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R = Ru-expB(T To

R : The resistance value at the temperature T
T : The temperature [K]
Ry : The resistance value at the reference temperature Ty
To : The reference temperature [K]
B : The coefficient
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Switching off protection Semiconductor protection Contact spark suppression
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Safety package protection
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! Anti-lock E ! Memory seat |
1 - Wipers breaking system I} - Rear mirror Power window  system -
! - Distance alam I} -Sun roof i
I - Tire pressure alarm 1| -Seat heater H
1 - Automatic track 1 1 - Radio/Phone i
{ control Alrbag || -GPS i
y = Aomatio iglithg Control Control | ! =R cariioging Control Control i
|| Scpement module module i eontrol module module H
1 -12-Vi42-V supply i 1 - Outside mirrors !
1 systems I1 -Convertible top i
1 - Automatic parking I | - Level control i
I brake 1| - Central locking H
1 -etc. \ 11 -efc. \ g
1 »> 1 1 ) 1
1 1 ! 1
g S | Wy iy - S ————————| N———|| W——————
| CAN Bus
O
Prmeer i ] ress rem e e | | S H T { ERa e B
i 73 el i2 i [ | ! Spark plugs ;1 i
i Battery|, S VNN ! 1o | (0 | 6 o Ignition - i o E
i T alternator i \, \. i \ coll < i \, i
i : H H all i
1 1 1
1 1 1 <9 !l 1=
E ]I @: i H L] ! ! ! Distributor i L) E '\
, ﬂ vz ) N v L AN
i ik ! i [Rela : TRela ‘K - inght [Rela i
o oy g7 T 1
! { Reguator ALY | | T |Uma: | ! i %1
[ =/ [cap ! Ignition |
i o oL i T W EStarter L module L __i! ol E
- ———— - —— l-—- - - - - - - e s s s
Electric power source Power Integrated Motor management Lighting ~ CAN Bus
source starter protection
protection  generator
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Ohm's Law. R is Resistance, V is Volt, I is Current

R:/O% (/o:%ndz) P s called 'Rho*

u
| R1 R2 R3 |
— F+ F+{ }—= Rs=Ri+R2+Ry
| u1 | uz | u3 |

Resistors in series; just count them up!

R1
Ri+R
(| 1rr2

Two resistors in parallel

Itogt = I1 + Iz + I3
1 1 1 1
I =+ Iz4 I3 = = | == | =
tot 1 2 3 Rp Ry Rp Ry
1 1 1 1

_— = = —_—
Rp~ Ry Rs Rj

Multiple resistors in parallel



I = CGurrent

P = Power

¥ = Voltage R = Resistance

S 13S Lpae Uil sl doglaad] slaf ope Jelui 06 « dig uSIYI wllall dclby pow, wxd Joss oo WL
+ Wl Uil oSl 1

Thickness

-

Rough size
# Rating power Thickness Length
(W) (mm) | (mm)
From the top of the photograph ‘ 1/8 ‘ 2 ‘ 3
1/8W | 1/4 2 | 6
1/aw 12 [ 3 [ o
1/2wW

clogally 8,y Wlsya) 4uS Josds 1o alle @y 5liod il dvasell dwolall wlogliod) dwidy Lof

Thickness

oy —

Rough size
Ems_ Rating power Thickness Length
(w) (mm)| (mm)
From the top of the photograph /8 2 3
1/8W (tolerance £1%) 1/4 2 6
1/4W (tolerance £1%) ‘1 ‘3 5 ‘12
1W (tolerance £5%) :
2W (tolerance £5%) 2 5 15




0. 250 E:m: :2_2 FTi

| 14 mm |

=850 mm

STV Sl U oo

s

\ Tolerance
Multipliar
2nd Value
15t Value

Example 1

(Brown=1),(Black=0),(Orange=3)
10 x 1° = 10k ohm
Tolerance(Gold) = £5%

Talerance
Multiplier
drd Value
2nd Value
15t Value

Example 2
(Yellow=4),(Violet=7),(Black=0),(Red=2)

470 x 10* = 47k ohm
Tolerance(Brown) = £1%

silver £10%, oold £5%, red £2%, brown 1%, If no fourth band is shown the tolerance is +20%.



