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256 Detector

B Detector system:

B [maging signals:
B Signal control
® Contrast (waveform amplitude);

® Brightness (waveform level):

Scintillator-photomultiplier system complete with pre-

amplifier and collector.

Secondary electrons, backscattered electrons.

Photomultiplier gain control.

Preamplifier DC level control.

2.6 Image Display System
B Image polarity:
® Video signal control
® Contrast:
® Brightness:
B Y-modulation device:
B Waveform monitor:
@ Image display

® For viewing:

® For recording:

2.7 Photographic Recording System

Normal and inverse.

CRT input signal amplitude control,
CRT input signal level control.
Built-in (Y-modulated image display).

Built-in {video signal waveform display).

High resolution, long persistence 10" CRT

(135 mm X 180 mm).

Ultra-high resolution, short persistence 5" CRT
(69 mm X 92 mm, 42° deflection, flat-face type).

® Camera

® Focal length:

@ Lens opening (f-number):

® Automatic shutter mechanism:
= Exposﬁre meter:
® Multi-exposure mechanism:

® Film number:

W Data recording (direct display on CRT
with white or black characters, or white
characters on black background)

® Accelerating voltage:

® Magnification:

35C—1

77.3 mm.

f/5.6,8, 11, 16, 22.

Built-in (synchronized electromagnetic).
Indeéendently displays contrast and brightness.
Built-in.

0000 to 9999 (first 2 digits are set manually and last
2 digits are set automatically or manually), digitally dis-

played and recorded on film.
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1

Index
number

Part naine

Function/Operation

Rotation control

Tilt control

Specimen exchange chamber
airlock knob

controls clockwise, the scale reading increases and the specimen
and image move in the direction indicated by the arrow as
shown in Fig. 4.6 (WD: 15mm). The X control should be
set to 7.5 (mm) for the airlock system specimen exchange.

This control (3607 full turn, with a stop) rotates the specimen
50 as to orient it as desired. This control is very convenient
for aligning a directjonal specimen with the tilt axis or orienting
it at right angles to the tilt axis and also for orienting a specimen
image vertically or horizontally on the CRT. When this control
is turned clockwise, the counter reading (000 — 999} increases,
and the specimen on the stage and the image on the CRT
rotate in the direction indicated by the arrow (clockwise)
as shown in Fig, 4.6. The rotation angle 6z can be calculated
from fx = 0.36/, where & is the counter reading. The rotation
control must be set to 000 {(0°) when exchanging the specimen
via the airlock system.

This control tilts the specimen and changes the viewing angle
(refer to Table 4.1}. With a flat specimen, the yield of the
secondary electrons can be increased by 1ncreas1ng the tilt
angle. When the control is turned clockwme,f, : -

Jrand the specimen tilts in the direction mdlcated
by the arrow as shown in Fig. 4.6. For full focusing of the
tilted specimen, depress the FULLY FOCUS pushbutton
on the LENS panel and adjust the AMPLITUDE knob on the
LENS panel so that the probe focuses along the tilting surface.
Distortion of the image caused by tilting can be corrected
using the scan rotation and tilt correction unit (attachment
SRT). When exchanging the specimen, this control must
be sei to 0°,

This knob operates airlock valve AV?2 (Fipg. 3.8), so as to
separate the specimen exchange chamber from the specimen
chamber (Fig.4.7). To open the airlock valve, pull the knob
out as far as it will go; to close the valve, push in the knob
as far as it will go, When exchanging the specimen, open the
airlock valve after the specimen exchange chamber has been
evacuated, move the specimen holder from the specimen ex-
change chamber to the specimen chamber by the specimen
exchange rod, then mount the specimen holder on the specimen
stage.
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Table 5.1 lists specimen sizes, applicable combinations of specimen holders and specimen pedestals,

and specimen exchange methods. This should be used in conjunction with Table 4.1,

Table 5.1 Specimen mounting
Specimen size Speci exchange
Specimen holder Specimen pedestal pecn::;r;hod &
Diameter Thickness
10mm or less Thin WD15 specimen holder 10mm dia. X 10mm hgt.| Airlock system*?
Smm or less 10mm dia. X 5mm hgt.
Smm—10mm
28mm or less | 15mm or less WD39 specimen holder _—
28mm—33mm| 15mm—20mm {Remove cylinder)
76mm or less | 20mm or less | Large-size specimen holder*! - Hinge system

*1 An LSH type specimen holder available upon special order,
*z Though both airlock gnd hinge systems are used to exchange specimens, the girlock system is most common,

5.2.3a Specimen mounting {removal} on (from) the specimen holder
m WD1 5 specimen holder (see Fig. 5.2)

1. Loosen the specimen pedestal screw, insert a screwdriver in the bottom of the specimen holder,
raise the specimen by turning the specimen height adjusting screw, then remove the pedestal with the
specimen from the cylinder (Fig. 5.2—A and —B). If the specimen pedestal is not used (Fig. 5.2-C),
loosen the specimen height adjusting screw and remove the used specimen with the screw.

Notes: 1. The specimen can be exchanged with the specimen cylinder attached to the holder.

However, if it is difficult to do so, remove the specimen cylinder by loosening the

(

cylinder screw, and replace it after the specimen has been exchanged.

2. Use organic solvent to remove specimens secured with silver conductive paint. Polish
the upper surfaces of the specimen pedestel and specimen height adjusting screw (before
re-use), if necessary.

2. After checking the combination of specimen size and pedestal (see Table 5.1), secure the specimen
horizontally to the specimen pedestal or specimen height adjusting screw with silver conductive
paint. Then, if necessary, perform metallic coating with a4 vacuum evaporator (conductive processing).

3.  Insert the specimen pedestal or specimen height adjusting screw to which the specimen is secured
into the specimen cylinder. Adjust the specimen height with a screwdriver to make the specimen
surface flush with the top of the specimen cylinder.

4. If the specimen pedestal is used (Fig. 5.2—A and —B), secure it by screwing the specimen pedestal
screw into the upper or lower threaded hole in the specimen cylinder. Screws are not required if

the specimen pedestal is not used (Fig. 5.2—C).

35C—1
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6—25

Clean the outer surface with gauze soaked in liquid detergent. If the contamination is difficult to
remove, use a small amount of metal polish. Be sure to wipe of all traces of polish as in cleaning method

A after cleaning. Take care not to get any polish on the threaded portion.

6.6.3¢c Parts and column reassembly

When carrying out reassembly, observe the precautions listed in Section 6.6.1. The assembly procedure
is divided into four parts, viz., parts assembly, specimen chamber and objective lens assembly, 2nd deflection
system and condenser lens assembly, and intermediate cylinder, anode chamber and electron gun assembly.
Upon completion of assembly, check the assembled parts to make sure all is in order and then evacuate the
assembled column as quickly as possible.

When carrying out O-ring replacement, refer to Section 6.6.4.

mParts reassembly
1. Attach the objective lens aperture foil to the aperture selector as follows (see Figs. 6.18 and 6.19):

a. Place the insulator leaf, aperture foil, and fixing plates A and B on the aperture holder in that
order and then lightly screw in screws G (with washer) and H.

b. Use the aperture foil holder tool to align the aperture holes with those of the aperture holder.
After alignment, tighten screws G and H.,

Caution: Take care not to bend or otherwise deform the aperture foil

2. Assemble the 2nd deflection system cylinder as follows (see Fig. 6.17):

Caution: Take care not to break lead wires.

a. Insert the pipe into the cylinder, connect the stigmator coil assembly (with the coil assembly
l;in alipned with the cylinder slot) and secure the stigmator coil assembly to the cylinder with
the ring nut,

b. Insert the lower aperture into the stigmator coil assembly and secure it with the cap nut.

3. Assemble the condenser lens pole piece as follows (Fig. 6.17):

a. Screw the upper pole piece in the spacer.

b. Insert the upper and lower apertures in the aperture holder in that order and secure them with
the cap nut.

Caution: Make sure that the apertures are seated flush in the holder. Failing to observe this
precaution may result in 'damage to the apertures and holder when the cap 15 screwed
onto the holder. When inserting the apertures in the holder, take care not to mistake
the top and bottom of each aperture.

c. Screw the aperture holder in the pole piece and secure it with the tool.

4. Replace the Wehnelt cap onto the Wehnelt unit base according to Section 6.2.

35C-1



INSTRUCTIONS

35-TVS

TV SCANNING DEVICE

No. IEP35C-TVS
{FP730043)

TV scanmming unit TV monitor

Fig. 1 TV scanning device
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INSTRUCTIONS

35-IMS

IMAGE SELECTOR

No. TEP35C-IMS
(Er422001)

IMAGE SELECTOR
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1. GENERAL

Fig. 1 Image selector unit

This unit is designed for use in conjunction with a JSM-35C-Scanning
Microscope incorporating a variety of attachments so as to enable various
types of specimen image to be selected and displayed on the CRT.

The unit panel is provided with two sets of identical pushbuttons sc as

to permit an
lmages to be
this unit is
two kinds of
CRT.

7811001TP

extra CRT to be used and thereby enable two different kinds of
compared at the same time. Another extremely useful feature of
the facility provided for signal mixing., That is to say, any
signal can be mixed and the resultant image displayed on the




5.2 Specimen holder insertion and removal
5.2.1 Inserting the specimen holder in the specimen chamber

1. Set the goniometer stage controls as indicated in Table 1 (A).

Controls WD X Y Z Rota~ | Tilt | Remarks

Purpose (mm) (mm) {mm) {(mm) | tion
A. Specimen holder 15 0or 39 (2.5 0to 25| 0 | 0° 0°

insertion and removal
B. Specimen selection 15 or 39| 7.5 (0 to 25 0 0° 0°

, i f

C. Spec1men_center 15 or 39 | 7.5 12.5 _ _ 0° F%eld o

observation view:

1.8mm dia.

Table 1 Goniometer stage control setting chart

2. Screw the threaded part of the adapter (Fig. 9) into the specimen
holder screw hole.

3. Mount the specimen holder on the specimen stage as per the normal
procedure. TFor WD 39 mm, first attach the exchange chamber adapter

to the speéimen exchange chamber.

5.2.2 Removing the specimen holder from the specimen chamber

1. Set the goniometer stage controls as indicated in Table 1 (A).

2, Remove the specimen holder from the specimen chamber as per the normal
procedure., Tor WD 39 mm, first attach the exchange chamber adapter to
the specimen exchange chamber.

5.3 Specimen selection

1. Set the goniometer stage controls as indicated in Table 1 (B).

2. Attach the specimen exchange chamber cap to the specimen exchange
chamberﬁ rough the chamber, and open the airlock valve.

3. While observing the chamber interior through the viewing window, insert
the specimen exchange rod adaptor into the specimen holder pedestal
rotating shaft, making sure that the adaptor pin aligns with the shaft
guide slot.

4. Rotate the specimen holder pedestal by turning the specimen exchange
rod so as to select the specimen for intended observation.

Notes: 1. Make sure that the Specimen number (1 to 4) inscribed on the
side wall of the holder pedestal coincides precisely with the
A mark.

2. To observe the specimen center, set the goniometer stage

controls as Iindicated in Table 1 (C).
When using the OM (optical microscope) attachment and/or LNT
(1iquid nitrogen trap) attachment in conjunction with the
JSM=-35C Sbanning Microscope, the range of the goniometer stage

*For WD 39 mm, first attach the adapter to the specimen exchange chamber.
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controls is limited as shown in Table 2., On no account I
should these limitations be exceeded. .
Controls WD X Y Z . \
Combinations (mm) (am) (mm) (1om) Rotation Tilt Remarks .
15 0-15|0 - 25 |-1.5 - +1.5 +180° 0 - 45°
TED ‘
39 0-15(0 - 25| =1.5 - +1.5 +180° 0 - 60° l
15 0-15|0 - 25| -1.5 - +0.5 +180° 0 - 45°
TED + LNT
39 0-15|0- 25 |-1.5 - +0.5 +180° 0° (Fixed)
15 0~-10|0 - 25|-1.5 - +1.5 +130° 0 - 45° With the .
TED + OM - Tyee
39 | 0 - 150 - 25 | ~1.5 - +1.5 | *180° | 0 - 60° | on AR~
15 0-101'0-25|-1.5 - +0.5 +180° 0 - 45° l
TED + LNT + OM {
39 | 0 - 15,0 - 25 | -1.5 - +0.5 | +180° |0° (Fixed)] **°
Table 2 Coniometer stage control range chart .
35C~-TED




6. OPERATION

6.1

1.

2.

3.

4,

35C~TED

Bright field image (see Fig. 2a)

Set the TED unit controls as follows (see Fig. 1).

© MODE knob «+¢v.cvvvn.. +++« PICTURE

o X-SHIFT knob «vvvvanens - about 30° either side of midway position
° Y-SHIFT knob «++ec-u.. +-+ Midway position

Set the control unit control knobs as follows (see Fig, 11).

@ WINDOW control -+veeeu... OPEN

© FIELD cont¥ol +cvervena.. BRIGHT

o DIFFRACTION control ..... QUT

® ®
DIFFRACTION
WINDOW FIELD FERACTION
OPEN.CLOSE IN @ OuT
® &

Fig. 11 Control unit controls

Insert the 100 or 240 um diameter (setting number 1 or 2) objective
lens aperture into the beanm path.

Set the GUN BIAS thumbwheel switch, according to accelerating voltage,
as follows:

Accel. voltage (kV) GUN BIAS
35 2 or 3
25 1 or 2

Note: Use 35 kV in the case of thick specimens.

Set the CONTRAST knob at 2.0, 3.0, or 4.0.

Set the OBJECTIVE LENS (MEDIUM) knob at 5.0.

Position the CONDENSER LENS kncb at the 2 or 3 graduation from the

fully clockwise position.

Minimize the magnification by depressing the magnification selection

101 COARSE button and turning the FINE knob fully counterclockwise,

and then position the PROBE SCAN/EXT switch at PROBE SCAN.

After making sure that the electron beam illumination is visible on the

fluorescent screen, turn the CONDENSER LENS knob so as to obtain an

absorbed current of 10710 to 10712 4,

Note: Avoid turning the CONDENSER LENS knob too far, otherwise the
resultant flow of excess current may damage the detector.




10. Manipulate the X, Y-SHIFT knobs around their midway positions so that
the incident electron beam passes through the center hole on the
fluorescent screen.

Note: If the beam shifts off center (i.e., fails to pass through the
center hole) during the remaining part of this procedure, re—
center it immediately with the X, Y-SHIIT knobs.

11. Close the viewing window light proof cover A by positioning the WINDOW
control at CLOSE

12. Set the SEI/BEI switch (SEI unit) to BEL.

13. Adjust the CONTRAST and BRIGHTNESS knobs (SEI unit) for a quality
image. '

14. Obtain the desired magnification by depressing the appropriate magnifi-
cation selection COARSE button and adjusting the FINE knob as
necessary. Then select the field of view with the goniometer stage
X, Y controls.

15. Focus the image with the OBJECTIVE LENS, MEDIUM and FINE knobs.

16. If necessary, correct out the astimatism.

17. Take a micrograph.

6.2 Dark field image I (see Fig. 2b)

1. Carry out Steps 1 to 10 in Sect. 6.1, disregarding the note under Step

10.

2. Set the FIELD control at DARK.

Note: The direct beam should now be visible on the fluorescent screen B.
If the beam goes off the screen during the remaining part of this
procedure, bring it back with the X, Y-SHIFT knobs.

3. Carry out Steps 11 to 17 in Sect. 6.1.

6.3 Dark field image I {see Fig. 2c)

1. Depress the LENS unit AUTO FOCUS button to cease the autofocusing
function (the button lamp goes out).

2. Carry out Steps 1 to 5 in Seet. 6.1.

Note: Use the 600 um diameter (setting number 3) objective lens
aperture.

3. Set the CONDENSER LENS knob around the midway position.

4. Minimize the magnification by depressing the magnification selection
101 COARSE button and turning the FINE knob fully counterclockwise, and
then position the PROBE SCAN/EXT switch at EXT.

5. Decrease the direct beam intensity with the CONDENSER LENS knob within
an extent that the electron diffraction pattern can be observed on the
fluorescent screen.

6. Turn the OBJECTIVE LENS MEDIUM knob slowly counterclockwise until the

~ pattern is in focus. :
7. Repeat Steps 5 and 6 until the sharpest diffraction pattern is obtained.
8. Set the X—, Y-SHIFT knobs around their midway positions and observe the
' diffraction pattern.

9. Manipulate the X-, Y-SHIFT knobs so that the desired diffracted beam

passes through the center hole of the fluorescent screen.

35C~TED




Noter If the heam shifts off center {i.e., fails to pass through the
screen hole) during the remaining part of this procedure, re-
center it with the X-~, Y-SHIFT knobs.

10. After setting the PROBE SCAN/EXT switch to PROBE SCAN, carry out Steps

11 to 17 in Sect. 6.1.

6.4 Scanning electron diffraction pattern

1. Carry out Steps 1 to 7 in Sect. 6.3.

2. Set the DIFFRACTION APERTURE control at IN, then the X-SHIFT knob to
the midway position.

3. Set the TED unit MODE selection switch to DIFF.

4. Carry out Steps 11 and 12 in Sect. 6.1.

5. Obtain a scanning diffraction pattern suitable for photography with the
CONTRAST and BRIGHTNESS knobs. The CONTRAST knob is used for adjusting
the diffraction pattern intensity and the BRIGHTNESS knob is used for
adjusting the background intensity.

6. Set the camera length by referring to Sect., 7.

7. Locate the diffraction pattern as desired with the X-, Y~SHIFT knobs.

8. Photograph the pattern.

[Scanning electron diffraction line profile (LSP}]

a. After completing Steps 1 to 7 above, position the SCAN GENERATOR unit
scanning mode selection switch at - (line scanning) and then the
modulation mode selection switch at the upper position (amplitude
modulation).

b. Adjust the peak of the diffracted or direct beam with the CONTRAST
knob and the zero level with the BRIGHTRESS knob.

€. Maximize the peak of the direct beam with the Y-SHIFT knob and
optionally shift the direct beam horizontally with the X-SHIFT knob.
Notes: 1. If necessary, shift the diffraction pattern vertically with

the Y-SHIFT knob.

2. By using the Y-modulation device (YMD) in conjunction with
this device, the intensity profile can be displayed on the
CRT. In this case, position the SCAN GENERATOR unit scan—
ning mode selection switch at [J {frame scanning) and push
the ¥Y-MOD button on the DISPLAY unit#*,

* Operation procedure for the YMD is given in the JSM-35C
instruction manual.
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7. CAMERA LENGTH FOR SCANNING ELECTRON DIFFRACTION

Fig. 12a shows the ray diagram for high resolution diffraction in the
case of a conventional transmission electron microscope. The interplanar
spacing dth is given by the following equation:

L

W ¥ g

Ae (A) creereenneaans (1)

where [ is the camera length which is determined mechanically, ‘e is the
electron wavelength which varies according to the accelerating voltage X

(volt): Xe =1V/E(l " 35853 10758 R, and 17 is the distance between the

central spot and the diffraction spot.

However, since the scanning electron diffraction pattern is obtained by
scanning the diffraction pattern with deflection coil A and displaying the
pattern on the CRT synchronized with coil A, the camera length L' in the
scanning electron diffraction mode varies with the beam deflection angle or,
in other words, ;! varies according to the magnification setting. This
device is designed so that the diameter (2rj;7) of the diffraction ring of
spacing 4711 in Au 1is 35 mm at 35 kV, so long as the magnification is
minimum (the magnification selection 10! COARSE button depressed and the
FINE knob set fully counterclockwise) and the working distance is 39 mm.
Accordingly, the camera length L' is given as follows:

' 41.1

I
Ae

(mm) PR T R (2)

For example, at an accelerating voltage of 35 kV (le % 0.0643 R), L' is
about 639 mm (refer to Camera Length Calibration Chart}. Further, even if
the working distance is varied, the camera length remains unchanged so long
as the 2¥;;] in Au is 35 mm on the CRT. At a working distance of 39 mm, an
accelerating voltage of 35 kV and the minimum magnification setting, the
interplanar spacing is readily given by the following expression.

_ 411
hiki I"hkz

35C-TED
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Incident electron
beam (le)

FScanning

circuit

| //
2 A Direct beam
/Flucrescent /
rhkll screen \Aperture
(a) Detector

el p—

Vertical deflection coil

Horizontal deflection coil

* In the figure (b),

So0lid line: for scanning electron diffraction.
Dashed line: for intensity profile.

Fig. 12 Camera length
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[he L' = 41.1]

Accelerating voltage %

o 700
p N
=4 35 kV
Q
._| .
o S }SK\\\ 30 kv
g 6004
w
[w]
25 kv
5004 “\\\\\
400
4 =) 6 7 8 9 x 1072 (A)

Wavelength Ae

Camera length calibration chart
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INSTRUCTIONS

35-SRT

SCAN ROTATION & TILT CORRECTION UNIT

No. IEP35C-SRT
(EP696053)

SCAN ROTATION &
TILTING CORRECT

Fig. 1 Scan rotation & tilt correction unit
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1.

GENERAL

This unit permits 360° continuous rotation of the scan raster on the

specimen surface and correction of the beam deflection angle. Accordingly,
the specimen image can be optionally orientated without having to change the
orientation of the specimen. Furthermore, image foreshortening due to
gpecimen tilting can be corrected by reducing the beam deflection angle in

a direction perpendicular to the tilt axis; i.e., by increasing the magnifi-
cation in said direction.

2.

5.

SPECIFICATIONS

Scan rotation: 360°, continuously variable.

Tilt correction: 0 to 60°, continuously correctable

(distortion: less than 5%).

Power: DC +20 Vv, 60 mA; DC 10 V, 150 mA.
Operating temperature: 0 to 50°C.

Dimensions: 70 mm (W) x 300 mm (D) »* 150 mm (H).
COMPOSITION

Sean rotation & tilt correction UmIt s-sevemecmenrarae e seanaans 1

PANEL DESCRIPTION

ON/OFF switch
Scan trotation circuit switch.

SCAN ROTATION knob

Changes the direction of the electron probe scanning. Depending on
the specimen height (working distance), the knob is set at Aor ¥. The
A setting is for the higher specimen position and the Y setting for the
lower specimen position.

TILTING CORRECT knob
Corrects image distortion due to specimen-tilting.

INSTALLATION -

1. Confirm that the power switch on the operation and display section panel

2,

is off.
Insert the scan rotation and tilt correction unit into the operation and
display section of the scanning microscope.

35C-5RT




Note: Power for the unit is supplied from the power supply built into
the rack.

3. Turn on the power switch.

6. OPERATION
6.1 Scan rotation

1. Set the ON/OFF switch at ON.
2. Use the SCAN ROTATION knob to change the CRT image as desired.

6.2 Tilt correction

Turn the TILTING CORRECT knob so that the graduation on the knob
corresponds to the tilt control setting (that is, the specimen tilt angle)
of the specimen stage (goniometer stage).

35C-SRT
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MECHANICAL PARTS LIST

JSM-35CF

SCANNING MICROSCOPE
oL |

No. MPLEP35CF-1
(EP156091)

47 JEOL LTD./ BAREF

Tokyo Japan -

8102833HP
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JSM-36CF SCANNING MICROSCOPE

35CF




Notice

This is a mechanical parts list providing parts information
needed to be referred to by the user during routine operation or
maintenance. Please use this list when contacting a JEOL service
engineer or during maintenance inspection.

35C-2
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COMPONENTS LIST (BE520)

K=NO. AGL10I33(04) MODEL JSM=35C (M) EP156091v
PART NC, DESCRIPTION GTY

| 804%00341 ELEG.OPTIC.SYS. 1
[1A] 8047}0049{4 AALL1N35(¢0631=07 2 H.V.CABLE 1
[1B] 8047:00508 AA111030(¢01)=01 ANODE CHAMBER 1
[1cl 8045300663!5 AA112015(04)=04 WEHNELT UNIT 1
[2A] 804?\005]@6 AAL12048(03)=04 ALTGNMENT COTL 1
[2B] 8045%0067;3 AA113045(02)=01 INTMD.CYLINDER 1
[2C] 8045?006851 UA314101(03)=03 ATR LOCK VALVE 1
[3A] dow:o%qio UA321101(07)=06 CONDENSER LENS 1
[38] 804.350016?0 UA323101(03)=03 CL POLE PIECE 1
[4AY 804720044?.3 AAl14034(01)=02 OBJECTIVE LENS 1
[48B] 80472005254 AA115031(¢0R)~09 DEFLECTION COIL 1
[4Cl 8045?007033 UA362101(¢13)=11 STIGMATOR 1
;[EA] 804‘5:005126 UA316101(04)=04 MAGNETIC SHIELD 1
{3c] 80455005554 UA321102(02)=02 AXIS ALIGNMENT 1
(6A) 804?20043:55 UA361101(05)~06 APERTURE SELCTR 1
[6B] 804550059;2 UA361109(07)=03 APERTURE HOLDER 1
Ir 804%003?;0 SPEC.CHMBR SYS. 1
58] 8047‘20042?7 UA331103(02)=02 SPECIMEN CHMBR 1
7 aoaanOOQEO UA332102(¢l2)~18 SPEC.STAGE/CONT 1

35CF




COMPONENTS  LIST J

MODEL JSM=35C (M)

K=NQO, AGl10133(04) EP156091n
PART NO.‘ DESCRIPTICN aTY

[8,9] 804&5001le UA333125(08)«10 1 STAGE FRONT CVR 1
[5C] 804700532|UA336110(06)=-09 2 DETECTOR 1
[5H] 8045}00?4}6 UA336116(00)=00 3 . PMI HOLDER 1
[5D1 804:1“?001718 AA23T7003(02)=01 4 LAMP HOLDER 1
[5E] 8045007;1 JA331105(01)=-01 3 HINGE 1
[5F) 80455007%0 UA331106(03)-03 3 EXCH.PRE-EVAC. 1
[5G]A 8043;001&;6 UA334108=00 4 SPEC.HOLDER(A) 1
[5G]A-1 8043@001924 UA33IL109(007=00 4 SPEC.MOUNT 1
[5G]A-2 8049‘50041@8 (00 HOLDER -1
[65G]B 8045007358 UA334110(002-00 3 SPEC.HOLDER(B) 1
il 8049!003858 VACUUM SYSTEM 1
[10A] 8047:0046{0 UA3TL1121(03)=04 2 ELEC.GUN EVAC. 1
(1081 80475004'&8 UA371105(06)=05 2 COLUMN EVAC.PIP 1
[10C] 8045@006]1?4 UA371109(02)=02 3 SPEC.CHMBR EVAC 1
[11A) 8045?001623 AAL42049(00)=00 1 PRE-EVAC PIPE 1
[11B] 804510065i7 AA145043(01)~01 3 SOL.VALVE MOUNT 1
[11C] 8045%00649 AAL42046(0Ll)=-01 3 EXCH.CHMBR EVAC 1
[12A] 804@00436 UA270101¢09)=-10 2 EVAC.SYS. CONNEC 1
[10D] 804520062{2 UA372101¢00)=00 3 THERMOSTAT MNT. 1

35CF
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COMPONENTS  LIST
. - S
. K=NO. AGL110133(03) MODEL - JSM=35C (M) EP156085v
PART NO. DESCRIPTION aTY

l (10E] 80453006351 AAZ47001(02)=03 3 COOL.WATER SYS.

(1281 aoaa?oooﬂl MALT4004(02)=02 & PTRANT TUBE MNT
. [12€) %D#TEUODL%O MAQL400L(C4) =06 2 RP-100G
l 804'1";0002§8 MAG13008~01 2 DP-4F

[12D])-1 80415&')_043”%9 MAU13009€04) =04 2 DP-4E JET
l [120]-2 804350013%5 MAC13010¢01)=01 4 BP BAFFLE

[12D]-3 8049@002?;2 BN4SG0272(00) DP-4E PARTS
l 80#7500034?@ MAC12001=04 2 WTR-COOL BAFFLE

[12E]1-1 am&fowaja MAD12002¢02)=02 3 BAFFL.ASSMBLNG
' (12E]-2 8049{002851 804900281(00) BF-4 PARTS
. [ 108] B-1 soﬂiooo# MAG11012(05)=08 2 4"BTTRFLY VALVE

[10B]B-2 BO#T?OOO&J?Z MAQ11l013(05)=10 2 2"BTTRFLY VALVE
. [(11D] ao45§0001§1 AAL45035(02)=02 3 1"PNEU. L-VALVE

[11E) 8045000219 AAl45036(02)=02 3 PNEU.VENT VALVE
. [11F} 804550003?7 AAl4503T7T(00)=00 3 VENT VALVE
l [ 12F] 504550001«55 UA1l71119(00»=00 3 AIR FILTER
. IV 8049:003956 U6111010 ACCSS. /SUPPLIES

80495002‘5{9 UA393106 STD.ACCESSORIES
I R
i
i
35C-2
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COMPONENTS  LIST

KmNO, AGLl10133(03) MODEL  JSM=35C (M) EP156085\ l

PART NO, DESCRIPTION QTY
(03-1 8049@003219 (00) ACCESSORIES 1 l

[01-2 | 804300143|MAI9=ANO=4(02) =02 4 FILAMENT BOX 2
[01-3 804300151| UA393113(02)-02 4 STORE CASF 1 .
! i .
[01-4 804900353| UA395102¢00) SPECIAL TOOLS 1 l
[00] — 0-RING LIST .
L .

35C-2




STANDARD CONFIGURATION

ELECTRON GUN

COLUMN ———

SPECIMEN CHAMBER

DISPLAY PANEL

2 _

OPERATTION PANEL

|
) \ MAINPOWER PANEL

35C-2




[1a]-_H-V. CABLE
WEHNELT UNIT =P
(1cl N
(1p]._ANODE CHAMBER ELEC. GUN EVAC.
3_______-——[101\1

[24]—ALIGNMENT COTL \@

(28] INTMD., CYLINDER

ATRLOCK VALVE

[2C]

‘.“‘\\\_ AXTS ALTGNMENT [3c]

[3A) CONDENSER LENS

CL_POLE PIECE

[3B]

MAGNETIC SHIELD  [gaj

[4g)_ DEFLECTION COIL
STIGMATOR (4]
@ OBJECTIVE LENS __ r,.]

SPEC. HOLDER (B)
(5G] — APERTURE HOLDER gy

SPEC. HOLDER (A)
DETECTOR  rory

[5G]A =iy

[7] SPEC. STAGE/CONT

{(5H]
/PMT HOLDER

[8,9]_STAGE

FRONT CVR

APERTURE SELCTR

[6A]

SPECIMEN CHMBR (58]

EXCH. PRE—EVAC15F1 LAMP HOLDER [5D]
35C-2




H. V. cable —[1A]

Electron gun—{ 1A}

Connecting pipe

Anode chamber—[ 18]

[10A]

Wehnelt —-[1C]
Anode —[2A]

Deflection coil
{for axis alignment) (2A]

Main evacuation —[10A]—

2
Intermadiate cylinder—[2R]
manifold

Anade chamber airlock valve -{2C]
Condenser lans coil —{3A]

1
|

Condenser lans pole piece —[ 3R]

Axis alignment screw —[ 3¢ Lo F
Magnetic shield —[5A] " \’

I

| -
| 45 -
[ 1T jﬁ

Obijective lens coil —[4A] ’f —— ' |

A =

{ . .
Objcte s ptepienzs | N / (4B <o o e o
Specimen exchange i '

™S

KN

chamber airlock valve {4C]-Stigrmator coil

(8.9]

Specimen exchange y‘ ¥, [4C]-Astigmatism monitor coil

chamber [8,9]i , —n ‘G " ._ ” /[BA]gObjective lens apertura selector
{]
O

illl JolrEe—
Q:f N = [5H]
\[5(;] -Detector

[5B])-5pecimen chamber

/(

[5G ]-Specimen holder

Front cover—[8,9] [ 7]-Specimen stage

Cross-section of column




Wehnalt unit

; Cable clamp
Evacuation pipe
5 Securing ring

Cannecting pipe

1B-A4

1B-1

3496 3 3 35 % 9 26 36 3 3 8 M 3E B 48 4 B SRR T R S 33

* PARTS L 18T #*

[1A] 59 o S 3¢ 6 3 6 35 38 36 3 3 34 3 AF B 3 3 SE 3 33 S0
MODEL 804000069  AG110133(03) JSM=35C (M) EP156085= II
COMPO 804700494  AA111035(06) H.V.CABLE 800902 l
*******************%#******-N-****l#******%**ﬂ'**#*********%***%******#****%%
SEQ PART=NO. - DESCRIPTION QTy
@ 1 327000708  INSULATOR ABT10296=03 3 1 lI
= 4 800101880 SPRING,PRESSURE UB311007=00 &4 1
7 600002501  CONTACT MB101850~03 4 2
8 600082296  CONTACT ABT10299-01 4 2 .
10 600082342  HOLDER AB110548-01 & 1
11 800101791  BOARD AD121875-01 4 1
12 600003451  CONTACT AD120192-00 4 3
13 800101804  PIPE AD121876-02 4 1 l
14 800101812  HOLDER AD121877=-01 4 1 '
15 800101821  HOLDER AD121876-01 4 1
16 800101839  HOLDER AD121879-01 & 1 ll
17 800101782  NUT AD120196-00 4 1
18 800503112  CAP AB110635=01 3 1
19 800100948 HOLDER AB110636-01 4 1 .




11
SEQ PART=NO, DESCRIPTION &TY
20 BOO100956 HEAT CONDUCTOR ABL10638=00 4 1l
21 &£006103153 HEAT CONDUCTOR AB110639=~02 4 1
22 800100964 RING ABl106&640=00 & 1l
23 BOO10O0D972 RING AB110641=01 4 1
25 B00100981 HOLDER AB110643=01 4 1
@ 26 BOQLl0L1774 HOLDER ABT7102301=02 4 1l
27 BOD100%9299 HOLDER AB1l10650=00 4 1l
28 BOO120477 EXPLANATION AG53Q068=02 4 1l
29 600177645 INSULATOR MB1l1OT778=-00 4 1l
A 1 409005169 +PAN HEAD SCREW 345 BSW2 NIP3 1
A 2 409002003 +PAN HEAD SCREW 3x6 BSwWZ CRP1 3
A3 412000504 SPRING WASHER 22*4 4 PBP NIP3 2
A 4 412000121 HEXAGONAL KNUT M 2 SUS304 132 2
A b 416000967 JOINT B=5,5 3
&=A 7 360004466 HI=VOLT CAEBLE XES=0274 (3CIP1avu=ikF" has
- A 8 409001601 +PAN HEAD SCREW La12 BSwW2 NIF3 2
A 10 409006807 HEXSOCKET SCREw ES 3«3 SUS3p4d 2
A 11 406000115 O=RING JISBZ2401 P 10 4D 1
A 12 406001341 Q=RING JISB2401 G 50 4D 1
A 13 409006815 HEXSOCKET SCREw £S5 4#4 5US304 1l
A la 423005529 OlIL KF9& 500CS 1KGTy
A 16 409008466 HEXSOCKET SCREWw FNMY 3410 SUS304 4
A 17 415001897 PARALLEL PIN H7B 2#5 SUS 1
A 18 126101566 LEAD (Pb) TAPE 0.1T#15450 1
[1B]
MOBEL 804000069 AGLL0O133(03) JEM=35C (M) EP156085~-
COMPO 804700508 AALL11030(0L) ANODE CHAMBER 800902
#%**#****-ﬂ-***-ﬁ-*%%%*4{-4{-***-!Ht*-u-%**-u-'h’—******-}1-***%*********%*#**#*%**#********%‘
SEQ PART=NO, DESCRIPTION QTY
e o 1 800700295 CHAMBER UB311004=07 2 1
(o 2 ROQS50197T HOLDER UB311032=03 3 1
= 3 800100654 HOOK UB311010<-05 4 4
4 BOGLlODS0S5 BRACKET AB110044=02 4 1
5 BOU100913 BRACKET AB110045=02 4 1
6 BOO101R98 SCREW UB311021~01 4 1
7 B0010092) SHAFT AB110046=00 4 1
A 2 415001811 FARALLEL PIN HTB 5#6 S45(C 1
A3 406000654 O=RING JISB2401 P &7 4D 1
= A 4 LOBOCOH0A O=RING JISB2401 P 125 4D 1
A 5 414001630 CIRCLIPC(E=TYPE) 4 5K5 2
A7 411001060 HEXSOCKET BOLT 4wl S5CMA 4
A § 411001116 HEXSCCKET BOLT 5#12 SCM3 8
35C-2
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Wehnelt unit

Removing the Wehnelt unit

(1C]

1c-9
1¢-13

1c-7
1C-Ab

1c-3 1C-10

1C-A2
1c-12

1C-4

1C-6

1C-5

1C~-A4
1C-A5

Wehnelt unit

35¢-2




[1C]

MODEL B0O40OC00&S AG1l1lQ133(04) JSM=35C (M) EP156091=
COMPQ 804500665 AAL12015C04) WEHNELT UNIT 800902
-}b**%*%*%&-![--N-**il-*******-}s*****-ﬁ-***%*i(--ﬁ-****#*-u-*****#***%#**ﬂ-***ﬂ-*************ﬂ#%
SEQ PART=NOQ. DESCRIPTION GTY
= 2 BC010100Ce SPRING,LEAF AB1l20008-04 4 2
k= 3 00101928 HOLDER UB311036=00 4 1l
= 4 600006255 INSULATOR AB120010-C0 4 1
(< 5 B0G1l01022 RING AB120011-01 4 1
= 6 BO0101936 WASHER UB311039~-00 4 1
(=g T 800101031 HOLDER AB120013=00 4 2
= 9 800101049 GRID AB120015-02 4 1
= 10 BOD10194¢4 NUT UB311040-00 4 1
@& 12 800101910 NUT UB311037=-01 4 1
= 13 BOOSC0199 FILAMENT AB120058-00 3 1l
=oAL 2 409006823 HEXSOCKET SCREw €S 4#5 5US304 4
= A 4 412004003 SPRING WASHER 235 3 SWRH ZNPsaC 2
=A 5 409006831 +PAN HEAD SCREW 3#14 SUS304 Z
A & 409004%61 +PAN HEAD SCREwW Z#5 SUS3g4 2







[2A]
MODEL 804000069 AG110133(03) JSM=35C (M) EP156085-
COMPD BO4700516 AA113048(03) ALIGNMENT COIL 800902
-u'-n--H--»-)%**-n-*-ﬂ»4!--N--)(-*-lHH&%&#iﬂ#%*#%#**%********ﬂ*%********%*-If******ﬂ****%****%*****%%
SEQ PART=NO., DESCRIFTION QTy
=5 1 BOGTO0O06E FLANGE AB130476=01 2 1
o 2 BOGS00300 FLANGE UB361002=08 3 1
4 BOU101111 SPACER AB1l3Q477-01 4 1
@ 5 800101120  CASING AB130478=01 4 1
6 BO0101073  SUPPORT ABl30143=02 4 1
7 BOC101081  CORE ABl30144=01 4 2
8 800101154  SPACER AB140031-01 4 2
9 800101138 NUT AB130479-01 ¢ 1
& 10 800101103  PLATE AB130469-03 4 1
11 B00101146  SPACER AB130510=00 4 1
12 800124553  COIL XES=02T77~00 4 2
@ 13 800131762 ANCDE ABT10242=00 4 1
Al 406000174  O=RING JISB2401 P 14 40 1
A2 406001332  O=RING JISB240Ql G 45 4D 2
@A 3 406001481  Q=RING JISB2401 G 120 4D 1
A 4 415002524  PARALLEL PIN H7B 1#5 PR 8
A 5 409001881 +PAN HEAD SCREWw 2#4 BSW2 CRP1 12
@A 7 409006840, +PAN HEAD SCREW 2#le BSW2 CRP) 2
A B 409006858 +PAN HEAD SCREW 3#5 BSwW2 CRP1 3
A 9 409002089 +PAN HEAD SCREw 4#10 BSW2 CRPj1 6
@A 10 411001108 HEXSOCKET ROLT 5#10 5CM3 2
A 11 411003062 HEXSOCKET BOLT 5#35 SCM3 3
A 12 416000622 RUG TERMINAL 2 12
A 13 430000171 NYLON CLIP HP=2N 3
[2B]
MODEL 804000069  AG110133(03) JSM=35C (M) ERP156085m
COMPO 804500673 AAL13045(02) INTMD. CYLINDER 800902
‘ﬁ'-ﬂ'*****-ﬁnﬂ-********#**'}5‘-}(-**********'H'***#*##***ﬂ'******‘N’*ﬂ-*#ﬂ’ﬂ'ﬂ'*#***************
SEW PART=NO. DESCRIPTION @Ty
e 1 BOOTOO015 YOKE AB130467=03 2 1
=S 2 BOOS00024 FLANGE AB130466=03 3 1
= 3 800500016 YCKE AB130465-03 3 1
4 00100654 HOOK UB311010=05 4 4
(=aF W] 406001278 O=RING JISB2401 G 25 4D 1
A 2 406001464  Q=RING JISB2401 G 110 4D 1
@A 3 409001457 +PAN HEAD SCREwW 356 BSWZ NIpP3 1
A4 409005061 +PAN HEAD SCREwW 4#16 BSWZ NP3 3
@A 6 430000171 NYLON cLIP HP=2N 1
A T 411001108 HEXSOCKET BOLT 5410 SCM3 3
A 8 411001116 HEXSOCKET BOLT 5#12  S5CM3 4
35¢-2




16 l
[2C]
MODEL BO4O00069  AG110133(03) JSM=35C (M) EP156085—.
COMPO RO4500681 UA3L14101C0R) ATR LOCK VALVE BO0902
-H»******-u»****%***-ﬁ-*-N--x--u--u-*************ﬂ-**#*%%*****%#********%%****************
SEQ PART=NO, DESCRIPTION QTY
1 800500121  PLATE UB311011~00 3 ]
2 800500130  CASE UB311012=-02 3 1 Il
& 3 800100662 SHAFT UBR311013~02 4 1
= 4 BOO1006T1 KNOB UB311014=02 4 1
5 ROOL100689  VALVE URB311015=01 4 1 II
6 800100697 BRG,PLAIN UB311016=00 4 1
& 7 800100701 SCREW UB311017-00 4 1
8 800100719 BRG,PLAIN UR311018-02 4 1
9 800100042 STOPPER AB130114=00 4 1 l
10 800100735 STOPPER UB311044~00 4 1
@ 11 800100093  COVER ABL130506=-00 4 1
@A 1 411006107 HEXSOCKET BOLT 4%16  SCM3 3 II
A2 409005169 +PAN HEAD SCREw 3%5 BSW2 NIP3 3
@A 3 409007340  +PAN HEAD SCREw 2%16 BSW2 NIP3 2 :
A4 409006866 +FLT HEAD SCREw 2%#3 BSW2 NIP3 6 l
A 6 406000077 O=RING JISB2401 P & 4D 1
A T 406000280 O=RING JISR2401 P 25 4D 1
A 8 406001464  O=-RING JISB2401 G 110 4D 2
A 9 414002075 CIRCLIP(E=TYPE) 4 PBP 2 .
A 10 415000459  PARALLEL PIN HTB 3#8 S45C 1
A 11 409006874  RIVET(ROUND=HD, 23 BSW2 1
A 12 415000262 PARALLEL PIN HTB 2%10 S45C B
[5A] B
MODEL 804000069  AG110133(03) JSM=35C (M) EPL56085=
COMPO  B04500576  UA316101(04) MAGNETLC SHTELD 800902 l
*******%**********#*4&***#-H-******%##*#ﬂ-*%****%*ﬂ***ib*#************%it—********
SEQ PART=NO, DESCRIPTION QTY
= 2 800100727 RING UB311023~04 4 1 I'
@ 3 800700023 SHIELD PIPE AB190019=-01 2 1 l
35C=-2
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[3B)
@/ 0—13
|—Aperture holder

34A=2

3A-7

[3C]

[3B] — Pole piece

3B-2,3,4

3A-A4
[3A) |
MODEL 804000069 AGL10133(03) JSM=35C (M) EP156085=
COMPO BD4500690 UA321101¢0T) CONDENSER LENS 800902

WIS R Rt AR AR AR R R R R R SRR AR R AR AR RS H I B E SRR B HBE BT ERERE RS

SEQ PART=NO, DESCRIPTION QTY

@ 2 800700031 CYLINDER UB321023-03 2 1

=7 BOOS500156 FLANGE UB321028=04 3 1

8 600010465 RUSH AB130100~00 4 1

9 600010473 BUSH AB130099=02 4 2

10 800107829 SHEET AB130112~-01 4 3

11 600010481 BUSH ABl30101-02 4 3

12 600010490 BUSH AB130111-03 4 3

13 BOD500032 CYLINDER AB130480=02 3 1

14 800500041 YOKE AB130481-06 3 1

15 800500059 YOKE AB130482=03 3 1

16 BO0100085 HOLDER AB130483=01 4 1

17 800124260 ColL APQOQTS54=02 4 1

18 800124251 SHEET AB1l30745=00 & 1

A 1 411001051 HEXSOCKET BOLT 4%10 SCM3 3

A 2 406000611 ~ O=RING JISB2401 P &0 4D 2

A 3 411001108 HEXSOCKET BOLT 5#10 SCM3 3

A 4 409006882 +PAN HEAD SCREw 3%5 BSW2 3

A 5 406000352 0=RING JISB2401 P 3Q 4D 2

A 6 411004107 HEXSOCKET gOLT 4416 SCM3 3
35C-2



18 l
[3B]
MODEL 804000069 AG110133(¢03) JSM=35C (M) EPL156085= I
COMPO BO4300160 UAa323101¢03) CL POLE PIECE 800902
-)Hx-lt-%%***%****%***%*#*%***********#****#*-ﬂ-*'l!‘-!t--l('-lHi**'}I-**-H-*%%*%ihb*%*%*#%*#****#%
SEQ PART=NQ. DESCRIPTION OTY
= 1 BO0100051 HOLDER AB130147=-00 4 1
= 2 800100069 SPACING RING AB130146=01 4 1 l
< 3 BOC100751 POLE PIECE UB321034=01 4 1
= 4 800100760 POLE PlECE UB321035-02 4 1
= 5 800100077  HOLDER AB130150-04 & 1 l
= 6 418000450 APERTURE AB130151=03 4 1
<o 7 800100611 APERTURE MB102221-03 4 1
A 1 424005077 PLASTIC CASE 120¢C 1
A 2 131100220 POLYURETHANE FOAM 583w#10T 2 l
A 3 423001183 SILICA GEL 10G1u 1
/ Lo - : [3C])
| =T [ l
306 — R |
‘,’J-’:}‘:j\’ “6::::‘!:': l
/}\ v 0-11
A
}\\\ g
| %N P f'[
[ - [ l
| S e - |
A \“-«_1___ﬁ - /i
:\\ 4 .
Condenser lens alignment
[3C] l
MODEL 804000069 AG110133(03) JSM=35¢C (M) EP156085=
COMPO 804500584  UA321102(02) AXIS ALIGNMENT 800902 l
'ﬂ-*******%*********##-ﬂ-***#********ﬂ-****%%******ﬁ'**-!f#**ﬁ************ﬂ-*%%***#*
SEQ PART=NO. DESCRIPTION GTY
1 BDO101961 NUT UB3Z21040=0D0 4 1 l
2 B80C101979 SPRING,PRESSURE UB321041=00 & 1
3 8001015987 SLIDER UB321042=00 4 1
4 800101995 BRG,PLAIN UB321043=00 4 1 .
5 800101057 ROLLER AB130090=-00 4 1
= 6 800101090 SCREW AB130152=02 4 P
Al 415001820 PARALLEL PIN HTB 3#4 S45C 1 .
A 2 401000834 STEEL BALL & M/M SUJZ 2
A 3 415000548 PARALLEL PIN H7B 4#8 545C 1
35C-2



4B~24 4B-Al1l

4B—A25\\4B—A4 / 4B-A12

4B-22
4B-12,13,20
4B-Al0

— 2nd deflection systsm
cylinder

LA~2

@ 4a=12
.

<!
61f\()—@)

Viewed in the A arrow direction




20 Il
[4A]
MODEL 8040000693 AG110133(03) JSM=35C (M) EF156085--'
COMPO 804700443 AAl14034(C01) OBJEGCTIVE LENS 800902

SE®

PART=NO.

