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ECHO REDUCTION ON BIT-SERIAL, MULTI-DROP BUS 

Technical Field 

The invention relates generally to input/output (I/O) architecture, and 
more specifically to active echo reduction on a bit-serial, multi-drop 110 bus 

architecture. 

Background Infonnation 

Personal computers are in widespread use throughout the world. Most 
personal computers contain some form of intemal block storage device, such as 
one or more hard drives, CD-ROM drives, CD recorders, tape drives and data 

cartridge drives, and various other 110 devices which may include some form of 
·programmable memory may. These YO devices communicate with the internal 

15 chipset of the personal computer through a data communication channel, or bus. 
With the rapid advancement in processor speed, data communication 

speed becomes incre8singly important. This is especially true where large 
amounts of information are passed between the personal computer and the 110 
device as is common with block storage devices. 

20 High speed, bit-serial I/O is an economical architecture for future 

personal computers. By using a differential signal on two chip pins, current 
CMOS (complementary metal-oxide semiconductor) technology can send 
signals at data rates up to several gigabits· per second. 

Existing bit-serial I/O standards such as Universal Serial Bus {USB) 
25 Specification, Revision 1.1 (dated Septe.niber 23, 1998), and the Institute of 

mectrical and Electronics Engineers, Inc. (IEEE) Standard 1394-1995 for a High 
Performance Serial Bus (approved December 12, 1995 by the IEEE Standards 
Board and July 22, 1996 by the American· National Standards Institute), assume 
point-to.;.point wiring. There are tWo comm.on approaches to such point-to-point 

30· wiring. 

The first approach is a star bus architecture, with a central hub coupled to 
and supporting multiple devices. In a star bus architecture, each device 
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communicates only through the hub to the master controller. Figure· l i.s an 

example of a star bu& architecture 110 system 100 having a cbipset 110 coupled 

to a hub 120. Hub 120 is coupled to multiple I/O deVices 130, thus allowing 

communication between the chipset 110, as a master device, and each I/O device 

S 130, as a slave device. 

10 

· The second approach is a daisy-chain bus architecture .. In a daisy_.chain 

·bus architecture, multiple devices are coupled in series with each device 

transmitting to, or receiving from, a neighboring device. Communication from 

one end of a daisy-chain bus architecture to the other commonly involves an 

approach in which each device relays communications to the next device in the 

chain. To accomplish this, each device has at least two I/O ports combined with 

the circuitry to regenerate the incoming signals on the outgoing 110 port. Figure 

2 is an example of a daisy-chain bus architecture·l/O system 200 having a 

chipset 110, as a master device, coupled to multiple I/O devices 130, as slave 

15 devices. 

Perhaps the most common interface between a personal computer and its 

block storage devices is the AT Attachment (ATA) interface. The ATA interface 

has been standardized. in its various renderings. by the American National 

Standards Institute (ANSI). See, e.g., ANSI X3.298-1997, AT Attachment-3 

20 Interface (ATA-3), approved September 30, 1997. ATA is commonly referred to 

as IDE (Integrated Device Electronics), referring to the integration of controllers 

into disk drives, as ATA adopted the IDE technology. The ATA standards 

define the connectors and cables for physical interconnection between a host 

system and its internal block storage device, as well as the electrical and logical 

25 characteristics of the interconnecting signals. The ATA standards utilize a daisy­

chain approach to point-to.;.point wiring. 

Both star bus architecture and daisy-chain bus architecture add cost and 

complexity to the basic bus architecture through the use of a central hub or 

multiple I/O ports. An alternative to point-to-point wiring is the use of a 

30 multi-drop bus architecture. In a multi-drop bus architecture, a master device 

can control communications by addressing one or more slave devices across a 

bus. As such, multi-drop bus architecture commonly use one I/O port for each_ 
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coupled device. Figure 3 is an example of a multi-drop bus architecture J/O 

system 300 having a chipset 110, as a master device, coupled to multiple JJO. 

deyices 130, as slave devices. 

