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ABSTRACT

This thesis presents the development of photovoltaic which includes the intelligent
photovoltaic and synchronous buck converter with maximum power point tracking to
autonomic separate from the photovoltaic which is the same string. This intelligent
photovoltaic helps to solve the problem of maximum power tracking the string of conditions,
in case of the difference light intensity of photovoltaic. In this thesis uses the maximum
power tracking techniques to adapt the incremental conductance. The production of
electricity generation from the intelligent photovoltaic has been confirmed by the results of
the simulation in a computer program. In addition, there are two photovoltaic prototypes to
test and confirm the operation. The results showed that maximum power point tracking
track by using the incremental conductance technique takes the power out to closes to the
maximum power which should be that light. The efficiency of synchronous buck converter

are more value than buck converter and the statue results are close to the results of scope.
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#include<16F877A.h>

#device ADC=10

#fuses HS, NOLVP, NOWDT, NOPROTECT

#use delay (clock=20000000)

#use rs232(baud=9600, xmit=PIN b0, rcv=PIN bl, STREAM=prev_MCU)
#use rs232(baud=9600, xmit=PIN c6, rcv=PIN c7, STREAM=next MCU)
#include <math.h>

#include <stdlib.h>

#include <input.c>

void main (void)
{
char str[50];
float V1,vV2,Vv=0,Vi=0,V,I,dv,dI,vp=0,Ip=0,P,D;
float c=10;
intl6 duty=100,a;

set_tris_c(OxOO);

setup_ccpl (CCP_PWM) ;

setup timer 2(T2_DIV BY 1,49,1);
set timer2(0) ;

set_pwml_ duty(duty) ;
setup_port_ a(ALL ANATLOG) ;
setup_adc(adq_clock_internal);

while (TRUE) {
for (a=0;a<100;a++)
{
set_adc_channel (0) ;
delay us(20);
Vl=read adc();

set _adc_channel (1) ;
delay us(20);
V2=read adc() ;

Vv=Vv+V1l;
Vi=vVi+v2;
}

V=(Vv/100) * (5.0/1023) * (26) ;
I=(Vi/100)*(5.0/1023)*(0.9/0.1);
P=(V*I);

D=(duty/2) ;

Vv=0;
Vi=0;

fgets (str,prev_MCU) ;
fputs (str,prev_MCU) ;
fprintf (next MCU,"Panel 1 %s\r\n", str);
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fprintf (next MCU,"Panel 2 V = %f I = %f P = $f D = $f \r\n",v,I,P,D);
fprintf (next MCU,"\r\n");

dv=(V-Vp) ;
dI=(I-Ip);

if (dv>0&&dI>0) {}
else if (dv<0&&dI<O0) {}
else(

if ((dv>(-0.01)) &&(dv<0.01)){

if ((dI>(-0.01)) &&(dI<0.01)) {
duty=duty;

}

else if (dI>O0) {
duty=duty-c;

}

else(
duty=duty+c;

}

}

else(

if ((((AI/AV)+(I/V))>(-0.01))&&(((AI/AV)+(I/V))<(0.01))){
duty=duty;

}

else if ((dI/AV)>(-I/V)){
duty=duty-c;

}

else{
duty=duty+c;

}

}

if (duty<=20) {duty=20;}
else if (duty>=200) {duty=200;}
set_pwml_ duty (duty) ;

Vp=V;
Ip=I;

delay ms(500) ;
}
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PD-91279E

IRF3205

HEXFET® Power MOSFET

Advanced Process Technology
Ultra Low On-Resistance
Dynamic dv/dt Rating

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

Description

D

VDSS =55V
RDS(on) =8.0mQ

Ip = 110A®

Advanced HEXFET® Power MOSFETSs from International
Rectifier utilize advanced processingtechniques toachieve
extremely low on-resistance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET power MOSFETs
are well known for, provides the designer withan extremely
efficient and reliable device for use in a wide variety of
applications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation

levels to approximately 50 watts. The low thermal TO-220AB
resistance and low package cost of the TO-220 contribute
to its wide acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units
Ip@ Tc=25°C Continuous Drain Current, Vgs @ 10V 1100
Ip @ Tc =100°C| Continuous Drain Current, Vgs @ 10V 80 A
lom Pulsed Drain Current © 390
Pp @Tc = 25°C Power Dissipation 200 w
Linear Derating Factor 1.3 W/eC
Ves Gate-to-Source Voltage + 20 \%
IaR Avalanche Current® 62 A
Ear Repetitive Avalanche Energy® 20 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.0 V/ns
Ty Operating Junction and -55 to + 175
Tste Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 Ibfein (1.1N+m)
Thermal Resistance
Parameter Typ. Max. Units
Rauc Junction-to-Case —_— 0.75
Racs Case-to-Sink, Flat, Greased Surface 0.50 _— °C/W
RgJa Junction-to-Ambient _— 62
www.irf.com 1
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IRF3205

