Application Note
433 to 930-MHz and 2.4-GHz BOM Tunable PCB Antenna

Wip TEXAS INSTRUMENTS

Richard Wallace
Sondre Olimb

ABSTRACT

This document describes a fixed PCB antenna trace structure that users can configure to operate in two different
modes of operation by changing the BOM. Users can tune the antenna for single frequency for operation in
433—-MHz, 470-510-MHz, and 868-930-MHz ISM bands; or the antenna can be configured as a dual-band
antenna which can operate at one of the given frequencies in addition to 2.4 GHz.

This antenna can be used with all transceivers and transmitters from Texas Instruments which operate in these
frequency bands.

Overall size requirements for this antenna are 43 by 25 mm. This is a medium size, low-cost antenna solution.
The figure below shows the layout of the PCB monopole antenna with the surface mount external component
Z64.
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1 Description of the PCB Antenna

The antenna described in this document is a PCB meander monopole that users can configure by changing the
BOM to operate as a single-band antenna or dual-band antenna. The resonance is set by the antenna PCB
trace element and the antenna matching components. This allows the antenna to cover a wideband range with
one antenna pattern design. The impedance of this antenna depends on the mode used. Referring to Figure 1-1,
if the length of L4 is kept as shown, this is beneficial for operation around 433-510 MHz. If L4 is shortened to
half the length (19.0 mm), this is beneficial when operating at 868—-930 MHz.

The antenna layout is positioned on the top and bottom layer of the board as can be seen in Figure 1-1; this
enables a lower resistive loss and gives a slightly wider bandwidth compared to a single-sided layout solution.
With a single-sided layout; the area underneath the antenna can not be used for any other routing so it is more
useful to utilize this area to optimize the antenna’s performance.

1.1 Implementation of the PCB Meander Monopole Antenna

To obtain optimum performance, it is important to make an exact copy of the antenna dimensions. The antenna
was implemented on a 1.6-mm thick FR4 substrate. Since there is no ground plane beneath the antenna, the
PCB thickness is not critical. If a different thickness is used then it could be necessary to change the matching
network to obtain optimum performance.

One approach to implement the antenna in a PCB CAD tool is to import the antenna layout from a Gerber file.
Refer to files included in the LAUNCHXL-CC1352P-4 Reference Design.

If the antenna is implemented on a PCB that is wider than the antenna it is important to avoid placing
components or having a ground plane close to each side of the antenna. If the CAD tool being used does
not support import of Gerber files, Figure 1-1 and Table 1-1 can be used.
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Table 1-1. Antenna Dimensions

Figure 1-1. LAUNCHXL-CC1352P-4

Top Layer

Top & Bottom
Laver

L1 16.0 mm L5 7.0 mm
L2 2.0 mm L6 1.4 mm
L3 24.0 mm L7 3.0mm
L4 38.0 mm w 2.0 mm

The last antenna segment's optimum length will always be dependent on the geometry of the ground plane. For
ground plane sizes smaller than the LAUNCHXL-CC1352P-4 (less than a quarterwave), the optimum length of
the last segment could be increased or the antenna match re-calculated for the new ground plane size.
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1.2 Matching Network

Tl advises users to include an antenna matching network in order to tune and reduce the mismatch losses of
the antenna. The geometry of the ground plane affects the impedance of the antenna. The antenna matching
network can be used to compensate for detuning caused by encapsulation and other objects in close vicinity of
the antenna. The type of antenna matching network depends on the mode of the antenna.

Recommend to use a pi-matching network for single-band mode at the feed point of the antenna. For further
information on impedance matching and impedance measurements, see AN058. However, the antenna which

is the subject of this app note is a dual-band antenna, designed to simultaneously support 433, 470-510, or
868/915/920-MHz (low-band) and 2.4-GHz (high-band) bands. Therefore, the pi-match is not a recommended
solution and instead a LC, CL match network as shown in Figure 1-2 is recommended. This is also the matching
network implemented on the LAUNCHXL-CC1352P-4 which is used for testing in this application note.

The LC (Z60 and Z61) part matches the high-band and CL (Z62 and Z63) matches the low-band.

For single-band operations, no 2.4-GHz resonance, Z60 can be replaced with 0 ohm and Z61 left as DNM. Z62
and Z63 can be both an inductor or capacitor in order to match the impedance to 50 ohm.

Z60 Z63

Radio — Y Y Y ‘ ‘ Antenna

Z61 262

N

Figure 1-2. LC, CL Match Network for Dual-Band Operations.
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2 Test Setup

The hardware used for implementation and testing in this application note is the LAUNCHXL-CC1352P-4 Figure
2-1 as shown in Figure 1-1.

2.1 Radiation Pattern
Figure 2-1 shows how to relate the radiation patterns in this application note to the orientation of the antenna.

Note that the size of the ground plane will affect the radiation pattern. Thus, implementing this antenna on a
board with a different size and shape of the ground plane will most likely affect the radiation pattern.

SENIWINELEN]
=T )

Figure 2-1. XYZ Coordinates for the Antenna Radiation Plots
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3 Unmatched Results
3.1 Smith Chart — Natural Impedance without Antenna Match Components

Figure 3-1 shows the Smith chart of the antenna with no antenna match components (Z60: 0 ohm, Z63: 0 ohm,
Z61: DNM, Z62: DNM and Z64: 0 ohm).

Trcl S11  Smith 208\{11U/ Ref 1U Calint Offs  Trc2 —I— S33 SWR 1U/ReflU Invisible 1w

1 MI 433000000 MHz 4833 Q
93270 Q
3.940852° pF

M2 470.000000 MHz 4950 ¢
481670 Q
\ 4146286 pF
. M3490.000000 MHz 5297 Q
4279809 pF
10, BQO MHz 5284 Q
: 4454478 pF
M5 868, % MHz  |\253.653 Q
Z\ 33.442

-j75.893 Q

m\\
570:057Q
51482910 pF

.
=076

RN

1U

LR/

<
Chl Start 10 MHz Pwr -10dBm Bw 10kHz UOSM P1,P2,P3,P4 Stop 3 GHz
Figure 3-1. Natural Impedance of Antenna with No Antenna Match
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3.2 Smith Chart — Impedance with external component Z64

In order two extend the antenna frequency range from 868—-930 MHz and 2.4 GHz to support the frequency
bands at 433-MHz and 470-510-MHz bands, an additional inductor is required at location Z64. By including
the extra inductance Z64, the frequency range can be extended to 433—-930 MHz and 2.4 GHz with the same
antenna structure; see Figure 3-2. Z64 is not needed for greater than 868 MHz operation but a 0 ohm resistor
or capacitor can be used in the Z64 footprint. By changing the value of Z64, the antenna can be made to
resonate at different frequencies with the same antenna structure. Frequencies lower than 868 MHz will require
an inductance and for frequencies greater than 868 MHz will require a capacitance. For example, a value of 51
nH is recommended for 433 MHz operation; please refer to Table 3-1.

