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Abstract — A GPS and Miracast RFIC-on-chip antenna
in 0.18 um CMOS 1p6M process is presented. The HFSS
3-D EM simulator is employed for design simulation. A
printed 1.575 GHz and 2.4 GHz antenna has been realized
by using the CMOS RFIC-on-chip. The measured VSWR
is less than 2 from 1.575 GHz and 2.4- to 2.483-GHz.
This propose super quadric combo antenna in free space,
electromagnetic coupling between super quadric antenna
and human body and rectangular antenna for wrist watch
type wireless communication applications. The measured
phase distribution of the input impedance is quite linear
and the H-plane patterns are almost omnidirectional and
field tried GPS integration. In addition, in order to
improve the way controlling this provide switch by
software, a novel circuit structure which will control
antenna pattern switching automatically by hardware is
also developed for wireless healthcare and mobile
biomedical application. RFIC-on-chip GPS and Miracast
antenna also merger T/R-Switch design on single chip
solution for 2.4GHz CMOS transceiver RF front-end.
The old man can monitor healthcare and transfer to
health center or passive devices by Miracast with software
and show GPS location for wearable ambulatory
application.

Index Terms —Chip antenna, GPS, wearable
communication, wrist and wireless application.

I. INTRODUCTION

Wrist wearable ambulatory healthcare and mobile
biomedical application for old man demand. The
1.575 GHz and 2.4 GHz CMQOS RFIC on-Chip antenna
and T/R-Switch for wireless application [1] silicon-
germanium (SiGe) HBT processing 1.575 GHz and
2.4 GHz band antenna and merger T/R-Switch design as
shown in Fig. 1, [2], [3]. This analysis has including super
quadric combo antenna in free space, electromagnetic
coupling between super quadric antenna and human
body and rectangular antenna for wrist watch type
wireless communication applications. CMOS standard
processing FET based T/R switch that insertion loss
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more large and power handing capability performance
low. But now low power transceiver develop insertion
loss low and FET based T/R switch is more importance
[4], [5]. This flexible proximate d antenna has switch by
software, and develop a novel circuit structure controlling
antenna pattern switching automatically by hardware.
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Fig. 1. The structure of 1.575 GHz and 2.4 GHz CMOS
transceiver front —end Antenna and T/R-Switch.

1. GPS AND MIRACAST RFIC-ON-CHIP
ANTENNA

The proposed 1.575 GHz and 2.4-GHz RFIC-on-
chip antenna with T/R-Switch in 0.18 um CMOS 1p6M
process is designed and based on the mender line by loop
type. The chip area is 1.21 (1.1mmX1.1mm) mm? as
shown in Fig. 2. The simulated VSWR of the single
RFIC-on-chip antenna is less than 2 from 1.575 GHz
and 2.4- to 2.483-GHz as shown in Fig. 3 and Fig. 4. At
antenna part of M6 layer the trace width is 30mm on
0.75mm x 1.1mm area. M1~M6 metal layer are grounding
to M3~M6 layer by via. The antenna paths are M1 and
M2 including area 0.27mm x 0.94mm and extend 0.07mm
trace to meet VSWR s less than 2 from 1.575 GHz and
2.4- t0 2.483-GHz. M5 layer is shielding area 0.47mm x
0.67mm to metal grounding. The distance is 30um
between pad area 0.2mm x 0.1mm and grounding can
support measured VSWR on wafer measurement by GS
testing finger as pad used multi-layers and multi-via. The
T/R-switch is expected to be integrated with the front-
end circuits into the chip that area is 0.15mm x 1.1mm
as shown in Fig. 5 [6].

In the monolithic switching system, this device can
operate two switching status by controlling with a low
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forward voltage drop and a very fast switching action.
Switching radiation pattern is demonstrated such that the
fading effect due to multipath propagations could be
avoided [7].

970um

750um

200um

T/R Switch

Fig. 2. Layout of 1.575 GHz and 2.4 GHz CMOS RFIC
On-Chip Antenna and T/R-Switch.
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Fig. 3. Measured RFIC-on-Chip combo antenna VSWR.