While the multi-drop bus architecture reduces the cost and complexity 

S associated with point-to-point wiring, multi-drop bus architecture is prone to . 

sipl reflections, or echos. This occurs because each cable connection between 

the bus and a non-receiving device represents a discontinuity for signal energy, 

thus causing reflections and/or phase-shifted. transmissions on the bus. The 

signal may be reflected back and. forth multiple times, causing an oscillatory 

10 behavior on the bus, comm.only lmown as ''ringing." Such ringing results in, 

reduced noise immunity, thus leading to reduced signal integrity and reduced 

operating speeds. 

To reduce ringing, the J/O driver circuits for devices attached to a multi­

drop bus architecture are often adjusted to match their impedance to the 

15 characteristic impedance of the bus. While the impedance of the J/O driver 

circuit can be adjusted manually, it is common that the JJO driver circuits contain 

self-adjusting circuitry. Even with impedance matching, multi-drop buses may . 

experience significant reflections. 

As will be seen from the above concerns, there exists a need for an 

20 improved high-speed bit-serial 110 protocol for coupling 110 devices to a 

processor, such as an internal chipset of a personal computer. The above 

mentioned problems with signal reflections and other problems are addressed by· 

the present invention and will be understood by reading and studying the 

following specification. 

25 Summacy 

One embodiment of the invention provides a method of active echo 

reduction on a multi-drop bus having a plurality of I/O devices. The method 

includes determining whether an 110 device is an intermediate device, 

detennining whether an 110 device is in a non-signaling status, and adjusting an 

30 impedance of the 1/0 device to a high-impedance state when the I/O device is an 

intermediate device in a non-signaling status. 

3 
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Another embodiment of the inventian provides an I/O device. The 110 

device includes an I/O port suitable for coupling to a multi-drop bus and in 1/0 

driver circuit having an impedance and coupled fo ~e 1/0 port. The 1/0 driver 

circuit is adapted to selectively adjust its impedance to a high-impedance state 

S when the 1/0 device is a non-signaling intermediate device. 

A further embodiment of the jnvention provides a system. The system 

includes a processor, a multi-drop bus coupled to the processor, and a plurality 

ofl/O devices coupled to the multi-drop bus.· Each of the plurality of I/O 

devices comprises an I/O port coupling the llO device to the multi-drop bus and 

10 an I/O driver cirCuit having an impedance and coupled to the I/O port. The 1/0 

driver circuit is adapted to selectively adjust its impedance to a high-impedance 
.· . . ' . 

lS 

20 

25 

30 

state when the J/O device is a non-signaling intermediate device. 

Figure I 

Figure2 

Figure3 

Figure4 

FigureS 

Figure6 

Figure? 

Figure8 

Figure9 

Brief Description oftbe Drawings 

is a block diagram of a star bus architecture. 

is· a block diagram of a daisy-chain bus architecture~ 

is a block diagram of a multi~p ·bus architecture. 

is a schematic of an I/O system for use with various embodiments 

of the invention. · 

is a Thevenin Equivalent circuit model for calculating reflected 

and transmitted energies. 

is a SPICE circuit model of the 110 system of Figure 4 where the 

impedance of each device is matched to the characteristic 

impedance of the bus. 

is a plot of a received. signal in accordance with the model of 

Figure6. 

is a SPICE circuit model of the I/O system of Figure 4 where the 

impedance of each signaling device is matched to the 

characteristic impedance of the bus .. 

·is a plot of a received signal in accordance with the model of 

Figure 8. 

4 
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Figure 10 

Figure 11 

Figure 12 

Figure 13 

is a SPICE circuit model of the 110 system of Figure 4 where the 

impedance of each signaling device and each end-point device is 

matched to the characteristic impedance of the bus. 

is a plot of a received signal in accordance with the model of 

Figure 10. 

is a schematic of one embodiment of an 110 device in accordance 

with the invention. 

is a schematic of one embodiment of a computer system 

containing 110 devj.ces in accordance with one embodiment of the 

invention. 

Deniption of the Embodiments 

In the following detailed description, reference is made to the 

accompanying drawings which form a part hereof:.and in which is shown by way 

of illustration specific embodiments in which the invention may be practiced. 

