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!BSTRACT
&OR HIGH PRECISION ELECTRICAL PROBING OF NANOMATERIALS AND 
DEVICES�3MAR!CT 'MB( PROVIDES THE3-!2 02/"%
,8 SYSTEM WITH LOW THERMAL DRIFT AND A LARGE SCAN RANGE FOR VIBRATION FREE 1NE POSITIONING� 4HE WORK 2OW OF
PROBING TRANSISTORS OF �� NM TECHNOLOGY NODE AND BEYOND IS SHOWN IN THIS NOTE�

�� “.42/$5#4“/.

$UE TO THE EVER SHRINKING SIZE AND INCREASING COM

PLEXITY OF MODERN INTEGRATED CIRCUITS THE REQUIREMENTS
FOR FAILURE ANALYSIS BECOME MORE AND MORE AMBITIOUS�
!DDRESSING THIS ISSUE� THE 3!-� PROJECT� AN INNOVA

TION PROJECT OF LEADING EUROPEAN CHIP AND EQUIPMENT
MANUFACTURERS� WAS STARTED IN ���� TO ACCELERATE THE
DEVELOPMENT OF FAILURE ANALYSIS TOOLS CAPABLE OF HAN

DLING THE DEMANDS OF CURRENT AND FUTURE TECHNOLOGIES�
7ITHIN THIS PROJECT 3MAR!CT 'MB( EXPANDED THE EX

ISTING3-!2 02/"% WITH THE AIM TO BECOME THE STABLE�
RELIABLE AND PRECISE NANOPROBER FOR ALL FUTURE TECH

NOLOGIES TO COME� 4HE RESULT IS THE3-!2 02/"% ,8 � A
VERSATILE CLOSED
LOOP POSITIONING SYSTEM WITH AN ACTIVE
TEMPERATURE CONTROL AND AN EXTENDED SCAN RANGE� 4HE
SYSTEM CAN BE EASILY INSERTED AND REMOVED INTO A HIGH

RESOLUTION SCANNING ELECTRON MICROSCOPE �3%-	 DUE TO
THE UNIQUE ZERO
FORCE CONNECTOR� 4HE3-!2 02/"% IS
DESIGNED TO ALLOW VERY SHORT WORKING DISTANCES WITHIN
THE 3%- TO IMPROVE THE IMAGING QUALITY AT LOW ACCEL

ERATION VOLTAGES� 4O PROBE �� NM TRANSISTOR NODES OR
SMALLER IT IS THEREFORE RECOMMENDED TO SELECT AN 3%-
WITH SUZ CIENTLY GOOD IMAGING QUALITY AT LOW ACCELER

ATION VOLTAGES AND LOW ELECTRON CURRENT DENSITIES TO
ALLOW IMAGING OF SUCH SENSITIVE MATERIALS�

�� 02/"“.'

0REPARATION PRIOR TO THE PROBING�4HE START OF THE
WORK2OW IS THE PREPARATION OF TUNGSTEN TIPS CAPABLE
OF CONTACTING THE NANOMETER SIZED TRANSISTOR PADS� 9OU
CAN EITHER BUY COMMERCIALLY AVAILABLE STANDARD TIPS
OR PRODUCE YOU OWN TIPS WITH THE3-!2 02/"% ETCH
�SEE &IG��	� 4HE PRODUCTION STEP TAKES LESS THAN �� MIN

UTES FOR THE ETCHING AND THE SOLUTION
BASED CLEANING
OF THREE TIPS� "Y CHOOSING ONE OF THE PRE
DE1NED ETCH

ING RECIPES YOU CAN EITHER PRODUCE ROBUST TIPS WHICH
LAST MANY PROBING SESSIONS OR YOU CAN PRODUCE MORE
2EXIBLE TIPS WHICH ARE LESS AGGRESSIVE TO THE SAMPLE
SURFACE�“N ANY CASE THE3-!2 02/"% ,8 IS DESIGNED TO
MAKE THE TIPS LAST AS LONG AS POSSIBLE WITH THE HELP OF
THE UNIQUESAFE
APPROACHJOYSTICK CONTROLLED LANDING�
THE LARGE SCAN RANGE AND DUE TO THE ACTIVE POSITION
HOLDING TO AVOID PIEZO CREEP AS IT OCCURS IN OPEN
LOOP

