2005 MXt=st A E I;&\g, OSHA|CHe D
A HANSEI UNIVERSITY
/ / / /

=& AA S
A8 4 EHIG IIRABE

2005. 10. 7.

- PSpice AtEEY £ 2 H U2 =&
-LPF &

ll|'o O|-|_LLO| /\—Ij;”

= daewooryu@yahoo.co.kr



2005 MXt=st A E I;&\g, OSHA|CHe D
A EI : ':I.? _,H HANSEI UNIVERSITY
/ / = -—'I — . Y /
LI 2k ?
OW* S92 =2 dx2= SsIAIDIL,
N

Cze= SHAIIA HE=E HEote &=
E’gi SsS0lA 20| XOIXBH == 202, BIC]
@, deld sS4l RFE EX S0A &0 A0[1

32 300~4300HzE SUAIFI= HE =S
A

StNICHE W |IT &8 S =R daewooryu@yahoo.co.kr



2005 & At

OK

.-'

Sk AlS M
5t A3 - —
HANSE

k!

A" J_él :'l _Cll ZC'DC—?F = 'U_Tiw

ANE OIS 8 22

# LPF
# HPF
# BPF

+ BRF(Notch Filter)

SH gy 8 AF
«  MIgIHd =
v HERA

o A
ALZ AXE RE
» S Z2H
v = 2H

StNICHE W |IT &8 S =R daewooryu@yahoo.co.kr



2005 w713 & paan
X TI1L A — ]
‘s === G0l HE &= V / 4

ass filter)
20t= S0 ) LIHAl 228t U2

Ja
ol
siile
_\—T—_l

1

= pa
Ol EH= S8 =1t 0| A0r=2 SAIIl= ZEHOILCH.

CHE M Xl E & (band rejection filter
Ol 2= S8t 0= HJE8G6IH Qe EHZ =X 2 H
(notch) 2t CHHG| SAIGICHLD = &= UL

S’

StNICHE W |IT &8 S =R daewooryu@yahoo.co.kr



2005 & At

St AlSA

OK

—== @) sracherm
B S Al 02 2T ey
Actlve Filter

Passwe Filter

OP Amp, Transistor, 2H=Z IC, £= DSP
Ol Aol AEfU| JINtE 22 20| Jts0otLt,
M ADIF 2 SHEO| /D, JFAO| "ML,
Lot CAE &A4°9 B2 CIAE L0|AE E2ot= &
C}t.

DI L2 sUH A AF=0| JtsotLt.

T =8 S = daewooryu@yahoo.co.kr



20(15 HAUESs &S .@. %ﬂ! E_ﬂiﬂ
/ / / /
= (comb) 2 H
Ol 2= == 48Xt HelE A= Il AIS
ot= 8lxME8 XdlZz2 =HA UGN XAHA 0|52
g 54 &)Lt HILI2 sl Ecl AAZ =L

StNICHE W |IT &8 S =R daewooryu@yahoo.co.kr



2005 & At

OK

A

/ /

St AlAH o
D=5 () SrMICH S

M| JIEFR HEO O

0t0
E

HIID|Et=e == Z2HE 20| AI=Z20lH Ol=, S&2Xd &XI0|CH
23 &IJIE Ol 202 N 2242 & =&0| UL
§=%§8 AMAESEOZ s2|H NSO=Z BHA|HEtsfo 2 =2|H H8Se 2
Olst E ZEAX= HEXEQI THAIE 2AIo] 22T A (low pass)Z E 0| Ct.
= =52 38 2AEFo=Z =IO J|Ete SME2 HS0I0
acl AJ|&E &2t HO &L
2Lt 0| SMES KA
L|2t

lin 52 40 82

I [=x rr rir
=]
S
K
(0] Qj
b
e

Td0| 26t HIE01 A
1 UL

StNICHE W |IT &8 S =R daewooryu@yahoo.co.kr



2005 MXt=st A E fmy SHY|CHE M

— — m HAKNSEI UNIVERSITY
2 LCIEo jagesY

Co
Il
e | il
o—i—rrrr ] ® Y
L : L !
| |
Zy : { Zq L,
| c=F | [z Su., 1z |u.
l | LJ X L
C) Ug | | C) Ug C=
[ |
° : : DY Y
. Jd
Filter

