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This application claims priority from U.S. Provisional Application No.
60/102,300, filed 29 September 1999. 5 FIELD OF INVENTION The present
invention relates generally to disc drives. More particularly, the present
invention relates to a portable disc drive testing apparatus. 10 BACKGROUND
OF THE INVENTION One common way of testing a disc drive is to connect the
disc drive to a personal computer and run a commercial software program to
identify faults in the disc drive. Alternatively, special test equipment is
available from the market for conducting a wide range of tests on disc
drives. 15 It is felt that the personal computer is under-utilized when
dedicated to running tests on disc drives suspected of being faulty. On the
other hand, the special test equipment currently available from the market
is expensive. It is therefore desirable to seek a relatively cheaper means
of testing disc drives. Furthermore, it is also desirable that the
equipment should allow for the 20 detection of faults related to the drive
interface. Unfortunately, this aspect of testing is often not possible when
the disc drive is required to operate via a serial port under test
conditions, instead of through the drive interface. . z.'~, In addition, it
is felt that there is a need for test equipment to be portable, as the test
equipment available is too bulky. Very often, the efficiency of the testing
25 process can be significantly improved if the test equipment is small and
light enough for the operator to carry it around. Preferably, the test
equipment should be easy to operate and not require much training of the
operator. The present invention provides a solution to the above problems,
and offers 



other advantages over the prior art.     2 8 MAR 2003 -2 SUMMARY OF THE
INVENTION The present invention relates to an improved apparatus for
testing disc drives. In one embodiment of the present invention, the
apparatus includes a microprocessor capable of storing at least one test
program. Data transfer between the 5 microprocessor and the disc drive
under test is provided for in the form of an interface, such that the
interface is compatible for connection to the disc drive under test. In one
aspect of the invention, the interface is compatible for connection to the
drive interface of the disc drive under test. This feature offers
advantages in that it 10 allows for the detection of faults related to the
drive interface. In another aspect of the invention, the apparatus includes
a power control mechanism which controls the power supply to the apparatus.
In one embodiment, the power control mechanism may be so constructed as to
relay the power supply to disc drive such that the disc drive is powered by
the same power supply to the apparatus. 1 S To the operator, the testing
procedure is made more convenient as only one power supply is required.
More importantly, this feature provides the apparatus with the capability
of performing contact-start-stop tests, as well as other tests, without the
need for the operator to be well-versed in programming, unlike the test
equipment available in the market. 20 BRIEF DESCRIPTION OF DRAWINGS FIG. 1
is a block diagram of a preferred embodiment of the apparatus in connection
with a disc drive under test. 25 FIG. 2 is a flowchart showing a method in
which one embodiment of the input device allows for the selection of
different test programs. DETAILED DESCRIPTION 30 An apparatus 100 according
to most preferred embodiment of the present invention is shown in FIG. 1.
The apparatus l00 includes a microprocessor 104, a memory within the
microprocessor 104 for storing one or more test program, an   2 0 M A R
2003 -3 interface 106 connected to the microprocessor 104 and a power
control mechanism 110. The interface 106 serves to communicate between the
microprocessor 104 and the disc drive 108 under test and the power control
mechanism 110 serves to control the power supply 102 to the apparatus 100.
5 The interface 106 provides for operative coupling between the apparatus
100 and a drive interface l07 of the disc drive 108 such that the disc
drive 108 can be operated through the drive interface 107 under test
conditions. 



