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(57) ABSTRACT 

A modem transceiver circuit and method is disclosed, the 
transceiver circuit having a line drive transformer, a transmit 
circuit and a receive circuit. The receive circuit features a 
receive operational amplifier which is enabled when the 
Voltage magnitude of a data Signal received by the modem 
transceiver circuit is below a predetermined threshold. The 
receive operational amplifier is disabled when the Voltage 
magnitude of the data Signal is greater than or equal to the 
predetermined threshold. When enabled, the receive opera 
tional amplifier amplifies the data Signal for further proceSS 
ing by other modem circuitry. When disabled, a series 
resistance comprising an input resistance and a feedback 
resistance attenuates the data Signal for further processing by 
other modem circuitry. 
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TRANSCEIVER CIRCUIT AND METHOD 

FIELD OF THE INVENTION 

0001. This invention relates to the field of data commu 
nications, and in particular, circuits for transmitting and 
receiving a data Signal on a local loop. 

BACKGROUND OF THE INVENTION 

0002 Digital subscriber line (DSL) technology is often 
used to facilitate data communications at relatively high data 
rates over a local loop between a telephone central office and 
a customer premise. In a typical configuration, a DSL 
modem is placed at the customer premises and communi 
cates with a corresponding DSL modem at the central office. 
From the central office, the data Signal is routed to a 
destination DSL modem through a digital network. 
0003. It is often the case that the local loop, which 
generally comprises a two wire pair, extends up to 18,000 
feet from the central office to the customer premises. It is 
desirable that the DSL modems operate reliably over such 
long local loops. 
0004) To address this concern, the central office will often 
transmit a data Signal to the customer premises of relatively 
high peak-to-peak Voltage to ensure that the DSL modem at 
the customer premises receives a signal of adequate Strength 
for demodulation to recreate the data Signal transmitted. In 
fact, a typical central office line drive amplifier is designed 
to transmit a Signal of up to 35 volts peak-to-peak acroSS the 
local loop to the DSL modem at the customer premises. 
0005 Generally, this signal is attenuated significantly in 
local loops of Significant length before reaching the DSL 
modem at the customer premises. Accordingly, the typical 
receive circuitry of DSL modems used at the customer 
premises is designed with the assumption that the data Signal 
transmitted by the central office will be attenuated over the 
local loop. However, where a local loop is short in length 
due to the relatively close proximity of the customer pre 
mises to a central office, the 35 Volt peak-to-peak signal is 
often clipped in the receive circuitry of the DSL modem 
located at the customer premises, as the receive circuitry was 
designed for lower Voltage levels due to the attenuation in 
the local loop. 
0006. One solution to the unwanted clipping problem 
involves attenuating the central office data Signal at the 
central office. However, the central office data Signal may be 
attenuated generally by no more than 6 dB due to croSS talk 
noise considerations which leaves a peak-to-peak voltage of 
17.5 volts. In the case where the local loop presents no 
Significant attenuation of the central office data Signal, a 
peak-to-peak voltage of 17.5 volts still causes clipping in the 
receive circuitry of the DSL modem located at the customer 
premises. Transmission of a data Signal from the central 
office at a lower Voltage to avoid the clipping problem is 
unfeasible as croSS talk may cause too high a Signal to noise 
ratio (SNR) for proper operation. 
0007. A second solution is to introduce attenuation cir 
cuitry between the local loop and the receive circuitry in the 
DSL modem that performs an attenuation function. This 
attenuation circuitry is best placed in the DSL modem at the 
local loop connection. Generally, this attenuation circuitry 
achieves the attenuation function by Switching resistors in 
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Series with the amplifier input resistors with a complemen 
tary metal-oxide semiconductor (CMOS) analog switch. 
Unfortunately, one problem with this approach is that 
CMOS Switches have increased “on” state resistance when 
powered at low Voltage, Such as the +5 Volt Single rail power 
Supply usually used in the transceiver of a customer pre 
mises DSL modem. This “on” state resistance degrades 
performance in the un-attenuated mode of the receiver. 
CMOS switches also present further disadvantages in that 
they are costly and require a circuit of greater physical size. 

0008 Consequently, there is a need for a transceiver 
circuit in a customer premises DSL modem to provide 
attenuation of a data Signal transmitted from a central office 
over a local loop of minimal length, without additional cost 
and circuit size. Also, it is desirable that Such a circuit avoid 
the introduction of unwanted resistance, etc. 

