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Introduction
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Transformer Rectifier Filter IC regulator Load

220 V RMS

Power supply: mot nhom cac mach dién chuyén dién thé
xoay chiéu (220 V, 50 Hz) sang dién thé DC on dinh.
Transformer (bién thé): Linh kién gitip tdng/gidm dién thé
ac t&i gia tri mong muodn.
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Transformer Rectifier Filter IC regulator Load

220 V RMS

Rectifier (chinh lww): mach dién dung diode chuyén dién
thé ac thanh dién thé dc (co gon song).

Dién thé dc sau mach chinh Iuu khéng d tot dé st dung
lam bd cap ngudn dc cho cac thiét bi dién te.
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Transformer Rectifier Filter [C regulator Load

220 V RMS

C6 hai loai mach chinh lwu co ban:
Chinh lwu mét ban ky (Half-wave rectifier)

Chinh lwu toan ly (Full-wave rectifier - Center-tapped & Bridge full-
wave rectifier)

Mach chinh lwu toan séng c6 dé gon séng nhé hon mét
ban ky nén thich hgp hon cho mach loc phia sau.
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Transformer Rectifier Filter IC regulator Load

220 V RMS

Filter (loc): dung dé gidam dd gon song cda ngd ra cla
mach chinh lwu.

Regulator (bé/mach 6n ép): tao ra dién thé dc la mot
hang soO
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Regulator - Zener diode regulator

Mach 6n &p don gidn chi géom mét diode Zener va mot
dién tré. On ap kiéu nay c6 kha nang cap dong dién
nho.

Zener diodes c6 nhiéu loai khac nhau vé dién thé Zener

(breakdown voltage V, ) va céng suat toi da P, (loai
thong thwdng 400mW va 1.3W)

+ .
Vs Resistor to

limit current -

\_\\‘- \ iHPUt ) p
%‘\7 l voltage tVz .y
NG ; Zener Fixed output
N Diode voltage

(O

00




An

Description

BZX4V7 4V7 1.3 ZENER DIODE

BZX5V1 5V1 1.3W ZENER DIODE

BZX5V6 5V6 1.3W ZENER DIODE

BZX6V2 6V2 1.3W ZENER DIODE

BZX6V8 6V8 1.3W ZENER DIODE

BZX7V5 7V5 1.3W ZENER DIODE

BZX8V2 8V2 1.3W ZENER DIODE

BZX9V1 9V1 1.3W ZENER DIODE

BZX10 10V 1.3W ZENER DIODE

BZX11 11V 1.3W ZENER DIODE

BZX12 12V 1.3W ZENER DIODE

BZX13 13V 1.3W ZENER DIODE

BZX15 15V 1.3W ZENER DIODE

BZX16 16V 1.3W ZENER DIODE

BZX18 18V 1.3W ZENER DIODE

BZX20 20V 1.3W ZENER DIODE

BZX22 22V 1.3W ZENER DIODE

BZX24 24V 1.3V ZENER DIODE

BZX27 27V 1.3W ZENER DIODE

BZX30 30V 1.3W ZENER DIODE

BZX33 33V 1.3 ZENER DIODE

BZX36 36V 1.3W ZENER DIODE

BZX39 39V 1.3W ZENER DIODE




Diode Zener c6 khuyét diém la thay doi theo
nhiét do va dién thé Zener troi theo thoi gian

st dung > c6 thé thay diode Zener bang IC

LM4140 High Precision Low Noise Low Dropout Voltage Reference
Check for Samples: LM4140

FEATURES

High Initial Accuracy: 0.1%
Ultra Low Noise

Low Temperature Coefficient: 3 ppm/°C (A
grade)

Low Voltage Operation: 1.8V
Low Dropout Voltage: 20 mV (typ) @ 1mA

Supply Current: 230 pA (typ), <1 pA Disable
Mode

Enable Pin

Output Voltage Options: 1.024V, 1.250V,
2.048V, 2.500V, and 4.096V

Custom Voltages from 0.5V to 4.5V
Temperature Range (0°C to 70°C)

APPLICATIONS SUMMARY

Portable, Battery Powered Equipment
Instrumentation and Test Equipment
Automotive

Industrial Process Control

Data Acquisition Systems

Medical Equipment

Precision Scales

Servo Systems

Battery Charging

DESCRIPTION

The LM4140 series of precision references are
designed to combine high accuracy, low drift and
noise with low power dissipation in a small package.

