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RFFM6901

2.8V TO 4.2V, 915MHZ ISM BAND TRANSMIT/
RECEIVE MODULE WITH DIVERSITY SWITCH

RFMD &

RFFM6901

Features

= Tx Output Power: 30dBm

= Separate Rx/Tx 50Q2
Transceiver Interface

= Antenna Diversity Switch
= LNA with Bypass mode

Applications

= Wireless Automated Metering

= Wireless Alarm Systems

= Portable Battery Powered
Equipment

= Smart Energy

= 868MHz/915MHz ISM Band

Application

= Single Chip RF Front End
Module

Package Style: LGA, 32-Pin, 6mm x 6mm

868/900 MHz TX Only
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Functional Block Diagram

Product Description

The RFFM6901 is a single-chip front end module (FEM) for application in the
915MHz ISM Band. The RFFM6901 addresses the need for aggressive size reduc-
tion for typical portable equipment RF front end designs and greatly reduces the
number of components outside of the core chipset thus minimizing the footprint
and assembly cost of the overall solution. The RFFM6901 contains an integrated
1W PA, dual port diversity antenna switch, LNA with bypass mode, and matching
components. The RFFM6901 is packaged in a 32-pin, 6.0mm x 6.0mm x 1.2mm
over-molded laminate package.

Ordering Information

RFFM6901 ISM Band Tx/Rx Module with Diversity Antenna Switch
RFFM6901SB 5-Piece Bag

RFFM6901SQ 25-Piece Bag

RFFM6901SR Standard 100-Piece Reel

RFFMG6901TR7 Standard 750-Piece Reel

RFFM6901TR13 Standard 2500-Piece Reel

RFFM6901PCK-410  Fully Assembled Evaluation Board and 5-Piece Bag

Optimum Technology Matching® Applied

[] GaAs HBT ] siGe BiICMOS GaAs pHEMT [ GaN HEMT
[ ] GaAs MESFET  [] Si BiCMOS ] si cMOS [] BiFET HBT
InGaP HBT [ SiGe HBT LIsiBJT ] sol

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 REMD. All other trade names, trademarks and registered trademarks are the property of their respective owners. ©2012, RF Micro Devices, Inc.
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AN

Parameter Rating Unit Caution! ESD sensitive device.
Exceeding any one or a combination of the Absolute Maximum Rating conditions may
Voltage 5.25 VDC cause permanent damage to the device. Extended application of Absolute Maximum
Rating conditions to the device may reduce device reliability. Specified typical perfor-
Storage Temperature Range -40 to +150 °C mance or functional operation of the device under Absolute Maximum Rating condi-
tions is not implied.
Operating Temperature Range -40 to +85 °C The information in this publication is believed to be accurate and reliable. However, no
N - responsibility is assumed by RF Micro Devices, Inc. ("RFMD") for its use, nor for any
Maximum Input Power to PA, pin 30, 2 (no damage) +5 dBm 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
Maximum Input Power to PA, pin 26(no damage) +23 dBm RFMD. RFMD reserves the right to change component circuitry, recommended appli-
cation circuitry and specifications at any time without prior notice.
Maximum Input Power to LNA, pin 19, 21 (no +10 dBm
damage) & RoHS (Restriction of Hazardous Substances): Compliant per EU Directive
2002/95/EC.
Moisture Sensitivity Level MSL3
De atlo
Paramete onditio
D a
Overall
Active Frequency 868 902 to MHz PA and LNA
928
RF Port Impedance 50 Q
ESD, Human Body Model 500 Vv RF Pins
500 \% All Other Pins
ESD, Charge Device Model 500 \ RF Pins
500 \Y All Other Pins
PA Section
Transmit Mode 4V (High Voltage) TXRX_SEL Logic = LOW, P,y = 0dBm at pin 30,
Ve DIG and Logic signals may be applied in
any order
Power Supply Operation Voltage-High 3.8 4 4.2 \ PA Ve
Input Power 0 5 dBm Pin 30
CW Output Power-near saturation (ANT1) at 31 315 dBm
4.0V
CW Output Power-near saturation (ANT2) at 31 31.5 dBm
4.0V
Output Power (ANT1) at 4.0V 30 30.5 dBm
Output Power (ANT2) at 4.0V 30 30.5 dBm
Thermal Resistance 39.83 C°/W | Vge = Vpig = 4.0V, LNAVGe = GND, CTL1 =
CTL4 = CTL5 = 3.8V, CTL2 = CTL3 = OV, Pour
= 30.1dBm, Modulation = CW, Freq =
902MHz, DC = 100%, T =85°C
1W Current (ANT1) at 4.0V at Pgyt = 30dBm 600 700 mA
1W Current (ANT2) at 4.0V at Poyr = 30dBm 600 700 mA
1/2W Current (ANT1) at 4.0V at Poyr = 415 450 490 mA
27dBm
1/2W Current (ANT2) at 4.0V at Pyt = 415 450 490 mA
27dBm
1/4W Current (ANT1) at 4.0V at Poyr = 310 340 370 mA
24dBm
1/4W Current (ANT2) at 4.0V at Pgr = 310 340 370 mA
24dBm
Large Signal Gain Overall High Bias (ANT1) 27 30 33 dB
at 4.0V
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Paramete onhditio
0 d

