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Fig. 1. (a) Schematic diagram of a three-terminal graphene nanojunction, and the terminal temperatures
and heat flux directions for (b) AT > 0 and (c¢) AT < 0, respectively.

248104-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 24 (2016) 248104

Tap = Ta = Trace(I,GsI3GY)
(0435 = L,C,R), <3)

RH AR Ron SRR B, PSS R 5L,
e o i BT B BRI T LR 7R

Jopl T Tp) = g [ ol () = F(T)]de
(o,  =L,C,R), 4)
st
F(T) = 1 /{espli/(KsTo)] -1} (5)

T U BE N T, B AR o v 75 1 A0 35 28 - 52 TR J8ir 48 )
AR, WAL K W 5390 9 204 5 B o 5 200 3R
N5V e

K AL R e TN ) A B A% B R T € S
IE AL, IF H A BbR 47 2R, MR B2 BN
Bl 1 (b). X B A2 R B2 T P A FAR 2 T e,
YR EERFIRIE T = (T +T7) /2, 4G #blif
JE 5 PR E R B AT = (T7 - 1) /2 > 0.
HH 7 SR 1) A T R B PT DAEE (4) 20 2kt |
Fon ok 1l

Jt = JER(vaTg) + J;C(T;’TC)‘ (6)

A B B — A R AR T, AN —
X TR T A4S 22 1 SR Ak T AP BDIRES, ek
AR Ry % 10

Ja_ = JE_C(TE_>TC) + JP{_C(TI—{’TC) =0. (7)

W 1 (b) Fiw, (6) AR 7e A7 T 18] 1) # g
AT R 3 R B e A PR 2 8] B I FABE SE IR
JiR (T, T ) A RN ) PR 28 e AL J i
NABERI, B IS (T Te) = — o (Ta  Tc). H
TR AR BB PR N, #AGE e R
N, AEERAEA HBGAR H.

S AR ] B bR <=7 Row, an B AT (c).
X AT R IR B Ty P e R i T e, B
FIRE T, = (T) + TR)/2mE AT = (T] —
T )/2 < 0, WA BT 1] 22 TR B A

J7 = Jp(Tr, Ty + Jpe(Ty Te)- - (8)
SR T T 4% 1) AR A R R SR O 22,
Jo = Jre(Tr, To) + Jio(Ty, Te) = 0. (9)

B 1 (c) B, 3 BRA FIFE LA AT BRI (1 24
AR A PRI

i PR BCR AT BLRT R T E SRR L
R=|Jt —J7|/min(J*",J7). (10)

(10) A8 I B 5K 1E 1) A0 52 1) A% i I 428 )i 2 T A
|AT|AHTF]. A SCERO ARG B 1 5 SR IA 4t
— B R SCR i OB L s SR P LI —
AN 012,18,19,19), 1 g 1) I 2 5 T 1K) B /ME A
B A SCHR R F it 22 BE b I S 1) R UK
AKX — 58 SIS 2R A I Pt i AR 2 LA R Fr)
FaR T IR Lt — Rk T AR
I P T BT R AR R R 1 E K, AT BRI
PSR B 3 3 5 SRR L 2 3 DL 45
R 1 RS R E Sz ) A Fhond L F i 2 AR
G [31].

2.2 ZHRinABHEPKE

[E (3) AR, AR FESN R AAH S
PE. AEAE R T E R AR A I, B 5 A 1S
TN AR ANIE A A O SRR AR AR 10 DRk
ASCHFFRR I 1 () BT B — &S5 1.

