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1 Introduction

This document presents antenna measurements for the internal antennas
within the ASSA HES V3 BLE K100 door lock.

Figure 1 ASSA HES K100

The measurements are done including the parts stated below:

Lock body K100
Main board #1 3080043.029 v0.3
Main board #2 3080043.028 v0.3
BLE module rev 2
Interface board 3080043.027 v0.3

13.56MHz RFID coil 3080043.025/PCB 00183 v.A
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Figure 2 Assembly of main Figure 3BLE module and interface board Figure 4 RFID coils assembly
board #1 3080043.029 v0.3 3080043.027 v0.3 (13,56 MHz 3080043.025/PCB 00183
and main board #2 v.A)
3080043.028 v0.3

Module Components 55 i BFBl ol

QO
= Components of the module are 13.56 MHz RFID coil _O

shown to the right

= Note BLE module and BLE interface S—— ~
board plug into “Main2” PCBA by way 3
connector on “Main2”

RFID coil to

BLE Module & 3
BLE interface board

“Main2” PCBA
(LF/HF RFID, UHF)

UHF antenna———

“Main1” PCBA
(Power, STM32 core)

The global leader in door opening solutions ASSA ABLOY

Figure 5 Assembly sketch
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2 Antenna measurements

The antenna performance is characterized in terms of Voltage Standing Wave
Ratio (VSWR), antenna efficiency and radiation patterns.

The antenna efficiency, &7, is the ratio of the power delivered at the 50Q
antenna interface, P;, relative to the power radiated from the antenna,

P radiated-

_ Pragiated

Er =
P
t

The antenna efficiency can be expressed in dB or %, where 100% corresponds

to 0dB. The antenna efficiency measurements are carried out in a scattered
field chamber.

Measurements with three configurations for the BLE module have been
examined. Initial configuration (no modifications), no matching components
and optimized BLE antenna matching.

2.1 UHF and BLE as standalone

To show how the assembly and mechanics affect the tuning of the antenna's, a
VSWR reference measurement has been performed on the antennas as
standalone (BLE module mounted on interface board, UHF antenna mounted
on main board #1 that is connected to main board #2)

Figure 6 UHF and BLE standalone
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Trel SWR 1U/ Ref1U CalSmo Offs 10f2 (Max)
Mem6[Tre1] hE] SWR 1U/ Refi'us I&visible
&11 24os000 GHz  1bsa1 b
L 10 2440000 GHz  14.937/U
2480000 GHz

1 .32? u

/

J

-

— 1
Ch1 Start 2 GHz

Pwr 0 dBm

Stop 3GHz

Figure 7 VSWR BLE antenna - module standalone

Tret BYE] SWR 1U/ Ref1U CalSmo Offs 1012 (Max)

Mem[Trc1] EXlil SWR 1U/ Ref1U Invisible

&11 W 24os000 GHz  b2se U
2440000 GHz 491 Ul
24s0000 GHz
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Figure 8 VSWR UHF antenna - standalone

Stop 3GHz



. Prepared: Release: Page:
wireless Par Berglund 2018-06-27 7 of 25
system Approved: Doc.no: Rev:
infegration Jonas-Strandell 3-3-TR-600 946-01 PA1

2.2 Initial configuration
»
RF_QFN RF_Balun L2 X El
L3 RE_SAW RF_S0
UIA 2 . m Ll 7 P T L Ol
< TTAG-TSC g v | - ta% E(. - 2 @ A/ i“\: ; L l = | ANT_2.45GH:
4 ), s 31 GnD . RF_S0
—3i oo BLE RX_TX b é LFBIRGASBGSDI20 s B3920IBRIRPRI0 et c18
ﬁ DIO_1 24GHz RF_OFN 1.8pF
DIO_2
A e il 1 1
% ﬂﬂ:ﬁ GND GND  GND GND  GRD GND <D
z gg—; XOSCIZK_Q1 ke
=] DIO_® XOSCI2K_Q2
2! RST n :fﬁ:gﬁ il
CC26xx Ll

g

g

———

rH]

24NHz, 9pF

32.768kHz

N
1

2.2.1

Figure 9 Schematic BLE antenna matching - initial configuration

VSWR - initial configuration

Trel EXE] SWR 1U/ Ref1U CalSmo Offs 1 of 2 (Max)
Mem6[Trc1] ikl SWR 1U/ Ref1U  Invisible

