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SPECIFICATION .
APPARATUS FOR REDUCING REFLECTIONS WHEN USING DYNAMIC
TERMINATION LOGIC SIGNALING

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to buses and more particularly to termination of buses

for use in information processing systems.

2. The Background Art
Cross-Reference to Related Applications

This applicaﬁon relates to co-pcﬁding United States patent application Serial No.
08/881,939 attdmey docket number SP-2086 US, filed on June 25, 1997, entitled Impedance
Control Circuit and naming Sai V. Vishwanthaiah, Jonathan E. Starr, and Alexander D.

Taylor as inventors, the application being incorporated herein by reference in its entirety.

‘This application relates to co¥pending United States patent application Serial No.
08/881,925 attorney docket number SP-2078 US, filed on June 25, 1997, entitled Broadly
Distributed Termination For Buses Using Switched Terminator Logic and naming Jonathan

E. Starr as inventor, the application being incorporated herein by reference in its entirety.

This application relates to co-pending United States patent application Serial No.
08/881,927 attorney docket number SP-2485 US, filed on June 25, 1997, entitled Method of
Broadly Distributed Termination For Buses Using Switched Terminators and naming
Jonathan E. Starr as inventor, the application being incorporated herein by reference in its

entirety. |

Description of the Related Art

In computer and information processing systems, various integrated circuit chips
communicate digitally with each other over a common bus. The signal frequency at which
this communication occurs can limit the performance of the overall system. Thus, the higher
the éommunicatioxi frcquency; the better. Thé maximum frequency at which a system

communicates is a function not only of the time that it takes for the electromagnetic
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wavefronts to propagate on the bus from one chip to another, but also of the time required for
the signals to settle to levels that can be recognized reliably at the receiving bus nodes as

being high or low, referred to as the settling time. '

The length of the settling time is a function of the. amount of reflection and ringing
that occurs on the transmission line. The more effective the termination of a bus system, the

smaller the effects of reflection and ringing in the system and the shorter the overall settling

time of the signal. :
SUMMARY OF THE INVENTION

An information handling system includes a plurality of transmission lines coupled
together at one end through resistance elements having a particular resistance, a driver circuit
coupled to one of the transmission lines, a plurality of receiver circuits individually coupled
to distinct ones of the transmission lines for resolving the signals, and on-chip termination
resistors having a resistance corresponding to the characteristic impedance and that can be
coupled or decoupled from the output node by on-chip circuitry. Ih_this embodiment, the

termination resistors are separate and distinct from driver circuitry. However, when the node

" js in a receive configuration, its corresponding termination resistor is tied to the transmission

line at that node, ._and its corresponding driver circuit presents a high impedance output to that -
node. A second embodiment provides driver circuits having partiéular on-chip pull-up and
pull-down resistances, one of the either_the pull-up or pull-down résistances being used to
terminate the bus for those nodes which are in a receive configuration. In this second
embodiment, separate terminating resistances are not required, due to the driver operating as
the terminator. o
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better undérstood, and 'i_ts mime_rous objects, features,
and advantages made apparent to those skilled in the art by referencing the acéompanying
drawings. |

FIG. 1 is a block diagram of an information handling system having driver, receiver,
and termination circuits in accordance with the present invention.

FIG. 2 is a block diagram of an information handling system acéording to the present
invention. '

FIGS. 3A, 3B, 3C and 3D show schematic block diégrams of a variety of bit elements
of the driver circuits in accordance with the present invention.

FIG. 4 is a block diagram of an alternate embodiment of the present invention.
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FIG. 5A is a signal response curve for a system as depicted in FIG. 2 showing a
voltage overshoot condition. FIG. 5B is a signal responsé'éurve for a system such as’is
depicted in FIG. 4. o ' | o

DETAILED DESCRIPTION OF ONE EMBODIMENT

Those of ordinary skill in the art will realize that the following description of the
present invention is illustrative only and not in any way limiting. Other embodiments of the
invention will readily suggest themselves to such skilled persons having the benefit of this
disclosure. |

The use of the same reference symbols in different figures indicates similar or
identical items. _ |

FIG. 1 is a block diagram of an information handling system having driver, receiver,
and termination circuits in accordance with the present invention.

