Teman. 1

Esame di Stato di abilitazione alla professione di Ingegnere

Sezione B

Settore dell’Informazione
Prova Pratica: Classe 9, Ingegneria Elettronica

Il sessione 2009

Il Candidato progetti un amplificatore di tensione a singolo transistore che soddisfi le
seguenti specifiche:

¢ alimentazione con una singola tensione continua di 10 V;

e guadagno di tensione V, /V;, =10;

e banda passante a -3 dB estesa da 100 Hz a 20 kHz;

e dinamica d’uscita pari a 2 V picco-picco su un carico da 10 kQ;

Le specifiche su guadagno e dinamica valgono per segnali d’ingresso di 1 kHz.

Il progetto deve garantire che le specifiche su guadagno, banda e dinamica d’uscita
vengano soddisfatte entro un margine del +10% a temperatura ambiente, usando
componenti passivi che appartengono alla serie standard E12.

Il Candidato giustifichi la scelta della soluzione circuitale e dei componenti adottati,
discutendo in particolare la sensibilita delle specifiche di progetto alle tolleranze dei
parametri del transistore. Il candidato proponga infine una possibile modifica qualitativa
all’amplificatore per ottenere un segnale d’uscita in fase col segnale di ingresso.


Pezzetta
Tema n. 1


2N3903, 2N3904

2N3903 is a Preferred Device

General Purpose
Transistors

NPN Silicon

Features

® Ph—Free Packages are Available*

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector -Emitter Voltage Vceo 40 Vdc
Collector -Base Voltage Veeo 60 Vdc
Emitter -Base Voltage VEBO 6.0 Vdc
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation Pp
@ Ta=25°C 625 mw
Derate above 25°C 5.0 mw/°C
Total Device Dissipation Pp
@ Tc = 25°C 15 w
Derate above 25°C 12 mw/°C
Operating and Storage Junction T3, Tstg | —55 to +150 °C
Temperature Range
THERMAL CHARACTERISTICS (Note 1)
Characteristic Symbol Max Unit
Thermal Resistance, Junction-to—Ambient | Rgja 200 °C/W
Thermal Resistance, Junction—-to—Case Roic 83.3 °C/W

Stresses exceeding Maximum Ratings may damage the device. Maximum
Ratings are stress ratings only. Functional operation above the Recommended
Operating Conditions is not implied. Extended exposure to stresses above the
Recommended Operating Conditions may affect device reliability.

1. Indicates Data in addition to JEDEC Requirements.

*For additional information on our Pb—Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Technigues
Reference Manual, SOLDERRM/D.
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ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 3 of this data sheet.

Preferred devices are recommended choices for future use
and best overall value.

