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(54) Precision on-chip transmission line termination

(57) Methods and apparatus for providing precision
on-chip termination of transmission lines are provided
which enable the termination of transmission lines using
on-chip resistors configured into networks, which have
resistances related to the resistance of an external ref-
erence resistor. The external reference resistor is used
to configure an on-chip reference resistor network so

that it has a resistance related to the resistance of the
external reference resistor. Termination resister net-
works are then configured so that their resistances bear
a predetermined relationship to the resistance of the on-
chip reference resistor network. In one embodiment the
resistance of each of the termination resistor networks
is substantially the same as the characteristic imped-
ances of each of the transmission lines.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to high speed
transmission of data and in particular to systems and
methods of terminating transmission lines.
[0002] Use of high speed data lines is widely preva-
lent. Often transmission speeds are above 1 Gbps. At
high data transmission speeds a data line behaves in
some respects as a transmission line and transmission
line effects can result in ringing and distortion of the
transmitted signal. Transmission line effects can be min-
imized by placing a termination resistor of resistance
equal to the characteristic impedance of the transmis-
sion line at the receiver end of the transmission line and
thereby impedance match the transmission line and the
termination resistor.
[0003] When the receiver is a semiconductor device,
a number of difficulties in impedance matching the
transmission line may arise. For example, a number of
problems are presented by using a termination resistor
external to the receiving semiconductor device. When
external termination resistors are used, a separate re-
sistor is generally required for each transmission line.
These resistors increase the complexity of the PCB be-
cause they occupy valuable area on the circuit board.
In addition, termination resistors mounted on a PCB are
unable to prevent transmission line effects due to unter-
minated transmission line stubs between the resistors
and a receiving semiconductor device.
[0004] Other problems are presented when transmis-
sion lines are terminated using on-chip resistors. Proc-
ess variation in the manufacture of semiconductor de-
vices can result in variations in resistor resistance of, for
example, up to ±30%. This varying resistance value can
result in improper termination values. Furthermore,
once the internal termination resistor is included on-
chip, changing the resistance becomes difficult.

SUMMARY OF THE INVENTION

[0005] The present invention provides a method and
apparatus for providing precision on-chip termination of
transmission lines. One embodiment of the invention in-
cludes a first reference resistor and an integrated circuit,
which includes a resistor network and control circuitry.
The configuration of the resistor network is capable of
being controlled by the control circuitry such that the re-
sistance of the resistor network is related to the resist-
ance of the reference resistor.
[0006] A further embodiment includes a first reference
resistor, an integrated circuit, which includes a resistor
network and control circuitry and a transmission line
connected to the integrated circuit. The resistor network
provides a termination resistance across the transmis-
sion line and the configuration of the resistor network is
capable of being controlled by the control circuitry such

