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Abstract. This paper presents an ultra-low power voltage reference for passive UHF RFID tag. The voltage
reference uses the peaking current source to generate a temperature-independent reference voltage while
retaining circuit simplicity. Simulation results show that temperature coefficient of the voltage reference is
125ppm/℃ when temperature ranges from -20℃ to 60℃, while line regulation is 1.7%/V when the supply
voltage ranges from 1.1v to 3v. The current consumption is only 150nA. The circuit layout occupies
114 μ m×114 μ m. The whole tag chip is implemented in TSMC 0.18 μ m CMOS process with a die size of
620×610 μ m2. Measurement results show that at a 2v supply voltage, the output reference voltage rises up to
a stable 960mv voltage level in 100 μ s.
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1. Introduction
Nowadays Radio Frequency Identification (RFID) tags operating in UHF band are showing a wide
prospect of applications, including intelligent transportation systems, asset tracking, supply-chain
management, logistics, and many other areas [1-4]. The operating range of the UHF RFID system is highly
dependent the tag’s power consumption [5], so it is very important to design ultra-low power circuits for
passive tag to achieve a longer communication distance.

Fig. 1: System architecture of a passive UHF RFID tag.

Fig.1 shows the system architecture of a passive UHF RFID tag, which includes a RF/analog front-end, a
baseband processor and an EEPROM memory. The passive tag power is harvested from RF energy through
the rectifier. Due to the huge variations of the incoming RF power, the rectifier output voltage has a large
variation (1.1v~3v in our system). Hence, a reference circuit is used to generate a stable voltage reference
and it must be able to tolerate this large variation. Conventional band-gap reference circuit [6] is not suitable
for low-voltage design. Several sub-1v voltage reference circuits are reported in [7, 8], but they don’t fit the
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RFID tag because of their large power consumption. In this paper, we propose a novel voltage reference
circuit using peaking current source to generate stable reference voltage. This circuit is less complex than
previous approaches [6-8] and can meet the low-power, low-voltage requirement.

2. Voltage reference design
The peaking current source [9, 10] has been recognised as a useful low-current reference. This work
exploits the peaking source to realise a low-power voltage reference. Fig.2 depicts the proposed voltage
reference circuit. The peaking current source is composed of the elements Q1, Q2 and R1. The elements
MP3 and MP4 are connected in a current mirror, which serves for realising the function of self-biasing. The
MP3, MP4 mirror is designed that the collector current of Q1 and Q2 operate in the peaking relation. Then
the voltage across R1 is proportional to the absolute temperature (PTAT). Thus, the resistor ratio R3/R1 can
be used to compensate the temperature variation of the base-emitter voltage of Q3. A temperature
independent reference voltage output, Vref , is therefore obtained. The detailed analysis is as follows.
Ignoring base current, the collector currents of Q1 and Q2 can be given by
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where IS 1 and IS 2 are the reverse saturation currents of Q1 and Q2 respectively, VT is the thermal voltage,
VBE1 and VBE 2 are the base-emitter voltages of Q1 and Q2 respectively.
The relation between the two collector currents, therefore, is
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where N is the emitter area ratio between Q1 and Q2.
The difference between two base-emitter voltages of Q1 and Q2 can be expressed as

VBE1 − VBE 2 = − I 2 R1 ,

(4)

substituting Equation (4) into Equation (3), we obtain

I 1 = I 2 N exp(−

I 2 R1
).
VT

(5)

The peaking current source is designed such that I 1 is at its peaking value. It can be achieved by zeroing
the derivative of I 1 with respect to I 2 using Equation (5), yielding the following design condition

I 2 R1 = VT .

(6)

If the condition is satisfied, then the collector currents of Q1 and Q2 are related by

I 1 = I 2 Ne−1 .

(7)

Hence, the self-biasing mirror constituted by MP3 and MP4 is designed to make I 1 and I 2 satisfy the
relation in Equation (7).
In our design, we choose N = 2 , then setting K 3 = K 4 * 2* e −1 will make the peaking condition
satisfied ( K 3 , K 4 are the width to length ratios of MP3 and MP4 respectively). If setting K 4 = K 5 , we will
get
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I2 = I3 .

(8)

So the output reference voltage can be written as

Vref = VBE 3 + I 3 R3 = VBE 3 +

R3
VT .
R1

(9)

In Equation (9), VT has a positive temperature coefficient while VBE 3 has a negative one. So Vref can be
designed to be temperature independent be carefully choosing the value of R3 and R1. Fig.3 (a) shows
simulation results of Vref as a function of temperature. The temperature coefficient of the voltage reference
is 125ppm/℃ when temperature ranges from -20℃ to 60℃.
In the reference circuit, MN6 is used to keep collector voltage of Q2 stable under large variation of the
supply voltage, which will reduce the impact of the Early effect. According to [11], considering the Early
effect, the collector current of Q1 is given by

I 1 = IS1(1 +

VCE1
VBE1
) exp(
),
VA
VT

(10)

where VCE is the collector-emitter voltage, VA is the Early voltage.
If MN6 is not used, the collector voltage of Q1 will follow the variation of the supply voltage (1.1v to 3v
in our design), which can induce a large variation of VCE1 . According to Equation (10), I 1 varies a lot with
the supply voltage, causing a large variation of Vref . So to minimum this variation of Vref , MN6 is adopted.
The gate voltage of MN6 is relatively stable, which will make the collector voltage of Q1 stable. Thus, Vref
varies little with the supply voltage. Fig.3 (a) shows the simulation results of Vref as a function of supply
voltage, the line regulation is 1.7%/V when the supply voltage ranges from 1.1v to 3v.
MN1, MN2, MN3, MP1, and MP2 constitute a start-up circuit without static power consumption. When
the circuit is powered on, node “A” firstly becomes high to turn on MN3, which will inject pulse current
through MP3 to set the circuit to the right operating point. Then node “B” turns high, which will turn on
MN1. Thus, node “A” becomes low and MN3 is shut down.

Fig. 2: Schematic of the proposed reference

(a)

\

(b)

Fig. 3: Vref as a function of (a) temperature and (b) supply voltage
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3. Experiment results
Layout of the voltage reference occupies 114 μ m×114 μ m. Fig.4 is the post simulation results,
considering the process variations of MOSFET, BJT and resistor, the output reference voltage ranges from
934mv to 975mv in the condition of supply voltage varying from 1.1v to 3v while temperature from -20℃ to
60℃. The start-up time is less than 200 μ s and the current consumption is only 150nA. The whole tag chip
is implemented in TSMC 0.18 μ m CMOS process with a die size of 620×610 μ m2, as Fig.5 shows. Fig.6 is
the measured results of the voltage reference. It shows that at a 2v supply voltage, the output reference
voltage rises up to a stable 960mv voltage level in 100 μ s.

Fig. 4: Post simulation results of the proposed voltage reference

Fig. 5: Die photo of the tag chip

Fig. 6: Measured results of voltage reference
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4. Conclusions
This paper presents an ultra-low power voltage reference for passive UHF RFID tag. The voltage
reference adopts the peaking current source to generate a temperature-independent reference voltage while
retaining circuit simplicity. Simulation results show that the circuit has small process, voltage and
temperature coefficient. The current consumption is only 150nA. The voltage reference circuit is less
complex than previous approaches and can meet the low-power, low-voltage requirement.
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