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 GaN Based High Power Amplifier
 20 % Efficiency at 33 dBm Linear Output Power
 40 dBm P-3dB

 33 dBm Linear Pout @ 2.5 % EVM (802.11 64-QAM)
 12 dB Gain
 Fully Matched Input and Output for Easy Cascase
 +28 V Bias Voltage
 RoHS Compliant Surface Mount Package
 MTTF > 100 years @ 85 °C Ambient Temperature

 

 Telemetry
 Avionics
 Private Microwave Network Systems
 Military Wireless Communications

     
Typical RF Performance:
Vds = 28 V, Vgs = -3.0 V, Idq = 100 mA, Ta = 25  °C, Z0  =  50 Ω

Description
The  MGA-444940-02  is  a  power  amplifier  with  the  State-of-the-Art  linear  power-added-efficiency  between  4.4  GHz
and 4.9  GHz  frequency  band.  Based  on  advanced  robust  GaN  device  technology, the  power-added-efficiency  of
this  power amplifier  is  over  20  % at  2  W  linear  burst  power  with  2.5  % EVM  and  ACPR  better  than  -38  dBc.   The
modulation  test  pattern  is  802.16x  64-QAM.  The  high  efficiency  linear  power  amplifier  also  has  excellent
reliability.  Ideal  applications include  the  driver  and  the  output  power  stage  of  the  telemetry,  avionics,  private
microwave  network  systems,  and military wireless communications.

PARAMETER

Frequency Range

Gain (Typ / Min)

Gain Flatness (Typ / Max)

Input Return Loss

Output Return Loss

Output P3dB

Pout @ 2.5% EVM

Operating Current Range

TYPICAL DATA

4400 - 4900

  12 / 10

1.0 / 1.5

8

10

40

33

     100 - 400

7

UNITS

MHz 

dB

±dB 

dB 

dB 

dBm 

dBm 

mA 

ºC / WThermal Resistance

  
Absolute Maximum Ratings:
Ta = 25  °C *

MAXUNITSPARAMETERSSYMBOL

50VDrain to Source VoltageVds

10VGate to Source VoltageVgs

1000mADrain CurrentId

10mAGate CurrentIg

50WDC Power DissipationPdiss

+33dBmRF Input Pow erPin max

175ºCChannel TemperatureTch

-55 to 150ºCStorage TemperatureTstg
Exceeding any on of these limits may cause permanent damage.
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High-performance  RF  integrated  circuits  are  highly  sensitive  to  electrostatic  discharge  (ESD) and  may
 

 contain
unprotected inputs and outputs. Handling and assembly should be conducted in an ESD-controlled environment.

 
  It

is  recommended that  ESD precautions and protocols  are adopted to minimise the risk  of  electrostatic  discharge
and protect product integrity.

ESD Caution



Gain Response vs. Return Loss vs. FrequencyFrequency

Pout @ LSG = 9 dB vs. Frequency vs. SamplePout vs. Pin Fo = 4.5 GHz, Vdd = 28 Vdc, Idq = 121 mA

   Typical RF Performance:  Vds = 28 V, Vgs = -3.0 V, Idq = 100 mA, Ta = 25  °C, Z0 = 50Ω

Burst Power @ 2.5 % EVM, Drain Efficiency vs. Frequency
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Application Note:

The  evaluation  board  material,  shown  in  Figure  1,  is  Rogers  4003  material,  20  mil  thick,  and  2  oz  copper 
weight  and  is  used  to  evaluate  the  MGA444924-02  hardware.   The  10  W  device  in  the  ‘02’ package  has  a 
limited  temperature  range  of  approximately  85  °C.   An earless flange or flange package is offered with better Tjc and 
can  be  used  at  much  higher  temperatures.   Please consult  the  factory  for  your  specific  application.   Through holes 
with a diameter of 20 mils are placed uniformly over the center pad for thermal relief and RF ground.

FIGURE 1 Evaluation Board

 
 

 

 
 

 
   

 

 
 

 
 

 

 
 

 
 

 
   

 
 

 
  

 
 

 

   
  

  
  

 
  

 
 

 
 

 
 

 
 

 
   

 
 

 
  

 
 
 

  
  

  
 

   
    

  
 

 
 

   
  

  
  

It  is  recommended  that  via  holes  be  placed  near  the  DC  bias  connector  to  maintain  ground  continuity  between  the
top  layer  and  bottom  ground  planes.   Mounting  holes  near  the  unit  will  help  secure  the  board  to  the  chassis,
   minimize  ground  current  loops  and  improve  thermal  conductivity  in  the  absence  of  sweat  soldering  the  board  to
the  chassis.

Biasing  with  quarter-wave  stubs  at  the  gate  and  drain  are  shown  in  Figure  1.   The  impedance  of  the  quarter
wave  structures  is  cyclical  with  frequency.   A  RF  short  is  observed  at  frequencies  that  are  even  multiples  of
quarter-wavelength  and  open  impedance  is  observed  at  frequencies  that  are  odd  multiples  of  a  quarter-
wavelength.  A 56 Ω  resistor  is  added  in  series  to  the  gate  bias.  The  effective  impedance  is  increased  which
reduces  the  risk  of  oscillations.   The  56  Ω  resistor  is  not  shown  in  Figure  1.  Through  holes  underneath  the
package  is  required  to  connect  the  top  and  bottom  grounds  and  to  improve  thermal  conductivity.   The
through  holes  can  be  back  filled  with  conductive  epoxy  for  best  thermal  performance.

