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Abstract — This paper proposes a high sampling rate, 4-
channel Track and Hold Amplifier based time-domain
measurement setup. It achieves an equivalent higlampling rate
using Coherent Time Interleaved Sampling (CTIS) telenique to
accurately characterize high Power amplifiers drive by
repetitive pulsed RF large signal. The acquired sapies are the
combination of non-sequential sub-sampling technigei and the
measurement system based on the use of Track and lHo
amplifiers to avoid Intermediate Frequency (IF) alasing and IF
filtering. This principle is applied to the large sgnal pulsed
characterization of S-band 50 W GaN amplifier. Fuly calibrated
acquired time-domain waveforms and power charactestics
under varying load conditions are presented. To theauthors
knowledge the transients at the beginning and endf gulses are
measured and exhibited for the first time.

Index Terms — Time-domain measurements, Track and hold
amplifier, virtual sampling Frequency, Non-Linear devices.

|. INTRODUCTION

Incessant demands for high power and ultra wideband

communication systems have encouraged characignzn-
linear wide band gap devices and system under lsiggals.

These high power devices depict undesired effedienw

pushed to saturation. Among non-linear devices stesm
phenomenon is of prime importance when talking &lsbort
term memory effects. To observe these
characteristics time-domain measurement approattteisnly
solution to retrieve sufficient information

Many time-domain measurement systems based onatiffe
techniques have been developed in the past. édletlsystems

translate the fundamental radio spectra into inéeliate
frequency spectra using sampler based [1], mixeedbaor
most recently Track and Hold Amplifier (THA) [2]3] based

—_ *
approach. THA based time-domain measurement systemTFRAME"\ITRF Tre

applies direct voltage sampling technique [2] coragato
charge sampling technique [2] used in samplers. Ude of
continuous sinusoidal clock in contrast to pulstedb® signal
in samplers, reduce the circuit complexities ancthgletely
eradicate the IF circuitry.

For the characterization of non-linear devices poiug
complex harmonics spectrum, the sub-sampling systera
bandwidth limited by the maximum sampling rate dgbh
dynamic range analog to digital convertors (ADChwéver
to visualize transients at RF very high samplinggérencies
far beyond the Nyquist criterion should be usedingdime
interleaving method in a repetitive signal is a Iweiown
technique to achieve an equivalent high samplitg irahigh
dynamic range ADC's. This method is easy to impletie

because it utilizes a common clock for direct Rfgling and
digitizing.

The first section of the paper describes the fimerleaved
sampling method followed by the measurement system
description in section two. Pulsed time-domain meament
results applied to 50W GaN PA for different loade ar
presented in the last part.

Il. COHERENTTIME INTERLEAVED SAMPLING

A- Introduction to Sub-sampling Principle
This work has been done with intent to increaseotferall

direct sampling rate to measure the RF signal tigfgang the
Nyquist criterion using the following equation.
Fsre= N* Fre n>>2
Where

Fre= fundamental RF frequency

Fs.r=Direct RF Sampling frequency

n=Number of desirable samples per RF period
Practical implementation of this equation is prdiwk at
RF frequencies due to front end bandwidth limitasioSub-
sampling method is one of the solutions to implemam
equivalent high sampling rate for periodic signadspecting

1)

transien®d-1 as followed:

e-RF= N* Fre 2

Where

Fe.r=Equivalent RF Sampling frequency

To obtain this equivalent RF sampling rate, measerg
systems use sub-sampling principle based on remplsay
frequency defined by the following equations

Trs= Trrave* TerF ©))
(Terame>> Tre) (4)

here

Trs= time period of real sampling frequency

Ntr= an integer equal to the number of fundamental RF
periods falling in the frame perioddame.

The implementation of these equations corresponds t
stroboscopic sample acquisition where samples
sequentially acquired. The main drawback of thigusatial
method is that the real sampling frequency)i€ould be very
low. Consequently, acquisition time required touaiize an
image of the desired RF signal is very large when T.rr
tends to 0.

are

To find a trade-off between the acquisition time #me real
sampling frequency, Coherent Time Interleaved Sargpl

the proposed THA based time-domain measuremenérayst (CTIS) is developed [5]. The main idea is to diviligawe



into number of segments K which is also an integer The Fig. 1 explains an example of CTIS system for a

(maintaining the coherence of the sampling acdaisit
process).

