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Contrast of Images on X-Ray Topographs
of Dislocations in Ice Single Crystals
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Abstract

Contrast of dislocation images on X-ray diffraction topographs were investigated in ice
single crystals. Bimodal images obtained in topographs taken by diffracting planes of higher
idices (Fig. 3) were interpreted by symmetrical dispositions of equal inclination contours of
06, which is the effective misorientation around a dislocation in ice (Fig. 5). The width of
the images at different parts on curved dislocations for different diffracting planes (Fig. 2 and
Fig. 3) were compared with theoretical values of the width L calculated by equation (5) in
which #=1 was assumed. Good agreement between the observed and calculated values
(Table II) proved the validity of the assumption #=1 which indicates that the lattice mis-
orientation effective to form dislocation images on the topographs is approximately equal to
the width of the rocking curve of the diffracted X-ray.

Limited accuracy of the present experiments which is caused by wider opening of slits
for short exposure time failed to exhibit clear bimodal images for the case of (1010) and
(2110), diffracting planes (Fig. 2 and Fig. 3), although it is clearly discernible in the (0002)
diffracting plane (Fig. 1). Discrepancies between the observed and calculated values of the
image width can be attributed also to the limited accuracy. It is anticipated that the vari-
ation in image width will be used as a qualitative indicator of impurity segregation along

dislocation when the accuracy of measurements is improved.

1. ¥ z2 M =

X fREPTREM L, AR OB T RBEOBRT A A Oy X o e FIE LB
THHETH B, 4H, ZoHERIPENECEIEE SR, FTLTEMTER IR S, Ge
1o E OB OEEEOBREIC E CHEPR TV 5, —J7ic 8i % Ge OFELIE\#Edh% FIA
LT, fixo X IR ofEE, B EOMoBFRRC X2 EH GO 2 v b5 A OB
7o & Libhh, BB OPRICKE RERE LT 2,

A2 OPFFEE T, KEREHOBEOPIRICH G 2D BE O D B RAER TS
CHEBEL L, WL EAaosEeEy s o X GEFEEEYFIB L TR TELY, oo
JiEdk o X BoOMBIRGRA NI oy, BRI Vo € THEBECHE S o &3k,
R R R




138 N " 2

KEF LTS TERIRETH D Bl iS5 R ETHELR TV 2 EMEEOR LA v
(10%em™2) K ClE—A—KDIEMMPEITE, ZTOERMOA—F—A « X7 P LEZICHR
T D2 ENTE Dy o THEEMED XK OB 2k (1 - T OREA OB O B )
wHEMT DD T, SHEHEE O, T LREADOBER IS 2 o0 LA
PR LI ENTED, FO—He LT 2L, Faho X 5 felifrna B X8 fo ik o—if<e
NH; %@ Lrc* KSR ROMROIEM A — FHRR LD 4O X5 Rl ho
AR PRSI RS LIE T E LY Lo~ ), B ORACHBOB SR L 6500y, (b
%/'r R T T DGO TOFEMI BT A DL T D,

ZTHET DO, STV REFIR LC, kodkfnic £ 2 X RBABIEIT G O =
VEFALEEMDOFH) OFES SCHBCTFHEINAE T VE T AN EREBELAZLOT
E’DZ)O FOREEG, BB ETACL > CHE LA KESTOBADOESLYH DO LEDOTT

BORLEH R 275 7OENBROTEGYESHPATELILZRL TS, £ LTIDT &
#BK% b DR O BT BT 5 BN R E B, A&@b+ﬁ77®ﬁw iR D RR
COWTORALEEDLZ LT,

2. BN E =
EFTERHEC BT 2O TR A L OMEERD D, RIS DT Y ] 30 %
P LHBOT, 2 THMAELE LS ST RIS 2 T 5,
X BEFEMEC L ARBED 2 v b5 A ML, HAPTEIRIEO T OB T T
LIGC X N ERIET 75 » 7ANLTRIMCKRET S, —IRICTF v 70 5 50Fh
80 (1M THIME d DAL dd LRI OEHE 40 12 X s TREIC L > CEET L2 N TE 5,

M:M+%mm1 )

