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HOW TO USE THIS SERVICE MANUAL

Section [

This manual applies to the Model S-430 and S-450 Scanning Electron Microscopes
and systematically covers, in the troubleshooting procedures, the information
required for locating faulty points starting with various phenomena appearing in

the instrument.

observed.

(1) Understand the outlined compositions of the instrument.

(2) Understand the gomposition and function of each display unit.

For using this manual effectively, the following items should be

(3) Understand the mea'hings of phenomena derived from faulty conditions when a

trouble occurs, and examine such faulty points to be repaired according to

the troubleshooting procedure.

(4) Prepare extension cords for checking details of circuits according to the
troubleshooting procedure.

(5) Prepare a circuit tester having an impedance of 20 kQ2/V or higher to be used
for circuit checks.

General troubleshooting procedures are as follows:

Phenomena

Examination of
phenomena ac-
cording to
troubleshooting
procedure

Understanding

of trouble con-
ditions derived
from phenome-
na

Examiration of
faulty points to
be repaired
according to
troubleshooting
procedure

Repair

o0 Detailed check
according to

detailed draw-"
ings of printed-

circuit boards

o Locating faulty
points accord-
ing to layout
drawings of
component
parts in each
unit




Section II

PRECAUTIONS ON HANDLING

For the safety of the instrument as well as of the serviceman, the following pre-
cautions should be taken into account on the handling.

2-1
(1)

PRECAUTIONS FOR TRANSPORT

Do not'lift the instrument by holding the table. The strength of the table
fitting is not sufficient for bearing the total weight of display unit and the
column. Should the table be lifted, the display unit might slip off and crash
down. Hence, it is recommended to disconnect the table for transport.

Do not hold the instrument by means of the evacuating pipe, the secondary
electron detector or the objective aperture fixed to the main console.

The prepared pieces for transport should be applied to the main column before
transportation. The specimen étage unit of S-430 should be removed and
replaced by the prepared blind lid before transport. For S-450, the stage
should be prefixed by the prepared screws. Both for S-430 and S-450, the
sleeve for condenser aperture inside the column and the photomultiplier tube
inside the detector housing should be removed before transport.

PRECAUTIONS FOR POWER CONNECTION

When removing the front and rear cover of display unit, turn off the power
switches marked "EVAC POWER'" and "DISPLAY POWER' without fail.

Connect the grounding wire correctly. Otherwise, not only will the instrument
fail to operate normally but there may be a shock hazard. Refer to item 3-3-4.

Following units are dangerous with high voltages and should be handled care-
fully.

o High voltage transformer . max 30 kV

o High voltage units for CRT and the post acceleration : max 10 kV ‘

o Unit for photomultiplier : max 600V
o PC-4 unit : max 600V
o CRT : 10 kV

o Printed board "SG" . : max 600V
o Secondary electron detector : max 10 kV

When replacing a fuse, turn off the main switch on the distribution board.
When replacing the scintillator, turn off the DISPLAY switch without fail.

Interval of min 5 sec should be maintained for the on-off operation of the
"DISPLAY" switch. This is a precaution against the preheated CRT.
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(7) Interval of min 5 sec should be kept for the on-off operation of the "EVAC"
switch, Otherwise, mis -operation of the evacuating sequence may occur.
The intervals are needed for the charge and discharge of the capacitors.

2.3 PRECAUTION ON VACUUM CHECK

When the vacuum is checked by means of Geissler discharge tube, the MANUAL-
AUTO switch of the printed board for evacuating sequence should be turned to
MANUAL position, or the EVAC POWER switch should be turned off.

Otherwise, mis-operation may happen because of discharging impulses.

AN
2-4 PRECAUTIONS ON TEMPERATURE RISE

Temperature of the following units may run up to more than 55°C during normal
operation.

o Oil diffusion pump
o Oil rotary pump
o Power supply unit
o Heat radiators for power IC's

o Upper part of the condenser lens
OTHER PRECAUTIONS

5

} Absolutely avoid touching the scintillator surface by hand..

) Keep vessels containing flammable organic solvent away from the instrument.
)

Do not leave solder fragments inside the instrument to avoid nshort-circuit!
troubles.

(4) Characteristics of photomultiplier are quite sensitive to light.
Keep it protected from light radiation at all times.

(5) Avoidvany mechanical shock to the CRT and the photomultiplier.
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Sectlon III

P . I\IS'I‘ALLATION .
3-1 UNPACKING - .
3-1-1 Removal of Shipping Crate - R
(1) Remove the top and four side shipping panels.
(2) Remove the shipping frames from the botfom panel of the shipping crate.
3-1-2 Unpacking Procedure
(1) Main Console
Carry the main console (column, evacuating system, and rack) into the instal-
lation room using a fork lift or by other appropriate means.
Exercise care to avoid jolting the instrument.
(2) Display Unit
Exercise the same care as with the column.
(3) Other Units )
Carry the other units into the installation room before unpac‘nno from their.
cartons. Keep the cartons upright and use extreme care.
3-1-3 . Unpacking

(1)

(2)

(3)

~

3-1

Unpacking the Main Console

Remove all vinyl covers from the main console.. The instrument should be
kept free of dust after uncovering.

