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(57) ABSTRACT 

A method and apparatus for a programmable output inter 
face Which includes a switching device and an output driver. 
The switching device receives an enable signal, a selection 
signal, and an information signal. The sWitching device 
passes the enable signal or the information signal to an 
output of the sWitching device based on the selection signal. 
An output of the output driver is enabled by the output of the 
sWitching device. The output driver receives the information 
signal and passes the information to the output of the output 

(22) Filed; Dec_ 19, 2001 driver if the output driver is enabled. The selection signal is 
usable to convert the output driver output to a tri-state output 

Publication Classi?cation or an open collector output. The enable signal is usable to 
enable and disable the tri-state When the output driver output 

(51) Int. Cl.7 .............................................. .. H03K 19/0175 is a tri-state output. 
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METHOD AND APPARATUS FOR A 
PROGRAMMABLE OUTPUT INTERFACE 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] This invention relates to output drivers, and more 
speci?cally to programming an output driver to have a 
tri-state output or an open collector output. 

[0003] 2. Background Information 

[0004] In electronic systems and subsystems, there may be 
many devices and components that need to communicate 
With each other. Bus structures in these systems and sub 
systems alloW communication betWeen the various devices 
and components as Well as With the outside World. The 
concept of a bus structure is to have a single set of lines, one 
for each bit, Which runs to each subsystem and/or compo 
nent, much like a party line employed by the telephone 
company. Control lines then select Which component Will be 
the transmitter of information and Which Will be the receiver. 
Most subsystems and components both transmit and receive 
information, but some only handle data in one direction. 
When subsystems and components are interconnected that 
transmit and receive information, one Way to implement the 
communication path is to have a single signal line for 
transmitting information and another for receiving informa 
tion. HoWever, a single bus is capable of providing only one 
path, therefore, reducing signal lines and possibly overall 
space taken up by the system or subsystem. 

[0005] To have a successful bus structure, there must be a 
convenient method for coupling sources to the bus. There 
must also be a good Way to ensure that no more than one 
source tries to communicate on the bus at any one time. TWo 
current Ways of satisfying these conditions are the use of 
open collector logic (or open drain logic for Metal Oxide 
Semiconductor (MOS) technology), and tri-state logic. 

[0006] FIGS. 1A and 1B shoW example open collector 
circuit con?gurations. In open collector gates, each gate is 
constructed With the collector of its ?nal transistor, forming 
a direct output as shoWn in FIG. 1A. Several gates may then 
be arranged to form the common (Wired logic) output as 
shoWn in FIG. 1B by connecting their collectors to a single 
external resistor-poWer supply combination. The operation 
of the composite logic circuit is that if all gates supply no 
more than 0 volts to each transistor’s input resistor, each 
transistor Will be off, resulting in the common output being 
“pulled-up” to the poWer supply voltage (e.g., +5 volts). 

[0007] On the other hand, any input transistor receiving a 
voltage someWhat above Zero volts (e.g., plus 5 v) Will be 
turned on, causing it to act like a closed sWitch betWeen the 
collector and emitter. Thus, one or more on transistors forces 
the common output to be effectively grounded. Open col 
lector logic alloWs each source to be placed on the bus at any 
convenient location rather than at a central point. Moreover, 
more sources can be easily added Without having to 
exchange the original “OR” gate for one permitting more 
inputs. 

[0008] FIG. 2 shoWs a typical tri-state gate. As the name 
implies, tri-state gates have three possible outputs: logical 
‘1’, logical ‘0’, and an open circuit condition. Note that 
When the control is in the logical ‘0’ state, the output is 

Jun. 19, 2003 

effectively disconnected from the bus so that the input has no 
effect on the bus. When the control is in the ‘1’ state, 
hoWever, the output, and hence the bus, folloW the gate 
input. With tri-state logic, a large number of sources may be 
properly connected to the bus. 

