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A serial data transceiver is presented Which includes ele 
ments Which facilitate testing using only the serial data 

METHOD transfer terminals of the transceiver. The serial data trans 
ceiver includes a transmitter and a receiver. The transmitter 
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Cones Ondence Address routed to the transmitter input. In one embodiment, the 
LSI Lg ic Cor oration' transmitter includes a ?rst router for routing parallel input 
1551 Mgccarthp Blvd data to the transmitter, and the receiver includes a second 
M /S_ D406 pazent D23 artment router for routing parallel output data produced by the 
Mil 'itas CA 9 503 5 (Ulg) receiver. The ?rst router is coupled to the second router, both 

p ’ routers receive a test signal. When the test signal is asserted, 
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(22) Filed; Dec_ 16, 1997 port, receiving serial output test data from a serial data 

output port, and comparing the serial output test data to the 
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SERIAL DATA TRANSCEIVER INCLUDING 
ELEMENTS WHICH FACILITATE FUNCTIONAL 
TESTING REQUIRING ACCESS TO ONLY THE 
SERIAL DATA PORTS, AND AN ASSOCIATED 

TEST METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to digital data communica 
tion circuits, and more particularly to the operational veri 
?cation of serial data communication circuits. 

[0003] 2. Description of the Relevant Art 

[0004] Electronic devices typically communicate via elec 
trical signals (e.g., voltage and/or current) driven upon 
electrical conductors (e.g., metal Wires). Simultaneous trans 
mission of multiple signals is accommodated by several 
Wires routed in parallel (i.e., buses). Most computer systems 
have a modular architecture centered around a bus Which 
serves as a shared communication link betWeen system 
components. The tWo major advantages of shared buses over 
direct communication links betWeen system components are 
versatility and loW cost. By de?ning a standard intercon 
nection scheme for a given bus, neW devices may be easily 
connected to the bus. The cost of the bus is loW because it 
is shared among the number of components connected to the 
bus. 

[0005] Due to technological advances, the signal process 
ing capabilities of more modern electronic devices (e.g., 
microprocessors) are outstripping the signal transfer capa 
bilities of conventional parallel buses. To their detriment, 
parallel buses have physical limitations Which place an 
upper limit on the rate at Which information can be trans 
ferred over the bus. For eXample, the electrical characteris 
tics and loading of each Wire of a bus may vary, causing 
signals transmitted simultaneously upon the bus to be 
received at different times. Bus timing must take into 
consideration Worst case delays, resulting in reduced data 
transfer rates of systems employing parallel buses. 

[0006] A serial data path, on the other hand, is a direct 
communication link betWeen a single transmitter and a 
single receiver. Such a serial data path typically includes a 
dedicated transmission medium connected betWeen the 
transmitter and receiver. The transmission medium may be, 
for eXample, a differentially-driven pair of Wires or a ?ber 
optic cable. In cases Where the transmission medium is a pair 
of Wires, the communication link (i.e., channel) has a 
de?ned electrical loading and is typically optimiZed for 
minimum signal delay. As a result, the rate at Which elec 
trical signals can be transferred over such a serial data path 
eXceeds the data transfer rate of a common shared parallel 
bus. 

[0007] Serial data transmitter/receiver devices (i.e., trans 
ceivers) offering digital signal transmission rates eXceeding 
1 gigabit per second are noW commercially available. The 
testing of such transceivers at their normal operating speeds, 
hoWever, presents many technical challenges. Consider a 
serial data transceiver including a transmitter and a receiver. 
The transmitter receives parallel data at an input port, 
converts the parallel data to a serial data stream, and 
provides the serial data stream at an output port. The receiver 
receives a serial data stream at an input port, converts the 
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serial data stream to parallel data, and provides the parallel 
data at an output port. A conventional method of operation 
ally testing such a transceiver is to connect the transmitter 
output port to the receiver input port in a “loopback” 
fashion, provide parallel input test data to the transmitter 
input port, receive parallel output test data from the output 
port of the receiver, and compare the parallel output test data 
to the parallel input test data. A match betWeen the parallel 
output test data and the parallel input test data veri?es proper 
operation of the transceiver. 