that the resistance of the resistor network is related to
the resistance of the reference resistor. In a further em-
bodiment of the invention, the integrated circuit also in-
cludes a reference resistor network and reference resis-
tor network control circuitry. The configuration of the ref-
erence resistor network is capable of being controlled
by the reference resistor control circuitry such that the
resistance of the reference resistor network is related to
the resistance of the reference resistor. The configura-
tion of the resistor network is also capable of being con-
trolled by the control circuitry such that the resistance
of the resistor network is related to the resistance of the
reference resistor network. In addition, the resistance of
the external reference resistor is chosen so that the re-
sistance of the resistor network is substantially the same
as the characteristic impedance of the transmission line.
[0007] A further embodiment of the invention involves
controlling the configuration of a termination resistor
network on an irtegrated circuit such that the resistance
of the termination resistor network is related to the re-
sistance of a reference resistor located on the printed
circuit board. A further embodiment of the invention also
involves controlling the configuration of a reference re-
sistor network on the integrated circuit such that the re-
sistance of the reference resistor network is related to
the resistance of a reference resistor located on the
printed circuit board. In addition the termination refer-
ence resistor network is configured such that the resist-
ance of the termination resistor network is related to the
resistance of the reference resistor network, The con-
figuring step causes the termination resistor network to
have substantially the same configuration as the refer-
ence resistor network. A further embodiment involves
the resistance of the reference resistor being chosen
such that the resistance of the termination resistance
network is substantially the same as the characteristic
impedance of the transmission line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG 1. is a block diagram schematically illustrating
components of a transmission system;
FIG. 2 is a block diagram schematically illustrating
the components of a termination block;
FIG. 3 is a block diagram schematically illustrating
components of a termination block including a re-
sistance determination block having a comparator,
an on-chip reference resistor array and a resistance
control block and a termination resistance block
having a termination resistor array;
FIG. 3a is a semi-schematic circuit diagram illustrat-
ing an embodiment of an on-chip reference resistor
array;
FIG. 3b is a semi-schematic circuit diagram illustrat-
ing an embodiment of a termination resistor array;
FIG. 4 is a semi-schematic circuit diagram illustrat-
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ing an on-chip reference resistor array and a com-
parator of a resistance determination block and an
external reference resistor;
FIG. 5 is a semi-schematic circuit diagram illustrat-
ing an implementation of a on-chip reference resis-
tor array using transistors;
FIG. 6 is a flow diagram illustrating the steps used
by a resistance control block to select a configura-
tion for a resistor network within an on-chip refer-
ence resistor array;
FIG. 7 is a block diagram schematically illustrating
a resistor control block;
FIG. 8 is a semi-schematic circuit diagram illustrat-
ing a resistor control block implemented using D-
type flip flops and two-input multiplexers;
FIG. 9 is a semi-schematic circuit diagram illustrat-
ing another embodiment of a resistor control block
optimized for use with a differential logic compara-
tor;
FIG. 10 is a semi-schematic circuit diagram illustrat-
ing a termination resistor array;
FIG. 11 is a semi-schematic circuit diagram illustrat-
ing a termination resistor array implemented using
transistors; and
FIG. 12 is a block diagram schematically illustrating
a termination block that uses digital filters to filter
signals between a resistance determination block
and a termination resistance block.

DETAILED DESCRIPTION

[0009] A system in accordance with the present in-
vention is illustrated in FIG. 1. In the example shown in
FIG. 1, the system comprises a transmitting device 10
and a receiving device 12. The transmitting device and
the receiving device are connected via transmission
lines 14. The receiving device includes a termination
block 18, which terminates the transmission lines. The
termination block is also connected to an external refer-
ence resistor 22.
[0010] The termination block terminates each trans-
mission line by a termination resistance related to the
resistance of the external reference resistor. In one em-
bodiment, the value of the external reference resistor is
chosen so that each transmission line is terminated by
a termination resistance substantially equal to the char-
acteristic impedance of the transmission line.
[0011] One embodiment of a termination block is il-
lustrated in FIG. 2. The termination block provides ter-
mination resistances across the transmission lines. The
termination block includes a number of termination re-
sistance blocks 32. Each termination resistance block
is connected across a transmission line and ground
plane pair, or in various embodiments across a differen-
tial transmission line pair.
[0012] The resistance of each termination resistance
block is controlled by a signal provided by a resistance
determination block 30. In one embodiment the signal

