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M MA'495933-M5 4.9 — 5.9 GHz Linear Power Amplifier

Features:
e Frequency Range: 4.9t0 5.9 GHz
e 46dBm IP3

e 33dBm P1dB

e 26dBm Pout @ 2.0 % EVM

e 11.0dB Gain

e Input and Output Matched to 50 Q for Easy Cascade
e Surface Mount QFN 5§ x 5 mm Package

Applications:
¢ 802.16 WiMax
¢ 802.11 WLAN
e Point-To-Point Radio Communications
e Telecomm Infrastructure

Description:

The MMA-495933-M5 is a 2.0 watt amplifier pre-matched to 50 ohm operating over frequency range 4.9 GHz to 5.9 GHz. The RF
gain is 11.0 dB. The typical output IP3 is 46 dBm and P1dB is 33 dBm. The MMA-495933-M5 amplifier has excellent
performance for 802.11 WLAN and 802.16 WiMax applications. At 2.0 % error vector magnitude (EVM), the amplifier can
achieve an average output power of 26 dBm. The MMA-495933-M5 is packaged in a quad flat no-lead (QFN) with a copper base
paddle which offers excellent thermal conductance, reduced lead inductance, small size, near chip-scale footprint and thin profile.

Electrical Specifications: vas=7.5v, ra=25°c,z0=500, vgs =-0.85v, I1dg = 600 mA

S Units Min Typical Max
Frequency Range GHz 4.9 5.9
Small Signal Gain dB 10.0 11.0

Input / Output VSWR N/A 2.0:1/3.7:1

Pout at 1 dB Compression Point dBm +32.5 +33.0

Pout @ 2 % EVM (1) dBm 26

Output Third Order Intercept (2) dBm 46

DC Current mA 600

Gate Voltage(VGS) \% -1.0

Thermal Resistance Junction to Case °C/W 16

(1) The output power is 26 dBm for 2.0 % EVM and the test signal is 802.16, 256-carriers, 64-QAM with 2 / 3 coding factor. The measured
EVM includes the accumulated errors (0.8 %) from the modulator and driver stages.
(2) The output power per tone is 22 dBm and the tone separation is 20 MHz center at 5.5 GHz.
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MMA-495933-M5

4.9 — 5.9 GHz Linear Power Amplifier

Typlcal RF Performance: Vds =75V, Vgs =-1.0V, Ids = 600 mA, Z0 =50 Q, Ta =25 °C
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ESD Caution

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.

www.cmlmicro.com 2 October 2018



MMA-495933-M5

4.9 — 5.9 GHz Linear Power Amplifier

Absolute Maximum Ratings: (a=2s-cy

PARAMETERS UNITS ABSOLUTE MAXIMUM
Bias Voltage (VDS) \% 8.5
Continuous RF Input Power dBm +30

Peak Input Power dBm +33
Operating Temperature £ -40 to +85
Storage Temperature °C -65 to +150

*Operation of this device above any one of these parameters may cause permanent damage.

Typical Scattering Parameters: vis=75v,vgs=-09V, 1ds =600mA, 20=50 0, Ta = 25°C

Freq S11 S21 S12 S22

(GHz2) MAG ANG MAG ANG MAG ANG MAG ANG
4.50 0.58 12.98 291 0.321 | 0.039 -65.1 0.42 -123.15
4.60 0.55 -3.95 2.95 -16.40 | 0.042 -82.14 0.46 -129.49
4.70 0.50 -21.89 3.02 -32.99 | 0.044 --99.79 0.51 -135.38
4.80 0.47 -41.41 3.09 -49.68 | 0.047 -117.69 0.54 -140.75
4.90 0.39 -63.21 3.19 -66.76 0.05 -135.82 0.56 -145.62
5.00 0.34 -87.96 3.29 -84.69 | 0.052 -153.91 0.57 -150.16
5.10 0.29 -116.06 3.38 -103.06 | 0.054 -172.01 0.58 -154.50
5.20 0.27 -146.83 3.46 -121.82 | 0.056 169.92 0.57 -158.81
5.30 0.25 -178.36 3.50 -140.56 | 0.059 151.74 0.57 -163.22
5.40 0.25 151.23 3.52 -159.17 | 0.061 133.45 0.56 -167.68
5.50 0.26 122.38 3.51 -177.74 | 0.063 115.10 0.54 -176.57
5.60 0.25 94.62 3.51 163.49 | 0.064 96.64 0.52 -176.57
5.70 0.25 66.79 3.51 14451 | 0.066 77.99 -.49 179.20
5.80 0.23 37.69 3.51 124.99 | 0.068 58.98 0.46 175.16
5.90 0.22 6.29 3.51 104.90 | 0.070 19.74 0.39 167.02
6.00 0.21 -27.52 3.49 84.28 | 0.072 19.74 0.39 167.02
6.10 0.21 -62.14 3.44 63.09 | 0.073 -0.53 0.36 162.48
6.20 0.21 -95.69 3.37 41.27 | 0.073 -21.21 0.32 157.70
6.30 0.20 -128.03 3.27 18.99 | 0.073 -42.40 0.27 153.51
6.40 0.18 -161.31 3.15 -3.87 | 0.072 -64.18 0.22 151.77
6.50 0.13 158.70 3.00 -27.27 | 0.069 -86.44 0.17 156.32
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MMA-495933-M5

