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ABSTRACT

This Project presents design and implementation of Digital Bi-amplifier for Surround System by
using subtractive complimentary filter pair for separating wide audio signal into high frequency and low
frequency bands at cutoff frequency 3KHz and feed to separately amplifiers each independently. In addition
to, the advantages of extending the frequency range of sub-divided signal is design power supply, Adjust the
gain to the sensitivity of each driver and matching impedance of each frequency rang. Can be designed
independent from each other.

And design amplifier for 4.0 channels surround to amplifier 100 watt pulse width modulation. In this
amplifier using triangle wave that adjustable frequency signal is comparison for to be properly and low

distortion of amplifier.
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v A A1 v dA § : A 2 g
AUNITNTIANUALUDLOANWYUNAD IC Operational Amplifier #30 IC Op-Amp Fuiu
gUnsallszinnueaiiazivadadiniani it hesemaiwnlsuaz awsoh T g
< ' 4 E5t 7 '
IMiuedned YoRvasActive Filter iiioifiouniy Passive Filter Ao 11@091% RLC Network ¥a3]
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vunlvg) uAesDUNUNRIY IC Op-Amp 1822995 RC Network iivinaanimulussuu
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2.12 19950509AINOMIENU (Low-Pass Filter)
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ANUDANeeY (Cut-Off Frequency) A21NDANDDNAD ANUD & YULNOATIVE VDIV NAT
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2.12.1 vYMAUBINHVYIY (Voltage Gain)

Vo

Vin

AF
= (2.3)
1

fH. 4
1+~
i+ d
e
2y R2R3C2C3

£ =anuivesdyaudunn (Hz)

FH =High Cut-Off Frequency (Hz)

: AT o RF.
AF = gain 19 QgaN AUNMNY {1+ =

2.12.2 Msvonuuulames (Filter Design)
1. enaudsneew (High Cut-Off Frequency)

2. MUUAAIR2 = R3 HazA1 C2 = C3 a0 C 92A0d < 124F
1

2nfLC

3. agldaums R =

. =
4. luamuwes gain Msvens AF = (1 + E) Tuguvea R1 < 100 KQ

HAIAIUINUIIAT RE

¥

T

Pl B

£
:
B Pass band Stop band
& % P
E:%
f ¥ 5 f
/ Frequercy
High cut-off frequency

2.21 AYYNUNNYAVANVDIINITNTOINNNDMHIU
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=y
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4 Q7 4.0l 16 ! {a o
ﬂ]iN‘ﬁ 2.1 ﬂamﬁuwuﬁ5zﬂ’n\‘imm'ﬁauwmmmummmmumimaw Low-pass Filter

Input Frequency Gain Magnitude Magnitude
Py L"o (dB) = 20log V_'o
Vin s Vin
10 2 6.02
100 1.99 5.98
200 1.96 5.85
700 1.64 4.29
1,000 1.41 3.01
3,000 0.63 -3.98
7,000 0.28 -10.97
10,000 0.20 -14.02
30,000 0.20 -23.53
100,000 0.20 -33.98

v
=

2.13 299305090 IND G (High-Pass Filter)
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| i v = ” A 1 ] : A o o
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o d' d' a é’ 28 o 1 d' [ é’ n Id 2’, ' U
aaneudyanuas ) iiearuduiviuaudalugaanudsmee vy ae daudluaa
0.707 ¥11Y0I0ATIV8Y 259z eu T aymasu i 1d
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l A MW
0 ) +Vee
ars
c2 c3 1 5 Vo
it 4} i A
l ~ R
| i -VEE
vin § R2 S R3 :
{ bspoovmced
i )
50

g‘ﬂﬁ 2.22 ’Nﬂﬁﬂiﬂﬁﬂ?WnﬁQQﬁ?MguﬁUﬁﬂﬁ (Second Order High-Pass Filter)
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2.13.1 vNaAUdUNUVIE (Voltage Gain)

ol 2 (2.4)
Fin 1%(£i)4
I
1
2 R?R3C2C3

£ =Anudvosdyaudunn (Hz)
FL = Low Cut-Off Frequency (Hz)

AF = gain venogagall Awmnu (1 + %}

2.13.2 myeonuuuWained (Filter Design)
1. 1@epanudaneei (Low Cut-Off Frequency)

2. MUUAAIR2 =R3 1Az C2 = C3 1daen C azdod < 1UF
1

2 fLC

3. 92ldaumsR=

: Il P
4. Tugauved gain msvenw AF= (1 + EI} Tuganaea R1 < 100 KQ

HAIFIUINTIAT RE
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G I

2

g

5
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el Iz f
ey Frequency
Low cut-off frequency
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4 v o d ' {a ‘ .
ﬂ]iN‘ﬁ 2:2 ﬂ’Nil’diJWL!‘ﬁ33W’JNﬂﬂN?‘lfJ’lW\ﬂluﬁZﬁUuWWU?J\?Lﬂuﬂﬁ‘UEﬂEI High-pass Filter

Input Frequency Gain Magnitude Magnitude

(Ha) Vo e o
f = (dB) = 20log m!
100 0.01586 -35.99

200 0.0634 -23.96

700 0.6979 -3.124

1,000 1.1215 0.9960
3,000 1.5763 31953

7,000 1.5857 4.004
10,000 1.5859 4.006
30,000 1.5860 4.006
100,000 1.5860 4.006

2.14 79930509ANVUULY BUTTERWORTH

| < A a b & XY i 2 <
Butterworth Filter 1] Filter Tian a3 1991/n30119 Passive 11ag Active 4ilu

