
~- 

J I S  C X ï 0 3 0  9 3  4933b08 052Lb95 5 4 6  

UDC 621.382.3:621.317.6.001.4 

JIS 
r 

JAPANESE INDUSTRIAL STANDARD 

Measuring methods for transistors 

Translated and Published 

bY 

Japanese Standards Association 

Printed in Japan 51 S 

Full document details: JIS C 7030-1993

http://avadocuments2026.com/doc/jis-c-7030-1993
http://avadocuments2026.com/doc/jis-c-7030-1993


~ ~ 

JIS C*ï030 93 4933608 0523676 482 = 

In the event of any doubt arising, 
the original Standard in Japanese is to be final authority. 

Full document details: JIS C 7030-1993

http://avadocuments2026.com/doc/jis-c-7030-1993
http://avadocuments2026.com/doc/jis-c-7030-1993


C 7030-1993 

Contents 

Page 
.................................................................................................................. 1, Scope 1 

.................................................................................. 2. Graphical symbols used 1 

................................................... 3. Measuring power supply and instrument 1 

3.1 Measuring power supply 1 

3.2 Instruments 2 

.............................................................................. 
.................................................................................................... 

................................................................... 4. Reference measuring conditions 2 
4.1 Temperature and humidity 2 

4.2 Measuring frequency 2 
4.3 Signal amplitude 2 
4.4 Ideal voltage supply and ideal current supply......................................... 2 

4.5 Pulse conditions 3 

4.6 Open circuit and closed circuit 3 

.......................................................................... 
..................................................................................... 

............................................................................................ 

............................................................................................. 
................................................................... 

........................................................................ 5. Precaution for measurements 3 

5.1 Keeping of maximum rating 3 
5.2 Precaution at  attaching and detaching 3 

5.3 Treatment of insulated-gate field-effect transistors ............................... 3 

5.4 Condition of temperature stabilization (thermal equilibrium) .............. 4 
5.5 Measurement of pulse ................................................................................... 4 

5.6 Measuring circuit 4 

........................................................................ 
..................................................... 

........................................................................................... 

6. Measuring methods ......................................................................................... 
6.1 Measuring methods for bipolar transistors ............................................... 
6.1.1 

6.1.2 

6.1.3 

6.1.4 

6.1.5 
6.1.6 

6.1.7 
6.1.8 

6.1.9 

Measurement of collector current (d.c. method)......................,............. 

Measurement of collector current (pulse method) ................................ 
Measurement of emitter current (d.c. method) ..................................... 
Measurement of emitter current (pulse method) .................................. 
Measurement of base current (d.c. method) .......................................... 
Measurement of base current (pulse method) ....................................... 
Measurement of collector-emitter cut-off current ................................. 
Measurement of collector-base cut-off current ...................................... 
Measurement of emitter-base cut-off current ........................................ 

4 

4 
4 

5 
6 

6 

7 
8 

8 

9 

10 

Full document details: JIS C 7030-1993

http://avadocuments2026.com/doc/jis-c-7030-1993
http://avadocuments2026.com/doc/jis-c-7030-1993


~~ 

JIS C*7030 93 Y933608 0521678 255 

C 7030-1993 

6.1.10 

6.1.11 

6.1.12 
6.1.13 

6.1.14 

6.1.15 

6.1.16 

6.1.17 

6.1.18 

6.1.19 

6.1.20 
6.1.21 

6.1.22 
6.1.23 
6.1.24 

6.1.25 

6.1.26 

6.1.27 

6.1.28 

6.1.29 

6.1.30 
6.1.31 
6.1.32 

6.1.33 

6.1.34 

6.1.35 
6.1.36 

6.1.37 
6.1.38 

6.1.39 

Measurement of collector-emitter saturation voltage 
(d.c. method) .............................................................................................. 
Measurement of collector-emitter saturation voltage 
(pulse method) .......................................................................................... 
Measurement of base-emitter saturation voltage (d.c. method) ...... 
Measurement of base-emitter saturation voltage 
(pulse method) .......................................................................................... 
Measurement of base-emitter voltage .................................................. 
Measurement of d.c. current amplification (d.c. method) ................. 
Measurement of d.c. current amplification (pulse method) ............. 
Measurement of small-signal short-circuit input 

Measurement of small-signal short-circuit forward current 
transfer ratio ............................................................................................. 
Measurement of small-signal open-circuit reverse voltage 
transfer ratio ............................................................................................. 
Measurement of small-signal open-circuit output admittance ........ 
Measurement of small-signal short-circuit forward current 

impedance .................................................................................................. 

transfer ratio cut-off frequency ............................................................. 
Measurement of output capacitance ..................................................... 
Measurement of input capacitance ....................................................... 
Measurement of base time constant ..................................................... 

11 

12 

13 

13 

14 
15 

16 

17 

18 

20 
22 

24 

26 
28 
29 

Measurement of base resistance ........................................................... 31 
Measurement of transition frequency .................................................. 32 
Measurement of scattering parameters ............................................... 
Measurement of low-frequency power gain ......................................... 
Measurement of high-frequency power gain ....................................... 
Measurement of converted power gain ................................................ 
Measurement of low-frequency noise voltage ..................................... 
Measurement of low-frequency noise figure ........................................ 
Measurement of high-frequency noise figure ...................................... 
Measurement of oscillation voltage ...................................................... 
Measurement of oscillation power ......................................................... 
Measurement of total higher harmonic distortion factor ................. 

