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Summary

<Content>
Antenna performance of EVB (on which Ignion’s antenna is placed) for Type2DT was measured.

[dB [dBi [dB
. Total efficiency . Isolation (Min.)
Condition Comment Antenna (Ave)) Peak gain (Max.) LoRa GNSS WiE
LoRa -4.6 -0.2 LoRa-GNSS 14.3 14.3
1 Default GNSS -2.8 1.3 LoRa-WiFi 19.8 20.5
WiFi -3.5 2.0 GNSS-WiFi 13.8 11.7
Optimized matching circuit from |—=0~& 34 0.3 LoRa-GNSS| 22.4 245
2 ) g GNSS 2.5 1.8 LoRa-WiFi 22.3 36.1
WiFi -2.6 3.6 GNSS-WiFi 12.8 11.9
*Measurement data doesn’t have loss of measurement cable (0.4dB for LoRa band, 0.5dB for GNSS band, 0.6dB for WiFi band)
<Comment>

In Condition 1, it is confirmed that impedance of antenna is not matched for LoRa and WiFi bands. Therefore, we optimized matching
circuit in Condition 2. As a result, it is confirmed that antenna performance is improved from Condition 1.
Please apply to matching circuit of Condition 2 shown on page 5, if antenna performance should improve.
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INNOVATOR IN ELECTRONICS

1. Appearance
2. Measurement condition
3. Measurement direction

4. Measurement result
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1. Appearance

<PCB>

13.5

110.0

58.0

UNIT : mm
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2. Measurement condition

Condition Memo
Condition 1 Default
Condition 2 Optimized matching circuit from Condition 1
Z1 z2 Z3 Z4 Z5 Z6 zZ7 Z8 Z9 Z10 Z11 Z12 Z13 Z214 Z15 Z16
Condition 1 16nH | Open | 1.9pF | 1.3nH | Open | Oohm | 10nH | 2.2pF | 2.3nH | 8.4nH | 1.0pF | 0.5pF | 1.8nH | Open | 28nH | 0.8pF
Condition 2 16nH | Open | 3.0pF | 13nH | Open | Oohm | 10nH | 2.2pF | 2.3nH | 8.4nH | 1.0pF | 0.1pF | 3.6nH | Open | 28nH | 0.8pF

Size:1608 LQW18AN / Resistor =~ Size:1005 LQW15AN = Size:1005 GJM15

NNO3-310

H
VYNNILINY
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LoRa WiFi
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3. Measurement direction
XY plane YZ plane ZX plane
View View View

Y(90degree)

2D Directional indication
XY plane 0 YZplane O ZX plane 0

f | : ' 90 270 90

180
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4. Measurement result

Condition 1: Default_ (LoRa)

<Return Loss> <|solation>
LoRa LoRa-GNSS LoRa-WiFi

MO
' Wiz ¥ RECR) ' REER] v MOT 5@ 1)
| i | Freq. 8630M Hz 5 Freg. 8630M Hz Freq 8630M Hz
-6 5(dB) -119 -10 o s(¢B) —219 -10 5(¢5) —198
\ m/ MO0Z - S(1.1) 1 P MOZ - S(3.1) \J"r‘ Mmﬁ MOZ : 5(4.1)
-10 Fres. 8955M Hz -0 Freq. 8955M Hz -0 ®— | Freq. 8935M Hz
IIY s(e8) ~40 v .y 5(d8) ~388 T 51d8) =321
15 MO3 - 51,1 a0 [ — MO3 - (3.1 -30 MO3 - (4,1}
Freq. 8280M Hz Miz Fres. 9280M Hz \ Freq. 9280M Hz
T g S{dB) -23 T g Y S(dB) -271 T g LF S(dB) —349
2 e M04 - 5(3.1) = M4 - S(41)
[ o Freg 15610G Hz | OO Freq. 2400G Hz
-2 50 5(dB) -149288 -50 S(dB) -20478
MOS - (3.1} MOS - (4.1}
-30 -60 Freq. 15835G Hz -0 Frea. 2450G Hz
(dB) ~146577 S(dB) -21683
-35 -70 MO - 53,1 -0 MOB - S(4.1)
Fres. 16060 Hz Frea. 2500G Hz
a0 a0 S(d5) ~143260 " 5(d5) —23541
065 070 D76 080 085 090 085 100 105 110 118 050 0865 1060 1265 1470 1675 1880 2,085 2290 2495 2.700 0650 0655 1060 1.065 1470 1675 1850 2085 2200 2495 2700
Freg [GHz] Freg. [GHz] Freq [GHz]

