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ABSTRACT

This project presents the design and construction of ultrasonic cleaner. The Frequency used is
40 kHz. The Principles of ultrasonic cleaning are the cavitations effect and implosion of ultrasonic
wave when transmitted through liquid. This wills cavities small bubbles in water. The cavitations
of the bubbles on the surface of the object will spread out. This process will force to remove dust
and stain from the object surface. From this effect, the ultrasonic cleaner will completely clean the
object with details effectively. This design will use 40 kHz oscillator. The frequency generated will
be sent to the driving gate of power MOSFET in Half-bridge inverter. The output signal will be
driven to the ultrasonic transducer units which will convert electrical energy to mechanical energy

which will force the stain to remove from the object.
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2.10_PIC microcontroller programming with C compiler

. 4 1 o _ ' . 2
PIC fi® microcontroller 8NA5¥NANTI 891N91NA1I Peripheral Interface Controller &9

¥
concept Y9 microcontroller AszRatinAewesmI Ao negIue 3ludiveaiuliiee
iflu PROGRAM MEMROY, RAM, EEPROM, SERIAL, 12C, PWM, A/D 184
Taglisufudewieginsaliasunnamenen ludves PicesTiflsndui 1§ lumsiszurana

14
ar 1 o A o o @ a S a
FIUMNKHIYANU mm‘lv’i’uumﬁauﬂu CPU ﬁ?ﬁ\ilﬁﬂ‘mﬂﬂ'l]

ﬂ’JHJL%"J‘Uf:N PIC

]
o

4 Qf £n Qr o Qr = & o A (-] ﬂ'l
anvddyananim vfuaunsomdgyananinn1dn 20 Mz Soihlandisid

¥
= L) Ql

[ o S a w A . .
¥94 PIC Idnaufiss 0.25 uSec uanena lsnau 1dfiusinou 1d¥eavdns PIC 910 microchip

. Aa o 1 a .3
uaglda$1a chip Alianus lRannniuaniulldn



44

WA NS4 PIC
TueAaniisanusves PIC wzaeudaios Avegszning 512 words 99 4K words w1y
L ~ Qs & o o
flegii 155 microchip Fauthudrwes PICTWaN1¥ 17 memory wos PIC Tlvunaitly
a a J Y- "3 A A Y
naneduf Talud uasliivhinzvens18lngiusse luseswesmsiuvinaves
' o @ o a U . e &
wiheanusves PIC sy limilound Taoh wilsdidawss PIC szlivua 14 bits A
¥ 1 ] ] o 4
256171 1 word Y84 PIC 9¢51U11@ 14 bits 15U PICI6F84A 531)N1M128A1081 1 K (39

BB 1 Kword Sduss Iduuuy 1 byte = 8 bit 921491 1 x 1,024 x 14 = 14,336 bits

¥
o o o

AsuARD 14,336/(8 x 1,024) = 1.75K bytes U184

aoilaenssuves PIC
dyd [ a 1 = ] P} 43 gy g9 [ ] 2
aouiill 3 meondng adeneuliunae AoTududln 16xx,17xxx tazlniagane
=2 W A At 1A 9 & o o
18xxx Syyads guauianmilenissnndoega llinnganfe 16 > 17 -> 18 f1ds
v o 1 ] 3 1
assembly 84 17 uagdl 18 9zlinnn 16 hld@euTisunsuldiend sinezgenindae

1ol A a o A
uwmf]uwuannmmzqa 16xxx

40-Pin PDIP

MCLR/VPP ~———s[]

RAO/ANO a——s- ]

RA1/ANT <—[T]
RA2/AN2/VREF-/CVREF <t [T
RA3/AN3/VREF+ et [}
RA4/TOCKI/C10UT <«—[]
RAS5/AN4/SS/C20UT <[]
REO/RD/AN5 <]
RE1/WR/ANG <]
RE2/CS/ANT7 <tmms-[7]

VDD e [T 14

VSS e [ 12

OSCA/CLKI s~ 1 13
OSC2/CLKO «—[] 14

U 40 [J =—» RB7/PGD
39 [J =—» RB6/PGC
38 [[] == RBS5

37 (] < RB4

36 {] = RB3/PGM
35 [J ~— RB2

34 [J -—» RB1

33 ] «—» RBO/INT
32 [] = VDD

31 [J e VsS

30 [J == RD7/PSP7

29 ] «—» RD6/PSP6
28 :«-—. RD5/PSP5

27 [J «—» RD4/PSP4

O~NOO A WOWN-=

8 ©
PIC16F874A/87T7TA

RCO/T10SO/TICKI =—s-[] 15 26 |1 «—s RC7TRXDT
RC1/T1OSICCP2 <—s[T 16 25 [ e RCE/TX/CK
RC2ICCP1 <—-[T 17 24 [ == RC5/SDO
RC3/SCK/SCL <=7 18 23 [ =—> RC4/SDV/SDA
RDO/PSPO <—s[J 19 22 [J] «—» RD3/PSP3

