
 

 

 

 

 

 

Pre

 

ecisio

Own

G
5
P

n Ion

ner’s M

Gatan, I
5794 W. Las
Pleasanton, C

n Polis

Manual a

Inc. 
s Positas Blv
CA 94588 

shing 

and Use

Part Nu

 
 

vd. Tel. (
Fax. 

PIPS 

Syste

er’s Gu

umber 695.8

Revisio

3/15/

(925)463-02
(925)463-02

II 

em 

uide 

82001 

on 4.0 

/2014 

 

 

 

 

 

 

 

 

 

200 
204 



 

2 
PIPS II Owners Manual and Users Guide 

   



PIPS II O

 

Sym

S

sym

 

IM
ins
pr

 

Owners Man

Th
m
ha
eq

 

 

mbols an
Yo
pr

SYMBOL 

 

 

 

 

  CA
mbol is mar

MPORTANT
structions 
oduct.  Rev

nual and Use

S

his chapter 
anual. Gatan

arm to yours
quipment as w

nd Atten
ou must be a
rovides vario

REFEREN

IEC 60417

IEC 60417

IEC 60417

IEC 60417

AUTION - D
rked. 

T - For 
please ref
iew this doc

ers Guide 

Safety 

presents a 
n, Inc., reco
self or the eq
well. 

ntion Sy
aware of saf
ous procedur

NCE 

-5031 (2002

-5032 (2002

-5033 (2002

-5017 (2006

Documenta

Regulatory
fer to the
cument in fu

Inform

summary o
mmends fol
quipment. P

ymbols
fety when yo
res that requi

2-10) 

2-10) 

2-10) 

6-08) 

ation must b

y Complian
e Regulato
ull before in

mation

of the safe
llowing all s
lease follow

ou install and
ire careful at

be consulte

nce and 
ory Pamph
nstalling and

n 

ty symbols 
safety preca

w all warning

d use this sy
ttention to p

D

D

A
cu

B
al
cu

E
T

ed in all ca

Safety info
hlet provid
d operating

throughout
autions to pr
gs marked o

ystem. This G
precautions. 

DESCRIPTIO

Direct curren

Alternating 
urrent 

Both direct an
lternating 
urrent 

Earth (grou
ERMINAL 

ases where 

ormation 
ded with 
g this produ

3 

t this 
revent 
on the 

Guide 

ON 

nt 

nd 

und) 

this 

and 
this 
ct. 



PIPS II O

Pro

 

Owners Man

 

 

 

 

 

 

 

 

oduct Sa
Re
pr
us
co
wi
lo
wa
an

nual and Use

IEC 60417

IEC 60417

IEC 60417

IEC 60417

 

IEC 60417

ISO 7000-0

 

afety Info
eview the fo
roduct, or an
se the produc
omponent pr
ith safety sy
cations with
arnings and 

nd frequency

ers Guide 

-5019 (2006

-5020 (2002

-5007 (2009

-5008 (2009

-5041 (2002

0434B (2004

ormatio
ollowing pre
ny products t
ct only as sp
roduct user
ymbols, writt
hin the unit. 

instructions
y of your p

6-08) 

2-10) 

9-02) 

9-02) 

2-10) 

4-01) 

n 
ecautions to 
to which it i
pecified. Rea
manuals and
ten warning
Save this do

s marked on
power sourc

avoid injury
is connected
ad all safety
d understan
s, and cautio
ocument for

n the equipm
ce matches 

P
C
T

F
T

O

O

C
p
el

C
su

C
d
m
co
ca
sy
m
 

C
m

y and preven
d. To avoid p
y information
nd the precau
ons before a
r future refe

ment. Ensure
the voltage

Protective 
Conductor 
Terminal 

Frame or cha
ERMINAL 

On (Power) 

Off (Power)

Caution, 
ossibility of 
lectric shock

Caution, 
urface 

Caution - 
ocumentatio

must be 
onsulted in a
ases where t
ymbol is 

marked 

Caution, 
magnetic fiel

nt damage to
potential haz
n provided i
utions assoc

accessing pa
rence. Follo

e that the vo
e and frequ

4 

assis 

f
k 

hot 

on 

all 
this 

d. 

o this 
zards, 
in the 
ciated 
arts or 
ow all 
oltage 
uency 



PIPS II O

 

Owners Man

in
kin
pr
ca

 

 

 

 
Dan
spec
 
Do N
do n
 
To A
cond
mak
grou
 
Do n
 
Disc
 
Shou
wipe
 

 

 

 

 
War
not 
term
 
Elec
stati
cloth
 
Whe
strap
disch
 
To a
an e
 

 

nual and Use

scribed on th
nd through 

resent. Cond
ause fire, elec

nger: Discon
cified on the 

Not Operate
not operate th

Avoid the R
densing con
ke connection
unded plug (t

not operate i

connect all e

uld a leak oc
e to clean up

rning: To av
make conne

minal. See the

ctronic comp
c electricity
hing or work

en installing 
ps and ant
harge. 

avoid injury
xplosive atm

ers Guide 

he equipmen
the openin

ductive forei
ctrical shock

nnect power 
product's ra

e Without C
his product w

Risk of Elec
nditions. Wh
ns to a groun
third ground

in wet, damp

xternal pow

ccur, remove
p the spill. 

void electric
ections to te
e product us

ponents on p
. Ordinary a

k environme

the board in
i-static mat

, fire hazard
mosphere. 

nt's electrica
gs in the e
ign objects c
k, or damage

before repla
ating label. 

overs: To av
with any rem

ctric Shock: 
hen supplyin
nded main. A
ding pin). 

p, or condens

er connectio

e power from

cal hazards (
erminals ou
er manual fo

rinted circui
amounts of s
nt can dama

n a system, y
ts to preve

d, or explosi

al rating labe
equipment. D
could produ
e your equip

acing fuses a

void electric
moved enclos

Do not ope
ng power t
Always use a

sing conditio

ons before se

m PIPS. Use 

(heat, shock 
utside the ra
or correct co

it boards are
static electri
age the electr

you must us
ent damage

ion, do not o

el. Never pu
Dangerous v
uce a short c
ment. 

and only use 

c shock or f
sure covers o

erate in wet
to the syste
a power cabl

ons. 

ervicing. 

paper towel

and/or fire h
ange specifie
onnections. 

e extremely s
city generat
ronic equipm

se anti-static
 due to e

operate this 

ush objects o
voltages ma
circuit that c

value 

fire hazard, 
or panels. 

t, damp, or 
em, always 
le with a 

ls or Kem 

hazard), do 
ed for that 

sensitive to 
ted by your 
ment.  

 grounding 
electrostatic 

product in 

5 

of any 
ay be 
could 



 

6 
PIPS II Owners Manual and Users Guide 

Preface 

Copyright and Trademarks 
© 2007 Gatan, Inc. The Gatan logo is a registered trademark of Gatan, Inc. 

The product names AutoFilter, BioScan, Clipring, DigiPEELS, DigiScan, 
DigitalMicrograph, DigitalMontage, Duo Mill, DuoPost, Gatan LowDose, 
GIF, Hexlok, Hexring, HotHinge, MSC, PECS, PIPS, Toggle Tilt, and 
Whisperlok are trademarks belonging to Gatan, Inc. 

The PIPS is protected by US Patents 4,272,682; 5,009,743; and 5,472,566. 
Other patents are pending. 

Disclaimer 
Gatan, Inc., makes no express or implied representations or warranties with 
respect to the contents or use of this manual, and specifically disclaims any 
implied warranties of merchantability or fitness for a particular purpose. 
Gatan, Inc., further reserves the right to revise this manual and to make 
changes to its contents at any time, without obligation to notify any person or 
entity of such revisions or changes. 

Support 
Gatan, Inc. provides free technical support via phone, fax, and electronic mail. 
To reach Gatan technical support, contact the facility nearest you, or send 
electronic mail to help@gatan.com. 

USA, Canada and 
Latin America 

Field Service 
Gatan, Inc. 
5794 W. Las Positas Blvd.  
Pleasanton, CA 94588 
Tel. +1 (925) 224-7360 
Toll Free: +1 888-887-3377 
Fax. +1 (925) 463-0204 
Contact:service @gatan.com 
 
Parts and Consumables 
Gatan, Inc. 
5794 W. Las Positas Blvd. 
Pleasanton, CA 94588 
Tel. +1 (925) 224-7314 
Fax. +1 (925) 463-0204 
Contact:service @gatan.com 
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Factory Service 
Gatan, Inc. 
780 Commonwealth Drive 
Warrendale, PA 15086 
Tel. +1 (724) 779-2552 
Toll Free: +1 888-778-7933 
Fax. +1 (724) 776-3360 
Contact:service @gatan.com 
 

Asia and Pacific Rim Nippon Gatan 
Hibarigaokaminamikan 6F 
3-27-11 Yato-cho, Nishi-Tokyo-Shi 
Tokyo 188-0001 Japan 
Tel: 011-81-424-38-7230 
Fax: 011-81-424-38-7228 
Contact:miyamori@gatan.com 
 
Gatan Singapore  
10 Eunos Road 8 
#12-06 
Singapore Post Centre 
Singapore 408600 
Tel: (65) 6293 3160 
Fax: (65) 6293 3307 
Contact: wchuang@gatan.com 
 

Europe Gatan GmbH, München Germany 
Ingolstadterstr. 12 
D-80807 München 
Germany 
Tel. +49 89 358084-0 
Fax. +49 89 358084-77 
Contact: mfelsmann@gatan.com 
 
Gatan UK 
25 Nuffield Way 
Abingdon, OX14 1RL 
United Kingdom 
Tel. +44 1235 540160 
Fax. +44 1235 540169 
Contact: ukinfo@gatan.com 
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Gatan France 
3bis, Chemin du Haut Breuil 
78113 GRANDCHAMP 
FRANCE 
Tel : 33 1 34 94 44 07 
Mobile : 33 6 80 13 51 39 
Fax : 33 1 34 87 16 68 
Contact: dmonville@gatan.com 

 

Returns 
If there is a need to return equipment to the factory, please call Gatan to obtain 
a Returned Merchandise Authorization Number (RMA #). This RMA number 
must appear on your shipping document, to help in tracking and to ensure that 
proper action will be taken to repair or replace your equipment. 
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guns is minimized, and gun consumables have been eliminated. The new 
focus electrodes in each gun have improved the low energy spot size, keeping 
the spot size approximately constant across all beam energies. This results in 
dramatically faster milling rates at low energy, such that it is now practical to 
mill to perforation at energies as low as 100 eV. 

1.1.3. Gas Flow Optimization 

The optimum gas flow for all beam energies is calibrated at the factory, and 
may be selected by using the automatic gas flow option. The gas flow of each 
gun may also be set manually.  

1.1.4. Compact Vacuum System 

Specimen contamination is reduced with an oil-free vacuum system consisting 
of a molecular drag pump (MDP) backed by a 2-stage diaphragm pump (DP). 
Additionally, a liquid-nitrogen trap is available to further reduce contaminants 
and water vapor. 

1.1.5. Touch-screen Interface 

Operation of the system is controlled by the user via a touch-screen interface, 
which is customer selectable between several languages. 

1.1.6. Versatile Sample Holders 

The Gatan specimen post, for single-sided milling, and the DuoPost, for 
double-sided milling, eliminate transfer of material onto the specimen by 
secondary sputtering from the specimen platform and provide excellent 
thermal contact with the specimen to prevent specimen overheating. Lastly, 
both specimen posts allow the specimen to have an unobstructed view of the 
ion beam and thus ion polishing can be performed at angles approaching 0°. 

In order to allow for centering the thin section at the rotation axis the sample 
mount includes a manual x-y stage. This allows the user to compensate for a 
sample that is mounted off-axis in the post. 

1.1.7. Stereo Microscope 

An optional optical stereo microscope is used to inspect the specimen in its 
working position at any time during the thinning process to achieve very 
precise control over the final stage of specimen thinning. This feature is 
especially important for insulators and semi-conductors since these materials 
are transparent to light and the interference-fringe technique can be used to 
control the final specimen thickness in the region of interest to an accuracy of 
about ±10 nm. 
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1.1.8. Digital Zoom Microscope System 

The Digital Zoom Microscope is a system option. This system uses a digital 
camera connected to an external PC. The camera is mounted on the system 
and allows for in-situ observation of the sample. In addition, the supporting 
software allows for manual/automated acquisition of images, typically one 
automated image per rotation. The external PC can also be used for remote 
control of the PIPS II system, via remote desktop type software. 

1.1.9. Autoterminator 

This can be provided as an optional feature and uses the amount of light 
transmitted through the sample. Milling is stopped when this reaches a 
previously set value. 

1.1.10. WhisperlokTM Stage 

Quick specimen exchange (<30 sec) is achieved using a miniaturized version 
of Gatan’s pneumatically controlled Whisperlok™. The specimen can be 
easily transferred and viewed at frequent intervals during the final moments of 
the thinning process. 
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1.2. Main Work Chamber 
Figure 1-2 is a top view of the PIPS II main Work Chamber. The figure shows 
the right and left PIGs. The Airlock cover is removed to reveal the main 
Airlock O-ring and a top view of the specimen mount. 

  

Figure 1-2 Work chamber, top view. 

Figure 1-3 is a cross-sectional view through the main Work Chamber of the 
PIPS II. The Airlock cover is in place with the specimen in its working 
position at the center of the Chamber. 

Specimens are mounted on posts that plug into the specimen mount and can 
be milled on both surfaces with proper orientation of the PIGs. One of the 
PIGs is shown inclined at a positive angle (+10°) to the horizontal (beam 
incident to the top surface of sample). By simply grasping the gun knob and 
rotating it, the gun angle can be reduced down through 0° continuing on to a 
negative angle (-10°, beam incident to the bottom surface of sample). 

The Shutter is shown in its inserted position, which prevents sputtered 
material from depositing on the specimen Viewing Port. 
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Figure 1-3 Work chamber, cross-section view. 

 

1.3. Vacuum System 
PIPS II has a compact, oil-free vacuum system consisting of a molecular drag 
pump (MDP) backed by a 2-stage diaphragm pump (DP). The vacuum system 
is designed to hold vacuum when the power is turned off. The working 
vacuum can be reached very quickly when the power is resumed. 

1.3.1. The Pumping system 

The MDP has an argon pumping speed of 80 L/sec. It is in series with a 2-
stage diaphragm pump (DP) that maintains a backing pressure for the MDP of 
less than 10 Torr and a chamber base pressure in the 10 -6 Torr range. The 
pumping time from atmosphere to near the base pressure is typically less than 
15 min. The console is cooled by a single fan mounted on the rear panel that 
directs air onto the MDP. 

1.3.2. The Pumping Manifold 

The Pumping Manifold contains the cold-cathode gauge tube and the MDP, 
which is offset from the Work Chamber to minimize any possibility of debris 
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falling into the pump. Pressure is monitored by the cold-cathode gauge tube, 
which will not turn on unless the MDP is close to its normal running speed. 

1.3.3. Airlock Vacuum 

The Airlock vacuum is controlled by three solenoid valves (see Figure 1-4). 
The VAC valve in conjunction with the LL (loadlock) valve evacuates the 
Airlock. The Vent valve in conjunction with the LL valve vents the Airlock.  

  

 

Figure 1-4 Vacuum system. 

1.3.4. Gas Manifold 

The gas manifold combines all of the solenoid valves except for the VAC 
valve onto a single manifold. This includes valves for pneumatic controls as 
well as airlock vacuum control. All of these valves are of the same type;  3-
way normally closed, 15 mm valves from Clippard Minimatic. These valves 
have an LED which indicates when they are active. The mass flow controllers 
and a gas regulator are also mounted on the gas manifold.  

Fittings with captive o-rings are inserted into tapped holes on the manifold 
and gas and vacuum tubing is connected to the fittings. It is critical that these 
fittings are not over-tightened, or the manifold material can be cracked. When 
tightening a compression fitting, be sure that a second wrench prevents the 
fitting from turning. 
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Energy Isolation 

Prior to service, remove the AC line cord and attach a suitable lockout/tagout 
device, such as RS Hughes Co. part number 65674 or the like. Gas-control 
System 

The Gas-Control system controls the Argon gas supply to the ion guns, an 
alternate gas input for the guns, the Whisperlok piston, and the pneumatic 
shutter. The Gas-Control System consists of a pressure regulator and four 
normally closed three-way solenoid valves. Figure 1-5 shows the Gas-control 
system. The gas supply to the guns is controlled by a regulator. 

The alternate gas input for the guns may be used if a different gas is desired 
for the ion guns than is used for the pneumatic control. For example, Xenon 
may be used for the guns while Argon is used for pneumatic control. This 
minimizes the amount of the much more expensive Xenon that is used.  

 

Figure 1-5   Gas-control system. 

Gas Supply to the Guns 

The PIPS requires a clean, high purity (99.998%) Argon supply at 25 psi (1.72 
bar). The Argon gas for the ion guns is regulated by a pressure regulator that 
reduces the incoming gas supply from 25 psi down to about 7.5 psi. Two O-
rings form vacuum seals in the gun housing and the ionizing gas is fed into the 
guns between the O-rings. The Alt valve (AG) when activated connects the 
alternate gas input to the guns, however, Argon gas must still be supplied to 
the Ar input to provide pneumatic control. 