15 These embodiments are described in sufficient detail to enable those skilled in 

the art to practice the invention, and it is to be understood that other 

embodiments may be utilized. and that structural, logical and electrical changes· 

may be made without departing from the spirit and scope of the invention. The 

following detailed description is, therefore, not to be taken in a limiting sense; 
20 and the scope of the invention is defined by the appended claims. Like numbers .. 

in the figures refer to like components, which should be apparent from the 

context of use. 

The detailed description is written in the context of a bus architecture and 

110 devices for use in a personal computer. As used herein, 1/0 or input/output 
25 describes an act ot: ability for or facilitating of communication across a bus, 

comprising transmitting output across a bus, receiving input across a bus or both 

transmitting output and receiving input across a bus. There is no limitation that 

an input/output device be capable of two-way communication of information 

across the bus. 

30 It will be apparent to those of ordinary skill in the art that the invention is 

applicable to other networks of electronic devices communicating across a 

common bus. Furthermore, the detailed description is written in the context of 

s 
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an 1/0 system having one master, e.g., a personal computer intenial chipset, and 

four slaves, e.g.; I/O devices, as a matter of convenience .. There is no limitaticin 

inh~t in the invention as to the type of master device, or the type or number of 

s1ave de\Tices coupled to the bus, nor their reJative spacing on the bus. As wiJl be 

S seen from the description, an 1/0 device may even: be disconnected from the bus 

without adverse effect, as this is analogous to a high-impedance state. 

Figure 4 is a schematic representation of one embodiment of a multi-drop 

bus architecture 1/0 system 400 .for use with the invention. 1/0 system 400 has 

one master device 410 and four s~ve devices. 430a, 430b, 430c and 430d 

10 coupled to the multi-drop bus 450 through drops 460. Drops 460 are the 

physical connections coupling the various devices 410, 430a, 430b, 430c and 

430d to bus 450. Bus 450 is an example of a multi-drop bus, having multiple 

drops 460 connecting devices to the bus. 

Bus 450 will have a characteristic impedance, Zo· For purposes of the 

1 S example embodiments, Z, will be assumed to be SOC. However, the invention is 

suitable to buses of any characteristic impedance. Furthermore, the 

characteristic impedance of a bus may be variable with time. Changing values of 

Zo merely affect the calculations and not the concept of the invention. 

A one-volt incident, or generated signal, will be presumed ftom master 

20 device 410. Again; changing values of the signal amplitude merely affect the 

calculations and not the concept of the invention. 

6 
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·Designers have typically chosen to use matched loads all along a bus to 

reduce the sum of reflected and transmitted energy of each device, or node. 

Figure S shows the model for calculating reflected and transmitted amplitudes. 

Figure S is a Thevenin Equivalent circuit 500 for producing the one-volt 

S incident. The model is governed by the following equations: 

10 

Eq. 1: 
RZ. z = 

£ R+Z 
0 

Eq. 2: 
2Z£ .,, = 

Jct Z +Z r. . 0 

Eq. 3: rr.,= l - rrJ« 

Eq. 4: y "'" = .,,,_ 

Where V 1ter is the reflected amplitude and V Fw4 is the transmi1;ted amplitude. The 

net flow of energy in the circuit 500 after absorption inside resistor, R, is: 

4R 2 +Z2 
z z 0 Eq. S: Energy. = Y Rs/+ 1' ,..,,, = ----

(2R + z.)z 

Equation S is a minimum for R = ZJ2. Thus, for devices not at an end of 

the bus, i.e., intermediate devices, a device is a matched load if its impedance is 

ZJ2. Devices at an end of the bus, i.e., end-point devices, are not being driven 

by two paralleled transmission lines, thus end-point devices have an impedance 

of.Z,, to reduce reflections. Accordingly, a device is defined as being optimally 

15 matched to the characteristic impedance of the multi-drop bus if it has an 

impedance of half of the characteristic impedance when it is an intermediate 

device and an impedance of equal to the characteristic impedance when it is an 

end-point device. 

7 
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SPICE (Simulation Program for Integrated Circuits·Emphasis) circuit 

models will be used to dem()nstrate the concepts inyolved in the invention. 