Publication Order Number:
2N3903/D



2N3903, 2N3904

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Characteristic Symbol Min | Max | Unit
OFF CHARACTERISTICS
Collector -Emitter Breakdown Voltage (Note 2) (Ic = 1.0 mAdc, Ig = 0) V(BR)CEO 40 - Vdc
Collector -Base Breakdown Voltage (Ic = 10 uAdc, Ig = 0) V(BR)CBO 60 - Vdc
Emitter -Base Breakdown Voltage (Ig = 10 pAdc, Ic = 0) V(BR)EBO 6.0 - Vdc
Base Cutoff Current (Vcg = 30 Vdc, Vgg = 3.0 Vdc) IgL - 50 nAdc
Collector Cutoff Current (Vcg = 30 Vdc, Vgg = 3.0 Vdc) lcex - 50 nAdc
ON CHARACTERISTICS
DC Current Gain (Note 2) hre -
(Ic = 0.1 mAdc, Vce = 1.0 Vdc) 2N3903 20 -
2N3904 40 -
(Ic = 1.0 mAdc, Ve = 1.0 Vdc) 2N3903 35 -
2N3904 70 -
(Ic =10 mAdc, Ve = 1.0 Vdc) 2N3903 50 150
2N3904 100 300
(Ic = 50 mAdc, Ve = 1.0 Vdc) 2N3903 30 -
2N3904 60 -
(Ic =100 mAdc, Vcg = 1.0 Vdc) 2N3903 15 -
2N3904 30 -
Collector —Emitter Saturation Voltage (Note 2) VCE(sat) Vdc
(Ic =10 mAdc, Ig = 1.0 mAdc) - 0.2
(Ic =50 mAdc, Ig = 5.0 mAdc - 0.3
Base —Emitter Saturation Voltage (Note 2) VBE(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) 0.65 0.85
(Ic =50 mAdc, Ig = 5.0 mAdc) - 0.95
SMALL-SIGNAL CHARACTERISTICS
Current—Gain — Bandwidth Product fr MHz
(Ic = 10 mAdc, Ve = 20 Vdc, f = 100 MHz) 2N3903 250 -
2N3904 300 -
Output Capacitance (Vcg = 5.0 Vdc, Ig =0, f = 1.0 MHz) Cobo - 4.0 pF
Input Capacitance (Vgg = 0.5 Vdc, Ic =0, f = 1.0 MHz) Cibo - 8.0 pF
Input Impedance hie k Q
(Ic = 1.0 mAdc, Ve = 10 Vdc, f = 1.0 kHz) 2N3903 1.0 8.0
2N3904 1.0 10
Voltage Feedback Ratio hre X 1074
(Ic = 1.0 mAdc, Vg = 10 Vdc, f = 1.0 kHz) 2N3903 0.1 5.0
2N3904 0.5 8.0
Small-Signal Current Gain hte -
(Ic = 1.0 mAdc, Vg = 10 Vdc, f = 1.0 kHz) 2N3903 50 200
2N3904 100 400
Output Admittance (Ic = 1.0 mAdc, Vg = 10 Vdc, f = 1.0 kHz) hoe 1.0 40 umhos
Noise Figure NF dB
(Ic =100 pAdc, Veg = 5.0 Vde, Rgs = 1.0 k Q, f = 1.0 kHz) 2N3903 - 6.0
2N3904 - 5.0
SWITCHING CHARACTERISTICS
Delay Time (Vee = 3.0 Vde, Vge = 0.5 Vdc, ty - 35 ns
Rise Time Ic = 10 mAdc, lg; = 1.0 mAdc) ty — 35 ns
Storage Time (Vce = 3.0 Vdc, Ic = 10 mAdc, 2N3903 ts - 175 ns
Ig1 = Ig2 = 1.0 mAdc) 2N3904 - 200
Fall Time tf - 50 ns

2. Pulse Test: Pulse Width < 300 us; Duty Cycle < 2%.
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2N3903, 2N3904

ORDERING INFORMATION

Device Package Shipping’
2N3903RLRM TO-92 2000 / Ammo Pack
2N3904 TO-92 5000 Units / Bulk
2N3904G TO-92 5000 Units / Bulk
(Pb-Free)

2N3904RLRA TO-92 2000 / Tape & Reel

2N3904RLRAG TO-92 2000 / Tape & Reel
(Pb—Free)

2N3904RLRM TO-92 2000 / Ammo Pack

2N3904RLRMG TO-92 2000 / Ammo Pack
(Pb—Free)

2N3904RLRP TO-92 2000 / Ammo Pack

2N3904RLRPG TO-92 2000 / Ammo Pack
(Pb-Free)

2N3904RL1G TO-92 2000 / Tape & Reel
(Pb-Free)

2N39047L1 TO-92 2000 / Ammo Pack

2N3904ZL1G TO-92 2000 / Ammo Pack
(Pb-Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

+3V

DUTY CYCLE = 2%
300 ns — |

== 1109V
-05 V—J ‘K_ :_
—»L—<1ns T+ Cg<4pF*

* Total shunt capacitance of test jig and connectors

Figure 1. Delay and Rise Time Equivalent Test Circuit
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\ / 13 Cg<4pF*
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* Total shunt capacitance of test jig and connectors

Figure 2. Storage and Fall Time Equivalent Test Circuit
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t§, STORAGE TIME (ns)

2N3903, 2N3904

TYPICAL TRANSIENT CHARACTERISTICS
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NF, NOISE FIGURE (dB)

hfe , CURRENT GAIN

hie. INPUT IMPEDANGE (k OHMS)

2N3903, 2N3904

TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS
NOISE FIGURE VARIATIONS
(Vce = 5.0 Vdc, Ta = 25°C, Bandwidth = 1.0 Hz)
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2N3903, 2N3904

TYPICAL STATIC CHARACTERISTICS
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2N3903, 2N3904

PACKAGE DIMENSIONS

TO-92 (TO-226)
CASE 29-11
ISSUE AM

STRAIGHT LEAD

BULK PACK

T
-

SECTION X-X

BENT LEAD
TAPE & REEL
AMMO PACK

!
-

SECTION X-X

NOTES:
1

. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. CONTOUR OF PACKAGE BEYOND DIMENSION R