Unpacking the Display Unit

Remove all vinyl covers from the-display unit. Untie the connector cords
(interconnecting cables) from the chassis.

Unpacking of Other Units
(2) Take the other units out of the cartons.
(b) Place large units (compressor, rotary pumps, etc.) directly on the floor.

(c) Lay small, delicate, or fragile components (such as electron gun, etc.
" which require careful handling) on soft paper spread over the floor.

-4 Check of Parts

On unpacking all components as outlined in procedures 3-1-1 through 3-1-3,
check for damaged or missing parts against the shipping list.
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3-2

3-2-

(1)

(4)

INSTALLATION

1 Installation Requirements
General e

Good environmental surroundings, normal for laboratory equipment should be
provided. ' '

Avoid installing the instrument in the following locations:
(a) Adjacent to'the building power distribution room
(b) Adjacent to an elevator

(c) Adjacent to high-power equipment (for example, electric furnace, etc. )
or its power source

(d) Adjacent to arcing or high-frequency instruments
(¢) Corrosive gas atmosphere '
(f) Direct sunlight
(g) Dust
(h)‘ Location subjected to frequent or severe vibrations
(i) Avoid grounding the instrument with other electrical equipment
Room Temperature and Humidity
(a) Room temperature : 15° ~ 30°C
Room temperature variation should not exceed 5°C during operation.
(b) Humidity : Less than 70 % '
It is recommended that the room be air-conditioned.
Power Supply
115, 200, 208, 220, 230, or 240 V AC * 10 %, 50/60 Hz, 1.8 kVA

Notes 1 : Auto transformer (Option) should be used at 200, 208, 220, 230 or
240 V area.

2 : The voltage fluctuation of the AC power line should be very slow.
Grounding Terminal

It is recommended to connect the instrument to a grounding terminal having
a resistance of 50 Q or less. The grounding terminal should be exclusive
for the instrument only and not in common with other equipment.

Water Facilities
Normal tap water, with minimum requirements as shown, ‘is needed.
Flow rate . 2 ~ 4 ¢/min

Water pressure A
(at the inlet port of water pressure relay): 0.5 ~ 2 kg/cm2

Water temperature : 10 ~ 25°C



Normal dra

inage is adequate. A filter is recommended in case of water

containing excess impurities.

(6) Stray Magnetic Field (at the installation site)

AC Components 2)

Same frequency component as |Different frequen-
that of the AC line supplied to [cy component from
the Model S-430/S-450. that of the AC
o : power supply used
in the Model
DC compo- S-430/s-450.
Con- |Mode nent 1) Observation Under
dition |and conditions
scan Scan speed other than
speed @ mentioned
Photographing at left.
All SCAN
SPEED settings
Maximum allow-50 mGauss |5 mGauss 0.6 0.6 mGauss
able magnitude ) mGauss>)
Maximum allow-{l mGauss/ |1 mGauss/5 min | 0.3 0.3 mGauss/5 min_
able fluctu- 5 min mGauss/
ation?) 5 min
Notes : 1) The components due to terrestrial magnetic field are excluded

~

(7) Vibration

from the values.
Terrestrial magnetic field in Japan :

Horizontal component : 300 mGauss

Vertical component 350 mGauss’
All values of AC components are effective values.

If this value is less than 2 mGauss, it may be left out of consider-
ation when observing intensity-modulated images.

AC and DC stray magnetic field fluctuation is defined as varying
monotonously and gradually with time lapse. Thus, magnetic field
fluctuation with pulse or step waveform should not occur.

For optimum performance, the instrument should.be installed in a ferro-

concrete or

steel-concrete building meeting the following conditions;

() Situated on the first floor

(b) No vibr
(¢) Free fr

ation source such as large machine tools, etc. in near proximity

om traffic vibration sources such as highway or railroad

-
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(8) Site Requirements

(a)

(b)

(c)

(d)

Space required :
A room of about 4 m x 3.5 m (13 ft x 11.5 ft) is recommended.
Durability of floor :

T otal weight of instruments
Floor strength(kg/mﬂ‘? installed in the room (kg)
3 Floor area of the room (m?)

Dimensions of entrance :

0.85 m wide x 1. 7 m high
(34 inches wide x 67 inches high) (minimum)

Others. :

Sliding curtains around the instrument is convenient.
Photographic dark room in the immediate area is also convenient.

(9) Installation Layout (See Fig. 3-1.)

3-2-2 Installation Layout

Place the main console and display unit as shown in Fig. 3-1. Leave some leeway
for the table as it is not fixed at this point. ‘Install the main console on the spacer
provided. (Refer to Fig. 3-1. ) :

/Rotary Pump

/

/ ]

Weight
©
O Display -
£
Power Distribution g
Main Board (Use an o
Water Trap Console exclusive switch) a
™

and Drain

850 mm

Work Table L

W _
4000 mm (13") \/_

Fig. 3-1 Installation Layout

3 -4



3-3 ASSEMBLY
3-3-1 Assembly of Display Unit (See Fig. 3-2.)