SUMMARY OF THE INVENTION 

0009. The present invention is an economical transceiver 
circuit and method that for the attenuation of a downstream 
data Signal transmitted from either a central office or a 
customer premise over a local loop of minimal length. The 
present invention may also be employed where the local 
loop is of Sufficient length that additional attenuation is not 
needed. 

0010. Accordingly, the transceiver circuit of the present 
invention is placed in a modem and is comprised of a line 
drive transformer, a transmission circuit coupled to the line 
drive transformer, and a receive circuit coupled to the line 
drive transformer. The transmission circuit and the receive 
circuit are coupled to a primary winding of the line drive 
transformer and a Secondary winding of the line drive 
transformer is coupled to a local loop at the central office or 
the customer premises. The receive circuit features an ampli 
fied signal pathway defined by a Summing circuit having a 
receive operational amplifier coupled to a first input resis 
tance and a feedback resistance. The amplified signal path 
way is employed when the downstream data Signal does not 
require attenuation (e.g. where the local loop is of significant 
length). In Such cases, the amplified signal pathway ampli 
fies the downstream data Signal for further processing by the 
modem. This is accomplished by placing the receive opera 
tional amplifier is an active State. The receive circuit also 
features an attenuated Signal pathway defined by the first 
input resistance in Series with the feedback resistance. The 
Series resistance is instituted by placing the receive opera 
tional amplifier in an inactive State. The Series resistance 
attenuates the downstream data Signal input for further 
processing by the modem. 

0011. In accordance with one aspect of the present inven 
tion, a method is provided for receiving a downstream data 
Signal in a transceiver circuit of a modem. The method 
includes the Steps of coupling a transmit circuit to primary 
winding in a line drive transformer, coupling a receive 
circuit to the primary winding, and coupling a Secondary 
winding of the line drive transformer to a local loop. Next, 
the method includes the Step of amplifying an downstream 
data Signal with an amplifier having a first input resistance 
and a feedback resistance in the receive circuit, when the 
Voltage level of the downstream data Signal is below a 
predetermined threshold. The final Step involves attenuating 
the downstream data Signal with a Series resistance com 
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prising the first input resistance and the feedback resistance, 
the amplifier being disabled when the Voltage level is greater 
than or equal to the predetermined threshold. 
0012. Other features and advantages of the present inven 
tion will become apparent to one with skill in the art upon 
examination of the following drawings and detailed descrip 
tion. It is intended that all Such additional features and 
advantages be included herein within the Scope of the 
present invention, as defined by the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 The invention can be better understood with refer 
ence to the following drawings. The components in the 
drawings are not necessarily to Scale, emphasis instead 
being placed upon clearly illustrating the principles of the 
present invention. In the drawings, like reference numerals 
designate corresponding parts throughout the Several views. 
0.014 FIG. 1 is a block diagram of a data communica 
tions network over a local loop using a digital Subscriber line 
modem, 

