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uF | Micro Farad 10 -6 F

nF | Nano Farad 10 -9 F

pF Pico Farad 10 -12 F
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= 1uF (50V) [diameter 5 mm, high 12 mm]

= 47uF (16V) [diameter 6 mm, high 5 mm]

= 100pF (25V) [diameter 5 mm, high 11 mm]

= 220uF (25V) [diameter 8 mm, high 12 mm]

= 1000pF (50V) [diameter 18 mm, high 40 mm]
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:Mica Capacitors
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:Poly propylene Capacitors

-Osdlas T0OKHZ @lasgi Jlas 8 aodiud KA 028

.

:Metallized Polyester Film Capacitors

TERHREEIH

:Polyester Film Capacitors

Jil=S Polyester Film il léi<all 538 a2itus

:Polystyrene Film ci\ii<a

Polystyrene Film saldl (1o st lgd Jilall (Y SIS Caens

b ilexie & Lalily 8 ogila (55t gl o Jladl il cbla 8 Jleaindl) Gald S e gl 138
Al mt il il

:Variable Capacitors 3iiall ciliigal)
A uadl Caalail ey e QUESA oda @llay cgaapll Juaadll Chly 8 222030 b paial)l KL
S ey Al Gl o) Sy dad) Aad o Gl aladinly CESA dad ot ie oY) Gangy oSTs dad)
il e ctial)
p A J<al e ol s PIA (e Leal] Gty CES) 538 o )
= Blue: 7pF (2 - 9). )
= white: 10pF (3 - 15). = e

= green: 30pF (5 - 35). | ‘

= brown: 60pF (8 - 72).
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= ]/Ct=1/cl+1/c2
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iS5 cmaall JRAIL pagi O cang L) im Va5 cAudaie ()5S gl ds FEIS ClESA (any s
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il | ekl

= Ct=1/(1/C1+1/C2)

i) Juass

falsdd)

IS LS e JS @S day,

gsbot CESal Al Aadl) ()5S

s gl

LAl WS @lsia JS L) Ly P

Ct=C1+C2 : (g5l i<all d3ilgall Aagsll ()i

Sl ad Be |34

A | + L2

1 = - 1 Af_
uF Micro Farad Micro= 1,000, 10*(-6) F
Na A(—
nF Nano Farad no= 1,000,000,000 10*(-9) F
. s 1
pF Pico Farad P'm'1,mu,nuu,nuu,uuu 10*(-12) F
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CAPACITOR GUIDE
The Result of Capacitor Code is Given in pF

1= Dhgit 2% Digit Multiplier Tolerance (%)
0f Value Df "-Falue
///,//// — 1%
4?4M G =2%
474 = 200 — Max. | 5 _ 5o
47 x 10,000 pF Voltage | . _ 1o
= .47 uF M= 20%
Z = +80%/—20%

On some capacitors the value is shown as a straight
number (4.7pF). On others the decimal point is replaced

with the first letter of the prefix (4p7 = 4.7pF).

Pf:::“ Abbr. M‘:’;‘ﬂi‘“ 1000 pico = 1 nano
= P 105 1 nano = .001 micro
nano n 1000 nano = 1 micro
micro 7| 10-%

EXAMPLES:

223) = 22 x 10°pF = 22nF = 0.022uF 5%
151K = 15 x 10'pF = 150pF 10%

.Pico Farad i )li by (s asll yany

sty ) cldica Be)jd

102=1000pF :5S5 Wgiad yeal gud 3 osh &S0 Dis
.100000pF= 100nF= 0.1uf : & lgiad jaal A}»\G.\JU)LLJSSA)C}A -

oSSl A gd Cifial) Bp )8

Al Ll Al 68 cleiag lagay S Ann Joli Cus aill deplas sS5 adasl) o8 le |
bl Ul <8 daddl a8 N el asg 13 YY) microfarad

A pa )l s e Z8a aany OV Gall S Y Leans 85 V el aiis b3S seall ey

434l

>l

%20

%10

%5

%2.5

Q) ey 1 pF

M| I| | X|Z
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O Gk oo ClEKal) ad 3p)d Jgaa