[0008] When the transceiver is installed Within, for 
eXample, a computer system, access to the parallel data 
transfer terminals (i.e., the transmitter input port and the 
receiver output port) is typically limited to other computer 
system components coupled to the transceiver data transfer 
terminals. In order to gain access to the parallel data transfer 
terminals for testing, it may be necessary to disassemble the 
system to access the transceiver, to remove the transceiver 
from the system, and to mount the transceiver Within a 
special test ?Xture Which connects the transmitter output 
port to the receiver input port. FolloWing testing, the trans 
ceiver must be reinstalled Within the system and the system 
reassembled. 

[0009] In contrast, the serial data transfer terminals of the 
transceiver (i.e., the receiver input port and the transmitter 
output port) are by design easily accessible and available for 
testing Without system disassembly. In addition, serial data 
testing requires feWer Wires and physical connections than 
parallel data testing. Testing problems are often the result of 
faulty Wires and physical connections. 

[0010] It Would be bene?cial to have a serial data trans 
ceiver Which includes elements Which facilitate functional 
testing requiring access to only the serial data transfer 
terminals of the transceiver (i.e., only the receiver input port 
and the transmitter output port). Such a serial data trans 
ceiver and accompanying test method Would eliminate the 
need to disassemble a computer system including the trans 
ceiver in order to test the transceiver. In addition, the feWer 
Wires and physical connections involved in serial testing of 
the transceiver Would reduce problems associated With 
faulty Wires and physical connections. In addition to trans 
ceiver testing and characteriZation, such testing capability is 
also bene?cial for system debugging. For eXample, assume 
several computers are connected to a shared communication 
medium forming a computer netWork having a loop topol 
ogy. Each transceiver operating in “loopback” mode imme 
diately retransmits incoming serial data, behaving like a 
Wire. Such action alloWs testing of the netWork independent 
of the transceivers. 

SUMMARY OF THE INVENTION 

[0011] A serial data transceiver is presented having ele 
ments Which facilitate functional testing using only the serial 
data transfer terminals of the transceiver. An associated test 
apparatus and method employs these elements. The present 
transceiver architecture solves a test access problem. Testing 
of the serial data transceiver mounted Within a computer 
system does not require disassembly of the computer system 
and removal of the transceiver from the system. The serial 
data transfer terminals are typically easily accessible and 
available for testing. In addition, feWer Wires and physical 
connections are required for serial data testing than for 
parallel data testing. The use of feWer Wires and physical 
connections reduces problems associated With faulty Wires 
and physical connections. 
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[0012] The serial data transceiver includes a transmitter 
and a receiver formed upon a monolithic semiconductor 
substrate. The transmitter receives parallel data, converts the 
parallel data to a serial data stream, and transmits the serial 
data stream. The receiver receives a serial data stream, 
converts the serial data stream to parallel data, and provides 
the parallel data. The transmitter and receiver are also 
coupled to receive a test signal. When the test signal is 
asserted, parallel data is routed from the output of the 
receiver to the input of the transmitter. Functional testing of 
the serial data transceiver may thus be accomplished With 
access to only the serial data ports of the transceiver. 

[0013] In order to facilitate the routing the output of the 
receiver to the input of the transmitter, one embodiment of 
the serial data transceiver includes tWo routers. A ?rst router 
Within the transmitter routes parallel input data to the 
transmitter. A second router Within the receiver routes par 
allel output data and the recovered clock signal produced by 
the receiver. The ?rst router is coupled to the second router, 
and both routers are con?gured to receive a ‘test’ signal. 
When the test signal is asserted, the second router routes the 
parallel output data produced by the receiver to the ?rst 
router, and the ?rst router routes the parallel output data 
produced by the receiver to the transmitter. As a result, the 
received serial data is retransmitted by the transceiver during 
testing. 

