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Ordering Information

BiFET HBT
LDMOS



RF3225
QUAD-BAND GMSK POLAR EDGE

POWER AMP MODULE

The RF3225 is a high-power, high-efficiency power amplifier module with integrated
power control. This device is self-contained with 50Ω input and output terminals.
The device is designed for use as the GMSK/EDGE power amplifier portion of the
transmit chain in 2.5 and 3G transceivers supporting GMSK and/or Polar EDGE in
GSM850, EGSM900, DCS, and PCS bands. The RF3225 high performance power
amplifier module offers mobile handset designers a compact, easy-to-use, front-
end component for quick integration into multimode, multi-band systems.

Features
 EDGE Large Signal Polar 

Modulation Compatible 

 Power Margin for Flexible Tuning

 GSM850 Efficiency:  54%

 EGSM900 Efficiency:  56%

 DCS1800 Efficiency:  49%

 PCS1900 Efficiency:  51%

 Low Harmonic Power

 2.6A Current Limiter Reduces 
Peak Power and Current into 
VSWR

 Low Switching Spectrum into 
VSWR

 Industry Standard 5mmx5mm 
Footprint

 Simple Application Circuitry

 Proven PowerStar® Architecture

Applications
 Battery Powered 2G – 3G 

Handsets

 GMSK/EDGE Large Signal Polar 
Modulation Transceivers

 Multislot Class 12 Products (4 
Transmit Timeslots)

DS100720



Package: Module, 5.00 mm x 5.00 mm x 1.00 mm

RF3225Quad-
Band GMSK 
POLAR EDGE

RF3225 Quad-Band GMSK Polar EDGE Power Amp Module
RF3225SB Power Amp Module 5-Piece Sample Pack
RF3225PCBA-410 Fully Assembled Evaluation Board
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Absolute Maximum Ratings

Parameter Rating Unit
Supply Voltage in Standby Mode -0.5 to +6.0 V

Supply Voltage in Idle Mode -0.5 to +6.0 V

Supply Voltage in Operating Mode; 
Operation time less than 
100ms; VRAMP≤1.6V

-0.5 to +6.0 V

DC Continuous current during 
burst

2.6 A

Power Control Voltage (VRAMP) -0.5 to 1.8 V

RF Input Power 12 dBm

Duty Cycle at rated power; 
Period=4.6ms

50 %

Output Load (See Ruggedness 
Specification)

10:1 VSWR

Operating  Temperature -30 to +85 °C

Storage Temperature -55 to +150 °C

Parameter
Specification

Unit Condition
Min. Typ. Max.

General Operating Conditions
Operating Temperature -20 25 85 °C Recommended operating range

VBATT Supply Voltage 3.0 3.6 4.6 V Recommended operating range

VBATT Supply Current

Standby 0.1 10 uA TXEN Low

Operating at Current Limit 2600 mA

VRAMP Input Analog control voltage

GMSK Operation 0.2 1.6 V VRAMP voltage controls saturated power

EDGE Operation 0.2 1.6 V VRAMP voltage controls saturated power and 
amplitude modulation

Impedance 50KΩ 5pF Z=50kΩ//5pF

TXEN Logic control voltage

Logic Low Voltage 0 0 0.5 V

Logic High Voltage 1.3 2.0 3.0 V

Logic High Current 0.1 uA

BS Logic control voltage selects band

Logic Low Voltage 0 0 0.5 V

Logic High Voltage 1.3 2.0 3.0 V

Logic High Current 0.1 uA

RF Input and Output Impedance 50 Ω Pins 1, 8, 9, 16

Mode
BS 

(Band Select)
TX_EN 

(Transmit 
Enable)

VRAMP

Standby X 0 X

TXLB 0 1 >0.25

TXHB 1 1 >0.25

Caution! ESD sensitive device.

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 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 EUDirective2002/95/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.
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Parameter
Specification

Unit Condition
Min. Typ. Max.

GSM850 Band 
GMSK Parameters

Unless otherwise stated:  
All unused RF ports terminated in 50Ω,
Input and Output = 50Ω,
Temperature = 25°C, VBATT = 3.6V,
Mode = TXLB, GSM timeslots ≤ 2, 
PIN = 3 dBm, VRAMP = Max

Operating Frequency 824 849 MHz

Input Power (PIN) 0 3 6 dBm

Input VSWR 2:5:1 Ratio POUT = 6.5 dBm to Max

Maximum Output Power (Nominal) 34.5 36.4 dBm PIN = 3 dBm, Temp = +25°C, VBATT = 3.6V

Maximum Output Power (Extreme) 32.5 33.6 dBm PIN = 0 dBm, Temp = +85°C, VBATT = 3.0V

Power Added Efficiency (Max 
Power)

46 54 %

Power Added Efficiency (Rated 
Power)

43 % POUT = 34.5 dBm

Peak Supply Current (Rated 
Power)