Tseement = Trrame / K %)

So, eg. 3 can be re-defined by changipgae t0 TseamenT
as:

fundamental RF (§) of 125 MHz and the sampling rate to be
8Fo. Frame period was chosen to be 8ns which ensunlgs o
one RF period within the frame. Segment time wasseh as
4ns which leads that there are two segments wittgrframe.
Total number of samples to be acquired to represemframe
was equal to 8. After the CTIS calculation reamnphng

Trs= Tseementt Te-re (6) frequency (eq. 8) was found to be 5ns.
Therepercussiomf this change is that the acquired samples Tewwe~—sns 8ns——~fe——8ns——l+—gns %anﬁ ______ Acquired
are scrambled in time and require re-ordering Hug t Tsowericmsems o e ettt samples

acquisition time is reduced by a factor of K. Timeerleaved
samples acquisition was performed over numberashés and
finally all the scrambled samples within all framase re-
ordered to represent one frame as described if. Fig

The number of required samplessfMpieg Necessary to
perform interleaving is equal to:

NsampLes= N* Nrgre (7)

Introducing eq. 4, 5 and 7 in eq.6 leads to theesmtative
equation of the coherent time interleaving process:

Trs= Tv-re*[(N sampLedK) +1] ®)

This real sampling time is used to acquire the rddsi
number of samples of the signal under test andesept a
frame period as set initially. Number of frames-gNfalling
into the acquisition interval before interleavingutd be
determined by the following eq. 9

Trs/ Terave = Ner/ NsawpLes )]

The samples acquired are not in the proper ordereso
ordering of the samples is required once the aitourisis
complete. The first step to re-order samples wetermine the
beginning and end time of each frame and calculaeshift
of first sample (eq. 10) corresponding to each &drom its
beginning time instant.

[Shift]nrr= [ts nrr— Trrave (irre1) ner/ Te-rA

Where

(10)

ts ner= time of first sample corresponding to
frame n°pg
irr = index of frame
neg varies from 1 to g
As due to the non coherent sampling frequency theher
of samples in each frame is not constant and iricéed by
the following equation 11.
[Nbr]ner = [(ierr isFR) ner +1]
Where
Nbr=an array of number of samples in each frame
iepr = iIndex of sample at end of each frame
iser = index of sample at beginning of each frame

(11

The last step is to re-order (eq. 12) the sampietpaising
the calculated information:
[New_index]=[1: Nir:( Nner *Nbr ner)]+H[Shift] ner (12)
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Fig. 1. An example representing coherent interldasampling
phenomenon
[Il. M EASUREMENT SYSTEM DESCRIPTION
The 4-channel time-domain measurement system

employing time-interleaving principle is describiad-ig. 2.

Interleaved data PROCESSIN
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Fig. 2. 4-channel time-domain measurement systestriggion

A signal modulated unit is used to generate RF QW o
Modulated signals. The signal is linearly amplifizad feeds
the input of the power amplifier under test (AUT)he
incident and reflected signals at the input anguatubf DUT
are measured at the same instant by using two tidinet
couplers, and four 13 GHz bandwidth 2 GS/s THAsASHre



followed by differential amplifiers and a four chreat
420 MS/s, high dynamic range (12 bit) ADC. A comnitgh
precision sinusoidal clock configured by the presily
described CTIS calculation is fed into the THA ahd ADC.
The RF signals are then directly sampled by the T4 the
ADC synchronized by a 10 MHz signal. The acquiratads
then processed to reorder the samples as desénilsssttion
Il. This is where this measurement system is differto the
one described in [2], [3], [4]. In [2] sub-samplingchnique
was used to down convert the RF signal and therpkeahat
four times the IF frequency. The in phase and catade

correct the phase of the proposed measurementnsyster
modulated signals the assumption of a constantpgdelay of
the 4 channels of the receiver was made over thel@n
bandwidth.

