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TAOGLAS.

Introduction

The Taoglas MA990 Guardian has been designed to be the smallest 9-in-1 combination antenna in the world.
The MA990 Guardian is also the worlds first 9-in-1 antenna with dual-band GNSS and high performance
5G/4G allowing it to be compatible with the next generation of modules and routers. The MA990 combines
all 9 antenna elements in one low-profile heavy-duty, IP67 rated waterproof, adhesive mount external
enclosure.

It comes with 1* Active dual-band GPS/GLONASS/BeiDou/Galileo L1/L2 coverage, 8* 5G/4G Cellular MIMO.
The MA990 has been designed as a low profile solution for loT and Automotive applications where space is
at a premium allowing it to be installed in the headliners of vehicles or on the back window of a vehicle.

This is an ideal external combination antenna solution that is used where drilling a hole through the roof of
a vehicle or a metal panel for an external antenna is not feasible or desired and can be covertly installed via
the adhesive pad supplied with the antenna.

Typical applications include:

- Passenger Bus / Rail / Air Applications.

- Automotive and Heavy Equipment Vehicle Tracking and Telematics
- HD Video over 5G/4G

- First Responder and Emergency Services

The MA990 Guardian has been specifically designed to hit certain 5G bands required for modules, for
example MIMO 4 and MIMO are tuned from 600-6000MHz while MIMO 3 and MIMO 6 are tuned from 3000-
6000MHz to cover high band 5G and C-band/CBRS applications. This data is shown below in the performance
table, and it is recommended to use the suitable connections for your required frequency bands by reviewing
this table before connecting the antenna to your device.
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Taoglas also provides services to ensure optimum overall performance for your entire system by working
closely with the customer to design in the best antenna and potential additional components for your system.

5G/4G applications demand high-speed data uplink and downlink. High efficiency and high gain MIMO
antennas are necessary to achieve the required signal to noise ratio and throughput required to solve these
challenges. Taoglas also takes care to ensure high isolation between the MIMO antennas to prevent self-
interference. Low loss cables are used to keep efficiency high over longer cable lengths. In contrast, smaller
MIMO antennas with poorer quality thin cables will have reduced efficiency and isolation, which would lead
to a large drop in system throughput, increased incidences of signal drops, and may indeed not make a
system connection at all.

Cable type and length, and connector types are fully customizable and the Guardian can also be customized
for any variation of antennas below 9-in-1 and the addition of Wi-Fi/Single Band GNSS is also possible. Contact
your regional Taoglas customer support team for more information.
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Specifications
GPS L1 L2 L5
| | L]
GLONASS G1 G2 G3
| L] |
Galileo El E5a E5b E6
| L] | Ul
BeiDou Bl B2a B2b B3
| [ | O
(clzizesgsional) L1 L2C L5 L6
| | 0 Ul
IRNSS
(Regional) ks
]
SBAS L1/E1/B1 L5/B2a/E5a G1 G2 G3
| [ | U |

M GNSS Frequency Bands Covered.  [] GNSS Frequency Bands Not Covered.
*SBAS systems: WASS(L1/L5), EGNOSS(E1/E5a), SDCM(G1/G2/G3), SNAS(B1,B2a), GAGAN(L1/L5), QZSS(L1/L5), KAZZ(L1/L5).

GNSS Bands and Constellations
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GPS L1 & L2 Antenna

GPS_L2 GLONASS_G2  BeiDou_B1 Galileo_E1 GPS_L1 GLONASS
A 1207-1239 1241-1248 1559-1563 1563-1587 1564-1587 1593-1610
Average Gain (dB) -2 -3.2 -4.4 -1.6 -1.6 -4.4
Efficiency (%) 63.2 47.5 36.3 69.1 69.1 36.1
Peak Gain (dBi) 4.2 3.2 0.9 3.7 3.7 0.8
Axial Ratio at Zenith 13.7 22.2 17.4 8.6 6.6 19.1
Impedance 50Q
Polarization RHCP

LNA and Filter Electrical Properties

3V (Typ.)
LNA Gain L2 19.6
L1 22.6
Noise Figure L1 3.8
L2 2.4

Current Consumption 16.8mA

Outer Band Attenuation (dB)

30 @ Fc +/-100MHz
40 @ Fc +/-200MHz

Output Impedance 50 Ohm
Return loss (dB) <-10dB
Input Voltage (V) +1.8t05.5

5G/4G MIMO

- Average Peak
Efficiency . . i L.
Band Frequency (MHz) %) Gain Gain VSWR Impedance Polarization