1800 mA POUT = 34.5 dBm

Peak Supply Current (Low Power) 130 mA POUT = 6.5 dBm

Receive Band Noise Power POUT ≤ 34.5 dBm, Bandwidth = 100 kHz

869 - 894 MHz (CEL) -82 -80 dBm 20 MHz noise

1930 - 1990 MHz (PCS) -118 -105 dBm Out of band noise

Harmonics POUT ≤ 34.5 dBm

2Fo -25 -10 dBm

3Fo -33 -15 dBm

4Fo to 12.75 GHz -25 -15 dBm Typical value of 4Fo

Stability Under Load Mismatch 
(Spurious Emissions)

-36 dBm Output Load VSWR = 6:1, All phase angles,
PIN = 0 to 6 dBm, VRAMP ≤ VRAMP_RP

Ruggedness Under Load 
Mismatch

No damage or permanent degradation to 
device

Output Load VSWR = 10:1, All phase angles,
Temp = -20°C to +85°C, 
VBATT = 3.0 to 4.6V, VRAMP ≤ VRAMP_RP

Forward Isolation 1 -45 -30 dBm Mode = Standby, PIN = Max, VRAMP = Min

Forward Isolation 2 -22 -15 dBm Mode = TXLB, PIN = Max, VRAMP = Min

Fundamental Cross Coupling -12 -5 dBm Measured at HB_RFOUT, Mode = TXLB, VRAMP 
≤ VRAMP_RP

2Fo, 3Fo, Harmonic Cross 
Coupling

-43 -25 dBm Measured at HB_RFOUT, Mode = TXLB, VRAMP 
≤ VRAMP_RP

Note: VRAMP_RP is defined as the VRAMP voltage required to achieve 34.5 dBm at Output load = 50Ω, VBATT = 3.6V, Temperature = 25°C, PIN = 
3 dBm
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Parameter
Specification

Unit Condition
Min. Typ. Max.

GSM850 Band 
8PSK Parameters (Large 
Signal Polar)

Unless otherwise stated:  
All unused RF ports terminated in 50Ω,
Input and Output = 50Ω,
Temperature = 25°C, VBATT = 3.6V,
Mode = TXLB, GSM timeslots ≤ 2, 
PIN = 3 dBm

Operating Frequency 824 849 MHz

Input Power (PIN) 0 3 6 dBm

Input VSWR 2:5:1 Ratio POUT = 6.5 dBm to Max

Maximum 8PSK Average Output 
Power (Nominal)

28.5 dBm Temp = +25°C, VBATT = 3.6V

Maximum 8PSK Average Output 
Power (Extreme)

26.5 dBm Temp = +85°C, VBATT = 3.0V

Power Added Efficiency (Max 8PSK 
Power)

22 % POUT = 28.5 dBm

Peak Supply Current (Max 8PSK 
Power)

890 mA POUT = 28.5 dBm

Peak Supply Current (Low 8PSK 
Power)

130 mA POUT = 6.5 dBm

VRAMP Power Control Range 64 69 dB

VRAMP Loop Bandwidth 2.5 10 MHz 6.5 dBm ≤ POUT ≤ 28.5dBm

VRAMP Group Delay 35 ns 6.5 dBm ≤ POUT ≤ 28.5dBm

VRAMP Group Delay Variation -20 20 ns 6.5 dBm ≤ POUT ≤ 28.5dBm
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Parameter
Specification

Unit Condition
Min. Typ. Max.

GSM900 Band 
GMSK Parameters

Unless otherwise stated:  
All unused RF ports terminated in 50Ω,
Input and Output = 50Ω,
Temperature = 25°C, VBATT = 3.6V,
Mode = TXLB, GSM timeslots ≤ 2, 
PIN = 3 dBm, VRAMP = Max

Operating Frequency 836 915 MHz

Input Power (PIN) 0 3 6 dBm

Input VSWR 2:5:1 Ratio POUT = 6.5 dBm to Max

Maximum Output Power (Nominal) 34.5 35.6 dBm PIN = 3 dBm, Temp = +25°C, VBATT = 3.6V

Maximum Output Power (Extreme) 32.3 33.0 dBm PIN = 0 dBm, Temp = +85°C, VBATT = 3.0V

Power Added Efficiency (Max 
Power)

46 56 %

Power Added Efficiency (Rated 
Power)

49 % POUT = 34.5 dBm

Peak Supply Current (Rated 
Power)

1580 mA POUT = 34.5 dBm

Peak Supply Current (Low Power) 120 mA POUT = 6.5 dBm

Receive Band Noise Power POUT ≤ 34.5 dBm, Bandwidth = 100 kHz

925 - 935 MHz (EGSM) -80 -76 dBm 10 MHz noise

935 - 960 MHz (EGSM) -82 -80 dBm 20 MHz noise

1805 - 1880 MHz (DCS) -118 -105 dBm Out of band noise

Harmonics POUT ≤ 34.5 dBm

2Fo -18 -10 dBm

3Fo -36 -15 dBm

4Fo to 12.75 GHz -33 -15 dBm Typical value of 4Fo

Stability Under Load Mismatch 
(Spurious Emissions)

-36 dBm Output Load VSWR = 6:1, All phase angles,
PIN = 0 to 6 dBm, VRAMP ≤ VRAMP_RP