PA Section (continued)
Large Signal Gain Overall High Bias (ANT2) 27 30 33 dB
at 4.0v
Large Signal Gain Overall Low Bias (ANT1) at 22 25 28 dB
4.0V
Large Signal Gain Overall Low Bias (ANT2) at 22 25 28 dB
4.0V

Transmit Mode 3V (Low Voltage)
Power Supply Operation Voltage-Low 2.8 3 3.2 \" PA Ve
Input Power 5 dBm
CW Output Power-near saturation (ANT1) at 275 28 dBm
3.0V
CW Output Power-near saturation (ANT2) at 275 28 dBm
3.0V
Output Power (ANT1) at 3.0V 26.5 27 dBm | Ve = 3.0V, Poyr at ANTL
Output Power (ANT2) at 3.0V 26.5 27 dBm | Vo = 3.0V, Poyr at ANT2
1/2W Current (ANT1) at 3.0V at Poyr = 400 450 500 mA
27dBm
1/2W Current (ANT2) at 3.0V at Poyr = 400 450 500 mA
27dBm
1/4W Current (ANT1) at 3.0V at Pyt = 300 340 375 mA
24dBm
1/4W Current (ANT2) at 3.0V at Poyr = 300 340 375 mA
24dBm
2nd Harmonic (ANT1) High Voltage (4.0V) -32 dBc
30dBm POUT
3rd to 10th Harmonic (ANT1) High Voltage -71 dBc
(4.0V) 30dBm Pqyr
2nd Harmonic (ANT2) High Voltage (4.0V) -32 dBc
30dBm Pqyr
3rd to 10th Harmonic (ANT2) High Voltage -71 dBc
2nd Harmonic (ANT1) Low Voltage (3.0V) -32 dBc
30dBm POUT
3rd to 10th Harmonic (ANT1) Low Voltage -71 dBc
(3.0V) 30dBm Pyt
2nd Harmonic (ANT2) Low Voltage (3.0V) -32 dBc
30dBm Pgyr
3rd to 10th Harmonic (ANT2) Low Voltage -71 dBc
Input Return Loss (PA1-ANT1)High Voltage -10 dB Measured at PA-IN Port at Pin 30
(4.0v)
Input Return Loss (PA1-ANT2)High Voltage -10 dB Measured at PA-IN Port at Pin 30
(4.0v)
Input Return Loss (PA1-ANT1)Low Voltage -10 dB Measured at PA-IN Port at Pin 30
(3.0v)
Input Return Loss (PA1-ANT2)Low Voltage -10 dB Measured at PA-IN Port at Pin 30
(3.0v)
PA Leakage Current 0.5 5 WA PA V¢c = 4.2V, PD SEL Logic = 0.0V
Noise Power at ANT %2 -Electric only at - -132 dBm/Hz | PA_V¢ voltage of 4.2V and Pqyr = +28dBm,
8MHz Offset from carrier PA2 only zero noise contribution from PA1
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Paramete onditio
D d
Rx Section
High Bias Rx Mode TXRX_SEL Logic = High, LNA_SEL Logijc = High
Vcc_DlG and LOgiC
signals may be applied in any order; pin 13
floating
Operating Voltage 2.7 4 4.2 Vv LNA_Vcc
Gain at High Bias (HB) Pl = -40 to -10dBm 15 17 dB LNA_Vcc = 3.3V to 4.4V; LNA Bias = High Bias
4.2V
Gain at High Bias (HB) PI = -40 to -10dBm 15 17 dB LNA_Vcc = 3.3V to 4.4V, LNA Bias = High Bias
