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o NO1 dung trinh bay

* Gidithiéu mbén hoc “Linh kién va Mach dién to”

Chat ban dan
Mbi n6i PN

Mach twong dwong cua Diode

Cac loai Diode thong dung

Cac mach wrng dung cua Diode
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dee Welcome to EDAC

« Instructor: V& Tan Phuwong

» Email: viphuong@cse.hcmut.edu.vn

 Course Web Page:

— http://www.cse.hcmut.edu.vn/viphuong/EDAC
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iéu tham khao?
« Electronic devices and circuit theory

— 11th Edition,

electronic devices
— Robert L. Boylestad and circuit theory

ROBERT L. BOYLESTAD | LOUIS NASHELSKY

— Louis Nashelsky
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dce PRy o N
N0O1 dung hoc dy kién

« Gidi thiéu, Diode
(2 tuan)

« BJT Transistor
(2 tuan)

 FET Transistor
(1 tuan)

 Mach rng dung
transistor
(1 tuan)

« Mach khéch dai thuat
toan OPAMP
(3 tuan)

« Diéu khién cong suat
(1 tuan)

ELECTRONTE'BDEVACES AND CIRCUIT- Chapter 1
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Muc tieu sinh vién dat duwoc

ELECTRONTE'BEVCES AND CIRCUIT- Chapter 1

Hiéu cau tao, nguyén ly hoat ddéng, mé hinh cla cac linh
kién dién t&r chu yéu nhw Diode, BJT va FET transistor

Xac dinh dwgc cac thong so thwe va lién két dén hoat
dong vat ly cla thiét bi

Phan tich hoat ddng & trang thai 6n dinh cua cac mach
dién tor rng dung co ban nhw mach khuyéch dai, mach
khuyéch dai thuat toan

Phan tich dap rng tan sb ctia mét sd mach don gian
Biét co ban vé mot s mach céng suat

Sw dung céng cu mo phong SPICE dé mo hinh cac linh
kién mai, dé vé mach, d& mé phdng va dé phan tich hoat
dong cua cac mach dién tw

https://fb.com/tailieudientucntt
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dece Phan chia diém

« Bai tap, thwc hanh 30%
— M6 phdng mach bang SPICE

— Thiét ké san pham

« Kiém tra gitra ky 20%
—  Trac nghiém

 Thi 50%
— Trac nghiém

» Diém cdng khéc (toi da cong 2 diém vao moi thanh
phan twong wng)

BK
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NO1 dung trinh bay

« Gidi thiéu mon hoc “Linh kién
va Mach dién to”

e Chéat ban dan
« Mdi nbi PN

» Mach twong dwong cua <
Diode — &Sif — — Si? — — LSid — — LSif — — LSid —

« Cac loai Diode théng dung .

« Cac mach rng dung cua
Diode
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dcelts

Ong quan vé cau tric “nguyén ti”

« GOm cO: hat nhan (proton, neutron) va = -
electron A
 Binh thwéng nguyén tkr trung hoa vé l
dién, sb lwong proton (+) = sb lwong o
electron (-) \ g_
Energy
4 Dmcics: @rons, @i

Céc electron chuyén dong trén nhirng
tang quy dao (shell) khac nhau
—a « Tang cang xa hat nhan c6 m&c nang
XQ lwong cang cao

N ) Y < - < . N A p .
?’f}j ) « Tang ngoai cung goi la tang hoa tri
;),' B (valence), cac electron trén tang nay
la cac electron hoa ftri

https://fb.com/tailieudientu © Spring 2016 10
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o Chat ban dan, dan dién va cach dién

 Dong dién la dong chuyén déng cua cac hat mang dién
- Pé chuyén ddng theo dong, cac hat mang dién phai &
trang thai tw do trong ving dan (conduction band)

4 Energy
Electrons { Energy b Energy
Conduction band "free” to
4 S;t;:gtllt[}llon Conduction band
TTa & a a The bands |  Conduction band
E,>5ev L] vl
, e g=2¢
Undblc.lu reach § Valence band
conduction level ?:E““‘H‘_ = Valence LS S S S
é“ é g % clectrons Valence band Conductor
2 2 = 2 bound to
Valence band the atomic
stucture

Insulator
E, =0.67 eV (Ge)
E,=1.1eV (Si)
E, =143 eV (GaAs)

