detailed

lmplementations of the first switch and the first switched

current source, 1s a preferred embodiment of the invention.
The powered down voltage reference receives the power down
control signal and provides the bias signal. Preferably,
the power down control signal has two values, one
corresponding to a powered condition and one corresponding
Lo a powered down condition. When the power down control
signal has the powered value, then the powered down voltage
reference element provides a bias signal substantially
equal to the base-emitter voltage plus a constant voltage.

When the power down control signal has the powered down

value, then the powered down voltage reference element

provides a bias signal substantially equal zero.

Figure 12 shows various alternate switch implementations

according to embodiments of the invention.

P

Figure 13 shows various alternate implementations of the

first switched current source or the second swilitched

current source, or both.

The invention offers the following advantages:

¢ the power down control signal preferably has two values,
one corresponding to a powered condition and one

corresponding to a powered down condition.

¢ The placement of the switches at the third terminal

(output) of emitter followers minimizes the parasitic

09/10/99 18 Nortel File: 10622ROUS01U
Gowlings File: 08-883908US



QU ishEA AT

CA 02282091 1999-09-10

F

f the circuit 1n an

1}

(leakage) current and shuts o:

optimally.

 The power supply switch disconnects the positive voltage

supply from buffer. Otherwise, the second switch is
connected to ve.,,, the gate connected to zero, and the top
transistor will be strongly on and the second switch will

not disconnect the current.

¢ The lmplementation of the first switch using a long
channel and the second switch using a long channel, a

resistor, and the connections to the positive and

negative supply terminals reduces performance degradation
during powered conditions while still adequately powering

down. Also, there is a reduction in the ringing between

the stages of the emitter followers.

Alternatives to the invention as described, but still

within the scope of the invention are:

¢ Any type of transistor may be used, such as, but not

limited to, BJT, differential pair, Darlington pair, FET,

JFET, MOSFET, MESFET, PEMT and HBT

® The transistors may be any configuration such as NPN or

PNP with opposite voltages for one configuration as

compared to another.

¢ The elements may be differential.
¢ There may be any number of output stages.

¢ For a single stage, a pull down resistor may be needed to

shut off current.
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¢ All current sources may be resistors.

Note that all second terminals cannot be below substrate

- -

voltage. If they are below the substrate voltage then

parasitic effects are large.

While the present invention has been described in

connection with what is presently considered to be the most

practical and preferred embodiments, it is to be understood

that the invention is not limited to the disclosed
embodiments. To the contrary, the present invention is
intended to cover various modifications, variations,
adaptations and equivalent arrangements included within the

F
p—

spirlt and the scope of the appended claims. The scope of

the claims 1s to be accorded the broadest interpretation so

as to encompass all such modifications and equivalent

structures and functions.
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What is claimed is:

1. An apparatus for circuit power-down comprising:

e & bias block switching means having a first node,

second node and a third node, the bias block switching

means having a first state for substantially

electrically connecting the first node and the third

node and a second state for substantially electrically
connecting the second node and the third node, the

bias block switching means beilng responsive to a power

down control signal for switching between the first

state of the bias block switching means the second

y—
—

state of the bias block switching means, the first

t 1)

node of the bias block switching means beilng
operatively coupled to a reference voltage and the

second node of the bias block switching means being

operatively coupled to a first supply voltage;

¢ o first switch having a first node and a second node,

the first switch having a first state for

substantially electrically isoclating the first node

and the second node and a second state for

substantially electrically connecting the first node

and the second node, the first switch being responsive

to the power down control signal for switching between

the first state of the first switch and the second

state of the first switch and the first node of the

first switch providing the output signal;
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e g first switched constant current means coupled to the

| _—

first node of the first switch and the first supply

voltage, the first switched constant current means

having a first state for providing a constant current

output and a second state for providing substantially

no current, the first switched constant current means

being responsive to a bias signal for switching

between the first state of the first switched constant

current means and the second state of the first

switched constant current means, the bias signal being

ﬁ

output from the third node of the bias block switch;

and

e o first voltage follower having a first terminal, a

second terminal and a third terminal, the first
terminal receiving the input signal, the second
terminal being operatively coupled to the second

voltage supply and the third terminal being

operatively coupled to the second node of the first

swlitch.

2. The apparatus recited in claim 1 wherein the first switch

comprlses:

e a first long channel inverter receiving the power down

control signal for providing a first long channel

inverter output signal; and

e a first MOS transistor having a gate, a source and a

drain, the gate receiving the filrst long channel

inverter output signal, the drain being the first node
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of the first switch and the source being the second

node of the first switch.

