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Abstract—Numerous medical operations employ blood transfusions, requiring X-ray irradiated blood for safety concerns.
Current irradiation techniques can be significantly improved by
replacing standard visual indicators with wireless dosimeter tags
that automate the process, reducing inefficiencies and eliminating
blood wastage. A key requirement of the proposed dosimeter
tag is flexible and efficient antennas that can be mounted on
blood bags. This paper presents the design of a low-cost inkjetprinted dipole antenna on flexible Kapton substrate for a 2.45
GHz RFID dosimeter tag. The tag is to be used in a lossy
blood environment, which can severely affect antenna radiation
performance. To mitigate this, the concept of artificial magnetic
conductor (AMC) unit cells is investigated for best impedance and
gain performance. When integrated with a dipole radiator, the
fabricated AMC-backed antenna maintains broadside radiation
with gains of 4.1 dBi to 4.8 dBi under planar and bending
conditions, and on a lossy blood bag. In a rectenna configuration,
the antenna can power sensors for ranges up to 1m. Measured
output dc voltages up to 1.7 V are achieved across a 25 kΩ
resistor. This antenna design is flexible, compact, efficient on lossy
structures and suitable for direct integration with biomedical
sensing chips.
Index Terms—Artificial magnetic conductor (AMC), biomedical device, dosimeter, energy harvesting, flexible antennas, inkjet
printing, radio frequency identification (RFID), rectenna, sensor.

I. I NTRODUCTION

R

ECENT research initiatives for biomedical applications
have been geared towards the design of flexible and
wearable medical devices for early disease detection and
prevention [1], health monitoring [2] and towards the reduction of invasive medical procedures [3]. This has created
an increasing demand for flexible, conformal, compact, lowpower wireless power transfer (WPT) modules that are easy
to fabricate, low-cost and maintain efficient performance on
diverse host structures. The key component in the design of
these wireless modules is the antenna structure. Literature
reports the use of flexible materials such as conductive fabrics
and polydimethylsiloxane (PDMS) substrate [4], liquid metal
[5] and paper [6] to achieve conformity. The aforementioned
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demands have also inspired the use of additive technologies
like inkjet printing [6] to achieve flexible and robust antenna
designs for use with everyday clothing, wearable sensors,
biomedical wireless sensors and radio frequency identification
(RFID) systems [7].
Biomedical applications not only require conformal antenna
structures but more importantly, antenna designs that maintain
efficient performance in the presence of human body [8]
or in the presence of body tissues for in-vivo applications
[2]. Amongst a few others, these designs have revealed that
the human body and body tissues negatively impact antenna
performance due to their high imaginary permittivity, thereby
acting as lossy structures. For these scenarios, where the
antenna calls for some isolation from its environment or host,
there is ongoing research on metamaterials acting as high
impedance surfaces (HIS) as a means of realizing thinner
and light weight antennas and even improved antenna gain,
as demonstrated in [9]- [12]. HIS structures are periodic
structures acting as frequency selective surfaces (FSS) to
control the propagation of electromagnetic waves. They can act
as artificial magnetic conductors (AMC) by reflecting incident
waves without phase reversal at a specific frequency; the
incident waves see a high impedance surface (open circuit) at
the design frequency, mimicking a perfect magnetic conductor
(PMC), and permitting efficient radiation for antennas placed
parallel and close to the surface [14].
In this paper, the design of an inkjet printed 2.45 GHz
AMC-based antenna is presented to realize improved gain and
impedance performance upon placement on lossy structures.
To the best of our knowledge, flexible AMC-antennas reported
in literature are designed mainly for wearable devices and a
few are characterized for impedance and gain performance under such conditions [6], [12], [15], [16]. In contrast, this paper
proposes novel applications of the AMC-backed antenna for
RF energy harvesting in the context of next-generation blood
irradiation systems. Therefore, this work evaluates the radiation and impedance characteristics of the proposed antenna
using a blood-equivalent phantom. Furthermore, the antenna
design presented is integrated with a CMOS based rectifier
design to demonstrate RF energy harvesting capability.
The paper is organized as follows: Section II presents an
overview of the proposed system. Section III describes the
structure and design principle of the AMC unit cell, presents
the AMC-backed antenna and studies the effect of the AMC
unit cells on achieving optimum antenna performance. In
Section IV, the radiation and impedance characteristics of the
fabricated antenna is also studied under various conditions.
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Section V reports the realizable output voltages for varying
distance and varying transmit power when the fabricated antenna is implemented with a rectifier. Finally, the conclusions
are drawn in Section VI.
II. A PPLICATION
Blood products are irradiated using chambers containing
gamma or X-ray radiation sources, as shown in Fig. 1 below,
as a recommended technique to prevent transfusion-associated
graft versus host disease (TA-GvHD) and other infections [17]
[18]. It is recommended that blood receives 25 Gy to 50 Gy
of radiation to be considered sufficiently irradiated [17]. As
depicted in Fig. 1, two opposing X-ray tubes are used to deliver
the required radiation dose to a plastic canister housing 2 to
8 blood bags.