RD1/PSP1 -—»[] 20 21 [] «+—» RD2/PSP2
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FIGURE 1-2: PIC16F874A/877A BLOCK DIAGRAM
13 Data Bus 8 PORTA
Program Counter = 5 RAG/ANO
Flash 4 RA1/ANA
Program A s RA2IAN2VREF-/CVREF
Memory 8 Level Stack RAM — 41 RA3IAN3/VREF+
(13-bit) Fite 4 RA4/TOCKYC10UT
Registers 4 RAS/AN4/SS/C20UT
Program
Bus ¢ RAM Addrt? 4p o FORTE
e 4 RBO/INT
Instruction reg rMUX : gg;
ﬂ Direct Adar 7 . a lﬂgggft Al g RB3PGM
7 Y : RB4
FSR reg 4 RB5
4 RB6/PGC
Status reg 2 RB7/PGD
8
RCO/T10SO/T1CKI
Powarup RC1/T10SIGCP2
\vi Timer RC2/CCP1
instruction Osdillator R
Decode & [<E=3 | Startup Timer
Control RC5/SDO
Power-on RC6/TX/CK
- RG7/RX/IDT
iming Watchdog
E@ Genaeration < Timer
OSCHIGLKI Brown-out RDO/PSPO
OSC2/CLKO Reset » RD1/PSP1
In-Circuit 5 RD2/PSP2
Debugger L. < RD3/PSP3
Tow-voltage B ¥ RD4/PSP4
Programming [ RD5/PSP5
: RD6PSPE
4 RD7/PSPT
PORTE
MCLR VoD, Vss o — REO/RD/ANS
== X RE1AVRIANG
4—e{X] RE2TS/ANT
. Paralle!
Timer0d Timert Timer2 10-bit AJD Slave Port
I £
i i [ L i

v ¢ U v { — 1

Synchronous Voltage
Data EEPROM CCP1,2 Soral Port USART Comparator Reference
Device Program Flash Data Memory Data EEPROM
PIC16F874A 4K words 192 Bytes 128 Bytes
PIC16F8T7A 8K words 368 Bytes 266 Bytes

Note 1: Higher order bits are from the Status register.




TABLE 1-1:

PIC16F87XA DEVICE FEATURES

Key Features PIC16F873A PIC16F874A PIC16F876A PIC16F877A
Operating Frequency DC - 20 MHz DC - 20 MHz DC —-20 MHz DC - 20 MHz
Resets (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) {PWRT, OST} {(PWRT, OST) (PWRT, OST)
Flash Program Memory 4K 4K 8K 8K
(14-bit words)
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory (bytes) 128 128 256 256
Interrupts 14 15 14 15
1/0 Poris PortsA,B,C |PortsA B,C,D,E| PortsA,B,C |PortisA,B,C,D,E
Timers 3 3 3 3
Capture/Compare/PWM modules 2 2 2 2
Serial Communications MSSP, USART MSSP, USART MSSP, USART MSSP, USART
Parallel Communications — PSP — PSP
10-bit Analog-to-Digital Module 5input channels | 8 inputchannels | 5inputchannels | 8 input channels
Analog Comparators 2 2 2 2
Instruction Set 35 instructions 35 Instructions 35 Insfructions 35 Instructions
Packages 28-pin PDIP 40-pin PDIP 28-pin PDIP 40-pin PDIP
28-pin SOIC 44-pin PLCC 28-pin SOIC 44-pin PLCC
28-pin SSOP 44-pin TQFP 28-pin SSOP 44-pin TQFP
28-pin QFN 44-pin QFN 28-pin QFN 44-pin QFN
I/O Port
Port A
FIGURE 4-1: BLOCK DIAGRAM OF
RA3:RA0 PINS
Data __Data Latch
Bus
D Q
WR vep
PORTA|
A e ¥
TRIS Latch ‘J - I Z
o of 1 HE
WR
TRISA | oK 4 T e vss
| Analog
input
Mode
RD 1 Q
TRISA T
Input
Bufter
Q D

RD PORTA

EN

-1

>

To A/D Converter or Comparator

Note t: VO pins have protection diodes ta VDD and VSS.




FIGURE 4-2: BLOCK DIAGRAM OF RA4/TOCKI PIN

CMCON<2:0> = x01 0r 011

C10UT { >:

Data Latch
Data Bus D Q
N 1O pin"
WR PORTA L |
TRIS Lalch Vss
ped D Q
WR TRISA Schmitt
CKL-Q Trigger K\
Input
Buffer
RD TRISA ﬁi
1 Q D
EN
RD PORTA {>¢
TMRO Clock Input

Note 1: 1/0 pin has protection diodes to Vss only.

FIGURE 4-3: BLOCK DIAGRAM OF RAS PIN

CMCON<2:0> = 011 or 101

Data Latch
Data Bus D Qq Voo
WRPORTA | oy '_—D—l P
TSIS La(;cr 1o pinm
4 Anal
P M%%e
WR TRISA [
TTL
Input
Buffer
RD TRISA *ﬂ
1 Qa D

EN
RD PORTA {>c _I

AJD Converter or S8 input

Note 1: 1/O pin has protection diodes to VDD and Vss.




Port B

FIGURE 4-4: BLOCK DIAGRAM OF
RB3:RB0 PINS
Voo
ReEpU@
REP Weak
2 Pull-up
Data B Data Latch
ata Bus D Q
1o pint®
WR Port CKx
TRIS Latch
RIALSEC LSAN
D Q
TTL
Input
WRTRIS | K™Y Buffer
RD TRIS I
yd Q D —
RD Port I
EN
RBO/INT
RB3/PGM /\l
~
Schmitt Trigger P
Buffer RD Port
Note 1: [/O pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).

FIGURE 4-5: BLOCK DIAGRAM OF
RB7:RB4 PINS
Vop
RBPU®
RBPU! Weak
Putl-up
Data Latch
Data
ata Bus D Q [
0 pint®
WR Port CK—L
TRIS Latch 4
D Q
WRTRIS CK_\_ ;'I?};ll-.lt 7
' Buffer ST
1 Buffer
RD TRIS
Latch
/‘ Q D
RD Port
EN Qal
SetRBIF
(ol e
From other RD Port
RB7:RB4 pins EN
Q3
RB7:RB6
In Seriat Programming Mode
Note 1: VO pins have diode protection to VDD and Vss.
2: To enable weak pull-ups, set the appropriate TRIS
bit(s) and clear the RBPU bit (OPTION_REG<7>).




