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General Description

The QPA9501 is high power amplifier module containing an
internally matched 3-stage PA, compensated DC biasing
circuit and output power detector. This PA module is
optimized for the WiFi bands from 5.1-5.9GHz and hence
well suited for LTE-U/LAA applications. It provides high
gain (32dB) and -47dBc ACLR at Pout of 22dBm with a
20MHz LTE signal without any DPD.

The QPA9501 features chipset logic compatible control
voltages and buffered PA enable pin (PAEN) all of which
draw very low current to facilitate ease of use and
compatibility with current and future transceiver
generations. With its optimized power dissipation, this
amplifier module is well suited for implementation into next
generation MIMO configurations and well designed to work
with or without digital pre-distortion (DPD).

The QPA9501 is assembled in a small footprint 4.0 x 4.0 x
0.85 mm 20-pin QFN package.

Functional Block Diagram

Pin 1 Reference Mark

QPA9501

3-Stage LTE-U/LAA Power Amplifier

4 x4 mm 20-pin Leadless QFN Package

Product Features

e 4.9 GHz to 5.9 GHz Operational Bandwidth

o Fully Integrated Power Amplifier Module With Power
Detector

¢ Internally Matched Input/ Output

e -47dBc ACLR with Pout = 22dBm avg

e Temperature Compensated Bias Network

¢ High Gain=32dB

o Integrated CMOS Compatible Logic and Shutdown
e Supply Voltage: +3.3Vto +5.0 V

o Leadless 4.0x4.0x0.85 mm Pb-Free QFN Package

Applications

e 5G, Pre-5G Small Cell BTS
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° Ordering Information
Top View
Part No. Description
QPA9501TR13 2,500 pieces on a 13” reel (standard)
QPA9501PCB401 Evaluation Board
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Absolute Maximum Ratings

QPA9501

3-Stage LTE-U/LAA Power Amplifier

Recommended Operating Conditions

Parameter Rating Parameter Min  Typ
Storage Temperature -40to 150°C Vccea, Veez, Vees +3.15 +5
RF Input Power, CW, 50 Q, T = 25°C +5 dBm Tawvs -40 25
Device Voltage +6.0 V Tj (for>10° hours MTTF)

Exceeding any one or a combination of the Absolute Maximum Rating
conditions may cause permanent damage to the device. Extended

application of Absolute Maximum Rating conditions to the device may conditions.

reduce device reliability.

Electrical Specifications

Max  Units
+5.5 \%

+105 °C
170 °C

Electrical specifications are measured at specified test conditions.
Specifications are not guaranteed over all recommended operating

Parameter
Operational Freq. Range

Small Signal Gain

Input Return Loss
Output Return Loss

Power Added Efficiency @

ACLR @

P1dB

Noise Figure
Rise/Fall Time

PA Enable Voltage

PA Enable Current
Icq

Icc
TX Shut Down Current

Detector Voltage

Stability

Thermal Resistance, 6jc

Notes:

Conditions® Min Typ Max
4900 5900
4900 MHz 33.6
5200 MHz 30 34 36
5800 MHz 295 32 36
5800 MHz 10
8
4900 MHz 6.0
5200 MHz 5.5 6.2
5800 MHz 5.5 6.5
4900 MHz -46
5200 MHz -47 -45
5800 MHz -48 -45
4900 MHz +31.1
5200 MHz +29.5 +31.8
5800 MHz +29.5 +33
7
0.4 0.8
Input Voltage for High State +1.8 +3.0 Vce1
Input Voltage for Low State 0 +0.45
100
Total current with no RF 250 350 450
Operating current with Pout = 22dBm 450 520 650
PA_EN= Low, No RF 8
No RF +0.25 +0.35 +0.38
Pout = +22 dBm +0.68
Pout = +28 dBm, All non-harmonically related
VSWR = 6:1, all phases outputs < -50 dBc/100 kHz
Junction to backside paddle 17

