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Abstract Electron backscatter diffraction (EBSD) technology has made great contributions to the research
of material crystal structure and orientation information, but its spatial resolution is low (which is greater than 100
nanometers) , so it is difficult for researchers to characterize nanocrystals. Since the transmission Kikuchi diffrac-
tion (TKD) technology was proposed in 2012, it has quickly received great attention in the field of nanomaterial
characterization due to its high spatial resolution. This article reviewed the development of TKD technology by re-
viewing a large number of literatures. The development history of TKD technology was reviewed, and the research
progress of TKD was also summarized. It mainly includes three parts. Firstly, the working principle of TKD and the
influence of some important setting parameters are introduced. Secondly, the application of TKD in the fields of
nanocrystalline grains, large deformation metals and oxide films in recent years is introduced. Finally, the future
development trend of TKD characterization technology is prospected.
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Tab.l  The comparison of three crystal orientation detection techniques

MERE A 231 R um TSN H S 30k
EBSD - F M TAE A5 RIS - | B A AR B R AR RO I L e Ak m
Al A 2 BR AR T 2 T ) 2 AT B 5 (0] 43 AR
TEM 0n B SRR IE <100 nm 28 B TR0 SUBESEL (5 CRASVE /N L TARBE 2R (REER WA .
BBl A AR
TKD 0.01 7] TEM B 5 , B 5 i i 23 [ M HER i SREEIERIK el




#1030 XUk B ARATH R (TKD) A 58 915

electron gun
y
. u

election beam

traditional EBSD sample

70°

election beam

thin sample

A

tilt angle

(b)
F2 (54 EBSD 5 TKD Ji # &
Fig.2 Traditional EBSD and TKD schematics

L1 1Y

E3 SEMFEMBGNEEE
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Tab.2 A summary of the instrument parameters used in different materials
sample tilt angle/® working distance/mm accelerating voltage/kV reference
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gear oil 20 - 30 21
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Fig.4 The phase distribution map of 2.25Cr—1.6W steel by
(a)EBSD and (b)TKD
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Fig.9  An antipolar diagram of grain structure strain at different equivalent strains
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Fig.10 TKD imaging of ZnO nanowires. (A,B) TKD patterns corresponding to pixels indicated by arrows in (C).(C) A TKD map of
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(G,H) TKD patterns corresponding to pixels indicated by arrows in (F)

Sl a-ALO,  ZrO, DLTE W) A1 AR AR a—-ALO,
B . LR 50 h BAh B B S s, TKD J 7 TS
FUE T ALY 21 B a—ALO, SR 20 %, , 76 50k b 3
B s HA BRI DY 5 Zr0, , 3% 2 B Stk 40 4k 3 2 i
FREINT Zo 0] SN R A Ze BOY O Ik
— I T 1ESE a-ALO Z B L. =2 BRI
ghAe e W SV JC 2R Ze T RE LR R 1 5 245 Ak Hr
8] 05 T & AR R L 24 Ze 5 S KT 3 AR FR s
RAETTTE , T LATE TKD Fhol 823 = 2454 .

3 ZiRERE

TKD $ 7K [ 2012 442 H DLk, PR 23 [i] 43 3%
AT R BR AR A )Y N TR AL R
AR T 4 b SRR A |G ek B SR AR ) A A
5445 EBSD A H , TKD BT K45 5 58 Wb 4 1 (14 4
28 g ] Bl B 1 A T o AT ARG I 31 EBSD G ¥ A6
1) — S X3, 0 2E AL IR {2 TKD XHRH A
Ein B TAEREES I o HE BB 5 A 5 Y
LR 8 KT T RN/ i S T DA g s )
Gy R HRTR] R il JE R S T i e R 4 LR
ANTE] N W 3 45 6 A B 538 1 S04 Rk B e
(22 R4 HER

g Tl TKD B ARAE B 245080 % 45 8 KAEH L 4
Je AT AL LS T TR R -

(DAL EES G BT BE 5 & M PE k24 TKD
Fi AR T8 22 2B R ARSI b 7T R

()RR AR R AFE S W S H E . TKD

It e, e F R 2B R i e R A S O
F AR S R B AR K m, RA it 24
SEINIRR G , A HE15 B B 15 B 5w 1 Ik 2

(3) 5 HMERMEHE AN . B A —L&
TKD AR 5 HABFRAEH AR S G o8 3, (H )2
PR R RE S SRR RIEH RS, R 2
A FL— %) TKD 5 A 2] i 45 5 R AR .
] — R R TE SEM Hff EDS 5 TKD HAREH
P IANDA RN - I AN R 7B o R VA D e
FAE.

