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Abstract: This paper presents a new power generation structure that can provide DC energy for passive UHF RFID with

high sensitivity and high efficiency. The structure is designed with 0.18pum standard CMOS technology, including two

charge pumps.a current reference,and a group of bias circuits. Low-voltage performance is improved thanks to the bias

structure, which eliminates the threshold voltage drop and body-effect of conventional circuits. A 350mV minimum input

level is required to generate a 1. 5V power supply for a 100kQ load with power conversion efficiency (PCE) of 22% . PCE

up to 29. 8% is achieved with a 60k load. Simulation results show that the new circuit is superior to conventional charge

pumps.
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1 Introduction

Radio frequency identification (RFID) technolo-
gy is gradually replacing optical bar reading architec-
tures in many areas such as retail industry, goods stor-
age,and management. Industries looking for reliable,
tiny,and inexpensive ways to control products are fo-
cusing on passive UHF RFID tags,which allow a long
read and write operation from up to a few meters
without any external battery or power generator,only
obtaining a power supply from electromagnetic
ficlds,therefore, providing a great advantage both in
terms of size and cost™™!. As a passive device, the on-
chip power generation circuit that converts RF signal
into DC energy is an essential element that greatly af-
fects the performance of passive UHF RFID. Since it
is difficult for circuits to work with input levels be-
neath the threshold, which always occurs when tags
are meters away from the readers, many solutions
have been reported to eliminate threshold voltage and
improve PCE,such as designing rectifiers®*' based on
Schottky diodes, SOI,"" or FeRAM"™ technologies.
However, methods based on circuit improvement,such
-6 are preferable.

Without precise bias control and power limitation,
[5.6]

as rectifiers with bias circuits,
conventional biased rectifiers are enduring dra-
matical power and PCE loss from small signal input.
To resolve these drawbacks and improve low voltage
performance,a novel circuit structure with a start up
circuit and a precise bias circuit based on current mir-

+ Corresponding author. Email: pangzegui@163. com
Received 5 August 2007, revised manuscript received 12 October 2007

Article ID: 0253-4177(2008)02-0293-05

ror technology is proposed in this paper.

2 Analysis of conventional circuit

To understand the proposed structure, a tradi-
tional Dickson charge pump'” is analyzed. As illustra-
ted in Fig. 1, the input signal RF_INPUT acts as a
clock to charge pump while the MOS transistors with
gate and drain connected act as diodes.

For a simple analysis, the input signal is consid-
ered as a square wave and the body-effect is neglec-
ted,hence the output voltage is estimated as follows.
NI

VDD_output = NGy — m (D
where Gy is the voltage gain for each stage.
C
Gy = Velgae) =V @

N.C.C,, Vgg,s Vs I and f are the number of sta-
ges, couple capacitance, parasitic capacitance, input
signal amplitude, threshold voltage, output current,
and frequency, respectively. V, is significant because
it reduces Gy and the output voltage. When Vi: e-
quals or is less than V', ,output voltage is close to zero
because transistors of the charge pump cannot turn

on.
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Fig.1 Dickson charge pump
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Fig.2 Proposed power generation structure

If the body-effect is taken into account, V in
Egs. (1) and (2) is replaced by

Viw = Vo + 7( | = 2¢p + Vg | =/ 1= 2¢: [) (3)
where Vy is the intrinsic threshold voltage, Vg is the

voltage between source and bulk, ¢ is the Fermi po-

tential,and y is the body-effect coefficient which is

defined as:

V2qegNa
Cox
Since MOS transistors in latter stages have higher

Vs shence higher V,.according to Eqgs. (1) and (2),

4

more voltage and energy are wasted in the charge
pump itself. Therefore,the input level must be 300 or
400mV higher than the threshold voltage in order to
sufficiently turn on transistors and compensate the
body-effect.

3 Circuit implementation

The proposed circuit structure is shown in Fig. 2.
The main charge pump supplies power to internal cir-
cuits of UHF RFID, while the bias circuit, the sub-
charge pump, and the current reference gives stable
and precise bias voltage to eliminate the body-effect
and the threshold voltage of the main charge pump.
Thus,the main charge pump has a threshold voltage
close to zero.

3.1 Main charge pump and bias circuit

As illustrated in Fig. 3 (a),the main charge pump
and relative bias circuit act as a group of current mir-
rors. When there is a constant current flow through
the transistor in the bias circuit,a voltage equal to the
threshold is established. This voltage acts on the drain
and gate of transistors in the charge pump and elimi-
nates threshold loss. The body-effect is eliminated by
connecting the bias circuit to the transistors in the
charge pump respectively. Therefore, the bias voltage
varies with the threshold voltage change due to the
body-effect. The equivalent circuit of the first stage is
shown in Fig. 3 (b).
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Fig.3 Proposed main charge pump (a) and bias circuit (b)

When RF_INPUT swings to negative phase,as il-
lustrated in Fig. 3(b),for M1
Ve = Vo + Vi 5
Thus, M1 is constantly biased at the triode region.
With RF_INPUT acting on Vg, V, is high enough to
drive M1 into the strong inversion region,which ena-
bles a large current to charge C,;. In the positive
phase,the definition of source and gate is switched.
V., is clamped to V, and only a small sub-threshold
leakage current flows from C; to GND, while a large
part of the current flows through M2 charging C.,.
Therefore, transistors in the main charge pump act as
diodes with threshold voltage close to zero. The num-
ber of stages is limited to 6 for optimized perform-
ance.