IV. PULSED MEASUREMENT RESULTS

The proposed CTIS based test bench has been applieel
characterization of 50W GaN Nitronex (NPTB00050B) P
under varying loads. It was to testify the capétbsi of
measurement system in load-pull environment anocbserve

components were computed and the phase and angplituthe RF time domain voltage and current waveformbadh

envelope (Fig. 3) information was demodulated froine
pulsed signal.

Envelope
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Fig. 3. Measured time-domain pulsed output wavefana extracted
pulsed envelop (without DC component) and phasenmdtion [2]

A. System Calibration Procedure

An absolute SOLT system calibration was performed t
mathematically remove systematic errors. The gdathe
calibration procedure was to determine the eighknawn
complex error coefficients for each frequency (famental
and harmonics) [6].

atil 1,@00%
8 ., ly g o o,
o T 0 0 g,

The first three steps are similar to the calibrajiwocedure
performed for classical vector network analyzeicbgnecting
priori known short, open and load coefficients ttpl and
port 2 respectively. Next a through connection isdm
between the two ports. These error coefficiente@ate raw
data provided by ADC measurement channels to ttiddnt
and scattered power waves at the input and outpdevce
under test. Next step is to determine the K coiefficwhich is
also a complex number. Its amplitude is found bynaxting a
power meter to the port one and measurement is rfade
each frequency. Then a previously calibrated [356-B1Hz]
comb generator has been used as harmonic phasenefeao

ports of the amplifiers. The PA was operating atlrain
quiescent current of 330 mA and a drain voltag®V. A
pulse modulated signal with period of 50 us and2@uty
cycle was applied to the PA at a fundamental fraqueof
2.5 GHz. The sampling rate was chosen to be 10stithe
fundamental frequency. Frame periodeddye) of 50 us
second was chosen which means that 62500 RF perindd
be acquired in the pulse width as represented o FEi
Tseevent Was chosen to be 20 ns to adapt the real sampling
frequency near 50 MHz. Total samples were captimezD1
frames and the samples were reordered to represerframe
of RF signal with 1.25 million samples at a highmgding
frequency of 25 GHz (10 samples per RF period).

Load 1= (50+0.003) Load2=(3110.4Q Load2=(63.7-23.9)Q
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Fig. 4. Input voltage transients at the beginnind and of pulse

under varying loads

Fig. 4 represents the input voltage transient etoginning
and end of the pulse and during the three measuteme
performed at varying loads. Almost no change intthesients
for the input voltages is noticed.

Fig. 5 represents the evolution of the directly pked RF
voltages and current waveforms for variable lcaad a fixed
power level (1 dB compression). Pulsed output gaetaand
current waveforms of the amplifier under test (AU&present
that no harmonics are present even at 1dB compregsiint.
(presence of band-pass filter matching circuithatoutput)



Load 1= (50+0.003} Load2=(3110.4)0 Load2=(63.723.9)Q

RF transient phenomenon is measured and represfenttte
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Fig. 5. RF and DC measured pulsed output voltagecamnrent of

AUT at different loads. [3]

The DC current during the pulse is also measuréugus
digital storage oscilloscope. The fact that the REeiver
based on THA and DSO does not have same number
samples making it difficult to add the DC and RFRrent.
They are superposed on Fig. 5.

Fig. 6 represent the RF output voltage transierts
beginning and end of the pulse under varying l@adba clear
difference could be noticed in the amplitude areltiansient
behavior. This Figure confirms that the AUT and themory
effects occurring in this nonlinear device are veeysitive to
the loads.
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V. Conclusion

This work represents a fully calibrated THA based 4
channel time-domain high sampling rate pulsed nreasent
test bench. High sampling rate (25 GHz equivalesdency
sampling) is achieved by time interleaved acquisitiof
samples. A process has been developed to reorder th
scrambled samples to represent the directly sampled
signal. Time-domain characterization of high pow@aN
under varying loads has been performed. Considerabl
differences in RF power characteristics, voltagd aarrent
transients are clearly observed. To the authorsviedge this

Al51

(6]

first time.
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