ADDI + kit ANT APPROVAL Sheet
Manufacturer : CREAMO.INC

Address: 903AE, H-1, KIST, 5, Hwarang-Ro 14-Gil, Seongbuk-Gu, Seoul, South Korea
Antenna Model Number: ADDI + kit ANT

IFA was designed to match an impedance of 50 ohm at 2.45 GHz. Thus no additional matching
components are necessary.

1. KEYWORDS
PCB antenna
Average Gain 2dBi; Peak Gain 2.3dBi
ADDI + kit ANT
10T application
2.4 GHz

Inverted F Antenna

2. INTRODUCTION

The PCB antenna described in this application note is now used on ADDI+ kit reference

design. However, it can also be used in all 2.4 GHz designs, especially small space is required for the
antenna.

This application note describes the antenna dimensions, the RF performance and considerations for complying
with regulatory limits when using this design.

The suggested antenna design requires no more than 15.2 x 5.7 mm of space and ensures a VSWR ratio of less
than 2 across the 2.4 GHz ISM band when connected to a 50 ohm source.

3. Measuring institution: GYEONGBUK RESEARCH INSTITUTE OF VEHICLE EMBEDDED
TECHNOLOGY

Address : 38822 97-70 Myeongsan-gil, Yeongcheon-si, Gyeongsangbuk-do (Nokjeon-dong),

Republic of Korea

Purpose of establishment : Built and operated as an innovation base to support technological
innovation of automobile, mechanical, electronic parts and materials companies, one of the four
strategic industries in Gyeongsangbuk-do, and to lead the advancement of the structure of the local

parts and materials industry

Home : http://www.givet.re.kr/main.do(OTA Antenna test center)




4. OTA Chamber (A-Plustech CO. Ltd)

-Chamber Size & equipment

OTA Chamber (3m), 2G/3G(5515C), LTE (MT8820)C, WLAN (MT8860C), Network Analyzer(ZNB8)

Test item : 2G/3G TRP/TIS : CTIA Rev3.1 (Phantom) WCDMA, CDMA, CDMA2000, 1*EV-DO, GSM/GPRS etc, LTE :
FDD TRP/TIS test (SISO) , WLAN test: 802.11b/g/a TRR TIS , Passive test
(700MHz-6GHz) - 2D/3D (Gain, efficiency)

. antenna Radiation pattern test
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Test Date : 2018. 07. 27

5. Electrical Characteristics

Frequency 2400~2490 MHz
VSWR Less than 2.0
Impedance 50 Ohm
Polarization Linear

Antenna type

PCB Pattern ANT(PIFA)

E Plane Average gain

-13.28dBi

H Plane Average gain

-8.79dBi

Operation Temperature

-40°C ~ +65°C

Storage Temperature

-40°C ~ +80°C




6. Return loss, VSWR, passive data
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7. Material & Mechanical Characteristics

Antenna Pattern PCB layout & Mechanical drawing

Ground Layer 2

Via to ground Feed point
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8.Radiation Pattern data

2-D Radiation Pattern

IE-UT Liolgl |Antenna Type Patch Comment Antenna Matching Circuit
JEUT Version None Fntenna Number None *= % Plane : E Plane Matching Type
[Test Date 2018.07.27 Rotating Axis Theta z1 22 [ z3 ] za ] 25
[Tester Er S [Polarization Theta Polarization (R 2 EXSFZ AL CI S| SH T2 | | | |
m— e
0
345 10- — 15
Freq Gavg Gpeak Gmin Dev
330 _ . 30 —t—24000iz MHz dBi  dBi deg dBi deg  dB
—=—2410 MHz 1 2400 -1281 -7.14 150 -3951 245 3237
315 s . 45 T 2 2410 -1310 -7.12 150 -34.96 245 27.84
3 2420 11320 742 150 3241 245 24.99
2430 MHz 4 2430 -1331 771 150 -3212 245 2441
300 / 60 —— 2440 MHZ 5 2440 -1336 -7.83 150 -31.95 245 24.12
6 2450 1326 -7.84 150 3175 245 2391
2450 MHz 7 2460 -1336 -8.06 150 -2999 245 2193
—+— 2460 MHz 8 2470 -1355 -825 150 -27.82 245 1957
285 e 9 2480 -1357 861 150 2610 245 17.49
—=— 2470 MHz
10 2490 -1334 -829 150 -2620 35 17.91
—— 2480 MHz
270 | ( | 90 2490 MHz
255 105
240 \ \ N, N A oA / 120

