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Abstract

Now. There are problem about water pollution which we can usually see. Water
pollution emanate from under standard drainage. In water —drained may consist of organics
and inorganic substance. Organics is consist of bacteria , virus , spore.

Inorganic is consist of many kind of heavy-metal. Principle of Water — Treatr zent
are initially use high — current supply to extract heavy — metal from water — drained by
mean of Electric System. After that pass water which off heavy - metal in to Ozone
Filling Processing. Reason for ozone filling is for smell - treatment and color — treatmar: .

Ozone can invent by pumping air forge ahead high intensity electric field. Those
high intensity electric field is under influence of electric pole. We pass air through
electric field fore scatter oxygen in air. The Propose of this process is reunion of oxygen

again in the form of Ozone
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Output Power ¢ 300W
Efficiency : 65% at full load
Input Voltage © 94-132V,(norminal 115V,

184-264V, (norminal 220 V, )

Output Voltage i +5V  6A (min) 30A (max)
and Current +12V  0A 6A
-12V. 0A 6A
Line Regulation 5V 0.5%
at 50% load +12V 0.5%
-12V. 0.5%
Load Regulation © +5V +/- 1% of setting voltage

+12V +/- 2% of setting voltage
-12V +/- 2% of setting voltage
Ripple and Noise : 45V 50mV p-p max
+12V  120mV p-p max
-12V 120mV p-p max
Hold up Time at low line : +5V 10 ms.min

full load



RFI/EMI : meet FCC part 15 J class B VDE 0875
Transient response : <200 mV ripple at 50% load change
<400 s recovery time
Isolation :  input to ground 2 KV rms.
Output to ground 500 V rms.

Switching Frequency : 100 KH,
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CORE TYPZ  Aw(em®) Bep(mm)  Hi(mm) £, (mm)

E 814E250 0.17 6.7 2.1 14.29
E 813E187 0.33 9.3 32 36.32

E 813E343 0..6 10.0 3.2 47.50

E 812E250 0.58 10.1 4.9 55.12

E 782E272 0.80 17.3 4.7 55.88

E=375 1.05 16.5 6.6 73.41

E21 1.14 17.9 6.0 86.36

HE Bobbin E 783E608 g 26.3 7.1 92.96
E 348E772 1.81 26.3 7.1 99.06

E 625 1.32 212 6.4 94.9

Ber E 55 2.80 33.1 8.6 113.03

E 75 2.42 26.2 8.1 119.38

CORE TYPE Ay(cm?)  Bgepg(mm)  Heg(mm) ¢, (mm)

EC 35 0.97 2148 4.8 50.04
EC 41 1.35 24.5 5.8 59.94
HC 52 2.13 28.3 7.7 72.90
EC 70 4.77 41.5 11.7 95.0

CORE TYPE  Aw(em?) Bcg(mm)  Hcp(mm) £, (mm)

—

AN o
[

ETD 34 1.23 21.0 6.0 59.94
3 Sescana ETD 39 1.74 25.6 6.9 68.58
Bcr ETD 44 2.13 29.6 7.3 762

ETD 49 yET 32.8 8.4 85.09
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CORE TYPE A, (cm?) A, (em?) V. (em’) ¢ (mm)

ETD 34 0.971 1.220 7.64 78.6

ETD 39 1.250 1,740 11.50 92.2

ETD 44 1.740  2.130  18.00 103.0

ETD 49 2110 2710 24.20 114.0

ETD

CORE TYPE A, (em) A, (cm) V, (cm®) ¢, (mm)

EE 20/20/5 0.31 0.35 1.34 43.0

] r EE 30/30/7 0.59 0.78 4.00 66.9

[ ] EE 42/42/15 1.82 1.78 17.6 97.0
- EE 42/42/20  2.36 1.78 23.1 97.4

EE 42/54/20  2.36 2.40 28.8 122.0

| l EE 42/66/20 . 2.36 3.40 34.5 143.0
EE 55/55/21 3.54 2.50 437 123.0

J ‘ EE 55/55/25 = 4.20 2.50 52.0 123.0

BE 65/66/27., 5.32 3.93 78.2 147.0

EE

CORE TYPE A, (cm®) A, (cm’) V. (em®) {, (mm)

& | EL 19 0.24 0.517 0.950 39.6

| EI 22/19 0.41 0.44 1.630 39.3

| EI 25/19 0.42 0.819 2.02 48.6

El 28/20 0.85 0.725 4.11 48.4

EI 30/26 111 0.791 6.45 58.1

EI 35/29 1.21 1.36 8.18 67.6

;] EI 40/35 1.48 1.08 1.3 76.9

- El 50/42 2.30 1.7 21.8 94.8

El 60/44 2.48 2.94 27.2 109.7
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L' +¢ = Li -3.05
K +¢ =K -2.92
Ba" + 2¢ = Ba -2.90
Ca"+ 2¢ = Ca -2.76
Na' +¢ =Na -2.71
Mg + 2¢ = Mg -2.37
A"+ 3¢ =Al -1.67
Mn" + 2¢ =Mn -0.83
2H,0 + 2¢ = H, +20H -0.83
Zn” + 2¢ =H, + 200 -0.76
cr' +3¢ = Cr - -0.74
Fe' + 2¢' = Fe -0.44
PbSO, + 2¢ =Pb + SO, -0.36
Ni¥ +2¢ = Ni ) -0.25
Sn”" + 2¢ = Sn -0.14
Py +2¢" =Pb -0.13
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TS E’ (Taad)
Fe" + 3¢ = Fe -0.04
2H +2¢ =H, 0.00
AgCl + ¢ = Ag +CI' 0.22
Hg,Cl, + 2¢ = 2Hg + 2CI 0.27
Cu' + 2 =Cu 0.34
e+ 26 =20 0.54
F¢' +¢ = Fe 0.77
Ag +¢ = Ag 0.80
Br, + 2¢ = 2Br 1.09
0,+ 4H  +4¢ = 2H,0 1.23
MnO, + 4H" + 2¢'=Mn"'+ 2H,0 1.28
Cr,0," + 14H" +6¢ =2Cr" + TH,0 1.33
al,g, +2e1=2Ch 1.36
2C10, + 12H" + 10¢ =Cl, + 6H,0 1.47
8H' +MnO, +5¢ =Mn"" + 4H,0 151
PbO, + 4H' + 2¢"=PbSO, + 2H,0 1.69
H,0, +2H + 2e = 2H,0 1.77
F,+2¢ = 2F 2.87
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Ben:cldehyde >32 49 36 nun 28 nin
Senzothiaiole 3.2 mun en A2 '0Y 22 Aiin
1, 2-Bis (2<hloroethoxy) ethane >20 g 67 o 3G min
gis {2chlcroethyt) ether : 220 a " s 21 nun
3cineol ' 4 g 7 u I3 mwin
Camphor >3.2°d >58¢ d .42 min
F~-Dichlorotenienas . »42 a »22 a /A
e-HNitrophenol 214 h 1.1 d 2 min
¥uetnyl-m-roluaie >20 d 22 d S5 min
o-Tolunitrile . 20 d 28 3 54 rmun
Dlocefone-l-sorbose €0 g >4 g 2.2 rnin
Diccelone-l-xylose »45 d 14 o 23 h
Toluene NiA N/A 2.3 min
51hywcn:ene NiA A 2.8 inin
1, 2, 3-Taimethylbenzene WiA HIA 1.9 rain

D:day , Min:minute , N/A :Non Application
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11.2 ANITNAVN

ﬁ')']}lﬁ Qo']u‘]u Vin lin Pin Vout Iout Pout Eff
(KH2) | paam | (V) (A) (W) M | mA) | W) (%)
24.5 1 310 0.182 56.42 3187.5 1.8 5.7{}’." 'r“‘,10.17
2 310 0.15 46.5 3187.5 1.9 6.06 ‘ 13.03
3 310 0.13 40.3 3251.25 2.0 6.50 16.13
4 310 0.11 34.1 3506.25 2.1 7.36 21.58
5 310 0.10 31 3633.75 2.1 7.63 24.61
32.05 1 310 0.2 62 7012.5 2.0 14.03 22.63
2 310 0.36 111.60 | 38250 2.3 87.98 78.84
3 310 0.53 164.3 44625 2.5 111.56 67.90
4 310 0.96 297.6 57375 372 183.6 61.69
5 310 1.07 BINGE - 3l - -
32.89 1 310 0.31 96.1 | 9562.5 d ) 21.99 | 22.88
2 310 0.60 186 57375 2.6 149.18 | 80.20
3 310 0.85 263.5 - 31 - -
35.17 1 310 0.26 80.6 6375 2.1 13.39 16.61
2 310 0.56 173.6 15300 2.5 38.25 22.03
3 310 0.78 241.8 | 56737.5 2.7 153.19 | 63.35
4 310 0.66 204.6 - 4.7 - -
5 310 0.70 217 - 5 - -

A1919 111 aamanaaasilaannaanuanielau
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Advanced Power MOSFET

IRFP460

FEATURES BVoeq = 500V
¢ Avalanche Rugged Technology _
» Rugged Gate Oxide Technology Ros(on) = 0.25Q
¢ Lower Input Capacitance lD = 22A
¢ Improved Gate Charge
¢ Extended Safe Operating Area
¢ Lower Leakage Current: 10pA (Max.) @ Vps =500V
¢ Lower Rpgony: 0.197Q (Typ.)
1.Gate 2. Drain 3. Source
Absolute Maximum Ratings
[ Symbol Characteristic Value Units
Voss Drain-to-Source Voltage 500 Vv
| Continuous Drain Cumrent (T=25°C) 22 A
° Continuous Drain Current (T-.=100°C) 13.4
lom Drain Current-Pulsed (1) 88 A
Vgs Gate-to-Source Voltage +30 V
Eas Single Pulsed Avalanche Energy (2) 2151 mJ
lar Avalanche Current (1) 22 A
Ear Repetitive Avalanche Energy (1) 27.8 mJ
dv/dt Peak Diode Recovery dv/dt (3) 35 Vins
b Total Power Dissipation (Tc=25°C) 278 W
B Linear Derating Factor 222 W/eC
Operating Junction and
TJ s TSTG . * -55 to +150
Storage Temperature Range
9
- Maximum Lead Temp. for Soldering HE c
t Purposes, 1/8. from case for 5-seconds
Thermal Resistance
Symbol Characteristic Typ. Max. Units
Rasc Junction-to-Case - 0.45
Rocs Case-to-Sink 024 - °C/W
Rosa Junction-to-Ambient = 40
[ - Rev.B
FAIRCHILD

SEMICONDULCTOR™
©1899 Farchikd Semiconductor Corporation



IRFP460

N-CHANNEL
POWER MOSFET

Electrical Characteristics (T,=25°C unless otherwise specified)