[0014] In one embodiment, the transceiver includes a 
‘transmit data’ input port for receiving parallel input data to 
be transmitted, a serial data output port, a serial data input 
port, a ‘receive data’ output port for providing parallel 
output data produced by the receiver, and a recovered clock 
terminal. The transmitter is coupled betWeen the transmit 
data input port and the serial data output port. The trans 
mitter receives the parallel input data, converts the parallel 
input data to a serial data stream, and transmits the serial 
data stream at the serial data output port. The transmitter 
includes a serialiZer for converting the parallel input data to 
the serial data stream. The ?rst router is coupled betWeen the 
transmit data input port and the serialiZer, and routes parallel 
input data and a recovered clock signal to the serialiZer 
dependent upon the test signal. The receiver is coupled 
betWeen the serial data input port and the receive data output 
port. The receiver receives a serial data stream from the 
serial data input port, converts the serial data stream to 
parallel output data, and provides the parallel output data. 

[0015] The receiver includes a deserialiZer for converting 
the serial data stream into the parallel output data. The 
deserialiZer also recovers a clock signal (i.e., the recovered 
clock signal) from the serial data stream. The second router 
is coupled betWeen the deserialiZer and the receive data 
output port. The second router provides the recovered clock 
signal to the recovered clock terminal. The second router 
also routes the parallel output data produced by the deseri 
aliZer dependent upon the test signal. When the test signal is 
deasserted: the ?rst router routes parallel input data from 
the transmit data input port to the serialiZer, and (ii) the 
second router routes parallel output data from the deserial 
iZer to the receive data output port. The serialiZer uses the 
reference clock signal to serialiZe the parallel input data. 
When the test signal is asserted: the second router routes 
parallel output data and the recovered clock signal produced 
by the deserialiZer to the ?rst router, and (ii) the ?rst router 
routes the parallel output data and the recovered clock signal 
received from the second router to the serialiZer. The seri 
aliZer uses the recovered clock signal to serialiZe the parallel 
output data produced by the deserialiZer. 
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[0016] The present method for testing the serial data 
transceiver described above includes asserting the test sig 
nal, providing serial input test data to the serial data input 
port, receiving serial output test data from the serial data 
output port, and comparing the serial output test data to the 
serial input test data. A test unit including a serial test 
generator and a serial data comparator may be coupled to the 
transceiver during testing and used to generate the serial 
input test data and to perform the comparison operation. A 
match betWeen the serial output test data and the serial input 
test data (i.e., a one-to-one correspondence betWeen the 
logic values of the corresponding bit positions of the serial 
output test data and the serial input test data) veri?es proper 
operation of the serial data transceiver. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] Other objects and advantages of the invention Will 
become apparent upon reading the folloWing detailed 
description and upon reference to the accompanying draW 
ings in Which: 

[0018] FIG. 1 is a block diagram of one embodiment of a 
serial data transceiver of the present invention and a related 
test unit, Wherein the serial data transceiver includes a 
transmitter for transmitting serial data, a receiver for receiv 
ing serial data, and a mechanism for routing the output of the 
receiver to the input of the transmitter during testing such 
that received serial data is retransmitted by the transmitter. 

