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A novel antifuse structure based on amorphous bismuth zinc niobate thin films�
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Abstract: A novel antifuse structure with amorphous bismuth zinc niobate (a-BZN) dielectrics was proposed. The
characteristics of the a-BZN antifuse were investigated. Programming direction of up to downwas chosen to rupture
the a-BZN antifuse. The breakdown voltage of the a-BZN antifuse was obtained at a magnitude of 6.56 V. A large
off-state resistance of more than 1 G� for the a-BZN antifuse was demonstrated. The surface micrograph of the
ruptured a-BZN antifuses was illustrated. Programming characteristics with the programming time of 0.46 ms and
on-state properties with the average resistance value of 26.1� of the a-BZN antifuse were exhibited. The difference
of characteristics of the a-BZN antifuse from that of a cubic pyrochlore bismuth zinc niobate (cp-BZN) antifuse
and gate oxide antifuse was compared and analyzed.
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1. Introduction

The antifuse, as a one time programmable switch el-
ement, has been applied in a large number of fields such
as programmable read only memory (PROM) and field pro-
grammable gate arrays (FPGAs)Œ1�3�. Typical antifuse struc-
tures are oxide–nitride–oxide (ONO) and amorphous silicon
(a-Si) antifuses. However, the ONO and a-Si antifuses are
not compatible with the standard CMOS technologyŒ4; 5�. Re-
cently, the gate oxide antifuse has been paid more and more at-
tention due to its compatibility with standard CMOS technol-
ogyŒ6�9�. But, with quick progress of the CMOS technology,
the thickness of the gate insulator has reduced to about 1 nm,
resulting in some reliability issuesŒ10� of the device based on
gate dielectric. Now, it is important to find an alternative high-
k material to replace SiO2 as the gate insulator for gate dielec-
tric devices.

In our previous report, the cubic pyrochlore bismuth zinc
niobate (cp-BZN) thin film as an alternative high-k material
had been proposed to form an antifuse structure, and the ex-
cellent characteristics of the cp-BZN antifuse had been investi-
gatedŒ11�. However, the deposition temperature for the cp-BZN
materials is high, up to 750 ıCwhich increases the thermal bud-
get and restricts the application of the antifuse with low melt-
ing point metal electrodes，such as aluminum. Consequently,
lowering the manufacturing temperature of the BZN thin film
is desirable. It is reported that the BZN thin film prepared at
room temperature exhibits a high permittivity larger than 51,
and the leakage current of the thin film is approximately 10�7

A/cm2 at an applied bias of 5 VŒ12�. The dielectric constant of
the BZN thin film fabricated by the sol-gel technique is about
91Œ13�. The BZN thin films deposited at a low temperature ex-
hibit an amorphous phase. To date, the amorphous BZN (a-
BZN) thin film has been integrated with transistors and printed

circuit boardsŒ14�16�. However, little is known about the char-
acteristics of the antifuse based on a-BZN thin films. This is an
interesting area of research.

In this study, the properties of a novel antifuse with a-BZN
thin films were investigated. A metal to metal structure for the
a-BZN antifuse similar to a cp-BZN antifuse was used. The
off-state properties of the a-BZN antifuse were demonstrated
in terms of breakdown voltage, programming direction, and
leakage currents. After breakdown, the surface micrograph of
the antifuses was illustrated. The a-BZN antifuses were pro-
grammed with a higher voltage compared to the breakdown
voltage, and the programming time and current were obtained.
Ultimately, the resistance distribution for the programmed an-
tifuses was presented. The difference of properties between a-
BZN and cp-BZN antifuse was compared and analyzed.

2. Experiments

The schematic cross section for the a-BZN antifuses is
shown in Fig. 1. A silicon substrate with 0.6 �m thick thermal
SiO2 was used. The Pt thin film, as the bottom electrode of
the a-BZN antifuses, was deposited using RF magnetron sput-
tering methods with a thickness of 150 nm, where a 50 nm
Ti thin film was used as an adhesion layer. The amorphous
Bi1:5Zn1:0Nb1:5O7 (a-BZN) thin film was prepared at 300 ıC
by RFmagnetron sputtering, where the sputtering gas mixtures
were Ar and O2 at a flow rate of 42.5 sccm and 7.5 sccm, re-
spectively. The thickness of the a-BZN thin films deposited for
1 h was approximately 100 nm. The XRD patterns of the BZN
thin films deposited at 750 and 300 ıC are shown in Fig. 2.
At 300 ıC the phase of the BZN thin film was amorphous. For
electrical measurements, 200 nm thickAl thin films as top elec-
trodes were deposited through shadow masks with a diameter
of 200 �m.
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Fig. 1. Schematic cross section of the amorphous BZN antifuse.

