NIC Product Series
Application Note
NGCL Ceramic Loop Chip Antennas

NIC Components Corp.

NIC Series: Dual Band WiFi NGCL Ceramic Loop Chip Antenna
NGCL1206UW2R442G2TRF

Purpose: This application note is made for guiding users to install NIC’s NGCL Ceramic Loop Chip
Antennas properly on their PCB (Printed Circuit Board) or devices.

Studies:
Dimensions and Applications
Typical Electrical Properties
Performance at different locations on test board
Performance at different sizes of ground clearance area
Performance at different gaps between chip antenna and metallic object
Layout Considerations
1. Antenna Footprint
2. Antenna Frequency Tuning
3. Matching Circuits — Impedance Optimization Metallic Component
Interference
4. Location Choice
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Prepared by NIC Components, nic-tpmg@niccomp.com
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The effects of antenna’s placement:
Installing chip antenna in vertical and horizontal direction in various positions on the circuit
board and measure their radiation performance in a 3D anechoic chamber.

More detail is shown in the below figure, green area means the ground clearance area, and
orange area means the ground plane of PCB.

100 mm

5mm t

50 mm

Radiation Efficiency vs. Frequency

2.4 GHz

Frequency
(GHz)

Location 1 3943 | 6057 | G485 | SG57| 672 | 675 | S8.71 | G559 | 67.14 | S8.08 | 4RO | B34 | 8355 ) 0668 | 6531
Location 2 5875 | 5T | o067 | oloo| &1 | 6224 | 0887 | aloo | 6152 | 6152 | 2085 | ol3 | aldo] 5R08 | 5761
Location 3 4477 | 4755 | 50 | 548 | 5508 | 35BS | 5025 | 5456 | G463 | 5385 | 353E | 5585 | 3105 4875 | 4831

24 | 2412 | 2417 | 2421 ) 2427 | 2432 | 2437 | 2442 | 2447 | 2452 | 2457 | 2462 | 2.467| 2471 | 2485

9 GHz

Frequency
N 51 5.2 53 54 55 5.6 57 58 590
(GHz)

Location 1 | 4583 | 3185 | 6223 | 5207 | 4917 | 4489 | 4444 | 4120 | 4407
Location2 | 5724 | 68095 | 6L78 | 5411 | 4255 | 4521 | 5117 | 4332 | 5834
Location3 | 5708 | 6838 | o842 | 3757 | 6153 | 4931 | 5260 | 5256 | 5RTR
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Performance at Location 1

1 Active ChfTrace 2 Response 3 Stimulus

4 Mhr/Analysis S Instr State
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1 Active Ch{Trace Z Response 3 Stimulus 4 Mkr/Analysis 5 Inskr State
P 511 Log Mag 10.00dE/ Ref 0.000dE [F1]
50,00
1 2.,442000000 GHz -18.002 dB
2 2.402531228 GHz -10.000 dB
3 2,504173622 GHz -10.000 dB
40,00 |4 #,983905857 GHz -10.000 dE
»5  5.935856555 GHz -10.000 dB
& 5,150000000 GHz -1%.952 dE
7 5.500000000 GHz -10.082 dE
30.00 F  5.550000000 GHz -1zZ.57z oE
20,00
10.00
0.000 M
-10.00
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-40.00
-50.00 ~
1 Start 2 GHz IFBIN 70 kHz Stop & GHz RN
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Location 1 for 2.4GHz

3D Gain Patterns & Efficiency

' —{r
Location 1 5

Frequency (GHz) | 2.4 | 2412 | 2417 | 2,422 | 2427 | 2432 | 2437 | 2442 | 2447 | 2452 | 2457 | 2462 | 2467 | 2472 | 2.485
Efficiency (dB) | -2.26 | -2.05 | -1.88 | -1.78 | -1.72 | -1.68 | -1.63 | -1.74 | -1.73 | -1.67 | -1.61 | -1.59 | -1.64 | -1.76 | -1.85

Efficiency (%) 5943 | 6237 | 64.80 | 6637 | 67.3 | 67.92 | 68.71 | 66.99 | 67.14 | 68.08 | 69.02 | 69.34 | 68.55 | 66.68 | 65.31
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Location 1 for 5 GHz

3D Gain Patterns & Efficiency

o
| ]
o N

Frequency (GHz) 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8 5.9
Efficiency (dB) -3.39 -2.85 -2.06 -2.83 -3.08 -3.50 -352 -3.85 347
Efficiency (%) 45.83 51.86 62.23 52.07 49.17 44.69 44.44 41.20 | 4497
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Performance at Location 2

