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EBEHTO—TEH4E (SPM) BER G S17>F v

BIX HRZEOHEOHASPMAREMZEZBNALTLET,
REIFARSIIL KLY AS0F . TILAYT  USAHhLDE BETRYIE-T

BYET,

WEIE N IEMBTEINSOM)

TSI DMER T3 BProf. Aaron LewisH\BAF L 71=. Nanonicstt &

({RSIJL) NSOM/SPMDEESATLBELU . HSRENSOM/SPMTO—T%

SPMAZO—7

Q-Control/QFMEY 1—)L
(k1)

#GAIE(STAIM)ES 2—)L

RYE-S>TEYET,
A—H—TT, EWIREIRD . KRR G ITEBELDEENRIRETT

BRRGEAO. BEOHLTA—TZ2RYK->TEYET .
WA, 8D TA—THERFEAIEETY

Munster KEEMBHRAE VA 7L TERIL S 1=, nanoAnalyticstt 84 fh %
RYF-TEYVET , CHLIFHEHFRTHH TQ-ControlZFSPMIZIGFALT=
BAITEY BEFEDOSPMICHEARAATERW:LET,
Q-Control/QFMEY 12— )UIEhoFLN—RIREAH—T DQfE
avbA—ILE, CEE—FTOREKB L T A—D DEIGAEERETY

Michigan KEEMHRAE VA TL TERIL &SN 1=, Picocaltt & %
BYFE->TEYET , ChLIERUAIREBATETO—TEAL,
YUTIVDBRERRENRT ST LRAFICRBTEET,
EEFEDSPMIZHAAA THEALLET,



MultiView NSOM/SPM< AT L

1 @ o

O EHABHLTVWIALFLN—EXT74/\—T0—T | L FTARTHEMIC
*— T2 TULVA3D Flat Scanner™&EIE AT 5 &2k, HERD
FFEWEE EL R, BN EMOLT)ABRITHA AL ZENTEETT,

OAFMERIL T4 — R\ OB Z R 518 . NSOM, SPMOD FEEFEIE . £LLIF
FEMLSRITE . SPMORIEAIEA T EETT
T4—R 3 IIZ1E . REEDIT3i%k ENanonicstt 3 B D Tuning Fork 74—K
NV D2FEFEN SEIRATRETT

O/, BEMTIYUEE. SEM, RERL—F—BEHBZEOMO N TEEL
HAEHEDHIENTEETT,

@ 0—7J (&, Nanonicstt 8 @ LUSHZH, FIESIHVFL/A—LFERTEETT,

Nanonicstt B D T//02—

3D Flat Scanner™
BEHTIMMT, BRAF YU LUOHXYZEESRIZTO g mELYS
AFXF—TT,

EIVHFOREBIZKYRFrF—dhR(Z24mmDBIOAE
HFohTHEY., EFABTRRZNIC A—ToitgiEIzh-o
TWET,, F- EANTMmEBELND T, FEEE~DHEH
AHELEHTY,

hoFLNR—BAESZTO—D

WRDOFLN—EIFERY, ZImATBHLTEY., £:=h
DFLIN—D TipRNRULD T, AFREICHEEEZTIC
AX vV DAERETY,

Nanonicstt Tld. NSOMTO—J | AFMZO—TJ | Metal
NanoWire70O—J , FZEF /ERVINERHBOHHTO0—T%

50-1500 4 m i X
I 30-500 4 m CIR#LTLET,

300-1000 £ m

Normal Force Tuning ForkZ4—K /% . N
ce funing 1 < HSRATA—TIZ. BQ{ED Tuning Forkx &Y DI+, Normal

ForceZ74—F/\wI%#{T5£MDTY,
NITEY, KM —ToniEEERo-FE. 7
O—JRFv U WNalgEEHYELT=,

L2508 High Q factor
High Force Constant
No Jump to contact
Ultra soft contact
Optically free feedback
Amplitude/Phase Feedback




REASLFvS

=== NSOM/SPMI XT L\

MultiView4000 Multi Probe NSOM/SPMY AT L

WoFLNR—BHIT7AN—TO—TOERERKRICEL L=, BENEE
Ca—ILBTILFTO—TNSOM/SPMU RTFLTY , FAFyT DB TIE. &
LR A—TUREET AR LDERNES TT,

Tuning fork 74—R/ Ay TO—TBIZRF v ED 21— )LHMILTEY. &K4
AETOTILFIO—TAENTEETT,
FNEFENOTO—TEHUTIILEIEIMIIL THIERIEE T, A vy E
Ta—ILIFEISIERTIEETT,

HAEFHEE—FILAC mode THT M, A T3> DHTIT4—R\wHIZ&Y,
Contact mode~D X GHABETT (KA H/iEHA]) .

MultiView1000 NSOM/SPML R T L

Tuning fork 74—F/\wOZ&HF AL EIZKYERERL=. Jo—J/%v
TILRE =25 HFKXDNSOMSPMY AT LTT,

Ta—J@, $oTILAIZID TSV RF v F—E 2 AHRAATHY ., HEES
FIZBAR AV I EBEIZHE>TWET , EXRE—FIXAC mode (K&RF/
&) TY,

KTAT4—RN\vHOEFERLE. Yo T ILRF =25 AKX DNSOM/SPMY
AT LTY,

HAE—FI[LContact mode, AC mode (KT H/;&HA]) TY,

MultiView2000Z R — X [ZL 1=, {E;E(10K), B EZE T TONSOM/SPM/ £
BAA—UV ORISR ENTREG S AT LTY, TO—T 4|, o FIL{E|
IZ23DTS5 Y RF v F—E28MAHIAATEY . TO—TJ /T I AT
TAHRIZHEYET,

HEAKRE—FIIAC mode (KR H/EZEdT]) TY,



== NSOM/SPM7O—7J

NSOMFR—T(HT7A/3—)

R ST LB IG A A—D 2T HNEIRIZR L, hoFL/A—EINSOMT
O—7JTY, lO&IEX50nm~300nmET. 50nmEYF CIEERIRETT,
300nml LR AIZERIELTHET,

BIFE: CFN-XX (XXIZEAAR)

HSRAFMZTO—J

HSRABMAFMTA—T TF, LIHHEEZRI100mM ST, IEETRETY,
F-EEI—T427(Cr/Au) LATHETT,

FUFE: CAFP

Hollow Nano Pipette

Cantsal e

FZEASRAFYESYEMIL=F/F—F —DERYFTY , HRAOHEK
ERIEITTELMILTNSOMTO—J ELTHERTHIEETEET,
SEimBA O 2 1L 20nmM S TF (NSOMIK50nmANS)

FIFE: CMP-XX (XXIZBA#E)

TERSZ7O—J

Hollow Nano Pipette D SEifIZ& B F /R FZ Y /-, TERSAATO—
JTY,

FimDEEBITAvELLIAL T, FIFEIXS0nmMSIERLAIRETT,
FIZ%E: CMP-TERS

Glass Insulated Nano Wire77A—7

Ma-wirg

ASRFYEZYDHRITF /TAVERACAFZTO—TTY, ARICSHELT
s Coaxial/ BRLZF A/ BEXMAERFATRETT .

\ FIFE: CM

AFM/NSOM-SEM

LBWEEZEEIZ, BN REETHRIE TESDSEME, 3D A—C U O AARELR AFMZE
HABHOEET7IIr-230TY , MultiViewo AT LIXHAVFUN—BI T 1N—T
O—J#ANWTRAEZ YU ARZEEZDIEITEY ., SEMTIZHERTELRWLEDO Y AR
IA—ILDRTST4BETMEBTEET,




AFM-Raman/TERS

5 10 15 20 25 30 35 40 5 10
X Pasilion / um X Posilion / ym

BEMS U A B EMUtView ) —XEHAEHE T TS —230 T, AFMD
T4—RN\OEEZRWTLUX — U T IILREES EnmA — 4 —TC—EIZRE DI E
I2&Y, HESL Y EMBLRRICER S BEENARLL, SYUREEZY LT
IREAMIKOFEEEZ+T ICIEREICRIETEET,

ZF1=. Nanonicstt & Enhanced probeZFALVAZ E(Z&Y . TERSAIELRIEETT,
MultiView2000, MultiView40000Z D7 T4 — a3 [SBELTOLET,
TR7E. Renishawft & & | Jobin Yvontt & &, X TV /OB RICH IS AIBETY

Fountain Pen Nanolithography™ Technology

|-

BHREAETZ IV r—3v

Nanonicstt & h FL/N—RIhZEF /ERYMNIFAIEEZED S FEEAL. R
FroFBIEzEkY, BEREICDFEMA —F —DRBET. TROVaVESESBT
EMTTRETT , FAIKEDEDLYIZEBDF//\-T4o WV EFALEY. HXELL
IEBRAEFZALTH/ IVF T ETIELTHETT,

W FHEMBREAFMT— RN\ EMAEDLEDIEITEY YU TILDREH
ROmARIERRETY,

B EDOHHEREZ104TT CRIENDOBHAEICIKE) .

