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Abstract—Low-power mobile devices such as RFID tags and
WSNs that employ AES cryptographic modules are susceptible
to differential power analysis (DPA) attacks. This paper presents
a novel secured quasi-adiabatic logic (SQAL) technology that is
both low-power and DPA immune. The efficiency of the SQAL
technology was evaluated on an 8-bit AES-128 SBOX block and
proved to be robust against DPA attacks. Compared to other
adiabatic and non-adiabatic logic styles, the SQAL technology
achieves better results in terms of power consumption and area
overhead.

Index Terms—Adiabatic logic, AES, differential power analysis
(DPA), passive RFID, secured quasi-adiabatic logic (SQAL).

I. INTRODUCTION

R ADIO frequency identification (RFID) tags and wireless
sensor network (WSN) devices are extensively used

in many practical applications. This includes goods tracking
and management, healthcare, finance (e.g. electronic wallets),
transportation (e.g. smart car keys and public transportation
tickets), and many more [1]–[3]. As these devices commonly
store secure or personal information, they are vulnerable to
many threats, such as tag tracking, jamming, blocking, cloning,
and eavesdropping [4]. Another significant threat to these
devices is that their secret key can be revealed by non-invasive
side channel attacks [5]. These attacks utilize information
that leaks from the device during its normal operation in the
form of power consumption, electromagnetic emission, timing
properties, etc.
A differential power analysis (DPA) attack is considered the

most powerful side channel attack. It exploits the correlation
between the instantaneous power consumed by the device and
the processed data and the secret key. A DPA does not require
any information about the actual hardware implementation of
the device. Many hardware based countermeasures have been
developed over the years [6], [7]. These solutions have been im-
plemented at several hierarchical levels including architecture,
the block level, the register transfer level (RTL), and the circuit
level [8]–[11]. The main countermeasures at the circuit level
include sense-amplifier based logic (SABL) [12] and wave dy-
namic dual-rail logic (WDDL) [13]. Bothmethods aim to flatten
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the power profile by calculating the output and its complement
for each logic gate. However, these methods are not suitable for
applications where the power consumption is the main concern.
Specifically, they are not suitable for passive RFID devices [14],
[15].
Ultra low power adiabatic logic and quasi-adiabatic logic

were introduced in the 1990s. They were first considered as a
countermeasure against DPA attacks in [16]–[19]. Adiabatic
logic operates at very low frequencies. Usually, this is consid-
ered their main drawback, which is why they are not used in
many applications. However, they can be used in RFID devices
that work at low frequencies.
In this paper, a novel DPA-secured quasi-adiabatic logic

(SQAL) is presented. The SQAL is based on the efficient
charge recovery logic (ECRL) style [20]. The ECRL cannot
provide security against DPA attacks as its (topology-wise)
inherent asymmetric behavior leaks information. The SQAL
logic solves this problem by introducing symmetry not just
within a cycle, but also between two successive operations.
The new logic style presented in this paper is compact, energy,
and area-efficient, uses only four clocked voltage sources, and
most importantly, provides security against DPA attacks. This
paper is the first to examine the efficiency of adiabatic solutions
in terms of immunity under DPA attacks. Simulation results
conducted using a standard 180 nm CMOS technology node
on a 8-bit AES S-Box show the advantages of the proposed
methodology over existing solutions in the context of security.
The rest of this paper is organized as follows: Section II

presents the security perspective of the efficient charge recovery
logic (ECRL), Section III presents the proposed DPA-secured
quasi-adiabatic logic (SQAL), Section IV evaluates the secu-
rity of the SQAL technology using the AES 8-bit SBOX as a
benchmark circuit and, Section V evaluates the performance of
the SQAL. Section VI concludes the paper.

II. CONVENTIONAL ECRL LOGIC—THE SECURITY
PERSPECTIVE

An ideal adiabatic circuit makes it possible to transfer the
charge stored in the capacitor back to the voltage source. The
reader is referred to Appendix for a description of adiabatic
logic fundamentals. In practice, it is complicated to reuse this
energy and hence quasi-adiabatic circuits are usually consid-
ered, since fully adiabatic circuits are not practical [21].
In this paper, we deal with efficient charge recovery logic

(ECRL) [20] and its derivatives which all are quasi-adiabatic
solutions. In what follows, we briefly introduce the advantages
of ECRL logic and analyze why it is not immune to DPA attacks.
To the best of our knowledge, this is the first paper to analyze
ECRL from a security prospective.
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Fig. 1. ECRL XOR-XNOR gate: (a) Schematic view (b) Operating Signals.