3. The apparatus recited in claim 1 whereln the first switch

comprlses:

e a second MOS transistor having a gate, a source and a

—

drain, the drain being the first node of the first

switch and the source being the second node of the

first switch;

¢ a third MOS transistor having a gate, a source and a
drain, the gate receiving the power down control
signal, the drain being operatively coupled to the
second supply voltage and the source belng operatively

coupled to the gate of the second MOS transistor; and

e a fourth MOS transistor having a gate, a source and a
drain, the gate receiving the power down control
signal, the drain being operatively coupled to the

gate of the second MOS transistor and the source beilng

operatively coupled to the first supply voltage.

4. An apparatus for circuit power-down comprising:

e a bias block switching means having a first node,

second node and a third node, the blas block switching

means having a first state for substantially

electrically connecting the first node and the third

node and a second state for substantially electrically
connecting the second node and the third node, the

bias block switching means beling responsive to a power

down control signal for switching between the first
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F

state of the bias block switching means the second

state of the bias block switching means, the first

node of the bias block switching means beilng
operatively coupled to a reference voltage and the

second node of the bias block switching means beilng

operatively coupled to a first supply voltage;

e a power supply switch having a first node and a second

node, the power supply switch having a first state for

substantially electrically isolating the first node

and second node and a second state for substantially

electrically connecting the first node and the second
node, the power supply switch being responsive to the
power down control signal for switching between the

first state of the power supply switch and the second

state of the power supply switch, and the first node

being operatively coupled to a second supply volitage;

e an input emitter follower receilving an 1nput signal,

receiving the power down control signal and

operatively coupled to the third node of the bias

'ﬂ-

block switching means for providing a buffer input

signal;

e a buffer receiving the buffer input signal,
operatively coupled to the second node of the bilas

block switching means and operatlvely coupled to the

*

third node of the power supply switch for providing a

buffer output signal; and
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1l

e an output emitter follower recelving the buffer output

ﬁ

signal and receiving the power down control silignal for

providing an output signal.

5. The apparatus recited in claim 4 wherein the 1nput

emitter follower comprises:

¢ g first switch having a first node and a second node,

the first switch having a first state for

substantially electrically 1isolating the first node

and the second node and a second state for

substantially electrically connecting the first node

and the second node, the first switch being responsive

to the power down control signal for switching between

F

the first state of the first switch and the second

state of the first switch and the first node of the

first switch providing the buffer input signal;

e o first switched constant current means coupled to the

first node of the first switch and the first supply

voltage, the first switched constant current means

having a first state for providing a constant current

output and a second state for providing substantially

no current, the first switched constant current means

being responsive to a bias signal for switching

-

between the first state of the first switched constant

current means and the second state of the first

switched constant current means, the bilias signal being

F

output from the third node of the bias block switch;

and
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e a first voltage follower having a first terminal, a

second terminal and a third terminal, the first

terminal receiving the input signal, the second
terminal being operatively coupled to the second

voltage supply and the third termlinal being

operatively coupled to the second node of the first

swiltch.

6. The apparatus recited in claim 5 wherein the first switch

comprises:

e a first long channel inverter receilving the power down

control signal for providing a first long channel

inverter output signal; and

e a first MOS transistor having a gate, a source and a

drain, the gate receiving the first long channel

inverter output signal, the drain being the first node

F

of the first switch and the source being the second

b))

the first switch.

node O

7. The apparatus recited in claim 5 wherein the first switch

comprises:

e a second MOS transistor having a gate, a source and a

drain, the drain being the first node of the first

—

switch and the source belng the second node of the

first switch;

e a third MOS transistor having a gate, a source and a
drain, the gate receiving the power down control

signal, the drain being operatively coupled to the
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second supply voltage and the source being operatively

pre—

coupled to the gate of the second MOS transistor; and

e a fourth MOS transistor having a gate, a source and a
drain, the gate receiving the power down control
signal, the drain beilng operatively coupled to the

gate of the second MOS transistor and the source belng

operatively coupled to the first supply voltage.

