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1.1 GENERAL

GENERAL INFORMATION

GENERAL

When used together with the frequency response analyzer (T5923), TQ88Q091
optical actuator test head can convert the vibrating object displacement
of DC to 50 kHz into wvoltage, and can measure the vibrating object
response and displacement.

TQ88097 uses an He-Ne (Helium-Neon) laser having stable spatial coherence
as a source of light for testing. By selecting the laser tube with
extremely low-level noise, it can secure wide dynamic range from 4 mm to
0.04 ym (110 dB) of test displacement. TQ88091 expands the ocutgoing
optical beam from the laser tube by using a high-precision optical system,
and positions a slit (0.5 x 4.0 mm) at the center of the tube to form a
stable beam having uniform optical intensity. TQ88091 tests DUT (device
under test) using a simple method, that is, by setting the DUT so that its
vibrating section (actuator vibrating section) shuts out approx. half of
the test optical beam.

The amount of light of the test beam (not reflecting light) is varied by
the vibrating section. TQ88C91 receives the test beam directly through
the photodiodes to be converted into an electrical output, thus ensuring
high sensitivity (0.4 um/mV), and enabling measurement outside a darkroom.

The solidly built TDB8091 combines the chassis constituting the optical

system and the base on which DUT is placed into the unit. Accordingly,

TQ88091 requires no special equipment such as a vibration isolator panel
and can perform stable testing over a long period.

1 -1 May 9/86
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1.2 FEATURES

1.2

(1)

(2)

(3)

(4)

(3)

(6)

FEATURES

Can measure in wide displacement ranges from 4 mm to 0.04 pm (100 dB).
Furthermore, this test head can enhance the dynamic range in the
equivalent testing over the range from 4 mm to 0.0014 um (130 4B) when
combined with the frequency response analyzer (T5923).

Uses a photo electric conversion system. The photo electric conversion is
made from a direct light whose quantity varies with DUT vibration. Thus,
the TQ88091 achieves a high basic sensitivity (0.4 um/mv}.

Because an He-Ne laser is used as a light source, the test beam can be
visually confirmed when setting a DUT. Furthermore, this TQ880971 can test
the DUT rapidly because it does not require high positional precision.

The focus and tracking characteristics in the measurement of actuator's
displacement can be switched only by rotating the test beam ocutgoing
tube. Therefore, no switching of the DUT position is required.

Because the actuator coil bias power source is installed, no other power
sources are required.

Because of the solid structure of the test head, it requires no special
equipment such as a vibration isolator panel.

1 =2 May 9/86
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1.3 ACCESSORIES SUPFLIED

1.3 ACCESSORIES SUPPLIED

Accessories supplied with this unit are given below.

Item Stock No. | Qty Remarks
Interconnection cable MI-39 1 For DC bias connection
Time-lag fuse MDX-1.25 A 1 For 100 Vv AC
3—pin-to—-2-pin adaptor | A09034 1
Instruction manual 1

Use the cable provided for the frequency response analyzer (T5923) to
connect the output signal from the signal generator.

1i-3 ' May 9/86
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1.4 SPECIFICATIONS

1.4 SPECIFICATIONS
(Specifications for TQB88091 only)

Type : Displacement measurement of traversed
optical beam

Smaller than 100 x 50 =z 50 mm (the
vibrating section should have a convex
configuration.)

Slit transmission light of 0.5 x 4.0 mm
{1ight intensity 60 uW, wave length
0.633 um)

4 mm to 0.04 pm

0.4 pn/mV (When setting the mode selector
to the CAL mode to adjust the level meter
pointer to the center)

+10%

DC - 50 kHz

0 to 4 V 100 mA max.

0 to -10 Vp-p, applied to the frequency
response analyzer (T592A)

Temperature 0°C to +40°9C

85% Max.

-20°C to +60°C

15 minutes {(time required for obtaining
stable laser tube temperature)

100 Vv AC, 50/60 Hz, 25 VA Max.

420 mm (width), 300 mm (height), 420 mm
{depth)

Weight _ . ¢+ Approx. 18 kg

Shape of DUT

Test optical beam

Test amplitude displacement
Basic sensitivity

Test precision

Response frequency

Bias power source for actuator
Signal output

Cperating environment
Relative humidity
Storage temperature
Warmup time

Power source
External dimensions

[T T}

{Specifications of TQ88091 in combination with T5923)

Effective test range
Test time

4 mm to 0.0014 pym (130 d4B)

Approx. 6 minutes

(2 Bz to 20 kHz/4 decades, measurement
for 112 points, averaging number: 2)
Signal detection and processing with
T592A tracking filter

Signal processing

1]

1 -4 _ May 9/86
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1.5 SETTING FACILITY

o el ik st B s i e Ml K

7.5 SETTING FACILITY

TQ88091 has no facility for fixing and setting DUTs; however, the
following stage is recommended:

e Y-2 mechanical stage (Made by Chuo Seiki C—BB)

Installed on the TQ88091 base to move the DUTs in any of three
directions: upward, forward, and backward.

1 - 5% May 9/86
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2,1 CHECKING

2.3

(1)

(2)

(3}
(4)

PREPARATIONS AND PRECAUTIONS BEFORE USE

CHECKING

At the time of delivery, check if any damage has occurred to TQ88091
during shipping. If there is any damage or it does not function normally,

contact your nearest Advantest representative.

PRECAUTIONS FOR TRANSPORTATION

When transporting TQ88091, use the originally sent packaging material or
material of equal or better quality.

OPERATION ENVIRONMENT

Do not place the equipment where it may be covered with a lot of dust,
exposed to direct sunlight, or corrosive gases. Operating temperatures
should be between 0°C and +40°C, and humidity should be 85% Max.

Since condensation may occur on the equipment, avoid any enviromment with
extreme temperature fluctuations.

T088091 has been designed to withstand noise generation from an AC power
source line: however, choose an environment with the least possible noise.

Avoid any environment where vibration cccurs frequently.

Because of the solid construction of TQ88091, it is relatively heavy, so
prepare a solid working table and set TQB8091 on it firmly.

2 - 1 ' May 9/86
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2.4 POWER SQURCE AND FUSE

2.4 POWER SOURCE AND FUSE

(1) Grounding

To avoid AC power source electric shock hazards, ground the center prong
of the TQBB091 power source connector to the ground. The plug consists of
three pins; the center round-shaped prong is used as the ground. Thus,
when the plug is connected to the three-pole plug sccket, the center pin
is grounded.

When using the accessory adaptor A09034 (KPR~18) for this plug, grounéd the
"ground line" (See Figure 2-1 {a)) connected to the adaptor when inserting
it into a plug socket. This adaptor 209034 conforms to Electrical
Appliance and Material Control Law. Since the widths of electrodes A and
B of the adaptor are different, confirm the orientation of the adaptor
before inserting it into the plug socket.

If A09034 cannot be connected to the plug, buy another KPR-13 adaptor.