1 Active ChyTrace 2 Response 3 Stimulus 4 Mhkrfanalysis S Instr State
P 511 Smith (R+3x) Scale 1.000U [F1]

-4 2000000
« FELE03532
« 532528050
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[LILILILIDENY NN

N NN N Pt
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1 Active ChiTrace 2 Response 3 Stimulus 4 Mhrfanalysis 5 Instr State

PR 511 Log Mag 10.00dE/ Ref 0.000dE [F1]
£0.00
+1  2.442000000 GHz -22.482 dE
2 2.365809532 GHz -10.000 dB
3 2.532526030 GHz -10.000 dB
40.00 |4 5,024652123 GHz -10.000 dB
5 5.924723529 GHz -10.000 dB
G 5.150000000 GHz -11.572 dE
7 5.500000000 GHz -10.232) dB
30,000 | g £,850000000 GHz -12.065 dE
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Location 2 for 2.4GHz

3D Gain Patterns & Efficiency

Frequency 24 2412 |2.417|2.422 | 2.427 | 2.432 | 2.437 | 2.442 | 2.447 | 2.452 | 2.457| 2.462| 2.467 | 2.472 | 2485
(GHz)

Efficiency (dB) | -231 | -224 |-2.17| -21 -2 -199 | -194 | <21 | 211 | 2211 | -2I5) 209 | 22 | -236 | 238
Efficiency (%) | 5875 | 597 |60.67|6l66 | 631 | 6324 | 63.97 | 6166 | 6152 | 61.52 | 6095 | 6L8 | 6026 | 5808 | 57.81
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Location 2 for 5 GHz

3D Gain Patterns & Efficiency

-2 -2
-0
.
s
-6
.8
10
-1
13 -13
-15 -15
Frequency (GHz) 5.1 52 5.3 5.4 5.5 5.6 5.7 5.8 5.9
Efficiency (dB) -242 -1.61 -2.09 -2.67 -3.71 -345 -291 -3.63 -2.34
Efficiency (%) 5724 68.95 61.78 54.11 42.55 4521 51.17 4332 58.34
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Performance at Location 3

1 Active ChfTrace 2 Response 3 Stimulus 4 Merfanalysis S Instr State
PR S11 Smith (R+3x) Scale 1.0000 [F1]

= -44 2000000 GHz o]
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-150000000 GHz o]
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WG
[LILELRLIL T NTNEN]

L N VNN
[1 Start 2 GHz IFEW 70 kHz Stop 6 GHz R
1-

1 Active ChiTrace | ZResponse 3 Stimulus 4 Mhrfanalysis S Inskr State

P 511 Log Mag 10.00dES Ref O.000dE [F1]
50,00
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40,00 | ¢ E_FSE390930 GHz -10.000 dE
5 5.731109161 @Hz -10.000 dE
& E.1EQ000000 GHr -&.0122 dE
7 5.500000000 GHz -24.501 dE
30,00 5 5_EE0O00000 GHz -10.165 db
20,00
10.00
0.000 q
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El c g 1
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Location 3 for 2.4GHz

3D Gain Patterns & Efficiency

Frequency (GHz) 24 2412 | 2417 | 2422 | 2427 | 2432 | 2437 | 2442 | 2,447 | 2452 2457 | 2462 | 2.467 | 2472 | 2.485
2221216 | 209 | 202 | <189 | -LU6 | -1A4 | -163 | -174 | -194 | 245
5998 | 6087 | 6178 | 62.84 | 64.64 | 66.06 | 6BST| 68.68 | 0696 | 6404 | 56.86

G
b5

Efficiency (dB) =362 | 2259 | -2.36
Efficiency (%) 4343 | 55.04 | 5803 | &

[¥=)
in
ok
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Location 3 for 5 GHz

3D Gain Patterns & Efficiency

.9
=10
=12
-14
Frequency (GHz) 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8 5.9
Efficiency (dB) 237 -1.65 -1.65 237 211 -3.07 -2.19 -2.79 -231
Efficiency (%) 5798 68.38 68.42 5797 61.53 4931 52.66 52.56 5878
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The effect of the dimensions of ground clearance area

The performance of chip antenna will be influenced when the dimension of ground
clearance area is changed. The influence of length and width of the ground clearance
area have been shown in next few pages.