A. ECRL Principles and Advantages

Conventional implementations of cryptographic algorithms,
and in particular the AES substitution-box (SBOX) block, con-
sist of a relatively large number of XOR gates, and several
NAND gates [24]. For this reason, we focus on the description
of an XOR-XNOR gate.
A standard ECRL XOR-XNOR gate is depicted in Fig. 1(a),

and its operating signals are shown in Fig. 1(b). The gate op-
erates as follows: each clock cycle is divided into four phases:
Wait, Evaluate, Hold, and Recover. Supply clock is generated
by a dedicated circuit. Examples of such design are discussed
in detail and analyzed in [21].
An adiabatic operation requires a negligible voltage differ-

ence between the source and the drain of a transistor during a
transition [25]. Thus, during theWait phase the input signals are
prepared (by the previous logic gates); then, during the Evaluate
phase the input signals stay stable and the gate outputs are cal-
culated (one output goes high); next, during the Hold phase the
input signals go low while the clocked VDD stays high; and
finally, during the Recover phase the clocked VDD goes low,
discharging the output nodes for energy recycling purposes. In-
herently, the inputs, which are the outputs of the previous level,
are then synchronized with the phases of the power sources.
This logic style is considered quasi-adiabatic, since the P-type

devices stop conducting the current back to the source when the
source voltage crosses (the transistor threshold voltage),
causing non-adiabatic energy losses of approximately

, where is the node capacitance.
Evaluation is a combination of two co-existing processes:

charging one output and removing the redundant charge (dis-
charging) from the second output. Fig. 2(a) presents a specific
example of an Evaluation phase where an XOR/XNOR ECRL
gate is fed with input signals . In this case, the capac-
itor is charged through , and is charged through
both and . As can be seen in Fig. 2(b), when the input sig-
nals are , the same number of transistors of the same
type is used for charging the and . Theoretically,
as the same number of transistors of identical type is connected
to and , they have the same capacitance. This
symmetry is also true for the (Evaluation) discharging process.
The same symmetry holds for inputs and .
During the Recover phase, the high output is discharged

through a PMOS transistor back to the power supply until it
reaches approximately . Again, this process is input
independent.

Fig. 2. Illustration of the Evaluation phase logic for ECRL XOR-XNOR gate,
using: (a) , (b) .

The symmetry is with respect to the value of the inputs and the
outputs; i.e., the capacitance that is charged/discharged during
the Evaluate and Recover phases, and the charging path charac-
teristics are independent of the input/output values. Therefore,
theoretically, the ECRL structure does not leak any information
about the inputs during the Evaluate phase or about the outputs
during the Recover phase. This makes the ECRL logic a perfect
candidate for security applications. However, as we show next,
the ECRL has a significant drawback which makes it useless for
these applications.

B. The ECRL Operation Leaks Information

Recall that the ECRL logic operates in four phases. The
power profile during the Evaluate, Hold, and Recover phases is
not correlated with the current input/output values as long as the
initial conditions are the same. However, in practice, the initial
conditions depend on the data; the quasi-adiabatic discharge
mechanism during the Recover phase does not discharge the
internal capacitances ( and ) of the logic gate. During
the successive Wait phase, depending on the new inputs, some
of these capacitances are discharged and some still have charge.
Consequently, the Evaluate phase starts with a data dependent
initial condition which is a function of the previous and the
current inputs. In turn, the power profile during the Evaluate
phase leaks information.
Fig. 3(a) depicts the simulated consumed current of a single

ECRL XOR-XNOR gate during five successive operations with
input pairs . Fig. 3(b) shows the de-
tailed current behavior during four phases of one cycle for the
input that follows . As previously ex-
plained, each clock cycle is divided into the following phases:
Wait, Evaluate, Hold, and Recover. During the first phase of the
cycle the current consumption is almost zero and does not de-
pend on the inputs. During the evaluation phase, the gate out-
puts are calculated and as a result the current consumption de-
pends on the two successive outputs that are computed from
the inputs. In our case, the output changes from 0 to 1 (since

). In turn, the current peak in this scenario
is twice as large as the peak current in the following cycle, when
the inputs change from to . The adiabatic
operation can be clearly observed during the Recovery phase,
when the current flows back to the trapezoidal voltage source.
As we show next, a strong correlation between the cur-

rent signal and the data is observed. Denote by
the ’ th binary output vector. The

Hamming weight (HW) of is defined as:

(1)
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Fig. 3. (a) Consumed current for the ECRL XOR gate; a strong correlation
between the current signal and the Hamming weights is observed. (b) Detailed
current behavior during the four phases: Wait, Evaluation, Hold, and Recovery
of one cycle for input that follows .