Gas Supply to the WhisperlockTM 

The Whisperlok assembly is controlled by a normally closed three-way 
solenoid valve (WL). When WL valve is energized, Argon pressurizes the 
Whisperlok assembly and lowers the piston. When the power to WL is 
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switched off, the gas pressure is cut and the piston is raised. This means that 
in the event of a power failure, the specimen will automatically be raised into 
the Airlock. In addition, the LL and the VAC valves are configured so that the 
DP evacuates the bellows. This increases the pressure raising the Whisperlok. 

 

Gas Supply to the Pneumatic Shutter 

The pneumatically-operated Shutter is designed to minimize sputtered 
material from depositing on the specimen Viewing Port and is controlled by 
the 3-way valves, SI and SO. When the power to SI is switched off, the shutter 
piston cylinder is vented and the Shutter is opened by the action of a coil 
spring mounted behind the Shutter piston. This means that in the event of a 
power failure the Shutter will automatically retract and allow the specimen to 
rise into the Airlock. When power to SO is activated, the shutter piston is 
pneumatically driven outward, in addition to the action of the spring. 

 

1.4. Electrical system 
The total power consumption of the PIPS II is relatively small. The beam 
energy has been limited to 8.0 keV as the best compromise between 
maximizing the specimen thinning rate and minimizing specimen radiation 
damage and heating effects. 

1.4.1. Air Flow 

The cabinet interior is cooled by a single fan, mounted on the rear panel 
directing air onto the MDP. The air flow to the fan and the slots on the rear 
panel should not be blocked since this may cause the MDP to overheat and 
shut down, possibly damaging other electrical components in the instrument. 

1.4.2. DC Power Supply 

All power to the system is supplied by a 24 VDC power supply connected to 
the power main input. It accepts universal power input (90-240 VAC, 50-60 
Hz). This supply has an internal fan that is activated when the internal 
temperature exceeds its set point.  

1.4.3. HV Power Supply 

The high voltage (HV) power supply provides the ionization voltage, the 
acceleration voltage, and the focus voltage for the ion guns. The three voltages 
are programmed with a defined relationship to give the optimum beam 
parameters for each beam energy. This supply also provides for fast switching 
of the guns during sector milling. 

The HV supply also measures the current to each electrode and the output 
voltages. This can be used to determine if the guns are operating properly.  
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1.5. The Standard Operating Mode 
Gatan recommends the PIPS II be left running continuously 24 hr a day, seven 
days a week. This will insure optimum performance of the vacuum system 
and the ion guns and purge time will be minimized. 
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2. Installation 

Although the PIPS II is a small, bench-top system, it is relatively heavy (38 
kg) and should not be lifted by a single person. It can be lifted safely by two 
people who are experienced in the techniques of lifting heavy objects. 
Alternatively, proper laboratory lifting equipment should be used. The size of 
the PIPS is 20” (W) x 23” (L) x 30” (H). The size of the vacuum pump is 7” 
(W) x 9” (L) x 9” (H), and the weight is 15 lb. 

 

2.1. Site Requirements 
The PIPS II requires a sturdy bench top area approximately 1.2 m (48 in.) 
wide by 60 cm (23.6 in.) deep by 72 cm (28.3 in.) high, located near a power 
outlet and a source of 99.998% purity argon (Grade 4.8). If the cold stage 
option is installed, the dewar will often interfere with any cabinet mounted on 
the wall above the system, therefore, a bench space without a cabinet would 
be required. A desktop computer will be used with the camera system, and a 
23” monitor, keyboard, and mouse will occupy desk space next to the PIPS II, 
and a small tower case will sit on the floor. A molded power cord is supplied 
with the PIPS II to fit the local standard power socket. If the power cord 
supplied is not suitable, the plug should be replaced with a suitable one. 
Before connecting the new plug, make sure the voltage requirement conforms 
to that specified on the label on the rear panel of the PIPS. The wiring color 
codes should conform as shown: 

Live Black or Brown 
Neutral White or Blue 
Ground Green or Green/Yellow 

 
Electrical Ratings:  
100-120/220-240 VAC 
50/60 Hz 
0.5/0.25 A 

A 3 m nylon tubing with compression fittings (1/8 inch Swagelock) is 
supplied to connect the argon regulator to the gas input of the PIPS II, located 
on the rear panel of the console. The PIPS II is air cooled and does not require 
connection to a water supply. 

The system typically uses about 150 Watts when in operation, 130 Watts 
when idle, and peak power usage is about 300 Watts. 
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2.2. Unpacking 
Be sure to have the necessary personnel or use proper laboratory lifting 
equipment when unpacking the PIPS II. 

1. Inspect the exterior and interior of the shipping box for damage. 

Note or photograph any external visible damage. 

Open the boxs and inspect for any internal damage. If any damage is 
observed, the Shipper should be informed immediately. 

2. Remove the computer (if applicable) and accessory boxes. 

If a camera system was purchased with the PIPS II, the computer and 
accessories are packed in a smaller box on tip of the main box. Lift the cover 
off of the top box and remove the computer and accessories. 

Lift off the top layer of support foam and unfold the protective plastic cover. 

3. Lift the box lid, then the internal box off of the PIPS II. 

The internal box for the PIPS II is designed to lift off of the PIPS II, do not cut 
open the top of this box. Lift off the top layer of support foam and unfold the 
protective plastic cover. 

4. Lift the PIPS II off of the support foam and place on a sturdy surface 
such as a bench top (follow lifting instructions above). 
 
5. Remove the diaphragm pump from the small box, and the camera 
system (if applicable) from the larger box. 

If a camera system was not purchased, the accessories will be in a smaller 
internal box. 

 
6. Keep all packing material. 

Replace all packing material into the shipping box and store in the event the 
instrument must be returned for factory repair or maintenance. 

7. Verify accessory items. 

Inspect the contents of the accessory boxes against the items ordered and 
those listed on the packing list. 

If there are any discrepancies, inform your local Gatan Sales Office 
immediately. 
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2.3. Installation 
Place the PIPS II on an appropriate work bench, close to a suitable power 
outlet and a cylinder of compressed argon. Then proceed with the setup. 

 

Figure 2-1  View of connections on rear of cabinet. 

2.3.1. Setup of the Diaphragm Pump (DP) 

1. Connect the diaphragm pump cable to the pump connection at the 
rear of the PIPS II and to the two connectors on the diaphragm pump. 
Tighten screw on large connector on the diaphragm pump. 

2. Connect the vacuum line between the rear of the PIPS II at the Quick 
Release Fitting and to the fitting on the DP. 

2.3.2. Connecting the cables 

1. Connect the Cold Cathode gauge cable (695.04203) from the CC 
gauge to the connector marked CC Gauge on the back of the instrument. 

2. In the cold stage option is installed (selected models only), connect the 
dewar cable (695.04204) between the dewar and the connector marked 
Dewar on the back of the instrument. 

2.3.3. Connecting the Argon Source 

NOTE: Be sure the argon supply is properly secured. 

1. Adjust your argon tank regulator to 25 psi (1.72 bar). 

2. Connect gas-supply hose. Connect one end of the nylon gas-supply hose 
to the regulator on the cylinder bottle. 
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3. Purge the gas-supply hose. Crack open the main valve on the cylinder to 
purge the gas-supply hose. 

4. Connect hose to the console. With the argon flowing, connect the hose to 
the gas-inlet port on the rear panel of the PIPS II. Do not over tighten the 
fitting as this may fracture the hose. 

5.  Check the pressure. Turn off the main gas valve and check that the 
pressure reading on the high pressure side of the regulator does not decrease 
over a 5min period. This will verify that the gas-inlet line is not leaking. 

6. Turn on the main gas valve again to restore the argon supply. 

2.3.4. Setting up the Camera System 

If a camera system is included with the system, it needs to be mounted and 
connected to the PIPS II and the imaging PC. 

       

Figure 2-2  Camera system mount onto the PIPS II. 

1. Unpack the camera system. 
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2. Place the plastic washer onto the vertical post on the Manifold. 

3. Engage the hole in the bottom of the rack and pinion mount into the 
vertical post on the Manifold. 

4. Lower the camera system to its working position. 

5. Plug the illuminator cable into the top illuminator connector on the 
right hand side of the cabinet, and insert the illuminator into the port on 
the right side of the microscope column. Gently tighten the knob to secure 
the illuminator. 

6. Unpack the imaging computer and monitor. Connect the monitor, 
keyboard, and mouse to the appropriate port on the back of the PC.  

7. Connect the USB cable from the digital camera to an available USB 
port on the PC. 

8. Connect the camera trigger cable from the digital camera to the 
camera trigger port on the rear panel of the PIPS II. 

9. Connect the crossover Ethernet cable from the second Ethernet port 
of the PC to the Ethernet port on the rear panel of the PIPS II. 

This port should be labeled “To Ion Polisher” on the back of the PC. Note that 
a standard Ethernet cable will not work, this must be a “crossover” type 
Ethernet cable (supplied with the system). The second Ethernet port on the PC 
is on a PCI add-on card. The Ethernet cable must be plugged in to the proper 
port of the PC in order for the PC to communicate with the PIPS II system. 

10. Turn on the PC, wait for Windows to load.  

11. Start DigitalMicrograph. The camera system is now ready to use. 

2.3.5. Mounting the Stereo Microscope 

If a microscope was purchased with the system, it needs to be mounted and 
centered. 

1. Properly engage the microscope slide into the pivoting slide on the 
Manifold. 

2. Lower the microscope to its working position. 

Rotate the focus knob CCW to lower the microscope to its working position 
where it can pivot to the left or right rest position. 

3. Plug the microscope illuminator into the Reflection Illuminator power 
jack. 
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4. Plug the PIPS II into the main power socket. Do not load a specimen 
post just yet. 

5. Rotate the microscope objective turret to the 2x position. 

Adjust the focus knob to clearly view the hex shape at the top of the piston. 

2.3.6. Aligning the Stereo Microscope 

The microscope is shipped pre-aligned so the hex shape at the top of the 
piston should appear concentric with the microscope field-of-view. Keep in 
mind the field-of-view is a true image such that if a gap exists between the 
post and the field-of-view at the 6 o-clock position, the microscope must be 
shifted toward the rear of the PIPS II for centering. 

NOTE: Alignment should be performed only when the PIPS II is under 
vacuum and the piston can be lowered into the chamber. 

If alignment is necessary, the tools required are a 1.5 mm and a 3.0 mm hex 
wrench and the small spanner wrench all supplied in the accessory kit. 

To Setup for Alignment 

1. Insert a copper specimen post into the top of the piston to use as a 
target. 

2. Turn on the Reflection Illuminator. 

3. Determine the direction the microscope must move to properly center 
the target. 

Front-to-back alignment 

1. Loosen sufficiently the two socket-head screws on the pivoting slide. 

Use the 3.0 mm hex wrench to loosen the two screws. This will permit the 
microscope to slide back and forth with minimal side motion. 

2. Center the specimen post; tighten the two screws. 

Be sure the two socket-head screws are tight before proceeding. 



 

32 
PIPS II Owners Manual and Users Guide 

 

Figure 2-3 Microscope front to back alignment. 

Left-to-right alignment 

1. Loosen the socket-set screw on the pivoting slide. 

Use the 1.5 mm hex wrench to loosen the socket-set screw (facing the rear on 
the pivoting slide itself). 

2. Position the microscope. 

Look between the microscope slide and the pivoting slide to find a brass cam. 
Engage the spanner wrench in the cam and rotate left or right in small 
increments to position the microscope. Rotate CW to move the microscope to 
the right. Rotate CCW to move the microscope to the left. 

3. Once centered, tighten the set screw. 
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Figure 2-4 Microscope left to right alignment. 
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3.3. Specimen Loading and Unloading 
Specimens are mounted either on a Gatan DuoPost or a regular specimen post. 
The specimen post is inserted into a specimen mount located at the top of the 
Whisperlok piston. The following procedure assumes the piston/specimen 
mount is in the Work Chamber. 

3.3.1. To Raise the Specimen Mount/piston: 

1. On the Milling page, go to the Stage tab and slide the bar up. 

This will raise the specimen mount/piston into the Airlock to facilitate 
specimen loading. The piston will not rise immediately but waits for the 
specimen mount to rotate to its reference or home position. The piston then 
rises and seals off the Work Chamber from the Airlock chamber. 

2. Vent the Airlock chamber by touching the Vent button. 

Once vented, the Airlock’s cover can be removed and a new specimen post 
can be inserted or an old one removed. A special pair of angled tweezers is 
supplied to facilitate this operation. Be careful not to apply a sideways force 
when inserting a sample, as this can change the position of the xy specimen 
stage. 

NOTE: Be sure not to rotate the specimen mount when exchanging 
specimens. Any rotation of the mount will displace the home position of the 
specimen and will cause misalignment for modulated milling. 

NOTE: When loading a specimen post, make sure it is properly seated in its 
lowest position; the height of the post is critical if the ion beams are to polish 
at the center of the specimen. 

3.3.2. To Lower the Specimen Mount/piston 

1. Replace the Airlock cover. 

2. On the Stage tab, slide the stage down to start evacuation and to lower 
the stage. 
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calibrated in the Maintenance section of the GUI. The stage advances to the 
home position prior to raising the stage into the airlock. 

 

Figure 3-42 Specimen mount raised and in the Home position. 

 

3.7. Centering the x-y Stage 
The x-y stage should be centered with respect to the center of rotation before 
beam alignment is performed. This can be accomplished using the stage 
alignment tool, which is a small clear plastic piece, with a small hole in the 
center and two larger holes near the outside. 

1. Insert the alignment screen. 

2. Install the Stage alignment tool. Align the two outside holes to the 
adjustment positions of the x-y stage. 

3. Turn on bottom illumination.  

4. Using the multipurpose tool, or a 1.5 mm hex wrench, adjust the 
position of the x-y stage until the hole in the alignment screen is 
aligned to the hole in the stage alignment tool. Be careful that your eye 
is directly above the hole in the stage alignment tool during adjustment. 
The 5x loupe can be used to aid this alignment, however, it is very 
important that it is aligned exactly between your eye and the hole. 

3.7.1. To Verify the Alignment: 

1. Lower the sample and start the rotation. 
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2. Find the center of rotation by looking through the microscope or at 
the camera live view. 

3. Verify that the hole in the alignment screen does not move by more 
than about 125 um. This is sufficient for aligning the guns, since it is 
significantly smaller than the beam diameter. 

3.7.2. To Fine Tune the Alignment: 

1. Bring the stage to home position and note the position of the center of 
rotation with respect to a known feature on the alignment screen. 

2. Raise the stage and vent. 

3. Use the hex key and move the center of the alignment screen to the 
center of rotation. 

4. Repeat 2-6, for fine adjustments. 

 

3.8. Centering the Point of Interest 
After the alignment screen is centered, the center point of the alignment 
screen is the same as the center of rotation. Ion guns can then be aligned with 
respect to this same point. This means that if the x-y stage is moved, and any 
specific point in the sample is brought to the center of rotation, that point will 
be milled. This is specifically useful when a sample is imaged in TEM and 
needs further milling in the PIPS, or when ion gun damage in FIB samples 
need to be removed. 

In order to move the point of interest on the sample to the center of rotation: 

1. Insert the sample. 

2. Lower the stage and start the rotation. 

3. Find the center of rotation by looking through the microscope or at the 
camera live view. 

4. Bring the stage to home position and note the position of the center of 
rotation with respect to a known feature on the sample. 

5. Raise the stage and vent. 

6. Use the hex key and move the point of interest to the center of rotation. 

7. Repeat 2-6, for fine adjustments. 
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15. Using the multipurpose tool, or a 1.5 mm hex tool, adjust the position of 
the x-y stage until the hole in the alignment screen is aligned to the other 
end of the line. 

  

Figure 3-46 x-y alignment, steps 14 (left) and 15 (right). 

5. Repeat for finer adjustment if necessary. 

 

3.9. Gun Gas-flow Adjustment 
The Automatic gas flow mode is designed to set the gas flow to an optimized 
value. Gatan recommends using this mode. 

NOTE: The gun current readings displayed on the Milling tab is not a 
Faraday cup reading, as was used in previous versions of Gatan PIPS. This 
reading is now a measure of the current leaving the anode in the gun, as 
measured at the high voltage power supply. The best operating mode is for 
this current to be at its peak value.  

NOTE: The optimum operating gas flow must be obtained once the guns have 
been thoroughly purged. If performing manual gas flow adjustment, adjust the 
flow one gun at a time. 
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Figure 3-47 Operating characteristics of the PIG. 

The gas flow can be adjusted either automatic or manually. For consistent and 
best performance, Gatan recommends setting the gas flow to automatic.  

3.9.1. To Adjust the Gas Flow Automatically 

1. On the Milling page, select Automatic for the Gas Mode. 

2. Set the milling energy. 

3. Start milling. 

3.9.2. To Adjust the Gas Flow Manually 

Note that as guns warm up, the beam current can drift. The guns should be 
warmed up for 10-20 minutes before setting the gas flow manually. The 
optimum gas flow changes with accelerating voltage, and it is necessary to 
adjust the gas flow whenever the accelerating voltage is changed. The curve in 
Figure 3-47 shifts to the right and increases in height as a gun warms up. If the 
curve shifts so that the operating point is far to the left of the peak, then it can 
be in an unstable region of the curve or the current may drop to an unusable 
level. 

