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Time Domain
Gating is widely
used as a black
box function in
commercial VNAs,
yet few
understand it well
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* Understand how VNA performs time domain transform and gating.

* Understand the nuances of the different parameters, and their effects
on time domain gating.

* Discuss gating band edge errors, mitigation techniques and limitations
of the post-gate renormalization used in a VNA.
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* Vector antenna responses can be Inverse Fourier transformed to time
domain. This is a function in commercial Vector Network Analyzers
(VNA).

* Time Domain and frequency domain are in reciprocal space. We can
transform (via forward and inverse Fourier Transform) from one to
the other without any loss of information. They are two ways of
viewing the same information.
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socetime = Frequency RS
Fourier Transform and Inverse Fourier Transform— converts
between frequency domain function and a time domain
function - DET
F 12 = —Z—nikn
time = freq X = /_::c(t) eI dt He= 2 wmoe®
F_l = i + 1 = 2—m'kn
freq = time ()= f_x X(f) e df Nt
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/ frequency

time
https://tex.stackexchange.com/questions/127375/replicate-the-
Source: wikipedia fourier-transform-time-frequency-domains-correspondence
-illustrati?noredirect=1&Ig=1
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* Taking discrete samples makes the transformed
domain periodic

* The finer the discretization, the longer the period in
the other domain
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* Alias: next period (because of L — Ti:“de Domain Response |
discretization) showing up o Original
* Time Period=1/Af. 0
* To enlarge the alias-free range Ll
(bigger cylinder) -> increase the 80 ¢ |
density, i.e., more frequency o n ,! N
points 00 “* .wa @ gt
« Example: 1601 points, 1-11 GHz, | |
the alias free range is T=(1601- : :
1)/10GHz=160 ns or 48 min
free space Discrete in one domain = periodic in the other domain
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* |f all we are doing is to transform
data back and forth between the
two domains, we have not @ @ :
gained any improvements in the
data, except maybe some

insights in how signal travels
between antennas.
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0 more with the transform
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* Time gating can be thought of as
a bandpass filter in time. This y
allows us to look at only a

portion of time selectively. We /
can then transform back to /
frequency domain, and view the _—

frequency data for the selected HU>
signal . AN‘FENNA eC
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Transform 10 Apply Gating Tralr;s;cl))rm Gated S21(f)
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soceconsiderations in Actual Gating [

* We presented a conceptual representation of gating in 3 steps:

Multiply

->
Gate TD->FD

FD->TD
 Actual gating process is more nuanced
* Chirp-Z vs. FFT, and aliases
* Windowing
* Time domain resolution
* Gatingin the frequency domain
* Gate design
Edge effect mitigation
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* Convolution in time domain = multiplication in frequency domain

or vice versa

* Multiplication in time = convolution in the frequency domain

* Time domain gating = F[x(t) - g(t)] = X(f) * G(f)
where x(t) = F71[X ()], G(f) =Flg®)]

* Time domain Gating = convolution of data with gate kernel directly in
the frequency domain
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Gated
N @ @

I I , :

! [
% |
1 : >@ »| Data(t) I FIR Design Prg-gate - —| Gate
I I window ‘
! I
| | [ ‘ i
1 ‘ Defin; - [ Unit resp: Post-gate
| K 1 i : - ~— Renorm
1 P.r e-TD start, stop | exp(-jwTc) EAY .
window ) 1 1 function
| time/shape I i
| | TTTTTTTTmmmmmmmmmmmmmmmmmmmmmmmmmmseeeooooooooooooooos
1 I
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re-TD Windowing

* Rectangular function transforms to a sinc function.

* S,,(f) data typically does not taper to zero at the two
frequency ends. If directly transformed, it results in
ringing in the time domain. The artifacts can obscure
the viewing, thus our ability to identify real
responses.

* Windowing is to multiply the frequency domain data
(before transformation) with a tapering function. " M
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File TracefChan Response Marker/Analysis Stimulus Utility Help

Trace 1 Start Time [-170.210 nsec B More
Transform

ROACH 2018

Tr 1 S11 LogM 5.000dB/ -35.0dB
1000 Transform
Window...

* Pre-TD window function
o can be changed by end
-20.00 Settings... u S e rs’

Dist. Marker
Settings...

-15.00

-25.00
laximum

* ltis only used as an aid
to select start and stop
time - purely for viewing

* Don’t be afraid to
Trarsform Tool change! No effect on

on | OFF

-30.00

Changing KB
for TD viewing,
Kaiser Beta | 6.000 NI —

Impulse Width [ 111.490 psec E | on GATING!!

-35.00

-40.00

oK Help |

| comon |
-45.00

-50.00

5500 Return
-60.00
Ch1: Start 499.625 MHz — Stop 18.0001 GHz
Hold CH1: St No Cor LCL
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‘“ ~—KB=0 * KB=0=>no window, equivalent to
ol v, o] rectangular window
\ * KB level: tradeoff between main beam

2 40l ELLL T ] width vs. side lobe levels
o 40 ; [0 L) i
: v \ | }‘l}”‘ b \J“"‘\*\AMW [ | ,),l l\'\"{"r‘“m“”\” 1
o M Tk * Default (KB=6) provides a good

-60 " i \’ [ ‘f’ I | compromise for most applications
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* Chirp-Z (CZT) is a generalization of the discrete Fourier transform.