Fig. 4. The modified SQAL XOR-XNOR gate: (a) Schematic view. (b) Oper-
ating signals.

and define the Hamming distance (HD) between and as

(2)

In Fig. 4(a) we demonstrate that for a single gate, the HD
indicates whether a logic change in the output occurred. It is
clear from Fig. 3 that whenever , a higher peak current
occurs, as compared to . This implies that there is a
correlation between the consumed current during theEvaluation
phase and the distance (HD) between two successive outputs.
By (partially) controlling the input sequence a DPA attacker can
obtain information from the resulting correlation.
This problem was recently addressed in [16]; the author sug-

gests “resetting” the initial conditions of all nodes by adding
more transistors which are activated in an additional phase.
Here, we address this problem from a different angle.

III. THE PROPOSED DPA-SECURED QUASI-ADIABATIC LOGIC

In this section we present a new quasi-adiabatic SQAL which
aims to solve the problem of the ECRL logic. In contrast to the
ECRL, the initial conditions of the Evaluate phase are not data

Fig. 5. Current waves for the modified SQAL XOR gate; the correlation be-
tween the current signal and the Hamming weights is barely observed.

dependent and therefore the power and current profiles of SQAL
gates do not leak information. We start with a description of a
XOR-XNOR gate, then we present the AND-NAND, OR-NOR,
and NOT-NNOT gate which is mainly used as a buffer.
The main idea is to prepare the circuit for the Evaluate phase

during the Wait phase. This preparation includes removing
the remaining charge from the internal capacitors (which
determines the initial conditions). Fig. 4(a) shows how this
concept is implemented in a XOR/XNOR gate; an additional
discharge transistor M9 is added between the internal nodes.
This transistor is controlled by an additional Discharge signal,
which is synchronized with the Wait phase. The transistor is
turned on at the beginning of the Wait phase (while the new
input signals are being generated by the previous logic stage).
Regardless of the value of the new inputs, any internal node
in the gate has a discharge path to the ground. Consequently,
no charge is left from the previously evaluated inputs. Note
that in adiabatic logic and especially in RFID applications, the
duration of each one of the phases is long enough with respect
to the typical switching time of the transistors. Therefore, the
discharge operation is completed long before the end of the
Wait phase. To emphasize the fact that the first phase has an
additional functionality, we call it the Wait & Discharge phase,
as shown in Fig. 4(b).
Note that power supply generation circuits for the SQAL

logic can be designed using the same principles as used for
ECRL. To see specific design examples the reader is referred
to the fundamental papers [21], [22].
Unlike existing solutions, the main advantage of this solution

is that no additional phase or clocked VDDs are required. More-
over, only one additional transistor is used to solve the problem,
such that the SQALXOR gate is only composed of 9 transistors.
Fig. 5 depicts the simulation results with the same setup as in

Fig. 4. The aforementioned advantages of the proposed solution
emerge clearly.
The structures of the NAND and NOR gates are presented in

Fig. 6(a) and Fig. 6(b), respectively.
Unlike the XOR gate, the NAND and NOR gates are asym-

metric by nature. As previously, the PDNs should be designed in
such a way that the discharge and charge paths are equal for each
input signal. Such a symmetric design will definitely come at the
expense of redundancy. For instance, considering the OR-NOR
gate, the output logic functions can be derived as follows:

(3)
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Fig. 6. SQAL gates: (a) AND-NAND. (b) OR-NOR.

Fig. 7. Detailed description of the 8-bit SBOX module based on [29].

The operating concept behind the OR-NOR and AND-
NAND gates is similar to the XOR-NXOR gate. However, in
this case three additional Discharge transistors are required, as
shown in Fig. 6. Once again, the charge and discharge paths are
almost data independent.
As seen in Fig. 6, the transistor count for the AND-NAND

and OR-NOR gates is substantially higher than for the XOR-
XNOR gate (15 transistors versus 9). However, as explained in
the next section, most of the gates used in the SBOXmodule are
XOR gates. Therefore, the implementation cost of the SBOX is
acceptable.
A NOT-NNOT gate, which is also required as a buffer for the

implementation of the SBOX, consists of five transistors, one of
which is used for Discharge.