4.0V
Gain at High Bias (HB) PI = -40 to -10dBm 15 17 dB LNA_V¢c = 3.3V to 4.4V, LNA Bias = High Bias
3.6V
Gain at High Bias (HB) PI = -40 to -10dBm 15 17 dB LNA_Vcc = 3.3V to 4.4V, LNA Bias = High Bias
3.3V
Gain at High Bias (HB) PI = -40 to -10dBm 13 15 dB LNA_V¢c = 2.7V LNA Bias = High Bias
2.7V
Noise Figure at HB 1.5 2 dB LNA_VCC = 3.3 V t0 4.2V; LNA Bias = High
Bias
15 2 dB LNA_V¢c = 2.7V LNA Bias = High Bias
Input IP3 at HB 3 5 dBm LNA_VCC = 4.2V; LNA Bias = High Bias
2 5 dBm LNA_V¢c = 2.7V LNA Bias = High Bias
Input Return Loss 10 dB Measured at LNA-IN Port at Pin 14
Output Return Loss 10 dB Measured at RF\g 900 Pin 2
Power Supply Current 6 8 10 mA LNA_Vce
Low Bias Rx Mode TXRX_SEL Logic = High, LNA_SEL Logic =
HIGH Vc_DIG and Logic
signals may be applied in any order;
51KQ resistor pull-down from pin 13 to
ground.
Gain at Low Bias (LB) 13 15 dB LNA_Vcc = 3.3V to 4.2V; LNA Bias = Low Bias
Gain at LB 9 12 dB LNA_V¢c = 2.7V; LNA Bias = Low Bias
Noise Figure at LB 25 3.5 dB LNA_V¢c = 3.3V to 4.2V; LNA Bias = Low Bias
3 4 dB LNA_V¢c = 2.7V; LNA Bias = Low Bias
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0 d
LNA Section (LNA-IN Pin 14 to RFIO Pin 2)
Input IP3 at LB -1 1 dBm | LNA_V¢c = 3.3V to 4.2V, LNA Bias = Low Bias
Input IP3 at LB -5 dBm LNA_V¢c = 2.7V; LNA Bias = Low Bias
Power Supply Current 3 3 4 mA LNA_Vge = 3.6V
Rx LNA Bypass Mode TXRX_SEL Logic = HIGH, LNA_SEL Logic =
LOW, Vcc_DIG and Logic
signals may be applied in any order.
Operating Voltage 2.7 4 4.2 \" LNA_Vcc
Gain -3 25 -2 dB
Input Ip3 12 18 dBm
Input Return Loss 10 dB
Output Return Loss 10 dB
Power Supply Current 1 2 mA
LNA Leakage Current 0.5 5 WA LNA_V¢c = 4.2, PD_SEL = LOW
Antenna Switch Section
Insertion Loss TX-ANT1 0.8 1 dB
Insertion Loss TX-ANT2 0.8 1 dB
Insertion Loss ANT1-ASWRX 1 1.25 dB
Insertion Loss ANT2-ASWRX 1 1.25 dB
Isolation 20 dB
Tx Return Loss 10 15 dB
Operating Mode CTL1 CTL2 CTL3 CTL4 CTL5
Tx to ANT1 LOW 1 0 0 1 0
Tx to ANT2 LOW 0 0 0 1 0
Rx from ANT1 1 1 1 1 0
Rx from ANT2 0 1 1 1 0
Rx from ANT1 LNA Bypass 1 1 0 1 0
Rx from ANT2 LNA Bypass 0 1 0 1 0
Tx ANT1 HI BIAS 1 0 0 1 1
Tx ANT2 HI BIAS 0 0 0 1 1
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Pin Descriptions

