DHBK Tp HCM-Khoa B-DT
BMDT

GVPT: H6 Trung My
Mén hoc: Dung cu béan dan

Chau’o’ng! 4
Chuyen tiep PN
(PN Junction)

ccccccccccccccccc
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NOI dung chwong 4

11. Gidi thiéu cac irng dung cla diode ban dan

CuuDuongThanCong.com
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Cac rng dung cua diode ban dan


http://cuuduongthancong.com

Cac wng dung thwc té cua cac mach diode

Cac mach chinh lwu (Rectifier Circuits)
« Chuyén tur dién AC sang DC cho cac mach dién
tu
« Cac mach nap dién cho pin hay accu (Battery
charging circuits)

Cac mach diode don gian
« Mach xen, mach kep
e Mach bao vé chéng:
0 Qua dong
o Mic ngugce cuc tinh
0 Qua ap trén khoa dién tu trong mach lai ro—le (relay)

« Cac cong logic

Cac mach Zener
d Bao V.é qua ap CuuDuongThanCong.com

M - . A'A_ 1. A _ fDD_L o o~ XT 1L —— -\
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So do khdi clia
mot bo ngudn cap dién DC

Power
transformer Iy
2 > ° a
o : O —O— —O—
ac line Diode Voltage |
120 V (rms) i Filter 8 Vo Load
60 Hz rectifier regulator
= ‘ 1 O —O—
e e —
t t t t {

Chu thich:

« Ac line = dwdng day [dién] xoay chiéu

« Power transformer = bién thé (hay bién ap) céng suéat
* Diode rectifier = Mach chinh lwu dung diode

* Filter = mach loc

- Voltage regulator = mach 6n ap

° Loa d — Tél CuuDuongThanCong.com
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May bién thé cap dién

L&i sat miéng

i (% ¢ i
%‘ ) ) %
P + © ( | s ) ® +
vy — ( s N, N, ) v, [ §L0ad
— d —
- O ( O
Cac cong thuc
?I&:\ sty blén thé |y Z1 ZZ v1/v2 - I2/I1 =n
vong. i 5 Secondarv (The c4
 Khong c6 tn hao Primarv(So cap) econ alrv( P) Z,=n%Z,
- Cong suét ra bang 1 n= N;:N, 2,

céng suat vao

Q|

Q|

n = tluﬁéngy hggrgcoqéy
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M6t s6 hinh dang ciia May bién thé
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Half-Wave Rectifier (mach chinh luu ban ky)

D 4 Ly twdng (V=0 va ry=0)
> 0 ,

L]

L8
O

R"'i“ﬂ

(a) Mach 0 v, s

(¢) Dac tuyén truyén dat

s

Uy

Vbo=Von=V,
(b)M6 hinh dién tré& thuan

bién ap ngwoc dinh clua diode PIV

(Peak inverse voltage) @) Dang séng d4u ra

PIV =V, = bien a6 dinh cta dién ap vao

CuuDuongThanCong.com
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Cac cong thire trong mach chinh lwu ban ky

— N

21T

0.0

CuuDuongThanCong.com

v, =V sina
= —Vo sinQ VOi v > Vg
v, +R,
voi v. <V
l — O S DO
ﬁut :ﬁn
1 271' . ]

I, =— j [ smoadoa=-"

27 g T

I
VDC :_RL

/i
Vyiouy = Vi — 0.7V (diode Si)

Vp(out) = ImRL va Vp(in) = Vs

Voe= Viou/n = 0.318 V, o

p(ou 9
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Full-Wave Rectifier (mach chinh luu toan song)

D,
o > * 0
T . * 1 Center +
Us tap o
ac £ -
line 0

voltage W —
Us
o >
b,
(a) Mach

* Yéu céu: S dung bién thé
c6 chau gitra & thir cap
(nghta Ia phan gitra cla
cudn day thr cap)

« Uu diém: Ca 2 ban ky
déu co dong

« Khuyét diém: |a khéng st
dung hét dién ap & thw
cap

PIV =2V -V,

v A

Ly twéng
(Von=0 va rp=0)

1 o

Slope =1

-

_VDDVD Us

() Déac tuyén truyén dat

CuuDuongThanCong.com

—
—
-

(©» Dang song dau ra )
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Full —-wave rectification

Dy

(a) During positive half-cycles, D, is forward-biased and 2, is reverse-biased.

