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In the early 1960's, the technique of time domain
reflectometry was introduced. This technique
involved the generation of a voltage step in time that
was propagated down atransmission line: a
reflection from an impedance was detected on an
oscilloscope and, by measuring the ratio of the input
voltage to the reflected voltage, the impedance of
simple discontinuities could be cal cul ated.
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Operator determined the distance to a discontinuity
or the distance between two discontinuities by
measuring them as a function of time and by
knowing the velocity of propagation along the
transmission line.

Thisdideillustrates typical responses for
terminating impedance of twice or one-half the
characteristic impedance of atransmission line.

Adding reactive elements to smple resistive
terminations results in more complex displays. For
example, if the terminating load is an inductor and
aresistor, the wave form shows an initial spike due
to the high frequency reactance of the inductor with
an exponential fall off to afinal value determined
by the resistor.



Similarly, the response to aterminating
impedance that has a shunt capacitanceis
illustrated.

Moving from the ideal response to practical
applications, we can examine the effect of afinite
rise time on asmall inductor that isin series with
the load. This equation determines the reflection
coefficient.

By measuring both the rise time of the pulse in volts
per second and the response to the load, we can
calculate the series inductance value.

REFLECTIONS FROM
SHUNT CAPACITOR
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EFFECT OF FINITE
RISETIME (INDUCTOR)

Small Series Inductor
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CONSIDERING SINUSOIDAL
COMPONENT OF
DISPLAYED WAVEFORM
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il S

LIMITATIONS OF

TRADITIONAL TDR

Rise Time
Sampling Scope Sync. Jitter
Poor Signal-to-Noise Ratio
Large E, May Damage Active

Devices

o

Needs DC Path
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TDR USING INVERSE FOURIER TRANSFORM

ay 4 wave 1
Z Network 2= 2
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8510 TIME DOMAIN
CAPABILITIES

. Frequency Data from 45 MHz to

26.5 GHz

. Choice of Number of Points

from 51 to 401

Conversion Speed from 100 to
600 msec

Choice of Time Stimulus
(Impulse or Step)

Gating to Remove Unwanted
Time Responses

Improved Signal-to-Noise Ratio
Does Not Require DC Path
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While the traditional TDR was useful as a
qualitative tool, the limitations listed on the slide
affected its accuracy and utility.

In the early 1970's, it was shown that the Fourier
Transform of the network reflection coefficient as a
function of frequency is the reflection coefficient as
afunction of time; i.e., the distance dong a
transmission line. A high performance vector
network analyzer combined with fast computation
power has created unique measurement capabilities
in the 8510.Using error corrected data measured in
the frequency domain, the response of a network to
step and impulse time stimuli can be calculated and
displayed as a function of time.

This givestraditional Time Domain
Reflectometry capability in reflection and
transmission and adds measurement potential in
frequency band limited networks.

By locating network elementsin time and
removing their effects from measured data, the
8510 makes more precise frequency domain
measurements possible.



The low pass mode simulates atraditional TDR. The
frequencies must be harmonically related, and a
value for the DC term must be estimated. The data at
DC is extrapolated from the data of the first few
harmonies. Since thereisa DC term, step excitation
isvalid in the low pass mode.

The band pass mode simulates a narrow-band TDR.
This mode is very good for fault location and
transmission measurements. Also, it isthe only
mode that can be used over an arbitrary set of start
and stop frequencies. Since the band pass mode does
not include a DC value, only the impulse excitation
is used.

Il. BASIC TIME DOMAIN

Topics in This Section

e Low Pass & Band Pass Modes

Step & Impulse Stimulus
Windowing

Theoretical Time Domain
Examples
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DEFINE STEP & IMPULSE

STIMULUS

srep__r_ IMPULSE | |

1. Must Be Used for 1.
Traditional TDR

2. Only Used in Low 2.
Pass

3. Identifies Pos. & 3.

. |
2:2{ Iympedunce

Good for Trans.
& Fault Loc.

Used in Low
Pass & Band
Pass

Difficult to

Determine Type
of Impedance

DEFINE WINDOW
Used to Modify (Filter) Frequency
Domain Data Which Reduces Ring-
ing & Overshoot in the Time Domain

-~

1 — Freq. Domain 2 — me PI:omaln -
Low Pass 38
(No Window) (No Window) l / 2 ;wm\

DEFINE WINDOW CONT.