(1)

(2)

Mount the display unit on a floor as flat as possible.
If the console rack is unstable, insert the attached rubber sheets into the
clearances between each leg and the floor, so that the table is mounted stably.

Insert the photo CRT unit into the hole on the left side of the table so that the
camera fixing stay is positioned on the display unit side, and fix the photo
CRT unit securely using the attached setscrews at the upper corners.

Mount the CRT-HV connectors and grounding wire for the photo unit.

Mount the display unit at an easy-to-operate place on the table.
Connect the display unit connectors as follows: '

Connect CN-300, CN-34, CN-1, and CN-5 to the power supply inside the
table, connect CN-2 to the photo CRT unit, and also connect CN-29 to the HV
transformer without fail. (For the standard high-resolution CRT, mount
CN-3 and CRT-HV connectors.)

Column
Camera Mount ) /
\ i
Display
Shock-
Photo Unit T — : Absorbing
g Mount
PS Power Supply ﬁ‘ LGJ,»/
\ Top Cover . 1/ANY 1@
N G
G <
G \
/ / / =

PS Power Supply
CRT Power Supply

NI
|

HV Transformer

Fig. 3-2 Earth Wiring Diagram for Column and Display Unit
(Rear View of Console Rack) =~ '



o N ¢ S [

3-3-2 Removal of PS Power Supply PC Board Holder (See Fig. 3-3.)

Detach the top cover from the PS power supply, and also exfoliate the fixing
materials from the PC board holder. ‘

Fixing ° ]

Material
\

SANNSNNNY]
o
o

o
]

Fig. 3-3 Top Cover

3.3-3 Wiring between Column and Display Unit

(1) Connect DET, condenser, 'gun alignment, detector, 100 V AC power cord,
and high voltage cable from the power supply to the column. For fixing cables
to the column console rack, see Fig. 3-4.

T Valve Box '\_—/—ﬁ

100 V AC Power DP Column Console
Supply Terminal Rack
Board N *
\J;_'_':l #
Clamp
/@x%:' ©La, OLa, QEY@FN
[/ N

100 V AC 7
Power Supply /
Cord from
Rotary Pump Switch on Power Cooling Water Hose
Power Supply Distribution Board

=

Fig. 3-4 Rear View of Column Console Rack

(2) Mount the HV cable to the HV transformer inside the table. Fix the cables to
the column by the fixture mounted on the rear cover when the assembly work
is finished.

(3) Connection of Detector Cords (See Fig. 3-5.)

Bind the detector cords as shown in Fig. 3-5 so that they do not touch the
photomultiplier HV unit.
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CN-
Y 26
... .Detach three HV IND
Screws with SG
Washers MAG IND
i PHOTOMUL

Rear

DC Power
Supply

Trans
74

i

_

Fig. 3-5 Top View of Display Unit

(4) Connection of 100 V AC

\ To Column

(a) Connect 100 V AC from the switch box on the room power distribution
board to the power terminals on the rear of the column. Connect one end-
of the grounding wire to the column console rack and the other end to
ground. Turn off the EVAC and DISPLAY switches on the front panel of
the column without fail before starting the connection work.

- For cord connection, see Fig. 3-6.

Display Vacuum Display 100 V AC Terminals

Terminals

1 2 3 4 5 67 8 9101112131415

L‘J— Room Light Te rminals

Terminal

Q‘* Rotary Pump Grounding

0Q

=
=

/ /

4 £

Rotary Pump’ Input Terminals
100 Vv AC for 100 V AC from
Terminal Power Distribution Board

—Display Earth Terminal

\ . .
Grounding Terminal

from Power Distri-
bution Board

Fig. 3-6 Connection of Terminal Board on Column Console Rack

3 -7



(b) When the switch on the room power distribution board is employed for the
auto transformer, make sure using a circuit tester that the output voltage
of the output terminal is 100 V.

‘5) Connection of Auto Transformer

When mounting this instrument at a place where the line voltage is other than
100 V AC, the auto transformer must be used.

s

o Make sure that the output voltage of the auto transformer is 100 V after
installation. If the output voltage is not 100 V, perform tap selection of the
auto transformer or line voltage value. For the AC input wiring and ground
wiring with the auto transformer installed, see Fig. 3-7.

N

Power Distri-
GO O bution Board
J: Earth
. s G
100 V AC \Y . . .
Only \ 100 Vv AC Power Distri-
—O —OUT INF——O bution Board
Switch
Column Auto
Terminal Transformer
Board
Fig., 3-7

3-3-4 Grounding Connection (See Fig. 3-2.)

Connect grounding wire as specified below, otherwise image troubles and other
failures may result. :

Photo CRT unit o < CRT HV unit

-30 kV transformer é———— <—Column shock-absorbing mount

Column console rack

®

PS power supply

Rotary pump power supply Z/Ground



3-3-5 Assembly of Rotary Pump (See Fig. 3-8.)