=) L%

' Y § 9 [ N
a11/52nBY B9 Frequency Respond M auaivelinnuduvesnsianseliies(Attenuation)

uaIzlinnusEsuvens vl luaweunaan lusd Pass Band 110 Ao 1wl Ripple 0giae

@ 2‘; A Ay YR A Aad 1 a Y
AUiUHavDINWAN 1A 3alANND MudnuAuiosn
= vo &
dumsneuavesansaiien 1Adal
Gy?
|H(jw)|* = — 0= 2.5)
1%{%}
ik,
1Yo a it < S
Wiohjinde “N-Order Butterworth” 1agil G (0) = G, 1ilvvinadandunislou o

=1

= - o A 4 = 9 o g’l a T W A
ANDNINY 0 WamMsanMe S UTIaA 181U 2n-1 ATY VOIANNITH 2.9 9LUNINL 0 N

= A A ' [ d"
AN w -0 WselEURY lug VAL
2
B - 2
d IH(jQ}| b

do" (2.6)
aumyna lvesaunsn 2.9 enusaeuanudusmouveaIulugives

9
Yo A

AN Polynomial lanati
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Vo(s) 1
Vi(s) a+bs+cs®+-+st

H(s) @7

o 1 g o asy
msAumagUnsaia q 19921495 ansant lannmsmuialaedt Cauer
] X 1 H I~ v
Ladder Network 130117118 Taons9910715 1901519999 Butterworth @1 lavzituaivea

: 5 = [ = a A { [ ?x‘/ P a
Normalization LTIEJ‘]Jﬂ’Uﬂ?ﬂﬂJﬂé}%‘]ﬁN"ﬁ W=1rad llag W =1 0 mumz‘lﬂm A0 1 KHz

Element values of Butterworth filters for g, =g, ., =1 and @y = 1 rad/s

L L' H s & s £ [ 5 da He 1T

2.0000

L4142 143142

16000 20000 1.0000

07654 1847 1B 07654

06180 16180 20000 16180 06i80

05176 14142 198 19319 14142 D316

04430  1.24%0 18019 20000 18019 12430 04450

03902  LINIL 16629 19616 19616 LIt £.3902

073 L0006 13321 1ETR4 20000 18794 1 53M LODOO 03473
03120 0900 14142 L7EX 19754 19TM  LTEXN  L4M2  09(B0 03129

Bwwwuowawm= | 85
=%

Source: as Table 10-1.
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025 -

1 IR NG U Wi iy A o

e
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~
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W
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) 0.5

Low.pass Butterworth transfer chasscteristic,

51U 2.25 n3MNTABVAUBA DY “Maclaurin Series”
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q Y 3 K
NN uaaa i uImMsneUaUDIVed
= &y Y o Yo w
(order) HAVLHUN Mvualiady n

MIOUIIINN

Buttexworth

038

0.6 =1

04 -

i i |
0 i T ] I

0 0.2 0.4 0.6 08 1

Chebyshev type 2
08 @ )
0.64t B
0.4 b { -
0z | \\
o RO A

0 02 0.4 0.6 0.8 1

Butterworth  U94aUMINAIY] QA1AU

3y
hlndsuiliia i limsaevauosdynyo

Chebyshev tpe 1

08 -

0.6 =1

0 02 04 0.6 0.8 1

Elliptic

08 }=

86 M

0.4 p=

02 &= =1

517 2.26 naaansfSeLREY Frequency Responds Filter U1 Butterworth i1

Sherbyshev 1, Sherbyshev 2 t1a% Elliptic

2.15 10VVBIIIINTIAIIND (Order of Filter)

) o w  2hd v W % r @
flusdniilududugagaves Polynomial Y8aauN3 Transfer Function Aduaadly

AUMIN 2.12 H992@1W15AUIUBN Magnitude of Frequency Responds (Gain) AaEuN1sN 2.13

04 Filter THigiaz Order #Ad317 2.18

aun1g Generalize Transfer Function
i &
H(s) = = 2.8
S a+bs+cs? +et5T o
auNg Magnitude of Frequency Responds (Gain)
£
G2(W) = |H{jw) |2:——1+w2ﬂ 2.9)
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v 5 ' g/a 3‘, 2 - 9
a4 Filter TUt@azuunL 119 Butterworth , Sherbyshev ¢ Elliptic 92 19aums
5 1 = A @ 1 1 v A w a £ Y o = 1
Generalize Transfer Function NWMNBUAY uAdzANAUNTNYsZansruIeuls cmvlugmaz
g = | DAL ARV é T :1‘ @ 1 d' = =]
LLU‘]JH’L!%%JJ?’HIIJJLWWN RINIG) lﬂuﬂzaﬂmaammu Butterworth IHDI1NNUANVIIVLIEU

voueulagaunngaluwd Passband

~100 5 Y
wfrad 571

gﬂﬁ 2.27 ninludng Frequency Respond luuaag Order

2.15.1 1" Order kilter
Wlugduisnvea Filter $09z3igues R C Miuasasanenrhilvsgine sudugaaa
Y94 Polynomial = 1 Judeu HES) 14 Asaumsi 2.14 uay Magnitude of Frequency Responds

(Gain) e ldasaumsn 2.15 0 1dna ez liaaudu 20 dB/deced

|
b
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fUNI9 Transfer Function

1
HS)= —— (2.10)
) 1+5
Magnitude of Frequency Responds (Gain)
() : (2.11)
Glowl="" — 2.11
: 1+ w?
i o - ey :
0 f s ;@mmﬂ.ﬁwmx .
0k 300 dR- ; : , : 4
gﬁ - E h?ﬂgﬁpﬂgﬁ::lf){tiﬁb&cmk_
S awl ; 3 i -
- F Passhand ;  Stepbaund
mm S L " %L . Py I 9

gﬂ‘ﬁ 2.29 nvluaag Frequency Responds U84 First Order

2.15.2 2" Order Filter
< 7 ! = =l A d @ Y]
iveompiNdeaves Filter #4933 u89 R C Miluasanesil aoag sualgage
YD Polynomial = 2 e H(S) & Faaunsn 2.16 uag Magnitude of Frequency Responds