1 2.4P5000 GHz  1|502
1o 2 2440000 GHz 191,

-3 2480000 GHz 1| u
6 ‘\ A
P o /

~ [~
L A 3
i

L, -
Chl Start 2GHz Pwr 0 dBm Stop 3GHz

Figure 10 VSWR UHF antenna - initial configuration
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Tre EEE] SWR 1U/ Ref1U Cal Smo Offs 1 0f 2 (Max)
Mem6[Trc1] Skl SWR 1U/ Ref1U  Invisible
T ”“J\ 1| 24psoo0 gz [11d145 U
- o (J " 2] 2440000 GHz/ 9145 U
\ f 12 -3 2.4B0000 CHqV 7531 U
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| \
\
- o\\ / 4 r
/
| Y
T f
-6 N4 \"\‘ /
AN /
. | /
5 ]
L, P
Chl Start 2 GHz Pwr 0 dBm Stop 3 GHz

Figure 11 VSWR BLE antenna - initial configuration

2.2.2 Antenna efficiency - initial configuration

Table 1 Antenna efficiency UHF and BLE antennas- initial configuration

UHF BLE
Freq An.tz.anna Athcj:‘nna
efficiency efficiency
[MHz] (%] [dB] (%] [dB]
2405 40 -4.0 5 -12.9
2440 47 -3.3 5 -13.3
2480 48 -3.2 6 -12.2
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2.3 No BLE antenna matching

EXT_ANT

m

RF_QFN RF_Balun L2
L3 Q RF_SAW RF
UIA 3 1 N s (P ci A -

- T
—H5 JTAG_TCKC RF_P s 2 2 oVt 4 i} +— L= Q A_“ 2.45GH
i i 5 16d Co 12 2 o NT_2.45GHz
—Lip! JTAG_T™SC REN s & OND onpkS 10pF é R
4 5 (s 3 Xy G RF_S0
G L4 oND LS
—3s1 pioo BLE RX_TX pab O LFBIS2G4SBGSD920 6.8nH H39242B8328PR10 6.80H "
=551 blo_l 24GHz RF_QFN 1
—e Di02
DIO3 NM
DIO_4 L —
Ze DIOSS = = = = = = =
; DIO_6 GND GND GND GND GND GND GND
=& bioy
—2o Dios XOSC32K_Q1
—=xd DIO9 XOSC32K_Q2
X0SC_Q1
—2of RST.n X0SC Q2 kol
OC26xx LA

4 3 Y2
1 | I 2 D
32.768kHz

24MHz, 9pF
12pF 12pF

GND GN

Figure 12 C18 (1p8) removed

2.3.1 VSWR - No BLE antenna matching

Tred BPF SWR 1U/ Ref1U CalSmo 1 0f2 (Max)
Mem6[Trc1] SHk] SWR 1 U/ Ref1U  Invisible
523 1 2005000 [GHz  1.540 U
L o 2440000 loHz {189 U
2 2hsoooo [eHz  {.3s8 U
— 9

s 7
7

3

N
e ] )

—1
Ch1 Start 2 GHz Pwr 0dBm Stop 3GHz

Figure 13 VSWR UHF antenna - NO BLE antenna matching
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Trel SWR 1U/ Ref1U Cal Smo Offs 10f2 (Max)
Mem6(Trc1] ikl SWR 1U/ Ref1U  Invisible
ST 1 2405000 [GHz 4548 U
o 2 24440000 |GHz 4137 U
3 2hsoo00 [GHz  $637 U
— 7
N /]
IR / T
,E‘\ / M 3
\ X
L
-

L. -
Chl  Start 2 GHz Pwr 0dBm Stop 3GHz
Figure 14 VSWR BLE antenna - NO BLE antenna matching

2.3.2 Antenna efficiency - No BLE antenna matching

Table 2 Antenna efficiency UHF and BLE antennas- No BLE antenna matching

UHF BLE
Freq An.tz.anna Athcj:‘nna
efficiency efficiency
[MHz] (%] [dB] (%] [dB]
2405 40 -4.0 10 -10.0
2440 44 -3.6 10 -10.2
2480 46 -3.4 11 -9.6




. Prepared: Release: Page:
wireless Par Berglund 2018-06-27 11 of 25
_sys‘rem . Approved: Doc.no: Rev:
integration Jonas Strandell 3-3-TR-600 946-01 PA1

