Low Noise Amplifier
0.076 - 6 GHz

AEC-QIOO

MACOM.

MAAL-011207-QR3000

Rev. V5

Features

AEC-Q100 Grade 2 Qualified (-40°C to +105°C)
Low Noise Figure:

0.60 dB @ 0.15 GHz

0.35dB @ 1.9 GHz

0.70dB @ 2.6 GHz
e High Gain:

23.5dB @ 0.15 GHz

23.0dB @ 2.6 GHz

18.0dB @ 6.0 GHz
High Linearity: 33 dBm OIP3
Single Voltage Bias: 3-5V
Integrated Active Bias Circuit
Current Adjustable 30 - 80 mA
Lead-Free 2 mm 8-LD PDFN Package
RoHS* Compliant

Applications

This part is ideal for Automotive applications such as
Compensators and Smart Antenna Systems,
designed for V2X infrastructure technologies (either
DSRC or C-V2X) based Telematics Control Units
(TCUs).

Description

The MAAL-011207 is a high dynamic range, single
stage MMIC LNA with ultra low noise figure, high
gain and excellent linearity. This amplifier is
designed for operation from 0.076 to 6 GHz and is
housed in a lead-free 2 mm 8-lead PDFN plastic
package.

This low noise amplifier has an integrated active
bias circuit allowing direct connection to 3 V or 5 V
bias and minimizing variations over temperature and
process. The bias current is set by an external
resistor, so the user can customize the power
consumption to fit the application. Vgas can be
utilized as an enable pin to power the device up and
down during operation.

In the 50 Q environment and at 3 V, the
MAAL-011207 offers 0.7 dB noise figure at 2.6 GHz,
with 23 dB of gain and over 33 dBm output third
order intercept point (OIP3).

Functional Block Diagram

o
N/C N/C
RFout /
RF
IN VDD
N/C N/C
N/C Vaias
Pin Configuration®
Pin # Pin Name Description
1,3,4,6,8 N/C No Connection
2 RFin RF Input
5 VBias Bias Voltage
7 RFout/Vop | RF Output / Drain Voltage
9 Pad? Ground

1. MACOM recommends connecting unused package pins to

ground.

2. The exposed pad centered on the package bottom must be
connected to RF, DC and thermal ground.

Ordering Information®*

Part Number

Package

MAAL-011207-QR3000

3000 Piece Reel

MAAL-011207-Q01SMB

5.9 GHz Sample Board

MAAL-011207-Q02SMB

0.76 GHz Sample Board

3. Reference Application Note M513 for reel size information.
4. All sample boards include 5 loose parts.

* Restrictions on Hazardous Substances, compliant to current RoHS EU directive.
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Rev. V5

Electrical Specifications: Freq = 1.9 GHz, Vpp =3V, +25°C, Z;, = 50 Q, Vgjas = 2.3 Vv°

Parameter Test Conditions Units Min. Typ. Max.
Noise Figure - dB — 0.35 0.7
Gain - dB 21 23 25
Input Return Loss® - dB — 5 —
Output Return Loss® - dB — 5 —
Output IP3 Pin =-22 dBm, tones 11 MHz apart dBm — 33 —
Output P1dB - dBm — 17.5 —
Total Current loq = lpp + lgias mA 39 50 68

5. Refer to biasing options on page 3.

6. Return Loss can be improved with external matching components. Refer to application section.

Absolute Maximum Ratings’®*

Storage Temperature

-55°C to +150°C

Operating Temperature

-40°C to +105°C

Junction Temperature '

+150°C

7. Exceeding any one or combination of these limits may cause

permanent damage to this device.

8. MACOM does not recommend sustained operation near these

survivability limits.

9. Operating at nominal conditions with T, < 150°C will ensure

MTTF > 1 x 10° hours.

10.Junction Temperature (TJ) = TC + GJC * ((V * |) - (POUT - P|N))
Typical thermal resistance (8,¢c) = 83°C/W

a) For T¢ = +25°C,

TJ =33°C @ 3V, 0.05 A, POUT =17.5 dBm, P|N =-4.5 dBm

b) For T¢ = +85°C,

TJ =93°C @ 3V, 0.05 A, POUT =17.5 dBm, P|N =-4.5 dBm

Handling Procedures
Please observe the following precautions to avoid

Parameter Absolute Maximum damage:
RF Input Power CW 19 dBm . eee n
P Static Sensitivity
Voo 6V Gallium Arsenide Integrated Circuits are sensitive to
electrostatic discharge (ESD) and can be damaged
Veias 5V by static electricity. Proper ESD control techniques

should be used when handling these Class C3
CDM, Class 1A HBM devices.
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Biasing Options
The MAAL-011207 bias can be set in 2 different ways: using only Vpp or using separate Vpp and Vgas
voltages. A separate Vgas voltage allows pin 5 (Vgas) to be used as an enable pin to power the device up and

down during operation.
For both bias methods select the value of Rgas to achieve the desired current based on the tables on page 4, and

use DC blocks at pin 2 (RFy) and pin 7 (RFour / Vop).