The LM4140 is the industry's first reference with
output voltage options lower than the bandgap
voltage.

The key to the advance performance of the LM4140
is the use of EEPROM registers and CMOS DACs for
temperature coefficient curvature correction and
trimming of the output voltage accuracy of the device
during the final production testing.

The major advantage of this method is the much
higher resolution available with DACs than is
available economically with most methods utilized by
other bandgap references.

The low input and dropout voltage, low supply current
and output drive capability of the LM4140 makes this
product an ideal choice for battery powered and
portable applications.

The LM4140 is available in three grades (A, B, C)
with 0.1% initial accuracy and 3, 6 and 10 ppm/°C
temperature coefficients. For even lower Tempco,
contact Texas Instruments.

The device performance is specified over the
temperature range (0°C to +70°C) and is available in
compact 8-pin package.

For other output voltage options from 0.5V to
4.5V, contact Texas Instruments.

Typical Application
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Figure 1. Figure 2. Typical Temperature Coefficient

(Sample of 5 Parts)

Connection Diagram
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Figure 3. 8-Lead Surface Mount
Package Number DO0O0SA
Top View

PIN DESCRIPTIONS

Vet (Pin 6): Reference Qutput. Capable of sourcing up to 8mA.

Input (Pin 2): Positive Supply.

Ground (Pins 1, 4, 7, 8): Negative Supply or Ground Connection. These pins must be connected to ground.
Enable (Pin 3): Pulled to input for normal operation. Forcing this pin to ground will turn-off the output.
NC (Pin 5): This pin must be left open.




LM4030 SOT-23 Ultra-High Precision Shunt Voltage Reference

Check for Samples: LM4030

FEATURES

High Output Voltage Accuracy 0.05%

Low Temperature Coefficient 10 ppm/°C
Extended Temperature Operation -40-125°C

Excellent Thermal Hysteresis, 75ppm
Excellent Long-Term Stability, 40ppm
High Immunity to Board Stress Effects
Capable of Handling 50 mA Transients
Voltage Options 2.5V, 4.096V

SOT-23 Package

APPLICATIONS

Data Acquisition/Signal path
Test and Measurement
Automotive & Industrial
Communications
Instrumentation

Power Management

DESCRIPTION

The LM4030 is an ultra-high precision shunt voltage
reference, having exceptionally high initial accuracy
(0.05%) and temperature stability (10ppm/°C). The
LM4030 is available with fixed voltage options of 2.5V
and 4.096V. Despite the tiny SOT-23 package, the
LM4030 exhibits excellent thermal hysteresis
(75ppm) and long-term stability (40ppm) as well as
immunity to board stress effects.
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SOT-23 Package
(Top View)



On &p (Voltage Regulation)

Hai loai mach 6n ap:
o On &p/én dinh theo dién thé vao/dién thé lwi (line regulation)

a On &p theo tai (load regulation)

o Muc tiéu cia mach line regulation la duy tri mét dién
ap 1a hang sé & ngd ra khi dién ap vao thay dbi.
o Muc tiéu cua mach load regulation la duy tri mot dién

ap la hang s6 & ngd ra khi tai (load) thay dbi.



Line Regulation
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Voltage
regulator

L
\ Vour

Decrease
(or increase)
in input voltage

No significant change
in output voltage

Voltage

ViN O
" regulator

o Vour

Line regulation: Thay ddi dién thé & ngd vao (line) khéng anh hwéng nhiéu dén

diep thé nga-r2 o3, Ho Sn-&p; (DT phién 12 trong mot gioi han)



Line Regulation

Line regulation: 1a hé so thé hién kha nang duy tri hang
sO dién thé ngo ra khi dién thé ngd vao thay doi.