Referring to FIG. 1, information handling system 100 includes a plurality of devices
102 which communicate with each other over transmission lines 104.

Each component 102 includes a driver circuit 106, a receiver circuit 108 and an
optional terminator circuit 110. The output resistance of each of driver circuits 106 is
controlled using impedance control circuitry as is known in the art. One such means of
contro]]ihg the output resistance of a driver is disclosed in United States patent application
Serial No. 08/881,939 filed on June 25, 1997, entitled Impedance Control Circuit and Sai V.
Vishwanthaiah, Jonathan E. Starr, and Alexander D. Taylor as inventors, the application
being incorporated herein by reference in its entirety. | B |

. Herein, a node is defined as an endpoint of a transmission line which is not directly
coupled to another transmission line. It may be coupled to one or more of a driver, receiver,
or terminator circuit, or a combination of such circuits. For example, the system of FIG. 1
has three nodes. '

A driver may comprise a pull-up circuit, a pull-down circuit, or both. A pﬁll-up
circuit, when enabled, couples the output node to the upper powér rail through a controlled
output resistance; when disabled it presents a high impedance to the output node. A pull-
down circuit, when enabled, couples the outpuf node to the lower power rail through a
controlled output resistance; when disabled it presents a high impedance to the output node.
A driver transmits signals into the trahsmission line by selectively enabling and disabling its
pull-up or pull-down circuits at the proper times.

In one embodiment, components 102 include terminators 110 which include an output
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resistance which is matched to the characteristic impedance of the transmission lines 104 and
which is coupled to the transmission fine 104 whenever the correspondmg driver circuit 106
is not driving signals. When a terminator 110 is enabled, the correspondmg driver c1rcu1t 106
provides a high impedance to the transmission line. _

In this disclosure, when an output resistance is matched" to the charactenstxc
impedance of a transmission lme. it is intended that the output resmtance be w:thm about ten
percent of the characteristic impedance of the t'ransrnission.line. | |

In a second embodiment, terminator ] 1.0 is not present. Rather, the output resistance
of the driver itself is used to terminate the transmission line. That is, when not driving
signals, the driver presents a terminating resistance to the line which is approximately equal
to the impedance of the transmission line. .

Whether an information handling system has a separate terminator c1rcu1t or instead
incorporates the termination resistances into the driver circuitry, the effect on signals arriving
at the end of the node is the same. | '

FIG. 2 is a block diagram of an information handling system according to the present
invention.

In the system of FIG. 2, an embodiment is described wherein the tenmnatlon
res:stances are mcorporated into tbe driver cxrcunry That is, the dnver output remstance is
used to terminate the transmission line. Those of ordmary slull in the art who are fam]har
with the information contained herein would be able to practice either the FIG. 2 embodiment
or an alternate embodiment which includes separate terminators 110 instead of incorporating
the termination resistances into the drivers.

In the FIG. 2 embodiment, two dxstmct conﬁguratlons are possible. In the first
configuration, each non-driving node is connected to a corresponding driver whose pull-up
circuit is enabled and acts to terminate the corresponding transmission line. In this first
configuration, Ry, the output resistance of the pull-up circuit, is approximately equal to the
transmission line impedance and R, the output resistance of the pull-down circuit, is
approximately equal to a value compnted using a formula to be described below.

In the second configuration of FIG. 2, each non-driving node is connected to a
corresponding driver whose pull-down circuit is enabled and acts to terminate the
corresponding transmission line. In this second configuration, Ry, the output resistance of
the pull-up circuit, is approximately equal to a value computed using a formula to be

described below and R, the output resistance of the pull-down circuit, is approximately
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equal to the transmission liné iﬁlpedance.

In both configurati.ons, the termination resistance is approximately equal to the
transriﬁssioﬂ line impedance, and the termination resistance is tied to the transmission line
whenever the driver is not driving the line. When a node is in a driving configuration, the
output resistance of the driver at any given moment is determined by either Ry which is the
output resistance of the driver's pull-up circuit when it is enabled, or Ryp which is the output
resistance of the driver's pull-down circuit when it is enabled, or it is high impedance if
neither the pull-up nor the pull-down circuit is enabled.

Referring to FIG. 2, each driver circuit 106 of information handling system 100
includes a pull-up circuit circuit 202 and a pull-down circuit circuit 204 coupled to
transmission lines 104, transmission lines 104 having a characteristic impedance of Z,,.

