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5,648,972 
1. 

W35 INTEGRATED CIRCUIT TRANSCEIVER 
WITH DAGNOSTICS LOOPBACK 

BACKGROUND OF THE INVENTION 

The present invention relates to integrated circuit trans 
ceivers for use with transmission lines, in particular, trans 
ceivers complying with CCITT recommendation V.35 which 
are configurable in either a DTE or DCE mode. 

Computer terminal equipment communicates with remote 
access devices via a differential, twisted-pairline. Astandard 
for one such configurationis CCITTV.35. This standard sets 
forth a differential pair for both transmission of data and 
reception of data, along with a transmission clock, a receive 
clock, and a transmit clock echo. The device originating the 
transmission and the original clock is referred to as the Data 
Communication Equipment (DCE) and the end of the trans 
mission line receiving the transmissions and the clock is 
referred to as the Data Terminal Equipment (DTE). Trans 
ceiverintegrated circuits have been developed to provide the 
transmitters and receivers needed for the interface at both 
ends of the transmission line to convert from CMOS/TTL 
input levels into a differential pair for transmission. 

In the loopback diagnostic mode, it is desirable for either 
end to be able to send out and receive back signals to test 
both its own output and the transmission line. This can be 
accomplished with multiple discrete logic devices to inter 
cept the signal at the other end and reroute it back over the 
transmission line on the appropriate path. Different discrete 
logic is required for both the DTE and DCE ends because of 
the different paths that are looped back. For instance, the 
DCE always originates the transmission clock, and the DTE 
is the one that normally provides the clock echo back in 
normal operation. 

SUMMARY OF THE INVENTION 

The present invention provides a single integrated circuit 
transceiver on a single substrate which can perform syn 
chronous data transmissions that comply with CCITT rec 
ommendation V.35 in either the DTE or DCE mode. The 
same chip can be configured to provide a diagnostic 
loopback, with the loopback being performed one way for a 
DTE mode and another way for a DCE mode. The invention 
provides a simple, elegant solution which minimizes the 
number of external gates and maximizes the benefits. 

In particular, the present invention provides a control 
circuit which generates a first set of control signals for a 
DCE diagnostics loopback mode, and a second set for a DTE 
diagnostics loopback mode. In both modes, the data trans 
mitters and data receivers are disconnected from their inputs 
and outputs, and instead the receiver circuit is fed back to the 
transmitter. In a DCE mode loopback, the DCE receiver 
which normally receives the clock echo signal is connected 
back to the transmitter for the receive clock. The transmit 
clock continues to be connected through from the DCE to 
the DTE as in normal operation. In DTE mode, the receiver 
for the transmit clock is connected back to the input of the 
transmitter normally used for the clock echo, with the clock 
echo signal being disconnected from the input pin. The 
receiver for the clock from the DCE continues to be con 
nected to its output, and is also connected to the receive 
clock output pin in this configuration. 
The preferred embodiment of the present invention is 

accomplished with only four multiplexers, with three of the 
multiplexers having only two inputs. Three select signals, 
already present in an existing prior art transceiver, are used. 
Select combinations left undefined in normal mode are used 
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2 
to configure the multiplexers for the desired diagnostics 
loopback, either DTE mode or DCE mode. The present 
invention maintains the same pin count used for an existing 
transceiver IC without loopback, thus making the circuit 
backward compatible to installed systems. 

For a fuller understanding of the nature and advantages of 
the invention, reference should be made to the ensuing 
detailed description taken in conjunction with the accom 
panying drawings. 

BRIEF EDESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a standard transceiver configuration 
in integrated circuits according to the prior art; 

FIG. 2 is a diagram illustrating DCE diagnostics loopback 
using an IC according to the present invention; 
FIG.3 is a diagram illustrating DTE diagnostics loopback 

using an IC according to the present invention; and 
FIG. 4 is a block diagram of the transceiver with diag 

nostics loopback IC according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 illustrates an existing V.35 transmission line con 
nection using two prior art transceiver chips 10 and 12. 
Typically, transceivers 10 and 12 would each be the same 
chip design, but connected differently. In between chips 10 
and 12 is a transmission line 14, illustrated as five twisted 
pair differential lines, with two for data and three for clocks. 
On the other side of the transceivers 10 and 12 are Serial 
Communication Controllers (SCC) 16 and 18. DCE mode 
transceiver 12 would typically be connected to a device 18 
(typically connected to a computer) which generates receive 
and transmit synchronization signals by issuing a clock 
signal, the transmit clockTXC on a line 20. This is provided 
as an input to DCE mode transceiver chip 12, connected 
through TX3 transmitter 22. Transmitter 22 provides a 
differential output on lines 24 and 26 through a source 
impedance 28 and termination impedance 30 to a RX3 
receiver 32 in DTE transceiver 12. Receiver 32 provides a 
TXC output on pin 34. Data transmitted from the DCE 
equipment to the DTE equipment is provided as RXD 
through transmitter 36 across the transmission line to RX1 
receiver 38 as the received data RXD. This data is clocked 
by RXC (received clock) provided through TX2 transmitter 
40 across a transmission line to RX2 receiver 42. 
When the DTE equipment desires to send data back to the 