2.4 Optimized BLE antenna matching

»
CEXLANT RE_S0
RF_QFN RF_Balun L2 El
L3 Q RE_SAW RF_S0
3 1 1 c1?
UIA N Q R (P -
. — : - N X ourlt i y
TE5] JTAG_TCKC RF_P s 16d So |2 2 lanp N @ o ANT_2.45GHz
ITAG_TMSC RF_N aGND-2 1opF
4 6 3 Ny @ RF_%0 3.9nH
G L4 GND LS -
—34{ DIO_O BLE RX_TX tad i LFBIRGASBGSDI20 6.8aH B39242BRI28PR10 6.5aH c1s
—1? :;::-', 24GHz RF_QFN g
DIO_3 0.5pF
DIO_ . . . .
—5¥9] DIO_S = = = = = = =
“<p4 DIO_6 GND GND  GND GND  GND GND GND
:;g DIO_7 ‘
—5zr| DIO_S XOSC32K_Q1
—={ DI0_Y XOSC32K_Q2
2 XOSC_Q1
2l

RST_n XOSC_Q2 et
Y
. —-—
CC26xx 4 3
1

AT

24MHz, 9pF
GND

Figure 15 Matching circuit - optimized BLE antenna matching. C18 changed from 1.8pF to 0.5pF,
R3 changed from Oohm to 3.9nH

2.4.1 VSWR - Optimized BLE antenna matching

Tre gP#d SWR 1U/ Ref1U  Cal Smo Offs 1 of 2 (Max)
Mem6([Trc1] EER] SWR 1 U/ Ref1U Invisible
s22 1 2405000 (GHz 381 U

3

#40000 |GHz 123 U
3 2.480000 |GHz 445 U

— 10

J\ )
\ ot

— 8 .

2
L, "\:/‘/ P
Ch1  Start 2GHz Pwr 0dBm Stop 3GHz

Figure 16 VSWR UHF antenna - Optimized BLE matching
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Figure 17 VSWR BLE antenna - Optimized BLE matching

2.4.2 Antenna efficiency - Optimized BLE antenna matching

Table 3 Antenna efficiency UHF and BLE antennas- No BLE matching

UHF BLE
r Antenna Antenna
red efficiency efficiency
[MHz] (%] [dB] (%] [dB]
2405 38 -4.2 16 -8.0
2440 42 -3.8 17 -7.8
2480 44 -3.6 15 -8.3
2.5 Antenna efficiency - Summary

The antenna efficiency, &7, is the ratio of the power delivered at the 50
antenna interface, P;, relative to the power radiated from the antenna,
P radiated*

e = Pragiatea
T —Pt
The antenna efficiency can be expressed in dB or %, where 100% corresponds
to 0dB. The antenna efficiency measurements are carried out in a scattered
field chamber.
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Antenna efficiency - initial configuration

Table 4 Antenna efficiency UHF and BLE antennas- initial configuration

UHF BLE
Freq An'tt'enna Ar1.te.3nna
efficiency efficiency
[MHz] (%] [dB] (%] [dB]
2405 40 -4.0 5 -12.9
2440 47 -3.3 5 -13.3
2480 48 -3.2 6 -12.2

Antenna efficiency - No BLE antenna matching

Table 5 Antenna efficiency UHF and BLE antennas- No BLE antenna matching

UHF BLE
Freq An.t(.enna An.tc:znna
efficiency efficiency
[MHz] [%] [dB] [%] [dB]
2405 40 -4.0 10 -10.0
2440 44 -3.6 10 -10.2
2480 46 -3.4 11 -9.6

Antenna efficiency - Optimized BLE antenna matching

Table 6 Antenna efficiency UHF and BLE antennas- No BLE matching

UHF BLE
Freq An.tn.anna An-tcj:‘nna
efficiency efficiency
[MHz] (%] [dB] (%] [dB]
2405 38 -4.2 16 -8.0
2440 42 -3.8 17 -7.8
2480 44 -3.6 15 -8.3
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Radiation patterns

The antenna radiation pattern measurements are carried out in an anechoic
chamber. Patterns are presented for three measurement planes: XY-, XZ- and
YZ-planes. The measurements are carried out with horizontal and vertical
polarization of the receiving antenna for each position of the DUT (Figure 19)

Measurements are performed for the K100 as standalone and when mounted
on a mock-up of a metal door.

