Mot s6 so' d6 mach PKDT

. Mach dieu khién transitor

. Mach diéu khién d6 réng xung
. Mach bién d6i ADC

. Mach én dinh dién ap

Mach bién déi dién ap

Mach han ché dong dién
Mach cach ly quang

. Mach diéu khién déng co bwéc
. Khuéch dai thuat toan

10. Timer 555

11. Cac mach logic
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12. S&r dung thu-phat hong ngoai
13. Thu phat séng radio
14. Thu phat siéu am



Mach diéu khién transitor

BJT transitors i i a

(Bipolar junction transistor)
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TO-3P

1. Gate
2. Source

MOSFET transitor

(Metal-Oxide
Semiconductor Field-Effect

Transistor)
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TO -92
Plastic Package
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Heat Sink

Mounting
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with heat sink tab.



e TS

BCxxx BCxxxK 2N series
European American

o= .
5 Heat Sink ="'

| | Y Mounting
Tab
EmirterT
Base Imitter = i = (Collector T
TDC; ?iﬁ;g:tm Base TO-18 Center lead 1s common
T Hermetically-Sealed with heat sink tab.
1O -352 Case

Plastic Package



Céac bong ban dan nhuw thé nay thuwdng co trong gia dinh
ba nguwoi, dé BC 556, BC557 va BC558 la mot 'gia dinh'
nhw BC 546, BC547 va BC548. Hau t6 'C' (vi du BS557C)
cho biét nhdm thu dwoc: thwéng A 1a 100-250, B 1a 200-
500 va C la 400-1000. Sau do, mét sb gia dinh ¢6 hau td L
la tot, vi vay ban c6 thé cd BC546L (hoac tham chi
BC546AL): nhirng L hau td nay c6 nguwdi thu gom & trung
tam. Cac loai 4QD chung téi str dung khéng phai la loai L
(thwe sw la cua chung toi l1a hau td K, hoac khong co hau
td) va cac chan nhw trong so do bén dwdi, bén trai. Chung
tdi co thé cung cap gdi 100 béng ban dan véi mire gia rat
canh tranh!



Ky hiéu ( trén than Transistor )

* Hién nay trén thi trwdng c6 nhiéu loai Transistor cta
nhiéu nwéc san xuat nhwng théng dung nhat la cac
transistor ciia Nhat ban, My va Trung quoc.

Transistor Nhat ban : thwong ky hiéu laA..., B..., C...,

D... ViduA564, B733, C828, D1555 trong do cac
Transistor ky hiéu la A va B la Transistor thuan PNP con ky
hiéu la C va D la Transistor ngwo'c NPN. cac Transistor A
va C thwong c6 cédng xuat nhé va tan so Iam viéc cao con
cac Transistor B va D thwéng c6 cdng xuat I&n va tan so
lam viéc thap hon.

Transistor do My san xuat. thwéng ky hiéu 1a 2N... vi du
2N3055, 2N4073 vv...




Bat dau bang so 3, tiép theo la hai chii cai. Chir cai
thirc nhat cho biét loai bong : Chir A va B la béng thuan
, chir C va D 1a bong ngworc, chir thir hai cho biét dac
diém : X va P 1a bong am tan, A va G la bong cao tan.
Cac chir s6 & sau chi thtr tw san pham. Thidu : 3CP25
, SAP20 vv..

3. Cach xac dinh chan E, B, C cua Transistor.

V&i cac loai Transistor céng xuat nhé thi thir tw chan C
va B tuy theo bong ciia nwéc nao san xuat , nhwng chan
E ludn & bén trai néu ta dé Transistor nhw hinh bén. Néu
la Transistor do Nhat san xuat : thi du

Transistor C828, A564 thi chan C & giira, chan B &
bén phai.



Néu la Transistor Trung quoc san xuat thi chan B & giira
, chan C & bén phai.

Tuy nhién mét so Transistor dwoc san xuat nhai thi
khéng theo thir tw nay => dé biét chinh xac ta dung
phwong phap do bang dong hé van nang.

V¢&i loai Transistor cong xuat I&n thi hau hét déu cé
chung thir tw chan la : Bén trai la cwc B, & gitra la cwc C
va bén phai la cwc E.

Po xac dinhchan Bva C

V&i Transistor cdng xuat nhé thi théng thwérng chan E &
bén trai nhw vay ta chi xac dinh chan B va suy ra chan C
la chan con lai.

Pé dong ho thang x1Q , dat c6 dinh modt que do vao tirng
chan , que kia chuyén sang hai chan con lai, néu kim Ién
= nhau thi chan cé que dat co dinh la chan B, néu que
dong ho co dinh la que den thi 1a Transistor ngwoec, 1a
que do thi la Transistor thuan..
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Cac cach mac mach BJT

m E-C (Emitter Common). —E{:

CVao B ra C, E chung vao ., £

o~
—

vara

E C

m B-C (Base Commaon).

m C-C (Colector Commaon).

CVao B ra E. C chung vao B r: 2

So do E-C (E chung)

Wi

-
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Rni
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CVao E ra C, B chung vao véo

vara

E

vara wia o

So @6 B-C (B chung) So d6 C-C (C chung) | r|

R
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My, A

Mach nay khong co tinh khuech dat ma ch i téng dem d phot hop
tro khang
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Tin hi#u £a bi phan hot 4m manh nén tro khang vao l6n va tro khing ra
nho



Phan cuc cho BJT

La tao mot dien ap ban dau cho cizc B cua BIT da virot qua ngwdng Uy,
ban dau (511a 0.6 von va Ge la 0.2 von)

Phén circ bang dién ap

Phan cec bang dong dién

Phén circ bang phan hos

Pien ap ta1 chan B (mach E-C) sau khi 43 phan cwec sé la:

Uy = Upep T e(t)

v e(t) la ngu&n tin hidu can khuéch dai. Mudn khuéch dai deoc thi
U, phai lon hon hoac bang bién do e(t)+U,,.



Phan cuc bang dien ap

|‘|:'””I +  Chon déng I, (ki hidu 0 chi dai lrong
| IV phan ciec)
—li .
I lé " I - — * Chen dong I, = (5 -:- 10)L, (qu woc
: ' L lay [,=10I,). Déng phan cuc cang lén
o - |_ cang tot nhung s€ gay ton hao cong
_| I . Lo = suat nhidu.
P 1] ) » Chon U, (0.6 von van 51 va 0.2 von
L %l U /€ véi Ge) hay Uy
g Q|
? R:Dbn.Ri:K_D.&D
— S I+1,

p _Ve=Usy _V.-Ugy

) JE'-:'I:I JBI.EIEI




Phan cuc bang dong dien

Imu
Y V.-U
5F'u lnr § ) = RE? = — =
l_-1|‘ I_g;.,;]
‘TI d "

* Chon tnrée U, ;. I,



Phan cuwe bang phan ho1

Chon trieac U,

J]rnl :I.:'D _I_ir.bn — {ﬂ-l_l}fbt]
Uy,=V.—1,R

R.b _ U._nn o T.eren
f.bn

g VU
iT::n



Mach khuéch dai E-C

m H& sO6 khuéch dai
cong suat:
m Pha cia tin hiéu:
C K,<0 nén tin hiéu ngd
ra ngwoc pha tin hiéu g
ngd vao.