The dosimeter reads out the exact irradiation, when applied
to blood bags, as a means of preventing transfusion-associate
Graft vs. Host disease (TA-GvHD). The 2.45 GHz X-ray
dosimeter tag proposed is intended to replace the aforementioned RadTag labels. The 2.45 GHz dosimeter will be used
in a semi-passive RFID tag employing backscatter modulation
and wireless power transfer to ensure minimal power consumption and low-form factor. It comprises an energy harvesting unit - the proposed antenna, rectifier and off-chip capacitor
- for self-powered operation, an FG-MOSFET which senses
the received radiation dosage, signal processing electronics
that convert measured data to pulses and a transmitter or
modulator that sends the pulses to a reader operating in the
same frequency band [22]. Similar to the RadTag labels, the
proposed dosimeter tags are to be applied to the blood bags
as depicted in Fig. 3.

(a)

(b)
Fig. 2. Radsure™ tag (a) Before irradiation (b) after irradiation, when
radiation dosage received exceeds 25 Gy [20].
Fig. 1. Plastic canister containing blood bags in a blood irradiator Raycell®
Mk2 X-ray Blood Irradiator [19].

Presently, blood product irradiation is identified using
radiation-sensitive color indicators known as RadTags [20].
Once applied to the blood bags, these labels give positive,
visual verification of irradiation provided a minimum of 25
Gy has been received [20]. An illustration of this is shown in
Fig. 2. However, issues arise when the word ”NOT” changes
to black. This non-quantitative approach makes it difficult
for a human operator to ascertain whether or not the blood
bag under irradiation has received over 50 Gy, maximum
recommended dosage, thereby resulting in operational and
cost inefficiencies. It is evident from the current state of
art that work is yet to be done on the design of wireless
X-ray dosimeters that control and automate the irradiation
process and alleviate the limitations found in the currently
used technology such as wastage of blood, handling errors, and
uncertainties of the exact X-ray dose received. The antenna
presented in this paper is part of a proposed wireless Xray dosimeter tag. The system level diagram of the proposed
dosimeter is depicted in Fig. 3.

Fig. 3. System-level diagram of the wireless X-ray dosimeter. RFID dosimeter
tags are applied to blood bags and placed in an irradiation chamber. A reader
is placed at a maximum distance of up 1 m to receive the radiation dosage
measured by the tags.

III. S YSTEM L EVEL D ESIGN
The wireless dosimeter tags are expected to sense radiation
doses ranging from 20 to 60 Gy. Each tag is represented
by a unique ID value. As shown in Fig. 3, in downlink
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communication, the reader communicates with a particular tag
by transmitting an ASK-modulated signal containing the ID
value of the tag under interrogation. The RF signal sent by
the reader is then received and demodulated by the dosimeter
tags. Each dosimeter tag compares the received ID value to
its own ID value for a match. In the uplink, however, only the
dosimeter tag with a matching ID value communicates with the
reader. It will transmit its ID value, the measured X-ray dosage
and the measured temperature to the reader employing PSKbased backscatter modulation using RF CW carrier tone. The
other tags do not communicate with the reader, instead they
harness energy from the reader’s CW RF signal transmitted by
the reader, which is then rectified to a DC voltage and stored
in an energy storage device to power other sub-modules of
the tag. Typically, the RFID tag has a data transfer rate of
100 kilobits-per-second (kbps) where the ID value, measured
radiation dose and temperature are each represented by 16-bit
values. [22]
The key requirements in this application are low-form
factor, conformity of the dosimeter tag, efficient antenna
performance on lossy host structure (blood products), and
adequate wireless power transfer operation when implemented
in a rectenna configuration. The tags are to communicate with
RF reader at a maximum distance of one meter. They are
estimated to consume a power of 263.1 µW with a nominal
supply of 1.2V.