DESCRIPTION

QTY

**#***%**************************H-*ﬂ-#**-H-i}#**%********%%*%%***#%**ﬂ%*****!—** l

35CF

@ 1 800700040  CYLINDER UB321036=04 2 1
= 2 800500148  MAGNETIC POLE UB321017-08 3 1 I
= 3 800500067  YOKE AB140394~04 3 1
& 4 800500075  FLANGE AB140395=04 3 1
5 BROO500083  YOKE AB140396=04 3 1 l
6 800100743  RING UB321018=01 4 1
7 800100131  MAGNETIC POLE AB140374-05 4 1
8 800100140  MAGNETIC POLE AB140375-06 & 1
9 800100158  SPACER AB140376=01 & 1 l
10 800100174  SPACER AB140419=00 4 1
11 800100166  COVER AB140377-01 & 1
@ 12 800100778  COVER UB321050-00 & 1 .
13 800100824  NUT UB361146=02 & 1
14 800100107  CAP AB140106=01 4 1
15 800100115  SPRING,LEAF AB140107-01 4 1 I
16 800100123 X RAY [SOLATOR AB140372-00 4 1
@ 17 800124308  COIL APOOOTA1-03 4 1
Al 406001391  O=RING J1SB2401 G 75 4D 1
A2 406001456  O=RING J1SB2401 G 105 4D 1 l
@A 3 406001464  O=RING J1SB2401 G 110 4D 1
A 4 409006891  +PAN HEAD SCREW 310  BSW2 8
A S 411001043  HEXSOCKET BOLT 448 SCM3 4 lI
A 6 411001060 HEXSOCKET BOLT 4%12  SCM3 6
A 7 411002422 HEXSOCKET BOLT 5422  SCM3 4
A B 412002566  PLAIN WASHER(SM M 3 BSP NIP3 4 l
[4B]
MODEL  B04000069  AG110133(04) JSM=35C (M) EP156091-l
COMPO 804700524 AA115031¢08) DEFLECTION COIL BOD90D2
-I‘*******ﬂ-**i('*********%***#*******%**********************ﬂ-ﬂ***%***********‘b%l
SEQ  PART=NO. DESCRIPTION QTY
1 800500318  FLANGE UB361006~05 3 1 l'
@ 3 800103459  SHIELD PIPE UB361008~07 4 1
& 5 800100654  HOOK UB311010-05 & 4
6 800103467 PIPE UB361009=02 4 1 l
9 800101189 RING AB150121=02 4 1
10 800101171  NUT AB150120-01 & 1
@ 12 800103491  HOLDER UB361020-03 & 1
& 13 800101197  SPACER AB150123-02 4 1 II
14 800103505  SUPPORT UB361023=02 4 1
15 800101162 PIN AB150070-00 & 1
& 16 800101201 PIPE AB150202=01 4 1 I




SEQ PART=NOC,
= 20 800124561
21 800101235
= 22 800101243
= 23 800101251
& 24 800186681
25 800704177
@A 2 411001116
A 3 405001490
@A 4 409001473
A 5 409006939
=A 7 406001359
A 8 406000204
@A 10 312000201
=A 11 430000171
=A 12 409005169
A 13 409001309
=A 14 412000326
A 15 416000622
A 17 360004121
A 18 360004083
A lg 360004172
A 20 360004113
A 21 360004067
A 22 360004075
A 23 360004130
A 24 430001053
=A 25 353002402
(4C)
MODEL B804G00069
COMPO 804500703
At 3494 A g 3 336 3 36 9E 3650 3 36
SEW  PART=NO.
= 2 800103769
8 800103777
= g 800103475
12 800101162
= 13 BOO103483
15 80C101219
&= 20 800124545
= 21 800101227
= 22 B0O0101260
= 23 800101278
A1 409006939
A2 403008659
A3 416000622
A4 360004130
A 5 360004067
A b 360004121
AT 360004083
A 8 360004172

DESCRIPTION
CoIL

HOLDER

SHIELD PIPE
APERTURE

HOLDER

WIRING LAYOUT
HEXSOCKET BOLT
+PAN HEAD SCREW
+PAN HEAD SCREW
+PAN HEAD SCREW
O=RING

O=RING

CORE

NYLON CLIP

+PAN HEAD SCREw
+PAN HEAD SCREW
PLAIN WASHER
RUG TERMINAL
WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

WIRE

INPTUI2R YARN
HERMTIC SEAL

AGl10133(04)

UA362101(13)

BOBBIN

SPACER

BOBBIN

PIN

NUT

SUPPORT

ColL

HOLDER

APERTURE

CAP

+PAN HEAD SCREwW
+PAN HEAD SCREW
RUG TERMINAL
WIRE

CABLE

CABLE

CABLE

CABLE

XES5-0297-01 4
AB150307-=02 4
AB150308=01 4
AB150309=01 4
800186681-00 4
800704177~00 2
5%12 SCM3
3#20 BSW2 N[P3
3*10 BSW2 NIP3
245

JISB2401 G 55 4D
JISB2401 P 13 40
H5C2T 26=32-1p
HP=2N

3#5 BS5W2 NIP3
2#%4 BSW2 NIpP3
M 5 BSP NIP3

2

AF048050 OF
AFO4BOS50D BN
AFQ4B0O50 YW
JWD 15KT ¢Nn
JWD 15KT BE
AFQ4BOSC BK
AF04B0OS0 RD
NO, 2400

C=105

JSM=35C (M)

STIGMATOR

UB361133=05
UB361139-02
UB361016-01
ABl50070=-00
UB361019-01
AB150287=-03
XES=0272=-02
ABl50306-00
AB150310=-02
AB150311-01
2#*5

2%3 BSw2
2

AFQ4BO50 RD
JWD 15KT BE
AFC4BOS0C OF
AFQ4BO50 BN
AFO4B050 vyw

FEPPPPEEPR &

21

e
—
<

fu
NUMUUI\JNHNWL‘)NI—‘MI—*HHM

[

EP156091-

800902

e Sl ol S SN

P



6A-30

6A—AD
6A-29

Objective lens aperture selector

[6B]

bA-Al5,A17,A18

6B-10
6B-Al

6A—AB




II 23
[6A]
l MODEL 804000069  AG110133(¢03) JSM=35C (M) EP156085~
COMPQ BO4700435 UA361101¢05) APERTURE SELCTR 800902
t:--u-***#*******%#**%**%***#-H-*****'!(--H-***'***#*******%********ﬁ****%*%#%******%**
. SEQ PART=NO. DESCRIPTION QTY
@ 1 800500326  BRG.PLAIN UB361024=02 3 i
. & 2 800103513  SUPPORT UB361025=00 4 1
& 3 800103785  SHAFT UB361145~02 & 1
4 800103521  BRG,PLAIN UB361027=00 & 1
I' 5 800103530  SHAFT UB361026=-00 & 1
& 860103548  SPRING,PRESSURE UB361029-00 4 1
@ 7 80C103556  NUT UB361030=00 & 1
8 800103564  BUSH UB361031-00 4 3
l & 9 800103572  BRG,PLAIN UB361032=00 4 1
10 800103581  SHAFT UB361033=01 4 1
& 11 B0G103599  KNOB UB361034=00 4 1
II 12 800103602  SPRING,PRESSURE UB361035=00 4 2
= 14 800103611  HOLDER UB361037=02 4 1
15 800103629  SHAFT UB361038=03 &4 1
. = 17 800103637  PIN SCREW UB361039=-01 4 2
@ 18 BOOLl03645  BRG,PLAIN UB361040-02 4 1
19 800103653  SCREW UB361041«00 &4 3
20 800103661  SHEET UB361042=00 4 1
. @ 21 BOO103670  KNOB UB361043=01 4 1
w22 BO0103688  NUT UB361044=01 4 1
& 23 800103696  KNOB UB361045=00 4 1
. 24 BOOL103700  SHAFT UB361046=02 4 1
26 800103718  GUIDE UB361048-00 4 1
27 800103726  GUIDE UB361049=00 4 1
I 28 BO0103734 GUIDE UB361050-00 4 1
@ 29 800103742  SUPPORT UB361051=00 4 1
w30 BOG1037%1  SUPPORT UB361052-00 4 1
31 00103793  HOLDER UB361147=-00 4 1
. 33 800500334  WIRING LAYOUT UB361148~05 3 1
@A 1 406000247  O=RING JISB240Q1 P 22 4D 1
A2 406000051  O=RING JISB2401l P 4 4D 3
. A3 406000115 O=RING JISB2401 P 10 4D 3
A 4 406000174  O-RING JISB2401 P 14 4D 1
A 6 409004383  FLAT HEAD SCREWw 2#3 BSW2 5
@A 7 409001309  +PAN HEAD SCREW 2#4 BSW2 NIP3 6
. @A B 409004391  FLAT HEAD SCREW 244 BSW2 4
@A 9 409001325  +PAN HEAD SCREW 248 BSW2 NIP3 6
@A 10 412000202  HEXAGONAL NUT M 3 BSBM NIp3 2
. A 11 401000834  STEEL BALL & M/M SUJ2 4
A 13 415001790 PARALLEL PIN HTB 2#5 S45C 3
A 14 353002496  HERMTIC SEAL C=133(C=520) 1
l @A 15 416000991  AMP TERMINAL M234 0,755Q 1
@A 17 327001895 INSULATOR D1.2%D3,2#2 23
@A 18 125100540 TIN PLATED WIRE DO.B#50 2
35C-2




24
[6B]
MODEL 804000069 AG110133¢03) JEM=35C (M) FPl56085=-
COMPQ BO450059¢2 UA3B1109C0T) APERTURE HOLDER BO0902
LR A R R A R R R PR L LR R R L R R T R R TE RY BT LR T AR A TG TR R R T Ty
SEQ PART=NQO., DESCRIPTION aTyY
1= 1 BOOS500164 SUPPORT UB361140=~03 3 1
o 2 800100786 LEAD PLATE UB361141=-02 4 1
= 3 800100794 LEAD PLATE UB361142=0]1 4 1
(ca 4 800100808 [INSULATOR UB361143=00 4 1
= 5 800100182 SCREW ABleQl32=-01 4 1
= 7 800100191 SCREW AB160136=02 4 P
= 8 BOUL10020% INSULATOR ABleQ1l37-00 4 2
= 9 BOQ100816 INSULATQR UB361144=-00 4 1
= 10 BOOL100DZ212 INSULATOR AB160514=00 4 1
w11 418001103 APERTURE ABT20027=-02 4 1
@A 1 409006921 +TRUSS HD SCREwW 2#5 BSW2 2

5B~1
5B-8
5B-Al

[6A][68B]
3B-3
5B-A8

5B-A2

{5F] 5B-4

Disassembling the objective lens and specimen chamber

35C~2
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[5B]
MODEL 804000069 AG1l10133(03) JSM=35C (M) FP156085=
COMPO HO4T700427 UAa331103C02) SPECIMEN CHMBR B00902
F A G I S I e M A B e S R I R R R R e R I A W TE A IR I IR M I 56 I I B 2 2 S 45 4 B 2 36 3 3 R B M 3 5 3
SEQ PART=NQ. DESCRIPTION QTyY
= 1 BOO500229 CAP UB331184=00 3 P
= 2 BOUS00D237 CAR UB331185=00 3 1
- 3 BOOS500245 FILANGE UB331186-00 3 1
= 4 BOOB0C0L0 CHAMBER UB331187-12 1 1
5 BOC102541 CAP UB331188=00 4 1
& 800102550 CAP UB331189=-01 4 1
(- 7 B00102568 CAP UB331190=00 ¢4 2
= 8 600000095 GASKET AB210027-00 4 2
=A 1 411001159 HEXSOCKET ®BOLT a&%19 SCM3 12
A 2 411001051 HEXSCCKET RBOLT 4#1Q 5CM3 7
A 3 411000993 HEXSOCKET BOLT 3u8 SCMa 4
A 4 415000548 PARALLEL PIN HTB 4#8 545C 3
A 5 415001790 PARALLEL PIN HTB 2#5 S545(C 1
A 6 406000859 O=RING JISB2401 P 14% 4D 1
=hA 7 406001383 O=RING JISB2401 G 70 4D 1
=A 8 406001375 O«RING JISBZ2401 G &5 4D 1
A9 406000484 O0=-RING JISB2401l P 44 4D 1
@A 10 406001278 O=RING JISB2401 G 25 4D 3
[5E)

MODEL BO40C0069 AGLl10133(¢03) JSM=35C (M) EP156085=
COMPQ 804500711 UA331105¢(01) HINGE 800902
%**%*%*%%**********%%***********%***#**#%***ﬂ%**#********i**#****%%*******#
SEQ PART=NO. DESCRIPTION GTY

1 800103017 BRACKET UB331352=04 4 1

2 BOC1l03025 SHAFT UB331353=00 4 1l

3 800103033 SPACER UB331354=00 4 1

4 B0OC103041 BRG,PLAIN UB331355=03 4 1

5 800103050 BRG,PLAIN UB331356=02 4 1
A1 411001574 HEXSOCKET BOLT 5430 SCM3 4
A2 411001141 HEXSOCKET BOLT 5#20 SCM3 4
A 3 409001457 +PAN HEAD SCREw Axe BSW2 NIP3 1
35C-2
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Hinge
Front cover— Specimen
i chamber
pecimen holder
5F-A1
5F-A6
SF-]-. 5F_2
5F-8 F-7
pecimen stage
S5F-A10
Opening the front cover
(5F]
MODEL 804000069 AG110133¢03) JSM=35C (M) FP156085=
COMPO 804500720 UA331106(03) EXCH.PRE-EVAC. 800902
S5 3H T 2 T T3 g T 3 I gt gp ge 336 S AE 3F IE 6 36 3F SE 35 36 36 S5 3F 4F 35 3F Bh b HE Sh 4E B 36 3 00 20 B 28 035 35 30 46 F 3 R R 34 38 36 6 96 3 I I H
SEQ PART=NO, DESCRIPTION QTyY
= 1 800500261 BRG,PLAIN UB331358=03 3 1
= 2 800500270 BLOCK UB331359~03 3 1
3 BO0L103076 SPRING,PRESSURE UB331360=00 4 1
4 800103092 PIPE W/FLANGE UB331362=-01 4 1
5 800101332 PIPE AB220391~01 4 1
6 BO0101341 PIPE FITTING AB220393=01 4 1
- T 800101359 NUT AB220394=01 4 1
& 8 800103084 HOOK UB331361-04 4 1
A 1 411001043 HEXSOCKET BOLT 48 SCM3 b
A 2 411001060 HEXSOCKET BOLT 4nl2 SCM3 2
A 3 411004107 HEXSOCKET BOLT 4#16 5CM3 3
A 5 415001803 PARALLEL PIN H78 4#36 S5S45C 1
@A 6 406000093 O=RING JISB2401 P 4 4D 1
AT 406000123 O~RING JISB2401 P 10A 4D 1
A 8 490003150 RING BRI SL31UtaN 1
A 10 409008613 HEXSOCKET SCREW FHR*y 3#5 5CM3 1
A 1ll 405002416 BYTON TUBE 4.5D0#10D#150
35C-2

\




e CTSBSD-2 5peA3 33

T SD-AL
Replacing the specimen chamber illumination lamp
[5D]

MODEL 8040000693 AG110133¢03) JSM=35C (M) EP156085=
COMPO 804300178 AA23T003(02) LAMP HOLDER 800902
AR e I RIS B SR B B IR R e AR RIS I R U0 2 A 4 46 46 336 2 4 26 6 45 B 45 28 6 4 9 4
SEQ PART=NO. DESCRIPTION QTyY
= 1 800101707 NUT AB370046=00 4 1l

2 800101715  HOLDER AB370047=03 4 1
3 830101723 SUPPORT AB3TO048=01 4 1
=" 4 800101731 COVER AB370049-01 4 1
=A 1 409001902 +PAN HEAD SCREW 2#8 BSW2 CRpP1 2
A 2 353002496 HERMTIC SEAL C=133(C=520) 1
=A 3 406000158 O0=RING JISB2401 P 12 4D 1
A4 360004113 CABLE JWD 15KT EZp»y
A 5 360004121 CABLE AFQ4B050 OE

35C-2
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Specimen I
0-2
5GA-AL" I
5GA-2"
5GA=1" l
5GA-2
Specimen exchange rod W/' 5GA~-AlL
WD15 specimen holder l
[6G]A-1 I
MODEL 804000069 AG110133C03) JSM=35C (M) FP1560R85=
COMPO B043001%4 UA334109(00) SPEC.MOUNT 800902 l
S48 30 35 B 3 36 36 4 36 3 35 3636 96 30 B0 0B 21 20 30 0 0 B 4 0 9 HH 8 3 3E 4 46 36 48 38 36 35 30 0 30 35 36 3 3 50 3R 9000 GE ST 0R 6 8t 4F 5h 300 0 3RS R R S M 4 3t
SEQ PART=NQ, DESCRIPTION QTyY
(< 1! 800103114 HOLDER UB331375=00 4 1 l
<3 2" 800103122 SCREW UB331376~00 4 1
=A 1! 409008036 =SET SCREW £S5 3u4 BSw2 1 .
[5G]A-2 .
MODEL 804000069 AGL110133(03) JSM=35C (M) EP156085=
COMPO  BQ4900418 (o0 HOLDER 800902 .
FATEVE R R STETE Jrgv g SRR e g (Y PR P LI T I Y L TR L R S L L L g
SEQ PART=NO., PESCRIPTION QTyY
(< 2 800105541 HOLDER UB331372-00 4 1l l
3 800103980 NPL ,MODEL AB230395=00 4 1
4 BQ0105559 DAMPER UB331373=00 4 1
6 800103955  CASE AB230026-00 & 1 l
T 800103963 CASE AB230027=00 4 1
=A 1 409007005 -PAN HEAD SCREW 3#5 BSW2 1
A 2 131100653 VINYL SHEET O.5TH467WN 1l l
35¢-2




[5G]B

5GB-2

5GB~1

Specimen exchange rod W/‘
)

-Specimen

5GB-3

5GB-Al

WD 39 specimen holder

[SG]B
MODEL B0O4000069 AG110133(¢03) JSM=35C (M) FP1l56085=
COMPO 804500738 Ua334li10¢om SPEC.HOLDER(B) BOO90D2
%l--n'****#-n--n--u--)t--)6-)!--H--l!-*-H-*il-**%&*###**%*#*%****************%****n*************#%*****
SEQ PART=NO. DESCRIPTION QTY
(2 1 BOOL05567 HOLDER UB331377=00 4 1
= 2 800105508 NUT UB331378=04 4 1l
= 3 800103971 SCREW AB230046=00 4 1
4 BO0103980 NPL »,MODEL AB230395=00 4 1
5 BO0105559 DAMPER UB331373=00 4 1
6 B0O0103955 CASE AB230026«00 4 1l
7 800103963 CASE ABZ230027=00 4 1l
=A 1 409007005 =PAN HEAD SCREwW Ix5 BSW2 1
A 2 131100653 VINYL SHEET Q.5TH467W 1
350-2




/1w—— Specimen chambsar

\*_[5H]

Connector B3

Connector B4

Remove the secondary electron detector

[(5C]

5C=A3
High voltaps lead wire
Collector lead wirg
5C~A10
5C-A1
5C-A6
5C=7

Exploded view of the secondary electron detector

35C-2

-I -1
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[5C)
Il MODEL 804000069  AGL110133(03) JSM=35C (M) EP156085~
COMPO BO4700532 UA336110(C086) DETECTOR 800902
i{-%*****ﬂ-%*****#**#**-ﬁ.-ﬂ-**#**********'ﬁ#*§*'N-**'I'ﬂ-*********#*******“#***********
. SEQ PART=NO, DESCRIPTION QTY
= 1 800500296  FLANGE UB332221-04 3 1
II = 2 800103416  FLANGE UB332222-01 4 1
3 BOOL102002  CAP UB331108=02 & 1
4 BOOL01642  INSULATOR AB260056=00 4 1
. 5 800102576  RING UB331193=01 4 1
& 6 800102011  COVER UB331109-02 & 1
& T BOOL01626  RING AB260048-01 4 1
l = g BOO101634  RING AB260049~02 & 1
@ 10 800101618  LIGHT GUIDE AB260046=02 4 1
11 BOC1G1677  CONTACT AB260077=00 4 1
12 BOU101600  RING AB260044=00 & 1
l = 13 BOD102428 ELECTRODE UB331167~00 4 1
14 800102436  HOLDER UB331168=01 4 1
15 6000540860  TERMINAL UB332219=02 4 1
l 16 600049426  HOLDER UB332223=01 4 1
@ 19 606009173  LIGHT GUIDE AB260108-00 4 1
@A 1 409007153  +PAN HEAD SCREW 2w BSW2 5
A2 409001449  +PAN HEAD SCREW %4 BSW2 NP3 2
. = A 3 409006661 +PAN HEAD SCREW 3xle BSWZ2 NIP3 3
A 4 405004363  FLAT HEAD SCREW 2#3 BSW2 3
@A 5 409006866  +FLT HEAD SCREW 2#3 BSw2 NIP3 3
. A 6 405006432  SET SCREW(SLOT) ES 2#%2.5 $45C 1
A 7 409006572  SET SCREW(SLOT) €5 2%4 S45C 2
A B 409008621  =SET SCREW £ES 3%5 S45¢C 1
. =A 10 416000622 RUG TERMINAL 2 1
@A 11 406001375  O=RING JISB2401 G 65 4D 1
A 12 406000221  0=RING JISB2401 P 20 4D 1
A 13 406000115 O=RING JISB2401 P 10 4D 1
. A 14 353002330  HERMTIC SEAL A=306 (A=314) 1
A 15 411004174  HEXSOCKET BOLT 4#50  SCM3 3
. A 16 406000069  O=RING JISB2401 P 5 4D 1
. A 17 406000107  O=RING JISB2401 P 9 4D 1
A 20 405001291  TEFLON TUBE 139W#230 o0
A 21 405000677 TEFLON TUBE 2937 L0
l A 22 360003966 POLYETHYLN WIRE 1.5KV=E=0.350 (27210
35C-2
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[5H]
%4— Speciman chamber
V 5H~10 +5H~1 ,5H-2 5H-11 5H-Al1 ,5H-14
| % [5C)
, //’ %?
‘ VN GIR i (— il /
A |
S 1] B\ v, | f j[&qs >
7 \~{5H1
7
PMT holder
(5H)
MODEL BO400006&9 AG110133(03) JSM=35C (M) EP156085-
COMPQ 804500746 UA336116€C00) PMT HOLDER 800902
TS M R e RN R W gt e W I B N H R RN R N I W R NN
SE® PART=NO. DESCRIPTION aTy
= 1 800101529 SUPPORT AB260012-02 4 1
< 2 800101537 SPACER AB260014=-02 4 1
3 800101545 DAMPER ABZ260016-00 4 1
4 800101553 COVER - AB260017-00 4 1
5 800101561 NUT AB260018=00 & 1
6 800101570 BRACKET,TERM AB260020=00 4 1l
7 800101588 HOLDER AB260021=02 4 1
8 800101596 SPRING,PRESSURE AB260022~00 4 1
9 800101651 HOLGER AB260058=03 4 1
= 10 8001016693 COVER AB260060=~-02 4 1
= 11 800103807 CYLINDER UB361176-00 4 1l
12 BOO103815 RING UB361177=-00 4 1l
13 800103823 POST UB361178=00 & 1
= 14 B0C103831 CAP UB361179=00 4 1
A 1 409001881 +PAN HEAD SCREw 2#4 BSwW2 CRP1 T
A 2 409001953 +PAN HEAD SCREW 2.6#8 BSw2 CRP1 4
A 3 409002003 +PAN HEAD SCREW 3#e BSWZ CRP1 4
A 5 409008338 HEXSOCKET SCREw FRMY 3a4 SCM3I 3
A 6 409007013 SET SCREW(SLOT) FN™Y 284 S45C INP3C 4
AT 412000199 HEXAGONAL NUT M 2,6 BSBM NIP3 1
A 8 416000011 RUG TERMINAL 246 1
35C-2



(7]

~
~
)

_crrLuBTgN < Specimen chambar

7-2 7-79  '7-3
[7]
MODEL 804000069 AG110133(03) JSM=35C (M) EP156Q085~-
COMPO BO4B000S0 UA332102(12) SPEC.STAGE/CONT 800902
PR TR R R X T AL YR PR ELE R AL X T R LR R R T Y L L Ly
SEQ PART=NO. DESCRIPTION QTY
= 2 BO0OT700104 WORM WHEEL Up331111=-09 2 1l
= 3 800500211 BLOCK UB331112=09 3 1l
4 BOC102029 RING UBR331113=-01 4 1
5 BQ0102037 BRG,PLAIN UB331114=03 &4 1
& BOO102045 SLEEVE UB331115=-07 4 1
7 B00101652 BRG,PLAIN UB331116=~03 4 1
8 BQ0102053 CHUCK UB331117-03 & 1
9 B0O0102061 NUT UB331118=01 4 2
10 800102070 FEED SCREW UB331119=04 4 1
= 11 BOC102088 FLATE UB331120=06 4 1
12 BOD102096 HOLDER UB331121=02 4 1
13 800102100 GUIDE UB331122=03 4 1
14 800102118 [NSULATOR UB331123=01 4 1
15 BOQ102126 HOLDER UB331124=04 4 1
16 BO0102134 GEAR,SPUR UB331125=05 4 1
35¢-2
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SEQ

17
18
19
20
21
22
23
25
26
27
29
31
32
34
35
36
37
38
39
40
41
42
43
44
45
47
48
49
50

53
54
55
56
o7
58
61
64
65
68
70

T2
71
78
= 719
80
81
82
83
84

PART=NO,

800102142
800102151
800102169
800102177
800102185
800102193
800102207
800102215
800109503
800102223
800102231
800102240
800102258
800102266
800102274
800102282
800102291
800102304
800102312
800102321
800102339
800102347
800102355
800102363
800102371
800102380
800102398
800102401
800102410
800102444
800102452
800102461
800102479
800102487
800102495
800102509
800102517
800102525
800102533
800102851
800103106
800101685
800103131
800103271
800500288
800103327
800103335

800103343

800103173
800103289
800103297

DESCRIPTION

SPRING,PRESSURE
NUT
RETAINER
STOPPER
GUIDE
GEAR,RACK
GEAR,SPUR
SPRING,PRESSURE
NUT

PLATE
SHAFT
HOLDER
BRG,PLAIN
RETAINER
PIN

LEVER
SHAFT

BUSH

FEED SCREw
LEAD PLATE
SUPPORT
SCREW
GUIDE
INSULATOR
SCREW
SPACER
SHAFT
GEAR,SPUR
GEAR,RACK
CHUCK

FEED SCREW
SHAFT
SHAFT
SUPFORT
SHAFT

WORM

SHAFT
SHAFT
SHAFT
GEAR,BEVEL
BAND

CLAMP
SPACER
SPRING, TENSION
FRAME ,MECH
BRG,PLAIN
SHAFT

BUSH
SPRING, TENS]ON
SPRING, TENS]ON
SPACER

UB331126-01
UB331127~01
UB331128=00
UB331129=-00
UB331130~04
UB331131=-04
UB331132=-01
UB331134=-01
UB331135=-01
UB331136=~03
UB331138=00
UB331140-01
UB331141=-01
UB331143=-01
UB331144=-01
UB331145=05
UB331146=01
UB331147=-00
UB331148=02
UB331149=-05
UB331150-02
UB331151=-00
UB331152-«04
UB331153-02
UB331154-00
UB331156-01
UB331157=-01
UB331158=00
UB331159=04
UB331170=-03
UB331171-03
UB331172-02
UB331173-01
UB331174-03
UB331175=00
UB331176=-01
UB331179~04
UB331182-00
UB331183~-02
UB331241-03
UB331371=-02
AB320029=00
UB331389=-01
UB331867-00
UB332079-01
UB332065-03
UB332066=~00
UB332080=00
UB331562=-01
UB331996=00
UB332062=00

F'b«b-b#-l’—‘w-l}#-&bbk4:--P-F‘J-‘b-b-b-l—‘-l—‘##-b#‘-b-ﬁ'PPPP##P####&##PP#P#####

QTY

35C-2
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PART=NQ.

800101421
800101430
800103424
800103432
800101456
800101464
800101472
800101693
800700074
800700082
409007234
4110009923
409007277
411004158
409008966
409007251
409007153
409006556
409008648
409004391
401000800
401001814
401001415
415000246
415000254
415000882
415000891
414001630
416000029
409003981
409007188
409007668
411001183
412003724
412003295
415000050
415000262
409007161
412003694

412000466

DESCRIPTION

SUPPORTING PC
COUPLING
BRACKET,SW
SPACER
BRACKET,SwW
BRG,PLAIN
BRG,PLAIN
SPACER

FLANGE

WORM WHEEL

+PAN HEAD SCREW
HEXSOCKET BOLT
+PAN HEAD SCREW
HEXSOCKET BOLT
+PAN HEAD SCREW
+PAN HEAD SCREW
+PAN HEAD SCREw
+PAN HEAD SCREW
+TRUSS HD SCREW
FLAT HEAD SCREw
STEEL BALL
STEEL BALL
BEARING
PARALLEL PIN
PARALLEL PIN
TAPER PIN

TAPER PIN
CIRCLIP(E=TYPFE)
RUG TERMINAL
+PAN HEAD SCREW
+PAN HEAD SCREW
+FLT HEAD SCREW
HEXSOCKET BOLT
PLAIN WASHER(SM
HEXAGONAL WNUT
PARALLEL PIN
PARALLEL PIN
+PAN HEAD SCREW
PLAIN WASHER(SM
SPRING WASHER

AB220444=02
AB220445=-02
UB332389=00
UB332391=00
AB221622-01
AB22166&1l=02
AB221662=01
AB3T0015~00
ABZ221663~02
AB222104~00
Ing BSw2
348 SCM3
3#20 BSW2
3u22 SCM3
3425 BSwW2
3xl?2 BSW?2
2#4 BSw2
2%4 WY UNKRE
2#4 BSw2
2%l4 RBRSWZ

3 MM SUJ2

4 M/M SUJ2
SSL=730«P5
HTB 2#6 S45¢C
HTB Z2#8 545C
2F1n 1,.2#8 550C
2F1% 1l.2%10 S5580C
4 SK5

R Y S N N

3

3%8 Hm* YR
2#10 BSW2
2nd BSwW2
ex148 SCM3
M 3 BSP

M 3 BSw?2

HTB 1#10 S45C
HTB 2#10 S45C
246 BSw2

M 2 BSP

23%% 2 PBP NIP3

35
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[8.9] A39 9 .
Groove rPin Specimen exchange chamber Vacuum control button
. i
5 i
2
i 3
A55 — 30 .
ADY II
Mounting the specimen exchange chamber cap
101 14 10 11 27 l
Specimen holder secured to specimen exchange rod .
[8,9] B
MODEL BO4000069 AG110133(04) JSM=35C (M) EP156091-
COMPC 804800111 UA333125(08) STAGE FRONT CVR: 800902 .
BE A6 3 3 g gt B B IR 3 gt e W U e T R 0E SE JE I B 3 b 3 R L3 B0 30 B0 3 S 40 48 30 0 48 S A0SR HE A0 1 30 3 4 20 M S M IR e
SE® PART=NO, DESCRIPTION QTy
(cd 1 800800028 COVER Up332120=06 1 1
= 2 BOCBOOD3e CYLINDER UB332121-03 1 1
3 800500253 BRG,PLAIN UB331200=-03 3 - 1

35CF




pART-NOt

800102584
BOO103220
800103211
800103203
800102592
800103360
800102606
800102614
800102622
800102631
800102649
80C102657
$00103378
§00102665
800102673
800102681
800102690
BOOL102703
800103386
800102711
BO0OL102720
80U101294
800103157

BO0D101308 -

BOOlol31le
800101367
800101375
800101383
8001013591
800101448
800101286
800101405
800101413
800102738
AO0102746
A00102754
800102762
800102771
800102789
800102797
800102801
800102819
800102827
BOL102835
800102843
800102851
800102860
800102878
800102886
800103394

BOOLl09511

DESCRIPTION

SPACER
HOLDER
SHAFT
GEAR,SPUR
SLEEVE
CHAMBER
BRG,PLAIN
GLASS
SHEET
HOLDER
NUT

RING

CAP

RING

KNOB
SHAFT
STOPPER
VALVE,BODY
FLANGE
PLATE
FLATE
ACCITIONAL wORK
SHAFT
KNOB

RING

CAP

NUT
HOLDER
COVER

"GUIDE

ADDITIONAL WORK
CLAMP
CLAMP
GUIDE
HOLDER
BRACKET, Sw
SHAFT
BRG,PLAIN
SHAFT
BRG.PLAIN
KNOB

FEED SCREw
BRG,PLAIN
INDICATOR
SHAFT
GEAR,BEVEL
GEAR,SPUR
SPACER
GEAR,SPUR
BRG,PLAIN
BRG,PLAIN

UB331202-01
UB331677-02
UB331676=02
UB331675=00
UB331205-03
UB332124=-03
UB331208-00
UB331209=01
UB331210-00
UB331211=02
UB331212=00
UB331213=05
UB332125=00
UB331215=~00
UB331216-00
UB331217-04
UB331218=03
UB331219=04
UB332126~02
UB331221-02
UB331222=-01
AB210025-01
UB331530-01
AB220366=00
ABZ220371-01
AB220396=03
AB220399-00
AB220401=04
AB220411=00
AB220761=01
AB210024=01
AB220430=00
AB220431=-00
UB331227-05
UB331228-02
UB331229-00
UR331230-02
UB331232-01
UB331233-01
UB331234-02
UB331236-00
UB331237-03
UB331238~01
UB331239-03
UB331240~02
UB331241-03
UB331242-01
UB331243=02
UB331244-00
UB332127-01

UB331246~02

B O N N N N N N O O N O S N N - S S S S -

37
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SEQ

62
63
b4
65
67
69
70
71
72
73
74
75
76
80
81
82
83
84
85
86
87
89
90

92
94
95
96
o7
98
99
100
101
102

VooV E

10

12
13
14
15
l¢
17
18
19

pAHT-NO-

BOO102894
800102908
800102916
800102924
800102932
800102941
800102959
800102967
800102975
800102983
800102991
800103009
800103068
800103181
800103190
800103165
800103238
800103246
800103254
800103408
800103262
800103319
800103297
800103301
800700112
800101421
800101430
800101324
800103149
800101481
800101499
800101502
800101511
800173368
411004123
411001167

611004131

411003917
411004140
411001043
411004115
411004158
411000993
411000985
409006955
409001465
409001457
409001368
409001333
409001309
409003166

409006963

DESCRIPTION

BUSH
LEVER
SHAFT
SPACER
SHAFT
SUPPORT
COVER

PIN SCREW
INDICATOR

FEED SCREw

KNOB
FLANGE

PIPE FITTING

FLANGE
SHAFT
GUIDE
SHAFT
HOLDER

FEED SCREW

BRG,PLAIN

_KNOB

CYLINDER
SPACER
CYLINDER

WIRING LAYOUT
SUFFORTING PC

COUFLING
SLEEVE
SLEEVE

SPRING,LEAF
SPRING,LEAF

NUT
STOPPER
LEVER
HEXSOCKET
HEXSOCKET
HEXSOCKET
HEXSOCKET
HEXSOCKET
HEXSOCKET
HEXSOCKET
HEXSOCKET
HEXSOCKET
HEXSOCKET
+PAN HEAD
+PAN HEAD
+PAN HEAD
+PAN HEAD
+PAN HEAD
+PAN HEAD
+TRUSS HD
+TRUSS HD

BOLT
BOLT
BOLT
BOLT
BOLT
BOLT
BOLT
BOLT
BOLT
BOLT
SCREwW
SCREW
SCREW
SCREW
SCREW
SCREW
SCREW
SCREW

UB331248=-01
UB331249=01
UB331250=-00
UB331251=-04
UB331257~-02
uB33125%-02
UB331260~01
UB331261-01
UB331262-03
UB331263=07
UB331264-01
UB331268=-04
UB331357=00
UB331565=-02
UB331566-02
UB331538=04
UB331678=02
UB331679=03
UB331864=00
UB332128=00
UB331866=00
UB332064=00
UB332062-00
UB332063-00
UB332133-01
AB220444=-02
AB220445-02
AB220377-03
UB331514=-02
AB222374=~01
AB222375-00
AB222376=-00
AB222377=01
AB223291-00

6n22 SCM3
%172 SCM3
4435 SCM3
4%25 SCM3
4922 SCM3
4%8 SCM3
325 SCM3
In22 SCM3
3%8 SCM3
Ané SCM3

3#14 BSWZ NP3

B O T O S e o O N N O S A S N N N N N A N S A NS

3«8 BSW2 NIP3
3«6 BSW2 NIP3

2#20 BSW2 NIP3
2#10 BSw2 N]P3

24 BSW2 N]p3

4%k BSWZ CRP1
345 BSW2 NP3

QTY

-
R Y R I N I O Tl R WU O P e R el P ST S e = =l SIS P I NN S TN SIS Y I T I
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SEG

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
36
37
38
39
40
41
42
43
44
45
46
47
4R
49
50
51
52
53
54
55
58
59
&0
61
62
€3
b4
65
€6
67
68
69
70
71
72

PP rrrr>»rrrrErrPrrrrrrEEPFPrrrr>rPrrbrEdPbr B

§

>»rr>rrPkt>>E>rrEDbDD

35C-2

pAHT"NO-

403003298
405005185
406001618
406001391
406001375
406001367
406001359
406001341
406001278
406000221
406000191
406000158
406000123
406000107
406000093
40e0000e9
406000051
406000042
415001790
415000262
415000459
415002532
415002699
415001633
4150015487
415002541
415000891
415000582
414001830
414001621
412003104
353002453
401001814
401001440
364000074
406003122
411004166
415000548
415000050
360004130
409003166
401004171
401002055
360004067
360004075
360004083
360004121
360004113
360004172
360004148

DESCRIPTION

HEXSOCKET SCREw
+FLT HEAD SCREwW
O=RING

O0=RING

O-RING

O0=RING

O=-RING

O=-RING

O=RING

O=RING

O=RING

C=RING

O=RING

O=RING

O=RING

O=RING

0=-RING

O=RING
PARALLEL PIN
PARALLEL PN
PARALLEL PIN
PARALLEL PIN
SPRING PIN
SPRING PIN
SPRING PIN
SPRING PIN
TAPER PN

TAPER PIN
CIRCLIP(E=-TYPE)
CIRCLIP(E=TYPE)
PLAIN WASHER(SM
HERMTIC SEAL
STEEL BALL
BEARING

COUNTER

O=RING
HEXSOCKET BOLT
PARALLEL PIN
PARALLEL PIN
wIRE

+TRUSS HD SCREwW
BEARING
BEARING

CABLE

WIRE

CABLE

CABLE

CABLE

CABLE

CABLE

2M*T 3#4 SCM3
2#5 BSW2 NIP3

JISB2401 G 185
JI15B2401 G 75
JISB2401 G 65
JISB2401 G 60
JISB2401 G 55
JISB2401 G 50
JISB2401 G 25
JISB24C1 P 20
JISB2401 P 16
JISB2401 P 12
JISB2401 P 10A
JISB2401 P 9
JISB2401 P g
J1SB2401 P 5
JISB2401 P &4
JISB2401 P

3
HTB 2#5 S45(C
HT7B 2#10 S45C
HTB 3#8 S45C
HTB &#22 S45C
FENNRALW 2x16
TENCIALAW 2%12
FENTFALW 1, 6%132
723“5A'W 1*6
2¥2% 1,.2+10 S$50cC
2%14 1,2#8 S50C
4 5K5
3 SK5
M 6 BSP NIP3 ¢
C=50¢4
4 My/M SUJ2
SS=-126022
DM=15
JISW1l516 G 4¢
5#5(0 SCM3
H7B 4#8 S45C
HTB 1#10 S45C
AFQ4B050 RD
4#6 BSW2 CRP1
6804
6900
JWD 15KT BE
AFQO4BOSC BK
AF04B050 BN
AF04B050 OE
JWD 18KT GN
AFQ4BOSO Yw
JWD 15KT vT

4D
4D
4D
4D
4D
4D
4D
4D
4D
40
4D
4D
4D
4D
4D
4D

SUS420J2
SUS420J2
SUS420J2
SUS4204J2

F19J15)

4D
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Vacuum, compressed air, and cooling water systems