Length
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Case 1: Keeping the width of the ground clearance area at 5 mm:

The width of ground clearance area is kept at 5mm and change the length from 7mm to 10mm.

7~10 mm

Frequency vs Radiation Efficiency

2.4G Band -
= 100 5 /17 5
—_— — —
= 50 - &0 Z(l) g=
= 68 = 1 =
il O 1 1 70 E
7 8 9 10
Length (mm) 7 8 9 10
BandWidth(Mhz) 68 73 95 97
Efficiency (%) 70 70 70 71
oG Band
— 66
= 600 68 80 =
= 8 1 60 E
= 550 F 574 56 =
= 08 1 40 =
= 500 F 541 24 20 2
= 4=
= 450 : : o
7 3 9 10
Length (mm) 7 8 9 10
BandWidth(IMhz) 574 541 508 494
Efficiency (%) 66 68 58 56
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Case 2: Keeping the width of the ground clearance area at 6 mm
The width of ground clearance area is kept at 6mm and change the length from 7mm to 10mm.

7~10 mm

Frequency vs Radiation Efficiency

2.4G Band
= 150 80 —
= 11 2 o S
_; 100 | 116 1061 73 =y
= - 4 70 3
= 50 7 0 2
A 0 65 =
7 8 9 10
Length (mm) 7 8 9 10
BandWidth(Mhz) 82 111 116 106
Efficiency (%) 70 73 78 76
5G Band -
= 1 71—
g 1000 0 74 703 i =
= 0 341 70 =
=500 70 1 70 £
5 691 69 =
8 o L—69 6o
7 8 9 10
Length (mm) 7 8 9 10
BandWidth(Mhz) 820 774 703 634
Efficiency (%) 69 70 70 69
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Case 3: Keeping the width of the ground clearance area at 7 mm
The width of ground clearance area is kept at 7mm and change the length from 7mm to 10mm.

7~10 mm

Frequency vs Radiation Efficiency

2.4G Band = 130 .
= 26 | 6 =
= 125 12 24 =
= 120 f |
2 T4 74 E

= 115 . 73

7 8 9 10

Length (mm) 7 8 9 10
BandWidth(Mhz) 122 128 126 124
Efficiency (%) 74 76 74 74

5G Band = 1000 868 80
= L. i o3| 75 =
= 500 F ok 12 =
= 63 =
= 1 60 =
= 0 55 =

7 9 10

Length (mm) 7 8 9 10
BandWidth(Mhz) 868 868 715 693
Efficiency (%) 75 69 68 63
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Effect of ground clearance dimensions on 2.4G Band performance

Bandwidth (MHz)

Width
Length (mm) 5 6 7
(mm)
7 68 82 122
8 73 111 128
9 95 116 126
10 97 106 124
Efficiency (%)
Width
Length rr:m) o 6 7
(mm)
7 70 70 74
8 70 73 76
9 70 78 74
10 71 76 74
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Effect of ground clearance dimensions on 5G Band performance

Bandwidth (MHz)

Width
Length (mm) 5 6 7
(mm)
7 459 574 868
8 433 541 868
9 406 509 715
10 395 494 693
Efficiency (%)
Width
Length (mm) 5 6 7
(mm)
7 66 69 75
8 68 70 69
9 58 70 68
10 56 69 63
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The effect of the position of chip antenna relative to large metallic object
(for example: LCD panel)

The spacing and distance of the antenna to a metallic object is varied, it will also
affect the chip antenna’s performance. The typical measurements will be shown in
the following pages.

/Antenna ;CB

s'pac'.r'hg H

' Metall£ object
Cross section view
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Case 1: When the spacing H is fixed at 1 mm
When the spacing H is fixed at 1 mm, and change the distance L from 0~8 mm.

PCB

/Antenna
/.

0~8mm

1Mm

Metallic object

Frequency vs Radiation Efficiency

2.4G Band
=150 90 —~
= 24 75 &
= 100 F 48 1 60 =
= 021 45 &
Ll 2 81 a5
= 50 f 1 308
2 44 {15 =
&0 . . 0 =
0 mm 2 mm 4 mm 6 mm 8mm w/o Metal
Distance (mm) 0 mm 2 mm 4 mm 6 mm 8 mm _|w/o Metal
BandWidth(Mhz) 44 68 81 96 101 102
Efficiency (%) 25 36 48 55 62 72
oG Band
= 1000 o
= S
= 500 S
= k=
= =
s 0 =
Omm 2mm 4mm 6mm 8mm w/o Metal
Distance (mm) 0 mm 2 mm 4 mm 6 mm 8 mm |w/o Metal
BandWidth(Mhz) 544 566 611 644 646 038
Efficiency (%) 42 49 53 58 62 70
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Case 2: When the spacing H is fixed at 2 mm
When the spacing H is fixed at 2 mm, and change the distance L from 0~8 mm.

