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(57) ABSTRACT 

A power-off protection circuit for an LVDS line-driver 
eliminates initialization problems in a local LVDS driver 

circuit that are caused by a remote LVDS driver When the 
local LVDS driver is disabled. The remote LVDS driver may 
introduce a signal into the substrate of the local LVDS driver 
When the local LVDS driver is in a power-off mode. A 
current source in the local LVDS driver couples poWer from 
a local poWer supply node to the local LVDS driver When 
poWer is active. Amethod and protection circuit connects the 
substrate of the current source to the local poWer supply 
When poWer is active, and decouples the substrate from the 
local poWer supply When poWer is deactivated. The remote 
LVDS driver cannot cause a false poWer supply signal in the 
local LVDS driver since the conduction path is discon 
nected. A ?rst switching element couples a ?oating substrate 
node in the current source to the local poWer supply When 
the poWer is active. A second sWitching element couples the 
?oating substrate node to a bias line When poWer is deacti 
vated. The ?rst sWitching element is deactivated by a rising 
potential in the ?oating substrate When the local poWer 
supply is in a power-off mode. The rising potential is caused 
by a signal that is transmitted by the remote LVDS driver. By 
isolating the ?oating substrate from the local poWer supply, 
false signals are eliminated and initialization problems are 
avoided. 
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POWER-OFF PROTECTION CIRCUIT FOR AN 
LVDS DRIVER 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method and 
apparatus for protecting a loW voltage differential signal 
(hereinafter referred to as LVDS) driver When a poWer-off 
condition occurs. More speci?cally, the present invention 
provides for a method and apparatus that prevents a local 
LVDS port from being incorrectly initialiZed, and thereby 
prevents the receipt of false signals in a remote LVDS port 
from the local LVDS port. 

BACKGROUND OF THE INVENTION 

[0002] LoW Voltage Differential Signaling (hereinafter 
referred to as LVDS) is a technology used in data transmis 
sion systems. A loW voltage differential signal produced by 
a line driver typically has peak-to-peak amplitudes in the 
range from 250 mV to 450 mV. The loW voltage sWing 
minimizes poWer dissipation, While maintaining high trans 
mission speeds. Typical transmission speeds are over 100 
Mbps (Mega-bits per second). 
[0003] Electronic devices (i.e. computers) often have a 
local port that is a connection terminal for a remote port. 
When a remote port is connected to the local port, the local 
port is initialiZed to recogniZe the remote port. After initial 
iZation, the remote port and the local port can eXchange 
information. The communication betWeen the ports is often 
done by means of LVDS driver and receiver pairs. 

[0004] Portable electronic devices such as cell telephones, 
personal data assistants (PDAs), and portable computers are 
commonly used in modem society. Since poWer is in a 
limited supply in such portable electronic devices, it is often 
necessary to periodically shut doWn the poWer used by 
various resources until it is needed. For eXample, hard disk 
drives are often poWered doWn in portable computers until 
needed in an effort to reduce overall poWer consumption. 

SUMMARY OF THE INVENTION 

[0005] In accordance With the invention, an apparatus and 
method for protecting an LVDS line-driver When poWer is 
deactivated solves the above and other problems. ApoWer 
off protection circuit for an LVDS line-driver eliminates 
initialiZation problems in a local LVDS driver circuit that are 
caused by a remote LVDS driver When the local LVDS 
driver is disabled. The remote LVDS driver may introduce 
a signal into the substrate of the local LVDS driver When the 
local LVDS driver is in a poWer-off mode. A current source 
in the local LVDS driver couples poWer from a local poWer 
supply node to the local LVDS driver When poWer is active. 
Amethod and protection circuit connects the substrate of the 
current source to the local poWer supply When poWer is 
active, and decouples the substrate from the local poWer 
supply When poWer is deactivated. The remote LVDS driver 
cannot cause a false poWer supply signal in the local LVDS 
driver since the conduction path is disconnected. A ?rst 
sWitching element couples a ?oating substrate node in the 
current source to the local poWer supply When the poWer is 
active. A second sWitching element couples the ?oating 
substrate node to a bias line When poWer is deactivated. The 
?rst sWitching element is deactivated by a rising potential in 
the ?oating substrate When the local poWer supply is in a 
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poWer-off mode. The rising potential is caused by a signal 
that is transmitted by the remote LVDS driver. By isolating 
the ?oating substrate from the local poWer supply, false 
signals are eliminated and initialiZation problems are 
avoided. 

