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(57) ABSTRACT 
A multi-function output driver that may be used with at least 
two types of buSSes includes a multiplexer that shifts cali 
bration bits to the pull-down transistors. This shifting 
changes which transistors of the transistor array are turned 
on when the pull-down drive transistors are driving. By 
changing which transistors are turned on, the impedance of 
the driver is changed. This shifting is used with a disable 
function on the pull-up drive-transistors to allow the driver 
to be used as an end-of-line termination, an open-drain 
driver, or as a Source-terminated driver. 
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INTEGRATED CIRCUIT WITH MULTI-FUNCTION 
CONTROLLED IMPEDANCE OUTPUT DRIVERS 

FIELD OF THE INVENTION 

0001. This invention relates generally to digital output 
drivers for integrated circuits. More particularly, it relates to 
a circuit for changing the impedance of a calibrated output 
driver So that it may be used in multiple applications. 

BACKGROUND OF THE INVENTION 

0002 Calibrating the impedance of an output driver on an 
integrated circuit (IC) can have several advantages. It can 
reduce reflections on the output signal, reduce electromag 
netic interference (EMI), reduce power dissipation, reduce 
Signal skew, and provide termination impedances. In addi 
tion, Some commonly used signaling Schemes Such as GTL+ 
(Gunning Transceiver Logic+) rely upon controlled imped 
ance output drivers to achieve Specified Voltage Swings. 
0003. Unfortunately, multiple desired controlled imped 
ances may be necessary because the desired controlled 
impedance of an output driver may depend upon the location 
of the driver on a bus, or the type of bus being driven. For 
example, a GTL+ bus with a 50S2 characteristic impedance 
can be terminated with 5092 to V internal to the IC at each 
end of the bus. This can be done by using a controlled 
impedance pull-up at 502. The 5092 pull-up is a first desired 
controlled impedance. 
0004) To achieve specified voltage Swings, drivers that 
are located in the middle of the bus may be set to pull-down 
to ground with an impedance of 12.5S2. This 12.5S2 pull 
down is a Second desired controlled impedance. 
0005 Twenty-five ohms of pull-down impedance is 
desired at the end of the bus because, to Save power, it is also 
desirable to turn off the 50S2 termination internal to the IC's 
at each end of the bus when those ICs are driving. This is 
a third desired controlled impedance. Finally, a 50S2 pull 
down is a fourth controlled impedance that would be desired 
if the Same driver were to be used with a Source-terminated 
bus having a characteristic impedance of 502. 
0006 Accordingly, there is a need in the art for a con 
trolled impedance driver that can easily change it's drive 
impedance for use in multiple applications. It is desirable 
that each drive impedance be able to use the Same calibration 
information as the other drive impedances. This simplifies 
the design of the IC because a Single Set of calibration 
information can be distributed and used by different drivers 
to produce the appropriate drive impedance for it's desired 
application. Finally, it is desirable that only a minimum 
number of control Signals are necessary to Switch between 
impedances. 

SUMMARY OF THE INVENTION 

0007. In a preferred embodiment, the invention can 
change the drive impedance of a controlled impedance 
driver for multiple applications using only one or two 
control signals. The changes can be set at design time to 
allow a Single driver design to be used on a Source-termi 
nated bus, as the termination on a terminated bus, or in the 
middle of a terminated bus. For each of these applications, 
the same driver design is used, and each instance of the 
driver design uses the same calibration information. 