Semiconductor
« Khoang cach mirc nang lwong gitra vung hoa tri va vung
dan Eg quyét dinh tinh chan dan dién cua vat liéu

htps:fb.comftilieudentuontt Spring 2016 11
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= -
/’ H‘\

h Valence shell (F;ur valence electrons) Valence electron “:-h,:._%
o1 Chat ban dan nén . N
|

.\\n N, S e -_,___‘
| | | \ / /‘ A Shells <_\" are
=@e %Ei@ =@ 1 @)1 Onbiting
- [©) e )\ \ \.\ “~— -/ / electrons
| ‘ | \\\ \‘a___ _,..-"f //
| | N Y Nucleus
_\®) _ e
TR o Silicon Germanium
[ & ‘II \

| " weesan * CO 3 loai chat ban dan nén (tinh

<@=- -@- -@-  khiét) pho bién hién nay: Si, Ge (don

= /= /= tinhthé) va GaAs (da tinh thé)

« Mang tinh thé lién két cong hoéa tri
bén virng (1 lién két da 2 electron
hC')a tr|) Three valence Five valence

electrons electrons
//.-/-_ ---H\“‘\
Ve . . . -,
/ /’/- _,--“'_. T .‘\.
[ ] - -
/ / !‘/ : y “\. '\\‘I

Gallium Arsenic

S © Spring 2016 12
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dce =% X , X W
Tinh dan dién cua “chat ban dan nén”

« Tainhiét d6 phong (27°C), vai eNIectron hoa tri nhan du
nang lwong dé nhay |Ién vung dan tré thanh electron tw

BK
'TP HCM

do

« Pong thoi lién két cong hoa tri thiéu electron dworc tao ra

goi la 16 trong

Conduction |
band |

Valence |
band .:ri:';‘—:“')';‘ Ao s

Electron-hole pair

(a) Energy diagram
ELECTRONTE'BDEVACES AND CIRCUIT- Chapter 1

: Free
 electron
¢ @B

A i - O :J ::v Heat

| " Hole N Sy energy
@ @
(b) Bonding diagram

i © Spring 2016 13
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r'r9y linh dan dién cua “chat ban dan nen”

(tt»

Generation of an

seswontole pic - K1 KhONQ phan cwce,
s hinh thanh cap
electron-hole va sw

recombimtionot kSt hop trd lai xay ra

an electron with

a hole mot cach tw nhién

« Khi phan cuwc (dat
dién thé hai dau tao
ra dién trwo'ng), cac
electron tw do di
chuyén dén cuc + va
16 trdng di chuyén
dén cwc — (=> co
dong dién | chay qua)

| nho hay I&n?

https://fb.com/tailieudientuc © Spring 2016 14
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Dong dich chuyén “10 trong”

Dién tl&r hoa tri di ié ¥
@ ch?:yén aén 16 @ Dién tl hoa tri di chuyén @ S(')en r(,t; tll'g
tréng thir 4 va dén 16 tréng thir 2 va tao #bog tong
tao 16 tréng ther 5 18:trdng thir 3 shell hoa tri
: F A ¥ bién t& hoa tri di
® pien tr hoa ti di \@ DPién t¢ héa ti di \@ chuydn d@én 16
chuyén dén 16 trong thir chuyén dén 16 “6"9 thir tréng ther 1 va
5 va tao 16 tréng thir 6 3 va tao 16 tréng thir 4 tao 16 tréng thir 2

% W i N
L2 W, v E
™ - 7 g z
. g - - =7
. == s oy i
S !"i 7 . i“s - ~ .-a. g

Khi dién t&r hoa tri di chuyén tir trai sang phai lap day 16 tréng va tao ra 16 tréng khac, thi 16 tréng xem nhuw di
chuyén nguoc lai tir phai sang trai. Mui t&n mau xam chi hwéng chuyén dong thue sw ctia cac 16 tréng.

b © Spring 2016 15
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- Dua cac nguyén t&r cé 5 electron = | | fiheec
hoa tri vao mang tinh thé chat ban _ o _ &7 &
dan nén e\ e e\

 Electron tha 5 thira tai vi tri nguyén ' o) e ?npmtyy(sm

t* méi (Donor) va tré thanh electron_j_._;..
tw do

pongrons + 86 lugng electron ty do téng Ién
AN dang ké, electron la hat mang

+ - + = % ;7?’;1!;?,? dién chinh

TP s P Tg « Van ton tai cap electron tw do — 16
o o ® .0 | _— trong (sinh ra béi nhiét, anh sang
- = T _ 4 ame ..),16trdng 1a hat mang dién phy