< EfﬁCiency> *Red color shows peak gain < Di rectiVity>

LINEAR XY-plane YZ-plane ZX-plane Total
POLAMIZATION hor. ver. hor. ver. hor. ver. | Efficiency|
863 MHz MAX. | -12.2 -0.2 -0.5 -16.8 -0.4 -13.0 )
AVE. | -16.2 -1.3 -4.4 -17.9 -4.7 -15.5 -2.9 @895.5MHz
MAX. | -139 | -1.7 -19 | -17.9 | 22 | -126
895.5 MHz .
AVE. | -17.7 | -2.9 58 | -19.0 | 62 | -158 | -45 ot R e —
s yertical s v @11iC Al s vertical
928 MHz MAX. | -17.5 -4.5 -4.5 -20.7 -5.7 -14.4 HorR. | VER. for T VeR. o T veR.
AVE. | -20.6 -6.1 -8.7 -22.1 -9.5 -17.3 -7.6 MAX | 1139 | 1.7 max | 1.9 | -17.9 w | 22 | 126
AE [ -177 | 29 AE | -58 [-190 AE | 62 |-158

NNO3-310

VNNIINY
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4. Measurement result

Condition 1: Default_ (GNSS)

<Return Loss> <|solation>
GNSS LoRa-GNSS GNSS-WiFi

S(dB)

t WOT - 5(33) ' REER] ' . W01 - 5E3)
[ Freg. 15610G Hz Freq. 8630M Hz T %£ Freg. 1.5610G Hz
-5 — = | s(¢B) -98973 -10 ""‘#5 S(dB) 219 -10 L ,_:{,,E 5(dB) ~138195
\\M'm L~ M0Z - 5133) 1 LY M0Z  S(3.1) L 4 L~ MOZ - 5(4.3)
-10 . Freq. 15835G Hz -2 - Freq, BI55M Hz e kY Freg. 15835G Hz
y / S(dE) ~13.3842 v e 5(dE) -388 5(dB) ~154260
-1 M3 : S(3.3) a0 [ o MO3 - S(3.1) a0 /T M3 - 5(4.3)
0 Freq. 16060G Hz Moz Frea. 9280M Hr Freq. 16060G Hz
a0 I SE) 207586 | _y, M s(d8) ~271 T g 5(dB) ~17.5428
e M04 - 5(3.1} =1 M04 - 5{4.3)
\ o Freq 15610G Hz | &7 Freq. 24000G Hz
-5 -50 5(dB) —149288 -50 S(dB) —118571
H MO5 - S(3.1) W05 - 5(4.3)
-0 -50 Freq. 13835G Hz -6l Freg 24500G Hz
” 5(dB) ~146577 5(dB) ~126265
-5 -0 MG - 5031 -7 MO - S(4.3)
Frea 1B080G He Freg. 25000G Hz
4 ™ (dB) ~14.3260 L 5(dB) ~144087
135 140 145 150 155 160 165 170 175 180 185 0EED 0865 1060 1.265 1470 1676 1820 2085 2290 2405 2700 06D 0855 1060 1.265 1470 1675 1.880 2085 2290 2495 2700
Freg [GHz] Freq. [GHz] Freq. [GHz]

