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Co bylo predtim?
o0 ..elektronky (1904 dioda, 1907 trioda)
Pfinesly mozZnost rozvoje elektroniky

(@]
o (bezdratovy prenos zvuku a obrazu, radiolokace, prvni pocitace)
(@]

Ale maji spoustu nevyhod:

Prvni tranzistor

Tranzistor

Funguji s velkym napétim,

Potrebuji Zzhaveni,

Pottebuji udrzet vakuum,

Spatné se miniaturizuji,

Drahé a naro¢né na vyrobu,

Kfehké a nespolehlivé

o Funguje skoro jako elektronka, ale:
cely z jednoho kusu materialu,

= potencial miniaturizace, odolnost a spolehlivost,

nepottfebuje Zhaveni,

nepotirebuje velké napéti. |
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SvEtovd produkce tranzistorii ve vybranych letech:
pocet pfepocteny na jednoho Elovéka

20,000,000,000

56,000,000,000

40,000,000,000 60,000,000,000

Tranzistor vyuZiva polovodicu.

o Vzpominate, jak funguje dioda?
Dokazeme vytvofit prostredi, v ném?z jsou dva druhy naboju,
kazdy reaguje na elektrické pole jinak a reaguji také na sebe

vzajemné:

o Atranazistor...
... také pouziva efektu PN prechodu!

Jsou tam dokonce dva:

tam dokonce dva:
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e B - o0dsava prebytecné rekombinované negativné nabité cCastice

Schématicky

zesileni B = I/lg
... nékdy t&7 ho,
o Tranzistor neni symetricky, Emitor je vodivejsi

Lze vyrobit dvéma zpUsoby:

NPN PNP
C C
B B
E E
° °
N P N P N P
E K E K

o NPN —Sipka ven (Mnemotechnicka pomucka)
- Bipolarni tranzistor
o Zde prezentovany tranzistor je tzv. bipoldrni tranzistor. VyuZivad obou nosi¢li ndboje, pfitomnych v
polovodici.

Kollektor
—0

Rekombination

Basis

oV prlbéhu let vznikly jesté dalsi soucastky s podobnym chovanim, kterym se proto také rika tranzistory.
Jesté se k nim dostaneme, jsou také velmi dalezité pro IT.



VA Charakteristiky
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Bézny bipolarni tranzistor

FAIRCHILD

BC546 / BC547 / BC548 / BC549 / BC550
NPN Epitaxial Silicon Transistor

e ”

5 Ton
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o hitp:itwww fairchikisemi comidatashaats/BC/BCSA7 pdf

Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be opera-
ble above the recommended operating conditions and stressing the parts to these levels is not recommended. In addi-
tion, extended exposure to stresses above the recommended operating conditions may affect device reliability. The
absolute maximum ratings are stress ratings only. Values are at T, = 25°C unless otherwise noted.

Symbol Parameter Value Unit
BC546 80
Vego | Collector-Base Voitage BC547 / BC550 50 A\
BC548 / BC549 30
BC546 65
Veeo | Collector-Emitter Voltage BC547 / BC550 45 \
BC548 / BC549 30
g BC546 / BC547 6
Vego |Emitter-Base Voltage \
BC548 / BC549 / BC550 5
Ic Collector Current (DC) 100 mA
Pc Collector Power Dissipation 500 mwW
Ty Junction Temperature 150 °c
Tste Storage Temperature Range -65 to +150 °C

O
o Teplotni zavislost tranzistoru
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Electrical Characteristics

Values are at Ty = 25°C unless otherwise noted

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Icso Collector Cut-Off Current Veg=30V, Ig=0 15 nA
hee DC Current Gain Vee=5V,Ic=2mA 110 800

Vee(ssl) Collector-Emitter Saturation Ic=10mA, Ig= 0.5 mA 90 250 o

= Voltage lc= 100 mA, Ig= 5 mA 250 | 600
A ) Ic=10mA, Ig=05mA 700
Vge(sat) |Base-Emitter Saturation Voltage mV
lc =100 mA, Ig=5mA 900
‘ V=5V, Ic=2mA 580 660 700
Vge(on) |Base-Emitter On Voltage mV
vCE =5V, |c =10 mA 720
: : Vee=5V,Ig=10mA,
fr Current Gain Bandwidth Product f= 100 MHz 300 MHz
Cob Output Capacitance Veg=10V, lIg=0,f=1MHz 35 6.0 pF
Cp Input Capacitance Veg=05V,1c=0,f=1MHz 9 pF

® |cgo— kolik proudu bude téct, kdyz baze a emitor jsou zkratovany
= hge—zesileni, je velice obtizné ho udélat s malym rozptylem

= Vce(sat) — Kdyz baze je saturovana, kolik napéti je ubytek

= Vge(sat) — Kolik voltd by mélo byt na bazi aby byl spolehlivé otevreny tranzistor

= Vge(on) — Kolik voltl by mélo byt na bazi aby byl aspon trochu otevreny tranzistor

= fr—Jak rychlé mlze byt spinani tranzistoru

hgg Classification

Classification A B Cc
hee 110 ~ 220 200 ~ 450 420 ~ 800
Typical Performance Characteristics
100 100 T
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§ il o b ;l‘:zl.')OuA 4 g
5 | ||, = 200pA 5
w w
é‘ o /" = 150pA—] g
- ————— | £ :
— T 1= 10CpA =
s = S0HA
0 I ‘ 01
° 2 4 13 8 10 12 1“4 16 18 20 o0 02 04 [ 19 os 10 12
V[V, COLLECTOR-EMITTER VOLTAGE VeelV], BASE-EMITTER VOLTAGE
Figure 1. Static Characteristic Figure 2. Transfer Characteristic
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Ic[mA], COLLECTOR CURRENT

o Proudové zesileni neni konstantni, pro vétsi proudy kolektoru klesa.
U nékterych tranzistort je také niZsi pro velmi malé proudy.
Vyrobci se obecné snazi mit tuto charakteristiku co nejrovnéjsi.