Oil Filter

Console g
Rack \

Weight

=

(1) Detach seal washers and butterfly nuts for transportation from the mounting

(2)

(3)

(4)

(3)

ENRD,

Rotary Pump - (e
Power Plug Socket

Rotary Pump
Power Supply
Grounding Wire

Rotary Pump
Fig. 3-8 Assembly of Rotary Pump and Evacuating Pipe

S

part of the oil filter, and assemble the oil filter.

Insert the rubber tube to the rotary pump to connect the rotary pump and
weight to each other.

Connect the weight and evacuating valve box by the 1 m rubber tube.

Connect the rubber tube connecting the weight and evacuating valve box to the
oil diffusion pump heater via the left side (on the power terminal board side)
. of the column console rack.

Clamp the connecting part of the rubber tube by the fastener so it won't slip
out. )

Insert the 100 V AC connector and grounding wire to the power terminal board
of the column console rack.



3.3-6 Mounting of Water Supply Hoses (See Fig. 3-9.)

(1) Connect the water supply hoses as shown in Fig. 3-9. Itis recommended for
facilitating the insertion of the water supply hoses to the city water faucet to
apply a thin coat of vacuum grease to the faucet.

'Hydraulic Relay

| >_> /Drain Water

lay -

Natural Drainage Typé
(The Drain Hole is Flush A
with Floor Surface) K Supply Water '

* Fastener Mounting Parts
(3 positions)

Fig. 3-9 Installation of Water Supply Hoses

(2) Clamp three inserting parts of the water supply hoses by using fasteners to
fit respective port grooves.

(3) The water supply port (city water plug) should be lower than 1 m.

The drain hole should be flush with the floor surface. In addition, a water
circulator, if employed, should be mounted lower than 1 m.

3-3-7 Assembly of Main Console
o Removal of fixing bolts of main console -

After detaching the front and rear covers, remove four fixing bolts connecting
the load plate and console rack to each other, and also remove the spacer
between the load plate and the console rack.

3-10



=) Four Fixing Bolts
G6

9.

Fig. 3-10 Removal of Fixing Bolts

3-3-8 Assembly of Fixed Aperture Assembly

(1)

(2)
(3)
(4)
(5)
(6)
(7)

After detaching the front cover from the column, make sure that the evacuating
sequence auto/manual switch is at auto.

Run cooling water to the oil diffusion pump.

Turn on the switch on the power distribution board.

Turn on the EVAC POWER switch on the front panel of the column.
Depress the EVAC pushbutton.

After 4 ~ 5 minutes, set the EVAC pushbutton to AIR.

After vacuum leak of the column, open the electron gun assembly as shown in
Fig. 4-5, and insert the fixed condenser aperture. For the S-450/S-430 fixed
condenser aperture, see Fig. 4-6.

3.3-9  Assembly of Column Table

(1)

(2)~

In Case of S-430 Instrument

Insert four screws with washers at the rear of the table into the console rack.
If these screws cannot be inserted, loosen them to allow their insertion.

In Case of S-450 Instrument
(a) Perform vacuum leak of the column.

(b) Set the specimen feed knobs of the specimen goniometer stage to the
following specimen exchange position.

~—=(X): 20 bo(y) 20
—+ (z): EX — (T): o°

3-11
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i (c) Detach the four fixing screws for transportation from the specimen
goniometer stage. See Fig. 3-11.

Fixing Screw for
Transportation (x4)

Fig. 3-11 Fixing Screws for Transportation

(d) Pull the specimen goniometer stage out of the column, and detach it from

the specimen goniometer stage arm holder while supporting it by both
hands. -

(e) With the specimen goniometer stage (including the arm) detached from -~
the column console rack, mount the table onto the column console rack "’
in the same manner as with S-430.

(f) Mount the specimen goniometer stage while taking care not to allow the

,} specimen goniometer stage arm to touch the table hole, otherwise vi-
i bration troubles may result.

(g) Mount 4 mm dia. chrome-plated screws into the mounting positions of the
fixing screws for transportation for the purpose of good appearance.

3-3-10 Installation of Head Amplifier (See Fig. 3-12.)

(1) Insert the photomultiplier tube into tlr:e head amplifier case.
(2) Clean the cathode face of the photomultiplier tube-using gauze.
(3)

Apply a drop of silicone oil for photomultiplier tube to the center of the cathode
face of the photomultiplier tube.

(*) Insert the head amplifier into the cylinder, and lightly turn the head amplifier
clockwise and counterclockwise two or three times after allowing the cathode

face of the photomultiplier tube to make contact with the light guide face.
See Fig. 3-12.

: 3-12



Photomultiplier Tube
Cylinder Cathode Face

R

Light Guide Head Amplifier
N \ Photomultiplier Case

\ Tube

Specimen Chamber

Fig. 3-12 Installation of Head Amplifier
(5) Fix the head amplifier to the cylinder using three setscrews.