o - - ’ Average Gain  -13.28 dBi
225 ~ ) 135
210 150
195 165
180

Aplustech




2-D Radiation Pattern
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2400

2410

2420

2430

2440

2450

2460

2470

2480

2490

-17.70

-17.70

-17.68

-17.53

-17.28

-16.80

-16.39

-16.33

-16.00

-15.44

-18.36

-18.14

-17.93

-17.72

-17.50

-17.09

-16.97

-16.99

-16.83

-16.54

-19.45

-18.95

-18.42

-18.13

-17.82

-17.51

-17.32

-17.53

-17.53

-17.40

-21.63

-20.83

-19.85

-19.21

-18.52

-18.07

-17.83

-17.97

-18.08

-17.99

-23.93

-23.89

-22.95

-21.85

-20.68

-19.58

-19.03

-18.99

-18.79

-18.72

-22.59

-24.36

-25.71

-25.82

-25.03

-23.32

-22.14

-21.22

-20.66

-20.07

30

-18.52

-20.03

-21.73

-23.50

-25.14

-26.50

-26.63

-25.82

-24.90

-23.96

-16.11

-16.89

-17.74

-18.68

-19.79

-20.91

-22.58

-24.39

-25.45

-26.20

-15.90

-16.05

-16.27

-16.78

-17.24

-17.58

-18.37

-19.38

-20.36

-21.18

45

-18.33

-18.15

-17.94

-17.96

-17.87

-17.70

-17.77

-18.08

-18.44

-18.76

-21.38

-21.53

-21.66

-21.85

-21.62

-21.20

-20.90

-20.58

-20.43

-20.23

-18.86

-19.45

-20.00

-20.81

-21.50

-22.07

-22.31

-22.75

-22.97

-23.19

60

-18.37

-18.42

-18.62

-18.95

-19.41

-19.74

-19.89

-20.28

-20.44

-20.60

-21.44

-21.34

-21.27

-21.25

-21.38

-21.37

-21.29

-21.37

-21.21

-21.12

-23.56

-23.76

-24.06

-24.29

-24.40

-24.22

-24.31

-24.54

-24.72

-24.62

75

-20.82

-21.42

-22.03

-22.58

-23.28

-23.71

-23.72

-23.65

-23.44

-23.07

-17.79

-18.18

-18.63

-18.93

-19.21

-19.89

-20.60

-21.30

-21.40

-21.16

-19.44

-19.26

-19.08

-19.07

-19.08

-19.09

-19.36

-19.49

-19.64

-19.55

90

-19.67

-20.21

-20.31

-20.24

-20.52

-20.61

-20.74

-20.79

-20.74

-20.63

-18.12

-18.28

-18.44

-18.27

-18.33

-18.35

-18.31

-18.36

-18.03

-17.77

-20.77

-20.58

-20.37

-20.47

-20.81

-21.06

-21.25

-20.97

-20.28

-19.39

105

-14.75

-15.06

-15.13

-15.11

-15.36

-15.52

-15.95

-16.60

-16.93

-17.28

-15.56

-15.51

-15.28

-14.89

-14.61

-14.27

-14.04

-13.93

-13.68

-13.47

-15.48

-15.91

-16.17

-16.23

-16.15

-15.99

-16.03

-15.90

-15.33

-14.55

120

-11.69

-12.19

-12.52

-12.90

-13.21

-13.43

-13.77

-14.22

-14.34

-14.12

-9.59

-9.88

-10.21

-10.11

-10.64

-10.52

-10.93

-11.25

-11.36

-11.26

-8.04

-8.27

-8.43

-8.20

-8.31

-8.25

-8.74

-8.85

-9.07

-8.85

135

-8.20

-8.59

-8.99

-8.83

-8.64

-8.48

-8.46

-8.79

-8.94