33 

37 

38 

39 
41 

43 

47 
49 

50 
51 

Measurement of intermodulation distortion ....................................... 52 
Measurement of switching times ........................................................... 54 
Measurement of thermal resistance ..................................................... 55 

(ii) 

Full document details: JIS C 7030-1993

http://avadocuments2026.com/doc/jis-c-7030-1993
http://avadocuments2026.com/doc/jis-c-7030-1993


JIS CX7030 93 = 4933b08 0523699 191 

C 7030-1993 

6.2 Measuring methods of field-effect transistors .......................................... 
6.2.1 

6.2.2 

6.2.3 

6.2.4 

6.2.5 

6.2.6 
6.2.7 

Measurement of gate-source cut-off current (A) ................................... 
Measurement of gate-drain cut-off current (A) ..................................... 
Measurement of drain-source cut-off current (A, B and C) ................ 
Measurement of gate-source leakage current (B, C) ............................ 
Measurement of gate-drain leakage current (B, C) .............................. 
Measurement of gate-source cut-off voltage (A, B) ............................... 
Measurement of gate-source threshold voltage (C) .............................. 

6.2.8 Measurement of drain current (A, B and C) ......................................... 
6.2.9 

6.2.10 

6.2.11 

6.2.12 

Measurement of small-signal forward transfer admittance 
(A, B and C) ................................................................................................. 

Measurement of small-signal output admittance (A, B and C) ....... 
Measurement of small-signal input capacitance (A, B and C) ........ 
Measurement of small-signal feedback capacitance 

Measurement of small-signal output capacitance (A, B and C) ...... 
(A, B and C) .............................................................................................. 

6.2.13 

6.2.14 

6.2.15 
6.2.16 

6.2.17 
6.2.18 

6.2.19 

6.2.20 

6.2.21 
6.2.22 

6.2.23 

6.2.24 

Measurement of scattering parameters (A, B and C) ....................... 
Measurement of equivalent input noise voltage (A, B and C)---.-- 
Measurement of low-frequency noise figure (A, B and C)--.--. 
Measurement of high-frequency noise figure (A, B and C) .............. 
Measurement of high-frequency power gain (A, Band C)..---....... .. 
Measurement of oscillation power (A, B and C) ................................. 
Measurement of intermodulation distortion (A, B and C) ............... 
Measurement of on-state resistance (A, B and C) ............................. 
Measurement of off-state resistance (A, B and C) ............................. 
Measurement of switching times (A, B and C) ................................... 
Measurement of channel temperature (A, B and C) ......................... 

59 

59 

59 

60 

61 

62 
63 
63 
64 

65 

67 

68 

69 

70 

71 
71 

73 

73 
73 

74 
74 

75 

76 

77 

79 

Annex . Measurements and tests in which excess of maximum 
rating is possible .................................................................................... 82 

1 . Scope .................................................................................................................. 82 

2 . Measurements and tests ................................................................................ 82 

2.1 Bipolar transistors 82 
2.1.1 Collector-emitter sustaining voltage test ............................................... 82 

......................................................................................... 

2.1.2 Safe operation area test (transient thermal resistance method) ....... 83 

(iii) 

Full document details: JIS C 7030-1993

http://avadocuments2026.com/doc/jis-c-7030-1993
http://avadocuments2026.com/doc/jis-c-7030-1993


~ 

J I S  CW7030 9 3  4933608 0523700 733 

C 7030-1993 

2.1.3 Safe operation area test (forward direction) .......................................... 
2.1.4 Safe operation area test (switching method) ......................................... 
2.1.5 Measurement of collector-emitter breakdown voltage ......................... 
2.1.6 Measurement of collector-base breakdown voltage ............................... 
2.1.7 Measurement of emitter-base breakdown voltage ................................ 
2.2 Field-effect transistors .................................................................................. 
2.2.1 Safe operation area test (forward direction (A, B and C) ................... 
2.2.2 Safe operation area test (reverse direction) (A, B and C) ................... 
2.2.3 
2.2.4 

Measurement of gate-source voltage (A) ................................................ 
Measurement of gate-drain voltage (A) .................................................. 

2.2.5 Measurement of drain-source voltage (A. B and C) ............................. 

84 
85 
86 
87 
88 
88 
88 
90 
91 
92 
93 

Full document details: JIS C 7030-1993

http://avadocuments2026.com/doc/jis-c-7030-1993
http://avadocuments2026.com/doc/jis-c-7030-1993


J I S  CX7030 93 E 4933608 052LïOL 67T 

UDC 621. 382. 3: 621. 317. 6. 001. 4 

JAPANESE INDUSTRIAL STANDARD J I S  

Measuring methods for transistors C 7030-1993 

1. Scope This Japanese Industrial Standard specifies the measuring meth- 
ods for electrical performances of bipolar transistors and field-effect transistors 
(hereafter referred to  only "transistors" when they are not classified) mainly used 
in electronic equipment. 

Remarks 1. The following standards are cited in this Standard: 

JIS C 0301 Graphical symbols for electrical apparatus 
JIS C 1102 Electrical indicating instruments 

2. The International standards corresponding to  this Standard 
are given below: 

IEC 747-7 (1988) Semiconductor discrete devices and inte- 
grated circuits 
Part 7: Bipolar transistors 

Semiconductor devices, Discrete devices 
Part 8: Field-effect transistors 

IEC 747-8 (1984) 

2. Graphical symbols used 
the symbols specified in JIS C 0301, the symbols in Table 1 are used in the 
measuring circuit diagram. 

