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Temperature Coefficient of Copper
P(T)=po [1+ U-(T‘ To )]
P =I*R
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Breaking of Covalent Bond Creating
Electron-Hole Pair

free electron moving
€- through lattice

created hole

covalentHond (missing electron)

| Si atom

O Photon (light, heat)
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Table 3: Cold resistance (2 at 75°F) and wire gauge vs. power output (W) at operating voltage (V). [=dit]

In the following table, the alloy named michrome Vis specified as: 19-21% Cr, 2.5% Mn {max), 1.0% Fe (max), 0.75-1.6% Si, 0.15% C (max), balance Ni.[3!

Power output (W) Resistance (Q), nichrome V, 75 °F. | Resistance (Q), michrome, 75 °F. | Recommended wire gauge (B&S No./AWG)
{upon reaching operating temperature) - 110120V 220240V - 110120V 220240V - 110120V 220240V
100 . 123.52 l 454.09 . 118.10 . 472.40 . Mz 26—30 min l Max, 29-33 min.
150 - 82.347 . 329.38 - 78.732 - 314.93 - 26-30 . 29-33
200 . 61.761 l 247.04 . 59.050 . 236.20 . 25-29 l 28-32
250 -49.409 . 197.64 - 47.240 - 188.96 - 24-28 . 27-31
300 .41.174 l 1e4.69 . 39.366 . 157.46 . 24-28 l 27-31
350 - 35.291 . 141.16 - 33.742 - 134.97 - 2327 . 26-30
400 . 30.881 l 123.52 . 29.525 . 1158.10 . 22-26 l 25-29
450 - 27.449 . 109.80 - 26.244 - 104.93 - 20-24 . 23-27
300 - 24.704 . 98.817 - 23.620 - 94.479 - 2024 . 23-27
250 . 22.458 l 89.832 . 21.472 . 85.889 . 19-23 l 22-26

600 20.586 83.345 19.683 79.730 19-23 22-26
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Periodic Table of the Elements

13 16 17
1A VIA VIIA
3A 6A TA

Electrons 2,8,4
per shell

57 58 59 ;

Lonthenide ST NS RERE Nd Pm ‘Sm Eu ‘Gd Tb Dy "Ho Er Tm Yo "Lu
Lanthanum Carlum o I 1 Europlum Gadolinium Tarblum Dy:prul Holmium Erblum Thullu Ytorblum Lutetium
138.6085 140116 140.90765 144.24 1440127 150.36 161.9666 15725 158.92534 164.93032 16726 m&mt 172.04 174.967

Actinide
Series
af=EF=E-=—8

21



Dy

Silicon USgNd

14831 annsaUdEsY
‘ ‘ ‘ Taidn T

22

12V 75Ah 610 A



v P~ a [~ ai [~
N1585199Lann5aud a5 luva LM UURUIU

WwuarsudanUasuasluine il electron daszinuauun (electron LHAUAMUADINIS)

® S
POWER

23

12V 75Ah 610 A



v P~ a < d' <
N1585199L1anM5auddse luva MU URUIU

1A Periodic Table of the Elements vila

13 14 15 16 17 .
1A IVA VA VIA VIIA k‘a
3A 4A ad 7A f

3 4 5 6 7 8 9 10 1" 12

e Ive VB viB VIIB Vil B B
5B 6B 78 | 8 i
g " 8. S N

Electrons | 2, 8, 5

per shell

| 1 Fe Co Ni Br Kr
Lanthanid f Sy ¥
Tance  NEHE NS B “Nd Pm "Sm Eu Gd “Ib Dy "Ho "Er Tm “Yb Lu
L:m ?ﬁﬂ'!"s Pm 144.24 144.0127 160.36 .uss 157:45 1m W'." m 1?:“3 sﬁmz ' '1Mm

Actinide

Serles
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\diawfy Phosphorus asluTu Silicon U“%qw"og

12V 75Ah 610 A
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diawiu Phosphorus aslulu Silicon U%Ej‘vfé

([
LS

Biannsaudaszmaifidiutgliuszluin wdauild
NYaIENdnad1931 Wivizvauseyluna (charge carrier)

nsiiuarsuUanUasuasly silicon @331 n15laUa1s (Doping)
nstauieinliladanasauiiy (38031 N-Type Doping

(N = Negative) 30
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i Periodic Table of the Elements

13 14 15 16 17
1A IVA VA VIA VIIA
3A

6 7 8 9 10 1"