Fi-. BEYDORGFTEENSOMT SRREEICBIEEITOICLICE>THREITES
mHBRIEREETT



MultiView /1) —X LLER &R

_ MultiView1000 MultiView2000 MultiView4000

AEE—F

Contact mod AGC mode
IN=Y o;(;fnorzz © AC mode Contact mode*
(*FHTZA T avw)

Transmission Illumination Transmission lllumination Transmission Illumination
mode mode mode
NSOM Reflection Illumination Reflection Illumination Reflection Illumination
mode mode mode
Collection mode Collection mode Collection mode

wAIE AFM/NSOMT ] g AFM/NSOMTH] & AFM/NSOMTH] g

. \ MFM/EE I E /#RITE MFM/EFE I TE /ZhAIE
RS JAl5E
MFM;@:"E:)%{?}'EIE /Nano fountain /Nano fountain
Pen/Nanoln:ent;tion Pen/Nanolndentation/ Pen/Nanolndentation/
AFM-Raman/TERS AFM-Raman/TERS
ARk

J8—7J: 30 um (XYZ)

= -~ E;}
BARF v HiE 100 £ m(XYZ) 100 4 m(XYZ) #>F)L: 100 g m (XYZ)

< 0.05 nm (2) < 0.05 nm (Z2) < 0.05 nm (2)
REpF—5HEEE < 0.15 nm (XY) < 0.15 nm (XY) < 0.15 nm (XY)
< 0.02 nm (XY) < 0.02 nm (XY) < 0.02 nm (XY)
(low voltage modef) (low voltage modef) (low voltage modef)
BTN o — s : . Tuning Fork A=
P JASI Y k- FeTTiERK Tuning Fork A= ST AR (FToa)
SRS ER
o RO S FIAMERE 2 A% MR FEMEE A MR DS FIA MR 2 A%
7 S S S
UE LB Tt (E7. BEHS) (7. B RHT) (E37. BEEHE)
WE I BEMER: 13mm 1E L GEfMER: Tmm 1ESLREfHER: 4.8mm
(50 X 0.45NAHME FHET) (100 X 0.75NAHMERA) (100 X 0.75NAHMEFT])

WELZRYIL Y XWD

IS ERMER: WIRGL IS ERMER: HIRGL IS ERMER: WIRGL
GRBRL > XERATE) GRRL XERAT) GRZL Y XERAT)



1L

SPMAE 70—

BIZ HRASEOHREOHLSPMATO—JTEBNLTNET,
REFRAY  ASUE TILA) T USAIZHE8EDEIEEIMYFE->TEY . chonT7o—J(%
TERENTWNBIFEAEDSPMTHERRIAETY,

Ta—TJr—=h—540FvF

Innovative Solution

BudgetSensors DI SR & T, Zi CEMELSPMTO—T% buaseTENSOrS

Bulgaria #3£(F LAY T) RELTLET,

team nanotectt IBMASRELATLTEISh Tz HRTH—TSXAIIVFUI T

(F1) TO—TEWAELTNBA—H—TF, LEAM NANOTEC
EfREDOMEMSIN TR fTEHs . BFRIVIST1ATHRRIED
ESRRLBEALTEYET, Tl KIFEST YRR TIEEL,
M#RICEYET, FEERELAEETY .

SmartTip#t Twente K= @) Systems and Materials for Information Storage 4 JL—

F*54) EDHFEBIRICEYRELI=A—H—TT, FEHDMESA T/ /0
54 /00— AT B LI-MESA* TechParkRIZR IS TOET, Smart.
HSBIEICHEIELTEY., SmartCoat™EME (XN Sa—T 12 F ZHELT=
SHREMFMTO—J#RHELTWET, F-. REH . SREDLZEH
TO—JLBAF P T, 2010FICHRFEMIB T ETT S -

Novascanit LB TO—T, a04/F ($—F14H)L) TA—TERHLT (e

(USA) WHA—H—TY, 10FEENEENHYES

Microstar technologiesft

19824 (25 S . DiamondTA—T DFA755F , Diamond Knife, E
Indenter. Diamond Firament%i& . DiamondZ ERY RS RERD E =7
)(—7]—_6_3_0

BHELBHOHZTO—TEMYEARATEYET , F-H2AJICHOTWELA—D—EIENET DT, F#LLIE
BamieMHBETERLEh eI,



Budget JESISOrS

http://www.budgetsensors.com

BudgetSensors SPM7A—7J

BudgetSensors SPM7O—J (%, R CEMELTO—TTI,

Contact mode . Intermittent contact mode FA(& 1R & if &%/ 88 H 4R A il ¥/
EBIEHREH) . Force Modulation A DIFEEMAR—RIZHYFET, CbbIC
EFEI—T 1% . Alignment grooveliE DA T ar BIRTEET,

Fitk Alignment grooves
“Tipf 4k O T A TO—J ORI F—EEEIC
-TipBh R F 10nmELF TIAAV AT I—TH K
TipE& 15um TINTLBSFO—ITY, £
N=TA—VTFUHIL 20-25° (EE) ;
25-30° (i#%)

TipHI#E N REL TSR T, SPM
Ty FEFIZHT R D B EMNF (X

-Rotated Tip

Fa—J314 v

0.2 mm

FO—J%84F G Alignment groovefd &
-Contact mode 70—
Contact/ContAl/ContAl-G
‘Intermittent contact mode O —7
Tap300G/Tap300AI-G (& £k K 50
Tap190G/Tap190AI-G (& ££ 3k &K %)
Tap150G/Tap150AI-G (IEIE4aE H0)
* Force Modulation 7’00 —7J
Multi75G/Multi75A1/Multi75AI-G
- MFMZO—7J  MagneticMulti75G New
AV FANSARTO-T SiNi
-Special AIO / AIO-TL New
—2MFA—TIZ, Cont / Multi / Tap150 / Tap300 D
AEFEDOL/NA—DDN TS TA—T TY, TiplesstHFEIR
AIEETY

Fr)IL—av RV —F

dA—T4>

-REta—kTa2 (A
2)AVFARSARRSN DO TA—T T
poirvs |

-BEI—T497A—T (Pr/Cr)
ContG/Tap300G/Tap190G/Multi75G
(ebo i |4

2O -rO0-J(EEEUVE®E)
ContG/Tap300G/Multi75G
Cont/Tap300/Multi75[Z 5t izt
£HEI1—MNGB) R U EEI—MGD)KYER

- DLCO—TFT1> ¥
ContG/Tap300G/Tap150G/Tap—190G/

Multi75GIZ X i {ENew

Height Calibration Standard
EFERF /2R F—F—D~TEREE
I5=H0. ERBEOBERYVTILTT,

YT HA4X  5%x5mm

EvyFH4aX: 10um(F#E)
5um(FI % B U'Line)

ATFYTnA L 20nm(HS-20MG)

100nm(HS-100MG)
500nm(HS-500M)

TipCheck
SPMT7O—J D TipsinDIKEEFETEE 2T IL
<9, a& [ RS

.........

Ra=10.7nrm Ra=3.5nm



Budget JE/ISOIS

Spring Resonance Coating
Type Constant Frequency Quantity Cantilever
(N/m, typ.) (kHz, typ.) Tip side Back side

Tap300 None None 10/50/380
Tap300AL None Al 10/50/380
Tap300GD None Au 10/50

40 300
Tap300GB Au Au 10/50
ElectriTap300 Cr/Pt Cr/Pt 10/50

10/50

o
=
(¢}

Tap300DLC

Tap150 None None 10/50/380
Tap150AL 5 150 None Al 10/50/380

Tap150DLC 10/50

1 rectangular, Si

Contact None None 10/50/380
ContAL None Al 10/50/380
ContGD None Au 10/50
0.2 13
ContGB Au Au 10/50
ElectriCont Cr/Pt Cr/Pt 10/50

ContDLC DLC Al 10/50

)
-

SiNi 0.27/0.06 30/10 None Cr/Au 30/100/300 2 trianguler. SiN

<
=
<

3 75 Co Alloy

10/50 1 rectangular, Si




TEAM NANOTEC

MICRO- AND NANOFABRICATION TECHNOLOGY

team nanoteC*i SPMjl:l—j http://www.team-nanotec.de

TSARIVFUTERNT, BREOMEMST /AR, YUY ST+ BRI+ RO EHIZSPMTO—T O B E/BRFELTLET,

Faaiik

-Tipfiz 4K k317 B FUIN—EEET;

D)aA—UTFUSIL 10° |=125.(i 15) umw=35(=*3) um
3 R Typ. stiffness: 40 N/m

TARGRL 1:5LLE Typ. res. frequency: 300 kHz

‘TipHZE 3% 10nmEL T

Tom& 15um [=225( £ 15) umw=35(=*x3) um

- EMSEMIZKAHFRIREZITOIC&ITEKY.,
HH45% 100%{R 5

Typ. stiffness: 0.7 N/m; 3 N/m
Typ. res. frequency: 45 kHz ; 75 kHz

=450 ( %+ 20) umw=50(=*3) um
Typ.stiffness: 0.2 N/m
Typ. res frequency: 15 kHz

Fa—J34 v

sPMZO—J
ISC

SS-ISC

EL-HARS

HSC New

LRCH New

HR-MFM
HR-EFM
Bio—SC New

HR-SCC New

TNP 30Pt

SS-ISC

EATO—T ., 3—VF VT ILBAEAETIOC (| TARSME 150 E

FimMREZESmUT O, BN fEEIERTO—J
A= T oI <5 (ELIHEMNDH150 nmETDRET). Tipms:>9 Um

ANA—NAFEI—T4FLIzTB-T

AENA-IRARHLLESINET — T4 Lz, BEAIE. £ARMH. KIT-FDF/
AV ToT—2avITBLIz., LR FBIK DT 0 — T (HemiSpherical Cone shaped tip)