1. On the Milling page, select Manual for the Gas Mode. 

2. Set the Rotate Speed control to 3 rpm (Milling page, Gas flow 
controls). 

3. Be sure Beam Modulator is turned off. 

4. Lower the stage by sliding the slider on the Stage panel on Milling 
page. This lowers the piston to its working position. 

5. Adjust the Ion Gun voltage to 5.0 keV. 

6. Set the timer to 30 min and touch start.  

7. Adjust the right gun gas flow. Find the gas flow correlating to the peak 
current. A typical curve relating gas flow to ion current is shown inFigure 
3-47. The operating point indicated has been chosen because it gives the most 
focused beam and the highest milling rate. 

8. Adjust the left gun gas flow. Find the gas flow correlating to the peak 
current. 

NOTE: Variations of ±20% in the performance of the two ion guns are 
typical and are caused by small differences in the properties of the rare-earth 
magnets used to enhance the gas-ionization rate. 
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3.10.  Aligning the Beam 
The ion beams produced by the PIGs contain both ions and fast neutrals. 
Electrostatic beam alignment does not work with the fast neutrals and the ion 
guns in the PIPS II must be aligned mechanically. This is done with the aid of 
the Beam Alignment Screen. 

This Screen inserts into the standard specimen mount and is precisely 
positioned at the standard specimen height. It consists of a 7 mm diameter 
fluorescent screen with a 0.5 mm diameter hole at its center. After lowering 
the Screen to its standard working position the guns are turned on. The ion 
beams will be seen through as two blue lines intersecting at 120° on the 
fluorescent screen. A 5x loupe is provided to aid is viewing the beams. 

NOTE: In older PIPS models it was common to align both guns at + 10° 
whether the guns were used for Top or Bottom milling. Currently we 
recommend the users to align: 

 The gun that is being used for top milling, at + 10° using the beam 
alignment screen. Then tilt the gun to +5°, and verify that the 
alignment is still accurate. If necessary adjust the alignment.  

 The gun that is being used for bottom milling, at - 10°, using a glass 
slide mounted on a glue type duo post. Then tilt the gun to -5°, and 
verify that the alignment is still accurate. If necessary adjust the 
alignment. 
 

3.10.1. To Align a Beam for Top Milling 

1. Insert the alignment screen and lower the stage. 

2. On the Milling page: 

a. Set the stage rotation speed to 6 RPM. 

b. Set the gun voltage to 5 KeV. 

c. Set the gas flow control to Automatic. 

d. Set the modulation to Off. 

e. Set the timer to 30 min. 

f. Start milling. 

3. Go to Alignment page and bring the stage to the Front Beam Sector of 
this gun. 
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Figure 3-49 Alignment ellipse observed in the beam. 

8. Start rotating the stage (touch Rotate) and watch the center of the 
alignment screen. Make sure the center is not wiggling too much (>~125 
um). If it does, align the beam to center of the movement. 

9. Rotate the gun angle to + 5° and watch the position of the beam as you 
are rotating the gun. Adjust the alignment if needed. When the gun is 
rotated, the beam should not move too far away from the center of the 
alignment screen. 

10. Turn on the beam for the other gun (set the other gun to Enabled).  

 

3.10.2. To Align a Beam for Bottom Milling 

1. Insert the glue top duo post that has a piece of glass slide mounted on 
it. This is used to view the beam that is milling from bottom. 

2. On the Milling page: 

a. Set the stage rotation speed to 6 RPM. 

b. Set the gun voltage to 5 KeV. 

c. Set the gas flow control to Automatic. 

d. Set the modulation to Dual. 

e. Set the timer to 30 min. 

f. Start milling. 

3. Go to Alignment page and bring the stage to the Front Beam Sector of 
this gun. 

4. Rotate the gun to -10° bottom. This is done by manually turning the 
guns to -10° position or setting the Gun tilts to - 10° on the Milling page, 
when motorized guns are available. 

5. Adjust the z-alignment drive screw (vertical adjust). While viewing the 
beam crossing the glass slide, use the tool provided to adjust the z-alignment 
drive screw. 

Note that a portion of the line crossing the glass slide has a higher intensity 
than the rest. The higher-intensity zone is elliptical in shape and several 
millimeters in length. Adjust the drive screw to center this zone over the 
center point of the glass slide. 



 

74 
PIPS II Owners Manual and Users Guide 

6. Adjust the x-alignment drive screw (horizontal adjust). Adjust the 
drive screw to center the beam over the center point of the glass slide. 

7. Go to Alignment page and bring the stage to the Rear Beam Sector of 
this gun. Adjust the beam alignment if necessary and make sure the beam 
is centered as this position as well (repeat 6 and 7).  

8. Start rotating the stage (touch Rotate) and watch beam at front and 
rear positions. Make sure the gun is aligned at both positions. IF the 
alignment is different for the front and rear positions, it may be that the glass 
slide is not horizontal. In this case find a compromise between the front and 
rear positions. 

9. Rotate the gun angle to - 5°.  As you are rotating the gun watch the 
position of the beam (for both front and rear beam sectors. Adjust the 
alignment if needed. When the gun is rotated, the beam should not move too 
far away from the center of the alignment screen. 

Note that narrowing the beam (by increasing the gas flow to the gun) 
decreases the amount of the beam incident upon the specimen. (The reverse is 
true for a smaller ion current.) Some flickering of the beams across the screen 
is normal and is due to electrostatic charging and discharging of the screen, 
which is an insulating material. 

Once the guns have been aligned, it should not be necessary to realign them 
for several samples. When polishing the first specimen, it is recommended 
that the ion current and the beam angle be noted. When polishing subsequent 
specimens, adjust the parameters to these values to provide a good degree of 
beam calibration. 

3.10.3. Installing gun alignment knobs 

The set screws used for alignment can be replaced with optional gun 
alignment knobs. This allows for faster alignment since a tool is not 
necessary. Since the knobs are easily accessible, they may also be accidentally 
bumped, which could cause misalignment. Be very careful not to bump the 
knobs during operation.  

To install gun alignment knobs: 

1. Using the alignment tool, remove the set screws from the gun 
knob. 

2. Install the gun alignment knobs. The shorter version should be 
installed in the hole closest to the “TOP” label. 

3. Align guns as described above. 



PIPS II O

3.11

 

Owners Man

So
m
2 o

Fi

 

Cautio
Doing 

 

1.  Ion
Io
m
ha
gu
m
wi
th
th
en
co
po
sp
sp

nual and Use

ome systems
ay also be o
of each. 

gure 3-50  G

on: Gun alig
so will resul

-beam M
n-beam mo
aterials that 

ardness. Bea
uns with va
inimize diff
ithin the sect
e speed is fi
is feature, th

nter the pa
ontamination
ost in additio
pecimens, it 
pecimen to pr

ers Guide 

s include gun
rdered as a k

Gun knob wit

gnment kno
lt in damage

Modulat
dulation is
are “glued”

am modulatio
ariable spec
ferential thin
tor of up to 6

fixed at 12 rp
he ion beam
ath of the 
n of sputtered
on to providi
is preferable
revent stress

n alignment 
kit: 695.098

th gun alignm

obs MUST N
e to the syste

ion 
used prima

” together or
on consists o
cimen-rotatio
nning rates
6 rpm are ach
pm to reduc
is turned of
ion beam

d material fr
ing higher q
e to simulta
ses that could

knobs as pa
16 Kit, Alig

ment knobs in

NOT be use
em that is no

arily for pol
r have interfa
of fast on/of
on speeds w
of specime
hieved while

ce total spec
ff when the 

m. This eff
rom these pa
quality specim
aneously wor
d break the s

art of the acc
gnment Knob

 

nstalled. 

ed with mo
ot covered by

lishing cros
faces of mate
ff electronic
within poli

ens. Variable
e outside the
cimen prepar
support arm

fectively re
arts and exten
mens. On pa
rk the top a
specimen.  

cessory kit. 
b; which inc

otorized gun
y warranty.

ss-sectional
erials of diff

c switching o
shing secto
e rotation sp
e polishing se
ration time.

ms of the Duo
educes spec
nds the life o
articularly fr

and bottom o

75 

They 
cludes 

ns. 

TEM 
ferent 
of the 
ors to 
peeds 
ector, 
With 

oPost 
cimen 
of the 
ragile 
of the 



 

76 
PIPS II Owners Manual and Users Guide 

NOTE: When loading a cross-sectional specimen, it is important to insert the 
specimen such that the cross-sectional interface (glue line) is parallel to the 
front panel (home position). This procedure ensures that the polishing sectors 
will be ±30° normal to the glue line during operation of the Beam Modulator. 
It is also important to note that the specimen will automatically rotate to this 
home position before the piston will rise into the Airlock. 

The default sector size is ±30°. This can be changed for all samples on the 
Options tab, or for specific samples by using a custom recipe. 

 

3.11.1. Ion-Beam Modulation Selection 

This panel enables selection of single- or double-sector mode: 

Single Modulation: The system is operating in the single-sector mode. This 
activates each gun during the polishing sector when the front of the specimen 
post is facing that gun. The stage rotates at the milling speed during the 
polishing sectors and at 12 rpm between the polishing sectors to reduce total 
specimen-preparation time. 

Dual Modulation: The system is operating in the double-sector mode. This 
activates each gun during the polishing sector when the front and rear of the 
specimen post is facing the gun. The stage rotates at the milling speed during 
the polishing sectors, and at 12 rpm between sectors.  

No Modulation: Beam modulation is disabled and there is continuous 
milling. 

Stationary Left:  The stage does not rotate, and the left gun is on 
continuously. The right gun is off. The desired stage rotation position must be 
set prior to pressing Start. 

Stationary Right:  The stage does not rotate, and the right gun is on 
continuously. The left gun is off. The desired stage rotation position must be 
set prior to pressing Start. 

Custom Modulation:  This feature allows the user to define the start and stop 
angles for up to two custom defined sectors. This can be useful for cleaning 
up FIB samples that are mounted on the side of a grid-bar, where you may 
want front and rear sectors that are asymmetric. The angle entries are the stage 
angles when the guns should turn on and off. Positive angle entries must be 
used. 
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3.12.  Manual Shutdown Procedure 
Main power to the PIPS II (power consumption of less than 100 W) should be 
left on at all times to provide for more efficient trouble-free operation. The 
vacuum will be continuously maintained resulting in a cleaner system with 
shorter pump downs and minimum purging requirements of the PIGs.  

Prior to shutting down the system, the stage should be raised and any sample 
removed from the specimen mount. Once the power is turned off, the airlock 
control will not function. 

To shut down, simply turn off the power switch on the rear panel of the 
instrument. 
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Optimum initial specimen disc thickness 

Table 2 uses the above data to estimate the optimum initial specimen disc 
thickness for specimens dimpled from one side. As a rule-of-thumb, for a 2.2 
mm dimple diameter, the initial disc thickness equals dimple depth plus 4 
times the thickness of the damaged layer. 

Clearly, as the diameter of the wheel increases, the initial thickness of the 
specimen disc should decrease. Large diameter wheels have the advantage of 
producing large thin areas of specimen, but they also produce more fragile 
specimens. A good compromise is to use flat dimple grinder wheels that give 
a larger flat central area without reducing the strength of the surrounding 
support rim. Of course, if a flat wheel is used, the initial dimple depth should 
not be greater than approximately 77 µm; otherwise shadowing effects will 
occur. 

Table 2 Optimum initial specimen disc thickness 

Polishing 
wheel 

diameter 
(mm) 

Damage layer 
thickness (µm) 

Thickness at the 
base of dimple 

(µm) 

Optimum initial 
disc thickness 

(µm) 

15 1 4 84 
15 2 8 88 
15 2 12 92 
15 4 16 96 
20 1 4 64 
20 2 8 68 
20 2 12 72 
20 4 16 76 
25 1 4 52 
25 2 8 56 
25 2 12 60 
25 4 16 66 

 

Specimen disc geometry 

Figure 4-7 shows the recommended geometry of PIPS II specimens produced 
by dimpling. Note that specimens are normally dimpled from one side only. 
The flat side of the PIPS II specimen is normally prepared using a disc grinder 
followed by rough polishing with a dimple grinder using 3µm diamond paste 
on a felt wheel and final polishing with 0.25µm diamond paste or 0.05µm 
alumina suspension. It has been found that cubic boron nitride (CBN) pastes 
instead of diamond paste can be successfully used for dimpling ductile 
materials, e.g., metals and alloys. This is due primarily to the fact that CBN 
particles do not become easily embedded in the materials being polished. 
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and speeds are preferable. For most metals and alloys, slightly higher loads 
and speeds work better. 

Also note that samples are normally dimpled from one side only. However, it 
is extremely important that the side chosen to be the flat side must first be fine 
polished (0.1µm abrasive or lower) prior to dimple grinding. 

4.1.2. Chemical Pre-thinning 

Pre-thinning of specimen discs is sometimes carried out by electrolytic or 
chemical jet polishing. Subsequent ion polishing is performed in order to 
better control the final thickness of the electron-transparent specimen or to 
reduce the effects of differential chemical attack in multiphase specimens. 
Chemically pre- thinned specimens have the advantage of being free from 
mechanically induced artifacts and can be made extremely thin prior to ion 
polishing. Ion polishing is also useful for cleaning up electro-polished 
specimens that have become contaminated during storage or have areas that 
are a little too thick for satisfactory TEM imaging or analysis. 

4.1.3. Cross Sections 

Ion-milled cross-sectioned TEM specimens are used extensively for studying 
the microstructure of multilayered materials. Usually, the layers in such 
specimens have differing mass thicknesses requiring different milling rates. 
By milling at low angles, the PIPS II can minimizes differential thinning 
effects of cross-sectional TEM specimens. However, milling at low angles 
alone is insufficient to prevent the preferential thinning that occurs when the 
ion beams pass along the cross-section interface. This preferential thinning is 
reduced by using Ion-Beam Modulation. 

The initial preparation of cross-sectional discs is greatly facilitated by the use 
of a special kit developed by Gatan: 

1. Cut rectangular wafers. The pre-sliced specimen is glued face down 
with mounting wax onto a glass slide. The glass slide is secured to the 
specimen table of the Gatan Ultrasonic Disc Cutter with mounting wax. The 
disc cutter is fitted with a 4 × 5 mm cutting tool to cut out rectangular wafers 
(Figure 4-8, Step 1). 

2. Make the specimen stack. A specimen stack is made consisting of six 4 × 
5mm wafers and stacked as illustrated in Figure 4-8, Step 2.  

The wafers having the surface or interface of interest should be located face to 
face in positions 3 and 4 in the middle of the stack. In many cases, the original 
specimen slice is only large enough to obtain one or two wafers so the 
remaining four or five wafers are dummy ones of pure silicon. One great 
advantage of using silicon for the dummy wafers (even for cross sectioning 
other materials) is that their interference fringes can be used to accurately 
gauge the specimen thickness at the 2-5 µm level during dimpling. The 
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To mount a sample on a clamp-type DuoPost: 

1. Slide the tray back completely. 

2. Place the clamp-type DuoPost into the recess of the loading dock. Use 
the grooves provided on the post to hold with tweezers. 

3. Rotate the knob to open up the gap in the clamp. 

4. Rotate one of the knobs on the side of the fixture to open the gap 
between the upper and lower arms of the clamp. 

5. Place the sample into the recess of the sliding tray and slide the tray 
forward. This will locate the sample in the center of the clamp. 

6. Rotate the knob in the opposite direction from step 2, until you hear 
one click. This lifts the lower arms of the post and lifts the sample 
from the tray. 

7. Carefully retract the tray from between the arms. 

8. Rotate the knob in the same direction until you hear another click. 
This step makes the arms of the posts firmly clamp the sample. 

9. Rotate the knob in the same direction again, till you hear a third click. 
The post is now raised and ready to pick up with a pair of tweezers. 

To remove a sample from a clamp-type DuoPost: 

1. Transfer the DuoPost to the loading dock and slide the empty tray 
beneath the sample. 

2. Rotate the knob on the side of the fixture to open up the gap between 
the upper and lower arms of the clamping post. This motion will place 
the sample onto the tray. 

3. Retract the tray and carefully lift the sample from the tray. 

Glue-type DuoPost 

The glue-type holder requires the use of wax to secure the sample. As a result 
of the increased contact area, heat transfer during ion milling is greater. 
Therefore, the glue-type DuoPost is preferred when the sample is heat 
sensitive. 

To mount a sample on a glue-type DuoPost: 

 Prepare the mounting wax. 

1. Using a clean Petri dish, dissolve a small amount of mounting wax in 
an equal volume of acetone. 
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To Mount a Sample on a Graphite Holder: 

1. Completely retract the loading dock tray (Figure 4-17). 

2. Rotate the knob forward completely to raise the post for the graphite 
holder. 

3. Use the grooves on the graphite holder to hold with tweezers and gently 
plug the holder onto the designated post on the loading dock. 

4. Rotate the knob back to completely lower the graphite holder. 

5. Place the sample into the recess of the sliding tray and slide the tray 
forward. 

6. Rotate the knob forward one click. This allows the slides of the graphite 
holder to lift the sample off the tray. 

7. Carefully retract the tray completely. 

8. Use the holder slides and the transmitted light (for materials that 
transmit light) to center dimple or align a specific area on the sample to 
the center of rotation in the PIPS II. 

9. Rotate the knob forward two clicks. The post is now raised and ready to 
pick up with a pair of tweezers. 

NOTE: The transmitted light comes on and stays on for 3 minutes each time 
the knob is rotated. 