(a) (b)

M) I% <= LC EHS2
CE TN =

£ daewooryu@yahoo.co.kr



X~ 25t AI;D ..-..,
2005 _Il-C)ﬁ = |"m I-J':“I:'“_I-]-L
_..-* HAKSEI UNMNVERSITY
AI V /
| /" \deal E
70 : |
|
| |
DdB) | | |
' |
T 50 ! / |
i |
i ]
- | |
| |
' :
30 — L : |
I | o
. CT, | | p
|
10 1 : | 3
| |
' :
|
0 2 3 f4 4 5 I 6
10 10 10 10 10
—>  Frequency (Hz)
A 2 3N EMH4 HAES E0|= 2D EHO J|IE2H0I 2
StNICHSHD IT st =R =1 daewooryu@yahoo.co.kr



@) SrA| LS m

2005 MAtEst &E
‘tE!H HAMSEI UNIVERSITY

A A RF Z2H ZH2 U™

1 4 ) | 4
Ci L Ci L, Ci Ly C
® —_—— ——l e e A A - Py
L] L L I
— —e
Ci== Co== | Cy=m=
o dh & A l‘ P N
Metal box 7 \ Well-fitting metal
baffle plates
8 3. ZHS B2 28, 2422 A0 XHEHE P& EX S UL,
2= HIHAIHE St &= 20 UL
= WM < daewooryu@yahoo.co.kr



OK

2005 MAt=s A |@‘ﬁ OHA| LH S

—_— - — —_ 44/ HANSE| UNIVERSITY
¢ ZH2 X BiXl /
/ / 4 - K y
Good Good
\
\ Metal screening
\ e
N
S Circuits
A o
N =
2
Filter O o
Multipoint reference
= Filter
Screen Screen
(a) (b)

8 3. 2EU(XH) LHR0 2HE dXiote 2 2E @2 b)

StNICHE W |IT &8 S =R daewooryu@yahoo.co.kr



2005 MXt=st AE W R CHSHD
S— — — w\g_!;f HANSEI UNIVERSITY
. Ea2 AKXl T g
/ / 4 = T y
( Bad d Bad
N \ .
‘S T TT g SIQI"‘IE.' leads
| s 3
N Filter
N [
3 & \
N . N C \‘b &
y Q b =
3 = N
N O \ k=
\ \ ©
\( Filter
\ P4
\ <
@ > r~
~ e
% N
[ B U B T T
Screen Screen
JE4 2EH9(RH) WS ZES EXIots LI 2 ()2 (b)

StNICHE W |IT &8 S =R daewooryu@yahoo.co.kr



0K
ol

2005 MAtBst &S o @%ﬂ!ﬂlﬁﬂ
B =2 2H 28 E2HZE = oy

P daewooryu@yahoo.co.kr



2005 MAtEst &8

) g

# HANSEI UNIVERSITY

\V /4

Low Pass Filter




0|'J
_]0||

2005 MX1 38 AE (?ﬁa) SEA| LS D
El UMIVERSITY

&y 1Xt LC Low Pass Filter& S B

| Capture CIS — Demo Edition - [/ - (SCHEMATIC1 : PAGE1)] = =
E File Edit Miew Place Macro PSpice Accessories Options  Window  Help - | 5| x
o\ 8] &= == mEl R T RIS &] vl v (5[] 5] ] 2] @
[sCHEMATICT-Ipf ~ Ao ez 2eesal# v T |1—»|W|W+|| g
|

R

330

2

)

<
L

BN

-
<
)
0
l
O
-

OVdc 0.01u

[lulolol] ||

NEN I _>ILI

| |Oiterns selected |Scale=400%  x=360 “=2 20

StNICHE W |IT &8 S = daewooryu@yahoo.co.kr



i S| LSt

2005 & At
El UNIVERSITY

&y 1Xt LC Low Pass Filter& @ﬁf o

%] Capture CIS - Demo Edition - [/ - (SCHEMATIC1 : PAGE1)}]
E File Edit “iew Place Macro PSpice Accessories Options  Window  Help

u B vy o] Mew Sirmulation Profile _l" | |
L ||}| El ﬁl i ||E| | Edit Sirmulation Profile B|HE
I F| E A Fii | LS w i
Miew Simmolation Results F12
Yiew Output File