This coupling can be direct, or if so desired, an interface cable can be
provided to connect from the interface 106 to the drive interface 107. Use
of the interface cable 10 is sometimes preferred so as to minimize wear and
tear on the drive interface. However the interface is so constructed that
the apparatus can be directly coupled to the disc drive, for example, in
situations where a suitable cable is not available. This feature adds to
the flexibility of the apparatus and contributes towards making the
procedure of testing disc drives as convenient as possible to the operator.
15 The power control mechanism 110 may be a switch to control the power
supply to the apparatus l00. In a preferred embodiment, the power control
mechanism 110 includes a relay such that electricity can be diverted or
relayed from the apparatus 100 to the disc drive 108 via a power outlet
112. In particular, it is desired that the power outlet 112 is connectable
to a power inlet 114 of the disc drive such that when 20 the power control
mechanism 110 is switched on, the apparatus 100 and the disc drive 108 are
simultaneously operated by the same power supply. This allows the
contactstart-stop tests to be performed on the disc drive, and is an
advantage over some of the prior art test equipment which requires the disc
drive to be separately powered from the testing equipment. 25 In addition,
the apparatus 100 may include an input device 118 for the operator to
select one or more test programs from the memory for testing the disc drive
108. Where desirable, the input device 118 and the microprocessor 104 can
be so programmed such that the selected test program or test programs are
executed as soon as the operator switches on the apparatus 100. 30 FIG. 2
illustrates an example where the memory stores more than one test program,
and the input device 118 is provided in the form of a jumper block. The
process is initiated at 120. The operator switches on the apparatus in the
step 122 and   2 8 MAR 2003 -4 causes the program to check the jumper block
setting 124. At step 126, the program checks if the jumper is set to
execute test program 1. If it is, test program 1 is executed 128.
Otherwise, the program goes on to check if the jumper is set to execute the
next test program stored in the memory 130. If the program finds that the
jumper block 5 setting is put to test program 2 and it will execute test
program 2, otherwise it will execute the next test program stored in the
memory 134. The test results can be stored in the disc drive itself, or in
this example, it can be shown on the display 136 and the test procedure
ends 13 8. This example illustrates the situation where only three test
programs are stored in the memory, however, a person skilled in the art
will 10 understand that it can be easily extended to the situation where
more than three test programs are stored in the memory. Thus, in general,
the apparatus can be designed such that the operator uses the jumper block
to set one of the test programs as a default test program. Once the
operator switches on the apparatus l00, the default test program is
executed and the 15 test is conducted on the disc drive 108. To keep the
apparatus 100 cheap to manufacture and physically compact enough for it to
be palm-sized, a jumper switch or a jumper block is preferred. It is to be
understood, however, that the invention is not thus limited in this aspect,
as the input device 118 can be in the form of a keypad, switches or other
devices without 20 going beyond the scope of the present invention. The
apparatus 100 further includes a display 116 connected to the 



microprocessor 104 for displaying information, e.g., test results, status
of test, type of ~,.Y ' test selected. In the preferred embodiment, the
display is an LED (light emitting diode) display unit. This is to keep the
cost of manufacturing the apparatus low, as 25 well as to keep the size of
the apparatus small. In the preferred embodiment, the apparatus 100 as a
whole is not bigger than the size of human palm, and can be easily carried
about by the operator in one hand. This greatly adds to the efficiency and
convenience of the testing procedure. In one example, which is given solely
for illustrative purposes, the display 116 30 is a LED display unit which
will display a code identifying the test program which has been selected as
the default test program. The microprocessor 104 can be programmed such
that the test results are indicated by the LED display unit. In addition,
the   2 8 MA R 2003 -5 microprocessor 104 can be programmed to write a
back-up copy of the test results to the disc drive. The invention therefore
provides for an apparatus dedicated to the testing of disc drive, with the
advantages of being cheap to manufacture and small enough for 5 the
operator to carry on his rounds of testing. Furthermore, use of the
apparatus does not require extensive training of the operator. Once the
test programs are installed in the apparatus, the operator may not need to
do much except connect the apparatus to the disc drive and switch on the
power control mechanism. Nevertheless, the apparatus allows for a great
variety of tests to be conducted. 10 Examples of some of the test programs
are listed included in the present specification for a better understanding
of the workings of the apparatus, but are not intended to limit the scope
of the invention to such. The apparatus can be programmed to run any test
sequence that is not specified below, including most of the commands that
were specified in the AT Attachment (ATA) specification. 15 Examples of
test programs are listed in Table 1 below to better illustrate the workings
of the apparatus 100, and should not be taken to be the only test programs
which can be executed by the apparatus l00. Table 1 shows a Customer
Failure Verification Test (Read Only) which can be easily conducted using
the apparatus 100 for checking the disc drive 108 for errors. If 20 the
disc drive l08 fails during testing, the apparatus 100 will stop the test,
switch off the disc drive and display the error messages. Table 1 1. Switch
on the power supply to the disc drive 108. 25 2. Check the configuration of
the disc drive 108 to determine if it is in a Master, Slave, or Cable
Select Mode. 3. Perform an `Identify' command to obtain the `total number
of addressable sectors' from the disc drive 108. 4. Perform Read Verify
from LBA 0 to last LBA (Logical Block Address). 30 5. Perform 5000 random
Read Verify. 