4.2.3. Molybdenum Specimen Post 

For specimens mounted without wax, Gatan has the molybdenum specimen 
post with a raised rim within which the specimen is placed. However there are 
heat transfer considerations with this post. 

4.2.4. Copper Sample Post 

Unlike the molybdenum post, the copper post does not have a raised rim, 
therefore sample mounting requires wax. Wax mounting, coupled with good 
heat conductivity of copper, makes this post very useful for milling extremely 
heat sensitive materials. However, ion milling is possible only from the top. 
Also, since copper sputters easily, if the ion guns are misaligned or continue to 
run after a perforation occurs, re-deposition can be a concern. 

4.2.5. Heat Transfer 

It should be understood that when a specimen is under vacuum and simply 
“rests” on a support post, the rate of heat transfer between the specimen and 
its surroundings is minimal. At high thinning rates, the ion beams from both 
guns can direct as much as 300 mW of power to the specimen and the 
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temperature rise in the specimen can be considerable. Cooling the specimen 
post to liquid nitrogen temperatures has very little effect on the specimen 
temperature since heat flow is dominated by the large thermal resistance at the 
minute points of contact between the specimen and its support. 

 In order to improve heat flow, a specimen must either be clamped 
mechanically to a support platform or attached to a single-sided post using a 
thin layer of mounting wax. The latter method is preferred because the heat-
transfer rate is much greater due to increased contact area, low risk of 
specimen damage, and lack of shadowing of the beam at low angles. 

In order to improve heat flow, a specimen must either be clamped 
mechanically to a support platform or attached to a single-sided post using a 
thin layer of mounting wax. The latter method is preferred because the heat-
transfer rate is much greater due to increased contact area, low risk of 
specimen damage, and lack of shadowing of the beam at low angles. 

 

4.3. Ion-beam Milling 
Once the sample disc is pre-thinned and mounted on a sample post, it is then 
ready to be ion-milled to electron transparency. Follow the steps outlined 
below: 

1. Adjust the ion beam energy on the GUI Milling page (keV). 

2. Check gun gas flow adjustment and beam alignment. 

3. Load the sample holder into the sample mount inside the airlock 
chamber and lower it to the working position for ion milling. 

4. Check if the point of interest is at the center of rotation. 

5. Set the gun angles for each gun (either manually or by changing the 
Gun tilts on the GUI Milling page). 

6. Set the rpm using the rotation speed control on the Milling page. 

7. Set the desired time interval on the timer. 

8. Set the beam modulation to “Single,” “Dual,” or “Off”. 

9. Press the "Start" button on the Milling page. 

10. After milling is complete, unload the sample holder from the airlock 
chamber. 
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4.3.1. Milling Rates 

Milling rates depend on the relative masses of the ion and sample atom, ion 
energy, atomic density and crystalline structure of the sample and the angle of 
incidence of the ion beam. The higher the beam energy and the beam angle, 
the faster the milling rate. 

Shown below are some typical milling rates at 4° obtained for various 
materials using two ion guns operating at 5.0 keV, a gun current of 25 µA, 
and specimen rotation off. This is not a guarantee of performance, rather it is 
typical data noted on previous machines. 

Table 3 Typical Milling rates 

Material Milling Rate (µm/hr/gun pair) 
Copper 22 
Silicon 24 

Silicon Carbide 16 
Stainless steel 316 14 

Tantalum 8 
 

4.3.2. PIPS II Milling Parameters 

As mentioned earlier, higher beam energies (keV) and milling angles lead to 
higher milling rates. However, they also lead to relatively more damage (on 
the order of about one nanometer per keV) to the surface of the sample. Lower 
energies and milling angles produce not just a lower amount of surface 
damage but also a larger amount of thin area. Therefore, it is essential to 
arrive at a reasonable compromise between the amount of damage and the 
milling time. 

While setting the milling angles, one must be careful that the rim around the 
dimpled sample does not cast a shadow over the central region. Table 4 shows 
the minimum milling angle that can be chosen, depending on rim/initial bulk 
thickness. 

NOTE: Values are for samples dimpled down to 5 µm with a 15 mm wheel. 

Table 4  Bulk/rim thickness vs. minimum milling angle 

Bulk/rim Thickness Minimum Milling Angle 
40 3° 

50-70 4° 
70-100 5° 
100-150 6° 
150-200 7° 
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Use the sample recipe below as a starting guide to choosing PIPS II milling 
parameters. This recipe works best for a silicon-based sample of bulk thickness 
60 µm top side dimpled to 5 µm with a 15 mm wheel. Note that because the 
milling rates have increased dramatically at low energy compared to the 
original PIPS, Gatan recommends obtaining a perforation at low energy (e.g. 
0.5 keV) for samples that exhibit interference fringes. 

Table 5  PIPS II milling parameters 

Gun KeV Gun angle Beam 
Modulation 

Rotation Time 

4.0 5° Top 
3° Bottom 

Dual Beam 3 rpm Until clearly defined 
fringes appear 

2.5 4° Top 
2° Bottom 

Dual Beam 3 rpm Until inner-most 
fringe changes color 

0.5 4° Top 
2° Bottom 

Dual Beam 3 rpm Until perforation 
reaches area of 
interest 
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4. Clean the window. Use a nonabrasive cleaner or a 2-4 µm diamond 
polishing compound. Replace the window if deposits are too difficult to 
remove. 

5. Replace the window into the capsule O-rings. 

6. Replace the Viewing Port capsule. 

7. Evacuate Airlock chamber. Slide down the slider on the Stage panel, 
while pushing down on the window to properly seat it. 

 

 

Figure 5-1 Viewing port and o-rings. 

 

5.2.  Cleaning the Airlock Vacuum Seals 
The Airlock vacuum seals should be cleaned on a monthly basis with regular 
use. 

NOTE: This procedure is necessary when the piston cannot be completely 
raised to its upper position due to buildup of sputtered material on the Airlock 
O-ring. 
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1. Raise the Stage and vent the airlock chamber. This allows the airlock 
cover to be removed after system power is off. 

2. Shut down the power to the PIPS II. Wait at least 10 min to allow the 
MDP to come to a complete stop. Then vent the work chamber by opening 
the Vent valve. 

3. Lift off the Viewing Port. Press the Airlock piston down into the Work 
Chamber if it hasn’t already lowered itself. 

4. Remove top cover plate. Using the pin end of the Specimen Mount 
Removal Tool, insert the pin into one of the holes in the top cover plate, 
push gently and tilt the plate up and out for removal. 

5. Remove the large O-ring from the top cover. 

6. Remove the smaller O-ring from its groove in the cover. Use a wooden 
toothpick or o-ring removal tool to remove the O-ring. Never use a metal 
tool to remove an O-ring. 

7. Clean the underside of the plate and the O-ring grooves with a grease 
solvent. 

8. Clean the O-rings on the chassis with a lint-free cloth and replace. It is 
usually not necessary to lubricate these o-rings, however, if they do not 
seal properly after cleaning they may be lubricated with Krytox GPL-206 
vacuum grease (supplied with the system). 

9. Clean the Airlock quad-ring with a grease solvent and lubricate with 
Krytox GPL-206 vacuum grease. 

10. Replace the Top Cover plate, the Viewing Port, and close the Vent 
valve. 

11. Consider cleaning the guns, if they have not been cleaned lately. 
Venting the system can cause particles to flake off the inner walls of the 
anode cup and create a gun short. 

12. Turn on the power. Pump down to keep the system free of moisture and 
minimize oxidation of sputtered materials around the guns. The guns will 
need to be purged before use. 
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8. If necessary, clean the XY stage parts. This should be performed if the 
stage parts are covered with excessive sputtered material or if the stage does 
not move freely. 

1. Remove the screw from the top of the specimen mount 
assembly and lift off the clamp plate. 

2. Carefully remove the XY stage parts using tweezers. Remember 
how the parts were assembled. 

3. Clean the parts with a lint-free cloth. A solvent may be used on 
the metal parts if necessary. Gear teeth may be cleaned with a 
toothpick if necessary. 

4. Carefully re-assemble the XY stage assembly. Be careful not to 
bend the pins. 

5. Replace the clamp plate and screw. 

9. Insert the specimen mount window back into the specimen mount 
assembly. A small amount of Krytox vacuum grease may be applied to the 
outside of the window shield so that it will stay in place during installation.  

10. Screw the specimen-mount assembly back into the rotate shaft. If 
necessary, hold the motor and belt at the bottom of the Whisperlok to prevent 
the specimen mount from rotating while it is being screwed back in (CW 
rotation). 

11. Replace the Top Cover plate, View Port, and turn on the power to the 
PIPS II. Note that the guns will need to be purged before use. 
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3. Lift off the Viewing Port. 

4. Press the Airlock piston down into the Work Chamber. 

5. Remove the Top Cover plate with the Removal tool. 

6. Pull out the Shutter Guide. Grasp the Shutter Guide at the front of the 
chamber and pull it straight out. 

7. Rotate the Shutter manually 90°-180° to view the underside. It may 
help to pull the shutter slightly forward into the chamber to allow it to rotate 
easily. 

8. Use a tissue saturated with freon or methanol and wipe off the 
underside. If the shutter is relatively clean, it may only require manual 
wiping. 

9. Remove the Shutter for more thorough cleaning. If a more thorough 
cleaning is required, the Shutter must be removed by unscrewing the M2 × 6 
mm retaining screw. 

10. Clean the Shutter. Sputter deposits on the Shutter should be removed 
with an abrasive cleaner after which the Shutter should be cleaned with 
alcohol and thoroughly dried before replacing in the chamber. 

 

Figure 5-5 Cleaning the shutter. 
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To Remove the Gun: 

1. Shut down the power to the PIPS II. Wait at least 10 min to allow the 
MDP to come to a complete stop. Unplug the power cable from the back of 
the system. 

Then vent the Work Chamber by opening the Vent valve. There is no need to 
unplug the HV cables nor remove any of the side covers from the PIPS II. 

2. Remove the gun knob from the gun housing. Rotate the gun knob to the 
10° Top position. Use the 3.0mm hex wrench to remove the two screws from 
the gun knob and pull the knob from the gun housing. 

3. Withdraw the ion source from the gun housing. Use the 3.0 mm hex 
wrench to remove the single screw from the molded connector assembly. 
Slowly pull on the toggle stick to withdraw the ion source from the gun 
housing. 

  

Figure 5-6. Removal and disassembly of ion guns. 

NOTE: From this point, use nylon gloves to handle all parts. Special attention 
must be paid to the cleanliness of all the parts, especially the magnet 
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assembly. The disassembly and subsequent assembly should be done with the 
aid of a x10 stereo microscope. 

 

Figure 5-7 Ion source and magnet assembly. 

To Disassemble the Gun: 

1. Lift the magnet assembly off the rear polepiece. 

Hold the ion source with one hand and grasp the magnet assembly with the 
other hand. Lift the magnet assembly off the rear polepiece by tilting it to one 
side.  

NOTE: The rear polepiece can be cleaned directly on the HV connector 
(without disassembly) by dusting it off using dry nitrogen or clean 
compressed air. If any particles remain, use a tissue to remove them and dust 
again with compressed air. 

2. Remove the anode cup assembly from the magnet. 

Lightly tap the assembly on its edge until enough of the anode protrudes to be 
pulled out of the magnet. 

3. Remove the anode cup insulator with the eraser end of a pencil. 

4. Separate magnet from the front polepiece. 

Holding the magnet in one hand, place the eraser end of a pencil into the 
magnet and push against the front polepiece to separate it from the magnet. 
Warning: The magnet is extremely powerful and requires careful handling to 
prevent it from attracting metallic whiskers and from being attracted to any 
other magnetic material that may shatter it. 

Toggle Stick 
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2. Clean the anode cup. 

Clean the anode cup by wiping with a clean dry tissue and dusting it with dry 
nitrogen or clean compressed air. Clean all the loose sputtered material on the 
inside surface and the face of the cup using an abrasive pad such as 
Scotchbrite. Wipe clean with a dry tissue and dust with dry nitrogen or 
compressed air. 

3. Clean any particles or whiskers off of the magnet assembly. Use a lint-
free cloth and clean compressed air. If there are stubborn particles that are 
difficult to remove, touch the surface with scotch tape to remove the particles.  

4. Remove the O-ring from the ion source, if necessary. 

Squeeze and push up from both sides with thumb and index finger to remove 
the O-ring from the ion source. Clean, apply vacuum grease (Krytox), and 
replace. Apply vacuum grease to the curved Rulon bearing that captures the o-
ring. If this surface and the o-ring are not lubricated, then the beam alignment 
will not move freely. Also apply vacuum grease to the curved surface of the 
toggle stick, which mates with the drive screws in the gun knob. This helps 
the toggle stick slide freely against the drive screws. 

5. Dust inside the gun housing and the inside face of the front polepiece. 

Be sure the curved face on the inside of the gun housing that meets the o-ring 
is clean. This face can be lubricated if desired. 

To Reassemble the Gun: 

1. Insert the anode cup into the anode cup insulator (sliding fit). 

2. Insert the anode assembly into the magnet assembly (loose sliding fit). 

3. Carefully place the magnet assembly against the edge of the rear 
polepiece. 

Slowly lower the magnet assembly in place until the rear polepiece is within 
the magnet shield. The parts will be concentric to one another. 

4. Slip the ion source into the gun housing. 

Pay particular attention that the O-ring is not damaged in the process. 
Carefully align the white reference dot at the back of the gun to the mating 
groove machined into the outside diameter of the gun housing. 

5. Insert the screw into the molded connector assembly and tighten. 
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This assembly should be aligned relatively square with the chamber. Guide 
the knob over the toggle stick until it is firmly in place and screw in the two 
retaining screws. 

Repeat this procedure on the second gun if necessary. 

5.6.2. Wet Cleaning the Penning Ion Guns 

As stated earlier, the dry method of cleaning the guns is preferred. However, 
once the guns have been used extensively, a more thorough cleaning is 
required. The wet method of cleaning involves the use of solvents such as 
freon or methanol with an abrasive material. A Scotchbrite pad or 600-grit 
emery paper can be used to remove all sputtered material. Once complete and 
assembled, the time required to pump down the chamber and to argon purge 
the guns is significantly longer when compared to the dry method of cleaning. 
If it is necessary to use this method, then this is a good time to also clean the 
Shutter and the inside of the Work Chamber to reduce overall down time. 

 To Remove the Gun 

1. Shut down the power to the PIPS II. 

Wait at least 10 min to allow the MDP to come to a complete stop. Then vent 
the Work Chamber by opening the Vent valve. Since the HV cables are not 
unplugged, there is no need to remove any of the side covers from the PIPS II. 
Unplug the power cable from the back of the system. 

2. Remove the gun knob from the gun housing. 

Rotate the gun knob to the 10° Top position. Use the 3.0mm hex wrench to 
remove the two screws from the gun knob and pull the knob from the gun 
housing. 

3. Lift off the Viewing Port and the top cover plate from the chamber. 

Place one hand at the back of the gun and with the other hand push on the gun 
housing from inside the chamber. Remove the gun. 

To Disassemble the Gun 

1. Withdraw the ion source from the gun housing. 

Use the 3.0mm hex wrench to remove the single screw from the molded 
connector assembly then slowly pull on the toggle stick to withdraw the ion 
source from the gun housing. 

2. Lift the magnet assembly off the rear polepiece. 
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Hold the ion source with one hand and grasp the magnet assembly with the 
other hand. Lift the magnet assembly off the rear polepiece by tilting it to one 
side.  

NOTE: The rear polepiece can be cleaned directly on the HV connector by 
dusting it off with dry nitrogen or clean compressed air. If any particles 
remain, use a tissue to remove them and dust again with the compressed air. 
Special attention must be paid to the cleanliness of all the parts, especially the 
magnet assembly. 

3. Remove the anode cup assembly from the magnet. 

Lightly tap the assembly on its edge until enough of the anode cup protrudes 
to be pulled out of the magnet. 

4. Remove the anode cup insulator with the eraser end of a pencil. 

5. Separate magnet from the front polepiece. 

Holding the magnet in one hand, place the eraser end of a pencil into the 
magnet and push against the front polepiece to separate it from the magnet.  

Warning: The magnet is extremely powerful and requires careful handling to 
prevent it from attracting metallic whiskers and from being attracted to any 
other magnetic material that may shatter it. 

To Inspect and Clean the Gun 

1. With a low-power microscope, carefully examine the inside face of the 
front polepiece and the top of the anode cup. 

Look for black or burnt spots that would indicate a short. Burn marks on the 
front polepiece may easily be removed using 600-grit emery paper. 
Depending upon the severity, burn marks on the anode cup insulator may also 
be removed with 600-grit paper. However, if burn marks are deep, replace the 
anode cup insulator.  

NOTE: From this point, use nylon gloves to handle all clean parts. Special 
attention must be paid to the cleanliness of all the parts, especially the magnet 
assembly. The subsequent assembly should be done with the aid of a ×10 
stereo microscope. 

2. Clean the anode cup using freon or methanol. 

Clean all the sputtered material on the inside surface of the cup using a 
Scotchbrite pad. 

3. Wipe off the magnet and the rear polepiece with freon or methanol. 
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4. Clean and lubricate the O-ring and the bearing surface on the outside 
of the ion-source assembly. 

Dust parts off using clean compressed air or nitrogen gas to remove any dust, 
lint or metallic whiskers that are the primary cause of shorting in the gun. 

