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Why accurate phase ?
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Exr'ge-signal network analysis: what?

accurate and complete measurement
of the nonlinear behaviour [
of your active device I @ L
c o o N
under realistic conditions

realistic with respect to:
- excitation
* mismatch conditions

mhy realistic conditions ?
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W’cy realistic conditions ?

picture courtesy of NASA

W’ty realistic conditions ?
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E’SNA power calibration !

B 0 0
K 7 6 0 0
00 a p

Amplitud
mplitude 0 0 7 52
{fy, 2, ..., n T}

Acquisition

SIS IEN

£

{fo, 21, ..., nfy} Power Meter

50 Ohm
fy=1GHz

Calibration for fundamental and harmonics
One frequency at the time

8



ESNA phase calibration
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All frequencies applied simultaneously !

mar'monic Phase Reference
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FSNA and phase calibration

LSNA phase calibration
requires

a calibrated HPR

requires

a calibrated oscilloscope

Empling oscilloscopes “reality”

time base errors vertical errors
distortion OffSCT vertical cal
1, # kAt plug-in
. measure, . .

dl"lf'r estimate, nonllnear‘l‘ry avoid: use

compensate small signal

F
jitter dynamics nose2nose
EOS

mismaTches, connector saver ‘J\ﬁ% measure and compensate
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E:mpling oscilloscope calibration

hose2nose EOS-based
,\g %
\: /
plug-in 1 t_j plug-in 2 il N% %Escsayhsk;g:eéj o _i plug-in 2
assumption: assumption:
kickout pulse + impulse response no anomalies in O/E calibration
Heas(f) = Hi(f). Ha(f) Hieas(f) = Ho/e(f). Ha(f)

after compensation of
time base errors
(and mismatches)
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IMor'e details on nose2nose

\\/
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plug-in 1 plug-in 2




Br'igin of nose2nose

A

- sampler fopology &~ pulse generator topology

- of fset applied to sampler
= unbalance
= generation of pulse: “kickout”

« "kickout” proportional o “impulse response” of plug-in
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Exsic setup for nose2nose

sampling scope A sampling scope B
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mseZnose in practice: from N\ij
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Fppl#l: Harmonic Phase Reference

f,= 1GHz

HPR Amplifier Unit
HPR Pulse

Generator

l ideal sample scope:

— * no time base errors
Power * no vertical errors
Meter

- perfect 50 Ohm input

capture time-domain signal
apply Fourier transform
to obtain phase relationships

Fppl#l: Harmonic Phase Reference

fo = 1GHz

Generator scope plug-in
e

HPR Pulse

1 HHPR Hscope M é: /N

Z‘ l Power 1—‘HPR l—‘scope

real sample scope:
after compensation of time base errors (1)

Hipr Hacope.: M2 Hy e

M = ! scope...:‘: -
- S a9
1- Uipr - l—‘scope _ /:
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Fppl#l: Harmonic Phase Reference

HPR Pulse
Generator
@F_(ﬂ >—o A3
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-28 “known" phase relationship

HHPR

Fappiz2: Lca O/E
i
/ %rse — “LCAOJE J \N \/ﬂ\f\/“ﬁf:;;ses

Fourier transform

frequency frequency

amplitude

Ho e : O/E impulse response
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Fappi#2: LcA O/E
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real sample scope:
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O/E calibrated using
EOS system @ NMI
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scope plug-in
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real sample scope:
after compensation of fime base errors (!)
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Fmpl. characteristic verification (1)

amp (dB)
* *
1 X 3¢ %X
X *
%&Mx % %
05 N R xx
oo i _X%:X';‘t fr‘e
*Q&( .o ;i S N 4?)‘;+ x (GHz)
-05 o ¥ Hot X % e %
500095 000X i 0;;x 3 .;X;.
1 Y m&#ii;z:#”.,,#!‘xx %, %
200000085000 "
-15 *
.
) X
-X- noseZnose
L EOS
X power meas - freerun trigger - histogram meas
+

power meas - triggered mode - normal meas

25

Fmpl. characteristic verification (2)

amp diff (dB)
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m\ase characteristic comparison

nose2nose versus EOS

phase diff (deg)
e ‘ ‘ _ freq
10 30 40 50 (GHz)

A within 95% conf. interval up to 20 GHz
A & 25 degrees @ 50 GHz
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mar'monic Phase Reference

HPR Pulse
Generator scope plug-in
D)< >
Cehe | J\ 1 HHPR Hscope M
= éR /)

real sample scope:
after compensation of time base errors (1)

Hypr £Hacope : EOS Hy e

M = ! scope...:‘: -
- S "'!
1- Uipr - l—‘scope _ :

28



ﬁme base error compensation

distortion
T, = kAt

Jitter

time base errors

. measure,
drift estimate,
compensate
J

methods enhanced over time
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type #1: no additional channels
perform separate measurements
e.g. to estimate time base distortion

type #2: additional channels
IQ detection to retrieve time
time base distortion + jitter
starting values by type #1
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* Phase is important
* Large-Signal Network Analysis is important

"We cannot afford to destroy life on Mars"

* Phase calibration of LSNA requires
* Calibrated HPR
* Calibrated sample scope

* Deal with

- Time base errors
- Vertical errors

Vertical dynamics = n2n > EOS

* Mismatch (reflections)
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