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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
DISCRETE DEVICES -

Part 4: Microwave diodes and transistors

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60747-4 has been prepared by subcommittee 47E: Discrete
semiconductor devices, of IEC technical committee 47: Semiconductor devices.

This second edition cancels and replaces the first edition, published in 1991, its amendments
1, 2 and 3 (1993, 1999 and 2001, respectively), and constitutes a technical revision.

The major technical changes with regard to the previous edition are as follows:

a) the clause of bipolar transistors has been added;
b) the clause of field-effect transistors has been amended.
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The text of this standard is based on the following documents:

FDIS Report on voting
47E/330/FDIS 47E/339/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The list of all parts of the IEC 60747 series, under the general title Semiconductor devices —
Discrete devices, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
*+ amended.
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SEMICONDUCTOR DEVICES -
DISCRETE DEVICES -

Part 4: Microwave diodes and transistors

1 Scope

This part of IEC 60747 gives requirements for the following categories of discrete devices:

— variable capacitance diodes and snap-off diodes (for tuning, up-converter or harmonic
multiplication, switching, limiting, phased shift, parametric amplification);

— mixer diodes and detector diodes;

— avalanche diodes (for direct harmonic generation, amplification);
— gunn diodes (for direct harmonic generation);

— bipolar transistors (for amplification, oscillation);

— field-effect transistors (for amplification, oscillation).
2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050-702:1992, International Electrotechnical Vocabulary — Chapter 702: Oscillations,
signals and related devices

IEC 60747-1:2006, Semiconductor devices — Part 1: General
IEC 60747-7:2000, Semiconductor devices — Part 7: Bipolar transistors
IEC 60747-8:2000, Semiconductor devices — Part 8: Field-effect transistors

IEC 60747-16-1:2001, Semiconductor devices — Part 16-1: Microwave integrated circuits —
Amplifiers

Amendment 1(2007)
3 Variable capacitance, snap-off diodes and fast-switching schottky diodes

3.1 Variable capacitance diodes
311 General
The provisions of this part deal with diodes (excluding snap-off diodes) in which the variable

capacitance effect is used; they cover four applications: tuning, harmonic multiplication,
switching (including limiting), parametric amplification.
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The devices for these applications are defined as follows:
Diodes for tuning

Diodes which are used to vary the frequency of a tuned circuit.

These diodes are usually characterized a frequency of resonance much higher than the
frequency of use and have a known capacitance/voltage relationship.

Diodes for harmonic multiplication

These diodes must have a non-linear capacitance/voltage relationship at the frequency of
operation and a high ratio of cut-off frequency to operating frequency.

Diodes for switching (including limiting)

These diodes exhibit a fast transition from a high impedance state to a low impedance state
and vice versa and can be used to modulate or control the power level in microwave systems.

Diodes for parametric amplification

These diodes are intended to handle small amplitude signals and are most often used in low-
noise amplifiers.

3.1.2 Terminology and letter symbols

See 3.1.3.3.

3.1.3 Essential ratings and characteristics
3.1.3.1 General
3.1.3.11 Rating conditions

Variable capacitance diodes may be specified either as ambient rated or case rated devices
or, where appropriate, as both.

The ratings listed in 3.1.3.2 should be stated at the following temperatures:

— ambient-rated devices:

at an ambient temperature of 25 °C and at one higher temperature.

— case-rated devices:

at a reference point temperature of 25 °C and at another reference point temperature.

3.1.3.1.2 Application categories

The essential ratings and characteristics to be stated for each category of diode are marked
with a + sign in the following table:
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— column 1: tuning applications;

— column 2: harmonic multiplication applications;

— column 3: switching (including limiting) applications;
— column 4: parametric amplification applications.

3.1.3.2 Ratings (limiting values) Categories

The following ratings should be stated: 11213 | 4

3.1.3.2.1 Temperatures

Range of operating temperatures + |+ [+ |+
Range of storage temperatures + |+ |+ |+
3.1.3.2.2 Voltages and currents

Maximum peak reverse voltage + |+ [+ |+
Maximum mean forward current, where appropriate + [+ |+
Maximum peak forward current, where appropriate + [+ |+

3.1.3.2.3 Power dissipation

Maximum dissipation, under stated conditions, over the operating + |+ |+ |+
temperature range

3.1.3.3 Electrical characteristics

Unless otherwise specified, the following characteristics should be given
at 25 °C (see Figure 1)

3.1.3.3.1 Stray capacitance (C)
Typical value under specified conditions + |+ |+ |+
3.1.3.3.2 Series inductance (L)

Typical value and, where appropriate, maximum value + |+ |+ |+
under specified conditions

3.1.3.3.3 Terminal capacitance (Ciot)

a) Minimum and maximum values, at a specified bias voltage + |+ |+ |+
and at a specified frequency (note 2)

b) Typical curve showing the relationship between terminal capacitance + |+ [+ |+
and bias voltage

3.1.3.3.4 Junction capacitance (C;j)

Minimum and maximum values at a specified bias voltage (notes2and 3). | + | + [ + | +
When the order of magnitude of C, is the same as that of the terminal
capacitance Ciot, a typical value should be given for C; instead of minimum
and maximum values

3.1.3.3.5 Effective quality factor (Q)

Minimum values at two or more specified frequencies under specified +
bias conditions (note 4)
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Categories

1123 |4
3.1.3.3.6 Cut-off frequency
Minimum value under specified conditions (notes 4 and 5) + |+ |+
3.1.3.3.7 Series resistance (rg)
Maximum and/or typical values under specified conditions (note 4) + |+ [+ |+
3.1.3.3.8 Reverse current
Maximum value at a specified reverse voltage + |+ [+ |+
3.1.3.3.9 Thermal resistance
Maximum value between junction and ambient, or between the junction + |+ |+
and a specified reference point
3.1.3.3.10 Switching time
Typical value under specified conditions +
3.1.3.3.11 Stored charge or minority carrier life time
Typical value, for either stored charge under specified conditions
including bias, or minority carrier life time under specified conditions + |+
3.1.3.3.12  Transition time
Typical value, under specified conditions, together with a specified +
measurement circuit (note 1)

NOTE 1 See definition in 3.2.2.

NOTE 2 For categories 1, 2 and 3, the specified bias voltage should be —6 V and for category 4, the specified
bias voltage should be 0 V.

NOTE 3 The relationship between the junction capacitance and bias voltage should be represented either by a
typical curve or by a mathematical form. The mathematical form should be as follows:

Ci=K(V+g)r

where V is the magnitude of the applied reverse voltage and K, ¢ and y are three constants. The manufacturer
should specify the typical values for K, ¢ and y.

NOTE 4 If the Q value and the series resistance are not specified for category 1, then the cut-off frequency must
be specified.

NOTE 5 The cut-off frequency f; is defined as:
v
o = o, c;
where rg is the series resistance and C; is the capacitance of the junction measured at a specified bias point ry is

determined by the equivalent circuit shown in Figure 1 below; its value depends on the measuring method used
and on the bias voltage.
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O
==Cp
rj
O
IEC 1108/01
Key
C; junction capacitance C, stray capacitance
rs series resistance Lg series inductance

hj

In general, r; is sufficiently high to be neglected.

low frequency resistance of the junction

Figure 1 — Equivalent circuit

3.1.34 Application data

For harmonic multiplication applications, the efficiency should be stated.