Radiation Patterns of XY-Plane @ 2.45 GHz

Radiation Patterns of XZ-Plane @ 2.45 GHz

Xzplane Max Min Average
E¢ gain {(dBi) 444 -53.0 494
E; ~gain<(dBi) 409 -66.9 -46.1

(a) = -field (cross-polarization)

(b) E,-field

Radiation Patterns of YZ-Plane @ 2.45 GHz

Xzplane Max Min Average
E¢- gain (dBi) -39.1 414 -40.5
Eg - gain (dBi) -49.6 -80.0 -56.1

(@) = -field (cross-polarization) (b) Eq -field

Fig. 4. Measured antenna gain patterns.
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Ed:- gain (dBi) 432 -38.7 532
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Fig. 5 T/R Switch architecture diagram and schematic.

1. T/R-SWITCH DESIGN

Regarding series type T/R Switch theory, this
proposed voltage control series arm gate on transistors.
The shunt/series type T/R Switch phase in shunt arm
when shunt arm transistors switching on. Transistor gate
width related on T/R switch phase in lost and isolation
that means width increase and on-state resistance reduce
then phase in lost as less. But opposite off-state
capacitance increase and isolation go to bad. Base on
TSMC support model design, series arm select
90/0.24um NMOS transistor, the control voltage V. is
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1.8V. After design simulation T/R-Switch circuit as
shown in Fig. 6 and characteristics as shown in Table 1.
R1 connect to grounding means define DC voltage. Ry,
Rs is gate-level bias resistor. R1, R2 and Rz are 20kQ.

Antenna

90/0.24umT 90/0.24um

() £ 2 |
Tx Rz 2nH 0.65 Ohm
R1 <Lo.osspr
R2 R3 bond-wire equivlent circuit
= . . .= 6250hm
pad equivlent circuit
————4 1
IE] ‘bond-wire and padl -
Ve vebar T =

Fig. 6. T/R Switch circuit and layout.

Table 1: T/R Switch characteristics table
T/R -Switch: Characteristics

Control Voltage 1.8V
Insertion loss =1.0dB
Input return loss ( Tx-and Rx'modes) >12dB
Input P145( Tx-and Rx ' modes) >21dBm
Isolation (- Tx-Rx-in- Tx mode-) =24dB.
Isolation (- ANT-Tx in Ex-mode’) >18dB

1IV. ELECTROMAGNETIC COUPLING
BETWEEN ANTENNA AND HUMAN BODY

EM interaction between combo antenna and body
are mutual coupling as shown in Fig. 7.

Expression of E field outside and inside a lossy body
have confirm as shown in Fig. 8.

The EM interaction between antenna and body are
B.C. and source model. Boundary condition on the
perfectly conducting surface of the antenna as:

§-[E*(s)+E°(s)+E'(s)]=0, 1)
E2 = electric field radiated from the combo antenna
EP= electric field scattered from the induced current in
the human body Ei= impressed field from the voltage
source.

(1) Delta-gap voltage source as shown in Fig. 9 (a):

E' =V,5(s)- )
(2) Magnetic frill source as shown in Fig. 9 (b):

R —jk,R
T — € " 4. (3)
pin(r, /)
According coupled integral equations (CIE), this
proposed have calculated antenna IE and VEFIE with

mutual coupling terms as shown in Fig. 10.

% [ [ssk Is) +? -g}G(s,s’)ds’ -], $-GlsF)AFVEF)d =3-E ()

(]

E' :_LMSXV’ pprs

) (4)
[ 1) 7.5 et + V] T(f')E(f')-c";(f,f')av{uﬂ}é(f) =0
at 7 3je,

(1) Induced Equivalent Current Density as:
jeq(f):[a+ ja)(g—so)]E(F) =7E(F). (5)
(2) Dyadic Green’s Function as:
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é(r,r’):—jwuo[l"+ki2VV]G(r,r’)
0
k|7

G F)=2 . (6)
4rlr 7'

The proposed antenna with arbitrary orientation and
wrist body are present as shown in Fig. 11 and Fig. 12
[8]-[12]. Regarding moment method (MoM) solution,
the combo antenna current is expanded in terms of

piecewise sinusoidal basis functions: (Na segments) as:

Na
1(0%)=31,1,(6%

n=1

[sin(p*—*.,)

sin(9 %, —4%,4)
sin(9 *,., —¢*)

sin(o*, ., —0%,)
0 otherwise

if % <d¥<h*,

f(4%)= if g%, <<%,

Total radiation field =

&

sub-cells' modeling

human body

Fig. 7. EM interaction between antenna and body are
mutual coupling.