[0006] In accordance With an aspect of the invention, a 
line-driver With a poWer-doWn protector that is active When 
poWer is disconnected from the line-driver includes a 
sWitching circuit that disconnects a conduction path in the 
line-driver When active, and a detector that determines When 
the line-driver is in a poWer-doWn mode and activates the 
sWitching circuit Wherein the conduction path in the line 
driver is disconnected from poWer such that false signals are 
disabled from transmission by the line-driver. The line 
driver may be a loW voltage differential signaling driver 
(LVDS driver). 
[0007] In accordance With a further aspect of the inven 
tion, the line-driver includes a ?rst transistor that is biased 
as a current source in a poWer-on mode and disabled in the 
poWer-doWn mode such that the ?rst transistor provides the 
conduction path from poWer to the line-driver When poWer 
is connected to the line-driver. When the ?rst transistor is a 
?eld-effect transistor, the gate terminal of the ?rst transistor 
is coupled to the bulk terminal of the ?rst transistor in the 
poWer-doWn mode. The gate terminal of the ?rst transistor 
is coupled to a bias potential, and the bulk and source 
terminals of the ?rst transistor are coupled together in the 
poWer-on mode. Also, the sWitching circuit may include a 
second transistor that is arranged to couple the gate terminal 
and the bulk terminal of the ?rst transistor together When 
active. The sWitching circuit may also include a third 
transistor that is arranged to couple the bulk terminal of the 
?rst transistor to a local poWer supply When active. In 
another embodiment of the invention, the detector circuit 
includes the sWitching circuit. 

[0008] In accordance With yet a further aspect of the 
invention, the detector circuit is arranged to enable the 
sWitching circuit in response to an output signal that 
approaches a local poWer supply terminal While poWer is 
disconnected from the local poWer supply terminal. In one 
embodiment of the invention, the detector circuit includes a 
?rst transistor that is arranged to couple the local poWer 
supply terminal to a ?oating substrate node When active, and 
a second transistor that is arranged to activate the ?rst 
transistor When the local poWer supply is coupled to poWer. 
In another embodiment of the invention, the detector circuit 
includes a ?rst transistor that is arranged to decouple a 
?oating substrate node from the local poWer supply node 
When active, and a second transistor that is arranged to 
activate the ?rst transistor When the local poWer supply is 
decoupled from poWer. The line-driver may include a second 
transistor that is a ?eld effect transistor that is biased as a 
current source in a poWer-on mode and disabled in the 
poWer-doWn mode such that the second transistor provides 
the conduction path from poWer to the line driver When 
poWer is connected to the line-driver, and the ?oating 
substrate node is coupled to the bulk terminal of the second 
transistor. A third transistor may be arranged to activate as 
the local poWer supply node discharges toWards a circuit 
ground When the poWer is disabled, and also arranged to 
deactivate the ?rst transistor When the output signal 
increases toWards the local poWer supply node. 
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[0009] In accordance With another aspect of the invention, 
a method provides for disabling a line-driver from transmit 
ting false signals after a main poWer supply is disabled. The 
method provides for coupling a ?oating substrate node to a 
local poWer supply node such that the line-driver is free to 
transmit signals When the main poWer supply is active, and 
detecting a poWer-off condition Where the local poWer 
supply node is decoupled from the main poWer supply. By 
decoupling the ?oating substrate node from the local poWer 
supply node When the poWer-off condition is detected, and 
coupling the ?oating substrate to a bias signal When the 
poWer-off condition is detected, the conduction path through 
the substrate is disabled and the line-driver is disabled from 
transmitting false signals. The method may also include 
coupling an output signal from the line-driver to the ?oating 
substrate node When the local poWer supply node is 
decoupled from the main poWer supply. 