314 Measuring methods
3.1.41 Reverse current Ig

a) Purpose
To measure the reverse current of a diode under specified reverse voltage.
b) Circuit diagram

R1
) (D% Lo

IEC 1109/01

Key
D diode being measured

Figure 2 — Circuit for the measurement of reverse current Ig
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c) Circuit description and requirements
R is a calibrated resistor (pulse measurement only).
Ry is a protective resistor.

If a pulse measurement is required, the variable voltage generator is replaced by a voltage
pulse generator, the voltmeter is replaced by a peak-reading instrument and the ammeter
is replaced by a peak-reading voltmeter across the calibrated resistor R4.

d) Measurement procedure
The temperature is set to the specified value.

The variable voltage generator is adjusted to obtain the specified value of reverse voltage
VR across the diode.

The reverse current /g is read from the ammeter A.
e) Specified conditions
— Ambient, case or reference-point temperature (t3mp, tcase, fref)-
— Reverse voltage (VR).
— Pulse width and duty cycle, where applicable.

3.1.4.2 Forward voltage Vg

a) Purpose

To measure the forward voltage across a signal or switching diode under specified
conditions.

b) Circuit diagram

cl

: «(¥) Yo

IEC 1110/01

Key
D diode being measured

Figure 3 — Circuit for the measurement of forward voltage V¢

c) Circuit description and requirements
R is a calibrated resistor (pulse measurement only).
Ro is a high value resistor.

If a pulse measurement is required, the variable voltage generator is replaced by a voltage
pulse generator, the voltmeter is replaced by a peak-reading instrument and the ammeter
is replaced by a peak-reading voltmeter across the calibrated resistor R1.
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d) Measurement procedure
The temperature is set to the specified value.
The variable voltage generator is adjusted to obtain the specified value of forward current /.
The forward voltage VF is read from the voltmeter V.
e) Specified conditions
— Ambient or case temperature (famp, fcase)-
— Forward current (/g).
— Pulse width and duty cycle, where applicable.

3.1.4.3 Capacitance Cyot

The measurement of total capacitance (Ciot = Cj + Cp) should be made at a sufficiently low
frequency (below microwave frequencies) so that the effects of the lead inductance may be
neglected. Under these conditions, the measured value of terminal capacitance is
independent of frequency.

The total capacitance at a given bias condition is obtained by the method stated hereafter.

a) Purpose
To measure the total capacitance of a diode under specified conditions.

b) Circuit diagram

R c
AO
I
+ S
Qj D A.C. bridge
= 7
O

IEC 1111/01

Key
D diode being measured

Figure 4 — Circuit for the measurement of capacitance Cy¢

c) Circuit description and requirements

The conductance of resistor R should be low compared with the admittance of the diode
being measured.

The capacitor C must be able to withstand the reverse bias voltage of the diode and
should present a short circuit at the frequency of measurement.

d) Precautions to be observed

The bridge shall be able to withstand the reverse bias voltage of the diode without
affecting the accuracy of the measurement. If the measured capacitance is very small, the
mounting conditions will affect the accuracy of the results and they should be specified.
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e) Measurement procedure
The temperature is set to the specified value.

The voltage across the diode is adjusted to the specified value Vr. Then the voltmeter V is
taken out of the circuit and the capacitance of the diode being measured is determined
using the a.c. bridge by subtracting the value without the diode in its mounting from the
value with the diode in its mounting.

f) Specified conditions
Ambient or case temperature (tamb, fcase)-
— Reverse voltage (VR).
— Measurement frequency, if different from 1 MHz.
— Mounting conditions of the diode, if necessary.

NOTE The variation of total capacitance with bias voltage may be found by measurements as described
above, made at a number of bias points.

3.1.4.4 Effective quality factor Q

The effective quality factor Q of a variable capacitance diode can be measured using
a "Q-meter" or an impedance bridge (see Figure 5).
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IEC 1112/01

Key

D diode being measured
V voltage source

Q Q-meter

Figure 5 — Circuit for the measurement of effective quality factor

Description

a) The voltage source should present a high impedance at the frequency of measurement
compared to that of the capacitor C; this is obtained by means of series resistor R.

b) Cis a decoupling capacitor having a low impedance at the frequency of measurement.

c) L is an inductor chosen to resonate with the parallel circuit capacitor at the frequency of
measurement.

d) It is assumed that there is a low resistance path through the Q-meter between points A
and B.
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The basic circuit of such a meter consists of a signal generator of negligible output impedance
driving a high Q inductance in series with a high-quality variable capacitance. The factor Q of
this circuit can be measured at a given frequency by tuning the variable capacitance for
resonance.

Q is given by the ratio of the voltage across the capacitance to the voltage supplied by the
generator. In order to measure the factor Q of a variable capacitance diode, it shall be
connected in parallel with the variable capacitance in the Q-meter. DC isolating components
shall be used so that the desired bias voltage may be applied to the diode being measured,
but the biasing circuit must remain connected to the Q-meter throughout the measurement.

Four measurements are made: Q and C4, the factor Q of the circuit and the magnitude of the
variable capacitance with the diode not in circuit; and Q2 and Cj, the factor Q of the circuit
and the value of the variable capacitance for resonance at the same frequency with the diode
connected to the circuit.

The factor Q of the diode is then calculated using the expression:

0-[ @ \(Ci=C,
Q1_Q2 C1

Two precautions are necessary:

1) The measurement shall be made at a frequency at which the reactance of the self-
inductance of the diode is negligible compared with the reactance of the capacitor.

2) The magnitude of the signal applied to the variable capacitance diode shall be kept
relatively small so that only a small excursion is made over the non-linear capacitance
characteristic. The result must be independent of the signal level.

NOTE

1 f,

27f x Gy xrg f
Since C, < Cjfor these diodes, C; and C; can be used interchangeably in this section.

3.14.5 Series resistance rg

The effective value of series resistance rg can be deduced from the values of Cj and f using
the formula given in 3.1.4.4.

3.1.4.6 Series inductance Lg

Measurements should be conducted in the frequency region where the effect of stray capa-
citance Cp relative to the terminal impedance of the diode can be neglected.

The diode is inserted in the measuring head as shown in Figure 6 which is set on the tip of
the inner conductor of the coaxial slotted line.
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IEC 1381/07

Key

VSWR voltage standing wave ratio meter
X distance

H diode head

L slotted line

Att attenuator

Co coupler

G microwave generator

S bias supply

f frequency meter

Figure 6 — Circuit for the measurement of series inductance

Measurements are as follows:

First, determine position x,, where the standing wave voltage is minimum as measured at a
bias voltage in the forward region where the terminal capacitance becomes independent of
the change of bias voltage. This bias voltage should be sufficiently high so that an increase of
this voltage would not affect the result of the measurement. (This condition may be satisfied
when about 5 mA forward current flows.)

Next, without any break in the impedance of the line, a metal block is inserted in the
measuring head in place of the diode. This is done in order to provide a short-circuit at the
reference plane position which is defined and should be specified by the manufacturer of the
diode. In this condition, position x5 nearest to x,, and larger than x., is found where the
standing wave voltage is minimum.

The reactance of the diode is obtained by the following equation:

2 —
X = Zotan—”(xS Xm)

where
Z, is the characteristic impedance of the coaxial line;

A is the wavelength of the measuring frequency.

