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LX5591

Dual Band 802.11ac Front End Module

Description

The LX5591 is a complete integrated dual band
Front End Module (FEM) for an IEEE 802.1lac
system. It includes highly linear 2.4 and 5GHz
Power Amplifier (PAs) with power detector, 2.4 and
5 GHz Low Noise Amplifiers (LNA) with bypass
capability, an integrated diplex filter, and T/R
switches on both bands.

The LX5591 is available in a 28-pin 4mm x 3mm
QFN Package.

Block Diagram

Features

=  Single Supply Voltage 3V to 3.6V

*= Integrated 2.4 and 5GHz PA, LNA, SPDT T/R
switch (5GHz) and SP3T T/R/BT switch
(2.4GHz), and integrated diplex filter

=  Pour = 16dBm (5 GHz) and 16dBm (2.4 GHz)
with -35dB EVM (256QAM/80MHz)

= Bypassable LNA with Low NF
= RoHS2 Compliant & Halogen Free

Applications
=  WiFi Access Points
= Notebooks
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Figure 1 - Functional Block Diagram
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Pin Configuration

Pin Configuration
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Figure 2 - Pinout (Top View)
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Ordering Information

Ambient .
Temperature Type Package Part Number Packaging Type
RoHS2 compliant,
-40°C to 85°C Pb-free QFN 4x3x0.9 28L LX5591LQ -TR Tape and Reel
NiPdAu finish




Pin Descriptions
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Pin Descriptions

Pin Number Pin Designator Description
1 C1l Mode control
5 5T Bluetooth RF input/output
50 Ohm, DC blocked
3 GND Ground
4 VCC 3.3V nominal supply voltage
5 GND Ground
Low-band TX RF input
6 TXG .
50 Ohm, DC is tied to GND
7 GND Ground
8 GND Ground
9 RXG Low-band RX output
50 Ohm, DC blocked
10 GND Ground
High-band RX output
11 RXA
50 Ohm, DC blocked
12 GND Ground
13 GND Ground
High-band TX RF input
14 TXA L
50 Ohm, DC is tied to GND
15 GND Ground
16 VCC 3.3V nominal supply voltage
17 DET Power Detector Output
18 BANDSEL Band select control pin
19 VCC Must be connected to 3.3V supply (logic high).
20 CBT Bluetooth control pin
21 GND Ground
Antenna (Common) RF Input/Output
22 ANT .
50 Ohm, DC is tied to GND
23 GND Ground
24 VCC 3.3V nominal supply voltage
25 ENABLE Chip enable control pin
26 NC NC
27 NC NC
28 Co Mode control pin
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Absolute Maximum Ratings

Absolute Maximum Ratings

Parameter Value Units
DC supply voltage 4.2 \
Control input voltage (CO, C1, CBT, ENABLE, BANDSEL) 3.6 \
RF input power at TX ports (with 50 Ohm load at ANT port) +10 dBm
Maximum junction temperature (Ts max) +150 °C
Maximum storage temperature -65 to +150 °C
Peak package solder reflow temperature o
(30 seconds maximum exposure) 260 €
e 1, las 1 v

Note: Although this device is designed to be as robust as possible, Electrostatic Discharge (ESD) can damage this device. This

device must be protected at all times from ESD. Static charges may easily produce potentials of several kilovolts on the
human body or equipment, which can discharge without detection. Industry-standard ESD precautions should be used at all
times.
Exceeding any Absolute Maximum ratings could cause damage to the device. All voltages are with respect to GND. Currents
are positive into, negative out of specified terminal. These are stress ratings only and functional operation of the device at
these or any other conditions beyond those indicated under “Recommended Operating Conditions” are not implied. Exposure
to “Absolute Maximum Ratings” for extended periods may affect device reliability.

Thermal Properties

Thermal Resistance Typ Units
G-band 6;p Junction to Pad 22
A-band 6sp Junction to Pad 30
°C/W
G-band 64 Junction to Ambient 37
A-band 63a Junction to Ambient 45

Note: The 6ia numbers assume no forced airflow. Junction Temperature is calculated using Ty = Ta +
(Power dissipation x 03a) or T3 = Tp + (Power dissipation x 6sp). In particular, 8sa is a function of the
PCB construction. The stated number above is for a four-layer board in accordance with JESD-51
(JEDEC).