‘When a node is driving signals onto transmission line 104, the driver 106 of the node
either pulls the signal towards the upper power rail, pﬁlls the signal towards the lower power
rail or presents a high impedance to the output node, whichever is appropriate to send the
desired signal. When a node is not driving, the pull-up portion (or pull-down portion, as
appropriate) of the driver remains active, thereby providing a terminating resistance which is
matched to the impedance of the transmission line.

Because the 1mpedance at each non-dnvmg node is matched to the impedance of the
transmission line (due to the terminating resistance at the driver circuit present at a non-

driving node), signals arriving at the non-driving node terminate without reflecting at that

'node. This condition is highly desirable because the settling time of the signal voltage level

at the non-driving node is a critical parameter relating to bus peffoﬁnance. The net effect of
the absence of reflections from the stub ends is a reduced overall settling time when

compared to systems without termination at each non-driving node.

For the description which follows, it is assumed that any required termination

" resistance is supplied by a driver output resistance which is tied to the upper rail. Thus, Rey,

the output resistance of a driver in the pull-up configuranon is approximately equal to the
transmission line nnpedance

In the system of FIG. 2, the high signal voltage seen at a ndn-driving node is Vg Vg
is the voltage of the upper power rail, and V; is thé'voltage'of the lower power rail. The low

signal voltage seen at a non-driving node is V, - V.., Where ang is given by

Voing= (Vag - Vi Zo/ (n-D)V[{ Zy/(n-1)}+R]) | (R.1)
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where R is the value of the pull-do_wn resistance (shown as Rpp in'FIG_. 2)and whére nisthe
number of nodes in the infdrmation handlmg system IQO. In thé present invention, each node
has a terminator or means for termination attadh_éé.to it. The __recﬁv_ers are capable of
resolving the swing. | | | | |
Solving for R gives _ _ _

R = [Zo([(Vas - Vie) Nouingl - D - 1) (R.2)

allowing for a particular pull-down resistance to be chosen for a desired V swing:

As an example, in the system of FIG. 2, assume that a voltage swing of
(Vs - V)2 is desired. Thus, pull down driver circuit 204 includes a pﬁll—down resistance
that is substantially equal to (i.e. within 10% of)
R =[Z(Var~ Vo) Vo) - DVn- 1) ~ (fomR2)
= [Zo([(Vaa - V) I(Vaa - V)21 - DY(n - 1)
=Z,2- D(n-1) |
=Zf(n-1).

where # is the number of nodes in the information handling system 100.

Because the impedanbe at each non-driving node is matched to the impedance of the
transmission line (due to the terminating resistance at the drivers located at those nodes), -
signals arriving at the non-driving node term_inaté without reflection. This condition is highly
desirable because the settling time of the non-driving node is a critical parameter rélating to
bus performance. The net effect of the absehce of reﬂecﬁons from the stub ends is a reduced
overall settling time when compared to systems without termination at each non-driving
node. .

In the FIG. 2 configuration, by having the pull-up resistors on chip, the pull-up
resistance at the driving node is switched off when the driver is pulling low. Accordingly, this
systemn advantageously consumes less overall current and power than a system thét has an
off-chip pull-up resistor that is always drawing current. '

" When the termination of a node takes place outside component 102, the terminator is
separated from the non-driving node by some distance along a transniission line and thus

undesirable parasitics are introduced in the connection to the termination resistor. Also,
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because of the separation such a system can have reflections from the intersection of the stubs
of the transmission line. a ”

When the termination is within each component, the termination resistance is placed -
right at the receiver, thereby reducing reflections and ringing. Thus, providing the termination
within each component 102 improves signal integrity when compared to terminating a node
outside component 102. | ' '

Those of ordinary skill in the art will readily recognize that although the embodiment
of FIG. 2 described herein relates to a system having the termination resistances tied to the
upper rail, an alternate embodiment is contemplated which instead has the termination
resistances tied to the lower rail. In this alternate embodiment, the pull-down resistance of
each driver is approximately cquél to the impedance of the transmission line and the pull-up
resistance is approximately eqha.l to the value of R given by relationship (R.2).