8. The apparatus recited in claim 4 wherein the output

emitter follower comprises:

¢ a second switch having a first node and a second node,

the second switch having a first state for

substantially electrically 1solating the first node

P!

and the second node and a second state for

substantially electrically connecting the first node

and the second node, the second switch being

P
p—

responsive to the buffer output signal for switching

irst state of the second switch and the

| W—

between the

second state of the second switch;

¢ a second voltage follower having a first terminal, a

second terminal and a third terminal, the first

F
pra-

terminal receiving the buffer output signal and the

second terminal being operatively coupled to the

second supply voltage;

e a third voltage follower having a first terminal, a

second terminal and a third terminal, the first

terminal being operatively coupled to the third

terminal of the second voltage follower, the second
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terminal being operatively coupled to the second

supply voltage and the third terminal beilng

operatively coupled to the first node of the second

switch;

¢ a fourth voltage follower having a first terminal, a

second terminal and a third terminal, the first
terminal being operatively coupled to the second node
of the second switch, the second terminal belng
operatively coupled to a fourth supply voltage and the

third terminal for providing the output signal;

¢ a second switched constant current means coupled to

N

follower and

the third terminal of the second voltage

the fifth supply voltage, second switched constant

current means having a first state for providing a
constant current output and a second state for
providing substantially no current, the second
switched constant current means belng responsive to

the power down control signal for swilitching between

the first state of the first switched constant current

means and the second state of the first switched

constant current means; and

e a third constant current means for providing a

constant current output operatively coupled to the

P

second node of the second switch.
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9. The apparatus recited in claim 8 wherein the second

switch comprises:

10.

&

a fifth MOS transistor having a gate, a source and a

*

drain, the drain being the first node of the second

switch and the source being the second node of the

second switch

a second long channel inverter operatively coupled to

ground for providing a second long channel output

signal, wherein a positive supply input of the second

F'
aaad

long channel inverter receilves the pbuiffer output

r—

signal and wherein a negative supply input of the

second long channel inverter 1s operatively coupled to

__h

the source of the fifth MOS transistor; and

a first large resistor receiving the second long

channel inverter output signal for providing a first

—

large resistor output signal to the gate of the fifth

MOS transistor.

The apparatus recited in claim 8 wherein the second

switch comprises:

a sixth MOS transistor having a gate, a source and a

pr—

drain, the drain being the first node of the second

ﬁ

switch and the source being the second node of the

second switch;

a seventh MOS transistor having a gate, a source and a
drain, the drain recelving the power down control
signal, the gate being operatively coupled to the
second supply voltage;
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e an eighth MOS transistor having a gate, a source and a

drain, the source being operatively coupled to the

source of the sixth MOS transistor, the drain beilng
operatively coupled to the source of the seventh MOS

transistor and the gate being operatively coupled to

the first supply voltage; and

e a second large resistor operatively coupled between

the gate of the sixth MOS transistor and the source of

the seventh MOS transistor.

11. The apparatus recited in claim 4 whereiln the power

supply switch comprises:

e an inverter receiving the power down control signal

for providing an inverter output signal; and

¢ a ninth MOS transistor having a gate, a source and a

drain, the gate receiving the 1inverter output signal,

the drain being the first node of the power supply

switch and the source being the second node of the

power supply switch.

12. An apparatus for circuit power-down comprising:

e a bias block switching means having a first node,

second node and a third node, the bias block switching

means having a first state for substantially

electrically connecting the first node and the third

node and a second state for substantially electrically

connecting the second node and the third node, the

bias block switching means being responsive to a power

09/10/99 30 Nortel File: 10622ROUSOC1U
Gowlings File: 08-883908US



CA 02282091 1999-09-10

down control signal for switching between the first

state of the bias block switching means the second

state of the bias block switching means, the first

P
—

node of the bias block switching means being

operatively coupled to a reference voltage and the

P

second node of the bias block switching means belng

operatively coupled to a first supply voltage.

e a power supply switch having a first node and a second

node, the power supply switch having a first state for

substantially electrically 1solating the first node
and second node and a second state for substantially
electrically connecting the first node and the second

node, the power supply switch being responsive to the

power down control signal for switching between the

first state of the power supply switch and the second

P

state of the power supply switch, and the first node

beling operatively coupled to a second supply voltage;

e an input emitter follower receiving an 1nput signal,

recelving the power down control signal and coupled to

the second node of the bias block switching means for

providing a buffer 1nput signal, wherelin the input

emltter follower comprises:

e a first switch having a first node and a second

node, the first switch having a first state for

substantially electrically 1solating the first node

and the second node and a second state for

substantially electrically connecting the first node

and the second node, the first switch beilng

responsive to the power down control signal for
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switching between the first state of the first

switch and the second state of the first switch;

¢ a first switched constant current means coupled to

the first node of the first switch and the first

supply voltage, first switched constant current

means having a first state for providing a constant
current output and a second state for providing

substantially no current, the first switched

constant current means being responsive to a bilas

signal for switching between the first state of the

first switched constant current means and the second

—~—

state of the first switched constant current means,

F&
p—-

the bias signal being output from the third node of

the bias block switch; and

e a first voltage follower having a first termilnal, a

second terminal and a third terminal, the first

terminal receiving the input signal, the second

terminal being operatively coupled to the second
voltage supply and the third termlinal beilng

*

operatively coupled to the second node of the first

switch and for providing the buffer input signal.