Squeeze and push up from both sides with thumb and index finger to remove 
the O-ring from the ion source. Clean, apply vacuum grease (Krytox), and 
replace. Apply vacuum grease to the curved Rulon bearing that captures the o-
ring. If this surface and the o-ring are not lubricated, then the beam alignment 
will not move freely. Also apply vacuum grease to the curved surface of the 
toggle stick, which mates with the drive screws in the gun knob. This helps 
the toggle stick slide freely against the drive screws. 

5. Clean the gun housing O-rings. 

Remove the two O-rings from the gun housing and thoroughly clean all 
surfaces with freon or methanol, including the O-ring grooves. 

Replace O-rings, if necessary. 

Dry off all surfaces and parts with compressed air or freon gas. 

To Reassemble the Gun 

1. Insert the anode cup into the anode cup insulator. 

2. Insert the anode assembly into the magnet. 

Be sure the top of the anode is at the north face of the magnet. 

3. Replace the front pole piece. 

4. Carefully place the magnet assembly against the edge of the rear 
polepiece. 

Slowly lower the magnet assembly in place until the rear polepiece is within 
the magnet shield. Properly assembled, the parts will be perfectly concentric 
to one another. 

5. Place a light film of vacuum grease around the inside surface (first 
one centimeter) of the port for the ion source.  

6. Slip the ion source into the gun housing.  

Pay particular attention that the O-ring is not damaged in the process. 

7. Align ion source in the housing. 
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Align ion source so that the moulded assembly is aligned to the screw hole in 
the housing. 

8. Insert the screw into the molded connector assembly and tighten. 

This assembly should be aligned squarely with the Chamber. 

9. Test the gun before inserting into the Work Chamber. 

Use an ohmmeter and test the gun to ensure that a short does not exist across 
the HV contacts. A direct short usually indicates the gun was not assembled 
properly. A higher resistance short up to 2M indicates the presence of small 
conductive whiskers within the gun. If this is the case, the cleaning steps 
described above should be repeated. 

10. Place a light film of vacuum grease around the Work Chamber gun 
port. 

11. Insert the complete assembly into the Work Chamber. 

Align the reference mark on the diameter of the gun housing to the mating 
mark on the Chamber. 

12. Replace the gun knob in the gun housing. 

Guide the gun knob over the toggle stick until it is firmly in place and screw 
in the two retaining screws. 

Repeat this procedure on the second gun. 

5.6.3. Servicing the Focus Electrode 

The focus electrode should not normally require maintenance. Sputtered 
material may build up on the electrode or insulator and need to be removed.  

1. Shut down the power to the PIPS II. 

Wait at least 10 min to allow the MDP to come to a complete stop. Then vent 
the Work Chamber by opening the Vent valve. 

2. Remove the gun knob from the gun housing. 

Rotate the gun knob to the 10° Top position. Use the 3.0mm hex wrench to 
remove the two screws from the gun knob and pull the knob from the gun 
housing. 

3. Remove the gun housing from the work chamber. 

4. Remove the upper front housing electrode from the gun housing. 
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Rotate the electrode counter clock-wise using a spanner wrench. 

5. Clean the ground electrode if necessary. 

6. Remove the focus electrode insulator from the housing. 

Gently pry the insulator from the housing. Be careful not to damage the flex 
cable or the gasket material. 

7. Clean the focus electrode.  

Clean the focus electrode cup by wiping with a clean dry tissue and dusting it 
with dry nitrogen or clean compressed air. Clean all the loose sputtered 
material on the inside and outside faces of the cup using an abrasive pad such 
as Scotchbrite. Wipe clean with a dry tissue and dust with dry nitrogen or 
compressed air. 

8. Reassemble the gun housing. 

 

 

Figure 5-10  Focus electrode assembly. 
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5.7. Removing the Cover 
To remove the cover: 

1. Shut down the power to the PIPS II. 

Unplug the power cable from the power entry module. 

2. Remove the 4 M3 screws from the outside edges of the rear panel. 

3. Pull the cover forward until the latches release from the frame. 

4. Bend the sides of the cover slightly outward so that the cover may be 
completely removed.  

Be careful not to bend the cover too far. 

 

Figure 5-11  Cover removal. 

 

 

 



 

119 
PIPS II Owners Manual and Users Guide 

5.8.  Replacing the MDP Oil Cartridge 
The MDP requires the oil cartridge to be changed at least once a year. 
However, if a high- pitched squeal begins, the oil cartridge should be changed 
immediately. 

The oil cartridge consists of a stack of felt discs saturated with oil and is 
replaced as a unit. Changing the cartridge requires the Chamber to be vented 
to atmosphere and the MDP to be completely removed from the PIPS II. This 
provides an opportunity to service other parts of the vacuum system. 

NOTE: The oil in the MDP is for lubrication of the bearings only, and does 
not come in contact with the vacuum chamber hence eliminating any concern 
for hydrocarbon contamination. 

5.8.1.  To Remove the MDP 

1. Shut down the power to the PIPS II. 

Wait at least 10 min to allow the MDP to come to a complete stop. Then vent 
the Work Chamber by opening the Vent valve. Unplug the power cable from 
the power entry module. 

2. Remove the control cable from the MDP. 

Loosen the 2 screws in the D-sub connector and unplug the cable. 

3. Remove the Vac-valve assembly.  

Loosen and remove the compression fitting on the back of the Vac-valve 
assembly, this will separate the Vac-valve assembly from the tubing that 
connect the DP. Loosen and remove the KF clamp and centering ring from the 
exhaust port in order to remove the Vac-valve assembly. Carefully place the 
Vac-valve assembly on the electronics enclosure, being careful not to kink the 
nylon tubing. 

4. Loosen the 4 MDP mounting screws on the support plate. 

These screws retain the flange clamps used to lock the MDP to the manifold. 
Remove two of the screws and clamps completely; then support the MDP 
from the underside with one hand while removing the other two screws and 
clamps. 

5. Lower the MDP and remove it from inside the cabinet. 
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Figure 5-12  Molecular drag pump removal. 

The oil cartridge can be replaced upon removal of the MDP from the cabinet. 

5.8.2. To Replace the Oil Cartridge 

Follow the directions in the Pfeiffer HiPace 80 TurboDrag Pump 
Operating Instructions manual (shipped with PIPS II). 

After the MDP is reconnected to the PIPS, and the system is powered on, the 
guns must be purged for 4-5 hours before milling samples. 

 

5.9.  Diaphragm Pump Maintenance 
Both diaphragms should be replaced after 4000 h of use. If either of them fails 
after 2000 h, replace both of them. 

5.9.1. To Disconnect the Diaphragm Pump 

1. Shut down the power to the PIPS II. 
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Wait at least 10 min to allow the MDP to come to a complete stop. Then vent 
the Work Chamber by opening the Vent valve.  

2. Unplug the power cord from the power entry module (rear panel). 

3. Unplug the two electrical connectors on the DP. 

4. Disconnect the vacuum hose running from the pump to the back of 
the PIPS cabinet.   

Press the latch of the quick disconnect fitting and remove the hose.  

5.9.2. To Replace Diaphragm 

Follow the directions in the Pfeiffer MVP 020-3 Diaphragm Pump 
Operating Instructions manual (shipped with PIPS). 

After the DP is reconnected to the PIPS, and the system is powered on, the 
guns must be purged for 4-5 hours before milling samples. 

 

5.10. Cleaning the Work Chamber 
Clean the Work Chamber when you have vented the system for other 
maintenance to reduce overall down time. 

5.10.1. To Vent and Clean the Work Chamber 

1. Raise the stage and vent the Airlock. 

2. Shut down the power to the PIPS II. 

Wait at least 10 min to allow the MDP to come to a complete stop. Then vent 
the Work Chamber by opening the Vent valve. Unplug the power cable from 
the back of the system. 

3. Lift off the Viewing Port and the Top Cover plate from the Chamber. 

4. Clean the Chamber. There is no need to polish the chamber. Just remove 
flakes of sputtered materials with a simple vacuuming and/or wiping with a 
Kimwipe. Methanol can be used but it will increase pump down time. 

5. Replace the top cover plate and the Viewing Port. 

6. Power up the PIPS II. 
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5.11. Cleaning the Shutter Piston 
The shutter piston is controlled by two valves, SI and SO. The SI valve is on 
and the SO valve is off when the shutter is closed (covering the window). The 
SI valve is off and the SO valve is on when the shutter is open. Sputtered 
material can build up on the shutter piston shaft, and need to be cleaned off. If 
the speed of the shutter decreases significantly over time, or if the shutter no 
longer moves as far, it may need to be cleaned and inspected. 

1. Press the Airlock piston down into the Work Chamber. 

2. Remove the Top Cover plate with the Removal tool. 

3. Pull out the Shutter Guide. Grasp the Shutter Guide at the front of the 
chamber and pull it straight out. 

4. Rotate the Shutter manually 90°-180° to view the underside. It may 
help to pull the shutter slightly forward into the chamber to allow it to rotate 
easily. 

5. Remove the Shutter. Loosen  the M2 × 6 mm retaining screw. Remove 
the shutter from the shutter piston rod. 

6. Remove the front plate. Loosen the 4 screws in the front plate. Pull the 
front plate straight forward. The shutter piston will be pushed out by the 
spring. 

7. Clean the shutter piston. Remove any sputtered material from the shutter 
piston. Inspect the o-rings, replace if they are damaged. Clean and lubricate 
the o-rings with Krytox GPL-206. Clean and lubricate the inside of the 
cylinder where the o-ring contacts. 

8. Reassemble all parts. 

9. Power up the PIPS II. 
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Figure 5-13 Shutter servicing. 

 

5.12. Motor Drive Replacement 
The specimen motor drive is located under the specimen chamber. It does not 
need to be replaced unless it fails, which typically does not happen during the 
lifetime of the instrument. 

 It can usually be replaced without removing the stage assembly, but if this 
proves too difficult the Whisperlok assembly can be removed from the work 
chamber prior to motor replacement. 

1. Shut down the power to the PIPS II. Unplug the power cable from the 
back of the system. 

2. Remove the cover. 

3. Unplug the motor from the motor cable. 

4. Loosen the set screws that hold the timing pulley to the motor. 

5. Remove the four M2 socket head screws that hold the motor to the 
bracket. The motor has specific characteristics for the PIPS II and should 
only be replaced with the same type. 

6. Remove and replace the motor. Insert the motor drive shaft into the 
timing pulley as the motor is installed. 
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7. Tighten the set screws to the timing pulley. 

8. Plug the motor into the motor drive cable. 

9. Install the cover. 

10. Turn on power to the PIPS II. 

  

Figure 5-14 Motor Drive Removal. 

 

5.13. Replacing the Stage Encoder 
The stage encoder is located under the specimen chamber. It does not need to 
be replaced unless it fails, which typically does not happen during the lifetime 
of the instrument. 

The stage encoder can be replaced without removing the stage assembly from 
the chamber, but it may be easier to remove the stage assembly first and then 
change the encoder on a bench. 

1. Remove the cover. 

2. Shut down power to the PIPS II. Unplug the power cable from the back 
of the system. 

3. Remove the cover. 
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Figure 5-15  Replacing the encoder. 

 

5.14. Replacing the Sample Mount 
The Sample Mount is located under at the top of the rotate shaft. It does not 
need to be replaced unless it fails or is damaged, which typically does not 
happen during the lifetime of the instrument. 

1. Raise the Stage and vent the airlock chamber. This allows the airlock 
cover to be removed after system power is off. 

2. Shut down the power to the PIPS II. Wait at least 10 min to allow the 
MDP to come to a complete stop. Then vent the work chamber by opening the 
Vent valve. Unplug the power cable from the back of the system. 

3. Lift off the Viewing Port. Press the Airlock piston down into the Work 
Chamber if it hasn’t already lowered itself. 

4. Remove top cover plate. Using the pin end of the Specimen Mount 
Removal Tool, insert the pin into one of the holes in the top cover plate, push 
gently and tilt the plate up and out for removal. 
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5. Remove the Specimen Mount. While holding the rotate shaft, rotate the 
Specimen Mount counter-clockwise until it is completely free of the rotate 
shaft. 

NOTE: If the specimen mount only rotates but does not unscrew, remove the 
cover from the PIPS II cabinet and manually restrain the timing pulley at the 
bottom of the Whisperlok to prevent it from rotating while the specimen 
mount is being unscrewed. 

6. Install the new Specimen mount. If necessary, install the XY stage parts. 

7. Replace the Top Cover plate and Viewing Port. 

8. Close the Vent valve and turn on the power.  

9. Verify that the stage home position is correct. If the stage home 
position is not correct, calibrate it as described below. 

a) Lower the stage and set the home position. Alignment > Home. 
b) Observe the actual rotational position of the stage. It will not be at 

the home position. Note how many degrees in rotation it is from 
the proper home position. 

c) Adjust the home calibration setting to compensate. Maintenance > 
Calibration > Stage. The calibration setting is in 10ths of a degree, 
so that if the position is 10 degrees away from the proper position 
adjust the calibration setting by 100.  

d) Repeat this process until the home position is correct. 

    

Figure 5-16  Sample mount removal. 
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c) Gently lower the WhisperlokTM assembly and remove it, being 
careful not to disturb the vacuum and pneumatic tubing. 

 

Figure 5-17  Whisperlok assembly. 

5.15.2. To Dis-assemble the WhisperlokTM Assembly 

1. Remove the 3 screws in the top of the assembly. 

2. Remove the top clamp ring. 

3. Remove the bellows assembly from the cylinder body. Check the 
inside of the housing where the o-ring at the bottom of the bellows 
assembly slides up and down. If necessary clean and lubricate with Krytox 
GPL-206. 

4. If the system has a cold stage, remove the brush arms by first 
removing the spring that clamps them to the hinged conductor assembly. 

5. Remove the Specimen Mount. While holding the rotate shaft, rotate the 
Specimen Mount counter-clockwise until it is completely free of the rotate 
shaft. 
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6. Remove the window shield from the rotate shaft, if it did not remain 
with the specimen Mount. 

7. Remove the 4 screws and the clamping plate at the bottom of the 
WhisperlokTM assembly. 

8. Remove the rotate shaft from the bellows assembly. This can be 
accomplished by pulling on the large bearing at the bottom of the assembly, or 
by pushing slightly on the top of the rotate shaft. 

9. Clean and lubricate the rotate shaft quad-seal. This seal should always 
be cleaned and lubricated when the Whisperlok is disassembled. 

10. Remove the 2 o-rings from the bellows assembly. 

5.15.3. To Assemble the WhisperkokTM Assembly 

Assemble the WhisperlokTM assembly with the new bellows assembly. 

1. Install the 2 o-rings on the new bellows assembly. 

2. Clean and lubricate the o-ring at the bottom of the bellows assembly 
with Krytox GPL-206. 

3. Clean and lubricate the quad-seal on the rotate shaft with Krytox 
GPL-206. 

4. Clean the o-rings in the cylinder body and clamp ring. 

5. Lubricate the inside of the bellows assembly where the quad-seal 
contacts with Krytox GPL-206. 

6. Install the piston assembly into the bellows assembly. 

7. Install the Specimen Mount onto the piston assembly.  

8. If applicable, install the brush arms and the clamping spring. 

9. Lubricate the inside of the cylinder body with Krytox GPL-206. 

10. Install the bellows assembly into the cylinder body. The center notch in 
the outside top flange of the bellows assembly must be oriented toward the 
front of the system. The motor must be on the right hand side of the 
WhisperlokTM assembly when viewed from the front of the system. Compress 
the bellows fully. 

11. Install the clamp ring. The 2 pins in the bottom of the clamp ring align to 
the 2 outside notches in the top flange of the bellows assembly. Install the 3 
screws. 
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12. Install the WhisperlokTM assembly onto the work chamber. The motor 
assembly must be to the right when viewed from the front of the system. 

13. Replace the Top Cover plate and Viewing Port. 

14. Close the Vent valve and turn on the power.  

15. Verify that the stage home position is correct. If the stage home 
position is not correct, calibrate it as described below. 

a) Lower the stage and set the home position. Alignment > Home. 
b) Observe the actual rotational position of the stage. It will not be at 

the home position. Note how many degrees in rotation it is from 
the proper home position. 

c) Adjust the home calibration setting to compensate. Maintenance > 
Calibration > Stage. The calibration setting is in 10ths of a degree, 
so that if the position is 10 degrees away from the proper position 
adjust the calibration setting by 100.  

d) Repeat this process until the home position is correct. 

16. Purge the guns at least 4-5 hours before milling samples. 

 

5.16. Cleaning the Rotate-Shaft Quad-seal 
A quad-ring separates the chamber from atmosphere and allows for rotation of 
the piston. If this seal begins to leak, then it should be cleaned and lubricated 
or replaced. When this seal leaks, a pressure burst is typically observed 
periodically with each rotation. If this is observed, stop rotation and see if the 
periodic pressure bursts stop. If you see periodic pressure bursts only when 
the piston is rotating, then this seal is probably leaking. In this case, follow 
procedure 5.14 to lubricate or replace this seal. 

 

5.17. Checking the Specimen Height 
The specimen height is pre-set at the factory, and should not need adjustment. 
The height can be checked by aligning the beams to the center of the beam 
alignment screen, then changing the gun tilt from 10 to 5 degrees. It is helpful 
to increase the gas flow so as to decrease the length of the ellipse illuminated 
on the screen. As the gun tilt is changed, the beams will increase or decrease 
in length and rotate about the center of the screen. 

