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Giant Tunnel Magneto-Resistance in Graphene Based Molecular Tun-
neling Junction

Bin Wang, a Jianwei Li, a Yunjin Yu, a Yadong Wei, ∗a Jian Wang, ∗b and Hong Guoc

We propose and theoretically investigate a class of stable zigzag graphene nanoribbon (ZGNR) based molecular magnetic tun-
neling junctions (MTJs). For those junctions having pentagon-connecting formation, huge tunnel magneto-resistance (TMR) is
found. Different from most of the other proposed molecular junctions, the huge TMR in our structures is generic, which is not
significantly affected by external parameters such as bias voltage, gate voltage, length of the molecule and width of ZGNRs.
The double pentagon-connecting formation between the molecule and ZGNRs is critical for the remarkable TMR ratio, which
is as large as ∼ 2× 105. These molecular MTJs behave as almost perfect spin filters and spin valve devices. Other connecting
formation of the ZGNR based MTJs leads to much smaller TMR. By first principles analysis, we reveal the microscopic physics
responsible for this phenomenon.

1 Introduction

Tunnel magneto-resistance (TMR) is an important phe-
nomenon which has become a device principle for many elec-
tronic applications such as magnetic sensors and magnetic
random access memory1,2. In a magnetic tunneling junction
(MTJ) made of two ferromagnetic metals sandwiching a thin
insulator, TMR describes the resistance variation when mag-
netic moments of the two metals change from parallel con-
figuration (PC) to anti-parallel configuration (APC). One of
the principle aspects of MTJ research is to obtain large TMR
because it can provide higher sensitivity for practical applica-
tions. In traditional MTJ, the magnetic metals are usually Fe,
Co, Ni and their alloys, and the insulators are typically Al2O3
and MgO. TMR value ∼ 12% was firstly detected in CoFe-
Al2O3-Co3 MTJ and ∼ 18% in Fe-Al2O3-Fe4 MTJ at room
temperature. The value was further enhanced to ∼ 30% in the
MTJ composed by Fe|Co|Ni alloys with Al2O3 barrier.5 TMR
value up to 220% were observed in single crystal Fe-MgO-Fe
MTJ at room temperature6,7 and is proved can be further en-
hanced by strain of the device.8 Recently, TMR as large as
1100% at low temperature and 600% at room temperature has
been experimentally reported in CoFeB|MgO|CoFeB MTJs,9

although this value is still much smaller than that predicated
by first principles calculation.10,11

More recently, TMR in molecular MTJs has received much
attention since quantum transport properties can be chemi-
cally exploited for better and novel functionality.12–14 Ma-
hato R.N. et.al reported an exceptionally large (> 2000%)
TMR value in one-dimensional systems formed by molecu-
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lar wires embedded in a zeolite host crystal experimentally.12

They emphasize that the ultrahigh TMR value is attributed to
spin blockade in one-dimensional electron transport. Theo-
retically, several groups predicted very large TMR values in
different molecular MTJ.15–19 Rocha et al. calculated TMR
in Ni-tricene-dithiolate-Ni molecular structure and predicted
a significant TMR value, ∼ 600%.15 Zu et al. investigated
spin-polarized transport of magnetic-Fe4 molecules in contact
with two gold electrodes.16 Even though gold electrodes are
not magnetic, due to the magnetic property of Fe4, a large
TMR value ∼ 1800% was predicted. Ni et al.17 investigated
perylene tetracarboxylic diimide molecules sandwiched be-
tween two graphene nanoribbons and theoretically predicted a
huge TMR∼ 104%. Cao et al.18 studied Fe-terminated zigzag
graphene nanoribbon (ZGNR) junction using first-principles
method and found TMR ratio can reach more than ∼ 105%.