In an embodiment having separate terminators 110, the output resistance of the
terminator is approximately equal to the impedance of the transmission line, and that
resistance is connected to or disconnected from the transmission line, depending on whether
the particular node is receiving or driving respectively. In this embodiment, the driver output .
at a non-driving node is high impedance when the node is in a receive condition..

Referring to FIGS. 3A, 3B, 3C and 3D, the pull-up and pull-down elements of driver
circuit 110 may be of a variety of configurations. For example, as shown in FIG. 3A, the
driver element may be a PMOS transistor. Also for example, as shown in FIG. 3B, the driver
element may be the parallel combination of a PMOS transistor and an NMOS transistor.
With this parallel combination, it is the resistance of the parallel combination that would be
equal to the desired bit element resistance. Also for example, as shown in FIG. 3C, the driver
element may be an NMOS transistor. Also for example, as shown in FIG. 3D, the driver
element may be the parallel combination of two NMOS transistors. In a preferred
embodiment, the pull-up circuit element includes the parallel combination of the PMOS
transistor and the NMOS transistor and the pull-down element includes the parallel
combination of two NMOS transistors. It will be appreciated that a driver circuit may have
other circuitry that contributes to the overall pull-up and pull-down resistance of the driver.

FIG. 4 is a block diagram of an alternate embodiment of the pre'sént invention.

Referring to FIG. 4, system 400 comprises drivers 402, 404 and 406 individually
coupled to resistance elements 408, 410, and 412 through transmission lines 414, 416, and

418, with each transmission line having a characteristic impedance Z, and each resistance
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element having a resistance of Ry. Drivers 402, 404, and 406 may include the example
configuration of FIG. 2 where the pull-up circuit has an output resistance which _
approximately equals the charactenstxc unpedance of the line, and the pull-down circuit has
an output resistance which is @yerse]y prqpqrtto_r_tal to the humb_et of nodes, or may instead
comprise the reverse conﬁguretion described herein. Also, the system of FIG. 4 may use
separate terminators as prevmusly described in relat1on to FIG. 2

To prevent signal. reﬂect:ons, the impedance lookmg into the resistive network from
one of the transmission lines must match the impedance of the transmtssmn line. For
example, signals propagatmg from driver 402 on the transmtssmn line 414 will not suffer
reflections at the interface between line 414 and resistor 408 if the net impedance seen
looking into resistor 408 at thts mterface is equal to the 1mpedance of transmission line 414.

The impedance seen lookmg into resistor 408, 410, or 412 from the corresponding
transmission line 414, 416, or 4:1_8_ is S

Zeowot = Ry + [Rr + Zo)/(n-1)] (R.3)

Where n represents the number of nodes in the system.

- -In order to prevent reflections,

Zws=Z0 T X

~In order to match tmpedances, relatlonshlp R. 4) is substnuted mto relatlonshlp o

R1—Zo X [(n-2)ln] (R 5)..

Thus, in the three-node system of FIG 4, each resistor in the resistor network has a
valueof
R = Zy X [(n-2)/n]
= Zyx[(3-2)/3]
= Zy/3 ohms

Thus, a signal propagating away from any of drivers 402, 404, or 406 will see,
looking into the resistor network, a net impedance of

Zonwex =Rr + 05X Ry +Zy) =Zy/3 +zzo/3'=zo

In the system of FIG. 4, the voltage swing at a non-driving node is given by
Vaing= Vaa - Vis) (Zo/[(R+Zo)(2-1)]) - (R6)

where R is the output resistance of the driver pull-down circuit if the terminating resistances
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at non-driving nodes are coupled to the upper power rail; otherwise, R is the output resistance
of the driver pull-up circuit if tfié terminating resistances at non-diving nodes are coupled to

the lower power rail.