Ruggedness Under Load 
Mismatch

No damage or permanent degradation to 
device

Output Load VSWR = 10:1, All phase angles,
Temp = -20°C to +85°C, 
VBATT = 3.0 to 4.6V, VRAMP ≤ VRAMP_RP

Forward Isolation 1 -37 -30 dBm Mode = Standby, PIN = Max, VRAMP = Min

Forward Isolation 2 -22 -15 dBm Mode = TXLB, PIN = Max, VRAMP = Min

Fundamental Cross Coupling -10 -5 dBm Measured at HB_RFOUT, Mode = TXLB, VRAMP 
≤ VRAMP_RP

2Fo, 3Fo, Harmonic Cross 
Coupling

-34 -25 dBm Measured at HB_RFOUT, Mode = TXLB, VRAMP 
≤ VRAMP_RP

Note: VRAMP_RP is defined as the VRAMP voltage required to achieve 34.5 dBm at Output load = 50Ω, VBATT = 3.6V, Temperature = 25°C, PIN = 
3 dBm
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Parameter
Specification

Unit Condition
Min. Typ. Max.

GSM900 Band 
8PSK Parameters (Large 
Signal Polar)

Unless otherwise stated:  
All unused RF ports terminated in 50Ω,
Input and Output = 50Ω,
Temperature = 25°C, VBATT = 3.6V,
Mode = TXLB, GSM timeslots ≤ 2, 
PIN = 3 dBm

Operating Frequency 880 915 MHz

Input Power (PIN) 0 3 6 dBm

Input VSWR 2:5:1 Ratio POUT = 6.5 dBm to Max

Maximum 8PSK Average Output 
Power (Nominal)

28.5 dBm Temp = +25°C, VBATT = 3.6V

Maximum 8PSK Average Output 
Power (Extreme)

26.5 dBm Temp = +85°C, VBATT = 3.0V

Power Added Efficiency (Max 8PSK 
Power)

24.5 % POUT = 28.5 dBm

Peak Supply Current (Max 8PSK 
Power)

800 mA POUT = 28.5 dBm

Peak Supply Current (Low 8PSK 
Power)

130 mA POUT = 6.5 dBm

VRAMP Power Control Range 64 68 dB

VRAMP Loop Bandwidth 2.5 10 MHz 6.5 dBm ≤ POUT ≤ 28.5dBm

VRAMP Group Delay 35 ns 6.5 dBm ≤ POUT ≤ 28.5dBm

VRAMP Group Delay Variation -20 20 ns 6.5 dBm ≤ POUT ≤ 28.5dBm
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Parameter
Specification

Unit Condition
Min. Typ. Max.

GSM1800 Band 
GMSK Parameters

Unless otherwise stated:  
All unused RF ports terminated in 50Ω,
Input and Output = 50Ω,
Temperature = 25°C, VBATT = 3.6V,
Mode = TXHB, GSM timeslots ≤ 2, 
PIN = 3 dBm, VRAMP = Max

Operating Frequency 1710 1785 MHz

Input Power (PIN) 0 3 6 dBm

Input VSWR 2:5:1 Ratio POUT = 2.0 dBm to Max

Maximum Output Power (Nominal) 32.0 33.4 dBm PIN = 3 dBm, Temp = +25°C, VBATT = 3.6V

Maximum Output Power (Extreme) 30.0 30.8 dBm PIN = 0 dBm, Temp = +85°C, VBATT = 3.0V

Power Added Efficiency (Max 
Power)

41 49 %

Power Added Efficiency (Rated 
Power)

42 % POUT = 32.0 dBm

Peak Supply Current (Rated 
Power)

1050 mA POUT = 32.0 dBm

Peak Supply Current (Low Power) 120 mA POUT = 2.0 dBm

Receive Band Noise Power POUT ≤ 32.0 dBm, Bandwidth = 100 kHz

925 - 960 MHz (EGSM) -98 -90 dBm Out of band noise

1805 - 1880 MHz (DCS) -86 -80 dBm 20MHz noise

Harmonics POUT ≤ 32.0 dBm

2Fo -38 -10 dBm

3Fo -20 -15 dBm

4Fo to 12.75 GHz -22 -15 dBm Typical value of 4Fo

Stability Under Load Mismatch 
(Spurious Emissions)

-36 dBm Output Load VSWR = 6:1, All phase angles,
PIN = 0 to 6 dBm, VRAMP ≤ VRAMP_RP

Ruggedness Under Load 
Mismatch

No damage or permanent degradation to 
device

Output Load VSWR = 10:1, All phase angles,
Temp = -20°C to +85°C, 
VBATT = 3.0 to 4.6V, VRAMP ≤ VRAMP_RP

Forward Isolation 1 -45 -30 dBm Mode = Standby, PIN = Max, VRAMP = Min

Forward Isolation 2 -24 -15 dBm Mode = TXLB, PIN = Max, VRAMP = Min

Note: VRAMP_RP is defined as the VRAMP voltage required to achieve 32.0 dBm at Output load = 50Ω, VBATT = 3.6V, Temperature = 25°C, PIN = 
3 dBm
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Parameter
Specification

Unit Condition
Min. Typ. Max.