In these works15–17, the large TMR was due to very sharp
transmission resonances, in other words, the alignment or
miss-alignment of a resonance to the Fermi level causes a
large change in tunneling. We note that the phenomenon of
resonance mediated large TMR is inevitably sensitive to de-
vice details. Namely a small variation in the contact structure
during device fabrication is enough to shift the narrow energy
bands near the Fermi level which destroys the desired TMR.
While one may carefully control such contact details in a re-
search laboratory, it would be extremely hard - if not outright
impossible, to reach such a high degree of control in large
scale practical fabrication.

Therefore, a very important next step is to understand de-
vice contacts thereby finding favorable structures for realizing
the large TMR in molecular MTJ in a robust way. To this
end, one notes that graphene possesses outstanding proper-
ties including high carrier mobility and long spin relaxation
length.20–22 ZGNR can be processed to have a large spin po-
larization on account of quantum confinement and edge ef-
fect.23 Due to chemical similarity, it is natural that graphene
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Fig. 1 (Color online) (a) Schematic structures of the ZGNR based
MTJ, where a biphenyl molecule (M=2) is connected by two
semi-infinite ZGNRs with width N=4. The carbon atoms at both
edges of ZGNRs are mono-saturated by hydrogen atoms. Green
bulks indicate the lead regions where bias voltage VL and VR are
applied. Blue bulk represents the voltage gate in the scattering
region. Red arrows describe the orientation of external magnetic
fields in leads. Two different connecting configurations between
biphenyl molecule and ZGNRs are given in (b) and (c). The former
is named as double dangling-connecting formation and the latter is
named as double pentagon-connecting formation. Six ZGNR unit
cells in each lead are used as buffer layers in the scattering region.

can easily form chemical bonds to organic molecules. There-
fore, ZGNR based molecular MTJ17 is very interesting and
important, and spin polarized transports in such MTJs have
also received tremendous attention18,24,25.

In this work, we theoretically investigate and search for
proper ZGNR/molecule contacts that lead to giant TMR val-
ues not relying on quantum resonance. We found a class of
stable ZGNR bridging polyphenyl molecules and, for those
junctions having pentagon-connecting formation, giant TMR
is found. Importantly, the giant TMR is generic and not sig-
nificantly affected by external parameters such as bias voltage,
gate voltage, length of the molecule and width of ZGNRs. The
double pentagon-connecting formation between the molecule
and ZGNRs is critical for the remarkable TMR ratio - as large
as 2× 105 (∼ 2× 107%). These molecular MTJs behave as
almost perfect spin filters and spin valve devices. Other con-
nection formation, however, leads to much smaller TMR. By
first principles analysis, we reveal the microscopic physics re-
sponsible for this phenomenon.

2 Computational details

Fig.1(a) is the schematic structure of ZGNR based MTJ
where a biphenyl molecule is sandwiched between two mono-
hydrogenated semi-infinite ZGNRs. Two different connecting
formations between biphenyl molecule and ZGNRs were in-
vestigated. In the first formation as shown in Fig.1(b), the

phenyl group connects to both ZGNR leads by sp hybrid or-
bitals which is hereafter referred to dangling structure. In the
second formation as shown in Fig.1(c), the phenyl group con-
nects to each ZGRN lead by sp2 hybridization which is named
as pentagon structure. Both structures are relaxed by VASP26

and numerical results indicate that pentagon structure is more
stable than dangling structure.27 Previous investigation indi-
cated that ZGNR has spontaneous magnetic moments with
spin orientations on both edges parallel or anti-parallel.28,29

The total magnetic moment is zero in spin anti-parallel con-
figuration and non-zero in spin parallel configuration. In this
paper, only the parallel configuration of ZGNR is considered
because magnetic field is applied on each lead in order to in-
vestigate TMR behaviors. We note that all the ingredients of
the device are carbon atoms and the ZGNR structure has been
fabricated experimentally with width as narrow as 2 nm30,31

making the proposed device easier for experimental realiza-
tion.