470 pFE20W

2.2 pHEe,3v

ﬁ Pl Firﬁtdigit“ B U e
e ".EB Sen@ digl )
’ _\_C Mt
c-s0-1eor-ss00m = \Dmeranne
% P a. E Voltage . .
MULTIPLIER | TOLERANCE | VOLTAGE
x 1 pF +20%
x 10 pF +1%
x 100 pF +2% 250V
x 1 nF +2.5%
x 10 nF 400V
x 100 nF +5%
x 1 pF
x 10 pF
x 100 uF
x 1000 pF +10%
Aidg Sy agilial) culdiSa 3o ) ) gaa
ﬁ A First digit O
E Second digit =
Z Multiplier A
" O Vaoltags
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COLOR| DIGIT | MULTIPLIER | VOLTAGE
. x 1 uF 10V
\ x 10 pF
Y x 100 pF
v
Yellow ¢ 6.3V
° 16V
1 20V
\4
A x.01 pF 25V
q x.1 uF 3V
35V
o, a9 o 7
* OEFR
e BEERT v -~ P e
e A@a@m >

dotls SEINT aslil liise

2323-00

CONRAD

Best.-Nr.

a, b, c. Variable capacitors, d. Trimmer capacitors

0.003M
400V

0.003uF= 3 nF= 3000 pF

+20%
400V

aan
100

68 nF
100

102K50

10pF * 100=1000pF="1nF

+10%
500 D

0220uF K 150
250% 250

0.22uF= 220 nF 150nF
+20% + 108
250V 2500
ud7 an7
100 L Lole]
047 uF=470pF 4.7nF
100 400

22pF * 1000=22000pF=22nF
+10%
G3N DT

154 pF * 10000=150000pF=150nF
+20%

100 OC

Yv
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2200 pF
+10%

o Ay

20pF
+2056
» 20nF
:’;J%% +80t0 20"
12 WY
0.47uF
+209%
Sl il
47 pF 22 pF £20t0-70%
+20% el
(e 5 +20% +25% 088 C
ki 1000WV 1000 WV
10pF
0.033uF p
o 25U +20% +109%
J:U'EPF,;,{-, 0033 | o)l il ol yuici
Sl el +20% +27to-56% +15t0-15%
+60 ppm e R e .
s +10°C to 8LC 155 Cto 125C
+25°C to 85°C 1000 WY

Capactfor | Ceramic Electrolytic Metal Mica Polyester | Polycarbon- | Polystyrene | Tanfalum | Polypropy-
Film ate lene
ICacacitamc 1pto 100nto Tuto 1pto Into 10nto 10pto 100n 10 100pto
Range(F) 100n 47000u 164 10n 10 10u 10n 100p 470n
Typicaltoler- | =210 1010 +20 =1 510 +20 1,225+ +20 +5to
Jance (%) £80 +50 £20 1,225,
Typical volt- | 50V to| 63V o 250V to 350V 63Vto 63V to 50V 1o 63Vio 100V
faze rating 15kV 450V 600V (typical) 400V 630V 630V 3V t01.5kV
(DC)
femperaure | +10010 1000 +100to +33to -200 =60 15010 +100 2200
cofficient 4700 (typical) +200 +70 +80 t0+1000 | (typical)
(ppmy/degC
Stability Fair Poor Faur Excellent Fair Good Good Fair Fair/Good
| Ambient 3510 4010 2510 4010 4010 5510 4010 A0t 5510
+85 +85 =85 +85 +100 +100 +70 85 =100
e 20
Table 1. Capacitor varieties and their typical characteristics.
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OUTW or O.SW
I
Weapee = WWorking Peak Reverse “oltages
. = Reverse Current Current
W e = Forward voltage at 1. | & 7
- = Forward Currant P 3
"l = Awverage Forward Output Current
with 120° conduction in &0 HZ ]
sine wave ) Forward
=1 __ = Forward Surge Current Peak with ’ .- Conducting
Fsn N Region
a specified pulse waveform |
Viem = Breakdown “oltage
= Rated Valus
> | - Vo @ I
Typically 50 to 1800 Vol ratings I{) -1 |
A A ]
Ve W i .
{BR} RO 4
l Voltage
1 1 -
J—— T T Lo
T 1.0W 2.0
Rewverse
Blocking
- I B Region
Awalanche
Sreakdown
Region
el sl
Ir, mA
r'y
Ge Si
_ . Sl aea '
ce=ll el o (Ge) Van(Ge) _ bt gt
VeV = 7 i TV vy Ve 'V
v
Ir. 1A
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Diode Maximum Current Maximum Reverse Voltage
IN4001 1A S50V