is a plurality of signals provided by, for example, a bus.
In such an embodiment, the signals, which in one em-
bodiment are digital signals, form a code controlling the
resistance. This may be done, for example, with each
of the signals controlling a finite resistance. Alternative-
ly, the signals may form a bit pattern controlling the re-
sistances. In a further embodiment a single signal is
used, with the variation of the signal over a time period
determining the resistances. The resistance determina-
tion block determines the resistance of an external ref-
erence resistor 22 and outputs a signal related to the
determined resistance value.
[0013] A termination block 18 connected to an exter-
nal reference resistor is illustrated in FIG. 3. The termi-
nation block includes a comparator 40 that compares a
signal from an external reference resistor and a signal
from an on-chip reference resistor array 42. Accordingly,
the comparator has inputs coupled to the on-chip refer-
ence resistor array 42 and to a node 43 to which the on-
chip reference resistor array is connected and from
which the external reference resistor 22 is connected to
ground.
[0014] The comparator provides a signal of a first val-
ue at its output if the signal from the on-chip reference
resistor array is greater than the signal from the external
reference resistor. A signal of a second value is gener-
ated at the comparator output if the reverse is true.
[0015] The output signal generated by the comparator
provides an input to a resistance control block. The re-
sistance control block has an output coupled to the on-
chip reference resistor array. The resistance control
block generates an output that controls the resistance
of the on-chip reference resistor array in response to the
inputs provided by the comparator.
[0016] The resistance control block controls the re-
sistance of the on-chip reference resistor array in re-
sponse to inputs from the comparator. If the input pro-
vided by the comparator indicates that the relationship
between the resistance of the external reference resis-
tor and the resistance of the on-chip reference resistor
array is less than a desired relationship, then the resist-
ance control block provides a signal of a first value at its
output. The resistance control block provides a signal of
a second value at its output if the input provided by the
comparator indicates that the relationship is greater
than the desired relationship. The resistance control
block continues generating outputs in response to the
inputs provided by the comparator until the resistance
of the array bears a predetermined relationship to the
resistance of the external reference resistor.
[0017] In one embodiment, the on-chip reference re-
sistor array is a device with a controllable variable re-
sistance. The resistance of the on-chip reference resis-
tor array is controlled by the signals output by the resist-
ance control block.
[0018] One embodiment of a on-chip reference resis-
tor array is shown in FIG. 3a. The on-chip reference re-
sistor array includes a network comprised of resistors
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54 in which the resistors are switchably coupled by
switching devices 56. As shown in FIG. 3a, the resistors
54 are in parallel and each coupled to a first node arid
through a switching device to a second node.
[0019] In other embodiments, the reference resistor
array is a network of resistors switchably connected in
series or switchably connected in a combination of se-
ries and parallel configurations. In still further embodi-
ments, the on-chip reference resistor array is imple-
mented using transistors in their linear range.
[0020] The output of the resistance control block is al-
so provided as an input to the termination resistance
blocks. Each termination resistance block includes a ter-
mination resistor array 50 connected across a transmis-
sion line and ground plane pair, or alternatively a differ-
ential pair, to form a termination resistance.
[0021] The resistance control block controls the re-
sistances of the termination resistance arrays by gener-
ating output signals that are provided as inputs to the
termination resistor arrays. These signals control the re-
sistance of the termination resistance arrays in a similar
way that the output signals of the resistance control
block control the resistance of the on-chip reference re-
sistor array.
[0022] If a known relationship exists between the re-
sistance of the on-chip reference resistor array and the
termination resistor array, then the resistance of the ex-
ternal reference resistor can be chosen to ensure that
the resistances of the termination resistor arrays have
desired resistances.
[0023] One embodiment of a termination resistor ar-
ray is shown in FIG. 3b. The termination resistor array
is similar to the on-chip reference resistor array of FIG.
3a. The termination resistor array includes a network
comprised of resistors 57 switchably coupled to switch-
ing devices 58. As shown in FIG. 3b, the resistors 57
are in parallel each coupled to a transmission line and
through a switching device to the ground plane. The
switches control the flow of current through the resistors,
which varies the termination resistance provided by the
termination resistor array.
[0024] In other embodiments, the termination resistor
array is a network of resistors switchably connected in
series or switchably connected in a combination of se-
ries and parallel configurations. In still further embodi-
ments, the on-chip reference resistor array is imple-
mented using transistors in their linear range.
[0025] The external reference resistor and a portion
of the resistance determination block 30 including the
first comparator and the on-chip reference resistor array
in accordance with the present invention are illustrated
in FIG. 4. The on-chip reference resistor array includes
a number of resistors 60 and switching devices 62. In
one embodiment, each resistor is connected at one end
to a common node 63 and at the other end to a switching
device. The common node 63 is also connected to a
power supply. In addition, each switching device is con-
nected at one end to a resistor and to a second common

node 64 at the other end.
[0026] A resistor network is formed by the resistors in
the on-chip reference resistor array through which the
switching devices enable current to flow. In one embod-
iment, the resistors are of substantially the same resist-
ance and the resistance of the resistor network can be
determined according to the relationship:

Where

RN is the resistance of the resistor network;
i is the number of resistors through which current

can flow and which are included in the resistor
network; and

R is the resistance of each of the resistors in the
resistor network.