[0019] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof are shoWn by Way of eXample in the draWings and 
Will herein be described in detail. It should be understood, 
hoWever, that the draWings and detailed description thereto 
are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents and alternatives falling Within the 
spirit and scope of the present invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0020] Referring noW to the draWings, FIG. 1 is a block 
diagram of one embodiment of a serial data transceiver 10 
of the present invention. Transceiver 10 includes a trans 
mitter 12 and a receiver 14 formed upon a single monolithic 
semiconductor substrate 14. Transceiver 10 also includes a 
transmit data input port, a pair of polariZed transmitter 
output terminals, a pair of polariZed receiver input terminals, 
a receive data output port, a ‘reference clock’ terminal, a test 
terminal, and a ‘recovered clock’ terminal. During normal 
operation, transmitter 12 receives parallel data from the 
transmit data input port, converts the parallel data to a serial 
data stream (i.e., serialiZes the parallel data), and transmits 
the serial data stream differentially betWeen the pair of 
polariZed transmitter output terminals. The operations of 
transmitter 12 are synchroniZed by a ‘reference clock’ signal 
coupled to the ‘reference clock’ terminal. During normal 
operation, receiver 14 receives a serial data stream from 
betWeen the pair of polariZed receiver input terminals, 
converts the serial data stream to parallel data (i.e., deseri 
aliZes the serial data stream), and provides the parallel data 
at the receive data output port. The operations of receiver 14 
are synchroniZed by a clock signal recovered from the serial 
data stream (i.e., a ‘recovered clock’ signal). 
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[0021] Transmitter 12 includes a router 16, a serialiZer 18, 
and an output buffer 20. Router 16 receives parallel data 
from the transmit data input port, parallel data produced by 
receiver 14, and a test signal coupled to the test terrninal. 
Router 16 provides either the parallel data from the transmit 
data input port or the parallel data produced by receiver 14 
to serialiZer 18 dependent upon the test signal. When the test 
signal is deasserted, router 16 provides the parallel data from 
the transmit data input port to serialiZer 18. SerialiZer 18 
uses the reference clock signal to serialiZe the parallel data 
provided by router 16 and provides the resulting serial data 
stream to output buffer 20. Output buffer 20 differentially 
drives the pair of polariZed transrnitter output terminals with 
complementary voltage values representing the logic values 
of the serial data stream. When the test signal is asserted, 
router 16 provides the parallel data and the recovered clock 
signal produced by receiver 14 to serialiZer 18. SerialiZer 18 
uses the recovered clock signal to serialiZe the parallel data 
provided by router 16 and provides the resulting serial data 
stream to output buffer 20. 

[0022] Receiver 14 includes an input buffer 22, a deseri 
aliZer 24, and a router 28. Input buffer 22 receives a 
differentially-driven serial data stream from betWeen the pair 
of polariZed receiver input terminals and provides the cor 
responding logic values of the serial data stream to deseri 
aliZer 24. DeserialiZer 24 recovers a transrnit clock signal 
used to transmit the serial data from the serial data stream 
(i.e., the recovered clock signal), samples the serial data 
stream using the transmit clock signal stream in order to 
recover the data from the serial data stream, aligns the 
deserialiZed data into parallel units, and provides the result 
ing parallel data and recovered clock signal to router 28. 
Router 28 receives the parallel data and recovered clock 
signal from deserialiZer 24 as Well as the test signal. Router 
28 provides the recovered clock signal to the recovered 
clock terrninal. Router 28 also provides parallel data to 
either the receive data output port or to router 16 of 
transmitter 12 dependent upon the test signal. When the test 
signal is deasserted, router 28 provides the parallel data to 
the receive data output port. When the test signal is asserted, 
router 28 provides both the parallel data and the recovered 
clock signal to router 16 of transmitter 12. 

[0023] Router 16 and router 28 may include, for example, 
arrays of sWitches operating in parallel. During normal 
operation, the test signal is deasserted, router 16 provides 
parallel data from the transmit data input port to serialiZer 
18, and router 28 provides parallel data from deserialiZer 24 
to the receive data output port. During testing, transmitter 12 
uses the recovered clock signal produced by receiver 14 to 
serialiZe the parallel output data produced by receiver 14. 
Thus during testing, the operations of transmitter 12 and 
receiver 14 are synchroniZed by the recovered clock signal. 

