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Abstract- In this paper, a low-voltage current mirror with neuron MOSFETs is proposed. The proposed circuit can
decrease a variation of an output current of the current mirror by monitoring an error of the output current caused by
the mismatch of MOSFETs. In addition, the proposed circuit can avoid a trade-off between an accuracy and an output
swing. The proposed circuit is fabricated in phenitec 0.6μm CMOS process.
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I. INTRODUCTION
A current mirror is one of important building block in analog circuits. The current mirror is used as a current
source and a load resistance, and used in an operational amplifier and a digital-to-analog converter (DAC) [1], [2].
Output resistance of an ideal current source is infinite; however a nonideal current source has low output resistance
because drain-source resistance of MOSFET in deep-submicron CMOS technology is low due to channel length
modulation effect [1]. Moreover, mismatch of MOSFETs in the deep-submicron CMOS is large [3]. Since the deepsubmicron CMOS technology is generally used on Mixed-Signal circuits and high speed signal converters, these are
important problems for analog CMOS circuits.
In high performance applications, a cascode current mirror or a regulated cascode current mirror are used to
achieve the current source with the high output resistance. However the output current of the cascode current mirror
is varied by the mismatch of MOSFETs. To reduce variation of the output current, we proposed the current mirror
with neuron MOSFETs [4].
In this paper, the current mirror with neuron MOSFETs is presented. The basic principle of the proposed circuit is
described in section II. In section III, a measurement system for a part of the proposed circuit is presented. In section
VI, future view of the proposed circuit is described.
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II. CURRENT MIRROR WITH NEURON MOSFETS
A.

Conventional Current Mirrors –
A basic current mirror is shown in Fig. 1(a). A reference current Iref is copied to output a constant current Iout when
Vout is higher than an overdrive voltage (Vod = VGS – VTH) of M2, where VGS is a gate-source voltage and VTH is a
threshold voltage. The output resistance Rout of the current mirror is equal to the drain resistance of M2 (rds2). In deepsubmicron CMOS, the drain resistance is low. To achieve the high output resistance in deep- submicron CMOS, a
low-voltage cascode current mirror (LVCCM) is proposed (Fig. 1(b)) [5], [6]. Rout of LVCCM is about gm4rds2rds4
where gm4 is a transconductance of M4. Since gm4rds2 is much higher than rds2, the output resistance of LVCCM is
higher than that of the basic current mirror; however the output voltage of LVCCM needs 2Vod. Therefore the output
of LVCCM needs high voltage. Moreover LVCCM is varied by the mismatch of the threshold voltage. If the current
mirror is used in a high precision application, the mismatch of the threshold voltage will be critical issue. Considering
the mismatch of the threshold voltage, the overdrive voltage should be Vod > 200mV. Therefore the LVCCM needs
400mV – 1V.

(a)

(b)

Figure 1. Conventional current mirrors. (a) basic current mirror. (b) low-voltage cascode current mirror.

B. Neuron MOSFET –
A structure of the neuron MOSFET is illustrated in Fig. 2. The neuron MOSFET has a gate electrode that is
electrically floating. Two input gates are capacitively coupled to the floating-gate [7]. The floating-gate potential
VF is calculated as

VF |

C g1Vg1  C g 2Vg 2
C g1  C g 2  C fb

(1)

where Vg1 and Vg2 are input signal voltages, Cg1 and Cg2 are the capacitive coupling coefficients between the
floating-gate and each of the input gates, Cfb is the capacitive coupling coefficient between the floating-gate and
bulk (p-substrate in Fig. 2). Note that the neuron MOSFET can be manufactured in a standard CMOS process.
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Figure 2. Structure of neuron MOS current mirror with two input gates.

C. Current Mirror with Neuron MOSFETs –
An effect of the device mismatch can be reduced by monitoring difference between the reference current and the
output current [4]. To achieve this feedback, the monitored voltage are input to M2 in Fig. 3(a). The neuron
MOSFET in the proposed circuit has two gate terminals. One gate monitors reference current, and the other gate
adds the difference of reference current and output current. The output current Iout is given by

I out

I ref 

Vod 1

D



I ref 

1
2 K 2 1  OVDS 2 D 2



Vod 1

1



D 4 K 2 1  OVDS 2 D 2
D K 2 1  VDS 2

(2)

where Vod1 is the overdrive voltage of M1 and Ȝ is channel-length modulation coefficient, and

D

RT

Cg 2
C g1  C g 2  C fb

(a)

.

(3)

(b)

Figure 3. Neuron MOS current mirror with transimpedance amplifier. (a) schematic. (b) layout.

Assuming the transimpedance RT is much high, the output current can be approximately to the reference current.
Even if transconductance factor “K” and the threshold voltage have mismatch, Iout is equal to Iref when RT is much
high. The neuron MOS current mirror can be operated in only one Vod because the input voltage of a transimpedance
amplifier (TIA) is much lower than the overdrive voltage.
A layout of the proposed circuit is shown in Fig. 3(b). The proposed circuit is fabricated in Phenitec
Semiconductor 0.6μm 1P3M CMOS. An area of the layout is 250×290 μm2.
D. Simulation Results –
The proposed circuit and LVCCM are evaluated using HSPICE simulation with Phenitec Semiconductor 0.6μm
CMOS device parameters (LEVEL 53 models for HSPICE). The Monte Carlo simulation is used to simulate the
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device mismatch. Sigma value of the threshold voltage is 1 mV. The TIA of the proposed circuit is composed of a
voltage-controlled voltage-source and current-controlled voltage-sources. The transimpedance RT is 1 Mȍ.
Simulation results are shown in Fig. 4 and Table-1. The output current mismatch of the LVCCM is larger than
that of the proposed circuit. In addition minimum voltage of the proposed circuit is 0.1 V.