ﬁ
—

e a buffer receiving the buffer input signal, coupled to

the second node of the bias block switching means and

F

coupled to the second node of the power supply switch

o~
-

for providing a buffer output signal; and

e an output emitter follower receiving the buffer output

signal and receiving the power down control signal for
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providing an output signal, wherein the output emitter

follower comprises:

¢ a second switch having a first node and a second

node, the second switch having a filirst state for

b

substantially electrically 1solating the first node

and the second node and a second state for
substantially electrically connecting the first node

and the second node, the second switch being

*
—

responsive to the buffer output signal for switching

between the first state of the second switch and the

*

second state of the second switch;

¢ a second voltage follower having a first terminal, a

second terminal and a third terminal, the first

*

terminal receiving the buffer output signal and the

second terminal being operatively coupled to a third

supply voltage;

¢ a third voltage follower having a first terminal, a

second terminal and a third terminal, the first

terminal being operatively coupled to the third

terminal of the second voltage follower, the second
terminal being operatively coupled to the third
supply voltage and the third terminal being

F

operatively coupled to the first node of the second

switch;

¢ a fourth voltage follower having a first terminal, a

second terminal and a third terminal, the first

terminal being operatively coupled to the second

node of the second switch, the second terminal being
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operatively coupled to a fourth supply voltage and

the third terminal for providing the output signal;

e a second switched constant current means coupled to

p—

the third terminal of the second voltage follower

and the fifth supply voltage, second switched

constant current means having a first state for

providing a constant current output and a second

state for providing substantially no current, the
second switched constant current means being
responsive to the power down control signal for

ﬁ

switching between the first state of the first

switched constant current means and the second state

of the first switched constant current means; and

e a third constant current means for providing a

constant current output operatively coupled to the

second node of the second switch.

13. The apparatus as recited in claim 12

¢ wherein the first switch comprises:

e a first long channel inverter receiving the power

down control signal for providing a first long

channel inverter output signal; and

¢ a first MOS transistor having a gate, a source and a

drain, the gate receilving the first long channel

inverter output signal, the drain being the first

node of the first switch and the source being the

p—
P

second node of the first switch; and
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¢ wherein the second switch comprises:

P and [ ]
—

e a fifth MOS transistor having a gate, a source and a

drain, the drain being the first node of the second

switch and the source being the second node of the

second switch

¢ a second long channel 1inverter operatively coupled

to ground for providing a second long channel output

signal, wherein a positive supply 1nput of the

second long channel 1nverter receilves the buffer
output signal and whereln a negative supply i1nput of

the second long channel 1nverter 1s operatively

coupled to the source of the fifth MOS transistor;

and

&

® a

"irst large resistor receiving the second long

channel inverter output signal for providing a first
large resistor output signal to the gate of the

fifth MOS transistor.

14. The apparatus as recited in claim 13 wherein the power

supply switch comprises:

¢ an inverter receilving the power down control signal

for providing an 1inverter output signal; and

e a ninth MOS transistor having a gate, a source and a

drain, the gate receiving the 1nverter output signal,

the drain being the first node of the power supply
switch and the source being the second node of the

power supply switch.
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15. The apparatus as recited in claim 12 whereiln
¢ wherein the first switch comprises:

e a second MOS transistor having a gate, a source and

.

a drain, the drain being the first node of the first

switch and the source being the second node of the

first switch;

e a third MOS transistor having a gate, a source and a
drain, the gate receiving the power down control
signal, the drain being operatively coupled to the
second supply voltage and the source being