For the purpose of this Standard, in addition t o  

Table 1 

Graphical symbol I Name IIGraphical symbol I Name 

TWO- 
phenomenon 
oscilloscope 

-I 

IVI 
Current 
probe 

3. Measuring power supply and instrument 

3.1 Measuring power supply 
exceeding 3 % and an a.c. power supply with a higher harmonic not exceeding 
5 % shall be used. However, in the case of power frequency, a supply of ripple 
content not exceeding 10 % shall be used. In the measurements of a.c. character- 
istics, the ripple content of d.c. power supply, the higher harmonic content of a.c. 
supply, and the a.c. impedance of the d.c. power supply circuit through which an 
a.c. current flows shall be small enough so that they will not affect the measure- 
ments. 

expressed in r.m.s. value. 

A d.c. power supply with a ripple content not 

Unless otherwise specified, the values of a.c. voltage and a.c. current shall be 
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3.2 Instruments Unless otherwise specified, d.c. and a.c. voltmeters, amme- 
ters and the like shall be the ones of accuracy index 0.5 specified in JIS C 1102. 
In the case of uniform scale instruments, ones with a maximum scale within 10 
times the measured value; in the case of instrument in which the scale is short- 
ened in the vicinity of zero, ones with a maximum scale within 4 times the mea- 
sured value shall be used. Provided that, the measured value means the maxi- 
mum value, if the maximum value is specified in the Standard, and the minimum 
value if only the minimum value is specified. 

In the following cases, instruments are not necessarily be accuracy index 0.5. 

(i) 

(2) 

When the instrument has a tolerance equivalent t o  accuracy index 0.5 or 
smaller. 

When the instrument does not affect significantly on the measurement 
results. 

An instrument which can sufficiently follow the specified pulse conditions shall 
be used as the instrument which detects pulses. The internal impedance and 
noise of instruments shall be such that their effect on the measuring system is 
sufficiently ignored. 

4. Reference measuring conditions 

4.1 Temperature and humidity 
follows: 

The temperature and humidity shall be as 

(i) Reference temperature The reference temperature shall be 25°C. 

(2) Reference humidity The reference humidity shall be a relative humidity 
45 %. 

(3) Measuring temperature The measuring temperature means the ambient 
temperature under such condition that the transistor to be tested (hereafter 
called "specimen") is not directly ventilated, and shall be 25 f 3°C. 

ity not exceeding 75 %. 
(4) Measuring humidity The measuring humidity shall be a relative humid- 

4.2 Measuring frequency The measuring frequency of low frequency param- 
eters shall be 270 & 30 Hz or  1000 & 50 Hz. If the correlation with frequency is 
obvious, other frequencies may be used. 

4.3 Signal amplitude 
tude) signal shall be used unless otherwise specified. 

In the measurements of a.c. parameters, small (ampli- 

Remarks: The small (amplitude) signal means such a signal that no 
change equal to  or more than the tolerance on instruments is 
produced on the measured value even if the amplitude of the 
signal is reduced by +. 

4.4 
and ideal current supply shall be as follows: 

Ideal voltage supply and ideal current supply The ideal voltage supply 
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Ideal voltage supply 
that no change equal to  or more than the tolerance on instrument is pro- 
duced on the measured value even if the load impedance is reduced to + 
thereof. If breakdown of specimen might occur in actual measurements, a 
voltage supply with current limiting function shall be used or a protective 
resistor shall be introduced in series to  the voltage supply. 

Ideal current supply 
that no change equal to o r  more than the tolerance on instrument is ex- 
pected on the measured value, even if the load impedance is increased to  
two times thereof. If breakdown of specimen might occur in actual mea- 
surements, a current supply with voltage limiting function shall be used. 

The ideal voltage supply used here means such one 

The ideal current supply used here means such one 

Pulse conditions Unless otherwise specified, the pulse width and duty 
factor shall be so selected that no change equal to  or  more than the tolerance on 
instrument is produced on the measured value, even if each of the said data is 
doubled. 

4.6 
as follows: 

Open circuit and closed circuit The open circuit and close circuit shall be 

(i) Open circuit Open circuit means such one that no change equal t o  or  
more than the tolerance on instrument is produce? on the measured value 
even if the termination impedance is reduced to  7. 

or more than the tolerance on instrument is produced on the measured 
value even if the termination impedance is doubled. 

(2) Closed circuit Closed circuit means such one that no change equal to  

5. Precaution for measurements 

5.1 Keeping of maximum rating The maximum rating of the specimen shall 
not be exceeded in any case including the transient state. The measurements on 
the extent exceeding the maximum rating shall be as specified in Annex. 

5.2 
tached o r  detached while the supply voltage is being applied. 

Precaution at attaching and detaching The specimen shall not be at- 

5.3 Treatment of insulated-gate field-effect transistors The precaution given 
below shall be kept to  protect insulated-gate field-effect transistors from the dam- 
age due to  static electricity. 

(1) The charging by static electricity shall be avoided by using static electricity 
conductive materials, static charging preventive materials, or  the like, 
when the transistors are transported, stored, or allowed to  stand. 

The measurements shall be carried out in a place where no static electricity 
is generated. About 50 % relative humidity is desirable. 

I t  is also recommended to  make the potential of the measuring person, 
tool and measuring equipment equal to  the potential of the place where the 
specimen is handled. 

(2) 
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Kind 

Junction-gate type or Schottky barrier gate type 
Insulated-gate depletion type 

Insulated-gate enhancement type 

5.4 Condition of temperature stabilization (thermal equilibrium) When the 
measured value changes with lapse of time due to heat generation of the speci- 
men, the measurement shall be made after temperature stabilization is 
accomplished or  the measuring time point shall be previously determined. 