�A	 4IP 0REPARATION

�B	 4IP -OUNTING

�C	 3AMPLE -OUNTING

&IGURE �� A	 0REPARATION OF TUNGSTEN TIPS USING THE3-!2 02/"%
ETCH�B	 !UTOMATIC POSITIONING FOR NEEDLE EXCHANGE�C	 !UTOMATIC
POSITIONING FOR SAMPLE EXCHANGE AND SUBSEQUENT REFERENCING TO
A REPRODUCIBLE START POSITION REDUCES THE IN
AIR TIME IN BETWEEN
PROBING SESSIONS�
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PROBING SYSTEMS� ,ONG LASTING TIPS COMBINED WITH THE
FACT THAT YOU CAN LOAD SEVERAL SAMPLES �UP TO FOUR 3%-
STUBS	 REDUCES THE AMOUNT OF NECESSARY VENTING CY

CLES OF THE ELECTRON MICROSCOPE AND WITH IT THE DOWN
TIME OF THE SYSTEM� 4O REDUCE THE IN
AIR TIME IN BE

TWEEN PROBING SESSIONS THE SYSTEM HAS AN AUTOMATIC
POSITIONING FOR EASY NEEDLE AND SAMPLE EXCHANGE AND
SUBSEQUENT REFERENCING TO A REPEATABLE STARTING CONDI

TION�

3ETTING UP THE PROBE TIPS�! SHORT ON
AIR TIME
IS ALSO BENE1CIAL TO ACHIEVE A LOW VACUUM LEVEL
WITHIN THE TIME THE3-!2 02/"% ,8 REACHES THERMAL
STABILITY� APPROXIMATELY ONE HOUR� AND IS READY FOR
LOW
DRIFT NANOPROBING� 4HE VACUUM QUALITY CAN BE
FURTHER IMPROVED BY APPLYING A MILD PLASMA CLEANING
PROCEDURE WHICH ALSO CLEANS THE SAMPLE SURFACE
FROM CARBON ADSORBENTS� #ARBON CONTAMINATION OF
THE SAMPLE SURFACE AND ON THE TIPS INCREASES THE
CONTACT RESISTANCE DURING PROBING SIGNI1CANTLY AND
SHOULD BE AVOIDED� 4O REDUCE THE CARBON DEPOSITION
INDUCED BY THE ELECTRON BEAM DURING IMAGING THE
FOLLOWING3-!2 02/"% ROUTINE IS RECOMMENDED� &IRST�
ALL NEEDLES SHOULD BE BROUGHT TOGETHER WITHIN A ��t M
LARGE CIRCLE� LOCATED AWAY FROM THE POINT
OF
INTEREST OF
THE SAMPLE� 4HIS CAN BE DONE VERY FAST BY USING THE
POINT�CLICKFEATURE OF THE3-!2 02/"% � 7ITH JUST ONE
MOUSE CLICK ANY TIP CAN BE SELECTED AND WITH A SECOND
CLICK THE TIP CAN BE MOVED TO ANY POINT WITHIN THE 3%-�
.OW ALL THE TIPS CAN BE BROUGHT TO THE APPROXIMATELY
SAME HEIGHT USING THE FOCUS INFORMATION OF THE 3%-�
ALLOWING THE SAMPLE TO BE BROUGHT UP UNTIL IT IS CLOSE
TO THE TIPS� %ACH TIP CAN BE BROUGHT INTO CONTACT
WITH THE SAMPLE SURFACE BY USING THE UNIQUESAFE
APPROACHMOVEMENT PATTERN AND SUBSEQUENTLY LIFTED
BY A DE1NED DISTANCE OF �t M� 4O INCREASE THE SPEED
AND THE RELIABILITY OF THIS STEP IT IS RECOMMENDED TO
USE THE3-!2 02/"% ADVANCED PROBE HOLDERWHICH
AUTOMATICALLY BRINGS THE TIP CLOSE TO CONTACT WITH THE
SAMPLE SURFACE� /NCE THE TIPS ARE CLOSE TO SURFACE
IT IS EASY TO PERFORM THE CROSS
CLEANING OF EACH TIP
BY USING THE PRE
DE1NED CROSS
CLEANING PROCEDURE
WITHIN THE +EITHLEY ���� 3-5� !FTER THE CLEANING OF
THE TIPS IT IS RECOMMENDED TO USE THEPOINT�CLICK
FEATURE TO MOVE THE SAMPLES POINT
OF
INTEREST JUST
BELOW YOUR PROBING TIPS AS SHOWN IN &IG��A� 4O AVOID
COLLISION IT IS RECOMMENDED TO CHECK THAT THE SURFACE
AT THE POINT
OF
INTEREST IS NOT HIGHER COMPARED TO THE
SURFACE BELOW THE TIPS� 4HE3-!2 02/"% SOFTWARE HAS
ANIMAGE
ON
MOVEFEATURE WHICH AUTOMATICALLY MAKES
AN IMAGE AFTER APOINT�CLICKMOVEMENT HAS1NISHED�
BUT PAUSES THE IMAGING BEFORE AND AFTERWARDS� WHICH
REDUCES THE AMOUNT OF CARBON CONTAMINATION AND
THE ELECTRIC CHARGING OF SENSITIVE MATERIALS� !CCURATE
POSITIONING WITHIN THIS IMAGING MODE IS MADE POSSIBLE
DUE TO THE CLOSED
LOOP ACTIVE POSITION HOLDING OF THE
MANIPULATORS�

�A	 4IP 0OSITIONING VIA 0OINT�#LICK

�B	 #ONTACTING

�C	 “
6 MEASUREMENT
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&IGURE �� A	 “MAGE OF THE3-!2 02/"% GRAPHICAL USER INTER

FACE� +EY FEATURE ARE POINT�CLICK AND IMAGE
ON
MOVE�B	 &OUR
NANOSCOPIC TIPS CONTACTING A TRANSISTOR OF A �� NM TECHNOLOGY
NODE PROCESSOR�C	 “
6 CURVE OF THE TRANSISTORS DRAIN CONTACT
MEASURED AGAINST GROUND� 4HE ELECTRICAL CONTACT BETWEEN TIP
AND DRAIN CONTACT IS STABLE FOR AROUND �� MINUTES�

.ANOPROBING�/NCE A HIGH RESOLUTION IMAGE OF THE
TIPS AROUND THE POINT
OF
INTEREST HAS BEEN TAKEN IT
IS EASY TO POSITION THE TIPS ABOVE THE DESIRED CON

TACT POINTS USINGPOINT�CLICKMOVEMENT COMBINED
WITHIMAGE
ON
MOVE� 4HE LOWERING OF THE TIPS EXACTLY
ONTO THE TRANSISTOR PADS IS POSSIBLE DUE TO THE TRUE
Z
MOVEMENT OF THE MANIPULATORS� !N EXAMPLE OF A
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TRANSISTOR CONTACTED BY THREE TIPS IS SHOWN IN &IG��B�
4O CHECK WHETHER THE TIP IS IN CONTACT WITH A TRANSISTOR
PAD IT IS RECOMMENDED TO USE THE FAST“
6 MEASURE

MENT OPTION OF THE 3-5 AND LOWER THE TIP UNTIL YOU GET
THE DESIRED CONTACT RESISTANCE� !N EXAMPLE OF SUCH
AN“
6 MEASUREMENT IS SHOWN IN &IG��C�“N CASE THE
SAMPLE IS NOT SUZ CIENTLY CLEAN TO GET PROPER ELECTRICAL
CONTACT IT IS RECOMMENDED TO IN
SITU CLEAN THE SAMPLE
WITH A PLASMA CLEANER OR AN ION
GUN CONNECTED TO THE
3%-� WHICH HOWEVER IS NOT PART OF THE3-!2 02/"%
SYSTEM� &ROM THIS POINT� PROBING SEVERAL TRANSISTORS IS
SIMPLE� THE SAMPLE STAGE CAN BE LOWERED BY �t M AND
THEPOINT�CLICKMOVEMENT COMBINED WITHIMAGE
ON