Quantum transport properties of molecular devices were
preformed by first principles package NanoDCal32,33 which
is based on the standard NEGF-DFT method34,35. Double-
ζ basis36,37 set was used to expand the wave functions
and the exchange-correlation potential was treated at LSDA
level38–40. The mesh cut-off energy was 200 Rydberg and en-
ergy tolerance for self-consistency was restricted to 10−4eV.

The spin resolved transmission coefficient is calculated by

Tσ (E) = Tr[ΓL(E)Gr(E)ΓR(E)Ga(E)]σσ , (1)

where σ =↑,↓ is the index of spin; Gr and Ga are retarded and
advanced Green’s functions of the system; Γα (α = L,R) is
linewidth function which describes the coupling between the
α lead and the scattering region. Under finite bias voltage, the
spin resolved current is calculated by the Landauer-Büttiker
formula,

Iσ =− e
h

∫ +∞

−∞

dE[ fL(E−µL)− fR(E−µR)]Tσ (E), (2)

where fα is the Fermi distribution function of lead α with
chemical potential µα .

The spin polarization of the system is defined as

SP =
I↑− I↓
I↑+ I↓

×100%. (3)

TMR is defined as,

T MR =
IFM− IAFM

IAFM , (4)

where IFM = IFM
↑ +IFM

↓ and IAFM = IAFM
↑ +IAFM

↓ . IFM
σ (IAFM

σ )
is the spin polarized current of FM (AFM) configuration,
where the orientations of the magnetic moments in both leads
are parallel (anti-parallel). When the bias voltage is small
enough, Iσ in Eq.(3) and Eq.(4) can be replaced by Tσ at Fermi
level.
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Fig. 2 (Color online) Spin resolved transmission coefficient Tσ at
equilibrium ((a),(d),(h),(k)) and isosurface of scattering states at the
Fermi level for spin up channel ((b),(e),(i),(l)) and spin down
channel ((c),(f),(j),(m)) of biphenyl-ZGNR nanostructures (M=2,
N=4). (a)-(c) are for FM configuration of dangling structure, (d)-(f)
are for AFM configuration of dangling structure, (h)-(j) are for FM
configuration of pentagon structure, and (k)-(m) are for AFM
configuration of pentagon structure. In (a),(d),(h) and (k), the red
solid curves and blue dash curves correspond to T↑ and T↓,
respectively. The Fermi level is set to zero indicated by the vertical
dot lines.

3 Results and discussion

Firstly, we investigated TMR of the structures as shown in
Fig.1 in the small bias limit (near equilibrium). Spin resolved
transmission coefficients Tσ were calculated for both dangling
structure and pentagon structure, which show completely dif-
ferent behaviors of TMR at equilibrium. For the dangling
structure, Tσ is finite at Fermi level for both spins of FM (T FM

σ )
and AFM (T AFM

σ ) configurations (see Fig.2(a) and Fig.2(d)).
For FM configuration of pentagon structure (see Fig.2(h)),
T FM
↑ is finite and T FM

↓ is almost equal to zero when energy is
between −0.2eV and 0.5eV , which gives large spin polariza-
tion around the Fermi level. Numerical results show that T FM

↑
around the Fermi level is mainly contributed by the hybridiza-
tion of the edge states of ZGNR and the re-normalized HOMO
state of the biphenyl molecule. For AFM configuration of
pentagon structure (see Fig.2(k)), a larger gap ∼5eV appears
around the Fermi level for both T AFM

↑ and T AFM
↓ . From Eq.(4),

TMR is found to be small for the dangling structure (∼ 21%),
while it is huge for the pentagon structure (∼ 7.6× 104 or
7.6×106%) in small bias limit.

This TMR value is much larger than that proposed in other
molecular MTJs15–18. It is necessary to confirm the generic
property of huge TMR in such polyphenyl-ZGNR nanojunc-
tions. We thus calculated the equilibrium transmission coeffi-
cients of other polyphenyl-ZGNR nanostructures by increas-

ing ZGNR width N and phenyl group number M. For the
configuration with N=4,6,8,10, phenyl groups are placed close
to or in the center line of graphene leads. While for another
configuration with N=10 (N = 10′), phenyl groups are placed
close to one edge of graphene leads. Typical data are shown
in Table 1 and general conclusion can be deduced. For all the
dangling structures, TMR is always small at equilibrium (less
than 100%). While for all the pentagon structures, TMR is
always huge with magnitude roughly 104.