Electrical Characteristics - General

(Vee=3.3V, Ta=25°C unless otherwise specified)
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Electrical Characteristics - General

Symbol Parameter Test Conditions Min Typ Max Units
FrrLs Low band frequency 2.402 2.482
range
- GHz
Frens High band frequency 5.15 5.85
range
Low Band 20 40
CHBW Channel bandwidth MHz
High Band 20 80
VCC Supply voltage 3 3.3 3.6
Vhi Control pin logic levels High VCC- | oo | VECH vV
(Co, C1, ENABLE,CBT, 0.2 0.2
Viow BANDSEL) Low 0 0 0.4
ENABLE pin low, all control pins
IsLeepP Sleep mode current draw except CBT low, CBT in any state. 50 N
3}
Istandby Standby current In any Rx bypass state. 50
Control pin current for all control pins
lcrTL Control pin current except CBT. Current is measured with 5
logic high applied to pin. HA
. BT control pin current consumption
lceT CBT control pin current with logic high applied to pin. 5
Difference between edge of ENABLE
At Sleep to Rx switching control pin transition and time when Rx 500 ns
SLEEP time output has settled to within 90% of its
final power.
At Difference between edge of control pin
At"”PA Rx toTx switching time transition and time when Tx output has 500
offPA settled to within 90% of its final power.
ns
At Difference between edge of control pin
At°"LNA' Tx to Rx switching time transition and time when Rx output has 1000
offLNA settled to within 90% of its final power.
Difference between edge of control pin
. N transition and time when Ant/Rx output
At Rx gain switching time has settled to within 90% of its final 500 ns
power.
Operating temperature .
Toper Case temperature -40 85 C

range




Electrical Characteristics - Detector

(Vee=3.3V, Ta=25°C unless otherwise specified)
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Electrical Characteristics - Detector

Symbol Parameter Test Conditions Min Typ Max Units
Power detector range: Mode = TXG
PDraNGE- Low band ge- Power range over which PDsens 7 22
LB requirements are met in low band.
Mode = TXA dem
) ode =
PDrance- E'?V\r/]etr):r%ector range- Power range over which PDsgns 7 21
He 9 requirements are met in high band.
Power detector VpeT-rRMs SeNsitivity. Sensitivity to be
PDsens sensitivity measured during first 16us of preamble. 5 150 mv/dB
Power detector
PDvarF variation over +1
frequency
Variation in output power required to
Poyve_r detector maintain a constant Vper-rms Output
PDvaryvt | variation over supply, voltage +2 dB
and temperature Power range, LB = 10-22dBm
Power detector Power range, HB = 10-21dBm
PDvar,gw | variation over channel +0.75
bandwidth
Detector voltage (RMS) | Mode = TXG
220 mV
VoeT. — low band No RF Input
NORF Detector voltage (RMS) | Mode = TXA
— high band No RF Input 220 mv
Mode = TXG
Detector voltage (Peak) | Pour =22 dBm
— low band Peak voltage at DET pin 1000 mv
VDET- Measured in first 16pus of preamble.
PEAK Mode = TXA
Detector voltage (Peak) | Pout =21dBm 925 mv
— high band Peak voltage at DET pin
Measured in first 16pus of preamble.
Zoer Detector output 295 KO

impedance
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Electrical Characteristics — Transmit Low-Band

Electrical Characteristics — Transmit Low-Band
(Vee=3.3V, Ta=25°C unless otherwise specified)