Using the previously described example conﬁguraiion of FIG. 2 with the resistor
network 6_f FIG. 4, the value of the pull-down resistance is determined by solving relationship
(R.6) forR, givihg ' |

R = Zo([(Vaa = Vie)Viriag 3= DV Vewin-DD - ®RD

In systems such as the system of FIG. 2 (lacking a resistive network such as that seen
in FIG. 4), a signal propagating from a driver towards the common pomt 214 will see an
impedance at the common point which is not matched to the impedance of the transmission
line. Therefore, in those systems, a reﬂectidn would occur at common connection pdint 214.
The magnitude of that reflection increases as the impedance mismatch.inci'eases. In systems
employing the embodiment of FIG. 4, the impedance seen at the connection point between
the resistor and the transmission line by a signal propagating from a node to common
connection point 420 is equal to thé impedance of the transmission line, so no reflection
occurs. Since no reflection occurs, a second signal may be sent sooner than otherwise
possible, thus increasingl signaling frequency of the system. | | '

A significant benefit resultmg from using the FIG. 4 embodlment of the present
invention is that signals may be plpehned Pipelining is when a signal is launched on a signal
conductor prior to the most recently launched signal arriving at a receiving end. In some
systems, including the system of FIG. 2, in order to transmit a signal, it may be nédc:séary to
wait until the magnitudes of the reflections on the driver stub resulting from a previousls'
launched signal reflecting from the junction have diminished enough td not interfere with
subsequently launched signals. Using the system of FIG. 4, there are no reflections. |
Therefore a signal may be launched by a driver prior to the time a previohsly launched signal
has arrived at the receiving ends. ' - '

A second benefit of the FIG. 4 embodiment is that the voltage present at any glvcn
time on the lines will not exceed the driving voltage, V. _

FIG. 5A is a signal response curve for a system as deplcted in FIG. 2 showing a
voltage overshoot condition. FIG. 5B is a signal response curve for a system such as is
depicted in FIG. 4. |

Both signal respdnse curves show the voltage at tﬁe driving and receiving ends where

9
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Va = 1.5V, V=0V, the transmission line impedance is 50 ohms, the pull-down resistance
is 25 ohms, and the pull-up res:stance is 50 ohms |

Referring to FIG. 5A, from time ¢, to just prior to time t,, the dnver is pulling low
While the driver, assumed to be chip 1 of FIG. 2, is pulhng low there is a 25 ohm pull-down
resistance in series with a parallel combmatton of the 50 ohm pull-up resistance of chip 2 of
FIG. 2, and a 50 ohm pull-up resistance of Chlp 3 of FIG. 2. Therefore, the current is Vg/R =
1.5V/500hms = 30ma. The initial voltage at all driver and receiver ends is Vddlz

At approx1mately time t,, the driver no longer pulls low, and is in the transmon stage
to pulhng high. At this time, the 30ma current flow stops, g1v1ng a Al of 30ma. Since Z, =
50 ohms, there is a AV of (Z(,)(AI) = 1.5V. Now, the total voltage at the driving end is the
sum of the initial voltage plus AV = .75V + 1. 5V =225V. However, when the 50 ohm pull-
up element turns on, there is a 1:1 voltage divider between the pull-up resistance and the line,
resulting in a divider between 1.5V and 2.25V, resultmg in a total lme voltage of 1.875V.
Thus, the total voltage on the line exceeds Vdd ,

Between time t, and _]l.lSt after time t,, the voltage on the lme overshoots V4, and

. could cause damage 1o driving ¢ elements that are not protected agamst such damage.

At approximately time t,, the driven sxgnal arrives at Junctxon 214. Dueto the .
impedance mismatch there, a negative ref_lectlon of the signal pmpagates back towards the -
driver. It is the reflected signal which, upon arriving back at the drii)ef brings the voltage at
the driver end down from the overshoot condition seen at approxlmately times t, to t; to Vpp

at approxlmately time t,. : :
. Although the example signal response curve e for FIG. 5A pertams toa system having a

total of three nodes, the curve of FIG. SA also generally applies to systems having more
nodes than three. The primary difference in the curve for many nodes would be the actual
overshoot voltage. : '

FIG. 5B utilizes the configuration described with respect to FIG. 4. As shown, this
new configuration does not héve an overshoot condition which would otherwise damage
components that are not sturdy enough to tolerate a voltage overshoot without becoming
damaged. - | | - '

Referring to FIG. 5B, from time t, to just prior to time t,, the driver is pﬁlling low. It
can be shown that the driver ourrent is given by - '

Livee = Vao/(R+Zy) | | (R.8)
The voltage out of the driver at time t, is simply the current multiplied by the driver

10
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resistance R, giving
Vi = [V (REZOIR TRY)

Thus, when the driver stops pulling low, the change in current is given by relationship
(R.8). The changé in voltage in the system is '

AV =Z,A) . RI0)
= Zy[Va/(R+Z,)] |

The voltage after the driver stops pulling low is merely the sum of the original voltage
and the change in voltage (R.9 and R.10), giving ' '

= [Va/(R+Zg)IR + Zo[ Vol (R+Z,)]

= R+ZIVa/RZ)]

= Vi
showing' that. there is no overshoot with the system of FIG. 4.