The following shows all resistors from 1R to 22M:
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Nonlinear resistors - a. NTC , b. PTC , c. LDR

1223 4
[tal]

e ouasdl @ssdl 8b3)
o example o e R }
i | | | |
! ! | | |
! ! 123 1 ! ! 123 1 !
! 1 [fm] 1. ! L=l 2 | 13 s S L I
! 100 ohm, 5% ! 22000 ohm , 5% ! 2200 ohm , 5% ! 2700 ohm , 5% !
T T T T T T T T T T 17T T T T T T T T 1T T T T T T T
i | | | |
! ! | | |
| 123 & | 123 & | 123 & | 123 & |
i 5. i [L{al]] E. i [ L=l 7. i [ral) 8. i
L 47Kohm,2% i _ 470Kohm,5% __ _i_ _ | 560 ohm , 5% ___ _ i___.56000hm,5% _ i
| | | | |
i | | | |
! ! | | |
| | | | |
| 123 & | 123 & | 123 & | 123 & |
i [tal) a i L=l 10. | [tel) 1. (L=l 12. i
L ____330Kohm, 5% _._._10Mohm,5% __; 39 Mohm,5% _ _ I 1Mohm,5% i
i i . . i
| | | | |
| | | | |
! 123 & ! 122 & ! 123 & ! 122 4 !
! [L{=l]] 12, | L=l 14, | [ral) 15 | [tal) T
. ._._.8600hm 5% _ . ___ 10ohm, 5% __ . __ _12000hm,1% _ . _ 22000hm, 2% ___.
i . . i
| | | |
123 & [ 123 & [ 123 & [ 123 & [
ftol) _ it} 18 | (tol) 19. | (rcl) 20. |
_____ 750hm,20% _ | _ 100Kohm, 5% _ | _ 10000hm,10% __ | _ 27Mohm, 20% _ i

| | |

i | |

! | |

! | |

! | |

! | |

| | |

100 Kohm , 2%
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Standard Series Values (5%)

1.0 10 100 1.0K (1KO) 10K 100K 1.0M(1MO) 10M
1.1 11 110 1.1K (1K1) 11K 110K 1.1M(1M1) 11M
1.2 12 120 1.2K (1K2) 12K 120K 1.2M(1M2) 12M
1.3 13 130 1.3K (1K3) 13K 130K 1.3M(1M3) 13M
1.5 15 150 1.5K (1K5) 15K 150K 1.5M(1M5) 15M
1.6 16 160 1.6K (1K6) 16K 160K 1.6M(1M6) 1leM
1.8 18 180 1.8K (1K8) 18K 180K 1.8M(1M8) 18M
2.0 20 200 2.0K (2KO0) 20K 200K 2.0M(2MO) 20M
2.2 22 220 2.2K (2K2) 22K 220K 2.2M(2M2) 22M
2.4 24 240 2.4K (2K4) 24K 240K 2.4M(2M4)
2.7 27 270 2.7K (2K7) 27K 270K 2.7M(2M7)
3.0 30 300 3.0K (3KO0) 30K 300K 3.0M(3M0)
3.3 33 330 3.3K (3K3) 33K 330K 3.3M(3M3)
3.6 36 360 3.6K (3K6) 36K 360K 3.6M(3M6)
3.9 39 390 3.9K (3K9) 39K 390K 3.9M(3M9)
4.3 43 430 4.3K (4K3) 43K 430K 4.3M(4MO0)
4.7 47 470 4.7K (4K7) 47K 470K 4.7M(4M7)
5.1 51 510 5.1K (5K1) 51K 510K 5.1M(5M1)
5.6 56 560 5.6K (5K6) 56K 560K 5.6M(5M6)
6.2 62 620 6.2K (6K2) 62K 620K 6.2M(6M2)
6.8 68 680 6.8K (6K8) 68K 680K 6.8M(6M8)
7.5 75 750 7.5K (7K5) 75K 750K 7.5M(7M5)
8.2 82 820 8.2K (8K2) 82K 820K 8.2M(8M2)
9.1 91 910 9.1K (9K1) 91K 910K 9.1M(9M1)
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Number of turns

3 77 407
4 122 325
5 177 340
6 240 440
7 306 509
8 379 607
9 470 1500
10 582 >1000
11 644 >1000
12 656 >1000
13 745 >1000
14 789 >1000

(diameter 7.2 mm, 0.6mm wire)

Inductance (nH) Q-value 13-MHz Inductance (nH)
(Compact coil) (Compact coil) (Air-space coil)

66
102
206
290
319
422
515
545
612
658

: sJWI Jgazdl
INDUCTANCE TABLE
(diameter 5.8 mm, 0.6mm wire)
Number of turns Inductance (nH) Q-value 13-MHz Inductance (nH) Q-value 13-MHz
(Compact coil) (Compact coil) (Air-space coil)  (Air-space coil)
4 92 540 79
5 131 370 120 530
6 175 340 155 500
7 220 300 184 640
8 272 370 234 560
9 315 470 267 770
10 363 650 313 1270
INDUCTANCE TABLE