IS UNCONTROLLED.
4. LEAD DIMENSION IS UNCONTROLLED IN P AND
BEYOND DIMENSION K MINIMUM.
INCHES MILLIMETERS
| DIM| MIN MAX MIN | MAX
A | 0175 | 0.205 | 4.45 5.20
B | 0170 | 0210 | 4.32 5.33
C [ 0125 | 0.165 | 3.18 4.19
D | 0.016 | 0.021 | 0407 | 0.533
G | 0.045 | 0.055 1.15 1.39
H | 0.095 [ 0.105 | 2.42 266
J | 0015 | 0020 | 0.39 0.50
K | 0500 --- | 1270 ==
L | 0.250 --—- | 635 -
N [ 0.080 [ 0.105 | 2.04 266
P --- | 0.100 == 254
R [ 0.115 --- | 293 -
V | 0135 --- | 343 ==

NOTES:

1. DIMENSIONING AND TOLERANCING PER
ASME Y14.5M, 1994.

2. CONTROLLING DIMENSION: MILLIMETERS.

3. CONTOUR OF PACKAGE BEYOND
DIMENSION R IS UNCONTROLLED.

4. LEAD DIMENSION IS UNCONTROLLED IN P
AND BEYOND DIMENSION K MINIMUM.

MILLIMETERS
| DM | mIN_ | mAX
A | 445 [ 520
B | 432 | 533
C | 318 | 419
D | 040 | 054
G | 240 | 280
J | 039 | 050
K | 1270 | -
N | 204 | 266
P | 150 | 400
R | 293 | -
V| 343 ] -
STYLE 1
PIN1. EMITTER
2. BASE

3. COLLECTOR

ON Semiconductor and \J are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes without further notice
to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does SCILLC assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
“Typical” parameters which may be provided in SCILLC data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All
operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights
nor the rights of others. SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death may occur. Should
Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT:

Literature Distribution Center for ON Semiconductor

P.O. Box 5163, Denver, Colorado 80217 USA

Phone: 303-675-2175 or 800—-344-3860 Toll Free USA/Canada

Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada

Email: orderlit@onsemi.com

N. American Technical Support: 800-282-9855 Toll Free
USA/Canada

Europe, Middle East and Africa Technical Support:
Phone: 421 33 790 2910

Japan Customer Focus Center
Phone: 81-3-5773-3850

ON Semiconductor Website: www.onsemi.com
Order Literature: http://www.onsemi.com/orderlit

For additional information, please contact your local
Sales Representative
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2N3906

Preferred Device

General Purpose

Transistors
PNP Silicon

Features

® Ph—Free Packages are Available*

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector — Emitter Voltage Vceo 40 Vdc
Collector — Base Voltage Veeo 40 Vdc
Emitter — Base Voltage VEBO 5.0 Vdc
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mw
Derate above 25°C 5.0 mw/°C
Total Power Dissipation @ Tp = 60°C Pp 250 mw
Total Device Dissipation @ T¢ = 25°C Pp 15 W
Derate above 25°C 12 mw/°C
Operating and Storage Junction T3, Tstg | =55 to +150 °C
Temperature Range
THERMAL CHARACTERISTICS (Note 1)
Characteristic Symbol Max Unit
Thermal Resistance, Junction—to-Ambient Rea 200 °C/W
Thermal Resistance, Junction—-to—Case Roic 83.3 °C/W

Stresses exceeding Maximum Ratings may damage the device. Maximum
Ratings are stress ratings only. Functional operation above the Recommended
Operating Conditions is not implied. Extended exposure to stresses above the
Recommended Operating Conditions may affect device reliability.

1. Indicates Data in addition to JEDEC Requirements.

*For additional information on our Pb—Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Technigues

Reference Manual, SOLDERRM/D.

© Semiconductor Components Industries, LLC, 2007

March, 2007 - Rev. 3

ON Semiconductor®
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ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 3 of this data sheet.

Preferred devices are recommended choices for future use
and best overall value.

