"POLITECNICO DI TORINO

ESAME DI STATO PER L’ABILITAZIONE ALLA
PROFESSIONE DI INGEGNERE

SEZIONE A - RAMO “ELETTRONICA” - TEMA 1

PROVA PRATICA DEL 26 NOVEMBRE 2002

Nell’ambito dello sviluppo di un sistema di comunicazioni, € necessario progettare un
circuito per la compressione della dinamica caratterizzato da una funzione di
trasferimento ingresso-uscita con pendenza pari a 40 mV/dB, con tensione di ingresso
variabile tra 1 mV (e V,,=0 V per questo valore dell’ingresso) € 10 V. Sulla base dei data
sheet a disposizione, si1 richiede di:

1. identificare 1l tipo di circuito analogico che meglio realizza la funzione richiesta;

2. progettare tale sistema, sapendo di avere a disposizione una alimentazione in continua
a +12 V e minimizzando I’effetto della temperatura.

'Si richede inoltre al candidato di produrre un breve saggio sulle norme deontologiche che
caratterizzano la professione di ingegnere.

‘Nota: si ricorda che il parametro #;. presente nelle caratteristiche del transistore &
composto della resistenza di base e del parametro A;. intrinseco, quest’ultimo
inversamente proporzionale alla corrente di collettore.
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LM741
Operational Amplifier

(General Description

The LM¥741 series are general purpose oparational amphifi-
ers which feature improved performance over industry slan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MG1439 and 748 in most applications.

The amptifiers offer many teaiures which make their applica-
tion nearly foolproof: overload protection on the input and
ouiput, no laich-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

National Semiconductor

Augusl 2000

The LM7410C is identical to the LM741/|_M741A except that
the LM741C has their performance guaranteed overa 0°C 1o
+70°C termperature range, instead of -55°'C to +125°C,

Connection Diagrams

Metal Can Fackage

N
8]
OFFSET HULL
INVERTING INPUT{2) }

NON=INVERTIRG INPUT(3)

auTPur

(5JOFFSET NULL
(4)
-
D508 T-2
Note 1: LM741H is avaiiable per JM38510010101
Order Number LM741H, LM741H/883 (Note 1},

LM741AH/883 or LM741CH
See NS Package Number HOSC

Typical Application

Dual-In-Line or 5.0. Package

L
OFFSET MULL —] ! 8 |--HC
INYERTING {HPUT — 2 7=yt
NON=INVERTING —f 2 B = OuTPUT
NPT
Vo — 4 S—OFFSET NULL

OEDOS34 - X

Order Number LM741J, LM741J/883, LM741CN
see NS Package Number JOBA, MO8A or NOSE

Ceramic Flatpak

© 2000 National Semicontucior Corporation

r«u:l__—_...'T . e
FOFFSET NIJLLI'_TT ::I HE
~1MPUT|"';'T LM7a1wW ?:l ¥+
+INFUF :5 E:] OUTPUT
y- [ _ 1 -QFFSET NULL
(=l xERE
Order Number LM741W/883
See NS Package Number W10A
Oftset Nulling Circuit
LM7 41 QUTPUT
+
'|.|"_
whal B8 B
DS00S341 wwwe.national.com
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LM741
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Absolute Maximum Ratings mote 2

i Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

[Note 7)

Supply Voltage

Fower Dissipation (Note 3)

Ditterential Input Voltage
Input Voliage (Mote 4)

Qutput Short Circuit Duration
Operating Temperature Range
Storage Temperature Range

Junction Temperaiura
Soldering Information

M-Package {10 seconds)

LM7414

22y

00 mw

+30Y
+15Y

Continuous
“55'Cto +125°C

-63'C to +150°C

J- or H-FPackage {10 seconds)

WM-Package

Vapor Phase (60 seconds)

Infrared (15 seconds)