OMach khuech dai E-C co bién do K, HLf‘1 nén
vira khuéch dai dong dién, vira khuéch dai
dién ap.

OMach khuéch dai E-C vai K, K, co dau am
nén tin hiéu ngd ra ngwoc pha voi tin hiéu
ngd vao.

OBién tr¢r vao va dién trd ra cla mach E-C co
gia tri trung binh trong cac so db khuéch dai.



Mar::h khuer::h dai B- C

m HEé st khuéch dai

e Ve
cong suat:
O Ke=K K, Re Re
m Pha cua tin higu: ‘ﬂgr” q I‘D\T
OK>0 nén tin hiéu ngd é'l Y '

c
ra cung pha tin hiéu R, ’
ngd vao. H’;

=8

- OMach khuéch dai B-C £O bién do Ki<1, K >1
nén mach HHDHQ khuéch dai dong dién, chi
khuéch dai dién ap.

OMach khuéch dai B-C voi K., K, co dau
dwong nén tin hiéu ngd ra cung pha véi tin
hi&éu ngd vao.

OBién tr& vao cua mar:h B-C c6 gia tri nhé nhat
trong cac so do khuéch dai.



Mach khuéch dai C-C

m H& s0 khuéch dai

cong suat:
E HF=|'{.L|-H|. FL—'-' FE:
m Pha cla tin hiéu: V,,
O K0 nén tin higéu ngd e
ra cung pha tin hiéu R- o
ngd vao. =

OMach khuéch dai C-C c6 bién do K>1, K .1
nén chi khuéch dai dong dién, khéng khuéch
dai dién ap.

OMach khuéch dai C-C véi K, K, co dau
dwong nén tin hiéu ngd ra cung pha vadi tin
hiéu ngd vao.

OBién trér vao m]la mach C-C co gia tri Ion nhat
trong cac so do khuéch dai. Mach nay dung
phéi hop trer khang rat tot.



Transitor mac theo so d6 Darlington
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12V

VR1 Ql
1k TIP120

Transitor Darlington application

12V
+
R1 Fan
1k
Q2
R2 TIP32a 1%‘“'
47 :
I | e T ’
+  VR1 Ql
R1 1k BC107
1k Fan Q2
rIP31
—— R1 +
" 1k

Fan




Mach day - kéo

Cesy

|.-""|r-,,| [:'F'LILL Load

Switching push-pull amplitier.

Pulse-width modulation



Mach day - kéo

dung cac "
Transitor
cung loai

dung céac
Transitor
khac loai




St dung
Transitor nhw
mot céng tac ...

Using BJT as a switch to turn
off/off a LED

12VDC

2.72%

12VDC

2.2k

Inverter
Input ""'*-3 100k ™ Inverter
Qutput
12VDC
+
10.6Y| -
g 2.7k
100k 0.2y
12 fy lir,

0.6Y I\l

Inverter
Input """-.S 100k T Inverter
Qutput
12VDC
+
= 2.0k
100k j 12
A
0.2V 1




2 phwong phap mac transitor dé dieu khién déng co’ dién

‘,_-'1,.+].-""

(a) Voltage-mode drver (b) Current-mode driver



Variable gain voltage-mode amplitier.



,\ Vin

Appraximately 0.6 V
dead-zone

ipc-lar \rnl—mﬂ ampliﬁer i




Bipolar variable gain voltage-mode amplifier.



|

© R,
iy =—l R _R Vin

RY AV ¥
I _ V
oy < -
Hak Ry + R;
Ry Vs

- Bipolar variable gain current-mode amplifier.



Piéu khién toc dd dong co’ bang phwong phap diéu ché dé réng xung

A MOTOR
i1
R RETeY
100K POT | DL MOTOR
B 03
X TR R —
N =5
A D1 W o — 4 0o 10k,
1581 8 1M581 8
- R
5
¥ THR —
—{ c% I '
0.01uF = 1
= U1 |RF Z 46N
T | LM555
i
E——t

0. 1uF




H-bridge driver.

An H bridge is an electronic circuit which enables a voltage to be applied across a
load in either direction. These circuits are often used in robotics and other
applications to allow DC motors to run forwards and backwards. H bridges are
available as integrated circuits, or can be built from discrete components

ﬁ+|ﬂ"

-—Ii‘11 G2 ;]—o
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B



http://en.wikipedia.org/wiki/Electronic_circuit
http://en.wikipedia.org/wiki/Robotics
http://en.wikipedia.org/wiki/Integrated_circuits
http://en.wikipedia.org/wiki/Discrete_components
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+VCC (12v)

1 3 TR :
Basic Bi- Lt

directional g g

H-bridge Input A < & i Input B

Circuit O N @ 1 O
(Forward) (Reverse)

o
RO RPAEA

<I>

GMD (0v)
Control the speed of a DC motor with a single transistor has main disadvantage,
the direction of rotation is always the same, its a "Uni-directional” circuit. In many
applications we need to operate the motor in both directions forward and back.
One very good way of achieving this is to connect the motor into a "Transistor H-
bridge" circuit arrangement and this type of circuit will give us "Bi-directional” DC
motor control ....



47k 47k
Jumper Jumper
100 k e oe 100 k
] : - 3l 3
1M 2 c]m. 1M 1M
1 o2P
—o @ 1P
—e £ op
100 k —Oa & pgp
_L—*W» OE & 100k Transistors
= EH [ oy 2M3906
r: M = | TOPTOW o pzaor
{} Middle  2N3906
oo é) o1pf L 00 Bottom 213904
or PN2222

Dual non-shorting H-bridge with brake

Based on a design by Mark Tilden with
modifications suggested by Wilf Rigter.

© 2000 Bruce M
Robkinson

Source:http://lwww.solarbotics.net/library/circuits/driver_robinson.html



+2.2 to +9.6 VDC

' | .

E E
B Q4 Q2 ( B
—{I]]]—@) (PNP) @ D3 D1 GD (PNP) R
R4 C c R2
1 ke 1 kL
(BnEBkRd) {ElnE!de}
+
R3 M1 R1
1 ki) DC Brush 1 ki)
(BnBkRd) o ' (BnBkRd)
B Q3 Q1 B
M) (NPN) C‘J D4 b2 GD (NPN) -
E E
f"i_ln
i =
§°mma“ R1 R2 R3 R4
fo t/R GND or +VDC or GND or +VDC or
"oas : 0 | disconnecte disconnecte disconnecte disconnecte
/Off: d d d d
GND or +VDC or
Forward: disconnecte GND +VDC disconnecte
d d
+VDC or GND or
Reverse: +VDC disconnecte disconnecte GND
d d
Brake/SI +VDC or +VDC or
ow +VDC disconnecte +VDC disconnecte
Down: d d




+12V
(input)

12V
mator

7805

+3V
(output)

10uF

———

T1uF

1o
microcontroller
and other 5%
components

To motor supply (+5-30%)

To microcontroller outputs
To microcontroller
PWh output
12 en. \_/ 4%
1in 4in
lout dout
GHND GHND
@ H-Bridge
GND | SN/S4410NE [GND
Zout Jout
2in 3in
2 34 en.