The series inductance Lg can be obtained by use of the following equation:

X
L, = —
s 2rf

NOTE The structure of some devices may prevent this method of measurement from giving correct results. In this
case, a value for the inductance will have to be given by the manufacturer.
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3.1.4.7 Thermal resistance Ry,
3.1.4.71 Purpose

To measure the thermal resistance between the junction and a reference point (preferably at
the case) of the device being measured.

3.1.4.7.2 Principle of the method

The temperatures T4 and T, of the reference point of the device are measured for two
different power dissipations Py and P, and cooling conditions causing the same junction
temperature. The forward voltage at a reference current is used to verify that the same
junction temperature has been reached.

-7
Rin =5 —p-
2 M
3.1.4.73 Basic circuit diagram
/1 S1 Sz

ht

& O | v ©

IEC 1114/01

Key
D device being measured

Figure 7 — Circuit for the measurement of thermal resistance Ry,

3.1.4.74 Circuit description and requirements

I1 = load current generating the power loss P in the junction, either a d.c. current or an a.c.
current

I, = reference d.c. current monitored when the load current /4, is interrupted periodically for
short time gaps

W = wattmeter to indicate the power loss P in the junction caused by the load current /4; for
the a.c. method, W measures the average power dissipated in the device being
measured

S4 = electronic switch to interrupt periodically the load current /4; for the d.c. method,
switch S4 is not mandatory

S, = electronic switch, which is closed when the load current /4, is interrupted

V = null-method voltmeter

3.1.4.7.5 Precautions to be observed

Voltage transients occur due to excess charge carriers when switching from the load current
/4, to the reference current /5. Additional voltage transients occur if the case of the device
under test contains ferromagnetic material. The switch S, should not be closed before these
transients have disappeared.
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NOTE The load current /; defined in 3.1.4.7.4 may be zero, in which case the power loss P, is also zero and the
virtual junction temperature is the same as the reference-point temperature T,.

3.1.4.7.6 Measurement procedure

The device being measured is clamped onto a heat sink maintained at a fixed temperature.
A thermocouple is fixed at the reference point to measure the temperature of the device being
measured. The measurement is carried out in two steps:

a) The heat sink is maintained at an elevated temperature. A low load current /4, is applied
causing the power loss P4, in the junction. After reaching thermal equilibrium, the null-
method voltmeter V is adjusted for zero balance.

The reference-point temperature T4 is recorded.

b) The heat sink is maintained at a lower temperature. The load current /¢, is raised until the
power loss P, warms up the junction to the same temperature as in the preceding step.
This is indicated by zero balance of the null-method voltmeter V.

The reference-point temperature T, of the case is recorded.
The thermal resistance Ry, is calculated using the expression:

Rih =———=-

3.1.4.8 Transient thermal impedance Z,
3.1.4.81 Purpose

To measure the transient thermal impedance between the junction and a reference point
(preferably at the case) of the device being measured.

3.1.4.8.2 Principle of the method

After applying the heating current and waiting until thermal equilibrium is reached, the power
dissipated in the device is recorded. The heating current is then interrupted and the forward
voltage at the reference current together with the reference-point temperature are recorded as
a function of time.

The virtual junction temperature as a function of time is then calculated by means of the
calibration curve obtained for the same reference current.

3.1.4.8.3 Basic circuit diagram

h ]
= o0 . I
/
A,
w |
IEC 1115/01

Key
D device being measured

Figure 8 — Circuit for the measurement of transient thermal impedance Z;,
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3.1.4.8.4 Circuit description and requirements

I1 = load current generating the power loss P in the junction

I, = reference d.c. current

S = switch to interrupt the load current /4

W = wattmeter to indicate the power loss P in the junction caused by the load current /4

Re = recording equipment, e.g. an oscillograph, to record the time variation of the forward
voltage caused by /5

3.1.4.8.5 Measurement procedure

1) A calibration curve is prepared by measuring the on-state or forward voltage generated by
the reference current I, as a function of the virtual junction temperature by varying the
device temperature externally e.g. by means of an oil bath.

2) The device being measured is clamped onto a heat sink maintained at a fixed temperature.
A thermocouple is fixed at the reference point to measure the reference point temperature
T. of the device being measured. The heating current /1 is applied generating the power
loss P in the device being measured until thermal equilibrium is reached.

3) The heating current /4, is interrupted by opening the switch S. The forward voltage
generated by the reference current I/, is recorded as a function of the cooling time by the
recording equipment Re. The reference point temperature is recorded during this time.

4) The curve of the recorded forward voltage is converted to the virtual junction temperature
Tyj by means of the calibration curve. The transient thermal impedance Zy is calculated
using the expression:

T (0)- T, (0] - [T ()~ T¢ (1)
Zghyt = 2

where
Tyj (0) and T; (0) are the temperatures at the time ¢t = 0 when opening switch S;
Tyj(t) and T (t)  are the temperatures at the time ¢.

3.1.4.9 Case of varactor diodes

The following methods of measurement are recommended for use as appropriate to the
intended conditions of operation and structure of the type of diode to be measured.

In the case of the measurement of the effective factor Q of the diode, it is recommended that,
when a value of Q is quoted, the particular method of measurement used to obtain that value
should be stated. This is necessary because it is possible to obtain different values of Q for a
given diode when using the two given methods.

3.1.4.9.1 Transmission line measurements

These measurements are suitable for evaluating the main properties of microwave diodes
which may be used in a wide range of applications, particularly those diodes which are
unencapsulated, or those diodes whose package shunt capacitance has a reactance value
larger than the value of diode series resistance at the series resonant frequency.
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3.1.4.9.1.1 Theory

Observation is made of the effect on the transmission characteristics of any non-radiating
transmission system by the introduction of a shunt impedance, in this case a diode.

The diode is mounted in shunt with the transmission line so that the mounting arrangement
provides a minimum of excess reactance; for example, when using a waveguide transmission
system, the diode is fitted as given in Figure 9.

L L Ll T il e e

Well matched transformers D
% ///////////;
7777/ Vs 7
777777 7 2y,
7
77707 b,
2 7
VA Y
IEC 1116/01
Key

D diode being measured

Figure 9 — Waveguide mounting

Measurements of transmission loss introduced by the diode in the region of the series
resonant frequency enable the elements of the diode equivalent circuit to be evaluated and
also permit the capacitance law as a function of bias to be determined.

The equivalent circuit of the mounted diode is shown in Figure 10.

————————-
|
| :
|
Zo =4= Cp 4
| A
|
|
| =
| 7T
e e —————

IEC 1117/01

Figure 10 — Equivalent circuit of mounted diode

where
Z, is the characteristic impedance of the transmission line;
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Cp is the package capacitance;
Ls is the series inductance;
R is the series resistance;
Cj is the junction capacitance.

Near series resonance, the effect of the package capacitance (Cp) is negligible and may be

ignored.

Four measurements, namely:

a) transmission loss at the series resonant frequency at zero bias;
b) the bandwidth of the transmission characteristic;

c) the value of the series resonant frequency;

d) the variation of the series resonant frequency with bias;

enable the four unknown quantities:

1) series resistance (Ry);

2) junction capacitance (Cj);

3) series inductance (Lg);

4) variation of junction capacitance with bias to be determined.

