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OUTLINE

@® Basic considerations

@ NPR approach using a digital synthesis of a bandlimited
gaussian noise

@ The proposed experimental set-up

® Measurement results

@® Conclusion
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BASIC CONSIDERATIONS ()

Linearity versus efficiency characterization of power amplifiers

Classical approach : (CW center frequency AM/AM and AM/PM measurements)
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MEMORYLESS APPROACH
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Neither high frequency memory effects (standing in RF matching circuits)

Nor low frequency memory effects (standing in bias circuits)

ARE TAKEN INTO ACCOUNT

For HF dispersive effects :

There is a modeling improvement which consists in cascading.
The small signal transfert function of the amplifier with the center frequency
AM/AM AM/PM large signal characteristics.

For low frequency dynamic behavior :

Two tone or multitone measurements are required.
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BASIC CONSIDERATIONS (i)

Two tone characterization (Third order intermodulation criterion)

A A M

Peak to average power ratio of this test signal = 3 dB
Typical relationship observed between single tone and two tone measurements

Em + SINGLE T ONE PAE + SINGLE T ONE
+ TWO TONE TWO TONE
15 to M poi
| » | —>
INPUT POWER INPUT POWER
ADDITIONAL REMARKS C/1 is a function of carrier frequency spacing (non linear memory effects)

What is the correlation between C/1 and the BER. degradation of a digital

communication link ?
II" THE CASE OF THE USE OF A FEW CARRIERS = SAME DIFFICTULTY + (PHASE RELATIONSHIPS BETWEEN CARRIERS)
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A TENTATIVE OF A GENERALIZED APPROACH
THE BANDLIMITED WHITE GAUSSIAN NOISE

FDMA Frequency CDMA Freguency

F 3
Power Time

FDMA/TDMA Frequency Frequency
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BANDLIMITED WHITE GAUSSIAN NOISE
A POSSIBLE PRATICAL REALIZATION

According fo the central limit theorem

@ Synthesis of a great number of CW carriers with equal magnitude

and a random phase draw

FF W W W W W O W W W W

- >
Channel handwidth

BW

- — :

: GAUSSIAN
BANDLIMITED WHITE NOISE

# BASE BAND SIGNATL SYNTHESIS USING A COMPUTER CONTROLLED ARBITRARY

WAVEFORM GENERATOR (AWG)
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NOISE TEST SIGNAL CONDITIONING FOR LINEARITY
CHARACTERIZATION OF POWER AMPLIFIERS
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Time Domain Bepresentation
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Chammel bandwidih : BW
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B OUTPUT SIGNAL SPECTRUM OF A POWER AMPLIFIER
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B Limited number of carriers (few hundred) - Influence of the phase draw

Input signal

Ouipui sionalsl

Phase draw
number 1

—-

Phase draw
number 2
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SUMMARY

-Tn reach an accuracy in the order of 0.5 dB for NPR simulations
or measurements

400 (samples (or carriers)) within the notch are required

For example: [ 400 carriers

1 5% notch —> 20 carriers

- Averaging between 20 different phase draws

- Typical shape of the intermodulation noise distribution

A I¥oise power _
0.53 dB
Mean noise | e e | %1/1_
power —» T~ 18 dB
Frequency

A
r!_}l,!%!g!g 30}3wm CONFEREMNCE #® mf\ WOrkshop on New Large signal Characterization and Mocdeling Technique
.4 . My .*

12/21



i

cnes

cont . UMR CNRS 6615

NPR MEASUREMENT SETUP

Step Variahle
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MEASUREMENTS WITH A 1000 TONES
CHANNEL BANDWIDTH 20 MHZ - NOTCH =3 % -F;=2 GHZ
HP 87415A AMPLIFIER

P in (dBm)
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MEASUREMENTS WITH AN ANALOG NOISE SOURCE

AND 10 000 TONES - F; =2 GHZ
HP 87415A AMPLIFIER
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Conventional
Analog Noise

Source Technique

3 _5
P in (dBm)
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MEASUREMENT OF A SINGLE CELL

1200 pM TI HFET POWER AMPLIFIER AT 2.18 GHZ

POWER ADDED EFFICIENCY VERSUS OUTPUT POWER

11 12 13 14 15 16 17 18 19 20 21 22 23
Pout (dBm)
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MEASUREMENT OF A SINGLE CELL

1200 pM TI HFET POWER AMPLIFIER AT 2.18 GHZ
NOISE POWER RATIO VERSUS OUTPUT POWER
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Pout  (dBm)
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MEASUREMENT OF A SINGLE CELL
1200 pM TI HFET POWER AMPLIFIER AT 2.18 GHZ
NOISE POWER RATIO VERSUS POWER ADDED EFFICIENCY

NPR (dBc)
N 2
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The NPR/PAE information in a system level analysis
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Example of a satellite downlink :

Satellite Stationary Earth
— power channel station ——
amplifier attenuation ¢ receiver

CR : Received power

c:______-._____.

C : Qutput power .
I: Interm odulation noise NR : Thermal noisse
N= Dg equivalent therm al noise
X
_ _ _ _ S C
Equivalent signal to noise ratio : —
N N+1
—1 —1 —1
S S S
_ — | 1| =
N N 1
: T NPR.
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N+1 x C
N+1

CRITERION OF POWER AMPLIFIERS

50 1%
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CONCLUSION

The presented measurement system propose :

- An interesting NPR characterization technique SIMILAR TO THE ONE USED
IN envelope transient simulation techniques or multitone HB analysis

- A more general evolutive tool for the characterization of power amplifiers in
terms of dynamic input - output envelopes.

E
g_p,!%!ge!g 30;;RD;W CONFEREMNCE A ”f\ Workshop on New Large signal Characterization and Modeling Technigue
e _"'" A] MICR A .

21/21



