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FOREWORD

This amendment has been prepared by subcommittee 47E: Discrete semiconductor devices, of
IEC technical committee 47: Semiconductor devices.

The text of this amendment is based on the following documents:

FDIS Report on voting
47E/123/FDIS 47E/124/RVD
Full information on the voting for the approval of this amendment can be f i{n the report on

voting indicated in the above table.

A bilingual version of this amendment may be issued at a later date.

Page 5
CONTENTS
mber chapter VIl as chapter I1X:

ED CIRCUIT MICROWAVE AMPLIFIERS
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CHAPTER VII: FIELD EFFECT TRANSISTORS
2.1.4 Powers
Replace this subclause by the following new subclause:

2.1.4 Powers

Output power at 1 dB gain compression Po(1dB)

or:
Output power at specified input power
Power gain at 1 dB gain compression

Power added efficiency

Associated (power) gain 5as
Maximum available gain (Note 1) Ga(max)
Minimum noise figure Fmin
Source reflection factor for minimum noise figure/{Note I'GFmin
Equivalent input noise resistance Rn
NOTE 1 — The abbreviation "MAG" is still in comman useNors

NOTE 2 — For source reflection coefficient (factpr), see5.3. 0747-7, Chapter I1*.

NOTE 3 — The symbol "[y" is {n co use f ereffection factor for minimum noise figure.

Page 149 Q

2.2.3 Power

The minimum_ va
impedance unde

e uf the'noise figure that can be obtained through adjustment of the source
specjfied bias condition and a specified frequency.

Equivalent input noise resistance
The quotient of the equivalent input noise voltage and the equivalent input noise current (see
5.4.9 and 5.4.10 of IEC 60747-1, Chapter IV*).

* |EC 60747-7 (all parts), Semiconductor devices — Discrete devices — Part 7: Bipolar transistors

** |EC 60747-1:1983, Semiconductor devices — Discrete devices — Part 1: General
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3.2.2 RF characteristics

Add the following new essential ratings and characteristics:
Categories

3.2.2.8 Minimum noise figure A B

Maximum value under specified conditions +

3.2.2.9 Source reflection factor for minimum noise figure

Maximum and minimum values under specified conditions

E

NOTE — Maximum and minimum values respectively should be prescribed for magnipdd
and angle.

3.2.2.10 Equivalent input noise resistance

Maximum and minimum values under specified conditions ¥

4 Measurement methods

4.10 Noise figure ( F) and associated
4.10.1 Purpose

To measure the noise figur

4.10.2 Circuit d@\

ifect transistor under specified conditions.

N A Frequency
genelator meter
< o\l‘i n.d Mixer Low n_o_ise
SO galn amplifier
N er
Isolator Isolator
| Input - Input
Bias impedance Device impedance Bias
network matching B being C matching network
network measured network
or
Ves Ves + “ Vbs g Vbs

Figure 46 — Basic circuit for the measurement of the noise figure

IEC 575/99
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4.10.3 Principle of measurements

The noise figure F of the device being measured is derived from the following equation.

F110 _
_ (Fiz -Lp)/10 _ 10 1h
F=10log ELO 106710 [ (1)

where

Fi2 is the overall noise figure;

L1 is the circuit loss from point A to B;

Fs is the noise figure after point C at the output stage, and

Gas is the associated gain of the device being measured.

ENR/10
F12 =10 |Og Hlo—

HAu/ Avz) -

(3)
(4)
where
ENR
Pn1 and Pyo in W APE yjse er under the hot and cold state of the noise

€ powers under the hot and cold state of the noise
y, in the case of directly connecting point B to C in

Pn3 and Pynain \O

4.10.5 Precautions to be observed

The entire circuit shall be shielded and grounded to prevent undesired signals. For noise figure
measurement under the single-side-band (SSB) condition, careful attention shall be paid to the
image and other spurious responses which are generated by the mixer. These spurious
responses should be reduced so as to be negligible.
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4.10.6 Measurement procedure

The frequency of the r.f. generator is adjusted to the specified condition.