3-3-11 Assembly of Specimen Goniometer Stage of 5-430

Mount the specimen goniometer stage mounting flange in the direction specified in
the disassembly procedure.

3-3-12 Confirmation of Assembly

After completion of all assembly work, check all assembly procedures thoroughly
for correctness. For the bundled wires of the column console rack, see Fig. 3-13,

(1) Don't Forget to Connect the Grounding Wire.

Connect the grounding wire to the shock-absorbing mount by utilizihg the
grounding terminal serew on the shock-absorbing mount at the rear of the
specimen chamber.

(2) Fix the connector wiring to the console rack at A and B.

3-13



Connection
@ Electron gun alignment
@ Condenser lens
}5-450
@ Objective lens and stigmator :
Electron Gun

Post-stage accelerating voltage Evacuating Pipe e

®© ©

Head amplifier (DC signal),
photomultiplier high voltage

Grounding ‘ g
Relay Pass Connectors

Through This
Hole

Display 100 V power supply

Lens, deflector, detector cords

Rotary pump 100 V power supply

OOEEE® O®

100 V power supply from power
distribution board

Cooling water hose
Cooling water hose
Rotary pump evacuating pipe

Condenser lens

OEEOO

Objective lens/stigmator

Fig. 3-13 Connection of Connectors to Column

3 - 14
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Section IV
COMPOSITION OF MODEL S-430 AND S-450

4-1 OPERATING PRINCIPLE

Fig. 4-1 shows the block diagram of operating principle of Model S-430/5-450.
The electron beam emitted from the electron gun is focused by three electro-
magnetic lenses and irradiated onto the specimen surface to form an electron
probe. Various information can be obtained from the specimen by means of the
interaction between the electron probe and the specimen surface (or material).

Of this various inform\ation, the secondary electron serves as a substantial
information source in SEM. The secondary electron produced from the specimen
surface is.captured and accelerated to bombard the plastic scintillator where it is
converted into light. The light thus obtained is then fed to the photomultiplier
after passing through the light guide and converted into an electric signal, which
is then amplified by both preamplifier and main amplifier to be an intens ity
modulation signal of the electron beam on CRT. The electron beam scanning on
CRT synchronizes with scanning of the electron probe on the specimen.

Contrast of the final image is formed according to the change in intensity of the
emitted secondary electron which depends upon variations of specimen profiles.
A three-dimensional image having a sufficient depth of focus is also formed by a
fine electron probe.

The magnification in SEM is determined according to the ratio of the constant scan
range (12 cm in the lateral direction and 9 cm ‘in the longitudinal direction) of the
electron beam to the scan range of the electron probe on the specimen surface and
can be selected optionally and continuously by'the magnification control.

For example if the scan range on the specimen surface is 12 pm x 9 um, magni-
fication is x10, 000.

4-2 COMPOSITION OF MAIN CONSOLE

Fig. 4-2 shows the schematic diagram of the microscope column, which is com-
posed mainly of the electron gun having an electromagnetic axial alignment system,
condenser lenses inclusive of a self-cleaning aperture, objective lens, detlection
coils and stigmator coil, objective lens movable aperture, secondary electron
detector, specimen goniometer stage, and evacuating system. These elements will
be summarized below :

4-2-1 Electron Gun

Fig. 4-3is a sectional view of the electron gun. Its axial alignment is done by
mechanical horizontal alignment screws and electromagnetic alignment knobs.
The acceleration voltage ranges from 1 kV to 30 kV (plus 50 kV at option).

The mechanical axial alignment can be done by four semi-fixed horizontal align-
ment screws. The electrical axial alignment knobs employ an X, Y system with
coils supplied with a current of 250 mA maximum.

-
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The gap between the anode and the Wehnelt cylinder is as follows:

Acceleration

Voltage Gap . !; Remarks
1 ~2kV 2 mm '~ Replacement part
5 ~ 30 kV 5 mm Standard

(Continuously variable system for electron gun anode : Option)

The electron gun insulator on the atmospheric air side is sealed with Freon gas to
prevent discharge. The Freon gas is introduced through the Freon gas inlet and
then sealed if dischirge occurs due to high humidity, etc. The filament is set so
that the distance between the filament tip and the Wehnelt cylinder tip is 0. 1l mm to
0.2 mm, and then the filament tip is positioned at the center of the Wehnelt hole
by adjusting the four filament centering screws.

The emission current under normal operation is about 120 pA at an acceleration
voltage of 20 kV. If the filament tip is excessively protruding with reference to
the Wehnelt hole, the emission current increases and the saturation point becomes
indefinite or the emission current will not be saturated.

On the contrary, if the filament tip is excessively withdrawn with reference to the
Wehnelt hole, the emission current decreases and the maximum intensity cannot
be obtained. ‘

4-.2-2 Condenser Lenses

Fig. 4-4 shows a schematic sectional view of the condenser lenses.

