gulnvomyanan nizeouniiornrAly

unase Iuuveingeanssuaga

HIGH CURRENT SWITCHING POWER SUPPLY

Tay
Y M 535UIUA

WA ASINTH oYU

2/v.
& L3P
Q550

q
mﬂ]“‘!&............ tevracnrit b rriblid

R SEARIA] §2 4 5 8
11 0.0 2ot

Tusiond

= - (a’ T P I o - < ¢ v
Uinaninuifitudmmiesmsinumanmangastiganaizrnssumanidudia
My indiannsedind_
aomiumn Ty Tadwszseundudgammsamnsels_

Tn1sdny 2550




unasoe Iuurainsanszurgs

HIGH CURRENT SWITCHING POWER SUPPLY

Tay
WY M sITuvuAl sHmlszidn 48015200

wiean Asnsal eyaud  simlszidn 48015271

P
2191590151

@ & a daa
IF1. TUANA l‘liﬂ'iﬁ'ifq}f‘l

= o

= dy 1 A [ = ~ o o =
WagninusidudunilwemsdnanmsngaslSygeiimnisumans Sude
M dannsoiing
o 'd
ABIZ NI SUATAS

aoniumaluTagnszeomndudgunmsaanseis

IUmsdnu 2550



=Y o

Wsgapnimus Imsdnw 2550
madmdiiinnseiind
amzdrmanssumaa aofumaluTadwssveundudmanmmanseils

(599 unasnw Muuvadndns Uy

[ -]

3/
AIA
1. 4w ym BITUTUA

2. unan Annsel  eyaus

P
............................................. 8191500151

o o o
(7. TUANA  LFUIAIND )



v 1 a a
uvaane IiuainBenszuaga

o g B53UTUA
s
wwan Asnsel  eyaud
o L) I 1]
se.auAnA  (FesAsna o1siniam

Umsdnun 2550

(¥ 1
unnata
= = g o ; a ' [
ygrinusaiuiidumaiuauemsesnuuy  msnaassmshay  vesszuuunassie louuy
a A ° [ o { a
adafnszuage lasimsndasiinseuaadu 220 Toad anwd s0185n TiuIdhassuease 311
s w E : { o o o
T Taoldresfesnssuauaznsonszua nasnmiuh lthnszuaas i Idnudoududyaaiod
{ { a ad o o o1 o a =
nlianudYszum 30 Aladsn Taeldmmnesveamavenssnsuneiinesaeludnuuzadnusainou
o o an A o ¥ o da o o o I
nesined Taeilled sa3sze imhnduiadiaduequaiuatugunnuduazmunanlumstinszugues
o s a Y] t a P P
mwesnema Idnlanlasuuna 11 dmdhhuendyana e lfusuiinda-Tnseuitianudun
o' e 3 A' [ 1 = é s A -3 =t =4 L3
&9 ifuddleundunszua ietlostumsswnszuafin seialed LM 339 sxdmanfSouifoudyoa

Welinszumiuazdadygmln S63526 iashimssiam



HIGH CURRENT SWITCHING POWER SUPPLY

Mr. Jutha Thammachinda
Miss. Sirapron Anuson
Assoc. Prof. Somsak Cheersirikul Advisor

Education Year 2007

ABSTRACT

This paper presents the designate and an experiment on power supply’s system in high current switching
model. This will change the alternate current at 220 V, 50 H, to direct current 311 V, by using rectifier and filter
circuit. After that, the dc received will be change to pulse signal at the frequency 30 KH,. Power mosfet of
converter are made in half bridge with 8G3526 IC acts as pulse width modulation and control the frequency and
time use in current power mosfet. The transformer size 1:1 isolate the signal and low resistance nickel-
chromium plate is the current feedback to control the over current. LM339 IC will compare the signal, if there

is any over current occurs, it will transfer to SG3526 to reset the system.
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Output Power

300 W

Efficiency

65% at full load

Input Voltage

94-132 V,. (norminal 115V,)
187 - 264 V,. (norminal 220V,)

Output Voltage and Current

+ 5V 6 A(min) 30 A (max)

+12V 0A (min) 6 A (max)
-12V 0A(min) 6 A (max)
+ 5V 0.5%

Line Regulation at 50% load
- 12V 0.5%

Load Regulation

+ 5V, +12V, -12V

Ripple and Noise

+ 5V 50mVp-p max

+ 12V 120mVp-p max

12V 120 mVp-p max

Hold up Time at low line full load

+ 5V 50ms, max

RFI/EMI

Meet FCC part 157 class B VDE 0875

Transient response

< 200 mV ripple at 50% load change

< 400 ps recovery time

Isolation

Input to ground 2 KV rms.

QOurput to ground 500 V rms.

Switching Frequency

100 KHz
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4.2 HONTINADOY

A19197 4.1 WONIINARDINAIIND 30.12 kH,

Load@ | V,(M) | LA | ,,OW) | V.M | LA | P.W) | N
0 310 0 0 24 0 0 -

11.75 310 0.19 58.9 24 2 48 81.49
5.45 310 0.38 117.8 24 4.4 105.6 89.64
4.44 310 0.48 148.8 24 5.4 129.6 87.09
2.55 310 0.78 241.8 23.5 5.2 216.2 89.41
2.13 300 1.00 300.0 23.5 11.5 27025 | 90.08
1.97 310 1.05 325.5 23.5 11.9 279.65 | 8591
1.91 310 1.08 334.8 23.5 12.3 289.05 | 86.33
1.66 310 1.20 372.0 23.0 13.6 312.8 84.08
1.57 310 1.29 399.9 23.0 14.6 335.8 83.97
1.45 310 1.44 446.4 23.0 15.8 363.4 81.40
1.28 310 1.70 527.0 23.0 17.9 4117 78.12
1.27 300 1.71 513.6 23.0 18.1 416.3 81.05
1.11 310 2.04 632.4 23.0 20.6 473.9 74.92
0.94 300 2.35 705.0 23.0 24.3 558.9 79.27
0.80 290 3.00 870.0 24.0 30.2 724.8 83.31
0.70 300 2.80 840.0 21.0 30.0 630.0 75.00
0.64 290 2.65 768.5 20.0 311 622.0 80.90
0.52 290 2.35 681.5 16.0 311 496.0 7278
0.48 290 2.15 623.5 15.0 31.0 465.0 74.57
0.35 300 1.75 525.0 11.0 31.0 341.0 64.95
0.31 300 1.50 450.0 9.5 31.0 294.5 65.44
0.21 300 115 345.0 6.5 31.0 201.5 58.40
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LLM158,A-LM258,A
LM358,A

LOW POWER DUAL OPERATIONAL AMPLIFIERS

B INTERNALLY FREQUENCY COMPENSATED

M LARGE DC VOLTAGE GAIN: 100dB

B WIDE BANDWIDTH (unity gain): 1.1MHz
(temperature compensated)

B VERY LOW SUPPLY CURRENT/OP (500uA)

ESSENTIALLY INDEPENDENT OF SUPPLY

VOLTAGE

LOW INPUT BIAS CURRENT: 20nA

(temperature compensated)

LOW INPUT OFFSET VOLTAGE: 2mV

LOW INPUT OFFSET CURRENT: 2nA

INPUT COMMON-MODE VOLTAGE RANGE

INCLUDES GROUND

DIFFERENTIAL INPUT VOLTAGE RANGE

EQUAL TO THE POWER SUPPLY VOLTAGE

LARGE OUTPUT VOLTAGE SWING 0V TO
(Vee - 1.5V)

DESCRIPTION

These circuits consist of two independent, high
gain, internally frequency compensated which
were designed specifically to operate from a sin-
gle power supply over a wide range of voltages.
The low power supply drain is independent of the
magnitude of the power supply voltage.

Application areas include transducer amplifiers,
dc gain blocks and all the conventional op-amp
circuits which now can be more easily implement-
ed in single power supply systems. For example,
these circuits can be directly supplied with the
standard +5V which is used in logic systems and
will easily provide the regquired interface electron-
ics without requiring any additional power supply.

Inthe linear mode the input common-mode voltage
range includes ground and the output voltage can
also swing to ground, even though operated from
only a single power supply voltage.

PIN CONNECTIONS (top view)

DIP8
(Plastic Package)

D&S
SO8 & miniSO8
(Plastic Micropackage}

*

s

P
TSSOP8
(Thin Shrink Small Outline Package)

ORDER CODE
Part Temperature Package
Number Range N S D p
LM158 A -55°C, +125°C ) . .
LM258 A -40°C, +105°C D . .
LM358 A o°C, +70°C . . . .
Example : LM258N

N = Dual in Line Package (DIP

D = Small Qutline Package %S ) - also available in Ta%e & Reel (DTE)

$ = Small OQutline Package (miniSO) only available in Tape & Reel (DT)

P = Thin Shgr_lrk Small Qutline Package (TSSOP) - only available in Tape
&Reel {(PT)

1[] \—/ BE
2] 17
s}~ ] e
4 [ =] s

1 - Output 1

2 - Inverting input

3 - Non-inverting input
4-Veo

5 - Non-inverting input 2
6 - inverting input 2

7 - Qutput 2

8- Vo'

January 2002
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LM158,A-LM258,A-LM358,A

SCHEMATIC DIAGRAM (1/2 LM158)

(y
QD »A 4»A\) 100& D |

-— \\

AN
Inverting /—rOZ Q;] X a

7 S
input D 01_ 041

»
\_ e H Rsc
) ) ek b —Jon
Non-inverting
input So {] Output
fan
r Q10 —1 Q12 =
N N
I v (v
Qs —'—l Qs ~
(/ \W 50FA
fuwor] faarrt T3 T = == T GND
ABSCLUTE MAXIMUM RATINGS
Symbol Parameter LM158,A LM258 A LM358,A Unit
Vee | Supply voltage +32 v
Vi Input Voltage -0.3t0 +32 v
Via Differential Input Voltage +32 v
Pt |Power Dissipation " 500 mw
Output Shont-circuit Duration 2 Infinite
lin Input Current ¥ 50 mA
Toper | Opearting Free-air Temperature Range -55t0+125 | -40t0 +105 | 0to+70 °C
Tstg Storage Temperature Range -65t0 +150 °C

212

Power dissipation musl be considered to ensure maximum junction temperature {Tj) is not exceeded.

Short-circuits from the oulput to V¢ can cause excessive heating if Ve > 15V. The maximum oultpul current is approximately 40mA independent
[ ?c 9

of the magnitude of Vec. Destruclive dissipation can result from simullaneous short-circuit on all amplifiers.

This input current only exists when the voltage at any of the input leads is driven negative, it is due o the collector-base junction of the input PNP
transistor becoming forward biased and thereby acting as inpul diodes clamps. In addition lo this diode action. there is also NPN parasitic action on
the IC chip, this transistor action can cause the cutpul vollages of the Op-amps 10 go o the Ve voltage level (or to ground for a farge overdrive)
for the time duration than an input is driven negative.