6. Switch off the disc drive and display the status of the test.   2 8 MAR
2003 -6 Table 2 shows a Customer Failure Verification Test which involves
performing write and read operations on the entire disc drive 108 and
provides for the recovery of sectors which were badly written. If more than
20 errors were encountered during testing, the apparatus will stop the
test, switch off the disc drive and display the 5 error messages on the
display unit. Table 2 1. Switch on the power supply to the disc drive 108.
2. Check the disc drive 108 configuration (Master, Slave, or Cable Select
Mode). 10 3. Perform an `Identify' command to obtain the `total number of
addressable sectors' from the disc drive 108. 4. Perform Write & Read
Verify from LBA 0 to LBA 30,208 (= 15 Mbytes) using 5 different data
patterns. 5. Perform Read Verify from LBA 0 to last LBA. If an error is
encountered, the 15 apparatus 100 will perform 5 times of Write & Read
Verify on the fail location using the same 5 different data patterns. 6.
Perform Read Verify from LBA 0 to last LBA. (If no error is encountered
during step 5, step 6 will be ignored.) 7. Perform 5000 random Read Verify.
20 8. Switch off the disc drive 108 and display the status of the test.   2
0 MAR 2003  One method of performing a contact-start-stop test is to use a
test program similar to the Dummy Contact-Start-Stop Test shown in Table 3.
This test is sometimes used in the initial design of a disc drive 108. The
test results can be stored 5 in the memory of the apparatus 100 instead of
in the disc drive 108 as the latter may not be able to perform the read and
write operations. The test program as shown below will run until the
operator switches off the apparatus 100. The On and Off timing need not be
30 seconds. 



10 Table 3 1. Switch On the power supply to the disc drive 108. 2. Update
the test counter and do nothing for 30 seconds. 3. After the 30 seconds are
up, switch Off the disc drive 108 and display the test status. 1 S 4. Do
nothing for 30 seconds. 5. Repeat steps 1 to 4. Test program 4 shows
another example of a Contact-Start-Stop Test. In this case, the apparatus
100 performs a routine check for errors on the entire disc drive on 20
every 1000 cycle and stores the test results in the disc drive 108. If the
disc drive 108 fails during testing, the apparatus 100 will stop the test,
switch off the disc drive 108 and display the error messages. The test
result file of a test can be stored in the disc drive 108. To retrieve this
information, the apparatus 100 performs a read operation to the disc drive
108. The test results may include the test status (e.g., Pass, Fail, 25
number of hours tested so far and number of contact-start-stop count) and
failure status (e.g., the location failed, the error code, status code, and
other detail failure code).   2 8 MAR Z003 _8_ Table 4 1. Switch on the
power supply to the disc drive 108. 2. Check the disc drive 108
configuration (Master, Slave, or Cable Select Mode). 3. Execute disc drive
diagnostic command. 5 4. Perform an `Identify' command to obtain the `total
number of addressable sectors' from the disc drive 108. 5. Read the test
results from the disc drive 108. If it is a new run or the test was stopped
during the last run but the disc drive 108 did not fail, go to step 6 and
carry on the test. If the results indicate that the disc drive failed
during the last run, the 10 apparatus 100 will switch off the disc drive
108 and display the error message. 6. Update test counter. At this stage,
there are two possibilities: (a) If the test counter reach 100 cycles,
performed Read Verify on 65535 sectors on both ID (inner diameter) and OD
(outer diameter) locations; or 