To AC power source Adaptor AQ09034

Ground pin

Power cable Adaptor A09034
3-pin plug

: To the main frame
This pin is connected

to the ground.
(a) - (b)

Figure 2-1 Power Cable Plug and Adaptor

2 -2 May 9/86
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2.4 POWER SQURCE AND FUSE

{2) Replacing fuses
When replacing a fuse, be sure to remove the power cable from the AC line
connector.
Then, insert the flat~-tipped screwdriver into the fuse holder cap, and
turn the driver counterclockwise to remove the fuse. Note that this fuse
should be replaced with the standard type fuse as below.

Power supply Rating

100 V ac MDX-1.25A

Figure 2-2 Fuse Replacement

2 - 3% May 9/86
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3.1 DESCRIPTION OF PANEIL SECTION

3. OPERATING TQ88091

3.1 DESCRIPTION OF PANEL SECTION

POWER ON/OFF
Switch to supply AC power to TQ88091.

Confirm that the supply voltage matches the indicated voltage value of
the TQB88091 panel before supplying power.

NOTE

©)

®

®

® ©

© ©

Sensor cable connector

A connector to input the signals which have been photoelectrically
converted by the sensor head. The signals are sent to the internal
TRES091 via this connector.

Ground terminal
A terminal for a ground.

Power cable

The plug has a three-pin structure; the center round pin is for the
ground. To connect the plug socket using the adaptor, ground either
the ground line connected to the adaptor or the ground terminal of
item .

Fuse holder
See subsection 2.4.

SIGNAL OUT :

A terminal from which the electric signals are output.

Note that photoelectric conversion must be made to these signals
beforehand. This terminal analyzes the output signals from this
terminal by using the frequency response analyzer. -For an
interconnection cable, use the accessory cable provided on the
frequency response analyzer ({(T592A).

DC CUT

A terminal from which DC bias is output. This DC bias must be
applied to the actuator focus coil. Output voltage ranges. from 0 to
4 V by turning the ADJUST knob as explained in ‘).

The internal DC resistance is 20 i and the current is limited to

120 mA max to avoid damage to the actuator.

DC QUT ADJ
A knob to adjust the bias voltage (current) applied to the focus coil.

Sensor head
Photodicdes and photoelectric conversion circuits are provided.

3 -1 May 9/86
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©

&)

3.1 DESCRIPTION OF PANEL SECTION

CALIBRATOR
A knob to control the amount of the outgoing light beam. Turn it to
the right to increase light power, and to the left to decrease.

OUTPUT LEVEL meter

The pointer fluctuates only when the mode selector in is set to
CAL or SET position and the SIGNAL OUT is connected to this OUTPUT
LEVEL meter. This meter has been designed so that the peinter
fluctuates at the center of the meter when appropriately adjusted.

Mode selector :

This selector has three positions: CAL, MEAS, and SET. To perform
calibration, set the actuator in the CAL position; to set up the
actuator, set it the SET position; to perform test, set it in the
MEAS position.

Optical beam head

A slit (0.5 x 4.0 mm) is fixed on the extreme end of this head. The
slit orientation can be changed according to the direction for
tracking or focus characteristics tests of the actuator.

Light-interrupting attachment

An accessory to eliminate the influence of strong disturbing light.
This attachment can be installed on the sensor head by a one—touch
operation.

Height adjustment legs

When setting TQ88091 on an uneven table, adjust the leg heights by
turning the leg height adjusters.

3 -2 : May 9/86
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3.2 PREPARATION AND CALIBRATION BEFORE TESTING

3.2 PREPARATION AND CALIBRATION BEFORE TESTING

{1) Warmup
TQ88091 uses an He-Ne laser as a light source.

Just after turning the POWER switch, the light output amount varies
unstably because laser tube is not warmed up. Therefore, start

measurement after approx. 15 minutes (the time required to stabilize
output from the tube).

{2) Setting a slit
There are two kinds of tests for testing actuator characteristics
(displacement): focus direction and tracking direction tests. The slit
that forms the optical beam for measurement is 0.5 x 4.0 mm. Adjust its
direction as illustrated in {a) and (b) [Figure 3-1] according to the
required measurement.

slit

optical beam head

Figure 3-2 Slit Directions

{Setting the slit}

When changing the slit direction, turn the slit part for 90 degrees as
shown in Figure 3-3.

After the slit part is fixed, visually check that the entire optical beam
is coming into the light-receiving part of the photodiode correctly.

Figure 3-3 Turning the slit part

3 -4 May 9/86
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3.2 PREPARATION AND CALIBRATION BEFCRE TESTING

(3} Calibration
An He-Ne laser output varies with the ambient temperature. ' Thig laser
cutput variation causes variations in the test optical beam power.
Therefore, before measurement, turn the calibrator knob, explained in the
previous subsection to yield uniform power.

<Calibration method>
Adjust the mode selector to the CAL position.
Turn the calibrator knob so that the output level meter pointer
fluctuates in the center of the scale.

<Calibration precision> _

Precision of calibration can be read out from the meter pointer position.
If, for example, the optical beam power varies and is indicated by the
pointer position shown in Pigure 3-4, this pointer indicates that the
precision has declined by 2% compared with the reference power. When
gsetting the displacement value, the pointer indicates that the basic
sensitivity has declined by 2%. When the pointer is at the center of the
scale, the basic sensitivity becomes 0.4 um/mVp-p.

pointer

/

)

NN

QUTPYT LEVEL

Figure 3-4 Meter Pointer Position

<Calibration intervals>

For performing a precise measurement for the displacement, calibration
must be done before the test is performed. Two to three hours after POWER
is switched on, the inside of TQ88091 reaches a stabilized temperature.
This condition allows stable optical cutput, enabling high precision
testing, with calibration operations required only every two or three
hours. :

3-5 May 9/8%6
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3.3 SETTING ACTUATOR

3.3 SETTING ACTUATOR

{1) Precautions for setting actuator

®

optical heam

When the dimensions of DUT are larger than 100 x 50 % 50 mm, note that
sometimes the actuator may not be able to be set.

Remove the light-interrupting attachment to prevent it from being an
cbstacle during setting.

Set the actuator so that its vibrating section is close to the slit
section. Set it to shorten the length 4L. (50 mm Max.)

_optical beam

vibrating . _ vibrating
section actuator . actuator section
4 L<50mm

Figure 3-5 Distance between Actuator (Vibrating Section) and Slit

(2) Setting method

(a) For focus direction testing

®
©)

Connect the DC QUT terminal of the panel section with the focus coil
terminal on the actuator via the accessory cable  (MI-39}.

Turn the DC OUT ADJUST knob to.the right, and apply the DC bias
voltage so that the actuator vibrating section is approximately the
same height as when under actual operation.

Set the mode selector to the SET position.

Turn the feeding facility (screws) to set the actuator fixed on the
Y-Z stage (recommended) so that the vibrating section interrupts only
half of the optical beam.

3-6 _ May 9/86
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3.3 SETTING ACTUATOR

A A S S UELIpS JUE TR

(:) In this condition, confirm that the OUTPUT LEVEL meter pointer

fluctuates around the center of the scale. This setting does not
affect test precision, thus ensuring measurement in the range (%2
scales) as shown in Figure 3-7.

optical vibrating
beam \ % section

kY
object lens

actuator

Figure 3-6 Setup of the Actuator (for the Focus Test)

() If the pointer slips from the center, move the stage up and down to

adjust it. A correct test cannot be performed if there is large
actuator displacement.