Port C

FIGURE 4-6: PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<2:0>,
RC<7:5>

Port/Peripheral Select?

Peripheral Data Qut

o Voo
Data Bus o a
WRPot | ey Q 1
Data Latch
/je]
bt D Q pint®
WR TRIS CK™ Q
TRIS Latch
Vss
RD TRIS Schmitt
Trigger
OE® <7 Qa D
i ,
RD Port {>c -l
Peripheral input

Note 1: 1O pins have diode protection to VoD and Vss.
2: Port/Peripheral Select sighal selects between port
data and peripheral output.
3: Peripheral OE (Output Enable) is only activated if
Peripheral Salect is active.

FIGURE 4-7: PORTC BLOCK DIAGRAM
(PERIPHERAL OUTPUT
OVERRIDE) RC<4:3>

Pori/Peripheral Select®

Peripheral Data Qut

Data Bus

D Q
WR Port D a

Data Latch

D Q
WRIRIS | Moy o

TRIS Latch
ED_T_RE_j l Schmitt (§

Trigger
Petipheral
oe® Q D
EN

RD Port N
SSP Input |2l

CKE
SSPSTAT<6>

Note 1: 1O pins have diode protection to VDD and Vss.

2: Port/Peripheral Select signat selects between port data
and peripheral output.
Peripheral OE (Oulput Enable) is only activated if
Peripheral Select is active.

3

49



Port D
FIGURE 4-8: PORTD BLOCK DIAGRAM
(IN /O PORT MODE)
Data Data Latch
L
‘éVoF:t - 1O pint®
CK
TRIS Latch
D Q
WR
TRIS i
o] | sy
input
/] Buffer
TRis N
/] Q D
EN
RD Port ! DC _l
Note 1: /O pins have protection diodes to VDD and Vss.
Port E
FIGURE 4-9: PORTE BLOCK DIAGRAM
(IN 1/0 PORT MODE)
gata Data Latch
us D Q -——-D————-»—-{ ;_E
o . 1O pint®
——--—tCK
TRIS Latch'
bl D Q
TRis
Schmitt
PO | roger \y/
Input
/I Buffer
TRis ™
Q D

N =S

Note 1: KO pins have protection diodes to Vbb and Vss.
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Timer Module

Timer O

FIGURE 5-1:

BLOCK DIAGRAM OF THE TIMERO/WDT PRESCALER

CLKO (= Foscid)

Data Bus

8

TMRO Reg

Note: TOCS, TOSE, PSA, PS2:PS0 are (OPTION_REG<5:0>).

M 1
RA4/TOCKI . M Sync
pin D—1 ol U - 2
X Cycles
TOSE f ?
TOCS
PSA
PRESCALER
f o -
0 M ‘ - 8-bit Prescaler |
M i
Watchdog I x| 8 |
Timer | |
T { 8-to-1 MUX la——— PS2:PSO ]
PSA Lo e e e o e e e — — |
WDT Enable bit o 1
MUX [ PSA
WDT
Time-out

H

Set Flag bit TMRDIF
on Overflow

Timer 1

FIGURE 6-1:

TIMER1 INCREMENTING EDGE

T1CKI
(Defautt High)

T1CKi

(Defauit Low)

Note: Arvows indicate counter increments.

51



FIGURE 6-2: TIMER1 BLOCK DIAGRAM

Set Flag bit
TMR1IF on
Overfiow Synchronized
TMR1 0 Clock Inpit
TMR1H ] TMRIL
1
TMR1ON
________ On/Off
CTosd TISYNC
RCOIT10SO/T1CKI & s 2 1 i
: : = Proscalor Synchronize
: ~ T10SCEN  Fosc/a 1.2,4.8 _Fdet
2 ' ' l(E)na_t;llet ort® Internal —- 0 j/ |
RC1T108lCCP2 - ; Osciifatort™ Clock 2 Q Clock
P TICKPS1:T1CKPS0
TMRICS

Note 1: When the TIOSCEN bit is cleared, the inverter is tumned off. This eliminates power drain.

TABLE 6-1: CAPACITOR SELECTION FOR
THE TIMER1 OSCILLATOR

Osc Type Freq. C1 C2
LP 32kHz 33 pF 33 pF
100 kHz 15 pF 15 pF
200 kHz 15 pF 15 pF
These values are for design guidance only.
Crystals Tested: ‘
32.768 kHz | Epson C-001R32.768K-A | £+ 20 PPM |
100 kHz Epson C-2 100.00 KC-P | £ 20 PPM
200 kHz STD XTL 200.000 kHz | + 20 PPM

Timer 2

FIGURE 7-1: TIMER2 BLOCK DIAGRAM

x
Sets Flag
bit TMR2IF | Qupraut(®

Reset Prescater
TMRReg 111, 1:4, 1:16[ FOSCH4
Postscaler I,z
| 110116 | EQ

T2CKPS1:

4 T2CKPS0
T20UTPS3:
T20UTPSO

Note 1: TMR2 register output can be software selected by the
SSP module as a baud clock.
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Tilsunsuiildmunulumaniugu PIC