1 — Free Domain 2 — Time Domain
Low Pass Low Pass
(Windowed)
Kaiser-Besse! Window Ringing Reduced
High Freq. Attenuated Pulse Wider

L ow pass mode can support both step and impulse
excitation. The band pass mode only supports
impulse excitation. Both these stimuli are
mathematically applied to the device under test.

With no window, there is excessive ringing on
the impulse in the time domain. Note that the
width of the impulse at the zero crossingsis
1/Fmax .

The window is applied to roll off the response at the
frequency domain data discontinuities. The Kaiser
Bessel Window is used in the 8510A. This high
frequency attenuation reduces the ringing in the time
domain but causes the impulse's width to increase. In
the low pass mode, the window is centered at zero
frequency and rolls off at plus and minus Fmax.



In the band pass mode, the window is centered
between the start and stop frequencies. This
windows both sides of the data and al so reduces the
effective bandwidth. This bandwidth reduction
increases the impul se width.

The next three slides show the step response of a
short circuit with different windows applied to the
frequency domain data. With the minimum (no)
window applied, we achieve the fastest rise time but
with the most ringing.

The normal window greatly reduces the ringing but
with aresultant slower rise time.

DEFINE WINDOW CONT.

1 — Freq. Domain 2 — Time Domain
Band Pass Band Pass
(Windowed) (Windowed)
Windowed
Data
4 f t
Window Both Pulse Wider Than in Low Pass
Sides of Data Due to Less BW in Freq. Domain

2550

WINDOW EXAMPLE (LOW PASS STEP)
MEASURING A SHORT CIRCUIT

S1y Re

REF 0.9 Units

5 250.9 munits/
-807.59 mu.

R ‘ ‘ {

I : ;
MARKER |2-11 1
25.2| ps :

!
!

CENTER 2.P20 ns .
sPan 2.250 ns Minimum
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WINDOW EXAMPLE (LOW PASS STEP)
MEASURING A SHORT CIRCUIT

%11

REF 9.0 Units

5 250.0 mUnits/
/ -802.86 mu.

” T T

MARKER {217
95,2 ps

ok -

SRAN 9.250 ns Normal
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WINDOW EXAMPLE ( LOW PASS STEP)

MEASURING A SHORT CIRCUIT

S11
REF 2.@ Units
& 250.0 munites
V -797.7 mu.

ko

JRS S

MARKER 12-1
41.0| ps

CENTER
SPAN

2.990 ns
2.250 ne

Maximum
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WINDOW SPECIFICATIONS

(45 MHz - 18 GHz)

Rise Time | Pulse Width

10%-90% 50% Side Lobe Level

Min. 25 ps — -21dB

Logt:;ss Norm. | 55 ps — —-61dB
Max. 81 ps — >-90 dB

Min. — 33 ps -13 dB

L,‘,’“"“’,;aszs Norm. | — 54 ps —44 dB
Max. — 77 ps >-90dB

Band Pass | Min. - 66 ps -13 dB
Impulse | Norm. —_ 108 ps ~44 dB

Lin. Mag. "Max — 154 ps >-90 dB
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A THEORETICAL EXAMPLE CIRCUIT

1Q
O —AAAS O
]_.01
Syy—s TL TL f TL
500 509 P 50Q
.1 nsec .4 nsec .4 nsec

1.5cm 6 em 6 cm

O—0- 0

25ph

50Q
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The maximum window completely eliminates the
ringing but at further degradation of the rise time.

Thistable illustrates the tradeoff between rise
time (or pulse width) and the side |obe level.

To illustrate the concepts discussed thus far, the
following theoretical example is extremely helpful.
We will examine the time domain response to
different excitation and windows.



The frequency domain response is difficult to
interpret. The various discontinuities are not easily
identified.

Using the low pass time domain mode with impulse
excitation, the location of the circuit elementsis
easily determined. The response of the capacitor,
resistor, and inductor are distinctive. The resistor isa
singleimpulse. If it had been a shunt resistor, the
impulse would go down. The capacitor first goes
down as the impul se reaches its location then goes
up. The series inductor's response first goes up and
then down.

Using step excitation, we display the traditional
TDR response. The series resistor causes the
response to rise and stay at the new level. The
capacitor causes a hegative response and the
inductor a positive response.