150°C

260°C
300°C

215'C
215°C

LM741
+22V
500 mw
+ 30V
+15Y
Contthuous

=55 C to +125°C
-55°'C to +1530°C

150°C

260°C
300°C

215°C
215°C

LMYA1C
T18Y
500 mWw
+30V
=15V
Continuous
0°C to +70°C

-G53 C 1o +150°C

100°C

260G
300°C

215°C
215°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of satdering

surface mount devices,

ESD Tolerance {Mote 8) 400V 400V 400V
Electrical Characteristics (ot 5
Farameter Conditions LIM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Uffset Voltage Ta=25C
Rs < 10 kQ 1.0 | 50 20 80 mv
Re = 5080 0.8 3.0 my
Taming © Ta = Tapax
Rs < 500 4.0 mYy
Rs < 10 kQ 6.0 7.5 | my
Average Input Offset 15 VG
Voltage Drift
I Input Offset Voltage Ta = 25°C, Vg = 220V £10 15 +15 my
Adjustment Range
irput Offset Currerd Ta=25C 3.0 30 20 ! 200 20 | 200 nA
Tanam = Ta 2 Tapax 70 85 | 500 300 nA
Average Input Offset 0.5 nAS C
Current Drift
' Input Bias Current Ta =25°C 30 80 80 | 500 80 | 500 nA
Tarn < Ta € Tapax 0.210 15 0.8 1A
Input Resistance Ty =250, Vg = 20V 1.0 | 6.0 0.3 | 2.0 03 20 MQ
Tarmg = Ta Z Tapax, 0.5 RE2
Vs = :tEE'.'"u"
Input Voitage Range Ta =25C +12 | £13 v
Tanin € Ta € Tamax 12 | £13 V
www_national.com 2




Electrical Characteristics (Note 5) (Continued)

Parameter Conditions LM741A LM741 LM741C Units
[ Win [Typ [ Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain | T, = 25°C, R, 2 2 ki2
Vg » 220V, Vo = 215V 50 vimV
Vg = 215V, Vo = 210V vimv
Tooaws € Ta € Tasaacns
I R,z 2k,
Vg = 220V, Vg = 215V ViV
Vg = 13V, Vg = £10V | Vim¥
Vg = £5V, Vg = 22V i VimV
Qutput Voltage Swing Vg = 20V
R 2 10 kD T v
R, 22k .. - h
Vg = 215V _
S ,,
R, 22 kQ v
Output Short Circut [T.=25C mA
Current Yoot S Ta S Tapaax mA
Common-Mode Tosans S Ta € T asanx
Rejection Ratio Ry < 10 KQ, Vpq = £12V 4B
Ry S 5000, Vpy, = £12V d8
Supply Voltage Rejaclion Tasami S Ta S Tapaaxs
. Ratio Vg = 220V 10 Vg = £5V
Ry < 5002 86 dB
Ry < 10 kQ a8
Transient Response [T, = 25°C, Unity Gaim |
Rise Time T |
Bandwidth (Ncte 8) T.»25C 0.437 MH2
Slew Rate T, = 25°C, Unity Gain 0.3 Vips
Supply Curment . Ty =25'C mA,
Power Consumption | Tx = 25°C
Va = 220V mw
Vg = 215V mW
LM741A Vg = £20V
Tan Tapu mwW
Ta = Tasaax mw
LM741 Vg = 215V
R
Ta = Tanax - _ 2l L | mw

Note 2: "Absokuie Maxinusn Ratings™ Indicate fimits beyond which damage 10 the device may ocour. Oparating Ratings indicaie condidons for which the devics Js
functional, but do not guarantey spacific pesrfonmancs Kmits.

vAW. national.com
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LM741

A

Electrical Characteristics (Note 5) (Continued)

Note 3: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and T, max. (listed under “Absolute Maximum Rat-

www.national.com 4

ings”). Ti =Ta + (BiA Pp).