tuqu’rlng-)/‘
v

E(F)=P. V.‘[Vjﬂq(r- ) G| P+ I T,,(F)

B = [ G Tog (7 )l 308

jﬂq(,‘-) = [U(;) + jo(e(F) EO)JE(F) for 7el” (in source region qu(f) #0)

= "AEF)

Total field E(7) = E(7) + E'(F)

Fig. 8. Dyadic green’s function technique.
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Fig. 9. (a) Delta-gap voltage source, and (b) Magnetic
frill source.
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Fig. 10. Antenna IE and VEFIE with mutual coupling

terms.

chest pocket level

‘waist belt level
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Fig. 11. Antenna with arbitrary orientation and wrist

body.

=)

Fig. 12. Total radiation field from antenna and human

body.

The induced electric field in the body is expressed

in terms of pulse basis functions: (N, cells) as:
Ny

E(F) xZ Etpn(r)erZ

n=1 n=1

Moment Method Solutlon Galerkin & point-

matching as:

b
TPa(M)+2D] Elp,(P). (8)

Na o *

-1 $tmet (0t | 2 ) kR +1)
N [ s sy k) - SR e 45,00
jogs = et 2675 | T B
1R
Fule* )I B
- (6%)A(6%)dp *' dg *
e | 4R o

.

EZE"I rﬁj, [sG 67456 (1) + SEGHP[.i,r']}f",,,w*)j(;a*)da”dv'
w=lp=l g

¢* -
:J' | 50nk # 40,087)- B0 (4890 *
$*m .

9
N R )
Z?\A'p{Z]HJ-é:_l[prr(’ s')s, + Gy ()f"s')s,'JrG.rpz(F.f;f')FZ ()N )ds*
p=l ln=l "
Ny 3 ) I
+nz:lqzlEn {T Pv_[ ), xpxq(':i,?')(ﬁ-‘—5pq5;z;’j(l+j3cjgu)_[ -0
(10)

Finally moment method solution is transformation
of CIEs to matrix equation as:
(N, +3N,)x(N_ +3N,) matrix equation:

[A4] | [4B] [4B"] [4B°] |[[L] (V]
----- e |
[BA*]| [BB™] [BB*®] [BB*]||[E:;]|=][0]
[B4]| [BB™] [BB”] [BB"]||E]] | [0]
(84°1| (B8] (88> [85=1|LIE1] [I0]
[AA]: N, x N, submatrix (antenna to antenna),
[AB]: N, x 3N, submatrix (body to antenna),
[BA]:3N, x N, submatrix (body to antenna),
[BB]:3N, x 3N, submatrix (body to body),
[Z,1: N, column-vector (antenna current),

[ES1: Np column-vector (a component of the induced
field in the body).

Total radiation field from antenna and human body as:

’J"c
E'(7)=—jn.k, '4? J. ‘E[ 1(8')sin®’ coshsind — I(6") cosh’ sinf]+ §[~I(6") sin6’ C(!sd)]}
ol (x"sinBeosg+)"sinBsing -2’ cos) . loop antenna radiation field
—jk,r

- jnuku%jp :é[J;q(?‘]cosﬁcosmj-;'g (7")cos0sing —JZ, (7')s] +
A

‘ﬂ*@q(?} Siu¢+Jg-q(f‘)]cosutejkﬁ{\"sinﬂcoso—:l"sinBsino—z'msﬂ)d]_.
‘ body -induced current radiation field
(12)
The antenna parameters (affected by body) as shown
in Fig. 14 and below:
(1) Input power & input impedance:
B=iRe[V ], Z=V,/I,.
(2) Power absorbed by body:
Py, =, tol B dv.
(3) Power radiated to free space:
P =§ L[E xH -ds.

(4) Directive gain:
1Re[E" x H]

(5) Radiation efficiency:
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Np = (body absoption) M,y = (ohmic loss) -

Prad Pabs R+ Rohm
(6) Power gain:
G, =1, xN,qxG-

(7 Average Gp:
—ZG ®=1%.9).

(8) Recelvmg system noise temperature:
Tsy: - TA + TREC'
(9) Antenna noise temperature: T,
(Tp- background noise temperature),
TA = T]rQTb +(1 - nrQ)TPl
only Mo (notM.;) appearin I,.
Rectangular combo antennas of y-orientation at 2.4
to 2.483 GHz measured results as shown in Fig. 13 and
below Table 2. The 3D patterns of rectangular combo
antennas as shown in Fig. 14-Fig. 18 [8]-[12].

