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8401 Series
4x4, 8x8 & 16x16 Configurations

Ideal for MIMO Test Setups
Description:

Weinschel brand Butler Matrices are beamforming networks 
used in wireless test applications (Cellular, WiFi, Bluetooth). They 
transfer the signal reciprocally from any of n-input ports to any of 
n-output ports, with high phase accuracy, amplitude balance, low 
insertion loss, and high port-to-port isolation. They are designed 
to deliver maximum power with progressive phase shift to the 
output in the transmitting mode and collect signals from all beam 
directions with the full gain of antenna array in the receiving 
mode.

The Butler Matrix family includes multiple models which can be 
used in a variety of configurations, across cellular, WiFi, and any 
band within it’s frequency limits.

Features:

•	 Compact, modular microstrip design and construction 

•	 Reciprocal signal path

•	 Excellent channel condition number

•	 Technology agnostic

•	 Wide frequency range (up to 3.5 octaves)

Applications:

•	 RF MIMO Test for 5G, WiFi, Bluetooth

•	 Create ideal channel for best MIMO performance

•	 Addition of programmable attenuators allows easy 
degradation of the channel number for Throughput vs 
Channel Testing.

•	 WiFi, WiMAX, 4G/5G LTE Testing, Link Simulation

•	 MIMO Testing

•	 Multipath Simulation and Performance Evaluation 

•	 Antenna Array Beam-forming

•	 Interferometer System Simulation and Testing

Butler Matrices 
PRODUCT DATASHEET
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Specifications & Data:

Part Number F min
(GHz)

F max
(GHz)

Insertion Loss
(dB) VSWR Output Phase

Accuracy
RF Input

Power (dBm)
Isolation

(dB)

8401-16-5
0.7

2.0

2.0

6.0

14 typ. / 18 max

18 typ. / 24 max

2.0:1 max

2.2:1 max

± 16° max at 
3.25 GHz 37

20 typ. / 10 min

17 typ. / 10 min*

8401-16E

2.4

3.695

4.9

3.695

4.9

7.125

14.5 typ / 17 max

17 typ

17 typ / 20 max

1.6:1 max

2.0:1 typ

2.2:1 max

± 16° max at 
6.5 GHz 37 max

17 typ / 12 min

10 typ

17 typ / 10 min

Part Number F min
(GHz)

F max
(GHz)

Insertion Loss
(dB) VSWR Output Phase

Accuracy
RF Input

Power (dBm)
Isolation

(dB)

8401-8-6
0.5 2.5 10 typ / 14 max 1.6:1 max

±20° max at 3.4 GHz 37 20 typ / 12 min
2.5 6.0 12 typ / 17 max 2.2:1 max

8401-8E 2.4 7.25 13.5 typ / 16 max 1.8:1 typ 
2.2:1 max ±20° max at 6.5 GHz 37 20 typ / 12 min

Part Number F min
(GHz)

F max
(GHz)

Insertion Loss
(dB)

Max.
VSWR

Output Phase
Accuracy

RF Input
Power (dBm)

Isolation
(dB)

8401-6
0.5 2.0 7 typ / 10 max 1.7:1 ±15° max at 3.25 

GHz 37
25 typ / 16 min

2.0 6.0 7 typ / 12 max 2.0:1 20 typ / 11 min

8401E 2.4 7.25 8.5 typ / 11 max 2.0:1 ±15° max at
6.5 GHz 37 20 typ / 11 min

 Impedance  50 Ohms

 Connectors  SMA (F) all ports

 Temperature Range, Operating  -20° to +70°C

4X4 Model

8X8 Model

16X16 Model
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8401-16E Outline Drawing:
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16x16 Block Diagram:
(A   B ) =(-1) * ( j - i ) *K  *

Whereas:•
p = 2 / (16+16) = /16 = 11.25°•
ConstantK with its value depending on i, defined as a matrix•

[1, 15, 9, 7, 5, 11, 13, 3, 3, 13, 11, 5, 7, 9, 15, 1]
When i = j, it presents for a normalized path for otherB ( j # i ) to the•
sameA

90° Coupler 90° Coupler

90° Coupler 90° Coupler

90° Coupler 90° Coupler

90° Coupler 90° Coupler

90° Coupler 90° Coupler

90° Coupler 90° Coupler
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Beam Ports (A)

Element / Array Ports (B)

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16

B1 B9 B5 B13 B3 B11 B7 B15 B2 B10 B6 B14 B4 B12 B8 B16

ππ

pwrap

i

j

i

i
i

ji

Phase Progression at Element/Array Ports:

Electrical Specification

Frequency range

Impedance

VSWR

Output Phase Accurracy

Insertion Loss

RF Input Power

Isolation

Connectors

Size
Weight

Operating Temperature

2.4 - 7.125 GHz

50 Ohm Nominal

 1.6:1 max over 2.4 - 3.695 GHz

 
±16° max at 6.5 GHz and relative to 0° paths

14.5 dB typ / 17dB max over 2.4 - 3.965 GHz

-20°C to +70°C

37 dBm maximum

37 dBm maximum

8.5 x12.0 x 1.72

12 dB min over 2.4 - 3.695 GHz

 2.2:1 max over 4.9 - 7.125 GHz

2.0:1 typ over 3.695 - 4.9 GHz

17 dB typ / 20dB max over 4.9 - 7.125 GHz

10 dB min over 4.9 - 7.125 GHz

17 dB typ over 3.695 - 4.9 GHz

10 dB typ over 3.695 - 4.9 GHz

Conceptual Block Diagram Phase Progression
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Note: Dimensions are given in mm [inches]
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16X CONNECTOR
SMA FEMALE

122.7
[4.83]

NOTES: UNLESS OTHERWISE SPECIFIED
 
1.   ALL DIMENSIONS GIVEN IN MM [INCHES].
 
2.   ALL MATERIALS AND PROCESSES ARE TO BE IN COMPLIANCE
      WITH THE EUROPEAN DIRECTIVE RESTRICTION OF HAZARDOUS
      SUBSTANCES (RoHS), REF: SPECTRUM CONTROL 080-638.

INTERFACE CONTROL DRAWING

103.6
[4.08]

9.5
[.38]

8.5
[.33]

20.6
[.81]

15.9
[.63] 111.2

[4.38]
7 X 15.9 = 

152.4
[6.00]

16.5
[.65]

3.3
[.13]

145.8
[5.74]

12.6
[.50]

78.3
[3.08]

4X 6-32 UNC-2B
X 6.3 [.25] DEEP
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ELECTRICAL / ENVIRONMENTAL SPECIFICATIONS for 10553

14 dB typ. / 16 dB max

±22.5 max
 Measured at 3 GHz and relative to the 0

 paths, with linear interpolated phase
(-13.5°, -27°, -40.5°) at 3 GHz
(-22.5°, -45°, -67.5°) at 5 GHz

Insertion Loss:

-20C to +70C

Weight:
Size:

Connectors:

Isolation:

Output Phase Accuracy:

Temperature Range,
Operating

37 dBm max

SMA (F) all ports

50Ω nominal
0.6 to 4 GHz

1.9 : 1 typ / 2.2 : 1 max

RF Input Power:

Frequency Range:

VSWR:

Impedance:

0.6 - 4 GHz

0.6 - 4 GHz

0.6 - 4 GHz 15 dB typ. / 10 dB min

196.0 x 135.1 x 18.0 [7.72 x 5.36 x 0.71]
930g [32.8oz]
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MODEL 10553THIS DOCUMENT CONTAINS CONTROLLED TECHNICAL DATA UNDER THE JURISDICTION OF THE 

EXPORT ADMINISTRATION REGULATIONS (EAR), 15 CFR 730-774.   IT CANNOT BE TRANSFERRED 
TO ANY FOREIGN THIRD PARTY WITHOUT THE SPECIFIC PRIOR APPROVAL OF THE U.S. 
DEPARTMENT OF COMMERCE BUREAU OF INDUSTRY AND SECURITY (BIS). VIOLATIONS OF 
THESE REGULATIONS ARE PUNISHABLE BY FINE, IMPRISONMENT, OR BOTH.
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NOTE: 
 
1.  ALL DIMENSIONS ARE IN MM (INCHES).
 
2.  ALL MATERIALS AND PROCESSES ARE TO BE IN COMPLIANCE
     WITH THE EUROPEAN DIRECTIVE RESTRICTION OF HAZARDOUS
     SUBSTANCES (RoHS) (REF: Spectrum Control 080-638)

PART NO.
AND S/N LABEL

131.06
[5.16]

2.54
[.10]

190.96
[7.52]

2.54
[.10]

135.89
[5.35]

195.53
[7.70]

8.26
[.33]

17.96
[.71]

27.25
[1.07]

40.72
[1.60]

69.88
[2.75]

83.34
[3.28]

112.50
[4.43]

125.96
[4.96]

155.12
[6.11]

168.58
[6.64]

9.35
[.37]