To understand the physics essence behind huge TMR val-
ues of pentagon structures, scattering states at the Fermi level
were calculated for both dangling structures and pentagon
structures. We found that two reasons are responsible for
the huge TMR. One is the mismatch of the scattering states
from the leads and those in the central molecular region, and
another one is the mismatch of the scattering states between
two leads. The former induces a very small spin down trans-
mission coefficient of FM configurationas shown in Fig.2(h)
and the later contributes to very small transmission coeffi-
cients for both spin up and spin down electrons of AFM con-
figurationas shown in Fig.2(k). As a result, a huge TMR is
obtain according to Eq.(4). The detailed analysis is as fol-
lows. For the dangling structure with FM and AFM con-
figurations, the extended py orbitals of the dangling carbon
atoms take large overlap with the delocalized big π-orbital of
biphenyl ring and graphene leads for both spin up and spin
down electrons,41 which manifest that the spin up scattering
state and the spin down scattering state at the Fermi level are
well extended at biphenyl molecule and ZGNRs as shown in
Fig.2(b), (c), (e) and (f). As a result, T FM

σ and T AFM
σ are fi-

nite and comparable, and thus TMR value is small. However,
the situation is entirely different for the pentagon structures.
For the spin up channel of FM configuration of the pentagon
structure, extended π-orbitals are formed in both pentagon
and biphenyl molecule. Due to the coplanar conformation of
biphenyl molecule and ZGNRs, the overlap of π-orbitals takes
a maximum value and π electrons can easily go through the
system as shown in Fig.2(i), which gives rise to a large spin
up transmission coefficient. Similar result has been obtained
in previous investigation which indicated that the transmis-
sion coefficient is sensitively depends on the angle between
the molecular planer and the graphene leads.41 While for the
spin down channel of FM configuration, the scattering wave
function is completely blocked in the biphenyl molecular re-
gion as shown in Fig.2(j) because of the mismatch of the or-
bital of biphenyl molecule to that of ZGNR leads. As a result,
T FM
↓ around the Fermi level is close to zero. The spin selec-

tion properties of transmission coefficient around the Fermi
level has been reported in perfect ZGNRs.42 Furthermore, for
the AFM configuration of the pentagon structure, the spin up
(down) wave functions from left lead are orthogonal to that
from right lead because of the spin splitting of spin up and
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N (M=2) M (N=4)
4 6 8 10 10′ 3 4 5 6

TMR I 0.21 0.28 0.35 0.38 0.92 0.42 0.63 0.38 0.54
TMR II 7.4×104 6.2×104 5.4×104 3.6×104 2.7×104 1.2×104 3.3×104 5.2×104 7.9×104

Table 1 TMR of dangling structures (TMR I) and pentagon structures (TMR II) with different ZGNR widths N and different phenyl group
numbers M.
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Fig. 3 (Color online) (a): Spin polarized current Iσ versus bias
voltage for FM and AFM configurations of pentagon structure
(M=2, N=4). IFM

↑ , IFM
↓ , IAFM

↑ and IAFM
↓ are plotted by curves with

circle, square, up-triangle and down-triangle on them, respectively.
(b). Zoom in of (a) for IFM

↓ , IAFM
↑ and IAFM

↓ . (c) The spin
polarization SP versus bias voltage for the FM configuration. (d)
TMR versus bias voltage.

spin down density of states around the Fermi level. There-
fore, scattering states are barely distributed on the molecule
for both spins (see Fig.2(l) and Fig.2(m)) and the transmission
coefficients are close to zero at the Fermi level. As a result,
a remarkably huge TMR is obtained. Our numerical results
and theoretical analysis support that the pentagon-connecting
formation between the molecule and ZGNRs is critical for the
remarkably huge TMR.