0.015 FIG. 2 is a schematic of a transceiver circuit of the 
digital subscriber line modem of FIG. 1 according to a 
preferred embodiment of the present invention; 
0016 FIG. 3 is a schematic of the transceiver circuit of 
FIG. 2 further showing an attenuated Signal pathway; and 
0017 FIG. 4 is a schematic of the transceiver circuit of 
FIG. 2 using a balanced circuit design for low noise 
operation, according to an alternative embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0.018 Turning to FIG. 1, shown is a data communications 
network 100 in which a digital subscriber line (DSL) modem 
110 located on a customer premise 113 is electrically 
coupled to a central office 116 using a two wire pair or local 
loop 119. The DSL modem 110 is electrically coupled to the 
local loop 119 through a transceiver circuit 120. The trans 
ceiver circuit 120 is in turn coupled to modem circuitry 118. 
An upstream data Signal 121A is generated by the DSL 
modem 110 in the modem circuitry 118 and is transmitted as 
an upstream data signal 121B across the local loop 119 to the 
central office 116. Likewise, a downstream data Signal 122 
is generated at the central office 116 and is transmitted acroSS 
the local loop 119 to the DSL modem 110 at the customer 
premises 113. In DSL applications, generally the upstream 
data traffic occupies a frequency range from approximately 
35 kilohertz to 200 kilohertz, and the downstream data traffic 
occupies a frequency range from approximately 250 kilo 
hertz to 1 megahertz. 
0.019 Note that although this discussion assumes the 
transceiver circuit 120 is located in the DSL modem 110 at 
the customer premises 113, this configuration is an example 
as the transceiver circuit 120 may also be located at the 
central office 116 to attenuate an upstream data Signal 121B 
if necessary. That is to say that, ultimately, the upstream data 
signal 121B is defined as that which is transmitted from the 
transceiver circuit 120 and the downstream signal 122 is 
defined as that which is received by the transceiver circuit 
120. The discussion herein assumes the transceiver circuit 
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120 is located in the DSL modem 110 at the customer 
premises 113 as an example in order to facilitate the under 
Standing of the present invention as discussed herein. 
0020. The local loop 119 may differ in length depending 
upon how far the customer premises 113 is away from the 
central office 116. For local loops 119 of relatively long 
lengths, Such as approximately 2000 feet or greater, for 
example, the local loop 119 significantly attenuates the 
downstream data Signal by virtue of the impedance of the 
local loop 119 itself. However, where the local loop 119 is 
relatively short in length, then the downstream data Signal 
received at the customer premises 113 is typically large and 
is Subject to clipping in conventional transceiver circuitry, 
unless Some attenuation is introduced in the Signal pathway. 
0021. With this in mind, reference is made to FIG. 2 
which is a Schematic of a single ended transceiver circuit 
120A according to the present invention. The Single ended 
transceiver circuit 120A comprises a transmit circuit 123, a 
line drive transformer 126, and a receive circuit 129. The 
transmit circuit 123 receives an upstream data Signal 121A 
from the modem circuitry 118. The upstream data signal 
121A is applied to the input of a line driver amplifier 133. 
The line driver amplifier output is coupled to a back match 
ing resistance RE at node N. The back matching resistance 
R in turn is coupled to a primary winding 136 of the line 
drive transformer 126 at node N. 
0022. The line drive transformer 126 also includes a 
secondary winding 139 that is coupled to a local loop 119. 
The local loop impedance Z represents the impedance 
presented to the customer premises 113 by the local loop 119 
and the central office 116 (FIG. 1). 
0023 The receive circuit 129 features a receive opera 
tional amplifier 141 with a negative input coupled to a first 
input resistance R at node N. The first input resistance R 
in turn is coupled to the output of the transmit circuit 123 at 
node N. Also coupled to the negative input of the receive 
operational amplifier 141 at node N is a feedback resistance 
R. The feedback resistance R in turn is coupled to the 
output of the receive operational amplifier 141 at node N. 
A reference Voltage V is coupled to the positive input of 
the receive operational amplifier 141, and the ground ter 
minal of the receive operational amplifier is attached to 
ground 144. 
0024. The receive operational amplifier 141 also features 
an enable/disable input connected to the modem circuitry 
118 at node Ns. When disabled, the inputs and outputs of the 
receive operational amplifier 141 are in a high impedance 
state. Note that the modem circuitry 118 applies a voltage to 
the enable/disable input of the receive operational amplifier 
141. In the preferred embodiment, the modem circuitry 118 
accomplishes this using a digital Signal processor operating 
pursuant to operating logic Stored on a memory that gener 
ates an output Signal that is applied to the enable/disable 
input of the receive operational amplifier 141. Note, how 
ever, that Some other decision circuit may be employed 
instead of the digital signal processor Such as, for example, 
a circuit which includes a Switch, transistor, or other logical 
device. 