(Gain) Weu Idnaaumsn 2.17 7 1dns Wz lanusi -40 dB/deced

R1 RF
A%

oL

1 Vo

o

3N 230 19930584A7WD Second Order LUVFAIAIY
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gduN13 Transfer Function

1
HS) s rommrren
(5) a+bS + 52
- )
H(S) = (2:12
1+1.4145+ 52
Magnitude of Frequency Responds (Gain)
) =— .13
Glew)=—"2 2.13
* 1+ wt
Voltage gain
h
+20
+10-
oas—w
-10 - !
20 4 § f—— 20 dBidacade
-30 1 ;
\ Paf/sbazg - s ‘SEpranfj
10 100 fy= 1® 10K 100K F,r;equency

gﬂﬁ 2.31 nywludag Frequency Responds Y83 Second Order

2.153 4" Order Filter
| P . = = A g @ a1 2 a o
11]1!?)6!@?]5‘1’]?76\1“116\1 Filter PAIVSNAVDI R (€] ﬂlﬂu?ﬁﬂiﬂﬂaﬂw 79 FAUNAINNITUN
Filter 1111 Second Order N0 Cascade N a'”uéfuqqqmm Polynomial = 4 338
H(S) 18 faaumsi 2.16 uag Magnitude of Frequency Responds (Gain) e ldnsaumsn

2.17 1 1dn3 ez iin1uu -60 dB/deced

R RF Rt RF
WA T A [*”"V‘v’\/ A AV e
= /s e + wee
0 ™ e ‘0 -

2
R2' R3' A
sl s e
vin () <
A

0

i
=
|
!

N 232 19950509AUA Fourth Order HLUGHIL
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@UNT Transfer Function
i

HS) = ¥ estraswess
1 Factor Vo4auns vz 1@
1
H(S) = (52+0.76545 +1)( 5%+ L.B4785+1) (2.14)
Magnitude of Frequency Responds (Gain)
2 1
G@)=rm (2.15)
A
0 ; [ }3dB
40
20+ 0 dB/decade
-30_
_40_
p passband [ ;‘{opba?ad\ ey
r | 2
5k H 10k

gﬂﬁ 2.33 naluaag Frequency Responds U84 Forth Order
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3.3 NI0ONUULIINDINTBIAIIND

Py

mMsoonuuuIRITHame vz 1y 1C 1wes TLO74 Favzvhaulag IC 1/4 wag 2/4
¥ g ek 5 ) o g _
WUADITUIDHUUY Low-Pass Filter aN18096792AMUY Cascade 11 92 181114 High-Pass
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[ Y Y Y (4
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c5 35
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Nan1InNeasy

4.1 MINAAIN 4.1

I3 ol s { o , { A
L‘lJuﬂﬁ’Jﬂ agmumamww "’lJ’e)Q'JQi]iﬂif)\‘lﬂ’NlI?]GnNTu (Low-Pass Filter) ‘ﬁﬂ’ﬂllﬂ
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TLO74

TLO74A - TLO074B

LOW NOISE J-FET QUAD OPERATIONAL AMPLIFIERS

WIDE COMMON-MODE (UP TO V¢ *) AND
DIFFERENTIAL VOLTAGE RANGE

LOW INPUT BIAS AND OFFSET CURRENT
LOW NOISE e, = 15nV/VHz (typ)
QUTPUT SHORT-CIRCUIT PROTECTION

HIGH INPUT IMPEDANCE J-FET INPUT
STAGE

LOW HARMONIC DISTORTION : 0.01% (typ)
INTERNAL FREQUENGCY COMPENSATION
LATCH UP FREE OPERATION

HIGH SLEW RATE : 13V/us (typ)

DESCRIPTION

The TLO74, TLO74A and TLO74B are high speed
J-FET input quad operational amplifiers incorpo-
rating well matched, high voltage J-FET and bipo-
lar transistors in a monolithic integrated circuit.

The devices feature high slew rates, low input bias
and offset currents, and low offset voltage temper-
ature coefficient.

PIN CONNECTIONS (top view)

DIP14
(Plastic Package)

SC14
(Plastic Micropackage)

ORDER CODE
Package
Part Number | Temperature Range
N D
TLO74M/AM/BM -55°C, +125°C ° . |
TLO741/Ai/BI -40°C, +105°C ° °
TLO74C/AC/BC 0°C, +70°C ° °

Example : TLO74IN

N = Dual in Line Package
D = Small Otitline Packag

(DIP&
e (SO) - also available in Tape & Reel (DT)

Output 1 1 E* 7&\‘/*—_] 14 Output 4
Inverting Input 1 2 [} i /] 13 Inverting Input 4
Non-inverting Input 1 3 [:J+ : ‘"\\\h:] 12 Non-inverting Input 4
Veet 4 [ [] 11 Vec-
Non-inverting Input 2 5 E+ S :] 10 Non-inverting Input 3
Inverting Input 2 6 [ = 2 :] 9 Inverting Input 3
Output 2 7 [ :] 8 Output 3

March 2001
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TLO74- TLO74A - TLO74B