In the following, we will focus on the pentagon configura-
tion of biphenyl-ZGNRs MTJ to investigate the influence of
bias voltage and gate voltage to the huge TMR. Fig.3(a) and
Fig.3(b) show the spin polarized current versus bias voltage
∆V = VL−VR for FM and AFM configurations. We see that
IFM
↓ is almost zero for all biases, while IFM

↑ increases linearly
to∼1.5µA when the bias voltage increases from zero to about
0.15V and then IFM

↑ saturates around 1.2 to 1.6µA upon fur-
ther increase of bias voltage. As a result, spin polarization of
FM configuration reaches ∼ 100% (see Fig.3(c)) independent
of bias voltage. This suggests that the pentagon structure of
biphenyl-graphene nanojunction is a perfect spin filter. More-
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Fig. 4 (Color online) The spin polarized DOS of left lead and right
lead versus bias voltage: (a) zero bias, (b) a smaller bias ∆V =0.2V,
and (c) a larger bias ∆V =0.5V. In each case, the left panel indicates
the DOS of left lead and the right panel indicates the DOS of right
lead. Spin up DOS and spin down DOS are plotted by the red solid
curve and blue dash curve, respectively. The shadow regions in (b)
and (c) correspond to the mismatch between the chemical potentials
of left lead µL and right lead µR, where µL = eVL and µR = 0.

over, although the bias dependent behavior of IAFM is similar
to IFM
↑ as shown in Fig.3(d), its value is much smaller than

IFM
↑ for all the bias voltages. From Eq.(4), huge TMR is ob-

tained with the maximum value ∼ 7×104 at zero bias voltage
. From Fig.3(d) we see that TMR decays with the increase
of the bias voltage, but its minimum value is still ∼ 4× 103

(4× 105%) in the bias range (−1V,1V ). This TMR is still
much larger than that of the conventional spin valve device
at the same bias6,10,11,18. It shows that our biphenyl-graphene
nanojunction is a robust and an ideal spin valve as well as MTJ
device.

In the following, we analyze the physics of TMR behav-
ior versus bias voltage as shown in Fig.3(d). The decay of
TMR versus bias voltage is transparently from the decrease of
growth rate of IFM

↑ (see Fig.3(a)) and quick increase of IAFM
σ

(in Fig.3(b)) under finite bias voltage. We firstly analyze the
behavior of IFM

↑ versus bias voltage which can be understood
by analyzing the spin resolved DOS of the left and the right
ZGNR lead. Due to parallel arrangement of magnetic mo-
ments on both edges of ZGNR, spin up edge state and spin
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down edge state are split. At equilibrium, both leads con-
tribute to the same DOS as shown in Fig.4(a), where the spin
up DOS peak is below the Fermi level and the spin down DOS
peak is above the Fermi level. At the Fermi level (E f = 0),
spin up DOS is much larger than spin down DOS. This ex-
plains the spin filtering property of the device in the small bias
limit to some extent. With increase of bias voltage, chemi-
cal potential of the left lead is shifted lower than that of the
right lead as shown in Fig.4(b) and (c). When ∆V < 0.15V ,
the peak of spin up DOS of the right lead gradually enters the
energy window (µL, µR). Rapid increase of IFM

↑ at low bias
voltage is due to the energy integration in this energy win-
dow. When ∆V ∼ 0.15V , edge state of spin up channel in
the right lead completely enters the energy window and hence
IFM
↑ reaches its maximum. With further increase of bias volt-

age from ∆V ∼ 0.15V , spin up DOS of both leads between µL
and µR is barely changed, and therefore IFM

↑ keeps ∼ 1.5µA
with ∆V changed from 0.15V to 1V . In the following, we
discuss the behavior of IAFM