To Microcontroller

supply (+5V)



MOSFET transitor

R— D D
. . . . .
Draln-—l n ‘ i j,  Drain -—'T‘ ) i
Gate -I K | 0 Gate,_l p \ H
; Ge— M . Ge— F
Sources{ N | Sourceef P I
S S
n-channel MOSFET p-channel MOSFET
: Ohmic state
Voo inimA)

“”f constant current

&
HE% in
D
— t
G-Tlﬂ Vos
H'IrrlEE

S

" ;
= Cutoff (Vag< V) =~ BVos

Breakdown

Ve



1.

2

Cutoff—When the potential across the gate and the substrate (source) Vi is less that the turn-on
(threshold) voltage Vi, the MOSFET is in the cutoff region and there is negligible current tlow
through the drain (D) terminal, i.e.,

(Ves<Vr

g =0 RVDSEVDD

jli[}

Typically, V3 = 1-2 V. In this mode, the transistor from D to 5 can be viewed as an open connection.
Active Region—When the V, = V, the MOSFET is in the active region, where

(i o (Ve V)
VES::'VT ﬂﬂd __E‘.D ( G5 T)
Vo> Vs = Vi

In this mode, the transistor can be viewed as a voltage-controlled current amplifier, where the
drain current i- is proportional to square of the difference between the gate-source voltage and
the threshold voltage. The drain current is controlled by the gate-source voltage V.. The power
dissipation across the transistor Pppy is

Pepr=ip - Vig



3. Ohmic State—When Vj is large enough so that the drain current is determined by the drain
source circuit, the MOSFET is in saturation and

" iy = Vop/R;
V> Vo and | 07 o (21.14)
| Vs = 1p - Ron(Vps) < Vigs = Vi

In this mode, the transistor can be viewed as a closed switch between the terminals D and S with
a voltage controlled resistance Rgy. The drain current i, is controlled (determined) by the drain
circuit. At rate current, the Vp; drop during saturation ranges from 2 to 5 V.



_Gate_SourEeVolt_s B F ‘ F V" ) ”+ :
00 - 2 -3 -4 -5 -8 guppb 5 OV
_2 \
-4 \
o : source
-6 \ gate
-8 ‘ Vin ||' i.”
-10 \
Drain Amps - Qo
IRF 9610 P-Channel 2A,20W in out I 10 kQ
’ ’ onijl. es
IRF 9620 P-Channel- 3A,40W . Vout LO HI1 yes
Rload Off III LO no
IRF 9630 P-Channel 6A,74W =g
: : c p-channel MMOSKE]
IRF 9640 P-Channel 11A,125W ‘ ‘
Drain Amps +
s I supply 5o0v
8 } - o O - . ]
6 / R m out 10 kQQ
[
4 /H ) e Tload & . off [LO HI ne
? / , m\ e 3 on|HI LO ves ¢
Qe o o
o ! G:te Soﬁrcev‘:)lts ° ¢ d],ain
IRFI 510G, N-Channel | . 4A,27W
IRFI 520G | N-Channel 7A.37W SORYLE
A A A gate
IRFI 530G N-Channel 10A,42W
IRFI 540G N-Channel 17A,48W n-channel MOSFET 4
IRFI 620G N-Channel 4A,30W
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P-channel
O
D N-channel
S

JFET IGFET enh IGFET dep


http://en.wikibooks.org/wiki/File:JFET_P-Channel_Labelled.svg
http://en.wikibooks.org/wiki/File:IGFET_P-Ch_Enh_Labelled.svg
http://en.wikibooks.org/wiki/File:IGFET_P-Ch_Dep_Labelled.svg
http://en.wikibooks.org/wiki/File:JFET_N-Channel_Labelled.svg
http://en.wikibooks.org/wiki/File:IGFET_N-Ch_Enh_Labelled.svg
http://en.wikibooks.org/wiki/File:IGFET_N-Ch_Dep_Labelled.svg
http://en.wikibooks.org/wiki/File:JFET_P-Channel_Labelled.svg
http://en.wikibooks.org/wiki/File:IGFET_P-Ch_Enh_Labelled.svg
http://en.wikibooks.org/wiki/File:IGFET_P-Ch_Dep_Labelled.svg
http://en.wikibooks.org/wiki/File:JFET_N-Channel_Labelled.svg
http://en.wikibooks.org/wiki/File:IGFET_N-Ch_Enh_Labelled.svg
http://en.wikibooks.org/wiki/File:IGFET_N-Ch_Dep_Labelled.svg
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Q

Q
1. B0 tri cac chan: chan G & bén trai, chan S & bén phai con chan D & giiva
2. Kiém tra Mosfet bang déng hé van nang
* Kiém tra Mosfet: & trang thai con tét, khi do tré khang giira G véi S va giira
G v&i D c6 dién tré bang vé cung (kim khéng 1én ca hai chiéu do) va khi G da
dworc thoat dién thi tré khang giira D va S phai la vé cung.

Bwéc 1 : Chuan bj dé thang x1KW

Bwdc 2 : Nap cho G mét dién tich (dé que den vao G que dé vao S hoic D)

Bwéc 3 : Sau khi nap cho G mét dién tich ta do gitra D va S (que den vao D
que do vao S) => kim sé lén.

Bwéc 4 : Chap G vao D hoic G vao S dé thoat dién chan G.

Bwéc 5 : Sau khi da thoat dién chan G do lai DS nhw bwéc 3 kim khéng Ién.
V&i Mosfet hong khi do giiva G va S hodc gitra G va D néu kimlén=0W la
chap, do giitra D va S ma ca hai chiéu do kimlén=0W lachap D S
3. Po kiém tra Mosfet trong mach .

Khi kiém tra Mosfet trong mach, chi can dé thang x1W va do giira D va S =>
Néu 1 chiéu kim Ién dao chiéu do kim khéng Ién => 1a Mosfet binh thwdng,
Néu ca hai chiéu kim Ién = 0 W Ia Mosfet bi chap DS



12V Floroxscon! tuba drrver corcul WY Cocultstoday com

el

L ¢



This arrangement is using MOSFETs as switches. This is called an H Bridge because of
the H layout of the circuit. It's possible to buy H Bridge controller chips. These make
motor control easier. If P1 and N2 are on, the motor runs forwards. If P2 and N1 are on,
the motor runs backwards. If P1 and N1 are on, both MOSFETs are destroyed by the
short circuit. If P1 and P2 are on, the motor, acting as a generator, brakes to a halt.