Although the example signal response curve for FIG. 5B pertains to a system having a
total of three nodes, the curve of FIG. 5B also generally applies to systems having more
nodes than three. | |

Those of ordinary skill in the art will readily recognize that although the examples
given herein have employed three nodes, systems having more nodes than three are . -
contemplated.

While émbodiments and applications of this invention have been shown and
described, it would be apparent to those skilled in the art that many more modifications than
mentioned above are possible without departing from the inventive concepts herein. The

invention, therefore, is not to be restricted except in the spirit of the appended claims.
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What is Claimed is:
1. An information handling system comprising:

a plurality of resistance elements;

at least three transmission lines havmg a charactenstlc 1mpedance, each of said
transmission lines having a first end and a second end wherem said _ﬁrst ends are coupled
together through different ones of said resistance elements; -

a driver circuit connected to a second end of ohe_ of said u@S@Ssion lines;

at least one receiver circuit connected to a second end of oﬁ§ of said transmission
lines not connected to said driver circuit; and B o |

a plurality of on-chip terminators each terminating a second end of a different one of
each of said transmission lines not connected to said driver circuit, each of said terminators

having an output resistance matched to the characteristic impedance of the transmission line.

2. The information handling system of claim 1 whereih ez_ich of_ said resistance elements
has a resistance value which is within ten percent of the result of multiplying the
characteristic nnpedance of the transmission line by [(n-2)/n] where nis the number of the

transmission lines in the system.

3. The information handling system of claim 1 wherein said driver circuit compnses a.

pull-up circuit and said terrmnators are connected to a lower power rail.

4. The information handling system of claim 3 wherein said pull—up circuit has an output

resistance corresponding to the number of second ends.

5. The information handling system of claim 4 wherein the output resistance of said
pull-up circuit is within ten percent of Zy([(Vyg - V)=V ing (n-D/] [Vsm(n-l)]) wherein Z, is
the characteristic impedance of said transmission lines, » is the number of second ends, Vyis
the voltage at an upper rail, V,, is the voltage at a lower rail, and V,,, is the voltage swing

desired at a second end not connected to a driver.

6. The information handling system of claim 1 wherein said driver circuit comprises a

pull-down circuit and said terminators are coupled to an upper power rail.

2 B B
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7. The information handling system of claim 6 wherein said pull-down circuit has an

output resistance corresponciiﬁﬁ to the number of second ends. =~

8. The information handling system of claim 7 wherein the output resistance of said

pull-down circuit is within ten percent of Zy([(Vs - Vi )-Viuing (1-1)V[Ving(n-1)1) wherein Z,
is the characteristic impedance of said transmission lines, n is the number of second ends, V4,
is the voltage af an ﬁpper rail, V,, is the voltage at a lower rail, and V., is the voltage swing

desired at a second end not connected to a driver.

9. An information handling system comprising:

a plurality of resistance elements;

at least three transmission lines having a characteristic impedance, each of said
transmission lines having a first end and a second end wherein said first ends are coupled
together through different ones of said resistance elements; '

a plurality of drivers equaling the number of transmission lines in said plurality of
transmission lines, each driver coupled to a second end of a different one of said transmission
lines, each driver comprising a pull-down circuit having a pull-down resistance matched to
the characteristic impedance of one of said lines, and a pull-up circuit for pulling up a signal
on one of said lines, the pull-up circuit having a pull-up resistance:conesponding to the
number of second ends; and |

at least one receiver circuit coupled to a second end of one of said transmission lines.

10.  The information handling system of claim 9 wherein each of said resistance elements
has a resistance value which is within ten percent of the result of multiplying the
characteristic i_mpgdance of the transmission line by [(n-2)/n] where n is the number of the

transmission lines in the system.