S Vacuum system

-—-—-—— ! Compressed air systam

.......... : Cooling water system

Specimen
& exchange chamber
! Pneumatic valve Specimen |- f‘ ;
chamber <]'
% : Solencid valve AV2
Dk :Manual veive Operation Console
and display
_____ . system
iLyei :Liguid nitrogen
~~~  baffle loption)
: Water baffle
—|  Qil diffusion pump
| 1] “tor) - ] { ,
Lv2
: Oil rotary pump I i
| | ‘

EA :Filter N e ! vs[ w3 |
_Pirani vacuum gauge P | i | ‘
“head poEbEEn | i et I | !

: | 3
® AR |
. - o | I . 1 b
:Solenoid valve I | § _ﬁa | T r 1 |
@ systemn AMP : E V2 ! LV3L - —LV3 ll
[P} :Prassure switch l__ ______ +@____@__ _——
P = =
: Compressor ) : ) I ) ) —
B
‘ﬁ : Faucet et I
" - 17 ;
& 7 |
:Drain -
- arte
{ Pump box

- ———{Symbo! )———

PUMPS, COMPRESSOR, ETC

*****H********H********************************H*************************

CODE PART-NO, DESCRIPTICN QTY REF
DF 804700028 DIFFUSION PUMP 1 [12D]
804700419 (DP-4E)
804300135
804900272

35C-2

| |
i
B
i
B
i
i
B
@A) B
i
i
i
0
i
i
i
i
i




41
*********%******************************************************************
CODE PART-NO. DESCRIPTION QTY REF
igé :} 804700010 ROTARY PUMP 2 {12C]
(338000763) (RP-1006G)
C 600028674 COMPRESSOR 1 [12A)
PIG 804300011 PIRANI GAUGE (SYS) 2 [12B]
: (359000193)
B 804700036 WATER COOL BAFFLE 1 [12E1
804500568
804900281 (BF-4)
F 804500045 AIR FILTER (SYS) 1 [12F]
600047369
600102513
600102505

LIST OF VALVES

e de 3 303EH R S 30 4 R IR 3R IR 3090 2020 H 30 30 HE R R B0 30 30 IR0 130 30 330 JE 4 S0 30 I 3 SR 30 AR S 3R R S M S H R

CODE PART-NO. DESCRIPTION QTY REF
V1l 804700044 4" BUTTERFLY VALVE 1 [10B]
gg :} 804500011 1" PNEU L-TYPE VALVE 2 (11D}
V4 804700052 2" BUTTERFLY VALVE 1 [10B]
V5 [11A]

LVl 349000093 SOLENOID VALVE 3 [11F]
LV2 [11C]
Lv3 [11E])
Lv3' 804500029 PNEU VENT VALVE 2
SVla 7
SVlb

sSvV2

SV3 ¢ 349003432 SOLENOID VALVE 7 [118]

SV4a

SV4b

SLV3

AVl
AV2 804500681 MANUAL ATRLQCK VALVE 1 {2c]
{800100689) (ANODE CHAMBER)
MANUAL ATRLOCK VALVE 1 [8,81

(SPEC. EXCH. CHAMBER)

35C-2

”.




JSM«35C (M)

DP-4E JET

-

EP156085=

800902

3 3 34U g A 4t B 3 R 30 30 b B 30 30 30 B 36 300 36 3H 5030 3 3 3 b 5 HE IR 48 S0 4 3046 RS0 0 2 A 6 TN AR AR S R S SR S 2 8

MB010172=01
MB010223=-01
MB010174=-02
MB01Q175-00
MB0O10176+-01
MB0O1Ql77-00
MB010178=00
MB010179=00
MB(010180=00
MB010181=-02
MB010182~02

M5 SUS304 1i2
TEINVFALW 1,6%16 5US42002

JSM=35C (M)

BP BAFFLE

Rl VRV R VU e

QTyY

Ol e Tl =8 S S TR S S S Sy S

EP156085=

800302

FE 33 A6 TS A g 4TI 3 W I3 3 3 gp g op W 3 SR B 3R 30 UE S 450 30 20 36 35 30 3 36 4 30 2 41 50 S B0 30 4B 3 030 3 38 36 48 36 35 3 35 39 3H 35 390 36 36 3 96 36 HE k9 30

42
[12D}-1
MODEL ~ 804000069  AG110133(03)
COMPO  B04700419  MA0O13009(04)
SEQ@  PART=NO.  DESCRIPTION
1 800109767  SCREW
2 800109856  JET
3 800109775  JET
4 800501454  CASE
5 800109783  JET
6 800501462  CASE
7 800501471  CASE
8 800109791 PIPE
9 800109805 RING
10 800109813  SUPPORT
11 800109821  SCREW
A 1 412000105  HEXAGONAL NUT
A 3 415002770  SPRING PIN
[12D)-2
MODEL ~ 804000069  AGL10133(03)
COMPO 804300135  MA013010(01)
SE@  PART=NO.  DESCRIPTION
1 800109198  ROD
2 800109201  BAFFLE
3 800109220  BAFFLE
4 800109228  BAFFLE
5 800109236  BAFFLE

MB010188=00
MB010189=~00
MB010190=00
MBQ10191-00
MB010192-00

PPEPEE

35C-2

=
_..
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JSM=35C (M)

DP-4E PARTS

43

EP156085=

800902

A 24 AT B 4t A 0 S R T Qe g B 3 3 S M B 46 3E 3R 5 30 3 3 36 36 96 36 6 6 JE 3F 3E 3F T 0 30 3 96 30 45 30 38 2 9% 31 30 36 3 4 30 40 34 3 W I 3 3

[12D]-3
MODEL 804000069 AG110133(03)
COMPO 804900272 804900272(Q0)
SEQ PART=NO. DESCRIPTION
3 800501489 COVER
4 80C10983C COVER
5 800501437 FLANGE
& 800109848 RING
7 BOCTO0317 CASING
8 BOD109&TH NUT
9 BO0109686 NUT
10 BO0109694 SPRING,PRESSURE
11 800109708 CLAMP
12 800109716 SHEET
13 800109724 SUPPORT
15 322000025 HEATER
16 800109732 WIRE
17 800109741 PLATE
18 800109759 BRACKET
19 800111109 NAME PLATE
20 322000050 HEATER
21 800111117  NAME PLATE
A 1l 409001309 +PAN HEAD SCREW
A2 4095001457 +PAN HEAD SCREW
A3 403001473 +PAN HEAD SCREW
A4 409005061 +PAN HEAD SCREW
A 5 412000202 HEXAGONAL NUT
A 6 412000211 HEXAGONAL NUT
AT 411003941 STUD BOLT
A 8 412001390 SPRING WASHER
A9 412000318 PLAIN WASHER
A 10 412000300 PLAIN wASHER
A 1l 423007211 DF OIlL
A 12 327000694 INSULATR/FLANGE
A 13 348000421 OVEN SOCKET
A Ll 423007220 DP OIL
A 15 423007556 oIL
35c-2

MB010183=-02
MBO10184=00
MB010185=01
MB010186=01
MB010187=05
MB010048-02
MB0O10049-00
MBD10050-00
MB0O10051=00
MB0O10052=00
MBO10053-04
MBO1l0055=01
MB010057=01
MB0O10059=-00
MB010060~00
UB191014=01
MB430090=01
UB191015-01
2#4 BSW2 NIP3
3#6 BSWZ NIP3
3#10 BSW2 NIP3
4#le BSWZ2 NIP3

M 3 BSBM NP3

M 4 BSBM NIP3
M3#18 BSBM NIP3
22%% 3 5US

M 4 BSP NIP3

M 3 BSP NIP3
S1xvA 100CCTY
NO.3

2P 1KWw

21755 100CCT1Y
SANTOVAC-5 100CC

PP PrrPEPEPRPeEPOPRPOPE W

aTyY
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44 II

[ 12E]-1
MODEL ~ 804000069  AG110133(03) JSM=35C (M) E9156085-.
COMPO BD4500568 MAD12002(02) BAFFI..ASSMBLNG RODGO2
********************ﬂ#***************‘3&********ﬂ'*ﬂ’*********##*****#**#******
SEQ PART=-NO. DESCRIPTION QTY
1 800109074 PIPE MBO10006=01 4 1
800109082  PLATE MBO10007-01 & 1 .
3 800109091  PLATE MBO10008=01 4 2
4 800109104  PLATE MBO10009-01 4 2
5 800109112 PLATE MB010010=01 4 2 II
6 800109121  PLATE MBO10011-01 4 2
7 800109139  PLATE MBO10012=01 4 2
8 800109147  PLATE MBO10013=-01 4 2 .
9 800109155 PLATE MBO10014=-01 4 2
10 800109163  PLATE ‘MB010015-01 4 3
11 800109171  PLATE MBO10016=02 4 1
13 800109252  PLATE MBO10255=01 4 1 Il
14 800109279  PLATE MBO10257=00 4 1
[12E)-2 _
MODEL 804000069  AG110133(03) JSM=35C (M) EP156085-Il
COMPO  B04900281  804900281(00) BF—4 PARTS 800902
*************ﬁ*****ﬁ-*#***************ﬁ#***********'ﬂ'********“*************#*
SEQ PART=NO. DESCRIPTION QTY
2 800501381  BASEsMECH MB010003=05 3 1
3 800109066  CAP MB010004=00 & 2
5 800109261 HOSE COUPLING MBO10256-00 4 2
6 800109287  CAP MBO10258-00 4 1
A1 406001839  O=RING JISE2401 V 100 4D 1
A 2 406001481  O=-RING J1SB240L G 120 4D 1

35C-2



12C-A1 Qil supply port

Oil level indicator

Pump hox

Rotary pump

[12C]

MODEL B04000069 AG110133(03) JSM=35C (M) EP156085-
COMPO 804700010 MAUL4001(04) RP=1006G 800902
b###**#%**%*******%%*************#*##**#******i**%**#********************#*
SE@ PART=NC, DESCRIPTION QTY

pd 800111095 NAME PLATE UBl31l013=04 4 1

3 800502132 NAME PLATE MB010225=00 3 1

4 800128826 ADDITIONAL WORK MB010268~00 4 1
=A 1 338000763 ROTARY PUMP RP=100M%3 I =FNvs 25vy 1
A2 423002830 OIL RPF1n 1L(NEOVAC MR-200) 1
A 3 420018727 PULLEY N Ir1180(5%1) 1
A4 420016724 V=-BELT REC-MF&310 1
A 5 420018735 PULLEY 11150 (03%) 1
A & 332004023 MCTOR BASE 4.5T#220%210(MB010002~4) 1
AT 411000730 HEXAGON HD BOLT 8#65 520C ZINP3C 4
A 8 411005049 HEXAGON HD BOLT Bu2s SWRM12 ZNPAC 4
A 9 412001616 HEXAGONAL NUT M 8 SWRM12 ZNP3C 1u1 20
A 10 412003627 PLAIN WASHER (SM M 8 5341 ZNP3C (#19J15) 24
A1l 412002264 SPRING WASHER 22*% B SwWRH ZNP3C !
A 14 332000397 MOTOR BKREC 9144 2300w 1




12A=-A3

Compressor

Dil supply port
Low pressura side filter

0Oil rotary pump

= High pressure side filter

Reservoir

Air compressor

[12A)

MODEL 8040600069 AG110133(03) JSM=35C (M3 EP156085~
COMPO 804700486 UA3T0101(09) EVAC.SYS.CONNEC 800902
******ﬂ*************ﬁn*#%************%*#%*****************ﬁ%*%%*%*ib#****##%
SE® PART=NO, DESCRIPTION QTyY

5 B0OQT700091 BLOCK MB103115~00 2 1
6 800101847 PIPE MB103116=00 4 2
8 BO0500202 WIRING LAYOUT AB4BQ020~00 3 1
A 1 405000693 POLYETHYLN PIPE 43wV
A 2 405000413 VACUUM HOSE 182i*429ww600 2
A 3 600028674 100V COMPRESSOR MAD21001< »>1 1
A 4 403000831 HI1=-PRESS.NO2ZLE 174" &9 a2 BSBM 1
A 5 405000618 AIR HOSE 174"
A & 403000581 COUPLER({SP=-TYPE 25 (1/74%) i 1
A 7 403000114 COUPLING SHP=201 B58M 1
A 8 4030000592 COUPLING SHP=200 BSBM é
A 9 409007021 HEXSOCKET SCREW 6210 545C 4
A 10 405000421 VACUUM HOSE 189h*%4290eTQ0 2
A lz 403000173 COUPLING SLP=2300 BSBM 2
A l3 403007828 COUPLING SHP=221 BSBM 1
A 14 405000707 POLYETHYLN PIPE GRIHEIN
A 15 430001037 A BAND ("\3h“k™) A=10 20 (10MT) 1
A lé 430001045 SNAP BUTTON A=103% RYFx23%% 20 (50032) 2
A 17 405000103 VACUUM PVC HOSE 4. 52+109W
A 18 412003121 PLAIN WASHER M 14 S5S41P 1
A 19 412003139 SPRING WASHER 23%"% 14 SWRH ZINP3C 1
A 20 405000405 VACUUM HOSE 187#d2¥*500 2
A 21 403000572 COUPLER(SP=-TYPE 2P (1/4™) 2°5o% 1
A 22 403000840 HI=-PRESS.NOZZLE 174" 69Ul *X BSBM 1




Il 47
[12B]
. MODEL 804000069  AG110133(03) JSM=35C (M) EP156085~
COMPO 804300011 MAL1T74004C02) PIRANI TUBE MNT B00%902
l %***%**#%*******'ﬁ'***«--}**********%%***##*ﬁ-H-**#*#%#*****-ﬂ-*%4*#*#*4***%*#*****
SEG PART=NO, DESCRIPTION QTY
1 600009963  FLANGE MB102756=00 & 1
l 2 600009971  NUT MB102757=00 4 1
3 600009980  BAND MB102758=00 & 1
A 1 353002500  HERMTIC SEAL D=90} 1
. A 2 359000193  PIRAN! TUBE PTA=3 (E=V=007) 1
A 3 406000379  O=RING JISB2401 P 31,5 4D 1
. [12F)
l MODEL 804000069  AG110133(03) JSM=35C (M) EP156085=
COMPO 804500045  UA1T1119¢00) ATR FILTER 800902
*%##***#%*******#**-IH{-#*********-H--l(-*i(-ﬁ-*-!t--H-*-H-ﬂ-**********i&****#**%*%*#*******#%%
. SEG  PART=NO. DESCRIPTION QTYy
1 800101855  CASE UB171097-00 4 1
. 2 BD0101863 PIPE UB171098=-00 4 2
3 600047369  FILTER UB171099-00 4 1
4 600102513  FILTER UB171100-00 4 1
5 600102505  FILTER UB171101-00 4 1
l A 1 423001213  SILICA GEL 18L1U =VIR
A2 408001607  RUBBER CAP 5.52h%25T 1
|
. 35¢=2
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10a-A3 c;}——_—___a____'fﬂﬂfﬂﬂ,,ﬂﬂf~10A-4
E2;F__________ﬂ;______-—-—t——10A—5

10A-3

10a-A1
10A-A5

10A-2
10A-A2

PHHﬂﬂfafﬂﬂﬂfiféeééff.._——-10A~1

10A-A4
10A-Ab6

[10B]B-1

[{10B)B-2

Evacuation manifold system

35C=-2
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[10A})
l MODEL 804000069  AG110133(03) JSM=35C (M) EP156085=
COMPG 804700460  UA3T1121¢03) ELEC.GUN EVAC. 800602
. 3F 30 FE AR 30 S 3 S ap oF BH A S BB B0 B e dn gp 40 6 4 36 38 38 38 36 9 38 3 11 9 9 36 35 3 35 30 35 50 SF 30 00 P 3 3 0 36 0 B 9t B 4F B 5 30 4F B0 B B 5 0 B b 6 SE 0 44t
SEQ PART=NC. DESCRIPTION QTY
= ] 800500342  PIPE W/FLANGE UR3T1179=-03 3 1
l w2 800500351 PIPE UB371180=-00 3 1
& 3 800103840  STOPPER UR371181=00 & 1
& 4 800101740  NUT AB410029~00 4 1
II = 5 800101758  CAP AB410030-00 4 1
WA 1 4060003687  O=RING JISB2401 P 32 4D 1
a2 406000433  O~RING JISB2401 P 38 4D 1
I @A 3 406000514  O=RING JISB2401 P 48 4D 1
=A 4 406001383 O=RING JISB2401 G 70 40 1
@A S 415001838  PARALLEL PIN H78 6#56 S45C 1
I A 6 411001175  HEXSOCKET BOLT 6%15  SCM3 3
. [10C)
MODEL 804000069  AG110133(03) JSM=35C (M) EFP156085=
I COMPO 804500614  UA371109(02) SPEC.CHMBER EVAC BO0902
**%**%**%%******%******I—**'H-*'ﬂ-***ﬂ-*'Il-H‘*ﬂ-*#****#%#****************%********ﬂ-**
SEu PAKT=NC. DESCRIPTION QTY
. 1 800500181 PIPE W/FLANGE UB371034=02 3 1
2 800100247 PIPE AB420066-00 4 1
3 800100255  BAND AB420069=00 4 1
l 4 800100260  RING AB420254=00 4 1
A 1 411001183  HEXSOCKET BOLT 6#18  SCM3 4
A 2 406000549  O=RING JISB2401 P 50 4D 1
A 3 406001464  O-RING JISB2401 G 110 4D 1
A 4 409001457  +PAN HEAD SCREW 3% BSW2 NIP3 4
A 5 490004326  WOVEN METAL NET BORW10AYE2 Q.37 BSW 1
35¢C-2




50 II
[10B])
Column
evacuation pipe— .
Diffusion pump——=! I
10B-A10 .
10B-A9 .
DETAIL I l
[108] |
MODEL 804000063  AG110133(03) JSM=35C (M) EP156085= .
COMPO 804700478 UA3T71105(06) COLUMN EVAC.PIP 800902
'R 2R L TR R LR L R Y R PR R YRR IR TR R E TR L TR TR AT T X R R S R T
SEQ PART=NO. DESCRIPTION QTy II
2 800500172  FLANGE UR371015-03 3 1
3 800500091  PIPE AB420072-01 3 1
4 800500105 PIPE AB640003=02 3 1 II
5 800100417  CAP AB640020-03 4 1
6 800100263 PIPE AB420073=00 & 1
7 800100271  CAP AB420075=00 4 1 Il
8 800700058  HOLDER UB371176-03 2 1
A 1 406000549  O=RING JIsSB2401 P 50 4D 1
A 2 406001359  O=RING JISB2401 G 55 4D 1 II
A 3 406001375 O=RING JISB2401 G 65 4D 3
A 4 406001464  O=RING JISB2401 G 110 4D 2
A 5 411001175  HEXSOCKET BOLT 6#15  SCM3 4 \
A 6 411002325  HEXSOCKET BOLT 6#35  SCM3 3 II
AT 411002279  HEXSOCKET ROLT 10#20 SCM3 8
A 8 411002147  HEXSOCKET BOLT 10#40 SCM3 12
@A 9 411001809  HEXSOCKET BOLT 10#110 SCM3 4 l
A 10 412000555  SPRING WASHER 23%4 10 PBP NIP3 4
35C-2




JSM=35C (M)

2"BTTRFLY VALVE

51

EP156085=

800302

LR 2 AR %] %%!—#**%*******************'li'**'l('***-H-'H-*********ﬂ-l&**ﬂ-********************

[10B]B-1
MODEL 804000069  AG110133(03)
COMPO 804700052  MA011013(05)
SEQ  PART=NC. DESCRIPTION
1 800501438  CYLINDER
2 800501446  FLANGE
3 800109651 VALVE
4 800109660  SHAFT
5 800109571  SHAFT
& 800109664 CAP
7 800109589  PISTON
. BO0109635 SPACER
9 BO0O109643 SPACER
10 A00l095%7 CAFP
11 800109601  CAM
12 800109619  SCREW
13 800109627  ROLLER
A1 406005401 . O=RING
A2 406000115  O=RING
A 3 406003556 O=RING
A 4 406003319  0-RING
A 5 406001375  O-RING
A 6 409001457  +PAN HEAD SCREwW
AT 412000725 DU BUSH
A9 409006505 +COVALCOUNTSCREwW
A 10 411001060 HEXSOCKET BOLT
A 11 411003071  HEXSOCKET BOLT
A 12 412000105  HEXAGONAL NUT
Al 412000695 DU BUSH
A 14 412003619  PLAIN WASHER(SM
A 15 412003015  SPRING WASHER
A 16 412003007  PLAIN WASHER(SM
A 17 415000467  PARALLEL PIN
A 18 415000467  PARALLEL PIN
A 19 415000637  PARALLEL PN
A 20 415002290  SPRING PIN
A 21 409008338  HEXSOCKET SCREW

35C-2

MBO10041=-05
MB010042-01
MB010043-01
MBG10044=00
MBO10030=02
MBD10260=00
MBQ10032-01
MB010039-01
MBO1Q040~03
MBO10035~02
MBQ10036=00
MB0O10037=00
MBC10C38=-00
JISwl51le P 42
JISB2401 P 10Q
JISBZ2401 P 30
JISB2401 P 8
J1s82401 G 65
3#5 BSWZ2 NIP3
MB1010DY

6£%8 BSWZ2 NIP3
4nl? SCM3

S5#40 S{M3

M 5 SUS304 1u2
MBO&10DU

T eEPEPEPPEEPERE PO W

M5 S541 INP3C (#24JI9)

22%4 4 SwWRH ZNP3

M 6 $541 ZNP3C (#195J1S)

HTB 3#10 545C
HTB 3#10 545C
HTB 5#10C 3545C
TVTALW 3ule 5K
FA™U 3#4 SCM3

4D
4D
1A
1A
4D

C

5

QTyY

FrREPNNVDRRPRPNGNEFEPWENMENRRRPRRERPNENMDDERER R



JSM=35C (M)

4"BTTRFLY VALVE

EP156085-.

8C0%02

LA A P R S LS SRR L AL R LR R LR TR R R TR R TR R TR T SRR VORI QRSN TR TR AR TTY
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[(10B]B-2
MODEL 804000069 AG110123(03)
COMPO 804700044 MA0L11012(05)
SEQ PART=NO. DESCRIPTION
1 800501403 CYLINDER
P 800501411 FLANGE
3 800109562 VALVE
4 800501420 SHAFT
5 800109571 SHAFT
6 800109864 CAP
7 800109569 PISTON
8 800109635 SPACER
9 800109643 SPACER
10 800109597 CAP
11 800109601 CAM
12 800109619 SCREW
13 800109627 ROLLER
Al 406000701 O-RING
A2 406000115 O-RING
A3 406003556 0=RING
A 4 406003319 O=-RING
A 5 406001464 O~RING
A6 409001457 +PAN HEAD SCREW
AT 412000725 DU BUSH
A 9 411001Q60C HEXSOCKET BOLT
A 10 412000105 HEXAGONAL NUT
A ll 412000695 DU BUSH
A 12 411003071 HEXSOCKET BOLT
A l3 4120016853 SPRING WASHER
A 14 412003619 PLAIN WASHER (SM
A 15 415000467 PARALLEL PIN
A lé 4150004832 PARALLEL PIN
A 17 415002290 SPRING PIN
A ls 412003007 PLAIN WASHER(SM
A 19 415000637 PARALLEL PIN
A 20 409006505 +OVALCOUNTSCREW
A 21 .409008338 HEXSOCKET SCREW

MBD10026=04
MBO10(027=01
MBO1002&=03
MB010029-01
MB0O10030=02
MB0O102&60~0C0
MB010032-01
MB010039=-01
MBOL10O040=03
MBO10C35=-02
MBD10036=00
MBC10037-00
MBO10Q38=00
JISB2401 P &5
JISR2401 P 1C
J18@p2401 P 30
JISB2401 P '3
JISB2401 G 110
3%6 BSWZ NIpP3
MB1loloDU

4312 SCM3

M 5 SUS304 1u3
MBO&10ODU

5#40 SCM3

23%% 4 5US

FPEPEPEPPEPPLEPRPPRPPEPO PO WL

M 5 S541 INP3C (%2145J1S)

H7B 3#10 S45C
HTB 3«14 S45(C
TYVALW Axlé SK

M & S841 ZNP3C (%244185)

H7B 5#10 S5S45C
6#8 BSW2 NIP3
PAMY 3#4 SCM3

40
4D
1A
1A
4D

5

eTY II

EFRORPNEPHENPUNPRNUOROBHNENRPRRRERROBNNNDE B e e

35C-2
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[10D])
10D-1
. 10D-A3
. 10D-2
THERMOSTAT
10D=-A1 — 440000238
l DETAIL 1T
. [10D)
l MODEL 804000069  AGL10133¢03) JSM=35C (M) EP156085~
COMPO 804500622  UA372101(¢00) THERMOSTAT MNT. 860902
**ﬂ****%ﬂ-**********4{-{&%%******************#************ﬂ'*********‘H’*********%
. SEQ@ PART=NO, DESCRIPTION QTY
@ 1 800100832  BAND UB371016=00 4 1
. (e 2 800100361 BAND AB450015=-00 4 1
@A 1 412000202 HEXAGONAL NUT M 3 BSBM NIP3 1
A 2 409001490  +PAN HEAD SCREW 3%20 BSW2 NIP3 1
@A 3 412002566 PLAIN WASHER (SM M 3  BSP NIP3 ($14J]S) 2
I @A 4 409005169  +PAN HEAD SCREwW 3%5 BSW2 NP3 1
= 440000238 " THERMOQSTAT ELECTRICAL PARTS 2
35C=-2
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[10E}
10E-A11l éi
10E-A7
10E-Al12 I10E-A2
10F-A3 w 10E-A13
N 10E-3
10E~A8/A9.
DETAIL I

[10E])

MODEL 804000069  AG110133(03) JSM=35C (M) EP156085=

COMPQO 804500631 AAZ24T7001C02) COOL.WATER SYS. 800902
34 U S W3 36 W W W W I I 0 S 55 I W IR B P 5 B B b o 3 9 30 0 3 46 48 46 0 B 38 31 30 36 38 3F 36 98 30 30 3 38 9F 3 30 3 9 35 3R 3 3H 3¢

SEQ PART=NO. DESCRIPTION QTY
= 3 800100352  FLANGE AB470042=00 4 2
@A 1 409001724  +PAN HEAD SCREW 5#12 BSWwW2 NIP3 4
@A 2 403000459  WIRE HOSE=CLAMP SYN*3 22zU (T/8") 4
@A 3 403000491  WIRE HOSE=CLAMP SMn*3 18%Y 6
@A T 405000596  WTR.RUBBER HOSE 1/2" (12,70%21,5D)20
@A B 405000588  RUBBER HOSE 3/8"
A 9 405000588  RUBBER HOSE 3/8"
A 10 409005240  HEXSOCKET SCREW J%*z 4#10 SCM3 2
@A 11 403001005  SOCKET 3/8% BSBM 2
@A 12 403000858 HI=~PRESS.NO2ZLE 3/8' 1194 #2 BSBM 2
@A 13 403000866  HI=PRESS.NO2ZLE 3/8"%14 AR RSBEM 2
35C-2
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[11A]

[11F]

349000093

[11E]

[11Cl]

[11D]

[12F]

Valve system in main conscle

11B-3

349003432 —

11B-A2

11B-Al

DETAIL IV
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[11A]
MODEL 804000069  AG110133(03) JSM=35C (M) EP156085-—.
COMPQ 804800103 AALL2049C00) PRE-EVAC PIPE RCC902
***#**#*****##***%*-):-*-u%******-IHH{--IH{-**4{--H-ﬁ**ﬂ-*********#ﬂ-*%**ﬂ-%**-ﬂ-**#****#***%*_
sEQ PART=NO. DESCRIPTION QTY |I
1 800100310 PIPE W/FLANGE AB420307-01 4 1
2 800100239  PIPE AB410129~00 4 1 I
3 800100221 PIPE AB410128=00 & 2
4 800100301  PIPE FITTING AB420294=01 & 1
5 BOO100484  RING MBO10070=00 4 1 II
6 BO0100557  NUT MBD10099=00 & 1
7 B0G100328  SUPPORT AB420308=00 4 2
A 1 406000301  O=RING JISB2401 P 26 4D 1
A 2 406000352  0O=RING JISB2401 P 30 4D 1 II
A 3 411001175  HEXSOCKET BOLT 6#15  SCM3 4
A 4 403008956  QUICK COUPLING 3/4" 517135 RS 1
A 5 403008964  QUICK COUPLING 3/4' 312°125 BS 4 .
A 6 411001167  HEXSOCKET BOLT 6#12  SCM3 3
A T 412000237  HEXAGONAL NUT M 6 BSBM NP3 1
A B 412000334  PLAIN WASHER M b BSP NIP3 4 II
[11B]) l
MODEL 804000069  AG110133(03) JSM=35C (M) EPL56085~-
COMPO 804500657 AAL145043(01) SOL.VALVE MOUNT 800902 .
BRI e e RN N N M R N R R
SEQ PART=NO. DESCRIPTION @TY
@ 1 BOO104005  PLATE AB450139=01 4 1 l
2 800500407  WIRING LAYOUT AB450140~01 3 1
@ 3 800103998  ADDITIONAL WORK AB450046~09 4 6
4 800104013  NAME PLATE AB4501568=00 4 1 Il
A 1 403001072  CHASER 1/4" BC 7
@A 2 403000921  SQUARE NIPPLE 1/4> BSEM 12
A 3 403000980  PLUG 174" BSBM 1 l
@A 4 403000181  COUPLING SLP=301 BSB8M 13
A 5 403001064  ELBOW 1/4" BC 1
@A 7 411001159  HEXSOCKET BOLT 6#10  SCM3 8 l
@A 9 412003104  PLAIN wASHER(SM . M 6  BSP NIP3 (%14J1S) 6
= : 349003432 SOLENOID VALVE ELECTRICAL PARTS 7

35C-2




[11C)

MODEL 804000069 AG110133(03) JSM=35C (M) EP156085=

COMPO 804500649 AA142046(01) EXCH.CHMBR EVAC 800902
%******#-n--u--il--)t»%(-%***%*%-n--u-**'H-*******%*************************#******ﬁ*-ﬁ***iiﬂ*ﬁ—

SEQ PART=NC.,. DESCRIPTION aTy

1 800100298 PIPE W/FLANGE AB420289=00 4 1

2 800100646 HOSE COUPLING MB170177-00 4 1

3 800100638 SUPPORT MB170132=02 &4 2

A 1 403000921 SQUARE NIPPLE 1/4% BSBM 3

A 2 353000701 TERMINAL (HARMON ML=4662 U2P 2

A 3 411001159 HEXSOCKET BOLT 6#10 SCM3 2

A 4 409001473 +PAN HEAD SCREW 3#10 BSWZ2 NIP3 4

A 5 412000300 PLAIN WASHER M 3 BSP NIP3 4

A 6 403001072 CHASER 174" BC 1

(- 349000093 SOLENOID VALVE ELECTRICAL PARTS 2

[11D]

MODEL 804000069 AG110133(03) JSM=35C (M) FP156085=

COMPQ 804500011 AALl4a5035(02) 1"PNEU.L-VALVE 800902
I 336 36 303 30 3k 30 3 FH O 3E3E B 3E 36 44 44 30 35 30 48 3 20 W 346 3 36 45 4F 35 44 36 34 3 25 35 30 3 S 26 08 3 3530 3 35 38 35 90 35 oF 30 36 BF 36 9 36 0 3 R0 S S SR 2 b

SEQ PART=NO. DESCRIPTION QTY

1 80010045C SHAFT MBO10063=03 4 1

2 800100468 VALVE MB010064=02 4 1

3 800100476 SPACER MB0O10068=00 4 1

4 800100492 NUT MB010072=01 4 1

5 800100565 CYLINDER MBO10146=02 4 1

6 800100573 NUT MB0O10147-01 4 1

7 800100581 PISTON MBO1014B8=01 4 1

8 800100590 SPRING,PRESSURE MB010149=01 4 1

3 800100603 RING MB01015C0=00 & 1

10 800100336 VALVE,BODY AB450131-02 4 1

A 1 406000093 O=RING JISB240) P B 4D 1

A 2 406000123 0=RING JISB2401 P 1C0A 4D 2

A 3 406000255 O=RING JISB2401 P 22A 4D 1

A4 406000352 0=RING JISB2401 P 3¢ 40 1

A 5 406000387 0=RING JISB2401 P 32 4D 1

A 8 411004182 HEXSOCKET BOLT 586 SCM3 1

A g 412003619 PLAIN WASHER(SM M 5 SS41 ZNP3C ($14J1S) 1

A 11 415002753 SPRING PIN 1

35C-2

FTEINTIALN 3%18 3US420J2
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[11E]

MODEL 804000069  AG110133(03) JSM=35C (M) EP156085= Il
COMPO 804500029  AA145036(02) PNEU.VENT VALVE 800902
***#*****##*ﬂ*#**%******-!Hf'l_(-****ﬁ#*******#ﬂ-*******#***#***%****%*#********%11-

SEQ PART=NOQ. DESCRIPTION aTyY II
1 800100344  PIPE FITTING AB450132=00 4 1
2 BO0100506  PIPE MBO10077=00 4 1
3 BOOL100514  PISTON MBO1Q0OT78=00 4 1
4 800100522  CAP MBO10079=00 4 1
5 800100531  COVER MB010080=00 4 1
6 BO0O100549  SPRING,PRESSURE MB0O10081-01 4 1
A1 406000069  0=RING JISB2401 P 5 4D 1
A2 406000158  0=RING JISB2401 P 12 4D 2
A 3 424005573  FILTER PAPER 45%200 1
A 4 131102681 POLYURETHANE 'FOAM STo48#7 1
[11F)

MODEL 804000069  AGL10133¢03) JSM=35C (M) EP156085~
COMPO 804500037 AA145037(00) VENT VALVE 800902
P22 2 TR LR L E LAY EE LY LEYEL YRR E YRR YL L
SEQ PART=NC. DESCRIPTION QTy

1 BOOLl00298  PIPE W/FLANGE AB420289=00 4
2 BOO100646  HOSE COUPLING MB170177=-00 &
3 800100638  SUPPORT MB170132-02 4
A 1 403000921  SQUARE NIPPLE 1/4* BSBM
A2 353000701  TERMINAL (HARMON ML=4662 U2P
A 3 411001159 HEXSOCKET BOLT 6#10  SCM3
A 4 409001473  +PAN HEAD SCREW Ix10 BSW2 NIP3
A 5 412002566  PLAIN WASHER(SM M 3 BSP N[P3 ($14J]S)
= 349000093 SOLENQOID VALVE ELECTRICAL PART

35C-2

H MR
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0-A4
Tool box

Accessories (2)

35C-2




_

35C-2

£
B
[
3 5
B o FROE
Q - E
i z e'd g
] = L' T =
= 2 ‘ |z ]
¢ 3.
o a mMM, 3]
d mm <
a o

Ph
0

vers

it—

et

il

ircu

’Scréwdr

C
1led

with compressor o
ivers

1

‘ﬁWﬂr

Injectér £

i




61
[0}-1
MODEL 804000069 AG110133(03) JSM=35C (M) EP156085=
COMPQ BO4900329 (003 ACCESSORIES 800902

TN R R s BRI H R NI T R I R R T R R

SEQ PART=NO. DESCRIPTION QTyY
= 1 800500199  FILAMENT AB120058=00 3 24
& 2 500006875  BLOCK ABS530004-00 4 50
w3 600006735 BLOCK AB530005=00 4 50
w4 418000450  APERTURE AB130151-03 4 2
&= 5 800105605  JIG UB391032=00 4 1
@ 6 418001103  APERTURE AB720027=02 4 2
= 7 600009173  LIGHT GUIDE AB260108=00 4 2
w8 800100611  APERTURE MB102221=03 4 2
@ 9 800105575  JIG UB391029~01 4 1
@ 10 800105583  TOOL UB391030=00 & 2
@ 11 800105591  ToOL UB391031=01 4 2
@ 12 BOO104021  TOOL AB510012=-02 4 1
= 13 800104030  TOOL AB530006=00 & 1
@A 1 423002988  CONDUCTIV.PAINT D550 2061Y 1
I A 423003003 PIKAL 2314 (3% 1
‘ A 3 424005531  SYRINGE 10ML <#47Y34IUF10YED 1
=A 4 420018671 TOOL BOX T360 <TOYO> 1
@A 5 420006494  SCREW DRIVER NO.T5 (6 Heu7v2) 1
I‘ @A 6 420006079  TSCREW DRIVER 2M/M D°SR¥Y0 I (¥3933%) 1
=A 7 420006087  TSCREW DRIVER IM/M TSIV I (NO,1) 1
@A . 8 420006109  TSCREW DRIVER EM/M T°3Z3Y2 I (NO,2) 1
I‘ @A 9 420006133  =SCREW DRIVER 2 M/M 7°35Z392 I ($32u3%) 1
=A 10 420006141  =SCREW DRIVER 3 M/M 7°S5R392 I 1
@A 11 420006168  =SCREW DRIVER 6 M/M 7°32392 I (NO,2) 1
l’ A 12 420003053 SPANNER (DBL~END (6#8) (9#10) (l4a#lT) 1
A 13 420003801  HEXSOCKETSPANNR 1.4 M/M (SD) 1
A 14 420003819  HEXSOCKETSPANNR 145 M/M 1
A 15 420003843  HEXSOCKETSPANNR 2.0 M/M 1
ll =A 16 420003860 HEXSOCKETSPANNR 2.4 M/M 1
@A 17 420003878  HEXSOCKETSPANNR 2.5 M/M 1
&A 18 420003886  HEXSOCKETSPANNR 3 MM 1
I| @A 19 420003894  HEXSOCKETSPANNR 4 MM 1
@A 20 420003916  HEXSOCKETSPANNR 5 M/M 1
A 21 420003932  HEXSOCKETSPANNR 6 MM 1
Il @A 22 420003941  HEXSOCKETSPANNR 8 M/M 1
A 23 420003769  HEXSOCKETSPANNR 10 M/M 1
@A 24 420009337  TWEEZERS AFULR FT13% GG 120 1
@A 25 420009311  TWEEZERS AFULA LN3% KK 160 1
ll A 26 424002922  STYROL BOTTLE NO.101 2
@A 27 424005158  GELLATIN CAPSUL NC.0O 10071
=A 28 424005077  PLASTIC CASE 120CC 1
Il @A 29 423004620  GREASE(A) PEOIVCYG L(256)
=A 30 420011838  TOOL BAG 1

35C-2
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[0]4
MODEL 804000069 AG110133(03) JSM=35C (M) EP156085~ i
COMPO 804900353 UA3GS102(00) SPECIAL TOOLS 00902
*******%-ﬂ-ﬂ*%********ﬂ-***********%*#*****%?%*#*ﬁﬂ***%*%*-l!»ﬂﬂ*****%**********%* I
SEG PART=NO., DESCRIPTION QTY .
@A 1" 420016422 BALL DRIVER M 4 1
A 420016431 BALL DRIVER M 5 1 l
@A 3 420016449 BALL DRIVER M & 1
[0]-2 i
MODEL 804000069 AG110133(03) JSM=35C (M) EP156085- I
COMPO BO4300143 MA99=ANO=4(02) FILAMENT BOX BDOI02
#******%*#*%%%*****4@%**********#*#**#%*#****ﬂ*###******#-&r*%*%#***********#*
SEQ PART=NC. DESCRIPTION QTY l
1 800100433 CAP MA99=022=4=00 4 1
2 800500113  COVER MAG9=~023=3=01 3 1 .
3 A00100441 CASE MA99=091=4=02 & 1
[0])-3 .
MODEL 804D0D06S AG110133(03) JSM=35C (M) EP156085= .
COMPO 804300151 UA393113(02) STORE CASE 800902
TSR L ST S L2 L LY Py R R YRR RS R PR R RN R R R TR AR TR SRR R R R
SEQ PART=NO. DESCRIPTION QTy l
1 800100883 CASE UB391117=00 4 1
2 800100891 CAP UB391118=00 4 1
3 800100425 NAME PLATE AD120B06=00 4 1
4 BOOL100034 DAMPER AB100013=00 4 1
35C-2
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g

\J JIS B 2401 (Material: Viton)

SIZE {(mm)
NUMBER PART-NO. QTY
W 1D
P 3 406000042 1.9+0.07 2.8£0.12 1
P 4 406000051 n 3.8 n 6
P 5 406000069 " 4,8 n 4
P 6 406000077 " 5.8 » 1
P 8 406000093 " 7.8 n 9
P 9 406000107 1" 8.8 n 3
P 10 406000115 1" 9.8 n 7
P 10A 406000123 2.4+0.07 g.8 8
P 12 406000158 " 11.8 o 6
P 14 406000174 " 13.8 2
P 16 406000191 " , 15.8 n 1
P 18 406000204 " 17.8 n 2
P 20 406000221 " 19.8+0.15 4
P 22 406000242 1 21.8 o 1
P 22A 406000255 3.5+0.1 21.7 m 2
P 25 4060002890 " 24,7 @ 1
P 26 406000301 n 25.7 n 3
P 30 406000352 " 29,7 n 12
P 31.5 406000379 " 31.2 n 2
P 32 406000387 1 31.7 n 3
P 38 406000433 " i7.7 v 1
P 42 406000476 " 41.7%0.25 1
P 44 LD6000484 " 43.7 © 1
P 50 406000549 " 49.7 v 2
P 60 406000611 5.7+0.15 59.6 v 2
P 67 406000654 " 66.6 n 1
P 85 406000701 " : 84.6+0.4 1
P125 406000808 " 124.6 n 1
P145 406000859 " 144.6%0.6 1
G 25 406001278 3.1+0.1 24.4+0.15 6
G 45 406001332 1" , 44, 410,25 2
G 50 406001341 " 49,4 n 1
G 55 406001359 n 54.4 4
G 60 406001367 " 59.4 1
G 65 406001375 t 64.4 1 7
G 70 406001383 0 69.4 n 2
G 75 406001391 n T4, 4304 1
G100 406001448 n 99,4 n© 1
G110 406001464 " 109.4 © 8
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SIZE (mm)

NUMBER PART-NO. q 1D QTY
G120 406001481 3.1£0.1 119.4£0.4 2
G185 406001618 5.6+0.15 184.310. 8, 1

JIS W 1516 (Material: Viton)
SIZE (mm)

NUMBER PART-NO. W D QTY
P 20 406002223 3.5340.10 26.57£0.15 13
G 40 406003122 3.530.10 177.39+0.58 1

A t
— e
T T H
Square gasket
SIZE (mm)
NUMBER PART-NO. X 5 C 5 . QTY
|
52 600000095 125 93 | 115 | 83 4.3.9 1 2
35C-2
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2.

SPECIFICATIONS

Image mode:

Video amplifier
Input impedance:
Gain:

Bandwidth:
Output noise:

Pulse shaper
Input voltage:
Qutput voltage:
Output noise:

DC amplifier
Input voltage:
Input impedance:
Output voltage:
Cutput noise:

Power requirements:

Operating temperature:

Dimensions:

COMPOSITION

Image selector unit «-.--.

Cables s+ tev it cacanaacas

SEI (secondary electron image); AEI
(absorbed electron image); BEI: TOPO

and COMPQ (backscattered electron imags:

topographic and composition images);
CH1, CH2, CH3 (X¥-ray images);
AUX (miscellaneous images).

10 k.

1.
DC to 70 kHz.
Less than 10 mV.

+5 V.,
+5 V.
Less than 10 mV.

0 to 100 mV.
10 kq.
0 to 15 V.

Less than 10 mV,

DC +20 V, 4 mA; DC -20 V, 20 mA.

0 to 50°C.

70 mm (W) x 300 mm (D} x 150 mm (H).

35C-~IMS
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4. PANEL DESCRIPTION

@ Buttons 1 and 2:

¢ MIX switch:

o PHA/RM.AUX switches:

1 and 2:

o BRT knobs 1 and 2:

35C-IMS

Pushbutton switches for selecting the desired type
of image. That is to say, 1 or 2 can select a
secondary electron image {(SEI), an absorbed
electron image (AEI), a backscattered electron
image (topographic image: TOPO or compositiom
image: COMPO), an X-ray image (CH1, CH2 and CH3) or
miscellaneous images such as transmitted electron,
cathodoluminescence images, etc.

1 or 2 also determines on which CRT the selected
image is displayved.

Switeh for mixing two images optionally selected
by buttons 1 and 2 respectively. In other words,
by positioning the MIX switch at ON and depressing
the SEI (1) and AEI (2) buttons for example, the
respective video signals are mixed and the result-
ant SEI/AET image is displayed on the CRT. ‘

At PHA, an X-ray signal is fed into the CRT from
the pulse height analyzer via the pulse shaper and
DC amplifier, and the resultant output is dis-
played as an elemental distribution map.

At RM.AUX, an X-ray signal is fed into the CRT
from the ratemeter via the DC amplifier, and the
resultant output is displayed as a line profile
corresponding to the signal intensity.

Knobs for adjusting the brightness of the X-ray
image and the level of the lime profile.




6.
6.1

6.2

INSTALLATION

Turn off the supplementary power supply (35-SPS1l: attachment) switch and’

push up the UNATTENDED OPERATION switch. '

Install the image selector unit in the supplementary cabinet (35-SCB.S:

attachment).

Note: Necessary power for the image selector unit is supplied by the
supplementary power supply housed in the cabinet,

Connect up the microscope, the image selector unit and the extra CRT (if

used) with the cables as provided by referring to the JSM-35C and 35-TIMS

circuit diagrams.

Turn on the 35-SPS1 switch and push down the UNATTENDED OPERATION switch.

OPERATION

Obtaining a secondary electron, absorbed electron, backscattered
electron or miscellaneous image

Depress the SEI, AEI, TOPO, COMPO or CH3/AUX button as desired.
Adjust the image contrast, brightness, etc. by manipulating the
contrast, brightness, etc., controls on the attachment corresponding to
the image selected.

Obtaining an X-ray image

X-ray images show the elemental distribution in the analyzed area.

Obtain a secondary electron image (or absorbed electron image or back-

scattered electron image).

Bring the particular portion of the image to be examined to the screen

center with the specimen stage X and Y controls.

Carry out qualitative analysis by operating the spectrometer/spectro-

meters (SDS, DDS, TDS), and the X-ray counting system/systems (SDX, DDX,

TDX), and set the spectrometer on the peak of the desired element.

Position the PHA/RM-AUX (1 or 2) switch at PHA, then depress the CHI ov

CH2 (1 or 2) button depending on the spectrometer in use.

Adjust the image brightness with the BRT1 (2} knob.

Set the vertical scanning (frame) speed with the SCAN GENERATOR unit

scanning speed selection thumbwheel VERT switch and then photograph the

X-ray image. '

Note: The image brightness (i.e., the picture element brightness) is
adjusted with the BRT1 (2) knob. However, since the number of
X-ray pulses necessary to activate one picture element is 1, the
time taken to activate all the picture elements differs according
to the X-ray counting rate. Accordingly, the actual exposure
time is determined as follows. For example, 1f one picture
element measures 0.2 mm x (0.2 mm (0.04 mzj, the total number of
picture elements in the case of a 90 mm * 120 mm CRT screen would
be 270,000.
Now, if we assume the X-ray counting rats o be 1,000 cps, the

35C-1IMS
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time (t) necessary to expose all the picture elements can be
expressed as follows.

¢ = -270.000 _ 554 sec.

1,000

Accordingly, if the vertical scanning speed is 250 sec/frame, a
single frame exposure will suffice; if the vertical scanning
speed is say 50 sec/frame, however, a five frame milti-exposure
will be necessary.

6.3 Obtaining a X-ray line profile

X-ray line profiles show the distribution of selected element along a
line within the image.

1. Carry out Steps 1 to 3 in Sect. 6.2.

2. Position the PHA/RM.AUX (1 or 2) switch at RM.AUX and then depress the
CH1 or CHZ (1 or 2) button depending on the spectrometer in use.

3. Set the SCAN GENERATOR unit scanning mode selection switch at - (line
scanning).

Notes: 1. The line scanning speed (msec/line} accords with the frame

scanning horizontal scanning speed.

2. The probe scanning position on the specimen corresponds to
the center line of the displayed image. To obtain a partial
X-ray line profile within the image, first position the SCAN
GENERATOR unit SELECTED ARFA switch downwards and then
position the modulation mode selection switch downwards
(brightness modulation setting). By so doing, a brightness
modulated scanning line (analysis line) is displayed on the
CRT. Now by changing over the scanning mode selection
switch, the position of the scanning line can be ascertained
by utilizing the CRT afterglow. The scanning line (i.e., the
position of the analysis line) can be moved up or down to the
desired position on the image by manipulating the POSITION Y
knob. Also, by leaving the SELECTED AREA switch positioned
downwards and by positioning the modulation mode selection
switch upwards (amplitude modulation setting), a line profile
along the analysis line can be obtained. Further, the line
profile width and the horizontal position of the line profile
can be selected with the WIDTH X and POSITION X knobs,
respectively.

4. Adjust the X-ray line profile (waveform) amplitude and level with the
ratemeter COUNTS/SEC knob and the image selector unit BRT 1 (2) knob,
respectively.

Note: By depressing the SCAN GENERATOR unit PHOTO button, the Iine
profile can be photographed at an exposure corresponding to the
setting of the scanning speed selection (for photography) VERT
(vertical} thumbwheel switch.

35C-IMS
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6.4 Obtaining a mixed image

|
|
t

1. Select two buttons (one from each row of buttons on the image selector
unit panel) according to the two types of image it is desired to mix
and depress them,

2. Position the MIX switch at ON.

1 1
il Il .

i 3 |
1 . . d
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INSTRUCTIONS

35-MDD

MULTI DISPLAY DEVICE

No. IEP35C-MDD
(EP532037)

MDD

4CH

2CH

OFF

POSITION

® @

&

1. GENERAL

By using this device in conjunction with the JSM~35CScanning
Microscope, two or four different images can be simultaneously displayed on
one CRT, thus making it possible to make a convenient comparative study of
the specimen under examination.

7901286Tp




2.

o

o
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3.

SPECIFICATIONS

Display modes
4CH: 4 types of image are simultaneously displayed
2CH: 2 types of image are simultaneously displayed

OFF: 1 image is displayed

Inter-image spacing: Variable in both X and Y directions

Video input channels: 4, +10 Vmax (input impedance: 10 k).

Video output channels: 1, *10 Vmax (output impedance: 1 2 or less).

Bandwidth: 0 to 100 kH=z.

Power requirements: +5 V, 40 mA; +12 V, 50 mA.

Operating temperature: 0 to 50°C.

Dimensions: 35 mm (W) x 300 mm (D) x 150 mm (H).
COMPOSITION

MDD UNLEL eveesvovonarsanssassansasaanassonsncnsnnasoenscs B
Cables recetistrnnnnnens e eiadteneeneasraaaas Ceearaeans e ceaenaean 4

PANEL CONTROLS

4CH, 2CH, OFF button switch

Used for selecting the display mode. By depressing the 4CH button, four
different images are displayed on the CRT screen. In this case, the
space between the left and right images is varied with the POSITION X
knob and the space between the upper and lower images is varied with the
POSITION Y knob. By depressing the 2CH button, two different images are
displayed on the CRT screen. In this case, the space between the two
images (left and right) is varied by the POSITION X knob. By depressing
the OFF button, a full frame image is displayed on the CRT screen; in
which case, the POSITION X and Y knobs are inoperative.

POSITION X and Y knobs :

Used for varying the space between the displayed images. The X knob is
used for varying the space between the left and right side images and the
Y knob is used for varying the space between the upper and lower images.




5. INSTALLATION

1. Disengage the supplementary power supply (35-SPS1: attachment) power
switch. ‘ '

2. Install the MDD unit in the supplementary cabinet (35~SCB-S: attachment).
Note: The power for the MDD unit is provided by the supplementary power

supply installed in the cabinet.

3. Connect up between the MDD unit and the JSM-35CFScanning Microscope with
the cables as provided by referring to the respective wiring diagrams.
Note: Under normal circumstances, one or two image selectors (35-IMS:

attachments) are necessary when using the 2CH or 4CH mode
respectively. However, 1if this attachment is unavailable, feed in
the video outputs directly by connecting connectors MD3 and MD4 or
MD3, MD4, MD5 and MD6 (depending on the number of image modes to
be displayed) to the MDD unit.

4. Engage the supplementary power supply power switch.

6. OPERATION

When the MDD is used, it is only possible to display the data in the
SLOW 1, SLOW 2 and PHOTO speed modes. When displaying the data, the two
pictures must be the same size and must cover the entire screen without
overlapping. If the pictures overlap or if there is a clearance between the
pictures, the data will be partially illegible. Furthermore, in the case of
4 channel display, vertical overscanning will cause the data to be shifted
below the CRT screen. If data display is not needed, set the CHARACT switch
on the indicator panel to OFF.

l. Carry out steps a and b below after first depressing the MDD unit OFF
button.

a. Position the SCAN GENERATOR unit SELECTED AREA switch for selected
area scanning (i.e., down).

b. Set the POSITION X and Y knobs (SCAN GENERATOR unit) at their midway
positions and reduce the picture frame to 1/4 (1/2 the height and
width of the full screen size) with the WIDTH X and Y knobs in the
4CH mode or 1/2 (1/2 the width) in the 2CH mode.

2. To obtain the 2CH display mode, depress the 2CH button and carry out
steps a4 and b below.

Note: Two pictures should now appear on the left and right sides of the

screen.

a. Select two buttons (one from each row of buttons 1 and 2 on the IMAGE
SELECTOR (1) unit panel) according to the two types of image it is
desired to display and depress them.
lNiote: The two displayed images correspond to the video inputs Ffed

through connectors MD3 and MD4 as shown in the attached circuit
diagram.

b. Position the images, if necessary, with the MDD unit POSITION X knob.
Note: The number of scanning lines of each picture is half or less

the number in the case when the OFF button {(full frame picture)
is depressed.
3. To obtain the 4CH display mode, carry out steps a and b below after
first depressing the 4CH button.

35C-MDD




Note: Four 1/4 size pictures should now appear in the four gquarters of

the CRT screen.

a. Select four buttons (one from each row of buttons 1 and 2 on IMAGE
SELECTORS (1 and 2) unit panels respectively) according to the four
types of image it is desired to display and depress them.

Note: Two of the four displayed images correspond to the video inputs
fed through connectors MD3 and MD4 (IMAGE SELECTOR (1)} and the
other two images correspond to the video inputs fed through
connectors MD5 and MD6 (IMAGE SELECTOR (2)}.

b. Position the upper and lower images, if necessary, with the MDD unit
POSITION Y knob. ‘

Note: The number of scanning lines of each picture is a gquarter or
less the number in the case when the OFF button (full frame
picture) is depressed.

35C-MDD
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INSTRUCTIONS

50A-~MRH

MAMIYA 6 x 7 ROLL FILM HOLDER

No. IEP 35C-MRH
(EP528101)

Counter setting knob

Film type indicator

Film counter

Take~up lever

MANA &

Stopper release
lever

Dark slide pocket
inlet- efoted

Back cover latch

L_‘___Spool exchange knobs————

Fig. T Roll film holder

1. GENERAL

The MAMIYA 6 x 7 roll film holder is used for photographing the

scanning image displayed on the JSM-35C Scanning Microscope recording system
CRT.

7810001
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2. SPECIFICATIONS

+« Number of exposures: 10 (for 120 roll film).
20 (for 220 roll film).

¢ Photographing ratio: 1 to 0.58.

3. COMPOSITION

4. INSTALLATION

. Attach the adapter to the camera.
. Attach the focus screen to the adapter, and set the lens opening to
£/5.6 with the f-number adjust knob.
3, Obtain a spot image at the center of the 5" CRT screen and focus the
image with the focusing knob.
4. Detach the focus screen and attach the film holder.

S

35C-MRH




FILM LOADING

%

1. Set the film type indicator to 120 or 200 (depending on the type of
film used). with the counter setting knob (automatic stop mechanism
should be set).

2. Insert the dark slide, and open the back cover by pulling out the latch

(see Fig. 2).

Notes: 1. If exposed film is left in the film holder, roll up the film
and leader paper with the take—up lever until lever-turning
becomes loose.

2. When not photographing or when the film holder being loaded
with film is tc be detached from the camera, be sure to
ingert the dark siide into the film holder.

3. Lock the spool exchange knobs by pulling them out and turning them

slightly.

Mount a lcoaded spool on the right side, the take—up spool on the left

side, and secure the two spools with the spool exchange knobs.

5. Draw out the leader paper and imsert it in the take-up spool.

Caution: Be careful not to draw cut the leader paper more than necessary.

6. Roll up the leader paper until the arrow con the leader paper aligns with

the start mark on the film holder (see Fig. 3).

7. Confirm that the film pressure plate on the back cover is set properly

for the type of film used (120 or 220).

Note: If the film pressure plate is not properly set, detach it by

pushing it a Ilittle to the Ileft, turn it over and replace it.

8. Close the back cover and secure it with the back cover latch (the film

counter now indicates 5).

9. Set the film counter to 1 by turning the take-up lever until it stops,
and draw out the dark slide (store the dark slide in the dark slide pocket)
Note: The first frame of the film is now ready for exposure. Each time

an exposure is completed, push the stopper release lever slightly
to the right and advance the film with the take-up lever. After
exposing the full number of frames (10 or 20 depending on the fype
of film used), turn the take-up lever until it feels loose (i.e.,
until the film and leader paper are completely rolled up), open
the back cover and remove the film.

a

|

B~

IPOATARN
ciaau gute o s
g B4
i o B,

*

Fig. 2 Opening/closing back cover Fig. 3 Leader paper setting
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Film release

lever
Control arm

P y————Film slot

FiTm holder

IEPSM-PRH
(EP599001)

No.

INSTRUCTIONS
50A-PRH
POLAROID #545 FILM HOLDER
Fig. 1
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1. GENERAL

The Polaroid #545 Film Holder is used for photographing the scanning

image displayed on the short persistence CRT of the JSM type Scanning
Microscope photographic recording system,

2. SPECIFICATIONS

o Fdilm: Polaroid 4 = 5 Land film,

* Magnification: 1 to 1 ratio.

3. COMPOSITION

* Film holder .ivessnernancasrs .»s 1 set.

4. INSTALLATION

1. Attach the focus screem to the photographic recording system camera
set the lens opening to £/5.6 with the f-number adjust knob.

2. Obtain a spot image at the center of the CRT screen and focus the
image with the focusing knob.

3. Detach the focus screen and attach the film holder.

and

SM—PRE




SM-PRH

FILM LOADING

Set the contrel arm to L (see Fig. 2a).
Note: When the holder is not used, the control arm should be set at F.
Held the film packet as shown in Fig. 2b and partially insert it (about
halfway) into the film slot. Then hold the film packet as shown in Fig.
2¢c and push it into the slot as far as it will go (Fig. 2d).

Notes: 1. Be sure to Insert the packet with the THIS SIDE TOWARD LENS
side facing the camera.
2. Never prass the DO NOT PRESS HERE portion on the packet.
3. Never bend the packet nor apply excessive force to it.

BRI R N.‘JH o]

Fig. 2 Film loading




6. PHOTOGRAPHY AND DEVELOPMENT

1. Hold the film packet as shown in
Fig. 3a and draw it out as far as
possible.

Note: By this procedure, the light-
proof cover and positive sheet
are drawn out; the negative
film, however, is left in the
holder and is now ready for
exposure.

2. After photographing the scanning
image, reinsert the packet as far
as possible (see Fig. 3b).

3. Set the control arm to P (gee TFig.
3¢), and draw out the packet smoothly
(see Fig. 3d).

Notes: 1. By this procedure, Jjelly
developer spreads uniformly
batween the negative film
and positive sheet, and
development commences.

For details on developing
time and how to open the :
film packet, refer to the (b)
instructions for the Land
film in gquestion.

2. If the lightproof cover is
not inserted and withdrawn
correctly and/or the packet
is not drawn out smoothly,
the film may remain un-
exposed, a part of the
frame may be missed, or
vertical streaks may appear
on the micrograph. If
spots are observed on the
micrograph, open the roller
cover, unlock the roller
hooks and clean the
processing rollers and
rubber 1light seal roller
(see Fig. 4).

3. If the film packet is tc be
remaved bhefore development,
draw out the packet with
the contreol arm set at L
and with the film stopper
rajease lever (R) depressed

-

(see Fig. 1). 7To develop — 7 ' (d)
the film, reinsert the
packet and after setting Fig. 3 Photography and development

the control arm to P, draw
out the packet.

SM-PRH




Steel processing rollers

\\ Rubber light seal roller

Focal plane

N

N

Hinged roller
cover

Roller hooks

Fig. 4 Opening the roller cover
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INSTRUCTIONS

SM-PRHZ2

POLAROID #405 FILM HOLDER

No. SM-PRH2
(EP60000L)

Dark slide

P siot for
black and
white tabs

Clamping hoak

Fig. 1 Film holder

1. GENERAL

The Polarcid #405 Film Holder is used for recording the scanning image
displayed on the CRT of the JSM type scanning electron microscope photo-
graphic recording system.

7810001TP




2. SPECIFICATIONS

¢« Film:

* Photographing ratio: 1 to

3. COMPOSITION

* Film holder s+=+vceass 44t e e reaneaa T EEEER

4. INSTALLATION

1. Attach the adapter and focus screen to
set the lens opening to £/5.6 with the

2. Focus the image with the focusing knob
instruction manual).

3. Detach the focus screen and attach the

Polaroid Land film, type 105 or 107.

0.83.

the recording system camera, and
f-number adjust knob.
(refer to the microscope

film holder.

SM-PRHZ2

-



5. FILM LOADING

1. Unlock the clamping hook, open the holder

back, push a

pack into holder and down so

it smaps into place (Fig. 2a).

Cautions: 1.

4.

Be sure to linsert the dark
slide into the holder before
loading the pack.

Be sure to insert the pack
with the DO NOT PRESS HERE
side facing the camera.
Never press the DO NOT PRESS
HERE portion on the pack.
Never bend the pack nor
apply excessive force to it.

2. Close the holder back (Figs. 2b, c) and
lock the back. The black tab sticks out
of the tab slot.

Caution: Be sure the white tabs are not
caught between the film pack and

the

SM-PRHZ

film holder.

Fig. 2

(c)

Film loading




6. PHOTOGRAPHY AND DEVELOPMENT

1. Pull the black tab (safety cover) all the
way ocut of the holder (Fig. 3a).

The film is now ready for exposure. A

white tab will pop out.

2. After photographing the scanning image
with the dark slide pulled out, pull the
white tab all the way out of the holder
(Fig. 3b).

Note: A yellow tab will pop out. DO NOT

pull another white tab.

3. Grip the center of the yellow tab and
pull it straight, without stopping, all
the way out of the holder (Fig. 3c).

This starts development,

Notes: 1. For details of development time
and separating the negative
from the print, refer to the
instructions of the Polaroid
film pack.

2. Spotty stains on micrographs
indicate the dirty processing
roller., In this case, clear
the processing roller by refer-
ring to the enclosed (b)
instructions for the holder
(Polaroid Corporation).

Caution: Be sure to return the dark
slide to the holder after each
exposure.

- . .

4, Coat the print, and if necessary clear
the negative, according to the film
instructions.

()

Fig. 3 Photography and development
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INSTRUCTIONS

35-5CB-S

SUPPLEMENTARY CABINET

No. IEP35C-SCB-S
(EP705001)

T § o O o & o ® o O o O o B 5 @ o O o © & O 8 O o © o O o §&

®3@§§

Fig. 1 Supplementary cabinet

1. GENERAL
This cabinet is intended for attachments of the JSM-35C Scanning
Microscope. A supplementary power supply (35-SPS51 or -SPS3) is necessary

to supply power to the attachments. The cabinet can accommodate fifteen or

eight basic attachment modules depending on the type of the supplementary
power supply (35-SPS1 or 35-5PS53).

2. SPECIFICATIONS

° Dimensions: 600 mm (W) = 562 mm (D) = 180 mm (H).
© Weight: 20 kg. ‘

3. COMPOSITION

0 CAbinel s v coeatnsnmmsnsosstosaoonnansasesssasssasaasasassnassanssansasas 1
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INSTALLATION

1. Place the cabinet incorporated with the supplementary power supply on
the operation and display system of the scanning microscope.

2. Insert the cable plug protruding from the cabinet into the AC 100 V
socket of the power supply unit (accessible by removing the right side

- panel of the operation and display system).

3. Insert the attachment modules intended for use into the cabinet.

4. Turn on the supplementary power supply switch (accessible from the rear
of the cabinet).

5. OPERATION

Power application to the operation and display system turns the cabinet
on. Push the PANEL LIGHT switch up to illuminate the panel whenever
necessary.

- N W .

35C-5CB-5
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INSTRUCTIONS

50A-SDT

STEP-DOWN TRANSFORMER

No. IEPSM~SDT
(EP693001)

Fig. 1 Transformer

1. GENERAL

This transformer supplies the JSM type scanning microscope with AC 100 V
(single phase) power when it is not available from the power line.

7808001TP




2. SPECIFICATIONS

« Input voltage: 120, 200 and 240 V, i
» OQutput voltage: 90, 95, 100, 105, 110 V.

*» Operating temperature: 0 ~ 50°C. '
« Dimensions: 280 mm (W) x 280 mm (D) = 330 mm (H).

|

3. COMPOSITION
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4. CABLING

1. Connect the scanning microscope power cable to the AC 100 V ocutput
terminal and ground terminal of the transformer.

2. After confirming that the switch on the power board is off, connect one
end of the provided cable to an appropriate input terminal and also the
ground terminal of the transformer, and the other end to the power
board.

-‘
J

| | '
- . J

|
1 5

SM-5DT
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1. GENERAL

INSTRUCTIONS
35-SPST, 3 -
SUPPLEMENTARY ‘POWER SUPPLY

. IEP35C-8P51, 3
(EP704010, EP711001)

The 35-SPS1 or 35-S8PS3 supplies regulated power to

2. SPECIFICATIONS

o Input:

o Qutput:

o Operating temperature:

o Dimensions:

o Weight:

3. COMPOSITION

o Power supply unit seveeerss

4. INSTALLATION

1. Install the power supply unit in the supplementary cabinet and connect
terminals of the cable leading from the power supply unit to the cabinet

terminals.

2. Connect the PANEL LIGHT cable terminals to the supplementary cabinet

terminals.

3. Place the supplementary cabinet on the operation and display system of

the microscope.

7808086

AC 100 Vv, 50/60 H=.

SPSLl: DC +12 V, 2
DC 40 V, 1

5PS3: DC +20 V, 1 A;
0 to 50°C,

SPS1: 545 mm (W) x 165 mm (D) x 90 mm (H).
SPS3: 235 mm (W) x 157 mm (D) x 90 mm (H).

SPSl: 10 kg.
SPS3: 7 kg.

the various
attachments housed in the supplementary cabinet (35-5CB.S).

+20 V, 1 A;
+5 V, 3 A.

¥12 v, 1 A,




]
-

4. Plug the power supply cable conmector leading from the supplementary
cabinet into the AC 100 V socket on the power supply unit (accessible by
removing the right side panel of the display and operation system).

5. Install the attachment electronics units in the cabinet.

Note:; The 35-DMA, -DU7, -IZD, and -MDD cannot be used in the case of the
SPS53. ‘

6. Turn on the supplementary power supply unit power supply switch

(accessible from the rear side of the cabinet).
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INSTRUCTIONS

35-TED

TRANSMITTED ELECTRON DETECTOR

No. IEP35C-TED-2
(EP729119)

Fig. 1 TED electronics unit

1. GENERAL

Designed for use with the JSM-35C Scanning Microscope, this detector
allows the ‘instrument to operate in the STEM (scanning transmission electron

7906091TP




microscope) mode. In addition to conventional STEM images, the 35-TED
permits dark field images in two modes (using scattered electrons and Bragg
reflection), and scanning electron diffraction patterns to be displayed.

The STEM image provides almost the same information as a conventional
transmission electron microscope image. However, the advantages of the STEM
technique are that chromatic aberration due to inelastic scattering in thick
specimens can be disregarded, specimen damage due to electron bombardment is
minimal, and improved image contrast is assured. An added advantage is that
the signal carrying information on the specimen can be optionally processed,.
Furthermore, the use of a SM-SDU Supplementary Detector, 35-CLD Cathodo-
luminescence Detector, etc. makes it possible to display images from said
detectors simultaneously.

Operation modes
sBright field (Fig. 2a)

In this mode, the image is formed by electrons transmitted through the
specimen when the electron probe scans the specimen.

*Dark field image I (Fig. 2b)

In this mode, the image is formed by electrons scattered forward when the
electron probe scans the specimen,

eDark field image TI (Fig. 2¢)

In this mode, the image is formed by electrons scattered in a specified
direction when the electron probe scans the specinmen.

* Scanning electron diffraction pattern (line profile) (Fig. 2d)

In this mode, the pattern (line profile) is formed by frame-scanning (or
line-scanning) a diffraction pattern.

35C-TED
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Deflection
coll unit

Fluorescent
screen A

Scintillator
Light pipe———

Photomultiplier I.
rube (PMT)—— 1 ‘

(SHIFT)

-~

Scanning (SCAN)

coil (EOS)——

Specimen LMDDE:
PICTURE

FIELD: BRIGHT
APERTURE: OUT

| MODE:
PICTURE

XA

Fluorescent
screen B

FIELD: DARK
APERTURE: OUL

(a) [Bright field image] (b) [Dark field image (I)]
(SCAN) | ) t _____ RN
B¢ Wi
MODE:
MODE:
PICTURE
(SHIFT) (SCAN) [ DIFF
X %
YHH ? (SHIFT)
;ﬁ' Aperture
I rIra
Fluorescent
screen A
FIELD: BRIGHT FIELD: BRIGHT
APLERTURE: OUT APERTURE: 1IN

(c) [Dark field image II)

]

[Scanning electron
diffraction pattern]

(d)

Fig. 2 Ray diagrams
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SPECIFICATIONS

Detecting distance
(specimen-detector): 402 mm (working distance: 15 mm)
378 mm (working distance: 39 mm) .

Bright field aperture: 7 mm in diameter.

Dark field contrast stop: 8 mm in diameter.

Scanning electron diffraction

aperture: 200 um in diameter.

Specimen carrier: 3 mm diameter transmission electron micro-

scope specimen grid.

Specimens loadable
at one time: 4 specimens.

Beam deflection: Electromagnetic X~Y deflector (auxiliafy
coil for scanning electron diffraction
attached).

Power requirements: DC +12 Vv, 500 mA.
Ripple: Less than 0.1%.

Electronics unit dimensions: 35 mm (W) x 150 mm (H) x 300 mm (D).

COMPOSITION

TED electronics unic +rv a0 A R I I TP TIPSR |

Detector (incl. scintillator, light pipe,

aperture platform and light proof cover A) ««--.. R R e
Fluorescent screens (A& and B) +e+--- tednea svesensrssiseasnrirasnns 1 of each
Diffraction apertures -s«s et I T NI R P RN Ces e
Control unit seeseasvans t et maasa R R R R RN R RN T T, 1
Name plate +re«+eseensn T 1
O-ring gasket ++sresevsrrenncan terraaaan tereaaaan cennarnan N |
Ladder Chaing »-ceesaearonenernossenenssnnennn. S n st e i s 3
Specimen holder (encased) ---«:«- R T —T
Specimen exchange rod adapter +«ieverviiiiinrnaranan Cerieans e 1
Light proof cover (B) +revevrnsunasaencnnns R T 1
Interconnecting braided wire (complete with connector) A |
Cables =+t s it nereinirinnsaranronsnans ..........;... ........ PECEPEN 2
Specimen chamber evacuation pipe «+++revveenna. R R R |
Specimen exchange chamber adapter (for WD 39 mm) »-+-vrrerennn- 1

35C~TED




4, INSTALLATION

4.2
1.
2

.

Preparation

Turn the ACCELERATING VOLTAGE unit GUN FILAMENT knob fully counter-
clockwise and position the ON/OFF switch at OFF.

Set the SEI unit SEI/BEI switch at the midway position to turn off the
detector power supply.

Set the UNATTENDED OPERATION switch to its upper position to switch off
the power supply except the vacuum system power supply.

Confirm that the anode chamber airlock valve is open and then depress
the VACUUM SYSTEM unit VENT button to expose the column to the
atmosphere.

Remove the specimen exchange chamber cap; then set the tilt control at
0°, the WD control at 39 mm and open the front cover by pulling the
lock lever towards vyou.

Parts removal (see Fig. 3)

Remove the front console panel by loosening off the four screws A.
Loosen off the four screws B and remove the rectangular plate.

Screw A/’/////-gl’B CJ

Front panel

i
i Specimen chamber \ =
Screw B evacuation pipe .

Semicircular Specimen chamber

plate\ J;;;

[ i m—— -

Screw C

Retaining
screw

Rectangular
plate Fastening band
Connecting
evacuation pipe
Fig. 3 Standard parts removal
35C-TED
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3. Remove the semicircular plate by loosening off the two retaining screws.
Note: To loosen off the retaining screws, insert a screwdriver or the
like through the holes in the side cover and turn the screwdriver
counterclockwise.
4. Unloosen the fastening band and push the connecting evacuation plpe in
