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ABSTRACT This article presents a 6.78 MHz single-stage wireless power transfer (WPT) receiver (RX)
using 0X/1X regulating rectifier with improved voltage mode (VM) delay compensation for implantable
medical devices (IMDs). The regulation of 0X/1X modes is achieved through pulse width modula-
tion (PWM), with the frequency set at 1/16 of the carrier clock to ensure circuit stability and enhance
power conversion efficiency (PCE) under light loads. VM delay compensation has the advantage of power
consumption. However, the traditional VM on-delay compensation may become ineffective because a large
voltage pulse will occur on the RX side input when the circuit delays increase. Therefore, an improved VM
on-delay compensation method is proposed. Coarse compensation for on-delays can be achieved by reusing
the control signal generated from off-delay compensation loop, as off-delay compensation processes will
not be influenced by on-delay compensation processes. It allows the on-delay compensation loop to function
normally and finely compensate for on-delays. The proposed rectifier is designed in 0.18µmCMOS process.
It can achieve output voltage management of 1.8V. Comparing with other regulating rectifier, the proposed
rectifier has a fast transient response of 14 µs and a small chip area of 0.91 mm2. The simulation results
indicate that this rectifier can attain high PCE of 84.6% in light load (500�) and peak PCE of 93.5% in
heavy load (50�). The high voltage conversion ratio (VCR) of over 93% is also achieved under the large
circuit delays.

INDEX TERMS Implantable medical devices (IMDs), pulse width modulation (PWM), power conversion
efficiency (PCE), single-stage regulating rectifier, voltage mode (VM) delay compensation, voltage conver-
sion ratio (VCR), wireless power transfer (WPT).

I. INTRODUCTION
Wireless power transfer (WPT) technology has become
widespread for charging a variety of devices, including
portable electronics [1], electric vehicles [2] and espe-
cially implantable medical devices (IMDs) such as bionic
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approving it for publication was Valerio De Santis .

systems [3], neural recording [4] and so on. In IMDs, the
adoption of WPT techniques plays a pivotal role in eliminat-
ing the need for cumbersome batteries which often necessi-
tates frequent replacements through surgical procedures [5].
A typical WPT system comprises a power transmitter (TX)
and a power receiver (RX), as depicted in Fig.1(a). The TX
side involves a primary coil driven by a power amplifier (PA).
It transmits ac power to the secondary coil through resonant
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FIGURE 1. The structure of (a) typical WPT system and (b) single-stage
regulating WPT system.

magnetic field. The resonant frequency is restricted according
to the industrial, scientific and medical (ISM) bands. On RX
side, the received ac power is rectified by active rectifier,
followed by the application of a regulator to ensure a stable dc
voltage for the connected loads. For the RX side, reducing the
chip size is crucial because it need to be implanted inside the
body. Additionally, achieving high PCE and VCR is impor-
tant to minimize heating and improve the voltage utilization
rate. So, current research focuses on twomain areas: the ways
of output voltage regulating and circuit delay compensation.

For output voltage regulating, a second-stage voltage reg-
ulator such as low dropout regulator (LDO) [6], [7] or
switching regulator [8], [9], [10] is typically added. However,
the efficiency of the LDO is constrained by the ratio of the
output voltage to the input voltage. Moreover, the power loss
in the LDO is large and can lead to heating issues. Efficiency
enhancement is possible by employing a switching converter
capable of maintaining high efficiency across a wide input
and output range. However, this comes at the expense of
requiring a bulky inductor, significantly increasing the chip
area [11]. Therefore, integrating rectifier and regulator into
a single stage and thus efficiently and space-savingly regu-
lating output voltage is necessary, as shown in Fig.1(b). The
common approaches for single-stage output regulating are
switching among diode-closed(0X), half-bridge(1/2 X), full-
bridge(1X), or voltage-double(2X) modes to ensure stable
output voltage when coil coupling and output loads change.
A 1X/1/2 X/0X reconfigurable rectifier is proposed in [11].
It has the fast transient response. However, it needs four active
diodes which cause the silicon cost significantly increasing
and the logic of switching among 1X/1/2 X/0X modes is
complex. The 1X/2Xmode rectifier proposed in [12] and [13]
uses a combination of local and global adjustments to achieve

FIGURE 2. Impacts of on/off delays.

output voltage management. It utilizes three active power
transistors which may occupy a large chip area. In addition,
this structure is only suitable for high-power outputs and its
efficiency is low in light loads. In [14] and [15], a 1X/0X
mode rectifier is introduced, where in the 0Xmode, the losses
are reduced by adjusting the input power at TX. Nonethe-
less, the receiver’s transient response could be delayed as
the feedback needs to pass through the transmitter to adapt
the transferred power in response to changes in RX side
load. Although these works have achieved single-stage output
regulation, they still have shortcomings in terms of large chip
area, complex regulating circuit, slow transient response or
low efficiency in light load, making them unsuitable for using
in IMDs.