-8.52

-8.96

-9.43

-10.05

-10.02

-10.07

-10.22

-10.39

-10.42

-10.41

-9.96

-7.88

-8.11

-8.34

-8.69

-8.91

-8.94

-9.21

-9.60

-9.76

-9.57

150

-7.14

-7.12

-7.42

-7.71

-7.83

-7.84

-8.06

-8.25

-8.61

-8.29

-8.07

-8.21

-8.28

-8.61

-8.51

-8.40

-8.56

-8.75

-9.02

-8.79

-9.97

-10.47

-10.52

-10.63

-10.53

-10.23

-10.54

-10.87

-10.84

-10.73

165

-11.85

-12.23

-12.37

-12.62

-12.91

-12.91

-13.02

-13.24

-13.33

-13.29

-13.85

-14.01

-14.05

-14.16

-14.44

-14.49

-14.61

-14.84

-14.93

-1471

-14.88

-14.78

-14.55

-14.43

-14.39

-14.24

-14.32

-14.43

-14.30

-14.02

180

-13.70

-13.63

-13.28

-13.02

-12.87

-12.65

-12.70

-12.73

-12.58

-12.19

-11.75

-11.76

-11.47

-11.26

-11.08

-10.86

-10.81

-10.91

-10.82

-10.58

-10.00

-10.22

-9.99

-9.88

-9.77

-9.53

-9.35

-9.51

-9.55

-9.42

195

-9.09

-9.09

-8.87

-8.85

-8.88

-8.63

-8.70

-9.03

-8.99

-9.01

-8.25

-8.60

-8.38

-8.49

-8.29

-8.26

-8.30

-8.75

-8.93

-8.79

-7.59

-8.02

-7.90

-8.08

-8.19

-8.37

-8.82

-9.04

-9.43

-9.18

210

-7.68

-8.17

-8.18

-8.62

-8.88

-9.09

-9.43

-10.10

-10.24

-10.07

-8.70

-9.08

-9.39

-9.85

-10.05

-9.99

-10.59

-10.56

-10.49

-10.64

-9.97

-10.41

-10.29

-10.62

-10.89

-10.83

-10.90

-11.14

-11.18

-10.98

225

-11.32

-11.49

-11.56

-11.73

-11.78

-11.83

-12.16

-12.72

-13.07

-13.13

-14.42

-14.65

-14.94

-15.36

-15.76

-16.32

-17.00

-17.78

-18.22

-18.35

-17.72

-18.47

-19.16

-19.69

-20.12

-20.05

-19.74

-19.58

-19.17

-18.78

240

-19.19

-20.20

-20.39

-20.53

-20.47

-20.41

-20.65

-21.29

-21.70

-21.88

-39.51

-34.96

-32.41

-32.12

-31.95

-31.75

-29.99

-27.82

-26.10

-24.43

-18.26

-18.78

-19.00

-18.80

-18.22

-17.58

-17.08

-16.91

-16.83

-16.70

255

-16.90

-17.29

-17.21

-16.81

-16.44

-16.17

-16.36

-16.83

-17.23

-17.44

-16.75

-16.59

-16.45

-16.51

-16.69

-16.83

-17.07

-17.35

-17.40

-17.16

-15.20

-15.80

-16.49

-17.01

-17.06

-16.77

-16.44

-16.54

-16.33

-16.03

270

-16.37

-16.60

-16.36

-15.81

-15.27

-14.63

-14.30

-14.31

-14.24

-14.10

-13.07

-12.99

-1279

-12.68

-12.65

-12.51

-12.56

-12.84

-12.99

-12.97

-12.35

-12.78

-13.23

-13.63

-13.90

-13.96

-14.12

-14.36

-14.41

-14.27

285

-14.41

-15.01

-15.35

-15.38

-15.23

-1473

-14.40

-14.25

-14.06

-13.84

-14.07

-14.33

-14.35

-14.26

-14.03

-13.70

-13.55

-13.55

-13.51

-13.32

-13.97