IV. SQAL: SECURITY EVALUATION

In this section, we evaluate the SQAL technology in terms of
immunity to DPA attacks. First, we briefly present the chosen
benchmark circuit. Then, we describe the DPA attack mecha-
nism and finally evaluate the SQAL efficiency under this attack
in comparison to CMOS.

A. The Benchmark Circuit: 8-bit SBOX (AES Algorithm)

We evaluate our proposed technology on an 8-bit SBOX
circuit used by the AES-128 cryptographic algorithm. The
module was implemented in TowerJazz 180 nm standard
CMOS technology with 0–1.8 V Clocked VDD, using a Ca-
dence Virtuoso environment. A full description of the AES
algorithm [26] is beyond the scope of this paper. Here we focus
on the AddRoundKey and SubBytes (SBOX) operations since
these AES operations are vulnerable to DPA attacks [27], [28].
The chosen benchmark circuit is composed of eight XOR

gates performing the AddRoundKey operation between the in-
puts and the secret key, and an 8-bit SBOX block, together
calculating:

(4)

The SBOX is the only non-linear operation implementing the
AES algorithm; it is composed of Galois field (GF) inverse op-
eration (cyclic inverse) and a linear transformation. The internal

TABLE I
GATE COUNT FOR THE TEST CIRCUIT

The area overhead is normalized to . For details see Table II.

architecture of the benchmark circuit is constructed according to
[29] where the inverse is calculated in , instead of in

. This serves to decrease the number of required arith-
metic calculations as follows: The 8-bit entry (referred to as )
is represented as

(5)

where stands for the 4 MSBs, and stands for the 4 LSBs.
Then, takes the form:

(6)

The conversion between these two field representations requires
linear transformations, referred to as and .
The architecture of the SBOX which realizes (6) is shown in

Fig. 7. Additional buffers are required for synchronization. In
fact, the SQAL logic family requires two system clocks (eight
phases) to perform the computation. The internal blocks, shown
in Fig. 7, are described in [29].
The benchmark circuit was implemented in both SQAL and

CMOS technologies. Table I shows the number of logic gates
used. The number of XOR-NXOR and AND-NAND gates is
equal in both. However, since SQAL operates in four phases, a
larger number of NOT-NNOT gates is required.

B. Evaluation of the SQAL Technology

In this subsection we briefly describe how a DPA attack was
conducted in a Cadence environment, and present simulation
results that demonstrate the efficiency of the SQAL technology
as compared to CMOS. We evaluate the immunity of this tech-
nology to a multi-bit correlation-based DPA attack [27]. The
attack takes place in three phases:
1) Current Profile Measurements: The benchmark circuit is

fed with N random input plaintexts: . For
each input stream, the consumed current traces are collected,
and organized as a matrix:

(7)

where represents the sampled time, ; and
denotes the input plaintext for .

2) Current Modeling: For each input plaintext , and
key guess , the ciphertext; i.e., the encrypted plaintext,

, is computed.
A current peak is likely to appear when bits change their

values: in some logic styles current peaks occur mainly after
transitions (as in CMOS), and in some cases both
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and transitions generate current peaks. The tran-
sition occurs when and the
and transition occurs when .
A multi-bit DPA attack targets several bits; it models the cur-

rent peak height as the sum of the changes on the output bus. For
instance, in the CMOS realization of the attacked device, the
current model , say, for input and would
be:

(8)

where denotes the Hamming distance of the
bit on the output bus, when the inputs and were fed
to the test-circuit, and is the Hamming weight of .
Note that the current model is a matrix,

(9)

where, for example, .
As was shown in Section II-B, in the case of quasi-adiabatic

logic where the function and its complement are calculated in
each cycle, HD alone (without multiplication with HW) is more
appropriate.
3) Calculation of the Correlation Matrix: The final step is

to correlate these two matrices, which means that for each key
and time , the correlation coefficient for the columns of

these two matrices is calculated. As a result, a correlation
matrix is computed

(10)

The attacker does not know the correct key (denoted by
), or the exact time the output bus calculation takes place