LEWAFY LS TOESHE., F /40T oT—avISBLE-2%kT0—J
B3R 3 1% (4250.500/750/1000nm ., I£4aTE $k1d0.2~ 750N/ mETxE I A]

Co-AlloyZa-T12 4 L. BAMBEEMFMT A —TJ | 3-F42 4 E[£25nm/40nm& Y 1R
PtZO-T4V5 L= B REEEFMT A —J O —FT 4> EI1&25nm
AvEO-TA4U T L= AR YU T ILATR-T

EBIDTSiAVFLNA—IZh—RU R ESE =, BEKLEE S EaEERAA—RyTo—J
A EEF Z3nm. TipEE>300nm

Pta—kLF=8 5 R To+/70—7 , kit R L EZ(E30nmLLTF

FR T
AL

1 R

A

EL-HARS Bio—SC



TEAM NANOTEC

MICRO- AND NANOFABRICATION TECHNOLOGY

Cylindrical metrology70—7
BORSATEISELETO—J T ALERDTEERELT
WEFET DT,
EERECOEESEOHIAENAEETT  EEH—RO—FLARETT .
TipE(F15nmMA5200nmETRYZAZTHEYET,
- FA 4R 1E XIS AT B 3% ,10° 12° 13°
‘TipBhiFE41Z 10nmELF
HEKHFLIN—Ti%
=125 (£ 15) um;w=35(*3) um
Typ. stiffness: 40 N/m
Typ. res. frequency: 300 kHz

Critical Dimension(CD) Z7O1—J i
TR D3XTRIEIEL-TO—T T, TipkIHIZ T4 A IH
DWM=AKRIZKY . BEEAROAIEL, &2 —I—n\2F R
DTS EDTERFYUTEET,
F I 20nmM5850nmETRYEFAZTHEYET,
Tipf2 4k (£Round, Triangular. Rectangular/Square®3F&%E(Z
BYFES,
EARXhUFL/N—Fi%k
1=125( £ 15) um;w=35(%3) um
Typ. stiffness: 40 N/m
Typ. res. frequency: 300 kHz

Cross section of tip apex

‘o

round

S rectangular

! RS

S triangular

wEJo—J
BEROBLICEOEHETO—J DHUEA AR TS . R/NRT M IL0R~ T RAOH MR THIILA
BEMLORFTOTETT . —E. BALEDEIZED,

LA 1 BHEHI 2

1.5 MHz cantilever for
high speed scanning

Super Sharp tip
on 1000 N/m cantilever)

Tip Characterizer

TO—TOTipHRZFMT5-ODEREICRETI-ODSIE YL TILTT, 6 X 6mmdDSi Chipl<, 88AD CellAAHYET
IVPS EvFRIE. BIBERERZEY L TILTY,

IVPS100 1celllZ55 1 5. EvFRIE. Al HEREY L TILTT,
ISNE #FsnmA—F —D Ty EFE-1=, TipleREE@B Y FILTT,
IFSR F—=R—=N\2 T LTWBIyP%Eo>f-. COTA—TJEERY T ILTT,

IVPS  IVPS100 ISNE



OSmart

SmartTlpH: Eﬁj\ﬁgﬁEM FMmjD—j‘ http:/smarttip.nl

HREGSBFTOFMAR - EXOEECHSRRICEIE, ThTLDOEEHROT T r—av R B{ELI-MFMTO—T
FRELTEYZEY.

SmartCoat& &

SmartCoatl&. 7A—T TipERDESI YR D —E D A IZHEE - AOFLN—EILDRBERICKIBHADEZESE
A—MERET BT, Bt a—kEH LT ILISHLE 5

ELEICESNET .  EERMEO—T (P T O—T CRE R D B A AT A
®E

- Tip&hse s TR TR E LRt ik i e

- MBS R DRAIEISELTLNS

- b ARNY T ILICH LEE

- LI BREENE RO TO—T IR Y—T
“Tiph D DR E— A2 FDEHE

WESLTFvT

SmartCoat R4V A —RFO—7
SC-35-M/ SC-20-M /SC-10-M

. S - _ @S SmartCoat Lpw Moment=’ 01—
E;ﬂgg);-;?:b/\ [ZSmartCoatZHEL 1=, 1Z#EAAT SC-354 M/ SC-20-LM /SC—T10-LM
HoFLiN—2 4T FMR(Nanoworld&l) HEEMHOBRICEL-a—T1>J DFRALS:
I—FAVG BB Ni-CoR BE—AATB—TTT,
aI—TaUTE: 35nm/20nm/10nm HoFLiR—B4T: FMR(Nanoworld&!)
2EfE 7> AR EE: 25nmEl E a—T4 5 #¥:  Co%k
a—T4VTE: 35nm/20nm/10nm
2EfE 7> AR EE: 25nmil E

High density track in MP tape 300 nm dot pattern, imaged with CantiClever
high resolution probe

clPT7n—7
CIPTRIE A=A/ O12 1 T0—7

CIPTEER DKM, KFd. BHRMEDEL Pin pitch distance\General probe specs (all types)

BRYEWARSLEESIVITIOVNED Number of ;_;ins 12
YEL->-70—JT9, Length of pins 10 (= 1.5) um

Width of pins 600-750 nm

Available types / pin—spacing Pin t.hickn.ess 1 um
Standard Type (007) Coat!ng T|./ Au
Pitch: 9.6, 9.3, 4.5, 3.0, 1.5, 1.5, 1.5, 1.5, 5.7, 124 um Coating thickness 5/100 (£10) nm

Narrow Type (004)
Pitch: 45, 3,15, 15, 15,15, 1.75,2,225,25,275 ym

Wide Type (005)
Pitch: 60, 24, 15,6, 3,3, 3,3,9, 12,39 uym




-
MRl i ( novascan

Novascan *i 1t %ﬂ%ﬁfﬁ// \0—7_-47)[,7 | —7‘ http://www.novascan.com

LR BMEREL-T0—T LAV FL/NA—ERITAASRHFEI VMR —T4INLTO—TEZRELTVET,
Fiottx

{tethin-J
HIRDAFMAL FLA—IZL R EfEHEL -7 0—J T3, Novascantt &/ 8\ —F 1)L
Tao—JIZHLBHMAIRETY,
Eh I BE/i At B

Silane Based Probe Modification
X X %X X X x ¥ x )i x
dodododododo % L dodo

W Silicon or Silicon Nitride AFM Probe
* Defined Heal Group

Alkanethiols: COOH, CH3, NH2, OH, Succinimide

PEG Linkers: PEG/COOH, PEG/NH2, PEG/Maleimide, TIHSLNA FTeRusEmcmen
PEG/Biotin AT

Silanes: APTES T

Others: Biotin/Streptavidin/Neutravidin X Bt oot Group

R=T1eo07F0—7
tiplesshoFL/A—[2, a0/ REkEEBELE-TO—T TI,
MERUYAX:

Borosilicate 2/5/10/12/20( 4 m)
Sin2 0.6/1/25/5( 1 m)
Polystyrene 1/45/10/25/45( 4 m)
Polyethylene CHERET S
Tungsten 5/10( um)

{2t/ /A —T4o N TO0—T CRINTELTO—-TON\REBHESa—T125

INRERL Si(N/m): 0.03/0.05/0.08/0.65/0.95/1.75/4.5/7.5/14
SiN(N/m): 0.01/0.02/0.06/0.12/0.12/0.32/0.58
a—T45 Au / Nickel / Ag / Pt / Al / Chromium

Potential Applications
Inter-molecular Force Measurement / Chemical Sensing and Detection / Adhesion Forces / Surface Mapping
Hydrophilic/Hydrophobic Interaction / Attractive/Repulsive Regimes / Unbinding Forces

Micad & U GlassE AR

SPMZ148 &L T, Confocal Microscopy. TIRF. Protein Binding Studies, Chemical Binding Studies. NSOMZZE IZFALNDHS X
/MicaZ iR TY,

AFM &' L—KMicaZt iR
AFMEERELTHLAMicaTd , Y4 XI[E1 X 1emT. 17395 —C50AY T,
Y AX Aud—Ta2 T ERO>TVET,

{eZf&HMica/GlassE AR
LT O HEEERLTMicads S U GlassER TT
Amino Silanized (APTES) Biotin terminated flexible PEG linker
Au coating with an OH surface NH; terminated flexible PEG linker
Au coating with a CH, surface Maleimide terminated flexible PEG linker
Au coating with COOH Surface COOH terminated flexible PEG linker

Au coating with a succinimide surface
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Microstar technologiesttDiamondZA—7J http:/fwww.microstartech.com/

Si% U'SapphireSitiplesshF L /3\—([Z, Bi#EEDiamond tipZRY{F1H+-FO—JTF

Bigt & Diamond Tip HUFLIA—
Tipfiz4k (£ ”3-SIDED PYRAMID”,L<[&” Spike“ H* 512 4R AT AE HoFL—(E, SitL<LIFSapphiredk VEIRATHETT .
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MICROMACHINED THERMAL PROBE AND MODULE
FOR HIGH RESOLUTION THERMAL DIAGNOSTICS BY

PiCOCAL

 Scanning thermal microscopy is an add-on option to the standard AFM system
» The key element of the SThM is a micromachined thermal probe.