International

TR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. |Units Conditions
V(BRr)DSS Drain-to-Source Breakdown Voltage 5 | — | — V | Vgs =0V, Ip = 250pA
AVigrpss/AT; | Breakdown Voltage Temp. Coefficient | — |0.057| — | V/°C | Reference to 25°C, Ip = 1mA
Rps(on) Static Drain-to-Source On-Resistance | — | — | 8.0 | mQ | Vgs =10V, Ip =62A ®
Vas(th) Gate Threshold Voltage 20 | — | 40 \ Vps = Vas, Ip = 250pA
Jfs Forward Transconductance 4 | — | — S Vps = 25V, Ip = 62A®
Ioss Drain-to-Source Leakage Current = _* pA \ps = 55V, Vs = OV
— | — | 250 Vps = 44V, Vgs = 0V, Ty = 150°C
ik Gate-to-Source Forward Leakage — | — [ 100 N Vas = 20V
Gate-to-Source Reverse Leakage — | — [-100 Vgs = -20V
Qq Total Gate Charge — | — | 146 Ip = 62A
Qgs Gate-to-Source Charge — | — | 35 | nC | Vps =44V
Qgqg Gate-to-Drain ("Miller") Charge — | — | 54 Vs = 10V, See Fig. 6 and 13
td(on) Turn-On Delay Time — | 14 | — Vpp = 28V
t Rise Time — | 101 | — Ip = 62A
oo Turn-Off Delay Time 25| /500 S RS EA50
te Fall Time — | 65 [|— Vgs = 10V, See Fig. 10 @
Lp Internal Drain Inductance — | 45 | — yrolresiy Ie.ad, >
1y | emm (0:25in) JC
Ls Internal Source Inductance > (abiisrry oo i
¢ and center of die contact s
Ciss Input Capacitance — | 3247 | — Vgs = 0V
Coss Output Capacitance — | 781 | — Vps = 25V
Crss Reverse Transfer Capacitance — | 211 |— | pF | f=1.0MHz, See Fig. 5
Eas Single Pulse Avalanche Energy® —— [1050©|264@| mJ | Ias=62A, L =138uH
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max. | Units Conditions
Is Continuous Source Current X o | a0 MOSFET symbol 2
(Body Diode) A showing the
Ism Pulsed Source Current integral reverse g
(Body Diode)® | [ | ) p-n junction diode. s
Vsp Diode Forward Voltage — | — 13 V | Ty=25°C, Is=62A,Vgs =0V ®
ter Reverse Recovery Time — | 69 | 104 ns | Ty=25°C, I =62A
Qi Reverse Recovery Charge — | 143 | 215 nC | di/dt = 100A/us @
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Ls+Lp)
Notes:
® Repetitive rating; pulse width limited by @ Pulse width < 400ps; duty cycle < 2%.
max. junction temperature. ( See fig. 11) ® Calculated continuous current based on maximum allowable

@ Starting Ty =25°C, L = 138pH
Rg = 25Q, Iag = 62A. (See Figure 12)
® Igp < 62A, dildt < 207A/ps, Vpp < V(BR)DSSv

T,<175°C @This is a calculated value limited to Ty = 175°C.

junction temperature. Package limitation current is 75A.

® This is a typical value at device destruction and represents
operation outside rated limits.

www.irf.com
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Peak Diode Recovery dv/dt Test Circuit

—<+ Circuit Layout Considerations
D.U.T
— o Low Stray Inductance
A ® o Ground Plane
e Low Leakage Inductance
Current Transformer
L <

:
o gk Ve

foxd= ol it

P
o)
»)
L
|
i

¢ dv/dt controlled by Rg
o Driver same type as D.U.T. — Vop
e Igp controlled by Duty Factor "D" 5
¢ D.U.T. - Device Under Test