Q-value 13-MHz
(Air-space coil)
440
560

550
690
1300
>1500
>1000
>1000
>1000
>1000
>1000
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AIR COIL WINDING CHART

Inductance Number of Turns Number of Turns Number of Turns Number of Turns Number of Turns
in Microhenries Diameter = .100 Diameter = .125 Diameter = .150 Diameter = .200 Diameter = .250
Length = .200 Length = .250 Length = .250 Length = .400 Length = .500
0.01 3.1 2.8 2.6 2.2 2.0
0.02 4.4 4.0 3.6 3.1 2.8
0.03 5.4 4.8 4.4 3.8 3.4
0.04 6.3 5.6 5.1 4.4 4.0
0.05 7.0 6.3 5.7 4.9 4.4
0.06 7.7 6.9 6.3 5.4 4.8
0.07 8.3 7.4 6.8 5.9 5.2
0.08 8.9 7.9 7.2 6.3 5.6
0.09 9.4 8.4 7.7 6.6 59
0.10 9.9 8.9 8.1 7.0 6.3
0.15 12.1 10.8 9.9 8.6 7.7
0.20 14.0 12.6 11.4 9.9 8.9
0.25 16.7 14.0 12.8 11.1 9.9
0.30 17.1 15.3 14.0 12.1 10.8
0.35 18.5 16.6 15.1 13.1 1.7
0.40 19.8 17.7 16.2 14.0 12.5
0.45 21.0 18.8 17.1 14.8 13.3
0.50 22.1 19.8 18.1 16.7 14.0
0.55 23.2 20.8 19.0 16.4 14.7
0.60 24.2 21.7 19.8 17.1 16.3
0.65 25.2 22.6 20.6 17.8 16.0
0.70 26.2 23.4 21.4 18.6 16.6
0.75 27.1 24.2 22.1 19.2 17.1
0.80 28.0 25.0 229 19.8 17.7
0.85 28.9 25.8 23.6 20.4 18.3
0.90 29.7 26.6 24.2 21.0 18.8
0.95 30.5 27.3 24.9 21.6 19.3
1.00 313 28.0 25.6 22.1 19.8
1.50 38.3 34.3 31.3 27.1 24.2
2.00 44.3 39.6 36.1 31.3 28.0
2.50 49.5 44.3 40.4 35.0 313
3.00 54.2 48.6 44.3 38.3 34.3
3.60 58.6 52.4 47.8 41.4 37.0
4.00 62.6 56.0 51.1 44.3 39.6
4.50 66.4 59.4 54.2 47.0 42.0
5.00 70.0 62.6 57.2 49.5 44.3
5.50 73.4 65.7 59.9 51.9 46.4
6.00 76.7 68.6 62.6 54.2 48.5
6.50 79.8 714 65.2 66.4 50.5
7.00 82.8 74.1 67.6 58.6 52.4
7.50 85.7 76.7 70.0 60.6 54.2
8.00 88.5 79.2 723 62.6 56.0
8.60 91.3 81.6 745 64.5 57.7
9.00 93.9 84.0 76.7 66.4 59.4
9.50 96.5 86.3 78.8 68.2 61.0
10.00 99.0 88.5 80.8 70.0 62.6




AIR COIL INDUCTORS

SINGLE LAYER AIR COIL WINDING FORMULA AND Q FACTOR

R TYPE RP TYPE RPS TYPE
2 N2 L = inductance (in microhenries) b Ny o b - @
_ rN r = radius of coil (in inches) | || ] 1 I i I ]
- 9r + 10A N = number of t_urr?s o p 8 o et et
A = length of winding (in inches) L TYPE LP TYPE LPS TYPE
o " -1 i i 7 F @ - ,;3
y . /L9r+10A) N A Y 11 T IO
- r2 P _,[ | 7 RS TYPE LS TYPE I.QV TYPiE
/) /| S A o
% I 7 2 i\ 1 ] 3] ’ ==
7 G 7 M g it
T R I O T T A Y o
 Uni 2, S |
In Metric Units: e ; 1 -
2 M2 = inductance (in microhenries)
0.394r° N = radius of coil (in cm) L (9r + 10A)

L=

9r + 10A

2
|

= number of turns N = 2
= length of winding (in cm) 0.394 r

This formula is most accurate when the coil length (A) is greater than 0.67r and the frequency is less than
10 MHz. As the frequency goes above 10MHz, the formula becomes less accurate, because parasitics
dominate the circuit.

The chart on the following page shows data for single layer air coils with inductances of 0.01ph to 10.0ph.
For each inductance value, the number of turns required is shown for coil diameters of 0.1 inch, 0.125 inch,
0.150 inch, 0.200 inch, and 0.250 inch. In all cases, the length (A) is 4 times the radius.