. R
background noise E Aﬁ:ﬂ'ﬂ ¢

tempature 7}
" bEEFP 5 Gr "Ir‘?}, . G G Gr
T - i " »
n Filter
i

Receiver RF Front-end-

Fig. 13. Antenna and receiving system S/N Ratio (affected
by body).

Table 2: Rectangular combo antennas of y-orientation at
2.4 GHz

Antenna Position

infree space chest pocketlevel waist-beltlevel

E; Max. Power Gain dB) -12.4 -74 -8.6

E4 Min. Power Gain (dB) =223 -56.8 -34.0

Eg Ave. Power Gain(dB)  -15.0 -134 136

E¢ Max. PowerGain(dB) <-100 -20.8 =213

E¢ Min. Power Gain(dB) <-100 -38.35 -41.3

E¢ Ave. PowerGain{dB) <-100 =237 =257
Antenna Position Free Space Chest Pocket Level Waist Belt Level
Antenna Orientation Y X Y Z Y
Radiation Efficiency 1,0 4 33 17 26 14
Radiation Efficiency 1, 100 13 40 27 45
Total Efficiency (%) 4 4.29 6.8 7 6.3
Nosie Temperature(K)** 296 267 283 274 286

*  Total Radiation Efficiency N, =Ny * Nyp

s Tp=mol, + (1M, 0)T,
assuming T, =200K & 7,=300K

Fig. 14. 3D patterns of rectangular combo antennas in
free space (1.575 GHz).
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Fig. 15. 3D patterns of rectangular combo antennas at the
Wrist (1.575 GHz).
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Fig. 16. 2D power patterns in the H-plane at wrist level
(1.575 GHz).
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Fig. 17. 3D patterns of rectangular antennas in free Space

(2.45 GHz).
/
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Fig. 18. 3D patterns of rectangular combo antennas at the
wrist (2.45 GHz).
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Detailed analysis and extensive numerical
simulations of the influence of a human body model on
combo antennas with arbitrary orientations for personal
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wireless communications has been conducted. Coupled
integral equations (CIE), which consist of a Pocklington-
type integral equation (PIE) and a volume electric field
integral equation (VEFIE) with mutual coupling terms,
and the method of moments (MoM) are used to
numerically solve this antenna-body coupling problem.
The proximate human body absorbs a large part of the
antenna radiated power and reduces the antenna
radiation efficiency. For the circular combo antenna:
(2.45 GHz) as:

X-: body-absorption & ohmic-loss efficiency Np=5%, WN.0=69%, M,=3.5%
y-: body-absorption & ohmic-loss efficiency Np=62%, Ma=44%, N,=27.5%
z- : body-absorption & ohmic-loss efficiency 1,5=25%, Nn=58%, M,=14.6%.

For the rectangular combo antenna: (2.45 GHz) as:

X- : body-absorption & ohmic-loss efficiency Ny6=13%, M0=33%, M;=4.3%
y-: body-absorption & ohmic-loss efficiency n,5=40%, MN.0=17%, N,=6.8%
z- : body-absorption & ohmic-loss efficiency n;5=27%, M.0=26%, N-=7.0%.

The EM coupling effects of the human body increase
the radiation resistance (rectangular part of input
impedance) for 4 to 10 times for different orientations,
and hence, enhance the antenna ohmic-loss efficiency.
The average power gain in the H-plane for the y-oriented
combo antenna, a preferred choice for general pager
usage, is enhanced about 2 dB by the human body. For
watch-type communicator applications, the (z-oriented)
combo antenna encircling the wrist may be a preferred
choice. Numerical results of the antenna input impedance,
radiation patterns, cross-polarization field level, radiation
efficiencies, and maximum/minimum/average power
gains are important for the pager or wireless
communicator antenna/RF design and communication
link budget consideration. Numerical simulation of
complicated antenna parameter variations is important
for the pager antenna/RF design and communication link
budget consideration. For watch-type communicator
applications, the (z-oriented) combo antenna encircling
the wrist may be preferred choice. Numerical results of
the antenna input impedance, radiation patterns, cross-
polarization field level, radiation efficiencies, and
maximum/minimum/average power gains are important
for the pager or wireless communicator antenna/RF
design and communication link budget consideration.
Detailed near-zone behavior of the E-field distribution of
the combo antenna is also studied for EMC application.
The superquadric antenna is used to model the signal
trace on the FPC board. The radiation efficiency of
higher-order harmonic frequencies from a rectangular
antenna to free space is not necessarily higher than that
of lower frequencies. The proximate human body absorbs
a large part of the radiated power from the combo
antenna and reduces the antenna radiation efficiency:

X-: absoption = 87% radiation efficiency Ny6=13%
¥-: absoption = 60% radiation efficiency M;5=40%
z-: absoption = 73% radiation efficiency M;5=27%.