SCHEMATIC DIAGRAM

Vee " [T ’ : e
P -
|
: = !
A
Non-invertin 1
inpu? [ | L >_‘/
- .
Invertin D___:im
inpu% i <l Ki QIFLj
|
Ff‘ —i——« 10082 200Q .
‘ ‘ e | { | Output
m 1009 J ‘ 1/4 TLO74
[ | 30k
LA P — il
W !
\ N
: = N ¢
‘ ‘L:!' 7 l ‘
|
i o= ? o
| l | 2|
g
e
e — 2w A
- a N | }
I | | [ = "
| | L]
1.3k [ 35k H 1k 36K ﬂmosz | ‘
vl BRI R
Vee WU = . : .
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter TLO74M, AM, BM l TLO74l, Al, Bl ! TLO74C, AC,BC | Unit
Vec | Supply voltage - note 1) +18 v
Vi Input Voitage - note 2 +15 v
Vig  |Differential Input Voltage - note ¥ +30 Y
Ptot Power Dissipation 680 mW
Output Short-circuit Duration - note 4 Infinite
Toper | Operating Free-air Temperature Range -55 to +125 ! -40 to +105 0 to +70 °C
Teg | Storage Temperature Range -65 to +150 °C

1. Allvoltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages where the zero reference

level is the midpoint between Voo™ and

cC -

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.

w

Differential voltages are the non-inverting input terminal with respect to the inverting input terminal.

4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating
is not exceede
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TLO74 - TLO74A -TL074B

ELECTRICAL CHARACTERISTICS
Ve = 215V, Tomp = #25°C (unless otherwise specified)

TLO741,M,AC ALAM,
Symbol Parameter BC,BI,BM e Unit
Min. | Typ. | Max.| Min. | Typ. | Max.
Input Offset Voltage (Rs = 50Q) myv
Tamp = +25°C TLO74 3 | 10 3540
TLO74A 3 8
Vio TLO74B 1 3
| P e s ] e E TLO74 13 13
TLO74A 7
TLO74B 5
DVj, |Input Offset Voltage Drift 10 10 TAVZA(®]
Input Offset Current - note ")
lio Tamp = +25°C 5 | 100 5 | 100 | pA
Trin € Tamb < Tmax 4 10 nA
Input Bias Current -note 1
lip Tamp = +25°C 20 | 200 30 | 200 | pA
Trmin S TafbodE Tmax 20 20 nA
Large Signal Voltage Gain (R = 2kQ, V, = £10V) VimV
Avg Tamp = +25°C 50 | 200 25 | 200
Tmin < Tamb = Tmax 25 15
Supply Voltage Rejection RatiofRg = 50Q) dB
SVR Tamp = 125°C 80 86 70 86
Tmin s Tamb = Tmax 80 70
Supply Current, no load, per amplifier mA
lec Tamp = #25°C 14725 1.4] 29
TRAS Tapb < Tt 2.5 25
Viem |Input Common Mode Voitage Range i fjg Ay :P;|25 .
Common Mode Rejection Ratio (Rg = 5002) dB
CMR Tamp = 125°C 80 86 70 86
Tmin < Tamb s Tmax 8 70
Output Short-circuit Current mA
los Tamp = +25°C Yol 60 |ogd |F4f | 60
Trin S Tamb 3 Thax 10 80 10 60
Output Voltage Swing v
Tamp = +25°C RL = 2kQ 10| 12 10 | 12
Vopp RL = 10kQ 2 % 13.5 125 |213:5
ToinS il mpis Ty RL = 2kQ 10 10
RL = 10kQ 12 12
SR Slew Rate (T = +25°C) Vius
Vip = 10V, R = 2kQ, C_ = 100pF, unity gain 8 13 8 13
i Rise Time (Tymp = +25°C) us
" Vi, = 20mV, R = 2kQ, C_= 100pF, unity gain 0.1 0.1
K Overshoot (Tymp = +25°C) %
it Vi, = 20mV, R = 2kQ, C = 100pF, unity gain 10 10
Gain Bandwidth Product (T, = +25°C) MHz
CEE Vi, = 10mV, R, = 2k, G = 100pF, f= 100kHz o 2 |3
Ri  |Input Resistance 1012 1012 O

IS7] a3




TLO74- TLO74A - TLO74B

TL0748IéVI,BII\(é,GI,AM, TLO74C
Symbol Parameter ] Unit
Min. | Typ.| Max.| Min.| Typ. | Max.
Total Harmonic Distortion (T, = +25°C) 4
THD f= 1kHz, R, = 2kQ,C, = 100pF, A, = 20dB, e
0.01 0.01
Vo =2V,
4 Equivalent Input Noise Voltage nV
n Rg=100Q, f = 1KHz 15 15 JHz
Zm |Phase Margin 45 45 degrees|
Vo Channel separation dB
il4p02 A, =100 120 120

1. Theinput bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature.

4/
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LM193
KYI LM293 - LM393

®

LOW POWER DUAL VOLTAGE COMPARATORS

B WIDE SINGLE SUPPLY VOLTAGE RANGE
OR DUAL SUPPLIES : +2V TO +36Y OR 21V
TO £18V

il VERY LOW SUPPLY CURRENT (0.4mA)
INDEPENDENT OF SUPPLY VOLTAGE
(1mW/comparator at +5V)

LOW INPUT BIAS CURRENT : 25nA TYP
LOW INPUT OFFSET CURRENT : £5nA TYP
LOW INPUT OFFSET VOLTAGE : +1mV TYP

INPUT COMMON-MODE VOLTAGE RANGE
INCLUBES GROUND

LOW OUTPUT SATURATION VOLTAGE :
250mV TYP. (lo = 4mA)