Biasing Option - Vpp only
To use only Vpp, connect pin 7 (RFout / Vop) to Vpp through an RF choke inductor and connect pin 5 (Vgias) to Vop

through bias resistor Rgias as shown in Figure 1.

DC Block

RFOUT

RF Choke

DC Block

Bypass

—

VDD

Figure 1

Biasing Option - Separate Vpp and Vgjas Voltages (Vgias < Vpp)
To use separate Vpp and Vgas voltages, connect pin 7 (RFour / Vop) to Vpp through an RF choke inductor and

connect pin 5 (Vgias) to Veias through bias resistor Rgias as shown in Figure 2. Typical current (lgias) draw for pin 5
(Vaias) is 1.4 mA @ Veias =3V and 1 pJA @ Vaeias = 0 V. Typical current (Ipp) draw for pin 7 (RFour / Vop) is

<1TPA@ Veas=0V.

DC Block

RFour

RF Choke

DC Block
2

O
RF N
Bypass

1

VBIAS VDD

Figure 2

Visit www.macom.com for additional data sheets and product information.
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Typical Performance Curves of the Active Bias Circuit

Current, Vpp =3V

Current, Vpp =4V
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Bias Table
Total Current (mA)
Bias Resistance
(Q) VDD=3V VDD=4V VDD=5V
+25°C -40°C +85°C +25°C -40°C +85°C +25°C -40°C +85°C
2000 29 28 26 41 39 37 52 52 45
1200 38 36 34 53 53 46 66 69 55
1000 41 39 36 57 58 49 71 75 59
800 45 44 39 63 64 53 77 83 62
600 50 50 43 69 72 57 83 93 67
400 56 56 48 76 82 62 91 106 72
200 64 65 54 85 96 68 100 123 78
0 75 79 61 97 116 76 110 141 84

MACOM Technology Solutions Inc. (MACOM,) and its affiliates reserve the right to make changes to the product(s) or information contained herein without notice.

For further information and support please visit:
https://www.macom.com/support

Visit www.macom.com for additional data sheets and product information.

DC-0026091


http://www.macom.com/
http://www.macom.com/support

Low Noise Amplifier
0.076 - 6 GHz

AEC-QIOO

MACOM.

MAAL-011207-QR3000

Rev. V5
Typical Performance Curves @ 3V /50 mA, Z, =50 Q
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Typical Performance Curves @ 5V /70 mA, Z, =50 Q
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Typical Performance Curves @ 3V /30 mA,3V /50 mA,5V/70 mA, Z, =50 Q
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Lead-Free 2 mm 8-Lead PDFN'

+0020
0236 9923
0354 : 0039 060005
70.904)10 ong* 0020 -0.10
PIN =1 -0039 0079
IDENTIFIER (0072 0.05 222 MN TYP
020 030°5%6 020 0236+ 0020
7 - 0033
w005
1 8 0032, 8 7 060 7515
010 T —
PART NUMBER —~] >< PIN T D \\\< ‘
, \\ 5 1 7] 2 0020
} ( .
>< £ 5907 04727 0039
w005
3 6 T —9 3 120 5%
DATE CODE //2 I
SEATING (
4 > PLANE > j ; ‘
| \
| ora: 052
0000 8x
e — a10
005 035"
000 0095+ 0020 RLBryp, 015
-0028 | 007 EXPOSED PAD
7005
0257983
NOTES. 1 REFERENCE JEDEC M0O-229, VAR VCCD-3 FOR ADDITIONAL DIMENSIONAL

AND TOLERANCE INFORMATION
REFERENCE 52083 APPLICATION NOTE FOR PGB FOOTPRINT [NFORMATION
ALL DIMENSIONS SHOWN AS INCHES/MM

T Reference Application Note S2083 for lead-free solder reflow recommendations.
Meets JEDEC moisture sensitivity level 1 requirements.
Plating is 100% matte tin over copper.
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Application Section: 5.9 GHz