[0009] In designing an electronic circuit or subsystem, 
many times it is knoWn What type of interface the subsystem 
or component Will be connected to, i.e., open collector or 
tri-state. HoWever, in some cases, especially in cases Where 
generic “off the shelf” components or subsystems are being 
designed, it is not knoWn What type of bus structure or 
external connection the subsystem or circuit Will be used in 
and/or connected to. In these cases, a designer may have to 
design tWo versions of a subsystem or component, one With 
a tri-state output and the other With an open collector output. 
This problem is more evident in the design of microcircuits 
or chips. In designing these devices, once the device is 
manufactured, no modi?cations or changes are possible. 
Therefore, to make the microcircuit usable to every appli 
cation, tWo versions of the microcircuit may need to be 
designed. This is both time consuming and expensive. 

[0010] Therefore, a need exists for method and apparatus 
for a programmable output interface that alloWs adaptation 
of a single subsystem or component device to be designed 
into several product offerings With only simple program 
ming differences. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The present invention is further described in the 
detailed description Which folloWs in reference to the noted 
plurality of draWings by Way of non-limiting examples of 
embodiments of the present invention in Which like refer 
ence numerals represent similar parts throughout the several 
vieWs of the draWings and Wherein: 

[0012] FIGS. 1A and 1B are example open collector 
circuit con?gurations; 

[0013] 
ration; 
[0014] FIG. 3 is a schematic diagram of a circuit for a 
programmable output interface according to an example 
embodiment of the present invention; 

FIG. 2 is an example typical tri-state gate con?gu 

[0015] FIG. 4 is a diagram of a microcircuit With a 
programmable output interface according to an example 
embodiment of the present invention; 

[0016] FIG. 5 is a diagram of an I/O pad With a program 
mable output interface according to an example embodiment 
of the present invention; and 

[0017] FIG. 6 is a diagram of a microcircuit With a 
programmable output interface I/O pad according to an 
example embodiment of the present invention. 

DETAILED DESCRIPTION 

[0018] The particulars shoWn herein are by Way of 
example and for purposes of illustrative discussion of the 
embodiments of the present invention. The description taken 
With the draWings make it apparent to those skilled in the art 
hoW the present invention may be embodied in practice. 

[0019] Further, arrangements may be shoWn in block 
diagram form in order to avoid obscuring the invention, and 
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also in vieW of the fact that speci?cs With respect to 
implementation of such block diagram arrangements is 
highly dependent upon the platform Within Which the 
present invention is to be implemented, i.e., speci?cs should 
be Well Within purvieW of one skilled in the art. Where 
speci?c details (e.g., circuits, ?oWcharts) are set forth in 
order to describe example embodiments of the invention, it 
should be apparent to one skilled in the art that the invention 
can be practiced Without these speci?c details. Finally, it 
should be apparent that any combination of hard-Wired 
circuitry and softWare instructions can be used to implement 
embodiments of the present invention, i.e., the present 
invention is not limited to any speci?c combination of 
hardWare circuitry and softWare instructions. 

[0020] Although example embodiments of the present 
invention may be described using an example system block 
diagram in an example host unit environment, practice of the 
invention is not limited thereto, i.e., the invention may be 
able to be practiced With other types of systems, and in other 
types of environments. 

[0021] Reference in the speci?cation to “one embodi 
ment” or “an embodiment” means that a particular feature, 
structure, or characteristic described in connection With the 
embodiment is included in at least one embodiment of the 
invention. The appearances of the phrase “in one embodi 
ment” in various places in the speci?cation are not neces 
sarily all referring to the same embodiment. 

[0022] The present invention relates to method and appa 
ratus for a programmable output interface Where the output 
of a circuit is programmable to have either a tri-state output 
or an open collector output. This alloWs ?exibility in that a 
single component device (or subsystem) may support vari 
ous application interfaces that are required by external 
subsystems or devices. According to the present invention, 
a single component may be used in the design of several 
circuits and applications With only simple programming 
differences. Thus, the need for external glue logic for 
interconnecting the single component to the appropriate 
interface is eliminated. 