(b) If the test counter reach 1000 cycles, performed Read Verify from LBA 0
to last 15 LBA. 7. Write the test results to the disc drive 108 and do
nothing for 30 seconds. 8. Upon 30 seconds expired, switch Off the disc
drive 108 and display the test status. 9. Do nothing for 30 seconds. 10.
Once 30 seconds reached, Repeat steps 1 to 9. 20   2 8 M A R Z003 -9 The
apparatus l00 can also be used to conduct a reliability test on the disc
drive 108, as in a Full Stroke Seek Test shown in Table 5 below where the
apparatus seeks the drive from LBA 0 to last LBA. This test will run until
the operator switches 5 off the apparatus 100. Table 5 1. Switch On the
power supply to the disc drive 108. 2. Execute disc drive diagnostic
command. 10 3. Perform an `Identify' command to obtain the `total number of
addressable sectors' from the disc drive 108. 4. Read the test results from
the disc drive 108. Continue step 5 if it is a new run or the disc drive
108 was stopped during the last run but had not failed. Stop testing and
display error message on the display unit if the previous run failed. 15 5.
Perform Seek operation from LBA 0 to Last LBA. 6. On every hour, update the
test time. 7. Repeat steps 5 and 6. ..   2 8 MAR 2003 -l o Table 6 shows a
Fly Stiction Test for checking the disc drive 108 for stiction. Table 6 5
1. Switch On the power supply to the disc drive 108. 2. Execute disc drive
diagnostic command. 3. Perform an `Identify' command to obtain the `total
number of addressable sectors' from the disc drive 108. 



4. Read the test results from the disc drive 108. Continue with step 5 if
it is a new run 10 or if the disc drive 108 was stopped during the last run
but had not failed. Stop testing and display error message if the previous
run failed. 5. Perform Random Write and Read operations from LBA 0 to Last
LBA and in the reverse direction. 6. On every hour, update the test time.
When reached 23 hours, stop the random 15 Write and Read test and dwell
(i.e. stay at the last location and do nothing) for 1 hour. 7. Repeat steps
4 and 6 for 30 days. 8. Switch Off the disc drive 108.   2 8 MAR 2003 -11
The functionality of the disc drive 108 can be verified by running a
Read/Write Test similar to that shown in Table 7 where the read and write
operations are performed on the entire disc drive 108. If the disc drive
108 fails during testing, 5 the apparatus will stop the test, switch off
the disc drive 108 and display the error messages. Table 7 1. Switch On the
power supply to the disc drive 108. 10 2. Execute disc drive diagnostic
command. 3. Perform an `Identify' command to obtain the `total number of
addressable sectors' from the disc drive 108. 4. Perform Sequential Read
operations from LBA 0 to Last LBA. 5. Perform Sequential Read operation
from last LBA to LBA 0. 15 6. Perform Sequential Write/Read from LBA 0 to
last LBA. 7. Perform 20,000 times of Random Write/Read/Compare. 8. Switch
Off the disc drive108. .-> - ::;   2 8 MAR 2003 -12 



Table 8 shows a RDT Test which can be used to test the reliability of a
disc drive 108. The apparatus 100 will update the test time counter on
every hour. If the disc drive fails during testing, the apparatus will stop
the test, switch off the disc drive 5 108 and display the error messages.
Table 8 1. Switch On the power supply to the disc drive 108. 2. Execute
disc drive diagnostic command. 10 3. Perform an `Identify' command to
obtain the `total number of addressable sectors' from the disc drive l08.
4. Read the test results from the disc drive 108. Continue with step 5 if
it is a new run or the disc drive 108 was stopped during the last run but
not failed. Stop testing and display error message on the display unit if
the previous run failed. 15 5. Perform Sequential Read operations. 6.
Perform Sequential Write/Read from LBA 0 to last LBA. 7. Perform Sequential
Write/Read from last LBA to LBA 0. 8. Perform 20,000 Random Write/Read. 9.
Perform Sequential Read operation from LBA 0 to last LBA. 20 10. Perform
20,000 Random Write/Read/Compare from LBA 0 to last LBA. 11. Perform
Sequential Read operation from LBA 0 to last LBA. 12. Perform 20,000 Random
Read Operation. 13. Perform 100 times of random delay Write operation. Note
delay timing range from 1 seconds to 1 minute. 25 14. Perform Sequential
Read operations. 15. Switch off the disc drive 108 for 30 minutes. 16.
Repeat steps 1 to 15 for 30 days. The Write Read Compare Test shown in
Table 9 is another example of a test 30 which checks the functionality of a
disc drive 108. A comparison operation is performed to ensure the integrity
of the disc drive 108. This test will continue to run until the operator
switches off the apparatus 100. The apparatus 100 will update the   2 8 MA
R 2003 -13 test time counter on every hour. If the disc drive 108 fails
during testing, the apparatus 100 will stop the test, switch off the disc
drive 108 and display the error messages. Table 9 5 1. Switch On the power
supply to the disc drive 108. 2. Execute disc drive diagnostic command. 3.
Perform an `Identify' command to obtain the disc drive geometry (such as
number of Cylinder, Head and Sector) information from the disc drive 108.
4. Read the test results from the disc drive l08. Continue with step 5 if
it is a new run 10 or the disc drive 108 was stopped during the last run
but not failed. Stop testing and display error message on the display unit
if the previous run failed. 5. Perform Sequential Read operations from
Cylinder 0 to last Cylinder. 6. Perform Sequential Write/Read operations
from Cylinder 0 to last Cylinder. 7. Perform Sequential Write/Read
operations from last Cylinder to Cylinder 0. 15 8. Perform Random
Write/Read/Compare operations. 



