AN-60-005

APPLICATION NOTE
LZY-2+ and LZY-2X+

ULTRA-LINEAR RF AMPLIFIER

500 MHz - 1000 MHz
20 WATTS MIN., 1 dB COMPRESSION
(40 dB MIN. GAIN)
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1.0

LZY-2+and LZY-2X+

GENERAL DESCRIPTION

The LZY-2+ is a low cost, rugged, versatile, 40dB Gain (minimum), Broadband, Class A
Linear RF Power Amplifier designed to operate linearly over the 500MHz to 1000MHz
frequency band. The LZY-2+ features low compression and low harmonic distortion at
20 watts, which make it ideally suited to a wide variety of AM, FM, Pulse and Multi-
Carrier applications including cellular service in FEEDFORWARD amplifiers as a Pre
Amplifier, Main Amplifier or Error Amplifier.

The conservative electrical and thermal design and careful attention to semiconductor
ratings ensures continued years of service in both the laboratory and many Commercial
and Military environments.

The workmanship, quality and attention to protective features, along with selection of
components to COTS (commercial off-the-shelf) guidelines, further enhance applicability
and long MTTF which results in low cost-of-ownership.

The unit electrical performance is specified at +28VDC, but the unit will operate without
damage over the range +24VDC to +30VDC.

The LZY-2+ is supplied with its own high thermal efficiency heat sink and 4-inch ball
bearing cooling fan for immediate use and reliable operation.

For applications where the heat-sink and fan assembly presents a difficult physical fit,
Model LZY-2X+ offers the same RF linear amplifier as a module without the heat sink
and fan assembly. The user of LZY-2X+ is responsible for providing adequate alternative
heat-sinking and/or cooling, following the guidelines in section 8.0 of this application
note. If you have purchased LZY-2+ and want to use it as LZY-2X+, the module may be
removed and operated safely with alternative heat sink and/or cooling methods if the
guidelines in paragraph 8.0 are followed. Operation of the amplifier module without
proper heat sinking and/or cooling is not recommended and violates the warranty.
Discussion of LZY-2+ function and performance in this application note applies equally
to LZY-2X+.

Protective features such as Input Overdrive, Reverse Polarity, Transient Protection and
Thermal Overload with automatic reset are included. A separate shut-off terminal is
provided for remote amplifier on/off control.

The LZY-2+ was designed to satisfy a range of broad and narrow band multi-tone or
single frequency applications for original equipment, production test and laboratory
equipment uses.
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20 ELECTRICAL PERFORMANCE SPECIFICATIONS
The Electrical Performance Specifications and limits are listed in Table 1.
Typical broadband small-signal gain (-22dBm input) and large-signal gain (-4dBm input)
are plotted in Figure 1. Similarity of the gain curves indicates dynamic linearity of the
LZY-2+ across the frequency band. Input and output VSWR responses for small signal
and large signal are shown in Figures 2a and 2b respectively.
Figure 3 illustrates two-tone intermodulation performance with tones separated by 1MHz
at 950.5MHz center frequency: 2W output per tone in Figure 3a, and 5W output per tone
in Figure 3b. IP; values calculated from the spectrum analyzer displays are +52.6dBm
and +52.2dBm respectively.
MODE FREQUENCY GAIN MAXIMUM DYNAMIC VSWR DC
NO. (MHz) (dB) POWER RANGE (:1) POWER
(dBm)
Output NF IP3 Volt Current™
Flatness (1dB Compr.) Input (cIB} {dBm) V) (A)
fL fu Min. Max. Min. Typ. (no damaqge) Typ. Typ. In Qut Mom. Max.
LZY-2+ 500 1000 40 +1.5 +43 +45 +10 a.0 +54 2.0 35 +28 8.0
LEY-2X+" 500 1000 40 +1.5 +43 +45 +10 8.0 +54 2.0 35 +28 8.0

* Heat sink and fan not included

“*At 20W output including operation of fan.

Open load is not recommended, potentially can cause damage.

Features

e & & & &

L]

saturated power 32W typ.

high power with low distortion, -45 dBc typ.
wide bandwidth, usable 475 - 1050 MHz
high gain, 47 dB typ.
unconditionally stable
self protected against excessive drive, high case temp., reverse

polarity and shorting/unshorting transients at dc input

electronic shutoff by grounding the shut-off terminal, reduces output by 50 dB.

ungrounding the shutoff terminal restores full power within 40 ms

.

.

.