< EfﬁCiency> *Red color shows peak gain < Di rectiVity>

LINEAR XY-plane YZ-plane ZX-plane Total
POLAMIZATION hor. ver. hor. ver. hor. ver. |Efficiency|
1561 MHz MAX. -5.4 -1.2 0.4 -14.2 0.1 -4.3
AVE. -9.8 -4.3 -4.6 -17.2 -5.2 -7.1 -3.2 @1583.5MHz
1583.5 MHz MAX. -4.9 -0.8 0.8 -13.7 0.3 -3.7
AVE. | -9.1 -4.1 -41 | -16.8 | -4.9 -6.4 -2.8 0 o e e
—yertical v ertical s vertical
1606 MHz MAX. -4.6 -0.4 1.3 -13.6 0.4 -3.2 HOR. | VER. HOR. | VER. HOR. | VER.
AVE. -8.7 -3.9 -3.6 -16.8 -4.8 -5.8 -2.4 MAX | -49 | 08 MAX | 08 | -13.7 MAX | 03 | 37
AE [ 91 [ 41 AE | -41 | -168 AE | -49 [ 64

NNO3-310

VNNIINY

Copyright © Murata Manufacturing Co., Ltd. All rights reserved. 8



»
muRata P

4. Measurement result

Condition 1: Default_ (WiFi)

<Return Loss> <|solation>

WiFi LoRa-WiFi GNSS-WiFi
0 o 0 2T 0 TER
W01 - 5(4.4) MO1 - 5(8.1) — W01 - 5(4.3)
. "3 Frea. 2400G Hz W Freg BS3OM Hz " T Vs Frea. 19610G Hz
- —— | s(dB) -15.259 - S(dB) -19.8 - Yy S(dB) ~138195
mpz S \ /] Yy
Ml v M2 : 5(44) \J‘,1 M%s MO2 - 541} K L o W02 : 5(4.3)
-1 Freq. 2450G Hz -an v>— | Freq. B955M Hz -2 3 Freq. 158350 Hz
W1 (dB) —9.096 L] (dB) -32.1 5(dB) —15.4260
-15 v W03 - 5(4.4) -30 M03 - S(4.1) -30 /T MO3 - 5(43)
Freq. 2500G Hz \ Freg. 9280M Hz Freq. 1.6060G Hz
T g S(dB) -6.394 T 1,! S(dB) -349 T g S(dB) 175428
= =i Mo4 . S(a1) =i W04 : 5(4.3)
= o Freg. 2400G Hz w Freq. 24000G Hz
-5 =50 S(dB) —20478 -&0 S{dB) -116571
MO5 - S(4.1} MO5 - 5(4.3)
=30 -60 Freq 2450G Hz -6 Freq. 24500G Hz
S(dB) -21.683 S(dB) —12.6265
-35 =70 MOB : 5(4.1) -7 MOG - 5(4.3)
Freq. 2500G Hz Freq. 25000 Hz
a0 a0 S(dB) -23.541 a0 S(dB) ~14.4067
220 225 230 235 240 246 250 285 260 265 270 0650 0855 1060 1265 1470 1675 1880 2085 2280 2485 2700 0650 0855 1.060 1.265 1470 1676 1.880 2085 2.290 2495 2700
Frag [GHz] Freq. [GHz] Freg. [GHz]

< EfﬁCiency> *Red color shows peak gain < Di rectiVity>

SR E XYplane e vZplane s  2Xplane sy
LINEAR XY-plane YZ-plane ZX-plane Total
POLAMIZATION hor. ver. hor. ver. hor. ver. |Efficiency|
2400 MHz MAX. -4.9 -3.2 1.7 -19.2 -5.4 2.0
AVE. -9.6 -6.6 -2.5 -24.5 -0.8 -1.3 -2.6 * @2450MHz
2450 MHz MAX. -6.5 -4.7 1.2 -22.1 -8.3 1.4 120
AVE. | -11.3 -8.3 -3.1 -27.7 -12.3 -1.9 -3.6 T horizontl o s horizontal o horizortal
—yertical v ertical s vertical
2500 MHz MAX. -8.4 -6.4 0.7 -21.4 -10.9 0.8 HOR. | VER. HOR. | VER. HOR. | VER.
AVE. | -13.0 -9.9 -3.7 -27.8 -15.5 -2.5 -4.5 MAX | 65 | 47 MAX | 12 | -22.1 MAX | 8.3 14
AE [-113 [ 83 AE | 31 | -2717 AE [-123 [ -19