Thermal Resistance Cerdip (J) | DIP(N) | HO8(H) [ SO-8 (M)
0;a (Junction to Ambient) 100°C/W 100°C/W 170°C/W 195°C/W
Bic (Junction to Case) 25CW | N/A

Note 4: For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage

Note 5: Unless otherwise specified, these specifications apply for Vg = 15V, -55°C < T4 < +125'C (LM741/LM741A). For the LM741C/LM741E. these specifica-
tions are limited to 0°C < Tp £ +70°C.

Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time(us).
Note 7: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.
Note 8: Human body model, 1.5 kQ in series with 100 pF.

Schematic Diagram

al T TN
Q14
NON=INYERTING :
R
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M.

Physical Dimensions inches (milimeters) unless otherwise noted

: 0.350—-0.370
™ b Ei0_g30m |
DIA
B.315—0.335
il"" B.o0T-Bg0E)
B MAX
- 0.025
0,165 ~0.185 ? | 5% UNCOATHOLLED |
(4197 - 2.6%9) * | l | AD DIA '
HEFERENCE PLANE % RN ¢ M— ] ¥
0.035 = f-— SEATING PLANE
0500 ~ Topag il f .05 —b.04D
{12.70 MAX [yf - [0.381 1015
N 1 0.016-0.019 !
kil {0.406 —0_4&3) DiA TYF
0.195—0.205 Dia
0.100 . {4,953 5,207} PC.
2580 |V
0,020 ~0.045 7
{6737 —1.143) +
0.028 - 0.034 ORI
(0.711 —0.864} 150,
\% (2.921 —3.683)
mA

45° EQUALLY
SPACED i HONG [REY E)

Metal Can Package (H)
Order Number LM741H, LM741H/883, LM74TAH/883, LM741AH-MIL or LM741CH
NS Package Nurmber HO8C

T T

o.I20 O0.310 MAX

’ 0.I01  GLASE
0.045
0,645 117
QLASS
SFALANT
2.028
8.040
f ¥ o135
_ 0.125 M
| _ 0.200
: | | IR
5% 4 5 m\.i| s310 Qo 4% TYP
"" 0410 "l |
».008 L 0016 £0.003 TYP
0,013
. —_ 0.100£0.010 TYP %4 DY K)
Caramic Dual-in-Line Package {J)
Crder Number LM741J/883
NS Package Number JOSA
§ www.nathonal.com
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LM741
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{  Physical Dimensions inches (miimeters) uniess otherwise noted {Confinued)
D373 - 0.408
1T 474 — 10,16}
(IR
0.052 — 0.032 005
{2337 . I - (31 20127
. . ] RAD
P HE % IHEHfﬁ\' . {615 8.127) PN H0. 1 I0ENT—
DPTIEN 1 ¥
0.280 it 0
— ] 1—_:.1“” MiN [ 0.030 ax ETUi_EIﬁP_h-f == DFTITH 2
5.300 - 0,320 [0 752} wommf o D028 0145 - 0.200
™ ve_sam I ¢ DTV [0.851} {1,563 — 5.06G)
- £ uaantupas | __'L_
- T J___ 3.302 +0.127) ¥ ;
oy = §° A" b 025 =0 540 i
- ¥ (1975 -3.55E) A u}zu
0.908 - 0.015 o 40* 1 4° L5081
D32a-gaan | e e
+. . 0.018 £0.007
. e " BasT L0078
MY 0,100 £0 610
{““ 4. || [2.540£0.254)
I1.D45 + 0,035 |
111430381 - 0,050
— ——
0,650 e (1.524)
[1. 270 LedE PEVF
| Dual-In-Line Package (N}
Order Number LM741CN
- NS Package Number NOBE
0.080 ., 0,270 MAX-
0.035 0.950 £ 0.005 r— - 0,005 MIN TYP
0.035 _.| e bl
D.028
tQ
TP | W |: y
1| f
| o370
0.250
| .
0.270 MAX a.240
GLASS a.238
T 0.012
' e.008
_/" DETAIL A
DETAIL A J1| 0.370
0.250
| PN #1 ‘ : l
IDENT s ' s W10A {REY [}
0.006 .
0.004 0010 _J
TYP . 1.045 MAX
g.01s 'F 1P
10-Lead Ceramic Flatpak (W)
Order Number LM741W/883, LM741WG-MPR or LM741WG/883
- NS Package Number W10A