computer, it does so with data TXD through TX1 transmitter 
44 which is received by RX1 receiver 46. This data is 
clocked in by the DCE equipment using a TXCE transmit 
clock echo signal provided through TX2 transmitter 48 and 
received by RX2 receiver 50. The echo clock is needed, 
rather than using the transmit clock, TXC, because the echo 
clock takes into account the transmission line delay. This 
insures reliable sampling of the TXD data by the DCE side. 
As can be seen, the DTE mode chip 10 uses three 

receivers, RX1-RX3, and two transmitters TX1-TX2. On 
the other hand, DCE mode chip 12 uses three transmitters, 
TX1-TX3, and two receivers RX1-RX2. Typically, a single 
integrated circuit chip design is used with three transmitters 
and three receivers, with one of the transmitters or receivers 
being left unconnected depending upon whether it is in a 
DTE mode configuration or a DCE mode configuration. 

FIG. 2 illustrates a DCE diagnostics loop 52 according to 
the present invention. In this configuration, the DTE trans 
ceiver chip 10 is connected in the same manner as in FIG. 
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1. However, on the DCE side, RX1 receiver 54 has its output 
coupled back to the input of TX1 transmitter 56. Thus, the 
data transmitted from the DTE can be looped back to the 
terminal as RXD data for diagnostic purposes. In the diag 
nostic configuration, the data terminal still needs to receive 
the transmit clock, TXC from the DCE, so TX3 transmitter 
58 is configured in the same manner as in FIG.1. However, 
to verify the data looped back during diagnostic mode, the 
clock echo signal at RX2 receiver 60 is looped back as the 
received clock RXC by connecting the output of receiver 60 
to the input of TX2 transmitter 62. At the same time, it can 
be seen that the transmit data from the DCE is looped back 
to its received data by connection 64, while the receive clock 
RXC is looped back as the TXCE echo clock by a connec 
tion 66. 

FIG. 3 illustrates an integrated circuit 68 according to the 
present invention configured in a DTE diagnostics loopback 
mode. Here, the DCE mode transceiver 12 is connected in 
the same manner that it would be in FIG. 1. However, RX1 
receiver 70 on the DTE mode chip 68 has its output 
connected back to the input of TX1 transmitter 72, similarly 
to the connection for FIG. 2. Here, however, for the clock, 
the receive clock RXC through RX2 receiver 74 is looped 
back as the clock echo by connecting the output of receiver 
74 to the TX2 transmitter 76 input. At the same time, the 
TXCE clock echo input pin 78 is disconnected. Finally, the 
transmit clock, TXC through RX3 receiver 80, is connected 
not only to TXC output pin 82, but also to RXC output pin 
84 
As can be seen, the two modes shown in FIGS. 2 and 3 

require different connections depending on whether the chip 
is used in a DTE mode or a DCE mode. 

FIG. 4 is a diagram illustrating a preferred embodiment of 
a single integrated circuit chip according to the present 
invention which can be configured in either DTE diagnostics 
loopback mode or DCE diagnostics loopback mode. The 
chip of FIG. 4 has three transmitters, TX.1-TX3 and three 
receivers, RX1-RX3. These designations correspond to the 
designations set forth in FIGS. 2 and 3, illustrating how they 
are differently connected depending upon whether the chip 
is used in DTE mode or DCE mode. 
A first multiplexer 86 provides either the transmitted data 

TI1 or a feedback from RX1. The transmitted data is either 
RXD if in DCE mode, or TXD if in DTE mode. A second 
multiplexer 88 interrupts the RX1 output in feedback mode 
and connects TI1 to RO1. 
A third multiplexer 90 feeds back the output of RX2 to 

TX2 in loopback mode. In DCE mode, RX2 is used for the 
clockecho signal, TXCE. In DTE mode, RX2 is used for the 
RXC clock signal. 