May 10, 2001 

0008 An embodiment of a driver according to the inven 
tion includes a multiplexer that shifts the calibration bits to 
the pull-down transistors. This shifting changes which tran 
Sistors of a split drive transistor are turned on when the 
pull-down drive transistors are driving. By changing which 
transistors are turned on, the pull-down impedance of the 
driver is changed. This shifting is used with a disable 
function on the pull-up drive-transistor to allow the driver to 
be used as an end-of-line termination and driver, an open 
drain driver, or as a Source-terminated driver. 
0009. Other aspects and advantages of the present inven 
tion will become apparent from the following detailed 
description, taken in conjunction with the accompanying 
drawings, illustrating by way of example the principles of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a schematic illustration of the final stages 
of a multi-function output driver. 
0011 FIG. 2 is an illustration of a single integrated 
circuit connected to Several buSSes Such that a multi-function 
output driver is desirable. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0012 FIG. 1 is a schematic illustration of the final stages 
of a multi-function output driver. The impedance of the 
pull-up strength of the output driver is programmed by 
Separate control circuitry that Sets the calibration signals 
CNTRL3:0 to values that hold the combination pull-up/ 
termination transistors 102, 104, 106, 108 to an aggregate 
impedance of 5092 when the output driver is driving its 
output high or it is acting as a termination. These calibration 
signals CNTRL3:0 control which of transistors 102, 104, 
106, and 108 are turned on (or remain off). 
0013 Control signals PU and PD control the state of the 
output driver. When both PU and PD are inactive, then 
buffering and control circuitry 130, 140 controls the output 
transistors 102, 104,106, 108, and 112, 114, 116, 118, 120 
to all be off So that the output driver is in a high-impedance 
(tri-state) state. When PU is active, then buffering and 
control circuitry 130 controls output transistors 102, 104, 
106, 108 to drive the output at a controlled impedance to a 
logical high Voltage level. This can be used to drive a high 
voltage on the output or to act as a termination. When PD is 
active, then buffering and control circuitry 140 controls 
output transistors 112, 114, 116, 118, 120 to drive the output 
at a controlled impedance to a logical low Voltage level. 
0014. In a preferred embodiment, transistors 102, 104, 
106, and 108 are designed as a binary-weighted network 
such that calibration signals CNTRL3:0) can control which 
of transistors 102, 104,106, 108 are on when PU is active 
to provide a 50S2 drive impedance over the process, Voltage, 
and temperature operating conditions of the IC. When 
signals STERM and RTOFF are low, multiplexer 150 passes 
calibration signals CNTRL3:0 to buffering and control 
circuitry 140 unchanged. These unchanged calibration Sig 
nals set the pull-down transistors 112, 114, 116, 118, 120 to 
an aggregate impedance of 2592 when PD is active. This is 
done by adjusting the size of the pull-down transistorS 112, 
114, 116, 118, 120 in relation to the pull-up transistors 102, 
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104, 106, 108. Normally, this would mean that each pull 
down transistor has twice the conductance as the corre 
sponding pull-up transistor that responds to the same cali 
bration signal. In other words, if transistors 102 and 112 are 
both controlled by calibration signal CNTRLO), then tran 
sistor 112 would have twice the conductance of transistor 
102. 

0015. When signal STERM is high and RTOFF low, 
multiplexer 150 right shifts CNTRL3:0) by one bit position. 
That is to say, signal CNTRL3 is shifted by multiplexer 
150 to CNTRL2 before being input to buffering and 
control circuitry 140. Likewise CNTRL2 is shifted by 
multiplexer 150 to CNTRL1 before being input to buffer 
ing and control circuitry 140, and CNTRL1 is shifted to 
CNTRLO) before being input to buffering and control 
circuitry 140. The input to buffering and control circuitry 
140 that was driven by CNTRL3 is driven to a logical low 
so that output transistors 118 and 120 will not be turned on, 
even when PD is active. This shifting has the effect of 
approximately doubling the aggregate impedance of pull 
down transistors 112, 114, 116,118, 120 to about 5092 when 
PD is active. 

0016. In a preferred embodiment, transistors 102, 104, 
106, 108 (also shown as PU1X, PU2X, PU4X, PU8X, 
respectively) are used to pull-up the output node, OUT. 
These transistors are n-channel MOSFETS and are sized as 
factors of two to each other. If transistor 102, PU1X, would 
conduct 1 mA into a certain load when on, then transistor 
104, PU2X, would conduct 2 mA, transistor 106, PU4X, 
would conduct 4 mA, and transistor 108 would conduct 8 
mA. Since these n-channel MOSFETS are being used as 
pull-ups, they are in a Source-follower configuration with 
each of their drains being connected to a positive Supply 
voltage V+, and their sources being connected to OUT. To 
use n-channel MOSFETS as pull-ups, it is desirable, but not 
necessary, to have a chip power Supply Voltage that exceeds 
V+ by at least the turn-on threshold voltage of these n-chan 
nel MOSFETS. 

0017 P-channel MOSFETS could be used as pull-ups 
with some changes to the design shown in FIG. 1. To use 
p-channel MOSFETS, a new set of calibration signals that 
are calibrated to Set the impedance of these p-channel 
pull-ups should be used instead of CNTRL0:3). In addition, 
the Sense of the outputs from buffering and control circuitry 
130 should be inverted so that buffering and control circuitry 
130 would drive the gate of each p-channel MOSFET low 
when that transistor should be on. 