Create Metlist

Wiew Metlist L 1
Markers L

Bias Points L

New Simulation ﬁ

Marne:

e
|Ipt

Cancel |
Inherit From:

|nane =

Foot Schematic' SCHEMATICT

StNICHE W |IT &8 S = daewooryu@yahoo.co.kr



FAIS e

2005 & At

0K
ol

- == (@) Sraic e m

N _,__45-"!' HAMSEI UNIVERSITY

v /4 Simulation Settings =~ w»

-

=,

Simulation Settings - Ipf
General #nalysis | Configuration Files | Options | Data Collection | Probe Windawr |
Analysis type: AL Sweep Type
|AC Sweep/Moise | ~ Linear Start Frequency: 10
Options: + Logarithmic End 10k
v|General Settings Decade | Foints/Decade: 1000
[Monte CarloWorst Case
[ Parametric Sweep Moise Analysis
[ Temperature {Sweep) Enabled —
[15ave Bias Point ' Enable
[Load Bias Point |

—

Cutput File Options

[ Include detailed bias point information for nonlinear
controlled sources and semiconductors ¢, 0OF)

bt
o
S

s | 582w | c=s2

StNICHE W |IT &8 S =R daewooryu@yahoo.co.kr



F

2005 & At

OK

A

7 DIHOl &H

Capture CIS - Demo Edition - [/ - (SCHEMATIC1 : PAGE1)]

oy O

@ sracierm

HAMSEI UNIVERSITY

y

File Edit Miew Place Macro PSpice Accessoties Options  Window  Help

N vy [ew Simulation Profile FL 5
o|e(dl 8] &=|e ----I_ Bl I 8 e e 5 N
|SCHEMATIC1-Ipf ~| £ Aun Fi1 | 15w

Yiew Simulation Results F12 :
Yiewe Olutput File

Create Metlist

Yiew MNetlist | .1

Markers F MNoltage Level

Bias Points [ Violtage Differential

Current Into Pin
Power Dissipation
Advanced .

Flot Window Templates,.,

Shovw &l
Hide All
Delate Al
List,,,

V1

|
dE Magnitude of Yoltage
dB Magnitude of Current
FPhase of Yoltage
Phase of Current
Group Delay of Yoltage
Group Delay of Current
Feal Part of Yoltage
Real Part of Current
Iraginary Part of Vaoltage
Iraginary Part of Current

daewooryu@yahoo.co.kr



2005 ® KBSt AH R
2 D

/ /4 V /4

OK

& Capture CIS - Demo Edition - [/ - (SCHEMATICI : PAGE1)] BEX

@ File Edit Mjew Place Macro PSpice Accessories  Options  Window Help -
D|s(a| 8| &[=8| 2= mE| R IS R e e A e 8 S A O Y

[SCHEMATICT-Ipf - a2 £leelLle| [V 1 h]w]

T |RUR PSpice] v Z”T

=

s

R1 3

y

330 -

é

i V1 -

1Vac — C1 =

|_><

OVdc 0.01u [~

k4

|

oV B

B

-0 0 -
i | pil

Fun PSpice simulation for active profile, 0items selected Scale=400%  x=2.10 ¥=1.20

StNICHE W |IT &8 S =R daewooryu@yahoo.co.kr



X~ S5 AlAHA s
2005 dAtEs Al I.{tﬂﬂ;l E’Lﬂtﬁgfl_ll_
Vol HAMNSEI UNIVERSITY
A AMZdI0[&E 2 — g
/ / / /
|¢*‘,%l SCHEMATIC1-Ipf - PSpice A/D Demo - [lpf.dat (active)] =3
ElEile Edit Miew Simulation Trace Plot Tools Window Help = _ = ﬁ
g 2 UdSs [ SCHEMATICT -Ink [ > ﬁ

B @A M E k2n o oF

100H=z

| 2| Ipf dat (ac,,,

Reading and checking circuit | | =l
Circuit read in and checked, no errors 1 —
Calculating bias paint Caplamturls. !
Bias point calculated Resistors:

AC {and Noise) Analysis Yoltage So.,, 1
AC Analysis finished
Simulation complete

b > | |\Anal_l,lsis,}\ wiatch b Devices f
CWCaddatalow Pass Filter-PSpiceFilesWSCHEMATIC it pfitipf, dat (active) Freq = 10, 00E+03 1003 m

L= %

(ol

FAICHSEW T SHE S =R daewooryu@yahoo.co.kr



st &l

OK

2005 & At OHA| CHEm

@ High Pass Filter CIXt2I™ ™ oy

| Capture CIS — Demo Edition - [/ - (SCHEMATIC1 : PAGE1)] = =
E File Edit Miew Place Macro PSpice Accessories Options  Window  Help - | 5| x
o\ 8] &= == mEl R T RIS &] vl v (5[] 5] ] 2] @
[sCHEMATICT-Ipf ~ Ao ez 2eesal# v T |1—»|W|W+|| g
|

C1

N

! V1 Tu R
1Vac 1k
OVdc

-0 -0

BN

&
o

[lulolol] ||

NEN I _>ILI

| |Oiterns selected |Scale=400%  x=350 %=2 30

StNICHE W |IT &8 S = daewooryu@yahoo.co.kr



0K
ol

il (@) ey erm

20(15 'SP . /\:l . _’ "!,;_!' HANSE] UNIVERSITY

.I

|¢%‘J SCHEMATIC1-Ipf - PSpice A/D Demo - [Ipf.dat (activell E]|
EIEHE Edit Miew Simulation Trace Plot Tools MWindow Help = _ =
= v | == =] | SCHEMATICT-Ipf » ﬁ

@ 2 m Q|| e B S 2R AP e oF

F
&
=
100H=

| & Ipf.dat (ac...
x| Feading and checking circuit o~ x|
1| Circuit read in and checked, no errors 1| : ;

Calculating bias point CaD.aCItDr:S- 1

Bias point calculated Resistors: 1

AC (and Moise) Analysis “oltage So... 1

AL snalysis finished

Simulation complete —

< > | P\Anal}lsis}\ Wwiatch b Devices £

CiCaddata®™Llow Pass Filtker—-PSpiceFiles®WSCHEMATIC 19 ptipf, dat (active) Freq = 10,00E+03 100% =

StNICHE W |IT &8 S =R daewooryu@yahoo.co.kr



F AIS

ST =8 - ﬁ OFA L=] 37|
i OPAMPZ LPF 28 & waiuheti
L4 ~HE A TE- vy

2005 & Xt

0K
ol

[ capture CIS - Demo Edition - [/ - (SCHEMATIC1 : PAGE1)]
E File Edit Miew Place Macro PSpice Accessories Options  Window  Help - | 5| x
olezd] & %|=e == e e = e [N R Y i e o el = §§|ﬁ|5|3|\ p
[SCHEMATICT-Ipt =~ ol 2] 2lesl2l e [v oo wlo]] i
1 + I El —
Bl =
=
o
al
4
5
PER
i — c4 5
0.01u —
R4 R5 =1
C1 Iz
0.01u R1 330 330 |
i
I
b2
B Cc3 C5 o
Vac T 0.01u T 0.01u %
N/cc ?
J_Em B E
-0 -0 -0 -0
L | il

| |Oiterns selected |Scale=200%  x=4,80 =280

StNICHE W |IT &8 S = daewooryu@yahoo.co.kr



F

2005 & At

0K
Jou
iz
1
g
=
s
12
=

) AIZ2Y0lE 20 7 o

{8 SCHEMATIC1-Ipf - PSpice A/D Demo - [Ipf.dat (active)] = =4
EIEHE Edit Miew Simulation Trace Plot Tools MWindow Help = _ =
= v | == =] | SCHEMATICT-Ipf » ﬁ

@ oS B QR || e B SR R e o

&l
&
=
1. 0FEH=

| & Ipf.dat (ac...
x| Feading and checking circuit o~ x|
1| Circuit read in and checked, no errors 1| : ;

Calculating bias point Capacllturs. 5

Bias point calculated WCMSE! . =

AC (and Moise) Analysis Resistors: 5

AC Analysis finished Woltage Zo... 1

Simulation complete —

< > | P\Anal}lsis}\ Wwiatch b Devices £

CiCaddata®™Llow Pass Filtker—-PSpiceFiles®WSCHEMATIC 19 ptipf, dat (active) Freq = 10,00E+03 100% =

ol

FAICHSEW T SHE S =R daewooryu@yahoo.co.kr

_l

.