Symbol Characteristic Min. | Typ. | Max.| Units Test Condition
BVpss | Drain-Source Breakdown Voltage | 500| — | — | V | Vgs=0V.Ip=250uA
ABV/AT, | Breakdown Voitage Temp. Coeff. | — |0.69| — |V/°C|Ip=250uA SeeFig 7
Vosmn | Gate Threshold Voltage 20] — | 40] V_|Vos=5V.Ip=250pA
loss Gate-Source Leakage , Forward — | — 1100 nA _\{iaov
Gate-Source Leakage, Reverse | — | — |-100 Vgs=-30V
-1 =110 Vps=500V
lpss Drain-to-Source Leakage Current ~ ~ 1100 pA Vos=400V,Tc=125°C )
B z:t'scta?e'a;;:;";; ~| - lo2s| @ |Ves=tovip=t1A @)
(S Forward Transconductance - 1731 - U Vps=50V,ip=11A (4)
Cs | Input Capacnténce — |3940(5120 Vgm0V, Vos=25V,F =1MHz
Cwss | Output Capacitance — |465|535| pF See Fig 5
Crs Reverse Transfer Capacitance - | 215} 250
taony Tl.Jm-On Delay Time — | 27| 65 V=250V, 1p=22A,
t Rise Time - |30} 70
- ns | Rg=5.3Q
taom Tum?ﬁ Delay Time — | 150 | 310 See Fig 13 @5
] Fall Time — | 43 | 95
Qg Total Gate Charge - |182 | 236 Vps=400V,Vgs=10V,
Q. | Gate-Source Charge — | 26| = | nC | Ip=22A
Qg Gate-Drain (. Miller. ) Charge - |79.6| — See Fig 6 & Fig 12 (4) (5)

Source-Drain Diode Ratings and Characteristics

Symbol Characteristic Min. | Typ. | Max.{ Units Test Condition
Is Continuous Source Current - - | 22 A Integral reverse pn-diode
lsm Pulsed-Source Current My - - | 88 in the MOSFET
V§Q Diode Forward Voltage @ | - — | 14 ] V | T=25°C,15=22A,Vs=0V
% Reverse Recovery Time — |528 | — | ns | T~=25°C,|-=22A
Q. Reverse Recovery Charge ~ 18.35| — | uC | di/dt=100A/us (4)
Notes;

(1) Repetitive Rating: Puise Width Limited by Maximum Junction Temperature

(2) L=8mH, 1,4=22A, V,,;=50V, R;=27€Q, £'~~ing T,=25°C

(3) lsp< 22A, di/dt < 300A/s, Vpp< BV pgs, Starting T,=25°C
(4) Pulse Test: Pulse Width = 250us, Duty Cycle <2%
(5) Essentially Independent of Operating Temperature

| cosseasevmn)
FAIRCHILD
SEMICONDUCTOR™




N-CHANNEL
POWER MOSFET

IRFP460

Fig 1. Output Characteristics
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IRFP460 FONERMOSTET

Fig 7. Breakdown Volitage vs. Temperature Fig 8. On-Resistance vs. Temperature
12
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é 1o}
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N-CHANNEL T D ALS
POWER MOSFET IRFP460

Fig 12. Gate Charge Test Circuit & Waveform

Current Reanlator
+ xdesaxass sxwgoessenysl.

SN
Same Type Vas
as DUT ¢ Q,;
iV < == 25 @7 5B B 88 &% 8F 3
V
V, T o <+ Q —7
GS gs
—“9

F 4

DUT 21 g

i
3mA I l — >
R, R,

p : Vi ; Charge
urrent Sampling (I;) Current Sampling (I;,)
Resistor Resistor

Fig 13. Resistive Switching Test Circuit & Waveforms

.
»
.
.
.
.
.
.

Vlﬂ . .
T
LI Tor

Fig 14. Unclamped Inductive Switching Test Circuit & Waveforms

10V

L E L © 300 Ve
L we = "Bl LEME oo T el y
v,,s> e 2 BVpss = Voo
Vary t, to obtain €;° 7 BVpsg | == + =+ — = — -
required peak I, 0 IAs—-~—---—'—'--;-
Rg T> :Ec = Vpp ) -~ .
DUT VDD | - - -‘ —VDS (t)
10V Jil l - .
T jt—— , —  Time
EFAIRCHILD



Y GS

-

Lasavei j

Ei
52

-
| |

o

Hodv TrHode

Forward Voltage Dron




[ITTESTREN O L T Ve

N

N
-f
e

norn

3
3

i wed

>0 0!

1>
7

4

o
>

[N
!
]

Tom™ Supersui -8
HiSeL = HYLUYIG

Yl Ry GRS
s 13 aiy GOF

wa N nort W narns | n anroun
trictions for use provided in the laheling,

Uiy SAPGUIGU WU iSEUIL i1 Siginiilaiit ipdiy W uie

PRODUCT S1AI1US DEFINIIONS

Dafinitinn af Tarm=

e EiinTis Vs s Crdans

f ¥ ¥ 1
i WaladSnost iucininivalivn ’ | l
2 L L 1
g Advance Information ! 5 This dalashaat contains the design spacifications for |
i ' ' PIUGLLL UUTUIGR i SpPULaalii e Gy Liidiigis i i
i ] 1 2nu mannar usthat nales ]
i i i ' §
f ] ' !
] i PiSt | iins uaigsirest CuIns preinnay daia, ain i
' ' ! f
i i I B i - s i
t ] 1 CAUCANNE YT WRIIICICR TENET Vesn (002 TIEE 101 THaRE 3
! ] I changes at any ime without notice In oroer to improve |
! ! [ !

No ldentification Needed Full Production

s e disconii ef serniooadiion.

The datashesat is printed for reference information only.

ifiai f

v o — g i O —
ot ot e ot i ot o —

SRRSREP SRV S —




MUR3040PT, RURH1540CC,
mcﬁﬁlrosa MUR3050PT, RURH1550CC,
MUR3060PT, RURH1560CC

April 1995 15A, 400V - 600V Ultrafast Dual Diodes
Features Package
¢ Ultrafast with Soft Recovery Characteristic JEDEC TO-218AC
(trr < 55ns)

e +175°C Rated Junction Temperature
* Reverse Voltage Up to 600V
« Avalanche Energy Rated

Applications

« Switching Power Supply
» Power Switching Circuits
¢ General Purpose

Description

MUR3040PT, MUR3050PT, MUR3060PT and RURH1540CC,
RURH1550CC, RURH1560CC are ultrafast dual diodes Sym bol
(tr < 55ns) with soft recovery characteristics. They have a low
forward voltage drop and are of planar, silicon fifide passivated,
ion-implanted, epitaxial constructiodn. K

These devices are intended for use as energy steeting/clamping
diodes and rectifiers in a variety of switching power supplies and
other power switching applications. Their low stored charge and
ultrafast recovery with soft recovery characteristics minimizes
ringing and electrical noise in many powsr Switching circuits thus
reducing power loss in the switching tramsistor.

PACKAGING AVAILABILITY A1 A2
PART NUMBER PACKAGE BRAND
[ MUR3040PT TO-218AC MURS040PT
RURH1540CC TO-218AC RURH1540C
MUR3050PT TO-218AC MUR3050PT
RURH1550CC TO-218AC RURH1550C
MUR3060PT TO-218AC MUR3060PT
RURH1560CC TO-218AC RURH1560C

NOTE: When ordering, use the entire part number.

Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified

MUR3040PT MUR3050PT MUR3080PT
RURH1540CC RURH1550CC RURH1560CC
Peak Repetitive Reverse Voltage. . . ... ........cooiviiiinnnnnn. VRrM 400V 500V 600V
Working Peak ReverseVoltage . .. . ........ccoovvvciiinennnn. VrRwM 400V 500V 600V
DCBIOCKING VOIBGE. . . . . o v e e eeee e ee et e e eeeeaeeenes Vg 400V 500V 600V
Average Rectified Forward CUITERIt . . .........oveuenreeeennnen. IFav) 15A 15A 15A
(Total device forward current at rated Vg and T = ¥150°C)
Peak Forward Repetitive Current. . . ... .........oinineennnn.n. lerM 42 42 30A
(Rated Vg, square wave 20kHz)
Nonrepetitive Peak Surge Cumment . . ... ......coovviiiiennnenannn lesm 200A . 200A 200A
(Surge applied at rated load condition halfwave 1phase 60Hz)
Operating and Storage Temperature . . . . ............ccnue.. Tsre Ty -55°Cto+175°C  -55°Cto+175°C  -55°C to +175°C
Copyright © Harrs Corporation 1995 File Number 2774.3

6-15



MUR3040PT. MUR3050PT, MUR3060PT, RURH1540CC, RURH1550CC, RURH1560CC

Typical Performance Curves
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT
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MUR3040PT, MUR3050PT, MUR3060PT, RURH1540CC, RURH1550CC, RURH1560CC

Electrical Specifications T =+25°C, Unless Otherwise Specified

LMITS
esy | MUR3OOPT, RURH1540CC | MUR3050PT, RURH1550CC | MUR30B0PT, RURH1560CC
SYMBOL | CONDITION | MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | uNITS
Vr Ir = 15A - - 112 - - 1.20 - - 120 | V
Te = +150°C
I = 15A - B AT B . 150 - e 15 | V
To=+25°C
I at Vi = 400V - p 500 - - - - - - HA
To=+150C I 500 - - - - - 500 s S P g WA
Vi = 600V 5 : . . » - - - 500 | A
lr at Vi = 400V . . 100 - . - - - - pA
To=+25°C  IG—75ov - - - - : 100 - - - JA
Vi = 600V . . - - - - X : 100 | pA
R r=1A - ; 55 - > 55 : s 55 ns
Ir = 15A : . 60 - / 60 ) 5 60 ns
t I = 1A . 20 - \ 20 : - 20 . ns
Ir = 15A d 30 > 3 30 = = 30 - ns
5 I = 1A . 15 . : 15 - - 15 - ns
Ir= 15A - 17 C ‘ 17 ] 2 20 - ns
Reic - ] 15 - S 15 ” : 15 | Cw
B see Fig. 7,8 . d 20 / - 20 A - 20 mj
DEFINITIONS

Vg = Instantaneous forward voltage (pw = 300us, D = 2%).
Ir = Instantaneous reverse current.
trg = Reverse recovery time at dig/dt = 100A/us (See Figure 2), summation of ta + tg.
ta = Time to reach peak reverse current at dig/dt = 100A/us (See Figure 2).
tg = Time from peak Iy, to projected zero crossing of Igy based on a straight line from peak Igy through 25% of Igy (See Figure 2).
Rgyc = Thermal resistance junction to case.
Eav = Controlled avalanche energy (See Figures 7 and 8).
pw = pulse width.
D = duty cycle.