ﬁ

operatively coupled to the gate of the second MOS

transistor; and

e a fourth MOS transistor having a gate, a source and
a drain, the gate receiving the power down control

signal, the drain being operatively coupled to the

gate of the second MOS transistor and the source

being operatively coupled to the first supply

voltage; and

¢ wherein the second switch comprises:

e a sixth MOS transistor having a gate, a source and a

drain, the drain being the first node of the second

switch and the source being the second node of the

second switch;

e a seventh MOS transistor having a gate, a source and
a drain, the drain receiving the power down control

signal, the gate being operatilively coupled to the

second supply voltage;
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e an eighth MOS transistor having a gate, a source and

a drain, the source being operatively coupled to the

source of the sixth MOS transistor, the drain being

operatively coupled to the source of the seventh MOS

transistor and the gate being operatively coupled to

the first supply voltage; and

¢ a second large resistor operatively coupled between

P

the gate of the sixth MOS transistor and the source

P

of the seventh MOS transistor.

le. The apparatus as recited in claim 15 wherein the power

supply switch comprises:

¢ an 1nverter recelving the power down control signal

for providing an inverter output signal; and

¢ a ninth MOS transistor having a gate, a source and a

drain, the gate receiving the inverter output signal,

the drain being the first node of the power supply

switch and the source being the second node of the

power supply switch.

17. An apparatus for circult power-down comprising:

e & blas block switching means having a first node,

second node and a third node, the bias block switching

means having a first state for substantially

electrically connecting the first node and the third

node and a second state for substantially electrically
connecting the second node and the third node, the

bias block switching means being responsive to a power
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down control signal for switching between the first

state of the bias block switching means the second

state of the bilas block switching means, the first

P

node of the bias block switching means being

operatively coupled to a reference voltage and the

pr—

second node of the bias block switching means being

operatively coupled to a first supply voltage.

® a power supply switch having a first node and a second

node, the power supply switch having a first state for

substantially electrically isolating the first node

and second node and a second state for substantially

electrically connecting the first node and the second

node, the power supply switch being responsive to the

power down control signal for switching between the

r—

first state of the power supply switch and the second

state of the power supply switch, and the first node
being operatively coupled to a second supply voltage,

wherein the power supply switch comprises:

® an 1nverter receiliving the power down control signal

for providing an inverter output signal; and

e a ninth MOS transistor having a gate, a source and a
drain, the gate receiving the inverter output
signal, the drain being the first node of the power

supply switch and the source being the second node

of the power supply switch;

 an 1nput emitter follower receiving an input signal,

recelving the power down control signal and coupled to

P-

the second node of the bias block switching means for
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providing a buffer input signal, wherein the input

emltter follower comprises:

e a first switch having a first node and a second

node, the first switch having a first state for
substantially electrically isolating the first node
and the second node and a second state for

substantially electrically connecting the first node

and the second node, the first switch being

responsive to the power down control signal for

F

switching between the first state of the first

switch and the second state of the first switch,

wherein the first switch comprises:

¢ a second MOS transistor having a gate, a source
and a drailn, the drain being the first node of

the first switch and the source being the second

node of the first switch;

e a third MOS transistor having a gate, a source

and a drain, the gate receiving the power down
control signal, the drain being operatively

coupled to the second supply voltage and the

)

source being operatively coupled to the gate of

the second MOS transistor; and

® a fourth MOS transistor having a gate, a source
and a drain, the gate receiving the power down

control signal, the drain being operatively

coupled to the gate of the second MOS transistor
and the source being operatively coupled to the

first supply voltage;
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e a first switched constant current means coupled to

the first node of the first switch and the first

supply voltage, first switched constant current

means having a first state for providing a constant

current output and a second state for providing

substantially no current, the first switched

constant current means being responsive to a bias

signal for switching between the first state of the

first switched constant current means and the second

state of the first switched constant current means,

the bias signal being output from the third node of

the bilas block switch; and

 a first voltage follower having a first terminal, a

second terminal and a third terminal, the first
terminal receiving the input signal, the second
terminal being operatively coupled to the second
voltage supply and the third terminal being

r-

operatively coupled to the second node of the first

switch and for providing the buffer input signal;

pr—
A

¢ a buffer receiving the bu:

#

fer i1nput signal, coupled to

ﬁ

the second node of the bias block switching means and

coupled to the second node of the power supply switch

r‘l‘

for providing a buffer output signal; and
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gr—
.