0,

(b) During negative half-cycles, £, is forward-biased and D is reverse-biased.

CuuDuongThanCong.com

11
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Animation of center-tapped transformer rectifier

i F DT
AT

12
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Cac cbng thire trong mach chinh lwu toan séng

* Giatri DC hay trung binh V.
Vg = 2V, /n = 0.636 V,
« Tan so ra:
, fout T 2fin
« Xap xi bac 2:
Voouty = Vo — 0.7V (diode Si)
« Chuy:
Vim = 0.5V, (V,, 1a dién ap & thir cap vi ngd ra cé chau
gitra (center tap))

13

CuuDuongThanCong.com
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Bridge Rectifier (mach chinh lwu cau)

+Q

dac
line
voltage

PIV=V,-V,

CuuDuongThanCong.com ( h)
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Bridge Full —wave rectification

(a) During positive half-cycle of the input, £, and 2, are forward- biased and
conduct current. D5 and 12, are reverse-biased.

—

(b) During negative half-cycle of the input, Dy and Dy are forward-biased and
conduct current. £, and £, are reverse-biased.

15
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Animation of full bridge rectifier

Il
%3 v 2.5 Dﬂﬁ

ccccccccccccccccc

16
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Chinh lwu cau

e Chinh lwu cau

Ve > 2Vno
V,=v, =2V, o Nt
PIV=V,+V,,=v,-V,, - ’
« So v&i cac mach chinh line
lwu trwde thi mach nay co Yol =
wu diem: _
— Khong can bién thé co chau O
gitra
’I;Il\}/ ghl bang phan nwa loai Ve < 21,
— Sb6 vong day & cudn th cap o U

cling giam phan ntra so voi
loai thty 2

ac
line Uy

voltage —
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bién ap nguwoc dinh PIV

2V,
—p-

(a}

(a) Mach ban ky
PIV = 2V

SHORT
{b)

(b) Mach toan song
PIV =V;p

CuuDuongThanCong.com

(c)

(c) Mach cau
PIV =V,

18
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So sanh cac mach chinh lwu

Mach PIV Diénapra | Diénapra | Hiéu Ti sb
chinh lwu dinh V, DC Vpe suat | vong day
Ban ky 2V Vs — Vpo Vo/TC ~40% | NN,
Toan
s6ng Vs — Vpo Vs — Vpo 2V, T ~90% | N;:2N,
Cau Vs—Vpo | Vs—2Vp, 2V,/TC ~80% N,:N,

Chu thich:

- Dién &p tai thiv cp v, =Vssinot
» Vg=dién ap dinh cua dién ap tai thw cap

« V,=dién ap dinh & ngd ra cua mach chinh lwu
* Vpo=Von=V,=dién ap dan cla diode
N,:N,=ti s6 vong day c

Ua bién thé

ongThanCong.com

19
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Mach loc [ngo vao] dung cudn day

® vnu‘t

(a) Mach loc ngd vao (dung) cudn day;
(b) Mach twong dwong AC
Y twdng co ban: Néu X, >> X, thi
Vout = XV, /X,

20
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Loc ngd ra cua mach chinh lwu

L R
e/ YY Y Y Y'Y\
RECTIFIER _L c é R, RECTIFIER
(&) . {c)
RECTIFIED ' FILTERED
OUTPUT OUTPUT

DC VOLTAC

/

0,636 V, B N N i e S

(b) (d)

CuuDuongThanCong.com
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IDEAL

—I_ vom
(a)

Mach loc [ng0 vao] dung tu

vﬂl.lt
v, /
7\ /N /
[ N\
v  \_7 \_/
(b)
o
+
A,

{c)

Y twéng co’ ban

J

l

Ve

/N 7 \ 7
e
v \N_/ \_/

I'NTZT N7 N7 N7\
v VvV ¥

v\

ey

CuuDuongThanCong.com

Hiéu rng cua dién tré tai

22
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Mach tach song dinh (Peak Detector)

vh

« Mach tach séng dinh: w,
D /
2 O
3
o Y
" e % |
0
i )| 5
(a)