B DIFFERENTIAL INPUT VOLTAGE RANGE
EQUAL TG THE SUPPLY VOLTAGE

B TTL, DTL, ECL, MOS, CMOS COMPATIELE

OUTPUTS S
Mini SO8 (Plastic Micropackage
DESCRIPTION ( padigac
ORDER CODE
These devices consist of two independent low Packabe
voltage comparators designed specifically to oper- Part Temperature
; : { Number Range N D P S
ate from a single supply over a wide range of voit-
ages. Operation from split power supplies is also LM193 DO/HIPEC (N | Jf | o ] -
possible. 1L.M293 -40°C, +105°C ° ° ° °
_L_M393 0°C, +70°C ° ® ° °
These comparators aiso have a unique character- Example : LM393D

Dual in Line Package

istic in that the input common-mode voltage range N (o
D = Small Outline Package (S&) - also available in T se & Reel (DT
P = Thin Shrink Small Outline Package (TSSOP) - only available in Tape

includes ground even though operated from a sin-

&Reel (PT
gle power supply voltage. s= Miniego( Pa)ckage {MiniSO) only availabie in Tape & Reel (ST)
PIN CONNECTIONS {top view)

1 - Output 1
S 2- lnveprting input 1
e [ s 3 - Non-inverting input 1
P 45 Veo
2[ ez . j ! 5 - Non-inverting input 2
3[ Wb s 5 6 - Inverting input 2
7 - Qutput 2
4[: e j 5 8- \‘/CC+

July 2002 1




LM193-

LM293-LM393

SCHEMATIC DIAGRAM (1/2 LM193)

.,%ii,,,. e

/'\\

~

i
3.50A [ ) @mow F 350A (V) 100uA
| ar
L
ﬁ»- f*ﬁ o
===
Non-inverting B r 4 \Ii,s i
Input i b ‘
! fa? LN Vo
Vee 1 Vee [ Hl
Invertin e
91— A== T SKf-1) ] | N
Input 1~—i fahhlle, S £ S i ’
N )
S ag A \
}, 1/ )
b a ‘
O £ . §
XS PR . o7 o e U PV
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee | Supply voltage +18 or 36 vV
Vig Differential Input Voltage +36 \Y%
\' Input Voltage -C.3to +36 vV
Output Short-circuit to Ground - note L) Infinite
Power Dissipation?  DIP8 1250
P S08 710
; TSSOPS8 3 e
Mini SO8 580
Tstg Storage Ternperature Range -65to +150 °C

1. Short-circuits from the output to V,
independent of the magnitude of

2. Pdis calculated with Tapp, = +25°C, Tj=+150°C and Ryyz

T

C/W for SO8

MN_\.A

15°C/W for Mini

OPERATING CONDITIONS

00°C/W for DIP8 pav'kdge

ackage

75°
00°C/W for TSSOP8 package

S08 package

G v ,can cause excassive heating and eventual destruction. The maximum output current is approximately 20mA
v
cc -

Symbol Parameter Value Unit
Viem | Common Mode Input Voltage Range 0toVect-15 \Y
Operating Free-Air Temperature range LM193 -55 to +125
Toper LM293 -40 to +125 G
LM393 0to+70
2111 I‘J’I




LM193-LM293-LM393

ELECTRICAL CHARACTERISTICS
Vee! = +5V, Vee= 0V, Tamp = #25°C (unless otherwise specified)

Symbol Parameter Min Typ. Max. Unit
Input Offset Voltage - note R
Vio Tamp = +25°C 1 5 mV
Tmin s Tamb b3 Tmax 9
Input Bias Current - note 2)
lip Tamb = +25°C 25 250 nA
Trin < Tamb < Trax 400
Input Offset Current
lio Tamb = +25°C 5 50 nA
Tmin = Tamb s Tmax 150
A Large Signal Voltage Gain
e Vee = 15V, R = 15kQ, V= 1V to 11V 50 200 VimV
Supply Current (all comparators)
lec Vee =5V, no load 0.4 1 mA
Vee =30V, no load i 2.5

Input Common Mode Voltage Range - note %)

Viem Tamp = +25°C 0 Vee =18 \
Tmin - Tamb = Tmax 0 VCC+ -2
Vi |Differential Input Voltage -note Ve \
ok Output Sink Currrent
an Vi 1V, Vo= 1.5V 6 16 mA
l.ow Level Output Voltage
v Vid - -1\/, Isink =4mA
o Tamp = +25°C 250 400 mv
Tmin = Tamb = Tmax 700
High Level Output Current (Vig = 1V)
e Vig = 1V, Vgc =V, =30V
Tamp = +25°C ) 0.1 nA
Tmin - Tamb & Tmax i e
; Response Time - note
re Ri=5 + 1.3 )
|5 5.1kQ to VCC . 1s
¢ Large Signal Response Time
el Vi =TTL, Vigepy = +1.4V, R = 5.1kQ to Voo 300 ns

1. Atoutput switch point, V, = 1.4V, Rg = 0 with V" from 5V to 30V, and over the full common-mode range (0V to Vo™ -1.5V).

2. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the
output, 30 ne loading charge exists on the reference of input lines.

3. The input commen-mede voltage of ejther input signal voltage shoud not be allowed to go negative by more than €.3V. The upper end of the
common-mode voltage range is Ve -1.5V, but either or both inputs can go to +30V without damage

4. Positive excursions of input voltage may exceed the power supley level. As long as the other voltage remains within the common-mode range, the
comJ))aralor will provide a proper output state. The low input voltage state must not be less than -0.3V (or 0.3V bellow the negative power supply, if
used).

5.  Theresponse time specified is for a 100mV input step with 5mV overdrive. For larger overdrive signals 300ns can be obtained

g
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International
Rectifier

PD-9.373H

IRF540

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

® Repetitive Avalanche Rated

¢ 175°C Operating Temperature
® Fast Switching

® Ease of Paralieling

® Simple Drive Reguirements

Deseription

Third Generation HEXFETSs from Intemational Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, fow

: VDSS = 100V
Rosion = 0.077€
£ I = 28A"

on-resistance and cost-effectiveness.