THEORETICAL EXAMPLE FREQUENCY DOMAIN

S111A/R1 LOG MAG
SCALE/DIV: 10.08db
REF VALUE:08.db

AN AP

~ VY

STARTROER , mHx STOP 18.04500H
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Tragnh s

THEORETICAL EXAMPLE (LOW PASS %P)

LIN MAG
S

STARTEDDG.masc STOP 1,08000nc0:
20, cm s, 0e0ecm
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THEORETICAL EXAMPLE (LOW PASS STEP)

S111A/R1 LIN MAD
SCALE/DIV: ©.00500
REF VALUE:@@.

STARTEQ02 . mase STOP 1.8¢008nesc
0. om 15.0000cm
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THEORETICAL EXAMPLE (LOW PASSSTEP)
Frequency Max. Reduced to 12 GHz

S11:A/R1 LIN MAS
SCALE/DIV: @,20500
REF VALUE:00.

STARTE@QE.mesc
0. cm

STOP 1.20800nesc -
15.0800ecm
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THEORETICAL EXAMPLE (LOW PASS STEP)
Window Changed from Normal to Minimum

S11:A/R1 LIN MAD ENTER
SCALE/DIV: 8.005¢0 PLOT »
REF VALUE.1@8.

STARTOBO0.mesc
20, em

STOP 1,00000nsec
15.00000m

Note: Height of Reactive Elements Change
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THEORETICAL EXAMPLE (BAND PASS IMPULSE)

S111A/RL LIN MAG
SCALE/DIV: @,20500
REF VALLE Q0.

STARTOQ0D. maea
20.cm

STOP 1.20008ncsc
15.00000m

Linear Mag.

If we decrease the frequency from 18 GHz to 12
GHz, the rise time increases. Note that the height of
the resistor's response does not change but that the
responses of the capacitor and inductor are afunction
of the frequency span.

As we change the window, the ripple level
increases. Also notice that the height of the
reactive elements increases.

In the band pass mode using the linear magnitude
display format and impulse excitation, the
location of the discontinuitiesis clear. The width
of the impulses has increased because of the
lower bandwidth, and the responses to the
capacitive and inductive reactance have the same
sign.



The log format is useful to display greater isolation
between the circuit element responses.

A. Thenext few slides will discuss the Discrete
Fourier Transform. The frequency to time
domain transform of continuous data is well
understood.

B. However, the network analyzer gathers the data
at discrete frequencies. This causes the data to be
replicated in the time domain. Thislimits the
range of the time domain to 1/F where Fisthe
frequency step size.

C. When we multiply the sampling function with
our continuous frequency domain data, the
resultant time domain response may have
aliasing. This error is caused by the overlapping
time domain responses.

THEORETICAL EXAMPLE (BAND PASS IMPULSE)
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lll. ADVANCED TIME DOMAIN

Topics in This Section

o Discrete Data Operations
Chirp-Z Transform

Gating

Theoretical Gating Examples
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FOURIER TRANSFORM WITH DISCRETE DATA

Frequency Time
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D. The network analyzer also has limited frequency
range so the data is truncated at some maximum

FOURIER TRANSFORM WITH DISCRETE DATA frequency. This causes the replicating impulse to
Frequency Time have a SIN(X)/X response.

0 © E. Thistruncation function adds ringing to the time
@ /1\ domain data. The ringing is exaggerated in this
L[] ' illustration.

H
~Fo Fo

% g

-
2F,

H) * () * x() "Ity * 401 * x(0
A © W )
RIS |
;

~Fo Fo - X1
2F 2F
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F. Since acomputer can only operate on discrete
data, the time domain function must also be
sampled. Thisrequires the datain the frequency
domain to be repetitive.

FOURIER TRANSFORM WITH DISCRETE DATA

Frequency Time

G. Thefinal result of the Fourier Transform with
discrete data can now beillustrated.

2(f) da(t)

DN

[

==
Al .

Al

By

——N-— —N—
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There are various techniques used to compute the

INVERSE FOURIER TRANSFORM inverse Fourier Transform. The most straightforward
USING THE CHIRP-Z TRANSFORM method is using the Fourier Series. The fast Fourier

e Faster Than the Discrete Transform has a so been used. The Fourier Series
Fourier Transform method is very flexible and can achieve al the
design goals except speed. The fast Fourier Series

* Arbitrary Start & Stop does not allow some of the flexibility desired. The
Fret.quenCIes _ Chirp-Z Transform is an algorithm that has the

* Arbitrary Start & Stop Times flexibility of the Fourier Series at about one half the

* Arbitrary Number of Points in speed of the fast Fourier techniques.

the Frequency Domain

¢ Arbitrary Number of Points in
the Time Domain

2567



The gating function is very useful for removing
unwanted time domain responses. Aslong asthe
time domain responses are spaced far enough apart,
the resultant frequency domain characteristics after
gating can be very meaningful.