Figure 4. Monte Carlo simulation results ( Iout – Vout characteristics ).

Table -1 Performance of the current mirrors.

Output Resistance [Mȍ]
Accuracy ( ǻIout / Iref ) [%]
Minimum Output Voltage (Vout,min) [V]
Vout,swing (= VDD – Vout,min) [V]

Proposed Circuit
49.1
0.012
0.1
3.2

LVCCM
28.6
0.9
0.8
2.5

E. Transimpedance Amplifier –
Fig. 5 shows the TIA. The reference current Iref and the output current Iout of the current mirror are input to I – V
converters for converting to voltages. The converted voltages are input a differential amplifier, and the differential
amplifier amplifies the difference voltage. Then the amplified voltage is shifted down at a level shift circuit to input
the neuron MOSFETs.
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Figure 5. Block diagram and schematic of the transimpedance amplifier.

III. MEASUREMENT SYSTEM
To evaluate the performance of the current mirror with the neuron MOSFETs, the TIA is measured. In this paper,
the measurement circuit for the input stage of the TIA is illustrated, and its results are shown. 
A. V-I Converter –
A V – I converter converts voltage to current. The V – I converter is used for measuring the input stage because
input signal of the TIA is current. A signal of a signal generator (Vin) is input to the V – I converter to be converted
to the current. The output current of the V – I converter (Iout) is given by

I out

R4
Vin
R3 RS

(4)

when

R1
R2

R3
.
R4

(5)

B. Input Stage of Transimpedance Amplifier –
The reference current Iref and the output current Iout of the proposed circuit is input to the input stage of the TIA.
The transimpedance of the input stage in fig.7 (RT,in = Vout/Iin) is given by

RT ,in

1
1
1 1 / g m 2 // ro 2

1 / g m1 // ro 3 ro1 ro 2 // ro 3

(6)

where gm1,2 are transconductance of M1,2, ro1-o3 are output resistance of M1-3 in fig.7(a), respectively. Since the
transconductance gm is much larger than an inverse of output resistance of MOSFET, we can simplify (6) to
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RT ,in |

g m 2 ro1 ro 2 // ro 3
.
1  g m1 g m 2 ro1 ro 2 // ro 3

(7)

Figure 6. Measurement circuit input stage of transimpedance amplifier.

(a)

(b)

Figure 7. Input stage of transimpedance amplifier. (a) schematic. (b) layout.

C. Measurement Results of Input Stage of Transimpedance Amplifier –
The input stage of the TIA is fabricated in phenitec 0.6μm CMOS. Vout – Iin characteristics and transimpedance
versus input current characteristics of the input stage are shown in Fig.8(a) and (b), respectively. The five chips are
measured, respectively. Vout – Iin characteristics are varied, but gradients of the measurement results are similar to a
simulation results. In addition, the measured transimpedance is higher than simulated.
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(a)

(b)

Figure 8. Measurement results of I – V converter in Fig. 5. (a) is input output voltage vs. input current, (b) is transimpedance vs. input current.

IV.FUTURE VIEW
A. 14-bit Current Steering Digital-to-Analog Converter –
A 14-bit current steering digital-to-analog converter (DAC) is used for a telecommunication and a wireless
network. A supply voltage of the DAC in an analog-digital combined LSI is low. The DAC which has been
introduced in [8] is superior, but the output swing is low (Vswing = 0.8 V @VDD = 1.2 V). If the proposed circuit is
used as the current source of DAC, the DAC can ensure the high output swing (Vswing = 1.1 V).
The 14-bit current steering DAC is shown in Fig. 8. The DAC consists of 5-bit MSB, 5-bit ULSB and 4-bit LSB.
The MSB and ULSB include 31 current sources, and the LSB includes 16 current sources. A multiple output current
mirror with neuron MOSFETs is proposed for the 31 current sources and 16 current sources [9]. In addition,
technique for decreasing floating-gate area is proposed in [10].
B. Influence of Offset Current of Transimpedance Amplifier –
We should consider the mismatch of MOSFETs in the TIA. The mismatch causes an input-referred offset current
of the TIA amplifier. The input-referred current (IOS) is considered, equation (8) is rewritten as

I out

I ref  I OS 

Vod 1

D



1
2 K 2 1  OVDS 2 D 2

I ref  I OS 


Vod 1

D



1
4 K 2 1  OVDS 2 D 2

D K 2 1  VDS 2

. (8)

The input-referred offset current greatly affects the output current of the proposed circuit. Thus we must reduce
the input referred offset current in the TIA. Since the mismatch of input MOSFETs are dominant, MOSFETs in I –
V converter must be large. The TIA has a trade-off between the input-referred offset current and the output swing,
but the current mirror with neuron MOSFETs is not contributed by the output swing of the TIA. Thus we will
achieve the TIA that has low input referred offset current.
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Figure 9. Diagram of 14-bit current steering DAC.

V.CONCLUSION
An architecture of a neuron MOS current mirror and it future view are presented. The neuron MOS current mirror
allows for a flexible trade-off between accuracy and the output swing. The proposed circuit can be used as current
source for a 14-bit current steering DAC to achieve a low voltage operation. Therefore the multiple-output neuron
MOS current mirror has been proposed to be applied to the DAC.
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