* PicoCal has developed a thermal control circuit unit, ST 50™, that transmits temperature contrast imaging.
» Temperature and topographic data can be gathered simultaneously.
» The ST 50™ thermal unit is easy to interface with an AFM/SPM.

» The ST50 provides thermal conductivity analysis with a gain of up to x 10,000.

* The probe is interfaced with the module and the module cables plug into the AFM controller.

* The probe signal is connected to the INPUT of the module using a BNC cable and the OUTPUT of the module to the AFM

1%, Scan condition: 0.75 pm/s; 400 lines Sample
provided by Dr. Leo Ocola, Bell Labs.
Li et al. Hilton Head, 2002
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ABSTRACT

This article describes the results obtained
with a surface micromachined probe for
scanning thermal microscopy. The probe
uses polyimide as the structural material
and an embedded thin-film metal resistor as
the sensing element. The typical dimensions
of a probe are 250 pm in length, 50 pm in
width, and 3-10 pm in thickness. The probe
has measured spring constant less than
0.1 N m™, and about 40 Q) nominal resis-
tance. It offers a tip diameter of 100 nm. The
probe was used to map the spatial variation
in thermal conductance of various test sam-
ples. Surface and subsurface characteristics
were observed.
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scanning probe microscopy, atomic force
microscopy, scanning thermal microscopy,
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INTRODUCTION
Thermal measurements at the nanometer
scale are of both scientific and industrial inter-
est. Over the past decade, scanning
microscopy using thermally sensitive probes
has been used in a variety of applications. For
instance, scanning thermal microscopy (SThM)
has been used for ultralarge-scale integration
(ULSI) lithography research and cellular diag-
nostics in biochemistry [1-3], detecting para-
meters such as phase changes in polymer
blends [4], Joule heating [5], for measuring
material variations in semiconductor devices
[6], and subsurface imaging of metal particles
[4]. Furthermore, SThM has been used to per-
form near-field photothermal microspec-
troscopy [8]. Finally, it has been used for data
storage and many other applications [9-11].
Various thermal probes have been devel-
oped since the invention of scanning thermal
microscopy by Williams and Wickramasinghe
in 1986 [12]. These probes are generally made
from thin dielectric films on a silicon substrate
and use a metal or semiconductor film
bolometer to sense the tip temperature.
Other approaches, using more involved micro-
machining methods, have also been reported
[13]. In a bolometer probe, such as the one
used in this study, the resistor is used as a local
heater and the fractional change in probe resis-
tance is used to detect the temperature and/or
the thermal conductance of the sample [14].
Thermal probes are used to map the spatial
variation in thermal conductance of various
test samples whose subsurface variations are
not detectable topographically. This article
presents a preliminary study of subsurface
imaging on copper wires using a polyimide
thermal probe. The ultimate goal of this effort
is to address the semiconductor industry’s chal-

lenge to develop non-destructive in-line view-
ing of copper voids. The use of SThM holds sig-
nificant promise to detect defects such as voids
in copper lines in advanced complementary
metal oxide semiconductor (CMOS) processes.
Since copper interconnects are common in
advanced CMOS devices, it is vital for the semi-
conductor industry to obtain timely informa-
tion about the quality of the copper electro-
plating process and related steps.

The use of non-electrical inspection meth-
ods for copper electroplating has several limi-
tations. Because copper is opaque, optical
inspection methods are difficult. In addition,
since most of these failures occur on the inte-
rior of the copper trace, their detection is also
difficult with topographic measurement
methods using an atomic force microscope
(AFM) or scanning electron microscope (SEM).
While electrical methods are accurate, they
require at least two points of contact and spe-
cial geometries that permit access to both ends
of the trace to be measured; this access is usu-
ally not available without special test struc-
tures. Another option, thermal measurement
methods, can potentially overcome the prob-
lems posed by optical, AFM, SEM or electrical
test methods. Such techniques measure the
interior of the copper trace, enabling the non-
destructive localized detection of voids in the
copper. Thermal measurements require only a
single point of contact and permit inspection
of all the copper traces, regardless of geome-
try. Vias may be inspected because the barrier
layer or remaining dielectric material have a
much higher thermal resistance compared to
copper.

Scanning thermal probes fabricated by six-
to seven-mask surface micromachining
processes using polyimide as the cantilever

Integrated Flipped-over o .
attachment Probe shank

tip

Figure 1:

(A) Schematic of the probe die
including the probe cantilever
and tip. Reprinted from [1]
with permission.

(B) Scanning electron micro-
scope image of the probe.
Reprinted from [1] with per-
mission.

(C) SEM image of an eight-
probe array . Reprinted from
[20] with permission.

(D) SEM image of a tip.

suspended
cantilever
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material have been previously reported
[1,2,14,15]. These probes have been used for
temperature mapping and subsurface imag-
ing [15], for microcalorimetry applications to
measure the glass transition temperature in a
photoresist [1,2,14], and for maskless sub-
micrometer thermochemical patterning of
photoresists [16]. Hendatro et al. [17] used the
probes for the detection of hot-spots in inte-
grated circuits (IC) revealing that the highest
amplitude of thermal waves generated by an
operating nMOSFET (n-type metal-oxide semi-
conductor field-effect transistor) is located at a
region close to the drain area. Basu et al. [19]
have been using the probes for microfluidics-
related work, namely for high-speed liquid
pumping, mixing and particle entrapment in
thin layers of oil and water. The probes have
been arrayed into a multi-probe system for
higher throughput large area scanning [20].
An eight-probe array, such as the one in Figure
1C, has been used to produce composite ther-
mal images of various commercial ICs. Finally,
the probes were used for high-speed contact
mode topography achieving rates of 48 Hz
(1.47 mm s™") and for lateral force scans, sug-
gesting that polyimide is a more suitable struc-
tural material for cantilevers used in lateral
force measurements [21].

MATERIALS AND METHODS

Structure and fabrication
The structure of the polyimide probe is shown
in Figure 1. The probe tip diameter used was
less than 100 nm but the probe tip can be fur-
ther reduced to below 50 nm with oxide sharp-
ening. The probe had a topographical resolu-
tion of <1 nm and a spring constant of <0.1 N
m™. The tip height was 8 pm, and the can-
tilever's dimensions were 250 pm X 50 pm X
3 pym. The cantilever material was polyimide
with an embedded thin wire of Cr/Au, which
also served as a sensing element. The tip was
also made of Cr/Au. The probe had spatial res-
olution of less than 100 nm. Thermal conduc-
tance changes of the order of 3 pW K™ have
been measured. A comparison with a Wollas-
ton wire thermal probe is presented in Table 1.
The probes were microfabricated in a seven-
masking step sequence. Initially, a mold for the
tip was created by anisotropic wet etching on
a Si(100) substrate. Then a sacrificial layer was
deposited and patterned, followed by the
lower polyimide and the metals. Later, the sec-
ond polyimide layer was deposited and pat-
terned, followed by a gold layer, which was
used for thermocompression bonding and
served as a mirror. Finally, the probe was
released, flipped over, and held in place by a
thermocompression bond.

Interface circuit and setup

There are many methods by which a thermal
probe may be utilized. It can be operated in a
passive manner whereby the tip temperature
attains the localized sample temperature. In
order to map the thermal conductance of sam-
ples, the probe is typically operated at an ele-
vated temperature. The varying heat loss is
monitored by its effect on the tip through the

Microscory AND ANALYSIS SPM SuppLEMENT® MARCH 2006

B Figure 2:
Comparison of original AFM

imaging mode (4) and a

simpler system for - thermal
measurements in which Z-axis

actuation fs eliminated (B).

AFM Controller

XY Controller

PSED XYZ Micro- XY Micro-
L manipulator manipulator
ASer Circuit Circuit

Interface Interface

No need for Z actuation

sample to the chuck below, which is held at
room temperature. The simplest interface cir-
cuit operates in approximately constant power
mode where an open-loop interface circuit is
used to gauge the probe resistance change
(thermal conductance change), which can be
calculated from the output voltage change.
The interface circuit includes a Wheatstone
bridge, gain stages, and filters to reduce noise.
The output voltage is plotted for the thermal
image. In the case of thermal conductance
contrast mapping, the change in probe resis-
tance is proportional to the change in output
voltage. The supplied power change is equal
to the conductive heat loss between the tip
and sample, which is proportional to the
change in the thermal conductance of the
sample. Thus the change in output voltage
represents the thermal conductance contrast
of the sample [1].

