.8

CIRCUITRY FOR PROVIDING A HIGH IMPEDANCE STATE WHEN POWERING
DOWN A SINGLE PORT NODE '

FIELD OF THE INVENTION

This invention generally relates to electronic systems and in

particular it relates to circuitry for providing a high impedance
state when powering down a single port node.

BACKGROUND OF THE INVENTICON

In IEEE P1394 network systems, single port devices are coupled
to a multi port device. When one'of the single port devices is
powered down, it can provide & low. impedance node which can pull
down a'bias line from the multi port device. This can cause the
entire network to not operate properly. In the prior art, relays

or switches have been used to isolate the powered down device from
the rest of the network. ,

SUMMARY OF THE INVENTIGN :

Generally, and in one form of the invention, a network circuit
has a single port device having a high impedance output node when
the single port device is powered down; and a multi port device
having a bias node coupled to the output node. '

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

'FIG. 1 is a network schematic of an IEEE P1394 system;

FIG. 2 is a circuit diagram of a P channel transistor with a
diode coupled to the back gate;

_ FIG. 3 is a semiconductor cross section of the circuit of FIG.
2;



FIG. 4 is the circuit of FIG. 2 with an additional transistor:;

FIG. 5 is a circuit diagram of a P channel transistor with
back gate circuitry; and ' .

FIG.

6 is a circuit diagram of a preferred embodiment driver
circuit.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Shown in Figure 1 is a nétwork schematic of an IEEE P1394
system. The system includes twisted pair A (TPA) which includes
lines 20 and 22; twisted pair B (TPB) which includes lines 24 and
26; single port physical layer device 28 which includes TPA driver

30, TPA receiver 32, TPB driver 34, TPB receiver 36, TPA nodes 38

and 40, TPB nodes 42 and 44, and TP bias node 46; multi port

physical layer device 50 which includes TPA driver 52, TPA receiver
54, TPB driver 56, TPB receiver 58,

and TP bias node 60; and
resistors 70-79.

In the preferred embodiment, resistors 70-77 have

a resistance of 55 ohms and resistors 78 and 79 have a resistance
of 5K ohms.

When the single port device 28 is powered down and does not
receive cable power to keep the device operating, the powered down

device 28 pulls down the TP bias from node 60 on the device it is

connected to (multi port device 50). This causes the other ports

of multi port device 50 to not operate properly and can bring down

the entire network. 1In the prior art, a relay or switch was used

to isolate the powered down device from the rest of the network.

When the single port device 28 is powered down, a low input
impedance exists on the TPB nodes 42 and 44. This low impedance is
created by the TPA and TPB drivers 30 and 34. TP bias from node 60
is coupled to node 42 through resistor 74 (55 ohms in the preferred
embodiment). This creates a low impedance which can overload the
TP bias from node 60 of the multi port device S0. The preferred
embodiment solves this low impedance problem by providing a high
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impedance at the TPA and TPB nodes 38, 40, 42, and 44 when the
device 28 is powered down.

The source of the low impedance is P channel devices, such as

shown in Figures 2 and 3, within the drivers' 30 and 34 connected to

the TPA and TPB nodes 38, 40, 42, and 44. Fiqure 2 is a circuit

~ diagram of a P channel transistor 100 as found in drivers 30 and

34. P channel transistor 100 is the semiconductor device shown in
Figure 3. The circuit of Figure 2 includes transistor 100, gate
102, source 104, drain 106, back gate 108, diode 110, TPA/TPB node
112, and Vy node 114. The semiconductor device of Figure 3
includes gate 102, P type drain 106, P type source 104, insulator
region 116, N type' region 118, B type region 120, back gate node
108, diode 110, V,, node 114, and parasitic diode 122. The low

impedance path is from the drain 106 to the back gate connection

108, which is tied to Vy. The low impedance occurs when Vg is

powered down and current flow is in th_e direction from the drain

106 -to the back gate 108. By inserting a series diode 110 between

the back gate 108 and the Vi, node 114, the problem is solved.

Another potentiai path exists through the drain 106 to source
104 path. If the voltage on gate 102 stays low, the transistor 100
can still turn on when the voltage on drain 106 is raised. To
solve this problem, another P channel transistor 130 can be added
to bias up the gate 102 to the potential on the TPA or TPB nodes,
as shown in Figure 4. The circuit in Fiqure 4 includes transistor
130 coupled to the circuit of Figure 2. The back gate 132 of

transistor 130 is also coupled to diode 110 to prevent a low
impedance ‘path through transistor 130.