1. Test conditions unless otherwise noted: Vcci1=Vceo=Vees =+5.0 V, PA Enable High = 3.0 V. Temp. =+25°C
2. Pout =22dBm average, 20MHz LTE, PAR 9.5dB

Units
MHz
dB
dB
dB
dB
dB
%
%
%
dBc
dBc
dBc
dBm
dBm
dBm
dB
us

MA
mA
mA
MA

°C/IW
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Timing Diagram

Transmit Timing Diagram
RF/DC Power On/Off Sequence

PA-EN
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Notes: DC and RF signal levels per data sheet specification.
Observe the timing sequence shown in the diagram above and described below.

e Apply Vcc prior to turning on or pulsing PA enable.
*  Turn off PA enable prior to turning off Vcc.

* Turnon PA enable prior to applying RF signal.
¢ Turn off RF signal prior to turning off PA enable.

Logic Truth Table

PA Mode PA_EN
Disabled Low
Enabled High
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Evaluation Board

QPA9501

3-Stage LTE-U/LAA Power Amplifier
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Bill of Material — QPA9501PCB401
Reference Des. Value Description Manuf. Part Number
n/a n/a Printed Circuit Board Qorvo 1099541
Ul n/a High Power 5GHz PA Qorvo QPA9501
R2, R8, R3 0Q Resistor, Chip, 0402, 5% various
C1 10 pF Capacitor, Chip, 0402, 5% various
C6, C7 0.1 uF | Capacitor, Chip, 0402, 10% various
C8, C11 10 uF | Capacitor, Chip, 0402, 10% various
C9, C10, C2 220 pF | Capacitor, Chip, 0402, 10% various
R7 @ 0to 27 Q | Resistor, Chip, 0402, 5%, 1/10W various
R5, R6 @ 20 Resistor, Chip, 0402, 5%, 1/16W various
R4 27.4 KQ | Resistor, Chip, 0402, 5%, 1/16W various
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Performance Plots
Vee1=Vec2=Veez =+5.0 V, PA_EN = +3.0V, Temp. =+25°C
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Pin Configuration and Description

QPA9501

3-Stage LTE-U/LAA Power Amplifier

Pin 1 Reference Mark

NC

GND

RFIN

GND

PA_EN

E Veel
H GND
H GND

g 8
s S
o
l | GND
L—— DCBiasing/ |
Control Circuit GND
[3 Hi- i 13| [RFOUT
E GND
_ — GND
[s] [7] [s] [xo]
g T &

O
el P 5 c
8
Pin No. Label Description
1 NC No internal connection. This pin can be grounded or N/C on PCB.
2 GND Ground
3 RF_IN RF Input
4 GND Ground
5 PA_EN PA Enable
6 NC No internal connection. This pin can be grounded or N/C on PCB.
7 DET_ALT | Alternate Detector Output
8 NC No internal connection. This pin can be grounded or N/C on PCB.
9 VCC3 Supply voltage for third stage PA
10 DET Detector Output
11 GND Ground
12 GND Ground
13 RF_OUT RF Output
14 GND Ground
15 GND Ground
16 GND Ground
17 GND Ground
18 VCC3 Supply voltage for third stage PA
19 VCC2 Supply voltage for second stage PA
20 VCC1 Supply voltage for first stage PA
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Package Marking and Dimensions

QPA9501

3-Stage LTE-U/LAA Power Amplifier
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Notes:
1. All dimensions are in millimeters.
PCB Mounting Pattern
4.40
25><A 270 500 350 500 250
.25 .800 700
F‘,ﬂﬂ,ﬂ | [ L1
LU JUoUd
700 L | ] 0 1
' ] ] (- (-
4.400 [g E] 2.700 4500 [ ] [ 1] 2500 4.400 (- PR—
2007 H 508 L ] 200 0 0 100
- : ] [ ] - [—!
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I I W AN I I R |
508 PACKAGE 2.500 PACKAGE -200 PACKAGE
500 OUTLINE 4500 OUTLINE 1.00 OUTLINE
BOARD METAL & VIA PATTERN SOLDER MASK STENCIL APERATURE
TOP VIEW TOP VIEW TOP VIEW (NOTE 4)
Notes:

1. All dimensions are in millimeters. Angles are in degrees.
2. Use 1 oz. copper minimum for top and bottom layer metal.
3. Via holes are required under the backside paddle of this device for proper RF/DC grounding and thermal dissipation. We
recommend a 0.35mm (#80/.0135") diameter bit for drilling via holes and a final plated thru diameter of 0.25 mm (0.01”").
4. Ensure good package backside paddle solder attach for reliable operation and best electrical performance.
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Tape and Reel Information — Carrier and Cover Tape Dimensions

QPA9501

3-Stage LTE-U/LAA Power Amplifier

@ 1.5 40.,1/-0,0
B 00
2.00 +.05 SEE HOTE 3 1— 1,50 MIN
4,00 SEE NOTE 1 175 i n
0,30 £.05 ——H—k
f é (
- [ & & EB e D D E
R 0.3 Max \ . ~
- I SEE NI]TE 3
I Hf ?{ 7 M
P i
T / | ¢ ‘ 2. u +3
SR L NOTES:
fg I, 10 SPRICKET HILE PITCH UMULATIVE TOLERAMCE £0.2
2. CAMBER TN CONPLIANCE WITH EIA 481
3. POOKET POSITION RELATIVE TO SPROCKET HILE MEASLRED
o= 439 43 TRUE POSITION OF POCKET, NOT POCKET HOLE
SECTION A - A - 45 4. Ao MO Bo ARE CACULATED [N A PLARE AT A DISTANEE "R
SR A ko= 130 ABVE THE BOTIOH OF THE POCKET,
Feature Measure Symbol Size (in) Size (mm)
Length A0 0.171 4.35
. Width BO 0.171 4.35
Cavity
Depth KO 0.051 1.30
Pitch P1 0.315 8.00
. . Cavity to Perforation - Length Direction P2 0.079 2.00
Centerline Distance - - - - -
Cavity to Perforation - Width Direction F 0.217 5.50
Cover Tape Width C 0.362 9.20
Carrier Tape Width \W 0.472 12.0
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3-Stage LTE-U/LAA Power Amplifier

Tape and Reel Information — Reel Dimensions
Standard T/R size = 2,500 pieces on a 13” reel.

___ FORTAPE START.
[ 25MIN.WIDTH

| 10 MIN DEPTH

TAPE SLOT IN CORE 4—‘ |

W1
MEASURED AT HUB

A i
| |-
: . B MEASIJRE\“‘I’]E AT HUB
(ARBO(F:R HOLE —
i DIAMETER)
Feature Measure Symbol Size (in) Size (mm)
Diameter A 12.992 330.00
Flange Thickness w2 0.717 18.20
Space Between Flange w1 0.504 12.80
Outer Diameter N 4.016 102.00
Hub Arbor Hole Diameter C 0.512 13.00
Key Slit Width B 0.079 2.00
Key Slit Diameter D 0.787 20.00

Tape and Reel Information — Tape Length and Label Placement

LEADER SECTION
= MIN400 mm

TRAILER SECTION COMPONENT
rﬁ MIN160 mm 4’1‘ SECTION ™
| «

|

Notes:

1. Empty part cavities at the trailing and leading ends are sealed with cover tape. See EIA 481-1-A.
2. Labels are placed on the flange opposite the sprockets in the carrier tape.
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Handling Precautions

Parameter Rating Standard
ESD — Human Body Model (HBM) Class 1C | ESDA/JEDEC JS-001-2012 ‘ Caution!
ESD - Charged Device Model (CDM) | Class C3 | JEDEC JESD22-C101F ‘SEI ESD-Sensitive Device
MSL —Moisture Sensitivity Level Level 1 IPC/JEDEC J-STD-020

Solderability

Compatible with both lead-free (260°C max. reflow temp.) and tin/lead (245°C max. reflow temp.) soldering processes.
Solder profiles available upon request.