9. Perform Sequential Read operations from Cylinder 0 to last Cylinder. 10.
Perform Random Read operation from Cylinder 0 to last Cylinder. 11. Switch
off the disc drive 108 for 15 minutes. 12. Repeat steps 1 to 11.   2 a Ma R
2003 -14 To measure how long a disc drive takes to get ready, the apparatus
100 can be programmed to run a test similar to the Drive Start Time Test
shown in Table 10. Table 10 1. Set the Start time timer to 0. 2. Switch On
the power supply to the DUT and start the Start time timer. 3. Check the
disc drive Ready bit. If it is set, stop the start time timer. 4. Switch
Off the disc drive and display the startup timing of the disc drive. 10 It
is to be understood that even though numerous characteristics and
advantages of various embodiments of the present invention have been set
forth in the foregoing description, together with details of the structure
and function of various embodiments of the invention, this disclosure is
illustrative only, and changes may be 15 made in detail, especially in
matters of structure and arrangement of parts within the principles of the
present invention to the full extent indicated by the broad general meaning
of the terms in which the appended claims are expressed. For example, the
microprocessor 104 may act as the relay without the need for a separate
component. In addition, although the preferred embodiment described herein
is directed to 20 an apparatus for testing disc drives, it will be
understood by those skilled in the art that the teachings of the present
invention can be applied to other test situations without departing from
the scope and spirit of the present invention.   2 ~ MAR 2003 



15 CLAIMS 1. A self contained portable testing apparatus for a disc drive,
the apparatus comprising: a microprocessor having a memory for storing a
plurality of test programs, the microprocessor responsive to one or more
circuit jumpers to automatically execute a desired test program; an
interface operatively coupled to the microprocessor, the interface being
configured for communication between the microprocessor and the disc drive;
a power control mechanism configured to control a power supply to the
apparatus, and a display unit operatively coupled to the microprocessor
indicating the test program and test program results. 2. A testing
apparatus according to Claim 1 wherein the interface is configured for
operative coupling to a drive interface of the disc drive. 3. A testing
apparatus according to Claim 1 wherein the power control mechanism further
comprises a relay which is configured to control a power supply to the disc
drive. 4. A testing apparatus according to Claim 3 wherein the relay is
configured to power up the disc drive as the power supply is provided to
the apparatus. 5. A testing apparatus according to Claim 1 wherein the
apparatus further comprises an input device which is configured to receive
user input on which test program to execute. 6. A testing apparatus
according to Claim 5 wherein the input device comprises a jumper switch. 7.
A testing apparatus according to Claim 1 wherein the display comprises a
light emitting didode display unit. .AS.AS.A@.Af.A{e.A9.A.A9{Y.A.A93.A@
.A@3.ALl.A& .A[ 7~MlZ4oZ^ |vqlgb]X]ca]ca]ca]ca]ca]caV]ca]ca]caU]c a]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c*a!   
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