V; AMPLITUDE CONTROLS &

V, AMPLITUDE CONTROLS dligkit

L, =SELFINDUCTANCEOFR, ™
+Lhioop

Vg L tauin)
o O ' i ] d’F L tRR '
1 >l e F at ! ) !
bt i1 * 1A -—>|<~—fa——>:
T 0
T
[ T
1 I>{l=1t3
[T
6 1] 1"
. A
Vr
Vrm(ReC) - — = — =
FIGURE 1. tgg TEST CIRCUIT FIGURE 2. DEFINITIONS OF tgg, t, AND tg
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intemational

ICR| Rectifier

.373H

IRF540

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

® Repetitive Avalanche Rated

® 175°C Operating Temperature
® Fast Switching

® Ease of Paralleling

e Simple Drive Requirements

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low

e :j;‘/

D

8

VDSS = 100\/

I = 284"

RDS(on) =2 0077Q

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 packags cost of the TO-220 contribute to its wide

accsptance throughout the industry.

‘Absolute Maximum Ratings

TO-220AB

Parameter Max. Unlts

lp@ Tc=25°C | Continuous Drain Current, Vas @ 10V 28
lo @ Tc=100°C | Continuous Drain Current, Ves @ 10 V 20 A
lom Pulsed Drain Current ® 110
Pp @ Tc=25°C | Power Dissipation 150 w

Linear Derating Factor 10 W/rC
Vas Gate-to-Source Voltage +20 \'}
Eas Single Pulse Avalanche Energy ® 230 mJ
lar Avalanche Current ® 28 A
Ear Repetitive Avalanche Energy ® 15 mJ
dv/dt Peak Diode Recovery dvidt @ 5.5 Vins
T Operating Junction and ' 5510 +175
Tsta Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 (1.6mm from case)

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

Parameter Min. Typ. Max. Units

Raic . Junction-to-Case — — 1.0
Recs Case-t0-Sink, Flat, Greased Surface s 0.50 —- °C/W
Raua Junction-to-Ambient — — 82 '
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TIP31 Series(TIP31/31A/31B/31C)

Medium Power Linear Switching Applications

» Complementary to TIP32/32A/32B/32C

NPN Epitaxial Silicon Transistor

TO-220

1.Base 2.Collector 3.Emiiter

Absolute Maximum Ratings T¢=25°C unless ctherwisa noted

Symbol Parameter Valus Units
Vego Collector-Base Voltage  : TIP31 40 v
: TIP31A 60 Vv
- TIP31B 80 v
: TIP31C 100 \
Vceeo Collector-Emitier Voltage : TIP31 40 Vv
+TIP31A 60 v
: TIP31B 80 \
1 TIP31C 100 \%
Veso Emitter-Base Vcltage 5 )
Ic Collector Current (DC) 3 A
lep Collector Current (Pulse) 5 A
fa Base Current 1 A
Pe Collactor Dissipation (T¢=25°C) 40 w
Pc Callector Dissipatian (T,525°C) 2 w
T, Junction Temperature 150 °C
Tste Storage Temperature -65~150 °C
Electrical Characteristics Tc=25°C uniess ctherwiss noted
Symbol Parametar Test Condition Min. | Max. | Units
Veeofsus) * Collector-Emilter Sustaining Voltage
:TIP31 lc=30mA,lg=0 40 v
s TIP31A 60 \
: TIP31B 80 \)
:TIP31C 100 \
leeo Collector Cut-off Current _
: TIP31/31A Vg =30V, Ig=0 0.3 mA
: TIP31B/31C Ve =60V, lg=0 0.3 mA
lces Collector Cut-off Current
L TIP3 Vg =40V, Vgg = 0 200 | pA
:TIP31A VCE = GOV, VEB =0 200 QA
:TIP31B Vee =80V, Vegg=0 200 KA
:TIP31C Vg = 100V, Vgg = 0 200 | pA
lero Emitter Cut-off Current Veg=5V, Ic=0 1 mA
heg * DC Current Gain VCE =4V, lC =1A 25
Vee =4V, I =3A 10 50
Vce(sat) * Collector-Emitter Saturation Voltage le = 3A, Iy = 375mA 1.2 v
Vge(sat) * Base-Emitter Saturation Voltage Vee=4V, Ic=3A 1.8 \'
fr Current Gain Bandwidth Product Ve = 10V, Ig = 500mA 3.0 MHz

* Puisa Test: PW<300ps, Duty Cycles2%

(DLE/ALEIVIE/LEILISONOS LEIL

€2000 Faschild Semiconductor Intemational

Rev. A, February 2000



Typical Characteristics
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Package Dimensions
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TRADEMARKS

The foliowing are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE™ TinyLogic™
CROSSVOLT™ pPOP™ UHC™
E2CMOS™ PowerTrench™ VCX™
FACT™ QFET™ ,
FACT Qu'et Series"‘ QSTH it wed
FAST® Quiet Series™
FASTr™ SuperSOT™-3
GTO™ SuperSOT™-6
HiSeC™ SuperSOT™-8

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NQOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPPROVAL OF FAIRCHILD SEMICONDUCTOR

INTERNATIONAL.

As used herein:

1. Life support devices or systems are devices of systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, or (c) whase failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perfoorm can be
reasonably expected to cause the failure of the lite support
device or syatem, or to affect its safety ar effectiveness.

PRODUCT STATUS DEFINITIONS
Definition of Terms
Datesheet ldantification Product Status Definition
Advance Information Formative or Ir. This datasheet contains the design specifications for
Design product development. Specifications may change in
any manner without notica.

Preliminary First Production This datasheet contains preliminary data, and
supplemantary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

QObisolele Not tn Production Thiy datashesd curdsins speificativns un a product
that has been discontinued by Fairchild semiconductor
The datasheet is printed for reference information only.

€2000 Fawchild Semiconducior intemational

Rev. A, January 2000
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FAIRCHILD

SEMICONDIJCTOR v

- Complement to TIP31/31A/31B/31C

PNP Epitaxial Silicon Transistor

TIP32 Series(TIP32/32A/32B/32C)
Medium Power Linear Switching Applications

1.Base 2.Collector 3.Emitter

Absolute Maximum™ Ratings T.=25"C uniess otherwisa notad

TO-220

Symbol Parameter Value Units
Veso Collector-Base Voltage  : TIP32 -40 v
: TIP32A -60 \
: TIP32B -80 v
I TIP32C -100 Vv
Veeo Collector-Emitter Voltage : TIP32 -40 \"
: TIP32A -60 \
1 TIP328 -80 V'
: TIR32C -100 \
Vego Emitter-Base Voltege -5 v
Ie Collector Current (DC) -3 A
Icp Collector Current (Pulss) -5 A
I Base Current -3 A
Pe Collector Dissipation (T¢=25°C) 40 w
Pe Collector Dissipation (T,=25°C) 2 w
Ty Junction Temperature 150 °C
Tsta Storage Temperature -85~ 150 °C
Electrical Characteristics 7.=25°C uniess atherwise noted
Symbol Parameter Test Condition Min. | Max. | Unis
Veeo(sus) | * Collector-Emitter Sustaining Voltage
1 TIP32 lc=-30mA, lg=0 40 '
1 TIP32A -60 v
: TIP32B -80 v
1 TIP32C -100 \
lceo Collector Cut-off Current
: TIP32/32A Veg=-30V,Ig=0 -03 | mA
: TIP32B/32C Veg=-60V, lg=0 -03 | mA
,CES Collector Cut-off Current
= TIP32 Veg =- 40V, Vgg=0 -200 | pA
:TIP32A VCE=-60V,VEB=O - 200 ;LA
- TIP328 Vee=-80V, Vgg=0 200 | pA
:TIP32C VCE='1OOV' VCE=O - 200 IJ.A
lega Emitter Cut-off Current VEB =-5V, ’C =0 -1 mA
heg * DC Current Gain Vee=-4V, lc=-1A 25
VCE='4V-IC="3A 10 50
Vcg(sat) * Collector-Emitter Saturation Vcitage Ic=-3A, lg=-375mA -1.2 v
Vgg(sat) * Base-Emitter Saturation Voitage Veg=-4V, ic=-3A -1.8 \"
fr Current Gain Bandwidth Product Vee = - 10V, I = - 500mA 3.0 MHz
* Puse Test: PW<300us, Duty Cycles2%

©2000 Fpirchild Semiconducior intemational

Reov. A, February 2000
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Typical Characteristics
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Package Dimensions
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ ISOPLANAR™ SyncFET™
CoolFET™ MICROWIRE ™ TinyLogic™
CROSSVOLT™ POP™ UHC™
E2CMOS™ PowerTrench™ VCX™
FACT™ QFET™ ,
FACT QUiet Seﬂes"" QSTM P R
FAST® Quiet Series™
FASTr™ SuperSOT™-3
GTO™ SuperSOT™-6
HiSeC™ SuperSOT™-8

DISCLAIMER .

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TQ MAKE CHANGES WITHOUT FURTHER NQOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR

INTERNATIONAL.
As ussad herain:

1. Life support devices or systems are devices of systems
which, (a) are intended for surgical impiant into the body,
or (b) support or sustain life, or () whose Tailure to perform
when property used in accordance with instructions for use
provided in the labeling, £an be reasonably axpected lo
result in significant injury to the user.

2. A critical component is any compenent of a Jife support
device or system whose failure to perform can be
reasonably expected to causa the faiture of the life support
devics or system, o to affect its safety or effectiveneass.

PRODUCT STATUS DEFINITIONS
Definition of Terms
Datasheet identification Product Ststus Definition
Advancs Information Formative or In This datashec: 22*'2ine the design specifications for
Design product development. Specifications may change in
any manner without natice.

Preliminary First Production This datasheet contains prefiminary data, and
supplementary data will be published at a later dats.
Falrchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No ldentification Needed Full Production This datasheet contains final specifications. Fairchiid
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Gbsolete Nat In Production This datashesl containg specifications on a product
that has besn discontinued by Fairchild semicanductor.
The datasheet is printed for reference information only.

©2000 Fachild Samiconductar Intemationat
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FAIRCHILD
R
SERENICQMNOAICYOR

1N4728A - 1N4752A Series One Watt Zeners

Absolute Maximum Ratings*  ta=25c uless otnerwise noted

Tolerange; A'= 5%

Parameter Value Units h

Storage Temperature Range -65 to +200 °C

Maximum Junction Operating Tem perature + 200 °C

Lead Temperature (1/16” from case for 10 seconds) + 230 °c

Total Device Dissipation 1.0 w

Derate above 50°C 6.67 mWw/C_

Thermal resistance Junction to Lead 53.5 °CIW

Thermal resistance Junction to Amblent 100 °CIW

Surge Power** 10 w

*These ratings are limiting values above which the serviceability of the diode may be impaired. DO-41

**Non-recurrent square wave PW= 8.3 ms, TA= 55 degrees C.

NOTES:

1) These ratings are based on a maximum junction temperature of 200 degrees C.