{(b) For tracking direction testing

optimum range

Figure 3-7 Meter Pointer at the Actuator Setup

To execute a tracking direction measurement, set the actuator in the
same way as for focus direction measurement with the only difference in
that the optical beam direction is 90 degrees rotated to the actuator.
Move the actuator with the Y-Z stage as illustrated in Figure 3-8, and
position the actuator so that the vibrating section interrupts half of
the optical beam. Then, confirm that the OUTPUT LEVEL meter pointer
fluctuation is within the optimum range as in Figure 3-7. If the
pointer deviation is large, move the stage forward or backward to adjust
the pointer.

3~7 May 9/86
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3.3 SETTING ACTUATOR

- TR

optical vibrating

section

1

ohject lens

actuator

Figure 3-8 Setup

of the Actuator (for the Tracking Test)
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3.4 MEASUREMENT PROCEDURES

i it et A 2.

3.4 MEASUREMENT PRCCEDURES

(1) Connecting TQ88G91 with the frequency response analyzer (T5923)

TO83091
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Figure 3-9 Connection of TQ88091 with the Frequency Response Analyzer
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3.4 MEASUREMENT PROCEDURES

®
®

Connect the SIG. OUT terminal on the TQ88091 panel with the input
terminal (CHE. B) on the frequency response analyzer by using the cable
(MI-77 <alligator clip>} supplied with the frequency response analyzer.
Connect the cutput terminal (via T-shaped connector) on the frequency
response analyzer's signal generator (TR98201} with the . actuator focus
{(or tracking) coil terminal via a cable. Simultaneously, connect the
output terminal of the signal generator with the input terminal (CH.

A) of the analyzer via a cable.

{2) Determining signal level applied to the actuator coil

@ @60 O

Set the mode selector to the MEAS position.

Generate and apply about 0.5 Vp-p signals from the frequency response
analyzer {signal generator) with the actuator frequency at about the
first resonance point. (The level varies with the actuator.)

Observe the signal level for the channel B (TQ880971 output) (<Gbb>} by
using the frequency response analyzer.

Alter the signal frequency to search for the frequency of the maximum
output in channel B.

Adjust the signal level from the frequency response analyzer so that
the channel B output level ranges from 2 to 8 dBV (magnitude of
displacement is between 1.4 and 3.0 mm). '

At this time, observe the channel B signals in the time domain, and
confirm that the upper or lower portion of waveforms are not clipped
or distorted. For focus direction measurement, especially, if the
applied direct bias from TQ88091 is improper (insufficient), the
channel B output waveform will be distorted as illustrated in

Figure 3-10. Apply the direct bias voltage so that the vibration
amplitude range always goes over the Section A as shown in (a) of

" Figure 3-10.

3 - 10 May 9/86
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3.4 MEASUREMENT PROCEDURES

optical beam

z// vibrating
gg, z/// section

vibration

actuator

Figure 3-10 Output Waveform When Direct Bias is Insufficient

(3) Measurement with signal sequences
The previous subsection described how the signal level to be applied to
the actuator could be specified. The characteristics required for the
actuator are depicted in Figure 3-11. From Figure 3-11 it can be seen
that the larger the signal frequency is, the smaller the response level
becomes. When the frequency is 5 kHz or more, the response will be below
the system noise level. For the measurement of the actuator, therefore,
in wide dynamic ranges from 120 to 130 dB, use the signal sequence method
of the TR5392A frequency response analyzer.

Exampla: CD ACTUATDOR/TRACKING SERYD +TRANS FCTN
#Gaa=—10.3dB8vV SL.IT=4X0.5mm $CH-B/A (AVE)
SZERQ START (4)

Pk 48 .0 Hz 10 .83 98 *AC/—-GND CH-—-A
. *AC/—~GND CH—B
*FAEE RUN |

*AVE 22

) . I/0 SELECT
20 T T = SIGNAL @.

dB

FUNCTION
BEQUENCE
SEQUENCER
A-B-C
At SINE
AMP: 26.0CE-0 Vpp
MODE: LIN SWEER
RANGE: STOP
Fmin : 41
Fmax : 400
AVG NO: 2
B: SINE
AMP: 1B .0E—Q Vpp
MODE: LIN SWEEP
RANGE: MIDOLE
Fminn 1 41
Fmax : 390
- AVE NO: 2
—-140 C: SINE
Coae FEPRERTIT MR T TR S S T T T Lo AMP: 04 .0E-0 Vpp
MODE: L.IN SWEEP

<Hab>
dBMag

2udB/

- -
g.002 LOE FHEG (kKHz) 20 BANGE: STAAT
Fmiry : 4
Fmax : 400
. AVG NO: 2
C B A

Figure 3-11 Characteristics of Actuator

Ii-MN _ Nov 4/86
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3.4 MEASUREMENT PROCEDURES

<When the analysis range is between 2 and 20 kHz (4 decades)

(:) Low frequency range (2 to 200 Hz) level

Apply the signal level (reference level) determined in (:) in
subsection (2). When there is a considerable amount of light
disturbance, divide the frequency range into more regions, say, 2 to
100 Hz, and 100 to 200 Hz. If the response decreases for the 100 to
200 Hz range, apply a signal level which is four to five times higher
than the reference level. :

(:) Middle frequency range {200 to 2 kHz) level

®

Apply a signal level which is approx. 10 to 20 times higher than the
reference level.

High frequency range (2 to 20 kHz) level
Apply a signal lewvel which is approx. 20 to 40 times higher than the
reference level.

(4) Precautions on operating and measuring with the frequency response

analyzer (T5923)

@

®
®

When setting signals for the signal sequence scheme, be sure to turn
off the OPERATE key of the signal generator (TR98207). If the
frequency range has been set to low frequencies, the actuator
vibration amplitude will become greater and will exceed the mechanical
clearance value by a large margin.

Before starting the frequency response analyzer averaging function,
confirm that frequency range is set correctly.

If the DC resistance of the actuator is low, starting the averaging
operation with the signal sequence function may turn off the OPERATE
key of the signal generator during starting operation. This means
that too much current is flowing to the actuator, which shuts the
circuit automatically. In this case, decrease the programmed signal
level. .

To measure the actuator response correctly over a wide range from 120
to 130 dB, the entire measurement system connected to the actuator
should be fully isolated in the input and ocutput. 7

Note that when the cable is not suitable the response may deteriorate
in the high frequency range. The measurement system isolation
mechanism presents no problem if the channel B response is the same as
the noise level, with the averaging operation acted on the channel B
response by placing the light-interrupting panel at the front of the
sensor head as shown in Figure 3-12,
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sensor head light interceptor

V4

]

actuator

Figure 3-12 Measurement System Isolation Checking
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3.5

CONVERTING MEASUREMENT RESULTS INTO DISPLACEMENT VALUES

Shown in.Figure 3-13 is a plot of the frequency response (transfer
function) of the actuator yielded by the TQ88091 and the frequency
response analyzer (T5923).