interelement spacing, and substrate thickness - for AMC
operation at the desired frequency are derived. The square
loop unit cell consists of a 9 mm foam spacer between two
Kapton layers with dielectric constant, r = 3.5, loss tangent
tan δ= 0.02, and thickness of 0.12 mm. In the frequency
range, there is about ±1 % and ±2 % variation in the
substrate’s dielectric constant and loss tangent, respectively.
Kapton-polyimide substrate also has a dielectric strength of
154 V/m and a temperature rating of -269 0 C to 400 0 C [13].
To preserve flexibility, all metallization - the square loop and
the ground plane - are inkjet printed on the appropriate Kapton
sheets using silver nanoparticle ink of conductivity σ = 1×107
S/m.
When impinged with an RF signal at 2.45 GHz, the square
loop has a reflection response shown in Fig. 5. The unit cell
has a reflection magnitude and phase of -0.21 dB and 0.160 ,
respectively. It demonstrates a bandwidth from 2.29 GHz to
2.61 GHz (320 MHz).
This bandwidth is defined as the frequencies where the
reflection phase falls within ±450 . Within these frequencies,
the image currents are in-phase with the incident currents,
hence the incident and reflected waves are not subjected to
significant destructive interference. As a result, the antenna
elements can lie directly on the top of the AMC surface
without being shorted out [14].

IV. AMC-BACKED A NTENNA
An ideal AMC should be arranged to form an infinite
surface, which is however impractical due to the practical
limitations. Therefore, it is important to optimize the number
of AMC unit cells to be used in an antenna design. In
this section, the design and effect of varying the number of
AMC unit cells are studied to select a compact configuration
that boosts the gain of the antenna while maintaining good
radiation characteristics.

(a)

(b)

Fig. 4. 2.45 GHz square loop unit cell with dimensions (a) top view and (b)
side view.

A. AMC Design
AMC performance is indicated by its reflection phase,
reflection coefficient and bandwidth. An ideal AMC completely reflects the incident signal with no phase change at
its operating frequency, that is S11 = 1∠00 .
A study of the reflection response of various unit cell
geometries are presented in [6]. A square loop unit cell is
selected in this work as opposed to the patch to reduce the
foam thickness required for AMC operation at 2.45 GHz and
to ensure the least possible amount of ink is used in the
fabrication. Each layer of the unit cell design adds to the
desired 00 phase response. With an approximate optics ray
model, it can be shown that the transmission coefficient of the
FSS (square loop), path length (substrate thickness), and 1800
phase shift from the ground plane all contribute to the desired
00 phase shift of the AMC structure [10].
The unit cell geometry shown in Fig. 4 is analyzed using
ANSYS HFSS and optimized to operate at 2.45 GHz. Starting
with the Floquet modal analysis of an infinite periodic array
of the single element, the unit cell dimensions - width, length,

Fig. 5. Reflection phase and magnitude response of the simulated AMC unit
cell for a normal incident plane wave.
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B. Antenna Geometry
The proposed antenna design consists of a 2.45 GHz dipole
with dimensions of 38.5 mm × 3.75 mm placed over a 100 mm
× 20 mm AMC surface. The AMC surface comprises square
loop unit cells, shown in Fig. 4, arranged in n×m arrays; n
rows by m columns. To preserve flexibility, the dipole antenna
is inkjet printed on a 0.12 mm thick Kapton layer using silver
nanoparticle ink. One of the example structures (array of 1×4)
is shown in Fig. 6.