3.1.4.9.1.2 Circuit diagram

Signal levelling

< Broadband Indicator
< detector
Yy
| |
fresg\:;iiy Directional ;ae'g;?éi Padding Diode Padding Broadband
generator coupler attenuator attenuator holder attenuator detector
| |
Bias supply
Frequency meter
IEC 1118/01
Figure 11 — Block diagram of transmission loss measurement circuit
3.1.4913 Circuit description and requirements

The test equipment should be assembled using good microwave transmission line engineering
techniques. All components, such as directional couplers, frequency measuring apparatus,
attenuators and detectors, should be checked to ensure proper matching and operation over

the required frequency and power test conditions.

The components of the system should be sufficiently broadband to ensure that only negligible
variations or errors over the band of frequencies used for the measurement are introduced.
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The RF signal generator should be capable of stable operation at a signal level equivalent to
the normal small-signal conditions of the diode.

The diode holder should conform with the specified mount details.

A typical arrangement comprises a tapered mount with a choke on one face to enable bias to
be applied. The tapered mount usually is a requisite feature to ensure that only the diode
characteristics are being measured. In this way, the complication of using inductive posts for
mounting the diode is avoided (see Figure 9).

3.1.49.1.4 Measurement procedure

The diode is inserted into the specified holder which is connected in a transmission system
equivalent to that shown in Figure 11.

3.1.49.1.41 Series resonant frequency

The series resonant frequency may easily be obtained by operating the diode at the required
bias voltage and observing the indicated transmitted power, in front of and behind the diode,
as the frequency is swept over a suitable frequency range. The series resonant frequency is
indicated by the point of minimum transmitted RF power. The incident RF power level on the
diode shall be kept constant during the sweep.

3.1.4.9.1.4.2 Transmission loss (7)

The transmitted signal level at resonance with zero bias (or any other required value) applied
to the diode is recorded. The diode is then removed from the holder and the precision
attenuator adjusted to give the same indicated transmitted signal level as the one recorded
initially. The change in the attenuator setting then gives the transmission loss (T) at
resonance. It is essential that the incident RF power level on the diode shall be kept constant
during this measurement.

Alternatively, the transmission loss introduced by the diode at the series resonant frequency
may be obtained by firstly observing the power level incident on the matched detector at a
frequency remote from the resonant frequency. The frequency is then changed to the
resonant value and the precision attenuator adjusted to return the indicated power level to the
same value as that obtained when the frequency was remote from resonant value. The
change in attenuator reading will provide the transmission factor (T) (see Figure 12).

3.1.4.9.1.4.3 Series resistance

If the frequency of measurement chosen is equal to the series resonant frequency (fg) given
by:

1
fo=——F— 1
° 2zLs C )

where
Lg is the series inductance;
Cj is the effective capacitance of the PN junction having a required applied bias voltage.
The loss in a transmission may be measured as in 3.1.4.9.1.4.2 and the effective shunt
resistance derived from:
Z
P @
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where

Zy is the characteristic impedance of the transmission line in the vicinity of the loss element.
In the case of a waveguide mount, the power/voltage definition should be used;

T is the ratio of available power incident on the diode being measured to that transmitted
past the diode.

The variation of Rg with bias may be obtained by the adjustment of the measuring frequency
to the corresponding series resonant value obtained for each bias value used and measuring
the transmission factor (T) in each case.

A measure of the change in the effective Q value with bias may also be obtained.

3.1.4.9.1.4.4 Effective Q value

a) First method

The effective Q value at a given bias voltage may be obtained by varying the measuring
frequency to values on either side of the series resonant frequency and observing the
value of those frequencies which cause the power transmitted to be twice the one
obtained at the resonant frequency (see Figure 12). If the frequencies at which this is
achieved are fq and f, then:

_ fS
Iy 1o

Q

PRF

Pmax e s

o

IEC 1119/01

Key
fs series resonant frequency

Figure 12 — Curve indicating transmitted power versus frequency
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Alternatively, since
1

C~—
2
fS

J

1
from equation (1), a plot of f—2 against bias will provide a plot of KC versus bias, where K
S

is a constant.

If the frequency is adjusted to the series resonant frequency at zero bias, the forward bias
voltage (V1) and the reverse bias voltage (V>) required to double the transmitted power
are obtained.

Using the plot of KC; versus bias, corresponding values of KCjy and KCj; may be found.
The value of Q may then be derived from:

_ KCj1 + KCj o f& + 12
KCjr ~ KCip' foo — 3
If fso — f51, is small, this can be reduced to:
fS
st - fs1
without serious error.

b) Alternative method

The effective Q value may also be obtained by the transformed impedance measurement
as given in 3.1.4.10.

3.1.4.9.1.4.5 Cut-off frequency

The cut-off frequency (f.) at zero bias may then be obtained from:

feovy = Qfsov) (3)

3.1.49.1.4.6 Junction capacitance at zero bias
This may be obtained using the value of the cut-off frequency (f;) from equation (3) and Rg
from equation (2):

1

C'OV =~ 5 b r
Jov) 2ﬂ-RSfC(OV)

1
The value of junction capacitance at zero bias may then be used to calibrate the plot of f_2
S

versus bias in terms of Cj (see 3.1.4.9.1.4.4).
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3.1.4.9.1.4.7 Series inductance

If the series inductance value is required, this may be obtained from:

1

fsov) = —F———=
2 'LSCJ(OV)
3.1.49.1.4.8 Capacitance variation coefficient (%)

The capacitance variation coefficient is defined as the normalized capacitance change over a
defined range of operating conditions of forward current and reverse voltage.

The bias voltage which is required to provide the defined value of forward current is
determined. Then using this forward voltage (VE) and the defined reverse voltage (V_y),

corresponding values of Cj may be obtained from theizor KC; plot against the bias voltage
fS

(see 3.1.4.9.1.4.4).

If CJ(VF) and CJ(V—x) are the capacitance values respectively, then:

) = Citv_x)
) +C

y = Cite
2[c

itvr jv—x)

3.1.4.9.2 Cavity method
This method is satisfactory for measuring varactors having an effective quality factor which

exceeds 15 at the measuring frequency; the results are not affected by changes in the series
resistance with bias.

NOTE It is considered that this method is usable up to a measurement frequency of 15 GHz (whereas method 1,
described in 3.1.4.9.1, is more practical for measurement above 6 GHz).

Bias Retaining ca
o T Z g cap
N
_;——\1 Varactor
\ Choke

Dielectric insulating material

% 7

Figure 13 — Example of cavity
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3.1.4.9.2.1 Theory

In this method, the effect is evaluated of a varactor diode on the resonant frequency and
Q-factor of a coaxial cavity resonator about half-wavelength at the operating frequency. The
diode is mounted between the centre conductor and the plane wall of the cavity resonator as
shown in Figure 13.

In order to limit the range of variation of the cavity resonant frequency when the junction
capacitance or the diode is changed, it is essential to use a resonator having a large ratio of
external to internal conductor diameter (high-characteristic impedance of the coaxial cavity).

This method will determine the junction capacitance Cj, and the cut-off frequency f., at bias
voltage V.

These quantities enable the determination of the series resistance rg and the effective Q-
factor Qes of the varactor.