—

¥

T

6‘_

P1

s

P2

6‘_

+H2V

|

Mﬂtl}l'] o

e

&

1wl

I G

12V




R
M

R2
M

R3
M

www. clectree.com



S5Vio 15V +

Momentary
r Switch
/ 20 to 90 Second
ON /HOLD / OFF
circuit,
¢
33K
+ 10pF
——3 ] m
47uF
Copyright ©
Clinch 2005
=
+12.38v C
. D
b )
Websorver s !:1 S
IRFS10
- O

GDS

www clesfree.com



S 4 I_ O+Supply

1N4oo1@ Load

drain

gate
Input ¢ source

MOSFET

< -0 GND







Comparing BJT with MOSFET, we can conclude the following:

Both can be used as current amplifiers.

®* BIT is a current-controlled amplifier where the collector current i- is proportional to the base
current ip.

® MOSFET is a voltage-controlled amplifier where the drain current ip is proportional to the
square of the gate voltage V.

Both can be used as three terminal switches or voltage inverters.

®* BJT: switching circuit give rise to TTL logics.

® MOSFET: switching circuit give rise to CMOS logics.

BIT usually has larger current capacity than similar sized MOSFET.

MOSFET has much higher input impedance than BJT and is normally otf, which translates to less
operating power.

MOSEFETs are more easily fabricated into integrated circuit.
MOSFETs are less prone to go into thermal runaway.
MOSFETs are susceptible to static voltage (exceed gate breakdown voltage ~50 V).

BT has been replaced by MOSFET in low-voltage (<500 V) applications and is being replaced by
IGBT in applications at voltages above 500 V.



Mach diéu ché dé rong xung (PWM)

PWM, or Pulse Width Modulation, is a method of controlling the amount of
power to a load without having to dissipate any power in the load

driver
P L
TON ! I__vPK YY" . .
Vv TON
PULSE VouT = — X VPK

VPULSE c Tp
1 1
TP —

BASIC PRINCIPLES OF PWM

The PWM signals can be generated in a number of ways:

1. Analogue method

2. Digital method

3. Discrete IC

4. Onboard microcontroller



Simple switching amplifier with switching input.



A block diagram of an analogue PWM generator

friangle wave
generator

comparator Py

receiver signal to

demand signal ——p
converter

from radio
cantrol receiver

Triangle wave
generator
+ ! out
D level - y

The DC signal can range between the minimum and maximum voltages
of the triangle wave.

When the triangle waveform voltage is greater than the DC level, the
output of the op-amp swings high, and when it is lower, the output
swings low



|ICs specially designed for generating triangle .
waves are available. Perhaps the most
commonly know is the ICL8038, which is . S \
quite long in the tooth now but is still perfectly V'V
adequate

x My

Set R, equal to R for a regular triangle wave (equal rising and falling
edges). The frequency of the triangle wave is then given by the

equation:
053

R,C

i =

The capacitor value should be chosen at the upper end of its possible range.
The waveform generator can be operated either from a single power supply
(10V to 30V) or a dual power supply (+/-5V to +/-15V). The triangle wave
swings from 1/3 of the supply voltage up to 2/3 of the supply voltage, so on
a +12V single supply it would swing from 4V to 8V


http://www.intersil.com/design/parametric/productinfo.asp?pn=ICL8038ACJD
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Str dung LM324 trong mach PWM diéu khién déng co’
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For a 3-bit ADC, there are 8 possible output codes.

* In this example, if the input voltage is 5.5V and the reference
Is 8V, then the output will be 101.

» More bits give better resolution and smaller steps.

* A lower reference voltage gives smaller steps, but can be at
the expense of noise

+ 'l"'.: i '|."'I|:| EF (V]

OV <000<1V
1V <001 < 2V

2V <010 <3V

Anal — ] 3V <011 <4V
m_uig} —— A/D L —  4V<100<5V
— 1

5V <101 <6V
CﬂﬂVEI‘tE‘I‘ 6V <110< 7V

|j 7V <111 < 8V

GND



Least Significant Bit (LSB) and Most Significant Bit (MSB)
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Weight
Least Significant Bit
7th Most Significant Bit
6th Most Significant Bit
5th Most Significant Bit

4th Most Significant Bit
3rd Most Significant Bit

2nd Most Significant Bit
Most Significant Bit

Bit Weights of an 8-Bit Word

B5
32

B4

16

B3
8
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B2 B1 B0

. 2 1

a(n-2)
2(n7)
2(n-6)
a(n-3)
2(n-4)
2(n-3)
2(n-2)
a(n-1)



The value of an LSB depends upon the
ADC Reference Voltage and Resolution

Viore Resolution 1LSB

1.00V 8 3.9062 mV
1.00V 12 244.14 uVv
2.00V 8 7.8125 mV
2.00V 10 1.9531 mV
2.00V 12 488.28 nV
2.048V 10 2.0000 mV
2.048V 12 500.00 pV
4.00V 8 15.625 mV
4.00V 10 3.9062 mV

4.00V 12 976.56 uV
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The Magnitude of the Error Ranges from Zero to 1 LSB



This DAC circuit, otherwise known as the binary-weighted-input DAC, is a
variation on the inverting summer op-amp circuit. If you recall, the classic
inverting summer circuit is an operational amplifier using negative feedback
for controlled gain, with several voltage inputs and one voltage output. The
output voltage is the inverted (opposite polarity) sum of all input voltages

Inverting summer circuit

v BT
v, /8 Di - 1,4+ 1, +1,

~-— 1.

Va—\/‘ﬁ\/‘— _




MSB | -

Binar
input - -

LSB -

R -— 1, +1L,+1,

| Binary |Output voltage|

| 000 | 000V |
| 001 | 125V |
| 010 | 250V |
o1l | 375V |
| 100 | 500V |
101 | 625V |
| 10 | 750V |
| 11| 875V |
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| Binary |Output voltage|

R/2R "ladder" DAC

MSB 4 | 000 | 0.00VvV |
Bina | 001 | -1.25V |
inpu 1.~ 1 | el AT e S A
il o
| 011 | -3.75V |
| 100 | -5.00V |
v | 101 | -6.25V |

ant
| 110 | 750V |
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Then, to improve the output voltage of voltage regulator better.

By placing a diode German Niam D1, to protect the Commonwealth to prevent the reverse bias
exceeds 0.2 volt when the short-circuit. , that is, not to prevent regulator damage.

In addition, adding a capacitor C2 to, it also ensures that the circuit will have a better image
stability. The diodes D1 and D2 (for example) increases the output voltage to rise about 1.3 volts.
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Four most commonly used switching converter types:

Buck: used the reduce a DC voltage to a lower DC voltage.

Boost: provides an output voltage that is higher than the input.
Buck-Boost (invert): an output voltage is generated opposite in polarity to
the input.

Flyback: an output voltage that is less than or greater than the input can
be

generated, as well as multiple outputs.

Some multiple-transistor converter topologies will be presented:
Push-Pull: A two-transistor converter that is especially efficient at low
Input voltages.

Half-Bridge: A two-transistor converter used in many off-line applications.
Full-Bridge: A four-transistor converter (usually used in off-line designs)
that can generate the highest output power of all the types listed.