Symbol Parameter Test Conditions Min Typ Max Units
Sllrxe Input return loss At TXG port with low-band PA enabled 10
S227xc Output return loss At ANT port with low-band PA enabled 8
. Small signal gain in operating frequency
S21rxe Power gain band. 29 dB
Over single 40MHz-channel 1
AS21rxe | Power gain variation at 2422, 2462MHz.
Over entire Frrie 2
802.11ac, VHT40, MCS9 16
) Dynamic EVM < -34 dB
Puin, TxG Linear output power dBm
802.11n, HT40, MCS7 18
Dynamic EVM < -30dB
Spectral emission .
Pwmask, TG mask power 802.11b, 1 Mbps, Root Cosine 21 dBm
2"4 Harmonic PSD 802.11b, 1Mbps
Proamxe | power PSD < -48dBm/MHz 21 dBm
34 Harmonic PSD 802.11b, 1Mbps
Proatxe | oower PSD < -48dBm/MHz 21 dBm
802.11ac, VHT40, MCS9 185
) Pour = 15dBm
lccxe Operating current
802.11b, 1Mbps 240 mA
Pour = 20dBm
lcq,Txa Quiescent current No RF input. PA enabled 150
Pinmax,TXG !\I_/I)z?érgmm RF drive at Continuous into 6:1 VSWR at Ant port. 0 dBm
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Electrical Characteristics — Receive Low-Band

Electrical Characteristics — Receive Low-Band
(Vee=3.3V, Ta=25°C unless otherwise specified)

Symbol Parameter Test Conditions Min Typ Max Units
At ANT port for all low-band Rx gain
S1lrxc Input return loss states 10 .
B
S22rxe Output return loss At RXG port for all low-band Rx gain 10
states
Control Logic C1 Co
LNA Enabled Low Low 12
S21rxc Power gain LNA Bypassed Low High 3 dB
Low Attenuation
LNA Bypassed High Low 9
High Attenuation
Change in gain between high and low
Gsterrxc | Gain step gain state. 21 dB
High Gain [C1, CO] =[L,L]
Bypass, Max Atten. [C1, CO]=[H,L]
Over single 40MHz channel 1
AS21rxc | Power gain variation at 2422 and 2462MHz dB
Over entire FrrLs 2
o Control Logic C1 Co
NFrxc Noise figure 3 dB
LNA Enabled Low Low
At ANT port with LNA enabled.
Pin = -15 dBm (Total power) 7
; 10MHz Tone spacing
11P3rxc :nput Thlrg Qrder dBm
ntercept Point At ANT port with LNA bypassed.
Measured with O dBm input power (total) 30
and 10MHz tone spacing.
lccrxa Operating current LNA enabled 9 mA
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Electrical Characteristics — Bluetooth

Electrical Characteristics — Bluetooth
(Vee=3.3V, Ta=25°C unless otherwise specified)

Symbol Parameter Test Conditions Min Typ Max Units
SlleT Input return loss At ANT port for CBT high 8
S22gT Output return loss At BT port for CBT high 10
S21sT Insertion loss ANT port to BT port with CBT high 2.2 ®
AS21s7 | Insertion loss variation | Over entire FrrLs +0.25




Electrical Characteristics — Transmit High-Band

(Vee=3.3V, Ta=25°C unless otherwise specified)
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Electrical Characteristics — Transmit High-Band

Symbol Parameter Test Conditions Min Typ | Max | Units

S1lrxa Input return loss At TXA port with high-band PA enabled 10

S2271xaA Output return loss At ANT port with high-band PA enabled 8

S21txa Power gain Small signal gain in operating frequency band. 27 dB
Over single 80MHz-channel 1

AS211xa Power gain variation | &t5-21,5.53 and 5.775 GHz
Over entire FreLs 2
802.11ac, VHT80, MCS9 16

] Dynamic EVM < -34 dB

PLINTXA Linear output power dBm
802.11n, HT40, MCS7 18
Dynamic EVM < -30dB

Spectral emission
Pmask,Txa mask power 802.11ac, VHT20, MCSO 20 dBm
2" Harmonic PSD 802.11ac, VHT20, MCSO0
Proa™xa | oower PSD < -48dBm/MHz 20 dBm
P 3 Harmonic PSD 802.11ac, VHT20, MCSO 20 dBm
HD3, TXA power PSD < -48dBm/MHz
802.11ac, VHT80, MCS9 210
) Pour =15 dBm

lcctxa Operating current
802.11ac, VHT20, MCS9 290 mA
Pour =19 dBm

lccq,txa Quiescent current No RF input. PA enabled. 120

PinMAXTXA !\I'A)?X";il;m REdrive at | .0 inuous into 6:1 VSWR at Ant port 0 dBm

10
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Electrical Characteristics — Receive High-Band