4.9 — 5.9 GHz Linear Power Amplifier

Package Pin-out:

Pin #1 Dot

5 JHUIHEDE

N
w

N
N

N
=

Ground Pad
33

EREREROREREIERE
L L A

=y

=]
[ & ]
[=]
[ 5]
[=]
[=]
[ -]

Pin Description

4,5 RFin

20, 21 RFout
13 vdd
29 Vgs

1,8,9, 16,17, 24, 25,32 Ground
2,3,6,7,10,11, 12, 14, 15, 18, N/C

19, 22, 23, 26, 27, 28, 30, 31
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MMA-495933-M5

4.9 — 5.9 GHz Linear Power Amplifier

Mechanical Information:
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BOTTOM VIEW

SIDE VIEW

The units are in [mm].
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MMA-495933-M5

4.9 — 5.9 GHz Linear Power Amplifier

Application Note:

O
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Figure 1 Evaluation Board
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Figure 2 Hole Pattern

The measurements presented are recorded at Vdd = 7.5 volts and
Ids = 600 mA. The evaluation board layout is shown in Figure 1.
Rogers 4003 is the choice for many RF board materials because of
its high frequency response, temperature stability and low cost. The
board height is 20 mils and the copper trace weight is 1 0z. Many
through holes with a drill diameter of 12 mils are spread uniformly
across the center pad for thermal relief and RF ground. It is
recommended that via holes be placed nearby the DC bias
connector to maintain ground continuity between the top 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.

The via hole design, shown in Figure 2, uses two via patterns that are interleaved; one is
5 x 5 and the other is 4 x 4; the finished via hole diameter is 9 mils. The pitch between
holes is 25 mils. The simulated thermal impedance is less than 0.9 °C / W. The PCB
finish is nickel over copper with a gold flash.

Please consult CML Micro to request s-parameters, Gerber file and samples.

The MMA-495933-M5 amplifier includes two built-in bias tees
for gate control at QFN pin 10 and for drain control at QFN pin
22. In addition, the MMA-495933-M5 has its own DC blocking
capacitors. The breakdown voltage for the blocking capacitor
is 22 VDC. The schematic for the evaluation board is shown
in Figure 3. The evaluation board has two bias terminals;
terminal P1 is for gate control and terminal P2 is for drain
control.  The gate control should be adjusted first before
setting the drain. The typical gate voltage is -1.0 volts and the
drain voltage is 7.5 volts. The bias current is approximately
600 mA with no RF applied. These bias conditions can vary
with the application requirements; that is, setting lower current
for low power or setting higher current for pristine
performance.
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MMA-495933-M5

4.9 — 5.9 GHz Linear Power Amplifier

Application Note (cont):

The typical small signal gain response, shown in Figure 4, varies from 10 to 11 dB over the frequency range 4.9 to 5.9
GHz. The output IP3 response shown in Figure 5 uses a two tone separation of 20 MHz at 4.9 and 5.9 GHz. Notice
that linearity of this amplifier is maintained at very low power levels which give rise to better signal to noise

interference ratio.

Gainvs Frequency
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Figure 4 Gain Response

A block diagram of the WIMAX test setup is shown in
Figure 6. The burst frame length is 141 symbols and the
channel bandwidth is 3.5 MHz. A summary of the burst is
shown in Figure 7.

The measured EVM error is segmented into two sections.
The SMUZ200A contributes about 0.5 %, and the driver
contributes about 0.3 % to the total EVM. The EVM
measurement includes the 0.8 % error from the driver
and source. The residual EVM error for the
MMA-495933-M5 is 1.2 % at burst power of 27 dBm.
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Dovwnlink Burst Summary List
Burst Area  modulation Length|PowerdBrm| BEY W (6B
Burst 1 Preamble [ BPSH 1 29.72 -39.6

Data BPS 11 26 83 -33.74

Burst 2 Data QPS5 20 26 82 -34.24
Burst 3 Data ThC1A a0 26 82 -34 1
Burst 4 Data Fid C1A 74 26.759 -34.
Ciyerall 141 27 A7 -34.74

Figure 7 Example of Burst Summary

Frame Trgger

PADICable
18.6 dB FS026 Demod
B02. 16d 2004 std
RF Out 64 QAM

MiMA4859330Q5

Figure 6 WiMax Test Setup
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MMA-495933-M5

4.9 — 5.9 GHz Linear Power Amplifier

Application Note (cont):

Noise Figure vs Frequency
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Figure 8 Noise Figure

The noise figure, shown in Figure 8, is less than 8.0
dB across the frequency range 4.9 to 5.9 GHz. The
MMA-495933-M5 includes a stability resistor that
adds to the noise figure.