ViB VilB Vil B
6B 7B I 8 l

Electrons

per shell

57 58 . l 61 l. . . G . 67 68 69 70 Fa
P La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Lanthanum- Carlum  Prasoodym Neodymium  Promethium  Samarum Euvroplum  Gadalinium erblum Dysprosium Holmium Erblum Trullum Ytorbium Lutetium
1389055 140118 mo-m?" ?ﬂzﬁ 1449127 160.36 1619665 157.26 1&@ 162,50 164.93032 16726 168.93421 173.04 174,967

Actinide
Series
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PN Junction

Barrier Potential
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PN Junction

Barrier Potential

Vcc <V

Barrier Potential
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PN Junction

Barrier Potential

Vcc >V

Barrier Potential
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PN Junction

Barrier Potential

Vcc >V

Barrier Potential

V’'=Vcc -V

Barrier Potential
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Diode

A K
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¥84 Diode azi38nAld V,, Vd %38 V forward

Barrier Potential
Ao ussAuAgaf diode Fuvineu
A1 Vf azuUsiunugamndl uasusildndnansnadinin lagiialuesiidniigumniivias
lalandivinann Silicon asdl Vf= 0.7 V
1alaafiiain Germanium 228 Vf= 0.3 V
paANS¥NY A1 VF azlsidesasuy uavniinszualuaninudaiuunn Ve snatiududntes

M VF INNYULAUYANG Lalanazng
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#1989 datasheet lalaatuas 1N4001

1N4001 - 1N4007

o~ 20
General-Purpose Rectifiers 16 I-F’/
nulvinssualvasiuiu 3AZ =~
Features E > 7
= Low Forward Voltage Drop é
+ High Surge Current Capabili
gh Surg t Capability E ,’4/
DO-41 (& 0.4 .-f! y A
COLOR BAND DENOTES CATHODE D !
x 0.2
Thermal Characteristics < / /
Values are at Ty = 25°C unless otherwise noted. E 0:1 - > T,=25C =
(o] / Pulse Width = 300pS —
Symbol Parameter Value unit | & 0.04 rd y. @ 2% Duty Cycle —
Po Power Dissipation > 3.0 w 0.02 Vi y 4
Reya | Thermal Resistance, Junction-to-Ambient /, 50 °C/W 0.0 1ﬂ/ / = : =
nuAUIaulduINign ' FORWARD VOLTAGE (V)
Electrical Characteristics ﬁﬁ‘ﬁ 11V Léuﬁqqquﬁ 0.6 V
Values are at Ty = 25°C unless otherwise noted. \
Symbol Parameter Conditions \ Value Unit
Ve Forward Voltage I-=1.0A N 11 Vv
Maximum Full Load Reverse Current, e
It |Full Cycle Ta=197% o0 HA
Tp =25°C 5.0
Ir Reverse Current at Rated Vg uA
Ta = 100°C 50 60
Cr Total Capacitance VeR=40V,f=1.0MHz 15 pF

1.4



Diode

0.7V
Aﬁ
\ 1995UANseualaNIY BazLsIAUANAIaN R1 Wil
+ _ P2 a
oV —— R1=60Q =~ 83V 4o sualilalonndnain Silicon
/ Tolalontuas 1N4148 langalai ?
35911 . .
laloa Si 3iA1 VF = 0.7 V asaulalan Vd= 0.7

WA VAsau R1 WU 9-0.7=83V @d

ASZLLENIY R1 = VR1 /R1 =8.3/60 = 138 mA fnau

fandsauiilalon P = Vd x| = 0.7 x 0.138 = 96mW

1N4148 nulane 3W Aeuu299sus tlalonwasile ma
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0.7V
A
™~
L1
\ 1995UANseualaNIY BazLsIAUANAIaN R1 Wil
1 * R1=60Q A o -
N "— 16V dasmunlilalenudnan Silicon
= S
v\/v
0.7V
35911 o .
laloa Si 3iA1 VF = 0.7 V asaulalan Vd= 0.7

WA VAsau R11Wu 9-0.7-07=7.6V @au

ASELLENIY R1 = VR1 /Rl =7.6/60 = 126 mA fau
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Diode

1) Uasnuylasialnaud
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Diode
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Diode

P Talaamadanluvinezlslaung ?