[0023] FIG. 3 shoWs a schematic diagram of a circuit for 
a programmable output interface according to an example 
embodiment of the present invention. This circuit includes a 
sWitching device 10 and an output driver 20. SWitching 
device 10 may receive tWo input signals, a tri-state enable 
signal 14 and an informational signal 16. SWitching device 
10 may also receive a control signal 12, tri-state/open 
collector select. The output of sWitching device 10 enables 
the output 30 of output driver 20. For example, When output 
driver 20 is enabled, information signal 16 is passed to 
output line 30 of output driver 20. 

[0024] Tri-state/open collector select signal 12 may be 
used to select betWeen a tri-state mode or an open collector 
mode. This signal controls sWitching device 10 to pass either 
tri-state enable signal 14 or information signal 16 to its 
output. SWitching device 10 may be any type of sWitching 
device, for example, a sWitch, multiplexer, decoder, logic 
gate, transistor, etc. The output of sWitching device 10 may 
then be used to enable or disable output driver 20. If 
tri-state/open collector select signal 12 is set to select 
tri-state mode, the tri-state enable signal 14 is passed to the 
output of sWitching device 10 Where it then controls output 
driver 20. Tri-state enable signal 14 is an active loW signal 
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in this example embodiment, meaning that a ‘0’ logic level 
on tri-state enable signal 14 enables driver 20 and, therefore, 
passes information signal 16 to the output of output driver 
20, i.e., signal line 30. When tri-state enable signal 14 is at 
a ‘1’ logic level, output driver 20 is disabled, and the output 
signal line 30“?oats” and may be pulled to a high or a loW 
level based on devices that signal line 30 are externally 
connected to. When tri-state enable signal 14 is at a ‘0’ logic 
level, information signal 16 drives the output driver’s output 
signal 30 to a high or a loW level. 

[0025] If tri-state/open collector select signal 12 is set to 
put the circuit in an open collector mode, information signal 
16 is then passed through sWitching device 10 and is used to 
enable output driver 20. For example, in open collector 
mode, if information signal 16 is a ‘0’ logic level, informa 
tion signal 16 is passed through sWitching device 10 and 
enables output driver 20, therefore, passing the ‘0’ level onto 
signal line 30. This effectively pulls signal line 30 doWn to 
a loW level. 

[0026] In contrast, if information signal line 16 is a ‘1’ 
logic level, this logic ‘1’ level is passed through sWitching 
device 10 Which effectively turns off output driver 20, 
therefore, causing signal line 30 to ?oat. HoWever, in an 
open collector type system, a pull-up resistor Will normally 
be connected to signal line 30, therefore, pulling this signal 
line up to a logic ‘1’ level When output driver 20 is disabled, 
and no other external signals connected to this signal line are 
pulling the signal line loW. 

[0027] A circuit for a programmable output interface 
according to the present invention may be used in any type 
of electronic device. For example, this invention may be 
used in a standard electronic module design, as part of an 
interface to a system or subsystem, as part of an interface 
module that couples an electronic module to a speci?c 
interface, or as part of a microcircuit. The tWo control 
signals tri-state/open collector select 12 and tri-state enable 
14, as Well as the information signal 16, may come from 
internal to the component, subsystem, or device, or may be 
driven from one or more other components or devices 
external to the one that this circuit resides on. Information 
signal 16 may be any of many types of signals, for example, 
data, control signals, clock signals, etc. 

[0028] FIG. 4 shoWs a diagram of a microcircuit With a 
programmable output interface according to an example 
embodiment of the present invention. Microcircuit 50 may 
consist of three sections, core logic 52, and I/O ring 54, and 
a package 56. Core logic 52 and I/O ring 54 may reside on 
a die of the microcircuit 50. Core logic 52 represents the 
circuitry and the electronics that exist in microcircuit 50 that 
performs the desired functions of microcircuit 50. SWitching 
device 32 may be part of core logic 52 and receive a 
tri-state/open collector select signal 34, tri-state enable sig 
nal 36, and a core logic signal 38, from other parts of core 
logic 52. SWitching device 32 may then send an output 
signal to an input/output (I/O) pad 42 that resides on an I/O 
ring 54 of microcircuit 50. U0 pad 42 may also receive core 
logic signal 38. U0 pad 42 may be a standard, “off-the-shelf” 
I/O pad selectable from a library, database, etc. of compo 
nents usable during the design of microcircuit 50. 