Electrical Characteristics — Receive High-Band

(Vee=3.3V, Ta=25°C unless otherwise specified)

Symbol Parameter Test Conditions Min Typ Max Units
At ANT port for all high-band Rx gain
S11rxa Input return loss states 9
S22rxa Output return loss At RXA port for all high-band Rx gain 10
states
Control Logic C1 Co
LNA Enabled Low Low 11
S21rxa | Power gain LNA Bypassed Low  High 4
Low Attenuation dB
LNA Bypassed High Low 7
High Attenuation
Change in gain between high and low
. gain state.
Gsterrxa | Gain step High Gain [C1, COJ = [L.L] 18
Bypass, Max Atten.  [C1, CO] = [H,L]
Over single 80MHz channel 1
AS21rxa | Power gain variation :
Over entire FrrHe 2.6
Control Logic C1 Co
NFrxa Noise figure 3.3 dB
LNA Enabled Low Low
At ANT port with LNA enabled.
Pin = -15 dBm (Total power) 7
; 10MHz Tone spacing
1P 3rxa :nput Thlrg Qrder dBm
ntercept Point At ANT port with LNA bypassed.
Pin = 0 dBm (Total power) 28
10MHz Tone spacing
lcc,rxa Operating current LNA enabled 11 mA

11




Functional State Table
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Functional State Table

BéA‘ENLD C1 Cco CBT ENABLE | Mode Name State
Low band Rx mode
0 0 0 0 1 RXG-HG LNA in high gain state.
Low band Rx mode
0 0 1 0 1 RXG-BP1 LNA bypassed
Minimum attenuation
Low band Rx mode
0 1 0 0 1 RXG-BP2 LNA bypassed
Maximum attenuation
Low band Tx mode
0 ! ! 0 ! TXG PA enabled
Bluetooth mode
0 X X 1 1 BT All low band Rx and Tx functions are
disabled.
High band Rx mode
1 0 0 0 1 RXA-HG | | NAin high gain state.
High band Rx mode
1 0 1 0 1 RXA-BP1 LNA bypassed
Minimum attenuation.
High band Rx mode
1 1 0 0 1 RXA-BP2 LNA bypassed
Maximum attenuation
High band Tx mode
L ! ! 0 ! TXA PA enabled
Concurrent high band + BT mode
1 0/1 o/1 1 1 BT-HB High ban(_j RF path operates according to CO
& C1 settings.
Low band RF path in BT mode.
Standby / Sleep with BT mode.
X X X 1 0 BT-SLEEP | g1 R path enabled.
Standby / Sleep mode
X X X 0 0 SLEEP State of RF switches are undefined.
Notes:

X=Don’t care; control pin can be either logic LOW or HIGH
All control inputs must be driven to either logic LOW or HIGH. Proper operation is not guaranteed if any control pin is

left floating or in a HI-Z condition.

Pull-down resistors >1MQ are present on BANDSEL, ENABLE, CO, and C1 control pin inputs, but should not be

relied on for proper operation.

12
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Package Outline Dimensions

Package Outline Dimensions
The package is halogen free and meets RoHS2 and REACH standards.

DIM Millimeters
MIN TYP MAX
DR S - Do A 0.8 0.9 1.0
© T UUUuUuuguuy Al 0.00 0.02 0.05

) /—h d A3 0.20 Ref
E - 2 = b 0.15 0.20 0.25
L g L g L D 3.95 4.00 4.05
bhnannan v E 2.95 3.00 3.05
i ﬂ <K e ﬂ <b 5 e 0.35 0.40 0.45
D2 2.55 2.70 2.80
v A E2 1.55 1.70 1.80
Alj tA3 ! 0.20 N/A N/A
L 0.25 0.35 0.40
Figure 3 - 28 Pin QFN Package Dimensions
PCB Metal and Via Holes PCB Solder Stencil

0.40 Pitch—»| |- 0.20 > e

Pad Detail ! :'( —

0.6 F S et 7””74»—7?$

F2 | —
— 3 o200 :

g 2 0000000 o

Thermal —» «—1.20
Vias

Package
Outline

Notes:

1. All dimensions are in millimeters.

2. Unless specified dimensions are symmetrical about center lines.

3. OSP or NiAu planar surface finish recommended.

4. Non-Solder Mask Defined (NSMD) pads recommended for terminal pads.

5. Recommended tented thermal vias as shown with vias filled with solder.

6. Stencil thickness < 0.15mm.

7. Aperture design for thermal pads using multiple openings with 60 to 80% solder paste coverage.

Figure 4 - PCB Layout Footprint (Top View)

13



Evaluation Board Schematic
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Evaluation Board Schematic

c1 €O ENABLE CBT  BANDSEL vee
1uF | 10uF
0.1uF
‘\‘4{ °
100pF
P 10pF
“‘ b “‘4‘ r_« Bluetooth
[a) Q =) = — =
™G . z £ g = ° 2
XG co
N 71 6ND TS FTi
8 GND NC £ B
RXG 10pF
(o) 9 | rxG ENABLE|Z 4 ,,]
- 10} np LX5591 vecl o o Py
RYXA 100pF 0.1uF
o 11 Rxa 6N |23
= L L ANT
12| 6N ANT |22 (o)
13} Gnp e [He B
XA B
Q 14] 1y a 2 w120l o
[=)
L zZ 8 5 % 8 10pF
- (U] > [=) o >
g e o 3 = vee
I DNI
= 100pF | _[0.uF| | 10pF 00hm Detector
__|10pF

Notes :

1. Place all bypass caps close to pins.
2. DNI - Do Not Install. Prepare the place holder.
3. BT, RXG, and RXA pins are internally DC blocked with a series capacitor.
If an external DC voltage is applied to these pins, the RF signal may be distorted
because the combination of DC+RF signal can trigger the ESD diodes on these pins.
If any significant external DC voltage is applied to these pins, external blocking
capacitors may be required.
4. TXG and TXA pins are shorted to GND through internal inductors.DC blocking
capacitors will be required if an external DC voltage is applied to these pins.

Figure 5 - Evaluation Board Schematic

14
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Microsemi Corporate Headquarters
One Enterprise, Aliso Viejo,
CA 92656 USA

Within the USA: +1 (800) 713-4113
Outside the USA: +1 (949) 380-6100
Sales: +1 (949) 380-6136

Fax: +1 (949) 215-4996

E-mail: sales.support@microsemi.com

© 2017 Microsemi Corporation. All
rights reserved. Microsemi and the
Microsemi logo are trademarks of
Microsemi  Corporation. All  other
trademarks and service marks are the
property of their respective owners.
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Microsemi Corporation (Nasdaq: MSCC) offers a comprehensive portfolio of semiconductor
and system solutions for communications, defense & security, aerospace and industrial
markets. Products include high-performance and radiation-hardened analog mixed-signal
integrated circuits, FPGAs, SoCs and ASICs; power management products; timing and
synchronization devices and precise time solutions, setting the world’s standard for time; voice
processing devices; RF solutions; discrete components; security technologies and scalable
anti-tamper products; Power-over-Ethernet ICs and midspans; as well as custom design
capabilities and services. Microsemi is headquartered in Aliso Viejo, Calif., and has
approximately 3,400 employees globally. Learn more at www.microsemi.com.

Microsemi makes no warranty, representation, or guarantee regarding the information contained herein or
the suitability of its products and services for any particular purpose, nor does Microsemi assume any
liability whatsoever arising out of the application or use of any product or circuit. The products sold
hereunder and any other products sold by Microsemi have been subject to limited testing and should not
be used in conjunction with mission-critical equipment or applications. Any performance specifications are
believed to be reliable but are not verified, and Buyer must conduct and complete all performance and
other testing of the products, alone and together with, or installed in, any end-products. Buyer shall not
rely on any data and performance specifications or parameters provided by Microsemi. It is the Buyer's
responsibility to independently determine suitability of any products and to test and verify the same. The
information provided by Microsemi hereunder is provided “as is, where is” and with all faults, and the
entire risk associated with such information is entirely with the Buyer. Microsemi does not grant, explicitly
or implicitly, to any party any patent rights, licenses, or any other IP rights, whether with regard to such
information itself or anything described by such information. Information provided in this document is
proprietary to Microsemi, and Microsemi reserves the right to make any changes to the information in this
document or to any products and services at any time without notice.
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