Pin Name Description

1 GND Ground.

2 RX 868MHz/900MHz Receive, Internally DC Blocked.

3 GND Ground.

4 NC Not Connected in FEM.

5 GND Ground.

6 CTL1 ANT Select.

7 CTL2 TxRx Select.

8 CTL3 LNA Select.

9 CTL4 PD Select.

10 CTL5 PA_Low Bias.

11 VDIG Digital V.

12 LNA_Vcc LNA V.

13 LNA_Bias LNA linearity bias (Place SMD Resistor to GND to Lower LNA Ipp).
14 LNA_IN LNA Signal Input, Internally DC Blocked.

15 GND Ground.

16 ASW_RX Antenna Switch Receive Output, Internally DC Blocked.

17 GND Ground.

18 GND Ground.

19 ANT2 Antenna 2 Output/Input, Internally DC Blocked.

20 GND Ground.

21 ANT1L Antenna 1 Output/Input, Internally DC Blocked.

22 GND Ground.

23 PA VCC2 PA Battery Bias for Second Stage.

24 PA VCC1 PA Battery Bias for First Stage.

25 GND Ground.

26 PA2_IN Power Amplifier 2nd Stage Signal Input Port.

27 GND Ground.

28 PA1_OUT Power Amplifier 1st Stage Signal Output Port, Internally DC Blocked.
29 GND Ground.

30 PA1_IN Power Amplifier 1st Stage Signal Input Port, Internally DC Blocked.
31 GND Ground.

32 NC Not connected in FEM.
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Pin Out
5
a 5 fa) ° o f'
(@) zZ zZ >
z o E O] E (ZD E
32 31 30 29 28 27 26
GND 1 25| GND
RX 2 24| PA_VCC1
GND 3 23| PA_VCC2
NC 4 22| GND
GND | 5 21 ANT 1
CTL1 6 20| GND
CT2 | 7 19| ANT2
CcTL3 | 8 18 GND
CT4 | 9 17| GND

B

E

B
LNA_IN E
GND E
B

CTL5
VDIG
LNA_VCC

LNA Bias
ASW_RX
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Package Drawing
0.100 o 12x L 4x
6.000+0.100 LI7SE07S o Edges 1 | [To.320 \ } 0.420
-7x 2.700
| B L Eﬂ @72x 2.560
16x 0.320 14x 0.300
@ 8] * | [B]}-2x 1.920
[B]}-2x 1.280
[B]f-2x 0.640
14x 0.300—| |— c
6.000+0.100 @ — _|_ — @ 0.000
[B]f2x 0.640
[B]}-2x 1.280
| [B]f2x 1.920
(] [A] [A] [A] [o] [a] [a] 1BJ]2 7o
; 3
0.275 S & &8 ¢ § 8 & 8
Ref — N S B © N @ R~
N - - o 2 o - - o
x x >< x o x >< x x
1) I I N o I N N )
. A=0.320 x 0.400 mm
Notes: . . B = 0.400 x 0.320 mm
1. Shaded area represents Pin 1 location. C = 4.400 % 4.400 mm
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Recommended PCB Patterns