#include <16F877A.h>
#define CIOCK._SP 20000000

#fuses HS
#fuses NOLVP, NOWDT
#fuses NOPROTECT

#use delay (clock=CLOCK_SP)
b4 o A [ 9/ 1 9 o P '
#byte port_b=6 //ﬁi'Nﬁ’JLLlIiLWﬂﬁﬁ'Nﬂ’lﬁ'N‘ilﬂHﬂ’dﬂiﬁWﬂiﬁ B vy 0x06

char num_led[10] = { 0x3F,0x06,0x5B,0x4F,0x66,
0x6D,0x7D,0x07,0x7F ,0x6F };

void xDelay(int n);

void DspLED7seg_Time(int c1,int c2,int ¢3,int c4);
int16 overflow=0;

#INT TIMERI1
void IntTMR1_isr(void) /Tl sunsy Interrupts
{

overflow++;

void xDelay(int n) /Tsunsugoy Delay

{
for(;n!=0;n--)

144



delay _ms(1);
}

78

void DspLED7seg_Time(int cl,int c2,int c3,int ¢4) //TU5UNINEDIVOINITHIA10DA Tsegment

{
port_b=num_led[c1];
output_low(PIN_C0);
xDelay(1);
output_high(PIN_CO0);

port_b=num_led[c2];
output_high(PIN_B7);
output_low(PIN_C1);
xDelay(1);

output_high(PIN_C1);

port_b=num_led{c3};
output_low(PIN_C2);
xDelay(1);

output_high(PIN_C2);

port_b=num_led[c4];
output_low(PIN_C3);
xDelay(1);

output_high(PIN_C3);

void main(void)

{

/RAUUIRANNANYIUIN



int i=0,j=0,k=6,1=10,sec=0,settime_1=0,settime_2=0;

int value=74;

enable_interrupts(GLOBALY); /an15¥11914 Interrupts

enable_interrupts(INT_TIMER1);

setup_timer 1(T1_INTERNAL | T1 _DIV_BY 4);
set_timer1(0);

set_tris_a(0x1F); /Amuanesa input=1 , output=0
set_tris_b(0x00);

set_tris_c(0x00);

set_tris_d(0x00);

set_tris_e(0x00);

output_high(PIN_C0);

output_high(PIN_C1);

output_high(PIN_C2);

output_high(PIN_C3);

output_low(PIN_EO); //Reset Port LITA3 POWER
output_low(PIN_E1);

output_low(PIN_E2);

output_low(PIN_A5);

output_low(PIN_C6);

output_low(PIN_C7);

while(TRUE)
{

if(linput(PIN_A3))  /@3579d0UNATjY Start
{

79



ifloverflow!=18)
{

DspLED7seg_Time(ij-1,k-1,j-1);

overflow=0;

while(j!=0)

ifloverflow>18)

{
overflow=0;

if{sec==60)
{
sec=0;

k=6;

/AANNANIVOBINAR 10 UIN
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DspLED7seg_Time(ij-1k-1,-1); /a9 3a1iu0osmas

output_high(PIN_C4);

settime 1==0;

settime_2=0;

output_high(PIN_CS5);
delay_ms(1000);
output_low(PIN_C5),
}

else
output_low(PIN_C4);

while(input(PIN_A3))
{
if(!input(PIN_A0))
{
delay_ms(80);
if(linput(PIN_A0))
{
value+t;
if(value=103)
{

value--;

/1R UDelay ON

/ALUTENBUNYATIINY

//Setup Time and Dead Time 84 lainaijy Start
/aruniDelay OFF
/eanengiliiiena Start

//set Dead Time Down

ydmuaa lu g oy 2 v



}
if(!input(PIN_A1))
{
delay_ms(80);
if(!input(PIN_A1))
{
value--;
if(value==42)
{

value++;

}
if(value==74)
{
output_high(PIN_AS5);
output_high(PIN_E0);
}

else

{
if(value==43)
{
output_high(PIN_C6);
}
else if(value>45)

{
output_low(PIN_C6);,

//set Dead Time Up

/dmuam 11 Idd1n110.846v

¢ ¥
/amsdsuanaeld

/naadana POWER MAX

y W
o

/maasa POWER middle 83 10i8ims3u ananeh

2]

13
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}
if{value==52)
{
output_high(PIN_C7);
}
else if(value>52)
{
output_low(PIN_C7);
}
iflvalue=61)
{
output_high(PIN_A5);
}

else if(value>61)
{

output_low(PIN_A5);
}
if(value==81)
{

output_high(PIN_EO0);
}
else if(value<81)
{

output_low(PIN_EO);
}
if(value==92)
{

output_high(PIN_E1);
}
else if(value<92)
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{
output_low(PIN_E1);
}
iflvalue==102)
{

output_high(PIN_E2);

}
else iflvalue<100)
{
output_low(PIN_E2);
}
}

if(!input(PIN_A2))
{
delay _ms(80);
if(!input(PIN_A2))
{
Aaas
settime _1++;
if(settime_1>9)
{
settime _1=0;
settime 2=1;
}
else if(j>10)
{
=0
settime 1=0;

settime_2=0;

/Iteeed POWER MIN

//set Time Up
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output_D(value);
DspLED7seg_Time(settime 2,settime_1,0,0);

85
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neaReuifisussiuiniuusiduimine

—4—max —#—medium min

900 -
800 -
700 -

';:600 -

2500 -

c

2400 -

a

a'z 300 ‘

*200 -
100 -

0 0.5 1 15 2

=i (Lit)