A gate is nothing but afilter in the time domain. The
filters pass band can be selected by the start and stop
gate controls. The filter has a pass band ripple, a
cutoff rate, and side lobe level just likeitsdual in
the frequency domain. The unwanted time domain
responses will be reduced by thisfilter but not
totally removed. Even the most simple impulse
responseis not localized in time, but is spread out
and has side lobe ripples that may not be easily
removed by filtering.

The following four slides show the filter shape of
the available gates in the 8510A Network Analyzer.
The minimum gate shape has the highest passband
ripple and side lobe level but has the fastest cutoff
rate for separating closely spaced time domain
responses. This fast cutoff rate does not come
without problems. The data in the frequency domain
will have some ripple at the frequency band edges
when the gating function is turned on.

DEFINE GATING

* The Gating Function Can Be Used
to Selectively Remove Reflection
or Transmission Responses in
Time. In Converting Back to the
Frequency Domain, the Effects
of the Gated-Out Responses are
Removed.

* The Location of the Gate in Time
Can Be Controlled by Setting
the Center Position and Time
Span or the Start & Stop Posi-
tion of the Gate.

¢ Gate Shape Controls the
Flatness, Rolioff Rate & Side
Lobe Level of the Gate.
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GATE SHAPE

Gate Start Gate Stop

Side
Lobe
Level
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AVAILABLE GATES

1.0 db/

CENTER 2.000 ns

SPAN 5.000 ns Minimum
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S11
REF ~6.034
10.0 aB.

AVAILABLE GATES

log MAG

a8
s

7

I

| \

jE=ESL T

0.000
5 000 ne Normal

2571

S11
REF -6.0
)

AVAILABLE GATES

log MAG

dB
10.0 dB/

%7

—
1

A
[T

CENTER
SPAN

A
H

5,000 ns Wide
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6 10.0
~-98.312

AVAILABLE GATES

dB/

dB

/1] A\

/ \

|

\
|
|

l

CENTER
“SPAN

2.000
5.000 ne Maximum
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Thisisthe normal gate shape. It isagood
compromise for most applications. It has relatively
low side lobes and passband ripple combined with
fairly fast cutoff rate. All the gates are synthesized
by convolving atime domain rectangle function,
whose span is determined by the gate controls, with
an impul se response windowed with a Kai ser-Bessel
function.

If the time domain responses are separated by 10 to
15 cm, thisis agood filter that reduces gating errors
in the frequency domain.

For responses separated by 20 to 30 cm, thisisan
excellent filter with virtually no passband ripple
and extremely low side lobes. The cutoff rate is not
fast, but the errors in the frequency domain are
limited to just the frequencies close to the band
edges.



This table summarizes the available gate shapes for
the 8510A Network Analyzer. If the gate spanis
chosen less than the minimum T1, the actual width
of the gate will not decrease, and there will not be a
flat passband region. This table applies only for the
18 GHz case and must be scaled for other frequency
spans.

The start and stop gate markers are located at the
-6 dB points of the time domain filter.

We will use the same example circuit to illustrate
the effects of gating.

GATE SHAPES
(45 MHz to 18 GHz Case)
Gate Shape Passband Ripple | Side Lobe Level TisTa |
(Peak to Peak) ¢ Min Spon/ 2
Maximum < .01 dB > 80 dB 620 psec
Wide +0ZdB 52 dB 217 psec
Normal OH-dB 4548 TH psec
Minimum 4 dB 24-d8 27 psec
2574
GATE SHAPE
Passband — — — — — — - — — — —
Ripple . ..l W T _ "\ o . — —_
Gate
Marker Side