(4) 5 BEAE 7 T o Al i L (>
30 kV)  BEPR AN B0 A0 L 5T R B AR AL SR e Y R
AT ] REFE = TKD HAR B9 AEPERE

eI LR = e SE A & TKD AR Aok
— 5 AT LA B 22 AT 2 )2 B 8

& % X W

[ 1] Deal A, Hooghan T, Eades A. Energy-Filtered Electron
Backscatter Diffraction[]J]. Ultramicroscopy, 2008, 108
(2):116-25

[ 2] Keller R R, Geiss R H. Transmission EBSD from 10 nm
Domains in a Scanning Electron Microscope[]]. Journal of
Microscopy,2012,245(3) :245-51

[ 3] Brodusch N, Demers H, Gauvin R. Nanometres—Resolu-
tion Kikuchi Patterns From Materials Science Specimens
with Transmission Electron Forward Scatter Diffraction in
the Scanning Electron Microscope[]]. ] Microse, 2013,
250(1):1-14

[ 4] Stuckert E P, Geiss R H, Miller C J, et al. In-Depth



10 X

A A5 < 2 S A BT S EOAR (TKD) Y REAIT 52

921

(5]

L6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

View of the Structure and Growth of SnO2 Nanowires and
Nanobrushes[J]. ACS Appl Mater Interfaces, 2016, 8
(34):22345-53

Randle V. Application of Electron Backscatter Diffrac-
tion to Grain Boundary Characterisation[]]. International
Materials Reviews,2013,49(1):1-11

B AR . B T AT HOR (EBSD) TER R
A I SE R SR (D). SRR T S A L 2017,
39:134-138

Abbasi M, Dehghani M, Guim H-U, et al. Investigation
of Fe-Rich Fragments in Aluminum-Steel Friction Stir
Welds Via Simultaneous Transmission Kikuchi Diffrac-
tion and EDS[J]. Acta Materialia,2016,117262-9
Zaefferer S. A Critical Review of Orientation Microscopy
in SEM and TEM[J]. Crystal Research and Technology,
2011,46(6) :607-28

Saleh A A, Casillas G, Pereloma E V, et al. A Transmis-
sion Kikuchi Diffraction Study of Cementite in a
Quenched and Tempered Steel[J]|. Materials Characteriza-
tion,2016,114146-50

Trimby P W. Orientation Mapping of Nanostructured Ma-
terials Using Transmission Kikuchi Diffraction in the

Scanning  Electron Ultramicroscopy,

2012,12016-24
Shih J W, Kuo K W, Kuo J C, et al. Effects of Accelerat-

Microscope[J].

ing Voltage and Specimen Thickness on the Spatial Reso-
lution of Transmission Electron Backscatter Diffraction in
CulJ]. Ultramicroscopy ,2017,17743-52

Barroo C, Akey A J, Bell D C. Nanoscale Crystallograph-
ic Characterization of Nanoporous Catalyst by TKD[J].
Applied Surface Science,2019,4871362-5

Kuo C W, Kuo J C, Wang S C. Resolution of Transmis-
sion Electron Backscatter Diffraction in Aluminum and
Silver: Effect of the Atomic Number(J]. Ultramicroscopy,
2018,193126-36

Koblischka-veneva A, Koblischka M R, Murakami M.
Secondary phase particles in bulk, Infiltration-Growth
Processed YBCO Investigated by Transmission Kikuchi
Diffraction and TEM[J].
Technology,2020,33
Koblischka—veneva A, Koblischka M R, Schmauch J, et al.
EBSD Analysis of MgB2bulk Superconductors|J]. Super-
conductor Science and Technology,2016, 29(4)

Superconductor Science and

Liang X Z, Dodge M F, Jiang J, et al. Using Transmis-
sion Kikuchi Diffraction in a Scanning Electron Micro-
scope to Quantify Geometrically Necessary Dislocation

Density at the Nanoscale[J]. Ultramicroscopy, 2019,

[19]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

19739-45

Suzuki S. Features of Transmission EBSD and its Appli-
cation[J]. Jom,2013,65(9) :1254-63

Birosca S, Ding R, OOIL S, et al. Nanostructure Charac-
terisation of Flow-Formed Cr-Mo-V Steel Using Transmis-
sion Kikuchi Diffraction Technique[J]. Uliramicroscopy,
2015,153(1-8)

Liu J, Lozano-perez S, Wilkinson A J, et al. On the
Depth Resolution of Transmission Kikuchi Diffraction
(TKD) Analysis[]J]. Ultramicroscopy,2019,205(5-12)
Jin Y, Liu J, Zhou W. Microstructure and Micro Strain
in the CGHAZ of 2.25Cr—1.6W Steel after Intercritical
Heat Treatment[J]. ISIJ International, 2017, 57 (12) :
2201-6

Adebogun A, Hudson R, Breakspear A, et al. Industrial
Gear Oils: Tribological Performance and Subsurface
Changes[J]. Tribol Lett,2018,66(2) : 65

Rice K P, Keller R R, Stoykovich M P. Specimen-Thick-
ness Effects on Transmission Kikuchi Patterns in the
Scanning Electron Microscopel[J]. J Microsc, 2014, 254
(3):129-36