/Antenna

2 mm

7

Metallic object
Frequency vs Radiation Efficiency

2.4G Band
=~ 150 90 —
= 724 75 &
j 100 18 48 02] 2(5) éj’
[ - o
= 50 F %5y 63 75 130 =2
5 4 15 £
&0 ' ' ' ' 0o =
0 mm 2 mm 4 mm 6 mm 8 mm w/o Metal
Distance (mm) 0 mm 2 mm 4 mm 6 mm 8 mm |w/o Metal
BandWidth(Mhz) 57 63 75 83 92 102
Efficiency (%) 38 45 48 59 62 72
5G Band
i 1000 ' 5 =
= 44 47 5 381 0 =
S so0 | #3361l 634 142
= , _JJ() 5
2 1 15 =
= 0 . . . . o =
0 mm 2 mm 4 mm 6 mm 8 mm w/o Metal
Distance (mm) 0 mm 2 mm 4 mm 6 mm 8 mm |w/o Metal
BandWidth(Mhz) 533 611 634 676 679 938
Efficiency (%) 44 45 47 58 61 70
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Case 3: When the spacing H is fixed at 3 mm
When the spacing H is fixed at 3 mm, and change the distance L from 0~8 mm.

/Antenna ;CB

D

3mm

0~8mm

7

Metallic object

Frequency vs Radiation Efficiency

2.4G Band
= 150 90 —
= 724 75 &
£ 100 B gy 23 0wl © =
= 85 1 45
= 50 F 59 61 1 30 =
= T 15 :,:EI'
s 0 I I I ] 0 [ |
0 mm 2 mm 4 mm 6 mm 8 mm w/o Metal
Distance (mm) 0 mm 2 mm 4 mm 6 mm 8 mm |w/o Metal
BandWidth(Mhz) 59 61 85 9] 95 102
Efficiency (%) 41 49 55 60 61 72
5G Band
= 1000 5
= 60 =
= | 45 =
= 500 30 @)
= 15 H
s 0 0o ™
0 mm 2 mm 4 mm 6 mm 8 mm w/o Metal
Distance (mm) 0 mm 2 mm 4 mm 6 mm 8 mm __|w/o Metal
BandWidth(Mhz) 530 605 629 651 686 938
Efficiency (%) 53 56 58 59 62 70
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Summary of the effect of LCD panel on 2.4G band

Bandwidth (MHz)
Spacing (mm) 1 2 3
Distance (mm)
0 44 57 59
2 68 63 61
4 81 75 85
6 96 83 91
8 101 92 95
without Metal 102 102 102
Efficiency (%)
Spacing (mm) 1 2 3
Distance (mm)
0 25 38 41
2 36 45 49
4 48 48 55
6 55 59 60
8 62 62 61
without Metal 72 72 72
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Summary of the effect of LCD panel on 5G band

Bandwidth (MHz)
Spacing (mm) 1 2 3
Distance (mm)
0 544 533 530
2 566 611 605
4 611 634 629
6 644 676 651
8 646 679 686
without Metal 938 938 938
Efficiency (%)
Spacing (mm) 1 2 3
Distance (mm)
0 42 44 53
2 49 45 56
4 53 47 58
6 58 58 59
8 62 61 62
without Metal 70 70 70
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The Influences of metallic part:

A, B and C directions should not have any metallic components. If metallic
components are presented below antenna (B direction), at least 3 mm distance is
required. The distance (t) should be greater than 2 mm when the height of metallic
component is under 2 mm. The distance (t) should be greater than 5mm when the
height of metallic component is above 3mm.

C direction «~
H
B direction
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Conclusion:

Location 1 is the recommended position for the chip antenna

The recommended minimum dimensions of circuit board is 35 x 10 mm.

The antenna should be placed 35 mm side

The minimum distance recommended between chip antenna and corner is 5 mm

LN

100 mm

Amm :

A0 mm
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