This is not deslructive and normal outpul will set up again for input vollage higher than -0.3V,

g




LM158,A-LM258,A-LM358,A

ELECTRICAL CHARACTERISTICS
Vet = +8V, Vo= Ground, Vg = 1.4V, Ty, = +25°C (unless otherwise specified)

LM158A-LM258A LM158-LM258
Symbol Parameter LM358A Lm3s58 Unit
Min. | Typ. Max. Min. | Typ. Max.
Input Offset Voltage - note )
Tamp = +25°C 1 3 2 7
: LM158, LM258 5
Vo LM158A 2 my
Trmin € Tamb < Trmax 4 9
LM158, LM258 7
Input Offset Current
lio Tamp = +25°C 2 10 2 30 nA
Trnin < Tamb < Trnax 30 40
input Bias Current - note 2)
lip Tamp = +25°C 20 50 20 150 nA
Tmin s Tamb < Tmax 100 200
Large Signal Voltage Gain
Veg = +15V, Ry = 2k, Vo = 1.4V 1o 11.4V
Aa | -2 50 | 100 50 | 100 Vimy
Tooin £ Tamb < Trnax 25 25
Supply Voltage Rejection Ratio (Rg = 10k(2)
Vcc* = 5V to 30V
SVR O 1= 425°C 65 | 100 65 | 100 a8
Tmin < Tamb < Tmax 65 65.
Supply Current, all Amp, no load
lee Tmin € Tamb < Tmax Vee = +5V 07 12 0.7 12 mA
Tein < Tamb < Trmax Vee = +30V 1 2
Input Common Mode Voltage Range
v Vee =430V -note ¥ v
o Tamp = +25°C 0 Vee"-15] 0 Vee -15
Tmin = Tamb = Tmax 0 VCC¢ -2 0 VCC+ -2
Common Mode Rejection Ratio (Rg < 10k(2)
CMR Tamb = +25°C 70 85 70 85 dB
Tmin = Tamb = Tmax 60 €0
| Output Current Source A
source | o= +15V, VW, = 42V, Vig= +1V 20 | 40 60 20 | 40 60 m
Output Sink Current (Vg = -1V}
Lsink Veg = +15V, V, = +2V 10 | 20 10 | 20 mA
Vee = +15V, V, = +0.2V 12 50 12 50 A
Cutput Voltage Swing ( R = 2k{2)
Vorp Tamp = +25°C 0 Vec'-15) 0 Ve 1.5
Tmin < Tamb < Tmax 0 VCC* -2 0 VCC‘ -2
Lyy 3/12




LM158,A-LM258,A-LM358,A

LM158A-LM258A LM158-LM258
Symbol Parameter LM358A LM358 Unit
Min. | Typ. Max. Min. | Typ. Max.
High Level Qutput Voltage (Vec* = 30V)
Tamp = +25° = 2k
v amb ¢ Ri =2k 2% | 27 26 | 27
CH Trin < Tamb < Tmax 26 26 v
Tamp = #25°C Ry = 10k 27 28 27 28
Tomin < Tamb < Trmax 27 27
Low Level Output Voltage (R, = 10kQ)
VoL Tamp = +25°C 5 20 5 20 mvV
Tmin < Tamb £ Tmax 20 20
Slew Rate
SR Vee = 15V, Vi = 0510 3V, R, = 2kQ, Vips
Cy = 100pF, unity Gain 03 | 06 0.3 | 0.6
Gain Bandwidth Product
GBP Ve = 30V, £ =100kHz,V;, = 10mV, R, = 2kQ2, MHz
C, = 100pF 07 | 11 07 | 11
Total Harmonic Distortion
THD f=1kHz, A, = 20dB, R = 2k, V, = 2V, %
C, = 100pF, Vg, = 2Vpp 0.02 0.02
e Equivalent Input Noise Voltage nv
n f= 1kHz, Rg = 1000, Ve = 30V 55 55 JAz
DV, tinput Offset Voltage Drift 7 15 7 30 pVieC
Dliio  [Input Offset Current Drift 10 200 10 300 pA/SC
- 4)
V_. V.. |Channel Separation - note
01702 | "y yHz < f< 20kHZ 120 120 dB

1.V, =14V R =00 8V < Vgo' <30V, 0 < Vi < Vo - 15V

2. The direction of the input current is out of the IC. This currentis essentially constant, independent of the state of the output so no loading change
exists on the input lines.

3. The input common-mode voltage of ejther i

n
common-mode voltage range Is Ve - 1 S\E but either or both inputs can go to +32V without damage.

4. Due to the proximity of external components insure that coupling is not originating via stray capacilance between these external parts. This typically
can be detected as this type of capacitance increases at higher frequences.

ut signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the

VOLTAGE GAIN (dB)

OPEN LOOP FREQUENCY RESPONSE (NOTE 3}

140 T T T T
10M

120 01 F W

q

100 t\\ vy ? Yo

\ = Veoi?

80 . L
\ Ve = 30V 8

60 55°C « Tamb . +125°C

N \

20 \ L

N \

20 [ vog = +10t0 + 15V & \\

55°C ¢ Tamp - «125°C \
0 | | J

10 10 100 Th 10k 100k 1M 10M

FREQUENCY {Hz)

LARGE SIGNAL FREQUENCY RESPONSE

20

15

10

QUTPUT SWING (Vpp)

N

I~

10k

100k

FREQUENCY (Hz)

™

412
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LM158,A-LM258,A-L M358,A

VOLAGE FOLLOWER PULSE RESPONSE

OUTPUT CHARACTERISTICS

4 T T T 10 = HE
o VCC = +5V
EZ 3 RL‘(Ek b VCC = +15V il
o % Vee = sy > VCC = +30v F n
22 2/ \ 8 I
[ )] b 1
Q 1 ¥ 5 t
0 9 f vee f
- | veci2 4
=
3 o 01 =5 “Slok
bA 5 8 + Vo i
w 117 1
59  / =£ £ 4 1
1 U T = +25°C
z 5 0.01L1L4 i Tt AN
g 0 10 20 0 a0 0001 001 01 1 10100
TIME ( s) OUTPUT SINK CURRENT (mA}
VOLTAGE FOLLOWER PULSSE RESPONSE QUTPUT CHARACTERISTICS
(SMALL SIGNAL) 8 -3 O e man e R
v
N 500 T T T T % cC
5 w Tk
E i ;
w 450 f——t- o w 6lveer V?
-3 2 50pF @ =
g 400 [t 1 ! n LLIDJ 5 5F to
= Inp;ut ,‘f 8 4 L 1
5 10 ol Z P v s e
o > Independent of Vo
5 Outp = 3 -ttt
O 300 WA 2 , Tamp = +25°C
\I Tamp = +25°C 5
250 yeo D30 © 1 i
¢ 1 2z 3 4 S5 6 7 8 0.001 001 0.1 1 10 100
TIME ( ) OUTPUT SOURCE CURRENT (mA)
INPUT CURRENT (Note 1) CURRENT LIMITING (Nate 1)
90 T 90 T T T T 1
80 Vi=0V 2 80 o T
—_ E —
ERR e
: 60 Veg =430V Z 60 —
I
z —
TN el ] ]_T\\""'"/ & so
o S0 < ]
E a0 Vee s 18 v O 40 e
) - — ]| = P
R - 5% ~
-
% 20 Voo =45V -~ 8 20
10 10
0 0

55 <35 .15 5 25 45 65 BS 105 125
TEMPERATURE ("C)

55 .35 15 65 25 45 B5 85 105 125

TEMPERATURE ("C)

4
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LM158,A-LM258,A-LM358,A

INPUT VOLTAGE RANGE

SUPPLY CURRENT

POSITIVE SUPPLY VOLTAGE (V)

15 T T
vee
S g 3 mA 'o
w =
3 10 A Z
s Négalive / g
o] T 2
> 3]
5 posi x i
2 s / ositive & = Tamb = 0°C lo +125°C
z [T
/ ? —
Tamp = -55'C
0 5 10 15 [+] 10 20 ki)
POWER SUPPLY VOLTAGE (£V) POSITIVE SUPPLY VOLTAGE (V)
160 100 N
= g
£ 120 = 15|
z Z .
z @
4
o 80 5 50
o } O
5 S 5
40 e e e a 25
S : | Z
0 10 20 30 40 0 10 20 30
POSITIVE SUPPLY VOLTAGE (V) POSITIVE SUPPLY VOLTAGE (V)
160 : , [ § 15
' 2 135 e
—_ -
3 8 1.2
0 1.05
2 < .
o ! x 09
w i
& : T 075 .
= ! ; o 06
B e 2 045
. ! g .
_____: —_— - - g 0.3 )
z 015 S
< 0
0 10 20 30 O -55-35-15 5 2545 65 85 105 125

TEMPERATURE (°C)
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LM158,A-LM258,A-LM358,A

15 | T [
110 | | B
105 SVR
100
95
90
85
80
75
70 ?
65 . R
60-55-35-15 5 25456585105 125
TEMPERATURE (°C)

POWER SUPPLY REJECTION RATIO (dB)

115 i
110
105
100 | LA T
95 / \\
90 P
85
80
75
70
65
60-55-35-15 5 2545 65 B5 105 125
TEMPERATURE (*C)

COMMON MODE REJECTION RATIO {dB)

TYPICAL APPLICATIONS (single supply voltage) V.= +5Vq4¢

AC COUPLED INVERTING AMPLIFIER

AC COUPLED NON-INVERTING AMPLIFIER

100k A R,
B v —
— e MR
Ri ! (as shown A, = -10)
C, 10k :
HI - '\‘?’ G
wasa > - -0 | e
- L4
el "
~ ez | 108
O R2 Ry L
e 100k 100k g -
3w R —
w—
Ct e
10 Fom
F— ]

R1 R2
100k 1M A w2
w1+ N2
Y IR v
C1 - . (os shown A, = 11}
01 F™=
-

NON-INVERTING DC AMPLIFIER

DC SUMMING AMPLIFIER

... R2
, Ag=ie ot
10K
r As shown A, = 101
4 H } e (s v !
2 - %o asv
tMiss ot @ e
| o—
. L

R+
Fiok

—
z
e, V)

i

e, (;-nV) .