Informative reference: If the measured value does not change exceeding 
the anticipated error when the measurement time 
point is doubled, it is considered that the tempera- 
ture stabilization is achieved. 

5.5 Measurement of pulse 
by means of pulses to  avoid the errors in the measurements due to  heat genera- 
tion of the specimen. 

It is recommended to carry out the measurement 

5.6 Measuring circuit The measuring circuit illustrated in this Standard 
shows an example of the circuit used for the measurement. Therefore, alternative 
circuit may be used so far as the same results are obtained. 

transistors, but the same circuit can be used for pnp type transistors by changing 
the polarities of power supply, instruments, etc. 

The measuring circuit of field-effect transistors shows the case of n-channel, 
insulated-gate depletion type or junction-gate field-effect transistors, but the same 
circuit can be used for p-channel devices by changing the polarities of instrument 
and power supply. The symbols used as title of each measuring method are given 
in Table 2. 

The measuring circuit of bipolar transistors shows the case of npn type 

The equations shown in the measuring circuit means the requirements for the 
measuring circuit. 

6. Measuring methods 

6.1 Measuring methods for bipolar transistors 

6.1.1 Measurement of collector current (d.c. method) The measurement of 
collector current (d.c. method) shall be as stated below: 

(i) Purpose 

(2) Measuring circuit 

This measuring method intends to measure the collector cur- 
rent of specimen under specified conditions. 

Fig. 1. 
An example of the measuring circuit is shown in 
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Fig. 1. Measuring circuit of collector current (d.c. method) 

Procedures Pass the specified emitter current ( IE) ,  apply the specified 
voltage (VCS) across the collector and the base, and measure the collector 
current (IC). 
Items to be specified in detail specifications 
specified in detail specifications: 
(a) Emitter current 

(b) Collector-base voltage 

(c) 

The following items shall be 

Ambient temperature or reference point temperature 

Measurement of collector current (pulse method) The measurement of 
collector current (pulse method) shall be as stated below: 

Purpose 
rent of specimen under specified conditions. 
Measuring circuit 
Fig. 2. 

This measuring method intends to measure the collector cur- 

An example of the measuring circuit is shown in 

Fig. 2. Measuring circuit of collector current (pulse method) 

Procedures Pass the specified emitter current (Id, apply a constant volt- 
age of the specified pulse width and duty cycle (VCS) across the collector 
and the base while observing with oscilloscope 01 and measure the collector 
current ( IC)  with the oscilloscope 0 2 .  

Items to be specified in detail specifications 
specified in detail specifications: 

The following items shall be 

(a) Emitter current 

(b) Collector-base voltage 
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(c) 

(d) 

Pulse width and duty cycle of collector-base voltage 

Ambient temperature or reference point temperature 

6.1.3 Measurement of emitter current (d.c. method) The measurement of 
emitter current (d.c. method) shall be as stated below: 

Purpose 
of specimen under specified conditions. 

This measuring method intends to  measure the emitter current 

Measuring circuit 
Fig. 3. 

An example of the measuring circuit is shown in 

Fig. 3. Measuring circuit of emitter current (d.c. mehtod) 

R 

R: protective resistor, RIE >> VEB 

Procedures 
and the base, and across the emitter and the base, respectively, and 
measure the emitter current ( I d .  

Apply the specified voltages (VcB and VEB) across the collector 

Items to be specified in detail specifications 
specified in detail specifications: 

The following items shall be 

(a) Collector-base voltage 

(b) Emitter-base voltage 

(c) Ambient temperature or reference point temperature 

Measurement of emitter current (pulse method) The measurement of 
emitter current (pulse method) shall be as stated below: 

(1) Purpose 

(2) Measuring circuit 

This measuring method intends to measure the emitter current 
of specimen under specified conditions. 

Fig. 4. 
An example of the measuring circuit is shown in 
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Fig. 4. Measuring circuit of emitter current (pulse method) 

+ 
- U 

Th 
R: protective resistor, RIE >> VEB 

(3) Procedures Apply the specified voltage (VCB) across the collector and the 
base, apply a constant voltage of the specified pulse width and the duty 
cycle (VEB) across the emitter and the base while observing with the oscillo- 
scope 01, and measure the emitter current ( I E )  with the oscilloscope 02. 

Items to  be specified in detail specifications The following items shall be 
specified in detail specifications: 

(a) Collector-base voltage 

(b) Emitter-base voltage 

(c) 
(d) 

(4) 

Pulse width and duty cycle of emitter-base voltage 
Ambient temperature or reference point temperature 

6.1.5 
current (d.c. method) shall be as stated below: 

Measurement of base current (d.c. method) The measurement of base 

(i) Purpose 

(2) Measuring circuit 

This measuring method intends to measure the base current of 
specimen under specified conditions. 

Fig. 5. 
An example of the measuring circuit is shown in 

Fig. 5. Measuring circuit of base current (d.c. method) 

7$7 
R: protective resistor, RIB >> VBE 

(3) Procedures Apply the specified voltages (VCE and VBE) across the collector 
and the emitter and across the base and the emitter, respectively, and 
measure the base current ( le ) .  
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(4) Items t o  be specified in detail specifications 
specified in detail specifications: 
(a) Collector-emitter voltage 

(b) Base-emitter voltage 

(c) 

The following items shall be 

Ambient temperature or reference point temperature 

6.1.6 
current (pulse method) shall be as stated below: 

Measurement of base current (pulse method) The measurement of base 

(i) Purpose 

(2) Measuring circuit 

This measuring method intends to measure the base current of 
specimen under specified conditions. 