For circuit delay compensation. The genetic active rec-
tifier, depicted in Fig.1(a), is composed of cross-coupled
NMOS transistors and PMOS transistors controlled by com-
parators (active diodes). Ideally, PMOS would switch once
VAC rises above (drops below) VO. In practice, the existence
of circuit delays will cause the PMOS to turn on/off late.
The turn-on delays (on-delays) will lead to a reduction in
conduction time TON and a large pulse. The turn-off delays
(off-delays) will lead to large reverse current. They poten-
tially undermine both VCR and PCE, as shown in Fig.2.
Therefore, compensating for circuit delays is important.
There are two commonly used methods for delay compen-
sation: voltage mode (VM) delay compensation and current
mode (CM) delay compensation. The compensation method
employed in [16], [17], [18], and [19] is based on current-
injection mode. The offset currents are directly injected into
push-pull comparator and the comparator will trip early by
using the unbalanced bias mechanism to eliminate circuit
delays. The CM delay compensation has the advantages of
wide compensation range and simple structure. Neverthe-
less, this mode requires additional injection of offset current,
leading to increased power consumption. VM compensation
method is employed in [20] and [21]. The MOS transis-
tors operating in the linear region act as tunable resistors.
Its resistance can be regulated by varying gate voltages
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FIGURE 3. System architecture of the proposed single-stage regulating rectifier.

generated through feedback, directly creating a bias voltage
at the input of the comparator to compensate for circuit
delays. This mode, which need no additional current injec-
tion, demonstrates lower power consumption compared to the
CM. However, when the circuit delays increase, VAC may
have a large pulse at the falling edge of VGP. This large
voltage pulse will result in a sampling failure for on-delays.
Traditional VM on-delay compensation loop fails to operate
effectively. Consequently, the on-delays can’t be compen-
sated and the VCR may significantly be reduced.

In this article, we proposed a single-stage 0X/1X regulating
rectifier with improved VM delay compensation. There are
two main contributions:

A: For single-stage output voltage regulating.We proposed
a frequency-divided PWM local control method. The stable
output is achieved by switching 0X/1X mode using PWM
local control loop whose frequency is 1/16 of the carrier
clock. It can improve the efficiency in light load as the
switching loss is low. Meanwhile, due to the simple structure
of the PWM local control loop, a small chip area and fast
transient response can be achieved which is suitable for IMDs
applications.

B: For delay compensation. We proposed an improved
VM compensation method. Coarse on-delay compensation
can be achieved by reusing the error signal produced from
off-delay compensation loop. It can decrease the large pulse
ofVAC , allowing the on-delay process to take effect and finely
compensating for on-delays. This method can compensate for
on/off delays effectively even though there is a large pulse in
the RX side input due to the large on-delay.

The rest of this paper is organized as follows. Sect-
ion II presents the proposed single-stage regulating rec-
tifier in details, including the output regulating circuit,

delay compensation circuit and self-start-up circuit. Sec-
tion III shows the simulated results, including stability
analysis, system-level transient waveforms and power loss
analysis. Finally, the conclusion is drawn in Section IV.

II. PROPOSED SINGLE-STAGE REGULATING RECTIFIER
The system architecture of the proposed single-stage regu-
lating rectifier is illustrated in Fig.3. It concludes the power
stage, the output regulating loop, the improved voltage mode
delay compensation loops, the bandgap reference (BGR) and
the self-start-up module. The power stage mainly consists
of two cross-coupled NMOS power transistors (MN1, MN2),
a pair of comparator-based PMOS transistors (MP1, MP2),
switch MS , and buffers. The output regulating loop regulates
the output voltage without the need for a second-stage regu-
lator. The improved VM delay compensation loops are used
to eliminate on/off delays. BGR provides a reference voltage
and bias currents. The self-start-up module guarantees the
normal operation of the receiver during the rising process of
output voltage VO. More details are introduced below.

