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(57) ABSTRACT 

A circuit and a method for Setting a digital potential at an 
integrated circuit output pin in which pull up/pull down 
circuitry holds a defined value at the output pin during the 
power down of the integrated circuit. A primary driver 
responsive to a State of the integrated circuit Sets the output 
pin while the integrated circuit is in an active mode of 
operation, and Secondary driver Sets the output pin while the 
integrated circuit is in an inactive mode of operation. Con 
trol logic is provided as being responsive to a change in the 
mode of operation of the integrated circuit from its active 
mode to its inactive mode for generating a control Signal 
relative to the State of the integrated circuit. The Secondary 
driver logic is responsive to the control Signal generated by 
the control logic and the State of the integrated circuit upon 
the change in the mode of operation of the integrated circuit 
from a powered up mode to a powered down mode for 
driving the output pin while the integrated circuit is in its 
inactive made of operation. 

Npd 

|- 
te 

se 

Vss 

  



Patent Application Publication Mar. 7, 2002 Sheet 1 of 2 US 2002/0027448A1 

SC) 

  



US 2002/0027448A1 

. ' 

Mar. 7, 2002. Sheet 2 of 2 Patent Application Publication 

W 

  



US 2002/0027448A1 

PULLUP/PULL DOWN LOGIC FOR HOLDING A 
DEFINED VALUE DURING POWER DOWN MODE 

BACKGROUND OF THE INVENTION 

0001) 1. Field Of The Invention 
0002 The present invention relates to circuits and meth 
ods for Setting a digital potential at an integrated circuit 
output and/or a bi-directional input/output pin, and more 
particularly to pull up/pull down circuitry which holds a 
defined value at the output and/or bi-directional input/output 
pin during the power down of the integrated circuit. 
0003 2. Description Of The Related Art 
0004 Presently many integrated circuits (ICs) are pro 
Vided with capabilities for entering a power-down mode in 
order to Save energy during phases of inactivity. During 
inactive power down modes, the output and/or bi-directional 
input/output pins of integrated circuits should keep their 
defined values, otherwise other parts of the System utilizing 
the integrated circuits may become corrupted. For example, 
random access memory (RAM) contents may be modified or 
even lost if the IC output pins in the System connected to 
RAM are allowed to change State during periods of inac 
tivity. 

0005. On the other hand, it would be useful if the values 
kept at the output and/or bi-directional input/output pins of 
inactive integrated circuits may be allowed to be overwritten 
by other, perhaps active IC Sections of a computer System. 
Thus, access to a device, e.g., RAM, may be achieved using 
connections to the powered down integrated circuit. 
0006. In conventional microprocessors however, the out 
put drivers keep on driving the last value which was valid 
prior to entering the power-down mode. Typically this value 
cannot be overwritten, because normally, high current 
capacity output drivers are used for driving the prior valid 
value. Accordingly, it is then necessary to Switch off the 
output completely before entering the power-down mode. If 
it is desired that the Signal should be used by another active 
device during the power down mode of the inactive device, 
additional software must be provided for Switching off an 
output driver prior to power down, and additional hardware 
may be required to keep a defined value on a circuit output 
pin which has been switched off. Accordingly, it would be 
desirable to provide logic for use with an integrated circuit 
pin for holding a defined value at that pin during a power 
down mode. Additionally, it would be advantageous to hold 
the digital potential at the integrated circuit pin at either a 
current or last value driven prior to a power-down. 