the direction of the arrow.
5. Loosen off the four screws C and remove the specimen chamber evacuation

pipe.

-
i 2

350-TED




4.3 Installing the TED (see Figs. 4 to 8)

1. Remove the connecting evacuation pipe from the specimen chamber
evacuation pipe removed in Step 5, Sect. 4,2 and insert it into the
cylinder evacuation port (see Fig. 4).

[Top view]

Control unit

WALV anEImiNif,

Fieita

Fluorescent
screen A

Specimen holder

Connector A

Screw A//}ﬂ

Front
panel —

Screw B

Name
plate

[Side view]

: Specimen

_J chamber

Screw C

Viewing window

Light proof
cover A

\Eonnector B

Connector C

Connecting
evacuation

L o

Detector

PMT access port/)'

Fastening band
“Screw D

“Scintillator/
light pipe

35C-TED

Fig. 4 TED parts instaliation




2. Attach the cylinder to the base underside of the specimen chamber so
that the viewing window faces towards the front and secure the cylinder
with the screws C,

3. Connect the connecting evacuation pipe to the evacuation system and
secure it with the fastening band.

4, Unloosen the two screws, remove the aperture fixing disk from the

aperture platform and mount the electron diffraction aperture {see Fig.
5a}.

Light proof Hole for screw D
cover A
Aperture fixing disk

Aperture platform

A

(a) (b)

Fig. 5 Detector

5. Mount fluorescent screens A and B on rods A and B (Fig. 5b)
respectively (see Fig. 6).

6. Place the O-ring gasket in the groove (upper part of detector) and then
attach the detector to the cylinder and secure it with the four screws
D (see Fig. 4).

7. Disconnect the two PMIT comnectors, loosen the ring nut, remove the PMT
from the secondary electron detector and replace it with light prootf
cover B,

8. Attach the PMI' to the base of the detector and reconnect the two
connectors disconnected in Step 7.

Note:; When the SDU Supplementary Detector Unit is used in conjunction
with the TED, omit Steps 7 and 8, install the SDU-PMT and connect
up the SDU as described in the SDU manual.

9. Attach the control unit to the frame at the front of the console and
secure it with the two screws E (see Figs. 4 and 7}.

35C-TED




Fluorescent screen A Fluorescent screen B

. 10.

l 11.

Il 12,
35C-TED

Fig. 6 Fluorescent screens

Fig. 7 Control unit

Attach the three chains between the control unit pulleys a, b, and ¢
and the detector pulleys a', b', and c', respectively, as shown in

Fig. 4.

Turn control knobs A, B, and C to check that the control unit is work-
ing properly and, if all is in good order, replace the front console
panel removed in Sect. 4,2, Step 1.

Attach the name plate over the opening exposed by removing the
rectangular plate in Step 2, Sect. 4.2 and secure it with screws B (see
Fig. 4).




13.

14.

15.

16.
17.

18.

19.

20.

Remove either one of the two semicircular plate located at the lower
part of the specimen chamber objective lens aperture assembly and plug
up the exposed opening with interconnecting cord connector A (see Fig.
4).

Insert the deflection coil unit into the specimen chamber and install
it by aligning the guide pin located inside the chamber {(near the
center) with the deflection coil umit guide hole (Fig. 8).

Fig. 8 Deflection coil unit

Connect up interconnecting cord connector B and deflection coil unit

connector C.
Note: Be sure to connect up the connectors so that the colors of the

respective lead wires match.

Close the front cover.
Turn off the 35-SPS1 Supplementary Power Supply gwitch and install the

TED unit in the 35-SCB+S Supplementary Cabinet.
Referring to the JSM=35C Scanning Microscope and the 35-TED circuit

diagrams, connect up the various cables.
Re—evacuate the column by depressing the VACUUM SYSTEM unit PUMP DOWN

button.
5ot the UNATTENDED OPERATION switch to its lower position and then

turn on the 35~-8PS51 switch.




4.4 Installing the specimen exchange rod adapter

Attach the adapter to the tip of the specimen exchange rod and secure
it with the fixing screw (see Fig. 9).

Pin for rotating specimen
holder pedestal

Fixing screw
Specimen exchange rod

Screw for exchanging
specimen holder

Fig. 9 Specimen exchange rod adapter installation

35C-TED




5. SPECIMEN EXCHANGE (see Fig. 10)
5.1 Specimen exchange

1. Remove the specimen holder cap.

2. Remove the spring and washer, and the used specimen. Then mount a new
grid (3 mm dia), complete with the desired specimen, on the specimen
holder pedestal with the aid of tweezers.

Note: Up to 4 specimens can be mounted at one time.

3. Place the washer and spring on the specimen and mount the specimen holder

cap making sure that pin A passes through the cap hole.

Cap

gs__;f__ﬂ_..—Spring
Washer
‘?-'_‘*‘Especimen Exchange chamber adapter
(grid)

Specimen number

Sgecimen
older pedestal

Pin A

Screw hole

Specimen holder

Specimen holder
pedestal rotating shaft

Specimen exchange rod

Fig. 10 Specimen holder
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1. GENERAL

. Dynamic observation of specimens is routine when the 35-TVS TV Scanning
Device, which is composed of a conventional TV monitor and a TV scanning
unit, is used in conjunction with the JSM-35C Scanning Microscope,
Accordingly, rapid changes on the specimen can be readily observed on the TV
monitor, and the use of a commercially available video tape recorder makes
it possible to record and play back the TV scanning image. These facilities
are extremely useful when observing specimen changes which occur due to
heating or tensile stress. Furthermore, the 35-TVS permits image focusing
and field of view selection to be easily carried out. 1In addition, the
3>-TVS provides zoom observation because the magnification can be
continuously changed.

2. SPECIFICATIONS

* Scanning mode: Standard TV scanning.

* Image display: 130 mm (H) = 170 mm (W) (9" CRT).

s Magnification: x100 to x10,000, continuously variable
(at accelerating voltage 25 kV).

* Bandwidth: 4 MH=z,

* Power requirements: TV monitor: 100 vV AC, 0.2 A.
Control unit: 420 V, 0.3 A.

-12 v, 0.2 A,
* Operating temperature: 0 to 50°C.
* Dimensions: TV monitor:

220 mm (W) = 235 mm (D) x 215 mm (H),

TV scanning unit:
70 mm (W) x 300 mm (D} = 150 mm (H).

3. COMPOSITION
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4. PANEL DESCRIPTION
4.1 TV scanning unit

TV-SLOW switch:

MAGNIFICATION knobs:

4.2 TV monitor

POWER button:
CON knob:
BRT knob:
HOR knob:
VER knob:

35C~TVS

Selects the scanning mode. When the switch is set
at TV, the 35-TVS scanning circuit, magnification
control circuit and video amplifier are brought
into operation and a TV image is displayed on the
35-TVS monitor. When set at SLOW, the above
mentioned circuits and amplifier are drived with
the standard system and the image is displayed om
the standard CRT.

The COARSE knob selects the magnification in four
steps, To select the magnification between the four
coarse steps, use the FINE knob. The FINE knob 1is
also used as a zoom magnification control.

Power switch for TV monitor.

Controls TV image contrast.

Controls TV image brightness.
Establishes horizontal synchronization.

Establishes vertical synchronization.




5. PRINCIPLE OF OPERATION

When the TV-SLOW switch is positioned at TV, a sawtooth wave generated
by the scamning circuit for horizontally and vertically deflectlng the
electron probe (horizontal scanning frequency 15.75 kHz, vertical scanning
frequency 50/60 Hz) is supplied to the scanning coils via the magnification
control. circuit. As a result, the electron probe scans the specimen surface.
The probe scanning area is controlled by varying the amplitude of the saw-
tooth wave which is controlled by the magnification control circuit and
secondary electrons emitted from the scanned specimen area are detected as a
video signal, which is amplified by the video amplifier. Horizontal and
vertical synchronizing pulses from the scanning circuit are mixed with the
video signals and the resultant signals are fed to the TV monitor.
Accordingly, the probe scan and the TV monitor raster scan are synchronized.
Also, since the brightness of the CRT raster is modulated by the video
signal, information pertaining to the specimen surface is reproduced on the
CRT; that is, a TV image is obtained. With the TV-SLOW switch at the SLOW
position, the scanning coil and detector are disconnected from the TV scan-
ning circuit and connected to the standard scanning circuit, etec. A
conventional scanning image is displayed on the standard CRT.

fTO standard display unit (PNU BOX)

© |Electron
[_!4_J gun Scanning
R circuit G
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TV scanning unit

Fig. 2 Block diagram of scanning microscope,
TV scanning unit, and video tape recorder
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6. INSTALLATION

1. Turn off the supplementary power supply (35-SPS1).
2, Mount the TV scanning unit on the supplementary cabinet (35-5CB.S5).
Note: The necessary power for the control unit is supplied from the
supplementary power supply that is built into the cabinet.
3. Place the TV monitor on top of the 35-SCB:S supplementary cabinet (or in
the 35-5CB supplementary cabinet rack).
4. Referring to the circuit diagrams of the scanning microscope and the
35-TVS diagrams, comnect the cables.
Note: By connecting the cables, video signals and sawtooth waves for
electron scanning take the following course:

s With the TV-SLOW switch positioned at TV, signals from the
detector pass the TV scanning unit and are supplied to the TV
monitor; the scanning coil receives the output from the TV
scanning unit and operates.

» At the SLOW position, the signal from the detector proceeds via
the TV scanning unit, passes the display unit, and is supplied to
the standard CRT; the scanning coil receives the output (of signal
via the TV scanning unit) from the display unit and operates.

Further, AC input (100 V) for the TV monitor is supplied from a

socket located inside the operation and display system.

5. Turn on the supplementary power supply.

/. OPERATION

1. Push on the TV monitor POWER button.

2. Set the input impedance switch at the back of the TV monitor at 75 .

3. Set the TV-SLOW switch at TV. With this operation power is supplied to
the TV scanning device. A TV image will appear on the TV monitor after
a 30-second warm~up period. ,

4. If necessary, synchronize the TV image with the VER and HOR knobs.

5. Adjust the TV image contrast and brightness with the respective CON and
BRT knobs.
Note: A specimen illumination current of 3 x 102 A or over is required.

6. Adjust the MAGNIFICATION knobs to obtain the desired magnification and
observe the TV image. To observe a slow scanning image, set the TV=-SLOW
switch at SLOW for a display on the standard CRT. To halt all TV scan-
ning device fuunctions, set the switch at SLOW and push off the TV
monitor POWER button.

Note: TV scanning image is focused with the OBJECTIVE LENS knobs.

35C-TVS




Magnification selection

The magnification is selected by the COARSE knob setting as shown

below:
COARSE knob Magnification
3 x 102 100 - 300
1 % 103 300 - 1000
3 x 103 1000 - 3000
1 = 104 3000 ~ 10000

For the COARSE knob settings of 3 x 102 and 3 x 103, read the inmer
scale of the FINE knob and for the COARSE knob settings of 1 x 103 and
1 x 10%, read the outer scale of the FINE knob.

8. PLURAL MONITOR CONNECTIONS

—

TV
scanning unit

IN Our
VIDEO

TV monitor
1

TV monitor
2

TV monitor
X

To match the impedance of the line, set the input impedance switch of
the last TV monitor (X) to 75 @ and turn the other monitor input impedance

switches off.

9.  VIDEO TAPE RECORDER CONNECTIONS

v
scanning unit

Connection

 —

e

IN
CAMERA

VTR

IN
VIDEO

TV monitor

Connect a video tape recorder as per the instructions accompanying with

the the recorder.
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INSTRUCTIONS

35-AEM

MICRO-MICRO AMMETER

No. IEP35C-AEM

(EP301022)
AEM
¢ 02 04 08 0B 1
I I | I ||
CorT T 1
0 05 1 t5 2 25 3

CHECK ADJ.
L—ZER0—

Fig. 1 AEM unit

1. GENERAL

The AEM unit monitors the specimen (absorbed) current which is used to
align the axis of the illumination system and set the emission of the
electron gun filament.

7811106




2. SPECIFICATIONS

¢+ Measurement range: 1 x 1075 to 1 x 10~12 4,

» Measurement accuracy: 15%.

s Zero drift: 1%/hr (after 30 minute warmup),

¢« Output voltage: DC 1 V (max.).

¢ Jutput noise: Less than 20 mVp-p.

¢ Recorder output: 100 mV {max.),

+ Power: DC +20 Vv, 50 mA; DC -12 Vv, 100 maA.

* Operating temperature: 0 to 5G°C.

*« Dimensions: 70 mm (W) x 300 mm (D) x 150 mm (H).

3. COMPOSITION

4. PANEL DESCRIPTION

~* AEM meter :
Micro-micro ammeter for measuring the specimen absorbed current.
When the RANGE knob is positioned at 1 x 10~%, read the upper scale; at
3 x 107*, read the lower scale.

* RANGE knob:
Changes over the measurement range in 15 steps (107 to 10712 aA),

« ZERO CHECK switch: .
Push up when measuring the absorbed current; push down to check the

meter zero setting.

* ZERO ADJ. knob:
Adjusts zero setting.

5. INSTALLATION

The AEM unit can be installed in either the operation and display
system cabinet or the supplementary cabinet (35-SCB-S-optional). In the
case of the former cabinet, however, the AEM unit must be installed in the
compartment normally reserved for the VACUUM SYSTEM unit. In this case,
remove the VACUUM SYSTEM unit from the cabinet and install it in the
supplementary cabinet.

35C~AEM




35C-AEM

Turn off the power to the cabinets and then insert the AEM unit into the
cabinet of your choice.

Connect up the cables as per the scanning microscope and AEM unit
circuit diagrams.

Turn on the cabinet power switches.

OPERATION

Push down the ZERO CHECK switch, check the meter zero setting, and adjust

as necessary with ZERO ADJ knob.

After setting the RANGE knob to the desired wvalue, push the ZERO CHECK

switch up and measure the specimen absorbed current.

Note: The ZERQ CHECK switch should always be set at its lower position
when the AEM unit iIs not in use.
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INSTRUCTIONS

35-BEI-S

BACKSCATTERED ELECTRON DETECTOR

No, IEP35C-BEI-S

(EP304001}

:13)
SATURATION INDICATOR
TOPO COMPO

e, L

ATT 1on
-2 -
L] ’ "

*3‘ h
“.‘i=

NORMAL oC
& _.®

INVERSE P— DIFF 2

‘
ToPO

BRIGHTNESS —'

COMPO

]

LI

Fig. 1 Operational amplifier unit (BEI unit}
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1. GENERAL

This detector is designed for use in conjunction with the JSM-35C
Scanning Microscope in order to observe a backscattered electron scanning
image of the specimen under examination.

i The detector consists essentially of two detecting elements each
comprlslng two semiconductors, a preamplifier, an operational amplifier
complete with differentiation circuit, associated cables and connectors,
etc.

The backscattered electron scanning image is displayed on the JSM-35C
CRTs either as a composition imape or topographic image by adding or
subtracting the video signals generated by the two detecting elements after
being amplified by the pre- and operational amplifiers,

2. SPECIFICATIONS

° Backscattered electron detecting element:
Si p-n junction.
*x200 to x100,000
Preamplifier .c..veennne.nn .. x50,
Operational amplifier ....... x2,000.
Topographic and composition image signals.
Less than 0.5 V.
DC to 30 kHez.
DC image, differential images 1 and 2.

° Amplification gain:

° Video output signals:
° Qutput noise:

© Bandwidth:

°© ITmage modes:

¢ Differential time comnstant:

Image polarity:
Level indicator:

Power requirements:
Operating temperature:;
Dimensions:

0.05 to 100 msec (9 steps).
Positive and negative.
Built-in (for topographic and composition
image signals).
DC +20V, 50 mA.
0 te 50°C.
Preamplifier unit:
90 mm (W) x 38 mm (D) x 38 mm (H).

Operational amplifier unit:
70 mm (W) * 300 mm (D) x 150 mm (H).

35C~-BEI.5
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3. COMPOSITION

° Detecting elements mounted in detector

complete with cord and connector .....eecnenieanenn: wereserarerres 1 sBEL.
° Preamplifier unit complete with plug-in cable ....,........ P
° .Operational amplifier unit (BEI unit) ............. O I
° Interunit connecting cables ... eiieiisiveirananirataannans «reas 1 set.
© Hook ........ f e hee e biasearans et s ety D

‘Operational

amplifier unit Cables

Preamplifier unit

R e e )

Backscattered
electron detector OQutput cable flange

Fig. 2 Component parts
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4.

PANEL DESCRIPTION

Operational amplifier unit (BEI unit)

[+

SATURATION INDICATOR (TOPO & COMPO)
Indicate the DC level of the TOPO (topographic) image and COMPQ
(composition) image input signals.

GAIN knob
Controls the image contrast by varying the amplifier gain.

POLARITY switch

Selects the polarity of the video output signal. At NORMAL, a
normal or positive image is displayed on the CRT, and at INVERSE, an
inversed contrast or negative image is displayed on the CRT. The INVERSE
setting is useful for making photographic slides.

DC SUPPRESS knob ,
Adjusts the DC level of output signal from the preamplifier to
protect on the TOPO and COMPO saturation indicators.

ATT 107 knob
Attenuates the signal from the preamplifier, varying over 4 steps

(x1, x1/10, x1/100, x1/1000).

MODE switch p

Selects the video signal in 3 modes, DC (direct current), and DIFF
(differentiation) 1 & 2. Tig. 3 shows the relationship between the input
and output signals for the respective modes.
When the MODE switch is set to DIFF 1, the grain boundaries of the
composition image can be observed clearly. When set to DIFF 2, the image
presents 3D—-appearance and the grain structure disappears.

Input signal —

]
__1 :___
-
DC
| '
f b
] t
| 1
Olltpllt N I\
signals 1 DIFF 1 | |
[ |
! |
N
DIFF 2 ; V_
L |
I

Fig. 3 Video signal modes
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l e TIME CONSTANT switch
Selects the time constant for the differential images. Selectable

. between 0,05 and 100 msec in 9 steps (0.05, 0.1, 0.25, 0.5, 1, 2.5, 5,
10, 100 msec). The faster the scan speed is, the smaller the time
constant should be selected.

l °o BRIGHTNESS (TOPO & COMPO) knobhs

* Control the brightness of the topographic and composition images

respectively by varying the output signal level of the operational

l amplifier,

35C-BEI.S



5. PRINCIPLE OF OPERATION

Fig. 4 is block schematic showing the processing of the input signals
in order to form composition and topographic images.

Incident ’ Objective lens
Electron PG].E piece
beam DISFLAY unit
Preamplifier unit PHOTO unit
,\C_ BE I
N : PREAMPLIFIER
i-?ﬂﬂ] I *Backscattered CRT
I A B electron detector
I —— - . ——
LA ssoom {1 1)
| (ST | | I g
| - \l————-_——-—-r"!——-—r
i I Wl ) Optical microscope x
oA (attachment)
Backscattered '
electrons
Specimen I
Operational -
amplifier
unit —@)—»¢ 35-IMS

Image selector

| A+ B : Composition image
{attachment)

A - B : Topographic image

Fig. 4 Block schematic

Referring to the figure, the specimen surface is scanned by an incident
electron beam. As a result, backscattered electrons are emitted which
contain information pertaining to elemental discrimination and the surface
topography of the specimen. These emitted electrons containing said infor-
mation are detected by detecting elements A and B arranged symmetrically
with respects to the optical axis of the scanning microscope and the
quantitative variation of each bundle of detected electrons is converted
into an electrical signal. Incidentally, if the scanning microscope is
equipped with a 35-0OM optical microscope, the detecting elements attached to
the OM are used instead of the above detecting elements A and B. The two
signals are then amplified by the preamplifier and then fed into the opera-
tional amplifier where, in addition to further amplification, the signals
are processed, That is to say, the signals entering the A + B circuit are
added to form a composition image signal and the signals entering the A - B

35C-BEI-S
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circuit are subtracted to form a topographic image signal as shown in Fig. 5.
The composition and topographic image signals are then applied to an image
selector (IMS) where the desired signal is selected and applied to the dis-
play unit in order to modulate the brightness of the CRT which is
syncronized with the scanning of the electron beam.

By adjusting the GAIN (amplifier gain), the DC SUPPRESS (direct current
level), the BRIGHINESS (amplifier signal level) and the ATT 10" controls
appropriately, an image corresponding to the information contained in the
backscattered electrons emitted from the specimen can be obtained under
optimum contrast and brightness conditions. Further, by setting the MODE
switch to DIFF 1 or DIFF 2 and selecting the time constant with the TIME
CONSTANT switch, a differential image can be obtained.

Specimen

Compesition
image signal —»

-+— Topographic
image signal

Fig. 5 Signal processing
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6. INSTALLATION

Note: If the JSM-35C Scanning Microscope 1s eguipped with a 35-0M Optical
Microgcope, it will not be necessary to remove the protection
cylinder as the OM detecting elements are used in place of the 35-BET
detecting elements (skip Steps 4 and 5).

I
|

1. Set the following specimen stage (goniometer stage) controls as indicated.
OTILT (_‘,OI].tl’Ol N R R T 00

9 WD CONETOL it vmevocononnannnnesnasnannansaes 39 mm

L

Note: If it 1s necessary to open the front cover, be sure to complete
Step 1 before doing so. If the front cover is opened without
carrying out Step 1, the stage will come into contact with the
objective lens pole piece.

2. Expose the microscope column to the atmosphere as per the normal
procedure.

3. Pull the lock lever and open the front cover attached to the stage.

4. Remove the standard protection cylinder from the objective lens

pole piece.

5. Attach the backscattered electron detector to the objective lens by
screwing the detector into the objective lens, orient it as shown in

Fig. 6 and secure with two screws.

]
j

il IR B T EEEE g NN NN

Hook

~

ObjeCtiV%\;;E;jj%igﬁ ,/)////// ;
pole pilece I

Cord

Backscattered
electron

detector

Specimen

Connector
chamber

Output cable
flange

preamplifier
unit

Fig. 6 Installing the detector
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Attach the hook with the right pole piece securing screw (see Fig. 6).
Remove the semi-circular blank cover at the right1¥éﬁ¥’side of the
specimen chamber and replace it with the output cable flange (Fig. 6).
Suspend the detector cord on the hook and then plug in the connector.
Note: Plug in the connector so that the coluors of the respective
detector cord and output cable lead wires accord.
Close the front cover and re-evacuate the column as per the normal
prochuge./i ’

-
PR IOTPR N

10. Disgﬂgééé the supplementary power supply (35-SPSl: attachment) switch.
11. Install the operational amplifier unit (BEI unit) in the supplementary
cabinet (35~SCB.S: attachment).
35C-BEI.S




7.  OPERATION

1. Obtain a secondary electron image.
The purpose of this step is to position the control panel knobs and
switches so as to make the following procedure easier.
Notes: 1. Use the 240 pym diameter objective lens aperture (aperture
selector No. 2).
2. Normally, to obtain an optimum contrast image, the absorbed
' specimen current should be more than 10710 A in the case of
compogition images and more than 107? A in the case of
topographic images. The absorbed current is adjusted with
the CONDENSER knob; to measure the absorbed current, however,
a 35-AEM Micro-Micro Ammeter is required.
2. Position the following controls on the cperational amplifier panel as

indicated.

© GAIN knob «ccrsiveaveniinnsen sreeanseras fully counterclockwise i
o POLARTTY SWILQL »evcvcacsonvnnnanenssnas NORMAL

o BRIGHTNESS knobs «-+----- teessrsssreesaae fully counterclockwise i
© MODE SWIiLCh v vecesevenarassvanannacanas DC .
 DC SUPPRESS knob «»s+rve--- teesesnndsses fully qounterclockwise

o ATT 107 KNOD =+vocerermrencnsannancasanss 0

3. Push the IMS image selector TOPO or COMPO button according to the image
to be displayed.

4. Level the specimen (tilt control dial reading: 0°) and set the working
distance to 15 or 39 mm.

Note: If the JSM-35C is equipped with a 35-OM Optical Microscope, since
the OM detecting elements are used in place of the 35-BEI detect-
ing elements, 1t will be necessary to set the optical microscope
in the beam path after first setting the working distance to
39 mm.

5. Adjust the DC SUPPRESS knob so that the SATURATION INDICATOR (TOP(Q,
COMPO) indicators are at the midway position on their respective scales.
Note: If the needle goes beyond the scale when the DC SUPPRESS knob is

turned fully clockwise, lower the input signal level of the BEI
unit by setting the ATT knob at -1, -2, and -3 in sequence until
the indicator can be read (the level of the input signal will be
reduced by a factor of 10, 100 and 1000, respectively.)

6. Turn the BRIGHTNESS (TOPO, COMPO) knob clockwise to obtain the optimum
raster intensity.

7. Turn the GAIN knob to obtain the optimum contrast image.

8. Obtain the required magnification with the MAGNIFICATION (COARSE and
FINE) knobs and the desired field of view with the specimen shift
controls (X- and Y-controls),

9. Focus the image with the OBJECTIVE LENS (MEDIUM and FINE) knobs.

Note: If necessary, position the MODE selecting knob at DIFF 1 or 2 to
obtain a differential image and select the time constant accord-
ing to the scanning speed with the TIME CONSTANT knob. At DIFF
1, the boundaries of the various elemental components constitut-
ing the composition image can be clearly observed and at DIFF 2,

35C-BEI-S




the image can be viewed stereoscopically. Further, as the
horizontal scanning speed {(msec/line) increases, decrease the
time constant (msec).
10. Adjust the DC SUPPRESS and GAIN knobs to set the video signal for proper
photography while observing the waveform monitor, then take micrographs
(see JSM-35C manual).

35C-BEI-.S
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INSTRUCTIONS

35-DU7

7" DISPLAY UNIT

No. IEP35C-DU7
{EP337012)

DISPLAY -7

® |- ®

o O O o

CONTRAST  BRIGHTNESS
O

7" display unit

1. GENERAL

This unit is designed for combined use with the standard CRT so as to
directly observe two different kinds of images at the same time; e.g., a
secondary electron image and an X-ray image.

The 35-DU7 is driven by the standard SCAN GENERATOR unit and the image
to be displayed is selected by the image selector (35-IMS, attachment).

7901046TP




2. SPECIFICATIONS

Scan mode: Frame, line, spot
CRT (Image size): 170AB7 (120 mm x 90 mm)
Linearity: Better than 3%
Input impedance: 10 k&
Power requirements: DC +20 V, 0.5 A; DC 40 V, 0.6 A;
DC +12 Vv, 100 mA; +14 kV, 10 pA, +500 Vi 2 mA
Dimensions: 175 mm (W) x 150 mm (H) x 300 mm (D)
Operating temperature: 0 to 50°C

3. COMPOSITION

7 inch CRT complete with associated circuits ...ciiveviereassass. 1 set

4, INSTALLATION

1.

2.
3.

Notes:
1.

Turn off the 35-SPS1 Supplementary Power Supply switch and then mount
the 35-DU7 7" Display Tnit on the rack.

Connect the cables by referring to the 35-DU7 circuit diagram.

Turn on the supplementary power supply switch.

With RAPIDI and 2, the DU7 is inopérative.
The DUI7 is not interlocked with the astigmatism monitor.

35C~DU7
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—— Front cover

=

T

Specimen pedestal ’
% ‘ Specimen holder@-[—

O-ring (G110}

Objective lens

Lock lever

[]:1_ ﬁ——:__t . ~

@ r Detector
\\._L_-IJ_, Vs =
— PMT
] —
/i - e =
ﬁﬁ Ry O-ring (P22)
@ Ring nut
2
2 1 Objective lens
) aperture selector

Specimen chamber

Pole piece .

, (D Protection cylinder

P Protection cylinder
G‘Lj setting tool

&l

Aperture foijl fixing plate A

Screw G—b@

Washer ——@

Aperture foil [
fixing plate B

Screw H-’@T

Aperture foil holder

Fig. 6.18  Disassembling the objective lens and specimen chamber

h
.\ See overleaf, Fig, 6.19
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10.
11,
12.
13.

Screw the anode in the anode chamber flange.

Seat the O-rings on the anode chamber flange and the lower anode chamber after checking the O-rings
and their contact surfaces.

Unite the upper and lower anode chambers, place the electron gun and anode chambers on the anode
chamber flange concentrically while holding the lower anode chamber, and secure the anode chamber
with the clamps and screws A.

Caution: During this step, take care so as not to tip over the upper anode chambers,

Connect the connecting pipe to the lower anode chamber after checking the O-ring, and slightly turn
the securing ring to secure the pipe.

Secure the high voltage cable in place with the clamps.

Open the upper anode chamber, replace the Wehnelt assembly, and close the upper anode chamber,
Set the UNATTENDED OPERATION switch on the master power supply panel to its lower position.

Evacuate the column according to Section 6.1.2.




i.

6.6.4  Location of O-rings
The column and vacuum system O-rings are located as shown in Fig. 6.20. To prevent confusion, the
O-rings in their entirety are not shown. That is, O-rings having the same specification and used on similar parts

have been omitted.

m m .

The vacuum valves in parentheses correspond with those in Fig. 3.8, where LV3 and V2 are the same as

LV3' and V3, respectively, and valves with an asterisk are identical.

Table 6.2 lists the O-ring part numbers, the size in millimeters and quantity. The O-ring size, thickness, .
etc. corresponding to each part number is dimensioned in accordance with JIS (Japanese Industrial Standards),
Table 6.2 O-ring list .
JIS B 2401 (Material: Viton) .
Size {mm) . ¥
Numb ty. ‘
Hmber W ID Qty f\
P 3 1.9+ 0.07 28012 1 - %% - l
P 4 " 38 6 & J
P 5 r 48 " 4 f
P o " 58 " 1
P 8 r 7-8 r 9 S. l
P 9 0 38 3 Number ize (mm) Qty.
P 10 r 9-8 143 7 W ID
P 10A 2.4 % 0.07 g8 8 G 25 31201 2441015 6
P 12 " 118 6 G 45 ' 444 + (.25 2 .
P 14 " 138 " 2 G 50 " 4494 " 1
P 16 " 158 " 1 G 55 " 544 7 4
P 18 " 78 " 2 G 60 H 594 " 1
P 20 z 1984015 | 4 G 65 z 644 v 7 I
P 22 r 218 " 1 G 70 " 694 " 2
P 22A 3501 21,7 ¢ 2 G 75 ' 744304 1
P 25 " 247 1 G100 " 994 " 1
P 26 G 25.7 3 G110 z 1094 8 .
P 30 " 297 ¢ 12 G120 " 1194 ¢ 2
P 315 " ) I 2 G185 56+0.15 184308 1
P 32 " 317 -3
P 38 H 377 0 1 i
P 42 " 41.7+0.25 1
P 44 " 43.7 1 . . B
P S0 o 497 3 JIS W 1516 (Material: Viton)
P 60 57015 596 ¥ 2 Size (mm
P67 . " 66.6 1 Number W ( )ID Qty.
P 25 1 84.6+04 1
P125 i 1246 " 1 P20 3.53+0.10 26.57+0.15 13
P145 " 144.6 £ 0.6 1 G40 3.53+0.10 | 177.39 £ 0.58 1 l
, Square gasket l
T T lj‘}._ Number A|B|C|D 2E2 ; Q';y.
51 JI R R
E¢ 8-
Tj - s2 125 93 | 115 83 | — [43.8] 2 .
35C-—1 l
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P23 G25 P4 GH0 G756 GBS

P20 P4 P10A P20 P4 G225 JISW1516
G40
Front cover
P44
G285

Specimen chember
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P38 P48 pP3z
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G110 L/

G110

Fig. 6.20
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6. 7 Service 0 utlets AM R, i, et henl " g PP IR T U TR BT LT L s e}

When the PANEL LIGHT/ROOM LIGHT switch on the master power supply panel is set to ROOM

LIGHT, AC 100 V is supplied to the service outlets. And since the maximum current capacity from these two
outlets is 2 A, these outlets can be used to light the installation room, ete. Fig. 6.21 shows the spotlight and
table light in use. The lamps on the panel light up when the switch is turned to PANEL LIGHT. At OFF, both

72
Spat light —/é_—w 7

T

are off,

Fuse {24}

Table light— I Switch

Service outlets

AT RN AR N '1

Fig. 6.21 Service outlets

35C—1
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6.8 Focusing the CRT [ T N e i

To achieve the best possible micrographs of scanning images, it is not only necessary to focus the record-
ing system camera but also to periodically focus the CRT, even when the recording system has not been used
for an extended period.

The room in which CRT focusing is to be done should be as dark as possible. And since focusing requires
a high degree of accuracy, a focus screen made of transparent glass plate (or acrylic resin plate) should be readied
beforehand in place of the fogged glass screen used with the film holder. Also ready a magnifier of 30X for
purposes of fo‘cusing. Paste two 5 mm thick spacers on the glass-plate focus screen facing the CRT screen so
that the distance between the CRT and the focus screen is the same as that between the CRT and film side of
the film holder (see Fig. 6.22).

Focus the magnifier on the surface of the focus screen facing the CRT.

Camara Adapter
Magnifier (~ 30X}
[ LT
Tandem
CRT - - - -
lens
- 2 Focusing screen

Spacer {5 mm thick)

Transparent glass plate
{or acrylic resin plate)

Fig. 6.22 CRT focusing

1. Set the UNATTENDED OPERATION switch on the master power supply panel to its upper position g .
unscrew two screws on the DISPLAY unit and draw out the DISPLAY unit on the microsope table.
Note: Excercise care not to damage the panel under the DISPLAY unit when drawing out the unit.
If else, consult your nearest JEOL service engineer,
2. Connect up the DISPLAY unit JC1 connector and its power supply connector with the extension cable,
and then set the UNATTENDED OPERATION switch to its lower position G
3. Attach the Polaroid #545 film holder (PRH) adapter to the recording system camera (see Fig. 5 37a)

35C-1
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6— 32 .
4 Attach the Polaroid focus screen to the adapter (see Fig. 5.38a). |
5 Set the lens opening to f/5.6 with the fnumber adjust knob, Il
6. Set the recording system BRIGHTNESS knob to 0.0. l
7. Set the scanning mode selection switch on the SCAN GENERATOR panel to ® (spot). -
8. Push the MF pushbutton to open the camera shutter and gradually turn the BRIGHTNESS knob clock- .

wise to obtain a spot.,

Caution: Avoid excessive spot brightness to prevent the screen from burning.

9. Focus the spot on the screen with the focus adjust knob, using the previously adjusted magnifier. _
10. Remove the focus screen for the film holder and replace it with the transparent glass plate {acrylic resin
plate} focus screen using adhesive tape or the like.
11. Focus the spot on the screen with the focus adjust knob, using the magnifier for this purpose.
12. Make the spot as small as possible by adjusting the DISPLAY unit CSI-FOCUS variable resistor
{(Fig. 6.23), using the magpifier..

VISUAL

DISPLAY

] J"—-DISPLAYunit
o] O O 9 .
®

I— Fixing screws———

Fig. 6.23 CSI-FOCUS resistor

13.  Set the UNATTENDED OPERATION switch to its upper position Q and then remove the extension
cable.

14. Replace the DISPLAY unit and secure it with the two screws, then set the UNATTENDED OPERATION
switch to its lower position a .

15. Remove the focus screen and install the desired film holder according to Section 5.2:11 (if necessary.

change the adapter and re-adjust the focus adjust knob).

35C—1
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6. 9 Ma" ua I Control Of Vacu um System PP T T T T o TACTT T LEre T RO PR T T LT T L LT T B R e T R T

Normally, the vacuum system is automatically controlled and no thought need be given to the opening
and closing of the various valves. However, if it becomes necessary to adjust the control circuits or if there is a
malfunction, the vacuum valve can be opened/closed as the need arises by using the switches located on the
MANUAL VACUUM CONTROL panel on the left of the console. (The opned/closed state of the valves can be
known by observing the flashing of the vacuum valve indicator lamps on the VACUUM SYSTEM unit panel.)
But when the vacuum system is to be controlled automatically, all switches on the panel are to be set to their

lower positions (see Fig. 6.24).

6.9.1 Startup (Corresponds to Section 5.2.2)

1. Perform initial setting according to Section 5.3.1.

2. Confirm that all switches on the MANUAL VACUUM CONTROL panel are set at their respective lower
positions (automatic control).

3. Supply water to the instrument.

4, Insert the key éj into the master power key switch and turn the switch to MAIN POWER.

5. Set the MANUAL VACUUM CONTROL panel VALVE LOCK/AUTO switch to VALVE LOCK and
the POWER switch to ON.

b
oF Lo
%
) 3
" e
OFF
YALVE LOCK
ot

Fig. 6.24 MANUAL VACUUM CONTROL panel

6. Confirm that the reading of the air compressor pressure gauge is 3.5 kg/em? or over (see Fig. 6.10).
7. Turn on the RP switch (indicator lamp on} and wait until the pumping noise of the oil rotary pumps
cease. With this operation, both oil rotary pumps RP1 and RP2 start up and vacuum valves LV3 and
LV3’ close.

35C—1




10.

11,

12

6.9.2

® N 9 o

Set the V2 switch to OPEN and evacuate the diffusion pump (DP). With this operation, valve V2 open

and the V2 lamp lights up.

Turn on the DP switch.

Note: After the DP lamp of the indicator lights up {takes 10 min), the DP is ready to be operated.

Set the V3 and V4 switches to OPEN to rough-pump the column. Valves V3 and V4 open and the

respective lamps light up.

Verify that the DP lamp is lit and that the vacuum pressure of the column is of the 107" Torr order.

Note: The vacuum pressure can be known by inserting the circuit-tester plugs into the METER outlets
on the lower portion of the MANUAL VACUUM CONTROL panel Set the tester range to
I mA, because an order of 107" Torr is reached at approx. 170 pA. As the vacuum level im-
prloves, the current will decrease.

Set the V3 switch to CLOSE and the V1 switch to OPEN to fine-pump the column. Now, rough

pumping stops and fine pumping of the columu starts by means of the DP (V1 lamp lights up.) When the

column reaches the specified vacuum pressure, the ACCELERATING VOLTAGE unit LOAD CUR-

RENT meter lamp lights up and the instrument is ready for operation.

Shutdown (Corresponds to Section 5.2.12)

Turn the ACCELERATING VOLTAGE panel GUN FILAMENT knob fully counterclockwise and turn

off the ON/OFF switch.

Set the SEI panel SEI/BEI switch to the center position.

Set the MANUAL VACUUM CONTROL panel V1 switch to CLOSE, turn off the DP switch and leave

the instrument stand for approx, 10 min to permit the DP to cool.

Note: When the column is in a high vacuum state, the V3 valve is closed, that is, the V3 switch is set
at CLOSE. To shut down the instrument during rough pumping, carry out the above Step 3
after ¢ high vacuum state has heen reached.

Confirm that the V3 and V5 switches are set at CL.OSE. Then set the V4 and V2 switches to CLOSE

and turn off the RP switch. With this operation, both oil rotary pumps' stop and valves LV3 and LV3'

open.

Turn off the master power key switch and remove the key.

Turn off the distribution board switch.

Close the water faucet,

Set all of the switche: on the MANUAL VACUUM CONTROL panel to their lower positions.

36C—1
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6.9.3  Venting and re-evacuating the column

6.9.3a Venting

1. Tum the ACCELERATING VOLTAGE panel GUN FILAMENT knob fully counterclockwise and turn
off the ON/OFF switch.

2. Set the SEI panel SEI/BEI switch to the center position.

3. If the need arises to expose the anode chamber to the atmosphere, close the airlock valve AV1 by
pushing in the airlock knob and turning it fully clockwise (about 180°), and set the V4 switch to
CLOSE, then the LV1 switch to OPEN. The V4 lamp will go out, the LV1 lamp will light up, and the
anode chamber will be exposed to the atmosphere. To vent the entire column, skip this step.

4. Set the V1 switch to CLOSE and then the LV1 switch to OPEN. The V1 lamp will go out, the Lvl

lamp will light up, and the entire column will be exposed to the atmosphere.

6.9.3b Re-evacuating

1. Setthe LV1 switch to CLOSE and the V3 switch to OPEN.

2. When the vacuum pressure reaches 107! Torr order, set the V3 switch to CLOSE and the V1 switch
to OPEN. When re-evacuating the anode chamber only, set the V3 switch to CLOSE, the V4 switch
to OPEN and open the anode chamber airlock valve.

Note: When the column is evacuated to the specified pressure, the ACCELERATING VOLTAGE

panel LOAD CURRENT meter lamp lights up to indicate the microscope is ready for operation.

6.9.4 Inserting {or removing} the specimen holder into {or from) the specimen chamber

35C—1

{Corresponds to Section 5.2.3b)

1. Carry out Steps 1 to 5 of Section 5.2.3b.

2. Attach the specimen exchange chamber cap to the specimen chamber (with the cap slot aligned with
the pin).

3. Set the LV?2 switch to CLOSE and the VS switch to OPEN to evacuate the specimen exchange chamber
{takes about 30 sec.).

4. Set the V5 switch to CLOSE and carry out Steps 7 and 8 of Section 5.2.3.

5. Close airlock valve AV?2 by pushing in the specimen exchange chamber airlock knob.

6. Set the LV2 switch to OPEN so as to expose the specimen exchange chamber to the atmosphere,
Remove the cap from the said chamber.

7. Remove the specimen holder from the specimen exchange rod when the specimen holder is removed

from the specimen chamber.
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6.10  Troubleshooting and Fuse Replacement ww s | ———

The following flowchart is intended as an aid to pinpointing and/or solving simple problems. If a problem
cannot be cleared by fuse replacement or other simple remedial measures, it will be necessary to enlist help by

calling your local JEOL service engineer ( SVC in the flowcharts).

6.10.1 Simple troubleshooting

|Distribution board- - . check fuses (30 A) and input voltage (AC 100 V)|

!

STAR > [Master power supply panel key switch. - VACUUM (— MAIN POWER)]
[COIHPI'&SSO]’ ................................. Operates]

Yes (If the compressor operates continuously for NoO
30 minutes or more, the microscope will stop

automatically. Refert to S8ection 5.1.4.) v
| Compressor pressure - - -« o« .0 3.5 kgfom* 6r more |
Yes No ‘
[Pump box fuses Fland F7 - . . .- .. ... ool Blow?]
* No Yes
Bump boxfuse F4. . - . . ot e, Blowﬂ
;No Yes|
’ﬂmp BOX fUSE B2 o o vt v e e e e e Blown|
' y No Yes L
[Pump DOXfuse F5- « « vt v e it i et et i e Blom
{ No Yes - '
Replace
1
(ROUGHING) © |Oil rotary pumps (RP1 and RP2) - - - - - <« -« - -« -~ <. - . Operate |
Yes No‘
[Pump DOXFUSE F2r vt v o v v er it i ie e e Blowﬂ
‘ No Yes +
J
LVAC‘UUM SYSTEM: DPlamp - - - -« -+« v e v eveannnninnns On|
Yes No*
LPump boxfuses F3andF6 . ... . ... ...... .......... Blown]
‘ No Yes
i
MC‘UUM SYSTEM: WATER DEFECT lamp - - - -+ -« .. .- . ... On|
No Yes

Il E BN E T E T EE e e E N EEES
J .




rCOOHng water flowzrate + - - - -« o - oo - e About 3.5 R/m'E\

Yes I No *
SVvcC Increase water flow rate to 3,5 &/min or, if necessary

check water pressure (requirement: about 0.8 kg/cm?),

¥
(EVACUATION) O ]VACUUM SYSTEM: V1iand V231amps- - -+« -« o - - mm v o s 0n|
Yes  (If roughing continues 30 minutes or more, the No

microscape will stop automatically. Refer to
Section 5.1.3.)

[METER reading®- - - - -+« vovvov-oons oo Less than 200 pA |
1 Yes No ‘
Eheck FOT1EAK - + + v v v v s e e e e Leak located
No Yes +
SV C
Y
[LOAD CURRENT meter famp: - -+« - o v-ooonvvnvvonnrnns On|
Yes _ No¢
| METER readinng ¥* - -« -« c e v vvccvncnnnnnn.-- Less than 30 M
1 Yes No *
| Checkforleak « - -« v« o i m oo i Leak located
J' No Yes
Seal off
HIGH Y
VOLTAGE a3 [ECELERATING VOLTAGE: ONJ/OFF switch- -+ - - -+ -« - -+ ONJ
GENERATION
]Electron—optical, scanning, and display systems- - - Normally, operating]
| ves No¢
|P0wer supply fuses Fland F2 . - -« - - - - oo oot BlownJ
* No Yes
[ Deflection system power supply fuses Fland F2- .. .. . - Blown
Na Yes l——|
SVcC |Replaoe I
[GUNL FILAMENT knob - - - - -+ -« - - Gradually turn clockwise (5 |
EOAD CURRENT meter reading - -+ - - - - - - - Increases (= saturates)l
Yes No

*  This reading will be achieved 10 minutes after starting the microscope.
**  Measure gfter sufficient evacuation.

35C—1




' J——
l Electron gun filament- « + -« « - -« o o oo i e BIOWH] l
No Yes F
SvcC [Replace (Sect. 6.2)|
v | B
|GUN FILAMENT knob - -« -« v+ ... Set at the saturation position |
MICRO- & Lenses. - - - . . - - Check alignment {Sect. 5.3.2), aperture centering and .
SCOPY astigmatism {Sect. 5.3.3)
¥
|VACUUM SYSTEM: VACUUM DEFECT lamp- - - - - - - = -+« + On|
I
Y
[Check forleak - - - - - - - oo Leak located |

v No Yes ‘

Eval

Y
R CUATION) © [VACUUM SYSTEM: RESET pushbutton - « - - <~ -« - - - Push |

6.10.2 Fuse replacement
Replace blown fuses as follows (refer to Table 6.3 and Figs. 6.26 to 6.29).
#Shut down the microscope and turn off the main power supply and replace the blown fuse or fuses.
Caution: Besure to replace the blown fuse with one of the same type and having the same rating. Not to

do so may subject the circuit in question to overload conditions with damage to vital electrical

parts resulting (see Table 6.3 and Fig, 6.25).
oIf a newly replaced fuse also blows (despite correct rating), contact your local JEOL service engineer
immediately.

Note: Do not continue to replace the fuses or attempt to use higher ratings.

Indicating type Glass tube Slow-blawing

Fig. 6.2b Types of fuses used

35C—1




Table 6.3 Fuse ratings

Symbhol Type Rating Related circuit

® Pump box (Fig. 6.26)

F1,F7 Indicating tvpe 30A Master power supply

F2 Indicating type 20 A Oil rotary pump

F3,F6 Glass tube 10 A Oil diffusion pump

F4 Glass tube 2A Vacuum system power supply
F5 Slow-blowing TA Compressor

® Power supply (Fig. 6.27)

F1 Slow-blawing ZA } Electron-optical, scanning and
E2 Slow-blowing 3A display system power supply
F3 Glass tube 10 A Spare outlet

m Deflection system power supply (Fig. 6.28)

F1,F2 | Slow-blowing 5A ’ Deflection system amplifiers
m Service outlets (Fig, 6.29)

Fl | Glass tube | 2A I Room light

Fig. 6.26 Pump box fuses Fig. 6.27 Power supply circuit fuses

F1,F2

Fig. 6.28 Deflection system power supply Fig. 6.29 Service outlet fuses
circuit fuses
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ATTACHMENT CONFIGURATION (Example}

TV
MONITOR]
il E (TVS)
0o000afg
Al 1] Tl B[T]:F i}
C(M|M|V MC|E [E[S
B|S|S|sClA 1 [D4E |
—
|
'M S|| PRH 000De
DR} PRH2 | ——--
DTl MRH
4 T
SDS A A s| |4D
DbsS S k| P
FCS & i S| ;]S
SDX
DDX
’_
CR3
ACB
BEI
GMC
IMS For these attachments, the SCB+S and SPS1 or 3 are required,
TED
TVS
VCA
gd}%!) } These attachments are installed any vacant space in the display panel.
AEM oo This unit is installed in place of the VACUUM SYSTEM unit and
the VACUUM SYSTEM unit is transferred to the SCB-S or SCB.
AEL v This unit is installed in any vacant space in the operation panel.
SSD
SSS
1\le;fiq,RKER For these attachments, the SCB and SPS1 or 2 are required.
SDX (DDX)

CR3

Il E B E T EEEEEs



INSTRUCTIONS

35-AEl

ABSORBED CURRENT AMPLIFIER

No. IEP 35C-AEL
(EP300001)

AL NORMAL

D.C.. INVERSE
LyEvEL

CAUTION =——

CONNECT A >  WHEN

TROBF CyRAENT OFF
SEE MANUAL

Main amplifier Preamplifier unit
unit (AEL unit) (AET PREAMPLIFIER unit)

Fig. 1 Absorbed current amplifier

1.. GENERAL

This amplifier is used to amplify the specimen absorbed current, which
varies with specimen topography and the elements constituting the specimen,
s0 as to display absorbed electron images on the CRT. Composed of a
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preamplifier and a main amplifier, this device can obtain almost noiseless
absorbed electron images with a probe current as small as 10710 a,

2

2.1

SPECIFICATIONS
Preamplifier

Input:

Output:

Qutput noise:
Bandwidth:

Power:

Operating temperature:

Dimensions:

2.2 Main amplifier

3.

COMPOSITION
* Preamplifier unit (AEI PREAMPLIFIER unit) «reesscrcsncssns
* Main amplifier wunit (AEI unit) »ees---. e R I
e Cables rerees et ecrnnstecenscsarausnsrsrnnassssnsasssasnassnsns B

Input:

Output:

Gain:

Attenuation:

Qutput noise:
Bandwidth:

Power requirements:
Operating temperature:

Dimensions:

10”7 A (max.).

1V (max.).

Less than 5 x 10711 A,
DC te 1.5 kH=z.

DC 15 V, 10 mA.

0 to 50°C.

90 mm (W) x 38 mm (D) % 38 mm (H).

Att.: 1.0; 10 mV, 1 kQ.
Att.: 0.1; 100 mV, 10 k@
10 v, 1 k&.

Att.: 1.0; x1000.

Att.: 0.1; %100,

x0.1, x1.0.

Less than 10 mV,

DC to 7 kHz.

DC +20 V, 30 mA.

0 to 50°C.

35 mm (W) % 300 mm (D) * 150 mm (H).

35C-AEI
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4,
4.1

PANEL DESCRIPTION
Preampiifier unit

IMAGE/METER switch

Input switch for the preamplifier. At the IMAGE position, absorbed
current is supplied to the preamplifier; at the METER position, absorbed
current is supplied directly to the 35-AEM micro-micro ammeter (optional
attachment).

4.2 Main amplifier unit

ATT switch:
Selects the desired attenuation. Used for attenuating the intensity
of the input signal in order to obtain images of desired contrast.

CONTRAST kniob:
Varies the amplifier gain, thereby controlling image contrast.

BRIGHTNESS knob:
Varies the signal level so as to adjust image brightness.

AC/DC switch:

Changes over the level control mode of the amplifier. At the AC
position, the DC level is automatically controlled even if the image
contrast is changed, and the desired brightness is obtained. Thus, the
AC position is most suitable when locating the desired field of view.
Switch to the DC position for photography.

NORMAL/INVERSE switch:

Changes the polarity of the video output signal. At NORMAL, an
ordinary image (positive picture) is displayed on the CRT; at INVERSE,
an inverted contrast image (negative picture) is displayed on the CRT.
The INVERSE setting is also used when making slides.

LEVEL knob:
With the AC/DC switch at the DC position, the DC level is
controlled with this knob, after the amplifier gain has been changed .

with the CONTRAST knob. In other words, the LEVEL knob adjusts image
brightness.

INSTALLATION

Turn off the supplementary power supply (35-8PS1l) switch.

Insert the main amplifier unit (AEI unit) into the supplementary cabinet
(35-8CB-5: optionmal attachment).

Set the preamplifier (AEI PREAMPLIFIER unit) on the table just to the
left of the scanning microscope column.

Connect up the cables (2) as per the scanning microscope and 35-AEI
amplifier circuit diagrams.

Turn on the Supplementary Power Supply.

Note: A 35-AEM Micro-micro Ammeter (optional attachment) is necessary in

35C-AEL
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VoA

order to measure the absorbed current. Further, a 35-IMS Image
Selector (optional attachment) is required to distinguish

absorbed electron images from other types of images on the standard

CRT. Refer to the respective manuvals for information related to
the installation and handling of the AEM and IMS.

OPERATION

Obtain a secondary electron image (SEI).

Note: If a 35-AEM Micro-micro Ammeter is available, set the IMAGE/METER
switch to METER and read out the absorbed current. Check that the
electron probe scans the specimen normally..

Set or confirm the following settings.

ATT switch: 0.1.

CONTRAST knob: Turned fully counterclockwise.
BRIGHTNESS knob: Turned fully counterclockwise.
AC/DC switch: DC.

LEVEL knob: Turned fully clockwise.
NORMAL/INVERSE switch: NORMAL.

IMAGE/METER switch: IMAGE.

Depress the AET button on the 35-IMS Image Selector.

Turn the BRIGHTNESS -knob clockwise until the scanning line (raster) omn

the DISPLAY unit 10" CRT is faintly discernible.

Turn the CONTRAST knob:clockwise until the desired image contrast is

achieved.

Note: If no image appears on the CRT, increase the signal intensity by
setting the ATT switch to .the 1.0 position. If the image still
fails to appear, reduce the GUN BIAS thumbwheel (ACCELERATING
VOLTAGE panel) reading, or turn the CONDENSER LENS knob (LENS
panel) counterclockwise to increase the specimen illuminating
current (probe current), that is, the absorbed current.

Reduce the image brightness as. necessary (the image bripghtness increases

when the image contrast is optimized) with the LEVEL knob.

35C-AFI
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INSTRUCTIONS

35-CLD

CATHODELUMINESCENCE DETECTOR

No. TEP35C-CLD
(EP321101)

1. GENERAL

Designed for use in conjunction with the JSM-35C scanning electron
microscope, the 35-CLD detector permits cathodoluminescence images in the
visible region to be observed. The 35-CLD is especially useful for research
work of minerals and semiconductors.

2. SPECIFICATIONS

Detector: JSM-35 secondary electron detector photomultiplier
tube (5-11).

Wavelength range: 3,000 to 6,500 X (max. sensitivity wavelength:

4,400 R),
3. COMPOSITION
e CLD adapter --------------------------------------------------------- 1
@ COUBT = 2ot sr s vt vnervses srnsosasosssnasntosnasatsetmasesréssdsrennesnmenaans 1
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4. INSTALLATION (see the figure below)

Glass plate.

|
\

Ring nut

CLD adapter

(photomt iplics \\\\\

tube)

1. Expose the column to the atmoesphere.

2. Remove the E) shaped blank cover attached to the back side of the
specimen chamber and mount the CLD adapter in lieu thereof,

3. Remove the photomultiplier tube (PMT) from the secondary electron
detector by loosening off the ring nut and attach the PMT to the CLD
adapter.

4. Evacuate the column.

5. If the standard photomultiplier tube is used as the CLD detector, attach
the cover as provided to the opening exposed by removing the photomulti-
plier tube.

35C-CLT:




. 4 ,

5. OPERATION

1. Confirm that column evacuation is complete.
2, Confirm that the SEI unit SEI/BEI switch is set at its midway (off)

position in order to protect the secondary electron detector against
damage.

3. Obtain a cathodoluminescence image.

Note: The procedure for obtaining a cathodoluminescence image 1s more or
less the same as that for obtaining a secondary electron image.

4, After removing the photomultiplier tube upon completion of cathodolumi-
nescence image observation, attach the cover, as provided, to the CLD
adapter.

Caution: If the cover is not placed over the adapter, light will enter
the specimen chamber and adversely affect the secondary
electron detector.

Operational notes

1. It is possible to use the TED (transmitted electron detector) PMT
instead of the secondary electron detector PMT.

2. A secondary electron image and cathodoluminescence image can be
simultaneously observed by incorporating the SDU auxiliary detector

and IMS image selector and depressing, the appropriate pushbutton on
the IMS.

35C~CLD






INSTRUCTIONS

35-GMC

GAMMA CONTROL CIRCUIT

No. IEP35C-GMC
(EP412001)

GMC
FILTER

TN
OFF ON

MONITCR
OFF ON

EXPOSURE
CONTRAST

Fig. 1 Gamma control unit

1. GENERAL

This unit provides three gamma control functions for the video signal in
order to enhance the image contrast in low signal intensity regions and
reduce the contrast in high-light regions. Furthermore, the control level
of the video signal can be optionally selected, Accordingly, specimens
exhibiting excessive high and low contrast in the normal imaging mode can be
observed under optimum contrast conditions.

7901001TP




2.

SPECIFICATIONS

Control modes:

Level control monitor:

Input:
Output:
Output noise:
Bandwidth:

Power requirements:

Operating temperature:

Three (%273, x1/2, x1/3),
Built-in.

0 to 6 V, 10 k0.

% V, 1 k@.

L.ess than 10 mvV.

DC to 30 kil=z.

DC *12 V, 40 mA.

0 to 50°C.

35 mm (W) x 330 om (D) x 150 mm (H).

Dimensions:

COMPOSITION
Gamma contYol Unit s erecurcerrsnssarnucennssssrarssassnsssasscancsnancesnonan 1
CAblEe s recatsaanossssssasssrssanasrasmussnasnassssnnssnssaasacacanssannss 1
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4, PANEL DESCRIPTION

« FILTER switch
When this switch is at the OFF position, both the low and high
frequency components of the video signal are processed according to the
gamma curve. At the ON position, only the low frequency component is.
subjected to the gamma control process, That is, at ON, the contrast of
rough structures is suppressed; that of fine structures, however, is
unaffected.

¢ OFF/MONITOR/ON knob
Gamma control circuit and monitor switch. When the knob is
positioned at ON, the video signal is fed into the CRT via the gamma
control circuit. At OFF, the video signal is supplied directly to the
CRT, and at MONITOR, the level of input signal is locked.

* GAMMA knob
When set at
. gamma curve of x2

+ EXPOSURE CONTRAST-BRIGHTNESS knobs
These knobs are used to adjust the image contrast and brightness for
recording, If the exposure meter is set with the CONTRAST and BRIGHTNESS
knobs on the SEI unit, the input conditions for the GMC circuit change.
Since this is undesirable, the exposure meter must be set with the
EXPOSURE CONTRAST and BRIGHTNESS knobs.

2 or 3, the video signal is processed according to a

1,
/3, x1/2 or Xl/a, respectively.

5. INSTALLATION

1. Turn off the power switch of the supplementary power supply (35-SPS1,
attachment).

2. Insert the gamma control unit into the supplementary cabinet (35-SCB-S,
attachment).
Note: The required power for the unit is supplied from the supplementary

power supply built into the cabinet.

3. Connect the cables by referring to the circuit diagrams of the scanning
microscope proper and the gamma control unit,

4, Turn on the supplementary power supply switch.

35C-GMC




6. OPERATION

1. With the OFF/MONITOR/ON knob at the OFF position, optimize image
contrast and brightness (refer to the JSM-35C instruction manual).’

2. Set the OFF/MONITOR/ON knob at MONITOR and adjust the BRIGHTNESS knob of
the SEI unit so that the portion of the image to be processed by ganmma
control becomes white, while the remaining portion becomes dark.

Note: With the knob set at MONITOR, the portion of the image above the
selected video signal level becomes white (white level) and the
portion bencath it becomes dark (dark level). (There is no
intermediate level.) By setting the desired procession level of
the video signal sc that it is slightly above this border, correct