The Q or Quality Factor of an inductor is the ratio of its inductive reactance X to its series resistance Rg.
The larger the ratio, the better the inductor.

Xi = 2mfL
XL L= v
Q= —— where:
RS f = Frequency (Hz)
L = Inductance in Henries
R, is determined by multiplying the length of the wire used to wind the Q

coil by the D.C. resistance per unit length for the wire gage used.

Q changes dramatically as a function of frequency. At lower
frequencies, Q is very good because only the D.C. resistance of the
windings (which is very low) has an effect. As frequency goes up, Q will Frequency
increase up to about the point where the skin effect and the combined

distributed capacitances begin to dominate. From then on, Q falls

rapidly and becomes 0 at the self resonance frequency of the coil.

Methods of Increasing Q of Inductors

1. Decrease the series resistance of the windings by increasing the wire gage used. Larger wire has a
lower resistance per unit length.

2. Spread the windings. Air gaps between the windings decrease the distributed capacitances.

3. Use a powdered iron or ferrite core to wind the coil on. This will increase the permeability of the
space around the core.
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Micro . 1
M = A(-
UF| Farad | """ 1,000,000 107(-6) F
Nano 1
Nano= A(-
" Farad 1,000,000,000 107(-9) F
Pico N 1
Pico= A(-
PP Farad 1,000,000,000,000 | 107(-12)F
CAPACITOR GUIDE
The Result of Capacitor Code is Given in pF
1% Digit 2! Digit Multiplier Tolerance [£%)
0f Value 0f Value
F=1%
G=2%
47 x 10,000 pF K = 10%
= 47 uF M= 20%
Z = +B80%/-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).

P'ir:;"‘ Abbr. M‘:';'ﬂ!'" 1000 pico = 1 nano
P P TE: 1 nano = .001 micro
nano n 1000 nano = 1 micro
micro | W 10-°

EXAMPLES:

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



s  gySulall asdl wgSs

0l OIS Wlkiso 6¢1,8

Pico Farad >|)6 ¢S pulis pusll pas)

102=1000pF :0sS5 lpioyd yo| sgwl (siv Uely aiSo Mio

100000pF= 100nF= 0.1uf :0gSi lpioud ool Sgwl (siv Ll wiSo Wio

f S M| M 95 waiSoll bel,9

LB Wdap=>g wiSoll daw Jouit Gu> pudll dcglao wsSi ghall oia wlel
5L oL weSs asdl (29 N j0,Jl a>9 13] V| microfarad

Ul 590, s sle @8l sazig VBl Sy Y piasy (599 V Byl guiy 03,5 spzl dasig

adyll 50,Jl
%°20 M
%10 K
%5 ]
%?2.5 H
1 pF

) F

Jludl gl a>godl

OlgdVIl gl e wlasSall pud dsl,8 Jga>

X

__— A First digit
——— B Second digit
C Multiplier

D Tolerance

E Voltage

ABECD EXAMPLES

il —

C=47-1nF=47nF/20%/250V

= i
AQD
b.

DIGIT MULTIPLIER| TOLERANCE| VOLTAGE
0 X 1 pH +20%
1 x 10 pH +1%
2 x 100 pH +2% 250V
3 x 1 nH +2.5%
4 x 10 nH 400V
5 x 100 nH +5% €=39-10pF=390pFI5%
6 x 1 pH
7 x 10 pH s
8 x 100 pR ]
9 x 1000 pH +10%

C=22-100pF=2200pF!5%




g,V pgailindl wlaiSo 85158 Jga>

A First digit o
E Second digit B
= Multiplier
O voltage C -~ g
+
470 pF20V 2.2 pFEav
DIGIT MULTIPLIER VOLTAGE
0 X1 pH 10V
1 X 10 pR
2 x 100 pR
3
4 6.3V
5 16V
6 20V
7
8 x .01 pH 25V
9 X .1 uH 3V
35V

Qa9 58V pguilill wleiso

CONRAD
Besl.- Nr. 2323-88

Crmin= 12 pF
Cmax=218 pF d.