11.  The information handling system of claim 9 wherein the output resistance of said
puli—up circuit is within ten percent of Zy([(Vy - V., )-V,W;i,,g (n-l)]/[V,wi,,g(n- 1)]) wherein Z, is
the characteristic impedance of said transmission lines, n is the number of second ends, V,, is
the voltage at an upper rail, V, is the voltage at a lower rail, émd'V,‘,,i,,g is the voltage swing

desired at a second e.I_ldl not connected to a driver.

. O O
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12.  The information handling system of claim 9 wherein the pull-up circuit comprises a

PMOS transistor.

13.  The information handling system of claim 9 wherein the pull-down circuit comprises

a PMOS transistor.

14.  The information handling system of claim 9 wherein the p@ll-up circuit comprises an

NMOS transistor.

15.  The information handling system of claim 9 wherein the pull-down circuit comprises

an NMOS transistor.

16.  The information handling system of claim 9 wherein the pul]-down circuif comprises
the parallel combination of a PMOS transistor and an NMOS transistor.

~17. The information handling system of clalm 9 wherein the pull-up c1rcu1t comprises the
parallel combmatxon of a PMOS transrstor and an NMOS trans1stor

18, The information handlmg system of clalm 9 wherem the pull-down circuit compnses
._ the parallel combination of two NMOS transistors wherein a first one of said two NMOS

transistors is diode connected and a second one of said two NMOS transistors is normally :

connected.

19.  The information handling system 'of claim 9 wherein the pull-up circuit comprises the
parallel combination of two PMOS transistors wherein a first one of said two PMOS
transistors is dmde connected and a second one of said two PMOS transxstors is normally

connected

20. The information handlmg system of claim 9 wherein the pull-up cn‘cmt within a given
driver is enabled and therefore acts as a terminator whenever the given dnver Cll’Clllt is not

being used to drive the transmission line.

21.  The information handling system of claim 9 further comprising a plurality of on-chip
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terminators.,' each of said on-chip terminators being individually coupled between a lower
power rail and different ones of said transmission lines when thé fiéde to which a given
terminator is connected is in a nondriving configuration and the corresponding driver is not
enabled to act as a terminator, said terminators having an output resistance matched to the

characteristic impedance of the transmission line.

22.  An information handling system comprising:

a plurality of resistance elements;

at Jeast three transmission lines having a characteristic impedance, each of said
transmission lines having a first end and a second end wherein said first ends are coupled
together through diffe_rent ones of said resistance elements;

a number of drivers equaling the number of transmission lines in said plurality of
transmission lines, each driver coupled to a second end of a different one of said transmission
lines, each driver comprising a pull-up circuit having a pull-up resistance matched to the
characteristic impedance of one of said lines, and a pull-down circuit for pulling down a
signal on one of said lines, the pull-down circuit having a pull-down resistance corresponding
to the number of second ends; and

at least one receiver circuit coupled to a second end of one of said transmission lines.

23.  The information handling system of claim 22 wherein each of said resistance
elements has a resistance value which is within ten percent of the result of multiplying the
characteristic impedance of the transmission line by [(n-2)/n] where n is the number of the

transmission lines in the system.

24.  The information handling system of claim 22 wherein the output resistance of said

pull-down circuit is within ten percent of Z(,([(Vdd = Vi )-Viing 1-DVIV qing(n-1)]) wherein Z,
is the characteristic impedance of said transmission lines, n is the number of second ends, V,,
is the voltage at an upper rail, V, is the voltage at a lower rail, and V., is the voltage swing

desired at a second end not connected to a driver.

25..  The information handling system of claim 22 wherein the pull-down circuit comprises

a PMOS transistor.
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26.  The information handling system of claim 22 wherein the pull-up circuit comprises a

PMOS transistor.

27.  The information handling system of claim 22 wherein the :;;;:p.ll-down circuit comprises

a NMOS transistor.

28.  The information handling syStem of claim 22 wherein the _lpbll-up circuit comprises a

NMOS transistor.

29, - The information handling system of claim 22 wherein the 'p'gll-up ciréuit coinprises

the parallel combination of a PMOS transistor and an NMOS tralisis}tor.

30.  The information handling system of claim 22 wherein the pﬁl}-dOW'n circuit comprises

" the parallel combination of a PMOS transistor and an NMOS transistor.