NN

network \—/

264

—1_

Figure 3-2. Schematic Symbol for Antenna showing Z64

Table 3-1. Z64 recommended component value for the sub-1 GHz ISM Frequency Bands

Frequency [MHz] Value
433MHz 51 nH
470 MHz 39 nH
490 MHz 33 nH
510MHz 27 nH
892 MHz(") 2 pF

(1) Compromise with dual-operation at both 868 MHz and 915 MHz
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3.2.1 433 MHz Unmatched

Figure 3-3 and Figure 3-4 shows the Smith chart and SWR after placing 51 nH in Z64 to support the 433 MHz
frequency (keeping Z60-Z263 unchanged). The SWR at 433 MHz is 1.77 and this is a good match (SWR < 2.0)
but still recommend inserting the matching components to be able to tune the antenna furthermore if so required
due to surroundings may affect the resonance.

Trel

Cal int Offs

1

~

SI1 Smith  200:mU/ Ref 1 U

M1 433.600000

MHz

34909

Q

j19022 Q
6.991789 \nH

102.153
130.668
44247862
243363
223.444
72.575867
614.466

—_ j127415

30762138
\ 64.018

100458
649.301890

Q

o\

nH
Q
Q
nH
Q
Q
nH
Q

Chl Start 400 MHz /// Pwr -10dBm Bw 10kHz UdSM P1,P2,P3,P4 Stop 2.5 GHz
Figure 3-3. Smith Chart After Placing 51 nH at Z64.
Trel S11 SWR 1U/Refl "J Cal fnt O#{s 1w
1 M1 433.000000 MHz 1.773 U
M2 470.000000 MHz 5.677 U
M3 490.000000 MHz 9.044 U
' M4 10.000000 " MHz T12.950 U
,i \ \ * M5 2440000 GHz 4974 U
3
pJa \ \ P
1
1U
Chl Start 400 MHz Pwr -10dBm Bw 10kHz UOSM P1,P2,P3,P4 Stop 2.5 GHz
Figure 3-4. SWR After Placing 51 nH at Z64.
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3.2.2 470 MHz Unmatched

Figure 3-5 and Figure 3-6 shows the Smith chart and SWR after placing 39 nH in Z64 to support the 470 MHz
frequency (keeping Z60-Z263 unchanged). We can see that we don’t have a good match with an SWR of 2.05

and therefor matching network is necessary.

Trel

1w

SI1 Smith ZOO{nU/ Ref 1 U  Cal int Offs |

M1 433.000000
-

MHz 17957 Q
529360 Q
12.519048 \pF
31919 O
j23.198 Q 1\
7.855633 nH
50303 Q
j64.376 Q
20.909675 nH
85.814 Q
j121357 Q
37.871751 nH
\ 65701 Q
_j‘}os.sw /g
601,089873

/

MHz

MHz

///
,///
Chl Start 400 MHz // Pwr -10dBm Bw 10kHz UdSM P1,P2,P3,P4 Stop 2.5 GHz
Figure 3-5. Smith Chart After Placing 39 nH at Z64
Trel + S11 SWR lU/Refll% Cal'tofkﬁ 1w
1 M1 433.000000 MHz 3.800 U
M2 1470.000000 Hz 2.047 U
M3 1490.000000 Hz 3.350 U
' M4 10.000000 Hz 5546 U
} \ * M5 2440000 GHz 5365 U
4
j” / V
N %
1U
Chl Start 400 MHz Pwr -10dBm Bw 10kHz UOSM P1,P2,P3,P4 Stop 2.5 GHz

Figure 3-6. SWR After Placing 39 nH at Z64
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3.2.3 490 MHz Unmatched

Figure 3-7 and Figure 3-8 shows the Smith chart and SWR after placing 33 nH in Z64 to support the 490 MHz
frequency (keeping Z60-Z263 unchanged). We can see that we don’t have a good match with an SWR of 2.20
and therefor matching network is necessary.

Trel

1w

S11  Smith ZOO{nU/ Ref1U  Cal int Offs [
\ M1 433.000000
“

MHz

MHz

MHz

12863 Q
48771 Q
7.536587 \pF

18415 O
-j11.345 Q
29.847820 pF
25357 Q
j14.663 Q
4.762605 nH
36132 Q

46901 Q

14.636288  nH
\ 68.986 Q

_j‘pz.m/g’/

579.063652

/

e

Chl Start 400 MHz // Pwr -10dBm Bw 10kHz UQSM P1P2,P3,P4

Figure 3-7. Smith Chart After Placing 33 nH at Z64.

Trcl —’— S11 SWR 1U/ReflU &Cal iFt O%fs

Stop 2.5 GHz

M3 1490.000000

1 M1 |433.000000
M2 |470.000000

o
©
)
2
cgccc| X

M4 1510.000000
\’ \ *M5 2.440000 GHz

| \ — T\

|
i \

+ “
¥

1U

Chl Start 400 MHz Pwr -10dBm Bw 10kHz UOSM P1,P2,P3,P4

Figure 3-8. SWR After Placing 33 nH at Z64.

Stop

2.5GHz
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3.2.4 510 MHz Unmatched

Figure 3-9 and Figure 3-10 shows the Smith chart and SWR after placing 27 nH in Z64 to support the 510-MHz
frequency (keeping Z60—Z63 unchanged). We can see that we don’t have a good match with an SWR of 2.26
and therefore matching network is necessary.

Trel SI1 Smith ZOO{nU/ReflU Cal int Offs “ 1w
MI 433000000 MHz 12404 Q
- -j65:856 Q
5.581309\ pF
MHz 15.046 €
38321 Q|
8.836648 pF
MHz 18739 Q
21.583 Q
15.048869  pF
MHz 22640 Q
33 Q
2710883 pF
232(400\% GHz \ 70898 Q,
[\ -j128.808 ¢/
506392761 AF

Y .

Y,
///

//

Chl Start 400 MHz / Pwr -10dBm Bw 10KHz UOSM P1,P2,P3,P4 Stop 2.5 GHz
Figure 3-9. Smith chart when placing 27 nH at Z64

'qrcl J S11 SWR 1U/ReflU Calimokfs 1w
! M1 433.000000 MHz 11237 U
M2 470.000000 MHz 5435 U
M3 490.000000 MHz 3228 U
' M4 10.000000 MHz 263U
\ \ *M5 | 2.440000 GHz 6486 U

| TN

| | e

1U
Chl Start 400 MHz Pwr -10dBm Bw 10kHz UOSM P1,P2,P3,P4 Stop 2.5 GHz
Figure 3-10. SWR after placing 27 nH at Z64
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3.2.5 868/915 MHz Unmatched

Figure 3-11 and Figure 3-12 shows the Smith chart and SWR after placing 2 pF capacitor on Z64 to support the
868/915 MHz frequency (keeping Z60-Z63 unchanged). Since the bandwidth of the antenna is great enough to
support both 868 and 915 MHz the resonance of the antenna was tuned for ((915+896) / 2 =) 892 MHz.