]

100k

>

e, 100K ! Pre
LT P

e, 100k

€, 100k
o

e @) ey By- 8y
w?lere (el +er)>(eg ey)
tokeepe, 2 0

4
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LM158,A-LM258,A-LM358,A

HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER

R2 R4
: 100k 100k
R —- ] —
100k Ra !
FE:]“"J: | 100K ~ ,
= sy S ol e ;
VIG— . Luisg >-* OVo
VRO e ]

if R1= R5and R3 = R4 = R6 = R7
=1+ 2R ((ep+ey)
R2

As shown e, = 101 {e; + &4)

USING SYMMETRICAL AMPLIFIERS TO
REDUCE INPUT CURRENT

[,. o

e

1, Iy i LM15g Sremn e () 8o
e, Ot
I
I 2N 929
» |
| =0.001 F
[
la
Ia - .
TS
| H?\\
LM158 o

HIGH INPUT Z ADJUSTABLE GAIN DC
INSTRUMENTATION AMPLIFIER

LOW DRIFT PEAK DETECTOR

R1
100K
—
Tl R3 Ra
e 1 100K 100k
. EVCP I s s LR R m— b [P ’ .
- TN -— o
e L e s :-~*~‘~j I
y ; o [
R2 [ 7 Goeans o LIII-S:B’/ ; —_ I‘;i\ . g Wa1sa [ wmme—={ 8
g - | - -
- U ](:13 b LI-MSB">*H"?““‘* = ‘“'21'_
. Lovsis e - O Iz'a
- o8 ;1 . B b e e e
e, R T z - :
VPR e K i B ' 72N 929022 0001 F
N | | e
ifR1=R5and R3=R4=R6=R7 R i e
€= (B @ I (Ez + E’) 1M ' = Jinﬂ Lv‘maa :'.»—
R2 -
- b s -7 Input current
- ™ compensation
As shown e, = 101 {ep + ey}
ACTIVE BAND-PASS FILTER
R1
100k
330pF
R2 [T~ I N |
100K LM 158 .~ - |I ' 47%‘;5(
L i
*VIC T3 - - Ra P
10M T
. - '"\:\LMISB
cz2 T
W . Re
R3 | i 330pF 470K
WOk E T e e e et - OV
i IR 7] R?
¢ s 100k
~. . C e [T -OVee
C3
R8 10 Fre
100k —
=¥

812
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LM158,A-LM258,A-LM358,A

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

ed
[ |
g TN
= — Ll
-2 e
[
z ed 4
)
M 1. [ 1M
) 5
1 4
|0 O O o |
Millimeters Inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A 3.32 0.131
ail 0.51 0.020
B 1.15 165 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 1092 0.430
E 7.95 9.75 0.313 0.384
e 254 0.100
e3 7.62 0.300
ed 762 0.300
F 6.6 0260
i 5.08 0.200
L 318 3.81 0.125 0.150
Z 1.52 0.060

g
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LM158,A-LM258,A-LM358,A

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE ( miniSO )

&t‘;j
|
1)

/
¢
i

PI4IDENTIFICA TION

Dim Millimeters Inches
Min. Typ. Max. Min. Typ. Max.
A 1.100 0.043
A1l 0.050 0.100 0.150 0.002 0.004 0.006
A2 0.780 0.800 0.940 0.031 0.034 0.037
b 0.250 0.330 0.400 0.010 0.013 0.016
c 0.130 0.180 0.230 0.005 0.007 0.009
D 2.900 3.000 3.100 0.114 0.118 0.122
E 4.750 4.900 5.050 0.187 0.193 0.199
E1 2.900 3.000 3.100 0.114 0.118 0.122
e 0.650 0.026
L 0.400 0.550 0.700 0.018 0.022 0.028
L1 0.950 0.037
k [il:] 3d 6d 0d 3d 6d
cce 0.100 0.004
1012 m




LM158,A-LM258,A-LM358,A

PACKAGE MECHANICAL DATA

8 PINS - PLASTIC MICROPACKAGE (S0)

Millimeters inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A 1.75 0.069
al 0.1 0.25 0.004 0.010
a2 1.65 0.065
a3 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.019
b1 0.19 0.25 0.007 0.010
C 0.25 0.5 0.010 0.020
cl 45° (typ.)
D 4.8 5.0 0.189 0.197
E 5.8 6.2 0.228 0.244
e 127 0.050
e3 381 0.150
F 38 4.0 0.150 0.157
L 04 1.27 0.016 0.050
M 0.6 0024
S 8° (max.)

1112




LM158,A-LM258,A-LM358,A

PACKAGE MECHANICAL DATA

8 PINS - THIN SHRINK SMALL OUTLINE PACKAGE (TSSOP)

E1

SEATING
PLANE

PiN 1 IDENTIFICATION

Millimeters Inches
Dim.
Min. Typ. Max. Min. Typ. Max.
A 1.20 0.05
A1 0.05 0.15 0.01 0.006
A2 0.80 1.00 1.05 0.031 0.039 0.041
0.19 0.30 0.007 0.15
[+ 0.08 0.20 0.003 0.012
D 2.90 3.00 3.10 0.114 0.118 0.122
E 6.40 0.252
E1 4.30 4.40 4.50 0.169 0.173 0.177
e 0.65 0.025
k 0° 8° 0° 8°
| 0.50 0.60 0.75 0.09 0.0236 0.030
L 0.45 0.600 0.75 0018 0.024 0.030
L1 1.000 0.039

Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from
its use. No license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications
mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information
previously supplied. STMicroelectronics products are not authorized for use as critical components in life support devices or

systems without express written approval of STMicroelectronics.

© The ST logo is a registered trademark of STMicroelectronics

© 2002 STMicroelectronics - Printed in Raly - All Rights Reserved

Malta - Morocco - Singapore - Spain - Sweden - Switzertand - United Kingdom - United States
® hitp:Iiwww.st.com
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@ MOTOROLA

Quad Single Supply
Comparators

These comparators are designed for use in level detection, low—level
sensing and memory applications in consumer automolive and industrial
electronic applications.

Single or Split Supply Operation

Low Input Bias Current: 25 nA (Typ)

Low Input Offset Current: £5.0 nA (Typ)

Low Input Offset Voltage: £1.0 mV {Typ) LM139A Series
Input Commeon Mode Voltage Range to Gnd

Low Qutput Saturation Voltage: 130 mV (Typ) @ 4.0 mA
TTL and CMOS Compatible

ESD Clamps on the Inputs Increase Reliability without Affecting Device
Operation

MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage Vee Vdc
LM239, A/LM3I39A/LM2901, V +36 or+18
MC3302 +30 or+15
Input Differential Voltage Range VioR Vde
LM239, AL M339A1 M2901, V 36
MC3302 30
Input Common Mode Voltage Range VicMr | 03tovee Vdc
Output Short Circult to Ground {Note 1) Isc Continuous
Power Dissipation @ Ta = 25°C Pp
Plastic Package 1.0 w
Derate above 25°C 8.0 mwWwrC
Junction Temperature Ty 150 °C
Operating Amblent Temperature Range Ta °C
LM239, A -2510+85
MC3302 40 to +85
LM2901 —40 to +105
LM2901V 4010 +125
LM339, A Oto +70
Storage Temperature Range Ts,g —85 to +150 °C

NOTE: 1. The maxirmum output current may be as high as 20 mA, independent of tha magnitude of V..
Output shart clrcults to Vo, can cause excessive heeting and eventual destruction.

Figure 1. Circult Schematic

Vcc‘[ o +lnput ~pd o o Ouput
L_-‘,\ p .-'
P S
b 4

" Lom
NOTE: Diagram shown is for 1 comparalor.

Order this document by LM339/D

MC3302

LM339, LM339A,
LM239, LM239A,
LM2901, M2901V,

1

N, P SUFFIX
PLASTIC PACKAGE
CASE 646

R

1

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(SO-14)

PIN CONNECTIONS

p—y

Output 2 [ 1]
Output 1 [2]

voe L&
“input 1 1]
+input 1 [ 5]
~Input2 8]
+input2 7]

(Top View)

ORDERING INFORMATION

Operating
Device Temperature Range | Package
LM239D,AD o SO-14
LM23ONAN | TAS 250 +85°C | o i DiP
LM339D, AD e SO-14
LM33N, AN | TASOP10#70°C | o) e DIP
LM2901D _ SO-14
LM200IN | TAT 40710 4105°C | o) e DIP
LM2901VD _ SO-14
LM2901VN | AT M0 H25°C | o O
MC3302P | Ta =—40°t0+85°C | Plastic DIP

© Motorola, Inc. 1998
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302
ELECTRICAL CHARACTERISTICS (Vg = +5.0 Vde, Ta = +25°C, unless otherwise noted)

LM239A/339A LM239/338 LM2901/2901V MC3302
Chamcteristic Symbol | Min | Typ | Max | Min | Typ |Max | Min | Typ |Max | Min | Typ | Max | Unit
Input Offset Vollage (Note 4) Vio ~ 10§20 - 12050 - [+20]270| - [23.0] 120 | mvdc
Input Blas Cumrent {Notes 4, 5) e - 125 12501 - [ 25 |250 ) - |25 1250 ] - | 25 |500]| nA
(Output in Analog Range)
Input Offset Current (Note 4) o - {150 (450 | - |50 |+50 | - (150150 | — |23.0 |x100] nA
Input Common Mode Voltage Range | VicMmR 0 - |Vecf] O - Jvec] o - vec] © - |veel Vv
-1.5 -1.5 -1.5 -15
Supply Cument Icc mA
Ry_= o (For Al Comparators) - 08 | 20 - |08 720 - 08 | 20 - 0.8 1 20
RL = «, Vog = 30 Vde - t10]25] - l1of25] - |10]|25] - |10 |25
Voltage Gain AvoL |50 |200f - |50 200 - J25 {100 - 125 [100} - |vimv
Ri 2 15 kf}, Vg = 15 Vde
Large Signal Response Time - - (300} - - (300 ] - - 13001 - - |30} - ns
Vi =TTL Logic Swing,
Vraf = 1.4 Vde, VR = 5.0 Vdc,
Ry =56.1 kQ
Response Time {Note 8) - - 1.3 - - 1.3 - - 1.3 - - 13 - | us
VR =5.0Vde, R = 5.1 k2
Output Sink Current ISink 60 |18 | - |B8o |16 | - |60 |16 | - |80 |18 | - mA
V| (9 2+1.0 Vdc, Vi(+) = 0,
Vo< 1.5 vde
Saturation Voltage Vaat - 130|400 | - {130 J400 ] — |[130 [400 | - [ 130 |500 | mV
Vi(-) 2 +1.0Vdc, V)(+) = 0,
laink < 4.0 mA
Output Leakage Current loL - 0.1 - - 0.1 - - 0.1 - - 0.1 - nA
Vi(+) 2 +1.0 Vde, Vi(-) = 0,
Vo =+5.0 Vdc
PERFORMANCE CHARACTERISTICS (Vcc = +5.0 Vdc, Ta = Tigy 10 Thigh [Note 3])
LM239A/339A LM239/339 LM2901/2901V MCa302
Characteristic Symbol | Min | Typ | Max | Min | Typ ] Max | Min | Typ { Max | Min | Typ {Max | Unit
Input Offset Voltage (Note 4) Vio - - |H40] - - 0] - - {15 ] - — {140 | mvdc
input Bias Cument (Notes 4, 5) Tz} - - 400 | - - {400 | - - (501 - - {1000
(Output in Analog Range)
Input Offset Current {Note 4) lio - - |x180] - - x50} - - (22001 - - 3001 nA
Input Common Mode Voltage Range | VicmR 0 - |vec] © ~ fvec}) O - |Vec] © - Vecl V
2.0 -20 2.0 -2.0
Saturation Voltage Vsat - - |700} - - |700 | - - 700§ -~ - |700 | mV
V() 2+1.0Vde, Vj(+) =0,
Igink < 4.0 mA
Output Leakage Current oL - - 1.0 - - 1.0 — - 1.0 - - 1.0 A
Vi(+) 2 +1.0 Vdc, V)(-) = 0,
Vp =30 Vde
Differential Input Voltage Vip - - |vecl| - - Weel - - |Veel - - |Vee{ Vde
All V)2 0 Vde