0018. The gate of each of transistors PU1X, PU2X, 
PU4X, and PU8X is independently driven by buffering and 
control circuitry 130. Buffering and control circuitry 130 
takes as inputs calibration signals CNTRL3:0), and the 
Signal PU. These inputs determine when the gate of each of 
transistors PU1X, PU2X, PU4X, and PU8X is driven either 
high or low. For example, if the calibration signals CNTRL 
3:0) are 1010, respectively, then when PU was active, 
buffering and control circuitry 130 drives the gates of PU8X 
and PU2X high, and the gates of PU4X and PU1X low. This 
results in PU8X and PU2X being on, and PU4X and PU1X 
being off. 

0019. In a preferred embodiment, transistors 112, 114, 
116, 118, 120 (also shown as PD2X, PD4X, PD8X, PD16X, 
and PD32X, respectively) are used to pull-down the output 
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node, OUT. These transistors are n-channel MOSFETS and 
are sized as factors of two to each other. If transistor 112, 
PD2X, would conduct 2 mA into a certain load when on, 
then transistor 114, PD4X, would conduct 4 mA, transistor 
116, PD8X, would conduct 8 mA, transistor 118 would 
conduct 16 mA, and transistor 120 would conduct 32 mA. 
Since these n-channel MOSFETS are being used as pull 
downs, each of their Sources is connected to a negative 
Supply Voltage V-, and their drains are connected to OUT. 

0020. The gate of each of transistors PD2X, PD4X, 
PD8X, PD16X, and PD32X are independently driven by 
buffering and control circuitry 140. Buffering and control 
circuitry 140 takes as inputs calibration signals CNTRL3:0 
as shifted or un-shifted by multiplexer 150, and the signal 
PD. These inputs determine when the gate of each of 
transistors PD2X, PD4X, PD8X, PD16X, and PD32X is 
driven either high or low. For example, if the calibration 
signals CNTRL3:0) are 1010, respectively and STERM and 
RTOFF are low so these signals are not shifted by multi 
plexer 150, then, when PU is active, buffering and control 
circuitry 140 drives the gates of PD16X and PD4X high, and 
the gates of PD32X, PD8X, and PD2X low. This results in 
PD16X and PD4X being on, and PD32X, PD8X, and PD2X 
being off. 

0021 FIG. 2 is an illustration of a single integrated 
circuit connected to two buSSes Such that a multi-function 
output driver is desirable. IC #1201 is connected to GTL bus 
#1212, GTL bus #2214, and Source-terminated bus 213. For 
each of these buSSes different functionality and appropriate 
pull-up and pull-down drive impedances are desired. GTL 
bus #1 212 is a GTL bus with IC #2 202 connected at one 
end of the bus, and IC #1201 connected at the other end of 
the bus. Accordingly, IC #1 needs to be able to terminate 
GTL bus 212 as well as drive it. Source-terminated buS 213 
is a Source-terminated bus connected to IC #3203 and IC #1 
201. IC #1 and IC #3 are shown as being connected at the 
ends of source-terminated bus 213, however, they could be 
connected anywhere along the bus. IC #4204 and IC #5205 
are connected at each end of GTL bus 214, respectively. IC 
#1201 is connected to GTL bus #2 214 Somewhere in the 
middle of GTL bus #2 214. 

0022. For IC #1's connection to GTL bus #1 212 it is 
desirable that it terminate the end of the bus with a 50S2 
termination impedance, that it Switch off that termination 
impedance when it pulls-down (to Save power), and that it 
pull-down with a controlled impedance of 25C2. This can be 
accomplished by Setting STERM to a logical Zero, Setting 
RTOFF to a logical zero, and keeping PU always active 
except when PD is active. For IC #1's connection to 
Source-terminated bus 213 it is desirable to pull-down and 
pull-up with a controlled impedance of 502. This can be 
accomplished by setting STERM to a logical one, and 
activating PU when a high level is to be driven on the bus 
and activating PD when a low level is to be driven on the 
bus. To avoid a drive-fight, PU and PD should not be 
activated at the same time. 

0023 For IC #1's connection to GTL bus #2 214, it is 
desirable that it never pull-up. This is because the termina 
tion impedances supplied by IC's #4 204 and #5 205 
function to pull-up the bus. To accomplish this, PU is always 
kept inactive. To pull-down GTL bus #2, it is desirable that 
IC #1 pull-down with a controlled impedance of 12.5C2. This 
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is accomplished by setting STERM to a logical Zero and 
RTOFF to a logical one. Then, when PD is activated, the 
output Stage will pull-down with a controlled impedance that 
is 12.5S2. 