GSM1800 Band 
8PSK Parameters (Large 
Signal Polar)

Unless otherwise stated:  
All unused RF ports terminated in 50Ω,
Input and Output = 50Ω,
Temperature = 25°C, VBATT = 3.6V,
Mode = TXHB, GSM timeslots ≤ 2, 
PIN = 3 dBm

Operating Frequency 1710 1785 MHz

Input Power (PIN) 0 3 6 dBm

Input VSWR 2:5:1 Ratio POUT = 2 dBm to Max

Maximum 8PSK Average Output 
Power (Nominal)

28 dBm Temp = +25°C, VBATT = 3.6V

Maximum 8PSK Average Output 
Power (Extreme)

26 dBm Temp = +85°C, VBATT = 3.0V

Power Added Efficiency (Max 8PSK 
Power)

26 % POUT = 28 dBm

Peak Supply Current (Max 8PSK 
Power)

670 mA POUT = 28 dBm

Peak Supply Current (Low 8PSK 
Power)

100 mA POUT = 2 dBm

VRAMP Power Control Range 67 77 dB

VRAMP Loop Bandwidth 2.5 10 MHz 2 dBm ≤ POUT ≤ 28dBm

VRAMP Group Delay 35 ns 2 dBm ≤ POUT ≤ 28dBm

VRAMP Group Delay Variation -20 20 ns 2 dBm ≤ POUT ≤ 28dBm
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Parameter
Specification

Unit Condition
Min. Typ. Max.

GSM1900 Band 
GMSK Parameters

Unless otherwise stated:  
All unused RF ports terminated in 50Ω,
Input and Output = 50Ω,
Temperature = 25°C, VBATT = 3.6V,
Mode = TXHB, GSM timeslots ≤ 2, 
PIN = 3 dBm, VRAMP = Max

Operating Frequency 1850 1910 MHz

Input Power (PIN) 0 3 6 dBm

Input VSWR 2:5:1 Ratio POUT = 2.0 dBm to Max

Maximum Output Power (Nominal) 32.0 32.8 dBm PIN = 3 dBm, Temp = +25°C, VBATT = 3.6V

Maximum Output Power (Extreme) 29.5 30.4 dBm PIN = 0 dBm, Temp = +85°C, VBATT = 3.0V

Power Added Efficiency (Max 
Power)

45 51 %

Power Added Efficiency (Rated 
Power)

47 % POUT = 32.0 dBm

Peak Supply Current (Rated 
Power)

940 mA POUT = 32.0 dBm

Peak Supply Current (Low Power) 120 mA POUT = 2.0 dBm

Receive Band Noise Power POUT ≤ 32.0 dBm, Bandwidth = 100 kHz

869 - 894 MHz (EGSM) -104 -98 dBm Out of band noise

1930 - 1990 MHz (DCS) -88 -80 dBm 20 MHz noise

Harmonics POUT ≤ 32.0 dBm

2Fo -28 -10 dBm

3Fo -25 -15 dBm

4Fo to 12.75 GHz -20 -10 dBm Typical value of 4Fo

Stability Under Load Mismatch 
(Spurious Emissions)

-36 dBm Output Load VSWR = 6:1, All phase angles,
PIN = 0 to 6 dBm, VRAMP ≤ VRAMP_RP

Ruggedness Under Load 
Mismatch

No damage or permanent degradation to 
device

Output Load VSWR = 10:1, All phase angles,
Temp = -20°C to +85°C, 
VBATT = 3.0 to 4.6V, VRAMP ≤ VRAMP_RP

Forward Isolation 1 -40 -30 dBm Mode = Standby, PIN = Max, VRAMP = Min

Forward Isolation 2 -27 -18 dBm Mode = TXLB, PIN = Max, VRAMP = Min

Note: VRAMP_RP is defined as the VRAMP voltage required to achieve 32.0 dBm at Output load = 50Ω, VBATT = 3.6V, Temperature = 25°C, PIN = 
3 dBm
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Parameter
Specification

Unit Condition
Min. Typ. Max.

GSM1900 Band 
8PSK Parameters (Large 
Signal Polar)

Unless otherwise stated:  
All unused RF ports terminated in 50Ω,
Input and Output = 50Ω,
Temperature = 25°C, VBATT = 3.6V,
Mode = TXHB, GSM timeslots ≤ 2, 
PIN = 3 dBm

Operating Frequency 1850 1910 MHz

Input Power (PIN) 0 3 6 dBm

Input VSWR 2:5:1 Ratio POUT = 2 dBm to Max

Maximum 8PSK Average Output 
Power (Nominal)

28 dBm Temp = +25°C, VBATT = 3.6V

Maximum 8PSK Average Output 
Power (Extreme)

26 dBm Temp = +85°C, VBATT = 3.0V

Power Added Efficiency (Max 8PSK 
Power)

29 % POUT = 28 dBm

Peak Supply Current (Max 8PSK 
Power)

600 mA POUT = 28 dBm

Peak Supply Current (Low 8PSK 
Power)

100 mA POUT = 2 dBm

VRAMP Power Control Range 67 74 dB

VRAMP Loop Bandwidth 2.5 10 MHz 2 dBm ≤ POUT ≤ 28dBm

VRAMP Group Delay 35 ns 2 dBm ≤ POUT ≤ 28dBm

VRAMP Group Delay Variation -20 20 ns 2 dBm ≤ POUT ≤ 28dBm
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Pin Out
Top Down View

Pin Function Description
1 HB_RFIN RF input to the high band power amplifier. DC blocked inside the module.