A=0320 X 0.400 mm A=0470x0.550 mm A= 0.268 X 0,360 mm
400 x 0.320 mm B = 0.550 x 0.470 mm B = 0.360 x 0.288 mm
€ =4.400 x 4.400 mm € =4550x 4.550 mm ©=1:890 x 1.890 mm
12 4 12x 4x 12 N
] —0.320 1 “0.4)(20 ~11~0170 ~l ‘“0.270 | [To.352 ‘ ‘ 0456 , 200
7x 2.700 i |__—7x 2.700
| , [] ‘@ZX 2560 fg?'\ﬁgg I::l . 2>< 2.560 P8 [ L] 2x 2.560
16x 0.320 14x 0.300 — 2 ] 16x 0.352 14x_0.425 —| | [-2x 0.410
T ! [B]—2x 1920 ' —2>< 1.920 T & T [B]—2x 1.820
[B]—2x 1.280 72x 1.280 . c . 2x 1.280
os— |- 2 1.150
[B]—2x 0.640 —2>< 0.640 2 [B]—2x 0.640
14x 0.300— |— 14x 0.150—= |— o210
=) C—I— FBt——0.000 B C'—I— B 0.000 F4 —I— Fe——0.000
= T

[B]—2x 0.640 [B]—2x 0640 [B]—2x o.640
2x 1.150
[B] -2« 1.280 [ B]—2x 1280 ° ¢ &2« 1280
[B]—2x 1.920 [ B]—2x 1920 [B]—2x 1.920
ARAMRANRKNAMAMA [B]—2x 2.560 I::l 2>< 2.560 A1 A = = = AZx 2.560
‘ 7x 2.700 A —IS—7x 2.700 | o W [N—7x 2700

g & L4 P O | T 1| \ | g § 889 38R 8 B

R 8§83 ] 883§ ¥ e §83 138§ 8 2 JZ8 g S=Y % g

8 - < 6 8§ 6 < - d « - < o6 8 & < o x X X238 2 x33 &5 &

& & & & 3 & &% & & 5 & & & 3 & & & o0 aes s e

PCB Metal Land Pattern PCB Solder Mask Pattern PCB Stencil Pattern

Notes:
1. Shaded area represents Pin 1 location.
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Evaluation Board Schematic
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Performance Plots

PA Gain (dB) versus P, (dBm)
PA V¢ and Veepg = 4V; LNA Vg = 0V
CTL1, CTL4, and CTLS = 3.8V; CTL2 and CTL3 = 0V; High Bias Mode
Freq = 915MHz; Temp = -40°C, 25°C, and 85°C

PA Gain (dB) versus Pg,; (dBm)
PA Vc and Vo = 4V; LNA Ve = OV
CTL1, CTL4, and CTLS = 3.8V; CTL2 and CTL3 = 0V; High Bias Mode
Freq = 902MHz, 915MHz, and 928MHz; Temp = 25°C

36 35
35 — 34.5
W‘H v
34 -
335 —
_ _ 33
g g
= ﬁ__*__ﬁ—-r—ir-*"' "‘\ —o—-40°C T 325 —4—902MHz
63t 1\ =25 . B 915MHz
30 —#—85°C —#—928MHz
315
29 3
28 30.5
27 30
15 17 19 21 23 25 27 29 31 15 17 19 21 23 25 27 29 31
Poyr(dBm) Poyr (dBm)
PA Gain (dB) versus Pg;; (dBm) PA Gain (dB) versus Pq,; (dBm)
PA Ve and Vepg = 4V; LNA Ve = OV PA Ve and Ve = 4V; LNA Ve =0V
CTL1 and CTL4 = 3.8V; CTL2, CTL3, and CTL5 = 0V; Low Bias Mode CTL1 and CTL4 = 3.8V; CTL2, CTL3, and CTL5 = OV; Low Bias Mode
Freq = 915MHz; Temp = -40°C, 25°C, and 85°C Freq = 902MHz, 915MHz, and 928MHz; Temp = 25°C
34 34
33
/ o 3
32 parere
32
31 / r/r-
— =31 /
g0 r/ 3 g
s _.A‘\ o 40°C z ——902MHz
T 29 4 ®
© —-25°C © 30 ~@=915MHz
28 —A—85°C —4—928MHz
~ 2 P
'
27 A&
28
26
25 27 4
15 17 19 21 23 25 27 29 31 15 17 19 21 23 25 27 29 31
Pour (dBm) Pour (dBm)
PA Gain (dB) versus Frequency (MHz) PA Gain (dB) versus Frequency (dBm)
PA Ve and Vegps = 4V; LNA Ve = OV AV, =8V:LNAV.. =0V
CTL1, CTL4, and CTL5 = 3.8V; CTL2 and CTL3 = 0V; High Bias Mode PA Vec and Vecorg = 4V; c -
’ ’ k - '915'MH P - 30dB ’ CTL1 and CTL4 = 3.8V; CTL2, CTL3, and CTL5 = OV; Low Bias Mode
35 req = % Pour = m Freq = 915MHz; Py; = 27dBm
34
34.5 / L L
34 T 33 /r
,/ —
335 - 32 —
r ‘—_
33 O —
= = 31
o / o
=3 T
3 _40°C ho) o |_—hA a0°
F 325 S —=—-40 F . e ——-40°C
S —m-25°C © —m—-25°C
32 L—
b 85°C | —4—85°C
315 29
e
31 P~ \‘ *
305 —
27
30 860 870 880 890 900 910 920 930 940
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Performance Plots (continued)