(k)

Mach tach séng dinh thwc té:
ip

—> Pinh nghia cac tham sb
© BH " I .l 5 + V, = dién ap gon dinh-dinh
_ ) * |, = dong dién DC qua tai
v; (f) C=—= R U « T=chukygon
« C = dién dung cua tu loc
O - ;

23
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(a)
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Mach tach séng dinh (2)

-
] L
Conduction L
interval At i I
|| ||
: i
| 0 Dién tich xa qua tai trong mot chu ky:
_,,J:mi*_ ,- ' i (gia stt RC >>T) g
} R i AQ=1,T=AV.C=VC—->C= TL/
| | hay r
| J | V
- < i r C=-L
\ \ . fVR 2

CuuDuongThanCong.com

(c)
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Mach tach séng dinh (3)
» V6i mach tach séng dinh toan séng: (tan s6 gon téng
gap déi thanh 2f) %
C=—-=
2fV R

* Mach chinh lwu ban ky chinh xac — Siéu diode

“Superdiode™ vo h
N

EENR

(@ Mach (b) D&c tuyén truyén dat s

CuuDuongThanCong.com
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120V
60 Hz

|V

Surge resistor

Rinil:ial

DPién tré bao vé gi&i han dong qua dé

CuuDuongThanCong.com

26
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Ripple Factor

bV
After the filter circuit a small % IR 'y % ~ Tvew
amount of AC is still NGRS N g5 N gy T e
remaining. The amount of
ripple voltage can be rated in Ve
terms of ripple factor (r).

: ol |
0

ripple voltage (rms) Viams)
dc voltage

0/0 r =

x 100

" dc

27
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Rectifier Ripple Factor
(Hé s gon cua mach chinh lwu)

Half-Wave

DC output:

Vg = 0.318V,,

AC ripple output:
Vl‘(l‘mS) = 0.385V,

Ripple factor:

——x100=121%

CuuDuongThanCong.com

Full-Wave

DC output:

Vae = 0.636Vy,

AC ripple output:
"'Tr(rms) = 0.308V,

Ripple factor:
oy TOWS)
Vdc
0.308+-
— 7 0Vm 100 = 48%

28
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Mach On ap dung diode Zener

krl:lguég bién tr& gi¢i han Mach
ong on  {ang ndi tiép 5 4 i
dinh Ry - N
—0 WA—0 1 o |
- , i i ‘L
: Is | h‘.’# : : |
Vs CD | i N vz é L
—_ |
| |
| |
: ——
{a)
R
3 lM - ﬂ ;
i _ + L7
-'I.'-u FET T
" ? L".;,.-' é R.I'
o O e 3_

(tyMach twong duong

CuuDuongThanCong.com
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Tinh tam dién tr& gidi han dong
v, =14[V], P, =5[]

O o -
Rmin — VZ — 14 :117 Q
L—1,|, 4 (50-14)/30
V, 14

=16.6 Q)

T (50—14)/30—-5/14

P,=5[W]

CuuDuongThanCong.com
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Hiéu (rng cua dién tr& Zener khac zero

Rg Vs(®) | 100 mV

L3 14V

.||_.
~Y

Ry Ry
MWW A *
=V i/ R § G - §r; R, g
e N
l T . &
Mach twong dwong DC Mach twong dwong AC

NX: Dién ap gon trén tai sé nhd vi dién tr& Zener thwong rat nhd

CuuDuongThanCong.com
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Analysis of Diodes in

Vy=5V

~ N .
20V
CD Vb 5 Ry =100Q

—
-

f-

Q-point
L 0005

Using load-line analysis:

~20=V,+50001

Reverse Breakdown Operation

Choose 2 points (0V, -4 mA) and (-5 V, -3 mA)
to draw the load line. It intersects the i-v
characteristic at the Q-point: (-2.9 mA, -5.2 V).

Using the piecewise linear model:

5k02

A
:nvCD LJ “-I:E IZ:_[D>O
In

20-51007,-5=0
7 _(20-5)V
g =""conr’
5100€2
Since I, > 0 (I < 0), the solution is
consistent with Zener breakdown.