σ versus bias voltage as shown
in Fig.3(b). Although T AFM

↑ and T AFM
↓ are not resolved at

zero bias as show in Fig.2(k), T AFM
↓ shifts to the smaller en-

ergy with increase of bias, while T AFM
↑ shifts to the larger

energy with increase of bias. T AFM
↓ (E f ) increases with in-

crease of bias, while T AFM
↑ (E f ) increases with decrease of

bias, although they are still very small. When ∆V reaches
∼ 0.6V ,

∫ E f
E f−e∆V T AFM

↓ (E)dE reaches the maximum value and

furthermore the largest IAFM
↓ . Further increase of bias voltage

will decreases the value of transmission coefficient around the
Fermi level, and therefore IAFM

↓ decreases again. Similar dis-
cussion explains the increasing behavior of IAFM

↑ versus neg-
ative bias voltage as shown in Fig.3(b). The bias controlled
spin selection of electric current through AFM configuration
of graphene based MTJ has been reported and the behavior is
attributed to the orbital symmetry of spin subbands.42,43 Since
the increasing rate of IAFM

σ is much faster than that of IFM
↑ ,

decreasing TMR versus bias voltage is observed as shown in
Fig.3(d).

Supplying a gate voltage to electronic device is a con-
versional method to control the effective channel numbers
for electric transport. In the following, we explore the gate
controlled spin and electric behaviors in biphenyl-graphene
molecular junction. To achieve that, an initial ramp electric
field is supplied between the upper and the lower boundaries
of scattering region to model gate voltage. The final gate
controlled effective potential of the system is determined self-
consistently from first principles.32,33 Fig.5(a) shows the spin
polarized transmission coefficient Tσ at the Fermi level ver-
sus gate voltage Vg for both FM and AFM configurations with
pentagon-connecting formation of biphenyl-graphene nano-
structures. T FM

↑ is much larger than T FM
↓ , T AFM

↑ , and T AFM
↓
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Fig. 5 (Color online) (a) Spin polarized transmission coefficient Tσ

at the Fermi level for FM and AFM configurations of pentagon
structure (M=2, N=4) versus gate voltage. (b) TMR versus gate
voltage. (c) Spin up DOS of both leads (left and right red blank
maps), and spin up RMLs of isolated biphenyl molecule (short
lines) for FM configuration of pentagon structure under different
gate voltage. The red short lines, blue short lines, and black short
lines indicate the RMLs of LUMO, HOMO, and HOMO-1 levels,
respectively. The left, center, and right three columns of lines
correspond the RMLs under Vg=-5V, Vg=3V, Vg=10V, respectively.
(d) Similar to panel (c) but for AFM configuration. The green short
lines, red short lines, and blue short lines indicate the RMLs of
LUMO+1, LUMO, and HOMO levels, respectively. (e) PLUMO,
PHOMO, and PHOMO−1 versus gate voltage for spin up channel of
FM configuration. (f) PLUMO, PHOMO, and PLUMO+1 versus gate
voltage for spin up channel of AFM configuration.

by roughly four to five orders of magnitude under all the gate
voltage. As a result, spin polarization is very close to 100%
for FM configuration and is not very sensitive to gate voltage.
T FM
↑ decreases firstly and then increases versus gate voltage

from -6V to 12V, while T FM
↓ , T AFM

↑ , and T AFM
↓ show roughly

nonlinear increasing behavior although their values are still
very small. Due to spin asymmetry, T AFM

↑ and T AFM
↓ show the

same behavior versus gate voltage at equilibrium. According
to Eq.(4), TMR decreases from ∼ 2.2× 105 to 1× 104 with
gate voltage increasing from -6V to 5V, and then TMR keeps
roughly 1×104 with further increase of gate voltage as shown
in Fig.5(b).