Figure 18: Measurements plane definitions

In this section the total antenna gain is presented. The total antenna gain G,yr
is defined as the sum of the horizontal G,y;_5 and vertical component G,yr_y,
i.e. a power-wise addition of the horizontal and vertical components.

GANT-H GANT-V
GANT=1010g10(10 6" 4 10 10 )
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Figure 19 Radiation pattern measurements with horizontal and vertical polarization of receiving
antenna.

In addition to radiation patterns for total antenna gain, patterns for vertical
and horizontal polarizations are presented in Appendix A
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3.1 UHF

HES V3 BLE standalone

HES V3 BLE mounted on metal door mock-up

0 Total gain
I (horizontal + vertical polarization)
\\\\ Freq [MHz] Gain [dBi]
= % N Peak  Average
2 %\\\\\\\\\\\ \ 2405; 0.6dBi -2.2dBi
o N
B 28 SA 75
E T 2440: 0.5dBi -2.0dBi
£ =
S 270 90
5 ‘ 2480: -0.4dBi -2.6dBi
255 7105
120 =
180 Azimuth (deg) :

0 Total gain
I (horizontal + vertical polarization)
D, -
7///'».,"0' Freq [MHz] Gain [dBi]
= // /////'" N Peak  Average
3 ////////;///////;// 2405: 19dBi -2.6 dBi
o
E 285 2440: 2.9dBi -13dBi
3 270 %0
€ ‘ 2480: 2.1dBi -2.2dBi
T s 7 105 -2
-
|
]
180 Azimuth (deg)

Figure 20 XY plane radiation pattern for UHF antenna, total gain
(horizontal + vertical polarisation). K100 standalone

Figure 21 XY plane radiation pattern for UHF antenna, total gain
(horizontal + vertical polarisation). K100 mounted on metal door

0 Total gain
(horizontal + vertical polarization)
Freq [MHz] Gain [dBi]
E Peak  Average
) 2405: -0.1dBi -5.4 dBi
=
o
285 ) 75
g f ) 2440: -0.6dBi -5.7 dBi
3 270 = = 90
5 : | 2480: -12dBi -6.0dBi
255 /105
120
) I
180 Azimuth (deg)

0 Total gain
I (horizontal + vertical polarization)
Freq [MHz] Gain [dBi]
E Peak  Average
] 2405: 0.1dBi -3.7dBi
] 75
g 285, ) 2440: -1.1dBi -5.8dBi
= %
15 : 2480: -0.4dBi -4.0 dBi
< e C 7 105
o N
SN
ZATIRANNN R
i
180 Azimuth (deg)

Figure 22 YZ plane radiation pattern for UHF antenna, total gain
(horizontal + vertical polarisation). K100 standalone

Figure 23 YZ plane radiation pattern for UHF antenna, total gain
(horizontal + vertical polarisation). K100 mounted on metal door

0 Total gain
Il 7 (horizontal + vertical polarization)
- l, ;{1"/"{{////// Freq [MHz] Gain [dBi]

— 1y o4
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2 i o 2405: 0.1dBi -4.0 dBi
)

/ 75
B 285 | 2440: -0.6dBi -4.0 dBi
S 270 = %
£ : ‘ 2480: -0.4dBi -3.9dBi
< 105 o

180 Azimuth (deg)

0 Total gain
7 (horizontal + vertical polarization)
Freq [MHz] Gain [dBi]
E Peak  Average
L] 2405: -1.0dBi -4.5dBi
8 285
3 f 2440: 1.4dBi -4.6 dBi
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£ : 2480: -03dBi -4.2dBi
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= ’ .
) NN K 120 -
2 i N\ | " i
180 Azimuth (deg) 1

Figure 24 XZ plane radiation pattern for UHF antenna, total gain
(horizontal + vertical polarisation). K100 standalone

Figure 25 XZ plane radiation pattern for UHF antenna, total gain
(horizontal + vertical polarisation). K100 mounted on metal door
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3.2 BLE - initial configuration
HES V3 BLE standalone HES V3 BLE mounted on metal door mock-up
0 Total gain 0 Total gain

(horizontal + vertical polarization)

Freq [MHz] Gain [dBi]
Peak  Average
2405: -7.7dBi -12.3dBi

2440: -8.0dBi -12.4dBi

2480: -8.2dBi -12.1dBi

Amplitude (dBi)