BUCK REGULATOR

The most commonly used switching converter is the Buck, which is used to
down-convert a DC voltage to a lower DC voltage of the same polarity. This is
essential in systems that use distributed power rails (like 24V to 48V), which must be
locally converted to 15V, 12V or 5V with very little power loss.

The Buck converter uses a transistor as a switch that alternately connects and
disconnects the input voltage to an inductor

SWITCH
+ N !
VIN PWM
CONTROL
L

— e j
SWITCH SWITCH ﬂ
UlN ON VIN OFF 2
—

FIGURE 29. BUCK REGULATOR



BOOST REGULATOR
The Boost regulator takes a DC input voltage and produces a DC output voltage

that
IS higher in value than the input (but of the same polarity). The Boost regulator is

shown in Figure 31, along with details showing the path of current flow during the
switch on and off time.
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BUCK-BOOST (INVERTING) REGULATOR

The Buck-Boost or Inverting regulator takes a DC input voltage and
produces a DC output voltage that is opposite in polarity to the input. The
negative output voltage can be either larger or smaller in magnitude than

the input voltage.
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FIGURE 32. BUCK-BOOST (INVERTING) REGULATOR



BUCK-BOOST (INVERTING) REGULATOR

The Buck-Boost or Inverting regulator takes a DC input voltage and
produces a DC output voltage that is opposite in polarity to the input. The
negative output voltage can be either larger or smaller in magnitude than

the input voltage.
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FLYBACK REGULATOR

The Flyback is the most versatile of all the topologies, allowing the designer to
create one or more output voltages, some of which may be opposite in polarity.
Flyback converters have gained popularity in battery-powered systems, where a
single voltage must be converted into the required system voltages (for example,
+5V, +12V and -12V) with very high power conversion efficiency
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FIGURE 34. TYPICAL MULTIPLE-OUTPUT FLYBACK



PUSH-PULL CONVERTER
The Push-Pull converter uses two to transistors perform DC-DC conversion
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FIGURE 36. TIMING DIAGRAM FOR PUSH-PULL CONVERTER



HALF-BRIDGE CONVERTER

The Half-Bridge is a two-transistor converter frequently used in high-power designs.
It is well-suited for applications requiring load power in the range of 500W to 1500W,
and is almost always operated directly from the AC line.

Off-line operation means that no large 60 Hz power transformer is used, eliminating
the heaviest and costliest component of a typical transformer-powered supply. All of
the transformers in the Half-Bridge used for power conversion operate at the
switching frequency (typically 50 kHz or higher) which means they can be very small
and efficient.

A very important advantage of the Half-Bridge is input-to-output isolation (the
regulated DC output is electrically isolated from the AC line). But, this means that all
of the PWM control circuitry must be referenced to the DC output ground.

If a 230 VAC line voltage is rectified by a full-wave bridge and filtered by a capacitor,
an unregulated DC voltage of about 300V will be available for DC-DC conversion. If
115 VAC is used, a voltage doubler circuit is typically used to generate the 300V rail.
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When the power supply is supplying current below the maximum level, current flows through
the sense resistor and a small potential difference develops across it. The value of the resistor is
chosen so that at when the maximum allowable current flows from the power supply, a voltage
equal to the turn on voltage of the current sense transistor is developed across it. This is typically
0.6 volts, assuming that a silicon transistor is used.

As the voltage across the current sense resistor reaches 0.6 volts, so the current sense
transistor starts to turn on. When it does this, the voltage it the base of the main power supply
pass transistor is pulled down, thereby preventing any increase in the output current of the power
supply. In this way it is very easy to calculate the value for the sense resistor using Ohms Law. It
Is simply 0.6 / maximum current. The current sense transistor should have a sufficiently large
current capacity to be able to take the current the base of the main series pass transistor.



Mach dieu khién déng co bwéc

- BJT transitors
- MOFET transitor



Stepper motors can be

controlled directly using

transistor switching

techniques . Flywheel
The speed and position of Diode
a stepper motor can be

accurately controlled using

pulses so can operate in Input

[
L1

+Veo

Motor

Switching
Transistor
or MOSFET

Oy

an Open-loop mode ON/OFF 3 :‘;>
Ra
5 *
upply
voltage ON
d b Duty Ratio f = -
Ov OFF
a+b

- Il-‘

d

+b



Pong co budc kiéu tir tré thay doi
(Variable reluctance stepper)

93 - 3600/NS GR — SGOO/NR eST - OR — 93

where: 05 = stator angle, 8 = Rotor angle, 657 = step angle
Ns = number stator poles, Np = number rotor poles

i
— I Ltoel
1 VR

I 03 counterclockwise 15° step reverse step, clockwise




Y+

Py 15° step

Three phase and four phase variable reluctance stepper motors
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Permanent magnet stepper

Wave drive

PM wave drive sequence (a) o1+, (b) @2+, (c) o1-, (d) @2-.
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Stepper motor wiring diagrams

The 4-wire motor can only be driven by bipolar waveforms.

The 6-wire motor, the most common arrangement, is intended for unipolar drive
because of the center taps. May be driven by bipolar waves if the center taps are
ignored.

The 5-wire motor can only be driven by unipolar waves, as the common center tap
interferes if both windings are energized simultaneously.

The 8-wire configuration is rare, but provides maximum flexibility. It may be wired for
unipolar drive as for the 6-wire or 5-wire motor.

A pair of coils may be connected in series for high voltage bipolar low current drive,
or in parallel for low voltage high current drive.



Full step, bipolar drive

Full step drive provides more torque than wave drive because both coils are
energized at the same time. This attracts the rotor poles midway between
the two field poles.

Full step bipolar drive has the same step angle as wave drive.

Unipolar drive (not shown) would require a pair of unipolar waveforms for each of
the above bipolar waveforms applied to the ends of a center tapped winding.
Unipolar drive uses a less complex, less expensive driver circuit.

The additional cost of bipolar drive is justified when more torque is required



Half step drive

Half step

i
1

Half step drive is a combination of wave drive and full step drive with one winding
energized, followed by both windings energized, yielding twice as many steps.
The unipolar waveforms for half step drive are shown above.

The rotor aligns with the field poles as for wave drive and between the

poles as for full step drive



Variable Reluctance Motors

The cross section shown is of 30 degree per step variable reluctance motor.
The rotor in this motor has 4 teeth and the stator has 6 poles, with each
winding wrapped around two opposite poles



Unipolar Motors

Unipolar stepping motors, both Permanent magnet and hybrid stepping motors
with 5 or 6 wires are usually wired as shown in the schematic, with a center tap on
each of two windings. In use, the center taps of the windings are typically wired to
the positive supply, and the two ends of each winding are alternately grounded to
reverse the direction of the field provided by that winding

The motor cross section shown in Figure is of a 30 degree per step permanent
magnet or hybrid motor -- the difference between these two motor types is not

relevant at this level of abstraction



Bipolar Motors

Bipolar permanent magnet and hybrid motors are constructed with
exactly the same mechanism as is used on unipolar motors, but the
two windings are wired more simply, with no center taps. Thus, the
motor itself is simpler but the drive circuitry needed to reverse the
polarity of each pair of motor poles is more complex



Bifilar Motors

Bifilar windings on a stepping motor are applied to the same rotor and stator
Geometry as a bipolar motor, but instead of winding each coil in the stator
with a

single wire, two wires are wound in parallel with each other.