SUMMARY OF THE INVENTION 

0007. In a described embodiment, a circuit embodying 
the invention Sets a digital potential at an integrated circuit 
output and/or bi-directional input/output pin in which pull 
up/pull down circuitry holds a defined value. Separate 
primary and Secondary driver circuits Set the output and/or 
bi-directional input/output pin when the integrated circuit is 
in particular modes of operation. Control logic is provided 
as being responsive to a change in the mode of operation of 
the integrated circuit from its active mode to its inactive 
mode for generating control Signals relative to the State of 
the integrated circuit. The control logic is connected to 
pull-up and pull-down transistors of the Secondary driver 
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logic for pulling up and pulling down the output and/or 
bi-directional input/output pin. The Second driver circuit 
transistors are of leSS current-Sourcing capability than the 
primary inverter circuit for driving the output and/or bi 
directional output/input pin while the integrated circuit is in 
its powered down mode of operation. 
0008 Briefly summarized, the present invention relates 
to a circuit and a method for Setting a digital potential at an 
integrated circuit output and/or bi-directional input/output 
pin in which pull up/pull down circuitry holds a defined 
value at the output and/or bi-directional input/output pin 
during the power down of the integrated circuit. A primary 
driver responsive to a State of the integrated circuit Sets the 
output and/or bi-directional input/output pin while the inte 
grated circuit is in an active mode of operation, and Sec 
ondary driver Sets the output and/or bi-directional input/ 
output pin while the integrated circuit is in an inactive mode 
of operation. Control logic is provided as being responsive 
to a change in the mode of operation of the integrated circuit 
from its active mode to its inactive mode for generating a 
control Signal relative to the State of the integrated circuit. 
The Secondary driver logic is responsive to the control Signal 
generated by the control logic and the State of the integrated 
circuit upon the change in the mode of operation of the 
integrated circuit from a powered up mode to a powered 
down mode for driving the output and/or bi-directional 
input/output pin while the integrated circuit is in its inactive 
mode of operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. Other features, objects and advantages of the 
present invention will become readily apparent and under 
stood upon consideration of the following detailed descrip 
tion and attached drawings, wherein: 
0010 FIG. 1 is a schematic diagram showing a logic 
inverter circuit; and 
0011 FIG. 2 illustrates pull up and pull down logic for 
holding a defined value during power down mode for use 
with primary inverter logic for driving the output pin in 
accordance with an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0012 Exemplary embodiments of the invention are illus 
trated in the accompanying drawings relating to circuit 
design techniques that may be employed in integrated cir 
cuits. One embodiment for a circuit for Setting a digital 
potential according to the present invention provides logic at 
an integrated circuit output and/or bi-directional input/out 
put pin, e.g., a parallel port pin of a microcontroller, for 
holding a defined value at that pin during a power down 
mode. As depicted in FIG. 1, a CMOS inverter 10 is shown 
as representing a conventional logic inverter circuit, includ 
ing a p-channel field effect transistor 12 and a n-channel field 
effect transistor 14. As discussed further below, an input 
Signal at the inverter input 16 is thus logic inverted at output 
18. An additional input logic 17 and 19 coupled to transistors 
12 and 14 is connected to a power down indication Signal 42 
discussed below, to disable the inverter 10 during power 
down. The inverter 10 thus provides for inversion of a digital 
potential, and a buffered signal output in accordance with the 
current-Sourcing capabilities of transistorS 12 and 14. 
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0013 The driver 10 is provided as a primary driver in 
FIG. 2, which illustrates a circuit 20 for setting a digital 
potential at an integrated circuit output pin 22 using pull 
up/pull down logic described below for holding a defined 
value during an inactive or power down mode in accordance 
with the invention. Herein, the circuit 20 sets a digital 
potential at an integrated circuit output pin 22 in which pull 
up/pull down circuitry holds a defined value. The primary 
driver inverter 10 is responsive to a State, e.g., digital 
potential values driven at output pin 22, of the integrated 
circuit to Set the output pin 22 while the integrated circuit is 
in an active mode of operation. 
0014 With reference to FIG. 1, the transistors 12 and 14 
of the CMOS driver 10 may be enhancement-mode MOS 
FET devices. The Source of the transistor 12 is connected to 
the positive terminal of the power supply (VDD), and the 
Source of transistor 14 is connected to the negative terminal 
(e.g., electrical ground) of the power Supply (VSS). In the 
described inverter circuit configuration, the drains and the 
gates of transistorS 12 and 14 are coupled to input 16 through 
logic gates 17 and 19. A Single power Supply is used and the 
circuit operates Satisfactorily for power Supply Voltages in 
the range of 3 to 18 Volts. 
0015. When the driver is enabled, with the power down 
indication signal 42 low, and the driver input 16 low (i.e., 
Zero volts), transistor 14 will be off and transistor 12 will be 
on. In the absence of an external load, the current conducted 
by transistor 12 will be negligibly Small (in the nanoamp 
range) and the power dissipation will be correspondingly 
small. The voltage drop across transistor 12 will be very 
Small (a few millivolts) and the output high level (VOH) will 
be almost equal to VDD. In this state transistor 12 (the 
pull-up transistor) provides a low impedance between the 
output terminal and the positive supply VDD. 
0016. When the driver is enabled and the driver input 16 