gamma control is achieved.

3. Set the OFF/MONITOR/ON knob at ON and change over the GAMMA knob so that
the structure of the dark portion of the image can be clearly observed.
Note: White areas in an unprocessed image mode where an image is

‘ adjusted to the average brightness and contrast reveals their
structures on the CRT according to the circuit characteristics
(gamma curve) selected. Further, the structures hidden in the
dark area are also accentuated. Image brocessing is adjustable
with the GAMMA knob.

4. Adjust the image contrast and brightness on the 10" CRT with the
CONTRAST and BRIGHTNESS knobs of the DISPLAY unit, respectively.

5. Adjust the EXPOSURE-CONTRAST and -BRIGHTNESS knobs so that the EXPOSURE
(CONTRAST and BRIGHTNESS) meters indicate the specified readings,
respectively.

Note: Since the meter indicators shift when carrying out gamma control,
they must be reset. However, do not touch the other controls.

6. Push the FILTER switch to the ON position if the situation demands.

35C-GMC
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INSTRUCTIONS

35-VCA

VIDEQ CONTROL AMPLIFIER

No. IEP35C-VCA
(EP739001)

-
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Fig. 1 VCA unit

1. GENERAL

This amplifier, which comprises an attenuator, a bandpass amplifier,
and a mixing amplifier (see Fig. 2), has been designed for the purpose of
enhancing the structural detail of image patterns by selectively increasing
the amplification gain of signals having certain frequencies.
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Video signals from the specimen entering this amplifier unit are
attenuated. After which, the attenuated output enters a bandpass amplifier,
where signals having frequencies within a selected frequency range are
amplified, and the output of the bandpass amplifier is fed to the mixing
amplifier. Simultamneously, the attenuated signals enters the mixing ampli-
fier directly from the attenuator. In the mixing amplifier, the signals are
mixed and amplified, and the resultant signals are sent tc the display unit
to display an image.

o~ Pl T A
e W

Input O - -
Attenu- .
ator Bandpass Output
1ifd
amplifier Mixing
amplifier
Fig. 2 VCA principle of operation
35C-vcA




2. SPECIFICATIONS

*» Frequency range: Variable in 4 steps.

» Bandwidth: Variable in 4 steps.

+ Attenuation: 1/10.

» Amplifier gain: Bandpass amplifier: 0 to x10.
Mixing amplifier: %x10.
Overall gain

Differential output: 0 teo x10.

Direct output: x1.
e Input: 0 to 6 V, 10 k.
« Power requirements: DC 20 V, 25 mA.
o Operating temperature: 0 to 50°C.
¢ Dimensions: 35 mm (W) x 300 mm (D) x 150 mm (H).
3. COMPOSITION
VCA unit svesvscoaannsonnaans P s s s st vt A e e arre aa s naas

35C-VCA
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4. PANEL CONTROLS

= FREQUENCY RANGE knob:

Switches over the frequency range in 4 steps.
The frequency range can be switched over while keeping the ratio of the
high cut-off frequency f2 (3dB) to the low cut-off frequency f1 (3dB)
constant, as shown in Fig. 3.

// / A'/ \\\\\

(FREQUENCY RANGE)
Frequency (log-scale)

G(dB)

A

Gain {(log-scale)

= § (kHz)

Fig. 3 Frequency range switchover

The frequency range is selected in accordance with the scanning speed and
the purpose of observation.

* BAND WIDTH knob:
Switches over the bandwidth in 4 steps. The bandwidth can be

switched over while keeping the high cut-off frequency f2 constant, as
shown in Fig. 4 (the low cut-off frequency fl changes).

G(dB)

i

3 /

W , .

o - . .

a /- / /

g 4 . 3 2 1 £2

"l — - .

3 £1

- (kHz)

Frequency (log-scale)

Fig. 4 Bandwidth switchover
When emphasizing the contrast of fine structure, select a narrow (= 1)
bandwidth, On the other hand, when emphasizing the contrast of coarse

structure, select a wide (- 4) bandwidth. When changing over the

35C-VCA
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FREQUENCY RANGE and BAND WIDTH knobs, the low cut—off frequency fl and
the high cut-off frequency f2 are as follows.

FREQUENC
RANGE knob

BAND WIDTH

knob

Frequency range fi-f2

(kHz)

1
2
3
4

20
10

66
33

17
6.7

6.6 — 66 2 -
3.3 - 33 1 -
1.7 - 17 0.5 -

0.67 ~ 6.7 0.2 -

66 0.66 — 66

33 0.33 - 33

17 0.17 - 17
6.7 0.067 - 6.7

* CONTRAST knob:
Changes the image contrast by varying the gain
of the bandpass amplifier.

¢ ON/OFF switech:
VCA unit power switch.

after being processed by the VCA unit.

(amplification factor)

At ON, the video signal is fed intc the CRT

At OFF, the video signal is fed

directly into the CRT without passing through the VCA unit.

35C-VCA



5. INSTALLATION

1. Turn off the supplementary power supply (35-5PS1: attachment) switch.
2., Install the VCA unit in the supplementary cabinet (35-SCB.S: attachment).
Note: The power required for the VCA unit is supplied by the supplemen-—
tary cabinet supply unit,
3. Connect up the cables as per the scanning microscope and 35-VCA circuit
diagrams.
4, Turn on the supplementary power supply switch,

6. OPERATION

1. Adjust the brightness and contrast of the scanning image with the ON/OFF
switch set at OFF.

2. Turn the ON/OFF sﬁitch to ON and set the FREQUENCY RANGE and BAND WIDTH
knobs so that the desired portion of the scanning image becomes sharp.
Note: In general, set each knob to a small number (- 1) in order to

emphasize fine structure and to a larger number (= 4) to emphasize
coarse structure. If the frequency range and bandwidth are not
properly set, the scanning image may exhibit directional blurring.
Moreover, black shadows may appear at the contour.

3. Adjust the contrast of the scanning image with the CONTRAST knob.

35C-VCA
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INSTRUCTIONS

50A-LNB

LIQUID NITROGEN BAFFLE

No. IEP35-LNB
(EP506001)

Raffle

. Protector {Remove when
Refrigerant tank installing the baffle)

1. GENERAL

The 50A-LNB Liquid Nitrogen Baffle, to a large extent, prevents the
backstreaming of diffusion pump oil vapor, thereby greatly reducing column
and specimen contamination. Comprised of a cooling haffle and a refrigerant
reservoir (Dewar vessel), the 50A-LNB remains operative for about 10 hours
on a full reservoir of liquid nitrogen.

7804001TP




2. SPECIFICATIONS

o Refrigerant: Liquid nitrogen (N2).
° Reservoir capacity: 4 liters.
@ Operating time: About 10 hours per full reservoir of

refrigerant.

3. USAGE

l. Confirm that the V1 lamp (VACUUM SYSTEM unit) is on and then fill the
reservoir with refrigerant using a funnel or the like,.
2. Replenish the reservoir every 5 to 8 hours.




N -t

INSTRUCTIONS

35-LNT
LIQUID NITROGEN TRAP

No. IEP35C-LNT-3
{EP510050)

Cold fin
for WD 10 mm

Retaining knob

Cold fin
for WD 15 mm

Cold Tin
for WD 39 mm

Retaining knob

Refrigerant
tank

Refrigerant
drain pipe

Funnel

Fig. 1 Component parts
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Note: To effect the above, push in the tank until it stops and then
pull out the stopper and again push In the tank until It stops.

8. Slide the cold fin suitable to the desired working distance onto the

cold rod so that the pin aligns with the groove and secure the fin with
7 the retaining knob.

9. Replace the cover removed in Step 4.

10. Evacuate the microscope column (refer to the JSM-35CF instruction
manual).

5. OPERATION

1. Confirm that column evacuation is complete.

2. Insert the funnel into the refrigerant tank and pour in a full measure
of liquid nitrogen.

3. Replenish liquid nitrogen every 2 to 3 hours of operation.

Cautions: 1. The specimen movable range for the respective fins is as

I.I . . .

follows:
. Speci ] b
Fin pecimen X-movement |Y-movement| Tilt Rotation & fine Fin .
holder movement| retraction
WD wDIi/15 0 10°
10 mm| pp39 pe
p 36 mm
WD wDilo/15 n ° o
75 g~ 15 mm (G 25 mm 0 22°7) 360 1.5 mm
o | wn39 endless
WD wD10/15 .
0 46
39 mm| wp39 e

e When the WD 10 mm fin is set, the available working dis-—
tance (WD) is 10 " 39 mm.

» When the WD 15 mm fin is set, the available WD is 15 ™
39 mm.

» In the case of the WD 39 mm fin, the available WD is 10 ™
39 mm when the fin is fully retracted.

2. If the microscope column is to be exposed to the atmosphere,
insert the drain pipe fully into the tank and drain off the
Iliguid nitrogen remaining in the tank; then return the cold
fin to room temperature. If the column is exposed to the
atmosphere before the fin is returned te room temperature,
the fin will be frosted. In case the fin is to be returned
to room temperature rapidly, use the defroster housed in the
refrigerant tank. Remove the black cover at the bottom of
the tank, and connect 1ts terminal to an AC 6 V, 5 A power
source.

3. When using the liguid nitrogen trap, fully push in the re-
frigerant tank as described in the note under Step 7, Sect. 4

35C~LNT-3




(namely, move the cold fin to the electron beam passage).
when the trap 1s not used, proceed as follows:
* WD 39 mm fin: Retract the tank fully after pulling out the

stopper.,
« WD 10 mm and 15 mm fins: Expose the column to the atmosphere

and remove the fin.

4. In order to obtain the backscattered electron image by using
the BET*S backscattered electron detector located at the
bottom of the optical microscope proceed as follows:

* Wp 10 mm and 15 mm fin: Backscattered images can be
obtained with the fin in use.

* WD 39 mm fin: Retract the refrigerant tank fully by pulling
out the stopper.

35C—LNT~3




See overleaf:

5.2.10 Film handling and processing

Flowchart A-10, Fig. 5.33
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Pull out the yellow tab smoothly and at a constant speed. With this operation, developer {caustic jelly)

spreads uniformly between the negative sheet (film) and positive sheet (print), and development begins.

For the developing time (which varies according to the room temperature), refer to the instructions

for the film used.

Detach the positive sheet from the negative film in accordance with the instructions for the film used.

Note: In the case of Polaroid 107 Land film, discard the negative sheet. In the case of the 105 Land
film, the negative film should be saved along with the positive sheet.

Coat the positive sheet to protect it from scratches and fading in accordance with instructions for the

film used (the time allowed for applying coater after development varies according to the type of film

used). In the case of the 105 Land film, the negative film must be soaked in sodium sulphite solution

as soon as possible (within 3 minutes), water-cleaned, dried, and printed on printing paper by the normal

enlarging technique.

After checking that no unexposed film is left (the white tab does not appear), unlock the back caver

clamping hook to open the back cover and remove the empty film pack.

Load an unused film pack in the film holder, close the back cover, and secure it with the hook.

Note: Load the film pack so that both the black and white tabs protrude from the holder. Pull out the

black tab prior to the first exposure.

Back cover latch

LF‘olaroid 105/107 Land film

Back cover

Fig. 5.34 Polaroid #405 film holder

52.10c  Mamiya 6X7 roll film holder (MRH} (see Fig. 5.35)

1.

[x9}

After exposing all' frames (120/220 roll film: 10/20) (the automatic stop mechanism is released),
tumn the take-up lever (Fig. 5.35a) until it turns freely. With this operation, the film and leader paper
are rolled up on the spool.

Pull the back cover latch down and open the back cover.

Pull both spool exchange knobs (locked if turned), remove the spool on which the exposed film is




|

would and the ome on the opposite side (for the next film), and secure the leader paper with the

attached band paper.

Mount the unused film (wound up on a spool} on the right side and the take-up spool on the left side,

secure them with the spool exchange knobs (by turning the knobs), and remove the band paper securing

the leader paper.

Note: To change the film (120 or 220 roll film), turn the film pressure plate on the back cover over,

set it, and change the counter knob setting.
Pull out the leader paper, insert its end into the take-up spool, and roll up the leader paper with the
take-up lever until the arrow on the leader paper is aligned with the start mark on the film holder
(Fig. 5.35b).
Close the back cover and secure it with the back cover latch (the film counter indicates §), and set the
film counter to 1 by turning the take-up level until it stops. The above operations complete the film
exchange and the first frame of the film is ready for exposure.
Every time an exposure is made, push fhe stopper release lever to the right and advance the film with
the take-up lever.
Develop the exposed film in accordance with the instructions for the film used, dry the film, and print

it on printing paper by the normal enlarging technigue.

Take-up lever

Counter setting knoh

Spocl exchange knobs Back cover latch Roll film

{a} : {b}
Fig. 5.35 Mamiya 6 X7 roll film holder
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See overleaf:
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5.2.11 Film holder exchange

Flowchart A-11, Figs. 5.36 and 5.37
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Film holder

Fig. .37 Mounting Polaroid #545 film holder

f-number
knob —

s—Focus
i adjust knob

{a} For polaroid holder (b} For Mamiya holder

Fig. 5.38 Focus screens

set the scanning mode selection switch to — (line scanning) and set the modulation mode selection
switch down (brightness modulation), respectively.

Push the MF button (DIS) to open the camera shutter. Then, obtain a scanning line on the focus screen
by gradually turning the BRIGHTNESS knob (PHO) clockwise and shift the scanning line to the screen
center with the POSITION Y knob (SCG).

Set the length of the scanning line on the focus screen to 120 mm with the focus adjust knob. By
so doing, the camera is focused and, when the film holder is mounted in the camera, the image on
the CRT is focused on the film,

Push the MF button (DIS) to close the camera shutter.




Remove the focus screen from ‘the adapter and mount the film holder (Fig. 5.37b).

Insert a film pack (Polaroid 4X5 Land film — Type 52/55) into the film holder in accordance with

Section 5.2.10a.

Note: The magnification of the recorded micrographs (positive sheet, negative film) is the same as the
displayed magnification of the MAGNIFICATION indicator (IND} and the magnification dis-

played on the CRT and recorded on the micrographs.

5.2.11b Mounting Polaroid #405 film holder (PRH2)

1.

Attach the adapter to the camera (PHO) (Fig. 5.39a) and secure it with the adapter securing lever
(Fig. 5.36a).

Film holder

Fig. 5.39 Mounting Polaroid #405 film holder

Perform Steps 2 to 6 in Section 5.2.11a (mounting the focus screen and observing the scanning image).

Set the length of the scanning line on the focus screen to 100 mm with the focus adjust knob. By

so doing, the camera is focused, and wﬂen the film holder is mounted on the camera, the image on

the CRT is focused on the film. |

Push the MF button (DIS) again to close the camera shutter.

Remove the focus screen from the adapter and mount the film holder (Fig. 5.39b).

Insert the dark slide into the film holder. Load the film pack (Polaroid 105/107 Land film) in the

film holder in accordance with Section 5.2.10b.

Note: The actuzl magnifcation of the recorded micrographs (positive sheel, negative film) is approxi-
mately 0.83 times the magnification displayed on the MAGNIFICATION indicator (IND} and

that displayed on the CRT and recorded on the micrographs. However, if the size of the

35C—1
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image is enlarged to 90 mm X 120 mm, he actual and displayed [recorded) magnifications

becorne the same.

5.2.11c Mamiya 67 roll film holder (MRH)

1. Attach the adapter to the camera (PHO) (Fig. 5.40a) and secure it with the adapter securing Jever
(Fig. 5.36a).

Adapter
,— P

Fig. 5.40 Mounting Mamiya 6 X7 roll film holder

Attach the Mamiya focus screen to the adapter (Fig. 5.38b).

Set the lens opening of the camera to /5.6 (open) with the f-number knob.
Set the recording unit BRIGHTNESS knob to 0.0.

Set the SCAN GENERATOR unit scanning mode selection switch to ® (spot).

e

Push the MF button (DIS) to open the camera shutter. Then, produce a spot (darkest possible spot
observable) on the focus screen by gradually turning the BRIGHTNESS knob clockwise.

7. Adjust the focus adjust knob so as to obtain the clearest possible (smallest) spot on the screen. By
so doing, the camera is focused, and when the film holder is mounted on the camera, the image on
the CRT is focused on the film.

8. Push the MF button (DIS) again to close the camera shutter,

9. Remove the focus screen from the adapter and mount the film holder (Fig. 5.40b).

10. Insert the dark slide into the film holder, Then, load the roll film (120/220) in the film holder in ac-
cordance with Section 5.2.10c.
Note: The qctual magnification of the recorded micrographs is approximately 0,58 times the displayed

magnification on the MAGNIFICATION indicator (IND} gnd that displaved and recorded on
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the micrograph. However, if the size of the image is enlarged to 90 mm X 120 mm, the actual

and displayed (recorded) magnifcations becomes the same.
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See gverleaf: 5.2,12 Shutdown
Flowchart A-12







See overleaf:

5.3 Observation method B, 5.3.1 Initial control setfing

Flowchart B-1
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Set the anode chamber airlock knob to open the airlock valve AVL
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See overleaf: 5,3.2 Axis alignment
Flowchart B-2
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Note: The significance of setting the knob at the saturation position is described in Step 6 of Section

5.2.4.

Position of scanning line

GUN FILAMENT knob position —

Fig. 5.41 Resetting GUN FILAMENT knob




See overleaf: 5.3.3 Checking aperture and astigmatism
Flowchart B-3
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See overleaf: 5.3.4 Image observation and photography

Flowchart B-4




Special Observation Modes

mY.modulated image

[Flowchart],

Y-MOD Button « « -~ - v v o v v v ommemme e Push
y

AMPLITUDE knob (DIS} - - . - - Adjust the amplitude
¥

Y-modulated image - - - -« oo Photograph (A-9)

(Table 5.7 - - + -[¥]}
Y

NORMALbutton « + « « = = ¢ v o v v v v ma v o v s Push

{A conventional brightness — modulated image appears)

B Line scanning
Scanning mode selection switch - - - « -« <+ - - -
Modulation mode selection switch « -+« « v v oo 0 @
SELECTED ARBA SWitch -« <+« v v vvvvees o iy)

| (A brightness-modulated scan-
: ning line appears onthe screen,)

D / [ 18]
[N

B!

RMPLIT D

Scanning mode selection switch - - - - - - -« . —-=0
Th istent image d O
D i e o eriapy WSPOL
WIDTHENOD « + « + v vv v e v cnranrasroae | omrmmmarnagg bonk (DT@ -« o s s e s e e s e
Adjust the scanning width (hngth of the scanning line) BRIGHTNESS knob (DIS) - - - - - - ﬁ
; ] i
POSITION Xand Yknobs -« . - -« - v o v v v v v oo v o | oot e @Q b (PHOT = v =« v s e v mm e v a s 0.0
Select the desired scanning position BRIGHTNESS knob (PHO)
\ ] L
Scanning line Iline positioning) - - - Photograph {A-9) | Scanning mode selection switch - - - - - - -« - - o - -4 o
‘ (Table 5.7 ......— )
Y Y
Modulation mode selection switch -+ -« v« -« - .- @ SELECTED AREA switch - -« .-« -0 oo vv o @
(A waveform is now displayed
L i on the screemn.) Y

BRIGHTNESS knob (DIS)
Adjust the waveform brightness

BRIGHTNESS knob (DIS)

Yy

CONTRAST, BRIGHTNESS knobs (SEI

Adjust the waveform amplitude and level | Scauning mode selection switch . . .- - - - -8 =0
| i (The persistent image and spot
M i now overlap,)

Waveform (Line profile) Photograph (A-9)

POSITION X and Y knobs

Shift the spot as desired

(Table 5.7 .. ... =)
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5.4  Special Observation Modes .

This section describes how to obtain a Y-modulated image, a scanning line {for line profile, line position-
ing} and a spot. The procedures for obtaining the Y-modulated image, scanning line, etc. are carried out after

first obtaining the scanning image.

5.4.1 Y-modulated images

A normal scanning image is obtained by modulating the CRT brightness with the video signal intensity,
while the Y-modulated image is obtained by vertically deflecting the CRT beam in correspondence with the
video signal intensity. As shown in Fig. 542, the Y-modulated image is more suitable for fine structure study
than the brightness modulated image.

1. Push the DISPLAY unit Y-MOD button,
A Y-modulated image at a scanning speed and number of scanning lines as shown in Table 5.4 is dis-
played on the CRT.

2. Adjust the amplitude of the modulated image with the DISPLAY unit AMPLITUDE knob,

3. Record the image in accordance with Section 5.29 (Table 5.7 -- .. .. ). A Y-modulated image at

a scanning speed and number of scanning lines as shown in Table 5.6 is recorded.

4. Return the image to normal with the DISPLAY unit NORMAL button.

[Normal brightness modulatad imagel [¥-modulatad image]

Fig. 5.42 Normal image {brightness-modulated image) and Y-modulated image

5.4.2 Line scanning
When the video signal obtained by scanning the specimen in the X-axis direction (horizontal direction
on the CRT screen) is used to modulate the brightness of the screen, a scanning line having a brightness corres-

ponding to the intensity of the signal is obtained. However, when the video signal is applied to the vertical
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deflection circuit of the CRT, a waveform (line profile) is obtained. The brightness-modulated line scanning
mode is mainly used for selecting the display position of the line profile. Furthermore, by shifting the brightness-
modulated line continuously (with the POSITION Y knob — (SCG)), a scanning image is obtained. This imaging
mode makes it possible to select the display position of the line profile quickly, because a scanning image
can be observed without switching over the scanning mode selection switch. The line profile mode is very useful
for correlating signal intensities of particular features when the line profile is exposed together with the scanning

image.

5.4.2a Brightness-modulated line scanning

1. Set the scanning mode selection switch {(SCG) to — (line scanning).

2. Push down the modulation mode selection switch (SCG).

A brightness-modulated scanning line, whose scanning speed corresponds to the horizontal scanning

speed when the scanning mode selection switch is set at O (frame scanning) (see Table 5.4), is now

displayed,

Note: The scanning line can be moved up or down with the POSITION Y knob (the X knob is inoper-
able). However, if the modulation mode selection switch is set at the upper position (amplitude
modulation) without carrjzing out Steps 3 and 4 in this section, the displayed line profile will
noet correspond to the scanning line selected with the POSITION Y knob, but rather wiil
correspond to the horizontal lz‘né running through the center of the displayed image.

3. Push down the SELECTED AREA switch (sclected area scanning).

4. While overlapping the image and the scanning line by changing over the scanning mode selection
switch between the ‘frame scanning and line scanning positions, or while displaying the image by
continuously shifting the scanning line with the POSITION Y knob as described at the beginning
of this section, carry out the following.

a. Adjust the scanning width (length of the scanning line) with the WIDTH X knob,

b. Select the scanning position with the POSITION X and Y knobs.

5. Record the displayed line in accordance with Section 5.2.9 {Table 5.7 — =).

The exposure time is determined with the VERT thumbwheel.

5.4.2b Amplitude-modulated line scanning (Line profile)

1. Set the scanning mode selection switch (SCG) to — (line scanning).

2. Push up the modulation mode selection switch (SCG) — (amplitude modulation).
A waveform (line profile), whose scanning speed corresponds to the vertical scanning speed when the
scanning mode selection switch is set at 0] (frame scanning) (see Table 5.4), is now displayed.
Note: A line profile corvesponding to the position gnd width of the scanning line is displayed when

Step 2 is carried out after completing Section 5.4.2a, However, g line profile corresponding
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to the screen center line is obtained by carrying out Steps 1 and 2 only,

3. Adjust the brightness of the waveform with the DISPLAY unit BRIGHTNESS knob.

4.  Adjust the amplitude and level of the waveform with the SEI unit CONTRAST and BRIGHTNESS
knaobs.

5. Record the waveform in accordance with Section 5.2.9 (Table 5.7 — —).
The exposure time is determined with the VERT thumbwheel,

54.3 Spot

This mode, which enables the probe to be optionally positioned on the specimen surface, is used for
measuring the intensity of the emitted electrons and for X-ray analysis.
1.  Turn the DISPLAY unit BRIGHTNESS knob fully counterclockwise.
2 Set the photographic recording unit BRIGHTNESS knob to 0.0,
3,  Set the scanning mode selection switch (5CG) to # (spot).
4.  Push down the SELECTED AREA switch (SCG).
Note: When the switch is pushed up, the spot will locate at the center of the screen,
5. Display the spot with appropriate brightness on the screen by turning the DISPLAY unit BRIGHTNESS

knob gradually clockwise. )
6. Move the spot to the desired poﬁﬁon on the screen with the POSITION X and Y knobs {(SCG) while

overlapping the image and the spot by changing over the scanning mode select switch between O

(frame scanning) and  (spot).
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performance at all times. The capital letters appearing in parentheses after knobs or switches designate the control

This chapter deals mainly with routine and preventive maintenance in order to ensure peak instrument

units; for details refer to the description at the beginning of Chapter 3.

6.1

to (1) replace the gun filament, (2) clean the column and {3) mount certain attachments. The procedure for

column re-evacuation is also described. Make it a rule to keep the time in which the column is exposed to the

Ven ti ng and Re-e\f acuat ing the CO I U L T o T W P LT T T R e it = T L]

This section describes the procedures for temporarily exposing the column to the atmosphere in order

atmosphere as short as possible.

6.1.1
1.

2
3.
4

6.1.2

Venting
Turn the GUN FILAMENT knob (ACV) fully counterclockwise.
Turn off the ON/OFF switch (ACV).
Set the SEI/BEI switch (SEI) to the center position.
If there is a need to expose the anode chamber to the atmosphere (for fila-
ment replacement, etc.), close the airlock valve AV1 (Fig. 3.8) by pushing in
the anode chamber airlock knob and turning it fully clockwise (about 180°).
(See Fig. 4.1.)
Push the VENT button (VAC). By so doing, the LOAD CURRENT meter
lamp will go out, and air will enter the microscope column (or only the anode

chamber in the event the airlock valve was closed in Step 4).

Re-evacuating

Confirm that the microscope column has been properly re-assembled.

Push the PUMPDOWN button (VAC). By so doing, the column (or anode chamber) will be automatically
evacuated. When evacuation is completed, the LOAD CURRENT meter will light to indicate that the

microscope is ready for high-voltage application.

If only the anode chamber has been exposed to the atmosphere, open the
airlock valve by tumning the anode chamber airlock knob fully counter-
clockwise and pulling it out after checking that the LOAD CURRENT meter

has lit. With the operation the entire column is evacuated, Upon completion

of evacuation the LOAD CURRENT meter lights to indicate that the microscope is ready for high-

voltage application.
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6.2 Replacing the Electron GU FilarmiQriT sttt oo o st s s s b o o ot
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|

After prolonged use, the electron gun filament becomes weak and finally burns out. The following de-

scribes the filament replacement procedures,

ACCELERATING YOLTAGE

.

1.  Check for filament burn-out by noting the followmg
a. The LOAD CURRENT meter réa;i};l\g Afal]s to uliérease e\;enr;.when the
GUN BIAS thumbwheel (ACV) is turned to 0.
b. The LOAD CURRENT meter reading fails to vary when the GUN FIL-
AMENT knob (ACY) is turned. '

Note: If the meter reading varies, indicating that the filament is not

A

;. .

burnt out, and yet there is no image on the CRT, confirm that

the apertures are properly inserted in the beam path and that the

optical axis is properly aligned,

2. Vent the anode chamber as described in Section 6.1.1.

3. Lift the hinged electron gun back (see Fig. 6.1) and cover the lower anode chamber with a plastic shee't,
aluminum foil, or the like, to keep out dust, etc.
Caution: 1. The Wehnelt unit remains hot for some time afzer a filument burn-out. Accordingly, allow
¢ few minutes for the unit to cool‘ down before handling.
2. Re sure to wear clean cotton or nylon gloves when handling the Wehnelt unit, Dirt, per-
spiration, etc. from bare hands may be a cause of high voltage discharge,
4,  Loosen the Wehnelt securing ring (turn counterclockwise) with the Wehnelt unit tool (Fig. 3.5 -a). (See
Fig. 6.1 - A))

5.  Unscrew the securing ring and remove the Wehnelt from the socket (see Fig. 6.1 - B).

6.  Disassemble the Wehnelt unit as described below:
a, Tum the Wehnelt cap counterclockwise and remove it from the Wehnelt unit base.
b. Use a screwdriver to loosen the screws securing the filament, and remove the burnt-out filament.
7. Clean the Wehnelt cap as described below (see Section 6.6).
a. Remove any accumulated dirt from the cap, especially around the cap hole, with absorbent cotton,
gauze or a cotton stick, ete, lightly smeared with fine grain metal polish.
Coution: Keep the polish away from the theaded portion of the cap.
b. Remove any traces of polish or dirt from the cap with absorbent cotton, gauze, etc. moistened with
an organic solvent.
Caution: Polyvethylene gloves are recommended when handling the organic solvent.
c. Prepare a stainless steel beaker, pour in some organic solvent and immerse the cap therein.
Note: An ultrasonic cleaner {approx. 20 kHz) would be ideal for cleaning the cap.

d. Remove the cap from the beaker and dry the cap with the handblower (Fig. 3.3 - ®@).
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Upper anode chamber

Wehnelt unit toal Wehnelt unit Wehnelt socket

Lower ancde
¢hamber

¢ e Securing ring Pin

Fig. 6.1 Removing the Wehnelt unit

Wehnelt cap

Filament -

Securing screw

Wehnelt unit base———— Ring nut

Filament position adjust screw
Securing ring:

Fig. 6.2 Wehnelt unit




10.

11.

12,

13.

Insert a2 new filament into the holder and secure it with the screws.

Caution: Be extremely careful not to touch the filament tip.

Apply the handblower to the Wehnelt cap to remove any traces of lint that may still be adhering thereto
and screw the cap onto the Wehnelt unit base until the tip of the filament can be seen in the cap hole,
Align the filament tip with the center of the Wehnelt cap opening by turning the filament position adjust
screws (see Fig. 6.3 - A). Then tighten the screws.

Wehnelt cap

Ring nut

Filament position adjust screw

Wehnelt unit base

e Securing ring

Pin hole

Fig. 6.3 Filament adjustment

Screw on the Wehnelt cap until the filament tip is flush with the apex of the cap (see Fig. 6.3~ B) and
then apply a 1/8 (or 3/8) counterclockwise turn to the cap according to the selected accelerating voltage
to set the filament tip in the proper position inside the Wehnelt cap apex opening (see Table 5.2). After
this adjustment, secure the cap with the ring nut and confirm once again that the filament tip aligns
with the center of the Wehnelt cap opening. If not, re-center it as per Step 10.

Align the pin hole of the Wehnelt unit base with the pin of the electron gun socket, push the Wehnelt
upit into the socket as far as it will go, then screw the securing ring to secure the Wehnelt unit (without
the tool),

Apply the handblower to the electron gun and remove all traces of lint, dust, etc. Then remove the

aluminum foil covering the lower part of the anode chamber and blow out the interior just in case any
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dust particles, etc. have entered. Confirm that there are no scratches or dirt on the O-ring or O-ring

contact surfaces.

Note: Scratches or dirt on the O-ring or O-ring contact surfaces will result in vacuum deterioration.
14. Return the electron gun to its original position and re-evacuate the anode chamber along with the column

according to Section 6.1.2.

15. Upon completion of evacuation, confirm that an image is displayed.
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6_3 Replacing the Scin‘ti"ator UL R T P B BT B L TR R PO R TT TI TR AT LS a1 Dl

Change the scintiliator when the secondary electron image becomes noisy or when image contrast
becomes weak. The procedure is as follows:
1. Set the SEI/BEI switch (SEI) to the center position so as to protect the secondary electron detector and
the CRT. ‘
2. Vent the column according to Section 6.1.1.

3. Loosen the ring nut and remove the PMT from the secondary electron detector (see Fig. 6.4).

*/de—— Specimen chamber

Detector base Ring nut

Pin

Connector B3
. S ) L PMmT
g , —— Connector B4
i
o
vy “— Screw A

Fig. 6.4 Removing the secondary electron detector

Remove cable connectors B3 and B4 from the detector base.
Remove screws A (3) and remove the detector base from the specimen chamber.
Remove screw B and remove the lead wire from the collector (see Fig. 6.5).

Remove screws C (3) and then remove the cy]mder Wlth the collector PRTRRETS

e

[x;osen screw D whlch holds the detector hlgh voltage lead wire, and screws E (’?) on the corona rmg.

Remove the corona ring and scintillator from the tip of the light pipe.

9. Mount the new scintillator on the tip of the light pipe, exercising great care while doing so, Then attach

the corona ring and secure it with screws E.

Caution: Do not scrafch or permit dust to seftle on the scintillator or light pipe. NEVER touch the
surface of the scintillator.

10.  Tnsert the detector high voltage lead wire into the corona ring opening and secure it with screw D.

35C—1

4



¢

11.
12.

13.

14,
15,
16.
17.

Light pipe

R P
i N\ \\ '

Scintillator

Screw E

.\0
e R/,
Collector = /
7 N~ ed
Detectar base
Screw D — High voltage lead wire

Callector lead wire
| : Screw B
l/ — Corona ring

Fig. 6.5 Exploded view of the secondary electron detector

Return the cylinder to its original position and secure it with screw C,

Tighten screw B in order to connect the lead wire to the collector.

Caution: Never use excessive force when tightening the screw, otherwise the threads will be damaged.
Apply the handblower (Fig. 3.3 - (8 ) to the detector to remove any traces of lint, dust, etc, and verify
that there are no scratches or dirt on the O-ring or O-ring contact surfaces,

Note: Scratches or dirt on the O-ring or O-ring contact surfaces will result in vacuum deterioration.
Mount the detector base in its original position in the specimen chamber and secure it with screws A.
Apply a very thin coat of silicone oil to the light pipe on the surface opposite the PMT.

Connect cable connectors B3 and B4 to their original positions.

Align the PMT setting pin hole with the detector base pin, mount the PMT on the detector base and
secure the PMT with the ring nut.

Re-evacuate the column according to Section 6.1.2,
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6.4 Rep Iac ing the I I Iu m inatio n Lamps 00 1 st P e B e s P55 P 410 B 7 A 1420 ]
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From time to time one of the illunination lamp filaments will burn out, necessitating lamp replacement.
It is important when replacing the lamp to use a lamp having the same specification (voltage rating, type, etc.)

as the lamp being replaced, Failure to comply with this requirement may lead to an electrical breakdown or

]

other problems. Further, if any illumination lamp other than the ones described below burns out, contact your

|
I

nearest JEQOL Service Center for assistance.

6.4.1 Specimen chamber illumination lamp
1. Vent the entire column as per Steps 1 to 5, Hinge system, Section 5.2.3b, and open the front cover.
2. Remove the lamp holder from the specimen chamber by lightly pushing the holder into the chamber
interior with a forefinger (see Fig. 4.5).

3.  Remove the cap from the lamp holder and replace the lamp with a new one (see Fig. 6.6).

Il I . Il E .

Fig. 6.6 Replacing the specimen chamber illumination lamp

4.  Apply the handblower (Fig. 3.3 - @) to the lamp holder to remove any traces of lint, dust, etc., and
check that there are no scratches or dirt on the O-ring or O-ring contact surfaces.
Note: Scratches or divt on the O-ring or O-ring contact surfaces will result in vacuum deterioration.

5. Replace the cap and insert the lamp holder in its original position in the specimen chamber.

6.  Close the front cover and re-evacuate the column as per Step 7, Hinge system, Section 5,2.3b.

7.  Upon completion of evacuation, attach the specimen exchange chamber cap to the exchange chamber,
push the vacuum control button to evacuate the chamber and, after pulling out the airlock knob, verify

that the lamp lights.

6.4.2 Button lamps
1. If there is any trouble (for example, if when the VENT button (VAC) is pushed, air is admitted into the

5

column}, shut down the microscope according to Section 5.2.12.
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2. Remove the lamp cap as follows:
Insert a thin, flat piece of metal between the side edge of the lamp cap or bottom edge of the cap and
the edge of the panel cut-out, depending on the lamp arrangement.

3. Remove the lamp (pull it out) with a suitable pair of tweezers and, if necessary, remove the head cap

(see Fig. 6.7).

Lamp {head cap attached}"

BRIGHTRE LS

¢

&

DBJECTIVE LEME

Cap Name plate

Fig. 6.7 Replacing the button lamp

4. Replace the burnt-out lamp with a new one, and replace the cap and name plate,
Caution: Never use excessive force when replacing the cap; otherwise the cap will be damaged.
5. If the microscope has been shut down, start the microscope according to Section 5.2.2 and confirm

that the lamp lights.
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The oil rotary pump and compressor will need replenishing with oil from time to time. Ensuring that
there is sufficient oil in these units at all times is an important aspect of overall maintenance. If the oil levels

are allowed to get too low, seizures and other mechanical failures may result. Further, be sure to use the grade
i L
of oil specified by this company. Furthermore, prolonggddoperation of the air compressor resulis in a clogged’ *
i v pArOURE adate .
filter and ‘s"taﬂgglaht water, Replacing the filter and draining off water must also be conducted at specified periods.

6.5.1 Oil rotary pump
= Oil replenishment
1. Check the oil level via the viewing window. If the cil level is below the ® guide mark, replenish the
pump with the specified oil as follows.
2. Remove the pump box cover and remove the oil supply port cap by tuming the cap countercloskwise.
Caution: When replenishing a running pump with oil, be sure that the evacuation ;fw’t;.;e:s'd :c;::—negzg
to the pump.

3. Top up with oil until the oil Jevel indicator reads as shown in Fig. 6.8.

Cil supply port

4. Replace the cap and pump box cover.
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6.5.2  Air compressor
®0il replenishment

1. Determine the oil replenishment time.

Replenishment is required every 40 hours of operation. However, since the compressor operates only

when the reservoir pressure is low, it is sufficient to replenish the compressor with oil every one or

two months. The replenishing procedure is as follows.

Remove the cover of the pump box and open the oil supply port cover (see Fig. 6.9).
Caution: When replenishing the compressor with the microscope running, be sure that the evacuation

hose is connected to the rotary pump.

Compressor

Qil supply port
Low pressure side filter

Qil ratary pump

High pressure side filter

Reservair

Fig. 6.9 Replenishing the air compressor with oil

3. Pour in the designated oil (Fig. 3.3 - @ ). Approx. 5 m® of oil is sufficient (requires two or three fills).

4, Close the oil supply port cover and replace the cover of the pump box,
L

®m Draining off water from the reservoir
1. Since stagnant water accumulates in the reservoir over a period of time, drain off the water every one

or two months as follows.

[

Shut down the microscope according to Section 5.2.12.

3. Drain off the water by opening the drain cock. (Water will be rapidly drained owing to pressure from
the reservoir.)

4. Close the drain cock immediately after the water has drained off.

5. Start the microscope according to Section 52.2. If the compressor pressure gauge reads approx.

3.5 kgfom?® or more, the compressor will stop.




Pressure gauge

Drain cock

Fig. 6.10 Draining off water from the reservoir

m Replacing the filter
a. Low pressure filter (Used to clean air)
1. Check the filter about every three months as follows.

Fig. 6.9).

Fig. 6.11},

2. Shut down the microscope according to Section 5.2.12 and remove the pump box cover (see

3. Remove the knurled cap by tuming it counterclockwise and take out the filter from the cap (see

g Baffle
Knurled cap :
) ﬂé \ Water
Filter
Pin
ST
At low pressure side At high pressura side

Fig. 6.11 Filter
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4. If the filter is clogged with dirt, clean it with a suitable solvent and dry.

5. Insert the filter in the cap and replace the cap and the cover of the pump box.

b. High pressure filter (Used to remove dust and mOIS'}.UIC from the pressurized air)
1. Check the filter about every three months as fellows.
2. Shut down the microscope according to Section 5.2.12 and remove the cover of the pump box.
3. Inspect the filter. If water accumulates in the container, push the drain port pin and drain the
water (see Fig, 6.11).
4. Replace the cover of the pump box.

J
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6. 6 D |Sassem bl i ng and Clean ing ‘the co I umn - R T T

After prolonged operation, the column interior becomes contaminated by electron beam bombardment,
evaporated materials, and very fine dust particles. If this contamination is allowed to remain, astigmatism will

increase, resolution will deteriorate, probe current will become unstable, or a normal image will not be obtained

due to probe skipping, etc. (see Fig. 6.12).

1

Normal image {mega resulting from probe skipping

Fig. B.12 Normal and disturbed images

In order to guard against these adverse effects, disassemble the column at regular intervals and clean

or replace the various contaminated parts.

6.6.1 Precautions to be taken during column disassembly (reassembly}

6.6.1a Handling components

Since the component parts housed inside the column are precision-machined, they must be handled
with great care. Always wear clean cotton or nylon gloves to avoid contamination by perspiration, etc. (espe-
cially during reassembly), which could lead to corrosion.

When using wrenches, screwdrivers, tweezers or other tools necessary for removing the various parts,
be extremely careful not to bend or force the parts when inserting or removing them. Do not cut any leads.

Piror to removing any of the parts, select a stout work bench and suitable matting and covering.
Gauze or rayon paper, for example, is suitable for those parts from which lint can be easily removed, while
plastic sheeting or saran film is appropriate for small complex components. The plastic sheeting, however,
should be insoluble in organic solvents. Plastic sheeting, saran film or aluminum foil is suitable as covering.

In the case of heavy components, cushioning material (plastic foam, etc.} is recommended to act as a buffer.

6.6.1b Parts storage and placement

If the disassembled parts are not to be reassembled immediately after cleaning, do not leave them on
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the table exposed to the atmosphere, but store them in a desiccator. If a desiccator is not available, wrap the
component parts in rust-proof paper, then cover the rust-proof paper with saran film, not forgetting to insert
a desiccant between the rust-proof paper and the saran film. Then cover the saran film with aluminum foil
and store in a suitable place where the humidity is low. Arrange the removed parts in an orderly fashion,

especially small parts, screws, etc., to make reassembly easier and to avoid misplacement or loss of screws.

6.6.1c Proper usage of screwdrivers and tools

The proper tool must be employed for the particular job at hand. Also, when using screwdrivers,
wrenches, etc. to remove or reassemble the various component parts, be sure not to apply undue strain or try
to force removal of the screws, etc.; otherwise screw heads and screw threads will be damaged.

When reinstalling a component part after cleaning, screw in the screws in a diagonal rotary fashion to

prevent imbalance, strain and/or vibration.

6.6.1d Points to keep in mind during disassembly
¢ Turn off related power supplies
Prior to disassembling the column, turn off the lens and deflection coil power supplies. To do this,
set the UNATTENDED switch to its upper position Q . (The accelerating voltage and gun filament power
supplies should have been turned off before breaking the column vacuum.)
® Avoid unnecessary disassembly
Avoid removing parts not related to the disassembly procedure or parts which do not require cleaning,
as this not only complicates reassembly but also leads to the possibility of such parts being damaged. Use
saran film or aluminum foil to cover exposed portions of the column not requiring disassembly.
e(Orientation notation
When reassembling the disassembled parts, be sure to install them exactly as they were before re-
moval, This is obvious in most cases, but in the case of circular items, it is sometimes difficult to assess
the exact orientation. In such cases, mark the part in question, but be sure to mark the part so as not to

affect instrument performance.

6.6.1e Points to bear in mind during reassembly
o Dust removal
As each component part is being reassembled, use a blower to remove any traces of dust or lint
which may have readhered to the part. Also, if the reassembly operation is temporarily suspended prior to
completion, be sure to cover the exposed parts with saran film or aluminum foil to prevent contamination.
If these precautions are neglected, the entire cleanup procedure may come to no avail. In some cases, high

voltage discharge or image quality deterioration may occur.
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®(-ring and mating surface checks
Inspect the O-rings and their mating surfaces for scratches, lint, etc. If any of the O-rings are
scratched, vacuum grease can be applied in some cases as a temporary measure; however, the O-rings so

treated should be replaced as soon as possible, When applying the grease, apply it sparingly so as to avoid

column add/or specimen contamination.

In the case of mating surface scratches, if these scratches are extremely shallow, no treatment is

necessary. If the scratches are deep, contact your nearest JEOL Service Center for assistance.
If these precautions are not observed, it may be impossible to attain a good vacuum.
e Proper assembly of parts
When reassembling the parts, be sure to install them as they were before removal; otherwise parts

may be damaged or image quality may be adversely affected.

6.6.2  Cleaning the column parts
£ r"{”; -

6.6.2a  Cleaning materials, tools, etc.

¢ Cleaning liquid {organic solvent) I

'This is used to remove grease, traces of metal polish, etc.; the cleaning liquid should be volatile,
preferably non-inflammable, and should have a high solution-forming rating (high cleaning power) and a
high saféty1 factor.

Ensure adequate ventilation when using the cleaning liquid and do not allow prolonged contact with the skin.
#Fine grain metal polish

This is used to remove encrustation and other extraneous matter having high adhesive properties;
the polish should be easy to remove with organic solvent. Keep the polish away from threaded or intricate
parts as removal of the polish from such parts is difficult,

®Gauze or rayon paper (crepe or gauze type)

For applying metal polish or cleaning solvent; should be of high quality and should not release

impurities when moistened with organic solvent.
e Absorbent cotion

For cleaning easily scratched parts; by wrapping the cotton around a thin stick, it can also be used

for cleaning difficult-to-get-at corners and recesses. The cotton should be of high quality.
e Tooth picks, cotton swabs (about 5 mm dia.) or Q tips.

For cleaning narrow places. Any commercially available (but untreated) product is suitable,

® Brushes

For cleaning threaded parts; use saran fiber brushes or brushes whose bristles are unaffected by
organic solvents,

eTweezers

For handling small and delicate parts. Use good quality, sharp-tipped well-balanced tweezers. When
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using tweezers, take care not to scratch or bend the parts.
®Scissors (Stainless steel)
For cutting gauze, etc,
® Screwdrivers, special tools, etc.
For disassembly or reassembly; use those contained in the instrument tool kit (Figs. 3.4 and 3.5},
sHandblower (Fig. 3.3)
For removing dust, lint, etc. during reassembly. Use the specified air blower or a blower which ejects
clean air or an inert gas (never use inflammable gas or a gas which leaves a residue).
e Beaker
For cleaning small parts. This should be made of stainless stee! or aluminum, or enamel-coated.
Glass is not recommended as it is easily broken. An ultrasonic cleaner (approx. 20 kHz) would be ideal.
*Work bench or table
Should be solid and level. If casters are used, the table should be equipped with a stop brake.
sWork gloves
These prevent parts corrosion due to perspiration, and protects hands frorp damage by solvents.
Any commercially available cotton, nylon or polyethylene gloves are suitable. Thinfgigv(ta;are best, however,

as they afford better feel and control of the operation being undertaken.

6.6.2b Cleaning methods

The cleaning method and/or procedure varies to some extent, depending on the degree of contamina-
tion and the parts to be cleaned. For example, if the contamination is not thick or has not become hard or
encrusted on the part in question, organic solvent is normally sufficient to remove all extraneous matter.
In cases of severe contamination, however, metal polish will be necessary. However, do not use metal polish
if'it is likely to affect instrument performance. Again, if the component parts to be cleaned have a high melting
point, such as parts made of tantalum, molybdenum, etc., a vacuum evaporator will be required to effect

removal of the contamination.

®Cleaning method A {Using cleaning liquid}
Application: For cleaning lightly contaminated parts, parts which have little effect on performance and
parts which are affected by metal polish,

For flat surfaces, moisten a piece of gauze, rayon paper or absorbent cotton {use absorbent cotton on
easily scratched surfaces) with solvent and rub the surface in question until clean. In the case of holes,
openings cylinder parts, recesses, etc., use cotton swabs (Fig. 6.13) and/or tooth picks wrapped in absorbent
cotton.

Avoid applying solvent to components made of synthetic resin. To remove oil, etc. from intricate

and/or threaded parts, immerse the parts in a breaker of solvent and clean with a brush. If the parts in question




Fig. 6.13 Cotton swabs

are easily scratched, refrain from using a brush. Rgplalce the solvent when dirty. An ultrasonic cleaner is
LTS ALY

highly effective for cleaning small parts. Wooden tweezers of the type used in photaolaborateries are con-

venient for removing parts from the beaker of solvent. Immediately after removing the parts, remove any

traces of liquid with the handblower.

m Cleaning method B {Using metal polish)
Application: Cleaning of heavily contaminated parts (Unaffected by metal polish)

For flat surfaces, apply a small amount of metal polish to a piece of gauze, rayon paper or absorbent
cotton (use absorbent cotton on easily scratched surfaces) and rub the surface in question until clean. In the
case of holes, openings of cylindrical parts, awkward comers, recesses, etc., use tooth picks and/or wooden
sticks wrapped in absorbent cotton. Refrain from appllying polish to intricate and/or threaded or synthetic
resin parts, Also, when cleaning the apertures, we recommended the use of an absorbent cotton-wrapped
stick of the same size as the aperture itself and to clean the aperture hole by rotating the stick evenly.
Refrain from applying excessive rubbing force. If these recommendations are ignored, there is a possibility
of pushing the aperture out of shape.

Visual inspection is adequate for confirming the removal of contamination. Remove any traces of
polish with solvent, If polish is allowed to remain, it will in itself become a contaminant, completely ne-
gating the object of the task in hand.

Finally, keep the cleaned parts covered until ready for reassembly.

m Cleaning method C (Using a vacuum evaporator)
Application:  Cleaning of parts having a high melting point (tantalum, molybdenum foil, etc.)
Place the parts in a vacuum evaporator (JEE-4X) that contains a tungsten wire basket heater
(0.5~0.8 mm dia), 2 helical heater or a high-melting point thin metal foil boat, either of which must have
been cleaned by preheating under high vacuum, and subject the parts to a temperature of about 1,500°C

{white heat) for several minutes under high vacuum (better than 1 X 107 Torr).

-_--------i-!-g-)
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Bell-jar

Vacuum evaparator (JE E-4%)

Fig. 6.14
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Screw

Washers
Boat

Electrode @)

Aperture cleaning

Avoid excessive heating as this may cause the parts to melt. On the other hand, insufficient heating

will not effect adequate removal of the contamination, After heating, allow the parts in the evaporator

to cool down to room temperature before exposing them to the atmosphere. This is to prevent oxidation,

Replace all parts from which the contamination cannot be removed or which have become deformed or

otherwise damaged. Before installing a new part, clean it as described above. The aperture cleaning procedure

is as follows (Fig. 6.14),

1. Break the vacuum of the evaporator belljar and remove the bell-jar.

R o

Place the aperture in the boat.

Attach the boat (held between washers) to the electrodes.

Replace the bell-jar and pump the jar to better than 1 X 10™% Torr.
Heat the boat by passing a current of 30 amps for about one minute.
Allow three minutes to elapse before breaking the bell-jar vacuum.

Break the bell-jar vacuum and remove the bell-jar.

Caution: Use tweezers to handle the foil and be sure not to bend or deform it

8.  Repeat Steps 3 to 6.

9.  Remove the aperture. This completes cleaning the aperture.
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.\ See overleaf, Sect. 6.6.3 and Table 6.1
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10.

11.
12,
13.
14,

Remove the high voltage cable from the two clamps.

Turn the securing ring until the slot aligns with the pin. Then pull out the evacuation connecting pipe
from the anode chamber,

Remove the clamps by unscrewing screws A (4).

Remove the lower anode chamber (along with upper anode chamber including the porceiain insu-
lator ) by lifting the lower anode chamber, Be careful not to tip over the anode chamber. The upper
and lower anode chambers can be separated by removing two screws from the hinge.

Tum the anode counterclockwise and remove it, When cleaning up to the anode chamber flange ,
omit the following steps,

Remove screw B and then pull out the anode chamber airlock knob from the shaft (see arrow,
Fig. 6.16).

Remove cable plug Al (protruding from the deflection cylinder flange) from the console cutlet.

Lift the magnetic shield straight up (be sure to free plug Al by pulling it in through the slot).

Remove screws C (4) and remove the clamps,

Screw the lens lifting tools (Fig. 35-d) in the anode chamber flange and pull the flange straight up

to remove the intermediate cylinder. Remove the tools.

mDisassembling the condenser lens and 2nd deflection system cylinder (see Fig. 6,17)

1.
2.
3.

Remove cable plugs A2 and A3 (protruding from the condenser lens) from the console outlets.
Remove screws D (4} and remove the clamps.

Remove the condenser lens.

Caution: When removing the lens, exercise care 50 as not to drop it.

Remove screws E (3) and pull out the (see arrow in Fig. 6.17).

Unscrew the upper cap nut and remove the upper aperture disk .

Remove cable plugs A5 and A6, which are protruding from the deflection system cylinder, from the

console outlets.

Unscrew screws F (3) and pull the [deflection system cylinder |straight out.

Caution: Be extremely careful not to damage the cylinder when handling it, because it is precision-

machined and has many coils around it

IDlsassemb]mg the object}ve lens and specimen chamber (see Fig. 6.18)

1.

slvdron Ath [ TSR by foi
Remove cable plug AlO which is protruding from the aperture selector assembly, from the console