2005 MAtEst A o o
oP AMPZ HPFol & (@ RRINER
o “HE A TE- V /4

OK

| Capture CIS - Demo Edition - [/ - (SCHEMATIC1 : PAGE1}] -

Ed

E File Edit Miew Place Macro PSpice Accessories Options  Window  Help - | 5| x
oleul @ &|mel o= el e T RSR[8 vy m|w =] s ] 2] &
[scCHEMATICT-HPF ~ Ao ez 2eesal# v T |1—»|W|W+|| g

1 + | 3 jl?

=

L

N

%

R1 OPANMP =3

330 cs8 i)

| F— =

S0 10u =

'—w ——1 — =

10u U1 =)

""" R6 R8 =

§ R2 330 330 e

330 L0

L]

e | 1 —

-0 -0 -0 A

Tl | _|LI

|Ready |Oiterns selected |Scale=200%  x=620 %=2 90

StNICHSH W |IT St S = daewooryu@yahoo.co.kr



2005 & At

OK

5t AlB

Ay AlZ2dlol& 20

|¢%‘J SCHEMATIC1-HPF - PSpice A/D Demo - [HPF.dat (active)]

EIEHE Edit Niew Simulation Trace Plot Tools Window Help g

=5 - == = [ SCHEMATICT-HPF

@ 2 m Q|| e B S 2R AP e oF

&l
&
=
100H= 1. 0FH=
" BB HFF.dat (...
x| Feading and checking circuit o~ x|
1| Circuit read in and checked, no errors 1| : ;
Calculating bias point Capacllturs. 5
Bias point calculated WCMSE! . =
AC (and Moise) Analysis Resistors: 5
AC Analysis finished Woltage Zo... 1
Simulation complete —
< > | P\Anal}lsis}\ Wwiatch b Devices £

CWaddatawHPF-PSpiceFilesWSCHEMATIC 1'WHPF®HPF, dat (active)

Freq = 10,00E+03 1002

=)
S

ol

PAICHST W 1T

.

daewooryu@yahoo.co.kr



2005 MAtEs &8

\) 2HA| CH2F
HAMSEI UNIVERSITY

=

i
-

ch?

JIR

= A= HIL

F

S
I o=

=

=
=

]

T2 MII(Pre—AMP)OII A O
J|J|0|Ct.

m

NSO =
Gl, A=

012 R &
2 7

Bl 50

ol .

o
_._.__ 110

=1 U
— 1

ofy et

0

ua

Il

— W = &

J|]

KI0 0 =
5| Ui A< <

=0 o] W] KD

3 <J F Kl
310U = JI.

< o
I,
M
X
= Hr
| U

) 03

F < 3
= ol S
- 10
o U J|d
= ke

daewooryu@yahoo.co.kr

202



2005 MAtEs &8

M) CHA|CHEHm

L7

HAMSEI UNIVERSITY

SH Al =2AIe

=
=o' <=
o S
i =] aoPLOu_
Ho<F >3 SUW Gy
=g ol U =
I ZH m.U_..Ara_J_ 10
O 5
oDy S=1k
R Htpar tinCoF ki

Ell 5 k1007 = Rop-
TYr 510

o _-—a1MH|o

dﬂ%gmmgﬂ
O /T
Mo O <t

viPd
sl
] oW AT
%DWC._E__AEE._E
ar00RoK0E)
=o3o)JlTHD

9E_ .
— e

ol .°"'m
N30k M)

ool OFX
ol OHrD

daewooryu@yahoo.co.kr

202



2005 MXtEst &S .;@1. 'H?Ir-ﬂlu Eﬂ&l; oL
i OHIIO| =2 i
/ / (o J— OSTT / /

Zol¥E £2 2ESWIZ(Pre Amplifier,
Control Amplifier)