1)  dasnuyldsalnauda
2) Gl“i’fﬂ’m@mlmﬁu (Voltage regulator)
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Diode

2) 1‘(’?@1’311@3&!,3\16{‘14 (Voltage regulator)

AVAVAY,

0.6V

+ 0.6V

5V 3V

|
I

|
I O.6V

0.6V

0.6V
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2) 16&7?1’311@.3%!,’5&(51’14 (Voltage regulator)

P

Diode

Zener Diodes

PRIMARY CHARACTERISTICS

PARAMETER VALUE UNIT
Wz range nom. 3.310 100 v
Test current Izt 25076 mi
Vz specification Thermal equillrium
Int. construction Simgle
Ig
—_—
+
4
D.C. input voltage
from rectifier or
smoothing circuit
Vin (V=)

oV o

FEATURES

¢+ Silicon planar power Zener diodes

= For use in stabilizing and clipping circuits with
high power rating

* Standard Zener voltage tolerance is + 5 %

= AEC-Q101 gualified

» Material categorization:

for definitions of compliance please see
www. vishay.com/doc?99912

APPLICATIONS

* Voltage stabilization

Rz
I
_h.
-H——————Q——;———
L
A
Vout = V5 ,;rl R.
B J' Y
P SN

&)

RoHS
COMPLIANT
HALOGEN

FREE

ELECTRICAL CHARACTERISTIC

ZENER VOLTAGE
RANGE " c
PART
NUMBER Vz at Iz Iz
v i
NOM.
TNAT28A 33 7l
TN4T298 3.6 B!
1N4TI0A 39 B
IN4TIIA 4.3 5
INAT32A 4.7 5
TN4T33A 541 4
TNATI4A 5.6 4!
TNATISA 6.2 4
1N4T36A 6.8 3
TN4TATA 75 3
TN4T3EA B2 3
TN4TIAA 9.1 2|
TNATA0A 10 2!
TNATA1A 11 ]
INATA24 12
TM4T438 13 1
1M4T 444 15 1
TNATASA, 16 15
TNATAEA 18 1
TNATATA 20 12
TNATABA 22 11
TN4T498 24 10
TN4TS0A 27 9,
TNATEIA 30 .
TN4TE2A 33 T
INATEAA 36 7
INATS4A 39 B.
IN4TESA 43 £
INATEEA 47 5,
TNATSTA 51 §
TN4TSEA 56 4.
TNATEAA 62 4
TNATEOA B8 a,
TNATEIA 75 a.
TNATE2A B2 3
TNATEAA 91 2.
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2) Gl“i’fﬂ’m@mlmﬁu (Voltage regulator)

3)
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3) Tgudasinianszuaaauidunssnanss (Seenseue)
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Diode

3) Tgudasinianszuaaauidunssnanss (Seenseue)

LSIAURDAIIAN

nsenadaau AC

NITLLEM I
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Diode

3) Tgudasinianszuaaauidunssnanss (Seenseue)

- Aszuddau AC

NITLLEM I
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Diode
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Hasfufldnalnndudn

Gli’fﬂ?UﬂﬁJLLiﬁﬁu (Voltage regulator)
Tguvaslndnsenaaaudunszuanse (BS89nIELe)
TN iaues
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PN Junction

Barrier Potential

Vcc
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74




4) TAnHaLES

Sannsou

Sannsou

75



Diode

4) TANLUALLE

& p

lalaannavinaunuuil

a a
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1) washildedludasnnaaiuld (@wundu IR)
2) Junction Hvumidn  3) Yagliaudiuuds
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Diode
4) TniaLEs

LED ( Light Emitting Diode)

LED Die
LED Junction

LED Substrate
LED Thermal Pa&

Solder Joint
Metallization
PCB

TIM
Heat Sink
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Diode

LED ( Light Emitting Diode)

EVERLIGHT
Technical Data Sheet
5 mm Round White LED (T-1 3/4)

Preliminary

334-15/T1C1-4WYA

Forward Current vs. Forward Voltage

Features 25
« Popular T-1 3/4 colorless Smm package.
* High luminous power. :g‘ 20
« Typical chromaticity coordinates x=0.30, y=0.29 = /
e
according to CIE1931. % 15
* Bulk, available taped on reel. L’-j-_
* ESD-withstand voltage: up to 4KV O 1
# The product itself will remain within RoHS compliant version. 2 ¢ It
@ N
Electro-Optical Characteristics (Ta=25C) g 5 KT
T
Parameter Symbol Condition Min. Typ. Max. | Units 0 '/‘
20 25 _30 | 35 40 45
Forward Voltage Vi L=20mA 3.0 - 3.6 v
ForNard Voltage(V)
Zener Reverse Voltage Vz Iz=5mA 5.2 -—-- -—-- A%
Fuvineu
Reverse Current In Ve=5V —— — 50 uA
Luminous Intcnsity I\.' IF=20ITIA 14250 e 28500 med
Device Selection Guide
Chip
PART NO. Lens Color
Material Emitted Color
334-15/TICI-4WYA InGaN White Water Clear 78




Diode
LED ( Light Emitting Diode)

o v Y = v aa a 1
IAUIUANIUNIUTUI99T Walynaan LED NilanauUaneil

Electro-Optical Characteristics (Ta=25C)