The TO-220 package is universally preferred for all commercial-industrial
applications at power dissipation levels to approximately 50 watts. The low
thermal resistance and low package cost of the TO-220 contribute to its wide

acceptance throughout the industry.

TO-220AB
Absolute Maximum Ratings
Parameler Max. Units
@ Te=25C Continugus Drain Current, Ves @ 10V 28
Io @ Te=100°C | Continuous Drain Current, Vas @ 10V 20 A
oM Puised Drain Current @ 110
Pp @ T¢=25°C | Power Dissipation 150 W
Linear Derating Faclor 1.0 WG
Vas Gate-to-Sourcs Voltage 20 N
Eas Singie Pulse Avalenche Energy @ 230 md
Iag Avalanche Current ® 28 A
Ean Repetitive Avalanche Energy @ 15 i
dvfdt Peak Diode Recovery dw/dt & 5.5 Vins
Ty Operating Junction and -85 t0 4175
Tsra Storage Temperature Range C
Soldaring Temperature, for 10 seconds 200 {1.8mm from case)
Mounting Torque, 8-32 or M3 screw 10 Ibfein 111 Neim)
Thermal Resistance
Parameter Min. Typ. | Max. Units
Raic . Junclion-fo-Case — e 1.0
Rucs Case-f-8ink, Flat, Greased Surdace — 0.50 — “CIW
Raja Junction-to-Ambient — —_ 62 '
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Electrical Characteristics @ Ty= 25°C (unless otherwise specified)

Parameter Min, | Typ. | Max, | Units Test Conditions
Veemoss Drain-to-Source Breakdown Voltage 100 | — | — V| Vas=0V, lo= 2504A
AVisripss/AT,| Breakdown Voltage Temp. Cosfficient — 1 043 | — | VPG |Reference 10 25°C, b= fmA
Rosten Static Drain-to-Source On-Resistance = 100771 Q |Vas=10V,lp=17A @
"Vesim Gale Threshold Voltage 26 | — | 40 | V |Vos=Vas, lo=2500A
G Forward Transconductance 87 | - — S | Vpe=50V, Ip=17A @
2 — - 25 Vps=100V, Ves=0V
loss Drain-to-Source Leakage Current . S T pA VooBOY, VoesOV, T150°C
e Gate-to-Source Forward Leakage — - 00 r Vos=20V
Gate-to-Bource Reverse Leakage —_ — {-100 Vag=-20V
Qg Total Gale Charge ST P 75 1o=17A
Qs Gate-1o-Source Charge e e A1 O V=80V
-5;;; Gate-to-Drain ("Miller”) Charge — —_ 32 Vas=10V See Fig. 8and 139
Toton Turn-On Delay 1ime —_— ] Vpo=50V
19 Rise Time — 44 e fis p=17A
Loty | Tum-Off Delay Time ~ ' B3 - Ra=9.1Q
f Fail Time Cadidadd Rp=2.90 See Figure 10@
D
Lo internal Drain Inductance A5 ?;%2’2?: } fi\
nH | from package ﬂl +}
Ls fnternal Source Inductanice — |75 | - and center of e
dig contact s
Ciss input Capacitance — 4700 | — Vae OV .
Coss Output Capacitance . — 560 | —  pF |Vps=25V
Crss Reverse Transfer Capacitance = 01800 .| f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min, { Typ. | Max. { Units Test Conditions
Is Continuous Source Curent e TR MOSFET symbol oy
(Body Diode) 4 |showing the At
Isn Pulsed Source Current L Y Ik integral reverse % @
(Body Dicae) @ p-n junction dipde. s
Vsp Diode Forwani Voltage — | == | 25 | V| Tye25°C, lg=28A, Vee=0V @
tor Reverse Recovery Time — 180 | 860 | ns |Ty=25°C, ip=17A
Qo Reverse Recovery Charge wet | 183 28 | pO | difdt=100A/us @
ton Forward Tum-On Time intrinsic tum-on lime i neglegibie {ttirn=on is dominated by Ls+Lo)
Notes: :
& Renelitive rating; pulse width limiled by @ 1sp228A, difdis170A/us, Vpp<YBRioss,
max, junetion temperature (See Figure 11) TI175°C
@ Vpo=25V, stating Ty=25°C, L=440pH @ Pulse width < 300 ps; duty cycle €2%.

Ra=250, |a5=28A (See Figure 12)




PD-9.421C

International
IRF9540

Rectifier

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

® Repetitive Avalanche Rated

® P-Channel

® 175°C Operating Temperature

Vpgs = 100V

® Fast Switching a

® Ease of Paralleling
® Simple Drive Requirements

Description

Third Generation HEXFETS from intemational Rectifier provide the designer
with the best combination of tast switching, ruggedized device design, low

RDS(O’\) = OQOQ

s ID——— "19A

on-resistance and cost-effectiveness.

The TC-220 package is universally preferred for all commercial-industriat
applications at power dissipation levels to approximately 50 watis. The low
thermal resistance and low package cost of the TO-220 contribute to its wide

acceptance throughout the industry.