[0010] In accordance With yet another aspect of the inven 
tion, an apparatus prevents initialiZation problems in a local 
line-driver due to substrate conduction that is caused by a 
signal from a remote line-driver. The apparatus includes a 
?rst sWitching means couples a ?oating substrate node in the 
local line-driver to a local poWer supply node When active. 
A detector means detects a poWer-off operating mode for the 
local line-driver. A ?rst activation means activates the ?rst 
sWitching means When the operating mode is the poWer-on 
mode for the local line-driver. A second sWitching means 
couples the ?oating substrate node in the local line-driver to 
a bias signal node in the local line-driver When active. A 
second activation means activates the second sWitching 
means When the operating mode is the poWer-off mode such 
that substrate conduction is eliminated from the ?oating 
substrate node to the local poWer supply node in the local 
line-driver When operating in the poWer-off mode. Also, a 
deactivation means may deactivate the ?rst sWitching means 
When local line-driver is operating in a poWer-on mode. The 
deactivation means may be arranged to deactivate the ?rst 
sWitching means When an output signal node of the local 
line-driver is driven to a high potential by the remote 
line-driver. An isolation means is arranged to isolate the 
?oating substrate node in the local line-driver from an output 
signal node of the local line-driver When the local line-driver 
is in the poWer-on operating mode. The ?rst sWitching 
means may include the second sWitching means. 

[0011] A more complete appreciation of the present inven 
tion and its improvements can be obtained by reference to 
the accompanying draWings, Which are brie?y summarized 
beloW, to the folloWing detail description of presently pre 
ferred embodiments of the invention, and to the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 shoWs a schematic diagram of a differential 
line driver system; 

[0013] FIG. 2 illustrates a schematic diagram of a LVDS 
driver including a poWer-off protection circuit; 

[0014] FIG. 3 shoWs a schematic diagram of a poWer-off 
protection circuit; 
[0015] FIG. 4 illustrates a schematic diagram of another 
poWer-off protection circuit; 
[0016] FIG. 5 shoWs a schematic diagram of one eXample 
LVDS driver and poWer-off protection circuit; and 

[0017] FIG. 6 shoWs a ?oW diagram for a protecting the 
poWer-off of an LVDS driver. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0018] As Will become apparent from the discussion and 
?gures that are described beloW, the present invention pro 
vides for a poWer-off protection circuit for a LVDS line 
driver circuit. The present invention prevents an LVDS 
driver from being improperly initialiZed by ensuring proper 
poWer-doWn of the LVDS driver When the poWer associated 
With the particular LVDS driver is shut off. By ensuring the 
proper poWer-doWn of the LVDS drive, false data signals 
associated With the particular LVDS driver are prevented. 

[0019] Adifferential line driver system in accordance With 
the present invention is shoWn in FIG. 1. A poWer supply 
signal (VPWR) is coupled through a sWitch (SW1) to 
provide a local poWer supply signal (VHI) to a local LVDS 
driver (102, LVDS DRIVER 1). Aremote LVDS driver (104, 
LVDS DRIVER 2) communicates With the local LVDS 
driver (102) over a communication channel (110) When the 
local LVDS driver (102) is active. Aprotection circuit (106) 
is coupled to the local LVDS driver (102) to ensure proper 
shutdoWn of the local LVDS driver (102) When VHI is 
decoupled from VPWR by opening the sWitch (SW1). The 
protection circuit (106) shares the same poWer supply signal 
(VHI) as the local LVDS driver (102). 

[0020] A detailed schematic diagram of an eXemplary 
LVDS driver including a poWer-off protection circuit is 
shoWn in FIG. 2. In this eXample, the local LVDS driver 
(102) includes four transistors (M21-M24), tWo current 
sources (210, 220), a pair of resistors (R1, R2), a data 
receiver (RCVR, 202), and a protection circuit (106). 
[0021] The ?rst current source (210) provides a ?rst 
current (121) from the local poWer supply (VHI) to a ?rst 
node (211) in response to the ?rst bias control signal 
(BIAS1). The second current source (220) sinks a second 
current (122) from a second node (221) to a circuit ground 
(GND) in response to a second bias control signal (BIAS2). 
The ?rst transistor (M21) has a gate connected to a ?rst data 
signal (VP), a source connected to the ?rst node (211) and 
a drain connected to a ?rst output node (DP). The second 
transistor (M22) has a gate connected to the ?rst data signal 
(VP), a source connected to the second node (221) and a 
drain connected to the ?rst output node (DP). The third 
transistor (M23) has a gate connected to a second data signal 
(VN), a source connected to the ?rst node (211) and a drain 
connected to a second output node (DN). The fourth tran 
sistor (M24) has a gate connected to the second data signal 
(VN), a source connected to the second node (221) and a 
drain connected to the second output node (DN). 