The transfer function is expressed by the output Fourier spectrum <Sb>
ratio against the input Fourier spectrum <Sa> as follows.

<Hab> = <Sh/Sa>

or

Sb Sa* <Gab>
< = erer— = —
Hab > <:Sa Sa*:> <Gaa>
That is, the transfer function can be expressed by the cross spectrum
ratio against the input power spectrum.

Since the measurement is performed when the coherence function is "1" (the
transfer function is the least susceptible to noise), this function can
also be expressed as follows:

<Gbb >

|<Hab>ﬁ = <Cam>

By testing the actual input level applied to the actuator, output level
<Gbb > for each frequency can be obtained ds follows:

<Gbb> = 1<Hab>|2 *+ <Gaa>

Levels in the low frequency range applied from the signal generator to the
actuator are displayed on menu C: of the signal sequence in Figure 3-11.

This value incorporates a load of 50 ohm. Since the actual value applied

to the actuator varies according to the actuator, measure the actual value
of <Gaa>.

3 - 14 May 9/86



i R A e e

e e o e ARt e et

TQ88091
OPTICAL ACTUATOR TEST HEAD
INSTRUCTION MANUAL

3.5 CONVERTING MEASUREMENT RESULTS INTO DISPLACEMENT VALUES

we THQLA DIGITAL FRF ANALYZER «w
Opticsal Actudartor: Comparny A

Pis 48, O 20. 4NdB

)
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-130
K- 2

Ll 1 A LELL bl AL LA LL) L L EMdIL i i 3 kb iail

0. DoxX LOG FREGOHEY . aa-

Figure 3-13 An Example of Actuator Transfer Function
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<A practical example of scaling>

Try actual scaling by using the measurement data shown in Figure 3-11.

Suppose the <Gaa> measurement value in low frequency range "Cc" is
-10.3 dBV. Since the actuator value of |<Hab>| at the frequency of

48.0 Hz is 10.8 dB, then:

3

<Gbb> = 10.8 + {-10.3) 6.5 (dBV)

where voltage gain = 0.5 dBV = 20log X. This can be linearly expressed as
<Gbb> = 1.06 Vrms = 3.00 Vp-p

The basic sensitivity of TQ88091 is 0.4 um/mVp-p, therefore, the magnitude
of displacement (amplitude)} is 1.20 mm. This is illustrated in

Figure 3.14. To perform scaling, the scaling factor must be entered with
the WEIGHTING menu of the analyzer. This is described as follows:

MM THAZA + TOEBOS1 »x *TRANS FCTN
wEaa==10.3d8Y SLIT=4.04X0,.5mm Vom—10Vdcs *CH=B/A [AVE)
*ZEAQ START (4
Pk 48 . Q HzZ 1.20Q0E+Q0mm *AC/DIFF CHjA)
*AC/~GMND CH—B
SFAEE RUN
*AVEG 2/2

WEIGHTING
+1 . 20T =TT RECT "
: HANNING

e ) - MINIMUM
FLAT-PASS
. i FORCE/RESP
a0 (ST)
B 15 (S}

[SHE ¥ e (ST)

= 521 (SP)

<Hab> +0Q . 250 »F5
Mag READ QUT

(mm} b FRES UNIT .

- CPM

YERT UNIT

L MORMAL, [

PER Hz

sa

SCALING

+0 .00 Aiil FEETRRTIIT Lo = ON

L& FREG (kHZ) 20 F?EQEST—B
+2.90E+Q0 Vvrma
TEUT =El

Figure 3-14 A Scaling Example of Actuator Characteristic

3 - 16 . Nov 4/86



TQ8BO91
OPTICAL ACTUATOR TEST HEAD
INSTRUCTION MANUAL

3.5 CONVERTING MEASUREMENT RESULTS INTO DISPLACEMENT VALUES

<Operating

TRANS. FCTN
TRANS. FCTN (:)

|

S

WGT/SCALING

T592A on scaling>
Display the transfer function.

Display the DISPLAY CTRL menu to display the amplitude in
MAG (linear display}.’

DISP CTAL
WL OWER»®
AUTO SCaALE

onN
OISP MORQE
TIME

- Mag [
. mag?
aBMag w

NICHOLS
DISF GAIN
(aa/DIV)

2

-1

10 L

DATA WINDOW
AUTO »
MAMNUAL

STEP (D . WINDOW)

T Qe/1024

Figure 3-15 DISPLAY CTRL Menu

Displays the scaling menu to perform scaling. Set
SCALING:KEY (move the pointer ( D) to the KEY position,

and press e | o+)

CH-B is displayed on the scaling factor display field in
the menu. Calculate the linear value for input
corresponding to 20 4B to key in.

<Gbb> = 20 4B + (-10.3} dBV = 9.7 4BV

As X = 3.05 is obtained by substituting 9.7 dBV = 20log X
for the above equation, then:

9,7 dBV = 3.05 Vrms = 8.63 Vp-p

Since the TQ830971 basic sensitivity is 0.4 um/mVp-p, the
displacement value becomes 3451 um. Accordingly, 3.45 mm
corresponds to 20 dB. That is,

20 AB v4wes 10 VIDS ceses 3.45 mm

where 0 dB = 1 Vrms.

Therefore, 10/3.45 = 2.90 Vrms/mm is obtained. Finally,
1EU = 2.90E + 00Vrms can be entered {Refer to the menu
display in Figure 3-14} as the scaling factor for CH. B.
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- L I

PSRN

o o o s ekt o B e 12

oo e i ame am bambbin t o o iat i - b

CH A/CH B
@ Set channel A to display CH-A in the menu of the scaling
factor. Then, enter EU = mm. The channel A value does
not need to be changed from its initialization wvalue:

1EU = 1.00E00Q Vrms

@ Move the pointer ([ ) SCALING OFF position and set SCALING ON by the

SETUP key.
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4, APPLICATION TEST EXAMPLE (MODAL ANALYSIS)

4.1 MODAL ANALYSIS OF SWING ARM

As an applied example of the measurements with the'TQBBOBI, this section
describes modal analysis of the swing arm which is combined with TS592A.

; besk-top 7088091
computer _ .
' test head Swing arm

SIG, OUT

OQUTPUT - ' Exciter
’ Amplifier "

Figure 4-1 Connection of Equipment

NOTE

In setting up the system, be sure to use the differential input method
for T592A channel B. Also, do not mistake the polarities of the exciter
é and channel B.

(1)} General procedure for measurement

(:) You expose the paper sealed on the arm edge to the optical beam to
measure the magnitude of displacement of the swing arm. To do this,
first confirm that the paper has no influence on the measurement.

C) Next, measure the transfer function at each test point on the arm
delimited into equal interval segments. Note that the transfer
function of the reference point at which the swing arm vibration is
the least should also be measured. Then; store the test results on
the floppy disk using ORIGIN mode.

(:) Set up the coordinate points according to the scale of the test
points, and enter the display sequence to the computer.

(:) Store the reference point transfer function, and equalize it with each
test point transfer function read out from the floppy disk.