@ Driver Gate Drive

5 L LUPWE
o SER AL D = Period
f
V=10V *
(C
R
@ D.U.T. Igp Waveform
Reverse 4‘
Recovery | Body Diode Forward
Current ™ Current
di/dt
®|puT Vpg Waveform 3
Diode Recovery \
dv/dt v
/ DD
Re-Applied | — AT
Voltage Body Diode ’ ’ Forward Drop
() Inductor Curent m
Ripple < 5% Isp
)

* Vs = 5V for Logic Level Devices

Fig 14. For N-Channel HEXFETS
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Package Outline

TO-220AB Outline
Dimensions are shown in millimeters (inches)

2.87 (113) *}13?352335 Qsi;?ﬁ}iil 4.69 (185) =
2.62 (.103) 4.20 (.165) 3
4 - | ~ |1t
e bl
15.24 (.600)
14.84 (.584) ’
1.15 (.045) LEAD ASSIGNMENTS
| Y e ot
T ' 3-SOURCE
4-DRAIN
:;23?223: ‘ ’ 406 (.160)
3.55 (.140)
o L SR e
X 445 (045) 7 [®] 036 (014) _@[B]A @) )
=" 2.64 (104)
2.54 (.100) ~
2X
NOTES:
1 DIMENSIONING & TOLERANCING PER ANSIY14.5M, 1982, 3 OUTLINE CONFORMS TO JEDEC OUTLINE TO-220AB.
2 CONTROLLING DIMENSION :INCH 4 HEATSINK & LEAD MEASUREMENTS DO NOT INCLUDE BURRS.
Part Marking Information
TO-220AB
EXAMPLE : THIS IS AN IRF1010
WITH ASSEMBLY Q
LOT CODE 9B1M INTERNATIONAL PART NUMBER
RECTIFIER N ,Rme,/
L ISZR9246\
e DATE CODE
ASSEMBLY YYWW)
LOT CODE & i
WW = WEEK

Data and specifications subject to change without notice.
This product has been designed and qualified for the automotive [Q101] market.
Qualification Standards can be found on IR’s Web site.

International
TGR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, USA Tel: (310) 252-7105
TAC Fax: (310) 252-7903
Visit us at www.irf.com for sales contact information.01/01
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TOSHIBA TLP250

TOSHIBA Photocoupler GaAlAs Ired & Photo—IC

Transistor Inverter

Inverter For Air Conditionor
IGBT Gate Drive

Power MOS FET Gate Drive

Unit in mm

Ko

V
1.

5480

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a TR
integrated photodetector. EE
This unit is 8-lead DIP package. ST fiese
TLP250 is suitable for gate driving circuit of IGBT or power MOS FET. L

e Input threshold current: IF=5mA(max.) f
e Supply current (IcC): 11mA(max.) ETTEATIR
e Supply voltage (Vce): 10-35V pHEH
o Output current (I0): £1.5A (max.)

e Switching time (tpLH/tpHL): 1.5ps(max.)

o Isolation voltage: 2500Vyms(min.)

e UL recognized: UL1577, file No.E67349 -
e Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823 TOSHIBA 11-10C4
Maximum operating insulation voltage: 630VPK Weight: 0.54 g

Highest permissible over voltage: 4000VPK

(Note) When a VDE0884 approved type is needed,
please designate the "option (D4)"
e Creepage distance: 6.4mm(min.)

Clearance: 6.4mm(min.)

Schmatic Pin Configuration (top view)
lcc
<= Py @
_T_ ¢ — 9 VCG 1[0 :l 8
8
I (Tr 1) 2[] 7
et —>
2+ o Ve —>
Ve } = { } X a[] 16
3- (_' o Vo
lgico i o fs
T (Tr2)
@ @ O
5 EhlE 1:N.C.
A 0.1pF bypass capcitor must be 2 : Anode
connected between pin 8 and 5 (See Note 5). 3 : Cathode
4:N.C.
5:GND
6 : Vo (Output)
7:Vo
8:Vce
Truth Table
Tr Tr2
Input On On Off
LED Off off On