If the WhisperlokTM bellows or the specimen mount is replaced, it may be 
necessary to re-set the specimen height. 
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Figure 5-21  Gas manifold assembly. 

5.18.1. Removing the Gas Manifold 

1. Raise the Stage and vent the airlock chamber. This allows the airlock 
cover to be removed after system power is off. 

2. Shut down the power to the PIPS II. Wait at least 10 min to allow the 
MDP to come to a complete stop. Then vent the work chamber by opening the 
Vent valve. Unplug the power cable from the back of the system. 

3. Remove the system cover.  

4. Turn off the Ar pressure at the regulator which supplies Ar to the 
system. 

5. Unplug the electrical connectors for each of the 6 valves. 

6. Unplug the electrical connectors for each of the 2 mass flow 
controllers. 

7. Disconnect the tubing from all of the connectors on the bottom of the 
work chamber. Remember where each tube was connected. 
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to the appropriate holes. Install and tighten one screw per MFC until the MFC 
is flush with the face of the gas manifold. Do not overtighten. 

6. Install the Gas Manifold. Using the 4 screws, secure the gas manifold in 
the sheet metal bracket. 

7. Attach the tubing. Attach the tubing to the work chamber, gas inlet 
fittings, and Vac-valve assembly. Use 2 wrenches to insure the fittings are not 
over-tightened.  

8. Close the Vent valve and turn on the power. The MDP speed and 
backing pressure may be monitored in the Maintenance > Vacuum screen.  

9. Turn on the Ar pressure at the regulator. 

10. Purge the guns for 4-5 hours before milling samples. 

 

5.19. Replacing a Mass Flow Controller (MFC) 
This is a difficult operation due to space limitations. Gatan recommends that 
the MFC be replaced without removing the Gas Manifold, because this 
method is less likely to cause a problem with any of the tubing or fittings. If 
this cannot be accomplished, then remove the Gas Manifold prior to replacing 
the MFC. 

1. Raise the Stage and vent the airlock chamber. This allows the airlock 
cover to be removed after system power is off. 

2. Shut down the power to the PIPS II. Wait at least 10 min to allow the 
MDP to come to a complete stop. Then vent the work chamber by opening the 
Vent valve. Unplug the power cable from the back of the system. 

3. Remove the system cover.  

4. Install a ground strap on your wrist. The MFC contains static sensitive 
components. 

5. Turn off the Ar pressure at the regulator which supplies Ar to the 
system. 

6. Unplug the power/signal cable from the MFC.  

7. Loosen the M3x20 screw which secures the MFC to the Gas Manifold. 
Note that you will need a hex tool that is shorter than the tool provided with 
the instrument. It should be between 38 mm long and about 70 mm long. Note 
the orientation (the two MFCs have opposite orientation). Carefully remove 
the MFC. 
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8. Clean and inspect the 2 O-rings. Replace the O-rings in the pockets in 
the Gas Manifold. 

9. Install the replacement MFC. Note that there is a pin in the top of the 
Gas Manifold that mates to a hole in the MFC. 

10. Carefully plug the power/signal cable into the MFC. The connector and 
wires are delicate. 

 

Figure 5-22  MFC removal.  Unplugging the power/signal cable from the MFC. 

 

Figure 5-23  MFC removal. Loosening the M3 screw that secures the MFC. 
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5.20. Replacing the Touchscreen 
1. Shut down the power to the PIPS II. Unplug the power cable from the 
back of the system. 

2. Remove the system cover.  

3. Unplug the touchscreen flex cable from the touchscreen adapter PCA. 
Using a small screwdriver, lift the back of the black hinged clamp up and 
toward the front of the system. Gently remove the flex cable.  

4. Unplug the coax flex cable from the touchscreen adapter PCA.  

5. Remove the 4 M2x20 screws that secure the touch display to the 
touchscreen adapter plate. 

6. Remove the touch display with the coax flex cable attached. The coax 
flex cable is glued to the touchscreen. 

7. Install the new touch display and coax flex cable. Install the 4 screws. 

8. Connect the coax flex cable and touchscreen flex cable to the 
touchscreen adapter PCA. 

9. Install the cover. 

10. Power on the PIPS II. First plug the power cable into the power entry 
module. 
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Figure 5-24  Touch display assembly. 

  

Figure 5-25  Connections for touch display. 

Left image shows cable connections made prior to attaching the touch display. 
Right image shows the clamp for the touchscreen cable in the open position. 
After the touchscreen cable is inserted into this connector, press down on this 
clamp. Note that this is a delicate connection. 
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5.22. Replacing the Control PCAs (CPU, I/O) 
1. Shut down the power to the PIPS II. Unplug the power cable from the 
back of the system. 

2. Remove the system cover.  

3. Remove the cover of the electronics enclosure. 

4. Unplug the gun high voltage cables, if necessary, from the high 
voltage power supply. This may be helpful to allow access. 

5. Unplug the CC Gauge cable, Dewar cable, Ethernet cable, and 
camera trigger cable from the back of the system. 

6. Clamp the tubing between the vacuum valve assembly and the 
backing sensor on the I/O PCA. A tubing clamp or forceps may be used. 

7. Remove the tubing from the backing sensor on the I/O Printed Circuit 
Assembly (PCA). Be sure the tubing remains clamped and holds vacuum. 

8. Clamp the tubing between the Gas Manifold and the Ar pressure 
sensor. Remove the tubing from the Ar pressure sensor on the I/O PCA. 

9. Remove the fiber from the below sample illuminator (BSI) socket. 

10. Disconnect the cable connectors from the PCAs. Insert tweezers 
between the clamping arms and the connector, to release the connector from 
the clamping arms. Pull the connector out of the socket. Be very careful not to 
pull on the wires, or they may break.  

 

Figure 5-27  Removing cables from the I/O PCA. 
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11. Remove the 4 screws that secure the I/O PCA. 

12. Remove the nuts from the CC Gauge and Dewar connectors on the 
back of the system. 

13. Remove the jack screws from the RS-232 connector on the back of the 
system. 

14. Remove the PCAs from the PCA enclosure. 

15. Install the new PCAs. Replace the 4 screws, the 2 nuts, and the 2 jack 
screws. 

16. Connect the cables to the same sockets they were removed from. The 
captive connectors have an orientation defined by a chamfer on two corners. 
The image below shows the location of the sockets, and each cable should be 
labeled with the connector. In addition, the List of Cables shows the 
associated connector for each cable. 

17. Replace the electronics enclosure cover. 

18. Replace the system cover. 

19. Power on the system. First replace the power cable. 

  

Figure 5-28  PCA assembly. 
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5.23. List of O-Rings 
Description Size Quantity Location 

Diaphragm Pump Assembly 012 1 DP fitting 

 M4.5x1.4mm 1 DP fitting 

Chamber Assembly 022 1 Airlock window 

 019 1 Airlock window 

 044 2 Airlock/chamber top 

 042 1 Chamber top 

 Q4116 1 airlock 

 005 1 Shutter piston 

 111 1 Shutter piston 

 017 1 Front plate 

 030 1 Front plate 

 012 3 Shutter guide 

Beam Stop 022 2 Beam stop 

Whisperlok Assembly 004 GLV 1 Sample mount 

 035 2 Chamber 

 031 1 Chamber 

 Q4111 1 Rotate shaft 

 135 1 Bellows 

Ion Gun Assembly 003 1 Focus electrode 

 010 2 Focus electrode 

 020 1 Housing 

 030 2 Chamber 

Manifold Assembly 141 1 Manifold-chamber 

 123 1 CC gauge 

 039 1 Dewar port 

Vent Valve 012 1 Vent valve 

 010 1 Vent valve 

Cold Stage Dewar 039 1 Dewar port 

 014 1 Electrical feedthru 

 112 1 Vent valve 

Gas Manifold 008 4 MFC 
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5.24. List of Cables 
Description Part # Qty Connector # 

Whisperlok motor 695.04200 1 J25 

Power 695.04201 1 J13 

Whisperlok encoder 695.04202 1 J10 

Cold Cathode gauge 695.04203 1 JP2 

Cold Stage dewar 695.04204 1 JP1 

DP, internal 695.04205 1 J15 

DP, external 695.04206 1 Back panel 

Valves, manifold 695.04207 1 J1 

Vacuum valve 695.04208 1 J2 

Gun motor, internal 695.04210 2 J6(left), J7(right) 

HVPS, communications 695.04212 1 J17 

MFCs 695.04213 1 J23 

MDP 695.04214 1 J19 

Illuminator, above 695.04215 1 J3 

Autoterminator, internal 695.04216 1 J8 

Gun motor, external 695.04217 2 Top panel 

Camera trigger 695.04218 1 J20 

Touchscreen 695.04219 1 J9 (CPU) 

Video/backlight 101451 1 J4 (I/O),P3(CPU) 

Video, coax flex 101462 1 J2(TS Adapter) 
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6. Trouble Shooting 

Symptom Problem cause Solution 
Chamber pressure display 0 on 
Milling screen. 

MDP not up to speed. 
Manual vent valve open. 
Vacuum leak. MDP failure. DP failure.

Turn off gas flow. Verify MDP speed 
(Maintenance > Vacuum). 

Piston will not lower. Backing 
pressure does not return within 5 
Torr when pumping airlock. 

Viewing port or window not seated 
properly. 
VE valve failure. 
 

Clean viewport o-rings. 

Press down on viewport and window 
while pressing Vac button. (Maintenance 
> Vacuum) 
Check VE valve cable/control. 

Piston cannot be lowered into the 
chamber. Backing pressure does 
return within 5 Torr when 
pumping airlock. 

Argon supply interrupted. 
WL or LL valve failure. 

Check argon pressure 25 psi (1.72 bar) 
or main valve closed. 
Check WL and LL valve cable/control, 
be sure WL valve LED illuminated and 
LL valve LED not illuminated. 

Specimen difficult to see in 
working position 

Sputtered material obscuring viewing 
window.

Clean or replace viewing window. See 
Section 5.1. 

Specimen will not rise fully into 
the airlock 

Dry and coated airlock vacuum seal. Service vacuum seal. See Section 5.2. 

Poor vacuum when specimen 
mount rotation is operated, 
typically observe periodic 
pressure burst during each 
rotation. 

Dirty or dry quad-ring in Whisperlok 
piston. 

Clean and lubricate piston quad-ring. See 
Section 5.14. 

 

Shutter will not close or closes 
only part way 

Argon supply interrupted or HV timer 
may be off. 
SI or SO valve failure. 
Shutter piston may be clogged or have 
failed. 

Check argon pressure 25 psi (1.72 bar) 
or main valve closed. 
Check SI valve LED is on and SO valve 
LED is off when shutter is in.  Check SI 
valve LED is off and SO valve LED is 
on when shutter is out. Check SI and SO 
valve cable/control. 
Clean and inspect the shutter piston. 

Excessive argon use Argon leak Check for leaks. See Section 5.9 
Cold-cathode gauge reading 
fluctuates or reads excessively 
high. 

Gauge tube contaminated. 
Service/clean gauge tube. See Section 
5.4. 

Ion gun has no output.  
Current=0, voltage on, gas on. 

Gun shorted (Anode cup to magnet) Clean guns. See section 5.6. 

Gun output is extremely erratic. Guns are not purged sufficiently Purge guns. See Section 3.2. 
Chamber pressure very high 
when stage is lowered. 

Leak in bellows. Replace bellows assembly. 

Piston is in raised position and 
sample mount is rotating. 

Argon supply interrupted. 
 

Check argon pressure 25 psi (1.72 bar) 
or main valve closed. 
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7. PIPS II Options 

7.1. Cold Stage Option 
Certain PIPS II models include a cold stage. This option must be installed at 
the factory on a new PIPS II.  

The PIPS II Cold Stage upgrade components replace existing PIPS II 
components as follows: 

 The dewar assembly replaces the existing PIPS II vent-valve 
assembly or liquid nitrogen trap. 

 The cold stage Whisperlok assembly replaces the existing 
Whisperlok assembly. 

 The PIPS II I/O PCA connects to the dewar via a cable, and 
provides a readout of the cold conductor temperature as well as 
control of two heaters. 

The first heater controls the temperature of the cold conductor, and the second 
is used to boil-off the liquid nitrogen in the dewar. For instance, if a sample 
has a phase-transition temperature at -100 °C that you would like to avoid, the 
conductor temperature can be set to -50 °C prior to inserting the sample. In 
addition, if the stage is cold and you would like to mill at room temperature, 
you can set the conductor temperature to 23 °C. 

When the dewar is filled with liquid nitrogen, it cools a copper plate that 
extends into the specimen chamber. Copper braids connect that plate to a cold 
conductor that sits next to the cold stage spindle. Brushes thermally connect 
the cold conductor to the cold stage spindle. When the Whisperlok is lowered 
into the milling position, it makes thermal contact with the cold conductor and 
the sample is cooled. When the Whisperlok is raised into the air lock, it no 
longer makes thermal contact with the cold conductor. The Whisperlok then 
makes thermal contact with the o-ring in the air lock and comes into thermal 
equilibrium with the chamber walls. 

A thin glass rod (specimen mount window) is installed in the bottom of the 
specimen mount in order to shield the vacuum window from sputtered 
material. This rod can be removed and polished clean when deposited material 
begins to block the light from the below sample illuminator. The vacuum 
window cannot be easily cleaned, so it is important that the glass rod is always 
installed. The chamber must be vented in order to clean this rod (see Cleaning 
the Specimen Mount). 
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Figure 7-1  System with Cold Stage installed. 

7.1.1. Operation 

Fill the dewar with liquid nitrogen prior to loading a sample into the PIPS II. 
Once the stage is cold, you may insert and remove samples from the airlock as 
required. 

It is important when removing a cold sample that you allow enough time (at 
least 20 minutes) for the sample to warm up after raising the stage and before 
venting the Air- lock. This will prevent water from condensing on a cold 
sample. In some regions with  low dew point, it may be necessary to wait 
longer before venting in order to prevent condensation.  

NOTE: Do not overfill the dewar; the starting level should be just below the 
bottom of the dewar neck. After about 10 minutes, boiling in the dewar will 
cease and more liquid nitrogen may be added. The dewar will typically last 
about 6-8 hours between refills. After the liquid nitrogen has boiled off, it 
typically takes about 4 hours for the cold conductor to warm up to room 
temperature. 

Filling the Dewar 

1. Raise the stage into the airlock. 

2. Fill the dewar with liquid nitrogen. 
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Do not overfill; the starting level should be just below the bottom of the dewar 
neck. 

3. The liquid nitrogen will boil off in a few minutes. 

Continue refilling the dewar for about ten minutes to replenish the liquid 
nitrogen. 

NOTE: It may take more than one “top off” to initially cool down the dewar. 

4. After about ten minutes the boil-off rate will have slowed 
dramatically. 

Top off the dewar. 

5. Place the supplied lid on the dewar. 

6. The system is ready for a sample to be installed. 

The liquid nitrogen in the dewar should last 6-8 hours if the heater is not being 
used. 

Loading a Sample 

1. Raise the stage into the airlock (if not already raised). 

2. Wait at least 20 minutes. 

NOTE:   It is not necessary to wait if the stage has been in the raised position 
for at least 20 minutes previously. 

3. Vent the airlock and remove the airlock cover. 

4. Insert sample (specimen post). Be sure the specimen post is properly 
seated in its lowest position. 

5. Replace the airlock cover. 

6. Lower the sample. 

7. Go to Settings > Heaters page. Set the cold stage heater temperature to 
23° and enable it. 

8. Find the center of rotation. 

9. Bring the sample to home position and note the position of the center 
of rotation with respect to a known feature on the sample. 

10. Raise the stage and vent. 
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11. Use the hex key and move the point of interest to the center of 
rotation. 

12. Repeat 1-5, for fine adjustments. 

13. After point of interest is centered, go back to Settings - Heaters page 
and disable the cold stage heater.  

14. Wait fifteen minutes for the sample to cool down. 

If your sample has poor thermal conductivity you may want to wait longer. 

15. Begin milling. 

Removing a Sample, method 1 

1. Set cold stage heater to 23 C. See below for heater instructions. 

2. Turn on cold stage heater. 

3. Wait 20–25 minutes for sample to reach room temperature. 

4. Raise the stage into the airlock. 

5. Turn off cold stage heater. 

6. Vent the airlock, then remove the airlock cover. 

7. Remove the specimen post. 

Note:  if you experience condensation on the sample, try increasing the cold 
stage heater to 30 C or waiting longer during step 3. 

Removing a Sample, method 2 

1. Raise the stage into the airlock. 

2. Wait 20-25  minutes. 

3. Vent the airlock, then remove the airlock cover.  

4. Remove specimen post. 
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With the ion guns on at 5 kV, 5 degrees, and dual beam modulation a bulk 
sample (e.g., Ta) mounted in a clamp-type DuoPost will increase in 
temperature by about 25-50 °C. The temperature of a thin specimen will 
increase more, depending on the thermal conductivity of the sample, the 
thickness of the sample, and the power density of the ion beam. In general, 
lower energy and a more defocused (broader) beam will result in a smaller 
temperature rise during milling. 

The temperature measured at the cold conductor is typically about 50-75 °C 
cooler than the temperature at the sample. In addition, there is a time delay of 
about fifteen minutes between a change in cold conductor temperature and the 
corresponding change in sample temperature. For instance, if the stage is 
lowered and you fill the dewar with liquid nitrogen, the conductor will reach -
100 °C about fifteen minutes before the sample. 