Trel

SI1 Smith ZOOmU/ Ref 1 U  Cal Offs | 1~

M1 862000000 MHz 36642 Q
4122031 Q
15.346857 "\ pF
2892000000 MHz 53.011 Q
11144 Q)
16011370 pF

MHz 67.954 Q
510878 Q
15989332 pF

GHz 42940 Q
85937 Q
759.015009  fF

/

S
Chl Start 800 MHz ////Pwr -10dBm Bw 10kHz U0$M P1,P2,P3,P4 Stop 3 GHz
Figure 3-11. Smith Chart After placing a 2-pF Capacitor on Z64.

Trel Sl SW‘[R 1U/Ref1 U Cal Offs I/V
1 M1 862.000000 MHz 1.543 U
M2 892.000000 Hz 1.236 U
M3 |915.000000 Hz 140 U

' \ *M4 440000 Hz 7"(’) U

1U
Chl Start 800 MHz Pwr -10dBm Bw 10kHz UOSM P1,P2,P3,P4 Stop 3 GHz

Figure 3-12. SWR After Placing a 2-pF Capacitor on Z64.
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4 Single-Band Matching and Result

The CTIA measurement summary results are presented in this section. Note that the performance will be
affected by the size and shape of the ground plane.

When matching the antenna to 50 ohm a Smith chart tool will give a good indication on the component values
needed to match the antenna. However, there will be a deviation between the theoretical impedance given by

the Smith chart and realized value. Therefore, further tuning might be necessary in order to archive a good
match.

14
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4.1 433-MHz Smith chart, SWR, Bandwidth, and Efficiency

Figure 4-1 shows the theoretical Smith chart for matching the antenna for single-band 433 MHz with a theoretica
SWR of 1.026.

SWR=1,026
r=12,7m.68
7=50,5+{1,20
Y=19,8m-j46%9u

Figure 4-1. Theoretical Smith Chart for Single-Band 433-MHz Matching

Further tuning of the resonance of the antenna was needed after realizing the theoretical match. Figure 4-2 and

Figure 4-3 shows the resulting impedance and SWR which at 1.05 is less than the threshold for a good match of

SWR < 2.0. Table 4-1 shows the BOM with components used to relies the matching network given in Figure 1-2.
The bandwidth of the antenna defined by SWR < 2.0 can be seen in Figure 4-3 to be 444.78-422 = 22.78 MHz.
Table 4-1. Matching Network BOM for 433-MHz Single-Band Operations.

Ref. Designator Murata Part Number Value
Z60 0Q
261 DNM
262 GRMO0335C1H4R3CA01 4.7 pF
263 LQPO3TN2NOB02 2nH
264 LQPO3TN51NHO02 51 nH
SWRA730 — FEBRUARY 2022 433 to 930-MHz and 2.4-GHz BOM Tunable PCB Antenna 15
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Trel S11  Smith ZONU/ Ref1U Offs

M1 433:600000 MHz

B

Chl Start 400 MHz Pwr -10dBm Bw 10 kHy

Stop 466 MHz

Figure 4-2. Smith Chart of Antenna Matched for 433-MHz Single Band

Trel S11 SWR 1U/ReflU Offs

1w

Ml

*M3

422.020000
444.780000

433.000000 MHz 1.050 U

Hz 2.001 U
viHz 1.990 U

M2

NG

1U NZI/

Chl Start 400 MHz Pwr -10dBm Bw 10kHz

Stop 466 MHz

Figure 4-3. SWR Measurement of 433-MHz and Bandwidth at SWR < 2
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Figure 4-4 shows the radiation pattern of the antenna matched for 433 MHz radiating at 13 dBm 433 MHz.

The figure shows a TRP of 5.25 dBm, this with a measured conducted output power of 12.42 dBm gives us an
efficiency of 19.19%.

TRP: 5.25 dBm
D: 5.96 dB

11.345

6.82286

230073

-2.2214

-6.74353

-11.2657

-6.74353

-2.2214

2.30073

6.82286

11.345
11.345
6.82286
2.30073
-2.2214
-6.74353
-11.2657
-5.74353
-2.2214
230073 2.30073

6.82286 6.82286

11.345 11.345

11.345

6.82286

230073

2224 -8
-6.74353

-11.2657

-6.74353

-2.2214

Figure 4-4. Radiation Pattern of Antenna Matched for 433-MHz Radiating with 13 dBm 433-MHz Setting
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4.2 470-MHz Smith chart, SWR, Bandwidth, and Efficiency

Figure 4-5 shows the theoretical Smith chart for matching the antenna for single-band 470 MHz with a theoretical

SWR of 1.025

SWR=1,025
r=12,4m.13
7=51,2+j0,282
Y=19,5m-j108u

Figure 4-5. Theoretical Smith Chart for Single-Band 470-MHz Matching

Further tuning of the resonance of the antenna was needed after realizing the theoretical match. Figure 4-6 and
Figure 4-7 shows the resulting impedance and SWR which at 1.074 is less than the threshold for a good match
of SWR < 2.0. Table 4-2 shows the BOM with components used to relies the matching network given in Figure

1-2.

The bandwidth of the antenna defined by SWR < 2.0 can be seen in Figure 4-7 to be 490-465 = 25 MHz.
Table 4-2. Matching Network BOM for 470-MHz Single-Band Operations

Ref. Designator Murata Part Number Value
Z60 0Q
261 DNM
262 GRMO0335C1H5R1CA01 5.1 pF
263 LQPO3TN6N2B02 6.2 nH
264 LQPO3TN39NHO02 39 nH
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Trel S11  Smith ZONU/ Refl1U CalintOffs  Trc2 —1— S33 SWR 1U/ReflU Invisible 1~
1 M1 470. 00 MHz 2.820 Q
j1889 Q
639.830184 “pH
1 \/Q
T
( 0 05 j(
=62
=06 ﬂ
1U 1
Chl Start 400 MHz Pwr -10dBm Bw 10kHz U PSM P1,P2,P3,P4 Stop 600 MHz

Figure 4-6. Smith Chart of Antenna Matched for 470-MHz Single Band.

