Low Noise Amplifier
20 - 55 GHz

MACOM.

MAAL-011186
Rev. V4

Features

Wideband Performance

Low Noise Figure: 2.5 dB

Gain: 22 dB

P1dB: 14 dB

Bias Voltage: Vpp=3.5V

Bias Current: Ipsq = 130 mA

50 Q Matched Input and Output
Positive Voltage Only

Lead-Free 5 mm 12-lead SMT Package
RoHS* Compliant

Applications

e Test and Measurement
e EW

e ECM

Radar

Description

The MAAL-011186 is an easy to use wideband low
noise amplifier. It operates from 20 - 55 GHz and
provides 2.5 dB noise figure, 22 dB gain and 14
dBm P1dB. The input and output are fully matched
to 50 Q with typical return loss of better than -10 dB.

This product is fabricated using a GaAs pHEMT
process which features full passivation for enhanced
reliability.

The MAAL-011186 can be used as a low noise
amplifier stage or as a driver stage in higher power
applications. This device is ideally suited for
Test and Measurement, 5G communications, EW,
ECM, and Radar applications.

Ordering Information™?

Part Number Package

MAAL-011186-TR0500 500 piece reel

MAAL-011186-SB1

Sample Board

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

Functional Schematic
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Pin Configuration®

Pin # Function Description
1 RFin RF Input
2 V4 Lower Drain Bias One
3 Vp2 Lower Drain Bias Two
4 Vb3 Lower Drain Bias Three
5 Vpa Lower Drain Bias Four
6 VRk2 Current Mirror Ref Voltage
7 RFout RF Output
8 VRri Current Mirror Ref Voltage
9 Vb4 Upper Drain Bias One
10 Vb3 Upper Drain Bias Two
11 Vb2 Upper Drain Bias Three
12 Vb1 Upper Drain Bias Four
PAD PAD Exposed Pad®

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

* Restrictions on Hazardous Substances, compliant to current RoHS EU directive.
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Electrical Specifications:
Freq. =20 - 55 GHz, To = +25°C, Vcc=3.5V, Ipg =130 mA, Z, =50 Q
Parameter Test Conditions Units Min. Typ. Max.
20 GHz 20.0 22.0
Small Signal Gain 40 GHz dB 16.5 18.0 —
50 GHz 15.0 16.5
Small Signal Gain Variation over Temperature — dB/°C — 0.06 —
Gain Flatness — dB — 15 —
20 GHz 4.0 6.0
Noise Figure 25-40 GHz dB — 25 —
40 - 50 GHz 3.2 —
Input Return Loss — dB — 10 —
Output Return Loss — dB — 10 —
Output Power 1dB Compression — dBm — 14 —
Saturated Output Power (Psart) — dBm — 17 —
Output 3rd Order Intercept — dBm — 24 —

Operational Maximum Ratings

Absolute Maximum Ratings®’

Parameter Absolute Maximum
Pin +5 dBm
Voo 45V
Junction Temperature +175°C

Parameter Absolute Maximum
Pin +2 dBm
Voo 40V
Junction Temperature*® +150°C
Operating Temperature -40°C to +85°C

4. Operating at nominal conditions with T, < +150°C will ensure
MTTF > 1 x 10° hours.
5. Junction Temperature (T,;) = Tc + Bjc * (V * I)
Typical thermal resistance (6jc) = 22 °C/W.
a) For T¢ = +25°C,
T,=364°C@4V, 130 mA
b) For T¢ = +85°C,
T,=96.4°C@4V, 130 mA

Recommended Operating Conditions

It is recommended to operate at a typical
drain voltage of +3.5 V £+ 5 %. The maximum
recommended operating drain current (set by the
voltage on Vg) is fundamentally defined by the
combination of the maximum operating junction
temperature and the power dissipated. This can be
calculated as shown in note 5.