® an output emitter follower receiving the buffer output

signal and receiving the power down control signal for

providing an output signal, wherein the output emitter

follower comprises:

® a second switch having a first node and a second
node, the second switch having a first state for
substantially electrically isolating the first node

and the second node and a second state for

substantially electrically connecting the first node

and the second node, the second switch being

N
f—

responsive to the buffer output signal for switching

petween the first state of the second switch and the
second state of the second switch, wherein the

second swilitch comprises:

® a sixth MOS transistor having a gate, a source

and a drain, the drain being the first node of
the second switch and the source being the second

node of the second switch;

® a seventh MOS transistor having a gate, a source

and a drain, the drain receiving the power down

control signal, the gate being operatively

coupled to the second supply voltage;

¢ an eighth MOS transistor having a gate, a source

and a drain, the source being operatively coupled

'ﬁ

to the source of the sixth MOS transistor, the

draln belng operatively coupled to the source of

the seventh MOS transistor and the gate being
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operatively coupled to the first supply voltage;

and

¢ a second large resistor operatively coupled

pbetween the gate of the sixth MOS transistor and

—

the source of the seventh MOS transistor:

® a second voltage follower having a first terminal, a

second terminal and a third terminal, the first

k)

terminal receiving the buffer output signal and the

second terminal being operatively coupled to a third

supply voltage;

® a third voltage follower having a first terminal, a
second terminal and a third terminal, the first
terminal being operatively coupled to the third
terminal of the second voltage follower, the second
terminal being operatively coupled to the third
supply voltage and the third terminal being

ﬁ

operatively coupled to the first node of the second

swltch;

® a fourth voltage follower having a first terminal, a

second terminal and a third terminal, the first

terminal being operatively coupled to the second
node of the second switch, the second terminal being

operatively coupled to a fourth supply voltage and

the third terminal for providing the output signal;

® a second swiltched constant current means coupled to

’-

the third terminal of the second voltage follower

and the fifth supply voltage, second switched

constant current means having a first state for
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providing a constant current output and a second

state for providing substantially no current, the

second switched constant current means being

responsive to the power down control signal for
switching between the first state of the first
switched constant current means and the second state

P

of the first switched constant current means; and

® a third constant current means for providing a

constant current output operatively coupled to the

second node of the second switch.

18. An apparatus for circuit power-down comprising:

¢ a powered down voltage reference means for providing a

bias signal, the powered down voltage reference means

having a first state for producing the bias signal
substantially equal to a base-emitter voltage plus a
constant voltage and a second state for producing the

pias signal substantially equal to zero, the powered

down voltage reference means being responsive to a

power down control signal for switching between the

first state of the powered down voltage reference
means the second state cof the powered down voltage

reference means:

e a first switch having a first node and a second node,

the filrst switch having a first state for

substantially electrically isoclating the first node

and the second node and a second state for

substantially electrically connecting the first node
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and the second node, the first switch being responsive

to the power down control signal for switching between

”

the first state of the first switch and the second

F

state of the first switch and the first node of the

first switch providing the output signal;

a first switched constant current means coupled to the

first node of the first switch and the first supply

voltage, the first switched constant current means

having a first state for providing a constant current

output and a second state for providing substantially
no current, the first switched constant current means

being responsive to a bias signal for switching

petween the first state of the first switched constant

current means and the second state of the first

switched constant current means, the bias signal being

F

output from the third node of the bias block switch;

and

a first voltage follower having a first terminal, a

second terminal and a third terminal, the first
terminal receiving the input signal, the second
terminal being operatively coupled to the second

voltage supply and the third terminal being

operatively coupled to the second node of the first

switch.
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19. The apparatus recited in claim 18 wherein the first

switch comprises:

® a first long channel inverter receiving the power down

control signal for providing a first long channel

inverter output signal; and

e a first MOS transistor having a gate, a source and a

drain, the gate receiving the first long channel

inverter output signal, the drain being the first node

F

of the first switch and the source being the second

el

node of the first switch.

20. The apparatus recited in claim 18 wherein the first

swlitch comprises:

¢ a second MOS transistor having a gate, a source and a

drain, the drain being the first node of the first

switch and the source being the second node of the

first switch;

® a third MOS transistor having a gate, a source and a
drain, the gate receiving the power down control

signal, the drain being operatively coupled to the

second supply voltage and the source being operatively

coupled to the gate of the second MOS transistor: and

® a fourth MOS transistor having a gate, a source and a
drain, the gate receiving the power down control
signal, the drain being operatively coupled to the
gate of the second MOS transistor and the source beling

operatively coupled to the first supply voltage.