2) These are steady state limits. The factory should be consulted on applications invoiving pulsed L J

or low duty cycle operations.
Electrical Characteristics = 7a= 25c uness otherwise noted
. Vz Z; Iz Zz¢ lzx Vr I Isurce Izm

Device | o o @ am | @ Cwmn | @ ¢ oen | wa | o
1N4728A 3.3 10 76 400 1.0 1.0 100 1,380 276
1N4729A 3.6 10 69 400 1.0 1.0 100 1,260 252
1N4730A 39 9.0 64 400 1.0 1.0 50 1,190 234
1N4731A 4.3 9.0 58 400 1.0 1.0 10 1,070 217
1N4732A 47 8.0 53 500 1.0 1.0 10 970 193
1N4733A 5.1 7.0 49 550 1.0 1.0 10 890 178
1N4734A 56 5.0 45 600 1.0 2.0 10 810 162
1N4735A 6.2 2.0 41 700 1.0 3.0 10 730 146
1N4736A 6.8 35 37 700 1.0 4.0 10 660 133
1N4737A 7.5 4.0 34 700 0.5 5.0 10 605 121
1N4738A 8.2 4.5 31 700 0.5 6.0 10 550 110
1N4739A 9.1 5.0 28 700 0.5 7.0 10 500 100
1N4740A 10 7.0 25 700 0.25 7.6 10 454 o
1N47T41A 11 8.0 23 700 0.25 8.4 5.0 414 83
1N4742A 12 9.0 21 700 0.25 9.1 5.0 380 76
1N4743A 13 10 19 700 0.25 9.9 5.0 344 69
INA744A 15 14 17 700 0.25 11.4 5.0 304 61
1N4745A 16 16 15.5 700 0.25 12.2 5.0 285 57
1N4746A 18 20 14 750 0.25 13.7 5.0 250 50
IN4747TA 20 22 125 750 0.25 15.2 5.0 225 45
1N4748A 22 23 11.5 750 0.25 16.7 5.0 205 41
1N4749A 24 25 10.5 750 0.25 18.2 5.0 190 38
1N4750A 27 35 95 750 0.25 20.6 5.0 170 34
1N4751A 30 40 85 1,000 0.25 228 5.0 150 30
1N4752A 33 45 7.5 1,000 0.25 25.1 5.0 135 27

Vi Foward Voltage = 1.2V Maximum @ Ir = 200 mA for all 1N4700 series

©1997 Fairchild Semiconductor Corporation

1N470CA Rev. B

S VZG.IVNL - V8Z.LYNL

Sl



TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ ISOPLANAR™
CoolFET™ MICROWIRE™
CROSSVOLT™ pop™
E2CMOS™ PowerTrench™
FACT™ Qs™
FACT Quiet Series™ Quiet Series™
FP\S’F® SUperSOTm ‘3 PERT r:’
FASTr™ SuperSOT™-6
GTO™ SuperSOT™-8
HiSeC™ TinyLogic™
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT

RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

effectiveness.

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, or (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to resutt in significant injury to the
user. -

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet ldentification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
in Design product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild

Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for réference information only.
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Pulse Width Modulation
Control Circuit

The SG3526 is a high performance pulse width modulator integrated | P ULSE WIDTH MODULATION
circuit intended for fixed frequency switching regulators and other power CONTROL CIRCUIT
contro! applications.

Functions included in this IC are a temperature compensated voltage
reference, sawtooth oscillator, error amplifier, pulse width modulator, pulse SEMICONDUCTOR
metering and steering logic, and two high current totem pole outputs ideally TECHNICAL DATA
suited for driving the capacitance of power FETs at high speeds.

Additional protective features include soft start and undervoitage lockout,
digital current limiting, double pulse inhibit, adjustable dead time and a data
tatch for single pulse metering. Al digital control ports are TTL and B—series
CMOS compatible. Active low logic design allows easy wired—OR
connections for maximum flexibility. The versatility of this device enables
implementation in single—ended or push—pull switching regulators that are
transformerless or transformer coupled. The SG3526 is specified over a
junction temperature range of 0° to +125°C.

® 8.0V to 35V Operation

& 5.0V 1% Trimmed Reference 3
® 1.0 Hz to 400 kHz Oscillator Range
® Dual Source/Sink Current Outputs: £100 mA N SUFFIX
@ Digital Currenl Limiti A A 'S
g ng CASE 707
® Programmable Dead Time
® Undarvoltage Lockout
e Single Pulse Metering
® Programmable Soft-Start PIN CONNECTIONS
o Wi i
ide Current Limit Common Mode Range —
® Guaranteed 6 Unit Synchronization -Emee [_1_— E Vet
ooz [
Compensason | 3 15 | Cupuz3
Representative Block Diagram —
Coor-gar [ 4] 15 | Ground
Vet Fou.: I Reset| 5 E Yo
Under- —)
17 | Reference P
VEC O Reguiator «»—‘ E/m £S5} 6 13 Ciw*.A
Ground OLL—_{_ To Intemal -GS 7 12| Sme
gy B g
Syne 1 12 ircuitry m- :g ™ oor | 3 E Ropaime
Rpeadime O] 51 131
Ry O+ Oscillator Lg RT Ii‘ 13 {Cy
Cr ! Output
o ] A (Top View;
Reset 5 Soft & =
Csor-Stat @Stm .
Compensaﬁono-a——Av ]
Vee |
16 ORDERING INFORMATION
O"g"“ Operating
Device Temperature Range Package
Shutdown O———————— = SG3526N | T;=0°to+125°C | Plastic DIP
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MAXIMUM RATINGS (Note 1)
Rating Symbol Value Unit

Supply Voltage Vee +40 Vde
Collector Supply Voltage Ve +40 Vdc
Logic Inputs -0.3t0+55 v
Analog Inputs -0.3toVee \
Output Current, Source or Sink lo ) 1200 mA
Reference Load Current (Vo =40V, Note 2) Iref 50 mA
Logic Sink Current 15 mA
Power Dissipation Pp mW

Ta = +25°C (Note 3) 1000 o ,,r,'

Tc =+25°C (Note 4) 3000
Thermal Resistance Junction—to-Air Rgja 100 C/W
Themmal Resistance Junction—to-Case Raic 42 C/w
Operating Junction Temperature Ty +150 <C
Storage Temperature Range Tstg -65to +150 C
Lead Temperature (Soldering, 10 Seconds) TSoder +300 °C

NOTES: 1. Values beyond which damage may occur.
2. Maximum junction temperature must be observed.
3. Derate at 10 mW/°C for ambient temperatures above +50°C.
4. Derate at 24 mW/°C for case temperatures above +25°C.

RECOMMENDED OPERATING CONDITIONS

Characteristics Symbol Min Max Unit
Supply Voitage Vee 8.0 35 Vdc
Collector Supply Voitage Ve 45 35 Vde
Output Sink/Source Current {(Each Output) 0 0 +100 mA
Reference Load Current lret a 20 mA
Oscillator Frequency Range fosc | 0001 400
Oscillator Timing Resistor RT 20 150 K
Oscillator Timing Capacitor Cr 0.Co1 20 pF
Available Deadtime Range (40 kHz) - 3.0 50 %
Operating Junction Temperature Range T o +125 °C

2 MOTOROLA ANALOG IC DEVICE DATA




8G3526
ELECTRICAL CHARACTERISTICS (VGC =+15 Vdc, T = Tiow to Thigh [Note 5], unless otherwise noted.)

f Characteristics ] Symbol [ Min { Typ { Max { Unit ]
REFERENCE SECTION (Note 6)
Reference Output Voltage (T = +25°C) Vref 4.90 5.00 5.10 A"
Line Regulation (+8.0 V < VoG < +35 V) Regjine - 10 30 mv
Load Regulation (0 mA <1< 20 mA) Regjpad - 10 50 mv
Temperature Stability AVyef/AT - 10 - mv
Total Reference Output Voltage Variation ‘ AVyef 4.85 5.00 5.15 v
(+8.0V sVee < +35V, 0 mA < < 20 mA)
Short Circuit Current (Vief = 0 V) (Note 2) Isc 25 80 125 mA
UNDERVOLTAGE LOCKOUT . ,-,',...‘,_,"
Reset Output Voltage (Vief = +3.8 V) - 0.2 0.4 Vv
Reset Output Voltage (Vyef = +4.8 V) 24 4.8 -
OSCILLATOR SECTION (Note 7)
Initial Accuracy (T j = +25°C) - 1 £30 =8.0 %
Frequency Stability over Power Supply Range Mose - 0.5 1.0 %
(+8.0V<Vco<+35V) AVee
Frequency Stabllity over Temperature Afgsc =i 20 - %
(ATy=Tiowto Thigh) S—TT !
Minimum Frequency fmin - 0.5 - Hz
(RT = 150k, CT = 20 uF)
Maximum Frequency fmax 400 - - KHz
(RT=2.0 kQ, C = 0.001 uF)
Sawtooth Peak Voltage (Vg = +35 V) Vosc(P) 4 30 3.5 v
Sawtooth Valiey Voltage (VGG = +8.0 V) Vosc(V) | 0.45 : 0.8 " v
ERROR AMPLIFIER SECTION (Note 8) .
Input Offset Voltage (Rg < 2.0 kQ) ; Vio Yl 2p 10 mv
Input Bias Current B - -350 ~2000 nA
Input Offset Current o == 1..35 200 nA
DC Open Loop Gain (R = 10 MQ) AVOL 60 72 - dB
High Output Voltage VOH 3.6 42 = Y
(VPin 1-VPin 2 2 +150 mV, Isoyrce = 100 pA) ,
Low Output Voltage VoL —on1 02 0.4 v
(VPin 2-VPpin 1 2 +150 mV, Igjnk = 100 pA) ‘
Common Mode Rejection Ratio (Rg < 2.0 kQ) CMRR 70 94 - dB
Power Supply Rejection Ratio (+12 V< Veg S+18 V) PSRR 86 | 80 - d8

NOTES: 2. Maximum junction temperature must be observed.
5. Tiow=0C Thigh =+125°C
6.1 = 0 mA unless otherwise noted.
7.f0sc =40kHz (RT=4.12kQ+1%,CT=0.01 pF £ 1%,Rp=0Q)
8.0VsVopm<s+52V.
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$G3526
ELECTRICAL CHARACTERISTICS (continued)