[0027] The resistance of the resistor network is con-
trolled using the switching devices. The switching devic-
es increase the resistance of the resistor network by re-
moving resistors from the network. The switching devic-
es achieve this by preventing current from flowing
through some of the resistors in the on-chip reference
resistor array. The switching devices also decrease the
resistance of the resistor network by adding resistors to
the resistance network. The switching devices achieve
this by allowing current to flow through resistors in the
on-chip reference resistor array, which did not previous-
ly have current flowing through them.
[0028] The minimum resistance of the resistor net-
work is achieved when the switching devices enable
current to flow through all of the resistors in the on-chip
reference resistor array. The greatest resistance is ob-
tained when the switching devices prevent current from
flowing through any of the resistors in the on-chip refer-
ence resistor array.
[0029] The external reference resistor connects be-
tween the common node 64 and a common ground. The
common node 64 is also connected to an input 65 of the
comparator 40. In this way, the on-chip reference resis-
tor array and the external reference resistor form a volt-
age divider at the input 65 of the comparator 40. The
resistors R1 66 and R2 68 form a second voltage divider
at a second comparator input 69.
[0030] The output of the comparator 40 is generated
based on the relative magnitude of the voltages at its
inputs 65 and 69. In the embodiment shown in FIG. 4,
the comparator generates an output signal that indi-
cates whether the ratio of the resistance cf the on-chip
reference resistor array to the resistance of the external
reference resistor is greater or less than the ratio of the
resistances of R1 and R2.
[0031] One embodiment of the switching devices 62
and circuitry used to control the switching devices is il-
lustrated in FIG. 5. In this embodiment, the on-chip ref-

RN = R
i
----
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erence resistor array comprises a number of similar re-
sistor and transistor configurations connected in paral-
lel. Each resistor and transistor configuration includes a
first resistor 90 connected in series with a pair of tran-
sistors 92 and 94 and a second resistor 96.
[0032] The transistors 92 and 94 are configured to
form a transmission gate (TG). The TG is made up of
the parallel connection of a n-channel 92 and a p-chan-
nel 94 MOSFET, where the source of each transistor is
connected to the drain of the other.
[0033] A TG is used in CMOS circuit design to pass
or not pass a signal. Therefore, the TG performs the
function of the switching device 62 of FIG 4, by control-
ling the flow of current through the resistors 90 and 96
in response to signals generated by enabling logic 98.
[0034] The enabling logic is connected to the gates of
the transistors 92 and 94 that form the TG. When the
enabling logic is high, current flows through the TG, oth-
erwise, the TG prevents current flow. The inputs to the
enabling logic 98 are connected tc the resistance control
block 42. By providing appropriate inputs to the enabling
logic, the resistance control block can form resistor net-
works within the on-chip reference resistor array 44.
[0035] Preferably, TG configurations are used to im-
plement the switching devices because they are simple
and have generally invariant effective resistances. The
amount of current that flows through the transistor 94 is
dependant on the voltage difference between the tran-
sistor source 100 and its gate 102. IS the voltage differ-
ence is large relative to the voltage of the power supply,
then a large amount of current will flow. If the voltage
difference is smaller, then the current is reduced.
[0036] The TG maintains an effective resistance that
does not substantially vary with the current flowing
through the resistors to which it is connected. This is
because the source 104 of the transistor 92 is connected
to the drain 106 of the transistor 94. As the effective re-
sistance of the transistor 94 increases, the voltage of
the source of the transistor 92 relative to its gate 108 is
increased. As a result, more current flows through the
transistor 92 compensating for the decrease in the cur-
rent flowing through the transistor 94. The reverse oc-
curs when the current through the transistor 94 increas-
es.
[0037] The combination of the transistors 92 and 94
causes the TG to have an effective resistance that does
not vary substantially with the amount of current flowing
through the resistors to which the TG is connected. In
other embodiments, different transistor configurations
that provide a generally constant resistance when the
switching device is allowing current to flow and that can
prevent current from flowing are used to implement the
switching devices.
[0038] FIG. 6 is a flow chart showing a process 109
used by the resistance control block 42 to control the
resistance of the on-chip reference resistor array 44 in
response to outputs from the comparator 40. Initially, the
resistance control block generates outputs that config-