° (dB) (dBi)

MIMO 1 N/A N/A N/A

MIMO 2 N/A N/A N/A

MIMO 3 N/A N/A N/A

SGNR/4G MIMO 4 436 36 15

Band 5,8,12,13,14,17,18,20, 617~960

26,27,28, 29,71 MIMO 5 43.8 -3.6 2.1
MIMO 6 N/A N/A N/A

MIMO 7 N/A N/A N/A

MIMO 8 N/A N/A N/A

3 Max 50Q Linear

MIMO 1 N/A N/A N/A

MIMO 2 36.2 -4.4 2.2

MIMO 3 N/A N/A N/A

5GNR/4G MIMO 4 37.4 -4.3 -0.1

1427~1518

Band 21,32,74,75,76 MIMO 5 41.8 3.8 01
MIMO 6 N/A N/A N/A

MIMO 7 39 -4.1 1.6

MIMO 8 N/A N/A N/A

SPE-22-8-017-A


https://www.taoglas.com/

MIMO 1

MIMO 2

MIMO 3

MIMO 4

MIMO 5

MIMO 6

MIMO 7

MIMO 8

MIMO 1

MIMO 2

MIMO 3

MIMO 4

MIMO 5

MIMO 6

MIMO 7

MIMO 8

MIMO 1

MIMO 2

MIMO 3

MIMO 4

MIMO 5

MIMO 6

MIMO 7

MIMO 8

MIMO 1

MIMO 2

MIMO 3

MIMO 4

MIMO 5

MIMO 6

MIMO 7

MIMO 8

53.2
53
N/A
457
51.4
N/A
39
527
49
48
N/A
47
445
N/A
45
471
515
N/A
2
452
47.7
38
N/A
52
50.1
N/A

54

42
46.3
N/A

513

2.2
N/A
3.5
3.25
N/A
2.4
3.6
83
1.9
N/A
318
2.6
N/A
2.8
4.5
5.4

N/A

2.9
23
4.2
N/A
5.1
5.2
N/A
53
7.1
6.6
4.2
N/A

4.8

3 Max

P
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50Q Linear
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Height 20.5mm
Planner Dimension 146 x 134mm
Housing Material ASA
Adhesive CR4305 + 3M 9448HK
Cabl 1m TGC-1.5DS for 5G/4G — Fully Customizable
able
1m RG174 for GNSS — Fully Customizable
5G/4G: SMA Male Straight — Fully Customizable
Connector i i
GNSS: SMA Male Straight — Fully Customizable
Weight 800g
Protection IP67
Temperature Range -40°C to 85°C
Humidity Non-condensing 65°C 95% RH
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5G/4G Bands |

eI 5GNR / FR1 / LTE / LTE-Advanced / WCDMA / HSPA / HSPA+ / TD-SCDMA
Number
. . Covered Covered Covered Covered
Uplink Downlink
(4G/5G-1&8) | (4G/5G-2&7) | (4G/5G-3&6) | (4G/5G-4&5)
1 UL: 1920 to 1980 DL: 2110 to 2170 v v X v
2 UL: 1850 to 1910 DL: 1930 to 1990 v v X v
3 UL: 1710 to 1785 DL: 1805 to 1880 v v x v
4 UL: 1710 to 1755 DL: 2110 to 2155 v v X v
5 UL: 824 to 849 DL: 869 to 894 X X X v
7 UL: 2500 to 2570 DL:2620 to 2690 v v v v
8 UL: 880 to 915 DL: 925 to 960 X X X v
9 UL:1749.9to 1784.9 DL: 1844.9 to 1879.9 v v X v
11 UL: 1427.9 to 1447.9 DL: 1475.9 to 1495.9 v v x v
12 UL: 699 to 716 DL: 729 to 746 X X X v
13 UL: 777 to 787 DL: 746 to 756 X X X v
14 UL: 788 to 798 DL: 758 to 768 x x x v
17 UL: 704 to 716 DL: 734 to 746 X X X v
18 UL: 815 to 830 DL: 860 to 875 X X X v
19 UL: 830 to 845 DL: 875 to 890 x x x v
20 UL: 832 to 862 DL: 791 to 821 X X X v
21 UL: 1447.9 to 1462.9 DL: 1495.9 to 1510.9 v v X v
22 UL: 3410 to 3490 DL: 3510 to 3590 v v v v
23 UL:2000 to 2020 DL: 2180 to 2200 v v X v
24 UL:1625.5 to 1660.5 DL: 1525 to 1559 X v X v
25 UL: 1850 to 1915 DL: 1930 to 1995 v v x v
26 UL: 814 to 849 DL: 859 to 894 x x x v
27 UL: 807 to 824 DL: 852 to 869 x x x v
28 UL: 703 to 748 DL: 758 to 803 x x x v
29 UL: - DL: 717 to 728 x x x v
30 UL: 2305 to 2315 DL: 2350 to 2360 v v x v
31 UL: 452.5 to 457.5 DL: 462.5 to 467.5 x x x x
32 UL: - DL: 1452 - 1496 x v x v
35 1850 to 1910 v v x v
38 2570 to 2620 v v x v
39 1880 to 1920 v v x v
40 2300 to 2400 v v x v
41 2496 to 2690 v v x v
42 3400 to 3600 v x v v
43 3600 to 3800 v x v v
48 3550 to 3700 v X v v
66 UL: 1710-1780 DL: 2110-2200 v v X v
71 617 to 698 x x x v
74/75/76 1427 to 1518 x v x v
77/78/79 3300 to 3800 v v v vz
WiFi 5800 5150 to 5925 v v v v
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Antenna Characteristics