Recommended PCB Layout

=] BHK- 0.711mm, o
TRACEO-%.SSMM

Voo O
Vens O
GND O

o|N|ofw]=
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Low Noise Amplifier mMmacom

0.076 - 6 GHz

AEC-QI00 MAAL-011207-QR3000
Rev. V5
Application Section: 5.9 GHz
Parts List
Component Value Size Manufacturer
C1,C12 0.1 F 0402 GRM12/I5uI§;t$C1O4K
C2,C3 47 pF 0402 GRM1 55?8:?4t370JA01 D
C4,C5 2.2 pF 0402 GJM1555|\43u1rI?|?R2WBO1 D
C6, C11 DNF 0402 Do Not Fit
C7,C10 0.5 pF 0402 GJM155€!\g)u1rl?|tI350WBO1 D
L1 2.7 nH 0402 MLG1006-3|-SD2KN7BTOOO
L2 2.2 pF 0402 GJM1555|\g:u1rI?I?R2WBO1 D
L3 10 pF 0402 GJM1552A82?}|?OOFBO1D
R1 1kQ 0402 MCRomgnlgme

Electrical Specifications: Freq = 5.9 GHz, Vpp & Vgias = 3.3V, +25°C, Z, = 50 Q, Rgjas = 1 kQ

Parameter Test Conditions Units Min. Typ. Max.
Noise Figure — dB — 1 —
Gain — dB — 18 —
Input Return Loss — dB — 25 —
Output Return Loss — dB — 14 —
Output P1dB — dBm — 15 —
Current lop + Igias mA — 45 —

10
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Typical Performance Curves for 5.9 GHz Application Section
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0.076 - 6 GHz

AEC-QIO00 MAAL-011 207-QI§2?(\)/2

Applications Section: 0.76 GHz

The MAAL-011207 is designed to work as a low
noise gain block over a wide range of frequencies in
a 50 Q environment.

Input and output can be tuned to improve
performance over a specific frequency band.

An alternative FR4 evaluation board using all 0402
components is shown opposite. In this application
the board has been tuned for optimal performance
@ 0.76 GHz. The parts list on the following page
details the components needed to tune the
MAAL-011207 for operation for this application.

Recommended PCB Layout for 0.76 GHz
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12
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0.076 - 6 GHz

AEC-QIO00 MAAL-011 207-QI§2’9%2

Applications Section: 0.76 GHz

Parts List: 0.76 GHz

Component Value Size Manufacturer / Part#
C1,C12 0.1 yF 0402 Murata / GRM155R71C104K
C2,C3 47 pF 0402 Murata / GRM1555C1H470JA01D

C4 12 nH 0402 TDK / MLG1005S12NJT000
C5 150 R 0402 Rohm / MCRO1MRTF1500
C6 6.8 nH 0402 TDK / MLG1005S6N8JT000
Cc7 DNF 0402 Do Not Fit

C10, C11 68 R 0402 Rohm \ MCRO1MRTF68R0
L1 56 nH 0402 TDK / MLG1005S56NJT000

L2,L3 120 pF 0402 Murata / GRM1555C1E121JA01D

R1 3.9kQ 0402 Rohm / MCRO1TMRTJ392

Electrical Specifications: Freq. =0.76 GHz, Vpp & Vgias = 3.3V, Ta = +25°C, Rgjas = 3.9 kQ

Parameter Test Conditions Units Min. Typ. Max.
Gain — dB — 15.5 —
Input Return Loss — dB — 30 —
Output Return Loss — dB — 30 —
Noise Figure — dB — 1.2 —
Input P1dB — dBm — -13 —
Current oo + Igias mA — 20 —
Voltage Vob, Veias \ — 3.3 —

13
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Rev. V5
Typical Performance Curves: 0.76 GHz Application Section
Gain Noise Figure
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Application Section: 2.3 - 2.7 GHz

The MAAL-011207 is designed to work as a low
noise gain block over a wide range of frequencies in
a 50 Q environment.

Input and output can be tuned to improve return loss
over a specific frequency band.

The evaluation board shown has been designed for
tuning flexibility. The parts list on page 10 details
the components needed to tune the MAAL-011207
for operation from 2.3 - 2.7 GHz. R1 or R2 may be
used as Rgas according to the biasing option
chosen.