[ Characteristics I SymbolJ Min [ Typ [ Max I UnILl
PWM COMPARATOR SECTION (Note 7)
Minimum Duty Cycle DCmin - - 0 %
{VCompensation = *0.4 V)
Maximum Duty Cycle DCmax 45 49 - %
(VCompensation = +3.6 V)
DIGITAL PORTS (SYNC, SHUTDOWN, RESET)
Output Voltage Vv
(High Logic Level) (Isource = 40 pA) VOH 24 4.0 -
(Low Logic Level) {lsink = 3.6 mA) VoL = 0.2 0.4
Input Current— High Logic Level Stk pA
(High Logic Level) (V|4 = +2.4 V) R = -125 | -200
{Low Logic Level) (Vy_=+0.4 V) im = -225 | -360
CURRENT LIMIT COMPARATOR SECTION (Note 9)
Sense Voltags (Rg < 50 02) Vsense 80 100 120 mA
Input Bias Curmrent B — -3.0 -10 pA
SOFT-START SECTION
Error Clamp Voltage (Reset = +0.4 V) - 0.1 0.4 \
Csoft-Start Charging Cument (Reset= +2.4 V) Ics 50 100 150
OUTPUT DRIVERS (Each Output, V¢ = +15 Vdc, unless otherwise noted.)
Output High Level VOH \
lsource = 20 mA 12.5 13.5 -
Output Low Level ) Vou v
Isink =20 mA 3 0.2 0.3
lsink = 100 mA - 1.2 20
Collector Leakage, Vc = +40 V IC(leak) - 50 150 HA
Rise Time (C|_= 1000 pF) t L2 03 0.6 us
Fall Time (Cy_ = 1000 pF) tf - 0.1 0.2 ps
Supply Current Icc - 18 30 mA
(Shutdown = +0.4 V, Vo = +35 V, RT = 4.12 kQ)

NOTES: 7.fo5c =40 kHz (RT=4.12kQ 1%, CT =001 uF+ 1%, Rp=0Q)
8.0VsVppys+52V
3.0V<Vpopms +12V
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Figure 1. Reference Stability over Temperature
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Figure 3. Error Amplifier Open Loop
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Figure 5, Undervoitage Lockout Characteristic
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Figure 2. Reference Voltage as a
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Figure 4. Current Limit Comparator Threshold
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Figure 6. Output Driver Saturation Voitage as a
Function of Sink Current
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Figure 7. V¢ Saturation Volitage as a

Function of Sink Current Figure 8. Oscillator Period
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Figure 9. Error Amplifier Figure 10. Undervoltage Lockout
VCC erf

I

To Rese:
To Driver A
To Driver 3
12v
Bandgap
Reference

Figure 11. Pulse Processing Logic

Memory
FF The metering Flip—Flop is an asynchronous data latch
o which suppresses high frequency oscillations by allowing

Sync [ 93 onty one PYVM pulse per oscillator cycle.
S

PWM —D |
o—————> PWM The memory Flip—Flop prevents double pulsing in a
push—pull configuration by remembering which output
Metering produced the last pulse.
FiF
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APPLICATIONS INFORMATION

Figure 12. Extending Reference
Figure 13. Error Amplifier Connections

Output Current Capability
Negative
ol Output
c Ry
T Ry 1 Voltage
Vref +
2 17| Reference |18 2
Vee “VAA— Reguiator Vret R -
Bk Ry  Posiive
15 = 10uF Output
T Gnd Vottage ~ Gnd L
Gnd . . ) . e
= VgV lIIR1?R2>_ VY &
* May be required with some types of transistors out™ et | "Rz Sl R
/
{ R{Rp 1
Ry = ;\\ Ry +Rp
Figure 14. Oscillator Connections Figure 15. Foldback Current Limiting
Output Filter 4——1——«;2\/\1—-—0 -
S
1 SG3526 12 % —/ 6
8
R Vo
Rp 9 10 \+ > 1 o
d
= Rz
= Gnd < O -
Rt T Cr
3 VoutR1
h ' 01V+———-——-R1+R2 -
= = madi=  Triisy = lam = CLA
{max) Rs SC
Figure 16. Soft—Start Circuity Figure 17. Driving VMOS Power FETs
+12V O-
Vref ¢
100 | 14 —
; JA } Ramp~1 3 - ' [P "
PWM L — %
+ Emor i Ermor : + A '_* llv
Ermor = r {I
- I}
$G3526 j
— 5 Q2 ! L
Reset B 16 J o
Gnd ;s
To
Undervoltage | e

Lockout I_ Csoft-Start

The toter poke output drivers of the SG3526 are ideaity
suited for driving the input capacitance of power FETs at
high speeds.
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Figure 19. Flyback Converter with

Figure 18. Half-Bridge Configuration Current Limiting
+V o
WV fo ° S"PW
Supply Rt o LT
R [{
14 R4
14 Vo 18 2!
Ve Al13 e o
Al Q1
5] = 15 D2 [N
SG3526 R B —p+
|8 g| 5% |,
Gnd S S s g
15 T
4 . 6 §R3
o Cs Gnd
= T 1 15 % R2
O—
In the above crcuk, cument limiting is accompished by using the
cument §mit comparator output (o reset the soft-start casacrar.
Figure 20. Single—Ended Configuration Figure 21. Push—Pull Configuration
+V Supply © Q1 To +V Supply o—+-
g o &
Fitter
rR2 14
{0
14 {
e |1 SG3626
SG3526 16
gD G B 2
Gnd 15 =
15
~af
° =
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OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE
CASE 707-02
ISSUEC
NOTES:
1. POSITIONAL TOLERANCE OF LEADS (D).
[ARARARANANANAGNA] SHALL BE WITHIN 0.25 {0.010) AT MAXIMUM
18 10 ¥ MATERIAL CONDITION. iN RELAT.ON 7O
SEATING PLANE AND EACH OTHER
b B 2. DIMENSION L TO CENTER OF LEADS WhEN
Oy 9 ¥ FORMED PARALLEL i
SRR PAYETRYETRVRY) z.gLuéfmsoc{sxc. NCLLOE MO
pe—————A _‘_‘—’} WHLLIMETERS mcns:ﬁ
D WAX | NN
c— L “% 27 | 2524 | 373 2%
B | 610 | 5C | 2k | 220
_L b C| 3% | 4% Tx
L R
N K G 254‘«;"_' :sS".
F p-»fle- | seamsc | " R i A B s
H G PLANE k] 22 ] s& 1'%
¢ 768235C <
M 0 [ £ e
N 051 ] 2 S
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&Natconal Semiconductor

LM139/LM239/LM339/LM2901/LM3302
Low Power Low Offset Voltage Quad Comparators

General Description

The LM139 series consists of four independent precision
voitage comparators with an offset voltage specification as
low as 2 mV max for all four comparators. These were de-
signed specifically to operate from a single power supply
over a wide range of voltages. Operation from spiit power
supplies is also possibie and the low power supply cumrent
drain s independent of the magnitude of tha power supply
voitage. These comparators also have a unique characters-
fic in that the input common-mods voltage range includes
ground, even though operated from a single power Supply
voitage.

Appfication areas includs fimit comparators, simpla analog
to digital convarlars; pulge, squarewave and lime delay gen-
erators; wide range VOO; MOS clock timars; muitivibrators
and high voitage digital logic gates. The LM139 serlas was
designed to diractly interface with TTL and CMOS. When
operated from both plus and minus power supplies, they witt
directly interface with MOS logio— whare tha low power
drain of the LM339 is a distinct advantage over standard
comparators.

Advantages
8 High precision comparators
® Reducad Vgg dritt over temparature

B Eliminates need for dual supplies

| Allows sensing near GND

= Compatible with all forms of logic

® Power drain auitable for battery operation

Features

B Wide supply voitaga range
LM139 series, 2 Vpg to 36 Vpg or

+1 Vpg to +18 Vpo

LM139A seriss, LM2901 2 Vpg 16 28 Vpg

LM3302 or £1 Vpg to £14 Vpg
@ Very low supply current drain (0.8 mA) — independent
of supply voltage
® Low input biasing curent 25 nA
® Low input offset currert 5 nA

and offset voltage +3 mV
B Input common-mode voltags rangs includes GND
m Difforantial input voltags range squal to the power
supply voitage
B Low output saturation voltage 250 mV at 4 mA
B Output voitage compatible with TTL, DTL, ECL, MOS
and CMOS logic systemns

Connection Dlagrams
Dual-in-Line Package
QUIMNT3 JVUIPUTA  GND WIUT &+ IPUTA.  IPUT I T 3-

W 13 7 11 k] A L]

W=t

¥ 1 ll e 5 [] ?

CUTRIT? BuTPRTY ¥ YT Y-

T vitw TL/HIBT08-2
Order Number LM130J, LM130J/883", LM138A,
LM139A3/883°%¢, L2383, LM23SAJ, L339,
See NS Package Number J12A
Order Number LM332AM, LM339M or LM2901M
See NS Packoge Number M14A
Order Number LM339N, LM339AN,
LM2901N or LM3302N
See NS Package Numbrer N14A
*Available per JM38510/11201
**Availablo por BMD & 5062-8873001

OUT Y MPRE 2. MMNE 2

v+

-

e

N2~
N2

™3+

3~
TL/H/6T08-28

Order Number LM139AE/883 or LM130E/683
See NS Package Number E20A

¥

!
OVIRUT 2 1
QUTPUT 1

L]

DUTFUT 3
OUTRUT &
GND.

BATIS ] LM3SW VT 40

et 10 oy INPUT 4-

INPUT 2 NPUT 30

INPUT 2+ INPUT 3
TUM/8T06-27

Order Number LM139AW /883 or LAI139W/883°
See NS Package Number W148

©7298 National Semmiconducior Corporation  TL/H/6708
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Typical Performance Characteristics Lw13s/Lm239/LM339, LM139A/LMZ39A/LM339A, LM3302
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Application Hints

The LM139 series are high gain, wide bandwidth devices
which, like mest comparators, can easily oscillate if the out-
putleadiairﬂdvmwdbwedwwpadﬁvelymxplem
the inputs via stray capacitance. This shows up only during
the output voltage transition intsrvals as the comparator
changes states. Power supply bypassing is not required to
solve this problem. Standard PC board layout is helpful as it
raduces stray input-output coupling. Reducing this input re-
sistors to < 10 k{2 reduces the feedback signal levels and
finally, adding even a small amount (1 to 10 mV) of positive
feedback (hysteresis) causes such a rapid transition that
ascillations due to stray feedback are not possibie. Simply
socketing the IC and attaching resistors to the pins will
causa input-output oscliilations during the small transition in-
tervals uniess hysteresis is used. If the input signal is a
puise wavaform, with relativaly fast rise and fall times, hys-
taresis is not required.