1 2004-06-25



Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current IF 20 mA
Forward current derating (Ta 2 70°C) Alg / ATa -0.36 mA/°C
o
u Peak transient forward curent (Note 1) IFPT 1 A
Reverse voltage VR 5 \Y
Junction temperature Tj 125 °C
“H"peak output current (Py =< 2.5ps,f < 15kHz) (Note 2) loPH -1.5 A
“L"peak output current (Pyy < 2.5us,f < 15kHz) (Note 2) lopL +1.5 A
(Ta=70°C) 35
Output voltage Vo \%
5 (Ta=85°C) 24
8 (Ta =70°C) 35
8 Supply voltage Vce \%
(Ta=85°C) 24
Output voltage derating (Ta 2 70°C) AVo /! ATa -0.73 V/°C
Supply voltage derating (Ta = 70°C) AVgc !/ ATa -0.73 V/°C
Junction temperature Tj 125 °C
Operating frequency (Note 3) f 25 kHz
Operating temperature range Topr —20~85 %C
Storage temperature range Tstg -55~125 °C
Lead soldering temperature (10 s) (Note 4) Tsol 260 °€
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 5) BVs 2500 Vrms

Note 1:  Pulse width Py = 1ps, 300pps

Note 2:  Exporenential wavefom
Note 3:  Exporenential wavefom, lopH < —1.0A( = 2.5ps), lopL = +1.0A( < 2.5ps)

Note 4:  Itis 2 mm or more from a lead root.

Note 5:  Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

together.

Note 6: A ceramic capacitor(0.1uF) should be connected from pin 8 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1cm.

Recommended Operating Conditions

Characteristic Symbol Min. Typ. Max. Unit
Input current, on (Note 7) IF(ON) 7 8 10 mA
Input voltage, off VE(OFF) 0 — 0.8 \%
Supply voltage Vce 15 — 30 20 \%
Peak output current lopH/loPL — — +0.5 A
Operating temperature Topr -20 25 70 85 °c

Note 7: Input signal rise time (fall time) < 0.5 ps.

2004-06-25



Electrical Characteristics (Ta = -20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE — IF=10mA , Ta=25°C 1.6 1.8 \%
Temperature coefficient of 2 L g °
forward voltage AVE/ ATa — IF=10 mA -2.0 mV/°C
Input reverse current IR — VR =5V, Ta=25°C — 10 UA
Input capacitance Ct — V=0,f=1MHz, Ta=25°C — 45 250 pF
“qn IF=10 mA
H” level loPH 3 -0.5 -1.5 —
i Vg_g=4V
Output current 2{%3 =0 ol A
W IF=0 )
L" level lopL 2 Ve s=0 8V 0.5 2
wp» Vcet = +15V, VEg1 = 15V =
H” level VoH 4 R( = 200Q. Ir = 5mA 11 12.8
Output voltage \%
iy Vcet = +15V, VEg1 = -15V i & -
L" level VoL 5 R = 2000, Vi = 0.8V 14.2 12.5
Vce = 30V, I = 10mA % 7 s
“H” level lccH — |Ta=25°C
Vce = 30V, I = 10mA — — 11
Supply current SR Z mA
Ve = 30V, I = 0mA = 75 o
“L" level lccL — |Ta=25C
Vce = 30V, I = 0mA — - 11
Threshold input “Output 3 IFLH A Vce1 = 15V, VEgq = -15V = 12 5 A
current L—H RL = 200Q, Vo > 0V
Threshold input “Output i IFHL \ Vcet = +15V, VEgq = -15V 0.8 & i v
voltage H-L RL = 200Q, Vo < 0V
Supply voltage Vce — 10 — 35 \Y
Capacitance c Vs=0,f=1MHz
S — — 1.0 2.0 F
(input—output) Ta =25C 4
: : Vg =500V, Ta =25°C 12 14 i
Resistance(input-output) Rs — RH.< 60% 1x10 10 Q
* All typical values are at Ta =25°C  (*1): Duration of Ip time = 50us
3 2004-06-25



TOSHIBA TLP250

Switching Characteristics (Ta = —20~70°C , unless otherwise specified)

Test
Characteristic Symbol Cir— Test Condition Min. Typ.* Max. Unit
cuit
Propagation L—H tpLH = 0.15 0.5
delayiime HoL tpHL IF = 8mA (Note 7) . 0.15 0.5
oy 6 Vceq = +15V, VEg1 = 15V us
Output rise time tr R =200Q — = =
Output fall time t - — —
Common mode transient
: : : Vcm = 600V, IF = 8mA
immunity at high level CMH 7 = Cae -5000 — — V/us
output Vce = 30V, Ta=25°C
Common mode transient
: - Ve = 600V, If = 0mA
immunity at low level CmL i o ipo 5000 — — V/us
output Vce =30V, Ta=25°C

* All typical values are at Ta = 25°C

Note 7: Input signal rise time (fall time) < 0.5 ps.
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TOSHIBA TLP250