A. OUTPUT REGULATING LOOP
The principle of output regulating loop is shown in Fig.3
and the relationships of the regulating signals are shown in
Fig.4(a). The synchronous clock CLK1 is generated from
VAC1 and VAC2 by comparators. It undergoes a division by
sixteen using four D flip-flops to produce CLK2. There exists
a potential enhancement in efficiency under light loads when
compared to regulating the output voltage in every cycle of
the input signal, as the switching losses are small. CLK2
is utilized to trigger the rising edge detector, subsequently
generating a pulse signal denoted as CLK. This signal is then
employed to generate the ramp signal VRAMP. The slop of

116116 VOLUME 12, 2024



S. Chen et al.: Single-Stage 0X/1X Regulating Rectifier With Improved VM Delay Compensation

FIGURE 4. (a) The relationships of the regulating signals. (b) Equivalent structures and waveforms of the regulating rectifier in 1X/0X mode.

VRAMP remains independent of the power supply due to the
utilization of a supply independent bias current, as further
illustrated later. When the sampled voltage VO_S drops below
(rises above) the reference voltage VREF , the error voltage
VEA increases (decreases) and is compared to VRAMP. This
comparison leads to the generation of a corresponding PWM
signal VP, which is employed to regulate 0X and 1X modes.
Fig.4(b) shows the equivalent structures and waveforms of
1X/0X mode. When VP is low, the circuit is at 1X mode,
switch MS is turned off. It is a full wave bridge rectifier
and the output voltage VO will increase. When VP is high,
circuit is at 0X mode, switch MS is turned on and the power
transistors MP1, MP2, MN1, and MN2 are turned off. CL is
discharged by RL and VO will decrease.
The duty cycle of 1X D1X can be expressed as

D1X =
T1X

T1X + T0X
(1)

where T1X and T0X are the duration of the 1X mode and 0X
mode within one cycle of VP. Under light load or high power
input conditions, D1X is small, resulting in less power being
transferred to the load. However, D1X becomes large under
the heavy load or low power input conditions. This enables
the stable output voltage across different loads or power input
conditions.

Due to the presence of MS , VAC1 and VAC2 will remain
at a small value in 0X mode. It leads to the decrease in
VO and saves power consumption. However, the occurrence
of shorting MS may happen randomly at any phase in the
switching cycle of VP when the load changes. IfMS is shorted
when there is a large voltage across the RX resonant capacitor
C2, the energy stored in C2 will be dissipated, resulting in
power loss. To mitigate this, a simple zero voltage switch-
ing (ZVS) circuit is employed. This circuit is implemented
using a three-input NOR gate, as shown in Fig.3. The shorting

of MS happens only when VAC1 and VAC2 are at a low level
and approximately the same which means the voltage across
C2 is approximately zero, as shown in Fig.4(b). It can reduce
the energy loss on C2 and improve PCE.
A constant ramp slope is desirable, as it is directly related to

the system stability. The schematic of the supply independent
voltage ramp generator is shown in Fig.5(a). The slope of
ramp KR can be given as follows

KR =
1VRAMP

1t
=

IB · 1t/
CR

1t
=

IB
CR

(2)

where VRAMP is the output ramp voltage, CR is the charg-
ing capacitor and IB is the supply independent bias current.
To achieve a stable bias current IB, a negative feedback
loop is introduced. The operational principle is as follows:
as VO increases, VX also rises. Due to the common-source
characteristics of transistor M2, VY decreases, leading to
a corresponding reduction at VZ . Consequently, there is a
decrease at VX , ensuring its relative stability. The designed
ramp signal in this article has a low frequency, indicating
a small slope. Therefore, the bias current IB can be set at
the nanoampere (nA) level. It can lower power consumption.
Transistors M3 and M4 operate in the sub-threshold region.
Based on the expression for the drain-source current of a
MOS transistor in the sub-threshold region, IB is given as

IB =
ζVT lnK

R1
(3)

where ζ is the sub-threshold slope factor, K is the ratio
of sizes between M3 and M4. It can be observed from
equation (3) that the bias current IB is uniquely determined
by R1 and K . When VO varies from 0.8V to 2.4V, the sup-
ply independent current source exhibits a variation of only
18 nA/V, whereas the peaking current source [16] shows a
rate of change of 186 nA/V, as shown in Fig.5(b).
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FIGURE 5. (a) The schematic of the supply independent voltage ramp
generator. (b) The current variation of the peaking current source and the
supply independent current source under different power supply voltages.