The EM coupling effects of the human body
increase the radiation resistance (real part of input
impedance) for 5 to 10 times for different orientations

and hence enhance the antenna ohmic-loss efficiency.
The average power gain in the H-plane for the y-oriented
combo antenna is enhanced about 2 dB by the human
body. For watch-type communicator applications, the (z-
oriented) combo antenna encircling the wrist may be
preferred choice. Numerical results of the antenna input
impedance, radiation patterns, cross-polarization field
level, radiation efficiencies, and maximum/minimum/
average power gains are important for the pager or
wireless communicator antenna/RF  design and
communication link budget consideration. Detailed
near-zone behavior of the E-field distribution of the
combo antenna is also studied for EMC application. The
superquadric antenna is used to model the signal trace on
the FPC board. The radiation efficiency of higher-order
harmonic frequencies from a rectangular antenna to free
space is not necessarily higher than that of lower
frequencies.  Analysis and extensive numerical
computation of EM interaction between a human body
model and a circular combo antenna with arbitrary
orientation for radio paging communications has been
performed. The proximate human body absorbs a large
part of the antenna radiated power and reduces the
antenna radiation efficiency, but enhance the radiation
resistance (real part of input impedance), and hence,
increase the antenna ohmic-loss efficiency:
x-: body-absoption & ohmic-loss efficiency Myp=6%  Ma=70%
y-: body-absoption & ohmic-loss efficiency My5=61% M.0=46%
z-: body-absoption & ohmic-loss efficiency Mpp=26% N0=60% .
As the electromagnetic spectrum becomes more
crowded and the digital hardware is widely used, it
is important for engineers to take electromagnetic
interference into account in the circuit design process.
Because EMC equipment operate normally in proximity
to other electronic devices, it is important that the near
field distribution of the antenna must be carefully
quantified. In EMC analysis, radiated emissions from
signal traces in FPC boards are an important topic. In
some situation, the signal trace encloses to an antenna. It
is known that an antenna having small perimeter
compared to a wavelength is an inefficient radiating
element. However, when the signal frequency is high
enough, the electrical perimeter of the antenna may then
be comparable to a wavelength. The antenna will
become an efficient radiator. In addition, detailed near-
zone behavior of the E-field distribution of the combo
antennas is studied for electromagnetic compatibility
(EMC) application. The superquadric antenna is used to
model the signal trace on the FPC board. A circular,
rectangular, and elliptical antennas have are studied. The
E-field distribution of the rectangular antenna in the
near-zone region, which corresponded to the fundamental
frequency, 2" and 3 harmonics of a clock rate, are
computed. It is found that the radiation efficiency of
higher-order harmonic frequencies from a rectangular
antenna to free space is not necessarily higher than that
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of lower frequencies. Numerical results may be useful
for the analysis of radiated emission of the signal trace
on a FPC board.

V. GPS FIELD TRIED MEASURED
RESULTS

For GPS static and dynamic evaluation, this antenna
performance criteria are carry per noise ratio more than
40 (C/N >= 40) and TTFF less than 45 seconds under
signal generator by antenna with wireless device. This
wearable ambulatory application also provide GPS field
trial test at multi-difficult conditions such as high
building, high tree, high bridge, alley, underground
tunnel by dead reckoning for mobile biomedical
application. Normally the old man can monitor
healthcare and transfer to health center by Miracast with
software and show GPS location. Even ambulance goes
to hospital on the way also can simulations such as
freeway shown as in Fig. 19.

Fig. 19. GPS antenna filed tried measurement at freeway.

V1. CONCLUSION
This paper has provided COMS RFIC On-Chip
combo antenna with T/R Switch design to support wrist
wearable ambulatory technological performance and
mobile biomedical healthcare application.
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