Test Circuit 1: Test Circuit 2 : IOPL
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TOSHIBA

TLP250

Test Circuit 6: tp H, tpHL, tr tf
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Test Circuit 7: CpmH, CmL
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CML(CMH) is the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output

voltage in the low (high) state.
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TOSHIBA

TLP250

(mA)

IF

Forward current

Allowable forward current

Allowable peak output current
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loPH, loPL

IF = VE
100
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SN74LS08

Quad 2-Input AND Gate

Vee

[l [1s] [iz] [n] [ro] [o] [s]

GND
GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit

Vee Supply Voltage 4.75 5.0 5.25 Vv
Ta Operating Ambient 0 25 70 PC

Temperature Range
loH Output Current — High -0.4 mA
loL Output Current — Low 8.0 mA

© Semiconductor Components Industries, LLC, 1999

December, 1999 — Rev. 6

ON Semiconductor
Forpesdy a Swimion of Maloroh

http://onsemi.com

LOW
POWER
SCHOTTKY

P

PLASTIC
N SUFFIX
CASE 646

>

1

SOIC
D SUFFIX
CASE 751A

ORDERING INFORMATION

Device Package Shipping
SN74LS08N 14 Pin DIP 2000 Units/Box
SN74LS08D 14 Pin 2500/Tape & Reel

Publication Order Number:
SN74LS08/D




SN74LS08

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
Vi Input HIGH Voltage 20 \Y Al Inputs
: t tL fi
Vi Input LOW Voltage 0.8 v Guaranteed Input LOW Voltage for
All Inputs
Vik Input Clamp Diode Voltage —-0.65 -1.5 \ Vee = MIN, Iy =-18 mA
2.7 3.5 \% Ve = MIN, loy = MAX, ViN= V4
VoH Output HIGH Voltage or V). per Truth Table
0.25 0.4 Vv loL=4.0mA Vce = Vee MIN,
VoL Output LOW Voltage VN = VL or Viy
0.35 0.5 \% loL=8.0mA per Truth Table
20 HA Voo = MAX, ViN=2.7V
i1 Input HIGH Current
041 mA Voo = MAX, ViN=7.0V
IR Input LOW Current -0.4 mA Voo = MAX, Viy=0.4V
los Short Circuit Current (Note 1) -20 -100 mA Ve = MAX
Power Supply Current
lec Total, Output HIGH 4.8 mA Vee = MAX
Total, Output LOW 8.8
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (T = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tpLH Turn—-Off Delay, Input to Output 8.0 15 ns Vec=5.0V
tpHL Turn-On Delay, Input to Output 10 20 ns CL=15pF

http://onsemi.com
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SN74LS08

PACKAGE DIMENSIONS
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14
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N SUFFIX
PLASTIC PACKAGE
CASE 646-06

ISSUE M
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o S T
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NOTES:
. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.

CONTROLLING DIMENSION: INCH.
DIMENSION L TO CENTER OF LEADS WHEN

FORMED PARALLEL.

DIMENSION B DOES NOT INCLUDE MOLD FLASH.
ROUNDED CORNERS OPTIONAL.

—

M

D SUFFIX

PLASTIC SOIC PACKAGE

CASE 751A-03
ISSUE F
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MOLD PROTRUSION.

e~

PER SIDE.

o

INCHES MILLIMETERS
| DIM| MIN MAX MIN | MAX
A | 0715 | 0770 | 18.16 | 18.80
B | 0240 [ 0.260 6.10 6.60
C | 0145 [ 0185 3.69 4.69
D | 0015 | 0.021 0.38 0.53
F | 0040 | 0.070 1.02 1.78
G 0.100 BSC 2.54 BSC
H | 0052 | 0095 1.32 2.4
J | 0008 | 0.015 0.20 0.38
K | 0115 | 0.135 2.92 343
L | 0290 | 0310 1.37 1.81
M — 10° — 10°
N | 0015 [ 0.039 0.38 1.01
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.