Two condenser lenses are substantially unified and connected in series, thus re-
quiring one power supply only. The resistance value of the condenser lenses con-
nected in series is about 24 Q. Inserted inside the lens magnetic yoke is a self-
cleaning aperture and a helisert spring (Fig. 4-5, 4-6), which serve to prevent
contamination of the magnetic yoke and electron beam path due to scattering of the
beam. The aperture (1 mm ID x 6 mm OD x 10 um thickness) is made of
molybdenum.

Of the four apertures inserted into the condenser lens assembly the first aperture
requires no cleaning since it is subjected to irradiation with a dense electron
beam. However, it is recommended to clean the second aperture once every four
months and the third aperture once every two months.
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4.2-3 Deflection Coils and Stigmator Coil

Fig. 4-7 shows a schématic sectional view of both deflection coils and stigmator
coil assembled inside the objective lens. The deflection coils employ a toroidal
System. The angle alignment of the lst and 2nd deflection coils has been factory-
adjusted and locked before shipment of the instrument.

4-2-4 Objective Lens

. Fig. 4-7 shows a sectional view of the objective lens. It is directly fixed to the
specimen chamber assembly.

At the lower pole piece hole section, a pole piece protection cylinder of 1.4 mm
dia. is provided. An objective lens movable aperture is set to the principal plane
of objective lens.

Condenser
Lens

Cover

.| Scanning
Coil

] .
|
\ | / ' i Stigmator Coil
z 1 |0
|

Objective Lens

-~

Fixed Ape rture/

Fig. 4-Ta Sectional View of Objective Lens,
Scanning Coil, Stigmator Coil for S-430
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4-2-5 Objective Lens Movable Aperture

Fig. 4-8 shows a sectional view of the objective lens movable aperture.

It is made of molybdenum and 10 pm in thickness. The aperture plate is provide
with four holes; 100 um, 200 pm, 300 um, and 400 pm in diameter.

These different holes are used as follows :

100 pm dia. (notch 4) For long depth of focus
200 pm dia. (notch 3): For ordinary uses
300 um dia. (notch 2): For specimens forming a poor contrast, which
require a relatively large electron beam current.
400 um dia. (notch 1) : For x-ray analysis (dispersive type)
The depth of\focus in SEM can be obtained by :
» - @)
f =
d
where 24f : Depth of focus
o . Semi-angular aperture of electron probe to be irradiated
onto the specimen
M . Magnification
d . Final spot diameter
N . Resolution of CRT

For example, when semi-angular aperture @ = 3 x 10-3 radian, magnification
M = x1, 000, final spot diameter d = 100 A, and resolution of CRT Y = 0.1 mm,
then the depth of focus 2 4f is about 33 pm.

Be careful particularly when baking and cleaning the aperture plate of objective
lens movable aperture since it is very thin and apt to break easily.

1-12
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4-2-6 Secondary Electron Detector

Fig. 4-9 shows the construction of the secondary electron detector.

Silicone oil should be used to bond the glass scintillator to the light guide and also
1e light guide to the glass surface of the photormultiplier. However, be careful
not to let the silicone oil bubble, otherwise the light transmission efficiency
lowers. All soldering joints of lead wires for the secondary electron acceleration
voltage (POST HV + 10 kV) should be free from sharp ends so as to prevent dis-
charging.

4-2-7 Specimen Goniometer Stage (S-430)

Fig. 4-10 shows 2 schematic sectional view of the specimen goniometer stage.
It is of a draw-out \ty‘pg with X, Y, Tilting, and Rotation control modes. ‘
Table 4-1 shows the performance and accuracy of the stage. The vibration re-
sistance depends upon mounting site conditions, etc. However, if the amplitude
of indented image edges due to vibrations is within 0. 5 mm at a magnification of
x100, 000 (it is recommended to use 2 magnetic tape as specimen) when the
instrurne\'nt is mounted in 2 place: subjected to relatively little vibration, the
specimen goniometer stage may be considered normal. 1f the specimen gonio-
meter stage vibrates, check the following points.

1. 1f the ¥ -movement guide is loose.
2. If the fixed screw is loose.

3. 1f X-, Y-movement knobs or other part is loose.

Table 4-1 Performance and Accuracy of
Specimen Goniometer Stage

(a) Performance

Minimum Movement
~Knob Movable Range . per Knob
Graduation .
Rotation
¥ -movement knob 0 ~ 20 mm \ 10 pm 0.5 mm
¥ -movement knob 0~ 10 mm \ 10 pm 0.5 mm
Z (Working Distance) 5 ~ 15 mm
Semi-fixed
Rotation 0° ~ 360° s 180°
Tilting -20° ~ +70° \ 5° ——
(b) Accuracy
Item Accuracy

Image drift when specimen goniometer

t
stage is being stopped (X, Y) Less than #2 pm

Meandering of specimen goniometer Less than 5 pm
stage (X, Y) Range (within mm)
Reproducibilit\;; of specimen | Less than 5 pm
goniometer stage (X, Y) Range (within 4 mm)