4 - 1 May 9/86



TQ88091
OPTICAL ACTUATCR TEST HEAD
INSTRUCTION MANUAL

4.1 MODAL ANALYSIS ON SWING ARM

e e e e At bl 7 . i Sl b i1

e e+ 4 e nirmems P b o

|

(:) Enter these data to the computer to perform modal analysis. For
details, refer to the modal analysis reference manual.

4.1.1 Measurement of Transfer Function of Paper

Check the frequency response of the paper {The aluminum foil label is
useful) to be used for the measurement of the swing arm displacement
to confirm that it is flat.

() Fixing the arm to the exciter
Pick out the section of arm of the least vibration as a reference
point, and fix it to the exciter. Move the fixed section (reference
point) to be left in the beam.

() Measure the transfer function of the reference point and store it on
the floppy disk with the WRITE MODE:ORIGIN (See Figure 4-3.)

I/0 sELEeT
FLOBPY

FLOPAY MOoE
ASAG

- WRITE L
EDIT
CATALOGUR

WAITE MOOE
ORIGIN *
FIXED
MASET TIME
GRAPHMICS
PANEL,

WAITE TRIJ.
OATA
FREE AUN

CH=a

M.TIME FCTN
Qe
Kl , 00

Figure 4-2 Floppy WRITE Menu
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iy m——r - -
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7’2 4 \\-«\_——A_ﬂ
L -
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FARF af Vibratiorn Ixelicas
L] o QM= 12. BQam
=0 T TTT T T T T T Y TT T T TTT
L
-t -
SAMagy
OB '
—an
ol A n b : e L
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Figure 4-3 Transfer Function of Exciter
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Exciter vibration (displacement)
Input to exciter

<Hab> =

s eas s asn R bR (1)

Attach the paper to the edge of the fixed point of the arm. Seal it
at a suitable position where it blocks 50% of the beam in the focus
direction. (See subsection 3.3.)

Measure the transfer function of paper, and store the result to the
floppy disk.

Paper vibration (displacement)
Input to exciter

<Hab> =

Feste i rassscsassOERA (2)

Read the reference point transfer function from the floppy disk to
store the value to the analyzer memory.

Read the transfer function of paper.
Display the menu by pressing the FUNCTION key. Then, set EQUALIZE

function from OFF to ON with the SETUP key. This equalized transfer
function corresponds to the following equations:

Equation (2) _ Paper displacement / Exciter displacement

<Hab> Equation (1) = Input to exciter Input to exciter

Paper displacement
Exciter displacement

With these equations, only the characteristics of paper (removing the
influence from the exciter} can be obtained as illustrated in

Figure 4-5. ‘<H:y> in the leftmost position of the figure indicates
that transfer function is being equalized. Figure 4-5 shows the paper
characteristics is almost flat.

Use lighter paper with strong adhesive capability.

In normal measurement using an exciter and an accelerometer, data may
fluctuate according to how the accelerometer is installed. This
fluctuation may cause unreliable measurement result. This method, on
the other hand, uses paper lighter than accelercmeter, enhanc1ng
réliability on top of high precision of the TQ880%1.
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Figure 4-4 Magnetic Disk Swing Arm

NOTE

Analysis resolution in Modal analysis uses 400 lines. Set the ANALYSIS
LINE :NORMAL to set the servo menu.
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Figure 4-5 Frequency Response of Paper
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4.1.2 Measurement of Displacement at Each Point on the Arm

(1) Marking a scale

ISP LN PRI DA i

atar . c b aE

PO f

i o i L

e et b 4

To set the coordinate for the object to be tested, modal analysis
requires data to be read at equal intervals. Therefore, mark the arm
at equal intervals (1 cm in this example) to seal paper on each point
before measuring the transfer function in order. :

Figure 4-6 Notching the Arm (Actual Size)

(2) Measurement at each test point

First, check the whole transfer function, and adjust the signal
generator output amplitude if necessary. Second, observe the spectrum
of output spectrum Gbb to set the appropriate amplitude in the signal
generator menu to prevent harmonics or burial of signal in noigse. Use
the signal sequence at the most complicated configuration of trace.
Store the data on the floppy disk at each test point. For a reliable
data acquisition to the floppy disk, press the WRITE key twice to
obtain two screens of data.
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NOTES ON TESTING

1. When the location of DUT needs to be changed because of the test
point, select the size of the exciter so that it can be mounted on
the work table, neat and stable.

When the table is small, use the table with a stage apron. If there
is a height gap between the DUT and the table, remove the table. -
When using it away from the table, be sure to place a vibration
isolator under the accelerator.

<Taking off the table >

% Raise TQ88091 to look at the bottom.

Loosen the height-adiusting legs at the four corners and remove
them. Then, remove the Phillips screws.

(:) After taking off the table, refix the helght-ad]ustlng leg
screws to the legs.

Height-adjusting legs
with rubber

Helght—adjustlng
leg position

(@"f—'__‘*__ when fixed to table

@ Remove the Phillips screw here.

After taking off the table,
fix the height-adjusting
leg here.

Figure 4-7 How to Take Off the Table

2. Find position where the arm does not separate from the arm slit any
more than 5 cm. (See Subsection 3.3.)

3. When changing the test point, take care during DUT positioning that
the other arm sections do not interrupt the beam. When the DUT has
a complex shape, confirm that no obstacle is blocking the beam by
moving a paper along the beam with tweezers to check the beam point.

4 -8 May 9/86




TO88091
OPTICAL ACTUATOR TEST HEAD
INSTRUCTION MANUAL

4.1 MODAL ANALYSIS ON SWING ARM

Figure 4-8 Confirming There is No Beam Obstruction

4. By setting SG OPERATION in the servo menu to ON-AVERAGING, signals
are made to generate from the signal generator only during averaging
execution. This setting enables minimizing any noise generated by
DuU?T.
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{3) Setting signal sequence
Figure 4-9 illustrates the swing arm magnetic head characteristics.
Signal sequence in this example divides the frequency band into four
regions of A, B, C, and D, Each region is tested on different
conditions.
After setting the conditions with each menu (a) through (d4), set the
pointer ( CJ) to SEQUENCE in the bottom line, and press each key A
through D. This setting stores the signal sequence to the sequence
file as shown in (e). Conversely, by setting the pointer to SEQUENCE
and, for example, pressing the PANEL RECALL key and A {AVG MODE key),
the signal sequence from the sequence file A is recalled.

e THILA QIGITAL FAF ANALYZIER oo
EWING=ARM: Gl imgal

Fia 10%. OO

a0 t-T=rTT T LB s ans s e b Y T

7. VAo

-
iy

dfiMag

10

-20

g i dod L ', PR S T T B W b 1 I Y B

Las FREQ (h\#)

Set the pointer (=)
r the position to scroll a
through D by using @
and [ .

'T/02 SECLEST
SITNAL G.

N[ NN B PR

SEQUENCER

[ W,

S\
JA\

I/0 SELECT

= STOMNAL,

SINE

[

| FuNCTION

FREQ CLINEY

Ay

/0 SELECT
- SIGHAL G-

FuNCTION
SWEPT SIMNE
FRERZ <LTNED

1,0 SELECT
« SICNAL G.