[0024] FIG. 1 also shoWs a test unit 30 coupled to 
transceiver 10 during testing to verify proper operation of 
transceiver 10. Test unit 30 includes a serial data generator 
32 and a serial data cornparator 34. During testing, the test 
signal is asserted. Serial data generator 32 generates a serial 
test data stream and differentially drives the polariZed pair of 
receiver input terminals of transceiver 10 With complemen 
tary voltage values representing the logic values of the serial 
test data stream. Input buffer 22 of receiver 14 receives the 
voltage values and provides the corresponding logic values 
to deserialiZer 24. DeserialiZer 24 produces the recovered 
clock signal, uses the recovered clock signal to deserialiZe 
the serial test data stream, and provides both the recovered 
clock signal and the resulting parallel test data to router 28. 
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Router 28 receives the recovered clock signal and the 
parallel test data from deserialiZer 24, provides the recov 
ered clock signal to the recovered clock terminal, and also 
provides the recovered clock signal and the parallel test data 
to router 16 of transmitter 12. Router 16 provides the 
recovered clock signal and the parallel test data to serialiZer 
18. SerialiZer 18 uses the recovered clock signal to serialiZe 
the parallel test data provided by router 16, and provides the 
resulting serial test data stream to output buffer 20. Output 
buffer 20 differentially drives the pair of polariZed transrnit 
ter output terminals with complementary voltage values 
representing the logic values of the serial test data stream. 
Serial data cornparator 34 receives the voltage values pro 
duced by transmitter 12 and converts the voltage values to 
the corresponding serial output test data. Serial data corn 
parator 34 then compares the serial output test data to the 
serial input test data provided by serial data generator 32. A 
match between the serial output test data and the serial input 
test data (i.e., a one-to-one correspondence betWeen the 
logic values of the corresponding bit positions of the serial 
output test data and the serial input test data) veri?es proper 
operation of transceiver 10. 

[0025] It Will be appreciated by those skilled in the art 
having the bene?t of this disclosure that this invention is 
believed to be a serial data transceiver including elements 
which facilitate functional testing requiring access to only 
the serial data ports, and an associated test apparatus and 
method. Furthermore, it is also to be understood that the 
form of the invention shoWn and described is to be taken as 
eXernplary, presently preferred embodiments. Various rnodi 
?cations and changes may be made Without departing from 
the spirit and scope of the invention as set forth in the claims. 
It is intended that the following claims be interpreted to 
embrace all such rnodi?cations and changes. 

What is claimed is: 
1. A serial data transceiver formed upon a monolithic 

semiconductor substrate, comprising: 

a receiver adapted to operably receive a ?rst serial data 
stream and convert the ?rst serial data stream into 
parallel data; and 

a transmitter connected to receive the parallel data during 
a time in Which a test signal is asserted into the 
transceiver, Whereupon the parallel data is converted 
into a second serial data stream. 

2. The serial data transceiver as recited in claim 1, 
Wherein the ?rst and second serial data streams are presented 
at separate ?rst and second serial connectors, respectively, of 
the transceiver. 

3. The serial data transceiver as recited in claim 2, 
Wherein the ?rst and second serial connector are each 
singular connectors. 

4. The serial data transceiver as recited in claim 2, 
Wherein the ?rst serial connector is adapted to receive a ?rst 
serial test signal Within the ?rst serial data stream, and 
Wherein the second serial connector is adapted to receive a 
test cornparator unit for comparing the second serial data 
stream to the ?rst serial test signal. 

5. The serial data transceiver as recited in claim 1, 
Wherein the transmitter comprises a ?rst router for routing 
parallel input data to the transmitter. 

6. The serial data transceiver as recited in claim 5, 
Wherein the receiver comprises a second router for routing 
parallel output data produced by the receiver. 
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7. The serial data transceiver as recited in claim 6, 
Wherein the ?rst router is coupled to the second router, and 
Wherein the ?rst and second routers are con?gured to receive 
the test signal, and Wherein When the test signal is asserted: 
(i) the second router routes the parallel output data produced 
by the receiver to the ?rst router, and (ii) the ?rst router 
routes the parallel output data produced by the receiver to 
the transmitter. 