Afinal multiplexer 92 has three possible inputs which can 
be selected. It can either provide the output of receiver RX2 
to pin RO2, can feedback the TI2 input when in DCE 
diagnostics mode, or it can connect the RX3 output to this 
additional pin in the DTE diagnostics loopback mode shown 
in FIG. 3. 
An optional inverter 85 is shown connected to the output 

of RX3, with an optional multiplexer 87 selecting between 
the inverted and non-inverted signal. This requires another 
control signal, but might be useful where an inverted trans 
mit clock (TXC) was desired. If this option is not used, there 
is a direct connection between the output of RX3 and 
multiplexer 92 and the R03 output pin. 
A control block 94 provides the control signals for the 

multiplexers, receivers and transmitters. The receiver and 
transmitter control signals can selectively disable the outputs 
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4 
to put them in a high-impedance mode. Control signals C7, 
C8, C9 and C10 select the appropriate paths through mul 
tiplexers 86, 88,90, 92. Select signal C9 is a two-bit signal. 
The particular combination of control signals is determined 
by select inputs SEL2-SEL0. These are the same select 
inputs used in a prior art transceiver chip to control enabling 
and disabling of the transmitters and receivers. Preferably, 
the DCE mode with diagnostics loopback is selected by the 
combination 011 for SEL2, SEL1 and SEL0. For DTE mode 
with diagnostics loopback, the combination 101 is used. 
The transceiver of the present invention also includes the 

capability to disable only the transmitters, leaving the 
receivers enabled, with the transmitter outputs being a high 
impedance. This allows communication with other devices 
connected to the same transmission line without interfer 
ence. The select sequence used for this is SEL2-0, SEL1=0 
and SEL0-0, or 000. 
As will be understood by those familiar with the art, the 

present invention may be embodied in other specific forms 
without departing from the spirit or essential characteristics 
thereof. For example, switching circuits rather than multi 
plexers could be used to provide the connections desired. 
Accordingly, the disclosure of the preferred embodiment of 
the invention is intended to be illustrative, but not limiting, 
of the scope of the invention which is set forth in the 
following claims. 
What is claimed is: 
1. An integrated circuit transceiver on a single substrate 

for synchronous data transmissions, said transceiver being 
configurable for either DTE or DCE mode, comprising: 

a first transmitter having an input and a differential output 
for coupling to a first differential transmission line; 

a first receiver having a differential input for coupling to 
a second differential transmission line and having an 
output; 

a control circuit for generating a plurality of control 
signals, including a DCE diagnostics loopback mode 
control signal and a DTE diagnostics loopback mode 
control signal; 

first switching means for coupling said first receiver 
output to said first transmitter input in response to said 
DCE diagnostics loopback mode control signal or said 
DTE diagnostics loopback mode control signal; 

a second transmitter having an input and a differential 
output; 

a second receiver having a differential input for coupling 
to a third differential transmission line and having an 
output; 

second switching means for connecting said output of said 
second receiver to said input of said second transmitter 
in response to said DCE diagnostics loopback mode 
signal or said DTE diagnostics loopback mode control 
signal; 

a third receiver having differential inputs for coupling to 
a fourth differential transmission line in a DTE 
configuration, and having an output; 

third switching means for connecting said output of said 
third receiver to both a transmit clock I/O and a receive 
clockI/O in response to said DTE diagnostics loopback 
mode control signal; and 

fourth switching means for opening a connection between 
a transmit clock echo input pin and said second trans 
mitter input in response to said DTE diagnostics loop 
back mode control signal. 

2. An integrated circuit transceiver on a single substrate 
for synchronous data transmissions, said transceiver being 
configurable for either DTE or DCE mode, comprising: 
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a first transmitter having an input and a differential output 
for coupling to a first differential transmission line; 

a first receiver having a differential input for coupling to 
a second differential transmission line and having an 
output; 

a control circuit for generating a plurality of control 
signals, including a DCE diagnostics loopback mode 
control signal and a DTE diagnostics loopback mode 
control signal; 

first Switching means for coupling said first receiver 
output to said first transmitter input in response to said 
DCE diagnostics loopback mode control signal or said 
DTE diagnostics loopback mode control signal; 

a first multiplexer having a first input coupled to said 
output of said first receiver, a second input coupled to 
a data transmit input pin, and an output coupled to said 
input of said first transmitter; and 

a second multiplexer having a first input coupled to said 
output of said first receiver, a second input coupled to 
said data transmit input pin, and an output coupled to 
a data receive output pin; 

a second transmitter having an input and a differential 
output; 

a second receiver having a differential input for coupling 
to a third differential transmission line and having an 
output; 

second switching means for connecting said output of said 
second receiver to said input of said second transmitter 
in response to said DCE diagnostics loopback mode 
signal or said DTE diagnostics loopback mode control 
signal; 

a third receiver having differential inputs for coupling to 
a fourth differential transmission line in a DTE 
configuration, and having an output; 

third Switching means for connecting said output of said 
third receiver to both a transmit clock I/O and a receive 
clock I/O in response to said DTE diagnostics loopback 
mode control signal; and 

fourth Switching means for opening a connection between 
a transmit clock echo input pin and said second trans 
mitter input in response to said DTE diagnostics loop 
back mode control signal. 