Table 1: Electrical Performance Specifications and Limits

cool operation with integral fan, 15° C typ. rise
graceful degradation, +20 to +30V DC
can withstand short and open circuit at output for 2 minutes while delivering 20 watts
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Maximum Ratings
Operating Temperature

-10°C to 50°C

Storage Temperature

-55°C to 100°C

DC Voltage

+30V Max.

Permanent damage may occur if any of these limits are

exceeded.
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" Agilent Spectrum Analyzer - Swept SA

508 AC SENSEINT ALIGNAUTC 081448 An 15, 20108
[Center Freq 950.500000 MHz | Trig: Free Run Avg Type: Log-Pwr AR5 15 ¢
I : RF PHO: F @
I et IFGain:Lz[w & #Atten: 28 dB DET|M M MMM
AMKr11 1.00 MHZ
10 dBidiv__Ref 18.00 dBm -0.06 dBj
°9 1 V1141
.00
-2.00
e 341
=220 482
-320
B 5A1 8A2
620
20 BA1 9A2
- 7A1 ; | 1042
Center 950.500 MHz Span 10.00 MHz
Res BW 3.0 kHz #VBW 30 kHz #Sweep 3.33 s (1001 pts
h FUMNC
1 N 1 f 950,00 MHz 12.35 dBm
2 N 1 f 951.00 MHz 12.30 dBm
3 M 1 f (A 1.00MHz (A)  -39.06 dB
4 A2 1 f (A 100 MHz ()  39.18 dB
5 A 1 f (A) 200MHz (&) 6164 dB
8 M 1 f (A) 300MHz ()  81.76dB
7 M 1 f (A) 400MHz (A)  68.74dB
8 A2 1 f (&) 200MHz (A)  6143dB
9 A2 1 f (1) 300MHz (A)  -7953dB
10 A2 1 f (A) 400MHz (A)  91.14dB
INEERE A 1.00 MHz (A) 0.06 dB
12
MSG| |STATUS‘

Figure 3a: Two-Tone Performance at 950.5MHz, 2W per Tone

S0 Q AC SENSE!INT) ALIGH AUTO 08:21:01 AM Jun 15, 20108
[Center Freq 950.500000 MHz | TR Avg Type: Log-Pwr e HERERIY:
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I et |FGain:L?]rw o #Atten: 28 dB DET|M M MMM
AMkri1 1.00 MHz
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S22 0
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#Res BW 3.0 kHz #VBW 30 kHz #Sweep 3.33 s (1001 pts
1 N 1 f 950,00 MHz 16.16 dBm
2 N 1 f 951.00 MHz 1612 dBm
3 A1 1 f (A -1.00 MHz (A) 30.45 dB
4 A2 1 f (A 1.00 MHz (A) 3035 dB
5 A1 1 f (A -2.00 MHz (A) 5474 dB
6 A1 1 f (A 3.00 MHz (A) 52,36 dB
7M1 f (A -4.00 MHz (A) 8212 dB
8 A2 1 f (A 2.00 MHz (A} 5463 dB
9 AZ 1 f (A) 3.00 MHz {A) 52,06 dB
10 AZ 1 f (A) 4.00 MHz (A} -83.89 dB
A1 f (A 1.00 MHz (A} 0.04 dB
12
MSG‘ ‘STATUS|

Figure 3b: Two-Tone Performance at 950.5MHz, 5W per Tone
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3.0

MECHANICAL SPECIFICATIONS

The mechanical outline drawing, mechanical specifications and heat sink mounting
details are shown in Figure 4.

A MAX C
— E fe—F TYP—= G—
1| | [
[ T i
= GecseEn | N/ N\ ya
& JC ] \. / q ﬁ \\ /,
T H{] SHUT-OFF t :l:ru ‘\/ > AN pd
B D S P - 1 N
outruT-EF A —@ AN
l, -EI':{; INPUT o /, \ K ) ’/, \\\
- ; I -
i N & & '
1 f f s~ J
—1 Q R 6x R.T FAN & FAN GUARD

MOUNTING © @ e HEATSINK

INFORMATION g SHUT-OF ¢ [ J e T

FOR UNIT 2.680 [68.07]

WITHOUT £ npuT ouTRUT T @

INTEGRAL

[s]

HEATSINK: ¢-165TY[:4-22] le——5.730 [145.54]—= —o] l.—1.04 [26.42]
CASE# A B C D E F G H J K L M| N
BT451 9.85 7.3 6.3 6.00 .98 3.75 A3 - 31 1.48 1.48 - -

(250.19) | (185.42) | (160.02) | (152.40) | (24.89) | (95.25) | (3.30)| - |(7.87)|(37.59) | (37.59)| - | -
CASE# P Q R S T WT, GRAM | WT WITHOUT HEATSINK, GRAM
2.95 5 6.00 5.1 135
BT451 | (74.03) | (12.70) | (152.40) | (12054) | (343) | 4130 455

Dimensions are in inches (mm). Tolerances: 1 PI. +.1; 2PI. +.03; 3 PI. +.015

Notes:

1. Case material:

2.
3.