SPICE is a geD.erat purpose'analog circuit simulatoi that is used to verify circuit . .. . : .. 

designs and to p~ct circui~ behavior. SPICE was'.otj.ginally developed at the . . . . 

5 Electronics R~eatch Laboratory of the University of California, Berkeley in 

10 

15 

20 

. . . 

1975 and is well known and accepted in the art for the purpose of predicting 

· circuit behavior. · . 

Three ~les wm be depicted with refere11ce to the J/O system 400 of 

Figure 4. Each ~ample assumes desired transmission .from the master device . . . . . ~ . 

41 O to slave device 430b. The· involvement of a de'viee in communication is 

referred to hereui as its status. Status is either sign8.ling or non-signaling. Thus, 

master device 410 and slave device 430b are signaling devices as they are 

actively involved in communication across the multi-drop bus 450. All 
. . ' 

remaining devices, i.e., slave devices 430a; 430c and 430d, are non-signaling 

devices. 

The location of a device determines its type~ . Type is either an 

intermediate device or an end"'.'pointdeViee~ Based upo:ri location along the 

multi-drop b~ 450; :master device 410 and slave.deVice 430d are end-point 
. . 

devices. Likewise, slave device5 430a, 430b and 430c are intermediate devices 

as they are each_ located at an inteimediate location between the ends of the bus. 

Figure~ .is a SPICE cin:uit model of theJ/O system 400 of Figure 4, 

where the impedance of each device is matched to the characteristic impedance 

of the bus 450. Accordingly, slave devices 430a, 430b and 430c are modeled 

with resistors R2, R4 and·R3, respectively, each set at a value ofz.12. Thus, R2, 
. . 

25 R4 and R3 have values of 25'2 in this example. Master device 410 and slave 

30 

device 430d are modeled with resistors Rland R6, respectively. As Rl and R6 

are modeling end-point devices, they are each set at a value of Z0, or 500. This 

is a common design approach.· However, this approach suffers inherent 

difficulties. . . 

Figure 7 is a plot of the received signal at slave device 430b. Slave 

device 430b is represented as node 4 in Figure 6. In accordance with the 

Equations 1-4 governing the circuit 500 of Figure 5, each intermediate slave 

8 
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device. i.e;, 43~f43.0b and 430c. will reduce the ~tted ·signal amplitude by .... '!.;' /' •• 

·half when the resistance is set to half of the characteristic impedance. As shown 

in Figure 7, for a one-volt incident, the received signal at node 4 will have a 

maximlim value of 2SOm V and be accompanied by significant reflections. 

S An improvement to the model of Figure 6 can be obtained by matching 

only the signaling devices~ Figure g:·is a SPICE circuit model of the I/O system 

400 of Figure 4, where the receiving device, i.e., slave device 430b, as well as 

the transmitting device, i.e., master device 410, are matched loads. Accordingly, 

the value ofR4 is set at ZJ2~ or 25~ while the value of RI is set at Z,. or SOC. 

10 The non-signaling devices, i.e., slave devices 430a, 430c and 430d, are placed in . 
a high-impedance state, i.e., tri-stated oft: Accordingly, the corresponding 

resistors R2, R3 and R6 are set at SZ0, or 2500, to approximate a floating 

capacitor for the simulation. 

Figure 9 is a plot of the received signal at slave device 430b. Slave 
IS device 430b is ~ented as node 4 in Figure 8. With R2 approximating a 

floating capacitor, the transmitted signal will see little reduction by slave device 

430a. While this approach improves the maximum signal amplitude received at 

·. node 4 to a value in excess of 450m V. the received signal is still accompanied by .. 

significant reflections. 

20 A further improvement to the model of Figure 8 can be obtained. Those 

devices that are actively involved in sending or receiving signals, i.e., signaling 

devices; are optimally matched to the bit-serial wires to absorb energy. The end­

point devices maintain a good match to the characteristic impedance of the 

multi-drop bus, whether signaling or not signaling, to reduce reflections. 
25 Remaining devices are placed in a high-impedance state. Figme 10 depicts such 

a system. 