Publication Order Number:
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2N3906

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Characteristic Symbol Min | Max | Unit
OFF CHARACTERISTICS
Collector —Emitter Breakdown Voltage (Note 2) (lc = 1.0 mAdc, Ig = 0) V(BR)CEO 40 - Vdc
Collector —-Base Breakdown Voltage (Ic =10 pAdc, Ig = 0) V(BR)CBO 40 - Vdc
Emitter -Base Breakdown Voltage (Ig = 10 uAdc, Ic = 0) V(BR)EBO 5.0 - Vdc
Base Cutoff Current (Ve = 30 Vdc, Vgg = 3.0 Vdc) IgL - 50 nAdc
Collector Cutoff Current (Ve = 30 Vdc, Vgg = 3.0 Vdc) lcex - 50 nAdc
ON CHARACTERISTICS (Note 2)
DC Current Gain (Ic = 0.1 mAdc, Vcg = 1.0 Vdc) hre 60 - -
(Ic = 1.0 mAdc, Vcg = 1.0 Vdc) 80 -
(Ic = 10 mAdc, Vcg = 1.0 Vdc) 100 300
(Ic = 50 mAdc, Vcg = 1.0 Vdc) 60 -
(Ic = 100 mAdc, Vcg = 1.0 Vdc) 30 -
Collector —Emitter Saturation Voltage (Ic = 10 mAdc, Ig = 1.0 mAdc) VCE(sat) - 0.25 Vdc
(Ic =50 mAdc, Ig = 5.0 mAdc - 0.4
Base —Emitter Saturation Voltage (Ic = 10 mAdc, Ig = 1.0 mAdc) VBE(sat) 0.65 0.85 Vdc
(Ic = 50 mAdc, Ig = 5.0 mAdc) - 0.95
SMALL-SIGNAL CHARACTERISTICS
Current—Gain — Bandwidth Product (Ic = 10 mAdc, Vg = 20 Vdc, f = 100 MHz) fr 250 - MHz
Output Capacitance (Vcg =5.0 Vdc, Ig =0, f=1.0 MHz) Cobo - 45 pF
Input Capacitance (Vgg =0.5Vdc, Ic =0, f=1.0 MHz) Cibo - 10 pF
Input Impedance (Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) hie 2.0 12 kQ
Voltage Feedback Ratio (Ic = 1.0 mAdc, Vg = 10 Vdc, f = 1.0 kHz) hre 0.1 10 X 1074
Small-Signal Current Gain (Ic = 1.0 mAdc, Vg = 10 Vdc, f = 1.0 kHz) hte 100 400 -
Output Admittance (Ic = 1.0 mAdc, Vcg = 10 Vdc, f = 1.0 kHz) hoe 3.0 60 umhos
Noise Figure (Ic = 100 puAdc, Vg = 5.0 Vde, Rg = 1.0 kQ, f = 1.0 kHz) NF - 4.0 dB
SWITCHING CHARACTERISTICS
Delay Time (Vee = 3.0 Vde, Vge = 0.5 Vdc, ty - 35 ns
Rise Time Ic = 10 mAdc, Ig; = 1.0 mAdc) t _ 35 ns
Storage Time (Vcc = 3.0 Vdc, Ic = 10 mAdc, Ig; = Ig2 = 1.0 mAdc) ts - 225 ns
Fall Time (Vcc = 3.0 Vdc, Ic = 10 mAdc, Ig; = Ig2 = 1.0 mAdc) tf - 75 ns

2. Pulse Test: Pulse Width < 300 us; Duty Cycle < 2%.
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2N3906

ORDERING INFORMATION

Device Package Shipping’
2N3906 TO-92 5000 Units / Bulk
2N3906G TO-92 5000 Units / Bulk

(Pb-Free)
2N3906RL1 TO-92 5000 Units / Bulk
2N3906RL1G TO-92 5000 Units / Bulk
(Pb-Free)
2N3906RLRA TO-92 2000 / Tape & Reel
2N3906RLRAG TO-92 2000 / Tape & Reel
(Pb-Free)
2N3906RLRM TO-92 2000 / Ammo Pack
2N3906RLRMG TO-92 2000 / Ammo Pack
(Pb-Free)
2N3906RLRP TO-92 2000 / Tape & Reel
2N3906RLRPG TO-92 2000 / Tape & Reel
(Pb-Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.
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DUTY CYCLE = 2%

* Total shunt capacitance of test jig and connectors

Figure 1. Delay and Rise Time Equivalent Test Circuit
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* Total shunt capacitance of test jig and connectors

Figure 2. Storage and Fall Time Equivalent Test Circuit
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CAPACITANCE (pF)

TIME (ns)