NNO3-310

VNNIINY
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4. Measurement result

Condition 2: Optimized matching circuit from Condition 1_ (LoRa)

<Return Loss> <|solation>
LoRa LoRa-GNSS LoRa-WiFi

o RECR) ' REER] v MOT 5@ 1)
o wot | O3 Freq. 8630M Hz Freq. 8630M Hz Freq 8630M Hz
-5 L4 Y 5(¢5) 6.7 -10 s(dB) 231 -1 S(dB) —22.3
/ W02 - (1.1 \\qrﬂlos M0Z - S(3.1) \«1 MOZ - S(4.1)
-1 Freq. 8955M Hz 00—y ¥ 1S, Freq. 8955M Hz -390 —— Freq. 8955M Hz
w S(g8) ~137 AR B 5(d5) ~349 gz Sl8) =318
-15 W03 - (1,1} -30 2 — MO3 - s{3.1) FET - W MO3 - S{4,1)
Freq. 8280M Hz M Freq 9280M Hz e | y@?ﬁ Freq. 9280M Hz
o a0 S{¢B) —6.3 T S{dB) -224 Ty ] - S4B} —303
2 e M04 - 5(3.1} = M4 - S(41)
[ o |~ Freg 15610G Hz | OO Freq. 2400G Hz
-25 50 S(dB) —247019 50 S(¢B) ~36.078
MO5 : 5(3.1) MO5 - 504,17
-30 -0 Freq. 13835G Hz 60 Frea. 2450C Hz
5(dB) —245239 5(¢B) —36924
-35 -70 MOG - 5(3.1) -70 MOG - S(2.1)
Freq. 16060G Hr Frea. 2500G Hz
o o0 S(dB) -249173 g S(dB) ~37886
085 070 075 080 085 090 095 100 105 110 116 0660 0856 1080 1265 1470 1675 1880 2.086 2290 2495 2.700 0550 0.855 1060 1265 1470 1675 1880 2085 2290 2495 2700
Freg [GHz] Freg. [GHz] Freq [GHz]

< EfﬁCiency> *Red color shows peak gain < Di reCtiVity>

LINEAR XY-plane YZ-plane ZX-plane Total
POLAMIZATION hor. ver. hor. ver. hor. ver. |Efficiency| 0 >
863 MHz MAX. | -11.6 -0.4 -1.5 -15.7 -0.4 -15.0
AVE. | -16.2 -1.9 -5.3 -17.2 -5.1 -17.7 -3.5 * @895.5MHz
895.5 MHz MAX. [ -11.1 0.3 -0.1 -14.1 -0.3 -11.6 120
AVE. | -151 | -0.8 -39 [ -153 [ 41 | -149 | -24 ~— 0 o e
—yertical vertical vertical
928 MHz MAX. -13.1 -1.4 -1.7 -16.7 -2.2 -12.3 HorR. | VER. for T VeR. o T veR.
AVE. | -17.2 -2.9 -5.8 -17.7 -6.4 -15.1 -4.5 MAX | 111 | 03 MAX | -01 | -14.1 MAX | -0.3 | -11.6
AE [-151 [ -0.8 AE | -39 [-153 AE | -41 [ -149

NNO3-310

VNNIINY
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4. Measurement result

Condition 2: Optimized matching circuit from Condition 1 (GNSS)