Recommended PCB Layout

RFout
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VB\AS C
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Application Section: 2.3 - 2.7 GHz
Parts List, 2.3 - 2.7 GHz
Component Value Size Manufacturer Manufacturer Part #
C1,C12 0.1 yF 0402 Murata GRM155R71C104K
C2,C3 47 pF 0201 Murata GRM1555C1H470JA01D
C4 10 pF 0201 Murata GJM0336C1E100JB01
C5 0Q 0201 — —
C6 — 0201 — —
Cc7 0.7 pF 0201 Murata GJM0335C1ER70WB0
c10 0.4 pF 0201 Murata GJM0335C1ER40WB01
C11 — 0201 — —
L1 2.7 nH 0201 Murata LQPO3TN2N7C02
L2 2.5nH 0201 Coilcraft 0201DS-2N5XJL
L3 1.8 pF 0201 Murata GJM0335C1E1R8BB01
R1 3.9kQ 0402 Rohm MCRO1MRTJ392
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Low Noise Amplifier mMmacom

0.076 - 6 GHz

AEC-QIO00 MAAL-011 207-QI§2’9?’2

Electrical Specifications: Freq = 2.6 GHz'"", Vpp = 3 V, +25°C, Z, =50 Q

Parameter Test Conditions Units Min. Typ. Max.
Noise Figure - dB — 0.7 —
Gain - dB — 23 —
Input Return Loss - dB — 16 —
Output Return Loss - dB — 10 —
Output IP3 Pin =-22 dBm, tones 11 MHz apart dBm — 334 —
Total Current Ibq = lop + lgias mA — 50 —

11. Typical performance of the evaluation module with exact components shown on the 2.3 - 2.7 GHz parts list.
12. Typical measured data includes evaluation board and connector losses.

Typical Performance Curves: Broadband performance (2.3 - 2.7 GHz evaluation board)
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Low Noise Amplifier mMmacom

0.076

-6 GHz
MAAL-011207-QR3000

AEC-QIO0O0 Ao

Typical Performance Curves: Freq =2.3 - 2.7 GHz, Z, =50 Q
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Low Noise Amplifier MAC OM

0.076 - 6 GHz

AEC-QIO00 MAAL-011 207-QI§2?(\)/2

Application Section: 3.6 - 4.2 GHz

The MAAL-011207 is designed to work as a low Evaluation Board, 3.6 - 4.2 GHz
noise gain block over a wide range of frequencies in

a 50 Q environment.

THK- OJHm

Input and output can be tuned to improve return loss
over a specific frequency band.

The evaluation board shown has been designed for
tuning flexibility. The parts list on page 14 details the
components needed to tune the MAAL-011207 for
operation from 3.6 — 4.2 GHz. R1 or R2 may be
used as Rgas according to the biasing option
chosen.

Schematic, 3.6 - 4.2 GHz

RFn OT‘
“T

o|~|o|w|~

Vop O
Vens O
GND O
I
Parts List
Component Value Size Component Value Size
C1,C12 0.1 uF 0402 C7,C10, C11 DNF 0402
C2,C3 47 pF 0402 L1 2.4 nH 0402
C4 0.75 pF 0402 L2 1.5nH 0402
C5 10 pF 0402 L3 1.0 nH 0402
Ccé 0.3 pF 0402 R1 470 Q 0402
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Low Noise Amplifier mMmacom

0.076 - 6 GHz

MAAL-011207-QR3000
Rev. V5

AEC-QIOO

Electrical Specifications: Freq = 3.6 - 4.2 GHz"®, Vpp =3 V, +25°C, Z, = 50 Q

Parameter Test Conditions Units Min. Typ. Max.
Noise Figure - dB — 0.7 —
Gain - dB — 19.5 —
Input Return Loss - dB — 17 —
Output Return Loss - dB — 15 —
Total Current Ipa = lop + Igias mA — 56 —

13. Typical performance of the evaluation module with exact components shown on the 3.6 - 4.2 GHz parts list.

Typical Performance Curves: Broadband performance (3.6 - 4.2 GHz evaluation board)
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Low Noise Amplifier MAC OM

0.076 - 6 GHz

AEC-QIO00 MAAL-011 207-QI§2?(\)/2

Application Section: 4.4 - 4.9 GHz

The MAAL-011207 is designed to work as a low Evaluation Board, 4.4 - 4.9 GHz
noise gain block over a wide range of frequencies in

a 50 Q environment.

THK- OJHm

Input and output can be tuned to improve return loss
over a specific frequency band.

The evaluation board shown has been designed for
tuning flexibility. The parts list on page 14 details the
components needed to tune the MAAL-011207 for
operation from 4.4 — 4.9 GHz. R1 or R2 may be
used as Rgas according to the biasing option
chosen.