Wollschlidger N, Palasse L, Héusler I, et al. Character-
ization of the Inner Structure of Porous TiO 2 Nanoparti-
cle Films in Dye Sensitive Solar Cells (DSSC) by Fo-
cused ion Beam (FIB) Tomography and Transmission Ki-
kuchi Diffraction (TKD) in the Scanning Electron Micro-
scope (SEM)[J]. Materials Characterization, 2017, 131:
39-48

Schaffer M, Schaffer B, Ramasse Q. Sample Preparation
for Atomic-Resolution STEM at Low Voltages by FIB[J].
Ultramicroscopy,2012,11462 - 71

Rao J H, Zhang Y, Fang X, et al. The Origins for Ten-
sile Properties of Selective Laser Melted Aluminium Al-
loy A357[J]. Additive Manufacturing,2017,17(113-22)
Hasegawa M, Guillonneau G, Maeder X, et al. Electro-
deposition of Dilute Ni-W Alloy with Enhanced Thermal
Stability: Accessing Nanotwinned to Nanocrystalline Mi-
crostructures|J]. Materials Today Communications, 2017,
12(63-71)

Singh J, Kim M S, Lee J H, et al. Microstructure Evolu-
tion and Deformation Behaviors of E-Form and AZ31 Mg
Alloys During Ex-Situ Mini-V-Bending Tests[J]. Journal
of Alloys and Compounds,2019,778( 124-33)

Tong V, Joseph S, Ackerman A K, et al. Using Trans-
mission Kikuchi Diffraction to Characterise o Variants in
an a+f Titanium alloy[J]. Journal of Microscopy, 2017,
267(3):318-29



922

H o= B %

5 R = R

41 34

[29]

[30]

[31]

[33]

[34]

[35]

La Fontaine A, Yen H W, Trimby P, et al. Martensitic
Transformation in an Intergranular Corrosion Area of Aus-
tenitic Stainless Steel During Thermal Cycling[J]. Corro-
sion Science,2014,85(1-6)

Wang S J, Liu G, Wang J, et al. Characteristic Orienta-
tion Relationships in Nanoscale AlI-AlCu Eutectic[J]. Ma-
terials Characterization,2018,142(170-8)

Brodusch N, Demers H, Trudeau M, et al. Acquisition
Parameters Optimization of a Transmission Electron For-
ward Scatter Diffraction System in a Cold-Field Emission
Scanning Electron Microscope for Nanomaterials Charac-
terization[J]. Scanning,2013,35(6) :375-86

Liu T, Leazer ] D, Brewer L. N. Particle Deformation and
Microstructure Evolution During Cold Spray of Individual
Al-Cu Alloy Powder Particles|]]. Acta Materialia, 2019,
168(13€23)

Adegbenjo A O, Olubambi P A, Westraadt J E, et al. In-
terface Analysis of Spark Plasma Sintered Carbon Nano-
tube Reinforced Ti6A14V[]]. Jom,2019,71(7):2262-71

Wang F C, Zhang Z H, Sun Y J, et al. Rapid and Low
Temperature Spark Plasma Sintering Synthesis of Novel
Carbon Nanotube Reinforced Titanium Matrix Composites
[J]. Carbon,2015,95(396-407)

Soroosh P 'V, Roumen P, Leo K. Resolving the geometri-

[37]

[38]

[39]

[40]

cally necessary dislocation content in severely deformed
aluminum by transmission Kikuchi diffraction[J |. Materi-
als Characterization,2018,140(2) :25-32

Kozlik J, Harcuba P, Strasky J, et al. Microstructure
and Texture Formation in Commercially Pure Titanium
Prepared by Cryogenic Milling and Spark Plasma Sinter-
ing[J]. Materials Characterization,2019,151( 1-5)
Mariano R G, Yau A, Mckeown J T, et al. Comparing
Scanning Electron Microscope and Transmission Electron
Microscope Grain Mapping Techniques Applied to Well-
Defined and Highly Irregular Nanoparticles[J]. ACS Ome-
ga,2020,5(6):2791-9

Majid A D-I1 K, Hwan G, Morteza H, et al. Application
of Transmitted Kikuchi Diffraction in Studying Nano-ox-
ide and Ulirafine Metallic Grains[J]. ACS Nano,2015,9
(10):991-1002

Lederer M, Kampfe T, Vogel N, et al. Structural and
Electrical Comparison of Si and Zr Doped Hafnium Oxide
Thin Films and Integrated FeFETs Utilizing Transmis-
sion Kikuchi Diffraction[J]. Nanomaterials (Basel) ,
2020,10(2):

White R, Weaver M. Microstructural Investigation of the
Thermally Grown Oxide on Grain-Refined Overdoped Ni-
Al-Zx[J]. Oxidation of Metals,2019,92(3-4): 227-42