The  MGA444940-02 has a noise figure less than 3.0 dB. A plot  of  noise  figure  versus  frequency  at  Idq  is  shown in
Figure  2.   At  small  signal  levels  the  amplifier  operates  at  Idq.  As  the  output  power  is  increased  the  amplifier  drive
current will  increase.  A  plot  of  Pout  versus  Pin  shown  in  Figure  3  is  plotted  from  25  dBm  to  40  dBm.  The  drain
current  Idd  increases  from  0.10  to  0.89  amp.   The  RF  drive  level  is  increased  incrementally  and  stopped
when  the  gate  leakage  current  of  10  mA  is  reached.  The  temperature  performance  for  Pout  vs  Pin  has  a
slope  of  -0.019  dB/°C.   A  plot  of  Pout  vs  Pin  at  4.7  GHz  over  a  temperature  range from 0 to 85 °C is shown in
Figure 4.
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Application Note (cont):

The Burst power and ACPR data are shown in Figure 5.  These measurements are recorded at EVM = 2.5 % across
the frequency range at 4.4, 4.7, 4.9 and 5.1 GHz.  A WPS44492202 amplifier is used as the drive stage and has a
residual EVM error of less than 0.8 %.  The modulation is 802.16x and each frame cycle has a 10 msec duration and
runs continuously.  Equalization is enabled when measuring EVM performance.  The MGA amplifier bias condition is
Vdd = 28 V and the gate voltage is adjusted for an Idq = 100 mA.  A diagram of test setup is shown in Figure 7 and
includes the frame information about the test pattern.  As the output power is backed off from the peak performance,
the  amplifier  changes  its  DC/RF  operation  from  Class  ‘A’  to  Class  ‘A/B’.    An  example  of  this  dynamic  DC/RF
operation can be obverse in EVM versus Burst Power performance shown in Figure 6.  The EVM is optimal at 33 dBm
but not at 25 dBm in which the output power is backed off and the amplifier’s operating current to reduced 150 mA.  At
this bias condition the amplifier is back-off near pinch off.

Applications that require gating the amplifier for TDD applications can be supported using a constant current source
with  a  command  switch  to  disable  current  loop  and  turnoff  the  amplifier  as  shown  in  Figure  9.   A  1  %   precision
resistor R8 0.2 Ω  is  used to convert  the current to voltage.  Applying KVL principal  around Q2 and Q3, the current
through Q2 and the load current is 30 times defined by resistor network R4 over R8.  As the load current is equalized,
the  gate  voltage  to  the  gate  of  the  GaN  is  adjusted  until  the  voltage  at  Q3  base  and  voltage  at  Q2  collector  is
balanced.   A  MOSFET  M2  is  used  to  enable  and  disable  the  loop.   The  loop  bandwidth  has  been  intentionally
truncated to minimize the loop dynamics from attacking the envelope. This allows the bias current to increase as the
Pout increases; this is shown in Figure 8.

FIGURE 2
Noise Figure vs. Frequency

FIGURE 3
Supply Current vs. Pout (CW)
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FIGURE 4
Pout vs. Pin over Temperature

FIGURE 5
Burst Power and ACPR vs. Frequency

FIGURE 6
EVM vs. Burst Power at 4.9 GHz Vdd = 28 V
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Application Note (cont)
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Application Note (Cont)
FIGURE 7

Burst Power and ACPR Test Setup

FIGURE 8
Pout vs. Pin Using Constant Current Loop
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Application Note (Cont):
FIGURE 9

Schematic of Constant Current Loop
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Typical Scattering Parameters: Vds = 28 V, Vgs = -3.0 V, Idq = 100 mA, Ta = 25  °C, Z0 = 50  Ω
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Outline Drawing:
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CML Micro certifies, to the best of our knowledge, that its products comply with  RoHS directive (2011/65/EU), as
amended by  Directive (EU) 2015/863.

Important  notice: The  information  provided  in  this  document  is  believed  to  be  accurate  and  reliable  however, CML assumes  no
responsibility for any errors or omissions in this document. CML reserves the right to make changes to this document at any time
without notice.

The  product(s) referenced  within  this  document  are  not  designed, authorized, or  warranted  for  use  in  life  support, life-critical,
surgical  or  nuclear  applications, nor  in  any  application  where  the  failure  of  the  product  could  create  a  situation  where  personal
injury or death may occur. Customers using or selling the product for such applications do so entirely at their own risk and without
any recourse to CML, financial or otherwise.

CML assumes no liability for applications assistance or the design of customers’ products. Customers are solely responsible for the
design, validation, and testing of customer products as well as compliance with all legal, regulatory, and safety-related requirements
concerning their applications.

ALL SPECIFICATIONS AND DATA ARE PROVIDED "AS IS" AND WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING  BUT  NOT  LIMITED  TO  ANY  IMPLIED  WARRANTIES  OF  MERCHANTABILITY, FITNESS  FOR  A  PARTICULAR  PURPOSE, OR
NON-INFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS. PRODUCTS ARE PROVIDED UNDER THE TERMS OF CML’S CONDITIONS
OF SALE.

Nothing in this document or any purchase of CML products shall be construed as granting any license, whether express or implied,
under any patent, copyright, trade secret, or other intellectual property right owned or controlled by CML.

Contact Information

For further information please contact your local CML sales representative.
Contact details can be found at www.cmlmicro.com.

RoHS Compliance

REACH Compliance

CML Micro certifies, to the best of our knowledge, that its products do not contain any of the banned substances
specified in the SVHC list at  https://echa.europa.eu/candidate-list-table.  CML Micro are committed to ensuring
the safety of  products and the compliance with regulations. Publications will be updated in the event that REACH
control is compromised.

www.cmlmicro.com 9 November 2023
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