2 BS Digital input enables either the low band or high band amplifier within the module. A logic low selects Low Band 
(GSM850/EGSM900), a logic high selects High Band (DCS1800/PCS1900). This pin is a high impedance CMOS 
input with no pull-up or pull-down resistors.

3 TXEN Digital input enables or disables the internal circuitry. When disabled, the module is in the OFF state, and draws 
virtually zero current. This pin is a high impedance CMOS input with no pull-up or pull-down resistors.

4 VBATT Main DC power supply for all circuitry in the module. Traces to this pin will have high current pulses during trans-
mit operation. Proper decoupling and routing to handle this condition should be observed.

5 VRAMP The voltage on this pin controls the output power by varying the internally regulated collector voltage on the 
amplifiers. Amplitude modulation of the EDGE signal is applied to this input. This pin provides an impedance of 
approximately 60 kΩ.This is a high bandwidth input, so filter considerations for performance must be addressed 
externally.

6 NC No connection

7 GND Ground

8 LB_RFIN RF input to the low band power amplifier. DC blocked inside the module.

9 LB_RFOUT RF output from the low band power amplifier. DC blocked inside the module.

10 GND Ground

11 GND Ground

12 GND Ground

13 GND Ground

14 GND Ground

15 GND Ground

16 HB_RFOUT RF output from the high band power amplifier. DC blocked inside the module.

17 GND Ground. Main thermal heat sink and electrical ground.

HB RFIN 1

2

3

4

5

9

10

11

12

13

6

7

8

14

15

16

BAND SEL

TXEN

VBATT

VRAMP

NC

GND

LB RFIN

HB RFOUT

GND

GND

GND

GND

GND

GND

LB RFOUT

17
GND
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Theory of Operation
Overview

The RF3225 is designed for use as the GSM power amplifier in the transmit section of mobile phones covering the GSM850,
EGSM900, DCS1800, and PCS1900MHz frequency bands. The RF3225 is a high power, saturated transmit module containing
RFMD’s patented PowerStar® Architecture. The module includes a multi function CMOS controller, GaAs HBT power amplifier,
and matching circuitry.  The integrated power control loop has been optimized for use in open loop, large signal, polar 8PSK
(EDGE) modulation systems. Polar EDGE operation allows designers to have the efficiency of a PowerStar® PA module as well
as the enhanced data rates of EDGE modulation. A single analog voltage controls output power for GSM PCLs and ramping, as
well as the amplitude component of EDGE modulation. This analog voltage can be driven from the transceiver DAC to provide
very predictable power control, enabling handset manufacturers to achieve simple and efficient phone calibration in produc-
tion. 

Additional Features
Current Limiter
During normal use, a mobile phone antenna will be subjected to a variety of conditions that can affect its designed resonant
frequency. This shift in frequency appears as a varying impedance to a power amplifier connected to the antenna. As the
impedance presented to the PA varies, so does the output power and current to the power amplifier.  If left uncontrolled, power
amplifier current can peak at high levels that starve other circuitry, connected to the same supply, of the required voltage to
operate. This can result in a reset or shutdown of the mobile phone. The RF3225 contains an active circuit that monitors the
current and adjusts the internal power control loop to prevent peak current from going above 2.6A. While this current limiter
can limit transmitted power under situations where the antenna is operating at very low efficiency, it is typically more accept-
able for users to have a dropped call than a phone reset.  

Modes of Operation:  GMSK and Polar EDGE 
GMSK modulation is a constant RF envelope modulation scheme which encodes information in the phase of the signal while
amplitude variation is suppressed. Since no information is included in the amplitude of the signal, GMSK transmit is not sensi-
tive to amplitude non-linearity of the power amplifier, allowing it to operate in deep class AB or class C saturation for optimum
efficiency. The GMSK power envelope may controlled by any one of a number of power control schemes.  

EDGE modulation encodes information in the RF signal as a combination of both amplitude and phase. The power amplifier
must be capable of re-creating both parts of the modulated signal with minimal distortion. There are several methods of creat-
ing an amplified EDGE signal. The most direct approach is to apply the EDGE modulated RF signal to a linear amplifier to boost
the power. The main disadvantage to this approach is that a linear amplifier is not nearly as efficient as a saturated amplifier.
Another, more complex approach is to split the EDGE signal into two components, amplitude and phase, and then recombine
them in a saturated power amplifier. The benefit is that efficiency is comparable to a saturated GMSK amplifier. This method is
called large signal polar modulation.