(referred to as ). Therefore, the attacker looks for the entry
in that carries the maximal value. If the DPA attack
is successful, the maximal value appears in row and
column .
The test-circuit was constructed in a Cadence Virtuoso en-

vironment as stated previously, both using CMOS and SQAL
logic styles. The DPA attack itself was performed in a Matlab
environment. The arbitrary 8-bit secret key was chosen to be

.
The eight-bit signal is generated by a random number

generator (RNG) in the Cadence Virtuoso environment (using
Verilog-A language). To perform the DPA attack, which will
be explained further below, the random input signals and the
current drawn from the trapezoidal power sources are measured
and collected for analysis in the Matlab environment.
Recall that the strength of the SQAL technology relies on its

symmetry with respect to the value of the inputs and the outputs.
We examined its sensitivity to variations from this symmetry
due to process variations which may harm the symmetric oper-
ation of the circuit. Note that it is common in security oriented
applications to consider the worst case scenario. The worst case
was defined as follows: The layout of each of the SQAL gates
was constructed. In addition to the ideal case design (with ex-
traction), the largest difference in the parasitic capacitance was
considered. This difference was extracted from Monte-Carlo
simulations. The maximum capacitance difference from the sta-
tistical simulation was applied to each asymmetric node of each

Fig. 8. Layout of SQAL XOR-XNOR gate.

Fig. 9. DPA attacks: (a) a successful using CMOS implementation; (b) non-
successful example using the SQAL implementation.

gate of the whole module. This design thus captures the most
asymmetric current consumption possible for this module. Typ-
ical values of the added capacitances were 2% of the existing
capacitance. The layout of SQAL XOR-XNOR gate is shown
in Fig. 8.
As can be seen, a symmetric layout was implemented such

that its wire lengths, pins and layers are identical at each pair of
complementary nodes (e.g., XOR and XNOR nodes).
In the simulated DPA attack, inputs were fed to the

test-circuit. Note that in real-life DPA attacks, a higher number
of inputs is used (typically around 10 000). However, in our
CMOS case it was not necessary to collect a large number
of samples since there was no electrical noise, and since the
test-circuit was not a full chip with additional digital and analog
modules that consume current; rather, it was a stand-alone
module. This is shown in Fig. 9(a). The figure shows that when
a CMOS implementation is used, it is possible to break the
test-circuit key even when using samples. Note that
for the correct key guess, , the correlation was close to
unity (0.9831), and was much higher than the second maximal
correlation (0.4519), leading to a signal-to-noise-ratio (SNR)
of 2.175. Note that the SNR value reflects the difficulty dis-
tinguishing between the correct key and the wrong keys. It is
defined as the ratio between the correlation value of the correct
key, and the second maximal correlation of a wrong key guess
[30].
In contrast to the CMOS implementation, when imple-

menting the test-circuit using SQAL topology, the correct key
showed a low correlation coefficient, as seen from Fig. 9(b).
Moreover, in this case there was no key guess which led to a
correlation coefficient above 0.5.
In addition, further simulations of the test circuit using the

SQAL topology with a higher number of random input samples
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Fig. 10. SNR of CMOS, SyAL, and SQAL as a function of number of the input
samples N, where .

Fig. 11. Average energy consumption per cycle for different technology fami-
lies.

validated its immunity to DPA attacks. Fig. 10 presents the SNR
as a function of the number of samples N.
It shows that even up to samples, the SNR of

SQAL is below unity. The SNR of SQAL is also compared to
CMOS and SyAL. SyALwas chosen since it has low power con-
sumption (refer to Fig. 11), which is also suitable for the target
application. Compared to the SQAL topology, Fig. 10 shows
the vulnerability of the test circuits to DPA attacks when using
CMOS and SyAL topologies, since their SNR values are higher
than unity. It was also observed that in SQAL the correlation
coefficients of all the key guesses decreased as the number of
samples N increased, and again, they were all below 0.5. As a
result, the correct key could not be revealed.