Finish.

Aluminum alloy.

Clear Chemical conversion coating, non-chrome or trivalent chrome based.
Heatsink finish: Black anodize.

Figure 4: Mechanical Outline Drawing
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4.0

ELECTRICAL FEATURES

4.1

4.2

OVERDRIVE PROTECTION

The LZY-2+ is designed to operate with input drive levels up to +10dBm without
damage at any frequency in the 500MHz to 1000MHz range.

The unit contains a factory set control for automatic power output foldback to
protect internal components from RF input overdrive damage.

Foldback action takes place when the input drive level exceeds a threshold. At
threshold, the output power begins to drop. As input drive level is increased, the
output power turns down to a low level, safeguarding the amplifier components.

At input drive levels below the threshold, the overdrive protection circuit is
inactive and does not affect amplifier performance. The unit will perform within
the limits of the specifications of Table 1.

THERMAL OVERLOAD PROTECTION

The LZY-2+ has an automatic built-in thermal shutoff feature. When mounted on
the heat sink / fan assembly supplied with the unit, the LZY-2+ is a thermally
efficient system that meets the performance parameters in Table 1 in ambient
environments from —10°C to +50°C.

The amplifier is factory mounted on the heat sink using a thin film of thermal
grease between the RF module and the heat sink mounting surface. (See
paragraph 8.0 for operation without the factory supplied heat sink.)

With the fan operational at +28 VDC, the cooling air velocity is approximately
110 CFM.

The combination of heat sink design and cooling air velocity results in a very
efficient thermal resistance (0.08°C/watt) between the mating surfaces. Under
these conditions, the amplifier temperature is about 15°C above ambient
temperature at 20 watts Poyt.

When the temperature of the LZY-2+ exceeds +65°C due to any combination of
ambient temperature and / or overdrive, a thermal switch will actuate and shut off
the amplifier by shutting off bias to all stages. As the amplifier case cools down
near 40°C, the thermal switch will reset and restore the amplifier to normal
operation.

AN-60-005 Rev.: C M150261 (04/14/15) File: AN60005.doc
This document and its contents are the properties of Mini-Circuits. Sht. 10 of 19



[ Mini-Circuits

4.3

4.4

4.5

4.6

REVERSE POLARITY PROTECTION

The LZY-2+ is protected against damage from improper connection of the supply
voltage by incorporating a diode in series with the positive VDC terminal.

TRANSIENT PROTECTION

The LZY-2+ is protected from damage by DC line transients and accidental
shorting at the VDC terminals.

SHUT-OFF TERMINAL

The LZY-2+ has a separate EMI-Filtered shutoff terminal and a corresponding
ground terminal for use with an external remote shut-off circuit.

The nominal RF power output of 20 watts is reduced by 50dB minimum within 20
milliseconds when the shut off terminal is grounded.

When the shutoff terminal is open-circuited, the RF output is restored within 40
milliseconds.

GENERAL PRECAUTION

The LZY-2+ is designed to operate over the 500MHz to 1000MHz frequency
band.

Do not apply out-of-band RF power signals to this unit below 475MHz or
above 1050MHz. Attempted operation out-of-band could result in damage or
failure of the unit caused by imbalance of the Quadrature Combined Output
Transistor Stages.

AN-60-005 Rev.: C M150261 (04/14/15) File: AN60005.doc
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5.0

6.0

MECHANICAL FEATURES

5.1

5.2

5.3

5.4

OUTLINE
The outline drawing and dimensional detail are shown in Figure 4, above.

HEAT SINK

The LZY-2+ heat sink is a high thermal efficiency heat sink that, when used with
the 4-inch 110CFM fan, results in a thermal resistance of 0.08°C/watt. (See
paragraph 4.2 for other thermal considerations).

COOLING FAN

The cooling fan is a long life, brushless DC-operated 4-inch ball bearing fan
which delivers 110CFM air at +28VDC. The fan is mounted to an optimally
designed plenum on the heat sink for minimum air turbulence. The fan is
protected by a fan guard.

