RFMD &) FPM21500QFN

rfmd.com LOW-NOISE HIGH-LINEARITY BALANCED
AMPLIFIER MODULE

Package: 4mmx4mm QFN

[P 4

Product Description Features
The FPM21500QFN is a packaged pair of transistors (pHEMT) specifically = Balanced Low Noise Amplifier
optimized for balanced configuration systems. Our 0.25um process Module
ensures class-leading noise performance. The use of a small footprint Excellent Noise figure:
plastic package allows for a cost effective total system implementation. 0.45dB at 900 MHz ’
= Combined IP3: 38dBm
(100mA)
= Combined P1dB: 29dBm
Optimum Technology (100mA)
Matching® Applied = Small footprint: 4mm x 4mm
Sk fI2 x 0.9mm QFN
lc;aGA:P'\:;FET = RoHS Compliant: (Directive
- 2002/95/EC)
SiGe BiCMOS
S1 BICMOS Applications
SiGe HBT
v’ Gahs pHEMT = Wireless Infrastructure:
Si CMOS Tower-Mounted Amplifiers
SaT and Front End LNAs for
GaN HEMT EGSM/PCS/WCDMA/UMTS
° Base Stationx
InP HBT . .
RF MEMS = High Intercept-Point LNAs
LDMOS

Typical Performance

RF Parameter Condition

0.9GHz 1.85GHz 2.6GHz

OP44p at Gain Compression 29 Vps=4V, Ipg=100mA
Small-Signal Gain (SSG) 18 16.5 14 dB Vps=4V, Ipg=100mA
PAE 50 45 45 % Vps=4V, Ipg=100mA, Poyr=P414g
Maximum Stable Gain (]S21/S12]) 24 20 18 dB Vps=4V, Ipg=100mA
Noise Figure (NF) 0.55 0.65 0.7 dB Vps=4V, Ipg=100mA
0.45 dB Vps=3V, Ipg=70mA
OlIP3 (15dB to 5dB below Py 4g) 37 38 38 dBm Vps=4V, Ipg=100mA
34 38 38 dBm Vpg=3V, Ipg=70mA, POUT=12dBm per tone

*Note: Based on measured data taken on applications circuits. Taygient=22°C.

Electrical Specification

RF/DC Parameter Min. VD, Max. Condition
Frequency 2.0 GHz
OP44p at Gain Compression 25 26 dBm Vps=4.5V, Ipg=120mA
Small-Signal Gain (SSG) 14 15 dB Vps=4.5V, Ipg=120mA
Saturated Drain-Source Current (Ipgs) 375 465 550 mA Vps=1.3V, Vgs=0V
Transconductance (GM) 400 ms Vps=1.3V, Vgg=0V
Pinch-Off Voltage (Vp) [0.7] |11.0] 11.3] v Vps=1.3V, Ipg=1.5mA
Gate-Source Breakdown Vitg (Vgpgs) [12] |16] \Y lgs=1.5mA
Gate-Drain Breakdown VItg (Vgpgp) 112] 118] \ Ips=1.5mA
Thermal Resistivity (8JC) * 60 °C/W 1W dissipation, case temperature 22°C

*Note: All devices are 100% RF and DC tested at 2.0GHz (unmatched into 50Q). Tapmgient=22°C.

RF MICRO DEVICES®, RFMD®, Optimum Technology Matching®, Enabling Wireless Connectivity™, PowerStar®, POLARIS™ TOTAL RADIO™ and UltimateBlue™ are trademarks of RFMD, LLC. BLUETOOTH is a trade-
mark owned by Bluetooth SIG, Inc., U.S.A. and licensed for use by RFMD. All other trade names, trademarks and registered trademarks are the property of their respective owners. ©2006, RF Micro Devices, Inc.
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Absolute Maximum Ratings1
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A\

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

Caution! ESD sensitive device.

Rating conditions to the device may reduce device reliability. Specified typical perfor-
mance or functional operation of the device under Absolute Maximum Rating condi-
tions is not implied.

RoHS status based on EUDirective 2002/95/EC (at time of this document revision).

The information in this publication is believed to be accurate and reliable. However, no

responsibility is assumed by RF Micro Devices, Inc. ("RFMD") for its use, nor for any
infringement of patents, or other rights of third parties, resulting from its use. No
license is granted by implication or otherwise under any patent or patent rights of
RFMD. RFMD reserves the right to change component circuitry, recommended appli-

cation circuitry and specifications at any time without prior notice.