In order to measure the noise contribution of the measurement system, connect point B to C in
figure 46 without the device being measured and set the input and output impedance matching
networks to 50 Q.

The noise power Py3 and Pyg corresponding to the noise source hot and cold, respectively, are
measured.

The noise figure F» in decibels is calculated by equation (3).

The device being measured is inserted as shown in figure 46.
The gate-source voltage Vgg (near the gate-source cut-off voltage) is app
The specified drain-source voltage Vpg is applied.

The drain current Ipg is adjusted to the specified value by varyi

During the adjustment of the input and output matching network i gwer Pyp and Pyo

The output impedance matching netwofk is @djusted te
Repeat the above two step i other redugtion

— Ambient or refexen
— Drain source a

— Drain current

f noise figure Fis possible.

— Frequency

4.13 Minimum nhqjse figure (  Fmin), €quivalent input noise resistance (  Rj) and
source reflection factor for minimum noise figure ( I'GFmin)

4.13.1 Purpose
To measure the minimum noise figure, equivalent input noise resistance and source reflection

factor for the minimum noise figure of a microwave field-effect transistor under specified
conditions.

4.13.2 Circuit diagram

See the circuit diagram in 4.10.2.
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4.13.3 Principle of measurements

See the principle of measurements in 4.10.3.

The noise figure dependence on the source admittance can be expressed as:

F=Frin + 226 =G + (8 - 60 W
where
F is the noise figure
Fmin is the minimum noise figure
Rn is the equivalent input noise resistance
Gg is the source conductance
Bs is the source susceptance
Go is the source conductance for Fpin
Bo is the source susceptance for Fpin
To determine the four parameters, Fpin, Rn. Go/and enisional simultaneous

equations should be solved.

From equation (1)

E o)

where
(3)
(4)
In equation (2), Q
(5)
Then, equation ( gds to the following equations for n different Yg
1 Y| HBsa H
F(]_):X1+ X2 +—X3—2 X4
Gs(y Gs(y Hesw H
. (6)

2
Y. BB
Ry = X1+ "X, +—| o) X3 -2 =0 HX4
Gs(n) Gs(n) s(n)
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Substituting X1, X2, X3 and X, obtained from equation (6) into equation (5), the four parameters

are determined as follows:
2
Finin = X1+ 2 X2 X3 = X4 (7)

Rn= X3 (8)

— _ 2
Go—\/Xz/Xs (X41X3) (9)
BO :X4/X3 (10)

I'emin, source reflection factor for Fnin, is determined from the above Gg an

4.13.4 Circuit description and requirements

See the circuit description and requirements in 4.10.4.

4.13.5 Precautions to be observed

See the precaution to be observed in 4.10.5.

4.13.6 Measurement procedure

The frequency of the r.f. generator is adjusted

The input impedance
(Gs(1), Bs(1))-

The output impe
achieved.

The noise figure F accordance with the procedure described in 4.10.6.
Repeating the aboye p n times, F(1)_(n) are determined for the n source admittance

4.13.7 Specified cO
— Ambient or reference point temperature
— Drain source voltage

— Drain current

— Frequency

— Single-side band or double-side band.
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Add the following new chapter and renumber chapter VIl as chapter IX:

CHAPTER VIII - INTEGRATED CIRCUIT MICROWAVE AMPLIFIERS

1 Terminology

1.1 Linear (power) gain Gjjp

The power gain in the linear region of the power transfer curve P, (dBm) = f

NOTE - In this region, AP, (dBm) = AP; (dBm).
1.2 Linear (power) gain flathess AGji

The power gain flatness when the operating point lies in the ling i ) c wer transfer
curve.

1.3 Powergain Gp, G

The ratio of the output power to the input power.

NOTE — Usually the power gain is expressed i deciqel
1.4 (Power) gain flatness AG,

The difference between the maximum gain for a specified input power in a
specified frequency range,

1.5 (Maximum available

The difference i .-
by the gain controh

NOTE - For specifi
for the input power.

ation purposes, the limits of this range are specified by specified lower and upper limit values

1.6.2 Limiting output power  Pq(jig)

The output power in the range where it is limiting.