A large signal polar EDGE modulated power amplifier operates as a saturated GMSK amplifier while transmitting both GMSK or
EDGE modulated signals. It is differentiated from a linear EDGE power amplifier because it always operates as a saturated
amplifier. There is not a separate mode of operation that must be selected when an EDGE signal is transmitted. The RF3225 is
operated in the same mode, regardless of the modulation being transmitted.
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GMSK Operation

During GMSK transmit RF3225 operates as a traditional PowerStar® module. The basic circuit diagram is shown in the Figure
1. The PowerStar® control circuit receives an analog voltage (VRAMP) which sets the amplifier output power.  The PowerStar® I
architecture is essentially a closed loop method of power control that is invisible to the user. The VRAMP voltage is used as a ref-
erence to a high speed linear voltage regulator which supplies the collector voltage to all stages of the amplifier. The base bias
is fixed at a point that maintains deep class AB or class C transistor saturation.  Because the amplifier remains in saturation at
any power level, performance sensitivity to temperature, frequency, voltage and input drive level is essentially eliminated,
ensuring robust performance within the ETSI power vs time mask.

The PowerStar® power control relationship is described in Equation 1 where VCC is the voltage from the linear regulator and
the other variables are constants for a given amplifier design and load.  The equation shows that load impedance affects out-
put power, but to a lesser degree than VCC supply variations. Since the architecture regulates VCC, the dominant cause of
power variation is eliminated.  Another important result is that the equation provides a very linear relationship between VRAMP

and output power expressed as VRMS.

Equation 1:  Output Power vs Voltage Relationship
The RF signal applied at RFIN of the amplifier must be a constant amplitude signal and should be high enough to saturate the
amplifier. The input power range is indicated in the specifications. Power levels below this range will result in reduced maxi-
mum output power and the potential for more variation of output power over extreme conditions. Higher input power is unnec-
essary and will require more current in the circuitry driving the power amplifier. A higher input power may also couple to the
output and will increase the minimum output power level.

-

+

VBATT

VRAMP

H(s)

RF IN

TX ENABLE

RF OUT

VCC

Figure 1. Basic PowerStar® Circuit Diagram

POUTdBm 10
2 VCC VSAT– 2

8 RLOAD 10 3–
---------------------------------------------log=
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Polar EDGE Operation
The large signal polar EDGE amplifier operates similar to a GMSK amplifier, except amplitude modulation is applied through its
power control input. The polar EDGE amplifier operates in the same mode for both GMSK and EDGE transmission; but, there
are several important differences between a GMSK only and a large signal polar EDGE power amplifier that require design opti-
mization and potential performance tradeoffs. 

The power control loop bandwidth of the polar EDGE amplifier must be capable of tracking the envelope of the EDGE modula-
tion. The envelope signal may contain frequencies up to 5 times the EDGE data rate. Accurate reproduction of the power enve-
lope is required for acceptable EVM and modulation spectrum at the output of the amplifier. The power control loop bandwidth
in the RF3225 is designed to provide at least 2MHz over extreme operating conditions. Because of this, there is no internal
VRAMP filter that can provide attenuation of spurious signals caused by the DAC frequency. The wide bandwidth also allows
noise to enter the amplifier which can degrade the system receive band noise power performance. Filtering of the VRAMP signal
external to the module may be required to meet system performance requirements.

The amplitude, AM to AM, and phase, AM to PM relationship of VRAMP to the amplified RF output is a critical parameter of the
large signal polar amplifier performance. Also very important are the power amplifier’s amplitude and phase sensitivity to input
conditions. Predictable variations can be accounted for by applying predetermined coefficients at the system level. The Power-
Star® power control method is ideally suited to amplitude modulation required for the EDGE signal, because it is inherently
repeatable and insensitive to many conditions. After initial calibration, the RF3225 will maintain EDGE performance over RF
input drive, battery voltage, and case temperature variation. 

The large signal polar power amplifier performance must be tightly coupled to the transceiver capability since the transceiver is
responsible for managing and compensating for amplitude and phase non-linearity as well as the timing alignment of the
amplitude and phase signals as they pass from the transceiver, through the system, to the amplifier output. Whenever the
amplifier and the polar EDGE transceiver are not working together properly, modulation spectrum and EVM problems can arise.

Power On (Timing) Sequence
In the Power-On Sequence, there are some important set-up times associated with the control signals of the amplifier module.
Refer to the logic table for control signal functions.  One of the critical relationships is the settling time between TXEN going
high and when VRAMP can begin to increase. This time is often referred to as the “pedestal” and is required so that the internal
power control loop and bias circuitry can settle after being turned on. The PowerStar® architecture usually requires approxi-
mately 1 – 2 µs for proper settling of the power control loop.
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Power Ramping
The power ramp waveform must be created such that the output power falls into the ETSI power versus time mask. The ability
to ramp the RF output power to meet ETSI switching transient and time mask requirements partially depends upon the predict-

ability of output power versus VRAMP response of the power amplifier. The PowerStar® control loop is very capable of meeting
switching transient requirements with the proper raised cosine waveform applied to the VRAMP input. Ramp times between 10
and 14 µs can be optimized to provide excellent switching transients at high power levels. Shorter ramps will have a higher rate
of change which will produce higher transients. Longer ramps may have difficulty meeting the time mask.  Optimization needs
to include all power levels as the time mask requirements change with POUT levels.