NOTES: 3. (LM23%/238A) T} 4, = -25°C, Thigh = +85°
{LM339/330A) T, = 0°C, Thigh = +70°C
{MC3302) Tygy,, = -40°C, Thjgh = +85°C
{LM2901) Tygy = —40°C, Thigh = +105°
{LM2901V) Ty, = -40°C, Thigh = +125°C
4. At the output swilch point, Vo = 1.4 Vdc, Rg < 100 Q 5.0 Vde sV < 30 Vdc, with the inputs aver tha full common mode range
{0 Ve 10 Voo 1.5 Vde).
§. The biaa curent flows out of the inpuls due 1o the PNP input stage. This curment is virtually constant, independent of the output stats.
6. The responsa time specified i for 2 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns is typical.
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NORMALIZED OFFSET VOLTAGE

LM339, LM339A, LM239, LM239A, LM2901, M2301V, MC3302

Figure 2. inverting Comparator Figure 3. Noninverting Comparator
with Hystersis with Hysteresls
+ Voo +Vee
R3
10k
Viy ~ 310k Rret Vet é
Rrpf p—0 Vg 10k
+ Vpg 0 WA + R
¥ = —< Vo
Vyet §—VA—— Vi VA
10M 10k =
kg R Vegg ~—EC R R Voo Rt
Rred + R A Vigt = ————.,
= 10M Rrgt* R
R3 = R1//Rgf!{ R2 oy
H=M v = Vo(min]l Amount of Hysteresis Vy
R Regg + R2 + O4maX) ™ ¥O(min -
R2 » Rref/R1 VH= 7+ s VO(max) ~ VOuminy

Typical Characteristics
(Vce = 15 Vde, Ta = +25°C (each comparator) unless otherwise noted.)

Figure 4. Normallzed Input Offset Voltage Figure 5. Input Blas Current
1.40 43
// :E: 2 ¢ -
120 = 36 Ta=-55° fawens fsr——]
// & —-—"’ﬁ:ﬁ’c |
% 3 -l
100 § 24— TA=+125°C
= B g |
] 2
0.80 P z 12
o
- 60
0.60 0
50 -25 0 p-} 50 15 100 125 0 40 a0 12 16 p.H 24 2B R
T, AMBIENT TEMPERATURE (°C) Ve, POWER SUPPLY VOLTAGE (Vdc)

Figure 6. Output Sink Current versus
Output Saturation Voltage

80
g A = +25°C
é S /

50
£ 4 P
o 40 /
5" /'
E 30 -
3 /
S 0 / L7

1°% i

’ 4

0 /

0 100 200 300 w00 500

Vgat, OUTPUT SATURATICN VOLTAGE (mV)
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LM339, LM339A, LLM239, LM239A, LM2901, M2901V, MC3302

Figure 7. Driving Loglc

veo

Viaf o—
R1

Rg = Source Resistance
R1 = Rg

Vee
Logic Device v
CMOS [1/4 MC14001] +15 1

TTL 1/4 MCT7400 +5.0 10

8|8F

Figure 8. Squarewave Osclllator

Vec240V

100 k 9

il L

T2

T1=T2=069RC
(12

C{uF)

R2=R3=R4

Rl =~ RZUR3I/IRA

APPLICATIONS INFORMATION

These quad comparators feature high gain, wide
bandwidth characteristics. This gives the device osciilation
tendencies if the outpuls are capacitively coupled to the
inputs via stray capacitance. This oscillation manifests itself
during output transitions (VoL to VoH). To alleviate this
situation input resistors < 10 kQQ should be used. The addition

Figure 9. Zaro Crossing Detactor
{Single Supply)

+15v

10k

Vo

15k ! 10M
R3

D1 prevents inpul from going negative by more than 0.6 V.

R1+R2=R3

R3< % for small esor in zefo crossing

of positive feedback (< 10 mV) is also recommended. It is
good design practice to ground all unused input pins.

Differential inputl voitages may be farger than supply
voltages without damaging the comparator’s inputs. Voltages
more negative than —300 mV should not be used.

Figure 10. Zero Crossing Detector
{Split Supplies)

Vin{min} = 0.4 V peak for 1% phase dislortion (AB).

v. »
Vin )
Vee — P:)
2 10k
—0
Vin YO yeet— r
|
= Yo i e
VEE I‘_ 20
vee L1 —
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

OUTLUINE DIMENSIONS
N, P SUFFIX
PLASTIC PACKAGE
CASE 848-06
ISSUE L
NOTES:
1. LEADS WITHIN 0.13 (D.005) RADIUS OF TRUE
POSITION AT SEATING PLANE AT MAYRAA
1“ [ §
| 2 DIMENSION L TO CENTER OF LEADS WHEN
B FORMED
(@] ‘ 3 DRENSION B DOES NOT INCLUDE MOLD
1 7
YYYvYYvYw 4 RO CORERS OPToMAL
A INCHES MLLIMETERS
[ ONE] WM | MAX | MIN | MAX |
A 15 3 0770 | 1818 { 1958 |
—»F}e P 8 To0 To2e0 [ e0 ] 80
[ 45 1 0105 | 369 { 489
7 D [ons fomi| o] om
F 1004010070 ] 1021 178
¥ C [ 6 | 0W0BSC 254 BSC
[ H | 132 ] 241
] 920 ] 038
¥ 4 X %.ﬁu_&@_
searie | L e
—{H 6 p e M iﬁ T
D SUFFIX
PLASTIC PACKAGE
CASE 751A-G3
(SO-14)
ISSUE F
1. DIMENSIONING AND TOLERANCING PER ANSI
[CA=] YILSM, 1082
e 2 CONTROLLING DIMENSION: MILLMETER.
H H"’H H H H"H’ 3. DMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.
4 s 4. MAXIR MOLD PROTRUSION 0.15 (2.006)
| PER SDE.

-B-] P 5 DIMENSION D DOES NOT INCLUDE DAMBAR
© , I$|025(0.010)@[B®| PROTRUSION SHALL BE 0,127 {0.005 TOTAL
-H:tm INEXCESS OF THE D DIMENSION AT

__H H l MAXIVM MATERIAL CONDITION.

MRLUMETERS | wicHes
6l c Rx45~_.1 - F L. a0 ] 30X | WO | x|

- \ 55 0344

, - 80 | 400 Tate0 {0157
q 3 - AT RTTARTEN

P e e % 3 040 | 135 | 0018 0049
SEATING ~»{le— Dpt K L] 127 | 006085C
3| 019 ] [ 008 | 0.009 |
[@]o2500100@| T8 ©]AB)] ] i 08 Lo Lows

ll o. 7-

Pl G800 6201 02M | 02M
R1 025! 050100101 0019 |
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302

Motorola reserves the right 1o make changes without further notice to any producis herein. Molorola makes no warranty, representation or guarantes regarding
the suitability of its products for any paricudar pupose, nor does Motorola assume any hiabikty arising oul of the application or use of any product or Gircuit, and
spacifically disclaims any and all liability, including withoul limitation consequential orincidental damages. “Typical™ parameters which may bs providedin Motorola
datasheeis and/or specificationa can and do vary in diffarent applications and actual performance may vary over ime. All operating paramelers, including “Typicals®
mustbe validated for each customer application by customer’s technical experts. Molorala does not convey any license under its patent rights nar the rights of
others. Moloroka products are not designed, intended, or authorized for usa as components in systems intended for surgical implant into the body, or other
applications intended o support or sustain fife, or for any cther application in which the failure of the Motorala product could creale a situation where parsonal injury
or death may ocour. Should Buyer purchase or use Motorota products for any suchunintended or unauthorized application, Buyer shall indemmify and hald Motorola
and its officers, employees, subsidiaries, affiiates, and distributors harmiess against al daims, costs, damages, and expenses, and reasonable attomey lees
ariging oul of, directly or indirectly, any caim of personal injury or death associated with such unintended or unauthorized use, even if such daim akeges thal
Matorola was negligeni regarding the design or manufaciure of the part. Motorota and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Afirmative Action Employer.

_—

How to reach us:
USA/EUROPE /Locations Not Listed: Motorola Literahure Distribution; JAPAN: Nippon Motorola Lid ; Tatsumi-SPD-JLDC, 6F
P.O. Bax 20912, Phoenix, Arizona 85036, 1-800—441-2447 or 602-303-5454 3-14-2 Tatsumi Kolo—Ku, Tokyo 135, Japan. 03-81-3521-8315

MFAX: RMFAXO@email.aps. mot.com - TOUCHTONE 602-244-6608 ASIA/PACIFIC: Moiorola Semiconducions H.K. Ud.; 8B Tai Ping inclustrial Park,
INTERNET. hitp-//Design—NET.com 51 Ting Kok Road, Tai Po, N.T,, Hong Kong. 852-26629298
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SG3526

Pulse Width Modulation

Control Circuit

The SG3526 is a high performance pulse width modulator
integrated circuit intended for fixed frequency switching regulators
and other power control applications.

Functions included i this }C are a temperature compensated httpJionsemi.com
voltage reference, sawtooth oscillator, error amplifier, pulse width e s -
modulator, pulse metering and steering logic, and two high current MARKING
totem pole outputs ideally suited for driving the capacitance of power DIAGRAM
FETs at high speeds. 18
Additional protective features include soft start and undervoltage ““’;33';;63““
lockout, digital current Yimiting, double pulse inhibit, adjustable dead by AWLYYWW
time and a data latch for single pulse metering. All digital control ports UUTUTUUUY
are TTL and B-series CMOS compatible. Active low logic design 1
allows easy wired-OR connections for maximum flexibility. The
versatility of this device enables implementation in single-ended or A = Assembly Location
push—pull switching regulators that are transformerless or transformer WL = Wafer Lot
coupled. The SG3526 is specified over a junction temperature range of m;m
0° to +125°C. Week
¢ 8.0V to 35V Operation
¢ 50V 1% Trimmed Reference PIN CONNECTIONS
¢ 1.0 Hz to 400 kHz Oscillator Range ]
e Dual Source/Sink Current Outputs: £100 mA +Ermor [ 1 18] s
¢ Digital Current Limiting Emr |2 17 ] Vee
¢ Programmable Dead Time Compensation | 3 T_s—luma
L] t{ndcrvoltage Lockout Cooncmn | 3 E 5
¢ Single Pulse Metering
& Programmable SoftStart Rset | 5 [14]ve
¢ Wide Current Limit Common Mode Range €5| 6 ENMA
¢ Guaranteed 6 Unit Synchronization «£sl7 12 |Se
Shuldown | 8 1 | Apsasine
=1 0 %
Under- Ry| 9 10 |G
Veo oll Relerence -4— ' '
Raguiator Lockout
{Top View)
"
-0 Vo
“ ORDERING INFORMATION
—OA Device Package Shipping
L SG3526N PDIP-18 20 Units/Rai
18
Output
B
Figure 1. Representative Block Dlagram
e P uayions e

April, 2001 - Rev. 3 5G3526/D



MAXIMUM RATINGS (Note 1.)