outlet.

Loosen the ring nut and remove the (see arrow in Fig, 6.18).

Set the tilt control to 0° and the WD selector to 39 mm (Fig. 4.5).

Caution: This step s very important, Opening the front cover before performing this step will cause

damuage to the specimen holder, stage, or other specimen chamber parts,
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Fig. 6.16  Disassembling the electron gun, anode chambers and intermediate cylinder i

\ See overleaf, Fig. 6.17
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Specimen

Specimen pedestal

i

Specimen cylinder C:>

7
_f_ . Screwdriverﬁﬁ\ i i
adjusting screw
N

{A] [B] Icl

Specimen holder-—
Specimen pedestal screw

Specimen exchange

rod - Specimen cylinder screw

Fig. 5.2 Exchanging specimen on WD15 specimen holder

= WD39 specimen holder (see Fig. 5.3)
1. TInsrt a screwdriver in the bottom of the specimen holder, raise the used specimen by turning the
height adjusting screw, and remove the used specimen along with the screw (Fig. 5.3—A).
If the specimen cylinder is not used (Fig. 5.3—B), remove the used specimen by pushing it out from
the bottom of the specimen holder (if the specimen is secured with the specimen cylinder screw,

loosen the screw first).

y

Notes: 1. The specimen can be exchanged with the cylinder attached to the holder (Fig. 53-4)

However, if it is difficult to do so, remove the specimen cylinder by loosening the
cylinder screw, and replace it after the specimen has been exchanged,

2. Use organic solvent to remove the specimen secured with silver conductive paint from
the height adjusting screw or holder. Polish the upper surfece of the height adjusting
screw and the bottom part of the holder, as necessary.

2. After checking the specimen size (see Table 5.1), secure the specimen horizontally to the height
adjusting screw with silver conductive paint. Perform metallic coating {conductive processing) with
a vacuum evaporator if necessary. If the cylinder is not used (Fig. 5.3—B), use a proper spacer or
secure the specimen with the cylinder screw so that the surface of the specimen is flush with the top
of the specimen holder.

3. When the specimen cylinder is used, screw the height adjusting screw with the specimen secured into
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the cylinder and adjust the screw with a screwdriver so as to make the specimen surface flush with

the upper surface of the specimen cylinder.

Specimen

Specimen height
adjusting screw

Specimen

R

Specimen
cylinder

Screwdriver

Cy linder screw

Specimen——— -
holder

Specimen
exchange rod

)

Fig. 5.3 Exchanging specimen on WD39 specimen holder

52.3b Inserting (Removing) the specimen holder into {from) the specimen chamber
m Airlock system

1. Set controls of each unit as follows:

a. ACCELERATING VOLTAGE unit

e GUN FILAMENT knob + - - - - -+ + - v et e Fully counterclockwise
@ ON/OFF SWAtCh - - + + <+« v oot eeme i e e OFF

b. SEI Unit
® SEI/BEL switch -+« - -« v - - v Center position

2. Set the specimen stage controls as follows:

eXcontrol -+ - e e e e et e et e e e 7.5 mm

oY control « - -« - e e e 12.5 mm (or as desired)
@ THlE COMITOL « - « « « « v m e e e e e e e e e e PR '

® ROTAtON COMEEOL « + -+ « v » oo v e vt me et e ma s 000 (0°)
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“ov 3.0 Set the working distanice to 15 mm or 39 mm according to the type of the specimen holder in use
(see Table 4.1) and then the OBJECTIVE LENS: COARSE knob according to the selected working
distance (15 or 39).
Turn the WD selector (Fig. 4.5) fully clockwise to change the working distance to 15 mm from

3¥9mm e L v TR

2%, and turn it - - counterclockwise to change the working

distance from 39 mm to 15 mm- TR

e PRI RIS R B T

Cautwn.‘ The followmg items must be checked when changing the working distance from 39 mm to

15 mm. Changing the working distance in any other way will result in damage to the
specimen holder, specimen stage, and component parts inside the specimen chamber.
:mﬁ}hen the WD15 specimen is mounted on the specimen stage:
® [f the optical microscope (OM) is also used, its objective lens must be fully retracted,
B When the WD39 &pecimen is mounted on the specimen stage:
® The optical microscope must not be used.
® Set the tilt control to 0°
4. In inserting the specimen holder into the specimen chamber (skip this step during removal), screw the
specimen exchange rod through the specimen exchange chamber cap into the specimen holder as

shown in Fig. 5.4.

Fig. 5.4 Specimen holder secured to specimen exchange rod

5. To insert the specimen holder into the specimen chamber, position the specimen exchange chamber
cap with the specimen holder so that the working distance mark (either WD15 or WD39) corre-
sponding to the specimen holder and the specimen surface face upward as shown in Fig. 5.5. Then,
pull the specimen exchange rod out (the rod will be secured).

(To remove the specimen holder from the specimen chamber, orient the exchange chamber cap

according to the specimen holder in use and pull the specimen exchange rod out.)

35CF-1



WD 15 specimen halder WD 39 specimen holder

Fig. 5.5 Positioning the specimen exchange chamber cap and specimen holder

Vacuum contral button

Graove Pin —Specimen exchange chamber

4
-+

Fig. b.6 Mounting the specimen exchange chamber cap

6. Mount the exchange chamber cap on the specimen exchange chamber so that the groove and the
pin are lined up as shown in Fig. 5.6. Then, push the vacuum control button to evacuate the specimen
exchange chamber. The lamp in the button will go out in approximately 30 seconds, indicating the

completion of evacuation.

7.  After evacuation is completed, pull the specimen exchange chamber airlock knob out to open the

airlock valve AV?Z (Fig. 3.8 and Fig. 5.7a=b).

‘
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{a) Airlockvalve : «« . ... ...... Closed tb] Airlockvalve « - -+« - . ...+ Open

Fig. 5.7 Operation of the chamber airlock knob

8.  Insert the specimen holder into the holder mount of the specimen stage as shown in Fig. 5.8 by
pushing the specimen exchange rod while observing the specimen holder through the specimen
exchange chamber cap window. Then, unscrew the exchange rod and pull it all the way out.

{To remove the holder from the specimen chamber, screw the end of the exchange red into the
holder, pull the exchange rod all the way out, and store the specimen holder in the specimen ex-

change chamber.)

Holder mount

Specimen exchange |—Specimen stage
chamber cap
Viewing Specimen exchange rod L—Specimen holder
window

Fig. 5.8 Mounting (Removing) the specimen holder on the specimen stage
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9,  Push the specimen exchange chamber airlock knob in to close the airlock valve. Then, push the
vacuum control button again (the button lamp lights) to vent the specimen exchange chamber.

10. Remove the exchange chamber cap from the chamber, then remove the holder from the exchange
rod, and place the cap on the table so as to prevent it from rolling off.
Note: Remove the specimen exchange chamber cap from the specimen exchange chamber at all

times except when it is used to exchange the specimen.

m Hinge system
1,  Set controls of each unit as follows:
a. ACCELERATING VOLTAGE unit ,
® GUN FILAMENT Knob - -« « - oo vv i e Fully counterclockwise { )
@ ONJOFF SWItcH - « - -« -« e vt vt OFF
b. SEI unit
® SEI/BEL switch - -+ -+ oo oo i Center position
2. Set the tilt control to 0° (the specimnen stage will be set in a horizontal position),
Caution. Always set the tilt control fo 0° prior to opening or closing the front cover (specimen
stage); otherwise the holder, stage, and internal parts of the chamber will be damaged..
3. Tum the WD selector fully clockwise (* ' 7. . 07 = 1 71) to set the working distance
to 39 mm and set the OBJECTIVE LENS: COARSE knob to 39.
4,  After checking that the anode chamber airlock knob is pulled out (open), push the VENT button
{(VAC) (the lamp lights) to vent the column to the atmosphere.

Since the specimen chamber cannot be exposed to the atmosphere with the anode chamber ajrlock

knob pushed in (closed), turn the knob fully counterclockwise and pull it prior to pushing the VENT

button.

5. Pull the lock lever forward as shown in Fig. 5.9a. Then, open the front cover (hinge mechanism)
as shown in Fig. 5.9b,

6. Remove the specimen holder from the holder mount by pulling it forward .

Note: The front cover must also be opened/closed to replace the specimen chamber lamp, dis-
assembly, cleaning, and installing attachments.

7.  After checking Steps 2 and 3, close the front cover (push it in until it is latched). Then, push the
PUMPDOWN button (VAC) (the button lamp lights) to re-evacuate the column. When evacuation
is completed (when the column pressure reaches the specified value), the LOAD CURRENT meter
{ACV) lamp lights,
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See overleaf:

5.2.4 High voltage generation

Flowchart A-4

.
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5 kV] [Accel. voit.: 35 kV] [Accel. volt.: 5kV] [Accel. valt.: 6 kV] [Accel volt.: 12 kW]

(a) Metal piecas with diffarent atomi¢ numbars | {b) Intagrated circuit {IC)

[Accsl. volt.:

-

[Accel. volt.: 10 kV] [Accel, volt,: 25 kV] [Accel, volt.: 5 KV] [Accel. valt.: 26 kv
{c) Starch {d} Bacterium spore

Fig. 5.10 Secondary electron image variation with different accelerating voltages

| ir

[Accel, volt.: 5 kV] [Accel. volt,: 28 V] [Befare irradiation] [After irradiation]
(a) Charge-up affect {silk fiber) [b} Damage due to electron beam (yeast fungus}

Fig. 5.11 Effects caused by electron beam irradiation
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VOLTAGE indicator).

Note: The accel’erarr'ng voltage must be selected according to the type of specimen and purpose of
observation. This step selects the qccelerating voltage before high voltage is generated.

Set the GUN BIAS thumbwheel (ACV) to 3 (gun bias setting), and if the accelerating voltage in use

had bqen higher than 30 kV, adjust the Wehnelt cap (see Section 6.2). The gun bias and the Wehnelt

cap pdrition must be adjusted according to the selected accelerating voltage as indicated in Table 5.2

below.

Note: As the reading of the thumbwheel indicator increases, the gun bias increases.

Table 5.2 Gun bias setting and Wehnelt cap adjustment

Agcelerating Under 10KV | 10—20kV | 20— 30kV Over 30 kV
vaoltage
GUN BIAS
thumbwheel Oorl 2 3 4
Wehnelt ca A 1/8 counterclockwise turn from A 3/8 counterclockwise turn
P the level position. * from the level position

% The level position refers to the position in which the filament tip is level with the top of the Wehnelt cap. The
Wehnelt cap adjustment procedure is described in Section 6.2.

Set the ON/OFF switch (ACV) to ON to generate high voltage (accelerating voltage). The accelerating
voltage is displayed on the ACC VOLTAGE indicator (IND) and the detector current shown in
Table 5.3 is read on the LOAD CURRENT METER {ACV).

Table 5.3 Accelerating voltage and detector current

Accelerating | oyo | oy’ | 15KV | 20kv | 25KV | 30KV | 35KV
voltage .
Detector '
current S HA 10 pA 15 nA 20 uA 25 uA 30 uA 35 uA

While observing the LOAD CURRENT meter (ACV), gradually turn the GUN FILAMENT knob
(AVC) clockwise until the meter reading ceases to increases (saturation point). Refer to Fig. 5.12.
When the GUN FILAMENT is set to the saturation point, a stable electron heam is obtained and the

load current (detector current plus emission current) is read on the meter,

Caution: Setting the GUN FILAMENT knob beyond the saturation point will shorten the service
life of the electron gun filament. Therefore, check the samrarzon point after prolonged use of
.rhe probe or when high voltage (accelerating voltage) is sw:tched If the meter reading fails
to increase when the GUN FILAMENT knob is turned clockwise, the filament may be open.

Check the filament in accordance with Section 6.2,
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Fig. 5.12 Setting the GUN FILAMENT knob




See overleaf:

5.2.5 Axis alignment

Flowchart A-5
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(line profile) to the lower edge of the CRT screen (DIS), and adjust the brightness of the scanning
line with the DISPLAY unit BRIGHTNESS knob.
Set the SEI unit CONTRAST knob (10-turn potentiometer) to 2.0. Check that the scanning line on
the CRT screen moves up and down as the knob is turned slightly back and forth.
If the scanning line does not move, repeat the above operation while gradually turning the CONTRAST
knob clockwise, and set the knob where the change in the scanning line position can be observed.
If the scanning line still does not move with the above operation, repeat the operation with the
ACCELERATING VOLTAGE unit BEAM ALIGNMENT knobs set at 12 o'clock. If this operation
should aqjs:g ff;iij,oéﬂpeﬁfihe aperture in accordance with the instructions given at the beginning of this
section.
Align the scanning line on the CRT screen with the position shown in Fig. 5.13 with the BRIGHTNESS
knob (SEI).
Move the scanning line as far up as possible with the ACCELERATING VOLTAGE unit BEAM
ALIGNMENT (upper two) knobs (for tilting electron gun beam). If the scanning line moves to the
upper edge of the CRT screen, bring it down by turning the CONTRAST knob (SEI) counterclockwise

and repeat the above operation,

DISPLAY

i

Scanning line

OO O O

A:B=9:1

Fig. 5.13 Electron gun axis alignment

5.2.5b Lens axis alignment

Set the SEI/BEI switch to BEI to protect the detector (backscattered electron detection).
Set controls of each unit as follows:
m LENS unit
e CONDENSER LENS knob
& MAGNIFICATION unit
® COARSE button, FINE knob




i
N

® PROBE SCAN/EXT SWItch « « - - <+ oo e nnenmevosesensons PROBE SCAN

u SCAN GENERATOR unit l
® Scanning mode selection switch - -+ + v v v v e e e e [ (frame scanning)

» DISPLAY unit =
SCONTRASTRNOD » v« v ommme i veeieanranieeiieeseas Fully clockwise (7} l

3. Check that a bright circular image approximately 10 mm in diameter appears on the CRT screen

(DIS). Adjust the SEI unit CONTRAST and BRIGHTNESS knobs for a clear image.

|
|

4., Insert the axis alignment tools (see Fig. 3.5—¢) into the alignment screws as shown in Fig. 5.1.4.
Then, adjust the screws so that the circular image A comes to the center of the CRT screen as shown

in Fig. 5.15. Leave the axis alignment tools in the alignment screws until axis alignment is completed.

Condenser lens

&

Axis alignment
scraw

¢

Axis alignment
tool

[Crossaction]

Fig. 5.14 Using the axis alignment tools

5 Push the ACCELERATING VOLTAGE: COARSE 0 V button to set the accelerating voltage to 5 kV.
When this button is pushed, the circular image A on the screen changes for approl)fll‘n}gtezlyfgfs’ec?rlds
as shown in Fig. 5.15. Then, the circular image B with a constant position and size appears. If the
axis is out of alignment, circular image A and circular image B are not concentric as shown in
Fig. 5.15a. When this occurs, align the axis in accordance with the following procedures. Set the
magnification to 60, check that the axis is aligned, and if aligned, skip Steps 6 to 8.

6.  Adjust the ACCELERATING VOLTAGE unit BEAM ALIGNMENT (lower two) knobs (for electron

beam horizontal shift) so that the circular image B shown in Fig. 5.15a comes to the screen center.

7 Push the ACCELERATING VOLTAGE: COARSE 20 kV button (ACV) to set the accelerating voltage

to 25 kV.

: |
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{a) Bafora slignment {b) After alignment

Fig. 5.15 Lens axis alignment

Repeat Steps 4 to 7 for a better axis alignment with the magnification set to 60X,

Repeat the electron gun axis alignment in accordance with Section 5.2.5a,
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See overleaf: 5.2.6 Scanning image observation
Flowchart A-6, Fig. 5.16
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© OBJECTIVE LENS: MEDIUM knob « - -« v cvvvrnnnnnn. .. 12 o’clock ¥
® SEI unit

@ CONTRAST KNOD - - ¢ - oo v ve e e e e e e 1.5

® BRIGHTNESS KIOb -+« + + v ot e eveee e e aee e 0.0
® MAGNIFICATION unit

e COARSE 10l button ... ... ... ... . ... . Push

® PROBE SCAN/EXT SWItch « « -+« « v v v e e anananinnen EXT
m SCAN GENERATOR unit

SRAPID ZDUEOI = - - -« - = v e v v oo e e et et e e Push

® Scanning mode selection switch - -« -+ .« oL oo O (frame scanning)
w DISPLAY unit

© CONTRAST, BRIGHTNESS Kniobs « - -« -« ww.ooo. .. 12 o'clock

Set the SEI/BEI switch (SEI} to SEI to display the secondary electron image. (Set the switch to BEI
to display the backscattered electron image.)

Since there is a considerable difference betv;,réen a secondary electron image and a backscattered electron
image as shown in Fig. 5.17, they must be used according to the observation purpase,

A secondary electron image is most suitable for observing the specimen surface because it is shadowless

and of high resolution.

[Secondary alectron imagel [Backscattard slactron imagel

Fig. 5.17 Comparison of secondary electron image and
backscattered electron image Specimen: Galena

Set the NOR/INV switch (SEI) to NOR (normal contrast image). To display an inverted contrast image,
set the switch to INV. When the switch is set to INV, the video signal polarity is reversed and a negative

picture is displayed as shown in Fig. 5.18. A positive picture can be obtained when an inversed contrast



image is recorded on negative film. This can be used to make slides.

[Normal contrast image — positive picturel [Invarted contrast image — negative picture]

Fig. 5.18 Comparison of normal contrast image {positive picture) and inverted
contrast image (negative picture) Specimen: Red bload corpuscles

4.  Gradually turn the SEI unit BRIGHTNESS knob clockwise until the raster becomes faintly visible on
the CRT (DIS) (background setting).
5. Set the PROBE SCAN/EXT switch (MAG) to PROBE SCAN.

Note: If this switch is set at EXT for a long time, one spot on the specimen may be altered by the
beam. Therefore, keep the probe irredigtion time as short as possible when this switch is set
at EXT.

6.  Adjust the SEI unit CONTRAST knob to display an optimum contrast image as shown in Fig. 5.1%a

(double-printing with the line profile).

Adjust the BRIGHTNESS knob (SEI) to obtain optimum brightness as shown in Fig. 5.19b, Adjust

contrast and brightness for the best image. In this section, contrast and brightness are adjusted with the

SEI unit CONTRAST and BRIGHTNESS knobs. For photography, the DISPLAY unit CONTRAST

and BRIGHTNESS knobs are used.

Note: Normeally, image contrast can be adjusted with the CONTRAST knob alone. However, in X-ray
analysis when a high probe current is used, a lerge number of electrons are emitted from the
specimen. When using the secandary electran image, the detector may become saturated so thut
it cannot be controlled by the CONTRAST knob alone. When this occurs, set the COLLECTOR
thumbwheel to a lower value to decrease the collector voltage, keeping the number of secondary
electrons entering the detector at optimum.

7. Adjust the OBJECTIVE LENS: MEDIUM knob (LEN) so that a clear image is obtained. If no astig-

matism is present, the in-focus and clearest image as shown in the upper row (Fig. 5.20) can be obtained
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[Optimum]e——  _ [Excessive]

[nsufficient) — o [Insufficient]———-[Dptimum]-———-[Excessive]

{a) Contrast variation {b} Brightnaess varistion

Fig. 5,19 Adjusting contrast and brightness

with the knob. If astigmatism is present, as shown in the lower row (Fig, 3.20), the image will be
indistinct even at the optimum focus position, When the knob is turned through the optimum focus
position, the image appears to flow in one direction and then in a direction at right angles to the said

direction. Astigmatism must be corrected for in accordance with Section 5.2.8,

[No astigmatism]

OBJECTIVE LENS knob

=}
{Underfocus] [Focus] [Overfocus]

[Astigmatism present]

Fig. 5.20 Focusing and effects of astigmatism




8. Select the desired field with the specimen stage X and Y controls; if necessary, change the specimen

orientation with the rotation control (Fig. 4.5 and Fig, 4.6). When the rotation control is turned clock-

wise, the specimen turns clockwise (360°) and the image turns clockwise as shown in Fig. 5.21. The

rotation angle @ is given by 8 = 0.36N where N is the counter reading. When the optimum specimen

- N N

orientation is selected, lock the knob.

i
(
)

180°

[

Fig. 5.1 Specimen rotation ~ Specimen: Diatom

9.  If necessary, tilt the specitnen 45° around the Y-axis or to the desired angle with the specimen stage

tilt control. (This is for stereoscopic observation from a oblique direction of a fine structure which
cannot be observed from a horizontal direction only. This is also effective in observing a low signal
specimen because the signal intensity increases when a flat specimen is tilted.)
Push the LENS unit FULLY FOCUS button {the button lamp lights). Slowly turn the AMPLITUDE
knob c10ckw1se to correct differences in focus between the left and right portions of the image as shown
in Fig. 5.22 to focus the probe along the specimen surface. Then, readjust the focus with the OBIECT
LENS: MEDIUM knob.

Note: When the WD39 specimen holder is used, the specimen cannot be tilted if the working distance

35C-1 -




5-31
is set at 15 mm, nor can the specimen be tilted if the optical niicroscope (OM) is used. If the
specimen is tilted in such cases, the specimen holder, specimen stage and internal components
of the specimen chamber will be damaged,

Note: Stereoscopic image
Take two micrographs of the same field at different tilt angles as shown in Fig. 5.23. Then,
observe them through a commercielly available stereo-viewer. The difference between the two
tilt angles should be selected so as to lie within the optical angle range {approx. 140), the acruagl
difference depending on the unevenness and overlap of the specimen. A large difference is

required for smooth specimens,

[Befora correction] [Atter correction]

Fig. 5.22 Correcting focus for tilted specimen Specimen: |ntegrated circuit

Specimen: Graphite

Fig. 5.23 Stereoscoplc Image Difference between tilt angles: 5 degrees.

10. Obtain the desired magnification with the MAGNIFICATION: COARSE button and FINE knob (MAG).
The set magnification is displayed on the indicator unit MAGNIFICATION indicator. If a high magni-
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fication is set, select the field by finely shifting (30 um) the scanning position with the IMAGE SHIFT
(X, Y) knobs (MAG).

=y
11.  Select the scanning speed for observation (continuous scanning) in accordance with Table 5.4,

Table 5.4 Selecting scanning speed for observation

Select | Frame speed | Number of scanning .
button | (sec/frame) lines (lines/frame) Scanning mode Purpose
R(Asiélg)z 0.04 (1*1) 533 (1,000%!) ﬁﬁlltgészig Normal observation (still image)
R(*glélg) 1 0.1 500 (200*1) Reduced e | For observing low signal fields
SLOE}VI 5 1,000 For observing low signal fields and
(8¢6) focusing and correcting astigmatism
SLOW 2 Full area at high magnifications and adjusting
(SCC) 25 625 scanning signal processor units.
ME*? 0.5 500 For observation under the same con-
{DIS) ) ditions as for single frame scanning

*|  The values enclosed in parentheses are used only when the MAGNIFICATION: COARSE 10" button (MAG)
is pushed,
*2  The frame (vertical scanning) speed and the horizontal scanning speed can be set separately with the VERT,
- HOR thumbwheels (SCG). The number of scanning lines varies aecording to combinations of the VERT, HOR
thumbwheels. Since the photographic recording system shutter opens when this button is pushed, push this button
only after the dark slide has been inserted into the film holder.

A fast frame (vertical scanning) speed is recommended for direct observation of an image on the CRT
because the image is clear and flicker-less. The selected area scanning (15 mm X 15 mm — full scanning
on the CRT) as shown in Fig. 5.24 is useful to obtain a clear image in a low signal field and is especially
effective with the RAPID 2 button pushed. The RAPID 1 button is for reduced area scanning. The
selected area scanning is performed in accordance with the following procedures:

a. Set the SELECTED AREA switch (SCG) to its lower position .
b. Limit the field (change the scanning range) as desired with the WIDTH: (X, Y) knobs (S8CG).

c. Shift the position to be limited as desired (change the scanning position) with the POSITION

(X, Y) knobs (SCG).

I I W NI E s EEEE

12. Readjust the image contrast and brightness with the SEI unit CONTRAST and BRIGHTNESS knobs.

Note: For photography, the SEI unit CONTRAST and BRIGHTNESS knobs are set in canjunction with

the CONTRAST and LEVEL indicators (IND). In this case, subseqtient adjustment of image con-

trast and brightness is performed with the DISPLA Y unit CONTRAST and BRIGHTNESS knobs.

13, Precisely focus the image with the OBJECT LENS: MEDIUM, FINE knobs (LEN). At low magnifi-

cations, adjustment of the MEDIUM knob is sufficient. At high magnifications, however, both FINE and
MEDIUM knobs must be used.

If the image moves when the focus is changed, perform the procedures given in Section 5.2.7 to correct
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14.

the aperture position.

[Full area scanningl [Salected area scanning]

F'ig_ 5.24 Full area scanning and selected area scanning Specimen: Silicon wafer

If necessary, select the automatic brightness control (ABC) mode. When the field of view is moved, the
video signal may change to a large extent, resulting in a large change of the image brightness. Under such
conditions, the ABC mode ensures the nearly constant image brightness without any adjustment of the
brightness control. In the cases below, however, the ABC mode cannot be applied; therefore, before
carrying out the operation, push the ABC: OFF button (LEN).
o NOR/INVswitch(SEI) ................... INV (inverted contrast image)
® Scanning mode selection switch (SCG) ... ... ... ® (spot) or — (line scanning)
a. DPush the RAPID 1 or RAPID 2 button on the SCAN GENERATOR. unit (scanning speed selection).
b. Ohbtain the desired contrast and brightness of the image with the SEI unit CONTRAST and BRIGHT-
NESS knobs.
¢. Push the LENS unit ABC: ON button (the built-in lamp flickers to indicate that the ABC is operat-
ing.)
Cautions: 1. Do not tamper with the CONTRAST and BRIGHTNESS knobs (SEI) under this con-
dition.

2. If the CONDENSER LENS knob is being set at an excessively weak excitation, the
image may not appear. In this case, immediately push the ABC: OFF button and
change the condenser lens excitation.

d. Locate the other desired field of view and observe the image.
Since the brightness, set by step b, is stored, the image brightness always remains constant whatever
field of view is located (RAPID 1 and RAPID 2).
When the SLOW 1, SLOW 2, or PHOTO button (SCG) is pushed, re-push the ABC: ON button after
locating the desired field of view. The image brightness remains nearly constant.

Notes. 1. Since the image brightness is not stored for a long period in the ABC mode, the same




534
image brightness cannot be obrained when the SLOW 1, SLOW 2, or PHOTO button is
pushed. Accordingly, the use of the ARC mode is recommended for field-of-view selec-
tion only.

2. When the amplitude (contrast) and level (brightness} of the waveform of the image
video signal is adjusted (WAVEFORM MONITOR button (DIS) pushed) in the ABC
mode, the image with the brightness, originally set up, is restored by pushing the NOR-
MAL button (DIS) in the case of RAPID 1, RAPID 2, or SLOW I mode.

3. When the ABC: ON burtton is pushed with the SLOW 1, SLOW 2 or WAVEFORM

MONITOR button pushed, the ABC: ON button lamp flickers and then remains Iit.
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See overleaf: 5.2.7 Aperture centering

Flowchart A-7, Table 5.5, Fig. 5.25
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2. Push the RAPID 2 button (SCG).
3. Change the aperture diameter (normally, position 2: 240 pm dia.) with knob 1 in accordance with

the general description given at the beginning of this section.
4. Focus the image with the OBJECTIVE LENS: MEDIUM knob (LEN). oo i o0

5. Bring a feature in the image to the center of CRT (DIS) screen with the X and Y controls,

6. Push the LENS unit FOCUS WOBB button (=) and set the AMPLITUDE knob to the 10 o'clock
position:ﬁ. If the feature remains approximately in the screen center as shown in Fig. 5.26a, the
aperture is propery inserted into the beam path. If the feature shifts as shown in Fig. 5.26b {at an inter-
val of approx. 0.3 sec), the aperture position is off center. Loosen the lock nut shown in Fig. 5.25,

adjust knobs 2 and 3 5o as to minimize the shift of the feature, and tighten the lock nut.

(s} Properly inserted {b) improperly inserted

Fig. 5.26 Aperture centering

7. Push the FOCUS WOBB button again to release it (_wm ).
8. Focus the image with the OBJECTIVE LENS: MEDIUM knob.
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See overleaf: 5.2.8 Astigmatism correction
Flowchart A-8, Fig. 5.27
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10.

11,

12,

{a) Before correction {FOCUS WOBB button: s ] (b) Before correction [FOCUS WOEB buttan: —_]

{c) After correction [FOCUS WOBB button: =} {d} After correction [FOCUS WOBB button: sm.]

Fig. 5.28 Astigmatism correction Specimen: Fracturad surface of brass

Manipulate the STIGMATOR: X and Y knobs altemately so that directional image blurring (astigma-
tism) disappears (Fig. 5.28¢).

When astigmatism is corrected, the image focus is equalized in all directions, but the image will still
be somewhat blurred.

Check that no astigmatism appears while gradually turning the AMPLITUDE knob counterclockwise.
Then, tumn the knob fully counterclockwise and leave it there (the image is focused).

If astigmatism is not completely corrected, image blurring will appear as the AMPLITUDE knob is
turned, Make a fine adjustment with the X and Y knobs.

Push the FOCUS WOBB (LEN) again sm (the button lamp goes out) and precisely focus the image
with the OBJECTIVE LENS: MEbIUM and FINE knobs,

A clear image without astigmatism can be obtained through precise focusing (Fig. 5.28d).

Note: Contaminated internal components of the column will make it difficult to eliminate astigmatism.

If necessary, disassemble and clean the column as described in Chapter 6, Maintenance.



See overleaf:

5.2.9 Scanning image photography

Flowchart A-9, Fig. 5.29
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® Determining the exposure by monitoring wavefom
1.
pa

-— | EVEL indicator (LED)

CONTRAST w— CONTRAST indicator (LED)

Fig. 5.29 Determining the exposure with the LED indicators

Push the SCAN GENERATOR unit SLOW I button.

Push the DISPLAY unit WAVEFORM MONITOR button. The waveform of the video signal and

bright-up six lines with 1V intervals will be displayed on the viewing CRT.

Adjust the amplitude and level of the waveform with the SEI unit CONTRAST and BRIGHTNESS

knobs so that the peak of the waveform is at 5§ V and the minimum level at 0 V when one frame is

scanned (Fig. 5.30).

Note: The exposure can also be determined for the desired portion of the field in the line scanning
mode {Section 5.4.2b).

Push the DISPLAY unit NORMAL button to return the scanning mode to normal frame scanning.

Adjust contrast and brightness of the image on the CRT with the DISPLAY unit CONTI;lAST and

BRIGHTNESS knobs,

D
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Fig. 5.30 Determining the exposure by monitoring waveform



5.2.9%b Setting photography conditions

Before photography, it is necessary to set the scanning speed, the lens opening (f-number) of the
camera, and the photographic recording unit CONTRAST and BRIGHTNESS knabs, taking into consideration
the type of film and image, etc. The horizontal and vertical scanning speeds for photography are not related
to the viewing scanning speeds and are set with the HOR and VERT thumbwheels (SCG). One frame scanning
is started by pushing the PHOTO button (SCG).

1.  Set the SCAN GENERATOR unit HOR and VERT thumbwheels to 6 and 6 or 6 and 7. When the HGR
and VERT thumbwheels are set to 6 and 6, the horizontal scanning speed and the vertical scanning
(frame) speed during photography will be 40 msec/line and 50 sec/frame, respectively, and the number
of scanning lines will be 1,250 lines/frame as shown in Table 5.6. When these thumbwheels are set
to 6 and 7, the horizontal scanning speed will be 40 msec/line and the vertical scanning speed will
be 100 sec/frame, respectively, and the number of scanning lines will be 2,500 lines/frame (this equals
the resolving power of the CRT).

Note: Each of the HOR and VERT thumbwheels is numbered from 0 to 9. However, for normal

photography, the ebove settings are suitable. The relationship between the number of scanning
lines and the scanning speed is as shown in the following expression:

Vertical scanning speed {sec/frame)
Horizontal scanning speed (secfline)

Number of scanning lines (lines/frame) =

Table 5.6 Scanning speed and number of scanning lines

HOR Horizontal scanning VERT Vertical scanning Number of scanning
thumbwheel speed (msec/line) thumbwheel speed (sec/frame) lines (lines/frame)
0 2 0 0.5 250
1 4 1 1 250
2 10 2 25 250
3 10 3 5 500
4 20 4 10 500
5 40 5 25 625
(6 —1—— 40 —6 | 50 ——— 1,250
= ——-2 500
7 100 1 7 | 100 —— 1,000
8 250 8 250 1,000
9 500 9 500 1,000

2. Set the f-number adjust knob (for adjusting the lens opening of the camera), and CONTRAST and
BRIGHTNESS knobs (Fig. 5.31) by referring to Table 5.7. For these knob settings, select adequate

conditions for the specimen being examined after some trials.




f-number knob

CONTRAST knob

BRIGHTNESS knoh

Fig. 5.31 Photographic recording unit and knobs used for sétting photography conditions
Table 5.7 Photography conditions
Thumbwhee] Film speed | Image fqg::g er Knob settings
Film holder Film mode
HOR |VERT ASA [DIN f/ CONTRAST|BRIGHTNESS
PRH Polaroid 4% 5 O 7.0
Polaroid Land film — 50|18 5.6 2.0
#5453 Type 55 - 100
film holder
Polaroid 4X3 O 5.0
Land film — 400( 27 [ 11 7.0
Type 52 - 10.0
1,250 ) PRH? Polaroid O 5.0
linesfframe/ | polaroig 105 75] 19 5.6 7.0
or #405 Land film - 6.0 10.0
l film holder Potaroid - . <0
olaroi .
I:Elz 50 107 3,000( 36 & 22 7.0
" o /frame) Land film Z 10.0
MRH 120/220 roll O 5.0
Mamiya 6X7 |film — 1007 21 1] 8 7.0
roll film Type 88 - 10.0
holder
120/220 roll O 50
film — 200| 24 8orll 7.0
Type SSS - 10.0
O: Frame scanning, [: Y-modulation, —: Line scanning,

5.2.9¢ Data recording

For facilitating identification and storage of the exposed film, the acclerating voltage, magnification,
film number and micron marker {including the micron indicator) are record on the film at the same time as the
image is photographed. This section describes the type of recording data, display selection, and film number

setting.

.




5—44

uData rééording and display selection
1. Set the CHARACT/OFF switch (PHO) to CHARACT or OFF as per the following requirements.
®To retord all the data, set the switch to CHARACT (Fig. 5.32a).
®To record all the data except magnification, set the switch to its center position (Fig. 5.32b).
o To record the image only, set the switch to OFF (in this case, omit Step 2} (Fig. 5.32¢c).
2. Set of the BRIGHT/BLANK switch (PHO) to BRIGHT or BLANK as per the following conditions.
oIf the data displayed area at the bottom of the micrograph is dark, set the switch to BRIGHT so as
to display the data in white characters (Fig. 5.32a).
oTf the data displayed area at the bottom of the micrograph is bright, set the switch to BLANK so as
to display the data in black characters (Fig. 5.32d).
oIf the data display area comprises both bright and dark portions, or when continuous photography
is to be done while changing the field, set the switch to its center position between BRIGHT and
BLANK so as to display the data in white on a black background (Fig. 5.32e).

mData readout
The data displayed on the viewing CRT (recorded on the micrograph) is grouped in five sets of
blocks as follows:

o[1 0 kV (accelerating voltage in kilovolts)

eX [0 [1 0O 0 O O {magnification} Direct readout is applicable to RRH only; PRH2: Approximately 0.83
times the displayed magnification; MRH: Approximately 0.58 times the displayed magnification).

o1 0 [0 O (film number) The last 2 digits count the number of exposures.

® —— (micron marker) The length of the micron marker is displayed on the micron indicator in micro-
meters; viz., 0000, O U (um).

®The last group (JEOLS, or any 5 letters or numbers) can be changed by our service personnel upon

request.

s Fitm number setting
Skip folloﬁving steps if the film number has already been set and resetting is not required.

1. Set the AUTO/MANUAL switch (PHO) to MANUAL.

2. Set the 4-digit number (0000 — 9999) of the PRESET thumbwheel (PHO) indicators to the number
to be recorded on the film.

3. Set the AUTO/MANUAL switch to AUTO. The same number as on the RESET thumbwheel indi-
cators (film number) is displayed on the FILM NUMBER indicator, and is ready to be printed on the
film. The last two digits automatically advance in accordance with the subsequent number of ex-
posures, but the first two digits do not change automatically. When the settings of the PRESET
thumnbwheels are changed, the first two digits of the FILM NUMBER indicator change simultaneously,
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but the last two digits remain unchanged. When the switch is set to MANUAL, the counting stops and
the same number is displayed and recorded. To change the film number with the switch set at MAN-
UAL, the PRESET thumbwheels must be reset and the switch must be temporarily set to AUTO.

5.2.9d Photography

This section describes procedures for photographing the CRT image. For handling the film holders

-

(special order), refer to their respective operation instructions.

1. Prepare the film loaded in the film holder (PRH: Pull out the film pack; PRH2: Pull out the black
tab only for the first picture; MRH: Roll up the film).

If a dark slide is inserted in the film holder (PRH2, MRH}, pull it out.

2, Adjust the OBJECTIVE LENS: MEDIUM and FINE knobs (LEN) to precisely focus the image.

3. Push the SCAN GENERAOR unit PHOTO button (the lamp lights). When this button is pushed, the
camera shutter opens, the one frame scanning at the scanning speed set with the HOR and VERT thuinb-
wheels (SCG) starts, and the scanning image along with data is exposed on the film. Upon completion
of scanning (recording) (the PHOTO button lamp goes out), the camera shutters automatically closes,
the scanning mode returns to its original scanning for observation (continuous scanning), and, when
the AUTO/MANUAL switch (PHO) is set at AUTO, the film number advances by 1.

Note: If the DISPLAY unit MF button is pushed (the button lamp lights) instead of the PHOTO
button, multiple exposure {lap photographing) of the scanning images in the same field is pos-
sible (useful for photographing X-ray images). With the camera shutter open, scanning at the
recording scanning speed is repeated as many times us desired. To close the shutter, push the MF
butron again {the button lamp goes out). The camera shutter closes upon completion of the
currerfr frame scanning, and the scanniﬁg mode returns to the viewing mode.

4. If photography is to be continued, prepare the next film (PRH: Replace the film pack; PRH2: Pull
both the white and yellow tabs; MRH: Roll up the film} and repeat Steps 2 and 3.

To terminate photography, insert the dark slide into the film holder {PRH2, MRH).

Note: For double exposure of normal scanning image and line profile, photograph without replac'ing

{or winding up) the film.
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[Airlock valve . . . . . Closed] [Airlock veive . . . . . Cpan]

Fig. 4.7 Operating specimen exchange chamber airlock knob

Yacuum control pushbutton This pushbutton controls opening/closing of the vacuum valve
when evacuating the specimen exchange chamber and venting
it to the atmosphere. In exchanging the specimen, when the
button is pushed after attaching the exchange chamber cap
to the specimen exchange chamber, vacuum valve V5 (Fig. 3.8)
‘closes, and the exchange chamber is evacuated. The lamp
in the button goes out after about 30 seconds indicating
completion of evacuation. When the button is pushed again,
vacuum valve LV?2 (Fig. 3.8) opens, the lamp lights, and air is
admitted to the exchange chamber to restore it to atmospheric

pressure.

Lock lever This is the lock lever for the front cover which is mtegrated
with the specimen stage (Fig. 4.8). The front cover must be
opened to exchange specimens on the 76 mm dia. X 20 mm hgt.
specimen holder (specimens on this holder cannot be exchanged
via the airlock system) or to mount an attachment in the

i
'

v

specimen chamber. To open the front cover, vent the entire
column to the atmosphere, set the tilt control to 0° (the WD
control must also be set to 39 mm if the optical microscope
OM is installed), then pull the lock lever. When closing the front
cover, first check that the tilt control is set at 0° (if OM is
installed, also check that the WD control is set at 39 mm), then
close the cover (the front cover locks when it is pushed).
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WATER lamp

VACUUM lamp

VACUUM RESET pushbutton

Vacuum system indicators

VENT pushbutton

PUMPDOWN pushbutton

air compressor reservoir. When the reservoir pressure drops
to below 3.5 kg/cm?, the lamp lights and the air compressor
starts automatically.

This lamp lights and the vacuum system automatically stops
when the temperature of the watercooled area of the oil
diffusion pump exceeds 60°C. Tuming the key switch on the
master power supply panel to VACUUM will not start the
vacuum system in this state, and the lamp will remain lit.
The vacuum system can be restarted when the temperature
of the water-cooled area drops to 60°C with the cooling water
running,

This lamp lights when the pressure in the column rises beyond
the specified vatue, If the pressure rises (vacuum deterioration)
while the instrument is in operation, all valves (solenoid valves
and prneumatic valves, Fig. 3.8) close automatically except V2,
and this lamp lights, In this case, after the cause has been
determined and the necessary repairs made, depress the RESET
button to re-start evacuation.

This pushbutton is used to re-start the vacuum system after
the cause of vacuum deterioration has been removed (vacuum
deterioration is indicated by the DEFECT: VACUUM lamp).
When this button is pushed in a normal state, the column
automatically returns to the high vacuum state.

Indicate which vacuum system solenoid valves and pneumatic
valves are open and which are closed and the operating state
of the pumps by lamps (Fig. 3.8 and Table 3.1). When the
lamps are lit, valves are open and the oil diffusion pump DP
and oil rotary pumps RP1/RP2 are in operation.

This pushbutton is used to temporarily vent the column to
the atmosphere. Air is admitted into the column prior to
commencing the electron gun filament replacement and
column cleaning. When this button is pushed, the buili-in
lamp lights (lamps in the PUMP DOWN hutton and LOAD
CURRENT meter go out), and air is admitted into the anode
chamber only if the anode chamber airlock valve AV1 (Fig. 3.8)
is closed. However, air is admitted into the entire column
if AV1 is open.

This button is used to '-éﬁcuate the column which has been
temporarily vented to the atmosphere, When this button is
pushed, the built-in lamp lights (the VENT button goes out). -
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If the aidock valve AVT (Fig. 3.8) is closed, the anode chamber
is automatically evacuated. If the AVI1 is open, the entire
column is evacuated. When the specified vacuum has been
reached, the LOAD CURRENT meter lamp lights to indicate
that the instrument is ready for high voltage application;
however, if the AV1 is closed, open it. The button is usually

- -f - -
i
o]

pushed in.

4.2.2b ACCELERATING VOLTAGE unit

@ |ACCELERATING VOLTAGE:
COARSE pushbuttons Change the electron probe accelerating voltage (high voltage)
in 4 stages. When any of the 0 V, 10 kV, 20 ¥V and 30 kV
button is pushed, the built-in button lights and the high voltage
(kV) corresponding to the sum of the voltage indicated by
the pushed button and the voltage selected by the FINE thumb-
wheel switch is generated and applied to the electron gun as
the accelerating voltage {up to 39 kV). The accelerating voltage
can be read on the ACC VOLTAGE indicator and is recorded
on film.

FINE thumbwheel switch This thumbwheel switch is used to select the accelerating
voltages between the COARSE button selected values. The
switch divides the voltage between the button selected and the
next lower button value into 10 steps. Numbers on the indicator
(0 — 9 correspond to 0 — 9 kV.

@ | GUN BIAS thumbwheel switch Changes over the electron gun bias in 10 steps. When the
indicator reading increases, the bias increases. The bias is set

according to the selected accelerating voltage.

@ | GUN FILAMENT knob Controls the heating current of the electron gun filament.
When the knob is gradually turned clockwise from its counter-
clockwise position while high voltage is being-generated, the
electron beam is emitted from the electron gun and the reading
of the LOAD CURRENT meter increases. With the knob set
at the utmost counterclockwise position, no heating current
flow through the filament. Set the knob at the saturation
position where the LOAD CURRENT meter does not deflect;
never turn it any further (turning the knob beyond the satura-

_tion position will shorten the service life of the filament).
When not observing images, turn the knob fully counterclock-
wise and set it there,

ON/OFF switch Switch for the high voltage (accelerating voltage) circuit and the
electron gun filament heating circuit. When this switch is OFF,
the ACCELERATING VOLTAGE: COARSE button lamp goes

®
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4.2 2
@

OVERLOAD lamp

LOAD CURRENT meter

BEAM ALIGNMENT knobs

LENS unit
FOCUS WOBB pushbutton

FULLY FOCUS pushbutton

out and the high voltage is disconnected (heating of the filament
is also stopped). When set ON, the high voltage selected by
the ACCELERATING VOLTAGE: COARSE button and the
FINE thumbwheel switch is supplied to the electron gun as
the accelerating voltage.

This lamp lights to indicate that the high voltage circuit is
in an overload condition due to high voltage discharge, etc.
When this lamp lights, discontinue taking micrographs.

This meter (full scale 400 pA) indicates the load current of the
high voltage (accelerating voltage) circuit. If the GUN FILA-
MENT knob is set to its extreme counterclockwise position
(the electron gun filament is not heated), the meter indicates
the detecting current; i.e., the accelerating voltage divided by
10? ((V){1 X 10° (2)). When the knob is turned clockwise to
the saturation position, the electron beam is emitied from the
electron gun, and the meter indicates the sum of the emission
current and the detecting current.

These four knobs align the axis of the electron optical system
by controlling the current that flows into the deflection coils
located beneath the anode chamber. When the upper two knobs
are turned either counterclockwise or clockwise from their
center positions, current starts to flow into the deflection coils
and the tilt of the electron beam entering the condenser lens
changes. When the lower two knobs are turned either counter-
clockwise or clockwise from their center positions, current
starts to flow into the deflection coils and the electron beam
entering the condenser lens shifts horizontally.

This pushbutton is for easily monitoring astigmatism. When this
butten is pushed (built-in lamp flickers) after the image is fo-
cused with the OBJECTIVE LENS knobs with the RAPID 2
button pressed, two slightly out-of-focus images (over-focus and
under-focus images) are alternately displayed on the CRT (this
button can be released by pushing it again). The AMPLITUDE
knob is used to adjust the amount of defocusing of the two
images so that the astigmatism can be most clearly observed (the
two images can be seen flowing at right angles to each other).

Uniformly focuses the image of the surface of the tilted
specimen. When this button is pushed, the built-in lamp lights
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ABC:
ON pushbutton

OFF pushbutton

AMPLITUDE knob

STIGMATOR (X, Y) knobs

CONDENSER LENS knob

OBJECTIVE LENS:
COARSE, MEDIUM, FINE knobs

and the entire image field can be focused regardless of the tilt
of the specimen (this button is released by pushing it again).

This button is used for automatic brightness control. When the
button is pushed, the image brightness is maintained constant
even when the field of view is moved. Before pushing this
button, set the image brightness and contrast at the desired
level. In the RAPID 1 and RAPID 2 modes, the image brightness
is automatically compensated for change in the field of view. In
other scanning speeds, push this button after locating the de-
sired field (useful for selecting the field of view).

Used for releasing the ABC mode,

Adjusts the amount of defocusing of the under- and over-
focused when the FOCUS WOBB button is pushed. When the
knob is turned fully counterclockwise, the amount of defocus-
ing of the two images becomes nil. The defocusing at the upper
and lower image edges due to specimen tilt can be also com-
pensated with this knob when the FULLY FQOCUS button is
pushed. With the knob at the utmost counterclockwise position,
in this case, focusing is achieved with respect to the horizontal
plane only.

Vary the stigmator strength in the X and Y directions, respec-
tively. The LEDs indicate the knob rotated direction. When
both LEDs are unlit, the potentiometer is set at the center posi-
tion.

This 10-turn potentiometer (with a stop) adjusts the probe
current by varying the condenser lens current. When the knob
is turned clockwise, the probe current is reduced and the probe
diameter becomes smaller. This knob is normally set at a dial
reading of 7.0.

These kncbs are used for focusing the imapge by varying the

objective lens current (COARSE knob: rotary switch with 11 20

contacts, MEDIUM knob: one-turn potentiometer, FINE knob:
10-turn potentiometer). The COARSE knob is set according to
the working distance in use. The other two knobs are adjusted

80 that the image is the clearest for observation (the MEDIUM

knob is used for coarse adjustment and the FINE knob is used
for fine adjustment). The state in which the image is properly
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4.2.2d

SE:[‘ button

SEI unit
COLLECTOR thumbwheel switch

CONTRAST knob

BRIGHTNESS knob

DET HV lamp

PMT HV lamp

focused is called “in-focus™. The out-of-focus state penerated
by turning the knob clockwise from the “in-focus™ position

is called “over-focus” and the opposite state is called “under-
focqs”,”‘.'-'-l R P ST P A :
P L ¥ C P v g R E
Y SO ) ‘ .

Used for improving the accuracy of the MAC (optional attach-
ment). . o ;

Ll et VAT T v

Varies the voltage {(—500 V to -;_"V) of the detector collector
and thereby controls the amount of secondary electrons
entering the scintillator. The collector voltage is raised when
the indicator (0 — 9} is set to a higher number. A setting of
or more will normally result in the best secondary electron
image. In X-ray analysis, etc. where a high probe current is
required, the indicator is set to 5 or less to avoid photomulti-
plier saturation and prolong the service life of the scintillator

and photomultiplier (PMT).

This knob (10-turn potentiometer with a stop) adjusts the image
contrast by varying the supply voltage to the photomultiplier
(PMT) (the gain and amplitude of the video signal changes).
As a rule, the knob is set with CONTRAST indicator or wave-
form monitor (WFM).

This kneb (10-tumn potentiometer with a stop) adjusts the image
brightness by varying the DC level of the video signal. Usually,
the knob is set with the LEVEL indicator,

Lights to indicate that high voltage (+10 kV for accelerating
secondary electrons striking the scintillator) is being supplied
to the scintillator of the detector. This lamp lights when the
SEI/BEI switch is set ta SEL

Lights to indicate that high voltage (adjusted with the CON-
TRAST knob and supplied 'to the photomultiplier dynode
chain} is being supplied to the photomultiplier (PMT) of the
detector. This lamp lights when the SEI/BEI switch is set to
either SEI or BEI (will go out if the switch is set to the midway
position).
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Part name Function/Operation
number

|

& |SEI/BEI switch On/off switch for the high voltage to the scintillator and the
photomultiplier of the detector. When this switch is set to
SEI, the DET HV lamp and the PMT HV lamp are lit (high
voltage is supplied to both the scintillator and the phtomulti-
plier) and the secondary electron image can be displayed. When
set to BEI, the PMT HV lamp lights (the scintillator is grounded
and high voltage is supplied only to the photomultiplier) and
the backscattered electron image can be displayed. When the
switch is set to the midway position, both lamps go out and
both high voltage supplies to the scintillator and the photo-
multiplier are disconnected (for X-ray analysis and higher
probe current, the switch is set to the midway position
or BFI to protect the detector). When the type of image to be
displayed is changed, the CONTRAST and BRIGHTNESS
knobs must be re-adjusted with the CONTRAST and LEVEL

indicators.

Il

#  |NOR/INV switch Changes the polarity of the video output signal. When set at
NOR, a normal (positive) scanning image is displayed. When
set at INV, an inverse contrast (negative) image is displayed.
Inverse contrast images can be photographed as positive images
if negative film is used, a facility which is useful when making
slides.

4.2.2 .NIAGNIFICATION unit
O |MAGNIFICATION:
COARSE pushbuttons These pushbution selects the decimal factor for setting the
magnification, When the button is pushed, the built-in lamp
lights. The magnification is set by the product of the decimal
factor selected by the COARSE pushbutton (10, 10%, 107
and 10* buttons) and the numerical value selected by the
FINE knob and the image magnification can be read on the
MAGNIFICATION indicator and printed on film. This magni-
fication is applicable to images photographed using a Polareid
#545 Film Holder; mot applicable to images photographed
using other film holders. Furthermore, the image on the 10"
CRT is displayed 1.5 times the above magnification.

FINE knob The FINE magnification knob (full turn) further varies the
magnification selected by the COARSE button in 24 steps.
The numerical values of each step of this knob vary with the
working distance (WD) as shown in Fig. 4.11.
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number Part name Function/Operation

WD (tnm ) WD (mm)
f1s]

FINE 1.0} 2.0
1819.0 11122
1658.04—\ \ e/ /——1.252.4
15075 ———— ———— 13126
13165 ————— o 1.5{3.0
12(6.0 16i3.2
1155 1.813.6
10 5.0 2.014.0
9.4 47 —— — 2.254.4
8.6 §43 ﬁ—/ 2.4 4.8
7.8 3.9 e 5.4
7.2 i3.6 3.016.0
6.6 3.3 §

Fig. 4.11 Numerical values for FINE knob
@ | PROBE SCAN/EXT switch Scans and stops the electron probe. When the switch is set

4.2.21

IMAGE SHIFT (X, Y) knobs

SCAN GENERATOR unit

SLOW (1, 2) and RAPID (1, 2)
pushbuttons

at PROBE SCAN, the sawtooth current flows through the
deflection coils (for probe scanning and image fine shifts)
located above the objective lens, and the probe scans in
synchronization with the CRT. With the switch set at EXT,
the electron probe stops on the specimen (CRT scanning
continues), The EXT position is also used for axis alignment and
X-ray analysis (point analysis). The switch is usually set at
PROBE SCAN,

Electrically fine-shift the field of view up to 30 um in the X
and Y directions. When the knobs are turned-either counter-
clockwise or closkwise from their center positions, current
starts to flow in the deflection coils located above the objective
lens, the probe scanning area shifts, and the field of view
changes. These knobs are used to select the field of view at
high magnifications.

These repeated mode scan buttons select the scanning speeds
for visual observation in four steps, The scanning speed most
suitable for the magnification, specimen, or research purpose
is selected by pushing the corresponding button (the built-in
lamp lights) to select the field of view and make various
adjustments. When the RAPID I button is pushed, a reduced
area (75 mm X 75 mm on the 10" CRT) is scanned at a
frame speed (vertical scanning speed) of 0.1 sec/frame, which
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is suitable for visual observation of the field of view with
relatively weak signals (when this button is pushed, the scanning

range is reduced and the intensity of signal is increased), When
the RAPID 2 button is pushed, the full area is interlace-scanned
at -a frame speed of 0.04 sec/frame (1 sec/frame if the MAG-
NIFICATION: COARSE 10! button is pushed), and a still
image is observed. When the SLOW 1 or SLOW 2 button is
pushed, the full area is scanned at a frame speed of 5 sec/frame
or 25 sec/frame, These two buttons are used when a scanning