3. The transceiver of claim 2 wherein the combination of 
Said second and fourth switching means comprise: 

a third multiplexer having a first input coupled to said 
output of said second receiver, having a second input 
coupled to a transmit clock input pin, said transmit 
clockinput pin being said transmit clock echo input pin 
in said DCE mode, and having an output coupled to 
said input of said second transmitter. 

4. The transceiver of claim3 wherein said third switching 
means comprises: 

a fourth multiplexer having an input coupled to said 
output of said third receiver and having an output 
coupled to a receive clock I/O pin; and 

a connection between said output of said third receiver 
and said transmit clockinput pin. 

5. The transceiver of claim 1 further comprising an 
inverter coupled to said output of said third receiver. 

6. The transceiver of claim 1 wherein said transmitters 
and receivers have characteristics complying with CCITT 
Recommendation V.35. 

7. An integrated circuit transceiver on a single substrate 
for Synchronous data transmissions, said transceiver being 
configurable for either DTE or DCE mode, comprising: 
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6 
a first transmitter having an input and a differential output 

for coupling to a first differential transmission line; 
a first receiver having a differential input for coupling to 

a second differential transmission line and having an 
output; 

a control circuit for generating a plurality of control 
signals, including a DCE diagnostics loopback mode 
control signal and a DTE diagnostics loopback mode 
control signal; 

first switching means for coupling said first receiver 
output to said first transmitter input in response to said 
DCE diagnostics loopback mode control signal or said 
DTE diagnostics loopback mode control signal; 

a second transmitter having an input and a differential 
output; 

a second receiver having a differential input for coupling 
to a third differential transmission line and having an 
output; 

second Switching means for connecting said output of said 
second receiver to said input of said second transmitter 
in response to said DCE diagnostics loopback mode 
signal or said DTE diagnostics loopback mode control 
signal; 

a third receiver having differential inputs for coupling to 
a fourth differential transmission line in a DTE 
configuration, and having an output; 

third Switching means for connecting said output of said 
third receiver to both a transmit clock I/O and a receive 
clock I/O in response to said DTE diagnostics loopback 
mode control signal; 

fourth Switching means for opening a connection between 
a transmit clock echo input pin and said second trans 
mitter input in response to said DTE diagnostics loop 
back mode control signal; and 

means for setting said transmitters into a high impedance 
state in response to a select code of 000 for selectinputs 
SEL2, SEL1 and SEL0. 

8. An integrated circuit transceiver on a single substrate 
for Synchronous data transmissions having characteristics 
complying with CCITT Recommendation V.35, said trans 
ceiver being configurable for either DTE or DCE mode, 
comprising: 

a first data transmitter having an input and a differential 
output for coupling to a differential transmission line; 

a first data receiver having a differential input for coupling 
to a differential transmission line and having an output; 

a control circuit for generating a plurality of control 
signals, including a DCE diagnostics loopback mode 
control signal and a DTE diagnostics loopback mode 
control signal; 

a first multiplexer having a first input coupled to said 
output of said first data receiver, a secondinput coupled 
to a data transmit input pin, and an output coupled to 
said input of said first data transmitter; 

a second multiplexer having a first input coupled to said 
output of said first data receiver, a secondinput coupled 
to said data transmit input pin, and an output coupled 
to a data receive output pin; 

said control circuit generating select signals for said first 
and second multiplexers to connect said first data 
receiver output to said first data transmitter input in 
response to said DCE diagnostics loopback mode con 
trol signal or said DTE diagnostics loopback mode 
control signal; 
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a second clock transmitter having an input and a differ 
ential output; 

a second clock receiver having a differential input for 
coupling to said differential transmission line and hav 
ing an output; 

a third multiplexer having a first input coupled to said 
output of said second clock receiver, having a second 
input coupled to a transmit clockinput pin, said trans 
mit clockinput pin being a transmit clock echo input 
pin in said DCE mode, and having an output coupled to 
said input of said second clock transmitter; 

said control circuit generating a select signal input to said 
third multiplexer for connecting said output of said 
second clock receiver to said input of said second clock 
transmitter in response to said DCE diagnostics loop 
back mode signal or said DTE diagnostics loopback 
mode control signal, and for opening a connection 
between said transmit clock echo input pin and said 
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8 
second clock transmitter input in response to said DTE 
diagnostics loopback mode control signal; 

a third clock receiver having differential inputs for cou 
pling to said differential transmission line in a DTE 
configuration, and having an output; 

a fourth multiplexer having an input coupled to said 
output of said third clock receiver and having an output 
coupled to a receive clock I/O pin; 

a connection between said output of said third clock 
receiver and said transmit clockinput pin; and 

said control circuit providing a select input to said fourth 
multiplexer for connecting said output of said third 
clockreceiver to both a transmit clockI/O and a receive 
clockI/O in response to said DTE diagnostics loopback 
mode control signal. 

ck - c. : : 
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