-14.26

-14.35

-14.36

-14.30

-14.04

-13.80

-13.74

-13.52

-13.11

300

-13.75

-13.69

-13.52

-13.38

-13.16

-12.78

-12.49

-12.39

-12.18

-11.84

-11.86

-12.03

-12.01

-12.03

-12.07

-11.86

-11.80

-11.93

-11.91

-11.75

-11.38

-12.24

-12.36

-12.58

-12.80

-12.74

-12.72

-12.85

-12.61

-12.31

315

-13.01

-13.51

-13.77

-13.90

-13.85

-13.41

-13.06

-12.86

-12.58

-12.08

-13.99

-13.96

-13.78

-13.58

-13.28

-12.73

-12.40

-12.33

-12.17

-11.98

-13.19

-13.07

-12.91

-12.88

-12.89

-12.64

-12.65

-12.89

-13.05

-13.04

330

-12.71

-12.88

-13.09

-13.41

-13.74

-13.84

-14.08

-14.56

-14.70

-14.64

-13.20

-13.71

-14.34

-15.01

-15.55

-15.72

-15.88

-16.06

-15.78

-15.14

-14.39

-15.22

-16.02

-16.71

-17.06

-16.87

-16.52

-16.03

-15.35

-14.46

345

-15.69

-16.62

-17.23

-17.57

-17.47

-16.88

-16.12

-15.52

-14.73

-13.86

-16.60

-17.33

-17.74

-17.77

-17.38

-16.67

-15.85

-15.22

-14.58

-13.87

|-17.24 ] 1750 [-17.67]-17.55 [-17.28 ] -16.61 [-16.06 [-15.65 | -15.15 [-14.48 ]




2-D Radiation Pattern

IE-UT Liolgl Antenna Type Patch Comment Antenna ing Circuit
JEUT Version None Antenna Number None * %7 Plane : H Plane Matching Type
[Test Date 2018.07.27 Rotating Axis Phi 2 [z [za ]z
[Tester FvEs Polarization Theta Polarization () H S 2SI TS| S H T2 | | | |
— — = —
0
345 10— 15 .
— Freq Gavg Gpeak Gmin Dev
0==2400.MHz MHz dBi  dBi deg dBi deg B
—8— 2410 MHz 1 2400 767 747 5 819 115 1.02
2420 MHz 2 2410 789 724 355 849 115 125
3 2420 835 752 0 919 135 167
2430 MHz 4 2430 -850 -7.58 10 -948 125  1.90
300 / \ 60 2440 MHz 5 2440 877 -768 355 986 125 218
/ 6 2450 g6 -7.73 350 -1002 130 229
82450 MHz 7 2460 915 -800 345 -1041 130 241
—+— 2460 MHz 8 2470 963 823 0 -1099 125 276
285 \ 75 9 2480 993 -864 385 -1122 130 258
—— 2470 MHz
10 2490 -977 837 345 -11.09 130 272
\ —— 2480 MHz
270 : | 90 2490 MHz
255 | 105
240 120
i Average Gain  -8.79 dBi
210 o ~150
195 = ~ 165
180
Aglustech
2-D Radiation Pattern
1 2 3 4 5 6 7 8 9 10

2400 | 2410 | 2420 | 2430 | 2440 | 2450 [ 2460 | 2470 | 2480 | 2490
0 -721 | -728 | -752 | -759 | -7.82 | -7.88 | -8.04 | -8.23 | -8.83 | -8.53
-717 | -732 | -762 | -765 | -7.76 | -7.79 | -8.02 | -8.37 | -8.74 | -8.46

-7.19 | -7.37 | -7.57 | -7.58 | -7.83 | -7.82 | -8.07 | -8.38 | -8.72 | -8.49

15 | -719 | -736 | -757 | -764 | -7.83 | -7.88 | -8.07 | -849 | -8.75 | -8.48
717 | -7.40 | -759 | -766 | -7.90 | -7.84 | -8.16 | -8.45 | -8.86 | -8.58