CDP, Casstte Deck SHA HAAHE S AMSE
SHOLA 1 AF2E AlDE =2 2 HI X3 ALS EE
Ol (et & &0l DPj*oPOi XEB= ©

IR & I (Power Amplifier) :
U |BLEEH B2 AMsE AllH =0 DP%
St 2 S=Z0ol == HELQL|CH L2/ LI}
holol A ZHAIL S0l To9T L
222 20U ALlAHE s = 2ol B2

StNICHSHW |IT S8 S =R daewooryu@yahoo.co.kr



-.'--..

__.-* HAMSEI UNIVERSITY

/ / / /

Ol E| QM I (It egrated Amplifier)

A EE = ofLE2] Al
%,”E%!LIEP LelIt €0
of CIEIQIOIEIE HES
%‘—l—%LIEP..M%‘:O 20tk & 1191 —_rl%

Al
|

[‘O
=
Qll ‘|>
s

04
o ol
[ rir

OIOD
N

0

=,

rr sy 10

11 OH
et JrF 0 2 X[0f ;:!7 S%"OI s

O

StNICHE W |IT &8 S =R daewooryu@yahoo.co.kr



2005 MAtEs &8

o
A
= =

TR L2

HAMSEI UNIVERSITY

y

Features Small Outline,
m Battery operation Molded Mini Small Outline,
® Minimum external parts and Dual-In-Line Packages
m Wide supply voltage range: 4V—-12V or 5V-18V
B | ow quiescent current drain: 4mA 1 -/ 8
. GAIN —— —— GAIN
m Voltage gains from 20 to 200
B Ground referenced input ) )
m Self-centering output quiescent voltage CINPUT ey | — BYPASS
® Low distortion: 0.2% (A, = 20, Vg = 6V, R = 80, P =
125mW, f = 1kHz) HINPUT e v
B Available in 8 pin MSOP package
4 5
Applications S I
B AM-FM radio amplifiers DS006976-2
[ .
. E?;tritélﬁ-léape player amplifiers Top View
Order Number LM386M-1,
® TV sound systems
& Line drivers LM386MM-1, LM386N-1,
® Ultrasonic drivers LM386N-3 or LM386N-4
®m Small servo drivers See NS Package Number
B Power converters MUBA, MUAOBA or NUBE
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y

T, = 25°C
Parameter Conditions Min Typ Max Units

Operating Supply Voltage (Vs)

LM386N-1, -3, LM386M-1, LM386MM-1 4 12 W

LIM386N-4 5 18 W

Quiescent Current (1) Ve =BV, V=0 4 & mA

Output Power (Payut)

LM3B6N-1, LM38E6M-1, LM386MM-1 Ve =6V, R =80, THD = 10% 250 325 mwW

LIM386N-3 Ve = 8V, R =80, THD = 10% 500 700 mwW

LIM386N-4 Ve = 16V, R = 320, THD = 10% 700 1000 mWv

Voltage Gain (Ay) Ve =6Y, T=1kHz 26 dB
10 pyF from Pin 1to 8 46 dB

Bandwidth (BW) Ve = 6Y, Pins 1 and 8 Open 300 kHz

Total Harmonic Distortion (THD) Ve = BY, R = B, Poyr = 125 mW 0.2 %o
f=1KkHz, Pins 1 and 8 Open

Fower Supply Rejection Ratio (PSRR) Ve = 6V, T = 1kHZ, Caypass = 10 pF 50 dB
Fins 1 and 8 Open, Referred to Output

Input Resistance (Ry) 50 k2

Input Bias Current (lgjazs) Ve = 6Y, Pins 2 and 3 Open 250 nA
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Amplifier with Gain = 20 Amplifier with Gain = 200

Minimum Parts WE
Vg i
Vs

250uF 250uF

5
10k S 0.05.F 0.05F [[\
= %w —

DS006976-4

Amplifier with Gain = 50 3
Amplifier with Bass Boost

Vs

r=A

BYPASS

Vo

| BYPASS
T
+

DS006976-6 DS006976-8
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