0025 Note that the enable/disable input may also be the 
power Source of the receive operation amplifier 141. In Such 
a case, the output Signal of the modem circuitry 118 would 
actually power the receive operational amplifier 141 on or 
off. 
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0026. The receive circuit 129 also features a matching 
resistance RB which is electrically coupled to the output of 
the line driver amplifier 133 at node N. The opposite end of 
the matching resistance R is electrically coupled to a 
matching impedance ZM at node N which, in turn, is 
electrically coupled to ground 144. An input of an inverter 
146 is electrically coupled to the matching resistance R 
and the matching impedance ZM at node N. The output of 
the inverter 146 is electrically coupled to a Second input 
resistance R at node N7. The Second input resistance R is, 
in turn, electrically coupled to the negative input of the 
receive operational amplifier 141 at node N. 
0.027 Having described the physical connectivity of the 
transceiver circuit 120A the operation of the transceiver 
circuit 120A will now be discussed. The upstream data 
Signal 121A generated by the modem circuitry 118 is ampli 
fied by the line driver amplifier 133 and sent to the primary 
winding 136 of the line drive transformer 126. The upstream 
data Signal 121A is then magnetically coupled to the Sec 
ondary winding 139 of the line drive transformer 126 and 
transmitted across the local loop 119 to the central office 116 
as a transmitted upstream data Signal 121B. 
0028. A downstream data signal 122 is transmitted from 
the central office 116 over the local loop 119 to the second 
ary winding 139 of the line drive transformer 126. The line 
drive transformer 126 magnetically couples the downstream 
data Signal 122 to the primary winding 136. Thus, at node 
N, both the upstream and downstream data Signals 121A 
and 122 are present, the combination of which is referred to 
herein as the combined signal 149. 
0029. The operation of the receive circuit 129 comprises 
two different States. First, there is an attenuation State which 
is instituted when the magnitude of the Voltage of the 
downstream data Signal 122 is above a predetermined 
threshold. Second, there is an amplification State which is 
instituted when the magnitude of the Voltage of the down 
Stream data Signal 122 is below or equal to the predeter 
mined threshold. The predetermined threshold voltage level 
is one that results in an output voltage V of approximately 
3 Volts peak-to-peak, but may be greater or lesser depending 
upon the Specific application and the operating ranges of the 
circuit components employed as described herein. 
0030) The modem circuitry 118 determines whether the 
magnitude of the downstream signal 122 is above, or below 
or equal to the predetermined threshold by examining the 
output Voltage V. Specifically, in the preferred embodi 
ment, the output Voltage V is coupled to an analog to digital 
(A/D) converter in the modem circuitry 118 which in turn 
Supplies a digitized output voltage V to the digital signal 
processor which compares the output voltage V to the 
predetermined threshold pursuant to operating logic Stored 
on the memory in the modem circuitry 118. When the output 
Voltage V is below the predetermined threshold, the 
modem circuitry 118 applies an enable Voltage Signal to 
node Ns which enables or turns on the receive operational 
amplifier 141 and the transceiver circuit 120A operates in 
the amplification State. When the output voltage V is above 
or equal to the predetermined threshold, the modem circuitry 
118 does not apply an enable Voltage signal to node Ns, 
which disables the receive operational amplifier 141 and the 
transceiver circuit 120A operates in the attenuation State. 
0031) The operation of the receive circuit 129 while in 
the amplification State is as follows. The upstream data 
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Signal 121A is transmitted through the matching resistance 
RE2 and the matching impedance Z.M. The matching imped 
ance ZM is a Scaled version of the impedance presented by 
the line drive transformer 126 from node N to ground 144. 
The Scaling factor is Substantially equal to the ratio of 
R/R, which may be for example, a factor of 10. This 
factor ensures that the matching resistance RB does not 
draw too much current from the line driver amplifier 133. 
This Scaling factor results in a matching upstream data 
Signal 151 at node No with a magnitude equal to the 
magnitude of the upstream data Signal portion of the com 
bined signal 149 at node N. The combined signal 149 is 
coupled to the negative terminal of the receive operational 
amplifier 141 at node N via the first input resistance R. 
The matching upstream data signal 151 is then inverted by 
the inverter 146 and coupled to the negative terminal of the 
receive operational amplifier 141 at node N. 
0032. The modem circuitry 118 applies a voltage to the 
enable/disable input of the receive operational amplifier 141, 
thereby activating the receive operational amplifier 141. In 
the receive circuit 129, the active receive operational ampli 
fier 141 together with the first and Second input resistances 
R and R, and the feed back resistance R become a 
Summing circuit 153. This summing circuit 153 acts to add 
the Signal inputs at nodes N7 and N2, which are the inverted 
matching upstream data Signal 151 and the combined signal 
149. The result is that the upstream data signal 121A is 
subtracted from the combined signal 149, leaving the down 
Stream data Signal 122 to be amplified by the receive 
operational amplifier 141. Thus, the summing circuit 153 
acts as a first Signal pathway for the downstream data Signal 
122 when the receive operational amplifier 141 is active. 
The output of the receive operational amplifier 141 is the 
amplified downstream data Signal 122 with an output volt 
age level V, which is coupled to the modem circuitry 118 for 
further processing. 