Alternatively, the scanning thermal probe
may be operated at a constant tip tempera-
ture and the power required to keep the tem-
perature constant is measured (closed-loop
mode - feedback required). This method per-
mits contrast imaging and thermal conductiv-
ity measurements to be performed. When the
Wheatstone bridge comes out of balance, an
instrumentation amplifier amplifies the
change in voltage. Subsequently, the change
in voltage is fed into a proportional-integral
(PI) controller that provides a compensation
current to keep the bridge balanced. The aver-

age probe temperature increases or decreases
with the compensation power, so that the
probe resistance is adjusted by a compensa-
tion current through the Pl controller until the
change in voltage is zero. By increasing the
temperature control resistance, the probe
resistance is also increased.

An AC thermal dither may be applied to the
probe to improve thermal resolution or to per-
form thermal capacitance measurements. The
thermal resolution is improved by filtering the
signal through a bandpass filter to reduce the
noise level. Since the thermal wave generated
is an evanescent wave, the AC thermal dither
may be used to control the effective probe
depth. Higher frequencies of operation reduce
the effective probe depth.

AFM systems for thermal probes

The probes may be operated with an AFM sys-
tem. The thermal information from the probes
was fed to a circuit module such as the one
described above, which in return interfaced
with an AFM controller (Figure 2A). In these
measurments the probe was operated in con-
tact mode by scanning a thermal probe tip
across the sample and making measurements
at discrete points. Thermal probes operated in
contact mode show improved performance.
By contrast, operation in a tapping or non-
contact mode has several disadvantages. First,
the temperature sensitivity of the probe is
compromised because of the large thermal
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Figure 3:

AFM images taken without Z-direc-
tion feedback.

(A) Scans of a developed UV pho-
toresist. The photoresist pattern is
350-nm - thick and 500-nm - wide.
Reprinted from [1] with permission.
(B) Map of thermal conductance of a
developed PMMA photoresist on a 4-
inchsilicon wafer. The photoresist pat-
tern was 240-nm thick and 200-nm
wide with a pitch of 400 nm.
Reprinted from [22] with permission.
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resistance of the air gap. Second, spatial reso-
lution is reduced because the effective sensing
area is enlarged as the distance between the
sensor and the sample increases. Third, high
stiffness in the probe is required which may
cause damage to soft samples. The use of poly-
imide probes eliminates these problems.

Moving on from the original approach, a
simpler system has been devised (Figure 2B),
which obtains only thermal information and
does not require Z-axis feedback. The high
compliance of the probe allows scans of sam-
ples with large topographic variations. An X-Y
stage controls the position of the probe while
an interface circuit is used between the data
acquisition computer and the thermal probe.
A simple construction is enabled by eliminat-
ing Z-axis actuation and the hardware that is
needed for it, such as photodetectors, lasers,
and other electronics. An additional advan-
tage is that the probes can be arrayed for
high-throughput  large-area  scanning
(Figure 10).

RESULTS AND DISCUSSION

SPM scans
Figure 3 contains scan images obtained with-
out contact force feedback control using the
system described above and depicted in Figure
2B. Scans of a developed Shipley UV-6 deep
ultraviolet photoresist made without Z-direc-
tion feedback are shown in Figure 3A. The
photoresist pattern was 350 nm thick and 500
nm wide. Comparing the line profiles with and
without Z-direction feedback, the with-feed-
back operation provided higher signal-to-
noise ratios. The fluctuation of the tip-sample
contact area was larger without feedback. Fig-
ure 3B shows a thermal conductance map of
developed polymethylmethacrylate (PMMA)
on a four-inch silicon wafer. The photoresist
pattern was 240-nm thick and 200-nm wide
with a pitch of 400 nm. The scan results
showed that the thermal probe can provide a
spatial resolution better than 200 nm without
contact-force feedback control [22].

Subsurface imaging capability is very useful
for measuring semiconductor devices where
multiple layers are present and the final IC s
coated with a passivation layer. Thermal
images showing metal lines through a passi-
vation layer were obtained. Results demon-
strating the subsurface imaging capability of
the thermal probe are shown in Figure 4. A
sample containing 50-nm thick chromium lines
on a glass substrate was coated with a 5-ym
thick planarized photoresist, which had a ther-
mal resistivity of 0.193 W m™ K (Figure 4A). A
topographical image of the sample showed
that the photoresist was uniform and the
underlying Cr layers were not detected (Figure
4B). The thermal image, on the other hand,
clearly detected the underlying Cr layers. The
variation in thermal resistance amounted to a
1% change in 1.0 X 10" K W and the signal-
to-noise ratio was in excess of 15, as shown in
Figure 4C [15].

Figure 5 illustrates another example of sub-
surface mapping. The sample contained
90-nm wide Cu lines covered with 250 to 300-
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Performance Wollaston wire probe Polyimide probe
Tip diameter 1um <100 nm
Topographical resolution NA <1nm
Temperature resolution 25K <10 mK
Thermal conductance <0.23 pw K <3pwK!
Normal spring constant 1-5Nm”’ 0.1Nm’
Table 1:
Comparison of characteristics of a Wollaston wire probe [7] and the polyimide thermal probe.
Figure 4:

PR 1827
I

~50 nm Cr

(A) Schematic of a glass substrate with
50-nm thick Cr lines covered by 5 um of

photoresist.
(B) An ARM scan shows very little
topographical variation.

56.2nm

Z (nm)

33.1 nm

R e

(C) The Cr lines are clearly visible with a
thermal probe scan. Reprinted from [15]
with permission.
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nm wide and 125-nm thick natural oxide. An
SEM picture of the trench before Cu deposi-
tion is shown in Figure 4A. An SEM picture of
a Culineis shown in Figure 5B. An AFM scan of
the Cu lines covered with a thick layer of oxide
is shown in Figure 5C. Figures 5D and 5E illus-
trate overlays of thermal scans superimposed
on topographical scans and show <300 nm dis-
continuities in thermal conductance maps
occurring under the natural oxide. These dis-
continuities were not visible topographically.
The images revealed subsurface information
about the Cu lines, which potentially may be
related to Cu voids. The current through the
probe was 12 mA and the nominal probe resis-
tance was 26 (). The area scanned was 6 X 6
um? and the scan rate was set at 1 Hz for Fig.
5D and 1.4 Hz for Fig. 5E.

Simulations

Numerical simulations were performed in
order to demonstrate the feasibility of detect-
ing voids in copper lines and to enhance
understanding of the quality and detectability
of the thermal conductance signal. Thermal
scans over copper lines having various types of
voids with different sizes and locations were
simulated using the Femlab 3 Multiphysics
Modeling package by Comsol [23]. Each simu-
lation yielded maps of the change in thermal

conductance as an area the size of the probe-
tip heated the surface of the simulated copper
lines.

The simulated structure was based on Intel’s
130-nm process [24]. The structure consisted
of a 400-nm thick lower layer of field oxide,
the bottom of which was held at 0°C. The top
layer was a dielectric, 280-nm thick, 1-pm
wide, and 1-um long, with a copper feature,
150-nm wide, 150-nm long, and 280-nm thick,
located at the center of the dielectric. A void
was simulated in the copper layer and its loca-
tion and size were varied. A cylindrical thermal
probe with 50-nm diameter resided on top of
the copper and the probe temperature was
held at 100°C at the point of contact with the
copper.

Simulations of features with and without
voids were performed and the heat flux out of
the thermal probe was calculated. The num-
ber of bits of resolution in the sensed signal
required in order to detect a particular void
was determined from the difference in ther-
mal resistance with and without a void for a
particular depth. The simulations confirmed
that voids in closer proximity to the surface
and larger voids were easier to detect. The
simulations also indicated that the minimum
number of bits of resolution required to
detect most voids was within the performance
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levels of the scanning thermal microscopy sys-
tem. For example, a 100-nm diameter void at
140-nm depth would require 8-bit resolution
to be detected, while a 140-nm diameter void
at the same depth would require 6 bits, and a
40-nm diameter void would require 12 bits. In
Figure 6, the X axis represents the ratio of void
depth to void diameter and the Y axis the bits
required to detect a particular void. The two
lines represent 70-nm and 140-nm depths. At
a fixed depth, the bits required to detect a
void decrease as the void size increases.

CONCLUSIONS
This article has reviewed a surface microma-
chined scanning thermal probe that uses poly-
imide as the structural material and an
embedded thin-film metal resistor as the sens-
ing element. The probe tip offers a diameter
<100 nm, a topographical resolution of <1
nm, a spring constant of <0.1 N m™, and can
be used to detect thermal conductance
changes of the order of 3 pW K™

The probe was used to map the spatial
change in thermal conductance of various test
samples. Surface and subsurface characteris-
tics were observed. In particular, subsurface
thermal conductance variations in copper
lines have been observed. Past simulations
have predicted the feasibility of copper-void
detection by these probes. This work reports
the first experimental demonstration of ther-
mal conductance variations in copper lines
using samples provided by Sematech.
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(A) SEM image of cross-section of Cu line in 60-nm dense low-k dielectric film above porous fow-k. Courtesy of Sematech.

(B) SEM image of trench preparation before Cu deposition. Courtesy of Sematech.

() AFM topographical image of Cu fines under a natural oxide 300-nm wide and 125-nm thick.