=2.94 mA

Microelectronic Circuit Design 32

MeGraw-Hill,
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Voltage Regulator Using the Zener Diode

SkQ g I,
I V.-V _
) Iff [ = SR Zz(zgk;)v=3mA
Vs C_) 20V ,Zg, P 5 kﬂg R, 14 5V
Ry =0 IL:RzzstZI mA | IZZIS—ILzz mA
L
. S5kQ I
Lo ! For proper regulation, Zener current must be

positive. If the Zener current < 0, the Zener
§ 7% diode no longer controls the voltage across
the load resistor and the voltage regulator is

The Zener diode keeps the said to have “dropped out of regulation”.
1,1 R _ R

voltage across load resistor I :_Vi_ |l b .
R; constant. For Zener R AR R 124 min

breakdown operation, I, > 0. LVS_IJ
V4

+
Vg

\_J
l:
-t
—

N
uh
-«
A
-
[l
I

>0 | R >

Microelectronic Circuit Design 33

MeGraw-Hill,
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Voltage Regulator Using a Zener Diode:
Example Including Zener Resistance

£ g 1 V,-20V V,-5V ¥
ki + L +_—L__=()
RS o110 5000Q2 100Q2 50002
20V (D Vg Ry § sk Vi
oy V=519V

_V, =5V _519v-5vV _
Problem: Find the output voltage 2 100€2 100€2 19 mA>9
and Zener diode current for a Zener
diode regulator.
Given data: V';=20V, R =5 kQ,
R,=0.1kQ, V,=5V
Analysis: The output voltage is a
function of the current through the
Zener diode.

Microelectronic Circuit Design 34

MeGraw-Hill,
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Line and Load Regulation

Line regulation characterizes how sensitive the output voltage is to input
voltage changes.

: . dV
Line Regulation=—L mV/V
dV
S
For a fixed load current, Line Regulation = z

R+R
Z
Load regulation characterizes how sensitive the output voltage is to
changes in load current withdrawn from regulator.

_ dVv
Load Regulation=—£% Q
dl,

For changes in load current, Load Regulationz—[R

J
Load regulation 1s the Thévenin equivalent resistance looking back
into the regulator from the load terminals.

2

Microelectronic Circuit Design

MeGraw-Hill,

35
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Practical power supply circuits
Figure 6.20 shows a simple power supply circuit capable of delivering an output current of up

to 250 mA.

S1a
_c""'“ ™ — —
12V +12V at
220V 0.6A 250mA max,
D&
1N5348
Stb D1-D4 1N4001
ov
Figure 6.20
Simple d.c. power supply with shunt zener regulated output

The circuit uses a full-wave bridge rectifier arrangement (D4 to D) and a simple C-R filter. The
output voltage is regulated by the shuntconnected 12 V zener diode.

36
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Figure 6.21 shows an improved power supply in which a transistor is used to provide current

gain and minimize the power dissipated in the zener diode (Tgr; is sometimes referred to as a
seriespass transistor).

81a
e ™ TR1 BD131
o +12.3V at
SOOmA max.
12v
220V '
0.5A i c2
100
i €1 08
81b 22000 BZX7P
D1-D4 1N4001 I c1a
O oV
Figure 6.21
Improved regulated d.c. power supply with series-pass transistor

The zener diode. D5. is rated at 13 V and the output voltage will be approximately 0.7 V less
than this (i.e. 13 V minus the baseemitter voltage drop associated with Try ). Hence the
output voltage is about 12.3 V. The circuit is capable of delivering an output current of up to

500 mA (note that Tr¢ should be fitted with a small heatsink to conduct away all', heat
produced).

CuuDuongThanCong.com

37


http://cuuduongthancong.com

Figure 6.22) shows a variable power supply.

S1a
™
— TR1 BD131 0 to +12.3V
' at 800mA
220V ;i‘i max
' c2
D2 100p
c1
Stb D1-D4 1N4001 I aaa g "':'1
] o oV
D& BZX79C13
Figure 6.22
Variable d.c. power supply

The base voltage to the series-pass transistor is derived from a potentiometer connected
across the zener diode. Ds Hence the base voltage is variable from 0V to 13 V. The
transistor requires a substantial heatsink (note that Try 's dissipation increases a, the output
voltage is reduced).