AVO UT

AV,
Line regulation ciing c6 thé dwoc tinh theo cong thirc:

Lineregulation= ( jxloo% (don vi: mV/V)

(AV,r IV )x100%

(don vi: %/mV hay %/V)
DUnG ¢ongthiie nac ¢anphai ¢oi trong datasheet (dwa vao don vi)

Line regulation =



Load Regulation
I

Voltage
ViN O——
regulator
No change
Vi Voltage
regulator
Increase

(or decrease)

Load regulation: Thay doi & dong dién tai (do thay déi R,) khéng anh hwéng
nhﬁqé@@%m@@méggpﬁq— bé 6m)dp. (Trong Mot gidi han cho pheép)




Load Regulation

Load regulation: dwgc dinh nghia la phan tram thay doi

dién thé ngo ra tir khéng tai (no-load, NL) dén toan tai (

full-load, FL).

VNL _VFL
Ve

x100%

Load regulation=

Vi
V. = the no-load output voltage
V¢ = the full-load output voltage



Load Regulation

M6t sd bd cap ngudn dung dai lwong output resistance
(R, ) thay cho load regulation.
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Néu ta dinh nghia R, la dién tré tai nhé nhat, Vi dwoc
tinh bang cong thurc:

R
V =V FL
- " ( ROUT T RFL )




Load Regulation

Sap xép lai va thay vao coéng thirc load regulation:

N
VNL :VFL ( ROUT + RFL
RFL J
( ROUT + RFL

VFL R _VFL

Load regulation = —— L x100%
VFL
_ (R,,; +R

Load regulation =| —=22—F- 1 [x100%

\. RFL

‘R
Load regulation =| =L jxlOO%

\. RFL



Phan loai mach 6n ap
18

o Linear regulators & switching regulators.

o Hai loai linear regulator co ban la ~crics reqgulaior va
shunt regulator .

Series
regulator Shunt
] regulator

Analog Electronics, FETEL 2021



Series Requlator Circuit

Control element nbi tiép
v@i tai, nam gilra ngo vao

va ngo ra. Viv o

Output sample circuit
cam nhan sy thay ddi dién
ap ngo ra.

Error detector

So sanh dién ap lay mau
v&i mot dién thé tham
chiéu > diéu khién mach
control element dé bu dién
ap thay dbi, ddm bao dién
ap ra khéng doi.

|

Control
element

o Vour

Reference
voltage

A

|

Error
detector

Sample
circuit
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Op-Amp Series Regulator

Control
Q, Element
v, Vo
(unregulated ¥ (regulated
voltage) Rl N B - voltage)
VRE
+
e Sample
Error Detector Circuit
Vz;
b —
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Op-Amp Series Regulator

Giai thich mach:

Pién thé ngd ra dwoc duy tri @ mire dién ap:

R,
Vo= |1+ )Vz
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iy,
\\\\ VIN

T
N VOUT

(a) When Vy or R; decreases, Vot attempts to decrease. The
feedback voltage, Vg, also attempts to decrease, and as a result, the
op-amp’s output voltage Vg attempts to increase, thus compensating
for the attempted decrease in V1 by increasing the O, emitter
voltage. Changes in VT are exaggerated for 1llustration.



W77
W Wty
A VIN

L7
N VOUT

(c) When V or R; increases, Vot attempts to increase. The
feedback voltage, Vg, also attempts to increase, and as a result,
Vg, applied to the base of the control transistor, attempts to decrease,
23 Analc thus compensating for the attempted increase in V1 by
decreasing the O, emitter voltage.



Transistor Series Regulator

v()
(unregulated V (regulated
voltage) voltage)

R,

Transistor Q, la phan t&r diéu khién ndi tiép voi tai.
Diode Zener tao ra dién thé tham chiéu.



Transistor Series Regulator

Q, la npn transistor, V, tinh theo cong thtrc:

VBE :Vz _Vo

Giai thich hoat déng:

R tai tang --> V tai tang

Zener voltage 1a hang s6 --> V, tdng lam cho Vg gidm

Vge giam lam giam dong qua transistor Q1 --> dong qua tai giam.

