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Imaging liquid phase with TEM
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Fig. 1. Schematic diagrams of three typical methods to observe liquid sample by TEM: (a) Environment TEM based on differential

pump systeml®); (b), (c) observation of the ionic liquid sample by TEMM; (d) schematic diagram of closed liquid cell for TEM obser-

vation; (e), (f) schematic diagrams of the liquid cell with the silicon nitride window!®7; (g), (h) schematic diagrams of the liquid cell

with the graphene window![®9.
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Fig. 2. Schematic diagram of the structure of a typical li-
quid cell.
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Fig. 3. The development of the silicon nitride window liquid cell.

Window film: 50 nm silicon nitride
Spacer: 10 pm polystyrene microspheres

AR5, H BRI W] LA A S — 282
RACKER LB, 5 — 202 A S50t L APRE. BEAt,
SR A B, A B 169 s A 20-67.68] o, B g FH ok
VR AR

AR R AR T 1 VA 1 R SR AR T An 4] 3
Fr7s. 2003 4, Tromp 45 O % 11 T A 2 Akt
R, 515 T s PRl R s T
Jr ). A Ak U [ i LS AR AR R i T
BRI, BT LA T R ACRE SRR R LAk () TR AR
BN B 2000 ARk, 45 w4 B R Al 48
PE ISR AR S BT AR 0 77 ], W T — R80T
BRIV IR I . RV B R BEEET , WRiE TEM /)43
HEAaR R JE B I DR T AR )RR )2 S AR
2009 4, Jonge %5 P K ZUALRE 8% 2 50 nm,
IR 10 pum JE B A 208 TR R 18] B #4 L
ST 4 nm W75 [E] 53 HER. [A4E, Zheng 45 112
T — TR R A T R s, IR R
25 nm, I TGRS HEER, IS E
HRAE A JES R B R TREER N B 2 ) A B i )2, 3R A
100 nm MR, 2011 4F, Evans 25 120 38 35 Jafi /)N
(] B2 SR B 1 RSB T RS [ 439, 2014 4F,
Liao & MR AR WA R BE 7 — 25 0/N 2 10 nm
LA, RIRESEEE T IR T HE R 4.

FEF AN T 5 8 YR AR s LA B A 1)
ATERERE R AT S A . L BN T A R AR

— —
Window film: 10 nm silicon nitride

Spacer: 100 nm indium
Resolution: atomic

2011 2014

Window film: 50 nm silicon nitride
Spacer: 50—200 nm gold
Resolution: atomic

b

086701-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 8 (2021) 086701

AR BCL A IR R O IR S A5
T AR Bl A e | B A A TR s 1
ARZEFGINE 4(a), (o) B, WAREE S R4l
Z LA YRS, H 8] 4 S A% >y B [ Y g 11
JI %5 A A

WA R VE T2 TR E 4(b) Frs. 388 7]
DRBRBAR I 53R b R R & 3 PR A3, 6T
A BYHIVE RGN T B eTERE R F il IR Ak
ARV (low pressure chemical vapor deposition,
LPCVD) Vil —E B (BRIEJLHELAGK) 1Y
R A ACRE A E R B AR, AR5 TR TR —)2
AR, R EEAE R BAR)Z R S . TERLRE
3 2R B ZI (reactive ion etching,
RIE) ZIft b % 1 DXl SR F5 38 2 92 o 41k 4 2 ok
¥ (buffered oxide etch, BOE) 7 %A fb i # 1 %
T B — oy A ALRE, VR AR ) A AR
PSR S A, o i SV AR A B VA TR 12 4% 1) S
s 2R M RESLE, B2 AR O, % 08
ORI, S R ILHHOK, KB 100 pm. B
A A R SR S A R, R
J ZN Bl AR S5 R T SR T E A R

T A A A D A A RTORS B o YR AR J2 JEE B T
DR i VA s i ] . AR RE O SRS A )
R CIAER B4 0T G O B M0 B 4
A M — AR A BT 10T A5 n] S 0 85 B B S AR .
H 2008 4, Franks 25 0 21 —FP R FHER &Y O
e, R E R TR SR = BHT, BTRH
O JE % AR I R T B, AT E A0, AN 20

\

|

4 AR TEM SRR 1 20 Bon

(b)