The RF3225 does not include a power control loop saturation detection/correction circuit such as the VBATT tracking circuit
found in some PowerStar modules. If VRAMP is set to a voltage where the FET pass-device in the linear regulator saturates, the
response time of the regulated voltage (VCC) slows significantly. Upon ramp-down, the saturated linear regulator does not react
immediately, and the output power does not follow the desired ramp-down curve. The result is a discontinuity in the output
power ramp and degraded switching transients. To prevent this from happening, VRAMP must be limited as the supply voltage is
reduced. By maintaining VRAMP ≤0.345*VBATT+0.26, the linear regulator will avoid deep saturation and serious switching tran-
sient degradation will be avoided.  

Time

VBATT

BS

VRAMP

GMSK/EDGE Power On/Off Sequence
3.0V to 4.6V

Logic high = TXHB

1.6V for max Pout

~0.25V for min Pout

Power On Sequence:
1. Apply VBATT
2. Apply BS
3. Apply RFIN
4. Apply TXEN
5. Apply VRAMP pedestal value 
(~0.25V)
6. Ramp VRAMP for desired 
output power

Steps 2, 3, 4, 5 can occur at the 
same time.
RFIN can be applied at any time. 
For good transient response it 
must be applied before power 
ramp begins. 
Large signal Polar EDGE Phase 
modulation is applied to RFIN 
during active part of burst.

Large signal Polar EDGE 
amplitude modulation is applied to 
VRAMP during active part of burst.

The Power Down Sequence is the 
reverse order of the Power On 
Sequence.2µs0µs 0µs

TXEN

Logic high = PA on

RFIN

>0dBm for normal operation

Logic low = TXLB

~0.05V
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Application Schematic 
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33 uF*

VBATT

RF3225

Pin 17

GND and Heat Sink

100 pF*

33 pF*

Notes:
* Suggested values only. Actual requirements will vary with application.
**All RF paths should be designed as 50 microstrip or stripline. 
***NC pins on this module can be connected to ground.
**** matching network is suggested because it is flexible enough for the tuning needs of most applications. Component values are not given 
as they are application specific. 

Power Control DAC

DCS/PCS TX

GSM850/900 TX

2.2 k*

Band Select
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ASM HB Port
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***
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****
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Evaluation Board Schematic
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Evaluation Board Layout
Board Size 2.0” x 2.0”

Board Thickness 0.042”, Board Material RO4003 Top Layer, FR-4 Core and Bottom Layer  

RF in HB 

VB
an

d

TX_EN

VBatt

VAPC

RF in LB

RF out HB

RF out LB

R
1

P1

P2 P3

U1

J1

J4

J2 J3

J5

J6

C1
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Package Drawing
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PCB Design Requirements
PCB Surface Finish
The PCB surface finish used for RFMD's qualification process is electroless nickel, immersion gold. Typical thickness is 2 to 5
µinch inch gold over 180 µinch nickel.

PCB Land Pattern Recommendation
PCB land patterns for RFMD components are based on IPC-7351 standards and RFMD empirical data. The pad pattern shown
has been developed and tested for optimized assembly at RFMD. The PCB land pattern has been developed to accommodate
lead and package tolerances. Since surface mount processes vary from company to company, careful process development is
recommended.

PCB Metal Land and Solder Mask Pattern
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PCB Stencil Pattern
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Tape and Reel
Carrier tape basic dimensions are based on EIA 481. The pocket is designed to hold the part for shipping and loading onto SMT
manufacturing equipment, while protecting the body and the solder terminals from damaging stresses. The individual pocket
design can vary from vendor to vendor, but width and pitch will be consistent.

Carrier tape is wound or placed onto a shipping reel either 330mm (13 inches) in diameter or 178mm (7 inches) in diameter.
The center hub design is large enough to ensure the radius formed by the carrier tape around it does not put unnecessary
stress on the parts.

Prior to shipping, moisture sensitive parts (MSL level 2a-5a) are baked and placed into the pockets of the carrier tape. A cover
tape is sealed over the top of the entire length of the carrier tape. The reel is sealed in a moisture barrier ESD bag with the
appropriate units of desiccant and a humidity indicator card, which is placed in a cardboard shipping box. It is important to
note that unused moisture sensitive parts need to be resealed in the moisture barrier bag. If the reels exceed the exposure
limit and need to be rebaked, most carrier tape and shipping reels are not rated as bakeable at 125°C. If baking is required,
devices may be baked according to section 4, table 4-1, of Joint Industry Standard IPC/JEDEC J-STD-033.

The table below provides information for carrier tape and reels used for shipping the devices described in this document.