Parameter Rating Unit
Drain-Source Voltage (Vps) 6 \"
Gate-Source Voltage (Vgs) -3 \%
Drain-Source Current (Ipg) (Vpg<2V) Ipss
Gate Current (Ig) (Forward or reverse) 15 mA
RF Input Power (PlN)2 350 mw
(Under any acceptable bias state)

Channel Operating Temperature (Tgy) 175 °C
(Under any acceptable bias state)

Storage Temperature (Tgrg) -55 to 150 °C
(Non-Operating Storage)

Total Power Dissipation (Pron)® 4 ° 22 w

Gain Compression 5 dB

(Under bias conditions)

Notes: 1TAMB|ENT=22 °C unless otherwise noted; exceeding any one of these abso-

lute maximum ratings may cause permanent damage to the device.

2Max. RF input limit must be further limited if input VSWR>2.5:1.

3Users should avoid exceeding 80% of 2 or more Limits simultaneously.

4Total Power Dissipation (Pro7) defined as (Ppg+P)y) - Pour where Ppc: DC Bias
Power, P\y: RF Input Power, Poyr: RF Output Power.

Total Power Dissipation to be de-rated as follows above 22 °C:
Pror=(150-Tcasg)/ 0JC, where Tepse=temperature of the thermal pad on the
underside of the package.

6JC increases linearly from 60 °C/W at a Tgagg 0f 22 °C to 81 °C/W at a Teagg of
145 °C. (Coefficient of de-rating formula is Thermal Conductivity.)

Information on the mounting of QFN-style packages for optimum thermal perfor-
mance is available on request.

Biasing Guidelines
Active bias circuits provide good performance stabilization over variations of operating temperature, but require a larger num-
ber of components compared to self-biased or dual-biased circuits. Such circuits should include provisions to ensure that gate
bias is applied before drain bias, otherwise the pHEMT may be induced to self-oscillate. Contact your Sales Representative for

additional information.

Dual-bias circuits are relatively simple to implement, but will require a regulated negative voltage supply for depletion-mode

devices used in the FPM21500QFN.

For standard Class A operation, a 50% Ipgg bias point is recommended. A small amount of RF gain expansion prior to the onset
of compression is hormal for this operating point. Class A/B bias of 25% to 33% offers an optimized solution for NF and OIP3.

Typical I-V Characteristics

DC V Curves FPD1500S0T89

Note: The recommended method for measuring Ipgs, or any partic-
ular Ipg, is to set the Drain-Source voltage (Vpg) to 1.3V. This mea-

surement point avoids the onset of spurious self-oscillation which
would normally distort the current measurement (this effect has
been filtered from the |-V curves presented here). Setting the
Vps>1.3V will generally cause errors in the current measure-

ments, even in stabilized circuits.
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FPM21500QFN

Reference Design (700 MHz to 950 MIHz)

" FPM21500QFN 900MHz Evaluation Board Parameter Typ. Unit
20 Frequency 900 MHz
15 [ b T
10 \ Gain 18 dB
5 {0.70288 GHz | (0.89846 GHz ]'— DB(S(1. 1)l Pidg 23 dBm
0 {18.39dB 18.34dB [+--D&(s2 211
- l 0lPg 34 dBm
w —DB(S(2. 1))
P - NF 0.45 dB
20| s11 -35 dB
.25 Lt e -
0 O I S A .l $22 28 dB
-35 .,.:‘ - L
o Vp 3
05 055 06 065 07 075 0.8 0.85 0.9 095 1 1.05 11 115 1.2 VG -0.4 10 -0.6
Frequency (GHz)
Io 70 mA

Note: OIP3 measured at P of 12dBm per tone.

o 'S RF OUT
o < quoo
e = W

Description

Comp:

C1&C2

Cap. 0603 0.5pF ATC B0DS

C3&C4

Cap. 0603 2.7pF ATC BDOS

33pF x & |Cap. 0603 ATC 6DOS

D1uF x 4 |Cap. 0805 ATCBOSX103KL2AT

1.0uF x 2 | SMD-B Tantollum x 2

L1 & L2 |Inductor LL1005—FH 8.2nH TOKO

L3 & L4 |Inductor LL1005—FH 10nH TOKQ

Lg & Ld |Inductor LL160B—FH 56nH TOKQ

a1 FPMZ2150DQFN

RT, R2

20 Ohm 0603 size Chip Resistor

R3,R4,R5RE1D0 Ohm 0603 size CHip Resistor x 4

Al & AZ |Angren XCO90DA-D3 Hybrid Coupler (900M

Hz)