Nitride patterned l

——— 2

Etching silicon l

a2

Assemble chips

e A

Al R T g, R R AR AR R Y

BRUbZ Ah, ARAEAS R SR A A 2K, 7RI A
TR ()R T im TR AN oA Dy 6
BCELE R b, BT R A T AT B A D 7 g S
L TR 6200 g Sl R AR T A
P 172 IR o) 731 A AT A AR Tt P X R i
T2 Ak, DT Bl ok A i A S F A2 S g
PR SR AR, 2R i AR A FEL AR 5 AR i 7 22 ] gt
TTHL R, R AR S A F A s T R T A
RGBT LR A T A DA
A1 7 FH 18 SN Y80 A R Ak 2 S %) P R 9 L
T AL 2E TARRS W RS, W7 + 10V
Zidi. WK 5(a) Bz, Tromp %5 6 53 194 4
W VA R 2548, DARIF S A 40 K A 8 11 Fl Ak 2 JliA%
A, B3 B2 100 nm 5B A9 BUALRE AR, I
HEPhZILLE T 100 pm x 100 pm K/ EALEE
gL . 76 B dn A LT —)2 0.5—1.0 um 21
TSR, R R 2 T2 R Ak O 3
TEfb R ZVE R SCHEME L. SRIGHE T i BRI AL
Z & TAERML, & [ S AR IR 25 B 25 1. 1%
BEVT O, Sy L A2 S8 ST B0 76 SR YRR A
Brl T R T r R, LA BRI 4
J2, PRE T AR B A v B RGR B D) — R g
R T YRR B R AR 1 38 T SR FH 9 =X
TR s 181,

THN, FE— eS| X TR AR B TR R R
BERHTZ, A A T S A TR AR SR
InFATTE, MRS ARG IS, aniEl 5(b) fr

\

1 Deposit SiN layers

!

l Deposit SiO»

l Backside nitride

patterned

Frontside oxide
patterned

!

Etching silicon

() VPRI AR, A7 B ORAT, (b), (c) W0 € R 2 T 245

(b) MBI T 2520 98, Tl A R T 2543 SRR R PR A 454, s J5 26 A (c) S5 H8); (c) VA Il it AR 9 44 L o 1)
Fig. 4. Typical TEM liquid cell manufacturing process: (a) The structure diagram of the liquid cell, where description (b) and

(c) are cross-sectional diagram drawn along the black dash; (b) typical manufacturing process steps, the upper and lower parts are

made by different processes structure, finally assembled into (c) the structure of the liquid cell with the cross-sectional view.
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Fig. 6. Typical manufacturing process of the graphene liquid cell: (a) Two graphene deposited TEM grids are superimposed; (b) ex-

tra solution is removed by suction after dropping; (c¢) solution is entrapped between two graphene membranes after drying; (d) top

TEM grid is removed.
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Fig. 7. Schematic diagram of two typical graphene liquid
cell structures: (a) Graphene liquid cavity structure; (b) sili-

con-based graphene liquid cavity structure.
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Fig. 8. TEM time series images of the nucleation process of
gold nanoparticles®: (a)—(d) Nucleation process of gold
nanoparticles in solution; (e)—(n) nucleation situation of the
black frame area in (a) is selected, where particles demarcated
by the circle are dissolved during the nucleation process.
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Fig. 9. The three-step pathway of gold and silver nucleation in solution®!: (a) Three-stage evolution image of gold nanoparticle nuc-

leation; (b) schematic diagram of nucleation step; (c) three-stage evolution image of silver nanoparticle nucleation.
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Fig. 10. Growth process of nanocrystals observed by in-situ liquid electron microscope: (a) TEM time series images of Pt nano-

particle growth, the left side is the process of nanoparticle growth through monomer, and the right side is the process of nano-

particle aggregation growth!”)

nanoparticles!sl.

; (b) TEM time series images of the polymerization growth process of the specific crystal phase of Pt

086701-10


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 8 (2021) 086701

1.0} = Angle 3 . , ™
#® Angle 2 e A =
0.9F & Angle 1 4 A ..l
*® A L]
E 08}
E o“.' & ..
@ 0.7 AA a
< Al i
0.6
'y ..l
n
05 u™u®y
0.4 1 1 1 1 1 1 1
0 30 60 90 120 150 180
t/s
iv
0.35
0.30
7 0.25F
g
2 020
o
5 0.15 |
0.10 |
0.05

2.5 3.0 3.5 40 45 5.0 5.5

Diameter/nm

BT 9K S RTER W 052 I AR ) (a) SER Y BEAOR R I G54 A2 4K 5 (b) 7R AR BE A0 K £k 19 9 B i A2

Fig. 11. The directional adsorption process of nanocrystals in solution!®l: (a) Structural evolution of nanocrystals in the relaxation

phase; (b) straightening process of nanowires of different lengths.
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Fig. 12. Au growth on a Pt icosahedron/®: (a) TEM sequence image shows the growth process of Au on Pt icosahedral nano-

particles, and the arrow represents the growth and change position of Au; (b) quantitative analysis of Au nucleation and growth on

Pt nanocrystals, the equation is to consider the growth rate of reaction and diffusion.
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Abstract

Based on the improvement of transmission electron microscope (TEM), nano fabrication, and film
deposition, and with the development of the in-situ liquid TEM and nano characterization platform, various
relevant nano researches have been carried in different fields. In this article, the principle, basic design
requirements, development and typical preparation technologies of the liquid cell are briefly introduced.
Subsequently, the state-of-the-art applications of liquid cell transmission electron microscope in the nucleation
and growth of nanoparticles are reviewed. Finally, the opportunities and challenges faced by the frontier
development of this technology are also discussed. This article provides constructive discussion about and

support for advanced nano characterization technology and precise manipulation of atomic structures.
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