SG3526

Rating Symbol Value Unit
Supply Voltage Vee +40 Vdc
Collecior Supply Voltage Ve +40 Vdc
Logic Inputs —0.3t0+5.5 \Y
Analog Inputs 0.3t Voe v
Output Current, Source or Sink lo +200 mA
Reference Load Cument (Vg = 40 V, Note 2.) ket 50 mA
Loglc Sink Current 15 mA,
Power Dissipation Po mw
Ta = +25°C (Note 3.) 1000
Te = +25°C (Note 4.) 3000
Thermal Resistance Junction-to—Air Roia 100 °CIW
Thermai Resistance Junction-to—Case Raic 42 °CW
Operating Junction Temperature T, +150 °C
Storage Temperature Range Tug —65 to +150 °C
Lead Temperature (Soldering, 10 Seconds) Tsoider +300 C
RECOMMENDED OPERATING CONDITIONS
Chamacteristics Symbol Min Max Unit
Supply Voltage Vee 8.0 35 Vdc
Collector Supply Voltage Ve 45 35 Vdc
Cutput Sink/Source Cumrent (Each Output) o o +100 mA
Refarence Load Current ket o 20 mA
Oscillator Frequency Range fose 0.001 400 kHz
Osclllator Timing Resistor Rr 20 150 kQ
Oscillator Timing Capacitor Cr 0.001 20 uF
Available Deadtime Range (40 kHz) - 3.0 50 %
Operating Junction Temperature Range T, 0 +125 “C

WO N -~

Values beyond which damage may occur,

. Maximum junction temperature must be observed.
. Derate at 10 mW/°C for ambient temperatures above +50°C.
. Derate at 24 mW/°C for case temperatures above +25°C.

7 http:/fonsemi.com
2




§G3526

ELECTRICAL CHARACTERISTICS (Vg = +15 VG, T, = Tiow 10 Trign [Note 6.}, unless otherwise noted.)

Characteristics | symbol J Min ] Typ | Max | unit
REFERENCE SECTION (Note 7.)
Reference Output Voltage (T, = +25°C) Vret 4.90 5.00 5.10 v
Line Regulation (+8.0 V < V¢ < +35 V) Regine - 10 30 mv
Load Reguiation (0 mA < <20 mA) Regicag - 10 50 mv
Temperature Stability AV AT - 10 - mv
Total Reference Output Voltage Variation AV ef 4.85 5.00 5.15 v
(+B.0V S Vec <+35V, 0 mA <1 < 20 mA)
Short Circuit Current (V,e; = 0V) {Note 5.) Ise 25 80 125 mA
UNDERVOLTAGE LOCKOUT
Reset Output Voltage (Vo = +3.8 V) ~ 0.2 04 v
Resel Output Voltage (V¢ = +4.8 V) 24 48 -~ v
OSCILLATOR SECTION (Note 8.)
Initial Accuracy (T, = +25°C) - 13.0 18.0 %
Frequency Stability over Power Supply Range Mﬂ - 05 1.0 %
(+80V< Ve g+35V) B Ve
Frequency Stability over Temperature Afoae - 20 - %
(AT = Tiow 10 Trigh} AT,
Minimum Frequency frin - 0.5 - Hz
(Ry = 150 kQ, C = 20 pF)
Maximum Frequency frax 400 - - kHz
(Ry =20k, Cy = 0.001 puF)
Sawtooth Peak Voltage (Ve = +35 V) Vool P) ~ 30 35 \
Sawtooth Valley Voltage (V¢ = +8.0 V) Vosc(V) 045 08 - \
ERROR AMPLIFIER SECTION (Note 9.}
Input Offset Vottage (Rg < 2.0 ki) Vio - 20 10 mv
Input Bias Current g - -350 | 2000 nA
Input Offset Current ho - % 200 nA
DC Open Loop Gain (R_ = 10 M(2) Avor 72 - dB
High Output Voltage Vou 3.6 42 - v
{Vrin 1~VPin 2 2 +150 MV, Ig5 e = 100 pA)
Low Output Voltage Vou - 0.2 04 \'
{Ven 2 Viin 1 2 +150 mV, Iy = 100 pA)
Common Mode Rejection Ratio (Rg < 2.0 k) CMRR 70 94 - dB
Power Supply Rejection Ratio (+12V < Ve s +18 V) PSRR 66 80 - dB

Maximum junction temperature must be observed.
Tiow = 0°C Th'gh =+125°C
§_ = 0 mA unless otherwise noted.

©ENO B

. OV Vo €£45.2V.

LTI B T RS S 1 ER B et gt e R AR 1 e

. faag = 40 kHZ (R = 4,12 k2 + 1%, C1 = 0.01 pF £ 1%, Rp = 0 Q)

htq::llons.erlui;i.‘ch:;r;nm -
3




SG3526

ELECTRICAL CHARACTERISTICS (continued)

| Charmcteristics ] Symbol | Min [ Typ | max | unit j
PWM COMPARATOR SECTION (Note 10.)
Minimum Duty Cycle DCoun - - 0 %
(Vcompensation = 0.4 V)
Maximum Duty Cycle DChvax 45 49 - %
(VCompenaation = +3.8 V)
DIGITAL PORTS (SYRC, SHUTDOWN, RESET)
Output Vokage v
(High Logic Level) {lsoure = 40 pA) VoH 24 40 -
(Low Logic Level) (L, = 3.6 mA) Vou - 0.2 0.4
input Current — High Logic Level HA
(High Logic Level) (Vi = +2.4 V) (" - 125 | =200
(Low Logic Level) (Vq = +0.4 V) " - 225 | -360
CURRENT LIMIT COMPARATOR SECTION (Note 12.)
Sense Voitage (Rg < 50 Q) Vaanse 80 100 120 mV
Input Bias Cument s - -3.0 —10 nA
SOFT-STARY SECTION
Error Clamp Volage (Reset = +0.4 V) - 0.1 0.4 v
Csofti-gn Charging Cumrent (Resei= +2.4 V) ks 50 100 150 pA
OUTPUT DRIVERS (Each Output, V¢ = +15 Vdc, uniess otherwise noted.)
Output High Level Vou \'
lsource = 20 MA 125 13.5 -
lyource = 100 mA 12 13 -
Output Low Levet Voo A
|‘|* =20 mA - 0.2 0.3
lgnk = 100 mA - 12 2.0
Collector Leakage, V¢ = +40 V icpeak) - 50 150 pA
Rise Time (Cy = 1000 pF) % - 0.3 0.6 s
Falf Time {Cy = 1000 pF) Y - 0.1 0.2 us
Supply Cument lcc - 18 30 mA
(Shutdown = +0.4 V, Ve = +35 V, Ry = 4.12 k)

10. foac = 40 kHz {Ry = 4.12 kQ £ 1%, C1 = 0.01 pF + 1%, Ry = 0 Q)
1. 0VSVeus+52V
12.0VS Vo< +12V

S T N 6L e o 3 bt Sy~ e 40 1y Siehpe e W, A

http:/lonseml.com
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SG3526

545

Ay  VOLTAGE GAIN (dB)

]

RESET VOLTAGE

-75

=50 -2 0 25 50 75 100

1,, JUNCTION TEMPERATURE (°C}
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Figure 2. Reference Stablilty over Tamperature
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Figure 4. Error Amplifier Open Loop
Fraquency Response
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Figure 6. Undervoltage Lockout Characteristlc
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$G3526
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Figure 8. V¢ Saturation Voltage as a Figure 8. Oscillator Period
Function of Sink Current
Veo
Qs
Viet
a5

125 Vet

T »A on 1

) Ta Driver A
4uA p-—0 3 Compensation o Driver B

Q1o * 100pA

,__sz Yo Fesdt
vm §H1

14pA

]}

¥
A Ifs
B¢

= ‘_l, 1 J.—?
+ Emor =
Figure 10. Error Amplifier Figure 11. Undervoitage Lockout
Memary
FiF The metering Fip-Flop is an asynchronous data fatch
S s which suppresses high frequency oscillations by allowing
e arity one: PWM pulse per osditator cyde.
§ R O—» Tiok
PWM —D
—————> PWM  The memory Aip-Flop prevemts double pulsing n a
push-pull conBguration by remembering which output
Metering produced the lasl pulse.
FF

Figure 12. Puise Processing Loglc
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$G3526

APPLICATIONS INFORMATION

Negalive
%‘&
Vi Ry 1 1
?
m
Ry
18 Ve Gnd I

+
15 T~ 10pF oy Ry + R v [P
out = rof R2 ot = Vef Ry
Gnd

= ARy

Ra= | R +R

* May be required with some lypes of kansisiors L

Figure 13. Extending Reference Figure 14. Error Amplifier Connections
Output Current Capabliity
Quiput to Load ANA- o4
Rg
1 $GI628 H2 s 16
8 :E R, Vout

Ro 9 10 2
— Ry
= Gnd - 0 .
IGT

Ry
Vour By
(0.1 V4 m) ary
! e CUIR) ()
= Rs Rg
Figure 15. Oscillator Connectlons Figure 16. Foldback Current Limlting
o

+ Emor L

18

53
Cmi
é’

]

The totem pale cutpul drivers of the SG3526 are ideally
suiled for driving the inpul capacitance of power FETs al
high speeds.

Figure 17. Soft-Start Clrculty Figure 18. Driving VMOS Power FETs

AT A AR T BT AR
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Figure 19. Hali-Bridge Configuration

+V Supply

To
Ouiput
Fiter

e

Figure 21. Single—Ended Conflguration

U
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$G3526

WY o
Supply
R1 c2 T
14 R4 "
[1]]
v 1
(I 3
o1
5 6 D2
R B
] 7
S5 +S
] : 3
€8 Gng >

_l.—.: 15
CT i

In the above droult, curtent imiling is accomplished by using the
cument Emit comparaior ouiped io reset the soR-start capacitor.