ure the switching devices in the on-chip reference resis-
tor array to provide a first resistor network.
[0039] The comparator then compares the ratio of the
resistance of the first resistor network to the resistance
of the external reference resistor with the desired ratio
of the resistances of R1 and R2 and generates an output
indicating which of the two ratios is greater. The compa-
rator uses the result of the comparison to generate an
output.
[0040] In the process block 110, the resistance control
block receives the comparator output and performs a
decision 111 to determine how the first resistor network
should be adjusted in response to the comparator out-
put. If the output from the comparator indicates that the
resistance of the first resistor network is too large, then
the resistance control block performs the operations in
block 112.
[0041] The operations of block 112 cause the switch-
ing devices to create a second resistor network that in-
cludes one more resistor than the number of resistors
in the first resistor network. In the event that the output
from the comparator indicates that the resistance of the
first resistor network is too small, then the resistance
control block performs the operations in block 113. The
operations of block 112 cause the switching devices to
form a second resistor network having one resistor less
than the number of resistors in the first resistor network.
[0042] One embodiment of the resistance control
block 42 configured to provide inputs to the enabling log-
ic 98 is illustrated in FIG. 7. The resistance control block
is implemented as an array of memory elements 115,
where the output of each memory element is connected
to the enabling logic of the on-chip reference resistor
array. In this way, information stored in the memory el-
ements controls the flow of current through the resistors
of the on-chip reference resistor array and consequently
controls the resistance of the resistor network formed
within the on-chip reference resistor array.
[0043] In one embodiment, the information in the
memory elements is stored in a digital form whereby a
logic 1 causes a current to flow through a group of re-
sistors in the on-chip reference resistor array and a logic
0 prevents the current from flowing.
[0044] The resistance control block also includes con-
trol circuitry 115 connected to each of the memory ele-
ments. The control circuitry is capable of altering the val-
ues stored in each of the memory elements in response
to the comparator output.
[0045] In one embodiment of the resistance control
block, the memory elements and control circuitry are im-
plemented as a shift register. In this configuration each
memory element corresponds to a bit in the shift regis-
ter. The resistance of the on-chip reference resistor ar-
ray is controlled by initializing all of the bits in the shift
register to logic 0 and then shifting logic is into the reg-
ister from one end and logic 0s from the other in re-
sponse to the comparator output. Implementing resist-
ance control block as a shift register ensures that an
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additional resistor will be added to or removed from the
resistor network within the on-chip reference resistor ar-
ray in response to the comparator output, unless there
are no resistors to add to or remove from the resistor
network.
[0046] An embodiment of the resistance control block
42 implemented as a shift register is illustrated in FIG.
8. In this embodiment, the memory elements are imple-
mented using N D-type flip flops 116 and the control cir-
cuitry is implemented using N two-input multiplexers
118, where N is the number of resistors in the on-chip
reference resistor array 44. Each multiplexer has two-
inputs A 120 and B 122. The output of a multiplexer Z
124 at any given time is determined by the comparator
output. The output of the comparator is input into the
selection input S 126 of each multiplexer. If S is a logic
0, then input A is selected as the output Z otherwise in-
put B is selected. A new value is stored in the D-type flip
flop 116 every time the flip flop is clocked. The value
stored is the multiplexer output Z at that time. Connec-
tions between the inputs of the multiplexers A and B and
the outputs of the flip flops Q 128 are configured to im-
plement a shift register, which loads logic is from one
end 130 of the register and logic 0s from the other end
132. In this configuration a comparator output of logic 1
causes the resistance of the on-chip reference resistor
array 44 to be decreased and a logic 0 causes it to be
increased.
[0047] FIG. 9 shows an alternative implementation of
a shift register based resistance control block 42'. The
implementation is optimized for use with a comparator
40 that uses differential logic and has two outputs in-
stead of one. The resistance control block is constructed
using N D-type flip flops 136 and 2N two-input multiplex-
ers 138, where N is the number of memory elements. In
one embodiment, N is 10. However, other embodiments
can use any value of N. The value of N is dependent
upon the number of switching devices 62 in the on-chip
reference resistor array. The accuracy with which the
resistance of the on-chip reference resistor array can be
matched to a predetermined resistance relative to the
external reference resistor increases with N.
[0048] FIG. 10 shows one embodiment of a termina-
tion resistor array 50. The array is connected across the
terminals of an input buffer 20, which is associated with
a transmission line 14 and ground plane pair, or alter-
natively a differential pair. The termination resistor array
includes a number of resistors 152 and switching devic-
es 154. One end of each of the resistors is connected
to the transmission line and the other end is connected
to a switching device. The switching device is connected
at one end to the resistor and at the other end to the
ground plane. Preferably all of the resistors have the
same resistance. The magnitude of the resistance of the
termination resistor array is controlled by the switching
devices. The switching devices 154 create a resistance
network within the termination resistor array, in the same
way that the switching devices 62 of FIG. 4 create a re-