FTZD 00 HERHOEH D DRFOEMEFHROT D EHTE D, Authier® 12 L pud*
Ak

00 = ksx—nl)ﬂ ﬂg;\l:) @
Z T,
h; kg~ 2 r
u; R DA
Ay [T () 0D B
Ry 1[4
0, 75 v 7/
ETshs

FREYT o4 (Laue case) kT, [ElT A 25 70 Rttt direct image, dynamical
image ¥ LU intermediary image OO SR A 4T Th OAVET BT 2 %
DEHTHbB,

(i) direct image; FEFLOBMOELT X OB C— 220871, EEHROEIT L oM
R TS, BREME DR EBEM LTI TE 5,

* NH; ¢ HF kR Binfc@eash, zhEhdERBTFrhokEEac D kb, L &itr £640
LRBEEMRMEIEL Z LT X MmbhTu 5,




3 KM ORI X 5 X BB s Ry 5 7 ooy v A 139

(i1) dynamical image ; 3R A o7z X e —adh, EHEE — A UAOHS, b
FERMNOBTFETY €~ 4 DfES Borrmann fan Owhod © — A 23 Efr o BECIET L CHES 4L,
IR L > TORMM I D

(111) zm‘ermedmry image ; il L > CY Bt X oA S L CTH O L O5ES
B A D B LR AR D i B (S,

ﬂ‘-xism@}f?-é EONEELS, NI BB o A LoV, Tieh b at<l O&MIIRIIT D
E &k, divect image BRI A Z EMBR T B, & LT direct image \ZEHE5 55
D% h O, effective misorientation 60 2%, SE4fEfo e v ¥+ v 7/ —TOMD 1~2

HFLDREL, HPEE—2ORREY LN DI HBCREND, W E Q) KR H

LT 08 RUEfiod & 3o b OPFERE & T & OEBCtIEB 35 &, effective misorientation [3# 3

ZinAHs

X 9 9 9 J '
0(}: -_[(A}——tzm dAé)( éal;+AzaU+AgaZ)> (Af—tan ﬁA%)(Alau-i-A @‘*’Aaay)J (d)
A:’/::ei,'e,;'

e WAL DMEEHC R Lo~ 27 b ov

e;; DB PR LI AL~ 2 b

(3) I ADERLO T I ) DRFOERD x, 3, z AL HRWEDBET BT, HXT
FhIhb

b Y 1 Xy ,
= o (tdn ! +G(I_j;) 36—2‘_“_)) ] 1

__=b . x2—y? ]

~ g L0290 n Gy + T | ()
w:r;bi tdn“’% \
A X i

T,
bey S= A=A - 7 b A DTS
by N—H— A« Xy bALDF VNS
S ORUE, SO IR T w=0, T & VBT u=0=0 Eich. 4) K& (3) iz L
AL, & DRI EINE T Ch B L 50 A #RALT, 00 38 %5k ho =
v H VI H—TOM de D bbb nd CELGEBCTELRBRICOWT 5,y O
WEa n OBIECOUL 0 OBIRE LCEIMT UL, RIS 1y FREOBALH TS L X

DRI effective misorientation OBMEMNE BN D, Flo A= H— A « X7 P ADFELER
R & y=0 10K T % v t/)f]ﬂ?‘g}['—& £, TiuRiEfzGon L &‘yx&b&dbi AT
_ \cosﬁ besin B 1 1
L"{ 7 7 ( +2(1—V))}1’ldn ®)
T,

g, =Lt cos20] /7’0“1/;(/

h— sin 2” ] n i

v, = — et B2F, _ 2hcosd

met 7V (1 + |cos 201)E,
B A & GENAR O O A
v, BT vV vk



140 N B
Fuy RE5ERT
Vs BRSO
Tollres UMK EO L& 1
ZLoThEzbRS, e, m ¢ XHEHOLFTTH D,

3. B A &

KHEEER OB, ZHEMSh BB G, BROMMAFIEIROmBmY Th o
UGB K — SRR M i~ o BB TV A T 7 vz — (0.45 )]