IN4002 1A 100V

IN4007 1A 1000V

IN5401 3A 100V

IN5408 3A 1000V

¥ +12V
Protection Ftela‘,-' ‘F ggm
iz MNC

Relay Contacts

Input Transistor
o owv

S Aandgs dleal) 3

k) @L\S

PR\ u.al.u oaibad Jala

eall b Aies Aad die 4l L Sag deas 1Y Ll Tl aliag @ 13 gole JSUES i) Jasy
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F 3

Forward
Current
IF
The Zener diode uses
this voltage.
Reverse
. YR VYoltaze i _
h i - - Forward
Yaltaze
YWr > VF
Reverse Ir << IF

Current ¥

1) (AU Ualgy gl aulais

.Aﬁd\ﬁﬁﬁ‘gé)%j\gﬂﬁehﬁiu\%@Scyﬁiak*QEQHQ}Lﬂ\cgqﬁ

+Ws
Resistor to
limit current
imput
wvoltage O Wz
zoner s,
Diode vcltgge
ov o o OV

Jaal g it pe bl (b Gl Hledl dea (gls Cul 2 Al aga LAl Al (e a3 R Aalaall
caall Uand gy gl Slall s

1

+27W

e

15w 1z +10v }

+z2v
BZHFICLE +12W

+5W

Example: output voltage required is 5V, output current required is 60mA.

Vz = 4.7V (nearest value available)

Vs = 8V (it must be a few volts greater than Vz)

Imax = 66mA (output current plus 10%)

Pz > 4.7V x 66mA = 310mW, choose Pz = 400mW

. R=(8V -4.7V) | 66mA = 0.05ka = 50, choose R = 47

Resistor power rating P > (8V - 4.7V) x 66mA = 218mW, choose P = 0.5W

N
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VL = VS — (IL + 1Z) RV
v @iy ad ey gl abaeY) LAl e aaldly @llyg Gl e il AU dlad ((RV) deglial aniius
Al dad ey Ji o Jala) 58
:Light Emitting Diode (LED) sl cilagy il
AdlpeS HLIL Dl Lavie ¢ puall ady
Gl o e Sl 13 Jee dyylai adiaty el olady) 4 JSAN 3 LS gl Slagy) Al Juasyy
ba cligd adg ) gan lee Ll cdlela ehat o Jand alY) Juasilly 4l sUarall 433l 5<0)
cesuall g ) Ay Clalayl JS 8 Canys
LED ¢ puall el AU il agl L) L al TAY G Lo Wgiag daglie Wiy Jaasis

Resistor
L
4+ 680 Ohm ‘ //.'
dasgll iyl el ik T - ——
~ N LED
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ol e (sSi Alals (g o Lially pmalls seall) il saay 4l Cua L lila JSEN G e sag

idall Jasgall o ansl) Al L aaY) gay WG Ul ey bee V) Jlaidl aiey (
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Vs
T +Vs Do not
R |ve- v, connect R [Va-V
| x LEDs in S
Yoo | llel!v '
red - para S | R A
welloww = |VL=3x2V - — - ‘
___;, - -l VL
greesn e
oV ov
;M ;
R = (V V,_) / |
I Ve Ve Vr | Luminous | Viewing
Type | Colour Wavelength
max. | typ. | max. | max. | intensity angle
Smcd @
Standard | Red |30mA | 1.7V | 2.1V | 5V 60° 660nm
10mA
Bright 80mcd
Standard 30mA | 2.0V | 2.5V | 5V 60° 625nm
red @ 10mA
32mcd
Standard | Yellow | 30mA | 2.1V | 2.5V | 5V 60° 590nm
@ 10mA
32mcd
Standard | Green | 25mA | 2.2V | 2.5V | 5V 60° 565nm
@ 10mA
High 60mcd
Blue | 30mA | 4.5V | 5.5V | 5V 50° 430nm
intensity @ 20mA
Super 500mcd
Red | 30mA | 1.85V | 2.5V | 5V 60° 660nm
bright @ 20mA
Low Smcd @
Red | 30mA | 1.7V | 2.0V | 5V 60° 625nm
current 2mA
YV il sl laal) Jaasil dalall 5 oY)
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caleny o) SUED (Sa 63 ek aleY) 2al) Ve max  w