Operating Temperature -40°C to +85°C

Storage Temperature -65°C to +125°C

6. Exceeding any one or combination of these limits may cause
permanent damage to this device.

7. MACOM does not recommend sustained operation near these
survivability limits.

Electrostatic Sensitivity

These electronic devices are sensitive to
electrostatic discharge (ESD) and can be damaged
by static electricity. Proper ESD control techniques
should be used when handling these class 1B HBM
and class C3 CDM devices.
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Pin Configuration and Functional Descriptions

Vb1
Vb2
Vb3
Vb4
VR1

T

RFi ~

RFout

A\
A\
AN
|

zgrfme

s 8 g 4
> > > > >
Pin # Pin Name Description
1 RFn RF Signal Input. This pad is matched to 50 Q and is AC coupled.
VRY Drain biases for the lower half of the amplifier. External bypass capacitors are required as
2,345 VD1‘VD2’ described in the applications schematic. There is no internal connection between these pads
D3:¥D4  and pads 9,10,11,12 which are the drain biases for the upper half of the amplifier.
Reference voltage for the lower half of the amplifier. This is used to set the drain current of the
device. A voltage can be applied using a suitably sized series resistor to Vp, or can be applied using
6 VR2 . . f . . . . . .
an active bias circuit for more precise control of the drain current. There is no internal connection to
pin 8. See applications section for usage of this pin.
7 RFour  RF Signal Output. This pad is matched to 50 Q and is AC coupled.
Reference voltage for the upper half of the amplifier. This is used to set the drain current of the
8 V. device. A voltage can be applied using series resistor to Vp, or can be applied using an active bias
Ri circuit for more precise control of the drain current. There is no internal connection to pin 6. See
applications section for correct usage of this pin.
VRY Drain biases for the upper half of the amplifier. External bypass capacitors are required as
9,10,11,12 VD4‘VD3, described in the applications schematic. There is no internal connection between these pads
b2 YD1 and pads 2,3,4,5 which are the drain biases for the lower half of the amplifier.
PAD [The exposed pad centered on the package bottom must be connected to RF, DC and thermal
ground.

Interface Schematics

RFN O—}—

VD1 VD VD3 and VD4 VR1 and VR2

Q_Q % % —AF—0 RFour
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Application Schematic
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Parts List
Part Value Case Style
C6-C15 100 pF 0402
C1-C5,C16-C20 0.1 uF 0402

Operating the MAAL-011186

Turn-on

1. Increase VD1’ VD21 V|33, VD4 to 3.5 V.

2. Set Ipq by adjusting Vgs and Vg, Or selecting a
suitable resistor size. For a drain voltage of 3.5
V, a voltage of 1.4 V on Vg, and Vg, will result in a
drain current of 130 mA. This corresponds to a
650 Q resistor between the drain supply on each
VR pin.

3. Apply RFsignal.

Turn-off
1. Remove RFy signal.
2. Decrease VD1’ VD2’ VD3, VD4 to0 V.

Application Circuit and Operation

The basic application circuit is shown below. Place
C6 - C15 capacitors as close to the package as
physically possible. The position of the C1 - C5 and
C16 - C20 capacitors are not as critical but should
also be placed as closely as practically possible. All
drain connections can be connected together so
long as the recommended capacitors are placed as
advised.

To set the drain current, a reference voltage (VRg) is
applied to pins 6 and 8. If single positive supply
operation is desired, a resistor can be connected in
series between the drain supply and pin 6, and pin
8. A resistor value of 650 Q between a drain supply
of 3.5 V and each Vg pin, will result in a typical Ipq of
130 mA. Alternatively, Vrs and Vg, can be supplied
by a second voltage source, adjusted to achieve the
desired drain current.

If using a fixed voltage on Vg1 and Vg, to set the
drain current it should be expected that there will be
an amount of drain current variation over
temperature and also between individual devices
and manufacturing lots. If more precise control over
the drain current is required, a simple, low cost
active bias circuit can be used.

A suitable active bias circuit for use with the
MAAL-011186 is detailed in MACOM applications
note AN-0004357 which gives a full schematic,
BOM, theory of operation and design guide. Here Vg
should be considered to be the gate of the device as
described in AN-0004357.