Return Loss - GNSS

VSWR — GNSS
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a Efficiency — GNSS

WAverage Gain - GNSS
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5 Peak Gain — GNSS

I3 Axial Ratio — GNSS
18.0 #
] |

15.0 ,/ V ]
12.0 /

9.0

—L2/G2
—B1/L1/E1/G1

6.0

3.0

0.0

1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60 1.65
Frequency [GHz]
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WReturn Loss - 5G/4G 1 & 8

EENY Return Loss - 56/4G 2 & 7
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Y Return Loss - 5G/4G 3 & 6

R0 Return Loss - 5G/4G 4 & 5
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Wlsolation _5G/4G1& 8

RPN isolation - 56/4G 2 & 7
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EEY Isolation - 56/4G 3 & 6

ETY isolation - 5G/4G 4 & 5
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EEEV Efficiency - 56/4G 1& 8

R0V Efficiency —56/4G 2 & 7
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EET)Y Efficiency — 5G/4G 3 & 6

REY Efficiency —5G/4G 4 &5
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WAverage Gain-5G/4G1&8

WAverage Gain—5G/4G2 &7
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WAverage Gain—-5G/4G3 &6

P Average Gain—5G/4G 4 & 5
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WPeak Gain—5G/4G 1 & 8

P2V Peak Gain—5G/4G 2 &7
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P15 Peak Gain - 5G/4G 3 & 6

P13 Peak Gain —5G/4G 4 & 5
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Active Antenna Characteristics

Block Diagram

LNA Gain @3.0V
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GNSS L2
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GNSS L2
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GNSS L2

SPE-22-8-017-A www.taoglas.com 26


https://www.taoglas.com/

»

TAOGLAS.

adiation Patterns

GNSS 3D and 2D Radiation Patterns

1207MHz

XY Plane XZ Plane YZ Plane
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1227MHz

XY Plane XZ Plane YZ Plane

SPE-22-8-017-A

28


https://www.taoglas.com/

»

TAOGLAS.

1248MHz

XY Plane XZ Plane YZ Plane
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1561MHz

XY Plane XZ Plane YZ Plane
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1575MHz

XY Plane XZ Plane YZ Plane
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1602MHz

XY Plane XZ Plane YZ Plane
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5G/4G 1 3D and 2D Radiation Patterns

1710MHz

XY Plane XZ Plane YZ Plane
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XY Plane XZ Plane YZ Plane

XY Plane XZ Plane YZ Plane
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2570MHz

XY Plane XZ Plane YZ Plane

XY Plane XZ Plane YZ Plane
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5G/4G 2 3D and 2D Radiation Patterns

1475MHz

XY Plane XZ Plane YZ Plane
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1770MHz

XY Plane XZ Plane YZ Plane

XY Plane XZ Plane YZ Plane
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XY Plane XZ Plane YZ Plane

2570MHz

XY Plane XZ Plane YZ Plane
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5G/4G 3 3D and 2D Radiation Patterns

XY Plane XZ Plane YZ Plane
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5570MHz

XY Plane XZ Plane YZ Plane

SPE-22-8-017-A

40


https://www.taoglas.com/

»

TAOGLAS.