CONTROLLING DIMENSION: MILLIMETER.
DIMENSIONS A AND B DO NOT INCLUDE

MAXIMUM MOLD PROTRUSION 0.15 (0.006)

DIMENSION D DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT

MAXIMUM MATERIAL CONDITION.
MILLIMETERS INCHES
| Dm[ MmN | MAX | MIN | MAX
A | 855 | 875 0337 | 0344
B | 380 | 400 0.150 | 0157
C | 135 | 175 | 0.054 | 0068
D | 035 | 049 | 0.014 | 0019
F | 040 | 125 0016 | 0.049
G 1.27BSC 0.050 BSC
J | 019 | 025 | 0.008 [ 0.009
K | 010 | 025 0.004 | 0.009
M el L R
P | 580 | 620 | 0228 | 0.044
R | 025 | 050 [ 0010 | 0.019




SN74LS04

Hex Inverter

GND
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vce Supply Voltage 4.75 5.0 5.25 \%
TA Operating Ambient 0 25 70 °C
Temperature Range
IOH Output Current — High -0.4 mA
loL Output Current — Low 8.0 mA

® Semiconductor Components Industries, LLC, 1999

December, 1999 — Rev. 6

ON Semiconductor

Forrmpely 4 Dumion of Moo

http://onsemi.com

LOW

POWER
SCHOTTKY

14

PLASTIC
N SUFFIX
CASE 646

.

1

SOIC
D SUFFIX
CASE 751A

ORDERING INFORMATION

Device Package Shipping
SN74LS04N 14 Pin DIP 2000 Units/Box
SN74LS04D 14 Pin 2500/Tape & Reel

Publication Order Number:

SN74LS04/D




SN74LS04

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol Parameter Min Typ Max Unit Test Conditions
Guaranteed Input HIGH Voltage for
VIH Input HIGH Voltage 20 \% Al Inputs
viL Input LOW Voltage 0.8 v Guaranteed Input LOW Voltage for
All Inputs
VIK Input Clamp Diode Voltage —-0.65 -1.5 \Y Ve =MIN, |y =-18 mA
27 3.5 Ve = MIN, IgH = MAX, VIN = VIH
VOH Output HIGH Voltage or V| per Truth Table
0.25 0.4 \ loL=4.0mA Vee = Vee MIN,
VoL Output LOW Voltage VIN =V|Lor VIH
0.35 0.5 \ loL=8.0mA per Truth Table
20 uA Voo = MAX,VIN=2.7V
IIH Input HIGH Current e
0.1 mA Voo =MAX, VIN=T7.0V
L Input LOW Current -04 mA Voc = MAX,VIN =04V
los Short Circuit Current (Note 1) -20 -100 mA Vce = MAX
Power Supply Current
Icc Total, Output HIGH 2.4 mA Vee = MAX
Total, Output LOW 6.6
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
tPLH Turn-Off Delay, Input to Output 9.0 15 ns Vog=5.0V
tPHL Turn—On Delay, Input to Output 10 15 ns CL=15pF

http://onsemi.com
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SN74LS04

PACKAGE DIMENSIONS

N SUFFIX
PLASTIC PACKAGE
CASE 646-06
ISSUE M NOTES:
S 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
14 8 f 2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEADS WHEN
B FORMED PARALLEL.
O ¢ 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
'{r‘ FATATATEY '1} 5. ROUNDED CORNERS OPTIONAL.
‘ A INCHES MILLIMETERS
f DiM| MIN | MAX | MIN | mAX
A | 0715 | 0770 | 18.16 | 18.80
— Fle— il B | 0240 [ 0260 | 610 | 6.60
C | 0145 [ 0185 | 369 | 4.69
Rk ok D | 0015 | 0021 | 038 [ 0.53
F | 0040 [ 0070 | 102 [ 1.78
c G | 0100BSC 2.54B5C
R\VA ( H | 0052 | 0095 | 132 | 2.41
=2l J | 0008 | 0.015 | 020 | 038
K [ 0115 | 0135 | 292 | 343
SEATING =1
PLANE L | 0290 | 0310 1.37 7.81
JL e ¢ J"/l'l\ M| =N — [ 1w0°
—>H G = D14PL M N | 0015 [0039] 03] 101
(4] 0.13(0.005) @ |
D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751A-03
ISSUE F NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
-A— Y14.5M, 1982,

AAAAAAA

P7pL
S : [€]0.250.000@]B @]
S Y
'_.IG!‘_ I _c Rx45°4-“4— ¢ FL—
-—EIELI;UZLEU;U;w L Ly
G —’IL’ D14PL _t_KL K:M \/_EJ

[©]0250010®][T[B O[AG|
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CONTROLLING DIMENSION: MILLIMETER.
DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.

MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PERSIDE.

DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT

o A~ W

MAXIMUM MATERIAL CONDITION.