A slight shift in the antenna’s resonant frequency is observed in Fig. 8 when the AMC is introduced. This can be
attributed to the parasitic capacitance introduced by the gap
between the dipole antenna and the AMC unit cells.
Based on these results, the 1×4 unit cell array is selected for
the AMC structure since it offers a low-form factor with considerable gain, sufficient beamwidth, broadside radiation and
above all its dimensions complement the dipole antenna. The
front-to-back ratio and the resonant frequency of the design
are shown in Fig. 8. The simulated impedance performance,
in Fig. 9, shows a change in the antenna’s bandwidth from
20.4 % to 9.8 % and the resonant frequency shifts from 2.45
GHz to 2.05 GHz without and with the AMC, respectively.
The weak resonance at 1.5 GHz, observed in Fig. 9, is also a
result of capacitive coupling introduced by the antenna-AMC
separation (Kapton thickness). To compensate for the change
in the antenna resonant frequency due to the integration of the
AMC structure, and to adequately match the antenna structure
to the feed, the initial dipole length is shortened from 57 mm
to 38.5 mm (final design). The reduction in the bandwidth
of the antenna is caused by the AMC structure, which is the
limiting factor in the design.

Fig. 6. Layout view of dipole antenna over a 1×4 AMC surface and its
dimensions.

C. Effect of Varying AMC Unit Cell Array Size
The unit cell design presented should be arranged infinitely
to realize an AMC, however, this is impractical. Therefore,
the antenna is simulated to study its impedance and radiation
characteristics for a finite number of AMC unit cells. The
variation in the simulated gain and beamwidth of the dipole
antenna design for different AMC unit cell configurations is
shown in Fig. 7. As the number of unit cells increases, the
antenna gain improves as expected. However, this trend in the
antenna gain ceases beyond 3×4 unit cells. Consequently, the
antenna beamwidth narrows with the increasing number of
unit cells. This decrease in beamwidth can be attributed to the
increased directivity and gain as the AMC surface approaches
a near ideal case.

Fig. 8. Simulated resonant frequency and front-to-back ratio at 2.45GHz with
increasing unit cells for the initial dipole-AMC structure.

V. FABRICATED A NTENNA AND M EASURED R ESULTS

Fig. 7. Simulated peak gain and beamwidth at 2.45 GHz with increasing unit
cells for the initial dipole-AMC structure.

In order to verify the flexibility of the fabricated AMCbacked antenna, shown in Fig. 10, it is characterized in planar
mode and under bending by placing it on a curved foam
surface. The radiation performance of the antenna under these
conditions is measured using Satimo StarLab anechoic chamber. The feed system for the AMC-backed antenna consists of
a 50 Ω coaxial cable connected to the dipole arms through
a 30 mm long bazooka balun, as shown in Fig. 10. The
balun is used to convert the single-ended source signal to
a balanced differential signal. The simulated and measured
radiation patterns under planar conditions in the E and H
planes at 2.45 GHz are presented in Fig. 11.
It can be observed that the dipole-AMC structure significantly reduces back radiation compared to the performance
of a conventional dipole antenna, which radiates with an
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Fig. 9. Simulated S11 for the initial dipole in free space, initial dipole–AMC,
and final dipole–AMC structures in planar mode and on a blood bag.

(a)

(b)
Fig. 10. Fabricated antenna in planar mode (top) and under bending (bottom).

Fig. 11. Simulated and measured radiation patterns of the AMC-backed dipole
antenna in the (a) E-plane (XY), and (b) H-plane (YZ) at 2.45 GHz.