. Vé tdng thé, chat ban dan N trung

hoa vé dién
Ftps: s combailieudientucntt Spring 2016 16
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dce

Chat ban dan loai P & - @. : @

« Pwa cac nguyén ti¢r cdé 3 electron j' '| | }.:in:i} [
hoa tr| vao mang tinh thé chat ban _ @ _;/ . _@-

. Lién két cdng hoa tri thiéu electron_____f-.____._ ' le/m e
(16 trong) dwgc sinh ra tai vi tri=@&)= =@)= =Gh=

nguyén ti moi thém vao (acceptor) '~ [T

« SO lwong 16 trong tang lén dang

Acceptor ions 2 = X N A ’
e ké, 106 trong la hat mang dién chinh
= . -~ = o_. |* Van ton tai cap electron tw do — 16
= - - = trong (sinh ra b&i nhiét, anh sang
_To S ...), electron tw do la hat mang dién
Majority B - o
carriers - \ - phu

- Minority \/4 tong thé, chat ban dan P trung

p_type carrier
hoa vé dién
https://fb.com/taili eudientu
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NoO1 dung trinh bay

« Gidi thieu mon hoc “Linh kién
va Mach dién to”

e Chéat ban dan
« M©binbi PN

» Mach twong dwong cua
Diode

« Cac loai Diode théng dung

« Ca&c mach rng dung cua
Diode

ELECTRONTE'BDEVACES AND CIRCUIT- Chapter 1
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dece Mo1 no1 PN = Diode

Depletion region

- Diode c6 cau tao t hai khoi ban dan P va N tiép xuc
v&i nhau (moi ndi PN)
« Khi hai khoi ban dan P-N tiép xuc:
— Electron tw do bén N khuéch tan sang P lap day 16 trong > tao
nén vung ngheo (khdéng cb nhiéu hat mang dién tw do)
— Nguyén t&r “donor” bén N mat electron = thanh ion dwong
— Nguyén tir “acceptor” bén P nhan electron = thanh ion am

 Dién thé rao can sinh ra = can tr& sw khuéch tan

htps:fb.comftilieudentuontt Spring 2016 19
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~— | Minority-carrier flow
I =(0A

majority

CEOFFER @ -
SoShan @
SEEERH 5 D

SIS
_ =)

SNS

Jiode - Phan cuwec nguwoc

+

B

ol

o—|pr|nl—o

(Opposite)

P ndi vao cwec am, N ndi vao cwe dwong:

— Electron tw do bén N sé& di chuyén vé cwc dwong, 16 trdbng bén P
sé di chuyén vé cuc am > ving nghéo dwoc ndi rong; dong
dién tao boi cac hat mang dién chinh =0

— Céc hat mang dién phu (electron tw do bén P, 16 trong bén N) sé
di chuyén qua ving nghéo tao thanh dong dién b&o hoa nguwoc
(Is) = | rat bé (tam vai microampere dén vai chuc picoampere)

BK
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o Panh thung khi phan cyc nguoc

« Khi dién 4p phan cwc nguoc tadng dén gia tri
“dién ap danh thung” Vg,
— Dong dién ngwoc tdng manh liét (thac dd)

* Nguyén nhan: )
— Electron tw do thiéu s6 bén P nhan nang lwong 1on,

tang tdc qua ving P va cham cac nguyén td trong
mang tinh thé danh bat cac electron hoa tri

— Cac electron md&i lai va cham sinh ra electron tw do
maoi

Vay ‘L I
1

.-"'"\
p region Depletion region n region f r

x 8
e® 8&

*
E
e B
+
+
”

|
|
|

/

\ / ——Zener

Y region

BK
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Jiode - Phan cue thuan

lmajonl) } ID - lmajomy B ,s

v,

—
In
R,
SO e
(Similar)

P ndi vao cwc dwong, N ndi vao cwc am:
— Dong dién bao hoa ngwoc (Is) cua cac hat mang dién phu nho
giong nhuw trong trwdng hop phan cwc nguwoc

— Electron tw do bén N va 16 trong bén P (hat mang dién chinh) c6
xu hwéng bi day vé mdi ndi > ving nghéo bi thu hep

e © Spring 2016 22
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dee Jiode — Phan cwe thuan (tt)