' ‘Notes

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL

LIFE SUPPORT POLICY
COUNSEL OF NATIONAL 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 support device or system whose failure to perform
into the body, or (b) support or sustain life, and can be reasonably expected to cause the failure of
whose failure to perform when properly used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectiveness.

labeling, can be reasonably expected to result in a

| significant injury to the user.
National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Asla Paclific Customer Japan Ltd.
Americas Fax: +49 {0) 180-530 85 86 Response Group Tel; 81-3-5639-7560
Tel: 1-800-272-9859 Email. europe.support@nsc.com Tel: 65-2544466 Fax: B81-3-5639-7507
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 69 9508 6208 Fax: 65-2504466
Emal. support@nsc.com English Tel: +44 (0) 87024 0 2171 Email: ap.support@nsc.com

www.nationai.com Francais Tel: +33(0) 1 41 91 8790

National does not assume any responsibifity for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time withoul notice 1o change said circuitry and specications.
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by P2ZN2222A/D

Amplifier Transistors
NPN Silicon

MAXIMUM RATINGS

| Rating

—

Iiﬂamr-Eninur Vollage

Collecior-Base Vollage
Emitter- Bass VoRage
Collecior Curment — Conlinuous

| Tota) Device Dissipation @ Ta, = 25°C
Derate above 25°C

Tolal Device Dissipation @ Tg = 26°C
Derate above 25°C

—————

Cpearating and Storage Junctlon
Temperature Rangs

THERMAL CHARACTERISTICS

I Characteriatic

- Theiwnal Resistance, Junction to Ambiant

Raya
Thermal Rasistance, Junction to Case Apac 83.3

ELECTRICAL CHARACTERISTICS (T4 = 25°C uniess otherwise

Characteristic

Symbol

noted)

P2N2222A

4

%3

CASE 2004, STYLE 17
TO-92 (TO-226AA)

Min . Max I Unit ]

Symbol

OFF CHARACTERISTICS

L

Collactor-Emitter Breakdown Voltage
{ic =10 mAdc, Ig = 0)

Collector—Basa Breakdown Voltage
(ic = 10 gAde, Ig = 0)
Emitier—Base Breskdown Voltage
{Ilg = 10 pAde, I = D)

Colleckor Cutolf Curment
(VCE = 80 Vdc, VER(ol} = 3.0 Vidc)

Collactor Cutafl Current
{(VCB = 80 Vdo, ig = 0)
Wﬂﬂﬂmvﬁ. IEIH.TA-'im

Emitter CutoR Curment
{(VEg =3.0Vde, I = 0)

Collector Cutoff Cument
(Vcg=10V)

Basa Cutolf Current
{VCE = 60 Vdc, YER(om = 3.0 Vdo)

& Motorols, Inc. 1966

Vdc

V(BR)CED [ 20

] I I
] I I
Bl I A

@ MOTOROLA

40



P2N2222A

ELECTRICAL CHARACTERISTICS (Ta = 25°C uniess otherwise noled) {Continued) .