As a result, the motor has 8 wires, not four



In practice, motors with bifilar windings are always powered as either unipolar or
bipolar motors. Figure 1.4 shows the alternative connections to the windings of
such a motor

To use a bifilar motor as a unipolar motor, the two wires of each winding are
connected in series and the point of connection is used as a center-tap.

Winding 1 in Figure 1.4 is shown connected this way.

To use a bifilar motor as a bipolar motor, the two wires of each winding are

connected either in parallel or in series. Winding 2 in Figure is shown with a parallel
connection; this allows low voltage high-current operation. Winding 1 in Figure is
shown with a series connection; if the center tap is ignored, this allows operation

at a higher voltage and lower current than would be used with the windings in parallel.



Multiphase Motors

1 1

b e

5 2 5 2 5 2

A less common class of permanent magnet or hybrid stepping motor is wired with all
windings of the motor in a cyclic series, with one tap between each pair of winding
in the cycle, or with only one end of each motor winding exposed while the other
ends of each winding are tied together to an inaccessible internal connection.

In the context of 3-phase motors, these configurations would be described as Delta
and Y configurations, but they are also used with 5-phase motors, as illustrated in
Figure. Some multiphase motors expose all ends of all motor windings, leaving it to
the user to decide between the Delta and Y configurations, or alternatively, allowing
each winding to be driven independently.



ceramic permanent magnet
rotor

p-1 coil p-2 coil

Permanent magnet stepper motor, 24-pole can-stack construction



Full Step Sequence
In the full step sequence, two coils are energized at the same time and motor
shaft rotates.
The order in which coils has to be energized is given in the table below.

Full Mode Sequence

Step A B A\ B\
0 1 1 0 0
1 0 1 1 0
2 0 0 1 1
3 1 0 0 1




& Lead Unipolar Driver

Unipolar control is the most simple and
cost-effective way lo drive a slepper
miotor, but results in approximately
30% less torque in comparison o the
nowadays widely used bipolar drivers.
=since the cost advantage is very small
today due to cheap integrated circuits,
bipolar drivers are now used in most

new applications.

Stepmode

F 0 1 2 3

H o1 2 3 4 5 68 7

A |u 0 0 0 o1 1

B [1 1 1]0 0 0 o of
A 0 of1T 1 1]lo o 0
BB 0 0 0 o1 1 1]0
dex 12 4 6 2 3 1 9 B




Half Mode Sequence

Step A B A\ B\
0 1 1 0 0
1 0 1 0 0
2 0 1 1 0
3 0 0 1 0
4 0 0 1 1
5 0 0 0 1
6 1 0 0 1
7 1 0 0 0




6 Lead Unipolar Driver

Linipolar contrad is the meost simple and
cost-effective way to drive a stepper
motor, but results in approximately
30% less torque in comparison lo the
nowadays widely used bipolar drivers,
Since the cost advantage is very small
today due to cheap integrated circuits,
bipolar drivers are now used in most

new applications.

F 0 1 2 3

H o0 1 2 3 4 5 & 7
A 1(0 0 0 0 01 1
B 1 1 1]0 0 0 0 0
AA 0 O0]1 1 110 0 0O
Bl 0 0 0o of1 1 1]0
dezx 12 4 6 2 3 1 9 B
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Part Total Qty. Description Substitutions
R1, R2 ,R3, R4 4 1K 1/4W Resistor
Mot mach dieu khién D1, D2, D3, D4 4 1N4002 Silicon Diode
dé_‘)ng co bwoc Q1, Q2, Q3, Q4 4 TIP31 NPN Transistor (See Notes) TIP41, 2N3055
u1 1 4070 CMOS XOR Integrated Circuit
u2 1 4027 CMOS Flip-Flop
s1 1 SPDT Switch
MISC 1 Case, Board, Wire, Stepper Motor
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A stepper-motor controller requires only a few logic circuits.
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NOTES: IC,: SN74HCBE.
IC,: SN74LS76A.
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side.... : the delicate circuits on this side
i
1 VCC
I
Signal g
Input i
2
22062 g 10k€2
& -
: Output
i to AVR
1 Collector
a
§
8 Emitter
1
i
Signal : Internal
GND : GND
i

An optocoupler, also called opto-isolator, is an electronic component that transfers an electrical signal
or voltage from one part of a circuit to another, or from one circuit to another, while electrically isolating
the two circuits from each other. It consists of an infrared emitting LED chip that is optically in-line with
a light-sensitive silicon semiconductor chip, all enclosed in the same package. The silicon chip could be
in the form of a photo diode, photo transistor, photo Darlington, or photo SCR.



Input <<<<<< >>>>> Qutput

| 4M25
P C
- 4N25 T X ET,E
DTR| R1 1 5
RS 232 ~3 Normal E:J‘
COM 1 i Polarity |
or ‘I
COM 2 LD 15 4 el
. E GND @
GND| | -
|
Isolation | Line
425 = Ol coupler
4N25 = Opto coupler = 3 5 Wit v
& o WEEIlS TeEslaa
R1 = 0.25 Watts resistor M = | ad diode fred
LD1 = Led diode (red) o AR
FIG.1 - ooy FIG. 2

The isolation voltage of 4N25 opto coupler device is 2,5 KV (peak) and the collector to emmiter
breakdown voltage (pin 4,5) has a maximum of 30 Volts. The isolation resistance is 10E11 Ohms !

The circuits has also an external Led diode (LD 1) in order to be able to monitor the "key" pulses. That is
very useful during setup configuration between com-ports. If you have selected the right com-port, the
LED will be lighting, following the CW code (if you press F1, F2, F3 ... "hot-keys" on CT or SDI).