P1 & P2

Edge mount RF Connector (Radial) R125 423.200

P3, P4,

PS5 P6 2-Pin Header.
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Typical Performance at 850 MHz
Power Transfer Characteristics FPM21500QFN OIP3 FPM21500QFN Noise Figure.
VDS =3V, IDS =70mA at f = 850MHz VDS =3V, IDS =70mA atf =850MHz Vds=3V, Id=70mA @ 850MHz
30.0 40.00
1
28.0
T 36.00 09
g 260 — e 0.8
= £ ~— 07 1 S
o 20 £3200 — o ~——
= =
E 20 22800 L 08
g 200 Z 04
.E' 18.0 / 24,00 03
O 160 02
/ 20.00 01
1.0 17 -15 -13 11 -9 7 0
5 3 1 1 3 5 7 9 1 Pin (dB. 750 770 790 810 830 850 870 890 910 930 950
Input Power (dBm) in (dBm) Frequency (MHz)
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Reference Design (1700 MHz to 2000 MHz)

FPM215000QFN measured Gain and Return Loss
20
10
]
-10
< 20
=30 I 1
= DB{I5{1. 11
40 ! (IS(1. 11
HAY — D852, 1)
-50 »
H ---DB{|S{2.2)1)
=60
08 1 1.2 14 18 1.8 2 22 24 28 28
Frequency (GHz)

Note: OIP3 measured at P of 12dBm per tone.

Parameter Typ. Unit
Frequency 1850 MHz
Gain 16.5 dB
P1idg 29 dBm
0lP5 38 dBm
NF 0.65 dB
S11 -30 dB
$22 20 dB
Vp 4
Vg -0.4t0-0.6
Ib 100 mA

00 o
>
o ™
O
\

Comp;

Description

C14C2

Cop. D603 O.7pF ATC 600S +(0.05pF Tal.

C3&C4

Cap. 0603 1.5pF ATC 8005 +0.1pF Tol.

33pF x 8

Cap. D603 ATC 6005

OTuF x 4

Cop. 0805 ATC&O5XT 03KLIAT

1.0uF x 2

SMD-B Tantallum x 2

&2

Inductar LLIO05-FH 1.5nH TOKG +0.3nH Tol.

L3 & L4

Inductar LL1005—-FH 2.2nH TOKE +0.3nH Tol.

lg & Ld

Inductor LL1608B—FH 22nH TOKD

a1

FPM21500QFN

R1, R2

20 Ohm 0B0J size Chip Resistor

R3,R4,R5,R6

100 Ohm 0603 size CHip Resistar x 4

Al & AZ

Anoren XC1900A-03 Hybrid Coupler (1800MHz)

P1 & P2

Edge mount RF Connector (Radial) R125423.200

P3, P4,
P5, P6

2-Pin Header.
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Typical Performance at 1.85GHz
Power Transfer Characteristics FPM21500QFN OIP3 over temp
VDS =4V, IDS =100mA at f =1.85GHz VDS =4V, IDS =100mA at f =1.85GHz
32.0 50.00
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g 283500 { = =
; 26.0 ;30.(:0
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E. 22.0 / 20.00 - - ‘ggg
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7 —_ =_40C 10.00 ] ]
18.0 ® e g 3 8 3 3 858 ¢ 5 3
1 3 5 7 9 n 13 15
Input Power (dBm) Pout (dBm)
FPM2750QFN Noise Figure over Temp. FPM21500QFN SSG variation over temp.
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FPM21500QFN Input Retirn Loss over Temp. FPM21500QFN Output Return Loss over Temp.
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Noise Parameters

Bias 4V, 100mA (Lower device) Bias 4V, 100mA (Upper device)