0033. The operation of the receive circuit 129 while in 
the attenuation State is as follows. First, the modem circuitry 
118 does not apply a voltage to the enable/disable input of 
the receive operational amplifier 141 so that the receive 
operational amplifier 141 is disabled. The negative input of 
the receive operational amplifier 141 then presents a near 
infinite resistance. Also, the output of the inverter 146 also 
presents a near infinite resistance. Consequently, the com 
bined signal 149 follows the path of least resistance from 
node N to the receive circuit 129 output at node N through 
a Series resistance presented by the first input resistance R 
and the feedback resistance R. This Series resistance attenu 
ates the combined signal by up to approximately 30 dB, 
depending upon the values chosen for the first input resis 
tance R and the feedback resistance R. Thus, the receive 
circuit 129 provides an attenuated Signal pathway through 
the Series resistance of the first input resistance R and the 
feedback resistance R. 
0034) Note that the upstream data signal portion of the 
combined signal 149 is also attenuated by the series resis 
tance of the first input resistance R and the feedback 
resistance R. In addition, the inverted matching upstream 
data Signal 151 passes through the Series resistance pre 
Sented by the Second input resistance R and the feedback 
resistance R. Note that these upstream Signals are not 
Subtracted from each other when the receive operational 
amplifier 141 is disabled. However, this does not present a 
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problem Since frequency division multiplexing is employed 
in which the upstream and downstream data Signals are in 
different frequency bands and the upstream Signals can be 
filtered out of the Signal using filters in the modem circuitry 
118. Consequently, the attenuation provided by the first and 
Second input resistances R and R in Series with the 
feedback resistance R. Serves to diminish these upstream 
Signals So that they present minimal interference. 
0035 Turning to FIG. 3, shown is the schematic of the 
transceiver circuit 120A which further illustrates the attenu 
ated Signal pathway through the Series resistance of the first 
input resistance R and the feedback resistance R. Note 
that the receive operational amplifier 141, the inverter 146, 
and the Second input resistance R present infinite resistance 
Such that the attenuated Signal pathway is the only remaining 
route followed by the combined signal 149. 
0.036 Referring now to FIG. 4, shown is a schematic of 
a transceiver circuit 120B according to a Second embodi 
ment of the present invention. The transceiver circuit 120B 
is essentially the transceiver circuit 120A in a balanced 
circuit configuration. 
0037. Many variations and modifications may be made to 
the preferred embodiment of the invention without departing 
Substantially from the Spirit and principles of the invention. 
All Such modifications and variations are intended to be 
included herein within the Scope of the present invention, as 
defined by the following claims. 

Having thus described the invention, it is claimed: 
1. A transceiver circuit for a modem, comprising: 
a line driver transformer; 

a transmission circuit coupled to the line driver trans 
former; 

a receive circuit coupled to the line driver transformer, the 
receive circuit including: 
an amplified Signal pathway defined by a Summing 

circuit having a receive operational amplifier 
coupled to both a first input resistance and a feed 
back resistance when the receive operational ampli 
fier is in an active State; 

an attenuated Signal pathway defined by the first input 
resistance in Series with the feedback resistance 
when the receive operational amplifier is in an inac 
tive State, the attenuated Signal pathway attenuating 
a data Signal input; and 

a modem circuit responsive to a magnitude of a 
received signal to Select between the amplified Signal 
pathway and the attenuated Signal pathway. 

2. The transceiver circuit of claim 1, wherein the Summing 
circuit further comprises: 

the input resistance coupling the line drive transformer to 
a signal input on the receive operational amplifier; and 

the feedback resistance coupling the Signal input to a 
Signal output of the receive operational amplifier. 

3. The transceiver circuit of claim 1, wherein the receive 
circuit further comprises a transmission Signal Subtraction 
circuit coupling the transmit circuit to a Second input resis 
tance of the Summing circuit. 
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4. The transceiver circuit of claim 1, further comprising 
measuring means for determining whether the Voltage of an 
input Signal received by the transceiver circuit is greater than 
a predetermined threshold. 

5. The transceiver circuit of claim 4, further comprising 
means for triggering the enable/disable input responsive to 
the measuring means. 