The following characteristics must be determined for the cavity:

fro is the resonant frequency of the cavity with the varactor at the bias voltage Vj;
Qro is the loaded Q-factor of the cavity with the varactor at the bias voltage Vj;
Cp is the stray capacitance of the varactor case;

Ct(V) is the variation of the total low-frequency capacitance of the varactor (junction capa-
citance) versus the bias voltage around V,;

f(V) is the variation of the resonant frequency of the cavity with the varactor versus bias
voltage around V;

f is the resonant frequency of the cavity when the varactor is replaced by a metallic
dummy diode with the same dimensions as the diode being measured;

Q’ is the unloaded-Q of the cavity when the varactor is replaced by the dummy diode.

From the knowledge of Ct(V) and f,(V), a curve can be derived which represents f; versus Crt.

This curve enables a quantity "a" to be evaluated, "a" being the slope of the curve at
Ct = C1(Vo).

This junction capacitance, deduced at the bias voltage V, is given by:
Cjo = C1(Vo) - Cp

and the cut-off frequency:
feo =2 @ k Qro Cjo

where k is a correction factor introduced to take into account losses in the cavity walls; for the
second TEM resonance frequency, it is given by:

1

1_Qro f,
Q, fI'O

k:
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Series resistance, at the bias voltage V,, is given by:

1
I e —
50 27 fy, C

and the effective Qg¢s at bias voltage V, is given by:

feo
Qeff = T
ro
3.1.4.9.2.2 Measurements
3.1.49.2.21 Circuit diagram
Signal . VSWR .
generator »-— Frequency meter indicator Bias
y y Y
20 dB symmetrical coupler V
-~
d Slotted line Cavity
7
Detector Selective Matched load
voltmeter
IEC 1382/07

Figure 14 — Block diagram for the measurement of effective Q in cavity method

3.1.4.9.2.2.2 Circuit description and requirements

The RF signal shall be of high-frequency stability and modulated at a low frequency
appropriate to the selective voltmeter and VSWR indicator and is applied to the cavity through
a 20 dB directional coupler.

The amplitude of the peak RF signal V|, must be low enough to ensure that non-linearity does
not occur at the operating point of the characteristic.

The incident power at the cavity input shall not exceed the value given by the expression:

7z (r+1)? ﬁc /2
T 4r  fy 7P

where r indicates the VSWR in the slotted line at the input of the cavity. Since the limitation
on the incident power is not critical, an estimated value can be used for fg,.
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3.1.49.2.2.3 Measurement procedure

a) Measurement of f,(V) and fq

The measurement of the resonant frequency f(V) is performed at a number of bias points
around V, (e.g. if Vo, = -6V, f; can be measured at the following voltages: -4 V; -4,5V; -5 V;
-55V;-6V;-6,5V;-7V;-7,5V).

The measurement is performed by varying the signal frequency and observing the value
for minimum reflected power. To ensure a high accuracy, it is better to determine f; as the
average between two frequencies adjacent to f, which have the same power from the
cavity.

b) Measurement of Qo

Set the bias voltage to V, and determine the value of the loaded Q,;, by means of VSWR
measurement.

c) Measurement of f"and Q”

These values are obtained in the same way as f, and Q,, after the varactor has been
replaced by a dummy diode.

These are fundamental characteristics of the cavity.

3.1.4.9.2.3 Measurement of Cy(V) and C,
The total capacitance of the varactor diode:
Cr(V) = Cj(V) + Cp
is obtained by a conventional low-frequency bridge measurement.

The value of Cp, can be deduced using the expression:

_ (p—Vo)" Cr(Vo)—(9p—V4)" C1(Vq)

Cp n n
(p—V2) —(p-V4)
where
V4 and V, are the two values of bias voltage; for reverse bias, V4 and V, will be negative
terms;
o is the contact potential difference (e.g. 0,7 V for silicon diodes);
n is the factor of non-linear dependence of Cj on V.

3.1.4.9.24 Direct measurement of Cp

Cp can be measured directly when the ohmic contact between the internal metallic lead and
the semiconductor chip has been interrupted in a varactor.

3.1.4.10 Transformed impedance method

This method is satisfactory for the measurement of diodes which are only to operate within
that part of the diode characteristic in which the value of series resistance is sensibly
independent of the value of the bias voltage.

3.1.4.10.1 Theory
The normalized impedance (Z) at any place in a lossless transmission line is related to the

reflection coefficient (p) at that place by the expression:

1+p
1-p Documents
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The form of this relation indicates that the normalized impedance and the reflection coefficient
at any plane are bilinearly related; hence it may be shown that, for a lossless transformation
between two impedance planes Z1 and Z,, one can write:

Zy=aZy+jp (4)
where « and S are real numbers.

If two values of impedance (Za and ZP) at one place which only differ in the value of their
reactive components are then considered, corresponding impedance at a second plane may
be written as:

Z5 =a(Ry+jX) +jf=aRy+j(aXi+f) ()
and th’=a(R1+jX1+AX)+j,B=aR1+j(aX1+aAX+,B) (6)
From equation (4), it will be seen that circles of constant resistance on a Smith chart at one

plane transform into the same family of circles at another, but that the resistance value is
changed in the ratio .

This transformation is pertinent to the reactance values, so that the ratio % as obtained

from equations (5) and (6), is seen to be independent of the transformation constants « and g.

Thus, for a transmission line which is terminated in an impedance whose reactive component
is varied, the impedance locus at a plane in the measuring line which corresponds to the
terminal plane also lies on a circle of constant resistance.

If the impedance plane of Z4 is taken as being that of the diode element itself, then % in

any corresponding plane is the same as the value AQ of the diode.

Hence if:

AX .
AX12 = X1 —X2, then R12 ZAQ12 l.e. |Q1 _Q2|

where the subscripts 1 and 2 correspond to the value of the parameter which is obtained at
the bias voltages V4 and V> respectively.

Now the effective quality factor Q at any required point may be given by:

Q=AQx o (7)
where ¢ is a constant factor relating two bias points, for a given type of diode.

One of the two bias points (V1 or V5) can be the required value.
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Derivation of ¢
The value of 612 may be obtained from the expression:

C 1
012 L = (8)

p—Vs

where
¢ is the quasi-contact potential difference;
n is the factor of non-linear dependence of C on V.

EXAMPLE: For silicon varactors made by a diffusion process, 7 is usually given as % and

¢ is of the order of 0,5 V.
If Vi=-4,5Vand V, =-6 V, then 60=10, i.e. Q = 10 AQ.

The value of o may be obtained experimentally by the measurement of the capacitance
variation between three closely grouped bias points, say 1, 2 and 3, to give AC412 and ACy3.

The value of o may then be obtained from:

* 2223

12
= 9
g 3 ACs3 AQqo ®)

AC1o AQo3

The corresponding values of AQq12 and AQy3 may be obtained using equations such as (10),
(11), (12) or (13) as convenient.

Derivation of AQ

The value of AQ may be obtained from using either of the two equations (10) or (12) as shown
below:

A0y - \/Vu — 1,2 + (02 N2 —Dsin? AW o)

mnaz

where

10 log (7712) is the power standing wave ratio (dB) at bias value 1;

10 log (77%) is the power standing wave ratio (dB) at bias value 2:

My — M,

%

AY = x 360°

where M1 and M5 are positions of minimum at bias values 1 and 2 respectively.
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For very large values of 74 and 7, (viz. values usually obtained in the case of high-quality
diodes), equation (10) may be simplified to:

AQqz = /1,1, sin AY (11)

AQqp =/A; Ay — By By cos 6 — 2 (12)

where A4 Ay and B4 By are of the general form:

2 2
re +1 re =1
A == an X

where
ry is the VSWR at bias value x;

08 is the phase change of reflection coefficient between bias values 1 and 2.