(D,E) Overlay thermal scans superimposed on topographical scans with <300 nm discontinuties in thermal condluctance maps. These discontinuities
occur under the natural oxice and are not visible topographically. The area scanned was 6 x 6 um? and the scan rate was set at 1 Hz (D) or 1.4 Hz (E).
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Applications of a low contact force polyimide shank bolometer
probe for chemical and biological diagnostics
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Abstract

This paper reports on the detection of nano-scale chemical variations in photosensitive polymers and biological variations in cancerous
tumor cells that have been accomplished for the first time using scanning thermal probes that we have developed. It also reports on changes
that have been made over older versions of this probe to help achieve these capabilities. The probe is fabricated by a 6-mask surface
micromachining process using polyimide as the structural material. A unique assembly sequence that involves flipping over the probe
accommodates the future integration of circuitry on the same substrate. The probe has measured spring constant 0.082 N/m for a
250 um x 50 um x 3 um probe. It offers a tip diameter of 50 nm. Probes are used to study exposed but undeveloped photoresist latent
images in features of 70 nm, the acid diffusion in chemically amplified photoresist during post exposure bake, and HeLa cells. Lateral spatial
resolution of <50 nm, topographic resolution of <1 nm and thermal resolution of <1.2 mK are demonstrated. Wet scanning capability, which
widens the possibility of biochemical applications, is also demonstrated for the first time. The structure, fabrication, and assembly of the probe
and the interface circuit used for these experiments are described.

© 2003 Elsevier Science B.V. All rights reserved.

Keywords: Polyimide shank; Bolometer; Chemical diagnostics

1. Introduction

Scanning thermal microscopy has been explored for a
number of applications, including high resolution tempera-
ture mapping, topographical mapping, data storage, photo-
thermal absorption spectroscopy, and subsurface imaging
[1-4]. Temperature sensing methods used for scanning
probes have included thermocouples, Schottky diodes, bol-
ometers, and bimorphs [1-12]. A bolometer-type element
which senses temperature by fractional changes in the
electrical resistance provides certain advantages for micro-
calorimetry applications. In particular, this resistor can be
used not only to sense temperature, but to supply heat if
adequate current is passed through it. Since the tip tem-
perature is ultimately influenced by the heat flow between
the tip and the sample, variations in thermal conductance
across the sample can be mapped by this probe. In essence,
the device can be used as a spatially localized microcalori-
meter [8,13].

We are developing ultra compliant thermal probes (with
spring constant <0.1 N/m) for critical applications in ULSI

“ Corresponding author. Present address: 1301 Beal Avenue, UM Ann
Arbor, MI 48109-2122, USA. Tel.: +1-734-615-6407.
E-mail address: yogesh@umich.edu (Y.B. Gianchandani).

lithography research. These include, specifically, mapping
the latent image of exposed but undeveloped photoresist
(PR) to measure photo-acid generation and diffusion inde-
pendently from the developing step [14]. Since they offer
sub-surface mapping capability, thermal probes also facil-
itate studies of intra-cellular features in bio-related research.
To fulfill our need for these applications, probes must have a
low spring constant to prevent damaging the soft materials,
and provide spatial resolution <100 nm. In addition, to
permit scanning in aqueous environments, complete elec-
trical insulation is necessary. Wet scans are particularly
challenging because of enhanced parasitic thermal losses,
the need for complete electrical insulation, and the impact of
surface tension on the ultra compliant probes. These require-
ments can not be fulfilled by using the commercially avail-
able wire probe which is made of bent bare wires, and has a
high spring constant (5 N/m), limited spatial resolution, and
no particular isolation [15].

We have previously reported thermocouple or bolometer
probes fabricated by 6- to 7-mask surface micromachining
processes using polyimide as the shank material, and the
application of these probes for temperature mapping, sub-
surface imaging, and the measurement of glass transition
temperature in photoresists [8,9]. This paper reports on
applying these probes to ULSI lithography research,

0924-4247/03/$ — see front matter © 2003 Elsevier Science B.V. All rights reserved.

doi:10.1016/50924-4247(03)00026-8
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particularly for mapping the latent image of exposed but
undeveloped PR to measure photo-acid generation (PAG)
and diffusion independently.! Wet scanning capability,
which widens the possibility of biochemical applications,
is also demonstrated for the first time. This paper also
describes changes that have been made to older versions
[8,9] of this probe to help achieve these capabilities. In the
following text, Section 2 describes the device structure and
fabrication process, Section 3 describes the measurement
theory, and Section 4 describes experimental results that
have been obtained.

2. Structure and fabrication

The basic structure of the probe is similar to that reported
in [8,9], with a thin film bolometer sandwiched between two
layers of polyimide, forming a cantilever. At one end of the
cantilever the metal thin film protrudes through an opening
in the lower polyimide layer, where it is molded into a
pyramidal tip by a notch that was anisotropically wet-etched
into the substrate. The tip and a portion of the probe shank
are then released from the substrate by etching an underlying
sacrificial layer. The released length is then folded over to
extend past the die edge for clearance and held in place by an
adhesive (Fig. 1). Typical dimensions of the probes after
assembly are 250 pm length, 50 um width, and 3 pm thick-
ness with Cr/Au (200/2000 A) for the tip and lead, which
provides bolometer resistance of about 60 Q. This flip-over
method for providing the tip clearance exploits the mechan-
ical flexibility of polyimide, and avoids the dissolution of the
substrate material from underneath the tip. The polyimide
shank offers both high mechanical compliance and high
thermal isolation which are important for scanning soft
samples with low thermal conductivity, such as PR and
polymers.

The present manifestation of the probe (Fig. 2) has an
additional thin evaporated film of gold (Cr/Au: 200/5000 A)
that serves as an AFM mirror and also permits a thermo-
compression bond to hold the probe after the flip-over step,
eliminating the use of epoxy. This method retains the
flatness of the probe and significantly increases yield. The
released probe was manually flipped over, with the two gold
pads (Fig. 2a) held together by using micromanipulators on a
hot plate and slowly increasing hot plate temperature to
170 °C. The bonding strength is strong enough. No probe
shank bounce back, cracking or breakage has been observed
in the many 10s of samples that have been assembled in this
manner. Other materials such as using partially curried
photosensitive polyimide (PI2721™) or indium were also
evaluated, but all show some drawbacks. The partially
curried polyimide can be attacked by photoresist stripper,
and the indium is attacked by the prolonged HF etching to
release the probe tip. Other self-assembly approaches such

! Portions of this paper will appear in [12].

Integrated Flipped-over Probe
attachment Probe shank

Fig. 1. Schematic of the ultracompliant polyimide thermal probe.

as using surface tension forces [16] and a bimorph for stress
mismatch were also studied, but all fail to retain the flatness
of the flipped-over probe due to its fundamental limitation.
Typical dimensions of the probes after assembly are 250 um
length, 50 pm width, and 3 um thickness with Cr/Au (200/
2000 A) for the tip and lead, which have probe resistance
about 60 Q. The probe shank length can be easily adjusted
by moving the location of the gold bond pads.

Another critical process step that has been added permits
reduction of the tip diameter to about 50 nm by oxide sharpen-
ing the tip notch using the phenomena of the non-uniform

Suspected
cantilever

(b)

Fig. 2. (a) A scanning thermal probe showing the location of mirror and
gold segments for thermocompression bond; (b) a 250 pm long probe
flipped over the die edge and held down with a gold thermocompression
bond.
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Fig. 3. Close-up of the sharpening tip showing the tip diameter is about
50 nm.

oxide growth [17]. A 4000 A thick oxide is grown at 950 °C
prior to depositing the sacrificial layer used for releasing the
probe shank from the silicon substrate, which generates a tip
diameter of about 50 nm as shown in Fig. 3.

Since the probe length is only about 300 um, and the
wafer thickness of a 3” wafer is approximately 500 pm, a
small extrusion at the die edge caused by the curvature of the
dicing blade can block the laser beam (Fig. 4a). To provide a
clear die edge for laser pickup, the probe wafer is bonded to a
dummy wafer using photoresist, with the front side of the
wafer covered by a thin photoresist film to protect the probes

Probe
Photoresist (300 um)

.
Wafer

extrusion block
the laser

Laser
¥

| Sample |
(@)

Probe (300 um)f picing blade
Photoresist
& \__

Wafer M
Dummy wafer

500 pm

Photoresist

clear edge allow Laser

lasar plckup \ Reflection
wafer . “n

-

[ Sample |
(b)
Fig. 4. (a) Extrusion at die edge blocks the laser; (b) with two wafers

bonded and diced together to provide a clear die edge after dicing, which
allows laser pickup.

Connection to ’ '
interface circuit |

Fig. 5. A mounted scanning thermal probe with the base covered with a
polyimide (PI12613™) layer to make it suitable for working in aqueous
environments.

during dicing, and has both wafers diced together as shown
in Fig. 4b. A 3" wafer can generate about one thousand dies
with two probes per die.

For operation in aqueous environments, the bond pads and
bond wires are covered with a thin layer of polyimide
(P12613™), leaving the scanning tip as the only exposed
metallic surface (Fig. 5). The polyimide probe provides high
thermal probe shank resistance, low spring constant, and an
integrated tip. These advantages make it suitable to study
soft materials such as chemical amplified photoresist for
deep-UV lithography and HeLa tumor cells.