180 Azimuth (deg)

(horizontal + vertical polarization)

Freq [MHz] Gain [dBi]
Peak  Average
2405: -5.8dBi -11.0dBi

2440: -6.6dBi -11.3dBi

Amplitude (dBi)

2480: -6.3dBi -10.7 dBi

120 3 =

-

180 Azimuth (deg)

Figure 26 XY plane radiation pattern for BLE antenna initial
configuration, total gain (horizontal + vertical polarisation).
K100 standalone

Figure 27 XY plane radiation pattern for BLE antenna initial
configuration, total gain (horizontal + vertical polarisation).
K100 mounted on metal door

0 Total gain
Il (horizontal + vertical polarization)

Freq [MHz] Gain [dBi]

E Peak  Average
° 2405: -8.6dBi -13.6 dBi
=
()]

285 / 75
-g / A 2440: -8.6dBi -13.6dBi
£ ==
Q. 270 = 90
€ == | 2480: -7.7dBi -12.5dBi
< == 7 105

180 Azimuth (deg)

0 Total gain
(horizontal + vertical polarization)

Freq [MHz] Gain [dBi]
Peak  Average
2405: -55dBi -11.5dBi

111117,,30
////// s
w7
W
sl /////////////
7

285

2440: -6.3dBi -12.2dBi

2480: -5.2dBi -10.8dBi

Amplitude (dBi)

255 ¢

180 Azimuth (deg)

Figure 28 YZ plane radiation pattern for BLE antenna initial
configuration, total gain (horizontal + vertical polarisation).

Figure 29 YZ plane radiation pattern for BLE antenna initial
configuration, total gain (horizontal + vertical polarisation).

K100 standalone K100 mounted on metal door
0 Total gain 0 Total gain
Il (horizontal + vertical polarization) (horizontal + vertical polarization)
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[} [} £

/ 75 75
B 285, | 2440: -13.1dBi -15.5 dBi g 285, } 2440: -109dBi -15.3 dBi
S 270 90 B 270 = — 90
£ ! 2480: -12.2dBi -14.5 dBi £ : 2480: -8.5dBi -13.7 dBi
< 7 105 . <
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.

NN 7 (g
/'Im\\\‘ \\\\ > il * e {
195 - ~7165 ) 3

180
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Figure 30 XZ plane radiation pattern for BLE antenna initial
configuration, total gain (horizontal + vertical polarisation).
K100 standalone

Figure 31 XZ plane radiation pattern for BLE antenna initial
configuration, total gain (horizontal + vertical polarisation).
K100 mounted on metal door
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3.3 BLE - optimized matching

HES V3 BLE standalone

HES V3 BLE mounted on metal door mock-up

0 Total gain
7 (horizontal + vertical polarization)
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285 £
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Figure 32 XY plane radiation pattern for BLE antenna with
optimized matching, total gain (horizontal + vertical
polarisation). K100 standalone

Figure 33 XY plane radiation pattern for BLE antenna with
optimized matching, total gain (horizontal + vertical
polarisation). K100 mounted on metal door

0 Total gain
I (horizontal + vertical polarization)
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255 2 : N 7 105
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Figure 34 YZ plane radiation pattern for BLE antenna with
optimized matching, total gain (horizontal + vertical
polarisation). K100 standalone

Figure 35 YZ plane radiation pattern for BLE antenna with
optimized matching, total gain (horizontal + vertical
polarisation). K100 mounted on metal door mock-up
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Figure 36 XZ plane radiation pattern for BLE antenna with
optimized matching, total gain (horizontal + vertical
polarisation). K100 standalone

Figure 37 XZ plane radiation pattern for BLE antenna with
optimized matching, total gain (horizontal + vertical
polarisation). K100 mounted on metal door mock-up
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A. Radiation patterns - horizontal and vertical

polarization

Al UHF

HES V3 BLE standalone

HES V3 BLE mounted on metal door mock-up

Horizontal polarization
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Figure 38 XY plane radiation pattern for UHF antenna, horizontal
polarisation. K100 standalone

Figure 39 XY plane radiation pattern for UHF antenna,
horizontal polarisation. K100 mounted on metal door mock-up

Vertical polarization
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Figure 40 XY plane radiation pattern for UHF antenna, vertical
polarisation. K100 standalone