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



0.003uF=3 nF= 3000 pF

+20%
400V

10pF * 100=1000pF=1nF
+10%
50V DC

Eg nF o
+80to -20
12WY

0.47uF

+20%
3l il
+20t0-70%

el
+25Cto 88 C
1000WV

10pF
+10%
S| il

+15t0-15%
sl

o o
+55Cto 125C
1000WY

2500
0.22uF= 220 nF 150nF
+20% +10%
2500 250V

‘0.4? uF=470pF
100y

22pF * 1000=22000pF=22nF
+10%
63V DO

4.7nF \
400V

154pF * 1 DU!'I 50000pF=150nF

+20%
100y OC

20 pF

+205% 2200 pF
S50VAC 410%
A00VWDC b Al el s

22 pF
+20%
1000WV

®

47 pk
+205%
gkl 531 5

U +20% +up5pF
0033 313 il I ’m‘
+20%  / 422t0-56% ;‘g’: -
A ppm
+10°C to 85°C +250;; o



Table 1. Capacitor varieties and their typical characteristics.

| Capacitor | Ceramic Electrolytic Metal Mica Polyester Polycarbon- | Polystyrene Tantalum Polypropy-
: Film ate lene

E Cacacitance 22pto 100n to 1pto 22pto Into 10n to 10p to 100n to 100p to

i [Range(F) 100n 470000 16u 10n 10u 10u 10n 100p 470n

D Typicaltoler- | 210 -10to +20 =1 +5to +20 £1,225+ +20 +510

¢ fance (%) + 80 +50 +20 1,£25, £20

E Typical volt- S0V tol 6.3V to 250V to 350V 63V to 63V to 50V to 6.3V to 100V

! Jage rating 15KV 450V 600V (typical) 400V 630V 630V 35V tol.5kV

» (D)

E +100 to +1000 +100 to +35to -200 +60 -150to +100 -200

¢ Jeofficient -4700 (typical) +200 +70 +80 to+1000 (twprcal)

| |eomideac

Stability Fair Poor Fair Excellent Fair Goad Goad Fair Fair/Good
Ambient -35to0 -40 to 25 to 40 to -40 to -55t0 -40 to -40 to -55to

E temperature +85 +85 +B85 +85 +100 +100 =70 +85 +100

| Jrange (degC)
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RW/RWH

Main Feature

1. BW Series Relay covers switching capacity by 104 is
spite of miniature size to comply with user’s wide
selection.

2. RWH is approved C-UL & TUV safety standard.

The employment of suitable plastic materials is

applied under high temperature condition and various

chemical solutions.

4. Complete protective construction is designed form
dust and soldering Hux. If required, plastic sealed

type is available for washing procedure.

12A at 120VAC for RW & 12A at 240VAC for RWH

w

Contact Rating
B Nominal Load (Resistive Load Cos ¢ =1)

Contact Capacity: RW.......... 12A at 120VAC.(UL) B Max. On/Off Switching :
10A at 120VAC, Electrical .o 30 Ops per Minute.
10A at 24VDC. Mechanical....coooiciiiiiiiiinn 300 Ops per Minute.
RWH ... 12A at 250VAC.(UL) B Temperature Range ..o -30~55°C
10A at 277VAC(TUV) B Humidity Range....ooeivnnnnn, 45~85% RH.
TV-5 at 120WVDC. B Coil Temperature Rise............ 35°C Max.
15A at 24VDC. B Vibration:
Rated Carrying Current........ RW.: 10A & RWH: 15A. Endurance ....ooiiiniiinns 10 to 55 Hz dual
Max. Allowable Current....... RW.: 10A & RWH: 15A. amplitude width 1.5mm.
Max. Allowable Voltage ... AC 240V, DC 110V Error Operation ... 10 to 55 Hz dual
Masx. Allowable Power Force. RW: 1500 VA, 240W. amplitude width 1.5mm.
RWH: 1800VA, 360W. m  Shock:
Min. Switching Load............. RW: DC 35V, 10mA. Endurance ...cocooeiiciiiniee, 1,000 m/S* Min.
RWH: DC3V, 15mA. Error Operation .....ccooivninnn 100 m/§* Min.
B Contact Material .o RW.  AgAlloy. B Life Expectancy :
RWH: AgSnO2. Mechanical ..o 107 Operations at No
B Contact Form..ii, SP5T & SPDL Load condition.
Electrical .o 10° Operations at Rated
Performance (at Initial Value) Resistive Load.
B Contact Resistance....ccocuneee. 100mO Max. @ 1A.6VDC B Weight. i, About 11 g.
B Operate [ime..oooiiiiiiinnnn, 10 mSec. Max.
B Release Time .oooviveviiceiiieeen, 5 mSec. Max. Safcty Standard & Its File Number :
B Dielectric Strength : m RW
Between Coil & Contact........ 1,000VAC at 50/60 H= E141060
]Eor one minute. LR76598
Between Contacts .o S00VAC at 20/60 Hz -
for one minute.
B Surge Resistance oo, 3,000V (between Coil EL151060

& Contact 1.2x50pSec.)
B Insulation Resistance.............. 100 MegaQ) Min. at

are UL approved.