5G/4G 4 3D and 2D Radiation Patterns

XY Plane XZ Plane YZ Plane
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751MHz

XY Plane XZ Plane YZ Plane

860MHz

XY Plane XZ Plane YZ Plane
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XY Plane XZ Plane YZ Plane

1475MHz

XY Plane XZ Plane YZ Plane
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1770MHz

XY Plane XZ Plane YZ Plane

XY Plane XZ Plane YZ Plane
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XY Plane XZ Plane YZ Plane

2570MHz

XY Plane XZ Plane YZ Plane
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XY Plane XZ Plane YZ Plane

5570MHz

XY Plane XZ Plane YZ Plane
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5G/4G 5 3D and 2D Radiation Patterns

XY Plane XZ Plane YZ Plane
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751MHz

XY Plane XZ Plane YZ Plane

860MHz

XY Plane XZ Plane YZ Plane
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915MHz

XY Plane XZ Plane YZ Plane

1475MHz

XY Plane XZ Plane YZ Plane
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1770MHz

XY Plane XZ Plane YZ Plane

XY Plane XZ Plane YZ Plane
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XY Plane XZ Plane YZ Plane

2570MHz

XY Plane XZ Plane YZ Plane
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XY Plane XZ Plane YZ Plane

5570MHz

XY Plane XZ Plane YZ Plane
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5G/4G 6 3D and 2D Radiation Patterns

XY Plane XZ Plane YZ Plane
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5570MHz

XY Plane XZ Plane YZ Plane
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5G/4G 7 3D and 2D Radiation Patterns

1475MHz

XY Plane XZ Plane YZ Plane
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1770MHz

XY Plane XZ Plane YZ Plane

XY Plane XZ Plane YZ Plane
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XY Plane XZ Plane YZ Plane

2570MHz

XY Plane XZ Plane YZ Plane
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5G/4G 8 3D and 2D Radiation Patterns

1770MHz

XY Plane XZ Plane YZ Plane
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XY Plane XZ Plane YZ Plane

XY Plane XZ Plane YZ Plane

SPE-22-8-017-A

59


https://www.taoglas.com/

»

TAOGLAS.

2570MHz

XY Plane XZ Plane YZ Plane

XY Plane XZ Plane YZ Plane
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5G/4G 8 3D and 2D Radiation Patterns

Test Setup
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Packaging
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Application Note

The MA990.A.001 performance is affected by different cable lengths, in this section the performance is shown
with different cable lengths.

Efficiency — 5G/4G MIMO

5G/4GMIMO 1 & 8
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5G/4G MIMO 2 & 7
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5G/4G MIMO 3 & 6
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5G/4G MIMO 4 & 5
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Average Gain — 5G/4G MIMO

5G/4GMIMO 1 &8
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5G/4G MIMO 2 & 7
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5G/4G MIMO 3 & 6
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5G/4G MIMO 4 & 5
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Peak Gain — 5G/4G MIMO

5G/4GMIMO 1 &8
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5G/4G MIMO 2 & 7
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5G/4G MIMO 3 & 6
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5G/4G MIMO 4 & 5
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MA990 (5G/4G_1 & 5G/4G_8)

Frequency (MHz)

HGVGK

HGMMGKP

HGMGK

HOGKP

HGMGK

HGHVGKP
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Kyim
nYIm
ygIm
Aym
Kyim

aym

Kyim

n4ym

5GNR n66
1710-2170

HAYP
HAY
MY
MK Y]
HNY
HKY
MO'p
MY

Efficiency (%)

LTE 2600
2300-2690

HAWG
MCH
MK
N4
HING
M4
MY

NHP

Average Gain (dB)

Kdp
KM
HH
Ao
HKaan
HKap
e
Hpy

MIH
MY
N4
Ny
ngen
n4p
np
KD

Peak Gain (dBi)

Heop
HHisiin
M
Hm
HKpH
M
Hepn
M

N4
4P
Kop
Kyip
MEK
MHN
gy

nym

5GNR n78
3300-3800

N0oWw

HK4IH
Kpp
HoH
M
K
Kpu
Hon
N

HCH
HYIC
MHC
nyic
HOM
HWYp
MAD
n4p

LTE 5200
5150-5925

HCD
HAG
MAY
JIKH
ony
HIA
MIAYC

NKE

HKH
HKen
Hen

HKn
Kpp
PHPH
Hepn

HPP
HYip
MHIp
NP
HY
M
npn
Kpn
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MA990 (5G/4G_2 & 5G/4G_7)