-7.22 | -7.36 | -7.73 | -7.77 | -7.90 | -7.96 | -8.30 | -8.60 | -8.90 | -8.61

30 |-726 | -744 | -773 | -7.79 | -7.99 | -8.07 | -832 | -8.72 | -897 | -8.79

-732 | -748 | -7.78 | -7.80 | -8.06 | -8.17 | -8.36 | -8.67 | -9.06 | -8.88

-7.32 | -758 | -7.87 | -7.84 | -8.16 | -8.23 | -8.49 | -8.91 | -9.23 | -9.04

45 | -739 | -761|-793 | -797 | -8.27 | -8.31 | -862 | -897 | -9.30 | -9.13
-743 | -762 | -801 | -8.18 | -8.43 | -8.51 | -8.79 | -9.20 | -948 | -9.23

-750 | -7.71 | -820 | -8.26 | -8.54 | -8.71 | -8.86 | -9.37 | -951 | -9.37

60 |-764 |-7.77 | -822 | -838 | -8.61 | -8.69 |-9.00 | -944 | -9.76 | -9.61

-769 | -789 | -829 | -848 | -8.78 | -8.85 | -9.07 | -9.55 | -9.87 | -9.67

-776 | -799 | -843 | -861 | -8.92 | -8.88 | -9.40 | -9.69 |-10.06 | -9.82

75 |-7.71 | -7.98 | -861 | -8.72 | -9.02 | -9.15 | -9.45 | -9.87 |-10.02 |-10.02

-7.88 | -8.15 | -8.61 | -8.80 | -9.07 | -9.15 | -9.48 ]-10.03 |-10.25 | -10.17

-8.00 | -8.18 | -8.70 | -8.93 | -9.27 | -9.38 | -9.62 |-10.16 |-10.42 |-10.31

90 | 8.11 | -824 | -884 | 895 |-9.34 | -954 |-981 |-10.32 |-10.60 |-10.40
— —
-8.04 | -839 | -8.98 | -9.07 | -9.43 | -9.74 | -9.87 |-10.50 |-10.71 | -10.55

-8.10 | -838 | -8.91 | -9.18 | -946 | -9.78 | -9.98 |-10.58 |-10.82 |-10.65

105 | -8.17 | -8.36 | -9.06 | -9.36 | -9.69 | -9.73 [-10.07 |-10.68 |-10.92 |-10.77

-8.13 | -847 | -9.10 | -9.28 | -9.71 | -9.90 |-10.18 |-10.75 |-10.98 | -10.89

-8.19 | -849 | -9.09 | -9.38 | -9.73 | -9.95 |-10.27 |-10.88 |-11.17 | -10.99

120 | -8.19 | -843 | -9.17 | 940 | -9.80 | -9.96 [-10.34 |-10.89 |-11.07 [-11.03

-8.15 | -845 | -9.12 | 948 | -9.86 | -9.96 |-10.40 [-10.99 |-11.18 |-11.08

-8.18 | -8.43 | -9.03 | -9.44 | -9.81 [-10.02 |-10.41 |-10.96 |-11.22 |-11.09

135 | -8.09 | -847 | -9.19 | 938 | -9.72 | -9.95 [-10.35 |-10.97 |-11.14 |-11.08
-8.03 | -840 | -9.13 | -943 | -9.75 |-10.02 [-10.35 |-10.98 |-11.15 |-11.07

-8.04 | -838 | -897 | -944 | -9.85 | -9.92 |-10.41|-10.88 |-11.11 |-11.04

150 | -8.01 | -831 | -9.00 | -936 | -9.62 | -9.82 [-10.27 |-10.92 |-11.07 |-11.03

-7.99 | -826 | -8.86 | -9.23 | -9.69 | -9.83 [-10.19 |-10.77 |-11.00 | -10.93

792 | -818 | -883 | -9.12 | -9.71 | -9.76 [-10.17 |-10.76 |-11.03 |-10.90

165 | -7.79 | -8.18 | -8.75 | -9.19 | -9.50 | -9.72 [-10.18 |-10.63 |-10.89 [-10.80