Figure 41 XY plane radiation pattern for UHF antenna, vertical
polarisation K100 mounted on metal door mock-up
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Figure 42 YZ plane radiation pattern for UHF antenna, horizontal

polarisation. K100 standalone

Figure 43 YZ plane radiation pattern for UHF antenna,
horizontal polarisation. K100 mounted on metal door mock-up
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Figure 44 YZ plane radiation pattern for UHF antenna, vertical
polarisation K100 standalone

Figure 45 YZ plane radiation pattern for UHF antenna, vertical
polarisation K100 mounted on metal door mock-up
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Figure 46 XZ plane radiation pattern for UHF antenna, horizontal
polarisation. K100 standalone

Figure 47 XZ plane radiation pattern for UHF antenna,
horizontal polarisation. K100 mounted on metal door mock-up
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Vertical polarization
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Figure 48 XZ plane radiation pattern for UHF antenna, vertical
polarisation). K100 standalone

Figure 49 XZ plane radiation pattern for UHF antenna, vertical
polarisation). K100 mounted on metal door mock-up

A2

BLE - initial configuration

HES V3 BLE standalone

HES V3 BLE mounted on metal door mock-up
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Figure 50 XY plane radiation pattern for BLE antenna initial
configuration, horizontal polarisation. K100 standalone

Figure 51 XY plane radiation pattern for BLE antenna initial
configuration, horizontal polarisation. K100 mounted on metal
door mock-up
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Vertical polarization
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Figure 52 XY plane radiation pattern for BLE antenna initial
configuration, vertical polarisation. K100 standalone

Figure 53 XY plane radiation pattern for BLE antenna initial

configuration, vertical polarisation. K100 mounted on metal door

mock-up
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Figure 54 YZ plane radiation pattern for BLE antenna initial
configuration, horizontal polarisation. K100 standalone

Figure 55 YZ plane radiation pattern for BLE antenna initial

configuration, horizontal polarisation. K100 mounted on metal

door mock-up
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Figure 56 YZ plane radiation pattern for BLE antenna initial
configuration, vertical polarisation. K100 standalone

Figure 57 YZ plane radiation pattern for BLE antenna initial

configuration, vertical polarisation. K100 mounted on metal door

mock-up
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Figure 58 XZ plane radiation pattern for BLE antenna initial
configuration, horizontal polarisation. K100 standalone

Figure 59 XZ plane radiation pattern for BLE antenna initial
configuration, horizontal polarisation. K100 mounted on metal
door mock-up
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Vertical polarization

Figure 60 XZ plane radiation pattern for BLE antenna initial
configuration, vertical polarisation. K100 standalone

Figure 61 XZ plane radiation pattern for BLE antenna initial

configuration, vertical polarisation. K100 mounted on metal door

mock-up

A3

BLE - optimized antenna matching

HES V3 BLE standalone

HES V3 BLE mounted on metal door mock-up
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Figure 62 XY plane radiation pattern for BLE antenna with
optimized matching, horizontal polarisation. K100 standalone

Figure 63 XY plane radiation pattern for BLE antenna with
optimized matching, horizontal polarisation. K100 mounted on
metal door mock-up
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Figure 64 XY plane radiation pattern for BLE antenna with
optimized matching, vertical polarisation. K100 standalone

Figure 65 XY plane radiation pattern for BLE antenna with
optimized matching, vertical polarisation. K100 mounted on
metal door mock-up
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Figure 66 YZ plane radiation pattern for BLE antenna with
optimized matching, horizontal polarisation. K100 standalone

Figure 67 YZ plane radiation pattern for BLE antenna with
optimized matching, horizontal polarisation. K100 mounted on
metal door mock-up
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Figure 68 YZ plane radiation pattern for BLE antenna with
optimized matching, vertical polarisation. K100 standalone

Figure 69 YZ plane radiation pattern for BLE antenna with
optimized matching, vertical polarisation. K100 mounted on
metal door mock-up
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Figure 70 XZ plane radiation pattern for BLE antenna with
optimized matching, horizontal polarisation. K100 standalone

Figure 71 XZ plane radiation pattern for BLE antenna with
optimized matching, horizontal polarisation. K100 mounted on
metal door mock-up
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Figure 72 XZ plane radiation pattern for BLE antenna with
optimized matching, vertical polarisation. K100 standalone

Figure 73 XZ plane radiation pattern for BLE antenna with
optimized matching, vertical polarisation. K100 mounted on
metal door mock-up