[0029] SWitching device 32 and its associated input sig 
nals may be used by core logic 52 to put I/O pad 42 into 
either a open collector output driver mode or a tri-state 



US 2003/0112033 A1 

output driver mode. Therefore, output signal 44 from I/O 
pad 42 may be either an open collector output or a tri-state 
output. Output signal 44 may then be fed to package 56 and 
subsequently sent external to the package. 

[0030] This embodiment of the present invention is advan 
tageous in that “off the shelf” I/ O pads may be used With the 
present invention to alloW a programmable output interface. 
Core logic 52 simply need be designed to incorporate and 
supply the appropriate signals for the present invention. 
Tri-state/open collector select signal 34 and tri-state enable 
signal 36 may be driven by discrete logic gates, registers, 
memory devices, microcode, or other sources inside core 
logic 52. Core logic signal 38 may be a data signal, control 
signal, clock signal, etc. 

[0031] FIG. 5 shoWs a diagram of an I/O pad With a 
programmable output interface according to an example 
embodiment of the present invention. In this example 
embodiment, a circuit for a programmable output interface 
according to the present invention is incorporated into an I/O 
pad of a microcircuit. I/O pad 60 includes sWitching device 
62 and output driver 64. SWitching device 62 receives a 
tri-state/open collector select signal, tri-state enable signal, 
and information signal. Output driver 64 receives the infor 
mation signal and is enabled by the output of sWitching 
device 62. In this example embodiment, the I/O pad may be 
a standard macro or component that is selectable from a 
library of components available to a microcircuit designer. 
Therefore, a microcircuit designer may simply design the 
core logic of the microcircuit, and depending on if a pro 
grammable output interface is desired, I/O pad 60 may be 
selected as an “off the shelf” component and used With the 
core logic of the microcircuit. This is advantageous in that 
a designer need not design the versatility into the designer’s 
core logic, but may simply select the I/O pad and use it, as 
long as the associated control signals are designed in the 
core logic. 

[0032] FIG. 6 shoWs a diagram of a microcircuit With a 
programmable output interface I/O pad according to an 
example embodiment of the present invention. In FIG. 6, 
microcircuit 70 includes a package 72 Whereby a die 74 
resides. Die 74 consists of a section of core logic 76 and an 
I/O ring 78, that may include one or more I/O pads 60. 

[0033] Method and apparatus for a programmable output 
interface are advantageous in that time and money are saved. 
A designer need not design a custom circuit. Moreover, in 
one embodiment of the present invention, the use of standard 
I/O pads may be used When the present invention is applied 
to a microcircuit design. Having a programmable output 
interface alloWs the design of a single device or electronic 
circuit that can be adaptable depending on What other types 
of devices or circuits it is connected to. 

[0034] It is noted that the foregoing examples have been 
provided merely for the purpose of explanation and are in no 
Way to be construed as limiting of the present invention. 
While the present invention has been described With refer 
ence to a preferred embodiment, it is understood that the 
Words that have been used herein are Words of description 
and illustration, rather than Words of limitation. Changes 
may be made Within the purvieW of the appended claims, as 
presently stated and as amended, Without departing from the 
scope and spirit of the present invention in its aspects. 
Although the present invention has been described herein 
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With reference to particular methods, materials, and embodi 
ments, the present invention is not intended to be limited to 
the particulars disclosed herein, rather, the present invention 
extends to all functionally equivalent structures, methods 
and uses, such as are Within the scope of the appended 
claims. 