B. VOLTAGE MODE DELAY COMPENSATION LOOP
The voltage mode delay compensation loop includes sample
circuit and push-pull comparator, as shown in Fig.3. The sam-
ple circuit for the half-side is shown in Fig.6. Consider the
on-delay sample circuit as an example. VO and VAC1 are
level-shifted the same voltage to match the common-mode
input voltage range of the error amplifier, labeled as VO_LS
and VAC1_LS . They are then held by C3 and C4 at the falling
edge of VGP1, labeled as VO_S_ON and VAC1_S_ON . Ideally,
VO_S_ON and VAC1_S_ON should be equal. However, due
to the presence of circuit delays, VAC1_S_ON will be larger
than VO_S_ON , resulting in an increase in the output of the
error amplifier VC_ON . It can introduce turn-on offset voltage
VOS_ON into push-pull comparator and let the comparator trip
earlier. VOS_ON will continue increasing until VAC1_S_ON ≈

VO_S_ON , ultimately compensating for on-delays. The prin-
ciple is similar to the off-delay sampling process. VAC1and
VO are level-shifted by the level shifter and then sampled by
C1 and C2. Initially, VAC1_S_OFF is smaller than VO_S_OFF
due to the circuit delays and VC_OFF increases. Then the
increasing turn-off offset voltage VOS_OFF is introduced to
the comparator until VAC1_S_OFF equals VO_S_OFF , thereby
eliminating off-delays.

The concept of push-pull comparator with traditional volt-
age mode compensation is shown in Fig.7(a). The offset
voltages VOS_ON/OFF are directly injected into the input of
comparator. By calibrating the control voltage VC_ON/OFF of
the transistors through the feedback loop, properVOS_ON/OFF
can be introduced to remove the circuit delays. The switches
SWON and SWOFF are controlled by signals SON and SOFF .
SOFF is derived from VGP1 in reverse. SON is generated by
SR flip-flop and RC filter, as shown in Fig.7(b). During
on-delay compensation process, SON remains high and SOFF
remains low, off-delay compensation is disabled. Similarly,
during off- delay compensation process, SOFF stays high and
SON stays low, on-delay compensation is disabled. It ensures
that off-delay compensation process will not be affected by
on-delay compensation process. The push-pull comparator
delay tcmp can be given as [22]

tcmp =

√√√√ COUT |VCR|

ωkS
√
2IBkp

(W
L

)
1−4

(4)

where COUT is the output capacitor of the comparator, |VCR|

is the value of voltage conversion ratio, ω is the angular reso-
nant frequency, kS is a scaling factor, IB is the bias current,
kp = µpCox . IB and (W/L)1−4 can be set to small values
to reduce the power consumption and chip size. However,
it will lead to an increase of circuit delays. Meanwhile, the
circuit delays may become larger because of some no-ideal
conditions (such as PVT and mismatch). The magnitude of
VAC1 may be significant at the falling edge of VGP1 due
to the large on-delays. This may potentially result in the
sampled voltage VAC1_S_ON exceeding common-mode input
voltage range (Vin,CM ) of the error amplifier and VC_ON will
be as large as VO. It will introduce a large VOS_ON , causing
the comparator to function unproperly because the transistors
will not operate in the saturation region, ultimately resulting
in the failure of on-delay compensation. This will signif-
icantly reduce the VCR. Fortunately, VAC1 does not drop
significantly at the rising edge of VGP1 because it is clamped
by the output voltage VO. Therefore, VAC1_S_OFF is in the
range of Vin,CM and VC_OFF stays at an appropriate value
between VO and VSS , as shown in Fig.8(a). Off-delays can be
effectively compensated. To compensate for on-delays reli-
ably, we propose an improved VM compensation approach,
as illustrated in Fig.7(c). The MOS transistors M6, M7, M9,
M10, M12and M13operating in the linear region function as
variable resistors, with their resistance directly proportional
to the gate voltage VC_ON/OFF . When VC_ON/OFF increases,
the offset voltage also experiences an increasement. VC_OFF
is reused in the process of on-delay compensation. It con-
trols transistors M9 and M10 operating in parallel with
transistors M6 and M7 controlled by VC_ON . On-delay com-
pensation process can be divided into three steps, as shown
in Fig.8:
Step I: Owing to the large magnitude of VAC1 at the falling

edge of VGP1, the sampled voltage VAC1_S_ON exceeds the
range of Vin,CM , thus causing VC_ON to be as high as VO.
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FIGURE 6. The half-side structure of the delay sample circuit.