Trel —\— S11 SWR 1U/ReflU Calint Offs  Trc2
11

S33 SWR lU/#efl U Invisible 1~

M1 [470.000000 MHz 1.074 U
*M2 |456.900000 Hz 2.002 U
M3 |482.440000 MHz 2.004 U

2 M3,
W
1U
Chl Start 400 MHz Pwr -10dBm Bw 10kHz UOSM P1,P2,P3,P4 Stop 600 MHz

Figure 4-7. SWR Measurement of 470 MHz and Bandwidth at SWR < 2
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Figure 4-8 shows the radiation pattern of the antenna matched for 470 MHz radiating at 13 dBm 470 MHz.
The figure shows a TRP of 8.06 dBm, this with a measured conducted output power of 12.65 dBm gives us an
efficiency of 34.8%.

TRP: 8.10 dBm
D: 4.08 dB

12.9058

9.64886

6.39195

3.13504

-0.121867

-3.37877

-0.121867 -

3.13504

639195
H

9.64886

12.8058

12.9058
9.64886

£.39195

3.13504

0121867

-3.37877 32
-0.121867

3:13604

12.9058
9.64886
6.39195
3.13504
-0.121867
-3.37877
-0.121867
3.13504
6.39195 6.39195

9.64886 9.64886

12.8058 12.9058

Figure 4-8. Radiation Pattern of the Antenna Matched for 470-MHz Radiating with 13 dBm 470-MHz
Setting
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4.3 490-MHz Smith Chart, SWR, Bandwidth, and Efficiency

Figure 4-9 shows the theoretical Smith chart for matching the antenna for single-band 470 MHz with a theoretical

SWR of 1.017.

SWR=1,017
r=8,39m.76
7=50,2+j0,817
Y=19,9m-j324u

Figure 4-9. Theoretical Smith Chart for Single-Band 490 MHz Matching

Further tuning of the resonance of the antenna was needed after realizing the theoretical match. Figure 4-10 and

Figure 4-11 shows the resulting impedance and SWR which at 1.05 is less than the threshold for a good match
of SWR < 2.0. Table 4-3 shows the BOM with components used to relies the matching network given in Figure
1-2.

The bandwidth of the antenna defined by SWR < 2.0 can be seen in Figure 4-11 to be 503.3-478.5 =24.8 MHz.
Table 4-3. Matching Network BOM for 490-MHz Single-Band Operations

Ref. Designator Murata Part Number Value
Z60 0Q
261 DNM
262 GRMO0335C1H6R2CA01 6.2 pF
263 LQPO3TN6N2H02 6.2 nH
264 LQPO3TN33NHO02 33 nH
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Trel S11  Smith ZONU/ Ref1U Calint Offs
M1 490.600000 MHz
0SS '
( 0 05 ‘
1
Chl Start 450 MHz Pwr -10dBm Bw ldkHz UOSM P1,P2,P3,P4 Stop  550.000001 MHz
Figure 4-10. Smith Chart of Antenna Matched for 490-MHz Single Band
Trel S11 SWR 1U/Ref1U Calint Offs / 1w

*M3 |478.520001 / MHz 1.997 U

/
/

1 M1 [490.000000 Hz 1.050 U
M2 |503.310001 Hz 2.017 U

\4'3 “4/
Nl
1U y

Chl Start 450 MHz Pwr -10dBm Bw 10kHz UOSM P1,P2,P3,P4 Stop  550.000001 MHz

Figure 4-11. SWR Measurement of 490 MHz and Bandwidth at SWR < 2
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Figure 4-12 shows the radiation pattern of the antenna matched for 490 MHz radiating at 13 dBm 490 MHz.

The figure shows a TRP of 7.72 dBm, this with a measured conducted output power of 12.17 dBm gives us an

efficiency of 35.89%.

12.187
9.045971
591246
277521

-0.362033
-3.49928
-0,362033 -
277521
591248

9.04971

12.187
12.187

9.04571

Figure 4-12. Radiation Pattern of the Antenna Matched for 490-MHz Radiating with 13 dBm 490-MHz
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4.4 510-MHz Smith Chart, SWR, Bandwidth, and Efficiency

Figure 4-13 shows the theoretical Smith chart for matching the antenna for single-band 470 MHz with a

theoretical SWR of 1.017.

SWR=1,064
=31,2m.-109
Z=48,9-j2,88
Y=20,4m+j1,20m

Figure 4-13. Theoretical Smith Chart for Single-Band 510-MHz Matching

Further tuning of the resonance of the antenna was needed after realizing the theoretical match. Figure 4-14 and
Figure 4-15 shows the resulting impedance and SWR which at 1.302 is less than the threshold for a good match
of SWR < 2.0. Table 4-4 shows the BOM with components used to relies the matching network given in Figure

1-2.

The bandwidth of the antenna defined by SWR < 2.0 can be seen in Figure 4-15 to be 529-500 = 29 MHz
Table 4-4. Matching Network BOM for 510-MHz Single-Band Operations

Ref. Designator Murata Part Number Value
Z60 0Q
261 DNM
262 GRMO0335C1H8R2CA01 8.3 pF
263 LQPO3TN11NHO02 11 nH
264 LQPO3TN27NH02 27 nH
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Trel S11  Smith ZONU/ReflU Calint Offs ~ Trc2 —1— S33 SWR 1U/ReflU Invisible 1~

! M2 516:000000 MHz ~41.706 Q
4871 Q
64.061025" pF

=06

-
LR AR

s O~

. \ |

Chl Start 400 MHz Pwr -10dBm Bw 10kHz U PSM P1,P2,P3,P4 Stop 600 MHz
Figure 4-14. Smith Chart of Antenna Matched For 510-MHz Single Band

Trel S11 SWR 1U/ReflU }?al int Offs ~ Trc2 S33 SWR 1U/ReflU Invisible / 1~

M} [500.940000 MHz 1.993 U
M2 510.000000 Hz 1260 U
*M3 |521.880000 MHz 2.093 U

| L/
| \4.1
¢/

=

1U
Chl Start 400 MHz Pwr -10dBm Bw 10kHz UOSM P1,P2,P3,P4 Stop 600 MHz
Figure 4-15. SWR Measurement of 510 MHz And Bandwidth at SWR < 2
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Figure 4-16 shows the radiation pattern of the antenna matched for 510 MHz radiating at 13 dBm 510 MHz.
The figure shows a TRP of 6.94 dBm, this with a measured conducted output power of 11.77 dBm gives us an
efficiency of 32.9%.