What is claimed is: 
1. Acircuit for a programmable output interface compris 

ing: 

a sWitching device, the sWitching device receiving an 
enable signal, a selection signal, and an information 
signal, the sWitching device passing one of the enable 
signal and the information signal to an output of the 
sWitching device based on the selection signal; and 

an output driver, an output of the output driver being 
enabled by the output of the sWitching device, the 
output driver receiving the information signal and 
passing the information to the output of the output 
driver if the output driver is enabled, 

Wherein the selection signal is usable to convert the output 
driver output to one of a tri-state output and an open 
collector output, the enable signal usable to enable and 
disable the tri-state When the output driver output is a 
tri-state output. 

2. The circuit according to claim 1, Where the output 
driver is part of an Input/Output (I/O) pad of a microcircuit. 

3. The circuit according to claim 1, Wherein the sWitching 
device is a multiplexer. 

4. The circuit according to claim 1, Wherein the informa 
tion signal comprises one of a data signal and a control 
signal. 

5. A microchip Input/Output (I/O) pad comprising: 

a sWitching device, the sWitching device receiving an 
enable signal, a selection signal, and an information 
signal, the sWitching device passing one of the enable 
signal and the information signal to an output of the 
sWitching device based on the selection signal; and 

an output driver, an output of the output driver being 
enabled by the output of the sWitching device, the 
output driver receiving the information signal and 
passing the information to the output of the output 
driver if the output driver is enabled, 

Wherein the selection signal is usable to convert the output 
driver output to one of a tri-state output and an open 
collector output, the enable signal usable to enable and 
disable the tri-state When the output driver output is a 
tri-state output. 

6. The U0 pad according to claim 5, Wherein the sWitch 
ing device receives the enable signal, the selection signal, 
and the information signal from core logic on the microchip. 

7. The U0 pad according to claim 5, Wherein the sWitch 
ing device receives the enable signal, the selection signal, 
and the information signal from one or more sources exter 
nal to the microchip 

8. The U0 pad according to claim 5, Wherein the sWitch 
ing device is a multiplexer. 

9. The U0 pad according to claim 5, Wherein the infor 
mation signal comprises one of a data signal and a control 
signal. 
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10. The I/ O pad according to claim 5, wherein the I/ O pad 
is selectable from a library of devices and components for 
use by a microchip designer. 

11. A microcircuit comprising: 

a sWitching device, the sWitching device receiving an 
enable signal, a selection signal, and an information 
signal, the sWitching device passing one of the enable 
signal and the information signal to an output of the 
sWitching device based on the selection signal; and 

an output driver, an output of the output driver being 
enabled by the output of the sWitching device, the 
output driver receiving the information signal and 
passing the information to the output of the output 
driver if the output driver is enabled, 

Wherein the selection signal is usable to convert the output 
driver output to one of a tri-state output and an open 
collector output, the enable signal usable to enable and 
disable the tri-state When the output driver output is a 
tri-state output. 

12. The microcircuit according to claim 11, Wherein the 
sWitching device receives the enable signal, the selection 
signal, and the information signal from core logic on the 
microchip. 

13. The microcircuit according to claim 11, Wherein the 
sWitching device receives the enable signal, the selection 
signal, and the information signal from one or more sources 
external to the microchip 
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14. The microcircuit according to claim 11, Wherein the 
sWitching device is a multiplexer. 

15. The microcircuit according to claim 11, Wherein the 
information signal comprises one of a data signal and a 
control signal. 

16. A method for programming an output interface com 
prising: 

receiving an enable signal, a selection signal, and an 
information signal at a sWitching device, the sWitching 
device passing one of the enable signal and the infor 
mation signal to an output of the sWitching device 
based on the selection signal; 

receiving the information signal at an output driver; 

passing the information to the output of the output driver 
if the output driver is enabled, the output driver being 
enabled by the output of the sWitching device; and 

sWitching the output driver output to one of a tri-state 
output and an open collector output based on the 
selection signal. 

17. The method according to claim 16, further comprising 
enabling and disabling the tri-state When the output driver 
output is a tri-state output based on the enable signal. 

18. The method according to claim 16, Wherein the 
information signal comprises one of a data signal and a 
control signal. 