38
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Finally. Fig. 6.23 shows a d.c. power supply - based on a fixed-voltage three-terminal
integrated circuit voltage regulator.

S1a
D4 D1 in | IC1 [ow +12v
I . T 7812 _‘ I“_"'_" at 500mA
220V 0.5A pu ——
| £3 = 4
D2 p3 |100n 100n | === qp0y
o o =y £1
S1b D1-04 1N4001 22000 |
+ — —0 oy
Figure 6.23
Power supply with three-terminal IC voltage regulator

These devices are available in standard voltage and current ratings (e.g. 5V. 12V, 15V at |
A, 2 A and > A) and they provide excellent performance in terms of output resistance, ripple
rejection and voltage regulation.

In addition, such devices usually incorporate overcurrent protection and can withstand a direct
short-circuit placed across their output terminals. This is an essential feature in many practical
applications!

CuuDuongThanCong.com
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Mach xén (clipper) va mach han bién (limiter)
 C6 3 loai mach xén:
— Mach xén trén (mach xén dwong) = Positive clipper

— Mach xén duw¢i (mach xén am) = Negative clipper
— Mach xén 2 mirc ddc 1ap (mach xén két hop)=Combination clipper

Chu y: Tong quat cac mach xén ¢ phan cuc

 Mach han bién hay kep diode

40
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O Cac Mach xén va han bién L \
. - - eg Bac tuyén truyén dat
(Clippers and Limiters) Uy )

- Small Signal Diode
(@ The positive clipper

R
o AN -
0= ¥, R — —) r—fl =
5 SRVAVAVRLEN !
| VAVAY
' 20V
*1N914 : |- = 10mA for 1V
o 1-07V _
“Rg= — == =300hmQ

* Stiff Clipper : 100 Rz < Rg <0.01 R 41

CuuDuongThanCong.com
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Pac tuyén Iruyén dat
il

@ The Negative clipper

® The Limiter or Diode clamp V. +0.7
15 mV peak 5 U ‘ l ‘ | | I
Ddﬁch i s ; -V, -0.7
i %ﬂ . 2 - Vi , N
¢ Dac tuyén truyén dat
v y'y ’
K
= = + +
f.lll D. Fi

protect sensitive circuits o ‘5

CuuDuongThanCong.com
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@ Biased Clippers

RS
+ Vp
0
v
— L;'P

$1Fet

Rs
+Ve é\w
=V

Hil—1

CuuDuongThanCong.com

0.7V
J
AVAVAVE
=20V

43
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(® Combination Clipper (slicer)

CuuDuongThanCong.com

r—\_

L"’1 - U.?

Vi — 0.7

44
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Clipper Circuits using Zener Diodes

Zener diode provides a reference voltage of V,

AN O AN O
LT STZ sav YA/
v;,(1) U (1)
: 5.4V Zlg 7 - 54V N
@ O L O
(a) Circuit of Figure 10.29 with batteries replaced (b) Simpler circuit

by Zener diodes and allowance made for a
0.6-V forward diode drop

45
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Clipper applications (1)

+5V On
? O—o0© “Tﬂﬂf‘*—»O
/
|< L
V- A
O A
oOVv-—-*--
5V = A°:
f ®
Transient j;— L
Forward
Free-wheeling diode

Transient-protection circuits

CuuDuongThanCong.com
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Clipper applications (2)

ccccccccccccccccc
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Mach kep (Clamper)

* Co 2 loai mach kep:
— Mach kep dwong (Positive clamper)
— Mach kep am (Negative clamper)

« Mach tach song dinh-dinh: thwd'ng dung cho diode tin
hiéu nhd & tan sb6 cao

CuuDuongThanCong.com
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d Clampers

(1) Positive clamper

+VF@ _ﬂ-QOff O Al Ca"‘"\. VP

i @751 W e 8 1
0 latey 1 0 J

=l T vout=VP+vP

P (@) (b)

(2 Negative clamper

C
| {
e A +0.7V
0 ﬂgﬂgq;; h 4 R, {U—UDU 0
-V i

49
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Biased clampers

C, C,
| |
VB Oj D1 RL _VB Oj D1
R Z R Z
C1 C1
I . I R
I I
W IO 2R W Ao
— VZT L L Vzlf

Biased clampers.