2N3906

TYPICAL TRANSIENT CHARACTERISTICS
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NF, NOISE FIGURE (dB)

hfe , DC CURRENT GAIN

hie., INPUT IMPEDANGE (k OHMS)

2N3906

TYPICAL AUDIO SMALL-SIGNAL CHARACTERISTICS
NOISE FIGURE VARIATIONS
(Vce = -5.0 Vdc, Ta = 25°C, Bandwidth = 1.0 Hz)
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2N3906

TYPICAL STATIC CHARACTERISTICS
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2N3906

PACKAGE DIMENSIONS

TO-92 (TO-226)
CASE 29-11
ISSUE AM

STRAIGHT LEAD

BULK PACK

T
-

SECTION X-X

BENT LEAD
TAPE & REEL
AMMO PACK

!
-

SECTION X-X

NOTES:
1

. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: INCH.
3. CONTOUR OF PACKAGE BEYOND DIMENSION R

IS UNCONTROLLED.
4. LEAD DIMENSION IS UNCONTROLLED IN P AND
BEYOND DIMENSION K MINIMUM.
INCHES MILLIMETERS
| DIM| MIN MAX MIN | MAX
A | 0175 | 0.205 | 4.45 5.20
B | 0170 | 0210 | 4.32 5.33
C [ 0125 | 0.165 | 3.18 4.19
D | 0.016 | 0.021 | 0407 | 0.533
G | 0.045 | 0.055 1.15 1.39
H | 0.095 [ 0.105 | 2.42 266
J | 0015 | 0020 | 0.39 0.50
K | 0500 --- | 1270 ==
L | 0.250 --—- | 635 -
N [ 0.080 [ 0.105 | 2.04 266
P --- | 0.100 == 254
R [ 0.115 --- | 293 -
V | 0135 --- | 343 ==

NOTES:

1. DIMENSIONING AND TOLERANCING PER
ASME Y14.5M, 1994.

2. CONTROLLING DIMENSION: MILLIMETERS.

3. CONTOUR OF PACKAGE BEYOND
DIMENSION R IS UNCONTROLLED.

4. LEAD DIMENSION IS UNCONTROLLED IN P
AND BEYOND DIMENSION K MINIMUM.

MILLIMETERS
| DM | mIN_ | mAX
A | 445 [ 520
B | 432 | 533
C | 318 | 419
D | 040 | 054
G | 240 | 280
J | 039 | 050
K | 1270 | -
N | 204 | 266
P | 150 | 400
R | 293 | -
V| 343 ] -
STYLE 1
PIN1. EMITTER
2. BASE

3. COLLECTOR

ON Semiconductor and d are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes without further notice
to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does SCILLC assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
“Typical” parameters which may be provided in SCILLC data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All
operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights
nor the rights of others. SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death may occur. Should
Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT:

Literature Distribution Center for ON Semiconductor

P.O. Box 5163, Denver, Colorado 80217 USA

Phone: 303-675-2175 or 800—-344-3860 Toll Free USA/Canada

Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada

Email: orderlit@onsemi.com

N. American Technical Support: 800-282-9855 Toll Free
USA/Canada

Europe, Middle East and Africa Technical Support:
Phone: 421 33 790 2910

Japan Customer Focus Center
Phone: 81-3-5773-3850

ON Semiconductor Website: www.onsemi.com
Order Literature: http://www.onsemi.com/orderlit

For additional information, please contact your local
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Absolute Maximum Ratings*

-
FAIRCHILD
]

SEMICONDUCTOR m

2N5457
2N5458
2N5459

MMBF5457
MMBF5458
MMBF5459

SOT-23
Mark: 6D / 61S / 6L

N-Channel General Purpose Amplifier

This device is a low level audio amplifier and switching transistors,
and can be used for analog switching applications. Sourced from
Process 55.

TA = 25°C unless otherwise noted

S

D NOTE: Source & Drain

areinterchangeable

Symbol Parameter Value Units
Ve Drain-Gate Voltage 25 \Y
Vas Gate-Source Voltage -25 \Y
lor Forward Gate Current 10 mA
Ty Tstg Operating and Storage Junction Temperature Range -55 to +150 °C
*These ratings are limiting values above which the serviceability of any semiconductor device may be impaired.
NOTES:
1) These ratings are based on a maximum junction temperature of 150 degrees C.
2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.
Th erm al Ch araCteI‘i St | CS TA = 25°C unless otherwise noted
Symbol Characteristic Max Units
2N5457-5459 *MMBF5457-5459
Pp Total Device Dissipation 625 350 mw
Derate above 25°C 5.0 2.8 mw/°C
Reic Thermal Resistance, Junction to Case 125 °CIW
Rasa Thermal Resistance, Junction to Ambient 357 556 °CIW

*Device mounted on FR-4 PCB 1.6" X 1.6" X 0.06."