omnidirectional pattern. Under planar conditions, simulated
and measured gains of 6.38 dBi and 4.37 dBi are obtained
from the antenna in the broadside direction, respectively. At
2.45 GHz, the fabricated antenna exhibits a front-to-back ratio
of 8.42 dB; thereby adequately isolating the antenna from
its host structure. A comparison between the simulated and
measured S-parameters of the AMC-backed dipole antenna is
shown in Fig. 12. For a -8 dB impedance bandwidth, measured
S11 shows the AMC-backed dipole antenna has a bandwidth
ranging from 2.16 GHz to 2.52 GHz (14.6 %) in planar
configuration. If the antenna mismatch loss and the balun loss
are considered, an extra 1 dB of gain can be accounted for.
This results in a gain difference of 1 dB between the measured
and simulated antenna gain at 2.45 GHz. The 1 dB gain
difference can be attributed to the discrepancies in the dielectric properties of the materials used, especially glue. Glue is
used to assemble the kapton-foam-kapton layers of the AMC-

backed antenna. Studies in [23] have shown glue thickness to
have a significant effect on antenna impedance, resulting in a
mismatch loss. This coupled with the transmission loss of the
balun, conductive ink and foam contribute to the discrepancy
in the simulated and measured reflection coefficient (and gain)
of the antenna. Under bending, the measured S-parameters
and radiation pattern of the antenna remain the same as the
planar case, as shown in Fig. 13 and Fig. 14. This is a highly
desirable characteristic of any passive microwave component
geared towards flexible applications; that its performance does
not change with the bending.
The AMC-dipole structure is then placed on a filled blood
bag to study the effects of lossy host structures on the antenna
performance, as shown in Fig. 15. For antenna testing, a
solution mimicking blood’s permittivity and loss tangent at 1.5
GHz given in [21] is prepared using ethanol (r = 25), sodium
chloride and water (r = 81). The electrical properties of the
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Fig. 12. Simulated and measured S11 of the AMC-backed antenna.
(a)

Fig. 13. Measured S11 of the AMC-backed antenna under different conditions.
(b)

blood-like solution (r = 59.62, σ = 1.836 S/m, tan δ = 0.3689)
were measured using SPEAG’s dielectric assessment kit at 1.5
GHz due to the limited frequency range of the available kit.
The dielectric properties of the solution are expected not to
change significantly at 2.45 GHz. In the presence of the blood
bag, the measured impedance and radiation characteristics of
the antenna are shown in Fig. 13 and Fig. 14, respectively. The
measured results show that the antenna’s reflection coefficient
remains relatively the same from 2 GHz to 3 GHz regardless
of the bending condition or presence of the blood (a lossy
host structure), with a variation of ±0.7 dB. The measured far
field gain results show that the antenna maintains a broadside
gain of 4.75 dBi and 4.08 dBi under bending and on a blood
bag, respectively. Thus ensuring no significant change in the
antenna performance. These results validate the use of an
AMC structure under the antenna to isolate it from the lossy
environment.

Fig. 14. Measured radiation patterns of the AMC-backed dipole antenna in
the (a) E-plane (XY), and (b) H-plane (YZ) at 2.45 GHz under different
conditions.

VI. R ECTENNA D ESIGN AND P ERFORMANCE
In order to validate the suitability of the designed antenna
in WPT applications, a rectenna is realized by integrating
a rectifier with the AMC-backed dipole antenna, as shown
in Fig. 16. The 2.45 GHz rectifier is implemented in the
IBM 0.13-µm CMOS process and attains a maximum power
conversion efficiency of 49.7 % with a load of 25 kΩ. The
details of the rectifier circuit design are covered in [22].
This section focuses on the integration of the rectifier with
the antenna to show energy harvesting from a dedicated RF
source.
The rectifier is mounted on a PCB, using a 28 pin IC socket.
The socket pins are wire bonded to the RF and dc pads of the
rectifier. The RF pins from the IC socket are connected to the
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Fig. 15. Fabricated antenna affixed to a blood bag containing bloodmimicking solution.

Fig. 17. Measurement setups of the 2.45 GHz rectenna.