[0022] The ?rst and second resistors (R1, R2) are con 
nected in series With one another betWeen the output nodes 
(DP, DN). The common point betWeen the tWo resistors is 
connected to another local poWer supply signal (VCC), 
Which sets up a common mode voltage for a differential 
signal that appears betWeen the tWo output nodes (DP, DN). 
The receiver (RCVR, 202) has an output (RECEIVED 
DATA) that is responsive to a differential signal that appears 
across the resistors (R1, R2) at the output nodes (DP, DN). 
[0023] The protection circuit (106) is connected to the 
local poWer supply signal (VHI), the ?rst bias control signal 
(BIAS1), and the output nodes (DP, DN). The protection 
circuit ensures that the local LVDS driver (102) does not 
provide a false signal When poWer is disconnected from the 
local poWer supply (VHI). 
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[0024] A detailed schematic diagram of an exemplary 
protection circuit is shown in FIG. 3. As shown in the ?gure, 
the protection circuit includes four PMOS transistors (M32 
M35) and one NMOS transistors (M31). The ?rst transistor 
(M31) has a gate connected to the local poWer supply (VHI), 
a source connected to the ?rst output node (DP), a drain 
connected to a ?rst node (310), and a bulk connected to a 
circuit ground (GND). The second transistor (M32) has a 
gate connected to the local poWer supply (VHI), a source 
and bulk connected to the ?rst output node (DP), and a drain 
connected to the ?rst node (310). The third transistor (M33) 
has a gate connected to the local poWer supply (VHI), a drain 
connected to the ?rst output node (DP), and a source and 
bulk connected to a second node (320, PS). The fourth 
transistor (M34) has a gate connected to the ?rst node (310), 
a source connected to the local poWer supply (VHI), and a 
drain and bulk connected to the second node (320, PS). The 
?fth transistor (M35) has a gate connected to the local poWer 
supply (VHI), a drain connected to a bias signal (BIAS1), 
and a source and bulk connected to the second node (320, 

FS). 
[0025] A second exemplary protection circuit is shoWn in 
FIG. 4. The second example protection circuit includes tWo 
circuits. The ?rst circuit is coupled to the ?rst output node 
(DP), While the second circuit is coupled to the second 
output node (DN). The ?rst circuit is the same as the 
schematic shoWn in FIG. 3, and the reference designators 
shoWn in FIG. 4 are the same as those shoWn in FIG. 3. 

[0026] The second circuit includes three PMOS transistors 
(M42-M44) and one NMOS transistor (M41). The ?rst 
transistor (M41) has a gate connected to the local poWer 
supply (VHI), a source connected to the second output node 
(DN), a drain connected to a third node (410), and a bulk 
connected to a circuit ground (GND). The second transistor 
(M42) has a gate connected to the local poWer supply (VHI), 
a source and bulk connected to the second output node (DN), 
and a drain connected to the third node (410). The third 
transistor (M43) has a gate connected to the local poWer 
supply (VHI), a drain connected to the second output node 
(DN), and a source and bulk connected to the second node 
(320, PS). The fourth transistor (M44) has a gate connected 
to the third node (410), a source connected to the local poWer 
supply (VHI), and a drain and bulk connected to the second 
node (420, PS). The ?fth transistor (M45) has a gate 
connected to the local poWer supply (VHI), a drain con 
nected to the bias signal (BIAS1), and a source and bulk 
connected to the second node (420, FS). 