FIGURE 7. (a) Push-pull comparator with traditional voltage mode compensation. (b) The schematic and waveforms of half-side logic control circuit.
(c) Push-pull comparator with improved voltage mode compensation.

M6 andM7 are closed and the on-delay compensation loop is
inactive. Off-delay control signal VC_OFF will provide coarse
compensation for on-delay.
Step II: As VC_OFF continues increasing, turn-on will be

tripped prematurely. VAC1_S_ON is smaller than VO_S_ON and
VC_ON decreases. VAC1_S_ON enters the error amplifier’s nor-
mal input common-mode range. On-delay compensation loop
starts to function normally. VC_ON provides fine compensa-
tion for on-delays.
Step III: Both on- and off-delays are well compensated.
By adopting this structure, effective compensation for cir-

cuit delays and high VCR has been achieved even in the
presence of large pulse of VAC due to the large circuit delays.

C. SELF-START-UP CIRCUIT
Fig.9(a) shows the self-start-up circuit of the rectifier. The
resistors RS1 and RS2 are large to minimize the power
dissipation in the circuit. Initially, VSTU is low. The gates
of power transistors MP1 and MP2 are connected to VO,
causing the transistors to function as passive diodes. VSTU
remains low until VO reaches 1.35V, which is the sum of
the threshold voltages ofMSN1 andMSN2 in diode-connected
configuration.

Then, VSTU becomes high, and the circuit will operate in
active mode, as shown in Fig.9(b). A D flip-flop is employed
to avoid potential multi-startup issues when the rectifier just
becomes active mode.
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FIGURE 8. The (a)Step I, (b)step II and (c)step III of delay compensation using proposed push-pull comparator.

FIGURE 9. The (a) schematic and (b) waveform of self-start-up circuit.

III. SIMULATION RESULTS
The designed single-stage regulating rectifier is simulated
using 0.18µm CMOS process. The layout of the chip,
illustrated in Fig.10, occupies a small area of 0.91 mm2.
Fig.11 shows the simulation testbench. We performed post-
layout simulations based on the platform of Cadence Virtu-
oso. On TX side, a series-resonant L1C1 tank is employed,
and it is driven by a sinusoid voltage VS with a frequency of
6.78 MHz in the ISM band. The RX side adopts a parallel-
resonant L2C2 circuit because power transmission is in the
milliwatt range. RP1, RP2, RP3, LP1, and LP2 are the simu-
lated parasitic parameters of resonant modules. The coupling
coefficient k can be defined as:

k =
M

√
L1L2

(5)

where M is the mutual inductance, influenced by the rel-
ative distance and orientation of the resonant coils [23].

FIGURE 10. Layout of the proposed single-stage regulating rectifier.

FIGURE 11. Simulated testbench.

In wireless power transfer for implanted devices, k typi-
cally ranges between 0.1 and 0.2 for loosely coupled coils.
Normally, we set k as 0.2 for simulation. The load capac-
itor CL is 1uF, and the load resistor RL ranges from
50� to 500�.
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FIGURE 12. The equivalent small-signal model for stability analysis.

FIGURE 13. Bode plot of PWM loop under different loads.

A. STABILITY SIMULATION
To analyze the stability of the PWM loop, a simple small-
signal model is depicted in Fig.12. The PWM controller
utilizes an operational transconductance amplifier (OTA) as
the error amplifier, incorporating type-II compensation to
ensure the stability of the loop. The other components of
the loop can be simplified to a voltage-controlled current
source (VCCS) [24]. The bode plots of the loop under dif-
ferent loads from 50� to 500� are shown in Fig.13. The
system achieves a large dc loop gain exceeding 80dB, along
with a phase margin surpassing 74◦. The loop bandwidth,
approximately 60kHz, constitutes about 1/7 of the switching
frequency (423 kHz). It ensures reliable stability for the
system.