Fig. 6. 
An example of the measuring circuit is shown in 

Fig. 6. Measuring circuit of base current (pulse method) 

R: protective resistor, RIE > i  VBE 

(3) Procedures Apply the specified voltage (V& across the collector and the 
emitter, apply a constant voltage of the specified pulse width and duty cycle 
(Ved across the base and the emitter while observing with oscilloscope 01, 
and measure the base current ( I d  with oscilloscope 02. 
Items to be specified in detail specifications 
specified in detail specifications: 

(4) The following items shall be 

(a) Collector-emitter voltage 
(b) Base-emitter voltage 

(c) 

(d) 

Pulse width and duty cycle of base-emitter voltage 

Ambient temperature or reference point temperature 

6.1.7 Measurement of collector-emitter cut-off current The measurement of 
collector-emitter cut-off current shall be as stated below: 

(i) Purpose This measuring method intends to measure the collector-emitter 

(2) Measuring circuit 
cut-off current of specimen under specified conditions. 

Fig. 7. 
An example of the measuring circuit is shown in 
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Fig. 7. Measuring circuit of collector-emitter cut-off current 

+ 4 
R, : protective resistor 

(3) Procedures Keep the conditions between the base and the emitter as 
specified, apply the specified voltage (VCE) across the collector and the 
emitter, and measure the collector current (IC) [collector-emitter cut-off 
current (ICE-)] .  
Items t o  be specified in detail specifications 
specified in detail specifications: 

(4) 

(4.1) 

The following items shall be 

Biasing conditions between base and emitter 

(a) 

(b) 

(c) 

(d) 

Base-emitter voltage for the case of ICEX 
Resistance value of RBE t o  be connected between base and emitter 
for the case of ICER 
Short circuit of base and emitter for the case of ICES 
Open circuit of base and emitter for the case of ICEO 

(4.2) Collector-emitter voltage 

(4.3) Ambient temperature or reference point temperature 

6.1.8 Measurement of collector-base cut-off current The measurement of 
collector-base cut-off current shall be as stated below: 

(i) Purpose This measuring method intends to measure the collector-base 

(2) Measuring circuit 

cut-off current of specimen under specified conditions. 

Fig. 8. 
An example of the measuring circuit is shown in 

Full document details: JIS C 7030-1993

http://avadocuments2026.com/doc/jis-c-7030-1993
http://avadocuments2026.com/doc/jis-c-7030-1993


J I S  CX7030 9 3  W Y933608 052LiLO 682 

10 
C 7030-1993 

Fig. 8. Measuring circuit of collector-base cut-off current 

I I 

RI : protective resistor 

(3) Procedures Keep the conditions between the emitter and the base as 
specified, apply the specified voltage (Ved across the collector and the base, 
and measure the collector current ( I C )  [collector-base cut-off current (IcB)]. 
Items to  be specified in detail specifications The following items shall be 
specified in detail specifications: 
Bias conditions between emitter and base 

(a) 

(b) 

(c) 
(d) 

(4) 

(4.1) 
Emitter-base voltage for the case of ICBX 

Resistance value of R B E  t o  be connected between emitter and base 
for the case of ICBR 
Short circuit of emitter and base for the case of ICBS 
Open circuit of emitter and base for the case of ICBO 

(4.2) Collector-base voltage 

(4.3) Ambient temperature or reference point temperature 

6.1.9 Measurement of emitter-base cut-off current The measurement of 
emitter-base cut-off current shall be as stated below: 

(i) Purpose This measuring method intends to measure the emitter-base 

(2) Measuring circuit 

cut-off current of specimen under specified conditions. 

Fig. 9. 
An example of the measuring circuit is shown in 
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Fig. 9. Measuring circuit of emitter-base cut-off current 

RI : protective resistor 

Procedures 
specified, apply the specified voltage (VEB) across the emitter and the base, 
and measure the emitter current ( IE)  [emitter-base cut-off current ( IEB)] .  
Items to be specified in detail specifications 
specified in detail specifications: 

Bias conditions between collector and base 

Keep the conditions between the collector and the base as 

The following items shall be 

(a) 

(b) 

(c) 

(d) 
Emitter-base voltage 

Ambient temperature or  reference point temperature 

Collector-base voltage for the case of IEBX 
Resistance value of RCB to be connected between collector and base 
for the case of IEBR 
Short circuit of collector and base for the case of IEBS 
Open circuit of collector and base for the case of IEBO 

6.1.10 Measurement of collector-emitter saturation voltage (d.c. method) The 
measurement of collector-emitter saturation voltage (d.c. mehtod) shall be as 
stated below: 

(1) Purpose This measuring method intends to  measure the collector-emitter 

(2) Measuring circuit 

saturation voltage of specimen under specified conditions. 

Fig. 10. 
An example of the measuring circuit is shown in 

Fig. 10. Measuring circuit of collector-emitter saturation voltage 
(d.c. method) 

- 

+ + 

- 
777 
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(3) Procedures Pass the specified base current (Id, gradually increase the 
collector current (IC),  and measure the collector-emitter voltage (VCE) 
{collector-emitter saturation voltage [VCE(sat)]} a t  the instant when the 
collector current ( I C )  reaches the specified value. The current supply for 
collector current shall have voltage limiting function, and the limiting 
voltage shall be set to  a voltage not exceeding the collector-emitter with- 
stand voltage of the specimen. 