TRP: 6.94 dBm
D:3.45dB

11.6018
9.0243
6.44676 -
3.86923
1.28169
-1.28584
1.29169 .
3.86923

6.44676

9.0243

11.6018

11.6018 11.6018

9.0243
6.44676
3.86923
1.29169
-1.28584
1.29169
3.86923
6.44676 6.44676

9.0243 9.0243

11.6018 11.6018

9.0243
6.44676
3.86023

1.29169

-1.28584

1.29169

3.86923

Figure 4-16. Radiation Pattern of the Antenna Matched for 510-MHz Radiating with 13 dBm 510-MHz
Setting

4.5 868/915-MHz Smith Chart, SWR, Bandwidth, and Efficiency

As mentioned earlier in Section 3.2.5 the bandwidth of the antenna is sufficient to achieve a good match for
868 MHz and 915 MHz simultaneously. Hence we only need one matching network for both frequencies, and
therefore tune the antenna for ( (915+896) / 2 = ) 892 MHz.

Figure 4-17 shows the theoretical Smith chart for matching the antenna for single-band 892 MHz with a
theoretical SWR of 1.065.
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SWR=1,065
=31,5m.0,93
Z=53,2+j54,3m
Y=18,8m-j19,2u

Figure 4-17. Theoretical Smith Chart for Single-Band 892-MHz Matching

Further tuning of the resonance of the antenna was needed after realizing the theoretical match. Figure 4-18 and
Figure 4-19 shows the resulting impedance and SWR which at 1.225 is less than the threshold for a good match

of SWR < 2.0. Table 4-5 shows the BOM with components used to relies the matching network given in Figure
1-2.

The bandwidth of the antenna defined by SWR < 2.0 can be seen in Figure 4-19 to be 941.16-845.8 = 95.81
MHz.

Table 4-5. Matching Network BOM for 892-MHz Single-Band Operations

Ref. Designator Murata Part Number Value
760 0Q
761 DNM
262 DNM
763 0Q
764 GRMO0335C1H2R0OCAO01 2 pF
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Trcl S11  Smith ZONU/ Ref 1 U Calint Offs  Trc2 —1— S33 SWR 1U/ReflU Invisible 1~
1 M1 868000000 MHz 7351 Q
7959 Q
23.632161\ pF
g P \%} 892.000000 " MHZ 52670
7114 Q
\ 25.082119 pF
. + M3\ 913.800000 MHz 68.780 Q
-15.880 Q
0.968052 pF
i \ F//
Chl Start 800 MHz Pwr -10dBm Bw 10kHz UOﬁM P1,P2,P3,P4 Stop 1GHz
Figure 4-18. Smith Chart Measurement of 868, 892, and 915 MHz
Trcl SI1 SWR 1U/Ref1U CalintOffs  Trc2 S33 SWR 1U/Refl1U Invisible 1~
1 +MI (845800000 MHz 2.026 U
M2 [892.000000 MHz 1.225 U
M3 (941.160000 MHz 2.010 U
\ M1 PM
r4 “
M2
Ny T~ ¥y
Chl Start 800 MHz Pwr -10dBm Bw 10kHz UOSM P1,P2,P3,P4 Stop 1GHz
Figure 4-19. SWR Measurement of 892-MHz And Bandwidth at SWR < 2
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Figure 4-20 and Figure 4-21 shows the radiation pattern of the antenna matched for 892 MHz radiating at 13
dBm 868/915 MHz. Table 4-6 shows the TRP and efficiency for the antenna with the given matching network

Table 4-6. TRP and Efficiency for 868/915 MHz

Figure 38 Figure 39
Frequency 868 MHz 915 MHz
Power setting 13 dBm 13 dBm
Conducted output power 11.89 dBm 12.83 dBm
TRP 10.51 dBm 12.71 dBm
Efficiency 72.78 % 97.27 %

TRP: 10.51 dBm
D: 6.54 dB

171617
13.1681
9.17438
— 10
5.1807
1.18702
-8
-2.8B0666
1.18702
B
5.1807
9.17438
4
13.1681
17.1617 2
171617 17.1617
13.1681 13.1681
9.17438 9.17438
5.1807 5.1807 o
1.18702 1.18702
-2.80666 -2.80666
1.18702 1.18702
5.1807 5.1807 -2

9.17438 9.17438
13.1681 13.1681
171617 171617

Figure 4-20. Radiation Pattern of the Antenna Matched for 892-MHz Radiating with 13 dBm 868-MHz
Setting
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Figure 4-21. Radiation Pattern of the Antenna Matched for 892-MHz Radiating with 13 dBm 868-MHz
Setting

Note
If either 868 or 915 MHz is preferred over the other, the antenna can be tuned towards either
frequency. This would increase the efficiency and bandwidth of the frequency.
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5 Dual Band Matching and Results

The CTIA measurement summary results are presented in this section. Note that the performance will be
affected by the size and shape of the ground plane.

As mentioned earlier, the antenna supports dual band operations with 2440 MHz in addition to either 433,
490-510 or 868/915 MHz. The tricky part with dual-band matching is to have a good match (SWR < 2) for both
bands. The steps used is this app note are the following:

1. Use a Smith chart tool to match the low-band using only Z62 and Z63

2. Use a Smith chart tool to match the high-band by adding Z60 and 261

3. Tune the values of the components until an acceptable SWR/Impedance is achieved
4. Test the matched using S11 on a VNA

5. Correct for deviation from the theoretical Smith chart in the high- and low- band
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5.1 433-MHz and 2440-MHz Smith Chart, SWR, Bandwidth, and Efficiency

Figure 5-1 and Figure 5-2 show the theoretical Smith chart for matching the antenna for dual-band 433 and 2440
MHz with a theoretical SWR of 1.033 and 1.028.

SWR=1,033 SWR=1,028
r=16,3m.162 r=13,6m.-121

Z=48,5+0,500 7=493-j1,15
Y=20,6m-j213u Y=20,3m+jd74u
Figure 5-1. Theoretical Smith Chart for Dual-Band Figure 5-2. Theoretical Smith Chart for Dual-Band
433-MHz Match 2440-MHz Match

Further tuning of the resonance of the antenna was needed after realizing the theoretical match. Figure 5-3 and
Figure 5-4 shows the resulting impedance and SWR which at 1.113 for 433 MHz and 1.201 for 2440 MHz is less
than the threshold for a good match of SWR < 2.0. Table 5-1 shows the BOM with components used to relies the
matching network given in Figure 1-2.

The bandwidth of the antenna defined by SWR < 2.0 can be seen in Figure 5-4 to be 445.6 - 421.6 = 24 MHz for
433 MHz and 2570-2320 = 250 MHz for 2440 MHz.

Table 5-1. Matching Network BOM for 433 and 2440-MHz Dual-Band Operations

Ref. Designator Murata Part Number Value
Z60 LQPO3TN6N8HO02 6.8 nH
Z61 DNM
262 LQPO3TN47NH02 47 nH
763 GRMO0335C1H8R2CAO01 8.2 pF
764 LQPO3TNS51NHO02 51 nH
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Figure 5-3. Smith Chart Measurement of Dual Band 433 MHz and 2.4 GHz
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Figure 5-4. SWR Measurement of Dual Band 433 MHz, 2.4 GHz, and Bandwidth at SWR < 2
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Figure 5-5 and Figure 5-6 shows the radiation pattern of the antenna at 433 and 2440 MHz. Table 5-2 shows the
TRP and efficiency for the antenna with the given matching network.