Figure 20. Flyback Converter with
Current Limiting

+Y Supply ©
R1

14
Ye 13

18

Flgure 22. Push-Pull Configuration
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$G3526

PACKAGE DIMENSIONS

PDIP-18

N SUFFIX
CASE 70702

ISSUE D

NOTES:
1. POSITIONAL TOLERANCE OF LEADS (D), SHALL
BE WITHIN 025 men §.080) AT MAXIMUM
—-—‘- MATERIAL CONEXTION, 4 RELATION TO SEATING
PLANE AND EACH (FTHER.
B L £ DIMENSION L TO CENTER OF LEADS WHEN
t FORMED PARALLEL

3 SMENSION B DOES NOT IMCLUDE MOLD FLASH,
4, CONTROLLING DIMENSION: INCH.

&

AR A B 2 AT N B AL TTTVAE 115 TR e 1A TA Y o AT e B e A AT A PR . A B b TR b LT L T Y e B g 8 e et B e i 4 AP 4
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AAMOSPEC

COMPLEMENTARY SILICON PLASTIC NPN PNP
POWER TRANSISTORS
... designed for use in general purpose power amplifier and switching TIP31 TIP32
applications. TIP31A TIP32A
FEATURES: Sustaining Voita TIP31B TIP32B
* Collector-Emitter Sustaining ge -
Veroma™ 40V(Min)- TIP31,TIP32 TIP31C__ TiIP32C
60V(Min)- TIP31A,TIP32A
80V(Min)- TIP31B,TIP32B
100V(Min)-TIP31C,TIP32C o EineMPER\‘{Es Lic
* Collector-Emitter Saturation Voitage- Vg =1.2V(MaX)@1o= 3.0 A COP%VI\;ER Tm‘ STlOlR SON
* Current Gain-Bandwidth Product f,=3.0 MHz (Min)@ 1,=500 mA 40-100 VOLTS
MAXIMUM RATINGS 40 WATTS
Characteristic Symbol! TIP31 | TIP31A | TIP31B | TIP31C Unit
TIP32 | TIP32A | TIP32B | TIP32C
Collector-Emitter Voitage Veeo | 40 | 60 8o | 100 | V
Collector-Base Voltage Vego 40 60 80 100 v %ﬁ
Emitter-Base Voitage Vepo 5.0 Vv
Collector Current - Continuous I 3.0 A T0-220
- Peak 5.0 )
B
Base Current in 1.0 A }u"l °
(REC/ l ;
Total Power Dissipation@T. = 25°C| Py 40 w A
Derate above 25°C 0.32 w/r°C iE_ UL
=
Operating and Storage Junction T,.Tsra °c DL
Temperature Range -65 to +150 -
4L T
—~F -~k
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit o é:ggs:zc;on
Thermal Resistance Junction to Case | Rejc 3.125 °cw 1.COLLECTOR(CASE)
oM MILLIMETERS
FIGURE -1 POWER DERATING MIN [ MAX
40 A | 1488 [ 153
535 B 978 | 1042
£ N c 50t | 652
g0 D | 1308 | 1462
Z o5 o E 357 | 407
g F 242 | 366
a 20 ~ G 112 | 136
2 45 X H | o072 | 086
[ 422 | 498
E 10 AN J 114 | 138
€ s K 220 | 297
5 L 033 | 055
“ 0 M 248 | 298
0 25 S0 7S 100 125 150 o 3.70 390

Tc , TEMPERATURE(°C)




TiPa1, TIP31A, TIPME, TIP21C NPN 1 TIP32, TiP32A, TIP32B, TIP32C PNP
T SRR SR R S
ELECTRICAL CHARACTERISTICS ( T, = 25°C unless ctherwise noted )

T

Characteristic Symbol Min Max Unit

OFF CHARACTERIGTICS

Collector-Emitter Sustaining Voltage(i}  TIWP31,TIP32 Veeosus) 40 ')
{(1.=30mA, }g=0) TIP31A,TIP32A 60
TIP31B,TIP32B 80
TIP31C,TiP32C 100

Collector Cutoff Current leeo mA
(Vee= 30V, 15=0) TIF31,TiP32, TIPIATIPI2A 0.3
(V= 60V, 15=0) TiP31B,TiP328,TIP31C,TiP32C 0.3

Colector Cutoff Currert lees mA
(V=40 V, V=0 TIP31,TiP32 0.2

(V=60 V., Vy=0) TIF31ATIP32A 0.2
V=80V, V,=0) TIP31B,TIP328 0.2
(V= 100V, V,=0) TIP31C,TIP32C 0.2

Emitter Cutoff Cumrant leno mA
(Vgg=50V, 1c=0; 1.0

ON CHARACTERISTICS (1)

CC Current Gain hFE
(le =1.0A Vg =49V) 25
{(1c730A Ve=40V) o 50

Collector-Emitter Saturation Voltage VeEsa
(Ic =3.0A, 1,=375mA) 1.2

Base-Emitter On Voltage me) Vv

(lc =3.0A V= 40V) 18

DYNAMIC CHARACTERISTICS

Current Gain - Bandwidth Product (2) tr 3.0 MHz
{1c=500mA, Ve =10V, frpgr = 1MHZ)

Small Signal Current Gain h, 20
(1o =500 MA, Ve =10V, 1=1kHz)

(1) Pulse Test Pulse width = 300 s, Duty Cycle = 2.0 %
(@) ty =1y |* tresr



TIP31,TIPI{A, TIP31E,TIP31C NPM i TIP32,TIP32A,TIP32B,TIP32C PNP

. DG CURRENT GAIN

hye

IC | COLLECTOR CURRENT (AMP)

FIG3 TURN-ON T ME
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Co T = : = y
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TIP31,TIP31A,TIP31B,TIP31C NPN/ TIP32,TiP32A,TIP32B,TIP32C PNP

Vee . COLLECTOR EMITTER VOLTAGE (VOLTS)

FIG-7 COLLECTOR SATURATION REGION FIG-8 CAPACITANCES
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IRFP460

HEXFET® Power MOSFET

* Dyriamic

r dv/dt-Rating
& Repsiitiva Avalanche Rated
* |solated Central Mounting Hole
* Fast Switching
¢ tase of Paralleiing
® Simple Drive Requirements

Deserlptlon

ﬂudGermmnHBFElnﬁunlnmmmnmﬁerprmnndmm
with 1he best combination of fast switching, ruggedized device design, iow

Vpss =

; ID=

500V

20A

on-resistance and cost-effectiveness.

The TO-247 package la praferred for commercia-ndustrial
whers higher power lavels preciuds the use of TO-220 davicas. The TO-247
la similar_ but supedor to the aadier TD-218 peckags bacause of Bs \aotated |
mouniing hole. it also provides greater creepage distance betwmsan pins o

meel the requirements of most safety specifications.

Absolute Meximum Ratings
@ Tc=25C Condirucus Drain Curent, Vas @ 10V 2c
o @ Tc= 100°C | Confinuous Drain Curmren, Ves @ 10V 13 A
Tiow | Puised Drain Cutrent @ )
oS Ty= ¢5"C Powar Mﬂaﬂﬂ 250 _'-"'_
Linear Derating Faclor 2.2 W
'Vos | Gate-to-Source Volage 420 v
Eas Single Pulse Avalanche Energy & ) mJ
ian Avalanche Curtont @ 20 A
Ean | Repatiive Avalanche Energy © 28 m
dvidt Peak Dioda Rgcovery dvidt ¢ 35 vms
Ty | Operating Junction and -55 10 +150
Tsra Storage Temperature Range ] =<
Sokiering Temperature, for 10 seconds 30 {i.6mm from case) 1.
Mounting Torgue, 6-32 or M3 screw 10 Iofeln (1.1 Nem)
Tienial nesistancs
, Parameter Mn. | Ty Max. [ Units
Raxc Junction-to-Case — — 045
Hocs Case-{0-Sink, Fat, Greased Surface — 0.24 — W
{Be Juncliaa-to-Ambiant — —_ 40

1886



IRFP460 SR

Electricai Characieristics @ Ty = 25°C (unless otherwise specified)

Paramater fin. | Typ. | Max. | Units Test Conditions
Viesoses Drain-to-Source Breakdown Voltage 500 | — — V¥ | Ves=0Y, o= 250pA
AV prinss/AT,| Breakdown Vollage Temp, Coefficient — 1063 | — | VAC |Reference to 25°C, Io= 1mA
Rosgen Siatic Drein-to-Scurce On-Resistance —_ —~ 1027 ! 2 {Va=iOV, b=10A @
Vasm Gate Threshold Voltage 201 — | 40 V |VpeuVas, o= 250ui
| Forward Transconductance 13 —_ —_— S | Voe=H0V, Ip=12A €
| — — 25 Vos=500Y, Viep=0V
Iose Drain-to-Source Leakage Cument — 1% uA VorAOOV. VeesOV, T 128G
less Qate-to-Source Forward Leakage . — — | 100 nA Ves=20V
Gate-to- Sourve Reverse Leakage — -— 1 -100 Vas=-20V
Total Gate Charae — 1 — | =o Tn=2DA
.QE Gate-io-Source Charge — — 29 nC | Vos=400V
Qs Gate-o-Draitt "Mifler”) Charge I —} — |18 Vas=10V Ses Fig. 6 and 139
e Tum-On Delay Time — 13 — Vor=250V
tr Rige Time — | 5 | — ns lp=<20A
Loromy " 1 Tum-Oft Delay Time — j 110 ] — Ro=t. 20
] Fall Tima — AR —_ ﬁ_,,e-nn Qe- Figure 10 @
Lo fmtsmal Drain Inductance = | B0 —_ _8mm m}
H | o paciogs ﬂ
Lg inbsmai Suurce induciance — i3 — die
< Cioe lnput Capacilance — 42004 — ¢
-Con Oulput Capeciiance — P | — § pF vp.-zsv
:Crss Reversa Transfer Capaciance — ‘350 | — F=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Purameler Min. | Typ. | Max. | Unils Tesi Conditions
Is Continuous Source Current | I G oS MOSFET symbl P
{Body Diode) ) A showing the [/ L—h
[ Puisad Sourcs Cument — | — 8o eyl reverse . °
{Body Diodé) O p-n junclion dicde. 2
Vso Dinde Forward Voltage = ~— : 18 V [Te25°C, 1ss20A, Vo=V &
tr Revarse Recovery Thne — | 57G | 860 | 8 | Ve25°C, im20A
Qe Reversa Recovery Charge — | 57 | 88 | pC |d/d=100ARs @
ton , Forward Tum-On Time Irriringic bum-on Gme is Meglgible (burn-on I8 dominated by Le+Lo)
Notes:
(N Ranatiive rating: nulee width Emited by 0 lonc204, diih160AMs, VopeV(oRioss.
max. junction tempereture (See Figure 11) TE150C
@ NVop=50V, starting T,=25°C, L=4. 5min & Pulve withth < 308 1o5; duty oycie ©2%.