-6 dB Lobe

Level

|
I
{
¢ S Pan_.____.’ |
Gate Start Gate Stop

2569

A THEORETICAL EXAMPLE CIRCUIT FOR GATING

19 25 ph

o AAA
VWV

— 0

TL TL pt TL 50Q
Si1 50Q 50Q I 50Q

.1 nsec 4 nsec 4 nsec
15cm 6 cm 6 cm

*— g g

2575



THEORETICAL EXAMPLE AND GATING

1Q 17

Y U -

Time Domain Time Gated (1Q)
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THEORETICAL EXAMPLE AND GATING

AN

ST T T

Frequency Domain Freq. Gated (1Q)
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THEORETICAL EXAMPLE AND GATING

Time Gated (.01 pf) Time Gated (20 ph)
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Again we see the low pass mode step response. If
we center the gate around the series resistor we
remove the responses of the capacitor and inductor.
It isimportant that the gate be centered on the
response we wish to keep, or additional errors can
resullt.

After gating, the frequency domain characteristic of
the one ohm resistor is aflat response 40 dB down.

When we gate around the capacitor and inductor,
notice that the base line is restored and the shift
caused by the one ohm resistor is removed. The
result is that the responsesin the gate area are
shifted to the reference line which becomes the new
impedance standard. The frequency domain results
for the inductor and capacitor are very similar since
the reactances are nearly the same size. The phaseis
-90 deg for the capacitor and +90 deg for the
inductor.



When we gate around the capacitor and inductor,
notice that the base line is restored and the shift
caused by the one ohm resistor is removed. The
result is that the responsesin the gate area are
shifted to the reference line which becomes the new
impedance standard. The frequency domain results
for the inductor and capacitor are very similar since
the reactances are nearly the same size. The phaseis
-90 deg for the capacitor and +90 deg for the
inductor.

This section contains a series of examplesto further
illustrate the capabilities of time domain, and to
help cement the concepts discussed in the earlier
sections.

The first exampleisa25 ohm airline, 7.5 cm long.
There are two transitions, one from 50 to 25 ohms
and then a second transition back to 50 ohms.

THEORETICAL EXAMPLE AND GATING

+90°

- —90°

f—t

I —

(I

Freq. Gated (.01 pf)

¢t

Freq. Gated (20 ph)
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IV. APPLICATION EXAMPLES

Fau
Ant

Topics in This Section

It Location
enna Example

Potential Problems

50Q2 to 25Q Airline Transitions
50Q Airline with Various Terminations
Slotted Line Capacitive Probe

8514A Test Set
7 mm to 3.5 mm Adapter
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25Q AIRLINE + FIXED LOAD

LOW PASS MODE

S+

50Q 25Q

50Q

}——47

50

L

I‘ .5 nsec » I
75 cm

tj
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s

11
REF 0.0 dB

25Q AIRLINE + FIXED LOAD
LOW PASS MODE

log MAG

10.0 dB/

hp

START  ©.045000000 Gz .
stoP  18.04s000000 o2 Freq. Domain
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25Q AIRLINE + FIXED LOAD
LOW PASS MODE

Re

S11
REF 10.08 mUn:ts

100.2 munitss

hp

f

1
i

|
|
1

—

¥ -

START -2.100 ns

sToR 1.000 ns

Time Domain, Step
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25Q AIRLINE + FIXED LOAD
LOW PASS MODE

R,

S11 e
REF -325.1 mUn:ts

3 <an
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The frequency domain shows a beat pattern caused
by the mismatches at the two transitions. The nulls
occur at frequencies where the effects of the
transitions cancel. These frequencies are not equally
spaced because of the fringing capacitance at the
step discontinuities.

In the low pass mode with step excitation, the step
drops down to the25 ohm level but does not return
back to the 50 ohm level at the second step. This
effect is called masking. Part of the energy is
reflected from the first step and never reaches the
second step. It isimportant to remember that prior
reflections can change the level and shape of the step
that is presented to the following circuit elements. If
the earlier reflections are of low enough level the
masking is usually insignificant.

Expanding the step response in the 25 ohm section
shows a slope upward due to the series|oss of the
airline. Therippleis caused by the window function
not completely removing the ringing in this
expanded view.



With impulse excitation the response first goes down
and then at the second step responds upward. The
height of the impulsesis the same as the step sizes of
the previous dlide.

Band pass mode with impul se excitation and the log
format alows usto have a high dynamic range view
of the 25 ohm airline. A gate is centered around the
first step and the second transition isfiltered or gated
out.

The gated frequency domain characteristic has no
beat pattern, just the flat response of asingle 50 to
25 ohm transition.