= i 4 AR 7 A R T AR VR BN 1 K AE
T A A B o O ) B T E A R A
[ [19:18,190 A gk 2 30 A A FA AW 5 92 o) R AR T 6
EAHAEXT R, FEE 2 25 g DY Mg e ) 4 ol
PR 5 Fe A PR TR R SR AN TR o SR A i A 5
B FEAH [F] ) 20 A AR EE B, B4 7 A A (el AN 25
A g 0],

MR 12 G e AR W] LUK A 880 5 0 Nk TR
A (armchair, A) F14E 4 (zigzag, Z). B2 (a)
B 2 (b) 7 () 46 4 72 Bl v 20 A S8 0 BT 40 ol m —
SR TR B 5y SR A L 952, B2 (c) I 2 (d)
JIT 735 BR) 5 A6 D 52 % T e LA 04 L7 20 0 o — 2
e A Y SORIER T4 B 3 3. Ak B A SR A iy o
JEtnEl 2 (b) Fros FPE A BE R B H N, REoR, Tk
T B A 00 18] 2 (d) P s FH Bk — SR B N, R Al
2]

N T RORTTE, AL Xu % PR T L
SR AN B A 44 T3k, B 2 RS AR
AR 5 2 o A SR 05l R BE A 4408 72 () i
A 4 428 1 iy S 7Y - 4 i M ) v [ 9 . 42 TR
IR, B2 th & 9K E5 KR IRN: “ZA307, “ZZ607,
“AZ30” A1 “AA60”.

248104-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 24 (2016) 248104

2 MR SR A RN AR B 3 ) DU = AR 4K 2 (N, = 4, N = 7)

(¢) AZ30; (d) AAGO

(a) ZA30; (b) ZZ60;

Fig. 2. The four kinds of three-terminal nanojunctions classified in terms of the edge shape and
connection angle (N, =4, No = 7): (a) ZA30; (b) ZZ60; (c) AZ30; (d) AA60.
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Fig. 3. The phonon transmission between the control
terminal and the left (right) terminal in ZA30 as a

function of phonon frequency.
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Fig. 4. The terminal temperatures TEL/7 and T;:/7
in ZA30 as a function of |AT|(T¢ = 10 K).
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junctions as a function of temperature bias |AT|.
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Fig. 6. (a) ZA90 and (b) ZA30 whose left terminal

width NI = 4, and right terminal width NF = 7.
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Fig. 7. The rectification ratios of ZA30, and the other
two junctions with a wider right terminal, which are
ZA90 and ZA30.
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Abstract

By using the nonequilibrium Green’s function method, the ballistic thermal rectification in the three-terminal
graphene nanojunction is studied. The dynamics of atoms is described by the interatomic fourth-nearest neighbor
force-constant model. The nanojunction has a Y-shaped structure, created by a combination of a straight graphene
nanoribbon and a leaning branch as the control terminal holding a fixed temperature. No heat flux flows through the
control terminal. There exists a temperature bias between the two ends of the graphene nanoribbon serving as the left and
right terminals, respectively. The primary goal of this paper is to demonstrate that the ballistic thermal rectification can
be introduced by the asymmetric structure with different connection angles between terminals. The control terminal has
a smaller connection angle with respect to the left terminal than to the right terminal. The forward direction is defined
as being from the left terminal to the right terminal. The results demonstrate that, given the same control temperature
and absolute temperature bias, the heat flux in the graphene nanoribbon tends to run preferentially along the forward
direction. When the difference between the connection angles increases, the rectification ratio rises. Compared with that
of the zigzag graphene nanoribbon, the rectification ratio of the armchair nanoribbon is much sensitive to the direction
the control terminal. However, the greatest rectification ratio is found in the zigzag graphene nanoribbon which has a
connection angle of 30 degrees with respect to the armchair branch. In addition, the direction of the control terminal
can be adjusted to raise more than 50% of the rectification ratio of the graphene thermal rectifier based on the width
discrepancy between the left and right terminals. The mechanism of the ballistic thermal rectification is also discussed.
In the three-terminal graphene nanojunction, a smaller connection angle with respect to the control terminal leads to
more phonon scatterings. The confirmation of this conclusion comes from a comparison of phonon transmission between
different couples of terminals, which shows that in most of the frequency spectrum, the phonon transmission between
the control terminal and the left terminal is smaller than between the control terminal and the right terminal. Given the
same control terminal temperature and temperature bias, the asymmetric connection angles therefore will introduce a
higher average temperature of the left and right terminals, and a larger heat flux in the forward process. Moreover, the
average temperature difference between in the forward process and in the reverse process is found to be proportional to

the temperature bias, and the proportionality coefficient will become bigger if the asymmetry is strengthened.
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