Ra=250). Ias=20A (Sea Figure 12)
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IRFP460

Ip, Drain Current (Amps)

Ip, Drain Current (Amps}

10! .

i 20us PULSE WIDTH
fTc = &=
10°
1l wt

Vos, Drain-to-Source Voltags (volts)

Fig 1. Typical Quiput Charactaristics,
Tc=25°C

H-

VYo = S0V
—— 20us PULSE WIDT
4 a ] 2

Vgs. Gate-10-Source Voltage (volts)

%

Fig 3. Typical Transfar Characteristics

Ip, Drain Cumrert (Ampa)

(Normalized)

Rog(ony Drain-to-Source On Raslstance

- B T4
e i A
'F
W 4, Sy
/ T
20us AULSE WDTH
Ty~ SR
et i
Vps, Drain-to-Source Voltage (volts)
Fig 2. Typical Output Characteristics,
. Tomi150°C
A T
Aok
2.3 4
23 /
. - Vg
1.5
¥V
1.0 /’1 2
4
©.3
Jees = 10y
0.0

60 -40 -0 0 20 40 60 S0 <00 120 140 160

T, Junction Temperature (°C)

Fig 4. Normalized On-Resistance

Vs. Temperature
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IRFP460

o Vs - OV, f =~ 14z 20 p T
Cigg ~ Cgg + Cgo Cys SHORTED = In + 20 Voo - 400¥ 1,
cres. = Coa. B - T [y 2s0v —\Q
sl —>riCons 7 S * o L. Yo - 100v 3
\\ I 3
G&' - \-.;.I‘ | ] c
~= 5000 =TT Cina > 12
g N ™ B
\ 1
8N g
e LT
- D ;- S s o o v L A AL
0 ‘:‘r.“.,_-._. \ . .3 . f . . . . .
""\\\ > ro ST oo
et L L | | | serrewsets
w 10l £0 [53) 120 150 200
Vps, Drain-to-Source Voltage (volts) Qa, Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source VoRage Gate-to-Source Voltage
bl P
./L = N
i A = BY Az iy =
. ) ] — it
£ L g 7
E £ ' |
s < o == ——d
3 - J - z of === = =]
£ g A Y
o
5 . ‘m//I S AN
s {1 TA § LTINS S
g ATkl 5 - =
il = =
] / } ! 1= 2502 I N
= T neE ! T
ol i I l Vgs = O¥ SINGLE PULSE . L ven
R ATINRCICIN N M ¥ R W S N A E VTR E LT T E R e E e
Vor, Sourne-to-Drain Volzoe (volis) Vpe, DraindoSaures Voltage {vohe)
-Fig 7. Typical Sourcs-Brain-Digde -Flg-8. Maximum Safe-Operating-Area
Forward Volage
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I, Drain Current {Amps)

(zoR] IRFP460

Vo8 S——=A——
|__§ D.UT.
’ ' Voo
s i :
e Doy o s e
Ry Factor 5 G.¥
w2 NUNEE ¥
TN Fig 10a. Switching Time Test Circult
H \\
3 Vi
HEEREEERELE s\ L~ \ A
4 | ]
- : b |
l ’ ‘ | i
3 10°% -r $
F-3 50 ™ 100 125 150 Vgs
Tc. Case Tempersturs-(°C) tom 4
Fig 8. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms
Case Temperature
T- T
i n i a1 .
s R rEEE Jti T 1
k] T il |
@ 0.1 po it L : |
et T
bo H | ;
'g et SINGLE PULSE T - HIEE
g 10 P (THERMAL RESPONSE) mind — "_ﬂ_‘
F : it
- ' - i e R
‘ NOTEE
t 1. DUTY FACTOR, D=t1/t2
o o o ma‘ PEsX Ty=Paw x Zenyz = Yo

10 1074 ‘ 10t 1072 0.1 1 10
14, Rectanguiar Fuise Duration {secongis)
Fig 11,  Maximum Effective Transient Thermal impedance, Junclion-lo-Case.
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[zoR]

Vps >-—-—‘—’ﬂ"—'—-|

Vary 1 1o obtain
required las
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@wut -
| p | oo |

Fig 12a. Unclamped incuctive Test Circuit
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Fig 12b. Unciamped Inductive Waveforms
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Appendix A: Figure 14, Peak Diode Recovery dvidt Test Circuit — Ses page 1505
Appendix B: Package QOutline Mechanical Drawing ~ See page 1511
Appendix C: Part Marking Information — See page 1517

ig 13b. Gate Charge Test Circuit
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National Semiconductor

LM78XX
Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators is available
with several fixed output voltages making them useful in a
wide range of applications. One of these is local on card
regutation, eliminating the distribution problems associated
with single point regulation. The voltages available allow
these regulators to be used in logic systems, instrumenta-
tion, HiFi, and other solid state electronic equipment. Al-
though designed primarily as fixed voltage regulators these
devices can be used with external components to obtain ad-
justable vollages and currents.

The LM78XX series is available in an aluminum TO-3 pack-
age which will allow over 1.0A load current if adequate heat
sinking is provided. Current limiting is included to limit the
peak output current to a safe value. Safe area protection for
the output transistor is provided to limit internal power dissi-
pation. If inlernal power dissipation becomes too high for the
heat sinking provided, the thermal shutdown circuit takes
over preventing the IC from overheating.

Considerable effort was expanded to make the Lt M78XX se-
ries of regulators easy to use and minimize the number of
external components. It is not necessary to bypass the out-

May 2000

put, although this does improve transient response. Input by-
passing is needed only if the regulator is located far from the
fiter capacitor of the power supply. .

For output voltage other than 5V, 12V and 15V the LM117
series provides an output voltage range from 1.2V to 57V.

Features

= Qutput current in excess of 1A

= Internal thermal overlpad protection

m No external components required

s Output transistor safe area protection

m Internal short circuit current limit

® Available in the aluminum TQ-3 package

Voltage Range

LM7805C sV
LM7812C 12V
LM7815C 18V

Connection Diagrams

Metal Can Package
TO-3 (K)
Atuminum

QUTPUT —. _~—GND

INPUT —
0S007746-2
Bottom View
Order Number LM7805CK,
LM7812CK or LM7815CK
See NS Package Number KC02A

Plastic Package
TO-220 (T)

—

—— L
B

- TN

DS007748-3

ono — O

Top View
Order Number LM7805CT,
LM7812CT or LM7815CT
See NS Package Number T03B

© 2000 National Semiconductor Corporation DS007746
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LM78XX

Schematic
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Absolute Maximum Ratings {Note 3) Maximum Junction Temperature

If Military/Aerospace specified devices are required, (K Package) 150°C
please contact the National Semiconductor Sales Office/ (T Package) 150°C
Distributors for availability and specifications. Storage Temperature Range -65°C to +150°C
Input Voltage Lead Temperature (Soldering, 10 sec.)

(Vo = 5V, 12V and 15V) 35y TO-3 Package K 300°C
Internai Power Dissipation (Note 1) Internally Limited TO-220 Package T 230°C
Operating Temperature Range (T,) O'Clo+70°C
Electrical Characteristics LM78XXC (Note 2)

0°C < T, < 125°C unless otherwise noted.
Output Voltage 5V 12v 15v
{nput Voltage (unless otherwise noted) 10v 19V 23V Units
Symbol Parameter Conditions Min | Typ [Max | Min | Typ [Max | Min | Typ | Max
Vo Qutput Voltage Ti=25C, 5mAslyg<1A 4.8 5 52 1115 12 125(144 15 156 \%
Pp < 15W, 5 mA < I, < 1A 475 525|114 12.6 14.25 15.75 \%
Vian € Vi € Vinax (TH5<V<20) | (1455 V< (175 <V < v
27) 30)
AVo tine Regulation o = 500 Tj=25C 3 50 4 120 4 150 mV
mA
AV (7 <V £ 25) 145 < V,, = 30) (17.5<Vy 2 vV
30)
0C<Tj<+125C 50 120 150 mv
AViy BsVin=20) | (15<V<27) (18.5 < Vi = v
30)
7Alo< 1._A__T]=_25_C' 50 120 150 ) mv
MV (75sVns20) | (1465 V< (77 <V < v
27 30)
0°Cx<Tj<+125C 25 60 75 mV
AVin (B<Vins12) (16 < V,, < 22} (20 <V £ 26) \Y
'\, | Load Regulation | Tj=25C |5mA=io= 15A 10 50 12120 12 150 mv
250 mA < ln = 25 60 75 my
750 mA
5mA<iy<1A 0C<Tj< ) 50 ) 120 150 | mv
+125'C
lg Quiescent Current | I = 1A - T_j= 25C B 8 8 mA
0C<Tjz+125C 85 8.5 85 mA
RPN Quiescent Current | 5mA < I, < 1A 0.5 05 05 mA
Change Tp=25C. 1l 1A 1.0 1.0 1.0 mA
Vian € Vin € Viaax (75<Vig<20) | (148 <V <2 (17.9 < Vi < \%
30)
Hy < 500mA 0C < Tj< +125°C 10 10 10 mA
Vi € Vin € Viaax (7<Vy<25 {14.5 < V< 30} (17.5 <V < Vv
30)
Vi Output Noise Ta =25C. 10 Hz = f < 100 kHz 40 75 S0 Yy
Voltage
Ripple Rejection l,<1A Tj=25C | 62 80 55 72 54 70 dB
AViN or
Aour f= 120 Hz | I, < 500 mA 62 55 54 dB
0C=Tj<+125C
Virn & Vi € Vasax (B<Vi<18) | (15<Vyu<25) | (1B5< V< v
28.5)
Ry Dropout Voltage | Tj=25C.lgyy = 1A | 20 | 20 20 LV
Output Resistance | f = 1 kHz 8 18 19 mi}

3 www national.com



LM78XX

Electrical Characteristics LM78XXC (Note 2) (Continued)

0°C £ T, £ 125°C unless otherwise noted.

Output Voltage 5V 12v 15V
Input Voltage {unless otherwise noted) 10V 19v 23v Units
Symbol Parameter Conditions Min | Typ [Max | Min [ Typ [Max | Min | Typ | Max
Short-Circuit Tj=25C 2.1 15 1.2 A
Current
Peak Output Tj = 25C 24 2.4 24 A
Current
Average TC of 0°C<Tjs+125C, I = 5 mA 06 15 1.8 mv/'C
VOUT
Vin Input Voltage
Required to Tj=25C. Ig £ 1A 7.5 146 17.7 v
Maintain

Line Regulation

Note 1: Thermal resistance of the TO-3 package (K, KC} is tymcally 4" C/W junction to case and 35°C/W case to ambient. Thermal resistance of the TO-220 package

(T} is typically 4°C/W junction to case and 50°CAN case to ambient

Note 2: All characteristics are measured with capacitor across the input of 022 pF, and a capacitor across the output of 0. 1pF. All characteristics except noise voltage
and ripple rejection ratio are measured using pulse techniques (t,, < 10 ms, duty cycle £ 5%) Output voltage changes due to changes in intemal temperature must

be taken into account separately.