<Return Loss> <|solation>

GNSS LoRa-GNSS GNSS-WiFi
o WOT - 5(33) v REER] v mg W01 - 5E3)
— Freg 15610G Hz Freq 8630M Hz N HHSs Freg. 15610G Hz
-5 [ ] | stas) ~10.0267 -10 5(d8) -231 -10 /s Y¥y| | s(dB) 127917
"\\m'm MOZ - S(3.3] \\10403 MOZ - S(3.1) L4 | MOZ - 5(4.3)
-1 Freq. 158356 Hz -2y ¥ 1M Freq. B955M Hz -2 3 Freq. 15835G Hz
oz S(dE) —14.4568 M M~ /‘W’“\ S(dB) -349 /-v- S(dB) —14.4158
1§ Y W03 - 513.3) -3 2 — MO3 - S(3.1) a0 M3 - 5(4.3)
Frea. 16060G Hz M Freg. 9280M Hz Fre. 16080G Hz
T . SW8) 22826 | _,, ! S(dB) -224 T g 5(dB) ~16.9803
% Y ‘Z?Jn’ M04 - 5(3.1} =1 M04 - 5{4.3)
|~ Freq 15610G Hz | &7 Freq. 24000G Hz
-95 -50 5(dB) ~247018 -50 5(dB) ~119032
MO - 5031} W05 - 5(4.3)
-30 -0 Freq. 15835G Hz -6 Freg 24500G Hz
5(dE) ~245239 5(dB) -12.2807
-35 -7 MO - 53,1 -0 W06 - 5(4.3)
Frea. 16060G Hz Freg. 25000G Hz
4 a0 (dB) -249173 a0 S(dB) —128414
135 140 145 150 155 160 165 170 175 180 185 0EED 0865 1060 1.265 1470 1676 1820 2085 2290 2405 2700 06D 0855 1060 1.265 1470 1675 1.880 2085 2290 2495 2700
Freg [GHz] Freq. [GHz] Freq. [GHz]

< EfﬁCiency> *Red color shows peak gain < Di reCtiVity>

LINEAR XY-plane YZ-plane ZX-plane Total
POLAMIZATION hor. ver. hor. ver. hor. ver. |Efficiency|
1561 MHz MAX. -6.4 -1.1 1.0 -14.5 0.3 -4.0
AVE. | -10.9 -4.1 -4.1 -16.7 -5.0 -6.6 -2.9 * @1583.5MHz
1583.5 MHz MAX. -5.8 -0.7 1.4 -14.0 0.5 -3.3 120
AVE. | -10.1 | -3.9 3.7 | -164 | 47 -5.9 25 —— 0 o o o
—yertical vertical vertical
1606 MHz MAX. -5.4 -0.4 1.8 -13.8 0.7 -2.7 HOR. | VER. HOR. | VER. HOR. | VER.
AVE. -9.6 -3.8 -3.2 -16.4 -4.5 -5.3 -2.2 MAX | 58 | 07 MAX | 14 | -14.0 MAX | 05 | -33
AE [-101 [ -39 AE | -37 |-164 AE | -47 [ 59

NNO3-310

VNNIINY
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4. Measurement result

Condition 2: Optimized matching circuit from Condition 1_ (WiFi)
<Return Loss> <lIsolation>

WiFi LoRa-WiFi GNSS-WiFi
0 MO1 - 524} 0 MO1 : 5(4.1) ' MO1 - 5(43)
. Frea. 2400G Hz W Freg B630M Hz " I M'WE Frea. 1.9610G Hz
- S(dB) -13.259 - s(dB) -22.3 - ~———| | sleB) —127917
— | S(dB) (dB) /3 AL (dB)
.- =] W0Z - 5(4.4) \n1 WOZ - 5(4.1) L4 ] W0Z - 5(4.9)
-1 o " Freq. 2450G Hz -an > Freq, B85.5M Hz -2 3 Freq. 158350 Hz
I ""2 Y S(dB) —14.400 Pms S(dB) -318 /.... 5(dB) —144150
-5 S M03 - 524 a0 L) m MO3 - 5(4.1) -30 MO3 - 5(43)
Freq. 2500G Hz e VW,E Freg. 9280M Hz Freq. 1.6060G Hz
T g S(dB) -12.794 T L - S(dB) -30.3 T g 5(dB) ~16.9803
z i MO : S(4.1) = M04 - 5{4.3)
= o Freg. 2400G Hz w Freq. 24000G Hz
-5 =50 S(dB) —36.078 -&0 S{dB) -118032
MUO5 - 5(4.1) MO5 - 5(4.3)
=30 -60 Freq. 2450G Hz -6 Freq. 24500G Hz
S(dB) -36.924 5(dB) —12.2807
-3 -70 MOB - 5(4.1) -70 MOG - 5(4.3)
Freq. 2500G Hz Freq. 25000 Hz
a0 a0 S(dB) -37.886 a0 S(dB) —129414
220 225 230 235 240 246 250 285 260 265 270 0650 0855 1060 1265 1470 1675 1880 2085 2280 2485 2700 0650 0855 1.060 1.265 1470 1676 1.880 2085 2.290 2495 2700
Frag [GHz] Freq. [GHz] Freg. [GHz]