speed nearly equal to that in the recording mode is required
(for example, for determining the accurate exposure and adjust-
ing the signal processors), when the signal intensity is exces-
sively low (for example, the X-ray image), and for visual
observation of the image at high magnifications (for example,
selection of the field of view, focusing and correction of
astigmatism at high magnifications).

@ | PHOTO pushbutton This single scan button for recording is interlocked with the
cameta shutter of the photographic recording system. When the
button is pushed (the built<in lamp lights), the camera shutter
opens, and the single frame scan at the scanning speed corre-
sponding to the settings of the HOR and VERT thumbwheel
switches (regardless of RAPID 1, RAPID 2, SLOW 1 and
SLOW 2 buttons) begins and the image is displayed on the
CRT and the data (accelerating voltage, magnification, film

1

number, micron marker, and 5 characters are printed out on
film. Upon completion of the single scan (the lamp goes out),
the shutter closes automatically and repeated scanning
continues.

@ | HOR, VERT thumbwheel switches | Independently set the horizontal scanning speed and vertical
scanning (frame) speed for recording (PHOTO button and MF
button serve as triggers). The horizontal scanning speed is
selected between 2 to 500 msec/line by varying numbers (0 — 9)
on the HOR thumbwheel switch, and the vertical scanning speed
is selected between 0.5 to 500 sec/frame by varying numbers
(0 — 9} on the VERT thumbwheel switch. For a normal
recording, HOR and VERT switches are set at 6 and 6 (HOR:
40 msec/line, VERT: 50 sec/frame) or 6 and 7 (HOR: 40 msec/
line, VERT: 100 sec/frame), respectively.

SELECTED AREA switch | Switch for the selected area scanning. When this switch is set
to its lower position, a selected area scanning image of the
scanning range set by the WIDTH (X and Y) knobs can be
obtained (full scan on the 10" CRT 135mm X 180 mm to

@)
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15mm X 15 mm), and the position of the selected area scan-
ning image can be shifted as desired with the POSITION
(X and Y) knobs (the switch is usually set to its upper position
for full scanning). At the scanning speed for visual observation,
especially when the RAPID 2 button is pushed (RAPID 1
button is for the reduced area scanning), the scanning image
becomes blurred and the fine structure cannot be revealed
(because accurate focusing and astigmatism correction is dif-
ficult) if the signal intensity is insufficient due to the selected
field of view or as a result of increased magnification. Therefore,
the scanning area should be kept to a minimum to increase
the signal for accurate focusing. '

& | WIDTH (X and Y} knobs Select the scanning area in the selected area scanning mode.
The X knob is also used to vary the scanning width in the line
scanning mode.

@ | POSITION (X and Y) knobs Shift the scanning area in the selected area scanning mode.
Also used to move the scanning line up and down in the line
scanning mode.

Scanning mode selection switch Selects frame scanning, line scanning (amplitude modulation

and brightness modulation) and spot scanning. When set to O
for normal frame scanning, a scanning image at the speed set by
the SLOW and RAPID buttons or HOR and VERT thumbwheel
switches is displayed. When set to — for line scanning, a line
profile (waveform of the video signal) is displayed if the modu-
lation mode selection switch is set to its upper position. A
brightness modulated line (a scanning line which is bright-
ness-modulated by the video signal) is displayed if the modu-
lation mode selection switch is set to its lower position. When
set to ® for spot scanning, the probe beam can be stopped at
any selected spot on the specimen (the probe position can be
checked by the scanning image and the spot), which can be used
for X-ray analysis and measurement of intensity of the emitted
electrons.

Modulation mode selection switch Selects the modulation mode for line scanning. When set to its
upper position for amplitude modulation line scanning (line
profile), electrons emitted from the specimen are captured
by the detector and their quantitative changes are displayed
on the CRT as a waveform. When the switch is set to its lower
position for brightness modulation line scanning, a scanning
line having a brightness corresponding to quantitative changes
in the emitted electrons is displayed on the CRT (this mode can

Il Il b A B B DN EEEE S ENENMN
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4.2.3b
®

&

DISPLAY unit
10" CRT

NORMAL pushbutton

WAVEFORM MONITOR
pushbutton

Y-MOD pushbutton

MF pushbutton

AMPLITUDE knob

CONTRAST knob

High resolution, long persistence type CRT for visual observa-
tion (screen area 135 mm X 180 mm). A scanning image 1.5
times the display magnification can be displayed and a contrast
and brightness suitable for visual observation can be adjusted
by the CONTRAST knob and BRIGHTNESS knob.

This button is used to observe normal scanning image. When
this button is pushed, the built-in lamp lights, the WAVEFORM
MONITOR button or Y-MOD button is released and a normal
scanning image is displayed (the built-in lamp goes out).

This button is used to correctly determine the image contrast
(amplitude: 5 V), brightness (level: 0 V), etc. When this button
is pushed (the btuilt-in lamp lights), the video signal waveform is
displayed on the CRT. The amplitude and level of the waveform
can be read from the six reference lines (0 — 5 V) (this button
is released by the NORMAL button).

When this button is pushed (the builtin lamp lights), the
vertical deflection signal of the CRT is modulated by the video
signal, and a Y-modulation image is thereby obtained (this
button is released by the NORMAL button). Amplitude of the
modulation image is adjusted by the AMPLITUDE knob. Much
more detailed discrimination than the normal scanming image
(brightness modulation image) can be made and is used to
observe the fine structure of the specimen.

Multiexposure button, interlocked with the camera shutter
of the photographic recording system. When this button is
pushed = (the built-in lamp lights), the camera shutter
apens, the same operation as when the PHOTO button is pushed
begins, and scanning at the scanning speed for recording is
repeated, When the button is pushed again wm (the built-in
lamp goes out), the camera shutter closes upon completion
of the current frame scanning, and the scanning speed returns
to that for visual observation. This button is used to record
X-ray images having a low signal intensity or to observe the
image at the scanning speed for recording (repeated scanning).

Adjusts the amplitude of the Y-modulation image obtained
by pushing the Y-MOD pushbutton, The amplitude, which is
corresponding to the contrast of the brightness moduiation
image, can be changed optionally.

Adjusts the image contrast on the 10" CRT. A contrast suitable
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number
for visual observation can be obtained by setting the knob
near its 12 o’clock position.
® | BRIGHTNESS knob Adjusts the imape brightness on the 10" CRT. A brightness

suitable for visual observation can be obtained by setting the
knob near its 12 o’clock position.

4,.2.3c Photographic recording system

@ |5"CRT Ultra-high resalution, short persistence type CRT for recording
(screen area 69 mm X 92 mm, 42° deflection, flat-face type).
When the Polaroid #545 film holder (RPH) is used, the scanning
image matching the display magnification can be recorded
(the scanning image of about .77 times the display magnifica-
tion will be displayed on the CRT). If the Polaroid #405 Film
Holder (PRH2) and Mamiya 6 X 7 Roll Film Holder (MRH)
are used, the scanming image of about 0.83 and (.58 times
the display magnifiation can be recorded. The CRT focus
can be adjusted by the CSI FOCUS control accessible when
the DISPLAY unit is rtemoved. 7

@ |Camera High performance camera used exclusively for recording the
scanning image {focal length: 77.3 mm, lens opening: /5.6 —
22). A synchronous solenoid shutter interlocked with the probe
scanning is incorporated. The PHOTO button or MF button
is pushed to record, Three types of film holders are available
for this camera (option) : PRH Polaroid #545 Film Holder
(Polaroid 4 X 5 Land film — type 52/55), PRH2 Polaroid
#405 Film Holder (Polaroid Land film — type 105/107), and
MRH Mamiya 6 X 7 Roll Film Holder (120/220 film); each
holder is used with the respective adapter.

@ | Focusing:knob Adjusts the camera focus. The camera focus must be adjusted
' by the focus screen when exchanging the film holder.

@ | fnumber adjust knob Adjusts the camera fmumber (lens opening). Setting of
fooumber (f/5.6, 8, 11, 16, 22) depends on the film speed
(ASA/DIN).

(& | PRESET thumbwheel switches Used to preset the film number in 4 digits independently.

Numbers on the indicaotrs (0000 — 9999} correspond to those
of the FILM NUMBER indicator and the film number in the
data printed on film.

FILM NUMBER indicator Provides a 4-digit digital display for film number ( [ (2[5l ).
When the AUTO/MANUAL switch is set to AUTO, the first
two digits follow change-over of numbers on the corresponding
PRESET thumbwheel switch indicators, and the last two digits

@
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Index
number

Part name

Function/Operation

@

AUTO/MANUAL switch
BRIGHT/BLANK switch

CHARACT/OFF switch

CONTRAST knob

BRIGHTNESS knob

are automatically set according to the number of exposures
(for re-setting the last two digits, set the AUTO/MANUAL
switch to MANUAL, change the corresponding numbers on the
PRESET thumbwheel switch indicators, then set the AUTO/
MANUAL switch to AUTO again). When the AUTO/MANUAL
switch is set to MANUAL, all four digits follow the manual
change-over of the PRESET thumbwheel switches. These
numbers can be printed out on film when recording.

Automatic/manual change-over switch for film number setting.

Used to change the display format of the data displayed on the
CRT and printed out on film when recording. When this
switch is set to BRIGHT, the displayed data becomes bright
and is displayed in white characters (this format is suitable
when the data display zone at the lower part of the image is
dark). When set to BLANK, the data is displayed in black
characters (this format is suitable when the data display zone is
bright). When set to the midway position, the data is displayed
in white characters on a black background (this format is
suitable when the brightness of the data display zone is not
upiform or when continuous photography is carried out while
varying the field of view).

Selects type of data to be printed out on the film. When this
switch is set to CHARACT, all data shown in Fig, 4.12 (ex. of
recorded data); that is, the accelerating voltage RIEIKV, magni-
fication X ERMIICIT , film number [WRIREA | micron
marker , and micron indicator (@, [d U (unit U
represents um), and the length of the micron marker are dis-

played along with the image and up to five characters
WEGLDE (letters or numbers)* are displayed and printed
out. When set to OFF, only the image is displayed. When set to
the midway position, all the above data except for the magni-
fication is displayed and printed out along with the image.

* The instrument is shipped with the digits LI[EIQI LIS already
set, which may be changed, upon request, by our service
personnel on the installation site.

The 10-turn potentiometer (with a stop) which adjusts the
image conirast on the 5" recording CRT. The knob is set to
6.0 for normal photography, and may be changed as necessary.

The 10-turn potentiometer (with a stop) which adjusts the image
brightness on the 5” recording CRT. Setting of this knob must
be varied according to the film speed and the scanning speed.
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This chapter covers the startup, shutdown and emergency procedures for the instrument, and the image

observation and recording methods. Special observation techniques are also dealt with including Y-modulated

image display. Two operating procedures are described. One is a comprehensive procedure required to be fol-

lowd after reassembling the instrument or when operating the instrument when the operating conditions are
unknown, and the other is a routine operating procedure to be used when the instrument has already been

adjusted for proper conditions. The former procedure is very useful as a practice procedure for operators

unfamiliar with the instrument and is designated as observation method A. The latter procedure is designated
as observation method B. Furthermore, the abbreviated form of the various component units as shown in
parentheses is used hereafter for convenience.

® DISPLAY unit (DIS)
® LENS unit {LEN)

® Indicator unit (IND)

® SCAN GENERATOR unit (SCG)
® MAGNIFICATION unit (MAG)
® SEI unit (SEI)

¢ ACCELERATING VOLTAGE unit (ACV)
® Photographic recording unit (PHO)
® VACUUM SYSTEM unit (VAC)

-
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See overleaf: 5.1 Emergencies

Flowchart




6.1.4  Air compressor failure

If the air compressor runs continuously for 30 minutes or longer, the instrument will stop automatically,
Check and repair the instrument,

Turn the GUN FILAMENT knob (ACV) fully counterclockwise.

Set the ON/OFF switch (ACV) to OFF.

Set the SEI/BEI switch (SEI} to its center position.

R

Start the instrument in accordance with Section 5.2.2.

5.1.6 Abnormal conditions

Shut down the instrument immediately, make necessary checks and repairs, then restart in accordance
with the following steps:
1. Set the key switch on the master power supply panel to OFF.
Check and repair the instrument.
Turn the GUN FILAMENT knob (ACV) fully counterclockwise.
Set the ON/OFF switch (ACV) to OFF.
Set the SEI/BEI switch (SEI) to its center position.

o s W

Start the instrument in accordance with Section 5.2.2.




See overleaf: 5.2 Observation method A, 5.2.1 Initial control setting
Flowchart A-1

[




8 AUTO/MANUAL SWitch - « « =« v v o e e ee et e e e e e e
- @BRIGHTNESS KNOB = « =« vt et v it e et e e e e

3. Set the stage controls as follows:

_ “

X contral - - e e e,
O Control - - - - v e e e e e,

L A5 o o )

Check that the anode chamber airlock valve (AV1)is open.




See overleaf:

5.2.2 Startup

Flowchart A-2
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See overleaf:  5.2.3 Specimen exchange

Flowchart A-3, Fig. 5.1, Table 5.1




@ Film number:

® Micron marker (0.1 — 1000.00 pm):

® 5 characters:

& Film holder:

onooQo

—

0000, O¢um) — micron indicator.
OOO0O0 (set as you desired by JEOL).
Special order (MRH, PRH, RRH2).

2B Vacuum System

® Control:
® Working pressure:
B Pumpdown time
® Entire column:
® Anode chamber:
® Specimen exchange chamber:

B Vacuumn gauge:

B Vacuum valves:

® Vacuum pump
® il rotary pumps:
# (il diffusion pump:

W Air compressor:

29 Safequards

Fully automatic (manually operable).

107* Pa (107° Torr) order.

Within 10 min.

Within 1 min.

Within 30 sec.

Pirani gauges, 2 {one each for anode chamber and specimen
chamber).

Pneumatic and electromagnetic valves.

100 £/min, 2 pumps.
400 /sec, 1 pump.

For pneumatic valves, 1 unit.

W Safety devices against power failure, water fail-
ure, vacuum deterioration, and misoperations:

B Unatiended operation system:

o0 €2 svert 20iwy Firs

2.10 Installation Requirements

2.10.1 Power supply and cooling water

B Power supply:
& Ground terminal:
® Cooling water
@ Flow rate:
® Water pressure:
® Water temperature:
® Faucet:

® Drain:

Built-in.

Built-in.

100 V, 50/60 Hz, single phase, 20A.
Less than 100 £2, 1

1.5 &/min or more.

0.08-0.25 MPa (0.8—2.5 kgfem®).
20+5°C.

Outer diameter 14 mm (1/2" hose), 1 faucet.

1.
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2.10.2 Installation room
® Minimum Dimensions: 2,600 mm (W) X 2,600 mm (D) X 2,000 mm (H).
W Entrance and exit: 800 mm (W) X 1,800 mm (H) minimum.
® Room environment
® Temperature: 20 £5°C.
@ Relative humidity: Not greater than 60%.
® External AC magnetic field: Not greater than 0.3 uT (3 mG)....at WD: 15 mm and 35 kV.
m External vibration: Not greater than 3 um (at higher than 5 Hz vibration),

2.10.3  Dimensions and weight {mm and kg}

Table 2.2 Dimensions and weight

Width Depth Height Weight
Console 750 1,100 1,800 400
(30™M (44™) (71" (890 &bs)
Operation and display system 600 1,014 1,200 130
(24" (40" 47" (290 £bs)
Pump box 900 250 500 100
(36" (10" (20") (220 £bs)

2.1 Guarantee
This instrument is guaranteed for one full year from the date of completion of installation, except for
defects resulting from natural disaster or careless handling. Defacts in materials and workmanship will be repaired

without charge at the installation site.

Note: These specifications are subject to change without notice due to improvements made fo the instrument,
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ASFAN T 3. COMPOSITION AND CONSTRUCTION % P R

This chapter deals with instrument composition, layout, and construction to the extent required for

operating purposes.

3. 1 CO m pOS iti on a nd Layout B e R S L I PR O T T O L L O e B PO e T R R T T R T I T

The instrument consists of a console (including column), an operation and display system, a pump box,

etc. as shown in Fig. 3.1. For detailed dimensions, refer to Sect. 2.10.

[-+———Pump box

Console — -,

Column

\ Operation and display system

Display panel

Chalr—i—_...

Operation panel
i Master power supply panel

Fig. 3.1 Layout




3.2 Accessories

This section lists standard accessories for the instrument. However, the quantity and shape, etc. of the
accessories are subject to change. Though not all the tools are actually used by the customer, the complete

set of tools should be carefully maintained because they are required for maintenance.

Index No. Name Figure | Quantity Purpose

@D Electron gun [ilaments complete 3.2 24 Spares
with containers

) Condenser lens upper aperture {(disk) 2 Spares

@ Condenser lens lower aperture (disk) 2 Spares

@ Objective lens aperture foils with 2 Spares
container

® Scintillators with containers 2 Spares

® Specimen pedestals 100 For W15 specimen holder
a. 10 mm dia. X 5 mm hgt. 50 For thick specimens
b. 10 mm dia. X 10 mm hgt. 50 For thin specimens

Fig. 3.2 Accessories (1)




Index No. Name Figure | Quantity Purpose
@ Circuit-tester 33 1 set For circuit check
Handblower 1 For cleaning
O Vacuum grease 1 tube | For O-rings on movable parts

(28¢)
Conductive paint I bottle | For holding specimen
(20 ¢)
b Fine-grained metal polish with 1 can For cleaning
container
@ Injector filled with compressor oil 1 For replenishment
] Fuses and lamps 1 set Spares
each

Fig. 3.3 Accessaries (2)
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Index No.

Name

Figure Quantity

Purpose

Standard tools

34 1 set

For disassembling and reassembling
the column

Special tools with case

a. Wehnelt unit tool

3.5 1 set

For disassembling and reassembling
the column

Used to remove the Wehnelt when
replacing the electron gun filament

Fig. 3.6

Accessories (4}

35C—1
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Index No, Name Figure | Quantity Purpose
i b. Objective lens protective cylinder 35 1 For removing and reinstalling the
tool protective cylinder

€. Aperture foil setting tool 1 For mounting the objective lens aper-
ture foil on the aperture selector

d. Lens lifting tools 2 For disassembling and reassembling
the column

e. Axis alignment tools 2 Used to align the condenser lens

f. Aperture holder tools 1 Used to remove the condenser lens
aperture holder from the pole piece
and reinstall it

g. Hex screwdrivers 1 Used to loosen and tighten screws

where access is restricted




e
.\ See overleaf, Sect. 3.3 and Figs. 3.6, 3.7
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3.4 Svstem diagrams LLe I M LA Tt forsd B i o A TR TP Py e

The vacuum, compressed air, cooling water and electrical systems are shown in the following schematic

and block diagrams.

+ Vacuum system

: Compressed air system

* Cooling water system

. ]
Specimen
& | exchangs chamber
: Pneumatic valve Specimen 1.
chamber —DQ_
% : Solenoid valve AV
S_q : Menual valve Operation Console
ond display
e . systam
. iLNe | Liguid pitrogen
o baffle (option)
[==] :Water batfle
. | . Gil diffusion pump
[ I{ oy ' ' , . ,
LvV2
:Qil ratary pump
________ 3v3
) ‘ Filter Vs[ 3
_Pirani vacuum gauge
“head ' ! T
| : || N
@ :Solenoid valve _ [
@ Deflection DP
system AMP
’ [2] :Pressure switch h J
Ly ] _ , N
: Compressor - - B _
| B S N
P |
h : Faucet ;/4‘ i !
g 7 |
£ :Drain -
h - L Pump box
'———{ Symbo! } - -

Fig. 3.8 Vacuum, compressed air, and cooling water systems




Table 3.1 Chart showing open/close state of vacuum valves { <] : Open, pd: Closed)
Operation Vacuumvaves| av1|ava| vi | v2 | V3 | va | vs | IV1) V2| Lv3 |Lva
® instrument startup —--———— o | < P | p¢ | D4 | D < | D | P | D | DX
[Startopfshtdonn] glﬁmnnmmmuunnn
® Instrument shutdown-----—--*- | ]| | D < | e | < e | P4 HHNS
el Ll La el et Lo Lallalotlalatie
Specimen pmpar;timj ‘ ® D> D] | P D<]‘ pd < | | P4 | P4 P | P
g 2] ol S I IS

from specimen chamber - D<11 | D | D | | DX b4 P4 |D< | D4 | P4
® Admitting air into colurh.-l <] | pa | | < | | D< | D | D4 pd | P4 | P
@ Dt | | | D | | < | | DT | D D D4
to the atmosphere l > | P p| DA D<K D< | b | | D | P4 | D4
ebvacustingcolumn 3 | D[ D[ D] DI P D1 P | DA D | P D4
a‘?}iﬁ?gmmm'@gﬁe -—l b > |D<1 | DI | e | e | D | D[ D | D | D
Replacing el&;ctron gun. >4 >4 > D] pd | >4 | P4 P ’*‘ b |4

| Lilament lNNN[X][X]NNNNNN
# Evacuating anode chambe ------ <1 | | D | D< | | < | P | D4 pd | P4 | P <

* This valve opens when a specimen is exchanged arn.

d closes when the instrument is shut down.

EEEEE®8




See overleaf, Fig. 3.9

3.5 Configuration of Control Units -

P et a1 U 1 S Dy

Master power

supply panel
(D) DISPLAY unit @) SCAN GENERATOR unit (D) LENS unit
@ Indicator unit (8) MAGNIFICATION unit ACCELERATING VOLTAGE unit
(3) Photographic racording systam {8) SEI unit (@ VACUUM SYSTEM unit

Fig. 3.10 Operation and display system
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wiinen, S DESCRIPTION OF COLUMN .
SRR AND OPERATION SYSTEM “Hreniores o

This chapter describes the function and operation of the controls required for operating the JSM-35CF.

4. 1 colu mn ‘lln'l"lul|'“l|||l"'lml‘"||-ll"'l-J"Ilul"‘lu-l'"lmi"|Iu|l"||nll"lhnl'"lmI"'In|I'"l|||l"'||||l"llul-lnll'"lmr‘"lnil"' LU T T Ly TN

The index numbers correspond to the numbers following the part names shown in Fig. 3.6.

Index

number Part name Function/Operation

@ | Anode chamber airlock knob This knob operates airlock valve AVl (Figs.3.8 and 4.1),
thereby isolating the anode chamber from the remainder of
the column so as to admit air into the anode chamber only
for filament replacement, etc. To close the airlock valve, push
in the knob as far as it will g0 and turn it fully clockwise (about
180°); to open the valve, turn the knob fully counterclockwise
and pull it out as far as it will go.
Note: If when pushing the knob z';i, force is required, turn
the knob slightly clockwise and continue pushing in.

@ | Axis alignment screws Use for precision axis alignment of the electron optical system
(Fig. 4.2). Adjustable with the axis alignment tocls (Fig. 3.5-¢):;
adjusting the screws shifts the condenser lens,

® | Objective lens aperture selector {Fig. 4.3)

Knob 1 This knob changes over the objective lens aperture in three
steps (100, 240, 600 pmm). When a large diameter aperture is
used, the probe current increases and depth of the field {depth
of focus) decreases. By clicking the knob through 1 ~ 2 - 3
on the graduated scale {by turning the knob clockwise}, 100 —
240 - 600 um diameter apertures are respectively positioned
in the beam path. To change over the apertures through 3 -
2 = 1, pull the knob out as far as it will go and turn it fully
counterclockwise (3 -» 2) and repeat the same operation,
2=+ 1).

Knobs 2, 3 These knobs are used to horizontally shift the aperture position
to accurately align the aperture with the beam path. The lock
nut on knob 2 keeps the knob from tuming after adjustment
by turning the nut clockwise,

Specimen exchange rod This rod is used to transfer the specimen holder from the
atmosphere into the specimen chamber (under high vacuum)
"via  the specimen exchange chamber (airlock chamber)

35CF-1




See overleaf, Figs. 4.4, 4.5, 4.6 and Table 4.1.

R
S

[Airlock valve . . . . . . open] [Airlock valve . . . . . closad]

Fig. 4.1 Operating anode chamber airlock knob

|
|
|
Axis alignment screw —j \1
I\
o e
E l | Axis alignment tool
A ‘
o,
|
I
)
b
| .
|

Fig. 4.2 Condenser lens alignment

Scale (1-2-3)

Lack nut

Knob 2 (1-2-3-4-)

Knob 3 (=33

Fig. 4.3 Obijective lens aperture selector
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To the user:

This instruction manual covers the operating
"procedures for the basic JSM-365CF Scanning Micro-
scope. That is to say, if the instrument dalivered
to your institution has heen madified in any way
10 satisfy your spacific research requirements, certain
aspects of the manual will require certain {minor)
amendments. |f in any doubt, please contact your

nearest JECL Service Center.
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The JSM-35CF is a high-performance scanning electron microscope developed for straightforward and
simple operation. When combined with various attachments, the microscope is capable of obtaining nearly
any type of signal fram the specimen (see Fig. 1.1). The microscope can also be used as an electron probe micro-
analyzer,

Simple operation and maintenance is assured by the fully automated vacuum system, by electronic
circuitry taking full advantage of the latest advances in electronic engineering, and by a column and control
units of logical and compact design. Start-up, shutdown, observation and photography can all be performed
by simple, one-shot operations. Automatic focus compensation for changes in accelerating voltage, working
distance and magnification is always preserved. Magnification display spontaneously reacts to changes in
accelerating voltage and working distance. Furthermore, the current magnification and accelerating voltage
are digitally displayed with LEDs (light emitting diodes), and when photographing, this data is recorded together
with the film number and micron marker for easy identification of micrographs. In addition, the use of ultra-
high resolution CRTs allows observation of clear high magnification images and also provides low magnification
images having detailed information.

Provided with these and many other features, the JSM-35CF is an ideal scanning electron microscope
in terms of practicability and performance. The basic system is complete with a Y modulation device and wave-
form monitor which allow observation of Y modulated images and input sipnal waveforms. With the addition
of optional attachments, the user can set the specimen in a specific ambient environment (such as heating or
cooling), tilt the specimen, or subject it to stress conditions. With these capabilities, the JSM-35CF has extended

applications in research, education and quality control.

Incident slectron probe
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______ Backscattered electrons

<
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Electromotive force-———— - = SN Absorbed elactrons
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Fig. 1.1 Signals available from specimen
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Table 1.1 lists the type, function and application of the major attachments (optional). For attachments

not listed in the Table, See the specification sheets or catalog pertaining to the particular item. Attachments
marked 1% are required for expanding the microscope for use as an electron probe microanalyzer. The
operation manuals for attachments marked 2% are attached at the back of this manual regardless of whether

your instrument is equipped with them or not.

Table 1.1 Major attachments

Type Designation Function and application

m Electron guns
LBGI1 LaB¢ Cathode Gun Thermionic emission type electron guns using LaBg in the
E;gg cathode. Compared with electron guns using a tungsten

Loy hair-pin filament, the LaBg gun gives 5 to 10 times higher

brightness, has a service life as long as 500 hours, and features
improved resolution (50 A for LBGL and LBG2, and 40 A
for LBG3 in the secondary electron image mode).

2

Lawren, e P

m Specimen holders and stages
LSH Large Specimen Holder Accepts large-size specimens (up to 76 mm dia. X 20 mm hgt.)
which camot be mounted on the standard specimen holder
(accommodates an up to 10mm dia. X 10 mm hgt. or
. mm dia. X 20 mm hgt. specimen).
SHIC Specimen Holder for Allows observation of the surface potential distribution
Integrated Circuit of semiconductor devices in the secondary electron image
mode. When used with an Electromotive Force Amplifier
(EMF), electron-beam-induced electromotive force images
can be observed,

TH Tensile Holder Allows the application of tensile force to fiber specimens
or the like. By using this holder, specimen deformation or
fracture can be observed continuously or in a series of steps.

CRU1 Cryo-Unit Allow the surface structure of biological specimens to be
B observed in a frozen state without special chemical treatments
(such as fixing or dehydrating). Furthermore, the internal
structure of biological specimens can be observed by cutting
the specimen in the preliminary cooled chamber. Cryo-Unit
CRU? is provided with a sputtering mechanism for coating
the specimen with gold or gold-palladium alloy and a mech-
anism for transferring the specimen to the specimen stage
without exposing the coated specimen to the atmosphere.

Ccs2 Cooling Stage Allows the surface structure of biological specimens to be
observed in a nearly native state by only freezing without
special chemical treatments or vacuum evaporation.

36C—1




il Il B DB EEEE T EEE EEEEmENs
L

Type Designation Function and application

HS1 Heating Stage Heat metal, etc. specimens to the specified temperature

Hs2 (HS1: up to 1100°C, HS2: up to 450°C). Changes in the
specimen can be direcily observed while being heated. A TV
Scanning Device (TVS) allows dynamic behavior of heated
specimens to be continuously observed. By using any
commercially available video tape recorder (VTR), said
dynamic behavior can be recorded on tape.

TS1 Tensile Stage Exert tensile stress on the specimen (TSl: up to 200 kg,

TS2

m X-ray spectrometers

ADS'*
SDS!*
DDS!#*
FCS1*

EDS!*

Dispersive Spectrometer

Energy Dispersive Type
X-ray Spectrometer

B Detectors, ammeters and amplifiers

LR

CLD?*
CLDIR

SDuU

TED?2*

Backscattered Electron
Detector

Cathodoluminescence Detector

Supplementary Detector Unit

Transmitted Electron Detector

TS82: up to 50 kg). Specimen deformation or fracture due to
the stress can be observed continuously or in a series of
steps, Moreover, the TSl stage can compress the specimen,
and the TS2 can twist the specimen.

When combined with the scanning electron microscope, the
spectrometer allows the microscope to be used for X-ray
analysis of micro-regions. These spectrometers are of the
wavelength dispersive type (fully focusing linear type).
The ADS, SDS and DDS have two analyzing crystals, while
the FCS (4 Crystal X-ray Spectrometer) has four analyzing
crystals,

When used with the scanning electron microscope, the X-ray
spectrometer allows microscope expansion to a multichannel
microanalyzer for X-ray analysis of micro-regions.

A paired semiconductor device for detecting backscattered
electrons, By using this detector, the backsecattered electron
image can be displayed as a composition or topographic
image.

Used to detect the photons emitted when the surface of
a cathodoluminescent specimen is scanned by an electron
probe, Detected signal are displayed as a cathodolumines-
cence image (CLD: covers visible light tegion, CLDIR: covers
infrared region).

Enables simultaneous observation of two types of images,
for example, asecondary electron image and cathodolumines-
cence image when used with the built-in detector,

Detects electrons transmitted through the specimen in order
to display a scanning transmission electron microscope
(STEM) image. Compared with conventional transmission
electron microscope {(CEM), thicker specimens can be
observed at higher contrast and damage to the specimen
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Type Designation

Function and application

AEMY*:2* | Micro-Micro Ammeter

DMA* Digital Micro Ammeter

AEI?* Absorbed Current Amplifier

EMF Electromotive Force
Amplifier

» Signal processors

GMC2* | Gamma Control Circuit

IMS2* Image Selector

VCA®* Video Control Amplifier

= Control units
BST'* Beam Stabilizer

due to electron beam bombardment iz extremely small.
In addition to scanning images, the instrument equipped
with the transmitted electron detector displays scanning
electron diffraction patterns.

Used for measuring the specimen absorbed current (from
1% 10712 to 1 X 1077 A). This ammeter can also be used
as a probe current monitor for X-ray analysis and also used
to set the electron emission of the gun filament and to align

the illumination system.

Digitally displays the output from the Micro-Micro Ammeter
(AEM) by A/D conversion. The digital output can be printed
out by using an ORTEC printing system (option).

Amplifies absorbed current (electrons absorbed by the
specimen) which varies depending on. specimen topography
and its atomic number, The amplified output can be displayed

as an absorbed electron image.

When used with the specimen holder for integrated circuits
(SHIC), this unit displays the electromotive force distribution

in semiconductor devices.

Suppresses large amplitudes and expands small amplitudes
of video signals so that detailed images may be obtained

at optimal contrast.

Allows different kinds of images to be displayed simulta-
neously on two CRT’s (one in optional unit DU7) for
comparison and evaluation. Two types of signals can also
be combined to display a mixed image.

Selectively amplifies desired frequency components of
video signals to clearly observe specific specimen structures
which may otherwise be affected by high contrast of other

structures,

Installed in a scanning microscope system with Xray spec-

..+ trometers to regulate the probe current, thereby ensuring the

accuracy of X-ray analysis.
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Type Designation Function and application

.t . e

B Image analyzers
MPA Micro-Particle Analyzer Calculates the area percentage of metallic precipitates and
the number, diameter and area of particles from scanning
images. Direct analysis of video signals greatly reduces
measurement time and minimizes error. Prompt data
processing is ensured by special logic circuits and a built-in
MiCToprocessor,
® Display and recording units
DU7**  |7" Display Unit 7" CRT used together with the standard CRT for simulta-
neous display of different types of images. The CRT is driven
by the scan generator of the instrument, and images to be
displayed are selected by the image selector (IMS).

MDD2?* | Multi Display Device Permits two or four types of image to be simultaneously
displayed on the same CRT. However, one or two image-
selectors (IMS) are necessary depending on the number of
displayed image types.

SRT?* Scan Rotation and Rotates the scanning image on the CRT without changing
Tilt Correction Unit the orientation of the specimen by rotating the direction
of probe scanning. This unit also compensates for image
distortion due to specimen tilting.

STD Stereo Display Device Allows three dimensional display of dynamic behavior of
specimens to be observed by several people on a color TV
monitor, The image can be photographed in color or mon-
ochrome, or continuously recorded using a color VIR
(NTSC system, option). When photographed in monochrome,
the image is viewed through a stereoviewer. For color
observations, red and green filters must be used.

TV§2* TV Scanning Device When used with the specimen heating stage (HS1/HS2) or
tensile stage (TS1/T82), dynamic behavior of the specimen

can be immediately observed on a TV monitoer. Dynamic
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Type Designation

Function and application

MRH?* |Mamiya Roll Film Holder

PRsz* Polaraid Film Holder
PRH2

m Power supply and cabinet
SDT** Step-Down Transformer

SPS1, 32* | Supplementary Power Supply

SCB-§?* | Supplementary Cabinet

= Attachments for vacuum system
LNB?* Liquid Nitrogen Baffle

INT?* | Liquid Nitrogen Trap

JVG-N3 |Ionization Vacuum Gauge

= Specimen preparation tools
JEE4X | Vacuum Evaporator

EE-RTS | Rotating and Tilting Specimen
Stage

JPCD-3 Critical Point Drying Apparatus

variations in the specimen can be recorded on any commer-
cially available VTR.

A 6cm X 7cm roll film helder (1207220 roll film). This
holder is used with the recording systern camera for
recording images displayed on the ultra-high resolution,
non-persistence CRT.

PRH — 4" X 5" film holder (Polaroid Land 4" X 5" film)
PRHZ —31/4" X 41/4" film holder (Polaroid Land
film type 105/107). These holders are used with the
recording system camera for photographing images on
the ultra-high resolution, non-persistence CRT.

A power transformer used when input power of 100 V AC
(single-phase) for the scanning microscope is not available
(available input voltage: 120, 200 or 240 V).

A regulated power supply installed in the supplemen-
tary cabinet (SCRB-S) for supplying power to various
attachments.

A cabinet accommodating various attachments. A supple-
mentary power supply (SPS1, 3) must be installed to
supply power to the attachments.

A baffle for blocking the backstream of oil vapor from
the oil diffusion pump (DP).

This device is required for X-ray analysis of light elements.
Protects the specimen from contamination due to electron
bombardment.

Used for measurement of pressure in various vacuum
instruments and devices as well as in the column (measure-
ment range: 1 X 107 to 1 X 1077 Torr).

Used to coat and/or shadow the specimen by evaporating
various metal alloys or carbon in the vacuum. Combined
with various attachments (rotating and tilting stage, etc.)
for expanded applications.

Mounted on the vacuum evaporator, this stage rotates or
tilts rough surface specimens for uniform surface coating.

Used to dry biological specimens without being affected
by surface tension, retaining a state close to its native
state using critical point drying method.
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The growing popularity of scanning electron microscopes has brought their development to a stage where

unskilled operators unfamiliar with operating principles and physical construction can operate the instrument

with sufficient reliability and efficiency. The JEQL JSM-35CF is no exception. Boasting fully automated,

sophisticated performance, the JSM-35CF is designed for simple, straightforward operation from the human

engineering point of view.

Even so, a rudimentary knowledge of how a microscope works, its structure, etc. isa distinct advantage.

The following, therefore, attempts to fill this need simply and concisely. Those desirous of a more in-depth

knowledge of the subject, can avail themselves of the many books on scanning electron microscopy available

on the market.

1.2.1

1.2.1a

Basic principles

Comparisan of the scanning electron microscope and the optical microscope

The scanning electron microscope (SM) and optical microscope (OM) have the same basic function

of rendering visible objects which are too small to be seen by the naked eye. However, substantial differences

begin with their illuminating beams. The SM employs an electron beam, while the OM uses natural light

(including the ultraviolet region). Other major differences are derived from this point, which are summarized

in Table 1.2,
Table 1.2 Comparison of the scanning electron microscope and the optical microscope
Item Scanning electron microscope Optical microscope

Tlluminating beam
Medium

Lens

Resolution

Depth of field *
Magnification
Focusing
Obtainable images

Contrast

Monitor

Electron beam (wavelength: 0.06 A ~ o)
Vacuum

Electron lens (for probe demagnification)
Secondary electron image:

30 um (at 1000X)

10X to 180,000% (continuous)
Electrical

Secondary electron and backscattered
electron images (by the basic instrument)
Geometrical shape, physical and chemical
properties

CRT (cathode ray tube)

Light beam (wavelength: 2,000 to 7,500 A)
Atmosphere

Optical lens (for image enlargement)

Visible region: 2,000 A

Ultraviolet region: 1,000 A

About 0.1 um

10X to 2,000% (by changing lenses)
Mechanical

Transmitted and reflected images

Absorption and reflection of the light
(color and brightness)
Direct observation or screen projection
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Though the scanning electron microscope has restrictions in operation and application due to its
illuminating beam (electron beam) and its operating medium (vacuumy), its illuminating beam and operating
medium are effective to obtain a variety of information from specimens by utilizing the many available
attachments (several tens of attachments). Among these, the X-ray spectrometer, backscattered electron
detector, transmitted electron detector, heating/cooling/tensile stages and semiconductor-device specimen
holder can greatly contribute to research activities when used in appropriate combinations.

While the conventional transmission electron microscope (CEM) is analogous to the optical micro-
- scope, the scanning electron microscope is in many respects not so. These respective microscopes have their
inherent merits and demerits. The transmission electron microscope boasts very high resolution, which can
reach approximately 1 A in the case of iattice images. Consequently, very high magnifications (close to
I million times) can be obtained, contributing greatly to such fields as molecular structure research, However,
this is obtainable for very thin specimens only (only a few hundred angstrom thick). If a specimen is relatively
thick, transmission of electrons is very difficult, resulting in a substantial loss of resolution (only one plane
within the specimen at a time is imaged). In other words, electron microscopes of this type are useful only
for very thin specimens. In addition, specimen preparation takes tremendous time and a great deal of skill,
and the preparations required before observation is possible can result in the loss of conditions to be ohserved.
Also, the contrast mechanism includes many complicated parardeters, such as scattering absorption, diffrac-
tion and phase difference. While these parameters are very effec;five to determine physical properties of the
specimen, they introduce many factors not directly connected tQ the basic role of the microscope (producing
an enlarged image of a small object). In addition, a wide range of knowledge is required for interpreting
the resultant image. '

On the other hand, the scanning microscope (SEM) permits not only observation of very fine details
(high resolution) but also good focus over a wide range of specimen surfaces (large depth of field). It also
produces clear images of specimens ranging from objects visible with the naked eye to structures as small
as several tens of angstroms (images are similar to those as seen by the naked eye), Furthermore, since image
contrast is varied according to the shape or composition of the specimen, the scanning electron microscope
provides useful information about the specimen. In addition, there are fewer restrictions on specimen size
and type, which simplifies specimen preparation. In its basic structure, a scanning electron microscope may
be thought of as a combination of TV camera and TV monitor, but a significant difference lies in that the
specimen is observed under high vacuum. Fig. 1.2 illustrates the formation of images in the scanning electron

microscope, transmission electron microscope and optical microscope.
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Since the CRT has a much higher resolution (69 mm/2,500 line = 0.028 mm per line) than the human eye
(0.1 mm), the tmage on CRT can be enlarged considerably. The enlargement magnification My, in the

equation below, reaches approximately 3.6 times.

Further enlarging of the CRT image is useful for determining the resolving power.

Another important feature of viewing three dimensional characteristics of specimens is discussed
below. Optical microscopes are limited to the observation of sliced specimens or the top surface of uneven
specimens. This is due to the fact that in order to obtain good resolution, the aperture angle of the lens must
be relatively large; however, this makes the depth of field very shallow, and light cannot penetrate compara-
tively thick specimens. With transmission electron microscopes, specimens must be extremely thin; the
electron penetrating power depends on the velocity of the electron beam (at usual accelerating voltages
observation is Mmited to specimens thinper than 1000 A). With thick specimens, only their contours are
observable. Viewing images obtained by transmission electron microscopy differs from viewing those obtained
by other methods in that the former must be studied using through-focus methods, continuum sectioning
method etc. Furthermore, contrast mechanisms in transmission electron microscopy are very complicated and
require sophisticated study.

With scanning electron microscopes, on the other hand, the depth of field is very great and, in turn,
images show a striking resemblance to those viewed by the unaided dye, especially secondary electron images.
Furthermore, image interpretation is comparatively simple. In addition, shadowless illumination (eliminating
topographic shadows) allows not only three-dimensional observation of specimens, but also clear observation
of the environs of protruding spikes.

Now, let us assume that an electron probe is focused on a particular point of the specimen by an
aberrationfree electron lens, the probe size is negligibly small, and a spot image is displaved on the CRT,
If the specimen is moved along the lens axis between Q' and Q" without gaing out of focus, the limit of
QqQ” (the depth of field) is determined by eye resolution dy and magnification M. This depth of field is
given by the following equation, as seen from Fig, 1.4a.

_
D, = M e e e (3)

where a is the aperture angle.

However, no electron lens is free from aberration, the electron source can never be a point, and we cannot
neglect the influence of probe diameter. Fig. 1.4b illustrates this for probe diameter dy. If the specimen
Q is moved to Q' or Q", it will produce an aberration circle 2 in diameter, which will exceed the range d, /M.
In other words, if the specimen is moved to Q’ or Q”, an out-of-focus effect will be observed after a certain
specimen position. From the figure, the actual depth of field is given by D, =D — 24, from which the

following equation is obtained:
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Specimen

Fig. 1.4 Depth of field

For example, assuming magnification M to be 1,000, the resolution of the human eye 0.1 mm, the probe
diameter d, 100 A and the aperture angle of the lens o 0.003 rad., the resultant depth of field D, will be
30 pm; that is, if we display an image of a hemispherical object on the CRT under the above conditions,
an image of 6 cm diameter will be sharply focused from top to bottom. The relationship between depth of
field and magnification in this condition is plotted in the graph shown in Fig. 1.5.
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Fig. 1.5  Depth of field and magnification

1.21¢  Principle of the electron lens and aberration

It is essential in scanning electron microscopy to use a finely focused electron probe to scan the
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specimen surface, thus necessitating aberration-minimized electron lenses. In general, electron lenses are
classified into the magnetic and electrostatic types, which employ axially symmetric magnetic and electric
fields, respectively, and special types (for example, a quadrupole or octupole lens). Generally, the magnetic
field type is most commonly used, because of its low aberration and ease in handling. Therefore, we deal
with the magnetic type lens oniy.

When an electron moves in a magnetic field, it experiences no external force so long as it
moves parallel to the field, but does when it moves perpendicular to the field. This external force causes
the electron to be driven on a plane perpendicular to the plane which includes the direction of the electron
and that of the lines of magnetic force, If the flux density of the magnetic field is constant, the path
of electron will describe a circle on the perpendicular plane, the radius ‘4" of which is determined by

centrifugal force mv?/r and acting electromagnetic force evB, as given in the equation below (see Fig. 1.6a):

my v

where m: mass of electron

v: velocity of electron

e Electronic charge

B: Magnetic flux density

1. Specific charge of electron e/m (constant).

\,
S < \

Electron

Line of magnstic force

(a) (b}

Fig. 1.6 Circular orbit of electron

As clear from this equation, the radius of the circular orbit described by the electron is proportional to
velocity of the electron provided that the magnetic field intensity is constant (i.e., a uniform magnetic field).
Now, let us assume that a number of electrons are simultaneously emitted at different velocities and

in different directions from point P on a plane perpendicular to the uniform magnetic field. In this case,




each electron will return to the original point P after drawing a circular orbit with a radius proportional to

its velocity, as shown in Fig. 1.6b. The time 7 required for one revolution is given as follows:

If the magnetic flux density is constant, time = will also be constant, and all the electrons emitted at a given
time will return to the original point P simultaneously, i.e., the angular velocity is always constant.

Assuming that an electron is emitted at a given angle against a.uniform magnetic flux, the electron will
describe a helical orbit which is formed by the vectors of rectilinear motion along the magnetic flux and
circular motion perpendicular to the flux. As shown in Fig. 1.7, if an electron is emitted from origin P at
velocity » and angle & against uniform magnetic field 4, the electron will describe a helical orbit “a”, which
is determined by velocity component v, (parallel to the magnetic flux) and rotating velocity component v,
(perpendicular to the magnetic flux), and will intersect the magnetic flux at point P’. If we consider the
velocity components vy and v, separately, radius r of the circular orbit by vy is given as follows using equation

5), since vy =¥ sin
( y

Fig. 1.7 Trajectories of electrons emitted obliquely in a uniform magnetic field

In the case of scanning electron microscopes, near-axis electrons are used and thereby o is extremely small.
Thus, the velocity of electrons moving along the magnetic flux is given by:

Vx=VCOSOi.=.1? .............................................. (8)
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Therefore, if two electrons are emitted simultaneously from origin P, they will describe orbits “a”
and “b” respectively, and meet again at P’ (Fig. 1.7). This is the basic principle of electromagnetic focusing
through a uniform magnetic field. '

The distance d between points P and P’ on the line of magnetic force is given as:

2oy
d = s 9
Py T n B )

This distance is known as the nodal distance. Compared with equation (5), this equation gives distance d equal
to the circumference of the orbit drawn by an electron moving at velocity » perpendicular to the line of
magnetic force. The orbits drawn by electrons emitted in a vacuum is illustrated in Fig. 1.8. The principle
that all electrons emitted from a point will meet at another point after describing their orbits is similar to

the principle of optical convex lenses.

Fig. 1.8 Electron movement in a uniform magnetic field

This similarity is limited, however, since in an aberration-free optical convex lens, all light parallel to the
optical axis of the lens converges at a point on the back focal plane, while electrons in a uniform magnetic
field do not show this convergence.

Magnetic type electron lenses can be classified into those that use multi-layer coils (coreless solenoid)

(Fig. 1.9a), those that use coils enclosed with soft iron to reduce leakage of magnetic flux and concentrate the

(a) {b} {c)

Fig. 1.9 Magnetic electron lenses




magnetic field on the inner gap of the iron core (Fig. 1.9b) and those that use coils enclosed with soft iron
and concentrate the magnetic field on the small gap of the inserted pole pieces (Fig. 1.9¢). Since high resolution
is required in scanning electron microscopes, the core and pole piece type is usually employed. The operation

of these electron lenses may be illustrated by several horse-shoe magnets arranged symmetrically about an

. I §
' ¥

axis. All the parallel electron beams incident to the curved magnetic field converge on a single point. Fig. 1.10
illustrates the trajectory of electrons passing through the magnetic field of an electron lens. Though the path
of the electron beam does not coincide with that of light passing through an optical lens, the results are
essentially the same. As shown in the figure, the electron travels rectilinearly, crosses the axis, moves through

" the magnetic field along a helical orbit, approaches the axis, crosses the axis again, and proceeds straight

Pole pieces

@ ' Lines of ic f

* " Electran

Fig. 1.10 Electran trajectory in the magnetic lens

forward. This action is quite similar to the focusing of an optical convex lens, and nearly the same if we
disregard the circular motion.

A magnetic electron lens, which concentrates the magnetic flux within a very narrow area, forms
a so-called “thin lens”, and the magnetic field near the axis shows a bell-shape distribution. Fig. 1.11 illustrates
the magnetic field distribution and image-formation by an electron lens, in which the focal length f and

rotation angle @ are given by the following equations:

1 n |77
-T WI.» Bz(x)dx

0= Jo f:' B(x) dx

where ¥ acceleraﬁné ijoltage ;

In order to obtain a‘very short focal length f; the magnetic flux density B must be relatively large. Since
B« NI (ampere-turn), the current to be supplied to the coil must be increased. Furthermore, since
the aforementioned electron lems has the same function as an optical thin convex lens, the following

equations are obtained.
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where M: demagnification ratio (M < 1).
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Fig. 1.11 Magnetic field distribution and image formation in the magnetic lens

While the discussion above has given the theoretical principle of the electron lens, we can not neglect
the influence of aberration in actual lenses. If we could get an ideal, aberration-free lens, and if we neglected
the wave property of electrons, the diameter of the electron probe could be reduced by lowering the ratio
of b/a to increase resolution, However, actual electron lenses are influenced by geometric aberrations (spher-
ical aberration, coma, astigmatism, curvature of field, distortion), by diffraction aberration, by chromatic
aberration and by other aberrations inherent in electron lenses due to field asymmetry (axial astigmatism and
anisotropic aberration).

Table 1.3 lists the type of aberrations (axial) which have a marked influence on electron optical
imaging. The radius of the aberration circle (see illustration) and ways to minimize these aberrations are also
given. Spherical aberration is caused because the off-axis beam bends more than the near-axis beam, and

requires the closest consideration when designing electron optical systems.




Table 1.3 Electron lens aberrations
: Radius of
Aberration Type aberration circle
Geometric aberration | Spherical aberration 27 = %CS of The spherical aberration coefficient Cg can be

Object plane Lens

Gauss plane

lowered by increasing the magnetic field
intensity in the pole piece gap.

Placing a suitable-sized circular aperture in the
electron beam path reduces the beam divergence
angle @ and, in turn, reduces spherical aberration
(if « is made very small, the diffraction aber-
ration becomes important).

Asymmetric aberration

Axial astigmatism ‘ 2r, =Afa o

‘Stigmatic foci

Astigmatism is caused by the following:

Poor quality material

Low machining accuracy

Dirty electron beam path
A stigmator is used to remove astigmatism (the
spacing of stigmatic foci Afy4 becomes zero).

Wave optical abarration

Diffraction aberration

A
2 = 1.22—~

Airy disk\

\

2y

This aberration can be reduced by making o
larger. However, making the beam devergence
angle larger will increase spherical aberration.
There are an optirﬂum aperture angle consistent
with the spherical and diffraction aberrations
(use of a shorter wavelength electron beam is
not suitable for secondary electron images).

Aberration dua to
instability

AE

Chromatic sberration | 2r; = (¢ o

|——E + AEf2

- £
\:‘!____“ E-*AE/Z ///

Pt Least .
aberration ~
circle

Improving stability AE/E for the accelerating
voltage (lens current) reduces this aberration.
The coefficient Co can be lowered by increasing
the magnetic field intensity in the pole piece.