Parameter Symbol Condition Min. Typ. Max. | Units

Forward Vcltage Vi [,=20mA 3.0 —_— 3.6 \¥ ——-}’: " E

Zener Reverse Voltage Vz [z=5mA 5.2 S Lt Y = i ,‘4__’ y

Vr= 6V W VF=3V,Ir=0.020
/ \ Vr=9-3=6V

R1="? R=Vr/1=6/0.020

R= 300Q
oV —— XZ:><W= oV Power R1= Vr x |
T Ir=20mA
\ =6 x 0.020 = 120mW
ABU MUAINIUNIU 300 Q YUIA 120mW

Wuduld (uuzihlduuie 1/4w )
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Bipolar Junction Transistor (BJT)

NINUDELNDSVUNHDITDUHD

John Bardeen, W|II|am Shockley and Walter Brattain at Bell Labs, 1948.
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3 electroni oup caplica of the Hirst Transistat.
"'“'“..ﬂ!!-!ﬂ'!n’i;i. = P & Elmerﬂed atﬂ-ell-}'gb'?'

Decembner 23, 1S

50 Years and Counting..-

Point-contact Transistor
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Vv Barrier Potential
N
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+ + | - - + +
P."N. P.
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+ += -7 +
- - -
T +

dn172Usne
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d15N9AIUIVUNEDI50801D

Barrier Potential
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"' +

J

Barrier Potential

Vccg V

Barrier Potential
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Barrier Potential
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&
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+ + + +
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+ + -
+ +

Vcc

Barrier Potential

Vcc>V

Barrier Potential

Anszudlvia
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Vv Barrier Potential
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laiinszualvia

Vcc
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Barrier Potentia

Anszudlva

Vcc
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Bipolar Junction Transistor (BJT) N51u@80na5¥Un&d0950868

C
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P N P : B
C
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N P N - ;
ANATYIAUAZNNS
E

!llt[lH

e

Collector

€
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v

T
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Melt Doping

http://www.walkingitaly.com/radio/crema/crema_htm/crema_doc/2n243/ti.htm
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Bipolar Junction Transistor (BJT) N51u@80na5¥Un&d0950868

Fdazlinsudamasuuu NPN Wudulvgi
Wasanlynseue + TUN15AUANNITHIINIUY

N P N -
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Bipolar Junction Transistor (BJT) N51u@dna5¥lngda45086a

519zl ugaeasurvinauduging

NSIUTELFDS
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Bipolar Junction Transistor (BJT) N51u@dna5¥lngda45086a

WuAN159191u AMENUR n13lYeu
Saturation N3TLE Ic a9an
Active Region I. =0 X1, ey
Cut-off lc =0 aingUn
e Wasanisnazinuldluma
b, e T fRNA 51398l

™S gy
- INEY 2 1A Uy
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Bipolar Junction Transistor (BJT) N51u@80na5¥Un&d0950868

— o~ <. Common Base
Ie R o < a a
“| @ | > e 90 deulalusuanungs
Ig
. %y = l +|||||.- 13j°llﬂ’]ﬁlﬂ§$LLﬁ

Common Collector

o Y Vv 1 v
VU TFUSULAIAIMUATUNIUVDITSUU

Laivenanszua
_____________ .~ - - ----T--=-=-=-=-====="1
——— Common Emitter
a 74 U/ A Y < a ¢
< . Usuldveredynin wsoluilualing
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995NN UYG N80 (Transistor
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Input
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1995NS1UT L5890 D (Transistor as a Switch)

CC

¢

T v,
/

v

Ib wrntnuly nsuddamasazling
Ic untAuly nsrudanasazlag

Vce 1nasvinnu Vd vadlalan

VI 980731 Vec Lldua
Vbe 111171 0.7 v D925 UN19U
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1995NSUTELM5a90D (Transistor as a Switch)

J A
'\ V C IB‘
L l LR
) ) C ‘max :': ...
Saturation | [ e, ]
" . B3
:: ..
‘' e .
& / - ten »
" e
: | Active ‘oo,

v

—_ Cut-off

U CEf{max) (,'(-,_-

1519zAUIAN R ialinsudamasiinaulu 2 uafe Saturation ( fully-on) wag cut-off (fully-off)

nszud Ib gegavinlv naudawmesedluluun cut-off 13801 Collector Cutoff Current
nssud b Agavinly nsudamesedluluun saturation AanseuaNvlvLAg

Collector-Emitter Saturation Voltage
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1995NS1UT L5890 D (Transistor as a Switch)

nzua Ib geganvinlyl nsudsinesaglulvan cut-off 13and1 Collector Cutoff Current

nszud b Aganvinli nsudamaseglulvun saturation AanszuaNyinlvilie

R C ks Collector-Emitter Saturation Voltage

MOTOHOLA COLLECTOR

SEMICONDUCTOR TECHNICAL DATA Bcaa'?,-.‘ E’-ZE’ -40 2 @
Amplifier Transistors BC338,-1 6,-25,-40 - ]