is high (i.e., VDD volts) transistor 14 will be on and 
transistor 12 will be off. The operation in this state is the 
complement of that described above, and the output low 
voltage (VOL) will be within a few millivolts of Vss. In this 
state the current-sinking capability of the inverter 10 is 
determined by the i-V characteristics of transistor 14 (the 
pull-down transistor). When the driver is disabled, on the 
other hand, the driver output 18 is not driven and floats in a 
high impedance State, to provide triState capabilities. 

0.017. Since the input resistances of a CMOS gate such as 
the described driver 10, are very high, a gate input left 
unconnected will float at an unknown Voltage. Usually, 
however, leakage currents are Such that the input devices 
enter the active mode, allowing large currents to flow and 
causing overheating to result. Accordingly it is important 
that spare gate inputs be connected to an appropriate local 
power Supply pin or paralleled with another input (keeping 
in mind the effect of this on the gate-switching threshold.) 
As discussed, the embodiment described below provides 
useful output logic for Setting the value of output pin 22, 
while allowing kept values to be overwritten to allow acceSS 
to the integrated circuit during the inactive powered down 
mode. 

0.018. In FIG. 2, a secondary driver circuit 24 sets the 
output pin 22 while the integrated circuit is in an inactive 
mode of operation. The Secondary driver circuit 24 has a 
pull-up transistor 26 and a pull-down transistor 28. The first 
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driver circuit 10 and the second driver circuit 24 are con 
nected together as a wired OR output at the pin 22, providing 
a common point for the Separate circuits Such that the 
combination of their outputs results in an OR function, i.e., 
the point at which the circuits are wired together will be a 
logic true if either circuit feeding it is at the corresponding 
digital potential. 
0019 Control logic 30 which may be an integrated circuit 
decoder or a Selector circuit for controlling the transistors 26 
and 28. A selector circuit embodiment of the control logic 30 
is provided in which current or last values for controlling the 
transistors 26 and 28 are determined from inputs to the 
control logic 30, as discussed below. Alternatively, the 
control logic 30 may generate control Signals under program 
control using a microcontroller, programmable logic or the 
like. The control logic 30 thus is provided as being respon 
Sive to a change in the mode of operation of the integrated 
circuit from its active mode to its inactive mode for gener 
ating plural control signals 32 and 34 relative to the State of 
the integrated circuit. The control logic 30 is connected to 
the pull-up transistor 26 via control line 32 and to the 
pull-down transistor 28 via control line 34 for pulling up or 
pulling down the output pin 22. The Secondary driver logic 
24 thus is responsive to one or more control signals 32 or 34 
generated by the control logic 30. Herein, the active mode is 
a powered up mode of operation and the inactive mode is a 
powered down mode of operation of the integrated circuit 
respectively, with the first driver logic primary driver circuit 
10 being of sufficient current-sourcing capability to drive the 
output pin 22 while the integrated circuit is in its powered up 
mode of operation. The Second driver circuit logic 24 
provides pull up/down functions that can be used during 
normal operation, and has Secondary inverter circuit tran 
Sistors 26 and 28 of less current-Sourcing capability than the 
primary inverter circuit 10 for driving the output pin 22 
while the integrated circuit is in its powered down mode of 
operation, the circuit 10 being disabled during power down. 
Accordingly, the primary inverter circuit 10 has relatively 
Strong transistorS 12 and 14 for the active powered up mode 
of operation, while the Secondary inverter circuit 24 has 
relatively weak transistors 26 and 28 for the inactive pow 
ered down mode of operation of the integrated circuit. 
0020. The pull up/down circuit control logic 30 takes 
advantage of Several inputs that are used for generating 
signals 32 and 34. In particular, the current value 36 and the 
(inverted) last value 38 are provided as inputs to control 30. 
The selector logic of the control logic 30 uses the current 
value 36 or the last value 38 to control transistors 26 and 28 
of the secondary inverter circuit in FIG. 2. Thus, represen 
tative values of the output pin 22 being driven by the 
primary driver circuit 10 during the power-up mode prior to 
the power-down mode as the integrated circuit enters the 
power-down mode of operation is provided for use with the 
control logic 30 receiving Such values for generating the 
control Signal relative to the State of the integrated circuit. In 
particular, the representative current value 36 and last value 
38 may be used selectively depending on the mode of 
operation of the control 30. Herein, a pull-up/down (normal 
operation) mode indication 40 provides for the control 30 
Signal operating relative to the State of the integrated circuit, 
and further the mode indication 40 serves to enable and 
disable the controlling of the pull-up transistor 26 and the 
pull-down transistor 28 for driving the output pin 22. As 
indicated in the table below, the mode of the integrated 
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circuit may be Selected with the Selector circuit for operation 
in a normal mode of operation wherein user has the choice 
of having a pull-up or pull-down function, or the power 
down mode may be provided as either pulling to the current 
value 36 or alternatively the last value 38. 