Application

Domestic Appliances, Office Machines, Audio Equipment,

Coffee-Pots, Control units, etc.

S00VDC.

R9854380
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Vo = Working Peak Reverse Voltage
I = Reverse Current Current
Ve = Forward Voltage at I |
| = Forward Current P
*l; = Average Forward Output Current
with 1807 conduction in 60 HZ
sine wave Forward
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11IN5408| 3A | 1000V
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Example: output voltage required is 5V, output current required is 60mA.

1. Vz = 4,7V (nearest value available)
2. Vs = 8V (it must be a few volts greater than Vz)
3. Imax = 66mA (output current plus 10%)
4. Pz > 4.7V x 66mA = 310mW, choose Pz = 400mW
5. R=(8V-4.7V) / 66mA = 0.05kf2 = 50L2, choose R = 47(}
6. Resistor power rating P > (8V - 4.7V) x 66mA = 218mW, choose P = 0.5W
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‘ Type ‘ Colour ‘ le ‘ Vr ‘VF VR ‘ Luminous VieWing‘Wavelength
max. | typ. |max.|max. intensity angle
| Standard | Red [30mA|1.7v [2.1v| 5V | 5mcd@ 10mA | 60° | 660nm
| Standard | Bright red [30mA | 2.0V |25V | 5V | 80mcd @ 10mA | 60° |  625nm
| Standard | 130mA | 2.1V |25V | 5V | 32mcd @ 10mA | 60° | 590nm
| Standard | Green |25mA |22V 2.5V | 5V | 32mcd @ 10mA | 60° | 565nm
|High intensity | Blue |30mA | 45V |55V | 5V | 60mcd @ 20mA | 50° |  430nm
| Superbright | Red  |30mA |1.85V |25V | 5V |500mcd @ 20mA | 60° | 660nm
| Lowcurrent | Red |30mA | 1.7V [2.0vV| 5V | 5mcd@2mA | 60° | 625nm
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Block Diagram of a Regulated Power Supply System

Full wave rectification

Diode bridge
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half wave full wave bridge
rectifier rectifier rectifier

117 f 240

VAL T1 D2

» .
f‘“\ vo The formula for C1 is:
. £ U @[j LDAD C1(uF)=[(I.* t)/Vrip ] X10 ®

D4 =
C1=[(0.5A X 0.00833) / 0.92V]X10 ©
¥o {no load) =¥ sec X 1.414 Cl1 {¥Ymin)=%¥o X 1.414
Po = VYo X IL Fl1i{Aa)=(2X1 NN =t ti

Load (R = Vo 7 IL (A)=(% 107NN ums ratio) (12 0,00453 X 10 © = 4529 uF

.. A>90 ai pugdi 8>

L3

current

ar +
A >I O+ voltage
f: output
mains 0 b
fime

{) =

Transformer Diode

Single diode rectifier Output: half-wave varying DC

capacitor charging

_._
\ capacltor discharging
+ current 4
A A A N
voltage |. YL vl Vo o '
:‘ ll 1 "" i ‘1 ! 1 : i
. 0f u Y 1-.: i ‘1-
Smoothing time
5 xIo
Smoothing capacitor for 10% ripple, C= Vs x f

Io = output current from the supply ..
Vs = supply voltage (peak value of unsmoothed DC) ..
f = frequency of the AC supply (50Hz in UK) ..
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Fixed Voltage Regulators (7800, 7900 series)

LM78xx
+o_ IN OUT_0+
UNREGULATED GND REGULATED
INPUT 21 OUTPUT
- C O_
@)
‘ I (2)
+ o O+ (1)
UNREGULATED REGULATED
INPUT 2 1 3 OUTPUT
- O— IN GND OUTp—o0-

LM 79xx

. (78XX , 79XX) alilel) pubiid] 59p5> uw LI Jgasdl

IC Part Number Output Voltage Minimum V,
Required

7805 +5V 7.3V
7806 +6V 8.35V
7808 +8V 10.5V
7810 +10V 12.5V
7812 +12V 14.6V
7815 +15V 17.7V
7818 +18V 21V
7824 +24V 271V
7905 -5V -7.3V
7906 -6V -8.35V
7908 -8V -10.5V
7910 -10V -12.5V
7912 -12V -14.6V
7915 -15V -17.7V
7918 -18V -21V
7924 -24V -27.1V
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Transformer Rectification
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Figure 4: A simple 5% DC regulated power supply system
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R2 = (VOUT - VLED) / (10 x 0.001)
VLED = 2V : cu>
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Variable Regulated Power Supply
1.2 to 30Volts @ 1.5 Amps.
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NPN transistors