Fig. 16. Implemented rectenna showing 2.45 GHz rectifier and antenna.

dipole arms using two small wire extensions and silver epoxy
cured at 80 0 C overnight. It is important to mention that the
length of wire is kept as small as possible so that the change
in impedance is minimum.
The rectenna is tested at 2.45 GHz using a standard horn
antenna with a gain of 6 dBi as the transmitting antenna and
the rectenna as the receiving element. One port of the VNA
connected to a 1.6 W power amplifier is used to provide
the RF source to the transmitting antenna. The transmitting
antenna impinges RF wave on the receiving antenna, which is
collected by the rectifier and converted into a dc output. The
measurement setups used in this paper are illustrated in Fig.
17. The rectifier chip is tested for two cases: 1) wireless testing
in which case it is integrated with the AMC-backed antenna
to show the power transfer from a dedicated RF source, and,
2) the output dc voltages are measured directly on-chip using
RF impedance probes.
In the first setup, to characterize the rectenna’s power
harvesting abilities, the transmitting antenna is placed at a
fixed location. A 36 dB gain power amplifier and VNA are
used to supply the required RF signal to the transmit antenna
thus achieving a maximum transmit power of 32 dBm. The
main purpose of the power amplifier is to cater for the
mismatch losses between the antenna and the rectifier chip.

This impedance mismatch will result in significant loss of
power and has to be compensated here. The purpose of this
work is to validate the proof-of-concept for the rectenna as a
device. Therefore, at present the integration is not optimized
but will be pursued in future designs. As a result, high output
RF power is required to observe harvested dc output. To study
the dc values realized by the rectifier, the distance between
the transmit antenna and the receiving antenna are varied for
a maximum transmit power of 32 dBm. Fig. 18 shows the
relationship between the rectified voltage and the distance
from the transmitting antenna . As the distance is increased,
the dc output voltage reduces until a maximum range of 1m
is reached, where the rectenna achieves open-circuit voltages
of 0.1 mV. Conversely, the setup provides a maximum opencircuit voltage of 4.1 mV.
In the second set of measurements, the rectenna is placed
at a fixed distance of 220 mm (minimum requirement for
maintaining far field radiation) from the transmitting antenna,
and the output dc voltages for varying transmit power levels
are recorded and shown in Fig. 19. The measured results
show the rectenna achieves a maximum open-circuit voltage
of 0.6 mV for a transmit power of 32 dBm. Although these
measurements provide a clear evidence that the setup does
harvest energy when excited by a dedicated RF source, the
values obtained from these measurements do not reflect the
true efficiency of this device. The low voltage levels (in the
mV range) are mainly attributed to the impedance mismatch
between the rectifier and antenna, since no matching network
was implemented. Therefore, it is important that these mismatch losses be calibrated out.
To achieve the required calibration, a direct on-chip measurement is performed on the rectifier. For this purpose, a
dual GSG probe from Cascade is used to feed the circuit
as illustrated in Fig. 17. Similar to the antenna, the rectifier
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Fig. 18. Realized output voltages of the rectenna for varying distances from
the transmitting antenna.

Fig. 20. Realized output voltages of rectifier from on-chip measurements and
the projected output voltages of the rectenna for varying input powers.

connected to a VNA. A two-port calibration is performed to
ensure maximum power transfer and to account for the RF
cable losses. A transmission loss, |S21 |, of 41.6 dB is measured
at the frequency of interest. It should be kept in mind that this
loss includes the gain of the two patch antennas. Based on
the measured transmission loss and patch antenna gains, the
path loss (in dB) between the transmitting and receiving patch
antennas is estimated using Friis equation:
PRX = PT X + GT X + GRX − LP

Fig. 19. Realized output voltages of rectenna for varying transmit powers.

is differentially-driven, therefore a dual GSG probe is used
in this measurement rather than conventional GSG probes.
Impedance calibration is performed at the RF probe tips to
ensure maximum power transfer to the rectifier chip and to
remove any external losses due to the test cables and the
probe. The direct measurement results of the rectifier, in Fig.
20, show the rectifier outputs dc voltages from 0 to 1.72 V for
input power levels of -25 dBm to 20 dBm. This measurement
gives a direct relationship between the input power to the
rectifier chip and the generated dc voltage in the case of wired
measurements. If one can estimate the path loss in the wireless
measurement setup, the input power received by the rectifier
chip from the AMC-backed dipole antenna can be estimated.
This will help in projecting the maximum voltage that can be
achieved from the RF integrated device.
For the purpose of calibrating the environment path loss
at 2.45 GHz, two identical patch antennas with gains of 7
dBi separated by a distance of 220 mm while keeping them