Mode of IC Pull Up/Down Mode Description 

The user has the choice 
of having a pull up or 
pull down function or to 
disable it. 

Normal operation Pull up or down or 
turned off depending on 
the control signals 
“pull up/down 
(Enabled or disabled in 
control logic 30) 
Pull to current value or The current value of the 
pull to last value. pin will be driven by 
Selected by control logic 30 the pull upfdown logic. 

The last value before 
entering power down will 
be driven by the pull 
upfdown logic. 

Power down 

0021. The power-down indication 42 provides a signal 
representative of the System State of the integrated circuit for 
the control 30. An input signal 46 to the control 30, provides 
the function of Selecting during the last value or holding the 
current value during power down. Accordingly, the control 
30 receives the Signal indication representative of a power 
down Status for the System during the power-up mode prior 
to the power-down mode, which indication is used by the 
control logic 30 receiving the power-down indication 42 for 
generating the control signal relative to the State of the 
integrated circuit. An input driver 44, optionally employed 
with bi-directional input/output integrated circuit pads is 
shown in Schematic form, also is coupled to pin 22 for 
receiving digital Signals received at the integrated circuit. 

0022. The control logic 30 is provided as selector control 
logic described in a logic table, as follows: 

Signal Level Condition 

32 low (normal operation AND 
pullup function = true) 
OR 
(power down AND drive last value = 
true AND inverted last value = low) 
OR (power down AND hold current value = 
true AND current value = high) 

32 high otherwise 
34 high (normal operation AND pulldown function = 

true) OR 
(power down AND drive last value = true 
AND inverted last value = high) OR 
(power down AND hold current value = true 
AND current value = low) 

34 low otherwise 

0023. As discussed, the pull-up/down control 30 controls 
the operation of the weak pull-up/down transistorS 26 and 
28, such that the control 30 provides operation in accordance 
with the above described pull-up/down operation mode, or 
a combination of Such modes of operation for use in the 
inactive power-down State of the integrated circuit. The 
pull-up/pull-down logic for holding the defined value during 
the power down mode may be used for microprocessors or 
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other integrated circuits Such as the Siemens C167 micro 
processor output drivers keeping the last driven value active. 
The described pull-up/down transistors 26 and 28 may be 
provided as any pull-up/down elements Such as a combina 
tion of Switchable elements with a resistor depending upon 
the technology employed, e.g., BICMOS, CMOS, NMOS 
and the like. 

