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NOTICE

JEDEC standards and publications contain material that has been prepared, reviewed, and
approved through the JEDEC Board of Directors level and subsequently reviewed and approved
by the JEDEC legal counsel.

JEDEC standards and publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for use by those other than JEDEC members, whether the standard is to
be used either domestically or internationally.

JEDEC standards and publications are adopted without regard to whether or not their adoption

may involve patents or articles, materials, or processes. By such action JEDEC does not assume

any liability to any patent owner, nor does it assume any obligation whatever to parties adopting
the JEDEC standards or publications.

The information included in JEDEC standards and publications represents a sound approach to
product specification and application, principally from the solid state device manufacturer
viewpoint.

No claims to be in conformance with this standard may be made unless all requirements stated in
the standard are met.

Inquiries, comments, and suggestions relative to the content of this JEDEC standard or
publication should be addressed to JEDEC at the address below, or call (703) 907-7559 or
www.jedec.org
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FOREWORD

The material herein was developed by the JEDEC JC-25 Committee on Low
Frequency Power Transistors of the JEDEC Solid State Products Council. It has
been approved for publication by the JEDEC Council as a JEDEC Standard.
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MEASUREMENT
OF
SMALL-SIGNAL TRANSISTOR SCATTERING PARAMETERS

1. DEFINITIONS
1.1 Definition of the Scattering Parameters
Given a two-port network as shown in Figure 1, the scattering

parameters may be defined as the elements of the matrix

5 = (1)

by=sin 3t ® (2)
by =821 3 85 3 (3
where
a, = —X— (V, +2_ I,) (4)
i i 071
2YZ
0
b, = —2— (v, -2, L) (5)
ZVZO
i =1, 2
Here Z0 is defined as a real impedance called the normalizing (or reference)

impedance, usually taken to be 50 ohms. When other values are used, the
value must be specified along with other conditions such as frequency, bias,
temperature, etc.

Each of the scattering parameters may be individually defined
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as follows:
$11 is the voltage (or current) reflection coefficient
(with respect to ZO) at port one with port two terminated

in ZO; i.e.,

) ]_Di _ (Vl/Il) - Zo ]
S11 " a (V. /1) + 2 ‘ (6)
1 4. =0 171 0 7 =g
2 270
$1o is the reverse transmission coefficient with port one

terminated in ZO and port two driven with a generator of impedance

ZO; i.e.,

5127, | L9 (/D | 5 - N

where Vg, is the open-circuit generator voltage.

Sy1 is the forward transmission coefficient with port two

terminated in Z, and port one driven with a generator of impedance

Zo; i.e.,
o2 _ 2 &
21 a W /2 - =
1 aZ-O o Z1 ZZ-Z0
S99 is the reflection coefficient (with respect to ZO) at port

two with port omne terminated in ZO; i.e.,

. b_2 ) (v2/12) - 24 ©
22 a _ w, /1, + 2
2 al—O 272 0 1=Z
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The scattering parameters of transistors are also represented by the

following symbols:

11 S Six
%12 v 4} Srx
21 > Sfx
S22 >  Sox

where x is replaced by e, b, or c for bi-polar transistors in common-emitter,
common-base, or common-collector configuration, respectively; and by s, g,
or d for field-effect transistors in common-source, common-gate, or ébmmon—
drain configuration, respectively.
1.2 Definition of Small-Signal Conditions

Transistors are essentially non-linear devices which for sufficiently
small applied signals behave as linear two-ports. Small-signal conditions
may, therefore, be defined as the values of the voltage and current at
ports one and two below which values the transistor may be considered a linear
two-port.

For practical applications the following definition will be used:
small-signal conditions are satisfied when a reduction of 50% in the amplitudes
of Vl’ Il’ V2 or 12 will not result in a variation of the ratio defined by

6), (7), (8), or (9) of more than l%.*

*
All asterisks in this document refer to the following footnote:

The numerical values quoted have been agreed upon by the JC-24 JEDEC
committee as those representing a practical compromise between the
usual requirements of circuit design applications. of scattering
parameters and the measurement technology at the time of writing
this document. (See Appendix I)
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1.3 Definition of the Transistor Terminal Reference Planes
1.3.1 Single-Ended Axial Lead Package --
The reference plane defined by points on the transistor
leads at a distance of 1.5 mm (0.06") from the seating
plane of the transistor package (see Figure 2a).
1.3.2 Strip~Line Packages+ -
The reference planes (or plamne) transverse to the input
and (or) output leads defined by the point (or points)
on the transistor lead (or leads) at a distance from
the package body equal to or less than the dimensional
tolerance range of the package body at the lead—bbdy
interface (see Figure 2b).
1.3.3 Coaxial Packages+ -
A reference transverse plane whose distance from the
centerline of the seating flange is equal to the maximum
dimension from the centerline of the seating flange to
the body end of the input or output terminal (see Figure 2c).
For other packages not defined here, the transistor terminal reference

planes must be specifically defined for each particular package.

+Stripline —- any transistor package with its leads in the same plane
(this includes beam leads).

Coaxial —— any transistor package designed to mount directly into coaxial
lines.
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