FUNCTTION
SWEPT SINE
FREL CLINEY

- A D

st An SWEPRT STNE

AMPs O2. OE-C Vo
MOOEs LIN SWEEFS
RANGE: NORMAL
Fmirm « %

Fmax « A3

MANUAL MANUAL, MANUAL MANUAL AVG MO« 8

2:0 200 200, 2aa - Be STHE
AMPL_ITUDE AMPLLTULE AMPLITUOE AMBLTTLILE AMPy Ol OE=1 Vo

g2, OE-~d Vo aL. QE—~t Vep oS, LE-C Vep 20. LtE~1 Vpp MOOE:s WIN SWEEP
QFFS: OFFSET aFFseET eEFSET RANGEs NORMAL

-00. CE-Q V
OUTPUT MODE

—0g. OE-Q ¥V
QUTPUT MOOE
LIN SWEEP

-G QE-Q Vv
OUTPAUT MOCOE
LIN SWEEPF

Fmtmn a2 41
Fmee « BOQ
AYVG N 4

SYNG OUT SYNC auT SYHE OuT . sYNC QuT Ca SWEPT SINE
PER 1 FRAME PER 1 CYCLE PER 1 FRAME PER L FRAME AMPY 0. LE=G Vpp
INTERVAL TIME INTERVAL TIME IMTERVAL TIME INTERVAL TIME MOOEs LN SWEEP
1 SEC -0 SEC RAMNTEs MNORMAL,

.4 SEC

QUTPUT FRAME
1

LINE CTRL

OUTPUT CYCLE

LINE CTRL

QUTPUT FRAME
1
LIME CTRUL

« 1 SEC
BITPUT FRAME
t
LINE CTRL

Fmir s 81
Fmax « 240
AYG NCOa 8

Fmi 1 Emirr 2 &1 281 = 24
F:::: : 40 Fmax « 50 ;:;: : 240 F:;: : mé  SWEPT SINE
WIOTHs o0 STEF » 1 WLOTHa 298 WIOTHs APy Zﬂ:.. LE-1 Yoo
OIRECs L=u OIRECs LU OIRECs L= OIREC: L=y MOOE: LIN SweEEP
RANGEs NORMAL RAMGEs MNORHAL RANGE:s NORMAL AMNGEs MORMAL, RANGEs MORMAL
SEQUENCE SETLENCE SEQUENGE Emin v 241
M

Al 8. & F A Ca D A.C. D ™ e

(a) (b (c) _ (d) (e)

Figure 4-9 Setting Signal Sequence
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Figure 4-10 An Example of Display of Characteristics for Swing Arm Point
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4.1.3 Modal Analysis

Modal analysis is performed after each test point data on the arm is
stored on the floppy disk. The data is analyzed on the desk-top
computer using MODAL 3.0 software.

It is best to perform the Modal analysis in the free support mode. 1In
this case, fix the arm base to the exciter for the measurement. This
may vibrate both the exciter and the arm together. To cancel this
effect, measure the transfer function at the fixed point of the arm on
the exciter and divide the measurement transfer function with it to
remove the effects of the exciter. 1In short, the user measures the
transfer function of the two displacement values. Since mode

separation ratic is relatively good, this analysis uses the SDOF (1st
degree of freedom) curve fitting.

Modal analysis may not be possible at joint sections when parts of the
DUT are made up of different materials. To measure the
characteristics in actual operating conditions, it is important to
perform analysis in integrated conditicons, in which whole sections are
tested en bloec, rather than to use the building block method.

Note: MODAL 3.0 software allows simulation for design change. No
animation display is possible for a displacement-to-displacement
transfer function. Therefore, the data is analyzed as a
power—to-acceleration transfer function.

Enter CHART in the desk~top computer to display the following:

SETUP =2 INITIALIZE Test Job name:

TN R N N N A I I A R R N N N N R NN RN LR

GEOMETRY EDIT Coordinates
EDIT Display Sequence
DISPLAY Geometry
SAVE Geometry

I W A A A A A R I A N A IR A A A B I B T I A I B B L BB

MEASURE GET MEASUREMENT Monitor

L N N N R N R R N NN NN RN

ANALYSIS DISPLAY a measurement and FIT Modes
AUTOFIT Modes and SAVE FIT Data
SORT FIT Data and SAVE SHAPE Data

R R N N N N NN NN

DOCUMENT DISPLAY (ANIMATE) Mode Shape
LIST Data Tables

R R R R R R N N RN RN R RN

EXIT CHART

Use KNOB to move arrow and ENTER/RETURN to select.
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Press | ENTER| in order from top to bottom for each row, to execute the

following sequences (2) to {5), which include the setting of geometric
information required for analysis, to data transfer and animation

display, all done interactively with the screen.
(1) Copy DUT by copy machine.

(2) Notch the copy of the actual size arm using a scale.

The arm in Figure 4-6 and Figure 4-11 is notched every 1 cm interwval.
Set X and Y axes in the appropriate corientation to determine the

coordinate of each test point.

ROT to R12, LO1 to L12, and HO1 to HO5 in Figurg 4-11 correspond to !

to 29 in Figure 4-12.

R12(~3.9, 2) Y
R11{-2, 8.2)
R10(—1, 9.2)
- L12(-4.7, 8.8) - Rr09(0, 8.8)
ROS(0.5, 8.0)
L11(~3.0, 8.4)
L10{—2.0, 8.4}
"o RO7(1, 7.2)
ROB(Y, 6.2)
H4(~2.0,8.5) Log _
H3(~2.5, 6.0}
Lo5| L Wi Ros(1, 5.2
Lo4| - Ro4(1, 4.2)
L03(0.5, 3.1) RO3(1, 3.2)
10200, 2.3} |
R02(0.8, 2.2)
LO1(~0.7, 1.6)
RO1(0.3, 1.3)

N e ¥ oaxis
X axis

X

Figure 4-11 Setting Coordinates on DUT
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*%% COORDINATES ***

POINT COORD1 COORD 2 COORD3
i :
i 1. .30 1.30 0.00
2. .60 2.20 0.00
: 3. 1.00 3.20 0.00
| ' 4. 1.00 4.20 0.00
: 5. 1.06 5.20 0.00
6. 1.00 6.20 0.00
7. 1.00 7.20 0.00
8. .50 8.00 0.00
9. 0.00 8.80 0.00
10. -1.,00 9.20 0.00
1. -2.00 9.20 0.00
12. -3.00 0.20 0.00
13. -.70 1.60 0.00
, 14. 0.00 2.30 0,00
j 15. .50 3.10 6.00
p 16. .50 4.20 0.00
! 17. .50 5.20 0.00
i 18. .50 6.20 0.00
1 19. 0.00 7.20 0.00
i 20. ~.50 7.80 0.00
i 21, -1.00 8.40 0.00
; 22. -2,00 8.40 0.00
_ 23, -3.00 8.40 0.00
] 24, -4.70 8.80 0.00
: 25. -1.50 7.50 0.00
26. -2.50 7.00 _ 0.00
.27, -3.50 6.00 0.00
28. -2.00 6.50 0.00
29, -1.00 7.00 0.00
i
Figure 4-12 Coordinate Table
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4.1 MODAL ANALYSIS ON SWING ARM

(3) Entering display sequence
Decide the display sequence for the test points 1 to 29 referred to in
the previous subsection.