25Q AIRLINE + FIXED LOAD
LOW PASS MODE

S11 Re
REF 0.0 Units
100.0 minite/

A, 1
\
|
| S\
A
|
\/
Y
Sem llaes n.  Time Domain, Impulse
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GATING THE 25Q AIRLINE

S11 log MAG
REF 0.0 dB
10.9 B/

[ A

// \\ [/ \

R

] gl \W\
ST A FUR T
iR L ””
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GATING THE 25Q AIRLINE

START  2.845000000 GHz
sToP  18.04soeeces cH: Freq. Domain
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GATING THE 25Q AIRLINE :AND ISOLATION PROBLEMS

FREQ. DOMAIN
s11 MAG
REF -8.5 4B
0.5 db.
h T T T ™
L [ t Jr,A__
| [ i
T
! —_ . _l‘, R
O _Ar
L]
1 ; . T ‘: 200 psec
] f— e b e
' i ' 500 psec
| T e
,TAM,_ e -
; T
| 1 . { i .
=T v T T T
| S S T

START  ©.045808000 GHz
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AIRLINE + FIXED LOAD

Test Port 50Q Airline 50Q Load
F L T L}
$11 S11 log MAG
REF 9.8 Unit REF 2.0 4l
¢ 2.0 munit A 10.0 4B,
4.9 mJ. 1 -40.777
b
MARKER 1
2.005 ns
I
=
o
£ T
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GATING AN AIRLINE + SHORT (GATE CENTERED ON SHORT)

Test Port 50Q Airline Short
?E; 9.9 dB o Mas
1e.0 4B/ s
N
M
[
L
f[\
21 l uti
LA H”' i

START —0.100 ne N
sTOP 2.500 ne Time Domain
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Looking in detail at the frequency domain shows
band edge errors caused by the gating function. This
distortion is caused by the side lobe level of the
second transition that remained in the gate area
centered around the first step. Note that if the gate
span is reduced, less of this side lobe level remains
and the distortion is reduced. In summary, this error
is due to imperfect isolation between responses in
the time domain caused by the side |obe energy.

This example is a 50 ohm airline terminated by an
imperfect 50 ohm load. We are using the low pass
mode with step excitation. It is easy to identify the
transition from the test port to the 50 ohm section.
The upward slope in the airline section is dueto
series resistance primarily caused by the skin loss.
The transition to the load and response of the load
element is clearly separated.

In this example the 50 ohm ‘'load is replaced by a
short. Viewing the response with the log format in
the band pass mode shows the high dynamic range
possible. The side lobe pattern is also clearly visible.
The side lobe level could be reduced by using the
maximum window. The residua reflection at the
transition from the test port to the airline is about 55
dB down.



Gating around the short removed the effect of the
transition to the airline. Again, it isimportant to
center the gate about the reflection of the short.

In the frequency domain, the gating function
removed the residua frequency response ripple
caused by imperfections at the test port connector.

Next a40 dB pad isinserted before the airline and
the short. The reflection of the short is now 80 dB
down and clearly identifiable.

GATING AN AIRLINE + SHORT (GATE CENTERED ON SHORT)

Sa22 log MAG
REF 0.0 ¢B
10.0 ¢B/

kp

~.

——t—1 |

=
—t

START -2.122 ns

sToP 2.500 ns Gated Time Domain
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GATING AN AIRLINE + SHORT (GATE CENTERED ON SHORT)

1og MAG

ﬁlﬂ
N
N
cow
»ex

-]
aB/

L

1o

W

AL
T
M\AARLAAI
S 10045000000 o Normal & Gated
Freq. Domain
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PAD + AIRLINE + SHORT
Test Port 40 dB Pad 502 Airline Short

S11 log MAG

REF 0.0 4D

e 10.0 4B/
~88.689 B

7

/>°-
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Using the same airline we will now measure the

S21 MEASUREMENTS & GATING MEASURING 30 cm AIRLINE transmission coefficient. Again we are using the band
T bass mode with the log display. The impulse first
I tices arrives followed by a host of multiple reflections
I caused by imperfect port matches of the non error

|

corrected network analyzer. The frequency domain
response has been normalized to remove the
transmission tracking error.
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Gating easily removes the multiple reflections.
S21 MEASUREMENTS & GATING MEASURING 30 cm AIRLINE