< EfﬁCiency> *Red color shows peak gain < Di reCtiVity>

LINEAR XY-plane YZ-plane ZX-plane Total
POLAMIZATION hor. ver. hor. ver. hor. ver. | Efficiency| o N o
2400 MHz MAX. -4.4 -4.1 3.0 -17.5 -5.0 3.0
AVE. -8.5 -7.0 -2.2 -22.3 -8.9 -1.2 -2.4 * @2450MHz
2450 MHz MAX. -5.2 -4.9 3.4 -17.7 -6.6 3.4 120
AVE. | -95 -8.1 -19 | 237 [ -101 | -1.0 -2.6 P~ L o
s yertical vertical vertical
2500 MHz MAX. -6.5 -6.3 3.6 -18.9 -8.6 35 orR T VER. nor T veR. ror T ver.
AVE. | -10.6 -9.4 -1.9 -244 | -12.2 -0.9 -2.9 MAX | 52 | 49 MAX | 34 | -17.7 MAX | -66 | 34
AE | 95 | -81 AE | 19 [-237 AE [ -101 | -10

NNO3-310

VNNIINY
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4. Measurement result (Comparison)

<Measurement condition>

ICondition Memo
ICondition 1 Default
Condition 2 Optimized matching circuit from Condition 1
<Measurement result>
Total efficiency [dB [%
Frequency [MHZz] Average | Average | Average | Average | Average | Average
ICondition 863 895.5 928 1561 | 1583.5 | 1606 2400 2450 2500 LoRa GNSS WiFi LoRa GNSS WiFi
ICondition 1_LoRa -2.9 -4.5 -7.6 -4.6 34.6
ICondition 1_GNSS -3.2 -2.8 -2.4 -2.8 52.8
Condition 1_WiFi -2.6 -3.6 -4.5 -3.5 44.8
ICondition 2_LoRa -3.5 -2.4 -4.5 -3.4 45.8
ICondition 2_GNSS -2.9 -2.5 -2.2 -2.5 56.3
Condition 2_WiFi -2.4 -2.6 -2.9 -2.6 54.4
Peak gain [dBi
Frequency [MHZz] Max. Max. Max.
ICondition 863 895.5 928 1561 | 1583.5 | 1606 2400 2450 2500 LoRa GNSS WiFi
ICondition 1_LoRa -0.2 -1.7 -4.5 -0.2
ICondition 1_GNSS 0.4 0.8 1.3 1.3
Condition 1_WiFi 2.0 14 0.8 2.0
ICondition 2_LoRa -0.4 0.3 -1.4 0.3
ICondition 2_GNSS 1.0 14 1.8 1.8
ICondition 2_WiFi 3.0 3.4 3.6 3.6
Isolation [dB
Frequency [MHZz] Min. Min. Min.
ICondition 863 895.5 928 1561 | 1583.5 | 1606 2400 2450 2500 LoRa GNSS WiFi
Condition 1 LoRa-GNSS | 21.9 38.8 27.1 14.9 14.7 14.3 14.3 14.3
ICondition 1_LoRa-WiFi 19.8 32.1 34.9 20.5 21.7 235 19.8 20.5
Condition 1_GNSS-WiFi 13.8 15.4 17.5 11.7 12.6 14.4 13.8 11.7
Condition 2_LoRa-GNSS | 23.1 34.9 224 24.7 24.5 24.9 224 24.5
ICondition 2_LoRa-WiFi 22.3 31.8 30.3 36.1 36.9 37.9 22.3 36.1
ICondition 2_GNSS-WiFi 12.8 14.4 17.0 11.9 12.3 12.9 12.8 11.9
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