Please, put as LD1 a normal size RED Led (abt 6mm diam.) Sometimes the smaller size Leds need a very
low current to illuminate and that is a problem.... maybe a small Led will always light
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Dew sensitive switch with opto-coupler
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BASIC COMPARATOR
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LIGHT ACTIWATED RELAY with = SECOMND RELEASE DELAY

©R0E F&ISLEY 2005 Comparator LASTD Relay &
ZNZ206
* :|_ | 1 T I L S A
+
1T SOuF @ 1M E 23K @ 1M 11.4 Volts
I 11 8¥altz 1.3 Volts
= 0 Yalts

- 22K @
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—_— 11.8V0lts
o Wolts IC 1 A ® sy
» — IC1E
21 Walt / :: 'y
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»
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11.2 Yalt=

+ < 0.5 Yalis
kﬁ % 10K = SuF
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Operational Amplifier with Feedback
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Power Supply Connections
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Common line ]

Notation and Terms Used in Closed Loop Circuits
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Open Loop Operation

(a) Inverting
R, Ro
O N v,
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O -| O
-R

Load ; Ro
,

() Mon-Inverting
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= i ] E
A
R
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J
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Two Important Feedback Circuits
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Integrator Circuit
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Differentiator Circuit
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Voltage Adding Circuit



Scaling Summer Circuit



Differential Input Amplifier Circuit



Fully Clamped Voltage Comparator +15VDC

Ra
R CR4 15 ki)
100 kQ TN41481
Ey (C——me . ] .
Ry
O— ; 10 kO

1 Rp’
Rz = CR 23@: ro

1 MG 1N41481 1
15 VDCO—wan * re -
Ref
Ra
15k
Threshold = —2v_ = 1M2 1 ype)-15vDe 15 VDC

R, © 100kQ
_(_'_Vsup)?b _ —15VDC-10 kQ

Negative clamping level = =-10VDC
Ra 15 kQ
—=-V b :
Positive clamping level = [ S”F’R _F15VDC-3kQ +3 VDC
Ra 15 k2

E, =—10 VDC for E, >1.5 VDC
E, =+3 VDC for E, <1.5 VDC



Comparator

Compares two voltages and outputs one of two states depending on which is greater

T\ Ve Vi <V



This simple circuit uses an incandescent lamp to detect airflow. With the filament exposed to air, a
constant current source is used to slightly heat the filament. As it is heated, the resistance
Increases. As air flows over the filament it cools down, thus lowering it's resistance. A comparator
Is used to detect this difference and light an LED. With a few changes, the circuit can be connected

to a meter or ADC to provide an estimation on the amount of air flow

Part TQO,[;"JTI Description

R1 1 100 Ohm 1/4W Resistor

R2 1 470 Ohm 1/4W Resistor

R3 1 10k 1/4W Resistor

R4 1 100K 1/4W Resistor

R5 1 1K 1/4W Resistor

C1 1 47uF Electrolytic Capacitor

Ul 1 78L05 Voltage Regulator

U2 1 LM339 Op Amp

L1 1 #47 Incandescent lamp with
glass removed

D1 1 LED

Mmisc | 1 Board, Wire, Sockets for ICs,

etc.

+124
&

= ||+

LI

R

F2

R3

R4

L1

Fa

Y V?{

The glass will have to be removed from L1 without breaking the
filament. Wrap the glass in masking tape and it in a vise. Slowly
crank down until the glass breaks, then remove the bulb and
carefully peel back the tape. If the filament has broken, you will

need another lamp
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BASIC OFERATION OF Y¥OLTAGE COMAPARATORS

EIROE P AISLEY 2002

CIRCUIT - A
Y4 + *
R1 RL
EMCE - [ ------- = —
i IE 1 4
o ol - V - OUTPUT
RY
R2
Rl =Rz
oV * *
Wb - f— o
1724+
o
V- INPUT % - REFERENCE % - OUTPUT

Comparator Operation

CIRCLIT - B
Y+ » l *
R1 RL
Ry T
Vo INPUT - [ Il
T IC 1 &
'} - REFEREMCE  -- | ------- Sy S— ;#f V- OUTPUT
RzZ
Ri =Rz
o » *
A
W oo ————
1/2v+
oY =
Y- INPUT % - REFERENCE % - OUTFUT

http:.//home.cogeca.cas“rpaisleyd/Circuitindex himl



A0O0ING HYSTERYSIE TO COMPARATORS

SR0OE PAISLEY 2002

CIRCUIT - & with HYSTERYSIS

W+ .

Compatrator Hysteresis b

EQUIALENT CIRCUIT

3
FL R1 RL
H RH
=] o
' - REFEREMCE --- | ------- [y % - REFEREMCE
I o1&
V- IMPUT - = =1 W - OUTPUT
RY
COMP ARATOR
RZ Rz 1
Rl = R OUTPUT TR &MSISOR
v - -

Vo= 12YOLTS RH = 100K W - REFEREMCE Q1 OM = S.71%

R1 = 10K RFL = 1K v - REFEREMCE Q1 OFF = &.28%

RZ = 10K

Y
= —————— e g
152+
o
V- INPUT '} - REFEREMCE W - OUTPUT

FING NG COMEIMED RESIST ANCES

OUTFUT TRAMSISTOR - 0N

E1cornbined

CALCULATIMNG REFEREMCE YOLT AGES

OUTFUT TEAMSISTOR — OMN
RTE

H R2

W — REFERENCE
RE1cormbined + RZ

OUTFUT TRAMSISTOR - OFF
RTE

+ RZocorbined

A RZocombined

" - REFEREMCE
F1

= THE VOLTAGE DREOF ACROSS THE COMFARATORS OUTFUT TRAMSISTOR
H&S BEEM IGMORED IN THE ABOWE CALCUL AT IOMNS

http:/Shome.cogeco.cas rpaisleyd/Circuitindex.html
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RY
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RLE
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IC 1 .a.>—0—o
V - OUTPUT

R2
R1 =

v

R2

¥ - INFUT

Y - REFERENCE

Y - OUTPUT




ADDIMNG HYSTERYSIS TO COMFARATORS
Comparator Hysteresis b

ER0E P &ISLEY 2002

CIRCUIT - & with HYSTERYS1S

EQUINVALENT CIRCUIT

Y+ . L
F1 FL F1 EL
FH RH
Y - REFEREMCE --- [ ------- 1= .—}“& §—= ' - REFEREMNCE
| IC1&
Y- INPUT  ---- = [ - M - OuUTPUT
) =]
R
COMP AR ATOR
Rz Rz 1
% Bl = B2 E OUTPUT TR&NSISOR
oy - L

Y+ = 12VOLTS FH = 100K YW - REFEREMCE 01 ON= 3.71¥

F1 =10K FL=1K % - REFEREMCE 01 OFF = &.28%

FZ =10k

A
-+ - - —————————— ool nosonaosonenaoes
1724+
oy
Y- INFUT ' - REFEREMCE V- OUTPUT




FINDING COMEBINED RESIST ANCES ' CALCULATING REFERENCE YOLT AGES

-

OUTPUT TRANSISTOR - ON . OUTPUT TRANSISTOR - ON

1 b W+
bl ® R2 = ¥V - REFERENCE :
1 1 = Ricombined v Ricombined + R2 E

2
R,
-
+
A
I

OUTPUT TRANSISTOR - OFF

o
c
—l
o
=
uur
-
A
>
=
o
o
-t
o
A
1
=]
M
-n

1 P V4
: - A RZcombined = YV - REFERENCE
R1 + RZ2combined

"
A
3]
(=]
L=3
=]
o
=
o
a

- THE YOLTAGE DROP ACROSS THE COMFARATORS OUTPUT TRANSISTOR
HAS BEEN IGNORED IN THE ABOVE CALCULATIONS
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YWOLTAGE WINDOW DETECTOR CIRCUIT