« Khi dién ap phan cuc (VD) tang dén mot nguong V, cac
electron tw do bén N dé dang qua moi noi dén cuc
dwong - dong dién |, ting dét bién theo ham md

g eple “euion >
p region Depletion region region

* |s la dong dién ngwec bao hoa

* n la hang so t&i han

« V- |a dién thé nhiét, k la hang so Boltzmann, g la dién
tich cua electron, T, la nhiét o tuyét doi

https://fb.com/tailieudi © Spring 2016 23
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T
LT
LI (mA}
30 tl ﬂ
25
20 B
Ge Si GaAs
15
10
[
5 |
]
T 00 \ 50V
Vg (Gads) ' ] it
e (GaAsn 1.3 0.7 0-1.2 Vi (V)
Vi (Ge) "V (8i) | Vi (Gads)
5pA
1]
I
]
Ve (1] I:Jﬂu
I (51)
Vy (Ge) A TA
{ I; (Ge)
ﬂ |
Il
| ﬂ
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o NO1 dung trinh bay

« Gidi thieu mon hoc “Linh kién
va Mach dién to”

’ ~ Vp -
* Chétban dén ’ .
/ cal d1oae
+ Méi néi PN :ﬂ—“:?”‘"j"—“’“ H—
P P 0.7V
« Mach twong dwong cua
Diode

« Cac loai Diode théng dung

« Cac mach rng dung cua
Diode

BK
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Jiode 1y twong

- Diode Iy twéng dwoe xem nhw mdt cong tac:
— Khi phan cuc thuan, céng tac dong
— Khi ph&n cwc nguoc, cong tac hé

. Dién thé rao can, dién tré nodi, dong dién nguwoc dwoc bd

qua I
Humr - Dién tr& gi¢i han dong trong mach diode
— Vains
Diode ly twong F R Diode ly twéng IH =0A
LiMIT
A K A vl K
O—O0 O
- . I=0 Vr
Ry parr § Rivrr §
= Vias V1as
+ ||, = 1l i I
|| I 1 || R
a./ Phan cwc thuan diode b./ Phan cwc nghich diode c./ Dac tuyén Volt Ampere

cua diode ly twéng

https://fb.co © Spring 2016 26
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2016

Jiode theo mo hinh thwe nghiém

* MO hinh thwe nghiém cua diode dwgc xem nhuw mét
diode ly twéng thém vao dién thé rao can:
— Khi ph&n cwc thuan, dién thé rao can V. dwgc thém vao

— Khi phan cwc nguoc, cong tac hé

V V

| = _BAS — F

" R

Diode thwc nghiém

LIMIT

—

| =
ks
Ryt
* Vaias <)

+|I

a./ Phan cwc thuan diode

| =0A
R I
A
Diode thwc nghiém
\ I
re —O/'C-'- :
VBias |
=40
RLIMIT§ Vi
0f 0.7V
Veias
B ] I Y
' I| L
b./ Phan cwc nghich diode c./ Pac tuyén Volt Ampere
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cua diode thwc nghiém
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dee Jiode theo mo hinh hoin chinh

¢ MO hinh hoan chinh cua diode dwoc xem nhw mét diode
Iy twdng thém vao dién thé rao can va dién tré noi:
— Khi phan cwce thuan, dién thé rao can Ve va dién tré r,’ duoc

thém vao
— Khi phén cwc nguoc, cong tac héd noi song song voi dién tro ry’
| v, —0,7V | - Voins
F ' a +r' Iz (mA)
Diode hoan chinh EocRis it G Pé déc phu
. thuéc vao
I'r gia tri dién
SR trér thudn
A +||||- o K A | & | K !
Ve Ve
) + / 0.7V
a2 R 2 | Balla
T VBias - VBias dién tré ngwoc co
+|I|— _|||+ gia tri Ion v
'l iy I (4A)
a./ Phan cwc thuan diode b./ Phan cwc nghich diode c./ Pac tuyén Volt Ampere

cua diode hoan chinh

https:/fb.com/ © Spring 2016 28
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NoO1 dung trinh bay

« Gidi thieu mon hoc “Linh kién
va Mach dién to”