31. . The information handling system of claim 22 wherein the pull-down circuit comprises

the parallel combination of two NMOS transistors wherein a first one of said two NMOS

transistors is diode connected and a second one of said two NMOS transistors is normally

connected.

32.  The information handling system of claim 22 wherein the pull-up circuit comprises
the parallel combination of two PMOS transistors wherein a first o_rie of said two PMOS

. transistors is diode connected and a second one of said two PMOS &ansistors is normally

connected.

33.  The information handling system of claim 22 wherein the pull-up circuit within a
given driver is enabled and therefore acts as a terminator whenever the given driver circuit is

not being used to drive the transmission line.

34.  The information handling system of claim 22 further éompr-ising a plurality of on-chip
terminators, each of said on-chip terminators being individually coupled between an upper
power rail and different ones of said transmission lines when the node to which a given

terminator is connected is in a nondriving configuration and a driver present at that node is
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not enabled to act as a terminator, said terminators having an output resistance matched to the

characteristic impedance of th¢ transmission line.

35. An information handling system comprising:

a plurality of resistance elements;

at least three transmission lines having a characteristic impedance, each of said
transmission lines having a first end and a second end wherein said first ends are coupled
together through different ones of said resistance elements;

a plurality of drivers, each driver individually coupled to a second end of one of said
transmission lines, each driver comprising a pull-down circuit having a pull-down matched to
the characteristic impedance of one of said lines, and a pull-up circuit for pulling up a signal
on the one of said transmission lines to which the driver is connected, the pull-up circuit -
having a pull-up resistance corresponding to the number of second ends;

at least one receiver circuit coupled to a second end of one of said transmission lines;
and

a plurality of on-chip terminators, each of said on-chip terminators being individually

~ coupled between a lower power rail and different ones of said transmission lines when the

node to which a given terminator is in a nondriving configuration, said terminators having an

output resistance matched to the characteristic impedance of the transmission line.

36.  The information handling system of claim 35 wherein each of said resistance

elements has a resistance value which is within ten percent of the result of multiplying the

characteristic impedance of the transmission line by [(n-2)/n] where n is the number of the

transmission lines in the system.

37.  The information handling system of claim 35 wherein the output resistance of said
pull-up circuit is within ten percent of Zy([(Vs - Vi )-Viuing (1-DV[Vying(1-1)1) wherein Z, is
the characteristic impedance of said transmission lines, n is the number of second ends, V4 is
the voltage at an upper rail, V,, is the voltage at a lower rail, and V., is the voltage swing

desired at a second end not connected to a driver.

38.  An information handling system comprising:

a plurality of resistance elements;
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at least three transmissiqn lines having a char_acteristic impedance, each of said
transmission lines having a firstend and a §egohd_ end wherein said first ends are coupled
together through different ones of said resistance elements;

a plurality of drivers, each driver coupled to a second end of different ones of said
transmission lines, each driver comprising a pull-up circuit having a pull-up resistance
matched to the characteristic impedance of .ope of sazd lines, and a pull-down circuit for
pulling down a signal on one of said lines, the pull_—gl_bw_n circuit having a pull-down
resistance corresponding to the number of $ccond ends; and

at least one receiver circuit coupleq toa _seéopd-end of one of said transmission lines;
and _ '

a plurality of on-chip terminators, each of said on-chip terminators being coupled
between an upper power rail and different ones of said transmission lines when the node to
which a given terminator is in a nondriving configuration, said terminators having an output

resistance matched to the characteristic impedance of the transmission line, wherein at least

~ one on-chip terminator is coupled to those second ends not having a driver coupled thereto.

39. - The information handling system of claim 38 wherein each of said resistance

elements has a resistance value which is within ten percent of the result of multip_iying the .
characteristic impedance of the transmission line by [(n-2)/n] wh_ere n is the number of the

transmission lines in the system.

40.  The information handling system of claim 38 wherein the output resistance of said

pull-down circuit is within ten percent of Zy([(Vyq = V)~V ing (- DVIV ing(n-1)]) wherein Z,
is the characteristic impedance of said tran'sn_lission lines, n is the number of second ends, V,,
is the voltage at an upper rail, V,, is the voita_ge at a lower rail, and V,,;,, is the voltage swing

desired at a second end not connected to a driv:r.
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