HGMGKK

HGGKN

HGMGKK

HGMGKN

HGGKK

HGGKN

SPE-22-8-017-A

Frequency (MHz)

5GNR 1500
1427-1518
Efficiency (%)
npo
N0
nnw
nn
MAY
ncwl
NHQ
NIKW
Average Gain (dB)
Hedn
Mt
MK
MUK
Hpy
Hp
M
Hepe
Peak Gain (dBi)
Kp

KWKU

5GNR né6
1710-2170

HND
HAY
MY
MKW
HIM4
HKWD
MO'p
MAD

HKam
HKH
Mo
Han
S U
HKeic
M
i

LTE 2600
2300-2690

HKYP
Mg
MIAY
noyl
MCH
MHY1
el

SIMYA

Kap
Ham
Hopi
M
Ry
Han
N
Aon

KWC
Apn
KN
yon
NYin
KYIH
K4iH

7
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MA990 (5G/4G_3 & 5G/4G_6)

HGMGKN

HGMGKO

HGMGKN

HGMGKO

HGMGKN

HGMGKO

SPE-22-8-017-A

Frequency (MHz)

Efficiency (%)

Average Gain (dB)

Peak Gain (dBi)

5GNR n78
3300-3800

MO
MAW
NIV
Kpe
MKE
nng
NP
KOW

MM
Hpn
Heon
e
Hop

HMep
MHH

MM
NGH

NYKH

LTE 5200
5150-5925

OKP
HAY
MK
JIMK
HMK
Vel
ANy

KCO

MK
K
Hop
HOH
Hepo
M
K
Mue

oWIM
HYIM
MYIM
N4M
MEM
MKM
%M

KWKM
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MA990 (5G/4G_4 & 5G/4G_5)

5GNR BT71 LTE 700  LTE 800/900 5GNR 1500 5GNR n66 LTE 2600 5GNRn78 LTE 5200
Frequency (MHz)
617-698 698-806 824-960 1427-1518 1710-2170 2300-2690 3300-3800 5150-5925

Efficiency (%)

ugm MAYT M HIA nce MCO HA HAY HKYP

Aym ncw MAP MCHi NNy MHY Yol MHYC MHY
HGHVGKM

K4im ety Ncw MH\C NIV MAQ MG nng o

A4Im JTHY JlelY, MKYP N NOY NHY np Kpp

ugm np MH\G HAD MV HHP MCW HMY MCW

Ayim noyp MY HIAY MAP HIAWM MMH MY MA
HGVGKH

Kyim JIMH MAP M4 np4 MHY pP MY NNH

AYm NIKW NpY MMH M M nny nne Ko

Average Gain (dB)
aqm e ot Kepn g oy epo gk g
y Aym Hec Map Hwp M Ham Hwp HaH Mo

HGHVGKM y y

Kyim e Hp Hap Heop M Hpp i Hen

n9m HHH Hp Hep Hp MK Hevp Hen iz

vm N Hp M Hin MM He HKop i

. Ay MM M Mgk Hp Hpe M KA Hp

HGHVGKH 5 o

K4yim Ao Hipe K Hdic Ham Al Hen HMH

nym Hew e MK Hic i i Hm Han

Peak Gain (dBi)

nam NPo Ny NYH n4io NCH n4n N4Y10 n4n

nyim NP nyic KM WK NI4HN N4 Kypn n4in
HGMGKM

Kyim NHKK n{c KM WK K@ Kqn K4in owin

N4m Woaim 8Ye KYIM WK KN K4 AN HYIn

ngm NKp K4H M UK noen YK YK nYIK

nyim NN KM PO NYIM NYH Kon K40 0K
HGHGKH

Kyim W nem NYO Mo KYIH K4m npo HOK

awm 4N oM ) oo KYKH N4 nypC MOK

SPE-22-8-017-A


https://www.taoglas.com/

N

TAOGLAS.

Changelog for the datasheet

SPE-22-8-017 — MA9914.A.002

Revision: A (Original First Release)
Date:  2022-02-03
Notes:

Author:  Jack Conroy

Previous Revisions
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