Code structure | G020 | |5 max mm | max | (picluse) | substitutes
BC107| NPN | TO18 | 100mA | 45V | 110 | 300mW | Audio, low power ?3%15327
BC108| NPN | TOI8 |100mA | 20v | 110 | 300mw | Sener@ Lot B 48

BC108C| NPN | TO18 |100mA | 20V | 420 | 600mW Genlirvav';’svrvz‘?se'

BC109| NPN | TO18 |200mA | 20V | 200 | 300mwW A“d‘f(’)‘fv'op‘)’(“)xg‘rse)' s
BC182| NPN | TO92C | 100mA | 50V | 100 | 350mw Ge”f);av';’gjvrvzfse' e
BC182L| NPN | TO92A | 100mA | 50V | 100 | 350mW Genli@'ggjvrv‘:ﬁse' oA
BC547B| NPN | TO92C | 100mA | 45V | 200 | 500mW IOCV“SLOV'Ver BC107B
BC548B| NPN | TO92C | 100mA | 30V | 220 | 500mW Ge”g@';’gvrv‘;‘;se' BC1088
BC549B| NPN | TO92C | 100mA | 30V | 240 | 625mw | Audio (";‘gv;‘grise)' low BC109
2N30531 NPN | TO39 |700mA | 40V | 50 | 500mw Ge”g@';’(fvrv‘;‘;se' BFY51
BFY51 NPN | TO39 | 1A | 30V | 40 | 800mwW G;gzrlz'mp‘;m:f BC639
BC639| NPN |TO9A | 1A | 80V | 40 | 800mw G;gzrlz'mp‘;gﬁfj:f BFY51
TIP29A| NPN | TO220 | 1A |60V | 40 | 30w Ger;ﬁ;' ot

TIP31A| NPN |[TO220 | 3A | 60V | 10 | 40w Ger;ﬁ;ah' e sl
TIP31C| NPN [T0O220 | 3A | 100v | 10 | 40W Ge”h‘?gah' e LS
TIP41A| NPN | TO220 | 6A | 60V | 15 | 65W Ge”h‘?gah' ol

2N3055, NPN TO3 | 15A | 60V | 20 | 117w Ge”h‘?;' gg;fgrse

PNP transistors

Code structure | G0 | S max min | max | (piluse) | substitutes
BC177| PNP | TO18 |100mA | 45V | 125 | 300mw | OCVUSLOV;,er BC477
BC178| PNP TO18 |200mA | 25V | 120 | 600mW Genli@'[fgvgr’se' BC478
BC179| PNP | TO18 |200mA | 20V | 180 | 600mW A”dil‘(’W(JOF;’gV’Jgirse)'

BC477| PNP | TO18 |150mA | 80V | 125 | 360mW | OCVUSLOV'Ver BC177
BC478| PNP TO18 | 150mA | 40V | 125 | 360mW Genli@'[fsvf};‘r’se' BC178
TIP32A| PNP  [TO220 | 3A | 60V | 25 | 40w Ge’;ﬁ;ﬂ gg\fg’e"fe TIP32C
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Choosing a suitable NPN transistor :

1. The transistor's maximum collector current Ic(max) must be greater than the load current Ic.
supply voltage Vs
load resistance R,

load current Ic =

2. The transistor's minimum current gain hge(min) must be at least five times the load current I
divided by the maximum output current from the chip.

load current I
max. chip current

heg(min) > 5 x

3. Choose a transistor which meets these requirements and make a note of its properties:
Ic(max) and hee(min).

4. Calculate an approximate value for the base resistor:
Vs X h
Re =02 xR xhe or Rg= ¢
5xIc

5. and choose the nearest standard value.
6. Finally, remember that if the load is a motor or relay coil a protection diode is required.

Example
The output from a 4000 series CMOS chip is required to operate a relay with a 1002 coil.
The supply voltage is 6V and the chip can supply a maximum current of 5mA.

1. Load current = V¢/R. = 6/100 = 0.06A = 60mA, so transistor must have Ic(max) > 60mA.
2. The maximum current from the chip is 5mA, so transistor must have hgg(min) > 60
(5 x 60mA/5mA).
3. Choose general purpose low power transistor BC182 with Ic(max) = 100mA and
hee(min) = 100.
4. Rg=0.2 x R. X hgg = 0.2 x 100 x 100 = 2000¢2. so choose Rg = 1k8 or 2k2.
5. The relay coil requires a protection diode.

Choosing a suitable PNP transistor :

The procedure for choosing a suitable PNP transistor is exactly the same as that for an NPN
transistor described above.