0024. Although a specific embodiment of the invention 
has been described and illustrated, the invention is not to be 
limited to the Specific forms or arrangements of parts So 
described and illustrated. For example, GTL busses were 
used to illustrate a type of end-terminated bus, however, this 
type of multi-function controlled impedance output stage 
could be used with many different kinds of end-terminated 
busses. Likewise, Some of the buSSes shown had desired 
drive or termination impedances of 502, the invention is 
also applicable to busses with other desired drive or termi 
nation impedances. Finally, more transistors in parallel as 
pull-ups and pull-downs and more impedance control Sig 
nals could be used to increase the resolution of the controlled 
drive impedance. The invention is limited only by the 
claims. 

What is claimed is: 
1. A multi-function output driver, comprising: 
a plurality of pull-up transistors, 
a plurality of pull-down transistors, 
a plurality of impedance control Signals wherein each of 

Said plurality of impedance control Signals controls at 
least one of Said plurality of pull-up transistors thereby 
achieving a controlled impedance pull-up drive; 

a multiplexer, said multiplexer receiving at least Some of 
Said plurality of impedance control Signals, Said mul 
tiplexer also having a plurality of outputs that produce 
a first version of Said impedance control Signals in 
response to a Select signal and at least a Second version 
of Said impedance control Signals in response to Said 
Select Signal, and wherein Said plurality of outputs 
control at least one of Said plurality of pull-down 
transistors thereby achieving a controlled impedance 
pull-down drive. 

2. The output driver of claim 1 wherein said first version 
of Said impedance control Signals is comprised of Said 
impedance control Signals. 

3. The output driver of claim 2 wherein said second 
version of Said impedance control Signals is a shifted version 
of at least Some of Said impedance control Signals. 

4. The output driver of claim 3 wherein said first version 
of Said impedance control Signals on Said plurality of outputs 
produces Said controlled impedance pull-down drive that is 
approximately half the impedance of Said controlled imped 
ance pull-up drive. 

5. The output driver of claim 4 wherein said second 
version of Said impedance control Signals on Said plurality of 
outputs produces said controlled impedance pull-down drive 
that is approximately the impedance of Said controlled 
impedance pull-up drive. 

6. The output driver of claim 5 wherein said impedance 
control Signals controls Said plurality of pull-up transistors 
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to produce Said controlled impedance pull-up drive that is 
Suitable for use as a termination of a GTL bus. 

7. The output driver of claim 6 wherein said first version 
of Said impedance control Signals control Said plurality of 
pull-down transistors to produce Said controlled impedance 
pull-down drive that is suitable for use as a pull-down drive 
that is not at the end of a GTL bus. 

8. The output driver of claim 7 wherein said second 
version of Said impedance control Signals control Said plu 
rality of pull-down transistors to produce Said controlled 
impedance pull-down drive that is Suitable for use as a 
pull-down drive on a Source-terminated bus. 

9. An integrated circuit, comprising: 

a first output driver connected to a first type of bus, 
wherein Said first type of bus specifies a termination 
impedance and Said termination impedance is Supplied 
by said first output driver, said first type of bus also 
Specifying a first controlled pull-down impedance; 

a Second output driver connected to a Second type of bus, 
Said Second output driver having the same design as 
Said first output driver, and wherein Said Second output 
driver is connected to a Second type of bus, Said Second 
type of bus specifying a pull-up impedance that is 
approximately equal to Said termination impedance and 
Said Second type of bus also specifying a Second 
controlled pull-down impedance whereby said Second 
controlled pull-down impedance is generated by shift 
ing a set of impedance control Signals. 

10. The integrated circuit of claim 9 wherein Said termi 
nation impedance is shut off when Said first output driver is 
driving and when Said first output driver is driving it drives 
Said Second controlled pull-down impedance. 

11. A method of utilizing a single output driver design for 
multiple types of busses, comprising: 

controlling the pull-up impedance with a set of control 
Signals; 

controlling the pull-down impedance to a first pull-down 
impedance value with a first version of Said Set of 
control Signals, 

controlling the pull-down impedance to a Second pull 
down impedance value with a Second version of Said 
Set of control Signals, wherein Said Second version of 
Said Set of control Signals is a shifted version of at least 
Some of Said control Signals. 

12. The method of claim 11 wherein said pull-up imped 
ance is Suitable for use as a GTL+ termination impedance. 

13. The method of claim 12 wherein said first pull-down 
impedance value is Suitable for use as a GTL+ pull-down 
impedance. 

14. The method of claim 13 wherein said second pull 
down impedance value is Suitable for use as a Source 
terminated pull-down impedance. 
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