The DC requirement of the fan, as installed, is 300mA typical, 400mA max at
+28VDC.

The fan meets EMI standards per FCC Part 15, Subpart J.
WEIGHT

The LZY-2X+ amplifier module alone weighs less than 1.14kg. Total weight of
LZY-2+ with heat sink and fan is less than 4.0kg.

SUGGESTED APPLICATIONS (GENERAL)

The following performance characteristics are those generally expected from the LZY -2+
under the conditions stated for each application. The versatility of the LZY-2+ ultra-
linear amplifier is denoted in each of these applications for AM, FM, Pulse, Multi-Carrier
and other signal formats and modulation schemes in applications within the 500MHz to
1000MHz frequency spectrum.

The suggested performance is provided to the user as an applications guideline which
makes the LZY-2+ ideal for a variety of driver or output amplifiers in many equipments.
Specific results may vary under different conditions.

6.1

AM AMPLIFICATION

The LZY-2+ can be used to amplify an AM (Amplitude Modulated) carrier to a
level of 5 watts (20 watts PEP) with typically less than 5% AM distortion when
modulated at 90%. Measured AM distortion is shown in Figure 5.

AN-60-005 Rev.: C M150261 (04/14/15) File: AN60005.doc
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6.2

6.3

6.4

6.5

Figure 5:  Amplitude Modulation Distortion
at 90% Modulation

Distortion, %
w

O I I I I
500 600 700 800 900 1000

Carrier Frequency, MHz

FM AMPLIFICATION

The LZY-2+ will typically produce a minimum of 32 watts CW or higher, and is
limited only by the overdrive threshold limits set for the input signal as described
in paragraph 4.1.

LINEAR PULSE AMPLIFICATION

The LZY-2+ is ideal for linear pulse or pulse train amplification to faithfully
reproduce a pulse signature to the 20 to 30 watt peak power level. The pulse width
and duty cycle are not limited at these power levels because of the Class A
amplifier operation.

BrRoADBAND 500MHz 1O 1000MHz SWEPT SIGNAL

For swept linear applications at 20 watts, the LZY-2+ will accept a constant input
and produce an output level within +1.5dB (+0.5dB typical).

FEEDFORWARD AMPLIFICATION

The LZY-2+ can be used as a main amplifier or error amplifier in a cellular band
or special mobile radio band feedforward application due to its low
intermodulation distortion (IMD) and relatively flat phase, delay and amplitude
characteristics.

AN-60-005 Rev.: C M150261 (04/14/15) File: AN60005.doc
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7.0

MULTI-CARRIER AMPLIFICATION (CELLULAR BAND 869 TO 894 MHz)

The LZY-2+ RF Linear Amplifier is directly applicable as a candidate for a Main
Amplifier in a low power cellular amplifier FEEDFORWARD system or a Pre-Driver or
Error Amplifier in a high power FEEDFORWARD system.

Additional uses are as forward and reverse power amplifiers in bi-directional amplifying
system installations.

Figures 6a (random phase) and 6b (synchronous) illustrate the IMD products of the LZY -
2+ at 2 watts of total average RF output power for multi-tone operation with 8 carriers
(0.25 watt or 24dBm each carrier). Peak envelope power (PEP) is 0.25 watt x 8% = 16
watts or 42dBm. Carrier spacing is 25kHz. Highest adjacent-channel spurious amplitudes
are -43dBc for random phase and -31dBc for synchronous. The data were taken using the
8-tone Aeroflex-RDL Intermodulation Distortion Simulator “IMD-801D-03A”. The low
reference levels on the spectrum analyzer displays are due to the use of external
attenuators in the test instrumentation.

Figure 3a (on Page 8) illustrates the IMD products at 4 watts of total average power, with
two carriers (2 watts or 33dBm each). PEP is 2 watts x 2° = 8 watts or 39dBm.

Figure 3b similarly illustrates the IMD products at 10 watts of total average power, with
two carriers (5 watts or 37dBm each). PEP is 5 watts x 2° = 20 watts or 43dBm.

As a Pre-Driver to loop 1 in a feedforward system, the IMD level should be -70 dBc.
When used as a Main Amplifier, the IMD should be in the -32dBc range, and as an Error
Amplifier, in the -40dBc to -50dBc range. All of these criteria are met by the LZY-2+ at
various average power levels as illustrated by Figures 6a and 6b.