NPN Silicon o
MAXIMUM RATINGS OFF CHARACTERISTICS
Rating Symbol | BC337 | BC338 Unit Callectar— Emitter Breakdown Voltage V(BRICEO Vde
Collector— Emitter Voltage TEST T 25 | vde = mifp=70) aed) b = =
Collector—- Base Voltage VeRO 50 30 Ve Callector—Emitter Breakdown Veltage VIBRICES Vde
Emitter— Base Volt v, 50 Vdc U = Mt .= ircre x = =
Collector Current — Continuous g 200 V| méde Emitter—Base Breakdown Voltage V(BRIEBO 50 po remy Ve
[mm "5 e ﬂ le=Nhie=
Derate above 25°C 5.0 G Collector Cuteff Current ICEO
=30V, Ig=0)
Total Device Dissipation @ T = 25°C Pp 15 Watt
Derate above 25°C 12 mWW=C Collector Cutoff Current ICES
" : Vep =45V, Vg =0
Operating and Storage Junction T1 Tatg ~55to +150 “C {UC'E Y F‘F{"\D\
Temperature Range Vee VB =9)

Emitter Cutoff Current IEBO
(VER =40V, Ig=0)

ON CHARACTERISTICS

P
DC Current Gain hgg = =
{ic = 100 mA, VcE = 1.0 V) BC337/BCA38 100 — 630 Ibcut—o O 0 100nA
BC337-16/BCI38~16 100 2 250
BC337-25/BC338-25 160 - 400 I b _ =
BC337—40/BC338—40 250 s 630 = 50mA 249 (800mA-50mA)
{ic = 300 m&, VCE = 1.0 V) 80 = i sat
Base—Emitter On Voltage VBE(on) — — 1.2 Vde
_ Vce = 0.7V 102
Collector— Emitter Saturation Voltage Sat

(i = 500 mA, Ig = 50 mA)



1995NS1UT L5890 D (Transistor as a Switch)

nzua Ib geganvinlyl nsudsinesaglulvan cut-off 13and1 Collector Cutoff Current
nszud b Aganvinli nsudamaseglulvun saturation AanszuaNyinlvilie

R C ks Collector-Emitter Saturation Voltage

MOTOROLA

SEMICONDUCTOR TECHNICAL DATA Bcaa.?,-l‘ E’_ZE’_qu 2%&&
Amplifier Transistors BC338,-1 6,-25,-40 = ]

NPN Silicon

b . .=0834100nA 318 0 V %3831%1 B a4 ground 1 cut off Lan

cut-off

Vce_ = 0.7V asnlaulalan liApelinanul9as

Ib_ .= 50mA fis800mA  UI9N3zUA n31931n nLLeINkA
Taliufoen1uI
2995l9u Alddn Rb = 4.7k Nuvatiu
nszuaTLAY ﬁﬁ]%gﬂ’i:ﬁﬂ’]‘c’lﬁyﬂﬂﬂlﬁaaﬁﬂiﬂ?ﬁﬁﬂulﬂﬂﬂﬂﬂﬂ E 103



195N UTAMDIEING (Transistor as a Switch)

GGECO

UNIVERSITY GR

|| |
i
- ]
- -
- :
]
N

LAmsIduuanaiasd v

151981NALLDINTLLENNUIULNING 599950 ?
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1995NS1UT L5890 D (Transistor as a Switch)

Vin=5 V ; iaanln@ia
Vin < 5V ; viaaalnau

Input

Rb

Vin

VCC=24V

L

IATUIUAIEIUNTY Rb iannviualsd
Vin=5 V ; #aaalnfnainaiun1as

Vin < 5V ; iaaalwau

b . =50mA, [3=70, Vbe=0.7V

o _Vin=Vee _5-07
b I, ~ .05

= 86

maU Rb A25lnatAge 86 LARIuLAUAIl

n1seanuuuluanezilifagvannng wsizlulaainanssud Ic

P LD N1FLLAUVAINNAVDINS U E LR DT LA
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1995NS1UT L5890 D (Transistor as a Switch)

ANAUALINSELLENIURaDN 100mA

o 1 v Y tﬂl o) 74
ATUIUATININTUNIU Rb LUD ﬂ’Wi‘Llﬂe[,‘Vi

VCC=24 V . _
— Vin=5 V ; iaanlnan

Vin < 5V ; iaaalwau

Vin=5 V ; viaaalnfin > )L

Vin < 5V ; viaanlnau b sat = 50mA, B=70, Vbe=0.7V
Input >
Rb
I.  0.100
Vin Ib — — = 0.0014A4
3 70
,, — v, M 7
nIzualinesEay sat R, = e ¢ =
WAANITLERZHIUMAARN DB NWUY Ib 0014
IWIIENIERAQNVEBAY [3 = 3.071k