Qué trinh nay bl trir cho sw gia tang dién tré tai, lam cho dién thé
trén tai dwoc duy tri @ mirc hang so.



Example

0 TimV

out

(Solution: 10.2 V)

+I15VO ¢ @ $ o Vour
R,
1.0 kQ 2
¢ + ng
10 k)
VREI
7 il e

5.1V
R;
10 kQ)
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Example

o Tim output voltage va Zener current voi R, =1kQ.
(Solution: V,=11.3 V; |,=36 mA)

0, (B =50)
V, V,
20V R \ Z' (regulated)
(unregulated) 290 QO

Ry

9
Ay



Bao vé ngan mach va qua tai

Short-Circuit , Overload Protection

Q1 Ry
Vin O W *—o o Vour
%Rl 0,
— |+ ‘E 9 §R2

Current limiter

- 0.7V
It (max) = T4

Hay giai'thich)co ché bao vé clia mach trén.




Bai tap:qidi thich co ché bao vé ctia mach

bén dwoi

Vra = Vgs + VBE

o Vour

0 R,
& TEM




Mach 6n &p dang shunt
(Shunt Reqgulator Circuit)

Rl
ir]N @ W T O V r(:)“T
Shunt Co ché én ap: diéu khién
regulator dong qua Control element
Vino I MWy ; o Vour

Control
Reference L | Error L] element
voltage detector (shunt)

T Sample

circuit

I
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Op-Amp Shunt Regulator

Control
Reference Error
voltage detector iﬁrﬁﬁgt
Sample
circuit
]
Vour
Vi o—9 My ¢ ? ©
R
) . Vi
- Error detector I L(max) —
Control Rl
VREF @ - element
o
+ § R; § Re
_/
/i D, Sample
circuit

Analog Blectronics, EETEL 2021
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Decreases

\\\\\\\\\‘I}I L7}
IN

Decreases Decreases

\\\\\\“

Is

Decreases v

32 .
(a) Response to a decrease in Vi or R,



Increases

\\\\\\\\\‘g::\:ll R,
AM— .
Increases Increases

\\\\\\
W Vy

® ®
Increases

\\\\\\\

VFB

(b) Response to an increase in Vyy or Ry



Transistor Shunt Regulator

supply)

|
|
l
l
|
(unregulated :
|
l
l
|
|

| l
| Shunt regulator |
| |

Control element : transistor, mac song song v&i tai. Dién
tr&é Rgnoi tiep voi tai.

Hoat déng cdia mach 6n 4p nay twong tw nhw mach 6n ap
kiéu ndi tiép dung transistor. Viéc 6n &p dwoc thwe hién
thong qua diéu khién ddong dién qua transistor.



Transistor Shunt Regulator

O_ _____
| = _V'— oo
L R :
L V,‘ |
(unregulated :
| =1 —1 sy
C S L :
- |
|
O mm e __
| = Vi _VL i Shunt regulator
g =
RS
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Example

o Tim dién thé 6 ép, V, va cac dong dién.

(Solution: V| =8.9 V; [,=89 mA; 15=109 mA; |-=20 mA)

e
Vi o—AAN

(+22 V)

/

5

120 Q

|

\ 4

—
+ ~
A 32V l

V,




Switching Reqgulator

Switching regulator co

hiéu suat truyén cong suat  step-Down Configuration/
toi tai tot hon cac bd 6n 4p  pyck converter

ndi tiép va song song do

céc transistor khong dan Step-up configuration
lién tuc. Pat téi khoang

90%

Switching regulator truyén

dién thé t&i tai dwdi dang

xung = can mach loc dé

c6 dién thé DC phang.