(1)

where, PRX is the power received by the receiver antenna,
PT X is the output power level of transmitter, GT X and GRX
are the gains of the transmitter antenna and the receiver
antenna, and LP is the path loss. Transmission loss can be
defined as, |S21 | = PRX − PT X . For a transmitter-receiver
distance of 220 mm, the path loss is estimated to be 55.6
dB when the two antennas have matching polarization. This
measurement can now be used to estimate the actual power
that was provided to the rectifier chip in the wireless setup.
The measurements for this work are limited to a maximum
transmit power of about 32 dBm. Using Friis equation and
the estimated path loss of 55.6 dB, the power delivered to
the rectifier chip by the AMC-backed dipole antenna can be
estimated as approximately -36 dBm to -14 dBm when the
transmitted RF powers in actuality are from 10 dBm and 32
dBm. Comparing the wireless rectenna measurements of Fig.
19 to the on-chip measurements in Fig. 20, it is observed
that for estimated received RF powers of up to -14 dBm
(corresponding to wireless transmit powers of up to 32 dBm),
the rectifier output is close to 0 V in both cases. On this basis,
it can be concluded that the voltage outputs obtained from the
rectenna chip using probe fed measurements can be projected
to approximate the maximum RF power required to generate
a particular dc voltage. In the probe fed measurements, the
rectenna output dc voltages ranging from 0 to 1.7 V for input
powers between -36 dBm to 20 dBm when terminated by a 25
kΩ load. Considering the measured results explained above,
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the same values of harvested voltages are estimated for the
wireless measurements.
In view of the above measurements, the conversion efficiency of the rectenna device appears to be impractical.
However, it should be noted that the rectifier chips received
from the foundry did not show good repeatability. The best
conversion efficiency obtained from these rectifier chips using
probe-fed measurements was 49.7 % [22]. Since rectifier ICs
with this kind of efficiency were not alive for integration
with the AMC-backed antenna, rectifiers with poor conversion
efficiencies were used to demonstrate the feasibility of the
proposed rectenna design as a WPT module for proof-ofconcept. It is believed that since the probe-fed measurements
exactly correspond to the wireless measurements for the poor
set of rectifier chips, a similar statement can be made for the
ICs showing maximum efficiency. Thus, it can be claimed with
some certainty that the wireless solution can also achieve an
efficiency as high as 50 %.
VII. C ONCLUSION
In this paper, the design and performance of a dipole
antenna over the AMC structure are described in a proposed
dosimeter tag. The design and optimal configuration of an
AMC structure to achieve best gain and beamwidth performance are also presented. The designed dipole-AMC structure
operates at 2.45 GHz with a bandwidth from 2.32 GHz to
2.56 GHz. The proposed antenna structure occupies an area
of 20 mm × 100 mm with an overall thickness of 9.24
mm. The antenna uses a 1 × 4 AMC surface to significantly
improve its broadside gain and reduce its back lobe at its
operating frequency. Studies show that increasing the number
of AMC unit cells could create high gain antennas with narrow
beamwidth. It was also noted that increasing the AMC bandwidth has major implications on the antenna bandwidth. The
measured results show that the antenna reflection coefficient
remains relatively the same from 2 GHz to 3 GHz regardless
of the bending condition or presence of a lossy host structure.
The measured far field radiation pattern results show that the
antenna maintains a broadside radiation under bending and on
a filled blood bag with a gain variation of about ± 0.7 dBi.
When integrated with a 2.45 GHz rectifier, the performance
and suitability of the antenna as part of a wireless power
unit is demonstrated. The rectenna is capable of providing the
nominal voltage level needed by the proposed dosimeter tag. It
attains output dc voltages of up to 1.7 V over a 25 kΩ resistor.
In addition, the rectenna achieves a range of up to 1m. This
antenna design is appropriate for wearable designs, mounting
on lossy host structures and for direct integration with wireless
power units, biomedical sensing and signal processing chips.
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