Items to  be specified in detail specifications 
specified in detail specifications: 
(a) Collector current 

(b) Base current 

(c) 

(4) The following items shall be 

Ambient temperature or reference point temperature 

6.1.11 
The measurement of collector-emitter saturation voltage (pulse method) shall be 
as stated below: 

Measurement of collector-emitter saturation voltage (pulse method) 

(i) Purpose This measuring method intends to measure the collector- 
emitter saturation voltage of specimen under specified conditions. 

(2) Measuring circuit An example of the measuring circuit is shown in 
Fig. 11. 

Fig. 11. Measuring circuit of collector-emitter saturation voltage 
(pulse method) 

+ 

(3) Procedures Set the pulse generator G t o  the specified pulse conditions, 
adjust switches Si and Sz so that they open and close simultaneously, then 
set base current (Id and collector current (IC) t o  the specified values. 
Measure the collector-emitter voltage (Ved [collector-emitter saturation 
voltage { V C E ( ~ ~ ~ ) } ]  with an oscilloscope O triggered by the pulse generator 
while the base current and the collector current are fed to the specimen. 
The current supply which feeds the collector current shall have voltage 
limiting function, and the limiting voltage shall be set to a voltage not 
exceeding the collector-emitter withstand voltage of the specimen. 
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(4) Items to  be specified in detail specifications 
specified in detail specifications: 
(a) Collector current 

(b) Base current 

(c) 

(d) 

The following items shall be 

Pulse width and duty cycle 

Ambient temperature or reference point temperature 

6.1.12 Measurement of base-emitter saturation voltage (d.c. method) The 
measurement of base-emitter saturation voltage (d.c. mehtod) shall be as stated 
below: 

(1) Purpose This measuring method intends to  measure the base-emitter 

(2) Measuring circuit 
saturation voltage of specimen under specified conditions. 

Fig. 12. 
An example of the measuring circuit is shown in 

Fig, 12. Measuring circuit of base-emitter saturation voltage 
(d.c. method) 

(3) Procedures Pass the specified base current (Id, gradually increase the 
collector current ( I C ) ,  and measure the base-emitter voltage (Ved {base- 
emitter saturation voltage [VBE (Sat$ at the instant when the collector 
current (IC) reaches the specified value. The current supply for collector 
current shall have voltage limiting function, and the limiting voltage shall 
be set to  a voltage not exceeding the collector-emitter withstand voltage of 
the specimen. 
Items to  be specified in detail specifications 
specified in detail specifications: 
(a) Collector current 

(b) Base current 

(c) 

(4) The following items shall be 

Ambient temperature or reference point temperature 

6.1.13 Measurement of base-emitter saturation voltage (pulse method) The 
measurement of base-emitter saturation voltage (pulse method) shall be as stated 
below: 

(1) Purpose This measuring method intends to measure the base-emitter 
saturation voltage of specimen under specified conditions. 
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(2) Measuring circuit An example of the measuring circuit is shown in 
Fig. 13. 

Fig. 13. Measuring circuit of base-emitter saturation voltage 
(pulse method) 

n 

Q 
(3) Procedures Set the pulse generator G to  the specified pulse conditions, 

adjust switches Si and Sz so that they open and close simultaneously, then 
set base current (Id and collector current (IC) to  the specified values. Mea- 
sure the base-emitter voltage (VBE) {base-emitter saturation voltage [ V B E ( ~ ~ ~ ) ] }  
with an oscilloscope O triggered by the pulse generator while the base cur- 
rent and the collector current are fed to  the specimen. The current supply 
which feeds the collector current shall have voltage limiting function, and 
the limiting voltage shall be set t o  a voltage not exceeding the collector- 
emitter withstand voltage of the specimen. 

Items to  be specified in detail specifications 
specified in detail specifications: 

(a) Collector current 

(b) Base current 

(cl 

(d) 

(4) The following items shall be 

Pulse width and duty cycle 

Ambient temperature o r  reference point temperature 

6.1.14 Measurement of base-emitter voltage The measurement of base- 
emitter voltage shall be as stated below: 

(1) Purpose This measuring method intends to  measure the base-emitter 
voltage of specimen under specified conditions. 

(2) Measuring circuit An example of the measuring circuit is shown in 
Fig. 14. 
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Fig. 14, Measuring circuit of base-emitter voltage 

(3) Procedures Set the collector-emitter voltage (VCE) to  the specified value, 
and measure the base-emitter voltage (VBE) when the collector current ( I C )  

becomes the specified value. 

Items to  be specified in detail specifications 
specified in detail specifications: 

(a) Collector-emitter voltage 
(b) Collector current 

(c) 

(4) The following items shall be 

Ambient temperature or  reference point temperature 

6.1.15 Measurement of dx. current amplification (d.c. method) The mea- 
surement of d.c. current amplification (d.c. mehtod) shall be as stated below: 

(1) Purpose 

(2) Measuring circuit 

This measuring method intends to  measure the forward current 
transfer ratio of specimen under specified conditions. 