Note 3: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. For guaranteed specifications and the test conditions, see Elec-
trical Characteristics
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Typical Performance Characteristics
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LM78XX

Typical Performance Characteristics (continued)

Output Impedance
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Physical Dimensions inches {mitlimeters) unless otherwise noted

0.940 —0.980
—»{(23.88— 24 B9) [we—
0.800—0.815 | oA 0.250—0.350
{20.32 - 20.70) ~ - (6.350 — B.890)
biA
01070423 Y
@218 —3.124)”1L g ; +
0025 § % b ooz
(01535' 8135 SEATING PLANE ("430‘*13.25]
UNCONTROLLED LEAD DI 1200 0.038—0.043 *
MAX 4—‘ L—(n 965—1.002)
DIA TYP
D.420-0.440
nu (10.67—11.18)
0.151-0.161
(3.835-4. nssp
01650179 DMTYP E@ 0910 1.050
%%ﬂ . @ (24.54—26.67)
TRTYP 0.210-0220 | L
(5.334-5.588)
0.655 - 0.675
[~ (16.64-17.15)
1.477-1.197
{20.90—30.40)

KCO2A (REV C)

Aluminum Metal Can Package (KC)
Order Number LM7805CK, LM7812CK or LM7815CK
NS Package Number KC02A
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LM78XX Series Voltage Regulators

Physical Dimensions inches {millimeters) unless otherwise noted (Continued)
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TO-220 Package (T}
Order Number LM7805CT, LM7812CT or LM7815CT
NS Package Number T02B

LIFE SUPPORT POLICY

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 AND GENERAL
COUNSEL OF NATIONAL 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 lfe 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, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling. can be reasonably expected to result in a
significant injury to the user

o
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Order this document
SEMICONDUCTOR TECHNICAL DATA by MUR3020WT/D
SWITCHMODE™ Power Rectifiers MUR3020WT
... designed for use in swiiching power supplies, inverters and as free MUR3040WT
wheeling diodes, these state—of-the—art devices have the following features:
« Ultrafast 35 and 60 Nanosecond Recovery Time “unamwr
¢ 175°C Operating Junction Temperature Motorola Preferred Devices
» Popular TO-247 Package
« High Volitage Capability to 600 Volts
* Low Forward Drop ULTRAFAST RECTIFIERS
» Low Leakage Spacified @ 150°C Case Temperature 30 AMPERES
» Current Derating Specified @ Both Case and Ambient 200-400-600 VOLTS

Temperatures
Epoxy Meets ULS4, Vo @ 1/8”
High Temperature Glass Passivated Junction

Mechanical Characteristics

Case: Epoxy, Molded
Weight: 4.3 grams (approximately)

Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

Lead Temperature for Soldering Purposes: 260°C Max. for 10
Seconds

Shipped 30 units per plastic tube
Marking: U3020, U3040, U3060

MAXIMUM RATINGS, PER LEG

10—Pp—

—0 2,4

3 o~Ppp—

CASE 340K-01
TO-24TAE

Rating Symbol

MUR3020WT

MUR3D40WT | MUR3OSOWT | Unit

Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM
DC Blocking Voltage VR

Average Rectified Forward Current @ 145°C IF(AV)
Total Device

Peak Repetitive Surge Current IFM
(Rated VR, Square Wave, 20 kHz, T¢ = 145°C)

Nonrepetitive Peak Surge Cument IFsMm
(Surge applied at rated load conditions,
hatfwave, single phase, 80 Hz)

150 Amps

Operating Junction and Storage Temperature Ty Tsta

-65t0+175 °C

THERMAL CHARACTERISTICS, PER LEG

Maximum Themal Resistance — Junction to Case Rayc
-— Junction to Ambient RaJa

ELECTRICAL CHARACTERISTICS, PER LEG

Maximum Instantaneous Forward Voltage (1) VE
{{F = 15 Amp, T¢c = 150°C)
{lf =15 Amp, T¢ = 25°C)

0.85
1.05

1.12
125

14
1.7

Maximum Instantaneous Reverse Current (1) iR
(Rated DC Voltage, T = 150°C)
(Rated DC Voltage, T = 25°C)

10

1000
10

Maximum Reverse Recovery Time tr
(iF = 1.0 A, di'dt = 50 Amps/us)

(1) Pulse Test: Pulse Width = 300 ps, Duty Cycle < 2.0%.

SWITCHMODE is a trademark of Motorola, Inc.

Prafarred devicos are Motorola recommended choices for fulure use and best overall value.

Rev2

@ Motorola, Inc. 1996

@ MOTOROLA
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Figure 1. Typical Forward Voltage (Per Lag)
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Figure 2. Typical Reverse Current (Per Lag)*
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Figure 7. Typlcal Reverse Currant (Per Leg)*
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MUR3020WT MUR3040WT MUR30S0OWT
PACKAGE DIMENSIONS
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Motorola reserves the right to make changes without further notice to any producis herein. Malorola makes no warranty, representation or guaranise regarding
the suitability of its products for any paricutar purposs, nor does Motorola assume any liability arising out of the application or use of any product or circuit, and
specificatly disclaims any and all liability, including without limitation consaguential or incidental damages. “Typical™ parameters which may be provided in Molorola
data sheets and/or specificationa can and do vary in different applications and actual performance may vary over ime. All operating parameters, inchuding "Typicale”
must be validated for aach customer application by customer's technical experts. Motorola does not convey any license under its patant rights nor the rights of
others. Motoroka products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product coutd create a situation whare parsonal injury
or death may ocour. Should Buyer purchase or use Motorola products for any such unintendad or unauthorized application, Buyer shallindemnify and hold Molorola
and its officers, employees, subsidiaries, affiiates, and distibutors harmiess against all daims, costs, damages, and expenses, and reasonable attormey fees
arising out of, direclly or indireclly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Motorola was negligent regarding the design ar manufacture of the parl. Motorola and @ are registerad trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Emgloyer.

Miax is a trademark of Molorola, Inc.
How to reach us:
USA/EUROPE /Locations Not Listed: Motorala Literature Distibution; JAPAN: Nippon Motorola Lid : SPD, Stralegic Planning Ofice, 4-32-1,
PO. Box 5405, Denver, Colorado 80217. 303-675-2140 or 1-800-441-2447 Nighi-Gotanda, Shinagawa—ku, Tokyo 141, Japan. 81-3-5487-8488

Mfax™: RMFAXO@ernail.sps.mot.com — TOUCHTONE 602-244-6609 ASIA/PACIFIC: Molorokz Semiconduciors H.K. Lid ; 68 Tai Ping indusirial Park,
- US & Canada ONLY 1-800-774-1848 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-28620298
INTERNET hitp-/imotorola. com/sps
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1N4728A - 1N4752A Series

National
Semiconductor™

Discrete POWER & Signal
Technologies

1N4728A - 1N4752A Series One Watt Zeners

Absolute Maximum Ratings*

TA = 25°C unless otherwise noled

Tolerance: A = 5%

ﬁ
Parameter Value Units
Storage Temperature Range -65 to +200 °C
Maximum Junction Operating Temperature + 200 °C
Lead Temperature (1/16” from case for 10 seconds) +230 °C
Total Device Dissipation 1.0 w
Derate above 25°C 6.67 mwW/C
Surge Power™* 10 w
“These ratings are imiting velues above which the servicaability of the diode may be impaired DO-41
**Nor-recurrent square wave PW= 8.3 ms, TA= 55 degrees C.
NOTES:
1) Thesa ratings are based on a ture of 200 degr C.
2} These are steady state limits. The factory should be consulted on applications invalving pulsed
or low duty cyde operations. \,
Electl'ical Chal’acteristics TA = 25°C unless otherwise noted
. VZ ZZ @ lZI' ZZK @ IZK vR @ IR ISURGE lZM
Device | v @ ma | @  m4 | ™M pA | ma | mA
1N4T2BA 33 10 76 400 1.0 1.0 100 1,380 276
1N4729A 36 10 69 400 1.0 1.0 100 1,260 252
1NA7T30A 39 9.0 64 400 10 10 50 1,190 234
1N4T31A 4.3 8.0 58 400 1.0 1.0 10 1,070 217
INAT32A 47 8.0 53 500 10 1.0 10 970 193
1N4T733A 51 7.0 49 550 1.0 1.0 10 890 178
1N4T734A 56 50 45 600 1.0 20 10 810 162
1N4735A 6.2 2.0 41 700 1.0 3.0 10 730 146
1N4736A 6.8 35 37 700 10 40 10 660 133
1N4TITA 75 40 34 700 05 50 10 605 121
1N4T3BA 8.2 4.5 31 700 05 6.0 10 550 110
1N4739A 8.1 5.0 28 700 0.5 7.0 10 500 100
1N4740A 10 70 25 700 0.25 76 10 454 ey
1N4T741A 1 8.0 23 700 0.25 8.4 5.0 414 83
1N4742A 12 9.0 21 700 0.25 91 50 380 76
1NATA3A 13 10 19 700 0.25 99 5.0 344 69
1NA744A 15 14 17 700 0.25 11.4 5.0 304 61
1N4A745A 16 16 155 700 0.25 12.2 50 285 57
1N4T46A 18 20 14 750 0.25 13.7 50 250 50
1N4747A 20 22 125 750 0.25 15.2 50 225 45
1N4748A 22 23 115 750 0.25 16.7 50 205 41
1N4T49A 24 25 105 750 0.25 18.2 50 190 38
1N4750A 27 35 95 750 0.25 20.6 50 170 34
1N4751A 30 40 8.5 1,000 0.25 228 50 150 30
1N4752A 33 45 7.5 1,000 0.25 251 50 135 27

Vi Foward Voltage = 1.2 V Maximum @ I, = 200 mA for alt 1N4700 series
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Diode Data

Computer Diodes (Glass Package)

n.a

Device | Package | YRRM In Vn ve Ie ¢ tr Test Pra
No Neo. v nA @ v ® ma | PF | " | oong Ne
. Min Max Min Max Max Max )
1NG625 DO-38 a0 1000 20 15 4 1000 {Note 1) (o7
1NO14 DO-36 100 25 20 1.0 10 4 {Note 2) D«
5000 75
TNS14A DO-385 100 28 20 1.0 20 4 {Note 2) D:
5000 76
1N914B DO-356 100 25 20 0.72 8 4 (Note 2) De
5000 758 1.0 100
iNB18 DO-35 100 25 20 1.0 10 4 (Note 2) D4
6CA0 75
1N918A DO-35 . 100 25 20 1.0 20 4 {Note 2) D4
5000 75
1N9188B DC-35 100 25 . 20 0.78 _ 5 4 {Note 2) D4
5500 75 i0 30
1N3064 DO-35 75 100 80 0.575 0.250 2 4 {Note 3) D4
0.650 1.0
0.710 20
1.0 10.0
1N3800 DO-35 75 100 50 0.54 0.82 1.0 25 4 {Nots 4) D4
0.65 0.74 10.0
0.78 0.86 50.0 -
0.82 0.92 100.0
- 0.87 1.0 200.0
1N4009 DO-38 as 100 25 10 ac 4 2 {Note 2) D4
iN4146 DO-35 __Sea D_gta for IN914A/9148
1N4147 noas Sae Date for IND14A0148
iN4148 7 00-35 Seo Uata for iN914 e B
1M4140 Dogs Sz2 Date for 1N0IS
1N4150 0DO.35 Sae Data for 1N3660 e
1N41814 noas 7E Ly L] .0 50 £ 2 {Nate 2) D4
1N4i52 DO-38 40 &0 30 0.48 Q.65 .1 | 4 2 {iNote 2) 04
0.63 0.58 0.25
0.69 0.87 1.0
0.62 0.70 20
0.70 0.81 16.0
0.74 0.88 20.0
1N4163 DO-35 75 60 80 See iN4152 4 2 {Mote 2} D
1N4154 | DO-36 35 160 25 e #@ 80 4 4 ] 2§ (Notez) § D4
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