All ping of any unused comparators should be groundad.
The blas network of the LM139 senes establishes a drain
current which is independsnt of the magnitude of the power
supply voltage over the rangs of from 2 Vpg t0 30 Vpc.

It is usually unnecessary to uss a bypass capacitor across
the power supply ling,

Typical Applications v+ = sovpe
Basic Comparator

TL/H/5T06-3

TL/H/5T08-8

The differential input voltage may be larger than V+ without
damaging the device. Protection should be provided 1o pre-
vent the input voitages from going negative more than ~0.3
Vpg (at 25°C). An input clamp diode can be used as shown
in the applications section.

The output of the LM139 series is the uncommitted callector
of a grounded-emitter NPN output transistor. Many collec-
tors can be tied together to provide an output OR'ing func-
tion. An output pull-up resistor can be connected to any
available power supply voltage within the permitted supply
voitage range and there is no restriction on this voltage dug
to the magnitude of the voitage which is applied to the M+
terminal of the LM139A package. The output can alsa be
used as a simpla SPST switch to ground (whent a pull-up
resistor is not used). The amount of current which the output
device can sink s limited by the drive availabls (which is
independent of V+) and the B of this davice. Whan the
maxdmum curent limit is reached (approximately 18 mA),
the output transistor will come out of saturation and the out-
put voltage will rise very rapidly. The output saturation volit-
age s limited by the approsimately B0 Rgay of the output
transistor. The low oftset voltage of the output transistar (1
mV) allows the output to clamp essentially to ground level
for small load currents.

TL/H/5708—4

TUH/5T08~9




Typical Applications (v+ =15 vy (Cantinued

One-Shot Multivibrator

"Iy (& ,
o, T
I Y6l s

One-Shot Multivibrator with Input Lock Out

TL/H/5708-10

15V

TUH/STO8~11

TL/H/5708-12




General Description

These hex buffers are moncihic complsmentary M0S
(CMOS) integrated circuits constructed with N- and P-chan-
nel snhancement mode transistors. Thesa davices faature
Ingic level conversion using only one supply voltage Von)
The input signat high level (Vi) can exceed the Vpp supply
viliagy when (hese devices ate used for IDgic favel tonvire
sions. These devices are intended for use as hex buffers,
CMOS to DTL/TTL converters, or as CMOS current drivers,
and at Vpp — 5.0V, they can drve diroolly twa DTL/TTL
loads over the full operating temperature range.

NNational Semiconductor

CD4049UBM/CD4049UBC Hex inverting Buifer
CD4050BM/CD4050BC Hex Non-inverting Buffer

March 1988

Features

B Wida sunnly vnitage range 20V in 18V

m Direct drive to 2 TTL loads at 5.0V over full tempe:es-
tura rangs 1

B High gourne and eink cwrrant capghility

B Special input protection permits input voltages greater
than VDD

Applications

B CMOS hex inverter/buffer

® CMQOS o DTL/TIL hex converter

B CMOS current “'sink™ or “source” driver
® CMOS high-to-low logic level converter

Connection Diagrams

CD4045UBM/CD4D45UBC CD3050BM/CD4D5DBC
Dual-In-Line Package Dual-in-Line Package
n'c L;’ F L 24 E 1=B [ B t-F F NG KeE E =D 1]
L 15 1) 13 12 1 1 3 15 1 14 13 12 H 18 ]
be | b | b | o |
{1 {z 3 ,c s lu ¥ ls {x Iz 3 In [ s 7 la
vpg 0=% A 4= 2 1-T C Vgs Vgp B8=A A n=8 8 1= ¢ Vg3
TL/F/5971-1 TUF/5971-2
Fop View Top View
Ocder Number CO4040UB or£D4D498 Order Number CONOS0UB 0 CO40508

g

lajjng BujlisAul-UuoN xoH D£105070D/WE0S0PAD

‘21998 National Semiconductor Corporaion TL/F/5071

RRD-B30M1056/Printed in U. S. A.
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Absolute Maximum Ratings woes 162~ Recommended
i Miitary/Asrospace specified devices are required, c°n tions (Note
please contact the National Semiconductor Sales Su dl 2)
Office/Distributors for avaiabiiity and specifications. pply Voitage (Vpo)
Supply Voltage (Vo) -05Vto +18y  nputVoitage (Vin
Input Vottage (Viy) ~05Vio +1gy  voltageat ?"V s S NQUT{L)
= ‘emperatura Range

Voitage at Any Outpet Pin (Voum) 0.5Vto Vpp + 0.5V CD4049UBM, CD40508M
Storage Temperaturs Rangs (Tg) —65°C to +150°C CD4048UBC, CD40508C
Power Dissipation (Pp)

Oual-in-Line 700 mW

Smaf Qutting 500 mW
Lead Tempsrature (T|)

({Soidering, 10 seconds) 260°C

DC Electrical Characteristics cosoaom/cosososm vote 2)

3Vio 15V
OVito 15V
QtoVpp

~55°Cto +125°C
—40°Cto +85°C

Symbol P : Conditi —-§5°C +25°C +125°C Units
Min | Max | Min | Typ | Max | Min | Max
Ipo Quiescent Davice Curent | Vpp = 5V 10 001 | 10 30 | pA
Vpp = 10V 20 003 | 20 60 | pA
Vpp = 15V 4.0 003 ] 40 120 pA
Vo Low Lavel Quiput Voltage | Viy = Vpp, Vi, = OV,
iol <1 pA
Vpp = 5¥ 0.05 0 | 005 005} V
Vop = 10V 0.05 ¢ | o005 005{( V
Vpp = 15V 0.05 0 |o0o0s 005} Vv
Vou High Level Qutput Voitage | Viy = Vpp, Vi = 0V,
flol <1 pA
Vpp = 5V 4.85 495 | § 4.96 v
Vpp = 10V 9.95 9.95 | 10 9.95 v
Vpp = 15V 14.85 1495 15 14.95 v
Vie Low Level Input Voltage | flof < 1 pA
{CD40508M Onty) Vop = 5V, Vg = 0.5V 15 2251 15 15 v
bp = 10V,Vp =1V 30 45 | 30 30 v
Vpp = 15V, Vg = 1.5V 40 875 | 4.0 40 v
ViL LOWLBV@"’WVO‘BQG Ilo‘ < tpA
{CD4043UBM Oniy) Vpp = §V, Vg = 45V 1.0 15| 1.0 1.0 v
=10V, Vg = 9V 20 25 | 20 20 s
Voo = 18V, Vg = 13.5V 3.0 35 1 30 3.0 v
Vin High Level input Voltage | figl <1 pA
(CDA0508M Ority) Vpp = 5V, Vg = 4.5V 35 35 | 275 35 v
Vpp = 10V, Vg = 9V 7.0 70 | 85 7.0 v
Vpp = 15V,Vg = 135V | 110 11.0 | 825 11.0 \
ViH High Level Input Voitage llol <1 pA
(CD4043UBM Only) Voo = 5V, Vo = 0.5V 40 40 35 40 v
Vpp = 10V, Vg = 1V 8.0 8D | 75 8.0 v
s =15V,Vg = 1.5V | 120 120 | 1.5 12,0 v
loL Low Level Output Current | Vi = Vpp, Vi = OV
(Nota 3) Vpp = 5V, Vo = 0.4V 56 46 5 32 mA
Vpp = 10V, Vg = 0.5V 12 98 12 68 mA
Vpp = 15V, Vg = 1.5V 35 29 40 20 mA

Note t:* Absoimamxmummm"mnm-vﬁuesboymd\mxchmmthmmmmmtwmn«mnommumdm

shauld ba oparated et these limits. The table of “Recommendsd Operaling Conditions™ and “Electrical Ch
operaton.
Note Z Vsg =~ OV uniess otherwise spacified.

ditions for actual device

Note X Thess are peak output current capabiities, Continuous oulput current is ated at 12 mA maximum. The output current should not be allowed 1o exceed this
value for axiended periods of time. io and loy are testad one oufput at a time.

2




DC Electrical Characteristics CD4049M/CD40508M (Note 2) (Continued)

Symbol p t Conditi -55°C +25°C +125°C Units
Min | Max | Min Typ Max Min Max
lon Hgh Level Qutput Current | Vi = Vpp, ViL = OV
(Note 3) Vpp = 5V,Vgo = 4.6V -13 -1.1 -1.6 ~0.72 mA
Vpp = 10V, Vg = 9.5V —-26 —-22} —~386 -15 mA
Vop = 15V, Vg = 135V | —8.0 -72 —-12 -50 mA
I Ingast Current Vop = 15V, Vin = OV -0.1 -10-5{ -1 -1.0[ pA
Vpp = 15V, VjNy = 15V 0.1 10-5 0.1 10 BA
Note 1: “Absciute Maximum Ratings™ atsmosevaweoboyondwhuchmosablyoilhodevcecamotbegtmamood'1heyamnotmoannormplythallhodovw
should be cosrsted at thees fimile. The table of “Recommaendsd Operating Conditions™ and Cn B ftions for eckig) defice
operabon.

MO 2 Vg = OV Uricss olhorwiss spacifisd.
Mots X These are peak oulput curent capabiives. Confiruous outpul current is rated al 12 mA maximum. The outpul cument should nol be aliowed 10 excesd ihis
value for exierced periods of time. 1oy, and loy are 1ested one oulput at a time.

DC Electrical Characteristics co4ousc/cp40508G (Note 2)

Symbot Parameter Conditions A0 < +85C | unrs
Min | Max | Min | Typ | Max | Min | Max
Ipo Quiescent Device Current | Vpp = 5V 4 0.03 | 4.0 30 | pA
Vpp = 10V 8 0.05{ 80 60 | pA
Vpp = 15V 18 0.07 | 16.0 120 | pA
Vou Low Level Output Voltage | Viy = Vpp, ViL = OV,
flol < 1 pA
Vpp = 5V 0.05 0 | 005 005| V
=10V 0.05 o | 005 005| V
Vpp = 15V 0.05 o {o00s 005| Vv
" Von High Level Output Voltage | Viy = Vpp, ViL = OV,
flol < 1pA
Vpo = 5V 4.95 4.95 5 4.95
Vpp = 10V 9.95 995 | 10 9.95 v
Vpp = 15V 14.95 1495 | 15 14.95 v
Vi Low Level Input Voltage | fig} < 1 kA
(CD40508G Oniy) Vpg = 5V, Vg = 0.5V 1.5 225 15 15 v
Vpp = 10V, Vo = 1V 3.0 45 | 30 3.0 v
Vpo = 15V, Vo = 1.5V 40 6.75 | 40 4.0 v
ViL Low Level Input Voltage liol <1 pA
(CD4049UBC Only) Vpp = 5V, Vo = 4.5V 1.0 .5 | 10 1.0 v
Vpp = 10V, Vg = 9V 20 25 | 20 20 v
Vpp = 15V, Vg = 135V 3.0 35 | 30 3.0 v
Vi High Levet Input Voitage | ol < 1 kA
{CD40508C Only) Vpp = 5V, Vg = 4.5V 35 35 | 275 35 v
Vpp = 10V, Vo = 8V 7.0 70 | 55 7.0 v
Vpp = 15V, Vo = 135V | 11.0 110 | 8.25 1.0 \
Vi High Level Input Voltage | ligl < 1 pA
(CD4048UBC Only) Vpp = 5V, Vg = 0.5V 40 © 40 | 35 40 v
Vpp = 10V, Vo = 1V 8.0 80 | 7.5 8.0 v
Vpp = 15V, Vo = 1.5V | 120 120 | 115 12.0 v

Note 1 “Absoxrs Maximum Ratings™ are those vaiues beyond which the salety of tha device cannot be guaranteed; they are not meant io imply that the devices.
should be oparzred at thesa limits. The table of “Recommended Operating Conditions™ and “Elactrical Characteristics” provides conditions for actual device
ocosration.