The typical noise floor for an on-chip WIMAX
modulator is -107 dBm per MHz. Assume that the
total system gain is approximately 35 dB and the pre-
driver stage used has a gain of 25 and noise figure of
5.5 dB. The noise floor to PA is -79 dBm per MHz.
The noise floor at the output of the MMA-495933-M5
is -68.5 dBm per MHz. This shows that sensitivity for
this system is -29 dBm per 3.5 MHz for SNR = 34
dB. The MMA-495933-M5 does not noise limit the
system performance.

@ IEEE 802.16-2004 OFDM
Frequency: 5.5 GHz Signal Level Setting: 7.4 dBm External Att: 18.8 dB
Sweep Mode: Continuous Trigger Mode: External Trigger Offset: -10 ps
Burst Type: Modulation: No Of Data Symbols: 1/2425
Result Summary

No. of Bursts 4

Min Mean Limit Max Limit| Unit
EVM All Carriers 1.94 1.98 2.82 2.05 282 %
EVM Data Carriers 1.95 1.98 2.05 %
EVM Pilot Carriers 1.83 1.90 2.05 %
1Q Offset 0.13 0.13 17.78 0.13 17.78] %
Gain Imbalance 0.08 0.08 0.08 %
Quadrature Error - 0.002 - 0.002 - 0.002 °
Center Frequency Error 244.27 244.27 +44000 244.27 +44000| Hz
Clock Error 0.03 0.03 +8 0.03 +8| ppm
Burst Power 27.12 27.15 27.16 dBm
Crest Factor 8.32 8.53 8.77 dB
RSSI 11.26 11.26 11.26 dBm
RSSI Standard Deviation 11.16 dB
CINR 39.70 39.70 39.70 dB
CINR Standard Deviation 2.83 dB

Figure 9 802.16 256-carriers, 64-QAM at 5.5 GHz, Pavg = 2.71 dBm @ 2 % EVM
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MMA-495933-M5

4.9 — 5.9 GHz Linear Power Amplifier

Application Note (cont):

&

IEEE 802.16-2004 OFDM

Frequency: 5.5 GHz Signal Level Setting: 7.4 dBm External Att: 18.8 dB
Sweep Mode: Continuous Trigger Mode: External Trigger Offset: -10 ps
Burst Type: OFDM DL Burst Modulation: ALL No Of Data Symbols: 1/2425

Capture Memory

No of Samples 80001

Capture Time

20 ms Gate Off

Figure 10 - WiMax constellation

Ref l7.4|dBm : At/EI 25.00/0.00d8 Burst 4 (4) Pavg = 27 dBm at 5.5 GHz for
—! —ﬁ 2.0% EVM for all carriers.
u 1A
S — - The test pattern is 256-carriers
o LVL and modulations are QPSK,
Y 16-QAM and 64-QAM.
YT, Py — 200000 me The S|g_nal power versus time is
shown in yellow.
Constellation vs Symbol
700 e e e o s o ﬁ The constellation shown
. W 2 represents QPSK, 16-QAM and
64-QAM.
* - » =
] &
7.00 * > x -
7.00 7.00
@ IEEE 802.16-2004 OFDM
Frequency: 5.5 GHz 'Signal Level Setting: 10.3 dBm External Att: 18.8 dB
Sweep Mode: Continuous Trigger Mode: External Trigger Offset: -10 ps
Burst Type: OFDM DL Burst Modulation: ALL No Of Data Symbols: 1/2425
Adjacent Channel Power Relative
Channel Bandwidth Spacing Lower Upper
T 3.5 MHz 26.89 dBm
Adjacent 3.5 MHz 3.5 MHz -38.86 dB -39.35 dB
Alternate 3.5 MHz 7 MHz -59.04 dB -58.92 dB
2nd Alternate 3.5 MHz 10.5 MHz -63.21 dB -63.40 dB
3rd Alternate .
4th Alternate Figure 11 - ACPR at Pavg =
SpectrumACP RBW 100 kHz 27 dBm at 55 GHZ.
VBW 1 MHz
Ref 11.8 dBm A/EL 25.00 /0.00 dB SWI 2s Sweep 1of1
| o1 The channel bandwidth is
| & i - 3.5 MHz. The first adjacent
. channel ratio is -39 dBc; the
second channel ratio is -59 dBc.
[ o cl1 cll cul cul
[ TRG
19 LVL
| 29 cl2 cl2 cu2, cu2
cl3 49 a3 __ cu3 cu3
5487.651 MHz 2.470 MHz/div 5512.349 MHz
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MMA-495933-M5

4.9 — 5.9 GHz Linear Power Amplifier

RoHS Compliance

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.

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.

Contact Information

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

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.
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