This formula in practice may, for an accuracy better than 1 %, be reduced to:

.0
AQqz =sin N (13)

Considering equation (12) for the particular case when adjusting for ry = 1 (i.e. matched
condition at required bias voltage), the formula reduces to:

r, =1

AQq2 :T

If adjustments are made to provide matched conditions at the required bias voltage, the
impedance in the measuring plane will be coincidental with the unit resistance circle on the
Smith chart. It follows that this defines the plane in which the impedance Z;, is given by:

(14)

Zi = Zo (1+j%j = Zy(1+JAQ) (15)

where
Zo is the characteristic impedance of the transmission line.
The change in reactance AX is then measured "relative to R" as AQ), to give:

_ X(V) - XO

A
@ R

=Q-Qq (16)

Qo may be found by replacing the non-linear element with a short-circuit at the plane of the
diode; whence:

= Q. (17)
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The value of Q at any other bias may then be found using equation (16).

3.1.4.10.2 Measurement procedure

The diode is inserted into a specified holder and connected to a circuit equivalent to the one
shown in Figure 15.

The transformation between the diode and slotted line is obtained using a variable short-
circuit behind the diode and tuning stubs in front of the diode (e.g. an E-H tuner).

The bias voltage is then adjusted to the required value and transformation adjustment made
so that the measured normalized impedance point is in the central region of a Smith Chart
where the scale is the most open, for example to provide a match in the measuring line at the
required bias value. The effect on accuracy, for non-matched conditions over a substantial
impedance range about the centre of the Smith chart, is small.

The bias voltage is then adjusted to other bias voltage points as required and, maintaining a
fixed tuner adjustment, the resultant normalized impedance values are plotted on the Smith
chart.

The value of Q may then be obtained using the measured VSWR values; change in reflection
phase and Equations (7) to (14) as appropriate.

It is possible to obtain the effective quality factor without the derivation of o as given in
equations (8) and (9).

The transformation is made to match the diode impedance into the transmission line at the
required bias, and so as to obtain an impedance point at the centre of the Smith chart. The
diode bias is then changed to other values, and corresponding impedance points on the Smith
chart obtained. This means that any reactance change in the impedance of the diode will, in
the measuring plane, be coincidental with the unit resistance circle on the Smith chart.

The diode is then replaced by an effective short circuit and the normalized impedance is
measured using the same reference plane as for the diode. An example of a diode plot is
given in Figure 16. The value of Q may then be derived using equations (16) and (17).

An effective short circuit may be approximated by the use of a diode encapsulation in which
the semiconductor material has been replaced by a highly conductive material having
identical geometry. In some cases, the impedance of the non-linear element (diode) can
approach zero with a high forward current and, as a consequence, be acceptable as an
effective short -circuit.

The plotted points obtained at the various bias values are rotated round the centre of the
Smith chart so that they coincide with the unit resistance circle. The short-circuit point is
similarly treated. (Note that the normalized impedance points for high forward current fall on a
constant reactance line in the plot.)
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As this variation in the method depends on

a) the effectiveness of the short circuit,

b) the ability to obtain a match condition in the measuring plane at the standard bias voltage,
and

c) the effect of the tuning element losses,

it becomes difficult to accurately determine the real part of the Q value of the diode. It is
therefore recommended that this form of measurement be restricted to diodes having a
low Q factor and those diodes which operate in the lower microwave frequencies.

3.1.4.10.3 Precautions to be observed

a) The variable transformer and the mount losses shall be minimized. As the losses depend
on the field pattern in the vicinity of the transforming elements, which in turn depend on
the diode being measured, satisfactory correction is not readily achieved.

b) If accurate values are to be obtained, the line losses, etc. which can cause serious
decrease in the measured values of standing wave ratios used in Equations (10) and (11),
shall be determined. The transmission line length is the length between the standing wave
probe position at the nearest voltage minimum and the plane of the active region of the
varactor diode seated in its mount. In addition, the mount and connector loss shall be
taken into account.

c) It should be verified that the series resistance is independent of varactor bias over an
. : . . R

adequate range of the characteristic by checking that the impedance plot lies on the — =
0

1 circle. However, deviation from a circle may be caused by losses. An estimate of the

significance of the combined losses can be made by comparing measurements using
different settings of the transforming elements and different match bias values.

It is possible to transform points in one experimental plot to points close to the centre of
the chart. If losses are negligible, the results will agree. For example, in Figure 16, the
losses are negligible and the results for -9,0 V and —4,0 V, when matched at -6,0 V,
should be shown by points marked by crosses.

An alternative method to verify the dependence of the series resistance (Rg) on bias is
to calculate the values of AQq2, AQ23 and AQq3 for the three bias values as given for
equation (9) and then examine whether the values satisfy the following relation:

AQq3 = AQq2 + AQ23 (18)

If this relation is satisfied within acceptable limits, then it can be assumed that the series
resistance value is sensibly independent of the bias voltage. Equations (7) and (9) may
then be used to evaluate Q.

Capacitance measurement

This measurement is made usually at non-microwave frequencies. To obtain the capacitance
of the non-linear element, the cartridge capacitance shall be subtracted from the total varactor
capacitance.
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The simplest and most direct method of obtaining the package capacitance is to substitute a
unit in which there is no contact to the semiconductor. Another method can be used, if the
form of the relation between capacitance and voltage is known (see, for example, equation
(19)). The cartridge capacitance may be deduced by measuring the total capacitance at an
appropriate number of bias points, which yields C. + C(V) and, since the form of C(V) is
known, both C. and C(V) can be obtained.

-V’
9V

1/n
C(V)=C(V”)( j with n > 0 (19)

NOTE Although the measurements in this subclause may be made using a standing wave detector, they may also
be made by the use of an automatic impedance plotting instrument, an example of which is the automatic Smith
Chart display unit. Because the value of Q is given by the normalized reactance change in a plane corresponding
to the diode element for any lossless transformation, the Smith Chart may be adapted to give direct readings of Q
as givenin 3.1.4.11.

Signal levelling

- Detector Detector |- Indicator
Y
A A
Adélijsrt;?le - Directional Variable »| Standing wave | Lossless - Diode
gengrator coupler attenuator instrument transformer holder

Bias supply
Frequency meter
IEC 1383/07
Figure 15 — Block diagram of transformed impedance measurement circuit
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Figure 16 — Example of plot of diode impedance as a function
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3.1.4.11 Method of constant quality factor circles

As it has been shown in 3.1.4.10.1 (Theory), AQ is given by the normalized reactance change
in a plane corresponding to the diode element for any lossless transformation; it follows that
the Smith Chart may therefore be adapted to give direct readings of AQ from two impedance
measurements for any arbitrary transformation. This may be done by introducing a grid of

lines to represent fixed values of % (i.,e. Q).