09/10/99 45 Nortel File: 10622ROUSO1

U

Gowlings File: 08-883908US

1) il A dag ™ FAGAR SN VHTAIET S Rty ek Anipipadi s dog M b 43 radares e



CA 02282091 1999-09-10

second
supply — ¢3
voltage

(Vcco)

first voltage

follower ~SL
iInput @ g
signal _/ /
J 24,

50 ;
(o o
power down ) " first
control switch output
L C signal
Vies ) / bias , (IS first switched
Lo / " {\0 Y current source
. W\ Plas first
fll’St block |
supply switching voltage "2
voltage means v )
(Veeo) eeo
Fig 1. Power Down Circuit
second
supply
voltage
(VCCO)
1
_ 70
A
power down r\b N gsw?r
control signai — Swptp?:
¢ 7T -
‘ch o L 36 OUtpUt
input signal —_\ N \{ \; S . ,\ : signal
// 10 //\31 ‘3% / 38
1 _ iInput buffer output emitter follower
\A \ 8 emitter follower
Vref \ ) ,/
~ |\ Iy fbias 10
first block
supply switching
voltage means
(Veeo)

Fig 2. Power-Down Circuit

Gowling, Strathy & Henderson

' b Trretes PTG
ERUP S memm_mw,m.




CA 02282091 1999-09-10

second
supply 7
voltage
(Veeo /
first voltage ) / Z é
| follower s L
iInput - Q
signal ! 18
(% >0 ‘ \{‘{
SY ;L 0
power down ’ 17 first
control |
P switch buffer
2 ( input
signal
first 30 °
hias , switched
— current |
D source q(’
first _ 21
supply
voltage
(Veeo)

Fig 3: Input Emitter Follower

second ’03
”

supply
voltage

second voltage (V) /2 @
follower o oo

QA .
buﬁ;r rc:;lt put A un (2 third voltage
S ., follower
3y . f b
Y ST supply ~ § y
' L sgﬁe . voltage
i > switch
S5 fourth voltage
- Y0 - o gy follower
power down | Second third , \
] switched current source . 2 13
[ b current or a1 56
source resistor —output signal to
l (3'6’ load
fifth supply
voltage — & {

Fig 4: Output Emitter Follower

Gowling, Strathy & Henderson




CA 02282091 1999-09-10

o

(

) , G\ ~ o2
power down ( |H

first -4YT,
node

control signal 7( T fon ] g (9Y
c first long q8
channel inverter
second
node\‘_(\(
Fig 5: First Switch
$e o
buffer output signal 7\ / first ~ §° &
/ node
second 5th
long channel KX A i o
. A
mverter\gC / ﬂi}
1 { /\/\/\/ | { 7_X (1
//—-_— /’//—- /g firstlarge 12§ °G/,
1, T resistor 'Ol
second
node ‘(QD
Fig 6: Second Switch
/&
[ first . 20
node
Oth
oower . 12¢ r:\_..i?o
down '3‘LQ5%
control | I — 138
signal ' LsO
° i inverter ? 32
second
nhode 7 7

Fig 7: Power Supply Switch

Gowiing, Sirainy & tienderson

R B M~Ml¢m#u¢ﬂmm:m-(um»un. ML TP ST TEL VRO [P B . RO
R IPUSIRER BT R EETF YT PN lW“mmmm oIt A A T 4355 00 £ JYLIE W XA T P O MO < B S




e IR IR LA MO A A s Tt TR AT & 455 Pt a0 o 1 = . NIRIARAIN s - 4e A araes ' .

CA

02282091 1999-09-10

41
A g A
first 17 second
hode @\L% node / yo
2nd
ML
s | e
B /’“\\'S l\/i\ /“‘l*
L1 (140
i o=\
3rd | NSE 4th e
(§D
second first
supply supply
voltage 1 voltage ~ ¢!
(Vo) 15 power down (Veeo)
control signal
Fig 8: First Switch
A N N e
first i\l\ Ed second
node LS node
6th /
\"h,! / <
273 _ second L
“supply - % ~\ &
voltage <
(VCCO)
\/\%1 \q’!. \QU
power down . N T L
control signal \{Q \%“\/ Q—Ij Qi—)\
NG 136
7th I‘i@/ 8th NG
first
supply
voltage
(Veeo) \1\

Fig 9: Second Switch

Gowling, Strathy & Henderson




02282091 1999-09-10

CA

(ieouopadwi yndino ybiy aAby ysnw ‘gz N puo '‘6YYN PUD '@N pup ‘RN jo s8ipb sy} 0} pPs1osuULOD S}N2JI0 8yYy])