  

Figure 7-3 Sample and cold conductor temperature over time.  

Stage was lowered at zero minutes. Dewar was filled and cold prior to this test. 

NOTE: When the stage is raised into the airlock, the temperature of the 
sample post will typically increase to nearly room temperature in fifteen 
minutes. 
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Figure 7-4 Sample and cold conductor temperature over time.  

Stage was raised at zero minutes. 

 

7.1.4. Maintenance 

Checking the Cold Conductor Brush Wear 

The brushes that make contact between the cold conductor and the spindle 
exhibit wear. They are expected to last several years, but should be inspected 
every six months. The Cold Conductor Assembly brushes can be replaced 
only with Gatan provided parts, which are designed to meet specific 
requirements of thermal conductivity, electrical conductivity, and lubricity in 
vacuum. 

1. Raise the stage and vent the airlock by pressing the Vent button. 

2. Turn off the power to the system. 

3. Wait ten minutes for the MDP to spin down, then slowly vent the 
system. 

4. Remove the viewing port. 

5. Remove the cover using the specimen mount removal tool. 

6. Remove the shutter using a small hex tool. See section 5.5 for 
instructions. 

7. Visually inspect the brushes for wear. 

a. The thinnest part of the brushes are 0.050" (1.27 mm) thick when they 
are new. When the brushes reach a thickness of about 0.015" (.38 mm), 
they should be replaced. 
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Figure 7-7.  Dewar Assembly installed in manifold. 

6. Remove the Dewar assembly.  

a) Unplug the cable from the back of the dewar. 
b) Remove the 4 M3 screws that secure the dewar to the manifold. 

See Figure 7-7. 
c) Lift the dewar assembly upward until it is free from the manifold. 

Then tilt the top of the dewar forward and move the dewar 
backward so that the Copper bar clears the manifold. It may be 
necessary to tilt the dewar sideways to clear a microscope 
assembly, or even to remove the microscope prior to this work. 

7. Install the new Dewar assembly.  

a) Insert the dewar assembly into the manifold. Press down firmly to 
seat the o-ring in the manifold. 

b) Install the 4 M3 screws that secure the dewar to the manifold. See 
Figure 7-7. 

c) Connect the cold stage to the hinged conductor assembly. Install 
the two M2.5 screws and washers that connect the cold stage 
heater to the hinged conductor assembly. See Figure 7-6. 

8. Install the top cover plate. 

9. Install the Viewing Port. 

10. Turn on power to the system.  
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7.2. End-point Detection 
The PIPS II may be equipped with a Reflection Illuminator, a stereo light 
microscope or a digital camera, and a Transmission Illuminator. Employing 
the latter two, one can use the interference-fringes technique to monitor 
specimen thickness of semiconductors and insulators to aid in end-point 
detection. With silicon, for example, each colored fringe represents a 
thickness change of a few hundred Angstroms. When a specimen ceases to 
produce new fringes, perforation is imminent. 

7.2.1. Autoterminator 

There is usually no warning prior to perforation in the case of opaque 
materials so the Autoterminator can be used to detect perforation. However, 
the Timer should be used during the early stages of thinning to prevent 
accidental overruns. 

Perforation detection 

Light from the Transmission Illuminator enters a condensing lens in the 
Autoterminator and is directed onto a sensor to produce a digital readout. 
When the light intensity is high and the readout exceeds 99, milling is 
switched off. 

 NOTE: Contamination of the Viewing Port can be reduced by delaying the 
use of the Autoterminator until the last stages of the thinning process. 

Sensitivity 

Operating at maximum sensitivity, the smallest hole the Autoterminator can 
detect in an opaque specimen is approximately 35 µm in diameter. This 
diameter can be reduced by manually stopping the milling process before the 
Autoterminator display reaches 99 and visually checking the specimen to 
determine how much more thinning is required. 

The actual light level corresponding to a reading of 99 can be adjusted within 
certain limits using the Sensitivity control. This control enables the operator to 
select varying termination hole sizes in the specimen and also to compensate 
for varying degrees of specimen transparency. The hole should not be allowed 
to become too large because this may allow the underside of the specimen to 
become contaminated. 

Perforations in partially transparent samples may be detected by a 
combination of lowering the intensity of the bottom illuminator and reducing 
the sensitivity of the Autoterminator. Experimentation is required to find 
useful conditions for different types of samples. 
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NOTE: Maximum sensitivity setting and highest light intensity should be 
used for metals. Lower sensitivities and lower light levels may be preferred 
for semiconductors and ceramics. For best results, make sure the specimen 
Viewing Port is clean before using the Autoterminator. 

The Autoterminator is mounted on the Airlock cover and plugs into a socket 
located to the right of the Pumping Manifold. The Autoterminator 
incorporates a special shutter-control feature to minimize the amount of 
sputtered material accumulating on the Viewing Port. When the 
Autoterminator is in place and the guns are operating, the Shutter will open 
for about 1 sec every specific seconds/rotations (defined by the user) for 
sampling of the transmitted light intensity. This sampling rate is maintained 
until the Autoterminator shows 10 on the digital display whereupon the 
sampling rate is automatically increased to every 16 sec, with this rate 
maintained until termination. 

 

Figure 7-8 Autoterminator sensor top view. 
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Figure 7-9 Autoterminator shown in working position. 

7.2.2. Installation and Checkout of the Autoterminator 

1. The PIPS II must be powered on, under vacuum, and with a specimen 
post (but no specimen) in place. 

2. Set up the Autoterminator. Place the Autoterminator onto the Airlock 
cover. Plug its cable into the socket to the left of the Pumping Manifold. Turn 
off the transmission illumination on the Camera page. 

3. Set the Sensitivity control to 50%. 

4. Check the Autoterminator reading. Go to Settings > Autoterminator on 
the GUI. Verify that the reading is less than 10%. 

5. Turn on the transmission illumination. Go to Camera > Bottom 
Illuminator. Set the intensity to maximum. 

6. Check the Autoterminator reading. To go Settings > Autoterminator on 
the GUI. Verify that the reading is 100%. 

7. Checkout is complete. 
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 Digital camera, with USB cable to the imaging PC and trigger 
cable to the PIPS II. 

 Imaging PC. This PC has an Ethernet cable connected to the PIPS 
II, and a USB cable connected to the camera. 

 DigitalMicrographTM software installed on the imaging PC which 
controls the camera and certain functions in PIPS II. 

  

Figure 7-11  System with digital zoom microscope. 

7.3.1. Camera Software Operation (DigitalMicrographTM) 

DigitalMicrograph™ is an application used for acquiring, visualizing, 
analyzing, and processing digital image data. DigitalMicrograph supports all 
of the top industry standards for storing files. You can open and store TIFF, 
GIF, PICT, BMP, and other formats using DigitalMicrograph.  

7.3.2. Basic Concepts 

DigitalMicrograph presents all of its information through the use of windows. 
Each window contains a set of related information. 

Image document windows contain a visible representation of a page of paper. 
Images can be placed on this page. Other objects such as lines, boxes, and text 
can also be placed on this page. You can open, save, and print image 
document windows. 

Many aspects of images and objects placed on pages can be controlled 
through the use of palettes. Palettes "float" above image document and text 
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Key areas 

Menu bar 

At the top is the menu bar containing the File, Edit, Display, Process, 
Analysis, Window, Microscope and Help menus. In these menus are all the 
controls for operating the application. 

Tool bar 

Under the menu bar is a toolbar. 

Floating Windows 

On the left hand side several Floating Windows are displayed. Floating 
Windows can also appear on the right hand side of the screen. 

Result Window 

At the bottom is the Results Window. This window is used to report results 
and updates of operations performed by DigitalMicrograph. This window may 
be hidden to increase the area available for image windows. 

Image Windows 

All images are displayed in Image Windows. They can be displayed anywhere 
in the application, and many images can be open at the same time. 

To Exit DigitalMicrograph 

You can exit DigitalMicrograph when you're finished with it. Choose Exit 
from the File menu, or hold down the Alt key and touch F4 to exit. 

If any modified documents are open and haven't been saved, 
DigitalMicrograph asks whether you want to save the documents.  

You can exit without saving any of the files by holding down Control and Alt 
keys and touch F4 to exit.  

Opening an Image 

You can either open a single frame image or a series of images (3-dimensional 
image or a stack). 

Single image file: Go to File: Open… and brows to the location the file is 
saved, then select the file and touch open. 

Series of images (stack): Go to File: Open Series… and brows to the location 
the files are saved, then select the first file in the series, and touch open. The 
dialog box shown below will appear. Here you can define the number of slices 
you want to open (Output images, Size). This option is very useful for 
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viewing all the images taken during a Record Milling session. The images 
may be conveniently viewed in series with the slice player. 

 

Figure 7-13 DM open image series. 

Using Image Windows 

DigitalMicrograph provides several ways to customize an image window. 
Among other things, you can magnify your view of the document, change the 
page size, and move the image and page around within the window. 

To resize the window 

Resize the window as you would resize any window on your operating 
system. To resize manually, click and drag an edge of the window. 

If the image document is currently in image mode, its image will change from 
one integer multiple of its true size to another as you drag the window border. 
If you hold down the Alt key as you drag the window border then the image 
will resize to the largest size that fits in the window. If you hold down the 
Control key as you drag the window border then the image will not resize. 

If the image document is currently being viewed in page mode, the page will 
always be sized to fit as large as possible within the window. 

To resize around either the image or the page, click in the maximize box. 

Re-sizing around an image or page will size the window so that the image or 
page fits exactly within the window at its current resolution. 
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as separate objects. So you are given a choice to burn the annotation 
into the image data, or to ignore the annotation. Touch the OK button. 

- Now DigitalMicrograph gives you a choice to convert to 16 bit 
unsigned so that you can more readily interpret the data in Adobe 
PhotoShop. Converting to 16 bit unsigned is done by adding 32768 to 
all image values. Touch the OK button. 

The image will now be saved using the preferences you supplied. Note that 
you can lock in your choices on the warning dialogs by checking the 
appropriate check boxes, so that you do not have to go through this whole 
procedure each time. 

To maintain compatibility with the largest number of other applications use 
the Save Display As function in DigitalMicrograph. 

If you have problems with other applications, note that you can always load 
the TIFF image back into DigitalMicrograph and you will get all image data 
and meta data back. Then try to save in some other format to make the data 
appear properly in the other application 

To save an image in TIFF format using Save Display As... 

- Select the image you want to save and select Save Display As... from 
the file menu or click the Save Display button in the File Tools. The 
standard Save As dialog will be displayed and you can now choose 
from another list of file formats, including GIF and JPEG. In this 
example choose TIFF and pick a name and location for the image. 

- Touch the Save button. 
- Here you choose whether to save the image in the size displayed on 

the screen, or in its full resolution. And you can choose to include the 
annotations. Once again you can lock in on your choices so that you do 
not have to see this dialog each time you save an image. 

- Touch the OK button. 

The image will now be saved. 

When you open this image in Adobe PhotoShop, you will see exactly the 
same thing as in DigitalMicrograph. 

To save a series of images 

DigitalMicrograph can save image documents in a series of files so that each 
time you save, the image document gets a new filename. Choose Save 
Numbered from the File menu or click the Save Numbered button in the File 
Tools. 

You can set the directory in which to save the image documents, the name of 
the series, and the number in the series that you want to begin with. For 
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example, the first time you do this the image document will be saved with the 
name "Image Series.1." The next time you do it, the image will be saved with 
the name "Image Series.2."  

Batch Convert 

Using the Batch Convert... menu item images saved in Gatan Format can be 
converted to different data formats. This procedure will always save the data 
or display at the resolution of the source data, and it will include the 
annotations in the result. If the Gatan file contained an image document with 
more than one image, only one of the images is exported and a message to this 
effect is printed to the results window. 

This feature can be useful for saving disk space by converting images to jpg. 

- Choose Batch Convert from the File menu. 
- A dialog with appear where you can enter the folder name by either 

typing it or using the Browse... button. If you want to convert all files 
in sub-folders of the selected folder as well, then check the Convert 
sub-folders button. 

- Next choose to either save the image data in "Data Only" or MRC 
format, or save the image display in BMP, JPEG or TIFF format. 
MRC format does not support all data formats and if an image is 
encountered that cannot be converted to MRC a message will be 
printed to the results window. 

- Touch the OK button. The procedure will now start converting all files 
in the selected folder and the following progress window is shown. 

- Touch the Cancel button to abort the procedure. 

Closing Image Documents 

When you're finished using an image document, you can close it to remove 
the image from your computer's memory. When you're finished using 
DigitalMicrograph, you can exit it to end the current session. When you close 
image documents or exit DigitalMicrograph, you will be asked if you want to 
save any of the changes. 

To close an image document 

You can close image documents when you're finished with them to save on 
memory. 

Choose Close from the File menu or click in the Close box. 

Hold down the Alt key while closing the window to tell DigitalMicrograph 
not to present the dialog asking whether to save the file or not. 

Hold down the Shift and Alt keys to close all windows and avoid being 
prompted to save each one. 
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Using Floating Windows 

Floating windows are used to display information about and directly 
manipulate images and other objects within image documents. 

You can arrange floating windows in a configuration that most suits your 
requirements. You can group sets of the floating windows together and you 
can "roll-up" a particular floating window in order to reduce the space it takes 
on the screen. 

Some of the older DigitalMicrograph acquisition plug-ins will present a 
floating window that cannot be grouped with other floating windows. 

DigitalMicrograph will remember the positions and groupings of all of your 
floating windows from session to session. If you exit DigitalMicrograph and 
launch it again later, the floating windows and groups will return to the same 
configuration. 

To open a new floating window 

DigitalMicrograph lists all of the floating windows in the Floating Windows 
menu. Select the desired floating window from the Floating Windows 
submenu under the Window menu. 

DigitalMicrograph will add the new floating window to the group at the top-
left of the main screen. If no group exists there, DigitalMicrograph will create 
a new group. 

To move floating windows 

Floating windows can be moved in the following ways: 

Move an entire group of floating windows. Grab the group title bar and drag it 
to a new location. 

Move a floating window above another within a group. Grab the title bar of a 
floating window and drag and drop it on the title bar of another to place it 
above the existing window. 

Move a floating window below another within a group. Grab the title bar of a 
floating window and drag and drop it on the contents of another to place it 
below the existing window. 

Move a floating window to another group. Grab the title bar of a floating 
window and drag it to the new group. 

Move a floating window to a new group. Grab the title bar of a floating 
window and drop it somewhere where there is no other floating window. 
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To roll up or roll down a floating window 

DigitalMicrograph allows you to roll up and roll down floating windows to 
save screen space and get unused controls out of your way. Click on the Twist 
Down control to roll up or roll down a floating window. 

To close a floating window 

You can close floating palettes completely. 

Close an entire group of floating windows by clicking in the Close box of the 
group palette. 

Close a specific floating window by dragging the floating window to a new 
group and close the new group.  

Floating Windows Layout Manager 

In many cases there are too many floating windows that you want to display 
simultaneously, and you are forced to open and close the relevant ones. To 
alleviate this problem there is a "Floating Windows Layout Manager". With 
this feature, you can easily save and retrieve different configurations of 
Floating Windows. 

For example you can set up a layout called "Acquisition" that includes all 
panels you need during acquisition, and a layout called "Analysis" that 
includes post-processing and analysis related panels. All this functionality is 
located in the Windows menu under the "Layout Manager" sub-menu. 

The "Save Layout As…" item allows you to save your current layout and give 
it a name.  

When choosing "Manage Layouts…" a dialog is displayed that allows you to 
rename and delete existing layouts.  

The items under the separator are the actual layouts you have saved. Choosing 
one of those items forces all floating windows to be redrawn as defined by 
that layout. 

Image Displays 

In order to display an image using Raster or Surface Plot display types, 
DigitalMicrograph must first map the image's data to the values 0 through 
255. To display in gray-scale, the values 0 to 255 are then associated with 
different gray-scale values, e.g. 0 corresponds to black and 255 corresponds to 
white. To display in color, each value from 0 to 255 is associated with a color. 
In the rest of this section, gray-scale values are considered to be just a specific 
case of a color transformation. The section below describes these 
transformations. 
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DigitalMicrograph maps an image's original data values to a color or gray-
scale value through a sequence of steps. 

1. Determine the contrast limits of the image's data 

DigitalMicrograph uses two parameters, the low- and high-contrast limits, to 
map the image's original data into a range suitable for display of the image. 
Pixels in the original image below the low-contrast limit are treated as if they 
were at the low-contrast limit and those above the high-contrast limit are 
treated as it they were at the high-contrast limit. 

DigitalMicrograph can determine these contrast limits "automatically" by 
surveying the image, or "manually" using values entered by the user.  

2. Transform each mapped data value into a color index. 

The mapped image values are then transformed into a color index that 
indicates which color in the color table to use for displaying a particular pixel. 
The Contrast Transform lines in the Histogram depict how this transformation 
is performed. DigitalMicrograph supplies a number of standard contrast 
transform methods and allows you to build a custom one if you desire. 

3. Display the pixel using the color table of the image. 

DigitalMicrograph uses the color index to correlate each color in the color 
table with pixels with specific intensities in the image. DigitalMicrograph 
supplies a number of standard color tables, such as the gray-scale table, for 
use in images and allows you to build a custom one if you desire. 