MILLIMETERS INCHES
DIM[ MIN MAX MIN | MAX
A 8.55 875 | 0.337 | 0.344
B 3.80 4.00 | 0.150 | 0.157
C 1.35 1.75 | 0.054 | 0.068
D 035 0.49 | 0.014 | 0.019
F 0.40 1.25 | 0.016 | 0.049

G 1.27 BSC 0.050 BSC
J 0.19 025 | 0.008 | 0.009
K 0.10 025 | 0.004 | 0.009
M 0° 12 02 1°
P 5.80 620 | 0.228 | 0.244
R 0.25 050 | 0.010 | 0.019




MBR1635, MBR1645

MBR1645 is a Preferred Device

SWITCHMODE ™
Power Rectifiers

These state—of—the—art devices use the Schottky Barrier principle

with a platinum barrier metal.

Features

e Guard-ring for Stress Protection

® [ ow Forward Voltage

® 175°C Operating Junction Temperature
® Pb—Free Packages are Available*

Mechanical Characteristics:

e Case: Epoxy, Molded
e Weight: 1.9 Grams (Approximately)

e Finish: All External Surfaces Corrosion Resistant and Terminal

Leads are Readily Solderable

o [ ead Temperature for Soldering Purposes:

260°C Max. for 10 Seconds

MAXIMUM RATINGS

OM Semiconductor”

http://onsemi.com

SCHOTTKY BARRIER
RECTIFIERS
16 AMPERES
35 and 45 VOLTS

3o—Ppt——o 1,4

MARKING
DIAGRAM

@

AY WWG

TO-220AC B16x5
CASE 221B KA

PLASTIC u u

A = Assembly Location
X = Year

WwW = Work Week

B16x5 = Device Code

X =3or4

KA = Diode Polarity

G = Pb-Free Package

/

!

/i

1

ORDERING INFORMATION

Device Package Shipping

Rating Symbol Value Unit
Peak Repetitive Reverse Voltage VRRM Vv
Working Peak Reverse Voltage VRwM
DC Blocking Voltage MBR1635 VR 35
MBR1645 45
Average Rectified Forward Current IF(Av) 16 A
(Rated Vg, T¢ = 125°C)
Peak Repetitive Forward Current, IFRM 32 A
(Rated VR, Square Wave,
20 kHz, Tg = 125°C)
Non-Repetitive Peak Surge Current IESM 150 A
(Surge Applied at Rated Load Conditions
Halfwave, Single Phase, 60 Hz)
Peak Repetitive Reverse Surge Current IRRM 1.0 A
(2.0 ps, 1.0 kHz)
Storage Temperature Range Tstg -65t0 +175 | °C
Operating Junction Temperature (Note 1) Ty -65t0 +175 | °C
Voltage Rate of Change (Rated VR) dv/dt 10,000 Vips

MBR1635

TO-220 50 Units / Rail

Maximum ratings are those values beyond which device damage can occur.
Maximum ratings applied to the device are individual stress limit values (not
normal operating conditions) and are not valid simultaneously. If these limits are
exceeded, device functional operation is not implied, damage may occur and

reliability may be affected.

1. The heat generated must be less than the thermal conductivity from

Junction—to—Ambient: dPp/dT; < 1/Rgya.

*For additional information on our Pb—Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques

Reference Manual, SOLDERRM/D.

© Semiconductor Components Industries, LLC, 2006

February, 2006 - Rev. 4

MBR1635G

TO-220
(Pb-Free)

50 Units / Rail

MBR1645

TO-220 50 Units / Rail

MBR1645G TO-220

(Pb-Free)

50 Units / Rail

Preferred devices are recommended choices for future use
and best overall value.

Publication Order Number:
MBR1635/D




MBR1635, MBR1645

THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit
Maximum Thermal Resistance,
Junction—-to-Case Rosc 1.5 °C/W
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage (Note 2) VE \Y
(ir = 16 Amps, T¢ = 125°C) 0.57
(ie = 16 Amps, T¢ = 25°C) 0.63
Maximum Instantaneous Reverse Current (Note 2) iR mA
(Rated dc Voltage, Tc = 125°C) 40
(Rated dc Voltage, T = 25°C) 0.2