The normalized impedance (Z) for any measuring plane is given in terms of the complex
reflection coefficient (p) by:

Z=R+jX=1+p
thus:
_ 1-pp”
T+pp*—p-p*
and:
e e B
T+pp*=p-p
hence:
iX -p*
J_=P_P*=JQ
R 1-pp
from which:
P IR
+=p*—=p-1=0 20
PPTEQP T QP (20)

Equation (20) represents the equation of a circle and, when comparing it with the general
equation for a circle, viz.:

(p—a)(p*—a*) =K
it can be deduced that the radius K is given from equation (20) by:

1

K= 1+Q—2

and having a centre displaced from the origin of coordinates by a vector value of é

A family of circles representing constant Q may thus be constructed on a Smith chart and
these, together with the family of constant resistance circles, are sufficient to determine AQ.
An example of the resulting chart is shown in Figure 17.
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When applying the chart for the diode measurement, the diagram is orientated so that the
measured normalized impedance points, corresponding to the two bias conditions, appear on
a constant resistance circle. The corresponding Q values are then obtained.
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Figure 17 — Modified Smith chart indicating constant Q and constant R circles
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3.2 Snap-off diodes, Schottky diodes
3.21 General

Snap-off (step recovery) diodes may be specified either as ambient rated or case rated or,
where appropriate, as both.

3.2.2 Terminology and letter symbols

Transition time (of a snap-off diode) t;

The time taken for the voltage across a snap-off diode to change from a specified low fraction
of the total voltage step (Vg + | VRu!) to a specified high fraction of the voltage step, when the
diode is switched from forward current to reverse voltage (see Figure 18).

NOTE Values of 20 % and 80 % are preferred.

ve A
VF
) !
0 \v v0.2 (Ve+| Ve ) -
0.8 (Ve+ | Vay )
\
Vv e,
RM ) -
1
Vi Y o

IEC 1125/01
Figure 18 — Transition time ¢
For other parameters: see 3.2.3.

3.23 Essential ratings and characteristics
3.2.3.1 General
See 3.1.3.1.

3.23.2 Ratings (limiting values)

The following ratings should be stated:
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3.2.3.21 Temperatures

3.2.3.211 Range of operating temperatures
3.2.3.21.2 Range of storage temperatures
3.23.2.2 Voltage and currents

The following ratings must be valid for the whole range of operating conditions as stated for
the particular device.

3.23.2.2.1 Maximum peak reverse voltage.
3.2.3.2.2.2 Maximum mean forward current, where appropriate
3.2.3.2.23 Maximum peak forward current, where appropriate

3.2.3.23 Power dissipation

Maximum dissipation, under stated conditions, over the operating temperature range.

3.2.3.3 Electrical characteristics

Unless otherwise specified, the following characteristics should be stated at 25 °C:

3.2.3.31 Series inductance (Lg)

Typical value under specified conditions.

3.2.3.3.2 Terminal capacitance (Ciot = Cj+Cp)

Minimum and maximum values at specified bias voltage and specified frequency.

3.2.3.3.3 Junction capacitance (C;j)
Minimum and maximum values at a specified bias voltage and specified frequency. If the

order of magnitude of C, is the same as that of the terminal capacitance Ciqt, a typical value
for Cj should be given instead.

3.2.3.34 Series resistance

Typical or maximum value, as appropriate, under specified conditions.

3.2.3.3.5 Reverse current

Maximum value at a specified reverse voltage.

3.2.3.3.6 Stored charge or minority carrier storage time

Maximum value, under specified conditions, which may be stated either as a stored charge
picocoulombs
milliamperes
nanoseconds), the test circuit being also specified.

per unit of current (e.g. in ), or as minority carrier storage time (e.g. in
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3.2.3.3.7 Transition time

Maximum value under specified conditions, the test circuit also being specified.

3.2.3.3.8 Forward voltage (where appropriate)

Maximum value for specified forward current.

3.2.3.3.9 Efficiency (where appropriate)

Minimum value, under specified conditions, of input power, input frequency, output frequency
and test circuit.

3.2.34 Application data

— Relationship between junction capacitance and bias voltage. Typical value, in either a
graphical or mathematical form.

— Cut-off frequency.
3.24 Measuring methods
3.241 Transition time (t)

a) Purpose
To measure the transition time t;, for snap-off diodes.
b) Circuit diagram

Measuring adapter @
~ %~ Attenuat .\ %~
Y Y -]
nuator 7 N
G
2 D
(D
IF
G, == C,
+
7777 7777,
IEC 1126/01
Key
G, is the forward current generator (/g)
G, is the pulse generator
d, and d, are the matched transmission lines
osC is the sampling oscilloscope
Figure 19 — Circuit for the measurement of transition time ()
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c) Circuit description and requirements
The rise time of the pulse from the generator G, should be equal or lower than:
V4
0,5QS_0
VRm
where
Qs is the stored charge;
Zp is the characteristic impedance of the line (50 Q) at which the measurement is carried
out.
The pulse duration of the reverse voltage should meet the following requirement:
Qs Z0

tVRM > 1,5
VRm

The measuring adapter should be in the form of a line with the characteristic impedance,
Zp equal to 50 Q; and should have a good matching at the input and the output in the
frequency range from zero to f > 0,5/t;.

Inductance of the measuring adapter Lg which includes inductances of the elements
connecting of the diode D and the capacitor C1 should meet the following requirement:

ty Zo

L. <
S” 56

- Lsc

where

Lsc is the case inductance of the diode being measured.

The capacitance of the capacitor C4 should meet the following requirement:

750

Cy
VRm

A segment length of line dq should meet the requirement:
Qs Z0

di>c—=———
NERTY

where

¢ is the rate of propagation of electromagnetic oscillations in the vacuum;
& is the relative dielectric permeability of the line segment.

The transition time of the diode being measured is calculated using the expression:

te =(tw)? - (0641, )? (21)

where

ty1  is the transient rise time measured on the oscilloscope between levels 0,2 and 0,8 of
the voltage step;

t is the rise time of the oscilloscope between 10 % and 90 %.
d) Measurement procedure

The forward d.c. current /g is applied to the diode being measured from the forward
current source (G1) and a voltage pulse with the amplitude Vg + VE is set in the reverse
direction.

The time interval (f;1) between levels 0,2 and 0,8 of the total voltage step (Vg + | Vgm |) is
read on the screen of the oscilloscope (see Figure 20). Documents
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A
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F \ \ i
. 0,2 ( vF+[ Veu |) o
t
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|
v, N\ N\
RM N/
P
= ¥ - IEC 1127/01

Figure 20 — Time interval (1)

Using the measured time interval, the transition time is calculated from equation (21).

If 0

,64 f, < 0,3 t4, to, the time interval read on the oscilloscope is sufficiently close to the

transition time of the diode.

e) Specified conditions

Forward current (/g)

Reverse voltage (Vrm)

Characteristic impedance of the line (Zp), if different from 50 Q.
Case inductance of the diode (Lgc).

Stored charge (Qg).

3.24.2 Reverse recovery time (with Igy specified)

a) Purpose
To measure the reverse recovery time of a fast diode, e.g. with reverse recovery time less
than 100 ns.

b) Circuit diagram

Key

9}

Attenuator

D
N
= Attenuator

 Gbf a) ©

IEC 1128/01

D diode being measured

Figure 21 — Circuit for the measurement of reverse recovery time
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c) Circuit description and requirements

The output impedance of the generator G and the input impedance of the oscilloscope are
equal to 50 Q unless otherwise specified. The rise times of the generator and of the
oscilloscope should be small compared with f,..

The pulse width should he larger than 3 t; max.

Attenuators should have a characteristic impedance of 50 Q unless otherwise specified,
and an attenuation higher than or equal to 6 dB and should be able to carry d.c. current.