Freq N.F.min. Topt Rn/50 Freq N.F.min. TIopt Rn/50

(GHz) (dB) Mag. | Angle (GHz) (dB) Mag. | Angle

0.90 0.16 0.492 32.4 0.047 0.90 0.16 0.415 36 0.046
1.20 0.21 0.508 49.9 0.047 1.20 0.16 0.471 516 0.046
1.80 0.18 0.473 82.5 0.040 1.80 0.22 0.409 834 0.040
2.40 0.25 0.365 112.2 0.033 2.40 0.28 0.346 114.3 0.034
2.70 0.31 0.326 125.7 0.030 2.70 0.36 0.327 124.1 0.031
3.30 0.39 0.304 159.3 0.027 3.30 0.45 0.3 156.5 0.028
3.60 0.56 0.269 -178.2 0.036 3.60 0.42 0.277 173.3 0.035
4.50 0.55 0.41 -152.7 0.035 4.50 05 0.363 -161.8 0.033
5.10 0.62 0.502 -141.6 0.038 5.10 0.62 0.436 -140 0.042
5.70 0.68 0.56 -130.9 0.055 5.70 0.66 0.485 -124.8 0.063
Bias 3V, 50mA (Lower device) Bias 3V, 50mA (Upper device)

Freq N.F.min. T'opt Rn/50 Freq N.F.min. Topt Rn/50

(GHz) (dB) Mag. | Angle (GHz) (dB) Mag. | Angle

0.90 0.19 0.562 33.9 0.049 0.90 0.18 0.476 37.6 0.048
1.20 0.2 0.637 50.4 0.050 1.20 0.15 0.584 52.6 0.049
1.80 0.15 0.572 81.6 0.042 1.80 0.18 0.487 82.9 0.042
2.40 0.22 0.442 108 0.035 2.40 0.24 0.419 109.9 0.036
2.70 0.28 0.399 1205 0.030 2.70 0.31 0.397 120.3 0.031
3.30 0.36 0.353 150.8 0.026 3.30 04 0.353 149.1 0.026
3.60 0.56 0.282 173.9 0.035 3.60 0.35 0.327 164.8 0.031
4.50 0.52 0.432 -160.1 0.029 4.50 0.44 0.403 -170 0.027
5.10 0.56 0531 -148.4 0.030 5.10 0.54 0.468 -147.6 0.033
5.70 0.61 0.598 -136.3 0.044 5.70 0.57 0.504 -131.4 0.053
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S-Parameters

Bias 4V, 100mA (Lower Device)

FREQ[GHz] S11lm Slla S21m S2la S12m S12a S22m S22a
0.300 0.933 -61.8 21.674 142.6 0.021 59.6 0.237 -118.3
0.600 0.855 -99.7 16.086 120.3 0.031 44.2 0.320 -140.2
0.900 0.818 -125.5 12.326 104.8 0.037 35.2 0.363 -156.3
1.200 0.797 -142.9 9.860 93.4 0.041 30.0 0.381 -167.3
1.500 0.785 -156.1 8.178 84.1 0.044 26.5 0.388 -175.9
1.800 0.778 -166.7 6.977 75.9 0.047 23.7 0.392 176.6
2.100 0.759 -175.1 6.247 68.2 0.051 21.0 0.375 170.8
2.400 0.756 176.4 5.528 61.1 0.054 18.4 0.377 163.7
2.700 0.755 168.6 4.956 54.1 0.058 15.8 0.378 156.6
3.000 0.755 161.3 4.487 47.3 0.061 13.1 0.380 150.0
3.300 0.755 154.2 4.085 40.7 0.064 10.2 0.385 143.3
3.600 0.757 147.6 3.753 34.3 0.067 7.3 0.391 136.5
3.900 0.763 1411 3.465 28.1 0.071 43 0.401 130.1
4.200 0.768 134.5 3.230 21.7 0.075 1.0 0.411 123.1
4.500 0.772 128.1 3.012 15.2 0.078 -2.7 0.421 116.5
4.800 0.775 121.8 2.796 8.7 0.081 -6.5 0.432 110.3
5.100 0.778 115.7 2.603 2.6 0.083 -10.4 0.445 105.1
5.400 0.783 109.7 2431 -3.4 0.086 -13.8 0.460 99.6
5.700 0.785 103.7 2.273 -9.4 0.089 -17.5 0.477 95.0
6.000 0.792 98.2 2.138 -14.1 0.092 -20.1 0.503 93.2
Bias 4V, 100mA (Upper Device)