2. Pulse Test: Pulse Width = 300 ps, Duty Cycle < 2.0%.

@ 100 200
o
g 70 100 %ﬁ#g
= = =N PR —
g 3 Ty=125°C 1 = E 0 E@{(@%
3 20 & 7 =Y i I:)C
a 100°C|_Z1Z71 8/, & ! 100 —
< 7" 25°C A
= 0 A" 3 10 —
S e S S 75°C =
= 70 7 2 Ao
‘é 5.0 /I // UEJ 0.1
D ., /i // T 004 i
St & 002 25°C —
= 20 /1 ] 0.01 EZ%EE
2 0.004 ——
Z. 1.0 // I 0:002 i | i
= 0 0.2 0.4 0.6 0.8 1.0 0 10 20 30 40 50
Vi, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) Vg, REVERSE VOLTAGE (VOLTS)
Figure 1. Typical Forward Voltage Figure 2. Typical Reverse Current

http://onsemi.com
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‘F(AV) ,AVERAGE FORWARD CURRENT (AMPS)

MBR1635, MBR1645

s 16 T T T
& RATED Vg APPLIED
= N 1 | |
= 14 AN f } .
E \dC S——— HﬂJA =16°C/W
dc wooq2 i (With TO-220 Heat Sink)
N \ 3 . N = Ry =BOR0IW
SQUARE WAVE X\ \ S 10 N \ (No Heat Sink) 7
\ N\ s | SQUARE WAVE™, N
\ \ E 8.0 N \
™ oot 60 \ N
| RATED VOLTAGE APPLIED \ T | e e G \\
Rgyc = 1.5°C/W N = ~ — =
.
N LR
=2 N N
= ARE WAVE <~ =
S R
110 120 130 140 150 160 0 20 40 60 8 100 120 140 160

Tc, CASE TEMPERATURE (°C)

Figure 3. Current Derating, Case

16

14

12

8.0

6.0

4.0

PF(avE). AVERAGE POWER DISSIPATION (WATTS)

Ta, AMBIENT TEMPERATURE (°C)

Figure 4. Current Derating, Ambient

' Ik : SQUARE WAVE
(RESISTIVE LOAD) ;= = =
AV
'Pk
| (CAPACITATIVE LOAD) - = 5.0 L, o de
N &
, 4 //
10, ,// /
20/// A//
// /7 T)=125°C
/ %
0 20 40 60 80 10 12 14 16 18 20

Irav), AVERAGE FORWARD CURRENT (AMPS)

Figure 5. Forward Power Dissipation
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MBR1635, MBR1645

PACKAGE DIMENSIONS

TO-220
PLASTIC
CASE 221B-04
ISSUE D

C = NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI

B F
T Bty Y14.5M, 1982.
Q r j/ = 2. CONTROLLING DIMENSION: INCH.

INCHES MILLIMETERS

MIN MAX MIN | MAX
0595 | 0620 | 15.11 | 15.75

0.380 | 0.405 965 | 10.29
0.160 | 0.190 4.06 4.82
0.025 | 0.035 0.64 0.89
0.142 | 0.147 361 373
0.190 | 0210 4.83 5.33
0.110 | 0.130 279 3.30
0.018 | 0.025 0.46 0.64
0500 | 0562 | 12.70 | 14.27
0.045 | 0.060 1.14 1.52
0.100 | 0.120 2.54 3.04
0.080 | 0.110 204 2.79
0.045 | 0.055 1.14 1.39
0.235 | 0.255 597 6.48
0.000 | 0.050 | 0.000 1.27

=4
=

-

& T
-
o
il
'
R REFRFRRRF]

SWITCHMODE is a trademark of Semiconductor Components Industries, LLC.

ON Semiconductor and ',/ are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes without further notice
to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does SCILLC assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
“Typical” parameters which may be provided in SCILLC data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All
operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights
nor the rights of others. SCILLC 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 SCILLC product could create a situation where personal injury or death may occur. Should
Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and its officers, employees, subsidiaries, affiliates,
and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal
Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: N. American Technical Support: 800-282-9855 Toll Free ON Semiconductor Website: http://onsemi.com
Literature Distribution Center for ON Semiconductor USA/Canada
P.O. Box 61312, Phoenix, Arizona 85082-1312 USA Order Literature: http://www.onsemi.com/litorder

Phone: 480-829-7710 or 800-344-3860 Toll Free USA/Canada Japan: ON Semiconductor, Japan Customer Focus Center G :
Fax: 480-829-7709 or 800-344-3867 Toll Free USA/Canada 2-9-1 Kamimeguro, Meguro-ku, Tokyo, Japan 153-0051 For additional information, please contact your
Email: orderlit@onsemi.com Phone: 81-3-5773-3850 local Sales Representative.
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