A = :’ o o [4
$1M4.8 namansmiSsunsufSineanidunssduemye

Dead Time
NNMTNANDI PIC
Voltage(V) Dety(%)
0.846 30.0
0.865 29.7
0.885 294
0.903 29.1
0.923 28.7
0.942 284
0.961 28.1
0.981 27.7
1.000 27.4
1.019 27.1
1.039 26.7
1.058 26.4
1078 26.1




1.098 25.8
1.117 254
1.136 252
1.156 24.8
1.175 24.5
1195 42
1214 23.9
1.257 236
1.276 22.9
1.296 22.6
1315 222
1334 219
1354 21.6
1373 212
1.392 209
1.413 20.6
1.432 203
1.451 20.0
1471 19.6
1.490. 19.3
1510 19.0
1.529 18.6
1.548 184
1.568 18.0
1.587 17.7
1.607 174
1.626 17.0
1.645 16.7
1.666 16.4
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1.684 16.1

1.704 15.7

1.724 15.4

1.743 15.1

1.762 14.7

1782 144

1.801 14.1

1.820 13.7

1.840 134

1.859 13.1

1.879 12.7

1.899 124

1918 12.1

1.938 11.7

1.957 11.4

1.977 11.1

1.996 10.8

Yoyamatilas DAC yu1a 8 Talumstlfus1 Dead Time
BCD Code Binary Code Decimal Code Voltage(V)

00 0000 0000 00 0.00
02 0000 0010 02 0.05
05 0000 0101 05 0.10
07 0000 0111 07 0.15
0A 0000 1010 10 0.20
0C 0000.1101 12 0.25
OF 0000 1111 15 0.30
12 0001 0010 18 0.35
14 0001 0100 20 0.40
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17 0001 0111 23 0.45
19 0001 1001 25 0.50
1C 0001 1100 28 0.55
1E 0001 1110 30 0.60
21 0010 0001 33 0.65
2 0010 0011 35 0.70
26 00100110 38 0.75
29 0010 1001 41 0.80
2B 0010 1100 44 0.85
2E 0010 1110 46 0.90
30 0011 0000 48 0.95
33 0011 0011 51 1.00
35 0011 0101 53 1.05
38 0011 1000 56 1.10
3A 0011 1010 58 1.15
3D 00111101 61 1.20
40 0100 0000 64 1.25
42 0100 0010 66 1.30
45 0100 0101 69 1.35
47 01000111 71 1.40
4A 0100 1010 74 1.45
4C 0100 1100 76 1.50
4F 0100 1111 79 1.55
51 0101 0001 81 1.60
54 0101 0100 84 1.65
57 0101 0111 87 1.70
59 0101 1001 89. 1.75
5C 0101 1100 92 1.80
SE 0101 1110 94 1.85
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61 0110 0001 97 1.90
63 01100011 99 1.95
66 01100110 102 2.00
68 0110 1000 104 2.05
6B 0110 1100 108 2.10
6B 0110 1110 110 2.15
70 0111 0000 112 2.20
73 0111 0011 115 2.25
75 0111 0101 117 2.30
78 0111 1000 120 2.35
7A 0111 1010 122 2.40
7D 0111 1101 125 245
7 0111 1111 127 2.50

= ad o @
7U#4.10 maisumdaas PIC
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Data sheet
Cleaning Transducer

“Mem | Destription | Number

Vibration Tl | Resomant

 Re(Cmises)

CI BlkHzy

Zm i) Mm@p W,

i Tyr=3s-20 | ...

| 236155

5 4000 40.0

Helow 25 5Q

Note;.  *

N e, .
A o

75 Watls Max. ( Using 1 Transducer )

50 -watts { Using more than 2 Transducers )
Current drive 150 AC Vol , 0.25 Amp.

Max. operating lemperature Balow 80 T

= Diaasmm |

M Hrn 130

=1 Dha 33




I nfern(]’[ion(] | Data Sheet No. PD-6.011E

IGR Rectifier IR2110

HIGH AND LOW SIDE DRIVER

Features Product Summary
W Floating channel designed for bootstrap operation
Fully operational to +500V VOFFSET 500V max.
Tolerant to negative transient voltage /-
dV/dt immune lo+/ 2A12A
B Gate drive supply range from 10 to 20V Vourt 10 - 20V
® Undervoltage lockout for both channels
B Separate logic supply range from 5 to 20V ton/off (typ.) 120 & 94 ns
Logic and power ground $5V offset
W CMOS Schmitt-triggered inputs with pull-down Delay Matching 10 ns
B Cycle by cycle edge-triggered shutdown logic
¥ Matched propagation delay for both channels Packages
B Outputs in phase with inputs
Description

The IR211Q is a high voltage, high speed power
MOSFET and IGBT driver with independent high and
low side referenced output channels. Proprietary
HVIC and latch immune CMOS technologies enable
ruggedized monolithic construction. Logic inputs are
compatible with standard CMOS or LSTTL outputs.
The output drivers feature a high pulse current buffer
stage designed for minimum driver cross-conduc-
tion. Propagation delays are matched to simplify
use in high frequency applications. The floating
channel can be used to drive an N-channel power
MOSFET or IGBT in the high side configuration
which operates up to 500 volts.

Typical Connection

up fo 500V
lF—l
Vppo———— Voo Vg 4
HINo——= HIN Ve |—& ° 10
SDo sD — A LOAD
LINeo LIN Vee %
i_._..
Vs © Vs COM |[—74 Djb
Ve 0——[ — 7~ LO

CONTROL INTEGRATED CIRCUIT DESIGNERS’ MANUAL  B-25



IR2110

International
TR Rectifier

Absolute Maximum Ratings

Absolute Maximurn Ratings indicate sustained limits beyond which damage to the device may occur.Ali voltage parameters are
absolute voltages referenced to COM.The Thermal Resistance and Power Dissipation ratings are measured under board
mounted and still air conditions. Additional information is shown in Figures 28 through 35.