Table 5-2. TRP and Efficiency for 433 and 2440 MHz Dual Band Antenna Match

Figure 43 Figure 44
Frequency 433 MHz 2440 MHz
Power setting 13 dBm 10 dBm
Conducted output power 12.42 dBm 9.15dBm
TRP 6 dBm 8.56 dBm
Efficiency 228 % 87.3 %

TRP: 6.00 dBm
D: 5.76 dB
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8.74282

5.37988 -
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-1.34598 |
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12.1067
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2.01695

-1.34599
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-1.34589
2.01695

PN
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B.74282
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-1.34599
2.01695 4
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8.74282 8.74282

121057  12.1057

Figure 5-5. Radiation Pattern of the Antenna Matched for Dual-Band 433 and 2440-MHz Radiating with
13-dBm 433-MHz Setting
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Figure 5-6. Radiation Pattern of the Antenna Matched for Dual-Band 433 and 2440-MHz Radiating with
10-dBm 2440-MHz Setting
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5.2 470-MHz and 2440-MHz Smith Chart, SWR, Bandwidth and Efficiency

Figure 5-7 and Figure 5-8 shows the theoretical Smith chart for matching the antenna for dual-band 470 and
2440 MHz with a theoretical SWR of 1.023 and 1.047.

SWR=1,023 SWR=1,047

r=11,5m.27 r=23,0m.-88

Z=51,040,526 7=50,0-j2,30

Y=19,6m-j202u Y=19,9m+817u

Figure 5-7. Theoretical Smith Chart for Dual Band Figure 5-8. Theoretical Smith Chart for Dual Band
470-MHz Match 2440-MHz Match

Further tuning of the resonance of the antenna was needed after realizing the theoretical match. Figure 5-9 and
Figure 5-10 shows the resulting impedance and SWR which at 1.201 for 470 MHz and 1.278 for 2440 MHz is
less than the threshold for a good match of SWR < 2.0. Table 5-3 shows the BOM with components used to
relies the matching network given in Figure 1-2.

The bandwidth of the antenna defined by SWR < 2.0 can be seen in Figure 5-10 to be 484-459 = 25 MHz for 470
MHz and 2556-2290 = 266 MHz for 2440 MHz.

Table 5-3. Matching Network BOM for 470 and 2440-MHz Dual-Band Operations

Ref. Designator Murata Part Number Value
Z60 LQPO3TN6N2H02 6.2 nH
761 GRMO0335C1HR10WAQ1 0.1 pF
262 LQPO3TN36NH02 36 nH
763 GGRMO0335C1H7R5CA01 7.5 pF
764 LQPO3TN39NHO02 39 nH
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Figure 5-9. Smith Chart Measurement of Dual Band 470 MHz and 2.4 GHz
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Figure 5-10. SWR Measurement of Dual-Band 470 MHz, 2.4 GHz, and Bandwidth at SWR < 2
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Figure 5-11 and Figure 5-12 shows the radiation pattern of the antenna at 470 and 2440 MHz. Table 5-4 shows
the TRP and efficiency for the antenna with the given matching network.

Table 5-4. TRP and Efficiency for 470 and 2440-MHz Dual-Band Antenna Match

Figure 43 Figure 44
Frequency 470 MHz 2440 MHz
Power setting 13 dBm 10 dBm
Conducted output power 12.65 dBm 9.15dBm
TRP 7.26 dBm 8.19 dBm
Efficiency 289 % 80.2 %

11.939

8.86659

5794156

ar2m

-0.360729 -

-3.42317

-0,350728 |

272171

578415

B8.86659

11.939
11.939
8.86659

679415
272171

-3.42317

TRP: 7.26 dBm
D:4.35dB

-0.350729
272971
579415

B.86659

272971
5.79415
8.86659

11.939 11.939

272171
-0.350729

-3.42317
-0.350729

11.939 a
B.86659

579416

Figure 5-11. Radiation Pattern of the Antenna Matched for Dual-Band 470 and 2440-MHz Radiating with

13-dBm 470-MHz Setting
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-4.15279 |

1.02428

8.20135

11.3784
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-4.15279

-9.32985

16.5555

11.3784

6.20135 -5
1.02428

-4.15279

-9.32985

-4.15279

1.02428

-4.15279
1.02428
6.20135 6.20135
11.3784 11.3784
16.5555 16.5555

Figure 5-12. Radiation Pattern of the Antenna Matched for Dual-Band 470 and 2440-MHz Radiating with
10-dBm 2440-MHz Setting
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5.3 490 MHz and 2440 MHz Smith Chart, SWR, Bandwidth and Efficiency

Figure 5-13 and Figure 5-14 show the theoretical Smith chart for matching the antenna for dual-band 490 and
2440 MHz with a theoretical SWR of 1.008 and 1.005.

SWR=1,008 SWR=1,005
r=3,97m.25 M=2,53m.-144

Z=50,4+0,170 Z=49,8-j0,149
Y=19,9m-j67,0u Y=20,1m+60,2u
Figure 5-13. Theoretical Smith Chart for Dual Band Figure 5-14. Theoretical Smith Chart for Dual-Band
490-MHz Match 2440-MHz Match

Further tuning of the antenna resonance was needed after realizing the theoretical match. Figure 5-15 and
Figure 5-16 shows the resulting impedance and SWR, which at 1.078 for 490 MHz and 1.277 for 2440 MHz is
less than the threshold for a good match of SWR < 2.0. Table 5-5 shows the BOM with components used to
relies the matching network given in Figure 1-2.

The bandwidth of the antenna defined by SWR < 2.0 can be seen in Figure 5-16 to be 506 — 478.2 = 27.8 MHz
for 490 MHz and 2567-2333 = 234 MHz for 2440 MHz.

Table 5-5. Matching Network BOM for 490 and 2440-MHz Dual-Band Operations

Ref. Designator Murata Part Number Value
Z60 LQPO3TN6N8HO02 6.8 nH
761 GRMO0335C1HR10WAQ1 0.1 pF
262 LQPO3TN24NH02 24 nH
763 GRMO0335C1H100JA01 10 pF
764 LQPO3TN33NHO02 33 nH
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Figure 5-15. Smith Chart Measurement of Dual Band 490 MHz and 2.4 GHz
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Figure 5-16. SWR Measurement of Dual Band 490 MHz, 2.4 GHz, and Bandwidth at SWR < 2
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Figure 5-17 and Figure 5-18 shows the radiation pattern of the antenna at 490 and 2440 MHz. Table 5-6 shows
the TRP and efficiency for the antenna with the given matching network.