Tranzistor jako spinac

Ve ‘

zZarovka
12V /1 1A

@\D Mikrokontrolér LV:- ; @94- L \&C

Vystup
log. 1=
Zarovka
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(@]
Ic Saturation Regi
gion
(mA) (transistor “fully-ON")
When Veg =
| Q-point
" (active region)
! \ Cut-off Region
| \ (transistor “fully-OFF~)
. /
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1 Ige=0
T Vee(V)
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¢ The input and Base are connected to V¢

Vee * Base-Emitter voltage Vgg > 0.7v
* Base-Emitter junction is forward biased
Ry * Base-Collector junction is forward biased
Vau e Transistor is “fully-ON" ( saturation region )
Swich * Max Collector current flows (I = Vec/R )
e o Vg = 0 (ideal saturation)
¥ *Vour =Vce="0"

» Transistor operates as a “closed switch”

e The input and Base are grounded (Ov )
Vee Vee * Base-Emitter voltage Vgg < 0.7V
o Base-Emitter junction is reverse biased
® Base-Collector junction is reverse biased
e Transistor is “fully-OFF” ( Cut-off region )
 No Collector current flows (Ic =0)
»Viour=Vee™= Ve ="1"
» Transistor operates as an “open switch”




= Pouziva se jako negace

NAND hradlo
Input 1
Input2 ©
O

Output
(no load)

= Tranzistor T1 — kdykoliv z dvojic baze emitor je aktivovani, tak se otevre
= Logické 11:

T1 bude zavieny — vazby emitor — baze nemaji napéti mezi sebou

T2 bude otevieny — skrz bazi T1 bude téct proud do jeho baze

T3 bude otevieny — napéti na vystupu se bude blizit nule

T4 bude zavreny — kvuli diodé by musel mit na bazi aspon 1.5 V, bude tam vsak jen okolo
0.8 V kvlli tranzistoru T3

= Logické 01 nebo 10

Priklad

T1 bude otevieny

T2 bude zavreny, protoZze T1 bude vést velmi maly, az nulovy proud kvli vstupu ktery je
pfipojeny k zemi

T3 bude zavreny, protoZe je zavieny T2

T4 bude otevieny — vytvofi logickou jednicku

o Chceme ovladat relé pomoci mikrokontroléru. Ten ma na vystupu bud' log. 0 (GND) nebo log. 1 (+3,3V).
Maximalni proud vystupu je ale pouze 20mA, tuto hodnotu nelze prekrodit, jinak dojde ke znic¢eni
mikrokontroléru. Relé potrebuje pro sepnuti civky 12V, odpor civky je 220Q.

o 1.Jak to zapojit?
o 2.Jaky bude pracovni bod tranzistoru UCE, IC?
Jaka bude vykonova ztrata na tranzistoru?

Jaky bude proud a napéti na civce relé?
o 3. Jaky bude tfeba bazovy proud? Jak jej omezit?
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V[V], COLLECTOR-EMITTER VOLTAGE

o
Electrical Characteristics 7,=25°C unless othenwise noted
Symbol Parameter Test Condition Min. | Typ. | Max. | Units
lcao Collector Cut-off Current V=30V, Ig=0 18 nA
hee DC Current Gain Vee=bV, Ig=2mA 110 800
Ve (sat) | Collector-Emitter Saturation Voltage | I-=10mA, Ig=0.5mA 90 250 mV
Ig=100mA, Ig=5mA 200 | 600 | mV
Vge (sat) | Base-Emitter Saturation Voltage 1c=10mA, Ig=0.5mA 700 mV
Ic=100mA, I5=5mA 900 mV
Vge (on) | Base-Emitter On Voltage Veg=5V, Ig=2mA 580 | 660 700 mV
V=5V, Ic=10mA 720 | mV
fr Current Gain Bandwidth Product V=5V, Ic=10mA, f=100MHz 300 MHz
Cop Output Capacitance Veg=10V, Ig=0, f=1MHz 35 6 pF
o Input Capacitance Veg=0.5V, =0, f=1MHz 9 pF
zesileni hee = 1/1g
o
o Iz>-t>>5550microd
B~ hpg ~ 100
w
(é) 10000
=
o) le =101
0 c ]
>
P4
0
2 Vee(sat)
é 1000 e(sat) ———
o)
=
<
9]
3 /
s 100 el
< Vee(sat /
w CE!
= L
= |
[
)
|
> 10
1 10 100 1000
Ic[A], COLLECTOR CURRENT
o

o 0.1V ztrata



0,8V pro otevieni
3,3V vystup
2,5V ztrata na rezistoru

Rp = == = 5000
0.005

O O O O

Darlingtonovo zapojeni

B

B4 B,

O
o I¢p=B1x1Ipy
o Igz=Bz*I¢c1=Bz2*PB1*Ip1

R B=B;.