@A 1 1'% Y A 1 Y a 1 tglj
NN931 OK a7 MU Rb AI5lnaLAse 3.071k wARIuLALAIY 106



1995NS1UT L5890 D (Transistor as a Switch)

Vin=5 V ; viaaalnfin
Vin < 5V ; viaaalwau

o 1 v Y a o 74
WATUIUATININTIUNIU Rb LﬁJ'e)ﬂ']‘Vi‘L!ﬂI‘Vi

VCC=24V ANSTLENIUNAadN 300mA
— Vin=5 V ; viaanlnie

=L Vin < 5V ; iaaalwau

ANUA LA LTINS U ELRasIUDs BC337

Input
A
Rb
3
CASE 29-04, STYLE 17
TO-92 (TO-226AA)
Vin gi?ﬁ]lég:&%eml! TECHNICAL DATA i
BC337,-16,-25,-40 @
T - BASE
Amplifier Transistors BC338,-16,-25,-40
NPN Silicon T
: MAXIMUM RATINGS
Rating Symbol | BC337 | BC338 Unit
Collector—Emitter Vialtage Veeo L 45 25 Vde
Collecior—Base Voltage ' VCRO 50 30 Ve
Emitter - Basa Voltage VEBD 5.0 \de
EDHW— Continuous Ic 80D mAde
s 4 1 Total Device Dissipation @ Ta, = 25°C PO 625 i
Vee= 24V a@a19a3ule TWal — | “oeeanzoc 2
Total Device Dissipation @ T = 25°C Po 1.5 Watt
Derate above 25°C 12 mW™C 107
Operating and Storage Junction T Tatg =55 to +150 “C
Temperature Rangea




1995NS1UT L5890 D (Transistor as a Switch)

VCC=24V

Vin=5 V ; viaaalnfin > )L

Vin < 5V ; viaaalwau

Input
Rb

Vin

nseUaNIUNaanN 300mA d1u15anule
Taing

o 1 v Y a o 74
WATUIUATININTIUNIU Rb LﬁJ'e)ﬂ']‘Vi‘L!ﬂI‘W

ANSTHANIUVaDnN 300mA
Vin=5 V ; iaan tnein

Vin < 5V ; iaaalwau

ANUA LA LTINS U ELRasIUDs BC337

1 !
3

CASE 29-04, STYLE 17
TO-92 (TO-226AA)

MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Amplifier Transistors

BC337,-16,-25,-40
Ecaaﬂ, — 1 E‘, b 25, —4“

NPN Silicon
MAXIMUM RATINGS
Rating Symbol | BC337 | BC338 Unit
Collector—Emitter Vialtage VeED 45 25 Vde
Collector-Base Voltage VCBO 50 30 Vdc
Emitter - Basa Voltage VEBD 5.0 \de
L Collector Current — Continuous le »  BOD mAdc
Total Device Dissipation @ Tp = 25°C Po 625 m
Derate above 25°C 5.0 mWWreC
Total Device Dissipation @ T = 25°C Po 1.5 Watt
Dierate above 25°C 12 mwW*C
Operating and Storage Junction T Tatg =55 to +150 “C
Temperature Rangea

COLLECTOR

1
2
BASE
3

EMITTER
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1995NS1UT L5890 D (Transistor as a Switch)

Vin=5 V ; iaanln@ia
Vin < 5V ; viaaalnau

Input

B Tu datasheet sinfisuiFandn h

Vin

Rb

o 1 v Y a o 74
WATUIUATININTIUNIU Rb L&IBﬂ']‘Vi‘L!ﬂl‘Vi

VCC=24V ANSTLENIUNAadN 300mA
— Vin=5 V ; viaanlnie

=L Vin < 5V ; iaaalwau

ANUA LA LTINS U ELRasIUDs BC337

ON CHARACTERISTICS

DC Current Gain hgg -
(lc = 100 mA, Vigg = 1.0V) BC337/BCA38 100 — 630
BC337-16/BC338-16 100 — 250
BC337-26/BC338-25 160 — 400
BC337T—40/BC338-40 250 — 630
{lc=300mA, Ve =1.0V) 60 — —
Base-Emitter On Voltage VBE(on) — — 12 Vde
{lc=300mA, VCE=1.0V) A
Collector—Emitter Saturation Voltage VEE(sat) — — Ll Vido
(I = 500 mA, Ig = 50 mA)