‘SHNVJIS PIjUSAUl Sy} O uonDlUDWDIdW] 8y} MOYS ‘Z PUD ‘| Y}IM payiDw sexog

bl
- L =
g -4 L
"~ "=
g g
—— oo

e @ ¢

Lo uMop Jsakod sapun A g= @b0}0A s0)q

g =4
2=
AW

[
.
"
:
e
TH
fi3t
1t
i

,‘ sy 4 o
R-=% & w oddp
AL = wligph .g a—. HBADN f‘ o

uoneswadwy ynda - T UMOpP Jomod 8313|dwod 40 1INoUIN

U

LR TR TT ], T

v o et ¢ el W/ 4 ac g

8 T CVILINE S e A P - 4 o MO RO L wh e i*w

trathy & Henderson

ing, S

Gowl

FRHEEEb - Lt it P oA i a4 VB W ATV i il {104 MR W A e -immmmammmmmW Preter R

VorRamaiee v et e PUTHICONT e |0 L AU N Rt 54T 0 e



02282091 1999-09-10

CA

~T

‘uoJIDIUB WS |dWI Y INDUIN UMOD Jamod SRRS

L9}1

/!

'UO uMop usmod tepun A g= abpyoA spiq

YZBYI CINN
A4S

O3aA

CToN AR
47A104 .__._ 3-Alod

Z'6.G= 646 =]

NG mM NG =

Ny'BL =i Ny Gl =i
ZOVIZINN ] T

COp

Do9A

COOA

8Y8VI ZINN 1
&Q

wvnﬁﬂ.zzw "
10

0O0A

AUUOD JOI YINOJID

Gowling, Strathy & Henderson

I W FURANY AR TAIITIS | 40 S0Pt o] G SATROTE DML PN LN vl 30 D s~ = 11,

B repraes{ 7

PR N SRR L AT A DA AL M B At N RO B e b g



PR RN B PR, voui Cbag S phee A Brdele 4 B

Bl TR s S g v

. Pl ol [N TR s | g e Db P b g r =ttt

—
O
ton
X -
SV IBALN 18}12AU| i 5 W
~ 15} vy
\ T t . @ |jsuuoy> buoy ¢ o L& ..M
® O jpuubyo buoy + pe g <3
S %o R
a i~
® 2 N SLSI €5 L T o T - \\\= .
AN\ \m ° o= HONN —_
HONNI _..l —— 294 L3N \PPAFSLLIN 99GH mmmza - 23
, S
18}1oAUl Il g
AU . T O b
P T oH ’ [UUDYD mco_ = num gy
gLy ouuewe e ' — 4553 >
2 <O _ =
ngz=" ® oo "o UgoR:M I.,\<<,.- a&
pa vy 1ooe:N T- HOJNN AA
Ugaa-m T ! HOdN 69GN - on
LS T ° »
* ¢
N
49}48AUI W 3 )
- 19}49AUI jsuubyd buoj o &
o . | v BRI
DO |]suubyd Huo N @ X~
a
31 & ﬁ: - 3\/\/\,.-
SO
o - HONN -
HONN —awzh -
IJ\/\/\FI | GG
HONW —
_.mm:{ -
J9}1BAUl W%
~ l2)I8AU puuDyd buo) 8 ,Mm
]
A % [BUUDYD mco_ aamu_ﬂ @ W
o< ngz=| uBEE:A T
naz=T S 'nQ uPRa:M A = /\\/\=
ac=t HOdWN aa_,.zF X
UGDE:M T A Am =
ZISN -

u0s1apudly P KYI041§ ‘JUNMOCA 02282091 1999-09-10

N

'YOlIMS 8y} JOJ suoniplusws|dwl 1Usialli(

o
g



02282091 1999-09-10

CA

OpITPOYDYMS UOJ

Wk a0 4 TR )

1N

- uy

!lgli!sol—

V)
G
\L_

SUOIIDIUBWR|dWII YUBJB]I(]

Gowling, Strathy & Henderson

I ey T v deon mmmmmwmmw N
h ? Pl T2 T B EETRE RN R S S R PR S e



second
supply -~ 3
voltage

(VCCO)

first voitage
follower — | ~ $L

input / |”f>\\\{
signal _/ AN VA
2 e 31, (N
(o W]
power down ) R " first
control | B switch output
41 C sighal
"\ {L} w8 " *B
Vier —— —f 7 bias (S first switched
L‘-\ / " o iy current source
: W\ 1aS first
first block |
supply switching f;?apgé ~2
voltage means v_)
(Veeo) eeo




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - abstract drawing