Contact plating: NiPdAu

RoHS Compliance

This part is compliant with the 2011/65/EU RoHS directive (Restrictions on the Use of Certain Hazardous Substances in Electrical and
Electronic Equipment), as amended by Directive 2015/863/EU. This product also has the following attributes:

Lead Free

Halogen Free (Chlorine, Bromine)
Antimony Free

TBBP-A (C15H12Br402) Free
PFOS Free

SVHC Free

Qorvo Green

Contact Information

For the latest specifications, additional product information, worldwide sales and distribution locations:

Web: www.gorvo.com
Tel: 1-844-890-8163

Email: customer.support@qorvo.com

Important Notice

The information contained herein is believed to be reliable; however, Qorvo makes no warranties regarding the information contained
herein and assumes no responsibility or liability whatsoever for the use of the information contained herein. All information contained
herein is subject to change without notice. Customers should obtain and verify the latest relevant information before placing orders for
Qorvo products. The information contained herein or any use of such information does not grant, explicitly or implicitly, to any party any
patent rights, licenses, or any other intellectual property rights, whether with regard to such information itself or anything described by
such information. THIS INFORMATION DOES NOT CONSTITUTE A WARRANTY WITH RESPECT TO THE PRODUCTS DESCRIBED
HEREIN, AND QORVO HEREBY DISCLAIMS ANY AND ALL WARRANTIES WITH RESPECT TO SUCH PRODUCTS WHETHER
EXPRESS OR IMPLIED BY LAW, COURSE OF DEALING, COURSE OF PERFORMANCE, USAGE OF TRADE OR OTHERWISE,
INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

Without limiting the generality of the foregoing, Qorvo products are not warranted or authorized for use as critical components in medical,
life-saving, or life-sustaining applications, or other applications where a failure would reasonably be expected to cause severe personal
injury or death.

Copyright 2019 © Qorvo, Inc. | Qorvo is a registered trademark of Qorvo, Inc.
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CraHpapT
INeKTpPOoH
ﬂ CBAA3b

Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .

OcyuwiectBndem nNOCTaBKM NpoOAYKUMM nog, KoHTponem Bl MO PO Ha
npeanpuATUA BOEHHO-NPOMbIWIEHHOTO KoMnaekca Poccuun , a TakKe paboTtaem B
pamkax 275 ®3 c OTKpbITUEM OTAE/bHbIX CHETOB B YNONHOMOYEHHOM BaHKe. Cuctema
MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.

MWHUMaNbHbIE  CPOKM  MNOCTAaBKW, TMOKME  UeHbl, HeorpaHWYeHHbIN
aCCOPTUMEHT UM WHAMBMAYANbHbLIN MNOAXOA K KAMEHTaM ABAAIOTCA OCHOBOW ANA
BbICTPAMBaHMA A0FOCPOYHOIO M 3GPEKTUBHOIO COTPYAHMYECTBA C NPEeANPUATUAMM
PaANO3NEKTPOHHOMW NPOMBIWAEHHOCTU, NPEeanPUATUAMM BMNK u HayuHo-
nccnenoBaTeNbCKUMKU MHCTUTYTaMm Poccun.

C Hamu Bbl CTAaHOBMUTECH elle ycnewHee!

[HaLLIM KOHTAKTbI: \

TenedoH: +7 812 627 14 35

dNeKTpPOHHaA nouTa: sales@st-electron.ru

Appec: 198099, CaHkT-MNeTepbypr,
MpomblwneHHasa yn, gom Ne 19, nutepa H,
nometleHune 100-H Oduc 331
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