[0027] A complete LVDS driver With a protection circuit 
in accordance With the present invention is shoWn in FIG. 
5. The LVDS driver from FIG. 2 is included With the current 
sources replaced by transistors (M210A, M210B, M220A, 
M220B). The ?rst current source is controlled by tWo bias 
signals (BIAS1, BIAS2), While the second current source is 
controlled by another tWo bias signals (BIAS3, BIAS4). 
Transistor M210A has a gate connected to BIAS1, a source 
connected to the local poWer supply (VHI), a drain con 
nected to a node (212), and the bulk connected to the ?oating 
substrate connection (FS, 320) of the poWer-off protection 
circuit shoWn in FIG. 3. Transistor M210B has a gate 
connected to BIAS2, a source and bulk connected to node 
212, and a drain connected to node 211. Transistor M220A 
has a gate connected to BIAS3, a source connected to a node 
(222), and a drain connected to another node 221. Transistor 
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M2220B has a gate connected to BIAS4, a source connected 
to a circuit ground (GND) and a drain connected to node 
222. 

[0028] The sWitch (SW1) may be implemented using any 
technology as may be reasonable in a particular application. 
When implemented as transistor sWitching circuits, control 
logic (not shoWn) is used to generate a control signal that 
opens and close the sWitching mechanism. As Will be 
appreciated, the sWitch is a non-ideal sWitch that has a ?nite 
on-resistance in the closed mode, and ?nite isolation imped 
ance in the open mode. 

[0029] PoWer-on Mode 

[0030] The operation of the above-described circuits Will 
noW be described With reference to FIG. 5 operating in a 
poWer-on mode. When the operating mode is a poWer-on 
mode, the ?rst sWitch (SW1) is closed, and the local poWer 
supply (VHI) is at the same potential as the main poWer 
(VPWR). 
[0031] The differential line-driver shoWn in FIG. 2 oper 
ates by driving a current (IL) through a load (not shoWn) in 
response to a differential data input (VP, VN). Transistors 
M21 and M22 are controlled by data input VP, While 
transistors M23 and M24 are controlled by data input VN. 
VP and VN are out of phase With one another such that VP 
is at a high logic level When VN is at a loW logic level. When 
VP is at a loW logic level, a current I1 ?oWs through 
transistor M21 and to the load as the load current (IL). A 
current returns from the load through transistor M24. Simi 
larly, When VP is at a high logic level, a current I2 ?oWs 
through transistor M23 to the load as current IL, and returns 
from the load through transistor M22. At the remote port 
(see FIG. 1) the current through the load produces a 
differential voltage that is converted back into the transmit 
ted differential data. 

[0032] The protection circuit does not interfere With the 
operation of the LVDS driver When operating in the poWer 
on mode. The operation of the protection circuit Will noW be 
described With reference to the example poWer-off protec 
tion circuit shoWn in FIG. 3 and con?gured as shoWn in 
FIG. 5. 

[0033] Transistor M31 is active since the gate is coupled 
to VHI and the source is coupled to the output node (DP) of 
the LVDS driver, Which is typically less than VHI. The drain 
of transistor M31 (node 310) pulls the gate of transistor M34 
to the potential of the output node (DP). Thus, transistor 
M34 is activated and pulls the ?oating substrate connection 
(FS, 320) to a potential very close to the potential of the local 
poWer supply (VHI). Transistor M33 cannot be active since 
the source and gate of transistor M33 are approximately at 
the same potentials. Transistors M35 and M32 are also 
“OFF” since their gate terminals are connected to the local 
poWer supply (VHI), Which is active in this operating mode. 