Note 2 Vgg = TV uniess otharwise specified.

Note T These aa paak oulput curent capabiities. Continuous outpul current is rated at 12 mA maximum. Tha output current shouid not be atlowed 1o exceed this
ViU for axtenced padiods of 1ime. Iy and loy are tasiad ona oulpul al & lima.




DC Electrical Characteristics cossusc/co40508C (Nate 2) (Continued)

Symbol Parameter Conditions 406 ik ¥85C | nns
Min { Max | Min Typ |[Max| Min | Max
lov Low Level Qutput Current | Vi = Vpo, ViL = OV
{Note 3) Vpp = 5V, Vg = 0.4V 4.6 4.0 5 3.2 mA
Vpp = 10V, Vg = 0.5V 9.8 8.5 12 8.8 mA
Vpp = 15V,Vo = 1.5v | 29 25 40 20 mA
lon High Level Qutput Current | Vi = Vpp, Vi = OV
(Note 3) Vpp = 5V, Vp = 4.6V -1.0 -09] —-16 —0.72 mA
Vpp = 10V,Vp = 9.5V | —2.1 -19{ —-36 -1.5 mA
Vop = 15V,Vg = 13.5V| —7.1 -62( —12 -5 mA(«
™ Input Current Voo = 15V.Vix =0V | -03 —0.3{ —10-5 -10{ pA
Vpo = 15V,Viy =15V | 03 03 | 10-5 10 | pA
AC Electrical Characteristics* cowsusm/cpeossusc
Ta = 25°G, G = 50 pF, R ~ 200K, t, = t — 20 nz, undess othanwise specified
Symbot Parameter Conditions Min Typ Max Units
tpHL Propagation Bslay Time Vpp = 5V 30 85 ns
High-to-Low Level Vpp = 10V 20 40 ns
Vpp = 15V 15 30 ns
toLy Propagation Delay Time Vpp = 5V 45 85 ns
Low-to-High Level Vpp = 10V 25 45 ns
Vpp = 15V 20 35 ns
trHL Transition Time Vpp = 5V 30 ns
High-to-Low Level Vpp = 10V 20 40 ns
Vpp = 15¥ 15 30 ns
trus Transition Time Vpp = 5V 60 120 ns
Low-toHigh Lavel Vpp = 10V 30 56 ns
Vpp = 15V 25 45 ns
CiN Input Capacitance Any Input A5 225 pF
*AC Perametacs are quaranieed by OC correlated lesting.
AC Electrical Characteristics™ cos0sm/cp40508C
Ta = 25°C, Ci = 50 pF, Ry = 200k, t = & = 20 ns, unless otherwisa specifisd
Symbol Parameter Conditions Min Typ Max Units
oL Propagation Delay Time Vpp = 5V 60 110 ns
High-to-Low Level Vpp = 10V 25 oo ns
Vpp = 15¥ 20 30 ns
tpiH Propagation Dslay Time Voo = 5V 80 120 ns
Low-to-High Level Vpp = 10¥ 30 55 ns
Vpp = 15V 25 45 ns
tTHL Transition Time Vpp = 5V 30 60 ns
Highrto-Low Leval Vpp = 10V 20 40 ns
Vpp = 15V 15 30 ns
tnH Transition Time Vpp = 5V 60 120 ns
Low-to-High Level Vpp = 10V 30 55 ns
Vpp = 15V 25 45 re
Cin input Capacitance Any input 5 75 pF

“AC Pemmmeters sra guaraniesd by DC comeiated fasting.




Schematic Diagrams

CD4049UBM/CD4045UBC
1 of 8 Identical Units

Voo

'_’__‘ -

CD4050BM/CD4050BC
1 of 8 Identical Units

Voo

)
b

IneUT
BV ~ 3V V=2Y
- TURISI =3
Switching Time Waveforms
Vout
CD44EUD
couitdl
Typical Applications
CMOS to TTL or CMOS at a Lower Vpp
S 3 1
Voe Voo
i Vee i ..l.‘..
—— VoD1 £M0S oA L
T- %08 73
ong ang
1 7.

Note: Voo 2 Yo

Note: In the case of the CD4048UBM/CD4043UBC
hs cuiput drive bility i with i ing
input voltage. E.g., i Vppy = 10V the CD404SUBM/
CD4048UBC could drive 4 TTL loads.
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CD4049UBM/CDA4049UBC Hex Inverting Buffer
CD4050BM/CD4050BC Hex Non-Inverting Buffer

Physical Dimensions inches (mitimeters)

(13,93 MAX —eeme

5783
Ixs ' 9
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[3.59~7.87]
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8 0:025 |72V AR VIS IR S L ]
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- ,_o.a;nu.cof -
Saos £ 2.299-0.520
[6.13) —» 14— - ooa? v [7.37-3.13}
.)‘IN e
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Ceramic Dual-in-Line Package (J)
Order Number CO4048UBMJ, CDM04SUBCJ, CD404988M or CD40498CJ
N3 Package Number J16A
0.25420.010
3
,.\rnm-
- 1: XL TP
f—
i o
o JL "' ;" ¢ m
{0356 0534) (z.wao.m) 03259018
s (i)
Moided Duatin-Line Package (N)

LIFE SUPPORT POLICY

| Guass SthLant

is gty L)

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCGTOR CORPORATION. As used herein:

1. Life support devices oOr systsms are devices or 2 A crtical ~~7 et s any component of a life

systems which, (a) are intendsd for surgical implant
into the body, or (b) support or sustain lifs, and whose
failure to perform, when properly uged in accordance

SUPPOL uovice OF Systern whose failure to perform can
be reasonably expected to cause the failure of the lite
support devica or system, or to affect ite safety or

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

to the user.
Nelonal Seaiconductor Mational Seaoondscter Natonal Senseonducior Raional Semisonaysior

Ewrops Kong Lid, Japan Lad.

1tt West Berdin Rosd Fax (fmo-lm-.rmnsaa 13t Fioor, Strmght Block, Tal: 81-043-299-2309
Astington, TX 76017 @ tevm2 nec.com Ocesn Cerire, § Canton Rd. Fax 81-043-298-2408
Tek: 1(300y 2729959 Deudsch Tet (+49) 0-180-530 85 85

the right st ey Sms sthout motics 13 cherge said crculry and spacifications.




Philips Semiconductors Product spacification

NE/SAISES3Z/

| onerati ifie IO, s
Low power dual operational amplifiers i 58I 258/358/AI2904

PRITL N PIITITIIIAS AR AAARIFTIANT IS ATTISMA IS
W eV IV AT 1 IS WRATR NS WU ST
Tho E30250N 0N concist sttve ndspsndent. ichsi, , 4
internally frequency-compensated operational amplifiers intemally D, FE, N Packages
frequency-compensated operational amplifiers designed specificatly "
to operate from a single power supply over a wide range of voltages. oy T
Operation from dual power supplies is alsa passible, and the law OUTRUTAL ™1 rl;—_—'v’
power supply current drain is independent of the magnitude of the INVERTING INPUT A LE_“ 7 | QUTPUTB
power supply voitage. 1 —
NON INVERTING IWPUTA | 3 |— {' L_wwa

V-';T———— —| 5 NON NVERTING NPUT B
UNIQUE FEATURES ] .
In the linear mode the input common-mode voltage range includes
ground and the output voltage can also swing to includes ground Figure 1. Pin Configuration
and the output voitage can also swing to ground, even though
operatad from only 8 single power supply voltage. The unity gain e O OE ange single supply—3Vpc to 30Vpc of dual
cross frequency is temperature-compensated. The inp st hias curent :Vui:; :m to +1 5‘;;0% P Re DE
is also temperature-compensated. :

® Very low supply current drain (400pA)—essentially independent of
supply voitags (1mVyW/op amp at +5Vpc)

FEATURES @ Low input biasing curent—45nApg temperature~compensated
® intematly for unity gain ® Low inpuit offsat voitage—2mVpc and offset current—5nAnc

* Lorgs DG oltegpain—100d0 ® Differential input voltage range equal to the power supply voltage
® Wide bandwidth (unity gain}—1MHz (temperature-compensated) ® Large output voitage—DVg 10 V+ 1.5Vpc swing