Parameter Value
Symbol Definition Min. Max. Units
Vg High Side Floating SupplyVoltage 0.3 525
Vs High Side Fioating Supply OffsetVoltage Vp-25 Vg +0.3
VHo High Side Floating Output\oltage Vg-0.3 Vg+0.3
Vee Low Side Fixed Supply Voltage 03 25 v
Vio Low Side OutputVoltage -0.3 Ve +0.3
Voo Logic Supply Voltage 0.3 Vgg+25
Vss Logic Supply Offset\oitage Vee-25 Vee+0.3
ViN Logic InputVoitage (HIN, LIN & SD) Vss-0.3 Vpp +0.3
dvgdt Allowable Offset SupplyVoltage Transient (Figure 2) — 50 Vins
Pp Package Power Dissipation @Ta < +25°C {14 Lead DIP) — 1.6
(14 Lead DiIPw/o Lead 4) — 1.5 W
(16 Lead DIP wloLeads 5 & 6) — 16
{16 Lead SOIC) —_ 125
Rgia Thermal Resistance, Junction to Ambient {14 Lead DIP) —_ 75
(14 Lead DIPw/oLead 4) — 85 CAW
(16 Lead DIP w/oLeads 5 & 6) — 75
(16 Lead SOIC) — 100
Ty JunctionTemperature — 150
Ts Storage Temperature -55 150 Cc
T LeadTemperature (Soldering, 10 seconds) — 300

Recommended Operating Conditions

The input/Output logic timing diagram is shown in Figure 1. For proper operation the device should be used within the
recommended conditions. The Vg and Vgg offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in Figures 36 and 37.

Parameter Value
Symbol Definition Min. Max. Units

Vg High Side Floating Supply AbsoluteVoltage Vs+10 Vg +20

Vs High Side Floating Supply Offset Voitage Note 1 500
VHo High Side Floating OutputVoltage Vs A

Vee Low Side Fixed Supply Voltage 10 20 v
VLo Low Side OutputVoltage 0 Vee

Voo Logic SupplyVoltage Vgs+5 Vgs+20

Vss Logic Supply OffsetVoitage 5 5

ViN Logic InputVoltage (HIN, LIN & SD) Vss Voo

TA AmbientTemperature -40 125 °C

Note 1: Logic operational for Vg of 4 to +500V. Logic state held for Vg of -4V to -Vgs.
B-26 CoNvrOL INTEGRATED CIRCUIT DESIGNERS' MANUAL



International

TOR Rectifier IR2110

Dynamic Electrical Characteristics

Veias (Vee, Ves, Vop) = 15V, Cp = 1000 pF, Ta = 25°C and Vgg = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

Parameter Value
Symbol Definition Figure | Min. | Typ. [Max.| Units | Test Conditions

ton Turn-On Propagation Delay 7 - 120 | 150 Vg =0V
tott Tumn-Off Propagation Delay 8 —_ 94 125 Vg = 500V
tsd Shutdown Propagation Delay 9 _— 110 | 140 ns Vg = 500V

t Tum-On Rise Time 10 —_— 25 35

t Tumn-Off Fall Time 11 —_ 17 25

MT Delay Matching, HS & LS Turn-On/Oif — — —_— 10 Figure 5

Static Electrical Characteristics

Vaias (Vcc: VBs. VD) = 18V, Ta = 25°C and Vgg = COM unless otherwise specified. The Vin, VTH and iy parameters
are referenced to Vgg and are applicable to all three logic input leads: HIN, LIN and SD. The Vg and Ip parameters are
referenced to COM and are applicable to the respective output leads: HO or LO.

Parameter Value
Symbol Definition Figure | Min. | Typ. | Max.| Units | Test Conditions
ViH Logic “1” Input Voltage 12 9.5 _ —
ViL Logic “0" Input Voltage 13 — — 6.0 v
VoH High Level Output Voitage, Vpias - Vo 14 — — 1.2 lo=0A
Voo Low Lewvel Output Voitage, Vo 15 — — 0.1 lo=0A
hk Offset Supply Leakage Current 16 — — 50 VB = Vs = 500V
laBs Quiescent Vgg Supply Current 17 — 125 | 230 VinN=0VorVpp
lacc Quiescent Ve Supply Current 18 — 180 | 340 VA ViN =0V orVpp
labb Quiescent Vpp Supply Current 19 — 15 30 Vin =0V orVpp
N+ Logic “1” Input Bias Current 20 — 20 | 40 VIN=VDD
fin- Logic “0” Input Bias Cumrent 21 — — 1.0 ViN = 0V
Vesuv+ | VBs Supply Undervoltage Positive Going 22 7.5 86 | 97
Threshold
Vesuv- | VBs Supply Undervoltage Negative Going 23 7.0 82 | 94
Threshold Vv
Vecuv+ | Vec Supply Undervoltage Positive Going 24 7.4 8.5 9.6
Threshold
Vecuw | Ve Supply Undervoltage Negative Going 25 7.0 82 | 94
Threshold
lo+ Output High Short Circuit Pulsed Current 26 20 25 — Vo =0V,VIN =VbD
A PW<10us
lo- Output Low Short Circuit Pulsed Current 27 20 25 — Vo =15V, ViN= OV
PW< 10 us
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Functional Block Diagram
Py %VB
i
1
|
HO
e ?
SHIFT = PULSE ‘—{E A