0024. Thus the described logic provides for a weak driver 
for a BUS HOLD function which may be responsive to 
external events to the integrated circuit device, Such as 
Setting the output pin 22 logic level with a Second driver 
logic active device connected to the bus for generating 
control Signals allowing the output pin 22 logic level to be 
overwritten by Such external devices upon power-down of 
the integrated circuit. Thus a method for Setting a digital 
potential at an integrated circuit device output pin 22 is 
described using the Steps of driving output pin 22 with first 
driver logic responsive to a State of the integrated circuit 
when the integrated circuit is in its active mode of operation, 
driving the bi-directional input/output pin with Second driver 
logic when the integrated circuit is in an inactive mode of 
operation, generating a control Signal relative to the State of 
the integrated circuit in response to a change in the mode of 
operation of the integrated circuit from the active mode to 
the inactive mode, and then Setting the output pin logic level 
with the Second driver logic in response to the generated 
control Signal and the State of the integrated circuit while the 
integrated circuit is in the inactive mode of operation. 
0025 The control signal generating step of the described 
method may further be used to generate control signals in 
response to an event external to the integrated circuit device, 
allowing the output pin logic level to be overwritten by 
external devices upon power down of the integrated circuit 
device. 

What is claimed is: 
1. A circuit for Setting a digital potential at an integrated 

circuit output pin, comprising: 
first driver logic responsive to a State of the integrated 

circuit for driving the output pin while the integrated 
circuit is in an active mode of operation; 

Second driver logic for driving the output pin while the 
integrated circuit is in an inactive mode of operation; 
and 

control logic responsive to a change in the mode of 
operation of the integrated circuit from Said active 
mode to Said inactive mode for generating a control 
Signal relative to the State of the integrated circuit; 

Said Second driver logic being responsive to Said control 
Signal generated by Said control logic and the State of 
the integrated circuit upon the change in the mode of 
operation of the integrated circuit from Said active 
mode to Said inactive mode for driving the output pin 
while the integrated circuit is in Said inactive mode of 
operation. 

2. A circuit as recited in claim 1, wherein Said output pin 
comprises a bi-directional input/output integrated circuit 
pin. 

3. A circuit as recited in claim 1, wherein Said first driver 
circuit and Said Second driver circuit are connected together 
as a wired OR output to the output pin in the integrated 
circuit. 
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4. A circuit as recited in claim 1, wherein Said active mode 
is a powered up mode of operation and Said inactive mode 
is a powered down mode of operation of the integrated 
circuit respectively, Said first driver logic comprising a 
primary driver with tristate capability of Sufficient current 
Sourcing capability to drive the output pin while the inte 
grated circuit is in the powered up mode of operation. 

5. A circuit as recited in claim 4, wherein Said Second 
driver logic comprises a Secondary driver circuit of leSS 
current-Sourcing capability than Said primary inverter circuit 
for driving the output pin while the integrated circuit is in the 
powered down mode of operation. 

6. A circuit as recited in claim 5, wherein Said primary 
circuit comprises relatively strong transistors for the pow 
ered up mode of operation, and Said Secondary circuit 
comprises relatively weak transistors for the powered down 
mode of operation of the integrated circuit. 

7. A circuit as recited in claim 5, wherein Said Secondary 
comprises a pull-up transistor and a pull-down transistor, 
Said control logic being connected to Said pull-up transistor 
and to Said pull-down transistor for driving the output pin 
while the integrated circuit is in the powered down mode of 
operation. 

8. A circuit as recited in claim 5, wherein the state of the 
integrated circuit is representative of a value of the output 
pin being driven by Said primary inverter during the pow 
ered up mode prior to the powered down mode as the 
integrated circuit enters the powered down mode of opera 
tion, Said control logic receiving Said value of the output pin 
for generating the control Signal relative to the State of the 
integrated circuit. 

9. A circuit as recited in claim 5, wherein the state of the 
integrated circuit is representative of a current value and a 
last value of the output pin being driven by Said primary 
inverter during the powered up mode prior to the powered 
down mode as the integrated circuit enters the powered 
down mode of operation, Said control logic receiving Said 
current and last values for generating the control Signal 
relative to the State of the integrated circuit. 

10. A circuit as recited in claim 4, wherein the state of the 
integrated circuit is representative of a power down indica 
tion of the integrated circuit during the powered up mode 
prior to the powered down mode, Said control logic receiv 
ing Said power down indication for generating the control 
Signal relative to the State of the integrated circuit. 