Analog Electronics, FETEL 2021



Switching Reqgulator

Step-Down Configuration

Pién thé ra nhdé hon dién thé vao. Phan tr diéu khién
(control element) Q, dwoc déng/mé (on/off) véi tan suat
thay dbi tuy theo dong dién tai

Mach loc LC (LC filter) dung dé loc cac gon séng & ngd

ra qua Q1.
L VOUT 2 L Vour
o—e < O O Viy O—e A O
Vin QIQQ %D j— %RL @ D, c %R;
1
R 1§ Varial.)le = Cl §R , = Variable = l § R, —
plllSC-Wldth g R p;fg{,ﬁgtrh Comparator

oscillator ]
Error signal
§R3 VREF §R3

D 2 VREF % D,




Error signal /
\

(a) Typical circuit

o/"o

+
O
V[N

39 Anal

Switch
control

(b) Simplified equivalent circuit

9 L Vour
/l | |\ ’mm\ O O
L—a)
- D, —1~C
Variable — — § R,
pulse-width
§ Ry modulator Comparator

\|




on/off ton toff ton toff ton toﬂ’ ton

control A

Vour

(a) Vout depends on the duty cycle. Vout = (to—n) ViN

Q)
on/off ton toff ton toff ton toff ton L
control

A

Vourpm—=="---

(b) Increase the duty cycle and V1 Increases.

~



Vino—e ah
(=
[UH IUI] .
Variable
§ R pulse-width
! modulator Vig +
Veont decreases § Ry
increases -
e

2 I

(a) When Vg attempts to decrease, the on-time of Q, increases.

Q,
Vin O—e
r T r T .
o o Variable — § R,
§ R pulse-width
! modulator Vig +
Veont increases § Ry
decreases -
2 r

2 Il

(b) When V1 attempts to increase, the on-time of O decreases.

41 Ana



5V

mach Pulse Width Modulator

6.98k

VCC

o Triangularsave Outpul
VGG

P Outpud

220pF
= P
- ouT
u1B 7
1/2LT1715
+
/fz”’/””" 1k 10k

16kHz ANALOG FILTER

FOR LINEARITY MEASUREMENT




Switching Reqgulator

Step-up configuration: dién ap ra I&n hon dién ap vao
Hay giai thich hoat déng cua mach
+ ;VOL'T

Vino—e 000 e

L D,

—1~C

Vel IE 0 = Ry
§ R, | pulse-width : § R,

modulator




IC 6n &p co dién thé ra co dinh

Positive

input

T8XX

-Lfm

Positive
output

Pin 1. Input
2. Ground
3. Output

Ana

7805
7806
7808
7810
7812
7815
7818
7824

+10
+12
+15
+18
+24



IC O6n &p c6 dién thé ra cd dinh

Type number Output voltage

7905 =S50V
Negative (2) (3) Negative 7905.2 —5.2V
input © ? 19XX t—° output 7906 —6.0V
7908 8.0V
M| Gna 7912 -12.0V
= " = 7915 150V
7918 -18.0V
— — — 7924 240V
(a) Standard configuration (b) The 7900 series

¥ \%Q&@}'&:?ﬁ




IC On &p c6 thé diéu chinh dién thé ra

46 ]
LM317 la mét IC co6 thé diéu chinh dién ap ra tir 1.2 toi
37 V.
Positive [ M317 o~ O Positive

input output

Adjustment

T
=<, ERE

\|
/I
o
\|
/I
%




VREE 1.25V
IRgr = =

Ry R;
+V O—— LM317 7 —o +Vour

| Rlé
|

VREF: 125 V -
|

| HI | free
+ — 4 -
==<C, amil T == C;
Iapy R,
=G, N
HIH | ree + Zaps

R,
Vour = VREF(1 + R_1> + IapjR>
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Tim dién thé ra I&n nhat va nhé nhat gia st |,5; = 50UA.

+35 V O—— LM317 —O +Vour
Rl
220 ()
¢
== ==,
RZ
—~ C, 5.0 k() (max)
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+35Vo—e—] LM317 —o +Vour R 2

R - Vour = VREF(l + R_1 ) + IapiRy

\|

/N

s
FR
(e}
o

I

|

O

IC2 _S.OkQ(max) VRl — VREF — 125V

R
VouTmin) = VREF<1 + R_l) + IapjRy = 1.25V(1) = 1.25V

Q
) + (50 uA)5.0 kQ

Ry
VOUT(max) = VREF(I + R_> + IapjRy = 1.25 V(l + 20 QO

I
= 29.66V + 025V =299V
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