Rl
I

EQUIVALENT CIRCUIT

Figure 2. Equivalent Clrcuit

1995 Nov 27 1 853-1241 16050
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L dual Eonal I NE/SA/SES32/
OW power duai operatonai ampiimers LM158/258/358/A/12904
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Plastic Small Outline (SO) Package 0to+70°C NE532D SOT86-1
8-Pin Plastic Dual In-Line Package (DIP) 0to +70°C NES32N SOT97-1
8-Pin Plastic Small Outline (SO) Package -40°C to +85°C SA532D SOT96-1
8-Pin Plastic Dual In-Line Package (DIP) -40°C to +85°C SA532N S0OT97-1
8-Pin Ceramic Dual In-Line Package (CERDIP) ~40°C to +85°C SA532FE # D580A
8-Pin Piastic Small Outline {SO) Package -40°C to +125°C LM2504D SOT86-1
8-Pin Plastic Dual in-Line Package {DiP) 40°C 1o +125°C LM2G04N SOTY7-1
8-Pin Ceramic Dual in-Line Package (CERDIP) -55°C to +125°C LWS8FE 058CA
8-Pin Plastic Dual in-Line Package {DiP) -25°C to +125°C LM258N SOT97-1
7§ 8-Pin Piastic Smail Outline (SO) Package -25°C 10 +125°C L2580 SOTY6-1
8-Pin Piastic Smah Outline {SD) Package D 1o #70°C 1M358D SUTS6-1
8-Pin Piastic Dual in-Line Package (DIP) Oto +70°C LM358N S0T9741
8-Pin Plastic Dual In-Line Package (DIP) 0to+70°C LM35BAN 30T797-1
8-Pin Piastic Small Outline (SO) Package 0to +70°C LM358AD SOT96-1
8-Pin Plastic Dual In-Line Package (DIP) 55°C to +125°C SE532N S0T97-1
8-Pin Ceramic Dual In-Line Package (CERDIP) -55°C to +125°C SES32FE 0580A
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAWMETER RATING UNIT
Vs Supply voitage, V+ 320r+16 Vpc
Differential input voltags 32 Voc
Vin Input voltage -0.3t0+32 Voc
Maximum power dissipation
TA=25°C (Still air)?
Pp FE package 780 mw
N package 1160 mwW
D package 780 mw
Output short-circuit to GND®
V+<15 Vpg and Tp=25°C Continuous
Operating ambient temperature range
NE532/L.M358/LM358A Oto+70 °C
Ta LM258 -25 to +85 °C
1M23804 -40 10 +125 °C
SA532 -40 to +85 °C
SE532/LM158 =55 to +125 °C
Ts1o Storage temperature range -65 to +150 °C
Tsoip Lead soldering temperature (10sec max) 300 °6
NOTES:
1. Derate above 25°C, at the following rates:
FE package at 6.2mW/°C
N package at 9.3mW/°C
D package at 6.2mW/rC




Philips Semicanductors Product specification
. . NE/SA/SES32/
Low power dual operational amplifiers LM158/258/358/A/2904.
DC ELECTRICAL CHARACTERISTICS
Ta= 25°C, V+=+5V, unless otharwise specified.
NE/SA532/
3 58
SYMBOL PARAMETER TEST COMDITIONS SEORIIISER LM358/LM2904 UNIT
Min Typ Max Min Typ Max
g Rs=00Q 2 5 £2 +7 mv
Vos Offeat vokage Rg=00, over temp. 7 , 18 mv
Vos Drift Rs=0Q, over temp. 7 kG NYES
L Iin (%)hy () 13 | 30 5 150 nA
les Dttt Over temp. +i00 $i56 | nA
1os it Over temp. 10 10 pAFiC
Iy orly ) 45 150 45 250 nA
> N N
s {Input cument Overtemp. huy (+) or hy () o | 300 4 | s00 nA
s Drift Over temp. 50 50 pAPC
Vem Common-mode voitage V+=30V 0 V+1.5 0 V+1.5 \
range® 7 Over temp., V+=30V 0 V+-2.0 0 V+-2.0 \
{CMRR | mcc’,""""“ ods [sjection V+=3pV 70 ) 88 s 4 70 dB
) R 22K0, V+=30V,
Von Output voitage swing over temp. 28 26 \
R(210KQ, V+=30V,
i ym 27 28 27 28 v
| Vo Output voltage swing Ry 210k, over temp. 5 20 5 20 mv
| Suppiy current K{}EL :n.‘ auv:n?)?xers £5 ik fop i 4 mA
CcC 3
_ o) =" 06 | 12 | ma
i 11  R22K0 Vour 10V, " i
- Va=i5y 50§ 100 25 | 900 ViV
Avor | Large-signal voltage gain {for tange Vg swing) 25 15 Vimv
over temp.
I sl Rs=00 65 | 100 65 | 100 B
Amplifier-to-amplifier cou- f=1kHz to 20kHz ’
i ; : . -1 dB
, piing?® (input refemrad) g 4
) Output carrent Vine=+1Vpe, Vin=0Vpc, ' ‘
b = Vv iSine 2n an 2n an mA
ViN+=T Ve, Vin=0VDe,
V=1 5\/9.3_ nvar tamn 10 / 20 10 i
. Vi =+1Voe. Vine=DVaos . p W : - )
Sink VasiSVoe 10 0 0 mA
Vin=+1Vpe, Vine=0Vpc,
V+=15Vpc, over temp. 2 8 5 8 s
Vine=0V, Vin=+1Vpe,
Vip=200mV 12 50 12 50 pA
Isc Short circuit curent® 40 60 40 80 mA
Differential input voltage® v+ V+ v
GBW Unity gain bandwidth Ta=25°C 1 1 MHz
SR Slew rate TA=25°C 0.3 0.3 Vips
I Ynoise | Input noise voltage Tp=25°C, f=1kHz 40 40 nVAHz

ANNE M)myr BT
TOUL VO e

(48]




40mA independent of the magnitude of V+. At valuas of supply
dissipation ratings and cause eventual destruction.

G. minmmmmevmmmmmvm shautd TRet e aliowed 1o
fommon-mode vallage range is V+-1.5Y, but sither or both inputs can go 1o +32Vpc w

995 Now 27
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Philips Semiconductors Product spacification
Low power dual operational amplifiers NE/SA/SES32f
P P B LM158/258/358/A/2904
DC ELECTRICAL CHARACTERISTICS Ty=25°C, v+=+5V, uniess otherwige specified.
LM358A
SYMBOL PARAMETER TEST CONDITIONS T Ve e UNIT
Rg=0Q +2 +3 mv
1 S
Vos Offset voltage Rs=0%2, over temp. 15 mv
Vos Drift Rg=09, over temp. 7 20 nviec
v (9)-hy () 5 230 nA
los Offast Over temp. TS nA
los Drift Over temp. 10 300 pA/°C
Iin (4 or iy () 45 100 nA
2 iN N
sias nput current Over temp.. i (*) of iy () 40 200 nA
Ig Drift Over temp. 50 pA/°C
Vom Common-mode voitage V=30V 0 V1.5 v
range3 Over temp., V+=30V 0 V+2.0 Vv
CMRR |} Common-mode rejection ratio V+=30V b5 85 aB
’ : Ry 22K82, V+=30V,
Vou 1 Output voltage swing o3y 4 26 v
Ry =10k, V=30V,
_ over temp. 27 28 \Y
VoL Output yoltage swing Ry 210k, over temp. 5 20 mVv
Ry =eo, V4=30V
Icc Supply cumrent Ry = on afl amplifiers, 82 :g m
over temp., V+ =30V % i
Ry 220, Vot £10V,
: ) V+=15V 25 100 vimv
AyoL Large-signal voltage gain {for large Vi swing) 15 Vimv
over temp.
PSRR Supply voitaga rejection ratio Rs=00 \ 65 100 dB
' Amplifier-to-amplifier coupling® f=1kHz to 20kHz (input referred) -120 dB
- i Vine=t1Voc, Vin=0Vpc, 20 40 mA
Suuite NT=idvpe
Vine= 3V Vin=SViu,
l V+=15Vne. over temp. i 2 A l
— Viae=+1Vne. Vine=0Vnr. - \ & )
Sink V+=15Vpc 10 20 A
Vin=+1Vpe, Vina=0Vc, 5 R mA
V¥=15Vpg, over emp. ]
Vine=0V, Vin=r1Vpg,
Vg=200mV 3 =0 A
Isc Short circuit cusrent® 40 80 mA
Differential input voltage® V+ v
GBW Unity gain bandwidth Ta=25°C 1 MHz
ISR Slew rate Ta=25°C 0.3 Vips
| VioisE Input noisa voltage Ta=25°C, f=1kHz 40 nVANHz
NOTES:
1. Vg~ 1.4V, Ra=00 with V+ from 5V b 30V and over the figl inptt common-mode range {0V to V+ -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 so no loading change exists on the input fines.
3. Thalinput common-mode voltage or either input signal woitage should not be allowed to.go negative by mare than 0.3V. The upperend of the
common-mode voltage range is V+~1.5V, but either or both inputs can go to +32V without damage.
4. Dus o proxnity of extarmnal COMpONBNTS, SIS that coupiing IS Not oniginating via stray capacitance between these external parts. This
typicallycanbedetmedasﬂﬁstypedmmmupﬁmimatmghw jas.
5 Uk mmwww@mmmwmm.mmwm&w

voltage in excess of +15Vp, continuous short-circuits can exceed the power

Qo negative by ere then 0.3V, The upper wid of the
damage.
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Low power dual operational amplifiers

NE/SA/SES32/
LM158/258/358/A/2904

TYPICAL PERFORMANCE CHARACTERISTICS

Supply Current
4
2
£s
3
o
s 2
w
-4
g
Q
% 1 TA=00Cio +i25°C C
£ Z
* 5 TA=S8C
0 10 20 £ 40
SUPPLY YOLTAGE (Ypg)
Cpen-Loop
Response
148
v O qou
120 iy
VN
A,
= 100
2 \ @ vz Vo
z 80 o =
<
o \ V’-SOVmMD
w
5 —559C = TA < +125°(
s
=4
3 w
v* =100 15 vpe AND
20{ -25°C < TA < #125°C
L LT N
1 10 100 1X 10K 300K 1M 10M
FREQUENCY (Hz)
Yoltage—Foliower Puise
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500 ] i 1] 1]
g pagd
w O ~— S0pF
Q N 2t
) 2 =
3 =
> I
5 BPUT
2 358
3 OUTPUT
: A
300 A\
£ U TA = s23C
250 V#lthDc
8 1 2 3 4 5 &8 71 38
t— TREE (18)

Current Limiting
50
8¢
;8 70
£ u
-
i =
o e
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g 2
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Figure 3. Typical Performance Characteristics
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Low power dual operational amplifiers Ap— 2?5/ 335%’; i!Eé%SO%

TYPICAL PERFORMANCE CHARACTERISTICS (Continusd)

input Voltage Range Input Current g Common—Mode Rejection Ratic
15 20 o 120 T
Ven=90Vpe 2
80 ’ ‘ =1 § -
T - = 100 —
>n g 70 V*IOM Voe g | ] ,
+i (53
-z : < 60 ] .
5 oy m
] neaamve /| / = i
£ 5 % w
3 o vt =+15vpe a
> POSITIVE x40 - g
=
2 e =z
L s 5 30 S
T / : = 2
z T @ vtsssvpe §
> / £ |
-4
0 § "] { 1 i
[ 5 10 5 =85 -35-15 5 25 45 &5 85405 125 O o 1% 10k 100K P
v* OR V- — POWER SUPPLY VOLTAGE (+ Vpe) TA‘— TEMPERATURE (C°) 1 — FREQUENCY (Hz)
5100285

Figure 4. Typical Performance Characteristics {cont.)

TYPICAL APPLICATIONS
V+
e
Ve
%"’“ o
! 8
vin i Vo
we @17 |
BLOCKS | & /3
B N /e f
R
Q= {
g ToR \s Input Biasing Voitage Foliowsr
Non-Inverting Amplifier
5L00283

Figure 5. Typical Applications
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