CuuDuongThanCong.com
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Mach nhan dién ap

 Thi du mdt sé mach nhan ap:
— Nhan déi dién ap (voltage doubler)
— Nhan 3 dién ap (voltage tripler)
— Nhan 4 dién ap (voltage quadrupler)

— Nhan déi dién ap toan song (full-wave voltage
doubler)

CuuDuongThanCong.com
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Voltage multipliers (1)

ccccccccccccccccc

52
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Voltage multipliers (2)
D2
_S(?k)_|_ Off

..............

V=2V

Operation of half-wave voltage doublers.

CuuDuongThanCong.com
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Full-wave voltage doubler

ccccccccccccccccc
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Cockcroft-Walton Circuit

K

2vp
— |+

5vp

2vp

—2II +
Vp

— ||+

—2II +
Vp

|+

+ O—

55
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Cdng logic dung diode

NN
1

i :
L Ll

a) Céng OR b) Cdng AND
V&i mire logic 0 = 0V, va logic 1 = 5V (hodc 5V — Vg [diode])

56
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Mot so trng dung co’ ban cia diode

ccccccccccccccccc
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Half-Wave Rectifier
In this circuit, the diode acts to convert an ac

¥
. /\ m input voltage into a pulsed dc output voltage.
- Whenever the voltage attempts to swing nega-
t tive at the anode, the diode acts to block current
v @ R, v, flow, thus causing the output voltage (voltage
across the resistor) to go to zero. This circuit is
v Vo called a half-wave rectifier, since only half the
““““““““ deave input waveform is supplied to the output. Note

that there will be a 0.6 V drop across the diode,
so the output peak voltage will be 0.6V less than the peak voltage of V,,. The output frequency is the
same as the input frequency, and the average dc voltage at the output is 0.318 times zero-to-peak out-
put voltage. A transformer is typically used to step down or step up the voltage before it reaches the
rectifier section.

Full-Wave Bridge Rectifier

This circuit is called a full-wave rectifier, or bridge
rectifier. Unlike the half-wave rectifier, a full-

. @ o wave rectifier does not merely block negative
- ’ U U t swings in voltage but also converts them into
'R]oadg - positive squgs at the F)lltl}llt. To understand
V. how the device works, just follow the current

q . flow through the diode one-way gates. Note
[\\ f/-\ ([\T {[\ [\\ ™" that there will be a 1.2-V drop from zero-to-
1

peak input voltage to zero-to-peak output volt-

age (there are two 0.6-V drops across a pair of
FIGURE 4.14 diodes during a half cycle). The output frequency is twice the input frequency, and the average dc

voltage at the output is 0.636 times the zero-to-peak output voltage.
CuuDuongThanCong.com
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Basic AC-to-DC Power Supply

120 VAC
60 Hz

ripple voltage (7,

t’Lpp].EjJ

;.
ocave

I;Cl ut L

/

| | .' \ | i
| L] | Il II

Vn'.;t
R'.Ga.d. I

O
(120 Hz)

output with
filter capacitor

(with load)

output without

\H / filter capacitor
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By using a transformer and a full-wave
bridge rectifier, a simple ac-to-dc power
supply can be constructed. The trans-
former acts to step down the voltage, and
the bridge rectifier acts to convert the ac
input into a pulsed dc output. A filter
capacitor is then used to delay the dis-
charge time and hence “smooth” out the
pulses. The capacitor must be large
enough to store a sufficient amount of
energy to provide a steady supply of cur-
rentto theload.Ifthe capacitorisnotlarge
enough or is not being charged fast
enough, the voltage will drop as the load
demands more current. A generalrule for
choosing Cis to use the following relation:

RiadC == U/T

where [ is the rectified signal's fre-
quency (120 Hz). The ripple voltage
(deviation from dc) is approximated by

Ilom:l

VEL =
pple -
Ic
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Voltage Dropper
DC application