01997 Fairchild Semiconductor Corporation

6GYS / 8GYS / LSYS4ANIN / 6575 / 8GPS / LGVSNC



Electrical Characteristics

N-Channel General Purpose Amplifier

(continued)

TA = 25°C unless otherwise noted

Symbol Parameter Test Conditions Min | Typ | Max |Units
OFF CHARACTERISTICS
V(RriGSss Gate-Source Breakdown Voltage | Ig =10 pA, Vps =0 -25 vV
Iess Gate Reverse Current Ves =-15V, Vps =0 -1.0 nA
Ves =-15V, Vps =0, Ta = 100°C - 200 nA
VGs(off) Gate-Source Cutoff Voltage Vps =15V, Ip =10 nA 5457 -05 -6.0 \%
5458 -1.0 -7.0 Y,
5459 -2.0 -8.0 \Y
Ves Gate-Source Voltage Vps =15V, Ip =100 pA 5457 -25 \%
Vps =15V, Ip =200 yA 5458 -3.5 \%
Vps =15V, Ip = 400 JA 5459 -4.5 \
ON CHARACTERISTICS
Ibss Zero-Gate Voltage Drain Current* | Vps =15V, Vgs =0 5457 1.0 3.0 5.0 mA
5458 2.0 6.0 9.0 mA
5459 4.0 9.0 16 mA
SMALL SIGNAL CHARACTERISTICS
Ofs Forward Transfer Conductance* Vps =15V, Vgs =0, f=1.0 kHz
5457 1000 5000 |pmhos
5458 1500 5500 | umhos
5459 2000 6000 |pmhos
Jos Output Conductance* Vps =15V, Vs =0, f = 1.0 kHz 10 50 [pmhos
Ciss Input Capacitance Vps =15V, Vgs =0, f=1.0 MHz 4.5 7.0 pF
Crss Reverse Transfer Capacitance Vps =15V, Vgs =0, f=1.0 MHz 15 3.0 pF
NF Noise Figure Vps =15V, Vgs =0, f = 1.0 kHz, 3.0 dB
Rg = 1.0 megohm, BW = 1.0 Hz

*Pulse Test: Pulse Width <300 ms, Duty Cycle <2%

Typical Characteristics

Ip — DRAIN CURRENT (mA}

Transfer Characteristics

Transfer Characteristics

10 I _ ! Vasorr) = —2.6V 20 f _l ! o
Vos = ”TI Ta —55°C = (VDS =15V Vasiorr) = —-3.7V
8 \ =41, =250 E 16 Ta=-55¢C
=) T = 125°C = Ta=257C
[\ : = Ta=125TC
6 —“—{ Vgsiorr) = 1.8V E 1 T
\ Ta=-55°C 2 | Vesiorr = —1.8V
\ 1, =25°C z o Tam 80
4 st et « |+ Ta=28C
AN = L To=125C
LN\ !
2 N £ 4
0 0
0 -1 -2 -3 -3 -4 -5

Vgs — GATE-SOURCE VOLTAGE (V)

Vgs — GATE-SOURCE VOLTAGE (V)

6SYS / 89YS / LSVS4ANIN / 6SYS /1 8GYS / LSPSNC



N-Channel General Purpose Amplifier

(continued)

Typical Characteristics (continued)

gts — TRANSCONDUCTANCE (mmbhos)

Io — DRAIN CURRENT (mA)

8os — OUTPUT CONDUCTANCE (umhos)

Transfer Characteristics

10 T
T l Vasiorr) = —1.9V
~Vos =15V =T 1, - _s5°¢
8 N B Ta = 25°C
\, A0 T, =125C
> I
6 Vesiorr) = 3.7V
Iy Nl T, --55°C
q Y TA =26°C
~ o YTa = 125°C
2 A\
0 I
o 1 -2 -3 -4 -5

Vgs — GATE-SOURCE VOLTAGE (V)