Table 5-6. TRP and Efficiency for 490 and 2440-MHz Dual-Band Antenna Match

Figure 43 Figure 44
Frequency 490 MHz 2440 MHz
Power setting 13 dBm 10 dBm
Conducted output power 12.17 dBm 9.15dBm
TRP 7.12 dBm 8.58 dBm
Efficiency 31.6 % 76.38 %

TRP: 7.12 dBm
D:2.75dB

11.9782

I
@

9.10043

6.22269

3.34495

0.467211 <

-2.41053

0.467211

3.34495

6.22260

9.10043

11.9782
11.9782

910043

6.22269 ]
3.34495

0.467211

-2.41053

0.467211

3.34495

11.9782
910043
622269
3.34495
0.467211
-2.41053
0.467211
3.34495
6.22269 6.22269

9.10043 9.10043

11.9782 11.9782

Figure 5-17. Radiation Pattern of the Antenna Matched for Dual-Band 490 and 2440 MHz Radiating with
13 dBm 490 MHz Setting
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Figure 5-18. Radiation Pattern of the Antenna Matched for Dual-Band 490 and 2440-MHz Radiating with
10-dBm 2440-MHz Setting
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5.4 510-MHz and 2440-MHz Smith Chart, SWR, Bandwidth, and Efficiency

Figure 5-19 and Figure 5-20 shows the theoretical Smith chart for matching the antenna for dual-band 510 and
2440 MHz with a theoretical SWR of 1.031 and 1.000.

SWR=1,031 SWR=1,000
r=153m.-70 r=171u.-67

7=50,5-j1,45 Z=50,0-j15,8m
Y=19,8m+j56%u Y=20,0m+j6,31u
Figure 5-19. Theoretical Smith Chart for Dual Band Figure 5-20. Theoretical Smith Chart for Dual Band
510 MHz Match 2440 MHz Match

Further tuning of the resonance of the antenna was needed after realizing the theoretical match. in Figure 5-21
and Figure 5-22 shows the resulting impedance and SWR which at 1.110 for 510 MHz and 1.098 for 2440 MHz
is less than the threshold for a good match of SWR < 2.0. Table 5-7 shows the BOM with components used to
relies the matching network given in Figure 1-2.

The bandwidth of the antenna defined by SWR < 2.0 can be seen in Figure 5-22 to be 522.4 — 497.8 = 24.6 MHz
for 510 MHz and 2531-2325 = 206 MHz for 2440 MHz.

Table 5-7. Matching Network BOM for 510 and 2440-MHz Dual-Band Operations

Ref. Designator Murata Part Number Value
Z60 LQPO3TN7N5H02 7.5nH
761 GRM0335C1HR20BA01 0.2 pF
262 LQPO3TN18NH02 18 nH
763 GRMO0335C1H180JA01 18 pF
764 LQPO3TN27NHO02 27 nH
44 433 to 930-MHz and 2.4-GHz BOM Tunable PCB Antenna SWRA730 — FEBRUARY 2022

Submit Document Feedback
Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SWRA730
https://www.ti.com/feedbackform/techdocfeedback?litnum=SWRA730&partnum=

13 TEXAS
INSTRUMENTS
www.ti.com Dual Band Matching and Results

Trel S11  Smith ZONU/ Refl1U CalintOffs  Trc2 —1— S33 SWR 1U/ReflU Invisible 1~

M2 51 00 MHz 7426 Q
45662 Q
66.935990 \pF

VIS 440000 GHZ 40.091T ¢
j2.681 Q
174.880817 pH

.

v,

=06

—
h
e
;%
—
—

ihivad

10U
Chl Start 400 MHz Pwr -10dBm Bw 10kHz UOﬁM P1,P2,P3,P4 Stop 3 GHz

Figure 5-21. Smith Chart Measurement of Dual Band 510 MHz and 2.4 GHz
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Figure 5-22. SWR Measurement of Dual Band 510 MHz, 2.4 GHz, and Bandwidth at SWR < 2
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Figure 5-23 and Figure 5-24 shows the radiation pattern of the antenna at 510 and 2440 MHz. Table 5-8 shows
the TRP and efficiency for the antenna with the given matching network.

Table 5-8. TRP and Efficiency for 510 and 2440-MHz Dual-Band Antenna Match

Figure 43 Figure 44
Frequency 510 MHz 2440 MHz
Power setting 13 dBm 10 dBm
Conducted output power 11.77 dBm 9.15dBm
TRP 5.8 dBm 12 dBm
Efficiency 253 % 84.1 %

TRP: 5.79 dBm
D: 4.68 dB

10.5058

6.82688

3162

-0.524876

420176

-7.87864

420176 <

-0.524876

3152

6.82888

10.5058

10.5058
6.82888

10.5058
6.82888
3.152

-0 524876

-4.20176

-7.87864

-4.20176

-0.524876

3.152

6.82888

10.5058

3.182
-0.524876
-4.20176

-7.87864

-4.20176

-0.5624876

3.1582

6.82888

10.5058

Figure 5-23. Radiation Pattern of the Antenna Matched for Dual-Band 510 and 2440-MHz Radiating with
13-dBm 510-MHz Setting
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Figure 5-24. Radiation Pattern of the Antenna Matched for Dual-Band 510 and 2440-MHz Radiating with
10-dBm 2440-MHz Setting
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5.5 868/915 and 2440-MHz Smith Chart, SWR, Bandwidth, and Efficiency

Figure 5-25 and Figure 5-26 show the theoretical Smith chart for matching the antenna for dual-band 892 and
2440 MHz with a theoretical SWR of 1.136 and 1.052.

SWR=1,052
=25,2m.139

SWR=1,136
r=63,8m.7,1

Z=56,8+j0,905 Z=48,1+j1,61
Y=17,6m-j281u Y=20,8m-j694u
Figure 5-25. Theoretical Smith Chart for Dual-Band Figure 5-26. Theoretical Smith Chart for Dual-Band
892-MHz Match 2440-MHz Match

Further tuning of the resonance of the antenna was needed after realizing the theoretical match. Figure 5-27 and
Figure 5-28 shows the resulting impedance and SWR which at 1.083 for 892 MHz and 1.239 for 2440 MHz is
less than the threshold for a good match of SWR < 2.0. Table 5-9 shows the BOM with components used to
relies the matching network given in Figure 1-2.

The bandwidth of the antenna defined by SWR < 2.0 can be seen in Figure 5-28 to be 956.8-847.2 = 109.6 MHz
for 892 MHz and 2611-2296 = 315 MHz for 2440 MHz.