GEN ]
! !
‘gﬁ Ve
ov i
v DETECT|
LBVEL b oL0
SHIFT ‘
DELAY :
' com
Lead Definitions
Lead
Symbol | Description
Vbb Logic supply
HIN Logic input for high side gate driver output (HO), in phase
8D Logic input for shutdown
LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground
Ve High side floating supply
HO High side gate drive output
Vs High side floating supply return
Vee Low side supply
LO Low side gate drive output
COM Low side return
Lead Assignments
3] Ho [&] ] Ho [&]
£E] Ho (7] 2] wo [7] (5] ve [} (9] vs [T]
5] voo ve [€] 31 voo ve [€] [it] voo vs 5] 1] voo vs [ 8]
[a0] Hin vs 5] [18] Hin vs 31 [32] 1IN 3z mn [
[if] sp [2] {ii] so 3] se i3] sp 1
z] uN vee [3] [z un vee {21 ] un vee [T [1a} un vee 131
{351 vss com [ 7] 18]} vss com 2] 351 ves com [23 (5] ves coMm | Z]
(] o7l [i2] ~ o 5] ~ [Tl [38] ~ o]
14l.ead DIP 14 Lead_DlP wfiolLead4 |16 Lead DIP w/o Leads 4 & 5| 16 Lead §)IC (Wide Body)
{R2110 IR2110-1 IR2110-2 IR2110S
Part Number
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Device Information

Process & Design Rule HVDCMOS 4.0 ym
Transistor Count 220
Die Size 100 X 117 X 26 (mil)
Die Outline
Thickness of Gate Oxide 800A
Connections Material Poly Silicon
First Width 4 ym
Layer Spacing 6 um
Thirkness 5ON0A
Material Al - Si (Si: 1.0% £0.1%)
Second Width 6 um
Layer Spacing 9 um
Thickness 20,000A
Contact Hole Dimension 8um X 8 um
Insulation Layer Material PSG (SiO,)
Thickness 1.5 um
Passivation Material PSG (SiO,)
(1) Thickness 1.5um
Passivation Material Proprietary*
(2) Thickness Proprietary™
Method of Saw Full Cut
Method of Die Bond Ablebond 84 - 1
Wire Bond Method Thermo Sonic
Material Au (1.0 mil / 1.3 mil)
Leadframe Material Cu
Die Area Ag
Lead Plating Pb:Sn (37 : 63)
Package Types 14 & 16 Lead PDIP / 16 Lead SOIC
Materials EMEG300 / MP150 / MP190

Remarks: * Patent Pending
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Figure 3. Switching Time Test Circuit

SD

50%

tsd
HO 90%
LO
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Figure 11B. Turn-Off Fall Time vs. Voitage
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Figure 25. Vcc Undervoltage (-) vs. Temperature

5.00

4.00

3.00

200 —— =
|~

a
o
=1

0.00

10 12 14 16 18 20
Vs Supply Voltage (V)

Figure 26B. Output Source Current vs. Voltage



International

TOR Rectifier IR2110

5.00 500

400 4.00
E 300 E 300 — ]
3 " \\\ 3 / d-="

-

; T — T E ] e L

2,00 == = 5 200 — =
g‘ T —— g T -1
[<] - o . a8 Yo, L~

el - - -
100 1,00 -
0.00 0.00
-50 -25 0 25 50 75 100 125 10 12 14 16 18 20
Temperature (°C) Vas Supply Voltage (V)

Figure 27A. Output Sink Current vs. Temperature

150 kvl 4
125 m ﬁ
€0 o
g /
g
E 75 /
's Y/
=2 A ov
50
2 T
25 i1
] {
1E+2 1E+3 1E+4 1E+6 1E+6
Frequency (Hz)
Figure 28. IR2110 T, vs. Frequency (IRFBC20)
RGATE = 330}, Vce = 15V
2NV AW
150

B
G

8

~
o

g

Junction Temperature {"C}

1L\
X
X

10V
%
P!
H 1
1

|

0

1E+2 1E+3 1E+ 1E+5 1E+6
Freguency (Hz)
Figure 30.1R2110 T, vs. Frequency (IRFBC40)
ReATE = 15Q, Vcc = 15V

Junction Temperature (*C)

Junction Temperature (*C)

Figure 27B. Output Sink Current vs. Voltage

2NV
L I
125
40V
100
75 / ’
10V
% AV
a0
e 1 //
25
0 }
1E+2 1E+3 1E+ 1E+5 1E+6
Frequency {Hz)
Figure 29. IR2110 T, vs. Frequency (IRFBC30)
Reate = 2202, Vce = 15V
2w RLT N
150
125
100 10V
% / 711
A
50 )
2% FH
0 1 {
1E+2 1643 1E+ 1E+5 1E+6
Frequency (Hz)
Figure 31.1R2110 T, vs. Frequency (IRFPES0)
Reate = 10Q,Vce = 15V

CONTROL INTEGRATED CIRCUIT DESIGNERS’ MANUAL  B-37



IR2110

International
IGR Rectifier

150 RN o

125 m
G
< 100 7”
£
5
g7 10V
k] /
£ AN
i i
- | iH L

-

25 H

0 } 4

1E+2 1E+3 1E+4 1E+5 1E+6

Frequency {Hz)

Figure 32. IR2110S T, vs. Frequency (iIRFBC20)

o
5 8

g

8

Junction Temperature {*C}
]

B

[

Reare = 33Q, Vcc = 15V

1OV 4NV

i,

/%

[1RY

/
//,’m

1E+2

1E+3 1E+4 1E+5 1E+6
Frequency (Hz)

Figure 34. IR2110S T, vs. Frequency (IRFBC40)

0.0

-4.0

Vs Offset Supply Vokiage (V)

-8.0

-10.0

Reare = 15Q, Vce = 15V

(Tyn.