TO-220AB
Absolute Maximum Ratings
Parameter Max. Units

Ip@ Tc=25°C |Gontinuous Drain Current, Vas @ -10 V -19
b @ To=100°C | Conlinuous Drain Current, Ves @ <10V ~18 A
fou Pulsed Drain Current & 72
Pp @ Tc=25°C | Power Dissipation 150 W

Linear Derating Favor 1.0 WHC
Vas Gate-to-Source Voltage $20 v
Eas Singie Pulse Avalanche Energy @ 640 md
g Avalanche Gurrent ® -18 A
Ear Repetitive Avalanche Energy ® 15 mJd
dvidt Peak Diode Recovery dvidt @ -5.5 Vins
Ts Operating Junclion and 550 +i75
Tsra Storage Temperature Range “C

Soldering Temperature, for 10 seconds 300 (1.8mm from case)

Mounting Torque, 6-32 or M3 screw 10 Ibfein (1.1 Nem}
Thermal Resistance

! P Min, Typ. -1 Max. Units
Rae Junclion-to-Case — — 1.0
Rics Case-o-Sink, Flat, Greased Suriace —_ 0.50 e “CIW
Rasa Junction-to-Ambient — — 62
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Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Unils Tost Conditions
Vieross - Drain-to-Source Breakdown Voltage 400 — | — V | Vas=0V, In=-250pA
AVisrioss/AT.| Breakdown Voltage Temp, Coefficient - 1.0.087] - | VPC | Referenceto 25°C, Ip=-1mA
Rostont Static Drain-to-Source On-Resistance — ] o | 020] © |Yos=10V,Ip=-11A @
Vasin Gate Threshold Voliage 201 — | 40| V |Vps=Vags, Ib=-250uA
Gis Forward Transconductance 62 | — e S | Vps=-50V, lp=-11A ®
e s e | 100 Vpg=-100V, Vas=0V
loss Drain-io-Source Leakage Current S e B pA Voo B0V, Vo0V, T1150°C
s Gate-to-Source Forward Leakage —_ | = | -100 oh Vas=-20V
Gate-to-Source Reverse Leakage = 4 100 Vag=20V
Qq Total Gate Charge il e D1 lo=-19A
| Qge Gate-to-Soures Charge e | = | 14 | nC vpg=BOV
| Qod Gate-to-Drain {"Miller"} Chargs — — 29 Vgg=-10V See Fig. 6 and 13 @
| totord Tumn-On Delay Time e 1018 L Vop=-50Y
i Rise Time widl(hE | 73 Wi e lo=-19A
faoty Tum-Cff Delay Time — | 34 | — Ra=3.1Q
t Fall Time - N - Ro=2.4: See Figure 10 ®
Lp internal Drain Inductance A - g?“%e?g 2‘95?,.? ) 8 %
. nH | from packaga G( 3
Ls Internal Source Inductance — 178 | - and center of E‘:i’
die contast H
Ciss Input Capacitance e 31400 | Vas=0V
Coss Qutput Capacitance — 1890 | — | pF |Vps=-25V
Crss Reverse Transfer Capacitance i s R F=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
i Paramater Min. | Typ. | Max. | Unils Test Conditions
ils Continuous Source Current > (5 MOSFET symbol B
{Bady Diode) - A showing the P*:;F
Ism Pulsed Source Current QY (I3 integral reverse %
{Body Diede) ®@ p-n junction diode. s
Vso Diode Forward Voliage — i — | 50| V [T/=25°C,ls=-13A, Vas=0V @
te Reverse Recovery Time — | 180 | 280 | ns |Ty=25°C, lr=-19A
Qe Revesse Recovery Charge — [ 035|070 | uC |difdt=100A/us @
ton Forward Tum-On Time Intrinsic tum-on time is neglegible {lum-on s dominated by Ls+Lp)
Notes:

D Repetitive rating; pulse width Emited by
max. junction temperature (See Figure 11}

@ Vpp=-25V, starting Ty=25°C, L=2,7mH

Ra=250, Iag=-19A (See Figure 12)

@ lsu-19A, difdt<200A/us, VopsVERpss,
TE175°C

@ Pulse width < 300 ys; duty cycle £2%.

336



National
Semiconductor”

2N5401

Discrete POWER & Signal

Technologies

MMBT5401

SOT-23 8
Mark: 2L

PNP General Purpose Ampilifier

This device is designed as a general purpose amplifier and switch

for applications requiring high voltages. Sourced from Process 74.

AbSO!ute MaXim um Rati ngS* TA = 25°C unless otherwise noted
Symbol Parameter Value Units
Vero Collector-Emitter Voltage 150 \
Veso Collector-Base Voltage 160 vV
Veso Emitter-Base Voltage 5.0 vV
le Collector Current - Continuous 200 mA
Ty Tsig Operating and Storage Junction Temperature Range -55to +150 °qg

*These ratings are limiting values above which the serviceability of any semiconductor device may be impaired.

NOTES:

1) These ratings are based on a maximum junction temperature of 150 degrees C.

2) These are steady state limits. The factory shculd be consulted on applications involving pulsed or low duty cycle operations.

Thermal Chal’acteristics TA = 25°C unless otherwise noted
Symbol Characteristic ilax Units

2N5401 *MMBT5401
P Total Device Dissipation 625 350 mwW
Derate above 25°C 5.0 2.8 mwW/°C

Rosc Thermal Resistance, Junction to Case 83.3 °CW
Rosa Thermal Resistance, Junction to Ambient 200 357 °C/W

*Device mounted on FR-4 PCB 1.6" X 1.6" X 0.06."