These data and performance pertain to the 869 MHz to 894 MHz cellular band but could
also apply to the SMR band (Special Mobile Radio) between 935 to 940 MHz and any
segment of the 500 to 1000 MHz range in which a feedforward system is of interest.
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" Agilent Spectrum Analyzer - Swept SA

50 Q AC SENSE:INT ALIGM AUTO 04:33:09 PM Jun 14, 20108
[Marker 8 A -150.000000 kHz | Trie: Free R Avg Type: Log-Pwr Tjﬁ‘;&\i 3458
I Input: RF |FPGNa(iJr:|:FL?::~ = #:tfémrzz d;" DET|N N H KN
AMEKr8 -150.0 kHz
10 dBidiv Ref 10.00 dBm -52.31 dB]
og
0o \ﬂ 1 1 1 1 1 1 Y2
-10.0
=200
-30.0 AT GAD .
00 |—xza1 H7AT 6412581 A4A1 L 11as13A2
s o IL.’.\{%
£00 1 1 ! | i ! A
R H N
| 1
-80.0 } | H [ e |
Center 894.0000 MHz Span 500.0 kHz
Res BW 1.0 kHz #VBW 1.0 kHz #Sweep 1.50 s (1001 pts
FUMCT 3
1 N 1 f 893.913 0 MHz 354 dBm
2 N 1 f 894,088 0 MHz 352 dBm
3 A1 f (A 25.0 kHz (A) -46.07 dB
4 A 1 f (A 50.0 kHz (A) 4972 dB
5 A1 1 f (&) 75.0 kHz (A) -48.89 dB
6 A1 1 f (&) -100.0 kHz (A) 4824 dB
7 A 1 f (&) -125.0 kHz (A) 49.25 dB
el A1 1 f -150.0 kHz (A) 52.31dB
9 A2 1 f (&) 25.0 kHz (A) 4331 dB
10 A2 1 f (&) 50.0 kHz (A) 53.64 dB
11 A2 1 f (&) 75.0 kHz (A) £0.42 dB
12 A2 1 f (&) 99.0 kHz_(A) 47.19 dB
MSG |\§)Aligning dof4 |smus|

Fig. 6a: Eight-Tone Performance at 894MHz, Random Phase

" Agilent Spectrum Analyzer - Swept SA

50 Q AC SENSE:INT ALIGM AUTO 04:34:45 PM Jun 14, 20108
[Marker 8 A -150.000000 kHz | Avg Type: Log-Pwr TRACE1]2 3 4 5 d
Input: RF PNO: Far GO Trig: Free Run S|
I IFGain:Low #Atten: 22 dB DET[M NN H 1
AMKrg -150.0 kHZ
10 dBidiv  Ref 10.00 dBm -45.96 dBj
Log 1 2
oo i 1 1 1 1 1 1 X
-10.0
-20.0 SRT7AY 31 9A2  44an T
00— g 27 BA1 /) VO A4 da2
ool @ | [ Iy Y1,
wol I N
0 | L |
700 \ |
-60.0 1 i f | i | =
Center 894.0000 MHz Span 500.0 kHz
Res BW 1.0 kHz #VBW 1.0 kHz #Sweep 1.50 s (1001 pts

1 N 1 f 893.913 0 MHz 336 dBm
2 N 1 f 894,088 0 MHz 3.35 dBm
3 A1 f A 250kHz (A) 3097 dB
41 1 f (A 500kHz (A) 3273 dB
5 A 1 f (A J50kHz (A)  -3535dB
6 A1 1 f (A) A000kHz (A)  -33.19 dB
7 A 1 f (D) A250kHz (A) 41,69 dB

W8l A1 1 -150.0 kHz (A) -45.96 dB
9 A2 1 f (A) 250kHz [A) 3087 dB
10 A2 1 f (A) 500kHz (A)  -3256 dB
M a2 1 f (&) 750kHz (A) 3513 dB
12 A2 1 f_(A) 990 kHz (A) 3815 dB

MsG |J,)Fi|e <2W EIGHT TONE UNIT RANDOM.png> saved |smus|

Fig. 6b: Eight-Tone Performance at 894MHz, Synchronous
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8.0

9.0

ALTERNATIVE HEAT SINKING / COOLING

The LZY-2+ RF Linear Amplifier electrical specifications in Table 1 are guaranteed
when the RF Linear Amplifier module is operated on the factory supplied heat sink, and
the cooling fan is running without restricting air flow.

Physical limitations of certain equipment configurations may require the user to provide
alternative methods of heat sinking / cooling.