V

V. -06V
V_—-12V
V,-18V

Rl-:- ad

AC application

i<
>

load
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When current passes through a diode, the volt-
age is lowered by 0.6V (silicon diodes). By plac-
ing a number of diodes in series, the total
voltage drop is the sum of the individual voltage
drops of each diode. In ac applications, two sets
of diodes are placed in opposite directions.
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Voltage Regulator

in This circuit will supply a steady output voltage

equal to the sum of the forward-biasing volt-

ages of the diodes. For example, if D}, D,, and D,

I l R, are silicon diodes, the voltage drop across each

one will be 0.6 V; the voltage drop across all

oV three is then 1.8 V. This means that the voltage

applied to the load (V) will remain at 1.8 V. R,

is designed to prevent the diodes from "frying”

D, ¥V fosd if the resistance of the load gets very large or

the load is removed. The value of R, should be
p, ¥ 1 approximately equal to

Rl — {Vin B Vu:mt)
L I
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Voltage-Multiplier Circuits

Conventional doubler

V,sin @i @ C, 1V,

! ] 2 Vu
=N
| v
e ¢ O
D,

Charge pump doubler

V[
7|

Vysin @i @
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Voltage quadrupler
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Diode Clamp

CuuDuongThanCong.com

C 4
I I out
© | 1 ©
I”].‘I.'l ‘- I""(JLL‘[
Va g
o 4 O
Waveform Clipper
R,
S e VAVAY, 4 0
V. V.
m out
i ]7 Volll |II { ‘|| T
R, R,

The diode clamp circuit shown here takes a
periodic ac signal that oscillates between posi-
tive and negative values and displaces it so
that it is either always positive or always nega-
tive. The capacitor charges up to a dc voltage
equal to the zero-to-peak value of Vi, The
capacitor is made large enough so that it looks
like a short circuit for the ac components of V.
If, for example, V|, is a sine wave, V,,, will equal
the sum of V;; and the dc voltage on the capac-
itor. By placing the diode in the opposite posi-
tion (pointing down), V,, will be displaced
downward so that it is always negative.

This circuit is often used to protect circuit com-
ponents from damage due to overvoltage and
is used for generating special waveforms. R;
controls the lower-level clipping at the output,
while Ry controls the upper-level clipping. R) is
used as a safety resistor to prevent a large cur-
rent from flowing through a diode if a variable
resistor happens to be set to zero resistance.
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Reverse-Polarity Protector

o—Ppl—o + meter A single diode can be used to protect a circuit

that could be damaged if the polarity of the

i e + - power source were reversed. In the leftmost

—_ —» to circuat ,
— network, the diode acts to block the current
+ flow to a circuit if the battery is accidentally
o0——O0 - > placed the wrong way around. In the rightmost
| )

circuit, the diode prevents a large current from
entering the negative terminal of a meter.

Transient Protector

o o0—e ,\,ia\f Placing a diode in the reverse-biased direction across an inductive load
+ eliminates voltage spikes by going into conduction before a large volt-
— age can form across the load. The diode must be rated to handle the cur-
rent, equivalent to the maximum current that would have been flowing
- through the load before the current supply was interrupted. The lower

I
>

. network shows how a diode can be used to protect a circuit from voltage
spikes that are produced when a dc-actuated relay suddenly switches
v—O states.
-_-___.-0
+ > * &0
drive
o relay
cireut
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Battery-Powered Backup

D, This circuit shows how a battery along with

g * two diodes can be used to provide backup

gV ) ) power to a circuit that is normally powered by

DC power supply A D, 62’;:&? an ac-driven dc power supply (with filtered
(filtered) output). Here you have a circuit that is de-
/| | signed to run off a voltage from 6 to 9 V. The

" voltage supplied by the power supply is at 9V,

6V while the battery voltage is 6 V. As long as

power is supplied by the main power supply,

the voltage that the circuit receives will be §.4V

FIGURE 4.14 (Continued) (there is a 0.6-V drop across [);). At the same time, I)»'s anode will be
more negative in voltage than its cathode by 2.6 V (8.4 V minus 6.0 V),
which means D, will block current flow from the battery, hence prevent-
ing battery drain. Now, if a lightning bolt strikes, causing the power sup-
ply to fail, );'s anode will become more positive in voltage than its
cathode, and it will allow current to flow from the battery to the load. At
the same time, D; acts to block current from flowing from the battery
into the power supply.
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Voltage Regulator

Example 1

45mA 10mA
—» —»
o———" VWV * O
2200
25V 35mA l 15V
15V
Zener
O & O

Example 2

45mA 25mA
—» —»
o AN 4 O
22042
25V 20mA l 15V
15V
Zener
o & O

Vout

.