+\/s +Vs
- -
' Chi
protection diode = 7" Iﬁuad Dutpﬁ:t
(if required) £ _ 1, L
1 — C
I
---- |
e S C
— C :
Chip protection diode =7.* Load
Dutput {If !'B'qui:rﬂd]' - :\ H L
_— E T
ov o
NPN transistor switch PNP transistor switch

(load is on when chip output is high) (load is on when chip output is low)
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The power MOS FET switching circuit
ool 5Ll Jyozis 8,131 048 0985 Cuu> ¢ dxclaiwl (MOS FET) whhgivwsily (sle So=i a il 8,1l
++ (AC) wsliao ;L3 | (DC)
- (220V) (sJl (12V) oo whhgiwsilyl @awwly glasodl )Ll Jus=i csle pgés Jgzall U]
D> gl po puicgezo o Lol bl ddoc Sy

+12 2y
TR3 “’F TR3
T lye T1
L ] H -
-1 TH4J [ —T TR4
| » —
o LY —I b
- L 2
TRS ) TRS
BEeE mE
H BT L B
TRE | ,.—- TRE g
/j7 /j7

sde (H) o (TR3 and TR4) ale (L) pS=il 8,Li] 0gSs loaie (TR3 and TR6 ) Olygiwilyil Joss
.. (TR5 and TR6)
sde (L) s (TR3 and TR4) (sde (H ) oSl 8,Li] 0gSs loaie (TR and TR5 ) Olygiwilyil Joss
.. (TR5 and TR6)

H Bridge Motor control

v H sy (woawide « osouodl )Ll WS y=0 acypun pS=il) PRSI aJul &,

] JSuis MOSFET whygiwyilys a)l (e 8,101 (sgx

alal) Ll Ciball (5] 5 (L02) (] ymeall o (Hil) W o5 &gl oo sl o (oYl il s
o A a3Vl ppll 909

Ul Ll sl (5] 5 (LO1) (5] yeadl i (Hi2) JMs 5 @)Ul oo Ll saw @il @l (o0
« C 0oVl ppll g9

L ¥
D .
Hi1 B Hi2
MOSEET MOSFET
I_
¢ Lo =
Main H m A -
Capacitor . Battery
Lo1 Lo2 L
MOSFET MOSFET -
g 2 |
I A H
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Data sheet
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which functions as the pick-up sensor, A 3x3-inch piece of circuit board (or similar size metal object),
is connected to the gate of Q1. A 100 Mega Ohm resistor, R2, isolates Q1's gate from R1, allowing
the input impedance to remain very high. If a 100-MegaOhm resistor cannot be located, just tie 5
22-MegaOhm resistors in series and use that combination for R2. In fact, R2 can be made even
higher in value for added sensitivity.

Potentiometer R1 is adjusted to a point where the piezo buzzer just begins to sound off and then
carefully backed off to the point where the sound ceases. Experimenting with the setting of R1 will
help in obtainin the best sensitivity adjustment for the circuit. Potentiometer R1 may be set to a point
where the pick-up must be contacted to set of the alarm sounder. A relay or other current-hungry
component can take the place of the piezo sounder to control almost any external circuit.
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Manufacturer Type Number
ECG Philips ECGO55M
Exar XR-555
Fairchild MESS55
Harris HA555
Intersil SE555/MESSS
Lithic Systems LC555
Maxim ICM7555
Motorola MC1455f/MC1555
Mational LM1455fLM555C
MTE Sylvania NTE9S55M
Raytheon RM555/RC555
RCA CA555/CAS555C
Sanyo LC?555
Texas Instruments |SMN52555/5N72555
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555 General Specifications

Vee | 5-Volts | 10-Volts | 15-Volts |
Max Frequency (Astable) | 500-kHz to 2-MHz |
Vc Frequency Range | +/-25% | +/-25% | +/- 25% |
Vc Frequency Range | +/-90% | +/-90% | +/- 90% |
Vc Voltage Level (center) \ 3.3V \ 6.6-V \ 10.0-V |
Frequency Error (Astable) \ ~ 5% \ ~ 5% \ ~ 5% |
Timing Error (Mono) o ~1% | ~1% | ~ 1% |
Max Value Ra +Rb | 34Meg | 6.2-Meg | 10-Meg |
Min Value Ra | 5K | 5K | 5-K |
Min Value Rb | 3K | 3K | 3-K |
Reset VH/VL (pin-4) | >0.4/<0.3 | >0.4/<0.3 | >0.4/<0.3 |
Output Current (pin-3) | ~200ma | ~200ma | ~200ma |
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la: 1:1 mark-space ratio {50% duty cycle)

1b: 3:1 mark-space ratio {75% duty cycle)

lc: 1:3 mark-space ratio {(25% duty cycle)

Figure 1: Pulse width modulation waveforms
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