Sa1 log MAG
REF 0.0 48
10.0 dB/
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|
hLm ( L [YRYIN R M A AL
Tem 3000 e Gated Time Domain
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Removing the reflections in the time domain filters
Sy n e have been much smaller if complete error correction
had been used. Then the gating would clean up the
last residual errors and excellent characterization of

i the airline skin loss would result.
Iy 1

- |

START  @.245000008 GHz .
STOP  18.045000000 Gz Freq. Domain
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The next example uses a slotted line with an
adjustable probe. SLOTTED LINE WITH CAPACITIVE PROBE
Adjustable Probe 4—%—»
Test Port 50Q Slabline 50Q Load
Connector Connector
2597
We are now using the low pass mode with step
excitation. The two transitions into and out of the GATING THE CAPACITIVE PROBE
dlab line section are small but still clearly visible. The R o
larger downward response is caused by the . T i
capacitance of the probe. Gating easily removes the A S B 1
dab line launch problems. It isimportant to notice R L
that the time domain response at the first gate marker S S _
is restored to the reference line and the new reference L
impedance is that of the lab line. e I e
‘r_d [ * - L ;’
o i b
L . 5 R
N S N N N N D B S
il 1800 me Time Domain
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In the frequency domain the filtered responseis
excellent. The capacitive responseis clearly GATING THE CAPACITIVE PROBE
identified. Note that the response is starting to reduce R oo !
at the high frequency end. Actually the probe has a e ]
finite length and is alow impedance section of line C
and not a single point discontinuity. AN
) -
I
[ e
ST 2154500005 &1 Freq. Domain




8514A TEST SET BLOCK DIAGRAM WITH 30 cm

.5-18 GHz Coupler

AIRLINE & SHORT ATTACHED 3 Blas
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TIME DOMAIN RESPONSE LOOKING INTO PORT-1
WITH NO CALIBRATION
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Short at End
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TIME DOMAIN RESPONSE LOOKING INTO PORT-1
WITH CALIBRATION ON

S11 iag | |
REF 0.8 dB

12.9 dB/
85104

3 T T T
Short at End of
30 cm Airline
B | Residual
Residual H Match
Directivity
i
A1 L

START -1.20@ nsx
sToP 14.000 ns
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In this example, a 30 cm airline terminated with a
short is connected to Port 1 of the 8514A S
parameter Test Set. The error correction is turned off,
and the bandpass mode is used. The time domain
impulse travels through the test set, leaves Port 1, and
isreflected back into the test set from the short at the
end of the airline.

The various errors of the test set can be identified.
Even the input and output reflections and the four
attenuator cards of the step attenuator are visible.

When error correction isturned on, al the errors are
removed except the residual directivity and source
match. Notice that the residual directivity is over 60
dB down, and the residual source match is almost 50
dB down. The other fine grain ripple is caused by the
normal window.



Time domain is helpful in measuring adapters
between different connector types or impedances.

All that is needed isagood airline and load for Port
2 of the adapter. Then a gate can be centered around
the adapter and the effect of the load at the end of the
airlineis removed. The adapter is then terminated
with an effective load the quality of the airline.

The result in the frequency domain is dramatic. A 10
to 20 dB improvement of the reflection coefficient is
realized. This approach can also be used to obtain the
transmission coefficient of the adapter.

Fault location is a powerful application of the
bandpass mode. Let's take a simple example of a

coaxial cable with two connectors on it and two
bendsin it.

RESULTS USING 30 cm AIRLINE CAL MEASURING
7 mm TO 3.5 mm ADAPTER

7 mm
Test

3.5 mm
Port Adapter 3.5 mm Airline 15 cm Fixed Load

S22 Ae
REF 8.9 Unite
5.8 mUnits/

0 T

GATE SHAN
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IS PT e

] |

i
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START -0.100
sTOP 2.200 e Time Domain
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RESULTS USING 30 cm AIRLINE CAL MEASURING
7 mm to 3.5 mm ADAPTER
"EE o040 0
ie.e ab/
e
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w‘
STor' 15045000008 ous Freq. Domain
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FAULT LOCATION MEASURING 141 CABLE




FAULT LOCATION MEASURING 141 CABLE (FREQ. DOMAIN)
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FAULT LOCATION MEASURING 141 CABLE (TIME DOMAIN)
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FAULT LOCATION
MEASURING 6 METER CABLE

Barrell Barrell

APC-7 to
BNC Adapter

F Stop = 1 GHz
Max. Meas. Range = 60 Meters

BNC
Load

26n7

Here is the composite frequency domain response of
the input reflection coefficient of the cable shown
above. Notice that it isimpossible to tell where the
major reflections are within the cable. What we are
seeing is al the reflections in the cable added up
together at each frequency point to give usthe
composite response.