Tape and Reel

RFMD Part Number
Reel 
Diameter 
Inch (mm)

Hub 
Diameter 
Inch (mm)

Width 
(mm)

Pocket Pitch 
(mm)

Feed
Units per 
Reel

RF3225TR13 13 (330) 4 (102) 12.9 8 Single 2500

RF3225TR7 7 (178) 2.4 (61) 12.9 8 Single 750

Part Number
YYWW
Trace Code

Part Number
YYWW
Trace Code

Part Number
YYWW
Trace Code

Unless otherwise specified, all dimension tolerances per EIA-481.

Direction of Feed

Sprocket holes toward
rear of reel

Top View

Pin 1
Location

Part Number
YYWW
Trace Code

Figure 1. 5mmx5mm (Carrier Tape Drawing with Part Orientation)
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射 频 和 天 线 设 计 培 训 课 程 推 荐 

 

易迪拓培训(www.edatop.com)由数名来自于研发第一线的资深工程师发起成立，致力并专注于微

波、射频、天线设计研发人才的培养；我们于 2006 年整合合并微波 EDA 网(www.mweda.com)，现

已发展成为国内最大的微波射频和天线设计人才培养基地，成功推出多套微波射频以及天线设计经典

培训课程和 ADS、HFSS 等专业软件使用培训课程，广受客户好评；并先后与人民邮电出版社、电子

工业出版社合作出版了多本专业图书，帮助数万名工程师提升了专业技术能力。客户遍布中兴通讯、

研通高频、埃威航电、国人通信等多家国内知名公司，以及台湾工业技术研究院、永业科技、全一电

子等多家台湾地区企业。 

易迪拓培训课程列表：http://www.edatop.com/peixun/rfe/129.html 

 

 

射频工程师养成培训课程套装 

该套装精选了射频专业基础培训课程、射频仿真设计培训课程和射频电

路测量培训课程三个类别共 30 门视频培训课程和 3 本图书教材；旨在

引领学员全面学习一个射频工程师需要熟悉、理解和掌握的专业知识和

研发设计能力。通过套装的学习，能够让学员完全达到和胜任一个合格

的射频工程师的要求… 

课程网址：http://www.edatop.com/peixun/rfe/110.html 

ADS 学习培训课程套装 

该套装是迄今国内最全面、最权威的 ADS 培训教程，共包含 10 门 ADS

学习培训课程。课程是由具有多年 ADS 使用经验的微波射频与通信系

统设计领域资深专家讲解，并多结合设计实例，由浅入深、详细而又

全面地讲解了 ADS 在微波射频电路设计、通信系统设计和电磁仿真设

计方面的内容。能让您在最短的时间内学会使用 ADS，迅速提升个人技

术能力，把 ADS 真正应用到实际研发工作中去，成为 ADS 设计专家...

课程网址： http://www.edatop.com/peixun/ads/13.html  

 

HFSS 学习培训课程套装 

该套课程套装包含了本站全部 HFSS 培训课程，是迄今国内最全面、最

专业的HFSS培训教程套装，可以帮助您从零开始，全面深入学习HFSS

的各项功能和在多个方面的工程应用。购买套装，更可超值赠送 3 个月

免费学习答疑，随时解答您学习过程中遇到的棘手问题，让您的 HFSS

学习更加轻松顺畅… 

课程网址：http://www.edatop.com/peixun/hfss/11.html 
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CST 学习培训课程套装 

该培训套装由易迪拓培训联合微波 EDA 网共同推出，是最全面、系统、

专业的 CST 微波工作室培训课程套装，所有课程都由经验丰富的专家授

课，视频教学，可以帮助您从零开始，全面系统地学习 CST 微波工作的

各项功能及其在微波射频、天线设计等领域的设计应用。且购买该套装，

还可超值赠送 3 个月免费学习答疑… 

课程网址：http://www.edatop.com/peixun/cst/24.html  

 

HFSS 天线设计培训课程套装 

套装包含 6 门视频课程和 1 本图书，课程从基础讲起，内容由浅入深，

理论介绍和实际操作讲解相结合，全面系统的讲解了 HFSS 天线设计的

全过程。是国内最全面、最专业的 HFSS 天线设计课程，可以帮助您快

速学习掌握如何使用 HFSS 设计天线，让天线设计不再难… 

课程网址：http://www.edatop.com/peixun/hfss/122.html 

13.56MHz NFC/RFID 线圈天线设计培训课程套装 

套装包含 4 门视频培训课程，培训将 13.56MHz 线圈天线设计原理和仿

真设计实践相结合，全面系统地讲解了 13.56MHz线圈天线的工作原理、

设计方法、设计考量以及使用 HFSS 和 CST 仿真分析线圈天线的具体

操作，同时还介绍了 13.56MHz 线圈天线匹配电路的设计和调试。通过

该套课程的学习，可以帮助您快速学习掌握 13.56MHz 线圈天线及其匹

配电路的原理、设计和调试… 

详情浏览：http://www.edatop.com/peixun/antenna/116.html 
 

我们的课程优势： 

※ 成立于 2004 年，10 多年丰富的行业经验， 

※ 一直致力并专注于微波射频和天线设计工程师的培养，更了解该行业对人才的要求 

※ 经验丰富的一线资深工程师讲授，结合实际工程案例，直观、实用、易学 

联系我们： 

※ 易迪拓培训官网：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 
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