Figure 10 is a SPICE circuit model of the 1/0 system 400 of Figure 4, 

where the receiving device, i.e., slave device 430b, the transmitting device, i.e., 

master device 410, and the end-point devices, i.e., master device 410 and slave 

30 device 430d, are matched loads. Accordingly, the value of R4 is set at Zr/2, or 

250, and the values of RI and R6 are each set at Zo. or SOO. The remaining non­

signaling devices, i.e., slave devices 430a and 430c, are placed in a high-

9 
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impedance state, te., tri-stated off. Accordingly, the ce>rresponding resistors R2 

and R3 arc set at SZ0, or 2500, to approximate a floating capacitor for the 

simulation. · 

·Figure 11 is a plot of the received signal at slave device 430b. Slave 

S device 430b is represented.as node 4 in Figure 10. With R2 approximating a 

floating capacitor, the transmitte4 signal Will see little reduction by slave device 

· 430a. In·additiOil, by matching slave device 430d to the characteristic 

imp~ its signalrcflections·arc reduced. The model of Figure 10 thus 

maintains the ·improved maximum.signal ·amplitude achieved in the model of 

10 Figure 8, in excess of 450mV, and ftutb.er reduces signal reflection magnitude 

and oscillation..· With such an improved sigl181-to-noisc ratio, this embodiment of 

the invention is ,capable of increased data communication speeds •. 

To implement the bus architecture of the embodiment modeled in Figure 

10, each J/O device coupled to the multi-drop bus should be capable of matching 

15 its impedance to :the characteristic imp~cc of the multi-drop bus. Numerous 

adaptations ofl/O driver circuits capable of matching impedance are known in 

the art. See, e.g.~ U.S. Patent No. S,789, 937 issued August 4, 1998 to Cao et al., 

U.S~·Patent No~ 5;621,335 issued April 15, 1997 to Andres~ U.S. Patent No. 

· 5,596,285 issued January 21, 1997 to Marbot et al., and U.S. Patent No. 

20 · ·4,719,369 issued.January 12, 1988 to Asano et al. ~ach J/O device coupled to 

the multi-drop bus also has a configUration circuit coupled to the I/O driver 

circuit, wherein. the configW"ation circuit is adapted to cause the J/O driver circuit 

to implement impedance matching in response to the type of the device as well 

as its stat~ · j\ceordingly, the ce>ntiguration cireuit is adapted to cause the J/O 

25 driver circuit to adjwit its imp~e to approximately half of the characteristic 

impedance of a inulti-drop bus when the 110 deviee is a signaling device and the 

110 device is configured as an intermediate device. The configuration circuit 

further is adapted to cause the I/O driver circuit to adjust its impedance to 

approximately equal to .the charactetj.stic impedance of the multi-drop bus when 

30 · · the J/O device is configured as an end-pc.>iIJ.t device ... When an intermediate J/O 

device is a non"."signaling device, the configuration circuit is adapted to cause the 

10 
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1/0 driver circuiuo,·¢just itS impedance to a bigh-imp~ance state, i.e., tri-stated 
' I . !ii-::. 

off. 

-It is noted that while it is desirable that all intermediate devices be 

capable of selectively adjusting impedance based on status and type, devices 

S incapable of such selective adjustment, i.e., fixed-impedance devices, may be 

coupled to the multi-drop bus. Existence of one or more fixed-impedance 

devices will impart reflections on the multi-drop bus, in excess of a device 

capable of selective adjustment, when such fixed-impedance devices are non­

signaling intennediate devices. However, a multi-drop bus containing at least 

10 one intennediate device capable of selective adjustment of impedance will allow 

improved signal-to-noise characteristics during communications across the 

multi-drop bus. 

As used herein, a device has fixed impedance if it does not enter a high­

impedance state during a non-signaling status when it is an intennediate device. 

15 Accordingly, fixed impedance does not connote an absolute and constant 

impedance. It should be apparent that a fixed-impedance device is suitable for. 

use as an end-point device without detrimental effect as end-point devices are 

matched to the characteristic impedance of the bus regardless of status. 