Schematic, 4.4 - 4.9 GHz

RFn OT‘
“T

o|~|o|w|~

Voo O

Vens O

GND O

T
Parts List
Component Value Size Component Value Size
C1,C12 0.1 yF 0402 Cc10 1.5 nH 0402
C2,C3 47 pF 0402 L1 1.0 nH 0402
Cc4 1.2 pF 0402 L2 0.6 nH 0402
C5 1.5 pF 0402 L3 1.0 pF 0402
C6, C11 DNF — R1 470 Q 0402
C7 0.3 pF 0402
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Low Noise Amplifier
0.076 - 6 GHz

AEC-QIOO

MACOM.

MAAL-011207-QR3000

Rev. V5

Electrical Specifications: Freq = 4.4 - 4.9 GHz", Vpp =3 V, +25°C, Z, = 50 Q

Parameter Test Conditions Units Min. Typ. Max.
Noise Figure - dB — 0.65 —
Gain - dB — 18.5 —
Input Return Loss - dB — 18 —
Output Return Loss - dB — 15 —
Total Current Ibq = lop + lgias mA — 56 —

14. Typical performance of the evaluation module with exact components shown on the 4.4 - 4.9 GHz parts list.

Typical Performance Curves: Broadband performance (4.4 - 4.9 GHz evaluation board)
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Low Noise Amplifier mMmacom

0.076 - 6 GHz

AEC-QIO00 MAAL-011 207-QI;2?(\)§

Application Section: 0.15 - 2.2 GHz

The MAAL-011207 is designed to work as a low Evaluation Board, 0.15 - 2.2 GHz

noise gain block over a wide range of frequencies in PT-0009833
a 50 Q environment. PT-BEE9833 Rev -
Input and output can be tuned to improve return loss
over a specific frequency band.
The evaluation board shown has been designed for . O ) ; O .
tuning flexibility. The parts list on page 23 details the AL I ISR
components needed to tune the MAAL-011207 for sec00ceses . oscscoccssss
operation from 0.15 - 2.2 GHz. R2 may be used as ©00cc00c000,ii csscccccss
Reias according to the biasing option chosen. Y | ¢ 1
@ - . '@
RO4883 ¢ 8 mil > oo
LW = 344 um ¢ 13.54mil > )
G=133 um € 5.24mil > ®
Schematic, 0.15 - 2.2 GHz JO
R2 ——) i
VBias { O AN c4
\I - I
—AAA —) C5
R3 i L2
RFin {O——uaasv—)| P —) —————w———O RFout
L1 C1 - C6 R4
Parts List
Component Value Size Component Value Size
L1 2.7 nH 0402 C4 0.1 yF 0402
C1 43 pF 0402 C5 100 pF 0402
R1 1.5 kQ 0402 L2 120 nH 0402
Cc2 39 pF 0402 C6 50 pF 0402
R2 1.5 kQ 0402 R4 0Q 0402
R3 0Q 0402 - - -
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Low Noise Amplifier
0.076 - 6 GHz

AEC-QIOO

MACOM.

MAAL-011207-QR3000
Rev. V5

Electrical Specifications: Freq = 0.15 - 2.2 GHz, Vg;,s =4 V, +25°C, Z, = 50 Q

Parameter Test Conditions Units Min. Typ. Max.
Noise Figure - dB — 0.6
Gain - dB — 235
Input Return Loss - dB — 14
Output Return Loss - dB — 15
Output P1dB - dBm — 18.7
OIP3 - dBm — 30
Total Current Ipa = lpp + Igias mA — 50

Typical Performance Curves: Broadband performance (0.15 - 2.2 GHz evaluation board)
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Low Noise Amplifier
0.076 - 6 GHz

AEC-QIOO

MACOM.

MAAL-011207-QR3000
Rev. V5

Application Section: 76 - 240 MHz

The MAAL-011207 is designed to work as a low
noise gain block over a wide range of frequencies in
a 50 Q environment.

Input and output can be tuned to improve return loss
over a specific frequency band.

The evaluation board shown has been designed for
tuning flexibility. The parts list on page 25 details the
components needed to tune the MAAL-011207 for
operation from 76 - 240 MHz.