A second embodiment, shown in Figure 5,

solution to the back gate problem. The circuit of Figure 35
includes transistors 100 and 130 of Figure 4 along with circuit
140, which takes the place of diode 110 in Figure 4.
includes transistors 142, 144, and 146.

provides another

Circuit 140
This circuit provides a



high impe‘dance at _Ehe drain 106 when V,, is powered down. The
circuit in Figure S5 can provide back gate bias to _all P channels in
the driver, especially if multiple P channels are in the same tank.

A preferred embodiment driver circuit is shown in Figure 6.
This circuit uses the back gate circuit 140, shown in Figure 5.
The driver circuit includes back gate circuit 140, P channel
transistors 150-155, N channel transistors 160-163, nand gates 165
and 167, nor gates 169 and 171, inverters 173-176, and TPA nodes
178 and 180. The back gate circuit 140 is coupled to the back
gates of all P channel transistors 150-155 in the driver circuit.

Transistors 154 and 155 serve the same purpose as transistor 130 in
Figures 4 and 5.

Preferred embodiments have
hereinabove.

invention also

been described in detail
It is to Dbe understood that the . scope of the

comprehends embodiments different from that
described, yet within the scope of the claims. For example,

transmission gates can be used to help isolate the circuit under
power down conditions.

While this invention has been described with reference to
illustrative embodiments, this description is not intended to be
construed in a limiting sense. Various modifications and
combinations of the illustrative embodiments, as well as other

embodiments of the invention, will be apparent to persons skilled

in the art upon reference to the description. It is therefore
intended that the appended claims encompass any such modifications

or embodiments.
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WHAT IS CLAIMED IS:

1. A driver circuit having a high impedance output node when
powered down comprising:
a first transistor'having a drain, a gate, a source, and
a back gate, the drain is coupled to the output node; and

circuitry coupled to the back gate for reducing current
flow from ‘the drain to the back gate.

2. The circuit of claim 1 further comprising circuitry

~ coupled to the gate to bias the gate to a potential on the output
node to minimize current flow from the drain to the source.

3. The circuit of claim 1 wherein the circuitry coupled to
the back gate comprises a diode.

4. The circuit of claim 1 wherein the circuitry coupled to
the back gate comprises:

- a second transistor having a drain to source path coupled
to the back gate;’

a third transistor having a.drain to source path coupled
between a gate of the second transistor and the back gate; and

a fourth transistor having a drain coupled to a gate of
the second transistor.

S. The circuit of claim 2 wherein the circuitry coupled to

the gate comprises a second transistor having a source coupled to
the gate and a drain coupled to the output node.

6. The circuit of claim 1 wherein the driver circuit is in
a single port device coupled to a multi port device.

7. The circuit of claim 1 wherein the output node is coupled

to a bias node of a multi port device through a resistor.
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8. A circuit for providing a high 1mpedance output node when
" powered down comprising:

a MOSFET having a drain coupled to the output node:

circuitry coupled to a back gate of the MOSFET which
prevents current flow from the drain to the back gate; and

a multi port network device coupled to the output node.

9.

The circuit of claim 8 wherein the c1rcu1try which
prevents

current flow comprises a diode.

10. The .circuit of claim 8 wherein the circuitry which
prevents current flow comprises:

a second MOSFET coupled to the back gate;
a third MOSFET coupled to the gate of the second MOSFET;

and- .
a fourth MOSFET coupled to the gate of the second MOSFET.
11. The circuit of claim 8 wherein the MOSFET is a P channel
MOSFET.
12.

The circuit of claim 10 wherein the second MOSFET is a P
channel MOSFET.

13. The circuit of claim 10 wherein the third MOSFET is a P
channel MOSFET.

14. The circuit of claim 10 wherein the fourth MOSFET is an
N channel MOSFET. '

15. & network circuit comprising:

a single port device having a high impedance output node
when the single port device is powered down; and

a multi port device having a bias node coupled to the
output node.
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16. The circuit of claim 15 wherein the single port device
comprises a driver circuit coupled to the output node.

17. The circuit of claim 16 wherein the driver .circuit
comprises a P channel MOSFET coupled to the output node.

18. The circuit of claim 17 further comprising circuitry

coupled to a back gate of the P. channel MOSFET for minimizing
current flow from the output node to the back gate.

-,

19. The circuit of claim 18 wherein the Circuitry coﬁpled to
the back gate is a diode. .

20. The circuit of claim 18 wherein the circuitry coupled to
the back gate comprises:

a second MOSFET having a drain coupled to the bai:k gate;

a third MOSFET having a drain coupled to the back gate,
a source coupled to a gate of the second MOSFET, and a gate coupled
to a source of the second MOSFET; and

a fourth MOSFET haxiing a drain coupled to the gate of the

second MOSFET and a gate coupled to the source of the second
MOSFET. '