Figure 12 is a schematic of one embodiment of an I/O device 1200 for 

20 use with a multi-drop bus in accordance with the invention. 110 device 1200 has . 

an I/O port 1210, an I/O driver circuit 1220 and a configuration circuit 1230. 1/0 .· 

device 1200 is capable of coupling to a multi-drop bus (not shown) through I/O 

port 1210. ·J/O driver circuit 1220 is coupled to I/O port 1210 to facilitate 

communication through the multi-drop bus. Configuration circuit 1230 is 

25 coupled to I/O driver circuit 1230. While configuration circuit 1230 is shown as 

separate from I/O driver circuit 1220 in Figure 12, configuration circuit 1230 

maybe a portion ofI/O driver circuit 1220. Configuration circuit 1230 is 

adapted ·to accept configuration data, such as device position along the bus and 

target impedance if not in a high-impedance state. Configuration data may be 

30 provided to configuration circuit 1230 through I/O port 1210 or through an 

optional separate configuration port 1240. Configuration port 1240 might be 

user-selectable dip switches or some other user-programmable interface. 

11 
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Figure 13 is a schematic of one embodiment of a co_mputer system 1300 

incorporating a multi-drop bus in accordance with ihe invention. Computer 
~· ~;. : ... 

system 1300 contains a processor 1310, amulti-dJ'ol)bus.1330 coupled to the 

processor 1310 and I/O devices 1320 coupled to themulti-drop bus 1330. In this 

5 embodiment, processor 1310 controls communicati9ns withl/O devices 1320 

and is thus a master device. Processor 1310 comm.Unicates with only one 1/0 

device 1320 at a time. Accordingly. when anyone~¥odevice 1320 is 

communicating to or from processor 1310; all remaining J/O. devices 1320 are 
,J 

. non-signaling devices in this embodiment. 

10 In this embodiment, processor 1310 is always a signaling device. 

However, I/O devices 1320 may contain a separate, processor and the capability 

to become master devices, in which case processor.~ 310 could become a non­

signaling device. 

Embodiments of methods of active echo reduction on a multi-drop bus in 

15 accordance with one invention have been described. •Devices of dynamically­

variable impedance in accordance with the invention capable of implementing 

such methods of active echo reduction on a multi-drop bus have been described, 

as well as systems in accordance with the invention iricorporating such devices. 

Although specific embodiments have been illustrated.and described herein, it 

20 will be appreciated by those of ordinary skill in the ·art that any arrangement 

which is ca.J.culated to achieve the same or similar p0rpose may be substituted for 

the specific embodiments shown. Many adaptations of the-invention will be 

apparent to those-of ordinary skill in the art. Accotdingly, this aJ>Plication is 

intended to cover any adaptations or variations of the invention. lt is manifestly 

· 25 intended that this invention be limited only by the following- claims and 

equivalents thereof. 

12 
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What is tlifuned is: · .. ·:·.r •., .. 

A method of active echo reduction on a multi-drop bus (450) having a 

plurality of input/output devices ( 410,430), coinprising: 

determining which of the plurality of input/output devices 

(410,430) are intermediate devices; 

determining which of the plurality of input/output devices 

(410,430) are in a non-signaling status; and 

adjusting an impedance-of an input/output device (410,430) to a 

high-impedance state when the input/output device 

-(410,430) is an intennediate device in a non-signaling 

status. 

The method of claim 1, further comprising: 

matching the impedance of the input/output device(410,430) to a 

characteristic impedance of the multi-drop bus (450) when the 

input/output device (410,430) is an intermediate device in a 

signaling status. 

The method of claim 1, further comprising: 

determining which of the plurality of input/output devices ( 410,430) are 

end-point devices; and 

matching the impedance of the input/output device ( 410,430) to a 

characteristic impedance of the multi-drop bus (450) when the 

input/output device { 410,430) is an end-point device. 

A method of active echo reduction on a multi-drop bus (450) having a 

plurality of input/output devices (410,430), comprising: 

determining a status and a type of each of the plurality of 

input/output devices (410,430). wherein the status of 

each of the plurality of input/output devices (410,430) is 

selected from the group consisting of signaling and non-

13 
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signaling, further wherein· the type of each of the 

plurality of input/output devic~s (410,430) is selected 

from the group consisting of intermediate device and 

end-point device; 

s 

10 

15 

20 

25 

30 

5. 