Vbe

wazszulugae ludiedisazuanineg

Tuting 100-630 T¥isudanldamgn

A 100
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1995NS1UT L5890 D (Transistor as a Switch)

o 1 v Y a o 74
WATUIUATININTIUNIU Rb LﬁJ'eJﬂ']‘Vi‘L!ﬂI‘W

VCC=24 V ANTUANIUNAIA 300mA
—— Vin=5 V ; viaanlnie
v v s vaasliin VL= ?< —~_  Vin <5V ; asalwiy
Vin < 5V ; naealwdiu NAUA A LN ST ELRBSIUS BC337
ot >Vce « B=100,V,, =1.2
Rb
I, 0.300
[, =< = = 0.0034
VL= Vcc - Vce_, ,3 100
e Vi Ve _ 512
D I 003
= 1.266k

mau Rb lunNu 1.266k 110



1995NS1UT L5890 D (Transistor as a Switch)

o 1 v Y a o 74
WATUIUATININTIUNIU Rb L&IBﬂ']‘Vi‘L!ﬂl‘Vi

VCC=24V ANSTLENIUNAadN 300mA
— Vin=5 V ; viaanlnie

VL= ?< E . Vin < 5V ; iaaalwau

Vin=5 V ; viaaalnfin
Vin < 5V ; viaaalwau

Input > Vce sat
Rb

ANUA LA LTINS U ELRasIUDs BC337

Sat ON CHARACTERISTICS
DC Current Gain hgg —
\ {lc = 100 mA, Vg = 1.0V) BCA37/BCA3E 100 - 630
\ BC337-16/BC338-16 100 — 250
- BC337-25/BC338-25 160 — 400
- BC337T—40/BC338-40 250 — 630
{ic = 300 mA, VCE = 1.0V) &0 & i
Base-Emitter On Voltage VBE(on) — — 1.2 Vde
{Ic = 300 mA, VCE = 1.0V) [T/
Collector— Emitter Saturation \Voltage VECE(sat) — —\‘\50.?’ Vdc
(i = 500 mA, I = 50 mA}

A lUNIIUDELNDILUDSH USIAUATONNaaRALIUTIULAU Vee - 0.7 = 23.3 V

01ABINTT WILIINUATINNABAFINTT 23.3V TN Vec
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1995NS1UT L5890 D (Transistor as a Switch)

VCC VCC

i Input = “adAAU

Input > —) [Input : o)

VCC VCC

Input

i1 Input = “adAEINN
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1995NS1UT L5890 D (Transistor as a Switch)

Y A 74 = g A g Yy v = € Aa ¢
GUE]ﬂsﬂax‘iﬂ’]ibl%%’i’m%ﬁma’iﬂ?ﬂ% “Ué)Lﬁﬂ‘U’eNﬂﬁdl‘U‘Vli’lu%ﬁLﬁaiﬁ’aﬁl‘?ﬁ

- vheulaga - vunszudlddes

- Tdnsznaniuauiiay - dmsgydeduatnuou

- rfenszuairinulvianld - laussduasaulvanliviu ( on liga)
- 51A7N y

Joynmanilgnunluy MOSFET
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Field Effect Transistor

What is MOSFET as a

[ ]
Switch? |
. = B AT V|
s 1 ® Lamp
"'1"'[!:} ‘
e = Vout
Snubber or -
OC Motor (‘M Clamping
Matwork J_L =
N

715
-

g .
& Electrical 4 U

FET %Lﬂﬁ’ﬂgjam'w ON 9 VGS 11nn21A1 Threshold wag OFF e VGS=0

LLSIAUANATDN VDS Ve ON UAIAILB8NIN LaZHAIIUATUNIUAILIN

Lﬁaammﬂumimmums@ﬂ UARIBLLSINUY 29259990NLUVII8NIN

ANATUIUIININTUNNYS wsIauUNNUla wazuannuld wazaruaiursalunisssulrenudoauvoe FET
£74 o A s v [y 1 =g A L7 % -4

Jaldene ussuAIuANsindiszaugIndt BJT dstleuldsaunululasmaulnsaiaas
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International
TSR Rectifier