B. SYSTEM-LEVEL TRANSIENT SIMULATION RESULTS
Fig.14(a) depicts the waveforms of the proposed single-
stage 0X/1X regulating rectifier with PWM-based control
loop. During 0Xmode, VP is high. The received voltage VAC1
across the secondary resonant tank is shorted and remains
at a small value. VO decreases and the output load draws
energy from CL . During 1X mode, the circuit is in full-bridge
rectification mode and VO increases. In heavy load condi-
tions, D1X is large, the load will receive more power. In light
load conditions, D1X is small, and the output receives less
power. The output voltage VO can be regulated to 1.8V by

adjusting D1X based on the load conditions through feedback
loop. When the load changes from heavy to light, the circuit
demonstrates a transient response time of 14 µs, meaning
that the circuit possesses a favorable transient response speed.
Fig.14(b) shows the system response to changes in coil cou-
pling. When k decreases from 0.2 to 0.1, the RX side will
receive less energy, causing D1X to increase in order to main-
tain a stable output voltage. Conversely, when k increases
from 0.1 to 0.15, the RX side will receive more energy, caus-
ing D1X to decrease to stabilize the output. It demonstrates
that the output voltage can remain stable despite changes in
the input.

Fig.15 represents the process of delay compensation
with proposed VM compensation method. During step I,
VAC1 has a large increase at the falling edge of VGP1
due to the large on-delays. VC_ON remains high, result-
ing in failure of on-delay compensation loops. On-delays
are coarsely compensated using VC_OFF . During step II,
VC_ON decreases and on-delay compensation loops come into
play. Fine compensation for on-delays has been achieved.
During step III, both on- and off-delays are effectively
compensated.

To verify the capability and robustness of proposed VM
delay compensation method under various non-ideal condi-
tions in silicon implementation, we performed PVT corners
and Monte-Carlo mismatch simulations, as shown in Fig.16.
In Fig.16(a), near-optimum On/Off delay compensation is
guaranteed across different PVT corners. High PCE and VCR
are achieved with minor variations. Fig.16(b) shows that the
system’s PCE is insensitive to mismatches under light and
heavy loads. Therefore, the circuit delays of the proposed
single-stage rectifier can alwayswell-compensated under var-
ious PVT corners and mismatches, ensuring the feasibility
and reliability of our idea. Here, the PCE of the rectifier is
defined as

PCE =

V 2
O
RL

1
nT

∫ t0+nT
t0

VAC (t)IAC (t)dt
(6)

where T is the period of the VAC and n is the count of VAC
cycles. The expression of VCR is defined as

VCR =
VO

|VAC1 − VAC2|
(7)

where |VAC1-VAC2| is the amplitude of the secondary side
input voltage under 1X mode, VO is the output DC voltage
of the receiver [25].

C. POWER LOSS ANALYSIS
The frequency of switching 0X/1X mode is set to 1/16
of the resonant frequency. This can reduce the impact
of switching loss on system efficiency, thereby improv-
ing PCE, especially under light load conditions. Fig.17(a)
shows the power consumption breakdown of the system
under different loads. Power stage always accounts for
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FIGURE 14. The waveforms of the proposed single-stage 0X/1X regulating rectifier with PWM-based control loop under
(a) different loads (VS = 4V, k = 0.2) and (b) variable k (VS = 4V, RL = 300�).

FIGURE 15. The process of delay compensation with proposed voltage mode compensation method.

the major consumption. The delay compensation loops and
output regulation loop account for only 2.98% in heavy

load and 7.18% in light load. Fig.17(b) shows the PCE
of the rectifier under different D1X . The efficiency of the
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FIGURE 16. Simulation with (a) different PVT corners and (b) Monte-Carlo mismatches.

FIGURE 17. (a) Power consumption breakdown under different loads. (b) The PCE under different D1X .

TABLE 1. Comparison with previous works.

circuit remains above 84.6%, with a peak efficiency of
93.5%. Table 1 summarizes and compares the performance

of the proposed single-stage rectifier with previous regulating
rectifiers.
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IV. CONCLUSION
This paper presents a 6.78MHz single-stage 0X/1X regulat-
ing rectifier applying to wirelessly powered IMDs. By using
the proposed improved VM delay compensation method, on-
and off-delays can be well-compensated even though the
circuit delays are large. Additionally, by setting the 0X/1X
switching frequency to 1/16 of resonant frequency, the high
PCE under light load and system stability have been achieved.
This rectifier was designed in 0.18µm CMOS process and
can regulate a 1.8V output voltage. Simulation results indi-
cate that the proposed rectifier operates effectively with fast
transient response of 14 µs. It occupies a small chip area of
0.91 mm2. The high PCE of 84.6%-93.5% is achieved across
the output power range from 6.5mW to 65mW. The highVCR
of above 93% is achieved under the large circuit delays.
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