Table 5-9. Matching Network BOM for 868/915 and 2440-MHz Dual-Band Operations

Ref. Designator Murata Part Number Value
260 LQPO3TN6N8H02 6.8 nH
Z61 DNM
262 LQPO3TNR22H02 220 nH
763 GRMO0335C1H6R2BA01 6.2 pF
Z64 GRMO0335C1H2R0BAO1 2nH
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Figure 5-27. Smith Chart Measurement of Dual Band 868/915 MHz and 2.4 GHz
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Figure 5-28. SWR Measurement of Dual Band 868/915 MHz, 2.4 GHz, and Bandwidth at SWR < 2
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Figure 5-29, Figure 5-30, and Figure 5-31 shows the radiation pattern of the antenna at 868, 915 and 2440 MHz.
Table 5-10 shows the TRP and efficiency for the antenna with the given matching network.

Table 5-10. TRP and Efficiency for 868/915 and 2440-MHz Dual-Band Antenna Match

Figure 43 Figure 65 Figure 44
Frequency 868 MHz 915 MHz 2440 MHz
Power setting 13 dBm 13 dBm 10 dBm
Conducted output power 12.17 dBm 13.23 dBm 9.15dBm
TRP 9.84 dBm 13.1 dBm 11.98 dBm
Efficiency 62.4 % 97.05 % 83.75 %

TRP: 9.91 dBm
D: 6.35dB

16.4064

13.1248

9.84329

6.56175

328021 <

-0.00133089

328021

6.56175

9.84329

13.1248

16.4064

16.4064
13,1248
9.84329

6.56175

3.28021

-0.00133089
3.28021
6.56175

9.84329 9.84329
13.1248 13.1248
16.4064 16.4064

16.4064
13.1248
9.84320

6.56175

3.28021

-0.00133089

3.28021

6.661756

Figure 5-29. Radiation Pattern of the Antenna Matched for Dual-Band 868/915 and 2440-MHz Radiating
with 13-dBm 868-MHz Setting
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Figure 5-30. Radiation Pattern of the Antenna Matched for Dual-Band 868/915 and 2440-MHz Radiating
with 13-dBm 915-MHz Setting

SWRA730 — FEBRUARY 2022 433 to 930-MHz and 2.4-GHz BOM Tunable PCB Antenna 51
Submit Document Feedback
Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SWRA730
https://www.ti.com/feedbackform/techdocfeedback?litnum=SWRA730&partnum=

13 TEXAS
INSTRUMENTS
Dual Band Matching and Results www.ti.com

TRP: 8.38 dBm
D:4.22dB

16.8751

13.5205

10.1659

6.81136

3.45678

0.102199

3.45678

6.81136

10.1659 -J &

13.5205

16.8751
16.8751
13.5205
10.1659
6.81136
3.45678 2
0.102199
3.45678
6.81136
10.1659 10.1659

13.5205 13.5205

16.8751 16.8751

16.8751
13.5205
10.1659

6:81136

3.45678

0.102199

3.45678

6.81136

Figure 5-31. Radiation Pattern of the Antenna Matched for Dual-Band 868/915 and 2440-MHz Radiating
with 10-dBm 2440-MHz Setting

52 433 to 930-MHz and 2.4-GHz BOM Tunable PCB Antenna SWRA730 — FEBRUARY 2022
Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SWRA730
https://www.ti.com/feedbackform/techdocfeedback?litnum=SWRA730&partnum=

13 TEXAS

INSTRUMENTS

www.ti.com

Summary - Bill of Materials and Results

6 Summary - Bill of Materials and Results

Table 6-1. BOM summary for all modes and frequencies

Frequency Mode 260 261 262 263 264
433 MHz Single 0Q DNM 4.7 pF 2nH 51 nH
Dual 6.8 nH DNM 47 nH 8.2 pF 51 nH
470 MHz Single 0Q DNM 5.1 pF 6.2 nH 39 nH
Dual 6.2 nH 0.1 pF 36 nH 7.5 pF 39 nH
490 MHz Single 0Q DNM 6.2 pF 6.2 nH 33nH
Dual 6.8 nH 0.1 nH 24 nH 10 pF 33 nH
510 MHz Single 0Q DNM 8.2 pF 11 nH 27 nH
Dual 7.5nH 0.2 pF 18 nH 18 pF 27 nH
862/915 MHz Single 0 ohm DNM 0Q DNM 2 pF
Dual 6.8 nH DNM 220 nH 6.2 pF 2 pF
Table 6-2. Efficiency and Bandwidth Summary for all modes and frequencies
Frequency Mode Efficiency [%] Bandwidth [MHz]
Low-band High-band Low-band High-band
433 MHz Single 19.2% 22.8 MHz
Dual 22.8% 87.3% 24 MHz 250 MHz
470 MHz Single 34.8% 25 MHz
Dual 28.9% 80.2% 25 MHz 266 MHz
490 MHz Single 35.9% 24.8 MHz
Dual 31.6% 76.4% 27.8 MHz 234 MHz
510 MHz Single 32.9% 29 MHz
Dual 25.3% 84.1% 24.6 MHz 206 MHz
862/915 MHz Single 72.8% 1 97.3% 95.8 MHz
Dual 62.4% 1 97.1% 83.8% 109.6 MHz 315 MHz
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7 Conclusion

The antenna in this application note can be used in two different modes: single-band operation or dual-band
operation. When configured as single-band mode, users can configure the antenna through thematching network
and Z64 to operate at a single ISM frequency between 433 MHz and 930 MHz. Users can configure the antenna
in dual-band mode then the ISM frequency operation can be between 433-930 MHz and also 2.4 GHz. All
modes of operation have shown a high transmitted radiated efficiency while maintaining a wide bandwidth.

The antenna design including the antenna matching network can easily be adapted to a specific ISM frequency
with the option of single-band or dual-band operation. This is an advantage for designs that require just one PCB
antenna structure to cover several bands by just changing the BOM. Even frequencies lower than 433 MHz can
be supported, if the Z64 component is increased furthermore.

The dual-band mode is ideal when the radio solution works at sub-1 GHz ISM frequency and 2.4 GHz. When
using the dual-band mode it is important that the 3rd harmonic of the 868 MHz (2.604 GHz) antenna is below the
regulatory limits since the 2.4 GHz antenna (2.74 GHz to 2.38 GHz) will also radiate the 3rd harmonic.

Tl recommends following the antenna dimensions as shown in Figure 1-1; Size of the antenna is 43 x 25 mm.
The maximum gain is approximately 3 to 5 dBi, which is typical for a monopole antenna.

S11 measurements show that the center frequency is dependent on the size of the ground plane, but this is
easily compensated for by adjusting the antenna length or the antenna match network.
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* LAUNCHXL-CC1352P-4
* LAUNCHXL-CC1352P1
* LAUNCHXL-CC1312R1
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