— A P B AR A — R UK

T DB T, BRICHER L cfFEkls Bridgman 3P CREAFIR Lice € L CRIGHEA
FERE 10%m™ OFERSD T — AR BRI E T HEE S » & ~ CEPTBEMECE 5 3R
U0 U wt OERTEDTNELLA D700, FHEMOEEA2H 05mm ¥ T7 A a2 — A
BELIH n- ~F 3 v TTa— &G Lice SOMNCHIELE STowifuv <A 5 %
vu:v¢4»?%DOH,%ﬂ%ﬁ:f«yFrfﬁmbIwm%mmétfkwhf§é%
BRI £ D DU RICANRT, FaAd~y FRICEES S, A U7 4 5, BEERE R-3,
ﬁﬁmﬁx%(%KV,meAhmnf%&iﬂhﬂ@iWMMWL%SWAGﬁSWz&
s Toe o 2 KT & BB OMAORIIEIRD L LI TH D,

BIR FERCH-7 X BRONHEE A7 T 7 OEEMOM G4

Table I Combinations of the diffracting and scanning planes of the X-ray diffraction
topography used for the present studies.
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Fig. 1 (a) A section topograph of a dislocation of ¢{0001) Burgers vector taken by
the (0002) diffracting plane. (b) A traverse topograph of dislocations of the same
type as (a) taken under the same conditions. Specimens are both NH; doped
ice single crystals.
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Fig. 2 (a) A traverse topograph of dislocations in an ice single crystal taken by the
(1010) diffracting and the (0001) scanning plane. (b) A drawing of the left
topograph for indicating individual dislocations by numbers. Refer to topographs
in Fig. 3 and numbers in Table II.
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Fig. 3 Traverse topographs of the same specimens as in Fig. 2 taken by different
diffracting planes. (a) by (2020), (b) by (2110), (¢) by (3030) and (d) by (4220).
Some dislocations visible in (b) and (d) disappeared in (a) and (¢) because they
satisfied the condition g-b=0
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Fig. 4 A traverse topograph of a dislocation loop indicated by No. 5 in Fig. 2 (b).
Taken by the (0002) diffracting plane and the (1010) scanning plane.

B3R 2 X & R U R % SR AY (2020), (3030), (2110), (4220) T& -t b E2Z T 7TH
Do & CTHIETMNIC S —H— R » =27 b A& L OEMO~@O ISR EE, (2020), (3030), (4220)
T EME (bimodal image) I27c > T A Db b, TR EMBINC, S—F—R X7 b
PAEKHNIC 72 <, b=c[0001] % { 2L — 71k, “EEAY RSV, LA LFEARO L S
i, ZOER— T (0002) JZEHE, (1010) E&HETE 7= £ 2757, FTibbr— 7ol
HBESTEECIE T EmELB LR T A,

SRS, BRMREOBIEE <27 b v g BERICEDBRELE->Twb, FlMUA—7
— A R b AK GO L EONNES B TEML, oW TR, BEROE X
KE->TELLTSa T B) X bbnd X 5iC, GO, fEiRoJm n LiE

HIFE X HEW L4275 7 EOWGRRO N O - FIEO K, 1=0714A, a=4524,
c=7.36A, v=1/3, n=1 & LCElH,

Table II Comparison of calculated and observed values of the width of dislocation images
on X-ray diffraction topographs with different diffracting planes.

SCHITH B 1010 2020 3030 2110 4220 0002
Dislo. © | 1010 | 2110 | Cale. Obs. | Calc. | Obs. | Calc. | Obs. | Cale. | Obs. | Calc. | Obs. | Cale. | Obs.
1 700 | 400 | 46w | 37+ | 1310| 1400 | 1458 | 195¢| 44 | 5am | 168e| 2306 - | -
2 5| 15| 2 | 2 | 8t | 8 | % | 98 | 32 | 43 | 120 | 174 | - | -
3 0 | 70 | 36 | 37 | 103 | 110 | 114 1 150 | 51 | 70 | 191 | 195 | - | -
4 10 | 40 | 27 | 33 | 78 | 8 | 8 | 97 | 38 | 54 | 143 |18 | - | -
5 90 - - - - - 60m | 53m
e = 52 | 105 158 9.0 18.3 55
dnx10-5 - 5.3 19 17 48 13 7.0
£o() » 148 212 155 9 180 106

MoKe, 2=071A n=1 a=452A ¢=7.36A
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Fig. 5 Contours of equal inclination of effective misorientation 60=dpn calculated by
equations (6) and (7) for different diffracting planes. (a) for the edge dislocation
and (b) for the screw dislocation.
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