sistor network within the on-chip reference resistor array
46.
[0049] One embodiment of the switching devices 154
is illustrated in FIG. 11. In this embodiment, the termi-
nation resistor array 50 comprises a number of resistor
and transistor configurations 150. Each resistor and
transistor configuration includes a first resistor 160 in
series with a TG formed by the transistors 162 and 164.
The TG is also connected in series with a second resis-
tor 166.
[0050] The transistors 162 and 164 perform the func-
tions of the switching device 154 of FIG. 10 by allowing
current to flow through the resistors 160 and 166 in re-
sponse to inputs from enabling logic 168, which is con-
nected to the gates of the transistors.
[0051] The enabling logic is driven by outputs from the
resistance control block. Signals provided by the ena-
bling logic configure the termination resistor arrays to
have predetermined resistances relative to the resist-
ance of the external reference resistor.
[0052] In another embodiment of the termination
block in accordance with the present invention, shown
in FIG. 12, digital filters 190 are connected between the
termination resistance comparator block 30 and the ter-
mination resistance control blocks 32. The filters pre-
vent unwanted transitions in the resistance of the termi-
nation resistor array in response to oscillations of the
on-chip reference resistor array 44.
[0053] The resistance control block 42 causes oscil-
lation in the resistance of the on-chip reference resistor
array. Oscillation occurs because the resistance of the
on-chip reference resistor array is generally not config-
urable to have exactly the desired resistance relative to
the external reference resistor 22. Therefore, the resist-
ance control block causes the resistance of the on-chip
reference resistor array to oscillate between two resist-
ances RL and RG, where RL is less than the resistance
of the external reference resistor and RG is greater than
the resistance of the external reference resistor 22. For
the embodiment of the on-chip reference resistor 44 of
FIG. 5 and of the resistance control block 42 of FIG. 8,
the values of RL and RG are R/i and R/(i-1), where R is
the resistance of the resistors 92 and 94 and i is the
number of branches of the on-chip reference resistor ar-
ray 44 included in the resistance network with resistance
RL.
[0054] Oscillation in the resistance of the termination
resistor array in response to oscillations in the resist-
ance of the on-chip reference resistor array are limited
by the digital filters. In other embodiments, the frequen-
cy of the oscillations of the resistance of the on-chip ref-
erence resistor array 44 is reduced by incorporating hys-
teresis into the first comparator 40.
[0055] In other embodiments, additional logic is pro-
vided within the digital filters 190, which is used to mon-
itor the value of the on-chip reference resistor or to over-
ride the on-chip reference resistor value. In one embod-
iment, the additional logic is connected to the memory
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elements 114 of the resistance control block 42 and en-
ables the monitoring of the resistance of the on-chip ref-
erence resistor. In another embodiment, the additional
logic is connected to the enabling logic of the on-chip
reference resistor array and/or the resistance control
block 42 and provides inputs that can control the resist-
ance of the on-chip reference resistor 46. In this way,
the additional logic is able to control the termination re-
sistance independently of the value of the external ref-
erence resistor.
[0056] The embodiments of the termination block 18
of FIG. 1 described above are implemented using digital
circuits. The same methods described above can also
be used in alternative embodiments that are implement-
ed using analogue circuits. For example, in one embod-
iment analog signals are provided to gates and transis-
tors operating in the linear region, with teh transistors
providing an adjustable resistance used as termination
and reference resistors.
[0057] While the above description contains many
specific embodiments of the invention, these should not
be construed as limitations on the scope of the inven-
tion, but rather as an example of one embodiment there-
of. Many other variations are possible. Accordingly, the
scope of the invention should be determined not by the
embodiments illustrated, but by the appended claims
and their equivalents.

