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Infrared near-field radiation detection and super-resolution
temperature mapping

ZHU Xiao-Yan, WENG Qian-Chun’

(State Key Laboratory of Infrared Science and Technology , Shanghai Institute of Technical Physics, the Chinese

Academy of Sciences, Shanghai 200083, China)

Abstract: Infrared thermal imaging, which measures the surface temperature by detecting infrared radiation (IR ) spon-
taneously emitted by the object itself, is widely used in important fields such as military, civil aviation, security moni-
toring, and industrial manufacturing. However, due to the diffraction limit, the spatial resolution of IR thermal imaging
is usually above the micron scale and cannot be used to image nanoscale objects. In recent years, we have developed a
passive-type infrared near-field (NF) microscopy. It detects the NF radiation exists on the sample surface and therefore
achieves high spatial resolution well-below the diffraction limit. In this paper, we introduce the construction and de-

tailed mechanism of this novel microscope and recently achieved research progress, i. e. , sensitive detection of NF radi-

ation and super-high resolution infrared temperature mapping of working devices.
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Fig. 1 Near-field radiatio on the sample surface and its detection method (a) Far-field radiation and near-field radiation emitted
from the surface of the material; Tip-height modulation technique: (b)when increasing the tip-height: near-field radiation cannot
be scattered; (c)when decreasing the tip-height: near-field radiation can be scattered; (d) Diagram of the passive infrared scanning

near-field microscopy (SNoiM).



5 1 ARIGEHE 2 - ZLANIT S S Ko 73 L iR 571

M B (E S (b >> 100 nm B4, R it
i) o B2, R R R i B T o) B At 0 4 A R
A NI 5 SRR IA R IE S (E B

K 1(d)JE7R T SNoiM & Ge 44138 15 5 /R
BEL WE TR RS E S E ek — A mEUE
LML AMY AT o AR Z R, TEvR T
Rk FREE 4 D0 ik A SR BB O 1 e A
5L ENHGESE S — R Lo B i AR | 5 5ok
MRS T35 (5 5 T T H KT 1 = iR
o AT ERABEERKES T G, FRA
RAELLAM B O it T — LA /N SR R AL
(#5100 wm) , 38 i b A £ 45 0 1T DA 45 /N e 4 B9
BE, A 300175 S g5 SR, RO Rk &
A R 0% SR 21 AP I 2% B A% S 2 44 K PR
FFBU S 15 T e — KM . Ak, A
BABIF & T — 30 1o R A 2T AN ™, 05 T X
—HREEZR

K 2(a) B8 T 1 SNoiM % 55 & . Hor,
G EARE AR AL BT, S5 T B 0 AY
B 1 R A LD AME I B8 (CSIP) M — S IR IR G 24 4
5 LT HE PR S 56 % P 2128 0 3 T SR SR T
10U (AFM) L £LAMISCEE P B8 S i i 15 X3, L
AT ZE 2(b)  (¢)o LLAMNEZEE I 2 [ 4
AN T AZ BRI I A PR T2 P R AR v R ) o
FE o AN 2(h) A B T 38 I Ak TR i ik
Al g HE S R0 4 T (B g ok 4t Horp &
REHAAT/NE 100 nm AP .

LTHNRN=S

2 LLAME BT 3 i

(@) (b) AFMRETSME

2.2 EF SNoiM W o LA IR EHA R

FIFH SNoiM 42 A A5 4 1A 3% 181 4 305 375 8 55 7T
KIEWE LT AT S BR , SCER AR BELT AN AR . B 5
DI A 4 S 540 1 AR 285 SR R ) A 7 Ji s o 11 3
(a) A Au T8 i 7 350 2 B T PR 1K
1%, Horp, 2240 XN Au IR (29 50 nm J& ) , H
M IX 35 A SiO, 4 . i FH SNoiM & 45 1] [R] B 3R B
B B8 3 R S 2L A0 R (R EUE  E  E H
PR RS S R ) o W3 (b) o, i TR
PRI~ 14 wm) , LG LLIMEMR B 53 BRI A
AR 2R WA RS . A, Au 54 (Si0,) i3
ST W DX 43 DA R ) 4 /N 4 i SRR Sl Ak T vk
PO (E P R AR L TR ) o SR, 7EAH [R] R I
K, B 3(e) s BRI 20 A0 G R B0 T 4
()5 (] 53 BE 5, IRMGOE 2 AT 58 4 5 33l 1
U T AR B EGAR Al S T i — 20 B b
AP RS ARE AR B X, B 3R B R g TR
2B A5 R U8 6 T2 B ER, HfF 5k A
TR WG RSt BT 4w B RS e 0 e , DAL
Au B ESIE HE Si0, 58 . AT WO K [ 400~
760 nm, PRI G2 S ACBE 7] T I 20 B I2RE it 2 T 7Y
ML o IEIZH LIRS T8 TG IR IR G
B LM B W iR B B i S R e
SHES X HaF AT g . EERMEK N 14 um 1§
LR, ST A R Y BR A, 2R 8 1Y) S B s 8] 43 HE R
A2 14 wm ST LT A AG ARG T4 £ s T
PR BOAE i R T L AR HE S I Z 2 02
S Al PR R, AT ARAS 48 2 B AR (] 3e) .

SRIKIRET
(c)

Bi SNoiM (Sl (a)  £LAMEE B W AUEE SNoiM (1 S [, b 4 18 e R SR £L AR 4%

(b) AFM B ZLAMSC M55 5 47 P e vl Ao Tl ) 6 19 < J () ARORAR B 5 () BRET SRR I ) B B A

Fig. 2 The passive infrared scanning near-field microscopy (SNoiM) : (a) The photo of the passive infrared scanning near-field

microscopy (SNoiM), equipped with an ultrahigh sensitive infrared detector; (b) The diagram of atomic force microscope (AFM )

and the infrared objective; The inset shows a metal (tungsten) nanoprobe tip prepared by electrochemical etching; (¢)Micrograph

of the probe with the sample
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Fig. 3 The microscope images and their imaging schematics of Au film patterned on the SiO2 substrate: (a) optical image, (b)

far-field infrared thermal image and (c) near-field infrared thermal image.
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Fig. 4 Infrared thermal images of NiCr wire using various techniques: (a) Tthe optical microscope and far-field images of the cur-

rent-carrying metal wire; the scanning electron microscopy image and the super-high resolution infrared images of the device bend-

ing region in (b) “[YI”-and (c¢) “U”- shape, respectively.
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