* Chirp-Z transform allows re-sampling: arbitrary start/stop points and
density in the transform domain

* Often used to zoom into a region, CZT interpolates data (equivalent
zero-padding) — it is essentially a sinc smoothing.

21
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* CZT in a VNA allows arbitrary start, -

stop points and # points on the unit
circle.

* For inverse (ICZT) On unit circle:
iczt(x) = conj(czt(conj(x))) /M

PR

0

Real

Tmax

40 - i . e
B | /\ |
s / M | DFT: N points ’
[ \

-70
OF & 2miTe-T1
W = e M Tmax

g0 ICZT nicely fills i‘n thg gaps

6.3 6.4 6.5 6.6 6.7 6.8 6.9 7
Time (s) %107
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Gated
- @ ’@ @
i window
‘ i
| |

| preTD Defin; gate Unit resp: Post-gate
' | window I | : - ~—— Renorm
start, stop i | exp(-jwTc) -‘-

function
time/shape

__________________________________________
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* Time gate is designed as a filter, in this case, a Kaiser windowed FIR
filter.

* Gate (f) is a sinc function, which is truncated, and windowed

* Based on the gate specification, the length of the filter, and shape of
the Kaiser window (beta) is determined.

—@ETS&M&%;Q 2
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—L Gate Start and Stop I

-6 dB

HP——

e Normal Gate/Widé Gate/Max Gate/Min Gate all refer to sidelobé/transition shape
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Gated
IR O e
o I
| i 1
: 'ICZt’ FIR Design Pre-gate ! Gate
' window
\ :
‘ 1

=

’ ; 3
: i ! . Post-gate
Define gate ! i Unit resp:
- ! 1 ; — l ‘ ~—  Renorm
Pre-TD start, stop ! ; exp(-jwTc) -‘-

window . function
time/shape
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M/2

F(data(t) . gate(t)) = Data(f) * G(f) = Z Data(j)G(f —j)
j=—M/2
* The convolution theorem provides an intuitive view of the effect of
time gating.

* In the frequency domain, this can be viewed as the data being
multiplied and summed by a flipped sliding gate kernel (Convolution!)
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[ Gated Data Shifts the redult
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I h(k)
Data to be gated
ol
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,L Sliding Gate Kernel
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k
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. /_,____ « There will be a ~6 dB drop off
SO |t datn | [—mowdm | | for the gated data

missing ‘
| * This edge effect is a distortion

soceMVe have a problem near the Edges! L

iy -1%0 i due to the time gate
” =150 i a
200 i
2 0 2 4 6 8 10 1
Frequency (Hz) %108
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Edge Renormalization Function

* Consider processing a unit
function, it will show the
edge effect after gating,

— e | | just like the raw data will

Al Unit response

0F l ‘ll }"V\/ \f‘\‘ H 4

* Gated raw data will be
3} ] divided by this

dB

window Gate window . . .

" - - — renormallzatlon functlon
| 1 | 7o /& n

J — |\),(_/I \*) \=)
sl

2 4 6 8 10 12 14 16
frequency (Hz) «10°
—%\\ETSQLLVQMG_'MQ ’ 30
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* Post Gate Renormalization makes two important assumptions

* Edge effect on the unit (flat) function is similar to that on the raw
data

* Post gate renormalization assumes the time domain pulse is
centered around the gate

* Violating either condition will result in edge errors.

31
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Data(f)
—(czt , FIR Design Pre-gate | - —| Gate
: window
w !
| i

ROACH 2018
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| Defin; gate Unit resp: Post-gate
j : : o) - B — Renorm
Pre-TD start, stop : © | exp(-jwTc)

window . function
time/shape
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* Pre-gate window: Window function before time domain gating is
applied.

* Pre-gate window is to be distinguished from pre-TD window. (Recall

pre-TD window is used “for viewing only”).

ROACH 2018

* Unlike pre-TD window, pre-gate window cannot be changed by the userin a

VNA
* Pre-gate window affects gating, while pre-TD window does not.