Vi

TEner

load
Ifl.u i:]z,amer
JT]o:u:l = =
Rlozd R'.cad
T I’m - Vou? I’-’ri.u - I’Tz;a:Er
R= =
R R

IZELET = IR = JYlf.n:—t:l

15V
Tioaa = = 10mA
15K
1.5K 25V - 15V
[p=——"——=45mA
22082

Loper = 45mA — 10mA = 35mA

15V
JT]o;d = % =20mA
25V =15V
75062 IRZWZilSm_A

Loper = 45mA — 20mA = 25mA
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Here, a zener diode is used to regulate
the voltage supplied to a load. When V;,
attempts to push V,,, above the zener
diode’s breakdown voltage (V). the
zener diode draws as much current
through itself in the reverse-biased
direction as is necessary to keep V, at
Viener, @ven if the input voltage V;, varies
considerably. The resistor in the circuit is
used to limit current through the zener
diode in case the load is removed, pro-
tecting it from excessive current flow.
The value of the resistor can be found by
using

1":'m - "’:zener

R=
ICI'.IJX.ZE‘[IE'I.'

where [ .. zene 15 the maximum current

rating of the zener diode. The power rat-

ing of the resistor should be

PR = I‘f}? = Imax.zener("':rm - v-zener)

Lioaa. I, and L., are given by the formu-
las accompanying the figure.
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Voltage Shifter

14 Va
p,jn R I’r I?01.17
Zanar
PO O P
r
Waveform Clipper
Va R Vo
e VAVAY 0
Zener, r l
I V‘.'n I?01.1: T
Zener, L ‘
"ze:etl 1 —
O O '
FIGURE 4.18
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This circuit shifts the input voltage (V,,) down
by an amount equal to the breakdown voltage
of the zener diode.

Two opposing zener diodes placed in series act to
clip both halves of an input signal. Here, a sine
wave is converted to a near square wave. Besides
acting as a signal reshaper, this arrangement also
can be placed across a power supply’s output ter-
minals to prevent voltage spikes from reaching a
circuit that is attached to the power supply. The
breakdown voltages of both diodes must be cho-
sen according to the particular application.
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Diode thermometer

Vp. VH
(.8 ————e
0.6 _-\-""h-..
! ]EI' k()
0.4 it
+ ™ +
0.2 15V = | ¥w
| I - - f{:._#f/.-' i
(y 50 100° T .°C
(a) (b}

Iy = IO(T)(quD/kT g1
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Miscellaneous Diode Applications

There are many practical applications for diodes beyond power
supplies.

Some of these applications include:

— Clipper circuits that serve to protect circuits from damage as a result
of over-voltage conditions.

— Clippers are common in computer circuits.
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Miscellaneous Diode Applications

* |solation diodes are used to isolate various

sections of circuits from another.

* An example of this is the battery backup for

computer memory.

b

D,

YV >
System
power

g
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™

|+
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Miscellaneous Diode Applications

« Diodes can be used to create an RC circuit that has
different time constants for charge and discharge.

« This principle is called asymmetftrical time constants.

10 V=

ﬂl
AN <] Setby Ry D,

——>r i, @
Setby R, D,

[
B hTh L1
e

=
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Miscellaneous Diode Applications

Diodes can also be
used as AM
(amplitude
modulation)
detector circuits In
radio receivers.

y

Amplitude-
modulated e
Low-frequency vigash Tlﬂ:;;n':tlll;ng
mexlulating <ignal 5
Information source /.\/ Amplimde MMW
(voice, picture. duta, »  maxdulation >
ele.) cirowit
T
carier
Radio
frequency
oscillator
{al
Receiving % 7 iy
AUNETIO R mesdulated
5 signal
M Reveiver
: tircuits AM

(Amplifiers, [ "] —* f\/ '\
etc) Original imformation
(voioe, picture, datm, ete,)

by
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