Schematic: 76 - 240 MHz

Evaluation Board
PT-0038295

1, 3 |
R1Z
T e e R4
j | > 3 | T AP T
RFin C1 l/ ” L RFout
F{3§ Rs'g
- ]
bias L L 1
c4
— =
c5
L, F—
R2 =
wd |
Tn
Parts List
Component Value Size Component Value Size
L1 BLM15HG601SN1 0402 R3 294 Q 0402
C1 3nF 0402 C4 0.1 uF 0402
R1 750 Q 0402 C5 100 pF 0402
C2 110 pF 0402 R4 17 Q 0402
C3 1.5nF 0402 R5 294 Q 0402
R2 3 kQ 0402 - - -
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Low Noise Amplifier
0.076 - 6 GHz

AEC-QIOO

MACOM.

MAAL-011207-QR3000

Rev. V5

Electrical Specifications: Freq =76 - 240 MHz, Vpp =5V, +25°C, Z, = 50 Q

Parameter Test Conditions Units Min. Typ. Max.
Noise Figure - dB — 0.8 —
Gain - dB — 20 —
Input Return Loss - dB — 26 —
Output Return Loss - dB — 21 —
Output P1dB - dBm — 15.5 —
OIP3 - dBm — 27 —
Total Current Ibq = lop + Igias mA — 40 —

Typical Performance Curves: Broadband Performance (76 - 240 MHz evaluation board)
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Low Noise Amplifier mMmacom

0.076 - 6 GHz

AEC-QIO00 MAAL-011 207-QI§2’9%2

Typical Performance Curves: Broadband Performance (76 - 240 MHz evaluation board)

Noise Figure @ 3V Noise Figure @ 5V
25 25
+25°C +25°C
- —.40°C = —-40°C
200 b9n—b—t—— 1 =" aoc 20 bt —+ L1 == aoc
o o
) °
o 15 o 15
=} =}
o2 It 'SP PR SR EL LT T I SURRY P R T N PSR S Syer v T LI -
2 - AN e LU PR FEPERIN SRR SEth 6 RS
_8 1.0 _g 1.0
§ T~ 2 S P, e —
0.5 0.5
0.0 0.0
75 100 125 150 175 200 225 250 75 100 125 150 175 200 225 250
Frequency (MHz) Frequency (MHz)
OIP3 Stability
30 5
28 =T i el 4
_ - - /“—“‘—“h
N -——- ‘—/4 ----------------------- ——+25°C
- — —-40°C
5 26 —T == T 2> 33— +85°C
S =
o i
= +25°C w
o * e 2
---=-485°C
22 1
20 0
75 100 125 150 175 200 225 250 75 100 125 150 175 200 225 250
Frequency (MHz) Frequency (MHz)

MACOM Technology Solutions Inc. (MACOM,) and its affiliates reserve the right to make changes to the product(s) or information contained herein without notice.
Visit www.macom.com for additional data sheets and product information.

For further information and support please visit:
https://www.macom.com/support

DC-0026091


http://www.macom.com/
http://www.macom.com/support

28

Low Noise Amplifier
0.076 - 6 GHz

AEC-QIOO

MACOM.

MAAL-011207-QR3000
Rev. V5

Typical Performance Curves

Gain vs. Output Power @ 5 V, 100 MHz
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Low Noise Amplifier mMmacom

0.076 - 6 GHz

AEC-QIO00 MAAL-011 207-QI;2?(\)§

MACOM Technology Solutions Inc. (‘“MACOM?”). All rights reserved.
These materials are provided in connection with MACOM'’s products as a service to its customers and may be
used for informational purposes only. Except as provided in its Terms and Conditions of Sale or any separate
agreement, MACOM assumes no liability or responsibility whatsoever, including for (i) errors or omissions in these
materials; (ii) failure to update these materials; or (iii) conflicts or incompatibilities arising from future changes to
specifications and product descriptions, which MACOM may make at any time, without notice. These materials
grant no license, express or implied, to any intellectual property rights.

THESE MATERIALS ARE PROVIDED "AS IS" WITH NO WARRANTY OR LIABILITY, EXPRESS OR IMPLIED,
RELATING TO SALE AND/OR USE OF MACOM PRODUCTS INCLUDING FITNESS FOR A PARTICULAR
PURPOSE, MERCHANTABILITY, INFRINGEMENT OF INTELLECTUAL PROPERTY RIGHT, ACCURACY OR
COMPLETENESS, OR SPECIAL, INDIRECT, INCIDENTAL, OR CONSEQUENTIAL DAMAGES WHICH MAY
RESULT FROM USE OF THESE MATERIALS.

MACOM products are not intended for use in medical, lifesaving or life sustaining applications. MACOM
customers using or selling MACOM products for use in such applications do so at their own risk and agree to fully
indemnify MACOM for any damages resulting from such improper use or sale.
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