1.6.3 Limiting output power flatness ~ APqjg)

The difference between the maximum and minimum output power in the output power limiting
range:

APo(itg) = Po(itg,max) — Po(itg,min)
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1.7 Intermodulation distortion  Pn/P;
The ratio of
the output power of the nth order component to
the output power of the fundamental component,
at a specified input power.

1.8 Power at the intercept point (for intermodulation products) Pnap)

The output power at intersection between the extrapolated output powers of the fundamental
component and the nth order intermodulation components, when the extrapolation is carried
out in a diagram showing the output power of the components (in decibels) a function of the
input power (in decibels).

1.9 Magnitude of the input reflection coefficient (input return loss)

See 5.2.1 of IEC 60747-7, Chapter II.

1.10 Magnitude of the output reflection coefficient (output‘re o Ns,o0

See 5.2.2 of IEC 60747-7, Chapter II.

1.11 Magnitude of the reverse transm

See 5.2.4 of IEC 60747-7, Chapter II.

1.12 Conversion coefficient of amplitude G ' O(AM-PM)

the change in inpug po
1.13 Group del@x
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2 Essential ratings and characteristics for integrated circuit
microwave amplifiers

2.1 General

2.1.1 Circuit identification and types

2.1.1.1 Designation and types

Indication of type (device name), category of circuit and technology applied should be given.

Microwave amplifiers are divided into four categories:
Type A: Low-noise type.
Type B: Auto-gain control type.
Type C: Limiting type.
Type D: Power type.

2.1.1.2 General function description

A general description of the function performed by t
and the features for the application should be made.

icrowave amplifiers,

2.1.1.3 Manufacturing technology
dyctor monolithic integrated circuit, thin

his statement should include details
of the semiconductor technplogies such\as >FET, Si bipolar transistor, HBT, etc.

The following st@
a) IEC and/or nation : < p of the outline drawing, or drawing of non-standard
package includis 1 ing;

should be stated here

2.2 Application related description

Information on the application of the integrated circuit and its relation to the associated devices
should be given.

2.2.1 Conformance to system and/or interface information

It should be stated whether the integrated circuit conforms to an application system and/or
interface standard or recommendation.

The detailed information about application systems, equipment and circuits such as VSAT
systems, DBS receivers, microwave landing systems, etc., also should be given.

2.2.2 Overall block diagram

A block diagram of the applied systems should be given, if necessary.
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2.2.3 Reference data

The most important properties to permit comparison between derivative types should be given.

2.2.4 Electrical compatibility

It should be stated whether the integrated circuit is electrically compatible with other particular
integrated circuits or families of integrated circuits or whether special interfaces are required.

Details should be given of the type of the input and output circuits, for example, input/output
impedances, d.c. block, open-drain, etc. Interchangeability with other devices, if any, should be
given.

2.2.5 Associated devices
If applicable, the following should be stated here:

— devices necessary for correct operation (list with type numbég
— peripheral devices with direct interfacing (list with type

2.3 Specification of the function
2.3.1 Detailed block diagram — Functional blocks

A detail block diagram or equivalent cirsuyit rati integrated circuit microwave
amplifiers should be given. The block dis Y d of the following:

1) functional blocks;

2) mutual interconnection
3) individual functional units wit(jin the
4) mutual interconnec
5) function of e@ S
6) interdependensg bt
The block diagras ¢ function of each external connection and, where no
ambiguity can ari e terminal symbols and/or numbers. If the encapsulation

has metallic tion to them from external terminals should be indicated. The
connection : iated’external electrical elements should be stated, where necessary.

As additiona
necessarily with ations of the values of the circuit components. The graphical symbol for
the function shall be-given. This may be obtained from a catalogue of standards of graphical
symbols or designed according to the rules of IEC 60617-12 or IEC 60617-13".

* |EC 60617-12:1997, Graphical symbols for diagrams — Part 12: Binary logic elements
IEC 60617-13:1993, Graphical symbols for diagrams — Part 13: Analogue elements
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