To understand the gate controlled behavior of spin resolved
conductance, we calculated the renormalized molecular lev-
els (RMLs) of isolated biphenyl molecule for each spin of
FM and AFM configurations under different gate voltage, and
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then analyze the relationship between the RMLs and conduc-
tance of system. Numerical results show that the conductance
is mostly dominated by the RMLs close to the Fermi level,
i.e., LUMO+1, LUMO, HOMO and HOMO-1. We firstly an-
alyze the gate controlled behavior of T FM

↑ and the correspond-
ing RMLs. Fig.5(c) shows the LUMO, HOMO, and HOMO-
1 RMLs of spin up channel of FM configuration with gate
voltage Vg=-5V, 3V and 10V. When Vg=-5V, HOMO level is
very close to the Fermi level (EHOMO=-0.017eV) and there-
fore T FM

↑ is large. With increase of gate voltage from -5V
to 3V, HOMO level is pushed gradually far away from the
Fermi level, so T FM

↑ decreases. With further increase of gate
voltage to Vg=10V, LUMO level is pushed down close to the
Fermi level with ELUMO=-0.012eV and its contribution to the
transmission coefficient become important. As a result, T FM

↑
increases again. Then we analyze the gate controlled behavior
between the RMLs and T AFM

σ with σ =↑,↓. Although T AFM
σ

is always small under all the gate voltage due to the mismatch
of the scattering states between two leads as aforementioned,
we can still track some clues of the increasing of T AFM

σ ver-
sus gate voltage as shown in Fig.5(a). When Vg is negative,
all the RMLs are far away from the DOS peak of left lead
as shown in Fig.5(d). With increase of gate voltage, all the
RMLs are pushed down with HOMO level across the Fermi
level. Therefore, T AFM

σ is somewhat increases.

Using the scattering state projection technique,32,33 we can
quantitatively estimate the contribution of each RMLs to the
transmission coefficient by projecting the scattering state at
the Fermi level to each RMLs as follows,

Pi = |〈φi|Ψ(E)〉|2. (5)

Here φi is the i−th renormalized eigenstate of the biphenyl
molecule and Ψ(E) is the scattering state at energy E of the
system. Pi gives the information of which molecular state is
more important for the transmission coefficient at energy E.
As shown in Fig.5(e), when gate voltage is less than 7V, T FM

↑
is mostly contributed by HOMO state with decreasing PHOMO
value. While, with further increase of gate voltage from 7V
to 12V, LUMO state becomes more important and PLUMO is
largely increased. This method can also be used to quantita-
tively analyze the contribution to gate controlled transmission
coefficient of AFM configuration as shown in Fig.5(f), where
the small value of T AFM

σ is mostly contributed by LUMO level
with increasing values and HOMO level with decreasing val-
ues versus gate voltage. Finally, we need mention that al-
though the gate voltage seems large in our calculation, the gat-
ing efficiency to the device is less than 1% as shown in Fig.5(c)
and (d) because only a few percent of electric field lines pass
through the device while most of the field lines goes to the
leads, which is accordant with previous investigation34,35.

4 Summary

In summary, we investigated the spin resolved quantum trans-
port properties of polyphenyl-ZGNR MTJs by first principles
calculation. For the structures with dangling-connecting for-
mation, TMR is small. While for the structures with pentagon-
connecting formation which is numerically proved more sta-
ble, TMR as large as ∼ 105 is obtained and spin polarization
can reach∼ 100%. Scattering states at the Fermi level of each
formation were calculated to explain this phenomenon of huge
TMR, which indicate that the huge TMR is determined by two
mismatches. One is the mismatch of the scattering states in
the leads and in the scattering region, and another one is the
mismatch of the scattering states between two leads around
the Fermi level. Numerical results show that the remark-
ably huge TMR survives in a robust way, which is generic for
all the pentagon-connecting formation of polyphenyl-ZGNR
MTJs with different length of polyphenyl molecule and dif-
ferent width of ZGNRs . Moreover, this huge TMR is not
significantly affected by external bias and gate voltage. A rea-
sonable explanation is given to this phenomenon by using the
scattering state projection technique.
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