Fig. 15. 
An example of the measuring circuit is shown in 

Fig. 15. Measuring circuit of d.c. current amplification (d.c. method) 

(3) Procedures Set the collector-emitter voltage (VCE) to  the specified value, 
and adjust the base current ( I B )  so as t o  obtain the specified collector 
current ( IC) .  Calculate the forward current transfer ratio (h,) from the 
following formula: 
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(4) Items to  be specified in detail specifications 
specified in detail specifications: 

The following items shall be 

(a) Collector-emitter voltage 
(b) Collector current 

(c) Ambient temperature o r  reference point temperature 

6.1.16 Measurement of d.c. current amplification (pulse method) The mea- 
surement of d.c. current amplification (pulse method) shall be as stated below: 

(i) Purpose This measuring method intends to  measure the forward current 
transfer ratio of specimen under specified conditions. 

(2) Measuring circuit An example of the measuring circuit is shown in 
Fig. 16. 

Fig. 16. Measuring circuit of d.c. current amplification 
(pulse method) 

Q 
(3) Procedures Supply the pulse of specified conditions from pulse generator 

G t o  the input terminals of triggers for switch S, and oscilloscopes of 01 
and OZ. 

Set the collector-emitter voltage (Ved to the specified value by means of 
the constant voltage supply, while observing oscilloscope 01. Then adjust 
the base current (IB) so that the collector current (IC) becomes the specified 
value by means of the constant current supply while observing oscilloscope 
OZ. Calculate the forward current transfer ratio ( h d  from the following 
formula: 

(4) Items to be specified in detail specifications 
specified in detail specifications: 

(a) Collector-emitter voltage 
(b) Collector current 

The following items shall be 
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T 

+ 
- == c4 

- 

(c) 
(d) 

Pulse width and duty cycle 

Ambient temperature or reference point temperature 

6.1.17 Measurement of small-signal short-circuit input impedance The 
measurement of small signal short-circuit input impedance shall be as stated 
below: 

(i) Purpose This measuring method intends to measure the small-signal 
short-circuit input impedance of specimen under specified conditions. 

(2) Measuring circuit 
grounded and that with the base grounded are shown in Fig. 17 and Fig. 18 
respectively. 

Examples of the measuring circuits with the emitter 

Fig. 17. Measuring circuit of small-signal short-circuit 
input impedance (emitter grounded) 

A<&, wL>lhzel 

Rb> lhzel, w G »  I hoel 

Remarks: If oL> I hi, I is not satisfied, L and stray capacitance CS 
shall be resonanced. 
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(3) Procedures The procedures shall be as follows: 

(a) When emitter is grounded Adjust the voltage and current of speci- 
men to  the specified values by repeating the adjustments of voltage 
and current, apply a signal of the specified frequency to  the input 
side and measure u, and U b e  with a high impedance a.c. voltmeter. 
Calculate the small-signal short-circuit input impedance ( h i e )  from the 
following formula: 

u be 
h i e  =- i a  

(b) When base is grounded Adjust the voltage and current of specimen 
to the specified values, apply a signal of the specified frequency to  
the input side, and measure u, and Ueb with a high-impedance a.c. 
voltmeter. Calculate the small signal short-circuit input impedance 
( h i d  from the following formula: 

* u, - U ë b  where, Ee = 
R e  

(4) Items t o  be specified in detail specifications 
specified in detail specifications: 

(a) Measuring voltage and current 
(b) Measuring frequency 

(c) Grounding system 

(d) 

The following items shall be 

Ambient temperature o r  reference point temperature 

6.1.18 
The measurement of small-signal short-circuit forward current transfer ratio shall 
be as stated below: 

Measurement of small-signal short-circuit forward current transfer ratio 

(1) Purpose This measuring method intends to measure the small-signal 
short-circuit forward current transfer ratio of specimen under specified 
conditions. 

(2) Measuring circuit 
is grounded is shown in Fig. 19. 

An example of the measuring circuit when the emitter 
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Fig. 19. Measuring circuit of small-signal short-circuit 
forward current transfer ratio 

I R C  I 

Z : impedance of a.c. voltmeter 1 
&+$$y &ay xqq 
W L i B l h z e l  

R*» IhieIy Rc< 1 / I  hoel, w L , > R c  

Remarks: If WLi >> I h i e l  is not satisfied, Li and stray capacitance Cs 
shall be resonanced. 

(3) Procedures The procedures shall be as follows: 

(a) When emitter is grounded Adjust the voltage and current of speci- 
men to  the specified values by repeating the adjustment of voltage 
and current, apply a signal of the specified frequency to  the input 
side and measure ug, Uhe  and Uce with a high-impedance a.c. voltmeter. 
Calculate the small-signal short-circuit forward current transfer ratio 
(hf,) from the following formula: 

(b) When base is grounded 
following formula: 

Obtain the ratio from hk by means of the 

(4) Items t o  be specified in detail specifications 
specified in detail specifications: 
(a) Measuring voltage and current 

(b) Measuring frequency 

The following items shall be 
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(c) Grounding system 

(d) Ambient temperature or reference point temperature 

6.1.19 Measurement of small-signal open-circuit reverse voltage transfer ratio 
The measurement of small-signal open-circuit reverse voltage transfer ratio shall 
be as stated below: 

(1) Purpose This measuring method intends to measure the small-signal 
open-circuit reverse voltage transfer ratio of specimen under specified con- 
ditions. 

(2) Measuring circuit 
grounded and that when base is grounded are shown in Fig. 20 and Fig. 21 
respectively. 

Examples of the measuring circuits when emitter is 

Fig. 20. Measuring circuit of small-signal open-circuit reverse voltage 
transfer ratio (emitter grounded) 

L i  

wLi>lhLeI 
w L > R c  

--« Rc 
WC4 

RG : impedance of signal generator 
2 : impedance of a.c. voltmeter 

1 

Remarks: If WLi B I hi,[ is not satisfied, Li and stray capacitance CS 
shall be resonanced. 