START POINT END POINT
1. 1 12
2, -13 19
4, 12
5o _25 29
6. 19
7. =25
8. 20
Figure 4-13 Display Sequence
Undefarmed Structure
24
3 i1z
2 1
1 1@
T——Y
o
Figure 4-14 Coordinate Points and Display Sequence Entry Result
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{4) Equalizing each measurement point data with reference point data
To remove the influence of the exciter from the test results for each
measurement point data, equalize the data recalled from the floppy
disk. Note that no equalized data can be stored on the floppy disk.

(1) Read the reference point transfer function data, and then store it
to the analyzer memory. '

(@ Set the DISPLAY SOURCE of floppy READ menu to PANEL. Setting
conditions are made to conform to the panel sgetting conditions at
the time of reproduction.

Since input sensitivities (SENS,A, SENS.B) have been cancelled with
the equalize function, set both channels A and B to 0 dB.

(5) Perform'analysis on the computer
Transfer data from the analyzer to the computer.

Curve—-fit the transfer function.
Perform animation display for the swing arm mode shape.

Mode # 1 Namp: 2.90 X%
Freqg: 2895.63 H=z View :¢-35,3,2>

Figure 4-15 Mode Shape of Swing Arm (Animation'Display) {1
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P RPN SRR SR

Mode # 2 Damp: 4.12 «

Freq: 438.49 H=z : View 1<-5,3,2>
z
x)

v

Mode 4# 3 Damp: 2.79 %
Fregq: 1837.88 H=z View :¢-3,3,2>

Figure 4-15 Mode Shape of Swing Arm (Animation Display) (2)
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5.1 CALIBRATION BEFORE MEASUREMENT

5.2

CALIBRATION AND REPAIR REQUEST
CALIBRATION BEFORE MEASUREMENT

TR88091 uses an He-Ne laser, therefore, it has a long interval power
variation of 5%, about two hours after power is switched on, until both
the laser tube and the peripherals reach a stable temperature. Therefore,
during the measurement of this period, calibrate once or twice in 15 to 30
minutes. After two hours, do the same at 2 to 3 hours intervals. Refer
to 3.2 (3) calibration for the method.

CALIBRATION OF THE MEASUREMENT BEAM

TO88091 determines the measurement precision by the uniformity of the
distribution of the beam's light intensity. Advantest measures the beam
profiles of every equipment during assembly and shipping inspections, thus
guaranteeing high precision.

The beam is formed by the laser tube or optical systems. Its optical
parts are fixed on heavy-duty aluminum panels, so they do not have to be
calibrated.

In case the unit receives an abnormal shock (i.e., fall), contact your
nearest Advantest representative. -

5 -1 May 9/86
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5.3 HOW TO ASK A REPATR REQUEST

OO -

5.3 HOW TO ASK A REPAIR REQUEST

From the viewpoint of measurement principle, TQ88091 has a simple

electrical circuit structure.
rare during normal operation.

Therefore, breakdowns or trouble should be
If there is any abnormality, confirm the

following points before making a repair request; then, if the abnormallty
persists, contact your nearest Advantest representative:

Symptoms Cause Action
Calibration The cable connector between the Connect the connector
cannot be sensor head and the chassis has firmly.
done. been disconnected.

Fuse is blown.

The beam does not hit the
photodiode due to DUT or other
obstruction.

Replace with the
spare fuse.

Remove DUT and the
obstacle.

Bias power is
not supplied.

Load is shorted.

Fuse is blown.

Confirm the load
resistance.

Replace with the spare
fuse.

Measurement
value error

Correct beam is not generated
because no calibration was
performed before measurement.

The mode selector is not set to
MEAS.

The connection cable is not
connected correctly or has been
disconnected.

Input coupling of analyzer has been
set in DC state.

Calibrate the beam
correctly.

Set the selector to
MEAS. position.
Confirm the cable
status.

Set the coupling to AC
mode.

5 - 2%
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6.1 MEASUREMENT METHOD

PRINCIPLE OF OPERATION
MEASUREMENT METHOD

TQ88091 generates the optical beam whose intensity is spatially uniform.
This beam is set so that it is interrupted by the actuator vibrating
section. ~This setting causes the variation of magnitude of the light
transmitted via the vibrating section according to the vibrating
amplitude. The light displacement vary in proportion to the amplitude
{displacement). When the values are converted electrically, the signal
output corresponding to the displacement can be obtained. This signal
output is measured in the frequency domain with the T592A frequency
response analyzer.

OPTICAL SYSTEM CONFIGURATION

TOES88091 uses an He-Ne (Helium-Neon) laser as a highly reliable light
source with good spatial coherence as shown in Figure 6-1. This light
beam is used in the transverse simple mode, thus giving stable Gaussian
distribution. "This beam is magnified six to seven times by the beam
expander which consists of several lens combinations.

An accurately made slit (0.5 x 4.0 mm) is positioned in the center of this

magnified beam. Transmitted light through this slit has regular light
intensity, and guarantees linearity of displacement with regard to
magnitude variation of light.

6 ~ 1 May 9/86
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6.3 ELECTRIC CIRCUIT CONFIGURATION

6.3 ELECTRIC CIRCUIT CONFIGURATION

Figure 6-1 illustrates the low-noise PIN photodiode receiving the variable
optical beam. The circuit generates electrical signals with a
current-to-voltage converter. When performing the calibration (CAL.)
operation, the electric signal is connected by the signal selector switch
to the circuit where the level meter pointer fluctuates in the center of
the scale driven by the 10 Vdc output. When setting (SET) DUT, the
electrical signal is set to approx. 5 Vde¢ to the driving circuit where the
pointer fluctuates connected in the center of the scale with the approx.

5 Vdc output.

During the measurement (MEAS.), the electrical signal is output directly
to the signal output terminal. '

The optical pickup actuator is generally driven by two coils of focus and
tracking coils. During actual operation of the actuator, bias (direct
current) is applied to the focus direction of the actuator to control
position. In the actual measurement, therefore, bias (direct current) is
also applied in the focus direction. This bias power source is derived
from the variable supply circuits so that voltage ranging from ¢ to 4 V
can be set by turning the DC QUT ADJ control. The ocutput impedance of
this circuit is higher than that of the actuator (R = 20{); connecting the
load decreases the voltage. '

6 - 2 May 9/86
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IMPORTANT INFORMATION FOR ADVANTEST SOFTWARE

PLEASE READ CAREFULLY: This is an important notice for the soflware defined herein. Compuler programs
including any additions, modifications and updates thereof, operation manuals, and related materials provided by
Advantest (hereafter referred to as "SOFTWARE"), included in or used with hardware produced by Advantest
(hereafier referred to as "PRODUCTS").