6. The transceiver circuit of claim 5, wherein the means 
for triggering the enable/disable input is a Switch. 

7. A transceiver circuit in a modem, comprising: 
a transformer means for interfacing the transceiver circuit 

with a local loop, 
a transmission means for transmitting an upstream data 

Signal, the transmission means being coupled to the 
transformer means, 

a receive means for receiving an downstream data Signal, 
the receive means being coupled to the transformer 
means, the receive means including: 
an amplification means for amplifying the downstream 

data Signal when the Voltage level of the downstream 
data Signal is less than a predetermined threshold; 

a means for activating and deactivating the amplifica 
tion means, and 

an attenuating means for attenuating the downstream 
data Signal when the Voltage level of the downstream 
data Signal is greater than a predetermined threshold, 
the attenuating means being operative when the 
amplification means is deactivated. 

8. The transceiver circuit of claim 7, wherein 
the amplification means further comprises a Summing 

circuit having a receive operational amplifier, a feed 
back resistance, and an input resistance, and 

the attenuating means further comprises the feedback 
resistance in Series with the input resistance. 

9. The transceiver circuit of claim 8, wherein the receive 
means further comprises a transmission Signal Subtraction 
circuit coupling the transmission means to the Summing 
circuit. 

10. The transceiver circuit of claim 7, further comprising 
measuring means for determining whether the Voltage of the 
downstream data Signal received by the transceiver circuit is 
greater than a predetermined threshold. 

11. The transceiver circuit of claim 10, further comprising 
means for triggering the activation/deactivation means 
responsive to the measuring means. 

12. The transceiver circuit of claim 11, wherein the means 
for triggering the activation/deactivation means is a Switch. 

13. A method for receiving an downstream data Signal in 
a transceiver circuit of a modem, comprising the Steps of: 

coupling a transmit circuit to primary winding in a line 
drive transformer; 

coupling a receive circuit to the primary winding; 

coupling a Secondary winding of the line drive trans 
former to a local loop; 

amplifying an downstream data Signal with an amplifier 
having a first input resistance and a feedback resistance 
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in the receive circuit when a Voltage level of the 
downstream data Signal is below a predetermined 
threshold; 

attenuating the downstream data Signal with a Series 
resistance comprising the first input resistance and the 
feedback resistance, the amplifier being disabled when 
the Voltage level is greater than or equal to the prede 
termined threshold. 

14. A transceiver circuit for a modem, comprising: 
a line driver transformer defined by a primary winding 

and a Secondary winding, the Secondary winding being 
coupled to a local loop; 

a line drive amplifier circuit coupled to the primary 
winding and configured to generate an upstream Signal; 

a receive circuit coupled to the primary winding and 
configured to receive an downstream Signal, the receive 
circuit including: 
an amplified Signal pathway defined by a Summing 

circuit having a receive operational amplifier con 
figured to amplify the difference between a magni 
tude of the downstream Signal and the upstream 
Signal, the receive operational amplifier being 
coupled to both a first input resistance and a feed 
back resistance; 

an attenuated Signal pathway defined by a Series con 
nection between the first input resistance and the 
feedback resistance, the attenuated Signal pathway 
configured to attenuate the downstream signal; and 
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a modem circuit responsive to a magnitude of the 
downstream Signal to Select one of the amplified 
Signal pathway and the attenuated Signal pathway as 
an operative signal pathway. 

15. The transceiver circuit of claim 14, wherein 

the modem circuit further comprises a Selection output 
electrically coupled to an enable/disable input of the 
receive operational amplifier, the Selection output tog 
gling the receive operational amplifier between an 
enabled State and a disabled State; 

the amplified signal pathway being operative when the 
receive operational amplifier is in an enabled State; and 

the attenuated Signal pathway being operative when the 
receive operational amplifier is in a disabled State. 

16. The transceiver circuit of claim 15, wherein the 
modem circuit compares the magnitude of the downstream 
Signal to a predetermined threshold. 

17. The transceiver circuit of claim 16, wherein 

the modem circuit causes the receive operational amplifier 
to be placed in the enabled state when the downstream 
Signal is below the predetermined threshold; and 

the modem circuit causes the receive operational amplifier 
to be placed in the disabled state when the downstream 
Signal is above the predetermined threshold. 