Common Drain-Source

T T T T 7
- TYP V(;sqo;;) =-18vV
Ta =25°C [
N —l_ VGS =0V
{
]
3 A Vs = -025v
// =t
1 T 1
2 [ Vgs = 0.5V
/ Il
VGS = -0.75V
! 'VGS = —‘1V i
I VGS =-1.25V
0 1 I 1 1 1
0 1 2 3 4 5

Vps — DRAIN-SCURCE VOLTAGE (V)

Output Conductance vs.
Drain Current

100 =
Ta=25°C 3V HH
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Io — DRAIN CURRENT (mA)
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Ipss — DRAIN SATURATION CURRENT (mA)
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gts — TRANSCONDUCTANCE (mmhos)
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1

Transfer Characteristics
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-
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Vgs — GATE-SOURCE VOLTAGE (V)

Parameter Interaction

Gts, lpss @ Vps = 18V, Vgs = 0V

'ps @ Ip = 0.5 mA, Vgs = ov
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N-Channel General Purpose Amplifier
(continued)

Typical Characteristics (continued)

ros — DRAIN ON RESISTANCE (52)

lg, lgss — GATE LEAKAGE CURRENT (pA}

e
=
(=]

10

10k

Channel Resistance vs.

Noise Voltage vs.

Temperature Frequency
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FASTr™ PowerTrenchU SyncFET™
Bottomless™ GlobalOptoisolator™ QFET™ TinyLogic™
CoolFET™ GTO™ QsS™ UHC™
CROSSVOLT™ HiSeC™ QT Optoelectronics™ VCX™
DOME™ ISOPLANAR™ Quiet Series™

E’CMOS™ MICROWIRE™ SILENT SWITCHERD

EnSigna™ OPTOLOGIC™ SMART START™

FACT™ OPTOPLANAR™ SuperSOT™.-3

FACT Quiet Series™ PACMAN™ SuperSOT™-6

FASTO pPOP™ SuperSOT™-8

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant into support device or system whose failure to perform can
the body, or (b) support or sustain life, or (c) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can be effectiveness.

reasonably expected to result in significant injury to the

user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.

Rev. G




2N7000

Preferred Device

Small Signal MOSFET
200 mAmps, 60 Volts

N-Channel TO-92

Features

® AEC Qualified
® PPAP Capable
® Pb-Free Packages are Available*

MAXIMUM RATINGS

Soldering Purposes, 1/16” from case
for 10 seconds

Rating Symbol Value Unit
Drain Source Voltage Vpss 60 Vdc
Drain-Gate Voltage (Rgs = 1.0 MQ) VDGR 60 Vdc
Gate-Source Voltage
- Continuous Vas +20 Vdc
- Non-repetitive (t, < 50 us) Vaswm +40 Vpk
Drain Current mAdc
- Continuous Ip 200
- Pulsed Ipm 500
Total Power Dissipation @ T¢ = 25°C Pp 350 mwW
Derate above 25°C 2.8 mW/°C
Operating and Storage Temperature Ty, Tstg | -55to +150 °C
Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction-to-Ambient | Rgya 357 °C/W
Maximum Lead Temperature for T 300 °C

Stresses exceeding Maximum Ratings may damage the device. Maximum
Ratings are stress ratings only. Functional operation above the Recommended
Operating Conditions is not implied. Extended exposure to stresses above the
Recommended Operating Conditions may affect device reliability.

*For additional information on our Pb-Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques

Reference Manual, SOLDERRM/D.

© Semiconductor Components Industries, LLC, 2007
October, 2007 - Rev. 7

ON Semiconductor®

http://onsemi.com

200 mAMPS
60 VOLTS
Rps(on) = 5 €2
N-Channel
D
G
S
TO-92
CASE 29
STYLE 22
1
1
2 3 2 3
STRAIGHT LEAD BENT LEAD
BULK PACK TAPE & REEL
AMMO PACK

MARKING DIAGRAM
AND PIN ASSIGNMENT

<<

2N
7000
AYWW =

R
Source o Drain

Gate

4

A = Assembly Location

Y = Year

WwWw = Work Week

. = Pb-Free Package
(Note: Microdot may be in either location)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 2 of this data sheet.

Preferred devices are recommended choices for future use
and best overall value.