ER0E PAISLEY 2007

W

FL

Comparator Window Detector

—— V- 0UTPUT

- OUTFUT OF I 14 15 LOw AT WOLT AGES ABOVE W - REFERENCE 2
- OUTPUT OF IS 1B IS LO% AT WOLT AGES BELOYW ' - REFEREMCE 1
- THE INFUT WOLTAGE LIMITS ARE SET BY R1/RZ &ND R2/R3

hitp://home.cogeco.ca/“rpaisley4d/Circuitindesx.html

R
-
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EOTH OUTFUTS ARE HIGH
M- INFUT " - REFEREMCE

QUTFUT IC 1B

i

" MDD
1

== A=
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% - FEFEREMCE

M- OUTFUT



4 LEVEL - ¥OLTAGE DETECTOR,

ER0E F&ISLEY 2005 Comparator 4 Level

Vi —ap l

* wF

“d

IC 10

R

IC 14

oy —a

F1,2,3,4,5 - 5ELECTED TO GIVE THE DESIFED DETECTIOMN MOLT AGE LEWELS
&5 EACH LEVEL IS5 PASSED THE CORESPOMCIMNG LED TURMNS ON

http:/ home.cogeco.cas“rpaisleyd/Circuitindex htmil
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TIME DELAY CIRCUIT

Comparator Time Delay b
©ROE PAISLEY 2000
® -+
12 VOLTS
P AR IMUM INFUT Y0LT AGE
= SUPPLY YOLTAGE 33K 1M 1K
x
"X LED
INFUT & + !
IC 1 & E‘H
*— - IC 1 E}
e
THE 'LED" "ILL TURM QN
@ APPROXIMATELY 3 SECONDS
AFTER THE INPUT YOLT AGE
"] "] + GOES ABOVE 9 YOLTS
100K 100K = Z.3uF
& & & & —_—

IC 14, IC 1B -1/2 LM393 or 1/4 LM339

http:.//home.cogeco.ca/“rpaisleyd/Circuitindex html



Comparators can be made to perform a basic
memory function by wiring them as a 'SET /
RESET' type of FLIP/FLOP. This type of circuit can
be used in unplugable walk around throttles to
remember the direction of the train when the
controller is disconnected. In the next diagram the
comparator will remember which switch was
pushed last. If the 'SET' button is pushed the LED
will be on, the 'RESET' button will turn the LED off.
A higher current version is also shown.

When the output of the comparator is off the
voltage at the PLUS input will be the same as the
supply voltage. With the PLUS input voltage
higher than the MINUS input voltage the output
will remain off.

When the SET button is pushed the voltage at the
PLUS input will go to zero and the output will turn
on.

When the SET button is release the voltage at the
PLUS input will rise to 1/2 of the supply voltage
and the output will remain turned on because the
voltage at the PLUS input is remains below the
voltage at the MINUS input.

When the RESET button is pressed voltage at the
MINUS input will go to zero from its normal level of
3/4 of the supply voltage. The output will turn off
because the voltage at the MINUS input is below
the voltage at the PLUS input. When the output
turns off the voltage at the PLUS input will rise to
the supply voltage level.

When the RESET button is released the voltage at
the MINUS input will rise to 3/4 of the supply
voltage. The PLUS input voltage will stay above
the voltage at the MINUS input and the output will
stay turned off.

FLIFSFLOFP CIRCUIT

MADE WITH A COMPAREATOR

Z 3K [:I 10K
10K
I 1
SET —
1
*> e [
Ic 1
f il_- .
RESET ]

HIGH CAPACITY COMPARATOR FLIFPSPLOF

L i L1
3K D 10K 3K
10K
[ 1
S_EII | I |
- & h
Ic 1
L i L —_
RESET =
LOAD I:
10K [I
- - -
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Auto Burglar Alarm .

R1 2500k 218 a Je +9y %
Rz —
2M

7 C i l:z 555 _E2 555 3
10uf Timer - T|;nf:r
N 6 1 c?
52 I qur
_3 |
3
1 1
Py |
Door
= L o] Switchs
Auf
— 2H4103
To car horn PHP 270 _{/ —
or horn relay.
K1 6 to 9u S
b
Hormalby Hormally 'é-

Open Closed

This alarm circuit is based on two 555 timers. The alarm will sound your car horn if
anyone opens the car door while the circuit is armed. The timers will allow you to leave
the car without sounding the horn. To turn the circuit on S1 must be closed. To set the
alarm, open S2 (it is normally closed ) this will give you about 5 seconds to get out and
close the door. The exit delay time is set by R1 and C1. If anyone opens the doors for
more then two seconds the horn will sound until power is removed from the circuit. The 2
second time is set by R2 and C2. If you open the door, you must deactivate the alarm by
closing S2. This very basic circuit could be used for a home also



Cac cong logic

AND MAND
A — A —
C c
B — B —
O MO
A A
C c
B B
HOR KNOR
A A
C c
B B
4 B [AND OF  XOBE NAND MNOR XHMOE
a0 0 o o 1 1 1
a1 0 1 1 1 0 0
1 0O Q 1 1 1 0 Q
1 1 1 1 2 2 0 1




In 1854 George Boole developed a mathematical system for formulating logic statements with
symbols, so the problems could be written and solved in a similar manner to ordinary algebra. His
system is called Boolean Algebra and it is used in the analysis and design of digital systems.

The basic building blocks of digital circuits are called logic gates. A gate is a circuit that performs
a simple logic operation. Gates can have one, two, three or more inputs and the basic gates have a
single output dependent on the inputs. Each output is also called a digital ‘bit’ of information (or
‘bit’ for short).

The behavior of a gate can be shown in a truth table which systematically lists all the possible
input states for a gate and the corresponding output states.
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! MAND gate

MNOR gate

XOR gate
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Automotive Speed Indicator

The speed of an automobile can be indicated by detecting the pulses generated by the ignition system and
causing an LED to light. The circuit utilizes a quad NOR gate IC chip. Two of the gates are configured as a
one shot multivibrator which produces a fixed duration pulse each time the primary circuit of the automobile
ignition system opens the circuit to the ignition coil. The other 2 gates are used as buffers which provide an
accurate rectangle pulse. As the number of pulses per second increases, the voltage fed to the base of of
the NPN transistor becomes high enough to cause it to conduct and turn on the LED. The speed at which
the LED lights is set by R4. The input of the circuit is connected to the distributor side of the ignition coil or to
the tachometer connection on those cars that are equipped with electronic ignition.



To
tal

Substituti

Part ot Description ons
y.

R1 1 1K 1/4W Resistor
D1 1 Green LED
D2 1 Red LED
Bg 1N4004,
D6' 4 1N4001 Silicon Diode 1N4005,
D7 1N4007
MISC 1 Board, Wire, Case,

Probes

A mh

v

L
1

14

Frakbe

L5 DG L7

Fraobe

To use the circuit, just connect your probes to the source under test. If D1 lights up, the
left most probe (on the schematic) is connected to positive. The opposite is true if the left
probe is negative. If both LEDs are on, the source being probed is AC

Be careful when using this tester not to probe a source greater than about 12V
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