3. Measurement theory
3.1. Interface circuit

Fig. 6 shows an interface circuit used to sense the probe
resistance change as it scans across the sample surface. It
includes a Wheatstone bridge, two gain stages providing
combined amplification of 10%, and a low-pass filter with a
cutoff frequency of 1kHz to reduce noise. The output
voltage (V) is plotted for the thermal image.

When the probe resistance change (ARp) is much smaller
than the probe resistance (Rp), as in the case of thermal

V, (4.5V)

(ADB21)
gain: 100

(AD621)
gain: 100

resistance

Dy il
~60Q control  |ow pass filter

L resistance fc =1 KHz

g
Wheatstone bridge AJ/D converter
and computer

Fig. 6. An interface circuit for sensing the probe resistance change.
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conductance contrast mapping, the output voltage change
(AV,y,) can be expressed as:

R,
(R +Rp)’

where V; is the voltage applied to the Wheatstone bridge,
and R, is a resistance of the Wheatstone bridge as shown in
Fig. 6. The supplied power change (AP,) of the probe
resistor due to the probe resistance change (ARp) is:

V2 /ARp(R| — Rp)
~ _p (BRpUNT — Rp)
APy = (Rp(Rl + Rp) ) @

According to Egs. (1) and (2), the output voltage change
(AV,,) is linearly proportional to the supplied power change
(APp). Since the supplied power change (AP,,) is equal to the
conductive heat loss between the tip and sample, which is
proportional to change in the thermal conductance of the
sample, the output voltage change (AV,,) represents the
thermal conductance contrast of sample.

The probe tip temperature change (ATp) can be calculated
from the output voltage change (AV,,,), which is:

AVou = 10* x Vi x ARp (1)

 AVou(Ri + Rp)*

ATp o L TP
"~ (10*V,R,RpTCR)

3)
The temperature coefficient of resistance (TCR) is
3640 ppm/K for Cr/Au (200/2000 A) thin film. A AV, of
100 mV corresponds to a ATp of 5.657 mK calculated using
the voltage and resistance values shown in Fig. 6. The full
scale ATp is indicated for all thermal scans presented in this
paper. Before a scan, this circuit is adjusted to balance the
Wheatstone bridge with the probe in contact with the sample
by adjusting the control resistor (R.) to make the resistance
ratio of R./R; equal to Rp/R; so that the output voltage is as
close as possible to 0 V in order to make full use of the
available dynamic range.

3.2. Thermal conductance contrast mapping

When the probe is operated at a constant tip temperature
(Tp), and with the sample thickness sufficiently thick com-
pared with the tip diameter, the heat loss (P;) to the sample
can be expressed as [4]:

o ansa(Tp — T())

"=+ (2nkaky) @

The heat loss depends on the contact radius a, the ambient
temperature T, and the tip-sample thermal contact resis-
tance R,, as well as the sample conductivity k;. Assuming
that the contact area and the tip-sample contact resistance do
not change during a scan, the heat loss is then directly
proportional to the sample thermal conductivity; i.e. for the
image mapped to depend primarily on the sample thermal
conductivity, it is necessary that 2nk;aR, < 1. This require-
ment can be satisfied for a commercially available wire
probe with tip diameter in the range of 1 pm when scanning

samples with low thermal conductivity. For the polyimide
probe, which has tip diameter ~50 nm, this constraint is
satisfied for virtually any case. Note that under this con-
straint the thermal probe can even be used to directly
measure the sample thermal conductivity, since the supplied
power will be directly proportional to it [18,19].

For the case of scanning an ultra-thin photoresist pat-
terned on a silicon wafer with thickness comparable to the
scan tip diameter, the heat transfer (P) between the probe tip
and substrate can be modeled as heat flow through a
cylinder:

(Tp — To)Aoks
H

where Tp is the probe tip temperature, Ay the tip-sample
contact area, k; the thermal conductivity of photoresist, and
H the photoresist thickness. The silicon substrate is a large
heat sink, effectively with a fixed temperature T,. The
thermal conductance image obtained from V,,, which
depends on the heat flow (P;), contains both topographic
image and thermal conductivity information. To separate the
influence of topographic variation from (V,), both of the
topographic and thermal images should be obtained simul-
taneously. The topographic image is produced by monitor-
ing the deflection of the probe cantilever as in a conventional
AFM by reflecting a laser beam from a mirror placed on the
end of cantilever.

Py = (5)

4. Measurement results
4.1. Spring constant and spatial resolution

The spring constant (k) is calculated by measuring the
thermal fluctuations of the cantilever in the range of 5—
25 kHz with the tip suspended 1 pm away from the sample
surface using a built-in function in the Topometrix system
[20-23]. The spring constant is given by:

_ Clka
= P.

k (6)
where a is a correction factor (=0.82), k, the Boltzmann
constant, T the ambient room temperature, and P, the area of
the power spectrum of the thermal fluctuations of the
cantilever. The measured spring constant is 0.082 N/m for
a250 pm x 50 um x 3 pm probe. Since the thermal fluctua-
tions of the cantilever is measured by monitoring the tip
motion using the optical-level method of an AFM, and only
the fundamental mode of the thermal fluctuation of the
cantilever is detected, the correction factor a is 0.82
[22,23]. If all the thermal fluctuation modes are detected,
the value of the correction factor a will be 4/3. Another
measurement is used to verify the linearity of the force-
deflection response of the probe (Fig. 7). The force conver-
sion is determined from the sensor response and the spring
constant.
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Fig. 7. The measured cantilever deflection versus the piezo displacement
of a 250pm x 50pm X 3 um probe. The cantilever deflection is
represented in current, since it is determined by the photosensor response
(PSPD).

Fig. 8 shows the scan results for same photoresist sample
with z-direction feedback. The topographic image which
uses the laser, and the thermal image which uses the resistor
were obtained at the same time. The photoresist pattern is
350 nm thick, with trench of 500 nm wide in 2 pm pitch.
The low spring constant allows scanning soft material such
as photoresist pattern with feature size of 500 nm easily
even without z-direction feedback (Fig. 9). The output
voltage drops as the probe scanned across the higher
thermal conductivity material (silicon), because the heat
loss from the tip to sample increases, which cools down the

Lithography Silicon UV6

defects\_f : Topography

N

é\ 251 nm

. e~ 1 ~ 'M25nm
— %
. ;
Lithography Silicon Uve
defect Thermal
S pm ATy =
42 93 mK
25 0.753 Vv
0374V
/,_? -0.006 V
0 25 e

0

Fig. 8. Topographic (top) and thermal (bottom) images of developed
UV6™ photoresist sample with thickness of 350 nm obtained with z-
direction feedback.

Uve Silicon

2.5 pm 0

m
O um 4

Fig. 9. Thermal image of the same photoresist sample of Fig. 8. No z-
direction feedback.

tip temperature, and the corresponding probe resistance. It
should be noted that in the absence of feedback control,
topographic variations on the sample surface would cause
variations in the tip-sample contact force which can poten-
tially affect the image.

Fig. 10 shows the topographic and thermal images of
exposed but undeveloped contact hole patterns in Shipley
UV113™ photoresist patterned with critical dimension of
70 nm with 200 nm pitch. The images were obtained with
scanrate of 0.75 pm/s and resolution of 400 lines. The thermal
probe and interface circuit are sensitive enough to detect a
photoresist thickness change only 4 nm, which corresponds to
a tip temperature change as low as 1.13 mK. Comparing the
topographic and thermal images of another photoresist sam-
ple shown in Fig. 11, the scan results clearly indicate the probe
has spatial resolution of <50 nm, which is comparable to the
smallest currently reported. The topographic resolution is
<1 nm.

4.2. Photoresist chemistry

The positive tone chemically amplified photoresist
UV6™ by Shipley, which is suitable for ultra-narrow line-
widths ULSI lithography research, behaves as shown in
Fig. 12 [24,25]. Unlike standard PR and PMMA, a photo-
acid generated by exposure permits catalyzed thermolysis of
the backbone polymer during the post exposure bake (PEB),
which changes the solubility of the exposed regions of the

ATp=1.13 mK

Fig. 10. Topographic (top) and thermal (bottom) images of exposed but
undeveloped UV113™ photoresist contact holes of 70 nm.
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Fig. 11. Topographic (top) and thermal (bottom) images of partial
developed UV113™ photoresist sample show the thermal probe has
spatial resolution of sub-50 nm.

resist and releases isobutylene. The photoresist thickness
decreases in exposed areas where the released isobutylene is
evaporated during PEB. Topographic variations and thermal
conductance variations due to the thermolysis of the back-
bone are mapped simultaneously by using the thermal probe.

Fig. 13 shows the scan results of a 500 nm thick exposed but
undeveloped UV6™ on a 4” silicon wafer. The sample was
exposed using a Leica Cambridge 10.5 EBMF 30 kV electron
beam lithography system with charge density of 9 uC/cm?,
and then post exposure baked at 130 °C for 4 min. As dis-
cussed previously, in chemically amplified photoresist, the

Backbone of photoresis

! Photoacid : !
\generator (PAG) in! Exposure ,
' chemically ampli- , generate |

 fied PR (eg. UVe): = i

: x Y 1 Post exposure
' ' baking (PEB)
: H* + \||/+ o
:

isobutylene
(Evaporated) oy !