#19819 MOSFET wwas IRFML8244

T IRFML8244TRPbF |m=err|7%oﬂ?{r_lo|
IRFML8244TRPbF g on

v o5 v HEXFET® Power MOSFET Electric Characteristics @ %5"0 (unless otherwise specified)
DS 0 0 —
Symbol Parameter Min. | Typ. | Max. | Units| Conditions
Vas max + 20 \i G Vigrjpss Drain-to-Source B}e/akdown Voltage 26 | — | — V  |Vas =0V, |y = 250pA
RDS(on) i 24 mo ~ AVigrjoss/AT, |Breakdown Vguége Temp. Coefficient | — | 0.02 | — | V/°C |Reference to 25°C, Iy = 1mA
— 3 — 20 24 Vas =10V, I =5.8A @
(@Ves = 10V) D ~ Roson) Static Qgain-to-Source On-Resistance me —= 2
R 23] 41 Vga=_.5\ =460 Q)
( @38("2):;’\‘/) 41 mQ s Micros™ (SOT-28) Vs Gale Threshold Voltage 135 | 1.7 | 285 | V |Vos=Vas. bp = 10pA
68 % IRFML8244TRPbF Ioss ) — | —1 10 Vs = 20V, Vs = 0V
Drain-to-Source Leakage Current pA
— | — | 150 Vs = 20V, Vag = OV, Ty = 125°C
App"caﬁon(s) ~ o [l lass Gale-to-Source Forward Leakage —— —— 100 Vas = 20V
5 v ON 3 Gate-to-Source Reverse Leakage — — | -100 A Vas = -20V
+ Load System Sulich VY UAUATUNIUAINN 0 e
Ra Internal Gate Resistance _— 1.6 —_ Q
Features and Benefits gfs Forward Transconductance 0| — ] = S |Vos=10V,Ip=58A
Features Benefits Qg Total Gate Charge — 5.4 —. I =5.8A
Low Rpson ( < 24mQ) Lower switching losses Qg Gate-to-Source Charge — | 1.0 | — | nC [Vps=13V
Industry-standard pinout Multi-vendor compatibility Qgo Gate-to-Drain ("Miller") Charge — | o081 | — Vas =10V @
Compatible with existing Surface Mount Techniques results in |Easier manufacturing Laon) Turn-On Delay Time — 27 | — Vpp =13V@
RoHS compliant containing no lead, no bromide and no halogen = Environmentally friendly t, Rise Time —_— 2.1 — lb=1.0A
MSL1, Consumer qualification o, v Increased reliability Loty Turn-Off Delay Time R 9.0 | — = Rg = 6.8Q
. . NULLIINU LA 6N i Fall Time | 28 | — Ves = 10V
Absolute Maximum Ratings uo9 —
. Cis Input Capacitance -— | 430 -— Vs = 0V
Symbol Rarameter Max. Units P il
v o o ] Coss Output Capacitance — | 110 | — pF |Vps =10V
(=] [ain-Source Voltage
C. = =0 5 ol — — - 1.0MHz
Ip @ To=25°C Continuous Drain Current, Vgs @ 10V 58 = Revarse Transler Gapactience 40 f =1 OMEY
Ip @ Ta=70°C Continuous Drain Current, Ves @ 10V 46 A Source - Drain Ratings and Characteristics
Tom Pulsed Drain Current 24 Symbol Parameter Min. | Typ. | Max.|Units Conditions
Pp @T, =25°C Maximum Power Dissipation 1.256 - I Continuous Source Current W | s MOSFET symbol
Pp @T, = 70°C Maximum Power Dissipation 0.80 (Body Diode) A showing the
Linear Derating Factor w 0.01 WG Ism Pulsed Source Current | 5 integral reverse
Vas Gate-to-Source Voltage +20 \ (Body Diode) @ p-n junction diode.
Ty, Tsta Junction and Storage Temperature Range -55 to+ 150 k¢ Vé\n Diode Forward Voltage —_— _— 1.2 V |T;=25°C, |g=5.8A, Vas=0V @
Thermal Resistance to Reverse Recovery Time _— 11 17 ns |T,=25°C, Vg =20V, |=5.8A
Symbol Parameter Typ Max Units Q. Reverse Recovery Charge _— 4.2 63 nG |di/dt = 100A/us @
Raa Junction-to-Ambient @ — 100 ST
Rea Junction-to-Ambient (t<10s) @ 99 o
NUNSZUALAEIEN
ORDERING INFORMATION: ¢ U 9

See detailed ordering and shipping information on the last page of this data sheet.

Notes @ through @ are on page 10

www.irf.com

szureauiouldgedn
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1995NS1UT L5890 D (Transistor as a Switch)

NIUTarTIUINIINgnaS W litivuadnuassagnladlensTuIuNg

Semiconductor Lithography (Photolithography)




195N UTEMD5EING (Transistor as a Switch)

NIUTamasiwIuIngnad lilivuadnuazsagnlddienszuIung
Semiconductor Lithography (Photolithography)

D Prepare Wafer
{%’fﬁ@

<& — ..

B

T wict tmprans e
Il sirp Resis
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A8 UNANNA

Fufl 11 ne 2563 1I@1 12:00 - 15:00
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