. matching an impedance of each end-point device and each 

signaling device to a characteristic impedance of the 

multi-drop bus (450); and ·. ' , 

placing each non-signaling interm~ device in a high­

impedance state. 

The method of claim 4, wh~in matching mi impedance comprises 

adjusting· the impedance to approximately half of the characteristic 

impedance of the multi-drop bus ( 450) when the input/output device 

(410,430) is an·intermediate device• 

6. The method of claim 4, wherein matching an impedance comprises 

adjusting the impedance to approximately equal to the characteristic 

impedance of the multi-drop bus (4SO) when the input/output device 

(410,430) is an end-point device. 

7. A method of active echo reduction on a ~Ulti-drop bus ( 450) having a 

master device ( 410) and at least two slave devices (430), comprising: 

determining which of the at least two slave devices (430) is a 

.signaling device, whereinallremaining slave devices 

·.(430) are non-signaling.de~ces; 
determining a type of each at least two slave devices (430), 

wherein the type is selected from the group consisting of 

. intermediate device and end-point device; 

adjusting an impedance of the signaling device to approximately 

half of a chal:acteristic impedance of the multi-drop bus 

(450) when the signaling device is an intermediate 

device; 

14 
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apj~sting an impedance of each end-p~int device to. 

approximately equal to the characteristic impedance of 

the multi-drop bus ( 450); and 

s 

10 

15 

20 

25 

8. 

9. 

placing each non-signaling intennediate device in a high­

impedance state. 

A system (1300), comprising: 

a processor (1310); 

a multi-drop bus (1330) coupled to the processor; and 

a plurality of input/output devices (1320) coupled to the multi-drop bus 

(1330), wherein each of the plurality of input/output devices 

(1320) comprises: 

an input/output port (1210) suitable for coupling to a 

multi"'.drop bus (1330); and 

an input/output driver circuit (1220) having an 

impedance and coupled to the input/ou1put port 

(1210), wherein the input/output driver circuit, 

(1220) selectively adjusts its impedance to a 

high-impedance state when the input/output 

device (1320) is a nan-signaling intermediate 

device. 

The system of claim 8, wherein the input/output driver circuit (1220) is 

adapted to selectively adjust its impedance to approximately half of the 

characteristic impedance of the multi-drop bus (1330) when the 

input/output device (1320) is a signaling intennediate device. 

10. The system of claim 8, wherein the input/output driver circuit (1220) is 

adapted to selectively adjust its impedance to approximately equal to 

30 the characteristic impedance of the multi-drop bus (1330) when the 

input/output device (1320) is an end-point device. 
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11. The system of claim 8, further comprising a fixed-impedance 

input/output device (1320) coupled to the multi-drop bus (1330). 

12. An input/output device (1200), comprising: 

5 an input/output port (1210) suitable for coupling to a multi-drop bus; 

10 

15 

and 

an input/output driver circuit (1220) haVing an impedance and coupled 

to the input/output port (1210), wherein the input/output driver 

circuit (1220) is adapted to selectively adjUst its impedance to a 

high-impedance state when the input/output device (1200) is a 

non-signaling intermediate device. 

13. The input/output device (1200) of ciahn 12, wherein the mput/output 

driver circuit (1220) is adapted to selectively adjust its impedance to 

approximately half of the char8CteriStic imJ>edance of the multi-drop 

bus when the input/output device (1200) is a signaling intermediate 

deviee. 

14. The iriput/output device (1200) ofcJaim 12, wherein the input/output 

20 driver circuit (1220) is adapted tO selectively adjust its impedance to 

approximately equal to the characteristic impedance of the multi-drop 

bus when the input/output device (1200) is an end-point device. 

15. A methOd of reducing reflections :from an input/output device (1200) 

· 25 coupled to a inulti-drop bus at an intennediate location, the method 

comprising: 

30 

detennining a status of the input/output device (1200), wherein 

the status is selected from the group consisting of 

signaling and non-signaling; and 

adjusting an itD.pedance of the input/output device (1200} to a 

high-impedance state when the input/output device is in 

a non-signaling status. 
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