33

Antenna Response

*°rOlgh edges

9 IEEE . 2 :
|||::::'|ﬁfm|@—Gate Window: Smooth out the

IPre-Gate Window / With Post-Gate Renorm I g
: : : ; . . =30
I
RS
34
Pre-gate windowing helps smoothing out the 36
edges from post gate renormalization 38
— 2 4 6 8 0 12 14
% Frequency (Hz) 102
= -40
I
S
= -60
8]
-80
2 100
-120
[
-140
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Time (s) x107%
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* Should we gate in FD via direct
convolution?

e Orin TD through FFT (so called “Fast

Convolution”)? Fast Convolution

* In most cases, fast convolution is _
magnitudes faster than direct X xY =IFFT(FFT(X) - FFT(Y))
convolution $

circular convolution, so zero padding is
needed to achieve linear convolution

35
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( ) Gated
- oatal) | @ @ @ | Datalf)
-{IN\------- [

1
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: ! jp— 1
H I | | .
H . \ J I window
S, S .
I
Pre-TD ! | . ; Post-gate
window : - @ @ * Renorm
ry || expl-jwTc) function
: |
|
|
B |
! |
| I I tstart

shape |tstop
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Compare PNA to Matlab Implementation

ROACH 2018

——original data
+ PNA normal
— Kaiser Gate with edge renorm

A matlab
implementation
can match results
froma
commercial VNA

S21 (dB)

Frequency (Hz) %10°
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Again showing close match: Matlab (red) /

Time D in Resp gatesh Gat‘mg Edgfe Effectsl, gateshape=normal

pe=normal  _50

—PNA

. e PNA 16001 Points — Kaiser FIR / Renorm
—Kaiser FIR / Renorm
100 | B
0 from
2 3 4 s 6 7 8-120
Frequency (Hz) «10° POSt-gate

:-100 ﬂ

The result includes
gating, pre-gate

window and post-gate |
renormalization

-180 1

3 4 5 6 7

Frequency (Hz) x10°
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Time Domain Response, gateshape=normal m 0 M 4
T T T T T o
or | 1| gate E
‘/ \ :i;n:;red #2105 thing E(vlge Effgcts, gat vhapve=n0rn‘ml
20t ‘ \‘ ——+4ns 1r ——centered | |
—+6ns -1 ——+2ns
‘ ——+4ns
07 | 0.5 A’_A +6ns
aa] ‘ | -15 : :
o g 2 3 -4
-60 B
. lmm “ )
-100 ‘HM JN ‘ ‘ ‘ ” ‘Hm -1t
-1 -0.5 0 0.5 1 1.5 i 1 1
Time (s) %1078 2205 21 215 22 225 23
Frequency (Hz) x10°
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Centering the Gate
-40 L
—— Gate Centered (peak+/- 3.5 ns)
-60 05} — Gate not centered (peak -13.5ns/+3.5ns)
-80 2 . | "
a
= -100 t 2
.05}
O
-120 A
1t
-140
-1 0 1 2 3 4 5 02 04 06 08 | 12 14 16 18
Time (s) <1078 frequency (Hz) %10
—— >\ 9 * LINDGREN 40
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Gate
Centered

Gating Edge Effects, gateshape=normal
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T
sl

0e130-31

St — — gated éti” large . Time Domain Respon e, gateshape=normal
— original dge T T T T !
10+ g erro,-
15t I e
@ 201 -40
= -8
Q25 a -60 |
-8.5
=30 -80 f
-9 41
350 -100
5 52 54 79 795 8
-40 ‘ .><109 Xlﬂ? Ll -120
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Time Domain Response, gateshape=normal

Time (s)

Time (s) %1078

ROAC

ol ) What if |
Where’s need a
the gate like
center? this?
=50
m
o
-100
150 ‘ . . . ‘ ‘ , .
-250 . .
-5 -1 05 0 05 1 15 2 25 0 5 10

H 2018
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* Notch gate can’t use post-gate renormalization
data =@+, 1-6 GHz, 16001 points

Time Domain Response, gateshape=normal Gating Edge Effects, gateshape=normal/notch
0 - - PNA
ol ‘ Null Gate | or Matlab no post-gate renorm| 7
B 1+0.5exp(jw* 10e-9)
40 -
m 60 F
=)
-80
-120 8r |
Large edge errors from notch gate
-4 -2 0 2 4 6 8 10 1 1.2 1.4 1.6 1.8
i 3 H ) .x10°
—Q\%%\’Pﬁi NDGREN 43
An ESCO Technologies Company
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* Use a bandpass gate instead:
* Notch gated (f) = Ungated — Bandpass Gated (in vector)

Time Domain Response, gateshape=normal ) Comparing Null Gated to Vector Subtracted

0
data — Ungated - Bandpass
20 T\ ‘ gate ol Notch —— Null Gated |

out
Bandpass edge is treated
-40

with post-gate 2 data =+ 0 Se—ja).loe—9

renormalization

-60

A 4t
o yd
-80 /
i o
-100
-120 il
-140 ‘ - : ! . 210 . . . .
-4 2 0 2 4 6 8 10 1 2% 14 1.6 1.8 2
x107 Frequency (Hz) x10°
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* We demonstrated the inner workings of the time domain gating
function in a network analyzer.

* Discussed the window function and gate design.

* Discussed edge effects due to time domain gating, and post-gate
renormalization.

* We presented edge renormalization and its limitations in a vector
network analyzer, and some tips on minimizing the effects.

* Refer to AMTA 2018 paper “A Novel Approach to Reduce Band Edge
Effects in Time Domain Gating using Spectrum Extrapolation”.
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