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ABSTRACT: Current mirror is one of the key
elements in analog circuit design. For high
performance analog circuit applications, the
accuracy and output impedance are the most
important  parameters to  determine the
performance of the current mirror. In this paper, a
new current mirror is proposed to provide high
accuracy and very high output impedance. A
novel feedback gain stage is used to increase the
output impedance and matching accuracy
significantly. Moreover, the proposed new current
mirror also has output swing similar as traditional
two-stage cascode current mirror.

1. INTRODUCTION

As the current-mode approach used to analog
circuit design [1] — [5] is gaining interest due to
better performance. Another compelling reason
for current-mode circuit is decreasing power
supply voltage of digital microelectronics thus it
suitable for mixed mode applications. In analog
circuit design, the current mirror is widely used in
the biasing or the loading elements. It can reduce
the current variation due to the power and the
temperature variation by using current mirror as
the biasing element. Thus the current mirror is the
key element in the analog circuit design.

The accuracy and output impedance are the
most important parameters to determine the
performance of the current mirror. It can find
many researches focus on these two points. The
cascode current mirror [6] and the RGC current

mirror [7] were used to increase output impedance.

IAFCCM [8] was proposed to improve the
accuracy. Multi-stage cascode current mirror has
been used to achieve higher output impedance. It,
however, suffers from low output voltage swing.
Although the output impedance of RGC current
mirror is much higher than that of the two-stage
cascode current mirror, but the accuracy of the
RGC current mirror is not good enough for high
precision application. The IAFCCM has better
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accuracy than RGC current mirror, and the output
impedance of IAFCCM is equivalent to the RGC
current mirror.

In the paper, a new high output impedance
current mirror is proposed. The new current mirror
is based on the RGC circuit to improve the output
impedance and also to improve the accuracy of the
current mirror. A novel feedback gain stage is
used to increase the output impedance and
matching accuracy significantly. Moreover, the
proposed new current mirror also has output swing
similar as the traditional two-stage cascode current
mirror, therefore, the performance of the propose
current is better than that of RGC and IAFCCM.

2. DESCRIPTION OF PREVIOUS

CIRCUITS AND THE NEW CURRENT
MIRROR

2.1 Previous current mirror circuits
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Fig.1 Traditional current mirror
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Fig.2 Cascode Current mirror
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Fig.3 IAFCCM

Figure 1 shows the traditional current mirror.
Due to the output impedance of the traditional
current mirror is not infinite, the variation of the
output node voltage Vpg; will influence the output
current Iout. It is a drawback in the applications of
the analog circuits. As shown in Fig.2, the cascode
current mirror was proposed to improve the output
impedance, but it has the matching accuracy
problem.

The IAFCCM shown in Fig.3 was proposed
to increase the output voltage swing, output
impedance and matching accuracy [8]. Even
though the IAFCCM improves lots of the output
voltage swing, but the output impedance is not
high enough. Meanwhile, the output current Iout
still can be influenced by the output node voltage.

2.2 The proposed new current mirror
circuit
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Fig. 4 The proposed current mirror

As mentioned earlier, the key parameters of
the current mirror, the matching accuracy and
output impedance can be improved by the
proposed new current mirror. The schematic of the
proposed new current mirror is shown in Fig.4.
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Fig.5 The feedback circuit

The MOS transistors M0, M2 and M10 are
used as a two-stage cascode current mirror. The
biasing MOS transistors M1, M6, M9, M7 and M8
are used to improve the matching accuracy of the
cascode current mirror. Three novel negative
feedback gain stages M3, M4 and MI14 can
increase the output impedance of the current
mirror significantly.

Figure 5 is the feedback circuit of the current
mirror and “A” represents the voltage gain of each
gain stage. The output impedance Rout of the new
current mirror can be estimated by following:
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As shown in Eq.(4) , where A’:"—g—’:i
&a;

(i=3,4 and 14, respectively) , the Rout of the
proposed current mirror is much larger than that of
the JAFCCM which has output impedance
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Fig.6 The I-V curve of the simulation result
- 3. SIMULATION RESULT

1 1
gds, gds;

Rout = gmg,gm,

|

As shown in Fig.5, the node voltage V, is

1 1
8dsx  gdsc

independent of Vq and can be proven as following.

When Vg, and V; are increased which decrease
Vdsy, due to the three gain stages. The voltage
Vds;, is connected to the gate of M10 as a
negative feedback signal. Therefore, V, is
decreased by the decreased Vdsjy. Thus, Vi is
locked by the negative feedback loop. In other
words, the variation of Vo cannot result in the
variation of V,. So we can obtain stable Iout.
Meanwhile, the proposed new current mirror has
high output impedance.

Another factor of a good current mirror is the
matching accuracy between lin and Iout. In the
proposed circuit, the MOS transistors M6, M7,
M8 and M9 are used to match the current Iy; and
Imz, and further make Vgg; equal to Vgs;. Because
of Vga1=Vse=Vpso and Vgg3=Vps,, it is easy to
find that Vpg;=Vpge which results in Iin equal to
Iout .

In view the properties and advantages, the
proposed current mirror has Dbetter current
matching accuracy than the IAFCCM, and it will
be proven by the HSPICE simulation results.
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The HSPICE simulation results are based upon
0.35um 1P4M CMOS process with 3.3V supply
voltage. L=1um for all transistors except M8 and
M9 which L=3um. W is 20um for MO M1 M2 M3
M6 M7 M10 and W is 40um for M8 M9 to ensure
Iout=100uA. W is 5um for M4 M14, W is 10um
for M5 M11, and W is lum for M12 M13.

Figure 6 shows the I-V curve simulation
results of the proposed new current mirror and
IAFCCM. The lowest line is the I-V plot of the
input current lin. The top line is the I-V plot of
IAFCCM, and it shows that the output impedance
is not high enough to avoid the influence of Vps,
i.e. Iout will be changed under the variation of the
output voltage Vo. The middle line is the I-V plot
of proposed circuit, and it demonstrates that the
output impedance of the proposed circuit is much
higher than IAFCCM. Figure 6 also shows the
comparison result of the accuracy. The matching
accuracy of the proposed circuit is better than
TAFCCM when the input current lin=100uA. The
Table.l is the comparison result between the
proposed circuit and IAFCCM under various input
current. The input current is changed from SuA to
400uA. The proposed circuit has higher matching
accuracy, when the input current is lower than
400uA. Due to the MOS transist sizes of the
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proposed circuit are smaller than IAFCCM, the
matching accuracy would worse than [AFCCM
when the input current Iin over 400uA. But the
output impedance Rout of the proposed circuit is
larger than that of the IAFCCM.

Issue The proposed IAECCM
circuit

M“ﬂﬁ‘éiﬁ”“ 0.016% 0.036%
| _om | oo
e _omre | om
Mirroring error 9
lin=200uA 0-005% et
M| ouze | eorex
M| _omee | o

n 2

Rout | & S i

gd\ gd gd | gd

Table 1. The proposed CM performance
comparison with IAFCCM

4. CONCLUSION

In this paper, a high output impedance and
high accuracy current mirror is proposed and
analyzed. According to the simulation results, the
output impedance and accuracy of the proposed
circuit is better than IAFCCM. Obviously, the
proposed current mirror is suitable for using in
high linearly, high output impedance current
output stages, and the operational amplifiers
design.
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