« Chéat ban dan

+ M&i néi PN . €7 s
=
o ¥ Fs
M.ach twong duwong cua o R oo
Diode | ZD: =51v *
13 9v
. R — T
. Cac loai Diode thong dung v, =33 A .,
—0 >
« Cac mach trng dung cua “'““‘”“BSZ t00v Jt
. oL
Diode ZD3= 10.0v 7< D.;Eacpﬂaucpr:inr:;r: l
G" + O

e

https:/fb.com/ © Spring 2016 29
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’\’

Cac thong sO chinh trong Diode Datasheet

«BY...125 ¥V (MIN) @ 100 pA (BAYT3) D35 OUTLINE
ABSOLUTE MAXIMUM RATINGS (Mote 1) l
Temperatures gy M
Storage Temperature Range =H5°C to +200°C
- Maximum Junction Operating Temperature +175°C
Lead Temperature +260°C
Power Dissipation (Note 2) S
Maximum Total Power Dissipation at 25°C Ambient SO0 mW
Lincar Fower Derating Factor (from 25°C) 333 mW,"C
Maximuom Yoltage and Currents
WiV Working Inverse ¥Woliage BAYTS I[RY I
aonwny | 1]
Iy Average Recified Cumrent Ny mA O amsae
I Continuous Forward Current 500 mA T
i Peak Repetitive Forward Current S0 mA NOTES:
Copper clad steel leads. tin plaed
LT — Peak Forward Surge Current ol plaed keads available
Pulse Width=1 & 10 A Hermelically sealizd plass packape
Pulse Width = 1 ps 400 A Package weight is {114 gram

ELECTRICAL CHARACTERISTICS (25°C Ambient Temperature unless olherwise noted )

. . . . BAYT3 ~ —_— "
SYMBOL CHARACTERISTIC MiN T MAX LUNITS TEST CONDITIONS
Vi Forward Voltage 085 | 1.00 v I = 200 mA
Rl | 0094 v Iy = UM mA
0.78 (.88 ¥ Ip =30 mA
(69 | [0 v Ig = 10 mA
67 | 075 v Ip=50mA
wed | 068 v Ig= LOmMA
——— ly——1— Reverse Current S04 nA Va=20V, T, = 125°C
1.0 pA V=100V, T, = 125°C
02 nA Ve=20V,T,=25'C
0.5 nA V=100V, T, =25°C
BvV Breakdown Voliage 125 W Tg= 100 pA
C Capacilance 5.0 pF Vg =0, = 1.0 MHz
Iy Reverse Recovery Time — in [ F=10mA, Vg =35V
Ry = 1.0 w0 100 k2
Cp = 10 pF, JAN 256

ELECTRONTE'BDEVACES AND CIRCUIT- Chapter 1 © Spring 2016 30
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deehgo

) — Light Emitting Diode

] Typical Forward

L Lé. d|0de phé_t ra énh Color Construction Voltage (V)
sang khi cdé dong dién Amber AllnGaP 2.1
A Blue GaN 5.0
chay qua (phan cwC gGren GaP 22
A Orange GaAsP 2.0
t’h u a n) Red GaAsP 1.8
* Anh sang (photon) phat Whie S &l
Yellow AllnGaP 2.1

ra do electron tw do tai
hop voi 16 trong

» Chat ban dan nén dé ché i/ﬁ{i&"emhle
S L&)

tao LED la mang da tinh

thé ¢!’

ol

_~lente ‘/&
7 "‘ . \

Giunzione

|
1| *+ ’“—‘
‘ 7~ Anodo +
_’_ \ e Mc[al/ pS\) \Metal
— Catodo - erminat contact contact
BK
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Jiode Zener

« On dinh dién &p tao L
ngudn ap tham chiéu + I
(ghim ap) e ;
1 Lo
« M0Gi nGi PN dwoc - PR TR N S
thiét ké dé hoat dong 7§ -
trong vung phan cuc
nghich & Ve 0TV
== |l0pA =1y V;
;/(— ———————————— T0.25 mA = I
+
A
% - T e 115 7S lzr =125 mA
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o NO1 dung trinh bay

« Gidithieu mon hoc “Linh kién
va Mach dién to”

« Chat ban dan
« MObin6i PN

\earzziny e
aduong sia L]

 Cac loai Diode thong deige

« Céac mach &ng dung cla &/Q'
Diode
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Mach chinh Ivu ban chu ky

Nguén ap 1 pha 220V - 50Hz Dién ap cua chinh lwu ban ky
0 0 ]\ /\ [\ /\,
Vv Chinh Lwu
ac RECTIFIER

- Bién dbi dién xoay chiéu thanh dién mét chiéu
« S dung moét Diode F

+ —

P

+ o
+eo

pdii 5
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Mach chinh lwu ban chu k¥ (tt)

Iy I"!' + —_

H .