' H* generated
. by PAG

Fig. 12. The mechanism of chemically amplified photoresist UV6™. PAG
acid deprotects the backbone during PEB for subsequent dissolution in the
developer.

Lithography Unexposed Exposed
Defects

\| Topography
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Fig. 13. Both of topographic and thermal images of exposed but
undeveloped photoresist-UV6™ of 500 nm thick on 4” Si wafer obtained
simultaneously. Sample was exposed by e-beam with charge density of
9 nC/em?, and then post exposure baked at 130 °C for 4 min.

photoresist backbone is cleaved during PEB with an accom-
panying loss in free volume due to the releasing of iso-
butylene in the exposed area. The resulting change in
thickness combined with the chemical change causes the
output voltage to drop as shown in the thermal image. The
“v”’ shape profile shown in the exposed area is due to the
dose distribution of the e-beam source [14]. The small
lithography defects shown both on the topographic and
thermal images clearly indicate the high spatial resolution
and sensitivity of thermal probe.

As discussed previously, a post exposure bake is usually
required to activate the catalytic reactions. During PEB, acid
generated by exposure diffuses and can cause pattern size
changes [14,26,27]. It is therefore important to control the
PEB conditions to suppress the acid diffusion for the critical
dimension control of nanofabrication when using chemical
amplification resist systems. Fig. 14 shows the topographic
and thermal line scans of a trench in exposed but undeve-
loped Shipley UV6™ photoresist with different duration of
PEB times. As the duration of the 130 °C PEB increases
from 45 to 360 s, both the topographic height change (Ah)
and AV, increase. However, the most significant change in
Ah occurs in the 45-90 s period, whereas the most signifi-
cant change in AV, occurs in the 180-360 s period. As
noted above, the Ah is due to the release of isobutylene and
depends on the acid concentration and the reaction rate of
photoresist backbone deprotection. The ‘v’ shape profiles
of exposed regions are due to the Gaussian distribution of
the e-beam source of dose profile, and hence, the acid
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Fig. 14. Topographic (left) and thermal (right) line profiles across the exposed photoresist trench with sample of different post exposure bake time. Both of
the topographic height change (Ah) and thermal voltage change (AV) increase as the PEB time increases.

concentration [14]. As the PEB time increases, the “v”’
shape profile widens due to the acid diffusion. However,
since the acid diffusion constant, which depends on the
process conditions [28], is only about of 50 nm?*/s for
uve™ [26], this change is very small (~10 nm) [29],
particularly when compared to the 500 nm width of the
exposed portion. Since the recommended PEB condition for
130 °C is 90s, the longer PEB times may deplete the
photoresist backbone, minimizing subsequent changes in
topography. In contrast, other chemical changes may lead to
the AV, increase during the 180-360 s period.

4.3. Biological analysis

A eukaryotic cell contains many membrane-limited com-
partments knows as organelles (mitochondrion, lysosome,
etc.) separated by the cytoplasm, and a nucleus bounded by a
double membrane. The organelles have different cellular
functions, and have slightly different thermal conductivity

compared with that of cytoplasm. In addition, the tempera-
tures of some organelles are expected to be different. For
example, the mitochondria are the energy generators of the
cell. Therefore, the temperature at the mitochondria should
be higher. The thermal probes are capable of mapping both
thermal conductance and temperature variations. Since sub-
surface variations in these quantities can be detected while
the topography is being mapped as well, the thermal probes
can potentially be useful tools for studying cellular activity
under different conditions. The low spring constant
(0.082 N/m), the high thermal isolation, and high spatial
resolution (<50 nm) of the polyimide probes are important
assets in this kind of application. Here, we demonstrated the
usage of applying the thermal probe to map the thermal
conductance contrast of fixed HeLa tumor cells, which are
widely used for studying cellular functions [30]. These cells
typically have a diameter of about 30 pm, with a very large
nucleus. The optical, topographic and thermal images of the
nucleus of a HeLa cell fixed to a glass slide while undergoing
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Fig. 15. The optical, topographic and thermal images of the nucleus of a
HeLa cell fixed to a glass slide while undergoing mitosis. The optical
image was obtained from transmission microscopy. The topographic and
thermal images obtained from thermal probes are almost identical since the
probe tip heat loss due to topographic change is dominant.

mitosis are compared in Fig. 15. The optical image was
obtained using transmission microscope (Axiovert 100TV)
with samples in the microscope immersion oil. Since the
topographic variation in such a sample is much larger than
the thermal conductivity difference of the organelles within
it, the thermal image is expected to be similar to the
topography map. The distinctions between these images
are evidence of variations in subsurface conductivity.

4.4. Scanning in aqueous environments

Aqueous scans are particularly challenging because of
enhanced parasitic thermal losses between the probe shank
and substrate, the need for complete electrical insulation,
and the impact of surface tension on the ultra compliant
probes. The probe and mounting platform must be immersed
in the liquid along with the sample to circumvent the surface

Metal A: 5 uym wide Chromel (300 nm)
Metal B: 5 um wide Pt/Ti (100 nm/20 nm)
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Fig. 16. Area (upper) and line scan (lower) thermal images of metal stripes
on a Si substrate obtained without z-direction feedback with the probe and
sample immersed in water.

tension forces, and to provide a uniform surrounding envir-
onment. The spatial resolution and temperature sensitivity
degrade due to the parasitic thermal liquid conductance
between the probe shank and sample. Since the liquid
(~1 W/m K) has much higher thermal conductivity than
that of air (2.6 x 107> W/m K), the heat transfer between
the probe shank and sample substrate can no longer be
neglected.

Fig. 16 presents area and linear thermal scans of metal
lines on a Si substrate in an aqueous environment. The
sample was 5 pum wide thin film chromel (metal A:
300 nm thick), and Ti/Pt (metal B: 20/100 nm thick) pat-
terned on a Si substrate and isolated from it by a 0.75 pm
thick silicon dioxide layer. The variation in metal films is
clearly detectable despite the fact that these scans were
performed without z-axis feedback. This is possible because
of the ultra compliant nature and high thermal isolation
offered by the probe. We believe this is the first scanning
thermal probe that can work in aqueous environment. With
the ability of scanning in aqueous environments, these
probes can potentially facilitate studies of cellular features
and functions of living cells in real time to provide other
information not provided by AFM, such as the temperature
distribution in a cell that is undergoing mitosis.

4.5. Performance analysis

Table 1 shows the current performance of polyimide
thermal probe with the interface circuit. The probe has tip
diameter about 50 nm, and spatial resolution of sub-50 nm
as shown in Figs. 4 and 11 respectively. According to Fig. 14,
the thermal probe can easily detect output voltage changes
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Table 1

Current performance of polyimide thermal probe with the interface circuit
Tip diameter (nm) ~50

Lateral spatial resolution (nm) <50
Topographic resolution (nm) <1

Input referred circuit noise (1 kHz BW) (nV) <2

AR resolution (mQ) <0.25

Tip temperature resolution (mK) <1.2
Detectable thermal conductance change (W/K) (1%) 1 x 1071
Detectable thermal conductivity change (W/m K) (1%) 2% 1073

lower than 20 mV. Since interface circuit has voltage gain of
10%, this indicates the interface circuit can detect input signal
change lower than 2 pV. Calculated using Egs. (1) and (3),
this also indicates the interface circuit can sense 0.25 mQ
probe resistance change or 1.2 mK temperature change in
the probe temperature.

Comparing the line profiles of topographic and thermal
scan at unexposed area in Fig. 13, it shows the thermal probe
can easy detect photoresist thickness change lower than 1%
(5§ variation of 500 nm thick). Since the output voltage is
proportional to the thermal conductance between the tip and
silicon substrate, which is k,A¢/H as discussed at Eq. (5), it
implies the thermal probe can also detect thermal conduc-
tance change lower than 1%, which is 1.09 x 107! W/K
(1% of kAy/H) by assuming that the tip-sample contact area
(Ap) is 30° © nm?, and the thermal conductivity of photo-
resist (k) is comparable to that of PMMA (0.193 W/m K)
[2]. By the same argument, the thermal probe can also detect
the thermal conductivity changes lower than 1%, which is
1.93 x 107 W/m K.

5. Conclusion

This effort has addressed the development and applica-
tions of a polyimide shank thermal probe fabricated by a 6-
mask surface micromachining. These probes are assembled
with the help of a thermocompression bond between thin
films that greatly improved yield. A modification of the
structure permits operation in aqueous environments. Typi-
cal probe dimensions are 250 um length, 50 pm width, and
3 pm thickness. The probe is ultra-compliant with a spring
constant of 0.082 N/m, and can be further reduced by
reducing the probe width and thickness. It can be operated
without z-direction feedback, even when scanning soft
materials.

The probe has a lateral spatial resolution of sub-50 nm,
and a topographical resolution of <1 nm. Combined with the
interface circuit, the probe can offer tip temperature resolu-
tion better than 1.2 mK. The probe has been used to scan
exposed but undeveloped photoresist samples, HeLa cells,
and to study the acid diffusion in photoresist during post
exposure bake. A sample scanned with both of probe and
sample immersed in water is also presented. These results
suggest the potential usefulness of the polyimide probe as a

tool for measuring the cellular activity of living cells in
aqueous environments.
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