MOVECAN BE USED TO POSITION THE SAMPLE STAGE TO THE
NEXT TRANSISTOR� $UE TO THE VERY LOW THERMAL DRIFT RATE
�< � NM�MIN	 AND THE ACTIVE POSITION HOLDING �CLOSED

LOOP	� THE POSITION OF THE TIPS IS ALMOST UNCHANGED AND
LIFTING THE SAMPLE AGAIN BY �t M WILL BRING THEM BACK
CLOSE TO CONTACT WITH THE NEXT TRANSISTOR �STEP�REPEAT	�
4HE HIGH REPEATABILITY OF THE SAMPLE STAGE WILL REQUIRE

RE
ADJUSTMENT OF ONLY A FEW NANOMETERS�“N THE CASE OF
PROBING �� NM TRANSISTOR TECHNOLOGY� A RE
ADJUSTMENT
OF THE TIP POSITIONS IS NECESSARY ONLY EVERY �� MINUTES
DUE TO THE LOW DRIFT RATE OF THE TIPS �SEE &IG��C	�

�� 35--!29

“N THIS APPLICATION NODE THE3-!2 02/"% ,8 WAS USED
TO PROBE A �� NM TECHNOLOGY NODE SAMPLE�“T WAS
SHOWN HOW THE CLOSED
LOOP POSITIONING ALLOWS THE USER
TO POSITION THE TIPS TO THE POINT
OF
INTEREST IN VERY SHORT
TIME AND WITH AS LITTLE ELECTRON BEAM EXPOSURE AS POS

SIBLE� 4HESAFE
APPROACHMOVEMENT AND THE LARGE SCAN
RANGE WILL REDUCE THE RISK OF DAMAGE TO THE TIPS AND THE
SAMPLE DURING1NE
POSITIONING� 4HE RESULTING LONGEVITY
OF THE TIPS COMBINED WITH THE ABILITY TO LOAD SEVERAL
SAMPLES GIVES THE POSSIBILITY TO GREATLY IMPROVE THE
SAMPLE THROUGH
PUT� 0LEASE CONTACT US TO GET MORE
INFORMATION ABOUT THE PROBING SYSTEM� THE ACCESSORIES
OR A COMPLETE SYSTEM INCLUDING AN 3%-�
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%MAIL� INFO
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%MAIL� INFO
FR SMARACT�COM
WWW�SMARACT�COM
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3MAR!CT “NC�

���� 3HATTUCK !VE� 3UITE ���
"ERKELEY� #! �����
5NITED 3TATES OF !MERICA
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#HINA
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8I #HENG $ISTRICT�
"EIJING� #HINA
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%MAIL� INFO DYNA
SENSE�COM
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SENSE�COM

.ATSU 0RECISION 4ECH
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.O��� %AST 1INGHE !NNING
:HUANG 2OAD�
(AIDIAN $ISTRICT
"EIJING� #HINA
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%MAIL�CHENYE NANO
STAGE�COM
WWW�NANO
STAGE�COM

3HANGHAI +INGWAY /PTECH #O�,TD

2OOM ����� 4� "UILDING
:HONGGENG 'LOBAL #REATIVE #ENTER
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%MAIL�SALES KINGWAY
OPTECH�COM
WWW�KINGWAY
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*APAN
0HYSIX 4ECHNOLOGY “NC�
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� -INAMI
YAWATA�
“CHIKAWA
SHI
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*APAN
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%MAIL� INFO
JP SMARACT�COM
WWW�PHYSIX
TECH�COM

3OUTH +OREA
3%5- 4RONICS

� ����� �� 'ASAN DIGITAL �
RO
'EUMCHEON
GU
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%MAIL� INFO
KR SMARACT�COM
WWW�SEUMTRONICS�COM

“SRAEL
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