In these cases, the user can remove the RF Linear Amplifier module from the factory
supplied heat sink by disconnecting the wires between the cooling fan and the module
then removing the four mounting screws holding the module to the heat sink.

The user must then provide an alternative heat sinking /heat removal method that
provides an equivalent thermal resistance of 0.08°C/watt to realize the unit electrical
performance specified in Table 1. (See Paragraph 4.2 for thermal considerations)

Depending on the approach to cooling, alternative methods may increase or decrease the
thermal resistance of that interface resulting in operation of the amplifier at a lower or
higher temperature rise above ambient.

A qualified engineer or technician should be responsible for designing and evaluating the
alternative heat sinking method.

Failure to provide the proper heat sinking will result in module overheating which in turn
will activate the automatic thermal shutdown circuit when the module temperature
exceeds +65°C.

QUALITY ASSURANCE PROVISIONS
9.1 ACCEPTANCE TEST PROCEDURE

All LZY-2+ amplifier assemblies are subjected to 100% factory RF testing in
accordance with a written Acceptance Test Procedure in which RF performance
parameters and electrical features are tested and verified. Certificates of
compliance are available.

RF performance data is recorded and inspected for conformance within the limits
set forth in Table 1.

Currently, each unit is subjected to a DC burn-in test for 72 hours with the input
and output ports terminated in 50 ohms. This is a worst case condition for the
amplifier since, when terminated, the DC power dissipated in the amplifier
circuitry exceeds the amount dissipated when Class A RF power is being
generated.
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9.2

9.3

Performance is compared before and after the DC burn-in. 100% DC burn-in
testing will continue at our discretion until sufficient history is generated to
reduce or eliminate this test.

Acceptance Test Setup

Figure 7 illustrates the test position setup used to perform acceptance testing on
the LZY -2+ for the majority of the performance parameters specified in Table 1.

Test Equipment
The test equipment required to perform the acceptance tests is detailed in Table 2.

In the event any item of test equipment is unavailable, equivalent equipment may
be substituted. All test equipment should be turned on 30 minutes prior to start of

test.

DESCRIPTION MANUFACTURER MODEL
Ammeter Agilent 428B
Digital Multimeter Fluke 8050A
Digital Thermometer Omega 650
40 dB Attenuator Mini-Circuits BW-40N100W+
Spectrum Analyzer Anritsu MS2601A
Network Analyzer Agilent 8753ES
Power Meter Agilent 435B
Power Meter Sensor Agilent 8482H
Power Supply 28V 10 Amps Various
Terminations, 50 Ohm, 1/2 Watt, SMA-Male Various
Switch (A/B) Various
Lab Amplifier (RF Driver) Mini-Circuits ZX60-43+
Power Supply (0-10V, 1A) Various
Switch, Knife, High Current Various
TABLE 2: Acceptance Test Setup: Equipment List
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Figure 7:  Acceptance Test Setup
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IMPORTANT NOTICE
© 2015 Mini-Circuits

This document is provided as an accommodation to Mini-Circuits customers in connection with Mini-Circuits parts only. In that regard, this document is for
informational and guideline purposes only. Mini-Circuits assumes no responsibility for errors or omissions in this document or for any information contained
herein.

Mini-Circuits may change this document or the Mini-Circuits parts referenced herein (collectively, the “Materials”) from time to time, without notice. Mini-Circuits
makes no commitment to update or correct any of the Materials, and Mini-Circuits shall have no responsibility whatsoever on account of any updates or
corrections to the Materials or Mini-Circuits’ failure to do so.

Mini-Circuits customers are solely responsible for the products, systems, and applications in which Mini-Circuits parts are incorporated or used. In that regard,
customers are responsible for consulting with their own engineers and other appropriate professionals who are familiar with the specific products and systems
into which Mini-Circuits’ parts are to be incorporated or used so that the proper selection, installation/integration, use and safeguards are made. Accordingly,
Mini-Circuits assumes no liability therefor.

In addition, your use of this document and the information contained herein is subject to Mini-Circuits’ standard terms of use, which are available at Mini-Circuits’
website at www.minicircuits.com/homepage/terms _of use.html.

Mini-Circuits and the Mini-Circuits logo are registered trademarks of Scientific Components Corporation d/b/a Mini-Circuits. All other third-party trademarks are
the property of their respective owners. A reference to any third-party trademark does not constitute or imply any endorsement, affiliation, sponsorship, or
recommendation: (i) by Mini-Circuits of such third-party’s products, services, processes, or other information; or (i) by any such third-party of Mini-Circuits or its
products, services, processes, or other information.
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