Now look at the time domain response to the
reflection measurement. We can see not only the two
larger connector responses but also the individual
responses due to the two bendsin the cable.

In this example, we take three BNC cables
connected with adapters and terminated in a 50
ohm BNC load. In order to increase the
measurement range (in distance), the stop
frequency isreduced to 1 GHz.



First we see the frequency domain response.

The time domain response clearly locates the
adapters and terminating load.

As an example of fault location with high resolution,
we tested a 200 foot piece of cable in the reflection
mode terminated by an open circuit. After finding the
open circuit response in the time domain (200 feet
away from the test port), we attached a 1.5 inch

barrel at a small incremental distance from our
original open circuit measurement. We also would
suspect that the response would be slightly smaller
due to the additional loss caused by the extralength
of the barrel.

The responses shown here are from both the 200
foot piece of cable and the cable with the barrel
attached. The response with the barrel is offset in
time from our original response by approximately
200 psand itsamplitude is smaller by
approximately .0005 in reflection coefficient.

FAULT LOCATION MEASURING 6 METER CABLE
2:::— ?éaeﬁBelag Has
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FAULT LOCATION MEASURING 6 METER CABLE
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FAULT LOCATION MEASURING
200 FT. CABLE (TIME DOMAIN)

CEQES’: bg3734 4= :
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Device: 200 ft Coaxial Cable
[ | -]
—_— «~200ft— 1.5” Barrel
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ANTENNA TESTING
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ANTENNA TESTING FREQ. & TIME
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ANTENNA TESTING GATED FREQ. DOMAIN
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START  9.000000000 GHz
STOP  12.000000000 GHz
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In antenna testing, large sums of money are expended
to absorb unwanted reflections both on outdoor
ranges and anechoic chambers. In this example, the
desired path is normally the most direct one (the
fastest time). But there is also ground clutter path
which arrives at the receiving antenna slightly later.

We can see both the frequency and time domain
responses of the antenna pair. Thefirst impulseisthe
direct path; the second is due to the ground path. This
ground path causes the frequency domain datato be

very rough.

Now with the gate on, the new time domain dataiis
transformed back to the frequency domain which
now shows just the frequency response of the direct
path. This gated datais compared with the ungated
data previoudly stored in memory. Note the
interference in the memory trace caused by the
reflections from the second longer path. Gating has
effectively eliminated this interfering signal.



The last six slides discuss some of the system
l[imitations when using directional coupler based test
sets and non synthesized sources. First let us
consider the effect of the coupler role off below .5
GHz. In the non error corrected case, the response
looks like a highpass filter.

This frequency domain response causes the time
domain step to be differentiated. Now when we error
correct, this problem is eliminated, but the signal to
noise ratio of the first few harmoniesis reduced.
When measuring small reflections, lower signal to
noise ratio causes the time domain trace to bounce
up and down. Averaging reduces this problem, but
then we may |ose the real -time adjustment capability.

Next we look at the deviation from linear phase of a
30 cm airline. When the 8340A Synthesized Sweeper
isin ramp mode, this slide shows the phase
discontinuities at the frequencies where the source
changes bands.
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RAMP SWEEP PROBLEMS
MEASURING A SHORT ON 30 cm AIRLINE

511 p3
REF -100.0 °
12.9 */

1
A SRVLY,

T AT A

QWY

1
*\
| i
STer 1043008000 o Ramp Sweep
Freq. Domain

2613



RAMP SWEEP PROBLEMS
MEASURING A SHORT ON 30 cm AIRLINE
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RAMP SWEEP PROBLEMS
MEASURING A SHORT ON 30 cm AIRLINE
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RAMP SWEEP PROBLEMS
MEASURING A SHORT ON 30 cm AIRLINE
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When in synthesized step mode, the phase
discontinuities are removed.

The resultant time domain, when the sourceisin
ramp mode, has additional side bands caused by the
phase discontinuities. This may or may not cause
problems depending on the application.

In step mode, the side bands are gone, and we
have regained our full dynamic range.
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