For all approaches to setting Ipq, each Vg pin will
sink between approximately 3 mA to 5 mA
depending on the voltage applied: this should be
accounted for when designing the circuit interfacing
with the Vg pins.

The number of electrical and thermal ground vias
beneath the exposed ground paddle should be
maximized in order to decrease the ground
inductance and thermal impedance as far as
possible within the confines of the application PCB.
On the evaluation PCB described on the following
page, XX vias have been used.
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Evaluation Board

If Vk and Vp are supplied separately, then R3 and R4 are not needed. To get agreement to the capacitor labels in
the schematic on the previous page, subtract 20 from the labels below (C21 - 20 = C1).

Board Material

=—Primary Silkscreen
~——Primary Soldermask
I oz Minimun Cu., Plating (Primary Layer?

H=—I1+,2 oz Cu, (Primary Layer, Phy I
l=—IsoLA ASTRA MT77 .005'' THK
i=—1,2 oz Cu. (MidLayer 1, Phy 2
o= —370HR OR FR-406 PREPREG (REFD
d=—1,2 oz CU. (MidLayer 2, Phy 3
370HR OR FR-406 CORE .010" +.,- .001" THK
QI/Z oz Cu. (Secondary Layer, Phy 4

1 oz Minimun Cu. Plating (Secondary Layer?

L0258 +.- 10%

PCB Stackup

The PCB is a multi-layer board. The top layer (Isola Astra) is the microwave dielectric and the 0.5 oz. copper

beneath it is the microwave ground (midlayer 1). The FR4 beneath this provides mechanical support and also DC
trace routing.
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Typical Performance Curves @ Vp=3.5V, Ip =130 mA, Z, =50 Q
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Typical Performance Curves @ Ip =130 mA, T, = 25°C, Z, =50 Q
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Typical Performance Curves @ Vp =3.5V, To =25°C, Z, =50 Q
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Typical Performance Curves @ Vp =3.5V, Ip =130 mA, Taus = 25°C, Z, =50 Q
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Typical Performance Curves @ Vp =3.5V, Ip =130 mA, Taus = 25°C, Z, =50 Q
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Lead-Free 5 mm 12-Lead SMT®'%'"1213
10X 0157
= [0.40]
__, 0721010 2% .0325
PIN #1 1.83+0.25] [0.82] ax[ .0255]5
IDENTIFIER 1969 004 0130 2% 0226 0.6t o PIN g1
[5.00] [C‘-‘C‘q] ~ T 1033 [0.575] ",-n-rw"E\‘r)E[NnT'EERx45‘
\/,_,\ CSEATING § N @ @g @ @ _zx[ ‘mz]a
/PLANE ) N ¥ 0.35
. | 10X 13-27@ } .
MAAL—011186 [ \\\\ |
0882 R
aaaad [CEOI N 108
2% 0394 Y Py [2.586]
00 A N
vet [NV |
| e | e
[‘o.gc] ™ X [J‘l’{j]@‘j 0238 BOTH
e 0.00 ’)r.w C o [0.60] SIDES
ALL DIMENSIONS SHOWN AS n[mm] [1“?4] gﬁgg [ZVJZJZ] s
[1.10]
1651
[419]

9. All units in in [mm], unless otherwise noted, with a tolerance of .xxxx = £.0005 in and .xxx = +.005 in.

10.
11.

Gold
12.
13.

Lead finish: NiPdAu plating
Marking: line 2 part number; line 3 wafer lot number; line 4 ¢ = country of origin (T = Thailand), yyww = date code, N = Nickel/Palladium/

plating

Revision History

Reference Application Note S2083 for lead-free solder reflow recommendations.
Meets JEDEC moisture sensitivity level 3 requirements.

Rev Date Change Description

V4 Jan 2025 |Update page 5 with new evaluation board drawing

V3 June 2025 |Update page 3 reflect pin # for VR1 and VR2

V2 Oct 2023  |Update evaluation board drawing on page 5 reflect correct sample board drawing.
V1 June 2022 |nitial Release
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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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