Claims

1. A printed circuit board comprising:

a first reference resistor;
an integrated circuit comprising:

a resistor network; and
control circuitry; and

wherein configuration of said resistor network
is capable of being controlled by said control circuit-
ry such that the resistance of said resistor network
is related to the resistance of said reference resis-
tor.

2. A printed circuit board comprising:

a first reference resistor;
an integrated circuit comprising:

a resistor network; and
control circuitry; and
a transmission line connected to said inte-
grated circuit;

wherein said resistor network provides a ter-
mination resistance across said transmission line;
and

wherein configuration of said resistor network
is capable of being controlled by said control circuit-
ry such that the resistance of said resistor network
is related to the resistance of said reference resis-
tor.

3. The printed circuit board of claim 2, wherein:

said integrated circuit further comprises:

a reference resistor network; and
reference resistor network control circuitry;
and

wherein configuration of said reference resis-
tor network is capable of being controlled by said
reference resistor control circuitry such that the re-
sistance of said reference resistor network is relat-
ed to the resistance of said reference resistor; and

wherein configuration of said resistor network
is capable of being controlled by said control circuit-
ry such that the resistance of said resistor network
is related to the resistance of said reference resistor
network.

4. The printed circuit board of claim 2, wherein the re-
sistance of said external reference resistor is cho-
sen such that the resistance of said resistor network
is substantially the same as the characteristic im-
pedance of said transmission line.

5. A circuit on an integrated circuit for terminating a
transmission line, where said integrated circuit is
capable of being connected to an external refer-
ence resistor, comprising:

a first configurable resistor array;
a comparator; and

wherein said comparator is used to configure
said first configurable resistor array to form a first
resistor network that has a resistance of a predeter-
mined relationship to said reference resistance.

6. The circuit of claim 5, further comprising:

a second configurable resistor array;

wherein said second configurable resistor ar-
ray is configured to form a second resistor network;

wherein resistance of said second resistor
network is of a predetermined relationship to the re-
sistance of said first resistance network.

7. The circuit of claim 6, wherein said second resistor
network provides a termination resistance for said
transmission line.
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8. The circuit of claim 6, further comprising:

additional logic;

wherein said additional logic can be used to
determine the resistance of said first resistor net-
work.

9. The circuit of claim 8, wherein:

said additional logic can change the configura-
tion of said second configurable resistor array
to form a third resistor network; and
said third resistor network having a resistance
independent of the resistance of said first re-
sistance network.

10. A circuit on an integrated circuit for terminating a
transmission line comprising:

a resistor array comprising:

a plurality of resistor and transistor config-
urations connected in parallel, wherein
each resistor and transistor configuration
comprises:

an array resistor; and
an array switching device; and
array enabling logic connected to each
of said switching devices.

11. The circuit of claim 10, wherein said switching de-
vice is a pair of transistors configured to form a
transmission gate.

12. The circuit of claim 10, further comprising:

a resistance control block connected to said ar-
ray enabling logic;
a comparator comprising two inputs and an out-
put; and

wherein the resistor array is connected to one
of said inputs and said output is connected to said
resistance control block.

13. The circuit of claim 12, wherein:

said resistance control block is a shift register
comprising a plurality of memory locations and
shifting logic;
said array enabling logic comprises a plurality
of inputs; and
each memory location in said shift register is
connected to one of said array enabling logic
inputs; and
said comparator output is connected to said

shifting logic.

14. The circuit of claim 12, wherein:

said array enabling logic includes a digital filter.

15. A method of terminating a transmission line at an
integrated circuit mounted on a printed circuit board
comprising the steps of:

controlling the configuration of a termination re-
sistor network on said integrated circuit such
that the resistance of said termination resistor
network is related to the resistance of a refer-
ence resistor located on said printed circuit
board.

16. The method of claim 15, wherein the resistance of
said reference resistor is chosen such that the re-
sistance of said termination resistor network is sub-
stantially the same as the characteristic impedance
of said transmission line.
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