FREQ[GHz] S1lm Slla S21m S2la S12m S12a S22m S22a
0.300 0.948 -59.4 17.894 143.8 0.027 60.1 0.261 -120.0
0.600 0.874 -95.1 13.490 122.9 0.041 43.2 0.373 -141.2
0.900 0.830 -121.2 10.448 107.2 0.049 32.7 0.428 -157.2
1.200 0.808 -138.9 8.427 95.6 0.053 25.9 0.454 -168.4
1.500 0.798 -152.7 7.025 86.2 0.057 21.3 0.465 -177.3
1.800 0.784 -163.4 6.027 77.9 0.060 17.6 0.469 175.0
2.100 0.770 -171.8 5.416 70.2 0.065 14.2 0.456 168.4
2.400 0.765 179.3 4.807 63.0 0.068 10.9 0.459 161.2
2.700 0.762 1715 4.317 55.9 0.070 7.9 0.461 154.0
3.000 0.763 163.7 3.925 49.0 0.074 4.8 0.463 147.2
3.300 0.758 156.2 3.578 42.3 0.076 1.7 0.468 140.1
3.600 0.761 149.2 3.287 35.7 0.079 -1.6 0.474 133.6
3.900 0.765 142.2 3.032 29.3 0.082 -4.8 0.483 126.9
4.200 0.766 135.8 2.812 22.7 0.085 -8.3 0.489 120.2
4.500 0.773 129.2 2.608 16.5 0.088 -11.8 0.500 114.0
4.800 0.772 122.6 2.426 10.3 0.090 -15.3 0.513 107.8
5.100 0.781 116.3 2.260 43 0.092 -18.9 0.527 102.6
5.400 0.787 110.3 2.109 -1.5 0.094 -22.1 0.541 97.1
5.700 0.792 104.6 1.971 -7.4 0.096 -25.6 0.555 92.2
6.000 0.778 96.5 1.841 -13.0 0.097 -29.1 0.584 89.8
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Part Identification

Marking Pin 1

Mark

21500

Trace Code

1st rowe  Device code 21500°

2nd row  Trace Code to be
assighed by SubCon

Pad Layout
& {5 5
[ 1] L 15
[ 2] L i1
[ 3] £ 10}
ES )
:"'| :"'| :"'| :"'|
I
Terminal Function
1-4,6, 15 Source 1
5 RFin 1
7,9-12, 14 Source 2
8 RFin 2
13 RFout 2
16 RFout 1

Note: Dimensions in millimeters. Center paddle and pin 1 identifier are grounded.

Package Drawing

Urder=ide PINI 1dendifier

Losar morked PIM 1oErife Tkis is correcled to Ground
\ 400210.05 & S /g
[ TOU U o] §
- [
: g M -
: = =
= —
4
OO0 |
NEEX0S
4
=
B

| e T e T e B ‘

1
Tape and Reel

Tape and reel information on this material is in accordance with EIA-481-1 except where exceptions are identified.
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Preferred Assembly Instructions

This package is compatible with both lead-free and leaded solder reflow processes as defined within IPC/JEDEC J-STD-020.
The maximum package temperature should not exceed 260 °C.

Handling Precautions

ATTENTION To avoid damage to the devices, care should be exercised during handling. Proper Electro-
A e static Discharge (ESD) precautions should be observed at all stages of storage, handling,

ll \ for Handling assembly, and testing.
Electrostatic Sansitive
Davices
ESD Rating

These devices should be treated as Class O (OV to 250V) using the human body model as defined in JEDEC Standard No. 22-
A114. Further information on ESD control can be found in MIL-STD-1686 AND MIL-HDBK-263.

MSL Rating

The device has an MSL rating of Level 1. To determine this rating, the preconditioning was performed on the device per the Pb-
free solder profile defined within IPC/JEDEC J-STD-020C, Moisture/Reflow sensitivity classification for non-hermatic solid state
surface mount devices.

Application Notes and Design Data

Application Notes and design data including S-parameters, noise parameters, and device model are available from
http://www.rfmd.com.

Reliability

An MTTF of 4.2 million hours at a channel temperature of 150°C is achieved for the process used to manufacture this device.

Disclaimers

This product is not designed for use in any space-based or life-sustaining/supporting equipment.

Ordering Information

Description Ordering Code
Packaged pHEMT FPM21500QFN
Evaluation Board (1.85GHz) FPM21500QFNPCK
Delivery Quantity Ordering Code
Reel of 1000 FPM21500QFN
Reel of 100 FPM21500QFNSR
Bag of 25 FPM21500QFNSQ
Bag of 5 FPM21500QFNSB
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