Fig. 2. XRD patterns of the BZN thin films deposited at 750 and
300 ıC.

ACascade probe station was used to fix and test the a-BZN
antifuse samples. The Agilent 4155B semiconductor parameter
analyzer was selected to perform the characteristics of the anti-
fuses. During experiments, programming directions were var-
ied by changing the positive bias connected to the top or bottom
electrodes. The surface micrograph of the ruptured a-BZN an-
tifuses was illustrated through an optical microscope. To limit
the discharge current of the capacitors during programming,
some series resistors connected to the probe were used.

3. Results and discussion

To rupture and program the a-BZN antifuses, two program-
ming directions should be used: the top electrode was applied
with positive bias and the bottom electrode with ground poten-
tial as up to down direction; the bottom electrode connected to
positive potential and the top electrode grounded as down to
up directions. The off state characteristics of the a-BZN anti-
fuses with different programming directions mentioned above
are shown in Fig. 3. It was shown that the breakdown volt-
age was approximately 6.56 V for up to down directions and
about 12.48 V for down to up directions. In the case of the leak-
age current, there was only a little difference between the up to
down direction and down to up directions when the applied
voltage was less than 6.56 V. The value of the leakage current
for the up to down direction was nearly 2 � 10�6 A associated
with the breakdown voltage of 6.56 V, and for down to up di-
rections the value was approximately 6 � 10�4 A associated

Fig. 3. Off state characteristics of the a-BZN antifuses with the pro-
gramming direction (a) up to down and (b) down to up.

with the breakdown voltage of 12.48 V. Influences of the dif-
ferent leakage currents and breakdown voltages on the top elec-
trodes of the ruptured a-BZN antifuses will be discussed later.
Furthermore, the leakage current was approximately 10�9 A
for both up to down and down to up programming directions
at the applied bias of 2 V indicating that the off state resistance
of the a-BZN antifuses was larger than 1 G�, which was better
for decreasing the static power dissipation of the devices based
on the antifuses.

With the increase of the scanning voltage applied to the
electrode of the antifuse, some traps in the dielectrics were col-
lected, and then, a path for leakage current was formed. Lastly,
the dielectric was ruptured. The cp-BZN thin film was com-
posed of crystal grains of a large size; however, the a-BZN thin
film was composed of a great number of fine particles. The
leakage current path was formed more easily in the cp-BZN
antifuse than that in the a-BZN antifuse due to the fact that the
cp-BZN thin film was not compact. As a result, the leakage
current flowing through the a-BZN antifuse was small; in the
other hand, the breakdown voltage for the a-BZN antifuse was
larger than that for the cp-BZN antifuse. At 4 V, the value of
the leakage current of the a-BZN antifuse with up to down and
down to up programming directions was about 1 order and 3 or-
ders less than that of cp-BZN antifuse, respectively. In the case
of the breakdown voltage, the magnitude for the a-BZN anti-
fuse with up to down and down to up programming directions
was increased by approximately 1.96 V and 0.48 V compared
to the cp-BZN antifuse, respectively.

In Fig. 3, it was shown that the breakdown characteristics
and leakage current characteristics of the a-BZN antifuses were
varied due to different programming directions. In addition, the
influence of various programming directions on the top elec-
trodes of the ruptured a-BZN antifuses was different which was
illustrated in Fig. 4. For up to down programming directions,
the surface of the top electrodes of the programmed a-BZN an-
tifuses was smooth and clean. In contrast, the surface was filled
with black spots for down to up programming directions.

The structure of the a-BZN antifuses was SiO2/Ti/Pt/a-
BZN/Al. For up to down programming directions, the elec-
trons forming a leakage current were injected from the bottom
electrode, Pt thin film, into the a-BZN insulators; in the con-
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Fig. 4. Surfacemicrographs of the top electrode of the ruptured a-BZN
antifuses with programming directions (a) up to down and (b) down
to up.

trary direction, the electrons were injected from the Al elec-
trodes. With up to down programming directions, the Pt elec-
trode would be melted during programming, and then diffused
into the a-BZN insulators in the electron flowing direction.
In the other direction, the molten Al electrode would diffuse
into the a-BZN insulators. Finally, a conductive filament was
formed between the top and bottom electrode, and the antifuse
was programmed successfully. The interface states between the
Pt/a-BZN and the Al/a-BZN were different, and also the prop-
erties between the Pt and the Al electrode were varied, which
resulted in different breakdown voltages for various program-
ming directions shown in Fig. 3. When the applied voltage was
less than 6.56 V, associated with the breakdown voltage of up
to down programming directions, the leakage currents flowing
through the antifuses with both programming directions were
almost the same. However, more leakage current and more bias
had to be applied to the antifuse with the down to up program-
ming direction to make the antifuses rupture compared to the
up to down programming directions. Lots of thermal energy
caused by Joule heat should be diffused through the down to up
programming antifuses before the antifuse ruptures. We think
the thermal energy caused the oxidization of the aluminum top
electrode with the oxygen in the air, and then some black spots
emerged as shown in Fig. 4(b).