[0034] PoWer-off Mode 

[0035] The operation of the above-described circuits Will 
noW be described With reference to FIG. 5 operating in a 
poWer-off mode. When the operating mode is a poWer-off 
mode, the ?rst sWitch (SW1) is open, and the local poWer 
supply (VHI) is isolated from the poWer supply terminal 
(VPWR). 
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[0036] The present invention identi?es and addresses a 
problem that occurs When the power is shut off in an LVDS 
driver as that shoWn in FIG. 2 and FIG. 5. The substrate of 
transistors M21 and M23 are connected in common With the 
VHI terminal. When no poWer-off protection circuit is 
employed, a random charge may be present on the gate of 
transistor M23 (or M21) that may cause transistor M23 (or 
M21) to provide a conduction path through the substrate to 
the local poWer supply (VHI), causing a false poWer supply. 
For example, the remote port (LVDS driver 2) shoWn in 
FIG. 1 may send a signal to the local port (LVDS driver 1) 
even though the local port has the poWer disabled (SW1 is 
open). The signal sent by the remote port to the local port is 
a current that causes the voltage on DP (or DN) to rise. Since 
a charge may be preset on the gate of transistor M23 (or 
M21), transistor M23 (or M21) begins to conduct from the 
drain to the substrate (a diode formed in the structure of M23 
or M21 to the substrate). Once the conduction path is 
formed, the potential of the local poWer supply rises up 
providing a false poWer supply to the local port, Which Was 
already disabled. 
[0037] The poWer-off protection circuit shoWn in FIGS. 3 
and 5 are coupled to the ?rst output node (DP) of the local 
LVDS driver. When poWer is disconnected (SW1 open), a 
static charge remains on the gates of transistors M31, M32, 
M33 and M35 that corresponds to the potential of the local 
poWer supply (VHI) When it is active. When the potential of 
the DP node is loW With respect to the charge stored on the 
gate of transistor M31, transistor M31 maintains the ?rst 
node (310) at the same potential as the DP node. Transistor 
M31 Will begin to shut off When the potential of DP 
approaches the potential stored on the gate of transistor 
M31. Transistor M32 Will turn on as the potential at the DP 
node increases, resulting in coupling the potential at the DP 
node to the gate of transistor M34 (node 310). Transistor 
M34 Will shut off as the potential of node 310 increases With 
an increasing potential at the DP node. Since transistor M33 
is still active, the potential of the ?oating substrate (at node 
FS, 320) Will couple to the potential of the DP node. Since 
the gate of transistor M35 is charged to the potential of VHI, 
the increased potential of the ?oating substrate (FS) acti 
vates transistor M35. Transistor M35 creates a short circuit 
connection betWeen the gate and bulk connections of tran 
sistor M210A. The local LVDS driver cannot transmit any 
false signals since transistor M210A cannot conduct any 
current When transistor M35 is active and the sWitch (SW1) 
is open. A false poWer supply signal cannot be generated at 
the VHI node since the bulk and source connections of 
transistor M210A are disconnected from one another. By 
shorting the gate to the bulk (substrate) connection of PMOS 
transistor (M210A), substrate conduction cannot occur and 
the false poWer supply signal at the VHI node is avoided. 

[0038] The VHI node Will ?oat doWn to the circuit ground 
potential (GND) since nothing is active to maintain the high 
potential and charge Will be drained and/or leak from the 
gates of transistors M31, M32, M33, and M35. Transistors 
M32, M33 and M35 are maintained active since their gate 
potentials are also at the circuit ground potential. Transistor 
M34 is held off by transistor M32. Transistor M35 is held on 
by the bias created betWeen the ?oating substrate (source of 
M35) and the potential of the local poWer supply (VHI, gate 
of M35) that is at the circuit ground potential. Since tran 
sistor M210A is held off by transistor M35 being active and 
sWitch SW1 being open, the local LVDS driver continues to 
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be disabled from transmitting any signal once the disabled 
local poWer supply ?oats doWn toWards the circuit ground 
potential. 
[0039] Another eXemplary poWer-off protection circuit is 
shoWn in FIG. 4. Transistors M31-M35 are identical in 
operation to the discussion above With respect to FIG. 5. 
Transistors M41-M44 operate in an identical fashion to the 
discussion With respect to transistors M31-M34, eXcept that 
the output signal that the circuit is responsive to is the DN 
signal instead of the DP signal. Either the DP or the DN 
signal can thus cause the ?oating substrate (FS, 320) poten 
tial to rise and thereby activating transistor M35 

[0040] The poWer-off protection circuits shoWn in FIGS. 
3, 4 and 5 provide for a method of stopping conduction 
through the substrate that causes a false poWer supply signal 
that appears as a the local poWer supply (VHI). In each case, 
the conduction path betWeen the ?oating substrate and the 
local poWer supply is broken. Since the local LVDS driver 
cannot transmit false signals Without a path to the poWer 
supply, the LVDS driver fully disabled. 