SOFTWARE License

All rights in and to the SOFTWARE (including, but not limited to, copyright) shall be and remain vested
in Advantest. Advantest hereby grants you a license to use the SOFTWARE only on or with Advantest
PRODUCTS.

Restrictions

(1) Youmay nol use the SOFTWARE for any purpose other than for the use of the PRODUCTS.
{2) You may not copy, modify, or change, all or any part of, the SOFTWARE without permission {rom
Advantest.

(3) You may nol reverse engineer, de-compile, or disassemble, all or any part of, the SOFTWARE.

Liability

Advantest shall have no liability (1) for any PRODUCT failures, which may arise out of any misuse (misuse is
deemed to be use of the SOFTWARE for purposes other than it's intended use) of the SOFTWARE. {2} For any
dispute between you and any third party for any reason whatsoever including, but not limited to, infringement of
intellectual property rights.
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LIMITED WARRANTY

. Unless otherwise specifically agreed by Seller and Purchaser in writing, Advantest will warrant to the
Purchaser that during the Warranty Period this Product (other than consumables included in the Product) will
be free from defects in material and workmanship and shall conform to the specifications set forth in this
Operalion Manual.

. The warranty period for the Product (the "Warranty Period™) will be a period of one year commencing on the
delivery date of the Product.

. If the Product is found to be defective during the Warranty Period, Advantest will, at its option and in its sole
and absolute discretion, either (a) repair the defective Product or part or component thereof or (b) replace the
defective Product or part or component thereof, in either case at Advantest's sole cost and expense.

. This limited warranty will not apply to defects or damage to the Product or any part or component thereof
resulting from any of the following:

{a) any modifications, maintenance or repairs other than modifications, maintenance or repairs (i) performed
by Advantest or (ii) specifically recommended or authorized by Advantest and performed in accordance
with Advantest s instructions;

{(b) any improper or inadequate handling, carriage or storage of the Product by the Purchaser or any third
party (other than Advaniest or its agenls);

{c) use of the Product under operating conditions or environmenls different than those specified in Lhe
Operation Manual or recommended by Advantest, including, without limitation, {i) instances where the
Product has been subjecled to physical siress or electrical vollage exceeding the permissible range and (ii)
instances where the corrosion of electrical circuits or other deterioration was accelerated by exposure to
corrosive gases or dusty environments;

{d) use of the Producl in connection with software, inlerfaces, products or parls other than sofiware,
interfaces, products or parts supplied or recommended by Advantest;

{e) incorporation in the Product of any parts or components (i) provided by Purchaser or (i1) provided by
a third party at the request or direction of Purchaser or due lo specifications or designs supplied by
Purchaser (including, without limitation, any degradation in performance of such parts or components);

{f) Advantest’s incorporation or use of any specifications or designs supplied by Purchaser;

{g) the occurrence of an event of force majeure, including, without limitation, fire, explosion, geological
change, storm, flood, earthquake, tidal wave, lighining or acl of war; or

(h) any negligent act or omission of the Purchaser or any third party other than Advantest.

. EXCEPT TO THE EXTENT EXPRESSLY PROVIDED HEREIN, ADVANTEST HEREBY EXPRESSLY
DISCLAIMS, AND THE PURCHASER HEREBY WAIVES, ALL WARRANTIES, WHETHER EXPRESS
OR IMPLIED, STATUTORY OR OTHERWISE, INCLUDING, WITHOUT LIMITATION, (A} ANY
WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE AND (B)
ANY WARRANTY OR REPRESENTATION AS TO THE VALIDITY, SCOPE, EFFECTIVENESS OR
USEFULNESS OF ANY TECHNOLOGY OR ANY INVENTION.

. THE REMEDY SET FORTH HEREIN SHALL BE THE SOLE AND EXCLUSIVE REMEDY OF THE
PURCHASER FOR BREACH OF WARRANTY WITH RESPECT TQO THE PRODUCT.

. ADVANTEST WILL NOT HAVE ANY LIABILITY TO THE PURCHASER FOR ANY INDIRECT,
INCIDENTAL, SPECIAL, CONSEQUENTIAL OR PUNITIVE DAMAGES, INCLUDING,
WITHOUT LIMITATION, LOSS OF ANTICIPATED PROFITS OR REVENUES, IN ANY AND
ALL CIRCUMSTANCES, EVEN IF ADVANTEST HAS BEEN ADVISED OF THE POSSIBILITY
OF SUCH DAMAGES AND WHETHER ARISING OUT OF BREACH OF CONTRACT,
WARRANTY, TORT (INCLUDING, WITHOUT LIMITATION, NEGLIGENCE), STRICT
LIABILITY, INDEMNITY, CONTRIBUTION OR OTHERWISE. TORT (INCLUDING, WITHOUT
LIMITATION, NEGLIGENCE), STRICT LIABILITY, INDEMNITY, CONTRIBUTION OR
OTHERWISE.

. OTHER THAN THE REMEDY FOR THE BREACH OF WARRANTY SET FORTH HEREIN,
ADVANTEST SHALL NOT BE LIABLE FOR, AND HEREBY DISCLAIMS TO THE FULLEST
EXTENT PERMITTED BY LAW ANY LIABILITY FOR, DAMAGES FOR PRODUCT FAILURE
OR DEFECT, WHETHER ARISING OUT OF BREACH OF CONTRACT, TORT (INCLUDING,
WITHOUT LIMITATION, NEGLEGENCE), STRICT LIABILITY, INDEMNITY, CONTRIBUTION
OR OTHERWISE.



CUSTOMER SERVICE DESCRIPTION

In order to maintain safe and trouble-free operation of the Product and to prevent the incurrence of unnecessary
costs and expenses, Advantest recommends a regular preventive maintenance program under its maintenance
agreement.

Advantesl's maintenance agreement provides the Purchaser on-sile and oft-sile mainlenance, parts, mainlenance
machinery, regular inspections, and telephone support and will last a maximum of ten years from the date
the delivery of the Product. For specific details of the services provided under the maintenance agreement,
please conlact the nearest Advanlest office listed at the end of this Operation Manual or Advantesl s sales
representatives.

Some of the components and parts of this Product have a limited operating life (such as, elecirical and
mechanical parts, fan motors, unit power supply, etc.). Accordingly, these components and parts will have to
be replaced on a periodic basis. If the operating life of a component or part has expired and such component
or part has not been replaced, there is a possibility thal the Product will not perform properly. Additionally, if
the operating life of a component or part has expired and continued use of such component or part damages the
Product, the Product may not be repairable. Please contact the nearest Advantest oftice listed at the end of this
Operation Manual or Advantest's sales representatives lo determine the operating life of a specific component
or part, as the operating life may vary depending on various factors such as operating condition and usage
environment.
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Advantest Korea Co., Ltd.
22BF, Kyobo KangNam Tower,
1303-22, Seocho-Dong, Seocho-Ku, Seoul #137-070, Korea
Phone; +82-2-532-7(71
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Bldg. 6D, NO.1188 Gumei Road, Shanghai, China 201102 P.R.C.
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Phone: +1-408-988-7700
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