The programming characteristic of the a-BZN antifuses is
shown in Fig. 5. A programming voltage of 7.5 V, which was
about 14.3 % larger than the breakdown voltage, was used to
rupture and program the a-BZN antifuse, where the program-
ming direction was up to down. To limit the current flowing
through the programmed antifuses, a compliance current of
1 mA was set. The currents flowing through the a-BZN an-
tifuse as a function of programming time for some typical an-
tifuse samples are shown in Fig. 5(a). Figure 5(b) shows the
distribution of programming times for the programmed a-BZN
antifuses. The programming times exhibited a tight distribution
with the average magnitude of approximately 0.46 ms, where
the standard deviation was about 0.20 ms. Compared to the cp-
BZN antifuse, the programming voltage of the a-BZN antifuse
was increased by about 36.4%; however, the average program-

Fig. 5. Programming characteristics of the a-BZN antifuses. (a) Cur-
rent flowing through the a-BZN antifuse as a function of programming
time. (b) Distribution of programming times for programmed a-BZN
antifuses.

ming time was reduced in a magnitude of 77 %, while the pro-
gramming current showed almost no change. In addition, the
a-BZN antifuses showed a better programming characteristic
than that of gate oxide antifusesŒ6�8�.

Figure 6 demonstrates the resistance distribution and cu-
mulative distribution of the on state resistance of the pro-
grammed a-BZN antifuses. A tight distribution of the pro-
grammed antifuse resistances for the a-BZN antifuse is shown
in Fig. 6(a). The cumulative distribution of the programmed
antifuse resistance of the a-BZN antifuses is illustrated in
Fig. 6(b), where the inset was the cumulative distribution of the
programmed antifuse resistance for gate oxide antifuse fabri-
cated with the TSMC 0.18 �m CMOS process. In Fig. 6(b), it
was illustrated that the distribution range of the programmed
antifuse resistance for the programmed a-BZN antifuse was
within several hundred ohms; however, the distribution range
for the gate oxide antifuse was larger than several thousand
ohms which was in agreement with the reported resultsŒ6�. The
average on state resistance for the programmed a-BZN anti-
fuses was approximately 26.1 �, which was sufficiently lower
than that for gate oxide antifuseŒ6�8�. Compared to cp-BZN
antifuse, the on state resistance of the a-BZN antifuse was in-
creased by about 8.6 �. The energy applied for programming
the cp-BZN antifuse was about 11.66�J, and the value was ap-
proximately 3.45 �J for a-BZN antifuse. Less energy was used
for programming the a-BZN antifuse than the cp-BZN antifuse,
which resulted in a higher on state resistance of the a-BZN an-
tifuse.
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Fig. 6. On state properties of the a-BZN antifuse. (a) Resistance dis-
tribution of the on state resistance of the programmed a-BZN anti-
fuses. (b) Cumulative distribution of the on state resistance of the pro-
grammed a-BZN antifuses. The inset was cumulative distribution of
the programmed antifuse resistance for gate oxide antifuse fabricated
with the TSMC 0.18 �m CMOS process.

4. Conclusion

In this research, we have investigated the characteristics
of a novel antifuse with the structure of Ti/Pt/a-BZN/Al. The
difference of the interface states between Pt/a-BZN and Al/a-
BZN, and the difference of properties between Pt and Al elec-
trodes caused different breakdown voltages of the a-BZN anti-
fuses applied with various programming directions. For down
to up programming directions, more leakage current and more
bias should be added to the antifuses to rupture the a-BZN di-
electrics compared to the up to down programming directions,
resulting in lots of thermal energy diffused through the anti-
fuses and the oxidization of the Al top electrodes. Therefore,
the programming direction of up to down was proposed to pro-
gram and rupture the a-BZN antifuses. The a-BZN antifuses
presented an excellent off state property with the off state re-
sistance larger than 1 G�. Compared to the cp-BZN antifuse,
the a-BZN antifuse exhibited higher breakdown voltages and
on state resistances; however, the leakage current, program-
ming time, and programming energy of the a-BZN antifuse
were less. In addition, compared to the gate oxide antifuses,
the a-BZN antifuse not only showed good programming char-

acteristics but also exhibited a better on state property. How-
ever, to further improve the properties of a-BZN antifuses, a
great amount of work should be done including improving the
quality of the a-BZN insulators and improving the interface
qualities between the electrodes and insulators.
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