O
+ +
Vo — R V=V
O O o—0 Cr +* u
- + - + F'y V.r;
i VY — Vi R v, =0V Vo=0V
/ T
+ _ + _ 0 2 t
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o Mach chinh lwu ban chu ky (tt)

* Gia tri trung binh cua ap chinh lwu ban chu ky (gia tri
trén dong ho do Volt DC): _ _
— Pién thé ngo ra: {‘Um (t) = Um“.SIIl(mi) khi (D <ot < 11:)

v (t) =0 khi (n <ot< 21:)

}< 2n >|
— Pién thé trung binh: vV =_ u(l)_dt

V. = ﬁ _[: V, sin(ot).d(ot) = :—; [““S ("’t)],.:

v V V. 2
V = m_ P Vv = _ _045)V
AVG 0 n AVG - RMS
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Mach chinh Ivu ban toan chu ky

NANWANYAN e IPEPAYATAVAYAYAN
CHINHLUU |

\/ \/ \/ Vin TOAN KY Va0 ' |

+—-0

. Bién dbi dién "
Y N +100V --
xoay chieu thanh ¢ v. B
mot chiéu “ R
- Ding 2 hodc 4 -'0V------ = o, =
Diode F =

P
~

HHov ”
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o Mach chinh lru ban toan chu ky (tt)

* Gia tri trung binh cua ap chinh lwvu ban chu ky (gia
tri trén dong hd do Volt DC):
- Pignthéngsra: v, () =V, sin(ot)[V] O<ot<n

! CHINHLUU |
B TERT Y G e |
O O

— Dién thé trung binh:

Yo = 2 V(o)) - (o] -
2V 2.2V
V”E —_m vmn; _ - RMS _ “=9-Vms

U
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Chinh lvu toan chu ky diing mach cau

Vi

n

F

S\ o

b./ Trong ban ky am, diode D va D, ngwng dan, diode D; va D4 dan
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B6 nguon DC hoan chinh don gian

Ngudn ap 1 pha 220V - 50Hz

Pién ap chinh lwu dwoc loc phang Pién ap dwoc én ap

v -_-i_ Chinh Luwu
ac RECTIFIER

Bo loc
FILTER

SO PO KHOI CUA BQO NGUON DC HOAN CHINH: CHINH LUU, LOC VA ON DINH DIEN AP
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dce o ? A ~N A ? ?
Giam do nhap nho cua mach chinh luu

!

et
N

P 2

P N\

%
/ \\ + ( 1 %(in) -07V +
\ +

0 > AV V. _L g RL

o \\ II C) in q\- VC

t J 0 7 =
0

| e

1
A 4

o
\ J
Q

/ ) ( / =
/ N +
11 + \
0 T

\ >
Iy 1 t> @ Via Ve \ g Ry
f . To ! 1 2 7

b./ Khi ap vao dat dén gia tri cwc dai, diode bi phan cwe nghich ngwng dan.
Tu phong dién qua dién tré tai R
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dce ° ? A ~N A ? ?
Giam do nhap nho cua mach chinh luu

« S0 sanh dd nhap nhd cia mach loc dung tu cho mach
chinh lwu ban chu ky va toan chu ky

Do nhap nhé (Ripple)

0--- Vovasicad (S SPRSR PR SO STPR
(a) Half-wave
D6 nhap nhé (Ripple)
\ \ \ \ \ \ \ \
/ \ @ \ 7 1 N § CF ¥ ¢ I \
1 V! y ! v ! \ ! y i ¥ \ ! \
/ A/ \ ! \ ! \ ! \ ! \/ \ ! \
‘ \/ \ ! \! |/ | \/ |
0 1 A i i 'l — 4 L A

(b) Full-wave
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B6 nguén DC hoan chinh don gian

o
ORDINARY T VOLTAGE T
A.C. VOLTAGE POWER Vin REGULATOR Ry Vour
SUPPLY l
o

POINTP/\ /\ /\
NV

P D I NT R 1“]‘: ‘l“i' ‘1-': “H" .\:'FJ
POINT P + Ve

POINT § (

POINT O POINT R POINT S
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