3.2 Current reference and bias distributor

To provide proper current source,a low power,
low voltage constant current reference and its distrib-
utor circuit was designed. Figure 4 illustrates the sche-
matic.

The current reference,the startup circuit,and the
operational amplifier generate a stable reference cur-
rent. The bias distributor duplicates this current and
directs it to ecach bias circuit. The current [, p ~
It b, provide constant current for bias circuits con-
nected to the DC signal input, while I, a1 ~ I an for
those connected to the AC signal, as illustrated in
Fig. 3.
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Fig.4 Current reference

3.3 Sub-charge pump

The sub-charge pump works before any other cir-
cuits, providing voltage higher than the main charge
pump, but the current has to be small enough to mini-
mize power consumption. Therefore,a 10-stage NCP-2
Dickson charge pump with self-biasing ability is de-
signed,as shown in Fig. 5. Native nMOS transistor is
used for the sub-charge pump because its threshold
voltage is nearly zero and it is fully process-compati-
ble with the standard CMOS process without adding
an extra mask. Due to the high leakage, the native
nMOS transistor is not suitable for driving a heavy
load,so the size is minimized.

The output of the sub-charge pump is separated
into Vgue and Vi, in order to keep a clean power
supply for the current reference circuit.

4 Results

The proposed structure was built and simulated
with TSMC 0. 18um technology in which the normal
threshold voltage is 400mV. The simulation frequency
is 900MHz. Figure 6 (a) shows the PCE varies with
different input powers and output loads. For every
load condition, PCE first increases with input power
before decreasing after the peak level. At the begin-
ning, the increasing input power enlarges the over-
drive voltage of transistors, hence improving PCE.
Later, the increasing output current gradually be-
comes a domain factor,which reduces overall PCE be-
cause it causes more power loss on the transistors. Fig-
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Fig.5 Sub-charge pump

ure 6 (b) shows the relationship between input and
output voltage. For 1.5V output at 100kQ load, the
minimum input voltage is 350mV, while the tradition-
al design has no voltage output because transistors are
unable to turn on when the input voltage is beneath
the threshold. Figure 6 (c¢) gives the relationship be-
tween input power and output voltage. The curve
shows the minimum input power for 1.4V output at
200kQ load is —14dBm.

Figure 6 (d) shows the power consumption ratio
of each part. A large part of the energy is lost in the
main charge pump due to its large size and the large
parasitic capacitance of the transistors,while the add-
on circuits consume a small portion of energy but
make a great contribution to the improvement of PCE
and low voltage performance.

Figure 7 gives a comparison of voltage gain in
cach stage of the proposed structure and a Dickson
charge pump. For the same voltage output,900mV in-
put is required for a Dickson charge pump, while the
proposed structure requires only 370mV. Because
threshold loss and body-effect is eliminated, the pro-
posed structure has the same voltage gain in each
stage,while the old structure suffers a smaller gain in
latter stages. Longer setup time is required for the
proposed structure, since the current reference needs
time to stabilize before the main charge pump is bi-
ased. According to the ISO/IEC 18000-6C standard,
this delay is acceptable.

Table 1 gives a comparison between the conven-
tional power generation structures ®"’
posed structure.

With 200k load and — 14dBm input power, the
proposed structure can supply 1. 4V output with PCE
of 18.5%, which is much higher than conventional
structures. When the input level increases,output volt-
age and PCE of the proposed structure increase as
well,and it still shows higher driving ability than con-
ventional structures. This comparison indicates a great
enhancement in low power input conditions, which
gives the passive UHF RFID a longer read/write

and the pro-

range.
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Fig.7 Comparison of voltage gain between the traditional and proposed structures
Table 1  Comparison of different CMOS power generation UHF RFID has been presented. The structure is de-
structures signed with 0.18ym standard CMOS technology and
Input power/dBm —14 —12 ~10 includes two charge pumps.a current reference.and a
Proposed Output voltage/ V L1 1.78 | 25 group of bias circuits. On account of this new circuit
structure PCE/ % 18.5 20.9 22 . . . . .

c coml Ontont 1t0 ~ T o T design, performance in low voltage input is dramatic-
onventiona utput voltage/ . . . . . .
structurel®) PCE/% 12 1 p ally improved thanks to the carefully designed bias

Conventional Output voltage/V 195 16 9. 75 structure, which eliminates the threshold voltage drop
structurel®] PCE/% 3 12 20 and body-effect of conventional circuits. As shown in

5 Conclusion

A new power generation structure for passive

the simulation results, the new structure yields much
higher sensitivity and efficiency than traditional
Dickson charge pumps. Therefore,the proposed struc-
ture is suitable for low cost,high performance passive
UHF RFID applications.
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