Histograms 

DigitalMicrograph will automatically calculate the histogram of an image 
displayed using Raster or Surface Plot display types, and display it in the 
Histogram palette. The Histogram palette also displays the Contrast 
Transform lines and the color table in the Color Bar on the left of the palette.  

The horizontal axis of the histogram represents data values with the left-most 
side corresponding to the low contrast limit and the right-most side 
corresponding to the high contrast limit. The vertical axis of the histogram 
represents the number of pixels with a particular data value. 
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Line of interest 

You can make a line of interest on an image displayed with the Raster or RGB 
image display type using the Line ROI tool to make a line of interest. 

Making a line of interest will erase all previous regions of interests. To extend 
an existing set of regions of interest, hold down the Shift key while making 
the new region of interest. 

Hold down the Shift key while drawing a line of interest to restrict it to 45° or 
90°. 

The region of interest will appear as a red-dashed line. 

To specify a point of interest on an image with a Raster or RGB display 

Point of interest 

You can specify a point of interest on an image displayed with the Raster or 
RGB image display type using the Point ROI tool to make a point of interest. 

Making a point of interest will erase all previous regions of interest. To extend 
an existing set of regions of interest, hold down the Shift key while making 
the new region of interest. 

The region of interest will appear as a red cross-hair. 

To specify a closed-loop region of interest on image with a Raster or RGB 
display 

Closed-loop ROI 

You can specify a closed-loop region of interest on an image displayed with 
the Raster or RGB image display type using the Closed-Loop tool to make a 
closed-loop region of interest. 

Making a closed-loop region of interest will erase all previous regions of 
interest. To extend an existing set of regions of interest, hold down the Shift 
key while making the new region of interest. 

The region of interest will appear as a red-dashed region. 

Open-line ROI 

To specify an open-line region of interest on an image with a Raster or RGB 
display use the Open-Line tool to make an open-line region of interest. 

Making an open-line region of interest will erase all previous regions of 
interest. To extend an existing set of regions of interest, hold down the Shift 
key while making the new region of interest. 
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The region of interest will appear as a red-dashed line. 

To adjust a region of interest on an image with a Raster or RGB 
display 

Regions of interest are just additional objects attached to images. You can 
move them around as desired. You can also select, deselect, copy, drag, and 
delete them. 

Rectangular and line regions of interest 

Edit rectangle and line regions of interest by dragging their handles. 

Hold down the Shift key while changing a rectangular region of interest to 
restrict it to be a square. 

Hold down the Alt key while changing a rectangular region of interest to 
restrict it to be a rectangle with a side that is a power of two (useful when 
performing FFTs). 

Hold down the Shift key while changing a line of interest to restrict it to 45° 
or 90°. 

Using Line Profiles 

You can use a line profile to sample an image along a line and display the 
sampled data in a line plot. The line plot will represent the data in the source 
image even if the source data changes or the line-profile position changes in 
the source image.  

You can only create line profiles on images with a Raster display. 

Use the Line Profile tool to create a line profile. A new Line Plot window will 
be created that represents data sampled from the source image beneath the line 
profile.  

Adjusting the endpoints of a line profile  

Adjust the endpoints by dragging the handles on the line profile or by double-
clicking on the line profile, The Change Profile Info dialog will appear. Enter 
the desired coordinates in this dialog. The coordinates should be specified in 
uncalibrated units (i.e. pixels). 

Adjusting the integration width of a line profile 

You can adjust the integration width of a line profile by two methods: by 
selecting the line profile and pressing the '+' and '-' keys or by double-clicking 
on the line profile. The Change Profile Info dialog will appear. Enter the 
desired integration width in this dialog. The line profile will change to reflect 
the integration width. 
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Using the Slice Tool 

Some applications, require the use of a three-dimensional image, rather than 
the standard two-dimensional image. DigitalMicrograph gives you a control to 
choose which layer (slice) of the three-dimensional dataset to display as the 
image. 

- Select Floating Windows:Slice under the Window menu. This will 
open the Slice floating window. 

- Select the three-dimensional image for which you want to change the 
slice. The Slice window will be disabled if the data is not three 
dimensional. 

- Drag the top slider to adjust the slices displayed. 
- Drag the bottom slider to adjust the number of slices to be integrated 

and displayed simultaneously. 
- Check the Display Center check box to show all coordinates with 

respect to the center. 

 

Figure 7-18 DM Slice tool. 

Using the Slice Player 

Use the slice player to automatically go through (first to last or back and forth) 
a 3-dimensional image (a stack) or a set of images saved by the Record 
Milling mode. To view images saved by Record Milling, they must first be 
opened using the Open Series option. 

 

Figure 7-19 DM Slice player. 
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It is also possible to save a .avi file, by depressing the Disk button on this 
window. Brows to the location you like to save this file and touch Save, a 
dialog box will show up as shown below. Select Full frame (uncompressed) 
and touch ok. 

 

 

Figure 7-20 DM video compression. 

PIPS II  Milling Control 

Milling can be started/paused/stopped at any time using this option on DM. 
This is specifically useful in cases where the PIPS computer is remotely 
accessed and the user is watching the milling process from outside the lab. 

 

Figure 7-21 DM Ion Polish Control window. 

To stop milling, select Stop. This is equivalent to selecting Stop on the PIPS 
II Milling page. 

To start milling, select Start. This is equivalent to selecting Start on the PIPS 
II Milling page. 
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PIPS II Camera Control 

 

Figure 7-22  DM Ion Polish Camera Control window. 

Exposure 

Exposure time can be changed in two ways, either type in the exposure time in 
seconds and touch return or click in the exposure box and change the time by 
clicking on up and down arrow keys on the keyboard. 

Alternatively, the Auto exposure box may be checked and DM will determine 
the exposure level automatically.  

NOTE:   Auto exposure mode will cause the live view to be somewhat not 
smooth. It is recommended to turn off Auto exposure once the exposure level 
has been found. 

 

Camera mode 

This part of the window is used to view the sample in live mode, take a 
snapshot or record images as the sample is being milled.  

Record milling 

Use this option for capturing a series of images during the milling process. 
When selected and the system starts polishing, the software automatically 
acquires images once every rotation. These images will be retained either in 
memory or on disk for examination or further processing. The shutter will be 
opened and the illuminators turned on just prior to image capture. 

Gatan recommends using this mode during milling, and using Live View for 
setting exposure levels. 
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The frequency at which you want these images to be saved can be set using 
the toolbox menu. Clicking the toolbox brings up the PIPS Record Options 
window: 

 

Figure 7-23 DM PIPS II record options window. 

History buffer size: Defines the size of the stack that is displayed. This is limited 
by the amount of available memory on the computer. It is recommended that 
this be set to 19 or less images. Note that if the memory used by images is 
larger than the available memory, DM will stop acquiring images. 

Auto save: Is used for saving the images that are acquired by the camera on the 
disk. The user has the option to i. turn the auto save Off, ii. to save All 
images,  iii. to save the Last X-images, or iv. to save the images Every X-
minutes.  

Save location: Use this option to define where the images are saved. Files will 
automatically be named with a sample number and an image number 
embedded in the file name. If the stage is raised into the airlock, then a new 
sample number will be used the next time that the Record Milling mode is 
used. If milling is interrupted by using the Pause or Stop selection on the 
Milling page of the PIPS II, then the sample number remains the same when 
milling is restarted. 

NOTE: The exposure time can be adjusted before the milling process is 
started and/or anytime during the process. In record milling mode it can take 
up to a full stage rotation before a change is observed, therefore, it may be 
preferable to switch to Live View, change the exposure time, then switch back 
to Record Milling mode. 
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7.4. Motorized Gun Tilt 
Certain PIPS II models include motorized guns. In these models, the gun tilt 
angles are set by the GUI or by a recipe. This option must be installed at the 
factory on a new PIPS II. 

  

Figure 7-25  PIPS II with motorized gun tilt. 

7.4.1. Operation 

The gun angles may be set on the Milling page at any time by selecting the 
left and right tilt angle selections just above the chamber temperature readout. 
Positive tilt angles correspond to milling the top side of the sample, while 
negative tilt angles correspond to milling the bottom side of the sample. 
Milling angles may also be set by recipe. 
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9. Calibrate the motorized gun assembly. 

 

  

Figure 7-27  Motorized gun assemblies. 

Calibrating the Motorized Gun Assembly 

Motorized gun assemblies are calibrated at the factory and normally do not 
require re-calibration. In the event that a motorized gun assembly is replaced, 
it will need to be calibrated. 

1. Unplug the cable of the motorized gun assembly to be calibrated.  

2. Manually rotate the knob to 10 deg top.  

3. Plug the cable back in. 

4. Touch Maintenance > Guns > Gun Tilt 

5. Write down the dac reading displayed for that gun. 

6. Unplug the cable, manually set the gun to -10 deg, plug in the cable. 

7. Write down the dac reading displayed. 

8. Touch Maintenance > Calibrations > Guns 
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Gatan Hardware Product Warranty 

1. WARRANTY. Gatan, Inc. (“Gatan”) 
warrants to the purchaser (“Customer”) that products 
and components manufactured by Gatan 
(collectively, “Products”) shall be free of defects in 
materials and workmanship for one (1) year 
(“Warranty”) commencing on the date of shipment 
from Gatan’s factory (“Warranty Period”). Gatan 
warrants that the Products meet Gatan’s published 
specifications at the time of shipment from its 
factory. 

2. REPAIR OR REPLACEMENT. 

2.1 During the Warranty Period, Gatan will, at 
its option, either repair or replace defective Products 
with conforming goods. Gatan will provide the parts 
(excluding all consumables, wear, and maintenance 
parts) and labor necessary to effectuate such repair or 
replacement of the defective Products. For imaging 
and analytical Products under warranty, travel of up 
to 100 miles from a Gatan authorized repair center 
(Pleasanton, CA; Warrendale, PA; Munich, 
Germany; Corby, UK; and Tokyo, Japan) will be free 
of charge. Travel expenses for warranty service 
beyond 100 miles will be charged for. Warranty 
repair of specimen holder and specimen preparation 
products will be done on a return to factory basis, 
with the shipping party responsible for its shipping 
costs. Gatan’s liability under this Warranty shall be 
limited to repair or replacement of the defective 
Products. In no event shall Gatan be liable for the 
cost of procuring substitute goods. 

2.2 Repair or replacement of Products or parts 
under this Warranty does not extend the original 
Warranty Period.  

2.3 Items not manufactured by Gatan will be 
warranted by Gatan in accordance with the terms and 
conditions of the warranty received by Gatan from 
the original equipment manufacturer (“OEM”). Gatan 
makes no other warranty whatsoever concerning 
products or accessories manufactured by an OEM. 

3. RETURNED GOODS AUTHORIZATION. 
The return of any Product, part, or assembly to Gatan 
for examination or repair shall have Gatan’s prior 
approval, with the Customer requesting from Gatan a 
returned goods authorization (“RGA”) approval. This 
RGA and the associated RGA number may be 
obtained through Gatan service or directly from 
Gatan’s Warrendale facility at 724-776-5260 or by 
Fax at 724-776-3360. (1) If the Product is not under 
Warranty, to obtain an RGA, the Customer must 
provide a purchase order (“PO”) agreeing to cover all 
charges associated with the repair. (2) If the item is 

under Warranty and the Customer is requesting an 
expedited exchange, as may be the case for a printed 
circuit board, a PO will also be required. A credit 
against this PO will be issued by Gatan upon receipt 
of the Product returned in accordance with the RGA 
instructions. The returned item should be shipped 
prepaid by the Customer with the RGA number 
clearly marked on the exterior of the shipping 
container and on the enclosed shipping documents. If 
the returned Product is under Warranty, the return 
transportation will be prepaid by Gatan. If the 
returned item is not under Warranty, return 
transportation will be charged to the Customer. 

4. CUSTOMER RESPONSIBILITIES. The 
Customer bears the following responsibilities with 
regard to maintaining the Warranty. The Customer 
shall: 

4.1 Perform the routine maintenance and 
cleaning procedures at the required intervals as 
specified in Gatan’s operating manuals. 

4.2 Use only Gatan replacement parts. 

4.3 Use Gatan or Gatan-approved consumables. 

4.4 Provide Gatan’s authorized service 
representatives with access to the Products during 
normal Gatan working hours during the Warranty Period 
to perform service. 

4.5 Provide adequate and safe working space 
around the Products for servicing by Gatan’s 
authorized service representatives. 

4.6 Provide access to, and use of, all 
information and facilities determined necessary by 
Gatan to service and/or maintain the Products. 
(Insofar as the information required for Gatan to 
service and/or maintain the Product may contain 
confidential or proprietary information, the Customer 
shall assume full responsibility for safe-guarding and 
protecting such information from wrongful use.) 

4.7 Failure to comply with any of these 
Customer responsibilities will automatically void the 
Warranty provided herein. 

5. WARRANTY LIMITATIONS. This 
Warranty does not cover: 

5.1 Parts and accessories which are expendable 
or consumable in the normal operation of the 
Product. 

5.2 Any loss, damage, and/or malfunction 
resulting from shipping, storage, accident (fire, flood, 
or similar catastrophes normally covered by 
insurance), abuse, alteration, misuse, neglect, 
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Gatan Software License Agreement 

1. IMPORTANT. Please read this License 
Agreement carefully before opening the 
accompanying media envelope or installing the 
Gatan, Inc. (“Gatan”) supplied software (“Software”) 
on your computer, or using the Software installed on 
a computer provided by Gatan. Rights in the 
Software are offered only on the condition that you 
agree to all terms and conditions of this License 
Agreement. OPENING THE MEDIA ENVELOPE, 
INSTALLING THE SOFTWARE ON YOUR 
COMPUTER, OR FIRST USE OF THE 
SOFTWARE INSTALLED ON A COMPUTER 
PROVIDED BY GATAN INDICATES YOUR 
ACCEPTANCE OF THE TERMS AND 
CONDITIONS OF THIS LICENSE AGREEMENT.  
If you do not agree to the terms of this License 
Agreement, you must return the unopened media 
envelope and/or the computer system for a full refund 
of the license fee paid for the use of the Software 
and/or the purchase price of the computer system. 

2. LICENSE AGREEMENT. In return for the 
price paid for the Software by you, Gatan hereby 
grants to you (either as an individual or entity) a 
personal, non-exclusive, non-transferable (except as 
set forth herein) single user license to use and install 
the Software, as appropriate, on a single computer 
that supports a single microscope. A separate license 
agreement and fee are required if: (1) the Software is 
installed or used on more than one computer or (2) 
the Software is used in connection with more than 
one microscope. 

3. RESTRICTIONS. You may not reverse 
engineer, copy, or sublicense the Software. You may 
not reverse assemble, reverse engineer, decompile, or 
disassemble the Software. You may not modify, 
copy, or duplicate the Software except that you may 
make one back-up copy for archival purposes 
provided that such copy bears the copyright notices 
included in the original. You may not sublicense the 
Software or distribute copies or adaptations of the 
Software to the public in physical media or by 
telecommunications without the prior written consent 
of Gatan. 

4. OWNERSHIP. 

4.1 You agree that you do not have any title to, 
or ownership rights in, the Software, other than 
ownership of the physical media, and further agree 
that such title and ownership rights remain the 
exclusive property of Gatan or a Gatan third party 
supplier. 

4.2 You acknowledge and agree that the 
Software is copyrighted and protected under the 
copyright laws of the United States of America. 

4.3 You acknowledge and agree that the 
Software may have been developed by a third party 
supplier named in the copyright notices included with 
the Software. You agree that such a third party shall 
be authorized to hold you responsible for any 
copyright infringement or violation of this License 
Agreement. 

5. TRANSFER OF RIGHTS. You may transfer 
your rights in the Software to a third party only if you 
transfer all of your rights in the Software. Upon such 
transfer, you agree that your rights in the Software 
are terminated and that you will destroy all your 
copies of the Software or deliver such copies to the 
third party transferee. To effectuate any transfers, you 
agree that you shall obtain the transferee’s prior 
written agreement to be bound by the terms of this 
License Agreement. 

6. EXPORT. You agree not to export or re-
export the Software or any copy or adaptation of the 
Software in violation of U.S. Export Administration 
regulations or other applicable regulations. 

7. LIMITED SOFTWARE WARRANTY. 
Gatan warrants for a period of one (1) year from the 
date of shipment (“Warranty Period”) that the 
Software will execute the programming instructions 
set forth in the accompanying documentation, when 
properly installed on a computer whose hardware and 
software configuration fully complies with the 
configurations specified in the most current Gatan 
operating manuals, and provided the failure has not 
resulted from accident, abuse or misapplication.  
Gatan does not warrant that the operation of the 
Software will be uninterrupted or error free. In the 
event that the Software fails to execute its 
programming instructions during the Warranty 
Period, your remedy shall be to return the physical 
media to Gatan for replacement. Should Gatan be 
unable to replace the media within a reasonable 
amount of time, your alternate remedy shall be a 
refund of the purchase price paid upon return of the 
Software and all copies. 

8. LIMITED MEDIA WARRANTY. Gatan 
warrants the media upon which this Software is 
recorded to be free from defects in material and 
workmanship under normal use for a period of one 
(1) year from the date of shipment. In the event that 
any media proves to be defective during the Warranty 
Period, your remedy shall be to return the physical 
media to Gatan for replacement. Should Gatan be 
unable to replace the media within a reasonable 
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