Transmit P, (dBm) versus Pg,, (dBm) Transmit P,y (dBm) versus Py (dBm)
PA Ve and Vepi = V; LNA Ve =0V PA Vc and Vepig = 4V; LNA Ve =0V
CTL1, CTL4, and CTLS = 3.8V; CTL2 and CTL3 = 0V; High Bias Mode CTL1 and CTL4 = 3.8V; CTL2, CTL3, and CTL5 = OV; Low Bias Mode
Freq = 915MHz; Temp = -40°C, 25°C, and 85°C Freq = 915MHz; Temp = -40°C, 25°C, and 85°C
33
31 /
27 /
£ ~ ol ——-40°C =
£ / —m-25°C 2 —o—40°C
5 &
o 91 A e 85°C o ~—-25°C
f —he85°C
19 /
17 4 7 e
15 4 L 3
13 13
-20 -15 -10 -5 0 -15 -10 -5 0 5
Py (dBm) Pour (dBm)
Operating Current (mA) versus Pq; (dBm) Operating Current (mA) versus Py (dBm)
PA Vc and Vg = 4V; LNA Ve = OV PA Ve and Vepg = 4V; LNA Ve = 0V
CTL1, CTL4, and CTL5 = 3.8V; CTL2 and CTL3 = 0V; High Bias Mode CTL1 and CTL4 = 3.8V; CTL2, CTL3, and CTL5 = OV; Low Bias Mode
Freq = 915MHz; Temp = -40°C, 25°C, and 85°C Freq = 915MHz; Temp = -40°C, 25°C, and 85°C
1000 900
900 800
800 700
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600
< 600 A0° <
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- J
Rx Gain (dB) versus Input Power (dBm) Rx Gain (dB) versus Frequency (MHz)
PA V(= OV; Vcpg and LNA Ve = 4V PA V= OV; V(pig and LNA Ve = 4.0V
CTL1, CTL2, CTL3, and CTL4 = 3.8V; CTL5 = OV CTL1, CTL2, CTL4, and CTL5 = 3.8V; CTL3 = OV
915MHz 915MHz; LNA Bypass Mode
18 -1.4
-1.6
17
-0l 1.8
% *oo =IO O OO OO ===
e ——-40°C 2 ——-40°C
= —8-25°C n ~8-25°C
= > =
Fg ag5°C = 22 W —4—85°C
5 K]
o o
NN bbb d & 4 24
1 , ettt A P
'*‘M‘ 26 -
13
-2.8
12 3
-23 -18 -13 -8 -3 - - - - - - - -
P,y (dBm) 17 15 13 1$m (dBm) 9 7 5 3
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Performance Plots (continued)
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