1 - 14
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4-2-

(1)

8 Specimen Goniometer Stage (S-450)

Composition
The specimen goniometer stage is provided with five kinds of specimen moving

mechanisms.

o Specimen rotation (called R and indicated by ( f_/t ) mark)

o Specimen tilting (called T and indicated by ((,_/) ) mark)

o <Vertical movement of specimen (called Z and indicated by (=) mark)
o Plane movement (called ¥ and indicated by (= -=) mark)

o Plane movement (called X and indicated by ( : ) mark)

These movements can be indicated by the three-dimensional orthogonal axes

as follows :

Electron Beam Irradiating Direction

The above mechanisms serve 2s the main guide portions of the specimen
goniometer stage. Fig. 4-11l indicates a sectional view of the specimen
goniometer stage, Fig. 4-12 indicates the front view of the specimen gonio-

meter stage as viewed from the front of the column, and Fig. 4-13 indicates

the plan of the specimen goniometer stage.

The specimen goniometer stage including the above guide portions is composed

of the following :

o Each guide portion

o Drive knobs and drive shafts

o Specimen goniorrieter stage base assembly

o Specimen goniometer stage lock assembly

Construction

Fig. 4-11 ~4-13 indicate the entire construction.

o For the X, Y knobs and drive assembly, see Fig. 4-14.

o For T, R, Z, and X lock knobs and drive shafts, see Fig. 4-15.
0 For R, T, R, Z, and Z lock drive assembly, see Fig. 4-16.

o] For R guide and T mount, see Fig. 4-17.

4+ -18




© For Z guide and Y-movement mount, see Fig., 4-18.
0 For X movement mount and Y-guide base, see Fig. 4-19.
o For X base guide, see Fig. 4-20.

0 For Y drive lever assembly, sée Fig., 4-21.

Read the above figures carefully, and locate the actual parts correspondingly.
Now, the major parts of the specimen goniometer stage will be detailed.

(a) Linear Guide

System for both X and Y movement, except that their shapes differ from
each other due to their compositions. A cemented carbide (TOSHIBA
TANGALLOY GS) tip is bonded to the V-grooved aluminum base by epoxy
resin, This\guide is supported at three points consisting of two steel
balls in the V-groove and one bearing opposite to the guide.

The following figure indicates the X-movement guide assembly as an

example. ’
X-Movement
Guide \ Bearing
Steel Ball : : « /
\ \ , Bearing
7 - _\ oL Guide
P - N j
ZIN
Cemented ‘ // PW
Carbide Tip / N '
. id ‘E“' X-Movement Guide Holder
Main Base Guide (Arm holding the movable
Face Plate \\base in PW direction)
Spring

Bearing

Steel Ball (x2)

~ X-Movement \
Guide _ A

Main Base Guide ,

P Arrow View
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(b)

Z Guide

This guide adopts the slide system using a bearing and a stainless steel
shaft. The shaft is Vv -grooved and supported by nylon ball and spring for

the purpose of preventing rotation and eliminating play.
T Guide

This guide adopts a swing system by holding one end using a bearing and
holding the other end by a Delrin split bush.

Screw (to adjust friction force)
> d

Bearing

Split Bush T-Drive Shait

Plate Spring

(to give a T -Mount Bearing
force in P /
direction) T -Movement Mount

R Guide

This adopts the full ball bearing system using 48 nylon balls which are
employed for electrically insulating the specimen stage.

Drive System of Each Movement

X ... The movable mount is directly moved by the microhead via a steel
ball for eliminating the effect of rotating force.

Y ... Same system 2a$ for X, provided that a lever is employed, since
the operating direction differs from that of X-movement by 90°.

7 ... Rack pinion system
T ... Direct movement using rotating knob
R ... Worm plus worm gear shaft '

Each knob and movement mount are connected by the spline expans ion/
contraction and universal joint system.

Y-Drive Lever AS sembly

The movable rangé of the X-component is secured by using a slide bear
(made by ORIGIN). The rotating shaft of each lever employs a pivot
bearing (ORIGIN) and a pivot (quenched SKD) to eliminate plav.
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(3) Performance

(4)

Reproducibility 5 q

Backlash : 10~ 40y

Linearity . Less than 1 "
Vibration resistance : About 1l p in amplitude
Hysteresis - ;3

Specifications

Movable range X, Y: 0 ~ 40 mm

Z : 0~ 30 mm (WD: 5 ~ 35)
N

T : =20 ~ 90°

R . 360° continuous

Disassembly and Assembly of Specimen Goniometer Stage

The specimen goniometer stage assures an accuracy of p order.

However, it is designed in such a structure that the above accuracy can be
obtained automatically when the work is done according to the following pro-
cedure while observing precautions described below.

o Precautions Before Disassembly

(a) Understand the construction thoroughly referring to Figs. 4-11 ~ 4-21.

(b) Wear gloves so as not to contaminate any part during disassembly.

(c) Disassemble the unit on a table while taking care so as not to lose parts
in the course of the disassembly work. Be careful since 6 steel balls
and 48 nylon balls are apt to roll.