calaady of AL S A abieY) uSall 3all :VE max

..mcd = millicandela AWl ¢ ol 305 :Luminous intensity =

el Al (lSasl 4y 4)y :Viewing angle =

.nm = nanometer jlall ¢gall s Jsh :Wavelength =

:Photo Diode gl ALY
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-— 1N e LJSaAl
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{(PF Yo ) I agiill Al
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Schotitky dicode
Anode

Cathode

PARAMETERS SPECIFIED AT 25°C

VFE Forward Voltage at I -

IF Forward Current

VRwvera Working Peak Reverse Voltage

Irsm Forward Surge Current MaxXimum
(Specified non-repetitive 8 2ms, 1/2 sine)

I= Maximum Leakage Current at VeRwma

vVer Not Specified

(Typically 209% to 209 higher than VRVWM)

IFsm Forward Surge Current Maximum 4
(Specified non-repetitive 8 3ms, 1/2 sine) Forward
Ir Maximum Leakage Curmrent at VRwm Current
vVer MNot Specified
(Typically 20% to 20% higher than VYRWM)
I= VFE at IF
Reverse v _ Forward
wvoltage Ver R woltage

Schottiy ~__ / — = 3;}’;""”
without Schottky
guardring Junction
25-C
—f = at Vawm

L—""— | 100°C to 150°C 100 to 150°C

Reverse
Avalanche Current
of pn junction -

:Tunnel diodes Al U

Capely by Jalall (5aS) dikie 8 Aliagll dalue (S35 asiloall e ole IS sl S pia,
Aaliae Al Gy 4llh Sall Juagl) 3 W cgalall SIS Wl aal) Juagill b i) s
Aaglie gay Al S o) @l Guaad) aleY) 0 sasl) b)) g alel Ll il dase dlas e
caanall Jlaad) 138 Cpaca Al

(oY) Juasill 8 Wil s Tas el clagsill cld clddall cuhla 8 i< sail) W) aasi,
Al daslie o Jpanll Galaall aSall (0080 da 1S el

Tunnel diode

Forward

Anode current
¥ --=
Cathode -

Ve Wy
Forward voltage
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Photo Photo | Light Emitting Gun Varactor Schotky Tunnel Zener General
Diode Diode Diode LED Diode Diode Diode Diode Diode Diode

Y L

>~ Ik

=

A ) eyl

4 Amp 1 Amp

14 A/ 400 V

cmn S0 Lpmns e Aliage Aale LS dagl (e (i) usn) (gmad) U (5

(0~ e er) R a0l e Dl o6 s dayl e (gpuall SN gy

c(msbiie HLE) epmend) asiall Jade & Gubill e s3sagal) () 3l

el @lie b (7 ) (DU

Wl ol el J<all 1) el ks € 3l ol U (asds Ul 5l LS gpuall agiall (and
carsill hla & LAl o8 anaid (e stV aladiuly) Ayl LN pasidi

O +
¥4
D
DC
. ,// output
AC \ 7
input YN o —
i ]
@a ayilly ad J o8l) clyla
230V
AC —>-Transformer|>- Rectifier Smoothing Regulator Q—F‘eg“'at’ad
Mains 5V DC
Block Diagram of a Regulated Power Supply System
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Half wave rectification

‘%ﬂ' Transforner 0C
pi + [\

AC

T1 T1
_lﬁ (TI D1 _IQ . D1 (¥ sec
= sec ]
i = i o = l?
= D2 D4
half wave full wave I:!ril:_lge
rectifier rectifier rectifier
1 1::.|'£|:24u T1 D2
% Dl*
= ¥ sec - .'/d:\". ¥o
¥ pri = +J_|:1 A
D3 T LOAD
- =
%: D4 =