16X
CONNECTOR,
SMA FEMALE

4X 4-40 UNC - 2B  4.57 [.18]

76.20
[3.00]

29.97
[1.18]

3.81
[.15]

76.20
[3.00]

29.97
[1.18]

3.81
[.15]

2X 4-40 UNC - 2B
 5.08 [.20]
TYP BOTH SIDES

REVISION HISTORY
ZONE REV DESCRIPTION DATE APPROVED

 -  4/20/2023 AD\\gthomas
 A ERN 55730 4/20/2023 P. KUHN

Note: Dimensions are given in mm [inches]

Model 8401-8-6 Outline Drawing:
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ELECTRICAL / ENVIRONMENTAL SPECIFICATIONS
Frequency Range: 2.4 to 7.25 GHz

Impedance: 50Ω nominal

VSWR:
Typical 1.8 : 1

Maximum 2.0 : 1

Output Phase Accuracy: ±15 max. (referenced to 6.5 GHz nominal, and
relative to the 0 paths)

Insertion Loss:
Typical 8.5 dB

Maximum 11.0 dB
RF Input Power: 5 watts C.W. maximum

Isolation: (2.4 to 2.5 GHz
and 4.8 to 7.25 GHz) Typical 12.0 dB

Connectors: SMA (F) all ports

Weight: 200 grams maximum
Temperature Range,

Operating -20C to +70C

Size: 3.4" x 2.48" x 0.60"
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Spectrum Control, Inc.

ICD, BUTLER MATRIX
MODEL 8401ETHIS DOCUMENT CONTAINS CONTROLLED TECHNICAL DATA UNDER THE JURISDICTION OF THE 

EXPORT ADMINISTRATION REGULATIONS (EAR), 15 CFR 730-774.   IT CANNOT BE TRANSFERRED 
TO ANY FOREIGN THIRD PARTY WITHOUT THE SPECIFIC PRIOR APPROVAL OF THE U.S. 
DEPARTMENT OF COMMERCE BUREAU OF INDUSTRY AND SECURITY (BIS). VIOLATIONS OF 
THESE REGULATIONS ARE PUNISHABLE BY FINE, IMPRISONMENT, OR BOTH.
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NOTE: 
 
1.  ALL DIMENSIONS ARE IN MM (INCHES).
 
2.  ALL MATERIALS AND PROCESSES ARE TO BE IN COMPLIANCE
     WITH THE EUROPEAN DIRECTIVE RESTRICTION OF HAZARDOUS
     SUBSTANCES (RoHS) (REF: SPECTRUM CONTROL 080-638)

86.36
[3.40]

62.74
[2.47]

15.24
[.60]

9.53
[.38]

7.61
[.30] 19.37

[.76]

35.24
[1.39]

51.12
[2.01]

66.99
[2.64]

8X
CONNECTOR,
SMA FEMALE

2.54
[.10]

81.28
[3.200]

2.54
[.10]

57.91
[2.280]

4X 4-40 UNC - 2B  4.57 [.18]

MODEL NO.
AND S/N LABEL

REVISION HISTORY
ZONE REV DESCRIPTION DATE APPROVED

 A ERN 19-081 8/16/2019 APIARXX\\PKUHN

Note: Dimensions are given in mm [inches]

Model 8401E Outline Drawing:
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Spectrum Control, Inc.
ICD, 8401-6 BUTLER MATRIX

4X4, 0.5 - 6 GHz
THIS DOCUMENT CONTAINS CONTROLLED 
TECHNICAL DATA UNDER THE JURISDICTION OF THE
EXPORT ADMINISTRATION REGULATIONS (EAR), 15 
CFR 730-774.   IT CANNOT BE TRANSFERRED TO ANY
FOREIGN THIRD PARTY WITHOUT THE SPECIFIC 
PRIOR APPROVAL OF THE U.S. DEPARTMENT OF 
COMMERCE BUREAU OF INDUSTRY AND SECURITY 
(BIS). VIOLATIONS OF THESE REGULATIONS ARE 
PUNISHABLE BY FINE, IMPRISONMENT, OR BOTH.