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Astigmatism is caused by lens field asymmetry resulting in differing lens strengths in two orthogonal directions
(partially affected by electrostatic charge-up due to contaminated components). This aberration can be
eliminated by using a stigmator. Diffraction aberration is inherent in optical and electron lenses due to the
wave-like motion of light and electron beams. So long as a lens is used, the electron beam cannot
be concentrated, in a strict sense, on a single point, but forms a circle known as an Airy disk. Also, since
diffraction aberration is inversely proportional to aperture angle «, and spherical aberration is proportional
to a3, a compromise must be made in the correction of these aberrations. The minimum radius of the
obtainable aberration circle 1,4, is shown in Fig. 1.12, which also gives the optimal aperture angle oy .
Chromatic aberration, caused by fluctuations in accelerating voltage and lens current, can be minimized

by regulating the power supply,

4
/4
7 rirrt
min e /’(—_ 7, Spherical aberration

%_ﬁ— ¥, Diffraction aberration
—_—

+
- T

-
-
o

o,
opt o

Fig. 1.12 Minimum aberration circle and optimal aperture angle

1.2.1d Interaction between electron beam and specimen

Since an electron is a charged particle, it has a strong interaction with the specimen (due to Coulomb
interaction). When an electron beam impinges on a specimen, it is scattered by atomic layers-near the surface
of the specimen. As a result, the direction of electron motion changes and its energy is partially lost.

Once an incident electron (primary electron) enters a substance, its direction of motion is influenced
by various abstructions (multiple scattering), and follows a complicated trajectory which is far from a straight
line. This is illustrated in Fig. 1.13. Also, when electrons with the same energy are incident on the specimen
surface, a portion of electrons is reflected in the opposite direction {back scattered) and the remainder is
absorbed by the specimen (exciting X-rays or other quanta in the process). If the specimen is sufficiently thin,

the electrons can pass all the way through the specimen (transmitted electrons, scattered or non-scattered).



Incident electrons
{primary electrons)

Backscattered electrons

-‘ -’ - -:

Cther quanta -

Specimen

Absorbed electrons

{absorbed energy) \

A Scattered electrons

Transmitted electrons
Non-scattered electrons .

Fig. 1.13 Interaction between incident electron and specimen

The penetration and diffusion of incident electrons inside a specimen are illustrated in Fig. 1.14. As

shown in the figure, if an element of the specimen has a low atomic number, the incident electrons will

Incident _algqtrons
[Low accelerating voltaga)
rd A - //:
[Hligh accelerating voitage] - T T
[Low atomic number] [High atomic number]

Fig. 1.14 Diffusion of incident electrons (from Duncumb and Shields)
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show a tear-drop shaped diffusion, while if the element has a high atomic number, the incident electrons
will show a hemispheric diffusion. Higher accelerating voltages expand the diffusion area much deeper. In the
course of diffusion, the incident electrons gradually lose their energy until absorbed by the specimen (detected
as absorbed current). In this process, low-energy secondary electrons are ejected. Furthermore, a portion of
incident electrons are reflected outside the specimen, without losing much of their energy. In addition, the
Auger effect causes Auger electrons to be ejected, which are used to analyze elements very near the specimen
surface (JEOL JAMP Auger Scanning Microscope employs this Auger effect), When incident electrons collide

with constituent atoms of the specimen, most of electron energy is converted to heat, but a portion of

it is consumed to produce X-rays, visual and infrared cathodoluminescence together with secondary and
Auger electrons. If the specimen is a transistor, integrated circuit or other semiconductor device, the electron
probe irradiating the junction will create electron-hole pairs or carriers. By collecting these cérriers, an electro-
motive force image can be obtained.

Quanta (secoﬁdary electrons, backscattered electrons, X-rays and so on) carry information which
describes the nature of the specimen (its atomic number, elemental distribution, topography, surface potential
distribution, magnetic domain, chemical and crystallographic characteristics, etc.). This information is
converted into a video signal and displayed on & CRT as a scanning image. Table 1.4 lists the relation between
the types of scanning image and obtainable information. An important application, quantitative and quali-

tative analysis by the electron probe microanalyzer, is included in the case of X-ray images.

Table 1.4 Types of scanning images and major information

Types of scanning image Major information Detectors and instruments

Secondary electron image Surface structure, potential Scintillator-PMT detector
distribution, magnetic domain

Backscattered electron irmage Composition, topography, magnetic | Paired semiconductor detector
: domain, crystalline state
Transmitted electron image Composition, crystalline state Scintillator-PMT detector
Absorbed electron image Composition, topography Absorbed current amplifier
Auger electron image Elemental distribution of surface Auger scanning electron microscope
Cathodoluminescence image Visible or infrared luminescence PMT detector
X-ray image Elemental distribution X-ray spectrometer
Flectromotive force image Electromotive force distribution Electromotive force amplifier

in semiconductor devices
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The depth at which various signals are generated due to electron beam-specimen interaction indicates the
diffusion area of the signals in the specimen in addition to the local chemistry of the specimen. Fig. 1.15 shows
the range and spatial resolution of various signals. Secondary electrons mainly indicate information about the
surface of a specimen. Since secondary electrons do not diffuse much inside the specimen, they are most suitable
for observing the fine-structures of the specimen surface. That is to say, sharp scanning images with high resolu-

tion can be expected from secondary electrons, because of the smaller influence on resolution by their diffusion.
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Fluorescent X-rays

Fig. 1.15  Depth of quantum generation and spatial resolutions of various quanta (from Goldstein}

Fig. 1.16 shows the energy distribution (spectrum) of emitted electrons. The vertical axis represents
intensity N of emitted electrons relative to incident electrons, while the horizontal axis represents the ratio of

emitted electron energy £ (eV) to incident electron energy E (eV).
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Fig. 1.16 Energy distribution of emitted electrons

In the figure, region A indicates the energy distribution of low energy secondary electrons (true secondary
electrons). Its energy ranges from O to some tens of eV. Region B indicates the distribution of reflected
electrons. The peak emission energy is very close to E/Ep = 1.0, i.e., equal to the energy of incident electrons.

The region between A and B is the background formed by hackscattered electrons, including Auger electrons.
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The small peaks located near the boundary of region B indicates plasma excitation.

The emission yield of secondary electrons depends on energy E of incident electrons. As shown
in Fig. 1.17, this emission yield peaks at a certain incident energy. In the figure, the vertical axis represents
secondary electrons emission yield &, which is the ratio of secondary electron current 7, to incident electron
current [, (probe current). The horizontal axis gives energy £, of incident electrons. Since the incident
electron energy is determined by the accelerating voltage, the emission yield of secondary electrons also
depends on the accelerating voltage. If we consider the emission yield 5 as an output/input gain, the emission

of secondary electron in the region above § = 1.0 can be thought of as the current amplification,

' 1 N

0 500 1,000 1,500 2,000 (V)

gy ——mMmM»

Fig. 1.17 Secondary electron vield versus accelerating voltage

As the incident electron energy increases, the probability of incident electrons colliding with elemental
components of the specimen and releasing secondary electrons also increases. In other words, as the incident
energy increases, the emission of electrons from the specimen also increases, However, as the energy increases
beyond a certain level, the incident electrons penetrate deeper into the specimen with the result that the
specimen-derived electrons use up most of their energy to reach the specimen surface. Consequently, the
electron emission yield decreases. Therefore, the peak secondary electron emission yield &, ©Occurs at
a specific energy level of the incident electrons. Fig. 1.18 shows the relation between §,,x and the work
function for various elements, It will be noted that 8,,x varies from element to element; however, 5,44
increases somewhat with increasing atomic number. The dashed line in the figure indicates the correlation
between the work function and &,y (some elements fairly deviates from the correlation line). In general,
elements of the copper and iron groupes have a larger 8y, ; alkaline metals and alkaline earth metals have
a smaller 8, .y . Oxides, chlorides and alloys give a very large 8, ., with particular oxides exceeding a value
of 10 (Mg0: ~ 16). In addition, the secondary electron emission yield becomes even larger when the

specimen surface is contaminated or affected with adsorbed gas, With certain materials, &, 5, increases slightly
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Fig. 1.18 Maximum secondary electron yield 5,, and work function of various elements

As described, most energy consumed by incident electrons inside a specimen is converted into heat.
As a result, the specimen temperature increases at the point of irradiation, and heat sensitive specimens may
be subject to thermal damage. When a sufficiently large specimen is irradiated by the electron probe, the

temperature rise at the point of irradiation ®,, (°C) is approximately as follows (from Castaing):

iaV
0, = e R IR 12
m = 114 X == (°C) : (12)
where  i4: specimen absorbed current (uA)

V : accelerating voltage (kV)

C: thermal conductivity (cal cm™! sec™" deg™)

d : electron probe diameter (um).
Assuming 0.1 pgm as the clectron probe diameter, Fig. 1.19 indicates the relationship between temperature
rise at the beam irradiating point and thermal conductivity of the specimen for accelerating voltages 10 kV
(— ), 20 kV (—-—) and 30 kV (———). As shown in the figure, if the accelerating voltage of the electron
probe is 10 kV and a glass specimen absorbes 0.0001 A of the current, the temperature will rise

approximately 7°C.
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Fig. 1.19 Temperature rise versus thermal conductivity

1.2.1e Image formation and contrast mechanism in the secondary electron image mode

In order to verify the existence of a substance and recognize its shape, the image contrast must be
well defined. In other words, even if a system boasts extremely high resolution, if image contrast is poor,
it would be extremely difficult to determine the existence of a substance, let alone recognize its shape.
Accordingly, sufficient image contrast is an indispensable factor in image formation.

In optical microscopes, image contrast is basically determined by the absorPtion of light at each
location of the specimen. It is also partially influenced by reflected light, and certain microscopes employ
phase difference. In transmission electron microscopes, the image contrast is mainly determined by
the absorption of scattered electrons. For crystalline specimens, diffraction contrast plays the main role, while
at extremely high magnifications, phase contrast has the influence on image formation. The mechanism of
contrast formation in scanming electron microscopy clearly differs from those mentioned above. Image
contrast is mainly determined by variations in the number of locally emitted secondary electrons, i.c.,
the difference in secondary electron emission yields relating to specimen composition and topography. For
semiconductor specimens, image contrast is determined by the potential distribution of its surface, while, for
magnetic specimen, contrast is determined by magnetic domain distdbution,

In Fig. 1.20, a secondary electron image of Al-Sn—Pb alloy (polished surface) is compared with a
backscattered electron image (composition image) and X-ray images (Al Ko, Sn La). The backscattered

electron image was photographed using a BEI backscattered electron detector and the X-ray image was
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(a) Sacondary elactron image

(d} X-ray image (Sn La)
Specimen: Al-Sp-Pb alloy
Fig. 1.20  Secondary electron image compared with backscattered electron and X-ray images

(e} X-ray image (Al Ko)

photographed using an Xray spectrometer (wavelength dispersive type). As shown, differences in the com-
position of the specimen surface produce differences in the secondary electron emission yield (Fig. 1.18),
which in turn determines image contrast. Since the secondary eleciron detector detects some backscattered
electrons and additional secondary electrons excited by these backscattered electrons in addition to the true
secondary electrons (as shown in Fig. 1.21), the secondary electron image reflects the influence of back-
scattered electrons. This also results in contrast for secondary electron images,

The world of scanning microscopy may be regarded as a monochromatic world in which the differences
in composition (differences in secondary electron emission yields) are identified by differences in brightness,
The topography of the spccimen surface is also identified by brightness of the image. Fig. 1.22 (a and B)
illustrates the emission of secondary electrons and the electron diffusion region depending on the angle of
incidence. Secondary electrons absorbed by the specimen before escaping from the specimen surface can be
directed outward by tilting the specimen. Fig. 1.22¢ illustrates this process. When the incident electron probe

is tilted by angle 6 relative to the normal of the specimen, secondary electrons produced at depth x"travel along
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1.2.1b Resolution and depth of field

The quality of images is largely determined by the resolving power of the microscope, which is the
best possible performance as limited by instrument parameters, The resolving power is defined as the shortest
distance between two points which can be recognized as two different images. To check the resolving power,
the resolution achieved on micrographs is measured (the shortest distance between two points recognizable
on the micrographs).

In optical microscopes, the aberrations inherent in lenses {(geometrical aberrations such as spherical
or chromatic aberration) can be eliminated almost entirely, and thus the resolving power is determined largely
by the diffraction aberration. The scanning electron microscope operates on very different principles of
image formation, and the resolving power is determined accordingly. With the scanning electron microscope,
the surface of the specimen is scanned by a finely focused electron probe (accelerated electron beam), and
a signal obtained from the specimen is displayed on a CRT, which is scanned synchronously with the electron

probe. More detailed information about the specimen may be obtained by using a finer electron probe, but




this results in decreased probe current and lower resolving power (the resolving power is determined by the
diameter of the e¢lectron probe and the quantity of signals obtained from the scanned specimen). The
relationship between probe diameter and probe current is shown in Fig. 1.3. Accordingly, the resolving power

is limited by the performance of the electron gun.

Electron probs current —————

Electron probe diameter ———————— =

Fig. 1.3 Diameter of electron probe and probe current

Furthermore, the resolving power of the scanning electron microscope is restricted by certain factors, such
as the electrical and mechanical stability of the electron-optical system, the S/N ratios of the detector and
video amplifier, the stability of the scanning circuits and the performance of the recording system or CRT. On
the other hand, the resolution of the image depends on the fype and state of the specimen, operating
conditions of the instrument {electron probe diameter and current), the number of scanning lines, the
magnification, the photographing conditions and so on. In order to ensure optimal resolution for the specimen
of interest, therefore, careful consideration must be given to specimen preparation, observation and photo-
graphing conditions, instrument maintenance (routine inspection and cleaning) and photographic processing.
Considering a single factor such as magnification, if we are to identify the resolution & of an image with the
naked eye, it must be enlarged to the magnification whose minimum value, i.e. the effective magnification M,

is determined by the resolution d; of the human eye (approximately 0.1 mm) as given below:

P
M=Th (1)

Assuming 100 A as the iesolving power of the scanning electron microscope, the image must be magnified
at least 10,000 times to identify the said resolving power. Considering another factor, the number of scanning
lines, since the ultra-high resolution CRT has a resolution of 2,500 lines per frame for a frame size
of 69 X 92 mm, it would naturally be most efficient to use the number of scanning lines equal to that of the

CRT (for example, a horizontal scanning speed of 40 msec/line and a vertical scanning speed 100 sec/frame).
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Fig.1.22 Secondary electron emission as a function of specimen tilt angle

the shortest distance x cos 8 to the specimen surface, Different from reflected electrons or X-rays, the range
of emitted secondary electrons is limited to the area adjacent to the point of incidence. Furthermore, it can
be assumed that secondary electrons are uniformly produced on the X axis, provided that the path of incident
electrons within the specimen follows the X axis and that their energy loss can be neglected. However, since
secondary electrons may have very little energy, they may not reach the specimen surface if x cos 8 is too
large. The range of secondary electrons for each specimen is determined by its specific secondary electron
absorption coefficient. Under this condition, the total quantity of secondary electron emission f can be

given by the equation below:

T K colsf? .................................................. (13)

where K: proportional constant.
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The quantity of emitted secondary electrons is minimal when the electron beam is incident perpendicular
to the specimen surface, and increases as the electron beam is tilted. The image contrast for certain surface
structures, such as a shelf, spike and cylindrical structures, is shown in Fig. 1.23. The contrast mechanism

can be understood in terms of beam incidence angle and electron diffusion (shaded area).

Incident electron beam

Secondary -
electrons

wit__|_| J

)] (b) (e (d)

Specimen

Fig. 1.23 Contrast formation. by geometrical configuration of specimen surface

Micrographs of specimens having various geometrical configurations are shown in Fig. 1.24. Photo (a) shows
contrast related to tilt angle and edges, while photo (b) shows contrast related to edges and projections.
Photos (c) and (d) show, respectively, contrast related to spikes and spherical structures and contrast related
to tilt angle and cylindrical structures. These photos cover the major types of contrast found in scanning
images. Viewed from a different standpoint, image contrast may be broadly classified into that determined by
the tilt angle of the specimen and that detexmined by the edge effect. The former is illustrated in Fig. 1.25,
and the latter (including the influence of accelerating voltage)is shown in Fig. 1.26. Fig.1.25 shows the necessity
of selecting an appropriate tilting angle and orientation for the specimen in order to ease observation and
establish adequate contrast. Clearly, normal incidence observation (vertical illumination) be avoided if possible.
Fig. 1.26 indicates that the edge effect (circumference is bright while details in the central portion are not
so clear) is particularly enhanced at high accelerating voltages. This can be suppressed by lowering the
accelerating voltage. If the required magnification is within a range in which the resolving pbwer is not the
question, observation at lower accelerating voltages is preferable.

As discussed previously, secondary electron images can be obtained by shadowless illumination.
However, to avoid confusion in interpreting the images, characteristics of secondary electron images will be
compared with those of backscattered electron images. For secondary electron images, all electrons emitted
omnidirectionally from the specimen (partially including backscattered electrons) are detected, and video
signal output reflects variations in the number of emitted electrons caused by scanning (Fig. 1.27a). Thus,

the secondary electron image carry information obtained from all facets of the specimen (this is equivalent
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{a) Ferrite

(e} Boron whiskar {d) Synthetic fibers

Fig. 1.24 Examples of contrast formed by various shapes of specimen

(a) 45%tilt ' {bl 80°tilt

Fig. 1.25 Contrast variation as a function of specimen tilting angle Specimen: Galena

36C—1

i




{a) Low accelerating voltage {b) High accalerating voltage

Fig. 1.26 Edge effect due to accelerating voltage Specimen: Glass particle

—— —= Secondary electrons

Electron probe
——= Backscattered electrons

Detactor

[Scanning electron microscopel

[Optical microscope)

(a) Shadowless illumination (b} Shadowing (spot} illumination

Fig. 1.27 llluminating methods

to shadowless illumination in optical microscopes). For backscattered electron images (Fig. 1.27b), the video
signal output indicates variations in electrons reflected in one direction only; i.e., towards the detector (this
is equivalent to shadowing (or spot) illumination in optical microscopes). A secondary electron image and

backscattered electron image of stacked three grids are compared in Fig. 1.28.

F----------




(a) Sacondary electron image (b) Backscattersd slectron image

Fig. 1.28 Difference in illumination effect between secondary electron image
and backscattered electron image Specimen: Grids

The secondary electron image provides approximately equal contrast for the top, middle and bottom grids,
while the backscattered electron image shows strong shadowing over the entire picture: shadows from the top
grid appears on the middle grid and the bottom grid is nearly unobservable.

If local difference in electrical potential is present on the specimen surface, so-called voltage contrast
will appear. This contrast also appears when parts of a specimen are locally charged because of poor electrical
conductivity (this effect can be suppressed to some extent by lowering the accelerating voltage). Fig. 1.29a
illustrates typical secondary electron emission when a bias voltage is applied between parts A and B of the

specimen. Since the energy of secondary electrons is very low, emission of secondary elections can be

Incident electrons

Secondary electrons

% Detector
cimen n SR o
LT =
>—J 3
S -
7
(a) Whan biased {b) When partially charged.

Fig. 1.29 Voltage contrast formation
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suppressed to the extent that the detector can hardly detect them by supplying only a few volts of positive
potential to part A. This effect can be advantageously applied to semiconductor research. Fig. 1.30c¢ shows the
secondary electron image of a transistor in an integrated circuit. When the p-n junction is illuminated with the

electron beam, electron-hole pairs are created at the beam incident point and thereby an electromaotive force

is generated. This force can be measured or recorded as an electromotive force image using an amplifier
(Fig. 1.30d). Fig. 1.29b illustrates the emission of secondary electrons from charged part B of the specimen.
In this case, negative electric charge is accumulated on the surface of part B, increasing the apparent potential
difference from the detector. Thus, emission of secondary electrons from part B increases to an abnormal

extent compared with that from part A.

Collector .
Emitter

{a) Configuration of transistor {b} Secondary electron image {unbiasad}

{c) Secondary electron image {reversa bias to 2 V) {d} Electromotiva force image {accelerating voltage: 10 kV)

Fig. 1.30 Voltage contrast and electromotive force image Specimen: Integrated circuit

Fig. 1,31 shows an example of abnormal contrast due to charging. This abnormal contrast can be suppressed
to a certain extent by lowering the accelerating voltage or vacuum evaporating certain metals (gold, platinum,
etc.) uniformly over the specimen. This metal coating also protects the specimen from heat damage due to
beam irradiation (see Fig. 1.19). In order to coat the specimens evenly, specimens are rotated during coating.

A sputtering device is also useful for this purpose.
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Fig. 1.31 Abnormal contrast due to charging Specimen: Synthetic fibers

Finally, let us briefly discuss the process of image formation in the scanning electron microscope
(Fig. 1.32). The electron beam emitted from the electron gun is focused on the specimen surface by an
eleciron lens. The total quantity of electrons reaching the specimen surface is given by the difference between
the total of electrons emitted and the total of electrons blocked by apertures in the beam path. The number
of electrons impinging on the unit area of the specimen is determined by the diameter of the electron probe.
Using a smaller diameter aperture near the center of the lens increases the depth of field but decreases the
quantity of irradiating electrons,
The probe is moved horizontally by supplyving the current to horizontal scanning coils located in the elec-
tron beamn path. The probe moves vertically when the current is supplied to the vertical scanning coils. By
supplying sawtooth wave currents (the horizontal and vertical scanning signals) to horizontal and vertical
scanning coils, the probe position gradually moves diagonally, and as shown in Fig, 1,33a this determines
one scanning line. By making the period of the horizontal scanning sawtooth wave very short while leaving the
period of the vertical sawtooth wave constant, a large number of scanning lines can be obtained as shown in
Fig. 1.33b. The relationship between the period; i.e., vertical scanning speed (also known as frame speed),
horizontal scanning speed and number of scanning lines is determined by the equation below:

- - d f !
Number of scanning lines (lines/frame) = Vertical seanning speed (scc/ rar.ne) --------- (14)
Horizontal scanning speed (sec/line)

The secondary electrons emitted from various positions of the specimen surface as the specimen is
scanned by the electron probe are detected by the secondary electron detector (located near the specimen)
and the signal induced in the detector is sent to the video amplifier where it is amplified and level-controlled

to obtain an optimum contrast and brightness image on the CRT. In the video amplifier, the video signal is




f__.————\ [Control unit] a

Fitament

Scanning circuits Cathods
controlling magnification and

number of scanning lines }

Electron gun

|
|

2 o=
= =g |
(= =
20| |zBe|-EE SR
2°c Q= [T
\ Ee\y ¥ SE|L — :
Ly -
>3 2 3 2| Amplifier |
i P — “|(brightness and
i eontrast control)

Herizontal scanning coils}

{
| Ty
Vertical scanning colls :

Lens (focusing)7< p
/X NG

Aperture‘,l_—_T

/ !
f

ad—um First anode

\E -+—— Second anode

t Vertical deflection
/ coils

\/— Harizontal deflection
« coils

.
N

N,

N\
I

Secondary electrons

\
; N

7 ‘\\

/
/ ‘\
fi i
‘ |
| | J
i / R\ |
4 / | {
\\ /”‘ ‘\\ J{J

| /

AN / \ /

., < N 7
Speciman/ \\ /,
\\ r
. | i
. v
T‘ Fluorescence screen -
" w 8 |
—_—
[Column] [CRT]

Fig. 1.32 Formation of secondary electron image

modulated by a blanking signal synchronized with the scanning signal in order to blank out retrace from the
picture (the CRT is momentarily cut-off so as to blank out the image corresponding to the dashed lines in

Fig. 1.33b). The video output signal is then supplied to the control grid of the CRT which is synchronized
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with probe scanning. The signal modulates the raster brightness, thereby displaying a scanning image. In other
words, variations in secondary electron emission over various positions of the specimen are displayed as

variations in brightness on the CRT.

Electron probe

Scanning c:clill.iJ A

Specimen surface

(e} ()
Fig. 1.33 Probe scanning

The minimum discernible area of the image;ie., picture elements on the CRT, is determined by the
number of scanning lines, while the number of effective scanning lines is determined by the resolution of the
CRT. For example, if a CRT has a 2,500-line resolution within a 50 X 50 mm area, a single picture element is
equal to 0.02 X 0.02 mm = 0.0004 mm? (total number of picture elements in the area: 6,250,000), which
is sufficiently fine to retain sharpness of the picture even when the image is enlarged as much as 10 times
{the limit of area which the human eye can directly discriminate is assumed to be approximately
0.2 X 0.2 mm). Since the magnification M of the scanning image is given by the ratio of image width » of
the CRT picture area to scanning width  of the electron probe (M = b/a), the desired magnification can be

obtained by controlling the amplitude of scanning signals in the scanning circuit,
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1.2.2 Qutline of instrument design

1.2.2a Electron gun

Essential requirements for the electron-source of a scanning electron microscope are high brightness,
a small source area (a point-source is preferred) and high stability, especially that of the velocity of emitted
electrons. These requirements are met by several types of electron guns, which may vary in composition
details, but are basically composed of three electrodes, as shown in Fig. 1.34a (thermionic emission
electron gun).

The hot cathode F shown in the figure is normally a hair-pin filament. Considering the work function
{WF), melting point, vapor pressure, mechanical strength and so on, tungsten is usually chosen for the filament
material, but in special cases LaBg is used. Electrode G (also known as the Wehnelt) is equivalent to the
control grid in a vacuum tube, while electrode A is equivalent to the plate or anode. The characteristics of the
electron source are determined by the shape and position of F, G and A, and the relation between their
electric potentials. When a higher brightness and finer source is required, a field emission electron gun may
be used. When a high negative potential from the accelerating power source Ey is applied to the filament
and a current from the heating power source Ep flows through the filament, thermionic electrons are emitted
from the tip of filament and are accelerated by the filament-anode potential, At the same time, a voltage
drop across the bias resistor Ry supplies a bias potential for the Wehnelt. In this case, the potential distribution
between the respective electrodes; ie. the equipotential planes, form a kind of electrostatic cathode lens

as shown in Fig. 1.34b, by which electrons are focused to a point from which they are emitted as the electron

Filament (cathode)— = T

Wehnelt electrode — =
{or grid)

Crossover

Anode

(a) Electron gun configuration {b} Equipotential planes

Fig. 1.34 Generation of electron beam

beam. This point of focus is known as the crossover, The diameter of the crossover 2r., is regarded as the

size of the electron-source. The wavelength X of the emitted electron beam is calculated as given below.
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At 30 kV, the wavelength of electrons is approximately 0.07 A.

The electron gun used in JSM scanning electron microscopes is designed to minimize the diameter
of the crossover and to obtain high brightness. However, the position of the filament must be carefully
adjusted to ensure proper performance. The stability of the electron source greatly depends on negative-
feedback by self-biasing. However, the power source must be properly regulated and the instrument must
be designed to minimize the possibility of minute discharging. Furthermore, when the filament is heated
gradually, the quantity of emitted electrons reaches its limit (saturation) in accordance with space charge.
This heat level must be maintained to produce a stable electron beam (however, excessive heating of the

filament is wasteful, and merely shortens the life of the filament).

1.2.2b Electron lens

Electron lenses are used to demagnify the crossover (electron source) formed in the electron gun and
focus the electron probe to scan the specimen surface under the desired condition. Fig. 1.35 illustrates a
2-stage demagnification lens system with a condenser lens and an objective len§5 in which the lenses are
assumed to be thin and free from aberration.

In Fig. 1.35a, the crossover (2 r¢,) is demagnified by the condenser lens and is reduced further by the
objective lens to obtain a probe (2rp) focused on the specimen (o: aperture angle, §: beam divergence angle).
The total demagnification ratio My is given by the product of the demagniﬁcation‘ ratio of lenses Moz and
Moy, as shown below:

b b
MT = MCLMOL = ﬁ ...................................... (16)

An 100 A probe is obtainable by reducing an 100 pm diameter crossover to 1/10,000. Since acy, is fixed,
the focal length of each lens must be varied in order to demagnify the electron probe focused on the specimen
at fixed working distance byjy. Actually, the focal length of condenser lens Fcr, 18 set very short, and that
of the objective lens fp, is adjusted so as to focus the electron probe on the specimen. This is shown in
Fig. 1.35b. In this case, as seen in the figure, the total quantity of electrons reaching the specimen; i.e., the
probe current, is reduced since only a few of the electrons radiated from the crossover image {2rt,) with
a divergence angle 28 pass through the aperture. To obtain an even smaller probe diameter, the working
distance WD must be made shorter (set the specimen closer to objective lens) and the probe must be focused

by varying the focal length of the objective lens (in this case, the probe current will show almost no change).

The configuration shown in Fig. 1.35a (or b) is preferred when the magnification is comparatively

1

low. This, however, depends on the type of specimen (its secondary electron emission yield) and the specimen

f
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Fig. 1.35 Demagnifying lens system

topography. The configuration shown in Fig. 1.35c is preferred when the magnification is high, because of
its capability to produce a very small probe diameter. Furthermore, the depth of field can be increased
by reducing the diameter of the aperture, but this reduces the probe current available on the specimen surface.
These relations are indicated in Table 1.5. The relationship between probe diameter, probe current, depth

of field and magnification is shown in Figs, 1.3 and 1.5.

Table 1.5 Focal length, working distance, and aperture size
fovlfoL Working distance Aperture size

long/short = short{long long - short large — small’
Probe diameter large — small large - small _
Resolution low — high low - high _
Applicable magnification low — high low — high —
Depth of field deep — shallow shallow - deep
Probe current  high > low high — low

1.2.2¢c Scanning.coils

The deflection coils (or solenoid) used to scan the electron probe over the specimen are called the
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scanning coils, In principle, these coils function similarly to the alignment deflection coils and image shifting
deflection coils. Thanks to their high quality, the écammg coils used in JSM scanning electron microscopes
are capable of rapid scanning for observation, as well as slow scanning for photography. Together with other
deflection coils, the scanning coils are installed in the deflection system cylinder.

Fig. 1.36 illustrates the operation of opposing coils L, and L, . When a sawtooth wave current / from
sawtooth wave generator SWG is supplied to the coils, an uniform magnetic field A {magnetic fluxes having
the same intensity and direction) exerts force 7 on moving electrons, thereby shifting them away from center.

With the velocity of electrons kept constant, the extent of shift is determined by the intensily of the magnetic

field; i.e., magnetic flux density B (which depends on the number of coil windings and the current) as seen

by equation (5). The direction of shift depends on that of the coil current,

(a) {b)
Fig. 1.36 Probe scanning

In actual probe scanning, since the probe must be driven in two orthogonal directions, anather coil-pair
is installed at right angles to the first coil-pair as shown in Fig. 1.36b. In the figure, if current i, (supplied
to vertical scanning coils Ly y and Ly ,) is equal to current i, (supplied to horizontal scanning coils Ly ; and
Ly4), 2 composite magnetic field H(B) exerts force [7 on the electrons, thereby shifting them away from
center. When direction of the composite magnetic field is changed by varying the ratio of i; to i and/or the
polarity of these currents, the direction of electron probe movement is changed accordingly. Movement is equal
to the vector sum of movement caused by the two control currents supplied independently to the two coil-pairs.
When two sawtooth waves of different periods are supplied as shown in the figure, horizontal scanning is
repeated in vertical steps until vertical scanning is also completed. In other words, when the probe scans the
entire surface of the specimen as shown in Fig. 1.33b, an image will be written on the CRT. The number of

scanning lines for one image is determined by the combination of the vertical and horizontal scanning speeds,
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1.2.2d Specimen chamber

Three basic requirements for any well-designed specimen chamber are good specimen {or specimen
holder) stability, smooth stage motion for efficient selection of the field of view (X-, Y-, Z- movement,
rotation, and tilt), and quick, easy specimen exchange. In high-performance scanning electron microscopes, the
specimen chamber must be completely isolated from external vibrations which can deteriorate resolution, and
the desired field of view must be precisely located. Purthermore, Specimen exchange for the JSM-35C is
carried out via the airlock chamber without breaking the column vacuuim.

Another important requirement of sophisticated specimen chambers is the capahility for accom-
modating various attachments for expanded applications; for example, X-ray spectrometers for quantitative
and qualitative specimen analysis, a backscattered electron detector for observation of composition and
topographic images, a transmitted electron detector for observation of transmitted elec;tron images, a
cathodoluminescence detector for observation of cathodoluminescent substances, and a semiconductor
specimen holder for obtaining images of potential distributions and electromotive force in integrated circuits.
The standard JEOL scanning electron microscope is equipped with a secondary electron detector and
a standard specimen stage. However, various other attachments including those mentioned above can be

incorporated.

1.2.2e Secondary electron detector

The secondary electron detector effectively collects secondary electrons (including some back-
scattered electrons) emitted from an irradiated specimen surface, amplifies the detected electrons, and
converts them into the video signal. The secondary electron detector used in JSM-35C is of the scintillator-
photomultiplier type,

Fig. 1,37 is a simplified diagram of the detection of electrons emitted from a specimen. The solid
arrows { —) in the figure represent high-energy ‘backscattered” electrons while the dashed arrows (---»)
represent low energy ‘secondary’ electrons. If the specimen is sufficiently thick, there will be a measurable
difference betv;feen backscattered electrons and incident electrons. This difference can be attributed to the
absorbed electrons and is measured by absorbed current I,. An absorbed electron image can be formed from
variations in the absorbed current,

The secondary electron detector is composed of a scintillator, a light pipe and a photomultiplier(PMT).

The scintillator is provided with a collector (a kind of Faraday cage). Backscattered electrons have sufficient

energy (nearly equal to the primary energy) to excite the scintillation material. However, secondary electron

energy is very low (several eV) and cannot excite light in the scintillator; therefore their energy must be
accelerated up to approximately 10 kV so that the electrons can be detected. The applied high potential is

also very effective to collect omnidirectionally emitted secondary electrons, The collector functions as an

electrostatic shield to isolate the specimen chamber from the high-potential scintillator and is used to control

the quantity of secondary electrons, which enter the detector, by varying the collector voltage (between —500
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Fig. 1.37 Detection of emitted electrons

and +500 V). This also protects the detector from saturation and damage. When switch S {Fig. 1.37) is set
at BEI, the scintillator is grounded, and only backscattered electrons can be detected (backscattered
electron image observation). In this case, however, the quantity of backscattered electrons which can reach
the scintillator is limited, and image quality is poor. The use of a paired semiconductor detector
just above the specimen (SPD in Fig. 1.37) to collect backscattered electrons makes it possible to obtain
a high-quality topographic image (when subtracting signals — A-B) or compositon image (when adding
signals — A+B).

The photoemissions generated in the scintillator is led to the PMT cathode via the light pipe and
creates a cascade of electrons in the PMT. The resulting PMT output is first amplified by a preamplifier,
further amplified by the video amplifier, and finally displayed on the CRT as a scanning image synchronized

with the probe scan.

1.2.2f Display and photographic recording systemns

Signals input to the display system are simultaneously displayed on a large, long-persistence.viewing
CRT for visual observation or on an optional TV monitor, and on a short-persistence high-resolution recording
CRT for photography. Image recording is made as follows: selecting the field of view and the magnification,
and focusing the image on the viewing CRT and determining the conditions for photographing and recording
the scanning image.

The brightness and contrast of the scanning image can be optimized by using respective exposure
meters. When using an Automatic Contrast/Brightness Control Unit (optional), no readjustment for optimal

image contrast and brightness is required even when the field of view is changed. The recording CRT displays




various data such as accelerating voltage, magnification, film number and a micron marker superimposed on
the image (in black or white digits, or white digits on dark background). The photographic recording system
is basically a box camera with a high resolution tandem lens, and employs an automatic exposure mechanism
synchronized with the probe scan. A Polaroid #545 Film Holder (Polaroid 4 X 5 Land film), Polaroid #4035
Film Holder (Polaroid 105/107 Land film) and MAMIYA 6 X 7 Roll Film Holder (120/220 film) are available.
For the film number, the lower 2 digits increment automatically with each exposure but all digits can be

preset manually.

1.2.2g Vacuum system

To minimize the interference of extraneous particles with the electron beam, the column vacuum
must as perfect as possible. In a scanning electron microscope the pressure inside the column should be below
10~% Torr. Higher column pressures can result in high-tension discharges and specimen contamination. To
achieve the required pressure, the scanning electron microscope is usually evacuated by an oil rotary pump
and an oil diffusion pumnp.

Fig. 1.38a shows the structure of 2 Gaede oil rotary pump. The pump interior is placed in a housing
containing oil. Oil serves to lubricate the pump and make it airtight. When the rotor is rotated in the direction
of the arrows, the air in one crescent chamber is compressed above atmospheric pressure. As a result, air is
pumped out through the exhaust valve. Simultaneously, air enters the other crescent chamber ready for the
next compression. That is to say, two pumping processes take place with each revolution of the rotor.
Moreover, since the currently employed rotary pump is of two-stage type, vibration and exhaust noise levels
are extremely low. However, the attainable pressure by this pump is limited to about 1073 Torr {pumping
speed: several tens liters/min), so it cannot be used as the final vacuum pump in the scanning electron

microscope. It is basically employed for rough pumping and to maintain back-pressure in the diffusion pump.
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Fig. 1.38 Structures of vacuum pumps




Fig. 1.38b shows the structure of an oil diffusion pump composed of a heater/boiler, water-cooled
casing, jet chimney and a water-cooled baffle to keep oil from backstreaming. The oil vapor heated by the
boiler is led into the chimney and is jetted from the nozzle at supersonic speed toward the wide low-pressure
space. By so doing, the gas molecules from the column diffuse into the oil jet stream and the intermingled
gas is compressed by kinetic energy of the jet flow and is transferred to the exhaust port. The jetted oil vapor
is condensed by the water-cooled casing and the condensed oil drains back into the boiler. The low-boiling
point contents in the recovered oil are removed by by evaporation (fractionation). Qil diffusion pumps use
an auxiliary rotary pump to provide initial low pressure (below 107! Torr). The oil diffusion pump can
maintain approximately 10™% Torr (pumping speed: several hundreds of liters/sec), and pressure can be
further lowered by using traps.

Vacuum pressures can be measured by various methods. The method suitable for a particular application
should be selected according to the levels of pressure to be measured, the type of gas and the purpose of the
measurement. Ordinarily, a hot-cathode ionization vacuum gauge is used for precise pressure measurements,
but it is not suitable for automatic vacuum system control in scanning electron microscopes because it cannot
be used under atmospheric pressure. Therefore, a Pirani gauge is used for the vacuum system of the JSM-35CF.
Fig. 1.39 shows the bridgé circuit of a constant-voltage Pirani vacuum gauge, The Pirani tube and a dummy
tube are encased under identical conditions. The opening of the Pirani tube is connected to the vacuum
vessel (the column) while the dummy tube remains sealed as a reference vacuum. These tubes are designed
to have approximately equal resistances at room temperature, Resistors R, and R, produce heat in proportion
to a voltage supplied by a regulated power supply. The temperature rise of the resistances depends on ambient
conditions. If there are gas molecules in the vicinity of the resistors, they may hamper temperature rise by
heat conduction; in other words, the temperature of resistors Ry and R, will vary with the ambient pressure.
If the resistance of R3 and R 4 are equalized at some low pressure, the bridge is balanced. The bridge will
become unbalanced when the ambient pressure is increased, and a measurable current will flow through
the ammeter (the maximum current is adjusted by Rg). This method can be used to measure pressure

continuously from 1 atmosphere, and the vacuum level can be monitored by the ammeter.

Caolumn Vi _‘:%:3):
. . ST LV]
Pirani tube oP ‘
—s v, Column
1] V3
(O] %
Dummy tube
Fig. 1.39 Principle of the Prirani gauge Fig. 1.40  Basic vacuum system
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A basic vacuum system is composed of an cil rotary pump (RP), an oil diffusion pump (DF) and five

manual vatves (Fig. 1.40). The pumping-down procedure starts with valves V;, V,, V3 and LV, closed, and

LV, open.

® Start. . .. ... L. 1. Close leak valve LV, and turn on the RP switch,
2. Open valve V; and turn on the DP heater.

® Fvacuation. ... ............ 1. Close valve V5 and open V3 for roughing (down to ~ 1072 Torr).
2. Close V4, and open V, and V; to attain operating pressure

(down to ~ 107 Torr).

® Leaking and re-evacuation. . . ... 1. Close V; and open LV to admit air into the column,
2. Close LV, and re-evacuate,

® Shutdown ................ 1. Close V; and turn off the DP heater.

2. Close V5, turn off the RP and open LV,

The vacuum system of an scanning electron microscope usually has two cil rotary pumps, an oil diffusion
pump, and many solenoid and pneumatic valves, which are automatically controlled by several vacuum gauges

{VG) and timers.

1.2.2h Electrical system

The electrical circuits of a scanning electron microscope consists of following parts: high-voltage
circuits (electron beam acceleration), lens circuits (excitation of electron lenses), deflection circuits (probe
scanning and CRT beam deflection), video circuits {secondary electron detection, and control and ampli-
fication of video signal, and image display) and miscellaneous circuits (electromagnetic alignment, image fine
shifting, astigmatism correction, data display, gun filament heating, and vacuum system control}. All circuits
of the JSM Scanning Microscope, including the high-voltage circuit, are based on solid state electronics for
ensuring high reliability and easy maintenance.

Fig. 1.41 shows the basic circuitry for high-voltage generation (beam acceleration) used in the JSM
scanning electron microscope.
In the figure, when OSC (blocking oscillator) output drives the base of transistor TRy, collector current i;
flows in the primary winaings Ly of the step-up transformer, Thereby, current /; is induced in the secondary
windings L, and a high frequency voltage e, is produced across it. This voltage is doubled by a voltage
doubling rectifier and filtered to remove ripple. The filtered negative high-voltage (~Exv: ~ 2 eg (tms) ) is
supplied to the electron gun {consisting of filament F, grid G, and anode A). The voltage output is regulated
as follows: a fraction of the output voltage is fed back to a difference amplifier AMP via a high resistance
R, is compared with the reference voltape +Vref, and the amplified output is supplied to the base of
transistor TR, to control emitter current f; (+V. 18 collector voltage). The desired high voltage output
(accelerating voltage) is obtained by adjusting potentiometer RV which varies the AMP output. The beam
current (emission current) is varied by bias resistor Ry. The high-frequency input of the high-voltage circuit

allows the use of small filter capacitors, thereby ensuring safety operation and permitting theuse of a compact
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Fig. 1.41 High-voltage circuit

high voltage generator.
Fig. 1.42 shows the basic current regulator circuit for lens excitation. The voltage generated by lens
current flowing across a resistor is applied to a difference amplifier and is compared with reference voltage

+Vref. The difference between these two voltages is used to control the AMP output so as to regulate the lens

current,

Vref Ry

RV, L
RV, {
Lens current Lens current
control control -
MEDIUM i

Fig. 1.42 Lens circuit

The AMP output is coarse-controlled by potentiometer RV (MEDIUM) and fine-controlled by RV, (FINE),
in order to obtain the desired excitation condition (for the condenser lens, only potentiometer RV, is used).

Fig. 1.43 shows the basic sawtooth wave generator circuit for probe scanning and CRT beam deflection.
The sawtooth signals, whose frequency is determined by the input pulses (square wave sync signal), are
supplied to the deflection coils. The major component of this circuit is a Miller integrator composed
of amplifier AMP, capacitor C and resistor R, The gate transistor TR is turned on and off by a square wave
signal supplied to the base. The resultant voltage caused by charging and discharging capacitor C is supplied
to the AMP as the bias source. Capacitor charging and discharging characteristics are determined, respectively,
by the product of C and R and that of C and the internal resistance of the TR. The AMP then outputs

sawtooth waves to terminal A. The frequency of these sawtooth waves is determined by the sync signal and
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Fig. 1.43 Deflection circuit

+V,, and their amplitude is determined by —V, (COMP stands for the comparator). The signal output
from the Miller integrator is supplied through the sawtooth wave amplifier to a deflection power amplifier
in each deflection circuit in order to drive the recording and viewing CRT deflection coils and the electron
probe scanning coils, Sawtooth current flowing in terminals B, C and D scans the CRT beam and electron
probe. The magnification of the scanning image is varied by changing the probe scanning range; that is,
potentiometers RV, (COARSE) and RV, (FINE) are adjusted to control the waveform amplitude, and
consequently, the coil current,
Fig. 1.44 is a schematic diagram of the video signal circuits which covers stage from the detection of
secondary electrons up to the formation of video signal. Secondary electrons emitted from the specimen
are detected by the scintillator-photomultiplier (PMT), and are supplied to the preamplifier (AMP) after
‘being converted into electric signals. The preamplifier matches impedance between the PMT and the SET unit
to improve the signal-to-noise ratio. The detector output signal is processed depending on the polarity of
image to be displayed (NORMAL: positive or INVERSE: negative) using the POLARITY switch before the
signal goes to the video amplifier,
The COLLECTOR circuit protects the scintillator and PMT from saturation when the emission of secondary
electrons increases. By setting the switch to a negative potential, the quantity of secondary electrons aﬂowed
~ to enter the scintillator is limited. When this switch is set to a positive potential, the quantity of electrons
is increased. The CONTRAST circuit, which varies the gain of the PMT, controls the amplitude of video
signals by changing the supply voltage to the PMT and thereby controls image contrast. The BRIGHTNESS
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Fig. 1.44  Video signal circuit (1)

circuit, which varies the DC level of input signals to the preamplifier, controls image brightness by changing
the waveform level of video signals. Video signal output is supplied to the exposure meter circuits
(indicator unit) and the image display circuits (DISPLAY /photographic-recording units) (the exposure meter

circuits are not shown in this figure.).

Fig. 1.45 shows a schematic diagram of the video display unit (DISPLAY unit), composed of a video

DISPLAY unit

/\l\f\, Blanking pulse
Video input «L/

w
—AW————

+——w—

—12v

BRIGHTNESS| S«—An—

< Aetual numerical values may di, f}‘er from those shown in the diagram.>

Fig. 1.45  Video signal circuit (2)
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amplifier (AMP) and a CRT. The signal output from the SEI unit is displayed as a scanning image on the CRT.
In this figure, video input signals are amplified by' the AMP and modulated by blanking pulses (square wave
pulses) and the resultant output is_sUppﬁed to the contfolﬂ grid of the CRT. When there is no signal input,
fhe CRT raster is illuminated without image display. When the control grid receives signal input, the electron
beamn current is modulated and the \scanning image is displayed. The CONTRAST and BRIGHTNESS
circuits, respectively, control the amplitude and level of signal waveforms supplied to the grid, and in turn

vary the contrast and brightness of the image.

B ‘

-

!




2 SPECIFICATIONS







	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	sem002.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	sem003.pdf
	1

	sem005.pdf
	1
	2


	sem006.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28

	sem007.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	sem008.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48

	sem009.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48

	sem010.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48

	sem011.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60

	sem012.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	63
	64
	65
	66
	67
	68
	69
	70
	71
	72
	73
	74
	75
	76
	77
	78
	79
	80
	81
	82
	83
	84
	85
	86
	87
	88
	89
	90