(d) Disassemble the unit for each block, and keep disassembled parts for
each block in good order.
o Disassembling Procedure

This specimen goniometer stage can roughly be divided into the following
seven portions.

(2) Each knob assembly (Figs. 4-14 ~ 4-15)

(b) T mount and R assembly (Fig. 4-17)

(c) Z guide and Y-movement mount (Fig. 4-18)

(d) X-movement mount and Y-guide base (Fig. 4-19)
(e) X-base guide assembly (Fig. 4-20)

(£) Y-drive lever assembly (Fig. 4-21)

(g) Other specimen stage base assembly (Figs. 4-11 ~ 4-13 indicating the
entire view)

4 - 21



o Procedure
(a) Disassembly of Base Assembly and Specimen Goniometer Stage

1) Loosen screws @ @ (Fig. 4-17) to disconnect the absorption
current wiring, and also detach the cover. )

2) Loosen screw @ (Fig. 4-11) to separate the base assembly from
the specimen goniometer stage..

(b) Disassembly of Knob Assembly X

1) Loosen two screws @ (Figs. 4-15 and 4-16) at the tip of each knob
drive assembly.

2) Turnknob base @ (Fig. 4-15) counterclockwise.

3) Detach two springs @ (Fig. 4-14) at the tips of X and Y knobs having
the same shape.
Loosen three screws @ (Fig. 4-14) to detach the component.

4) Loosen base @ (Fig. 4-14) counterclockwise.
(¢) T Mount and R Assembly

After opening the T-mount bearing, loosen screw @ (Fig. 4-11).
Pull the T-mount and R assembly in the screw direction.

L Tt

(d) X-Movement Mount, Y-Movement Mount, Z-Guide, and Y-Movement _
Mount Assembly ‘

1) Loosen spring (Fig. 4-13). ' fj

2) Loosen screw @ (Fig. 4-13) to detach two bearings. '

i 3) Pull these parts in the direction opposite to the knobs.
(e) Z-Guide and Y-Movement Mount 4
1) Detach spring (7) (Fig. 4-13). 3

2) Loosen two screws @ (Fig. 4-13) to detach the bearing.

3) Loosen two screws (Fig. 4-13) to detach the part. E

i
I
i
:
I
i
i
i
'

. (f) X-Base Guide Assembly

Loosen two screws @ (Fig. 4-11).

(g) Y-Lever Assembly
Loosen two screws @ (Fig. 4-11).

Now, disassembly of each block is completed.
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The cautions on disassembly and assembly of each part are as given below.

(2) Knob Assembly

X, Y Knob

\
O-Ring O-Ring " Microhead

Clamp three screws evenly to assure
smooth rotation of the microhead.

T, R, Z, Z-Lock Knobs

Eliminate play of the shaft by
locking the shaft using these two
nuts.

(b) X-Base

Obtain overall
parallelism.

=]

(¢) Y-Movement Mount and Z-Guide Assembly




(d)y T-Mount and R-Guide Assembly

TR Assembly

Nylon Ball

Lock Screw X 4

Clamp lock screws

Adjust screws @ to
without fail.

eliminate play at

Dant @ -
nt Mount and Y-Base Guide

CT 7 |

@

(e) X-Moveme

@ should move smoothly.



B

(f) Y-Lever Assembly

Y-lever assembly (D#25310583)

D

Clamp the pivot lightly and make
sure that no play exists.

(5) Troubleshooting
(a) Noticeable Backlash (X, Y)
1) Check if each knob screw is securely clamped.

2) Check if spring (3) (Fig. 4-13) is normally fixed to the tip of X, ¥
knob.

3) Check if bearing (Fig. 4-13) is properly mounted.

4) Check Y-lever pivot © (Fig. 4-13) for play.

5) Check if springs @ , @ (Fig. 4-13) are properly mounted.
6) Check if Y-guide shaft (F) (Fig. 4-13) is securely clamped.
7)

Check if slide bearing @ (Fig. 4-11) is properly mounted without
N looseness.

(b) " Poor Reproducibility (X, Y),
1) Same as 1) ~ 6) in (a) above.

2) Check if four steel balls @ (Figs. 4-11 and 4-12) are mounted to
each guide assembly.

3) Check steel ball faces @ (Figs. 4-11 and 4-12) of each guide
assembly for dust deposit.



(c) Vibration
1) Same as 1) ~7)in (a) above.

2) Check if T-mount shait brake @ (Fig. 4-11)is securely mounted
without looseness. (Check if the T -knob torque exceeds 500 g/cm).

3) Check if R-ball holder @ (Fig. 4-11)is securely mounted.

4) Checkifal ~ 2 mm gap exists in the specimen goniometer stage
base lock K (Fig. 4-11).

5) Check if the table and column contact each other.

6) Check if the city water pressure is higher than specified.
Adjust it to a flow rate of 2 liters/min.

7) Check if external vibrations are noticeable.
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