-7.81 | -8.09 | -8.78 | -9.06 | -9.47 | -9.71 [-10.05 |-10.61 |-10.83 |-10.70




778 | 813 | -8.75 | -899 | -9.43 | -9.60 |-10.00 [-1052 [-10.74 [-1063
180 | 7.72 [ 801 [ -871 | -8.98 [ -9.35 | 9.5 | -0.91 |-1047 [-1062]-1056
770 | -8.06 | 861 | -8.78 | -9.26 | -9.44 | -9.72 |-10.36 |-10.66 |-10.49
763 | -7.95 | 852 | 883 [-9.20 | 932 [ -9.79 [-1037|-1054 [-10.49
195 | 7.60 | -7.93 | -655 | 882 | 9.20 | 9.39 | -9.83 |-10.35 |-1054 |-10.42
756 | 783 | 846 | 878 | -9.13 | -9.31 | 9.66 |-10.21|-10.39 |-1044
761 | 788 [ 850 | 874 [-9.13 [-9.19 [-0.55 [-1022[-1037 [-1025
210 | 755 | -7.90 | -8.42 | 872 | 9.06 | 920 | -9.68 |-10.06 [-10.35 |-10.35
761 | 788 | 848 | 874 [ -9.02 [-9.19 |-9.54 [-10.08 [-1036 |-1032
762 | 784 | 852 | 876 | -9.01 | -9.18 | -9.50 |-10.09 |-10.32 |-10.25
225 | 762 | -7.86 | -8.49 | 867 | -8.94 | 920 | -9.39 |-10.04 [-10.39 |-10.22
760 | -7.62 | 844 | 861 | -6.98 | -9.11 | -9.47 |-10.03 |-10.30 |-10.19
764 | 789 [ 838 | 866 [-9.03 [-9.13 [-9.51 [-10.05|-1044 [-1025
240 | 771 | -792 | -8.46 | 868 | -8.93 | -0.06 | -9.35 |-10.04 [-1034 [-10.26
767 | 797 | 847 | 861 | 893 | -9.15 | 9.37 | 097 |-1044 |-1020
777 | 799 | 852 | 865 | -6.92 | -9.08 | 9.35 | 088 |-1028 |-10.16
255 | 777 | -8.00 | -8.47 | 863 | 887 | -9.03 [-9.37 [-9.88 [-1027[-10.22
785 | 801 | 849 | -854 | -8.97 | 897 | -920 | 978 |-1028 |-10.13
778 | -804 | 847 | 858 | 879 [ 8.99 |-0.24 | 071 |-10.06 [-10.04
270 | 785 | -605 | -843 | 856 | -8.81 | -8.86 | -9.15 | -9.70 |-10.09 | -0.93
787 | 7.99 | 847 | -840 | 670 | 6.80 | 9.05 | 954 |-10.02 | -9.95
7.85 | 8.02 | -840 | 848 | -6.76 | 6.69 | 9.02 | 959 |-10.04 | -9.86
285 | 779 | -601 | -842 | 846 | -8.66 | -868 | -8.92 | -9.40 | 985 | 962
785 | 797 | 831 | 838 | -8.49 | 862 |-888 | 032 | -970 | -957
776 | 792 | 830 | 836 | -6.46 | 659 | 868 | 024 | -973 | -9.49
300 | 765 | 781 | -8.20 | 827 | 842 | 847 | 868 | 9.11 | 951 | 030
766 | 781 | 821 | 822 | 634 | 639 | 857 | 003 | -947 | -9.13
764 | 780 [ 811 | 811 [ 829 [ 827 [-846 | 894 | 023 [-907
315 | 758 | -768 | -8.02 | 804 | 811 | -6.19 | -8.48 | 879 | 015 | -8.94
750 | -7.48 | 7.94 | 795 | -6.14 | 8.13 | 8.31 | 875 | -0.15 | -8.82
744 | 763 [ 786 [ 781 [ 607 [607 [-829 | -864 | 603 [ -6
330 | 742 | 750 | -7.78 | 7.89 | 8.01 | -7.92 | 824 | 860 | 8.89 | 673
738 | 745 | 774 | 774 | 794 | 787 | 815 | -850 | 678 | 855
722 | 746 | 762 | 768 [ 783 [ 785 | 811 | -840 | 878 [ 859
345 | 723 | 739 | 771 | 766 | 783 | 783 | -8.00 | 844 | 873 | 837
723 | 733 | 758 | 766 | -7.80 | 773 | 8.05 | 842 | -865 | -841
[-728 [-724 ] 760 [ 763 [-768 [ -783 [-802 [-833 [-864 [ -89 |