¥Yo {(no load) = ¥ sec X 1.414
FPo = ¥o X IL
Load (RL)} = ¥o f IL

C1 (¥min) = ¥o X 1.414
F1{a)=({Z X I} f N {N = turns ratio)}
¥sec = ¥o f 1.414

The formula for C1 is:

C1 (uF)=[(I.* t )/Vrip ] X10 ©

C1 =[(0.5A X 0.00833) / 0.92V]X10 °
C1 =0.00453 X 10 ® = 4529 uF

I>I O+
mains
.o —

Transformer Diode

Single diode rectifier

capacitor charging

+ f’ ‘.,. i.'r L1
voltage |/ LS

\ capacitor discharging
+ curren t ' M
or K " v . . v *

0

current

gAY

Output: half-wave varying DC

: e i)

LI |

LI F]
1N W
LT ¥

Smoothing

£) il gl ) Tl dalall 3,1V
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Smoothing capacitor for 10% ripple, C = 5 x lo

Vs x f

lo = output current from the supply..

Vs = supply voltage (peak value of unsmoothed DC)..
f = frequency of the AC supply (50Hz in UK)..

Alals Aaga sl 502 Jala

Transformer + Rectifier

N O+ voltage
3 JAAAAA
AC
mains | | output ,
‘ fime
O —

Transformer Rectifier Qutput: varying DC

(=]

Transformer + Rectifier + Smoothing

voltage
mains | | I_L_l output U >
% time
O —

Transformer  Rectifier Smonihmg Qutput: smooth DC

Transformer + Rectifier + Smoothing + Regulator

i  ofp—0O+ Jotage
+
AC com
mains output 0 —
T time
O -

Transformer Rectifier Smoothing Regulator Output: regulated DC
Transistor _ giud) il
¢ sl Ao (3l aaa jemie g ) b ila Loal JSi Cuay JUAD ZE dids Gl Levie
osall dena e a2l 13y g SV L) S e Adle ok il e
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et O (Collector) c

MAetalizad comntacts

Soac L3l Glema

et
Bate-Collector P
P n
aax<Collector .
il A2 S ubstrate e M= 5 e LS Eea P
Base-Emitter
junction
e E (Emitter) E

:BIT  giasilsil) ¢ )il

IS Ladg Ausy 8 daly 08 Cilidy sl (e e gl lia

:PNP | giajilsal) .

DsinrlAl Ay o<l N Al ddds Leging P pliiage Qi) ccilinha 4D e PNP il il (g ging

! .PNP

it ._.__.J._._. e S oL

PNP syl Js&
:NPN  gicilal .y
Dsiwyilll @y oSl P odiage aaly Legins N plulle i) clads 4836 e NPN iyl il (g5iag
.NPN
NPN syl J<&
b WS ag il B e ) siails JS egiag
PNP sl dlla & Clsadll oy Aiadll cDlels dasly paidall giall sa; :Emitter adal) .
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Aliag e dadll cdlala (e 58

Jramy cpdiall e Aaolal) Lalll EBlals aeaty Hsiuiball (e edall 138 paidyg :Collector aaaal) . ¥
32 @l s (reverse) Luse

ceiiall pa (forward) Lueled daasys panally aiiall o Jaws¥) e3all e 3le a5 :Base sacl@l) ¥
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b BC212 BC182 <
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BC437
Q @ BC415 BC413
= BC438 I
b g BC416 BC414
BC439
BC557 BC547
BC558 BC548
BC467
BC559 BC549
i b BC468
b BC512 BC582 2
BC469
BC513 BC583
BC514 BC584
2N3905 2N3903 5 seel
e@ @n BC262
b 2N3906 2N3904 6%
BC263
R 9012 9013
TIP2955 TIP3055 &
i b 9015 9014
ECE
MJE MJE
O 2955T 3055T BD132 BD131
m BD266A BD267A BD140 BD139
ECE TIP32A TIP31A elE BD262 BD263
TIP42A TIP41A
/o /o
.-'.B R ,-'JIB }
[# 7 2N3054 £ 7 MJ2955 2N3055
e, e/
o
m] Darlington Darlington
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