11. A circuit as recited in claim 10, wherein Said Second 
ary inverter comprises a pull-up transistor and a pull-down 
transistor, Said control logic being connected to Said pull-up 
transistor and to Said pull-down transistor for driving the 
output pin while the integrated circuit is in the powered 
down mode of operation. 

12. A circuit as recited in claim 11, wherein Said control 
logic generates plural control Signals for controlling each of 
Said pull-up transistor and Said pull-down transistor for 
driving the output pin while the integrated circuit is in the 
powered down mode of operation. 

13. Acircuit as recited in claim 12, wherein the state of the 
integrated circuit includes a pull up/down mode indication, 
Said control logic generating control Signals relative to the 
State of the integrated circuit and Said mode indication to 
enable and disable the controlling of Said pull-up transistor 
and Said pull-down transistor for driving the output pin. 

14. Acircuit as recited in claim 13, wherein the state of the 
integrated circuit is representative of a current value and a 
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last value of the output pin being driven by Said primary 
inverter during the powered up mode prior to the powered 
down mode as the integrated circuit enters the powered 
down mode of operation, Said control logic receiving Said 
current and last values for generating the control Signal 
relative to the State of the integrated circuit. 

15. A circuit as recited in claim 14, wherein Said control 
logic is responsive to Said pull up/down mode for generating 
control Signals for controlling Said pull-up transistor and 
Said pull-down transistor for driving the output pin to either 
of Said current and last values relative to the State of the 
integrated circuit. 

16. A circuit for holding a defined value at an output pin 
during power down of an integrated circuit, comprising: 

means for driving the output pin with first driver logic 
responsive to a State of the integrated circuit when the 
integrated circuit is in an active mode of operation; 

means for driving the output pin with Second driver logic 
when the integrated circuit is in an inactive mode of 
operation; 

means for generating a control signal relative to the State 
of the integrated circuit in response to a change in the 
mode of operation of the integrated circuit from Said 
active mode to Said inactive mode; and 

means for Setting the output pin logic level with the 
Second driver logic in response to Said control Signal 
generating means and the State of the integrated circuit 
while the integrated circuit is in Said inactive mode of 
operation. 

17. A circuit as recited in claim 16, wherein Said active 
mode is a powered up mode of operation and Said inactive 
mode is a powered down mode of operation of the integrated 
circuit respectively, Said first driver logic comprising a 
primary circuit of Sufficient current-Sourcing capability to 
drive the output pin while the integrated circuit is in the 
powered up mode of operation. 

18. A circuit as recited in claim 17, wherein said second 
driver logic comprises a Secondary circuit of less current 
Sourcing capability than Said primary inverter circuit for 
driving the output pin while the integrated circuit is in the 
powered down mode of operation. 

19. A circuit as recited in claim 18, wherein said primary 
circuit comprises relatively strong transistors for the pow 
ered up mode of operation, and Said Secondary circuit 
comprises relatively weak transistors for the powered down 
mode of operation of the integrated circuit. 

20. A method for Setting a digital potential at an integrated 
circuit device output pin, comprising the Steps of 

driving the output pin with first driver logic responsive to 
a State of the integrated circuit when the integrated 
circuit is in an active mode of operation; 

driving the output pin with Second driver logic when the 
integrated circuit is in an inactive mode of operation; 

generating a control Signal relative to the State of the 
integrated circuit in response to a change in the mode 
of operation of the integrated circuit from Said active 
mode to Said inactive mode, and 

Setting the output pin logic level with the Second driver 
logic in response to the generated control Signal and the 
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State of the integrated circuit while the integrated 
circuit is in Said inactive mode of operation. 

21. A method as recited in claim 20, wherein Said gener 
ating Step generates the control Signal in response to an event 
external to the integrated circuit device, Said Setting Step 
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Setting the output pin logic level with the Second driver logic 
in response to the generated control Signal allowing the 
output pin logic level to be overwritten by external devices 
upon power down of the integrated circuit device. 

k k k k k 