-45°-45° Fixed Phase Shift

A3 A4

0°

0°-90°-90°0° 0° -90°-90°0°

B4

0° -90° 0°

B3

SMA (F), 4X

B1

-90° -90°-90°0°

Output
SMA (F), 4X

A2
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A1 Input
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20 dB typ. / 11 dB max
25 dB typ. / 16 dB max

7 dB typ. / 12 dB max
7 dB typ. / 10 dB max

95.25 x 84.58 x 17.78 [3.75 x 3.33 x 0.7]
350g [12.35oz]

2.0 : 1 max
1.7 : 1 max

Frequency Range:

RF Input Power:

Impedance:

Temperature Range,
Operating -20C to +70C

2 - 6 GHz
0.5 - 2 GHz

2 - 6 GHz
0.5 - 2 GHz

2 - 6 GHz

ELECTRICAL / ENVIRONMENTAL SPECIFICATIONS

VSWR:

±10 max at 3.25 GHz and relative to the 0 paths

SMA (F) all ports

0.5 - 2 GHz
50Ω nominal

37 dBm maximum

0.5 to 6 GHz

Weight:

Connectors:
Size:

Insertion Loss:

Output Phase Accuracy:

Isolation:

A1
B1

-180

-45
-135
-90

-135
-225

0
-90

B3

A2
A3
A4

IDEAL PHASE AT TUNED FREQUENCY

-180

-135

B4B2
-90
0

-225
-135

-90

-45

INPUT

NOTES:
UNLESS OTHERWISE SPECIFIED:
1. ALL DIMENSIONS ARE IN MM [INCHES] AND NOMINAL 

INTERFACE CONTROL DRAWING

17.78
[.70]

8.26
[.33]

19.64
[.77]

4X 4-40 UNC - 2B  4.57 [.18]

33.09
[1.30]

62.14
[2.45]

2X 4-40 UNC - 2B
 5.08 [.20]
TYP BOTH SIDES

40.64
[1.60]

3.81
[.150]

21.97
[.865]

90.17
[3.55]

79.50
[3.13]

2.54
[.10]

2.54
[.10]

75.62
[2.98]

8X CONNECTOR, 
SMA FEMALE

84.58
[3.33]

95.25
[3.75]

REVISION HISTORY
ZONE REV DESCRIPTION DATE APPROVED

 A ERN 21-144                    DMH 1/17/2022 APIARXX\\AHOPKINS
 B ECN 22-042                     CW 3/19/2022 APIARXX\\TNGUYEN

8.42
[.33]

Note: Dimensions are given in mm [inches]

Model 8401-6 Outline Drawing:
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4x4 Block Diagram:

Model 8401E & 8401-6
Functional Block Diagram
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ELECTRICAL / ENVIRONMENTAL SPECIFICATIONS
Frequency Range: 2.4 to 7.25 GHz

Impedance: 50Ω nominal

VSWR:
Typical 1.8 : 1

Maximum 2.0 : 1

Output Phase Accuracy: ±15 max. (referenced to 6.5 GHz nominal, and
relative to the 0 paths)

Insertion Loss:
Typical 8.5 dB

Maximum 11.0 dB
RF Input Power: 5 watts C.W. maximum

Isolation: (2.4 to 2.5 GHz
and 4.8 to 7.25 GHz) Typical 12.0 dB

Connectors: SMA (F) all ports

Weight: 200 grams maximum
Temperature Range,

Operating -20C to +70C

Size: 3.4" x 2.48" x 0.60"
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INTERFACE CONTROL DRAWING

NOTE: 
 
1.  ALL DIMENSIONS ARE IN MM (INCHES).
 
2.  ALL MATERIALS AND PROCESSES ARE TO BE IN COMPLIANCE
     WITH THE EUROPEAN DIRECTIVE RESTRICTION OF HAZARDOUS
     SUBSTANCES (RoHS) (REF: WEINSCHEL 080-638)
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[3.40]

62.74
[2.47]

15.24
[.60]

9.53
[.38]

7.61
[.30] 19.37

[.76]

35.24
[1.39]

51.12
[2.01]

66.99
[2.64]

8X
CONNECTOR,
SMA FEMALE

2.54
[.10]

81.28
[3.200]

2.54
[.10]

57.91
[2.280]

4X 4-40 UNC - 2B  4.57 [.18]

MODEL NO.
AND S/N LABEL

REVISION HISTORY
ZONE REV DESCRIPTION DATE APPROVED

 A ERN 19-081 8/16/2019 APIARXX\\PKUHN

Input B1 B3 B2 B4

A1 -45° -135° -90° -180°

A2 -135° -225° 0° -90°

A3 -90° 0° -225° -135°

A4 -180° -90° -135° -45°

1.	 Relative Phase Values indicated are measured at 
the frequency listed in the “Output Phase Accuracy” 
column in the table, relative to a 0° path. 

2.	 Phase values will vary with frequency and are 
dependent on the RF path.