Charactarietic Spbol | W | Max | Uk

il

ON CHARACTERISTICS

Collector—Emitier Saturation Volagel1)
(ic = 150 mAdc, ig = 15 madc)
|  (ic=500 mAdc, ig = 50 mAdc)

Base~Emister Saluration Voltagel 1)
(ic = 150 mAdc, Ig = 15 mAdo)
(I = 500 mAdc, Ig = 50 mAdo)

SMALL-SIGNAL CHARACTERISTICS

I DC Current Gain i vE

{ic = 0.1 mAdc, Vo = 10 Vdc) | x
{ic = 1.0 mAdc, VoE = 10 Vac) 50
{ic = 10 mAde, Vo = 10 Vide) ”
{ic = 10 mAdc, VCE = 10 Vde, Ta = -85°C) %
(ic = 150 mAdc, Vo = 10 'ﬂh)& | 100
(i = 150 mAde, Vg = 1.0 Vde)(1) 80
(IC = 500 midc, Vog = 10 Vo) . _ P |

Cunent—Gain — Bandwidth Producti2)
{lo = 20 mAde, YoE » 20 Vde, [ = 100 MHzZ)

Output Capacitence
(Vep =10 Vde, ig =0, 1 = 1.0 MH2)

Input Capacitance
(VEp=05Vdo, i =D, I » 1.0 MHIZ)

input impadance
(i = 1.0 mAde, Vg = 10 Ve, 1= 1.0 kHz)
(i = 10 mAde, Vo » 10 Vde, = 1.0 kHz)

Voltage Feedback Ratlo
{ic = 1.0 mAde, VoE = 10 Vde, 1= 1.0 kMHz)
(i = 10 mAde, Vg = 10 Vde, { = 1.0 kHz)
Small-Signal Current Gain

{ic = 1.0 mAde, VoE = 10 Ve, f= 1.0 kHz)

{ic= 10 mAde, VGE = 10 Vde, T = 1.0 kHz)

Outpnst Admiltance
(ic = 1.0 mAde, VoE = 10 Vdc, ! = 1.0 kHz)
(i = 10 mAde, Vo = 10 Vde, | « 1.0 kide)

Collector Base T Conetant
{lg = 20 mAde, Vg = 20 Ve, { = 31.8 M)

Noiss Figure

X0

fo

o
g

i = 100 pAdc, VoE = 10 Vs, Rg = 1.0 k%, = 1.0 khiz)

SWITCHING CHARACTERISTICS

 OvayTime | (vog =30 Vs, v

= -2.0 Vde,

ic = 150 midc, ig1 » 15 mAde) {(Figure 1)

1. Pulss Tosl: Pulse Widlh < 300 ps, Duty Cycls < 2.0%.
2. iy Is defined as the frequency at which [hy,| extrapolaies to unity.

Motorola Small-Signal Transistors, FETs and Diodea Device Data
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P2ZN2222A
SWITCHING TIME EQUIVALENT TEST CIRCUITS

I"l‘

1 Cg" < 10pF

| T

— Scope rise time < 4 ns
“Tolal shunl capacitance of iest jig,
conneciorns, and oecilioscope.

Figure 1. Twrn—0On Time Figure 2. Turn—-01#f Time

|

i
T
ais)

heg. DC CURRENT GAM

B a8 B8 848
!

@t 02 03 05 07 10 20 30 S50 70 10 X X W 0 100 200 300 500 M0 1.0k
lc. COLLECTOR CURRENT {maA)

Figure 3. DC Current Galn
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P2N2222A

NF, ROISE FIGURE {dB)

CAPACITANCE (pF}

T e of ekl T S L W B S sy - - T Y e

20 30 5 70 100 ﬂ.’ﬂ
o) CGLLECTWEUHHEHT[IHA}

50 7.0 10

Figure 5. Turn—-0On Time

0 _S\}}: | L I[ !
oo L I 1 - 1oma Ag = 1500

-1 200 1A, Reg =200 @
100 n&, Rg =20k

5.0 S0 pA Rg= 4.0 ki i

FTTell 1T T T TTT

By = OFTIMUM
SOURGE
RESISTANCE [T

4.0 A

2.0

[y

[ ———

0
00t 002 006501 02 05 10 20 50 10 20 S0 100

i, FREQUENCY (kHz)

Figure 7. Frequency Effects
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Figure 8. Source Reaistance Effects
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