Full document details: JIS C 7030-1993

http://avadocuments2026.com/doc/jis-c-7030-1993
http://avadocuments2026.com/doc/jis-c-7030-1993


J I S  C*ï030 9 3  4933b08 0523723 4b8 W 

Fig. 21. Me suring circuit 

21 
C 7030-1993 

f small-signal open-circuit reverse voltage 
transfer ratio (base grounded) 

WL >I hiel, W L B R G  
RG : impedance of signal generator 
Z : impedance of a.c. voltmeter 

(3) Procedures The procedures shall be as follows: 
(a) When emitter is grounded Adjust the voltage and current of 

specimen to  the specified values by repeating the adjustment of 
voltage and current, apply a signal of the specified frequency to  the 
output side, and measure U b e  and Uce with a high-impedance a.c. 
voltmeter. Calculate the small-signal open-circuit reverse voltage 
transfer ratio (h,) from the following formula: 

(b) When base is grounded Adjust the voltage and current of specimen 
to the specified values, apply a signal of the specified frequency to 
the output side, and measure Ueb and Ucb with a high-impedance a.c. 
voltmeter. Calculate the small-signal open-circuit reverse voltage 
transfer ratio ( h r b )  from the following formula: 

(4) Items t o  be specified in detail specifications 
specified in detail specifications: 
(a) Measuring voltage and current 
(b) Measuring frequency 
(c) Grounding system 

(d) 

The following items shall be 

Ambient temperature or reference point temperature 
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6.1.20 Measurement of small-signal open-circuit output admittance The 
measurement of small-signal open-circuit output admittance shall be as stated 
below: 

(i) Purpose This measuring method intends to measure the small-signal 
open-circuit output admittance of specimen under specified conditions. 

(2) Measuring circuit 
grounded and that when base is grounded are shown in Fig. 22 and Fig. 23 
respectively. 

Examples of the measuring circuits when emitter is 

Fig. 22. Measuring circuit of small-signal open-circuit 
output admittance (emitter grounded) 

LZ 

1 1 1  1 1 1 -< @cl =«&, -<RG, wc3 -<a, OC4 ~ c , < w L ~ ,  wLz>Rc, wL3BRc 

d i >  I 
1 

Rc<Ih,,l 

R"'(ThoPr 
1 

RG : impedance of signal generator 
21, : impedance of a.c. voltmeter 

Remarks: If O L I  >> I hi, I is not satisfied, Li and stray capacitance Cs 
shall be resonanced. 
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Fig. 23. Measuring circuit of small-signal open-circuit 
output admittance (base grounded) 

Rc : impedance of signal generator 
2 : impedance of a.c. voltmeter 

(3) Procedures The procedures shall be as follows: 
(a) When emitter is grounded Adjust the voltage and current of speci- 

men to  the specified values by repeating the adjustment of voltage 
and current, apply a signal of the specified frequency t o  the output 
side and measure u, and u,, with a high-impedance a.c. voltmeter. 
Calculate the small-signal open-circuit output admittance (hoe) from 
the following formula: 

i, ho, = - 
Uce  

. U g  - Uee  

R, where, l c  = 

(b) When base is grounded Adjust the voltage and current of specimen 
to  the specified values, apply a signal of the specified frequency to  
the output side, and measure uB and U b  with a high-impedance a.c. 
voltmeter. Calculate the small-signal open-circuit output admittance 
(hob) from the following formula: 

(4) Items to  be specified in detail specifications 
specified in detail specifications: 

The following items shall be 

(a) Measuring voltage and current 
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(b) Measuring frequency 
(c) Grounding system 

(d) Ambient temperature o r  reference point temperature 

6.1.21 
cut-off freauencv 

Measurement of small-signal short-circuit forward current transfer ratio 
The measurement of small-signal short-circuit forward cur- 

rent transfer ratio cut-off frequency shall be as stated below: 

(i) Purpose This measuring method intends to measure the small-signal 
short-circuit forward current transfer ratio cut-off frequency of specimen 
under specified conditions. 

grounded for one line system and that for two line system are show in Fig. 
24 and Fig, 25. 

(2) Measuring circuit Examples of the measuring circuits with the base 

Fig. 24. Measuring circuit of small-signal short-circuit forward current 
transfer ratio cut-off frequency (one-line system) 
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Fig. 25. Measuring circuit of small-signal short-circuit forward current 
transfer ratio cut-off frequency (two-line system) 

I 

I T)T 
T, 

-I -- 
I 
I 
I 
I 
I 
I 
I 
I 

i l B  I 

(3) Procedures The procedures shall be as follows: 

(a) For measuring circuit of one-line system Adjust the voltage and 
current of specimen to the specified values, throw switch S on the 
attenuator side, and read the output at  low frequency with a high- 
impedance a.c. voltmeter. Then, throw switch S on the short-circuit 
side, increase the signal frequency and obtain the frequency at  which 
the reading of the high-impedance a.c. voltmeter becomes the above- 
mentioned value. This frequency is the forward current transfer 
ratio cut-off frequency. 

Remarks 1. The measuring circuit shall have no frequency depen- 
dency a t  least within the measuring range. That is, to 
verify that the reading of the high-impedance a.c. volt- 
meter does not change with the change of signal fre- 
quency under such conditions that the specimen is re- 
moved from the circuit and the emitter and the collec- 
tor  are short-circuited without biased, on both positions 
of switch S. 
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