Publication Order Number:
2N7000/D



2N7000

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Characteristic | symbol Min Max | Unit |
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage (Vgs =0, Ip = 10 pAdc) V(BR)DSS 60 - Vdc
Zero Gate Voltage Drain Current Ibss
(Vps =48 Vdc, Vgs = 0) - 1.0 uAdc
(Vps = 48 Vdc, Vgs = 0, Ty = 125°C) - 1.0 mAdc
Gate-Body Leakage Current, Forward (Vgsk = 15 Vdc, Vpg = 0) lgssk - -10 nAdc
ON CHARACTERISTICS (Note 1)
Gate Threshold Voltage (Vps = Vgs, Ip = 1.0 mAdc) VGsith) 0.8 3.0 Vdc
Static Drain-Source On-Resistance rDS(on) Q
(Vgs = 10 Vdc, Ip = 0.5 Adc) - 5.0
(Vas = 4.5 Vdc, Ip = 75 mAdc) - 6.0
Drain-Source On-Voltage Vps(on) Vdc
(Vgs = 10 Vdc, Ip = 0.5 Adc) - 25
(Vas = 4.5 Vdc, Ip = 75 mAdc) - 0.45
On-State Drain Current (Vgs = 4.5 Vdc, Vpg = 10 Vdc) la(on) 75 - mAdc
Forward Transconductance (Vps = 10 Vdc, Ip = 200 mAdc) Ofs 100 - umhos
DYNAMIC CHARACTERISTICS
Input Capacitance Ciss - 60 pF
: (Vbs =25V, Vgs =0, -
Output Capacitance t=1.0 MH2) Coss 25
Reverse Transfer Capacitance Crss - 5.0
SWITCHING CHARACTERISTICS (Note 1)
Turn-On Delay Time (Voo = 15 V, Ip = 500 mA, ton - 10 ns
Turn-Off Delay Time Rg=25Q RL=30Q Vgen =10V) toff - 10
1. Pulse Test: Pulse Width <300 us, Duty Cycle <2.0%.
ORDERING INFORMATION
Device Package Shipping?
2N7000 TO-92 1000 Units / Bulk
2N7000G TO-92 1000 Units / Bulk
(Pb-Free)
2N7000RLRA TO-92 2000 Tape & Reel
2N7000RLRAG TO-92 2000 Tape & Reel
(Pb-Free)
2N7000RLRMG TO-92 2000 Tape & Ammo Box
(Pb-Free)
2N7000RLRPG TO-92 2000 Tape & Ammo Box
(Pb-Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging

Specifications Brochure, BRD8011/D.

http://onsemi.com
2
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PACKAGE DIMENSIONS

TO-92 (TO-226)

CASE 29-11
ISSUE AM
NOTES:
STRAIGHT LEAD 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
BULK PACK 2. CONTROLLING DIMENSION: INCH.
3. CONTOUR OF PACKAGE BEYOND DIMENSION R
IS UNCONTROLLED.
4. LEAD DIMENSION IS UNCONTROLLED IN P AND
BEYOND DIMENSION K MINIMUM.
INCHES | MILLIMETERS
DIM[ MIN | mAX [ MIN | mAX
A | 0175 | 0205 | 445 | 520
B | 0170 | 0210 | 432 | 533
C | 0125 | 0.165 | 3.18 | 4.19
D | 0016 | 0.021 | 0.407 | 0533
D G | 0045 | 0055 [ 115 | 1.39
H | 0.095 | 0.105 | 242 | 266
J | 0015 [ 0020 | 039 | 050
@ J K [ 0500 | --- | 1270 | -
L0250 | —— | 635 [ -
N | 0080 | 0105 | 204 | 266
P | --- 0100 -—- | 254
SECTION X-X R | 0115 | 293 -
V0135 | - | 343 | -—-
NOTES:
BENT LEAD 1. DIMENSIONING AND TOLERANCING PER
TAPE & REEL 2 ég%%étﬁm&;gm'ENsz MILLIMETERS
AMMO PACK 3. CONTOUR OF PACKAGE BEYOND
DIMENSION R IS UNCONTROLLED.
4. LEAD DIMENSION IS UNCONTROLLED IN P
AND BEYOND DIMENSION K MINIMUM.
MILLIMETERS
| oM | MmN | mAX
A | 445 [ 520
B | 432 | 533
C | ai8 | 419
D | 040 | 054
b G | 240 | 280
J | 039 | 050
@ J K | 1270 | ---
N | 204 | 266
f P | 150 | 4.00
R| 293 | ---
SECTION X-X v | 3438 -
STYLE 22:
PIN1. SOURCE
2. GATE
3. DRAIN
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