8. A system for testing a transceiver, comprising: 

a test unit; 

a serial data input port adapted to receive a serialiZed 
input test signal from the test unit; 

a serial data output port adapted to present a serialiZed 
output test signal to the test unit; 

a mechanism embodied Within the transceiver for con 
verting and routing, in parallel fashion, the serialiZed 
input test signal to the serialiZed output test signal 
output; and 

a comparator Within the test unit for comparing the 
serialiZed input test signal to the serialiZed output test 
signal to determine the accuracy by Which the mecha 
nism converts the serial input test signal to the serial 
iZed output test signal. 

9. The system as recited in claim 8, Wherein said mecha 
nism comprises at least one router operably coupled betWeen 
the serial data input port and the serial data output port. 

10. The system as recited in claim 9, Wherein the router 
couples parallel signals converted from respective said seri 
aliZed input test signal and said serialiZed output test signal. 

11. The system as recited in claim 8, Wherein said 
mechanism comprises a serialiZer and a deserialiZer coupled 
in series betWeen the serial data input port and the serial data 
output port. 

12. A serial data transceiver formed upon a monolithic 
semiconductor substrate, comprising: 

a transmit data input port for receiving parallel input data; 

a serial data output port; 

a serial data input port; 

a receive data output port for providing parallel output 
data; 

a transmitter coupled betWeen the transmit data input port 
and the serial data output port, Wherein the transmitter 
is con?gured to receive parallel input data, to convert 
the parallel input data to a serial data stream, and to 
transmit the serial data stream at the serial data output 
port, Wherein the transmitter comprises: 

a serialiZer for converting the parallel input data to the 
serial data stream; and 

a ?rst router coupled betWeen the transmit data input 
port and the serialiZer for routing parallel input data 
to the serialiZer; 

a receiver coupled betWeen the serial data input port and 
the receive data output port, Wherein the receiver is 
con?gured to receive a serial data stream from the 
serial data input port, to convert the serial data stream 
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to parallel output data, and to provide the parallel 
output data, Wherein the receiver comprises: 

a deserialiZer for converting the serial data stream to 
the parallel output data; and 

a second router coupled betWeen the deserialiZer and 
the receive data output port for routing the parallel 
output data produced by the deserialiZer; 

Wherein the ?rst router is coupled to the second router, 
and Wherein the ?rst and second routers are coupled to 
receive a test signal, and Wherein When the test signal 
is deasserted: 

the ?rst router routes parallel input data from the 
transmit data input port to the serialiZer; and 

the second router routes parallel output data from the 
deserialiZer to the receive data output port; 

and Wherein When the test signal is asserted: 

the second router routes parallel output data from the 
deserialiZer to the ?rst router; and 

the ?rst router routes the parallel output data from the 
second router to the serialiZer. 

13. A method for testing a serial data transceiver, com 
prising: 

providing a serial data transceiver, comprising: 

a serial data output port; 

a serial data input port; 

a transmitter coupled to the serial data output port, 
Wherein the transmitter is con?gured to receive par 
allel data, to convert the parallel data to a serial data 
stream, and to transmit the serial data stream at the 
serial data output port, Wherein the transmitter com 
prises a ?rst router for routing parallel data to the 
transmitter; 

a receiver coupled to the serial data input port, Wherein 
the receiver is con?gured to receive a serial data 
stream, to convert the serial data stream to parallel 
data, and to provide the parallel data, Wherein the 
receiver comprises a second router for routing the 
parallel data produced by the receiver; 

Wherein the ?rst router is coupled to the second router, 
and Wherein the ?rst and second routers are coupled 
to receive a test signal, and Wherein When the test 
signal is asserted: the second router routes parallel 
data produced by the receiver to the ?rst router; and 
(ii) the ?rst router routes the parallel data produced 
by the receiver to the transmitter; 

asserting the test signal; 

providing serial input test data to the serial data input port; 

receiving serial output test data from the serial data output 
port; and 

comparing the serial output test data to the serial input test 
data. 


