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Technical Brief

Computing Self and Mutual
Capacitance and Inductance Using
Even and Odd TDR Measurements

Abstract

TDR measurement techniques for IC package char-
acterization have been reported extensively and
standardized by JEDEC [1]. In addition, several
techniques utilizing differential TDR measurements
have been reported in [2]. In this paper, we will
present a novel technique for computing self and
mutual inductance and capacitance. This technique
is based on applying computational procedures as
described in [1] to even and odd mode TDR
measurements of the device under test, such as a
connector or IC package.

Introduction

Differential and common mode TDR measurements
involve sending a differential (the same amplitude
but opposite polarity) and common-mode (the same
amplitude, the same polarity) signals to two pins in
the package or connector under test (Figure 1).
These two measurements allow the designer to
characterize the Device Under Test (DUT), and
obtain the impedance, capacitance, and inductance
of the DUT, as described in [3].
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Figure 1. Differential TDR measurement setup.

Reference [3] discusses how to apply the true
impedance profile, computed in IConnect® TDR
software from TDA Systems, to obtain the self and
mutual capacitances and inductances of the con-
nector or the IC package. For example, for a uni-
form impedance structure, the following equations

will apply:
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For a non-uniform impedance structure (like most
connectors or packages), the equations will change
to allow for independent integration along the even
and odd impedance profile paths. All these compu-
tations are automated in IConnect TDR software.
However, any analysis based on the true
impedance profile relies on the designer to
accurately partition the impedance profile waveform
into impedance segments for computation in
IConnect. In this paper, we propose an alternative
procedure, which utilizes computations described in
JEDEC standard [1], [2] to compute the even and
odd mode capacitance and inductance. The design-
er can then utilize simple equations derived below
to compute the self and mutual inductance and
capacitance from even and odd mode inductance
and capacitance.

Theory

The odd mode waveform can be obtained by apply-
ing a differential stimulus to a pair of pins under
test, and acquiring only the positive switching chan-
nel on the TDR oscilloscope. The even mode
waveform can, in turn, be obtained by applying a
common mode stimulus to the same pair of pins
under test, and acquiring the same channel as in
the odd mode measurement. The pins adjacent to
the pins under test must be shorted to ground for
capacitance measurements, and left open-ended for
inductance measurements. Then the odd mode
capacitance can be computed when the odd mode
waveform is acquired with the far end of the DUT
left open-ended, and the odd mode inductance can



be computed when the odd mode waveform is
acquired with the far end of the DUT connected to
ground, or at least with the two pins under test con-
nected together, by applying the computational pro-
cedure described in JEDEC standard [1], [2]. The
even mode capacitance and inductance can be
computed from the even mode waveform under the
same fixturing conditions using the same computa-
tional procedure. Thus we obtain:
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where V is the TDR voltage incident at the lead
under test, normally half the TDR source amplitude,
and Z, equals the characteristic impedance of the

measurement system, 50 Q for currently available
TDR instruments. For practical purposes, it is not
necessary to integrate to infinity, but only until the
difference between the W and Wg,en/0dd IS NEY-

open
ligibly small.

Figure 2. Self-capacitance measurement.
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Figure 3. Self-inductance measurement.

The following figure shows the measurement setup
for the odd or even mode capacitance
measurement.

In the even mode, there is no the voltage difference
across C,,,w,a- Therefore, no current flows through
it, making it equivalent to an open circuit. Therefore,
applying equation (6) will give us the self capaci-
tance of the circuit:

Cxe_lf = Ceven (9)

In the odd mode, a virtual ground plane divides the
mutual capacitance into two series capacitances of
2C,,, and the node between them is grounded.
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Therefore, if we compute the result of equation (5),

we obtain Cyg+2C  j1uar. Then, C . i.a CaN be
found as:
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The following figure shows the measurement setup

for the odd or even mode inductance measurement:

We can see that:
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Since in odd mode with differential stimulus,
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This equation, following the derivation for the self
inductance of the package lead, gives us:
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In even mode, on the other hand, ¥, =V,,i =i, , and
L =L,=L, ,and we obtain:
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This equation, following the derivation for the self
inductance of the package lead, gives us:
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Combining equations (14) and (17), we obtain:
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It is important to keep in mind that the lumped
models extracted using the equations (9), (10), (18)
and (19) above will only be valid if the electrical
length of the package or connector under test, or
the given segment of this package or connector, is
much shorter than the rise time of the signals prop-
agating through this package or connector:
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Measurement Examples

As a measurement example, we measured the
input capacitance of a differential pin pair in a pack-
age. The test setup included a test fixture board,
with the socket mounted in the center of the board.
The TDR measurements of the fixture board are
shown in the figure below.
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Figure 4. TDR waveform of the test fixture.

We can now use the procedure outlined above to
compute the odd mode capacitance using the
differential stimulus and the JEDEC procedure. The
reference waveform is the odd mode waveform on
Channel 1 of the oscilloscope with the socket
empty, and the package waveform is the odd mode
waveform on Channel 1 with the packaged part
inside the socket. The resulting odd mode capaci-
tance, computed using the C s computation in

IConnect, is 760fF.

sel



IM[=1E3

A~ Ddd Mode Capacitance Measurement in IConnect{R }.cir - Time Domain
1En: 1.8nz 2ns 22ns 24ns 2Bn: 28ns 3ns

- x
I50F Ee e 'J J
} Meven_referenc. .
300fF ” evenjackage. "
E0FF ’/] CseIFEven.me

200fF
180fF
100fF
SO0fF @

0F |
| -

Kl ;['Cjursor placement

Tme AT AT2  Esltvdl paad capacitance results

Cursor 1: 1.87n: | 111ns | 556ps E17aF /
Cursor 2: 2.98ns 358F

Figure 5. Odd mode capacitance measurement.

We can now compute the even mode capacitance
using the common mode stimulus and the JEDEC
procedure. The reference waveform is the even
mode waveform on Channel 1 of the oscilloscope
with the socket empty, and the package waveform
is the even mode waveform on Channel 1 with the
packaged part inside the socket. The resulting even
mode capacitance, computed using the C

computation in IConnect, is 360fF.

self

Then, we can apply equations (9) and (10), which
give C; of 360fF and Cmutual of 200fF.
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Figure 6. Even mode capacitance measurement.
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Summary and Conclusions

In this paper, we proposed a novel procedure for
computing the parasitics of a connector or a pack-
age using the even and odd mode capacitance and
inductance measurements. The advantage of this
new procedure is that it is simple and relatively
error-proof. However, this new procedure allows the
designer to extract only the lumped model for the
interconnect in question. Such lumped model is only
valid when the length of the package or connector
interconnect is much shorter than the rise time of
the signals propagating through this interconnect.
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