[0041] FIG. 6 shoWs a ?oW diagram for a method of 
protecting the poWer-off of an LVDS driver. The operation 
of the method begins at start block 610 and proceeds to 
decision block 620. At decision block 620, the process 
determines if the current operating mode is a poWer-on mode 
or a poWer-off mode. 

[0042] Decision block 620 proceeds to block 630 When the 
current operating mode is the poWer-off mode. The ?oating 
substrate is decoupled from the local poWer supply (VHI) in 
block 630. Proceeding from block 630 to block 640, the 
conduction path from the local poWer supply (VHI) to the 
local LVDS driver is disabled. Processing proceeds back to 
block 620 from block 640. 

[0043] Decision block 620 proceeds to block 650 When the 
current operating mode is the poWer-on mode. The ?oating 
substrate is coupled to the local poWer supply (VHI) in block 
650. Proceeding from block 650 to block 660, the conduc 
tion path from the local poWer supply (VHI) to the local 
LVDS driver is enabled. Processing proceeds back to block 
620 from block 660. 

[0044] In one embodiment of the invention, an electronic 
circuit decouples the ?oating substrate from the local poWer 
supply by means of a sWitching transistor such as transistor 
M34 shoWn in FIG. 3. Transistors M31 and M32 are 
arranged to provide detection of the poWer-off and poWer-on 
modes such that the gate of transistor M34 controls the 
coupling and decoupling of the ?oating substrate to the local 
poWer supply (VHI). After having read the above described 
disclosure, it is understood and appreciated that other elec 
tronic circuit arrangements may also be adapted to detect the 
poWer-on and poWer-off modes to control a sWitching 
mechanism as described above. 

[0045] In another embodiment of the invention, an elec 
tronic circuit provides a conduction path from the local 
poWer supply (VHI) to the local LVDS driver by transistor 
means such as transistors M210A and M35 as shoWn in FIG. 
5. Transistor M210A provides a current source to the LVDS 
driver When transistor M35 is inactive. When transistor M35 
is active, the gate and source terminals of transistor M210A 
are shorted together and conduction from the local poWer 
supply (VHI) to the LVDS driver is disabled. After having 
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read the above described disclosure, it is understood and 
appreciated that other electronic circuit arrangements may 
also be adapted to enable and disable conduction from a 
local poWer supply to an LVDS driver as described above. 

[0046] The above speci?cation, examples and data pro 
vide a complete description of the manufacture and use of 
the composition of the invention. Since many embodiments 
of the invention can be made Without departing from the 
spirit and scope of the invention, the invention resides in the 
claims hereinafter appended. 

We/I claim: 
1. Aline-driver With a poWer-doWn protector that is active 

When poWer is disconnected from the line-driver, compris 
ing: 

a sWitching circuit that disconnects a conduction path in 
the line-driver When active; and 

a detector that determines When the line-driver is in a 
poWer-doWn mode and activates the sWitching circuit 
Wherein the conduction path in the line-driver is dis 
connected from poWer such that false signals are dis 
abled from transmission by the line-driver. 

2. An apparatus as in claim 1, Wherein the line-driver is a 
loW voltage differential signaling driver. 

3. An apparatus as in claim 1, Wherein the line-driver 
includes a ?rst transistor that is biased as a current source in 

a poWer-on mode and disabled in the poWer-doWn mode 
such that the ?rst transistor provides the conduction path 
from poWer to the line driver When poWer is connected to the 
line-driver. 

4. An apparatus as in claim 3, Wherein the ?rst transistor 
is a ?eld-effect transistor and the gate terminal of the ?rst 
transistor is coupled to the bulk terminal of the ?rst transistor 
in the poWer-doWn mode. 

5. An apparatus as in claim 3, Wherein the ?rst transistor 
is a ?eld effect transistor, the gate terminal of the ?rst 
transistor is coupled to a bias potential, and the bulk and 
source terminals of the ?rst transistor are coupled together in 
the poWer-on mode. 

6. An apparatus as in claim 3, Wherein the sWitching 
circuit includes a second transistor that is arranged to couple 
the gate terminal and the bulk terminal of the ?rst transistor 
together When active. 