LOVGLEININ / LOPSNZ



PNP General Purpose Amplifier

(continued)
Electrical Characteristics  1a-25:c uness othenwise noted
Symbol Parameter Test Conditions Min Max | Units
OFF CHARACTERISTICS
Vigriceo Collector-Emitter Breakdown Voltage* | Ic=1.0mA, =0 150 \Y
V@Rr)cso Collector-Base Breakdown Vdltage lc=100pA, =0 160 \
Vigrjeso Emitter-Base Breakdown Voltage le=10uA,lc =0 5.0 \
leso Collector Cutoff Current Ve =120V, I =0 50 nA
VCB =120 V, lE = O, TA =100°C 50 pA
leso Emitter Cutoff Current Veg=3.0V,lc=0 50 nA
ON CHARACTERISTICS*
hee DC Current Gain le=1.0mA Ve =5.0V 50
lc=10mA, Vg =5.0V 60 240
lc=50mA, Ve = 5.0V 50
Veesaty Collector-Emitter Saturation Voltage lc=10mA, lg= 1.0 mA 0.2 \
Ic=50 mA, lIs=5.0mA 0.5 \
Vagsaty Base-Emitter Saturation Voltage le=10mA, 3= 1.0 mA 1.0 \
lc=50mA, ls=5.0mA 1.0 V
SMALL SIGNALL CHARACTERISTICS
fr Current Gain - Bandwidth Product lc=10mA, Ve = 10V, 100 300 MHz
=100 MHz
Cobo Output Capacitance Veg = 10V, =0, 6.0 pF
f=1.0MHz
NF Noise Figure lc= 250 pA, Ve = 5.0V, 8.0 dB
Rs= 1.0 kQ,
f=10Hzto 15.7 kHz
*Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%

Spice

Model

PNP (Is=21.48f Xti=3 Eg=1.11 Vaf=100 Bf=132.1 Ne=1.375 Ise=21.48f Ikf=.1848 Xtb=1.5 Br=3.661 Nc=2
Isc=0 lkr=0 Rc=1.6 Cjc=17.63p Mjc=.5312 Vjc=.75 Fc=.5 Cje=73.39p Mje=.3777 Vje=.75 Tr=1.476n Tf=641.9p
Itf=0 Vif=0 Xtf=0 Rb=10)
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National
Semiconductor”

2N5551

NPN General Purpose Amplifier

Discrete POWER & Signal
Technologies

MMBT5551

SOT-23 B
Mark: 38

This device is designed for general purpose high voltage amplifiers
and gas discharge display driving. Sourced from Process 16.

Absoclute Maximum Ratings*

TA = 25°C unless otherwise noted

Symbol Parameter Value Units
Vero Collector-Emitter Voltage 160 vV
Veso Collector-Base Voltage 180 \Y
Veso Emitter-Base Voltage 6.0 V

le Collector Current - Continuous 200 mA
Ty, Tstg Operating and Storage Junction Temperature Range =55 to +150 °g

*These ratings are limiting values above which the serviceability of any s¢ niconductor device may be impaired.

NOTES:

1) These ratings are based on a maximum junction temperature of 150 degrees C.
2) These are steady state limits. The factory should be consulted on applications involving pulsed or low duty cycle operations.

Thermal Characteristics

TA = 25°C unless otherwise noted

Symbol Characteristic Max Units
2N5551 *MMBT5551
Po Total Device Dissipation 625 350 mw
Derate above 25°C 5.0 2.8 mw/°C
Rosc Thermal Resistance, Junction to Case 83.3 °C/W
Roa Thermal Resistance, Junction to Ambient 200 357 °C/W

*Device mounted on FR-4 PCB 1.6" X 1.6" X 0.06."
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Electrical Characteristics

NPN General Purpose Amplifier

TA = 25°C unless otherwise noted

(continued)

Symbol Parameter Test Conditions Min Max | Units
OFF CHARACTERISTICS
Vericeo Collector-Emitter Sustaining Voltage* | Ic=1.0mA, =0 160 Vv
Vigricso Collector-Base Breakdown Voltage Ic=100pA, le=0 180 \
Veryeso Emitter-Base Breakdown Voltage le=10 uA,lc=0 6.0 Vv
leso Collector Cutoff Current Ve =120V, =0, 50 nA
Ves =120V, le =0, Ta= 100°C 50 uA
leso Emitter Cutoff Current Veg=4.0V,lc =0 50 nA
ON CHARACTERISTICS
hee DC Current Gain le=1.0mA Ve =50V 80
le=10mA, Vee = 5.0V 80 250
lc =50 mA, Vee = 5.0V 30
Veesat) Coallector-Emitter Saturation Voltage le=10mA, lg= 1.0mA 0.15 \Y
Ic =50 mA, Ig = 5.0 mA 0.20 V
Vee(sat) Base-Emitter Saturation Voltage lc=10mA, lg= 1.0 mA 1.0 \
Ic =50 mA, Ig= 5.0 mA 1.0 v
SMALL SIGNAL CHARACTERISTICS
fr Current Gain - Bandwidth Product lc=10mA, Ve =10V, 100 300 MHz
f=100 MHz
Cobo Output Capacitance Veg =10V, =0, 6.0 pF
f=1.0MHz
Cibo Input Capacitance Vee=0.5V,Ic =0 20 pF
f=1.0MHz
hte Small-Signal Current Gain le=1.0mA, Ve =10V, 50 250
f=1.0kHz
NF Noise Figure lc =250 uA, Ve = 5.0V, 8.0 dB

Rs=1.0 kQ, =10 Hz t0 15.7 kHz

*Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%

Spice Model
NPN (Is=2.511f Xti=3 Eg=1.11 Vaf=100 Bf=242.6 Ne=1.249 Ise=2.511f Iki=.3458 Xtb=1.5 Br=3.197 Nc=2
Isc=0 Ikr=0 Rc=1 Gjc=4.883p Mjc=.3047 Vjc=.75 Fc=.5 Cje=18.79p Mje=.3416 Vje=.75 Tr=1.2023 Tf=560p
Itt=50m Vif=5 Xti=8 Rb=10)
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