V. SQAL: PERFORMANCE EVALUATION

This section discusses the energy consumption of the pro-
posed SQAL topology, and presents its advantages in terms of
the required trapezoidal voltage sources, transistor count and en-
ergy consumption, compared to other logic families. Recall that
this technology targets low power applications such as RFID
tags. Therefore, the main evaluation criteria are area (number
of voltage sources and transistors) and energy efficiency.
There are two common ways to implement trapezoidal

voltage sources. They are either implemented using voltage
generators that comprise operational amplifiers or by using
switch-capacitor converters (SCC) with dynamic output volt-
ages. While operational amplifiers consume a non-negligible
amount of static current, the conventional SCCs have a power
efficiency of around 80%. Therefore, the number of trapezoidal
voltage sources directly affects the energy consumption of the
entire chip and its area.

TABLE II
REQUIRED TRAPEZOIDAL VOLTAGE SOURCES, TRANSISTOR COUNT
COMPARISON AND DESIGN AREA NORMALIZED TO

The proposed logic topology incorporates only 4 trapezoidal
voltage sources. To the best of our knowledge, this number is
smaller than the number of voltage sources in other quasi-adi-
abatic logic families. The number of voltage sources and the
number of transistors is shown in Table II.
It is clear from the table that the SQAL requires fewer tran-

sistors than other non-conventional technology; nevertheless,
is it about three times larger than CMOS. Note as well from
the table that the SQAL and the SyAL families consume quite
similar area. Though SQAL transistor count is lower due to
less charge recovery NMOS transistors, some SQAL gates are
larger due to sizing optimization. Therefore the total area is a bit
bigger, which makes SQAL attractive also for low area appli-
cations. As expected from the transistor count, the SQAL con-
sumes a lower area than the CSSAL, but a higher area com-
pared to SABL and CMOS. Note, however, that CMOS cannot
provide security at the gate level, and the energy it consumes
makes it less suitable for this type of application. With respect
to CMOS and SABL transistor counts and normalized areas,
though SABL requires more transistors, most of them are small
sized NMOS transistors. In CMOS, however, equal number of
NMOS and PMOS transistors exists. This means that the low
mobility PMOS devices which dissipates larger area will make
CMOS design much larger.
Fig. 11 presents the energy consumption (over 100 cycles)

of each technology as a function of the operation frequency. It
is obvious from the figure that the energy consumption of the
SQAL family is lower than any other logic family.
It is clear as well that CMOS and SABL dissipate more power

since they do not employ the adiabatic concept. As for the other
logic styles, even though the SyAL and the CSSAL are adia-
batic logic families, they consume more power than the SQAL
due to larger numbers of transistors. In addition, five and twelve
trapezoidal voltage sources are needed in the SyAL and CSSAL,
respectively, making their structures much more complicated.
Note that in general, in RFID operation frequencies (several
KHz’s to several MHz’s), the quasi-adiabatic logic styles con-
sume less energy than other technologies. This is due to adia-
batic charging.
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Fig. 12. RC network charging using a voltage ramp.

VI. CONCLUSION

In this paper, we presented and analyzed a novel quasi-adi-
abatic logic immune to DPA attacks. This logic is suitable for
low-power devices which operate in low and middle frequen-
cies, e.g. RFID tags. The proposed DPA-secured quasi-adia-
batic logic (SQAL) topology proved to be secure against side-
channel attacks. It has a low energy consumption, requires only
four phases of trapezoidal power sources, and is implemented
using a small number of transistors.

APPENDIX
APPENDIX—ADIABATIC LOGIC FUNDAMENTALS

The general idea behind adiabatic switching is to charge an
output capacitor using a constant current source [23]. In contrast
to a conventional RC network with a constant voltage source,
here the energy consumption depends on the resistance. This
unique property helps to control the energy consumption per
single operation. As mentioned previously, the ability to control
energy consumption is essential in the context of security, since
information can be derived from the power profile.
It is more practical to use a ramp voltage source than a current

source (as depicted in Fig. 12).
The voltage on the capacitor is:

(11)
where is the ramp time period.
Similarly, the current is:

(12)
By choosing it is possible to a) reduce energy

consumption, and b) flatten the power profile. For , for
the voltage is approximately , and for

it approaches . Recall that we are interested in the
current behavior, as it represents the power profile; the current
in case of is actually constant: for we
have and for it vanishes to 0.
It is important to point out that the assumption is re-

alistic in RFID applications. A typical clock frequency in these
applications is less than 10 s of MHz, which translates to Ts on
the order of 10 ns to 100 ns. A typical RC in standard VLSI tech-
nologies is definitely smaller than 0.1 ns. Consequently, RFID
logic can operate with a constant and low switching current and
therefore achieve a constant (and low) power profile.
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