The time constant R C; should be lower than 1/10 f,, max., unless otherwise specified,

with:
RL = real part of the total impedance, as seen by the diode;
CL = total capacitance of the circuit including the diode.

C should be high compared with f,, max./R|.
The impedance Z; of the current generator should be greater than R|.
d) Precautions to be observed
No special precaution.
e) Measurement procedure
The temperature is set to the specified value.
The current generator delivers the specified forward current /¢ to the diode.

Pulses, delivered by generator G, are applied to me diode; the magnitude of the pulses is
increased until the specified peak reverse current /gy is reached.

The reverse recovery time {, to is the time interval between the instant at which the
current passes through zero and the instant when the current is reduced from /gy to the
specified recovery current i, (see Figure 22).

IF “

e

<——————[rr—~————>

Yo

(T e —

G |

IEC 1129/01

Figure 22 — Reverse recovery time ¢,
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f) Specified conditions
— Ambient or reference-point temperature (famp, tref)
— Forward current (/g)
— Peak reverse current (Irm)
— Reverse recovery current (i)

o Example of specified conditions: /[ =10 mA
IRM =10 mA
irr - 1 mA

3.243 Measuring method of the excess carrier effective lifetime of diodes for fast-
switching applications (snap-off diodes and Schottky diodes)

3.24.31 Purpose
To measure the excess carrier lifetime of diodes (following the Krakauer method, for example).

NOTE The conventional method has been modified so as to separate clearly the carrier lifetime owing to the
carriers in excess, from the charges and discharges of the capacitance of the diode under test and of the parasitic
elements (diode, case, mounting).

The carrier lifetime of a fast diode (Schottky, for example) has a very low value (theoretically zero for a Schottky

diode). In practice, this measurement is generally made to determine the value of the forward current for which the
parasitic elements of the diode under test contribute markedly to the carrier lifetime (guard-ring injection, etc.).

3.24.3.2 Principle of measurement

The diode to be measured is connected in series with a resistor, the set "diode + resistor" is
supplied by a sinusoidal waveform generator (frequency ).

The peak value of the forward current is compared with the reverse current, taking into
account:

a) the charge and discharge current of the parasitic capacitance in parallel with the diode
under test;

b) the electrostatic junction voltage v of the diode.

The values of the forward and reverse currents are calculated from the voltage measured
across the resistor.

D Oscillogram
“a =

G@ R
P

IEC 1140/01

Figure 23 —Principle of the measurement of the excess carrier effective lifetime
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It can be shown that:

j i
ot = - andsor ro g
Ipf b 2af Ipf Ep

under the condition that both: wt <0,3 and iy > icapacitive

where

Tt is the carrier lifetime of the diode under test;

f is the frequency of the sinusoidal waveform generator, G;

ipr is the peak value of the reverse current without capacitive effects;

ipf is the peak value of the forward current;

y is the forward voltage;

E, is the peak value of open-circuit voltage of the sinusoidal waveform generator.

3.24.3.3 Circuit diagram

D
N
1=

ATT

1 ATTZ {\/ So

R U U U U U S A I S S S T T —

IEC 1384/07

Figure 24 — Circuit for the measurement of the excess carrier effective lifetime

where

G is the sinusoidal waveform voltage generator with frequency, f;
Rg is the internal resistance of the sinusoidal wave generator;
ATTq s the attenuator, Zy = Rg;

D is the diode under test;

ATT, is the attenuator, Zy = Rg;

So is the oscilloscope, Zjn, ;¢ = Rg;

LS is the synchronization for the oscilloscope.

3.2434 Measurement procedure

The diode to be measured is put in the test fixture similar to that shown in Figure 24 (circuit
diagram).

The frequency of the sinusoidal waveform generator is set and the output level adjusted to the
specified value of jp.

NOTE 1 When the oscilloscope is calibrated in voltage, the value of i; can be calculated from the voltage at the
input of the oscilloscope and the input impedance of the oscilloscope (Ige = Rg), taking into account the attenuation

of ATT,.
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The value of iy, corresponds to the difference between the peak value of the reverse current
and the extrapolated value of the capacitive current. The value of t is calculated with the
formula in 3.2.4.3.2, after having determined the value of E, and the value of y (for example,
with a curve tracer).

NOTE 2 For the circuit diagram of Figure 24, the value of e,,s can be measured directly on the calibrated
oscilloscope when the attenuators ATT, and ATT, are directly connected (for example, a short circuit across the
diode).

\/rms
E, = 2V2x erms(erms = AT

Caution: It should be ascertained that:
ot <0,3

Ipr > ’capacitive

Example: Given

Vrms =10V
f =54 MHz

ATT, =10dB, ATT, = 20 dB (these values are generally sufficient to reduce the effect of the mismatch
appearing during the cycle after the carrier lifetime measurement).

The value of i, is read directly from the oscilloscope, and taking into account the attenuation of ATT,, the
following values are obtained:

iy =75mA, y=1,35V and E, = 8,9 V.

From the oscilloscope the ratio of iy to ips is derived:

4

pilwi
2

1\.~

IEC 1142/01

Figure 25 — Ratio of iy, to ips
From the formula in 3.2.4.3.2, it follows: © = 500 ps.

3.24.3.5 Requirements

The value of 1 shall be within the limits specified in the relevant specification.
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3.2.4.3.6 Specified conditions

— Ambient or case temperature.
— Frequency of sine wave generator, f.
— Peak value of forward current, ips.

— Values of the elements of the circuit, and the circuit diagram with values of the
elements, if different from Figure 24.

4 Mixer diodes and detector diodes

4.1 Mixer diodes used in radar applications
411 General

Although a number of measurements may be carried out on a diode by itself, it is necessary
for an assessment of diode performance to provide a standard mounting arrangement to
enable satisfactory measurements to be made. Usually, the mounting takes the form of a
standard holder designed for the purpose. If the holder is adjustable, all adjustments are
made to conform with given measurement requirements.

In the case of reversible diodes, it may be necessary for measurements to be made with the
diode connected to provide an assessment of performance in each polarity.

All microwave components used in the measuring equipment shall be checked to ensure
satisfactory operation over the required frequency band. It is recommended that this be
performed using swept frequency techniques.

The time constants, or pulse response characteristics of any indicating instrument, shall not
affect the measurement results when modulation is used.

It is essential to ensure that stray electromagnetic fields do not significantly affect the
accuracy of measurement.

In addition, any signal source used as part of the measuring circuitry shall be capable of
stable operation at a signal level equivalent to the small-signal conditions of the diode being
measured.

Unless otherwise stated, it is recommended that the maximum tolerances permitted for
microwave signal levels should be:

a) +0,1 % for low-power measurements required under small-signal conditions, and

b) +1 % for high-power measurements.

Where a specified temperature is required, the temperature of the body of the measuring
mount shall be measured when equilibrium conditions have been reached.

4.1.2 Terminology and letter symbols

See 4.1.3.3.

4.1.3 Essential ratings and characteristics
4.1.31 General

The essential ratings and characteristics for each category of diode are marked with a + sign

in the following table:
Documents

Document Sharing Hub

Full document details: IEC 60747-4 2007


http://www.avadocuments.com/doc/iec-60747-4-2007
http://www.avadocuments.com/doc/iec-60747-4-2007