7. An apparatus as in claim 3, Wherein the sWitching 
circuit includes a third transistor that is arranged to coupled 
the bulk terminal of the ?rst transistor to a local poWer 
supply When active. 

8. An apparatus as in claim 1, Wherein the detector circuit 
includes the sWitching circuit. 

9. An apparatus as in claim 1, Wherein the detector circuit 
is arranged to enable the sWitching circuit in response to an 
output signal that approaches a local poWer supply terminal 
While poWer is disconnected from the local poWer supply 
terminal. 

10. An apparatus as in claim 9, Wherein the detector 
circuit further comprises: 

a ?rst transistor that is arranged to couple the local poWer 
supply terminal to a ?oating substrate node When 
active; and 

a second transistor that is arranged to activate the ?rst 
transistor When the local poWer supply is coupled to 
poWer. 
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11. An apparatus as in claim 9, Wherein the detector circuit 
further comprises: 

a ?rst transistor that is arranged to decouple a ?oating 
substrate node from the local poWer supply node When 
active; and 

a second transistor that is arranged to activate the ?rst 
transistor When the local poWer supply is decoupled 
from poWer. 

12. An apparatus as in claim 10, Wherein the line-driver 
includes a second transistor that is a ?eld effect transistor 
that is biased as a current source in a poWer-on mode and 
disabled in the poWer-doWn mode such that the second 
transistor provides the conduction path from poWer to the 
line driver When poWer is connected to the line-driver, and 
the ?oating substrate node is coupled to the bulk terminal of 
the second transistor. 

13. An apparatus as in claim 12, further comprising a third 
transistor that is arranged to activate as the local poWer 
supply node discharges toWards a circuit ground When the 
poWer is disabled, and also arranged to deactivate the ?rst 
transistor When the output signal increases toWards the local 
poWer supply node. 

14. A method for disabling a line-driver from transmitting 
false signals after a main poWer supply is disabled: 

coupling a ?oating substrate node to a local poWer supply 
node such that the line-driver is free to transmit signals 
When the main poWer supply is active; 

detecting a poWer-off condition Where the local poWer 
supply node is decoupled from the main poWer supply; 

decoupling the ?oating substrate node from the local 
poWer supply node When the poWer-off condition is 
detected; and 

coupling the ?oating substrate to a bias signal When the 
poWer-off condition is detected such that the conduc 
tion path through the substrate is disabled and the 
line-driver is disabled from transmitting false signals. 

15. Amethod as in claim 14, further comprising coupling 
an output signal from the line-driver to the ?oating substrate 
node When the local poWer supply node is decoupled from 
the main poWer supply. 

16. An apparatus for preventing initialiZation problems in 
a local line-driver due to substrate conduction that is caused 
by a signal from a remote line-driver, comprising: 

a ?rst sWitching means couples a ?oating substrate node 
in the local line-driver to a local poWer supply node 
When active; 

a detector means that detects a poWer-off operating mode 
for the local line-driver; 

a ?rst activation means that activates the ?rst sWitching 
means When the operating mode is the poWer-on mode 
for the local line-driver; 

a second sWitching means that couples the ?oating sub 
strate node in the local line-driver to a bias signal node 
in the local line-driver When active; and 

a second activation means that activates the second 
sWitching means When the operating mode is the 
poWer-off mode such that substrate conduction is elimi 
nated from the ?oating substrate node to the local 
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power supply node in the local line-driver When oper 
ating in the poWer-off mode. 

17. An apparatus as in claim 16, further comprising a 
deactivation means that deactivates the ?rst switching means 
When local line-driver is operating in a poWer-on mode. 

18. An apparatus as in claim 16, further comprising a 
deactivation means that is arranged to deactivate the ?rst 
sWitching means When an output signal node of the local 
line-driver is driven to a high potential by the remote 
line-driver. 
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19. An apparatus as in claim 16, further comprising an 
isolation means that is arranged to isolate the ?oating 
substrate node in the local line-driver from an output signal 
node of the local line-driver When the local line-driver is in 
the poWer-on operating mode. 

20. An apparatus as in claim 16, Wherein the ?rst sWitch 
ing means includes the second sWitching means. 