\

10

12 14 16 18 20
Vs Floating Supply Voltage (V)

Figure 36. Maximum Vs Negative Offset vs.

B-38 CONTROL INTEGRATED CIRCUIT DESIGNERS’ MANUAL

Vas Supply Voltage

Vss Logic Supply Offset Voltage (v}

»
=3

Junction Temperature (*C)

Junction Temperatiwe (*C)

RNV 4NV

- m m
125 m
100
10V
75 m / P
/ /
50 Vi //
: |1
{1141
25 5
0 4 + } !
1E+2 1E+3 1E+4 1E+5 1E+6

Frequency (Hz)

Figure 33. IR2110S T, vs. Frequency (iIRFBC30)
ReaTe = 220, Vce = 15V

125

100

75

50

25

0

RV UV 1OV

I

I
Bl b

1AY
X

|

1E+2

.

1E+3 1EH4 1E+5 1E+6

Frequency {Hz)

Figure 35. IR2110S T, vs. Frequency (IRFPE50)
ReaTe = 10Q, Vce = 15V

20.0

o
o
=)

-
N
=)

o
°

0.0

Typ-

10

12

14 16 18 20
Ve Fixed Supply Voltage (V)

Figure 37. Maximum Vss Positive Offset vs.

Vcc Supply Voltage



intersil

Data Sheet

20A, 500V, 0.270 Ohm, N-Channel
Power MOSFET

This N-Channel enhancement mode silicon gate power field
effect transistor is an advanced power MOSFET designed,
tested, and guaranteed to withstand a specified level of
energy in the breakdown avalanche mode of operation. All of
these power MOSFETs are designed for applications such
as switching regulators, switching convertors, motor drivers,
relay drivers, and drivers for high power bipolar switching
transistors requiring high speed and low gate drive power.
These types can be operated directly from integrated

IRFP460

July 1999 File Number 2291.3

Features
+ 20A, 500V
* IDS(ON) = 0.270Q

+ Single Pulse Avalanche Energy Rated
+ SOA is Power Dissipation Limited
+ Nanosecond Switching Speeds

» Linear Transfer Characteristics

High input impedance

circuits. + Related Literature
- TB334 “Guidelines for Soldering Surface Mount

Formerly developmental type TA17465. Components to PC Boards”
Ordering Information Symbol

PART NUMBER PACKAGE BRAND D
IRFP460 TO-247 IRFP460
NOTE: When ordering, use the entire part number. .

S
Packaging
JEDEC STYLE TO-247
4-359 CAUTION: These devices are sensitive to electrostatic discharge; follow proper ESD Handling Procedures.

hitp:/Awww.intersil.com or 407-727-9207 | Copyright © Intersil Corporation 1999
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Absolute Maximum Ratings

Drain to Source Voltage (Note 1). . ................
Drain to Gate Voltage (Rgg = 20kQ) (Note 1) ........

Continuous Drain Current
Te =100°C

Pulsed DrainCumrent(Note 3) . .. .................

Gate to Source Voitage
Maximum Power Dissipation
Linear Derating Factor

Single Puise Avalanche Energy Rating (Note4)........ .

Operating and Storage Temperature
Maximum Temperature for Soldering

Leads at 0.063in (1.6mm) from Case for 10s.......

Package Body for 10s, See Techbrief 334

...................................

T = 25°C, Unless-Otherwise Specified

IRFP460
500
500
20

12

80

+20

250

20

960
-55 to 150

300
260

‘CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage 1o the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
1. Ty =25°C fo T; = 125°C.

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

~E——

PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | UNITS
Drain to Source Breakdown Voltage BVpss |lIp =250pA, Vgg = OV (Figure 10) 500 - - \
Gate Threshold Voltage Vas(rH) |Ves = Vbs. Ip = 250pA 2 - 4 A
Zero Gate Voltage Drain Current Ipss Vps = Rated BVpgg, Vgs =0V - - 25 pA
' {Vpg = 0.8 x Rated BVpss, Vgs = 0V, Ty = 125°C - - 250 | pA
On-State Drain Current (Note 2) Ipion) | Vos > Inion) X rosionymax. Ves = 10V 20 - - A
Gate to Source Leakage Current Iess | Vgs =+20V - - +100 nA
Drain to Source On Resistance (Note 2) { mg(on) |Ip = 11A, Vgs = 10V (Figures 8, 9) - 024 | 027 Q
Forward Transconductance (Note 2) gfs Vps 2 50V, Ipg > 11A (Figure 12) 13 19 - ]
Tum-On Delay Time tson) | VoD =250V, Ip = 21A, Rgg = 4.3Q2, Rp = 120Q, - 23 35 ns
R Tie |G ovoSrer e s Esaraly || 1[0 |
Tum-Off Delay Time td4(oFF) - 85 130 ns
| Fall Time ] - 65 98 ns
Total Gate Charge Qgrom) | Vs = 10V, Ip = 21A, Vpg = 0.8 x Rated BVpss, - 120 180 nC
(Gate to Source + Gate-Drain) IgRreF) = 1.5mA (Figure 14). Gate Charge is
Gate to Source Charge Qgs Essentially Independent of OperatingTemperature N 18 - nC
Gate to Drain “Miller” Charge Qgq - 62 - nC
Input Capacitance Ciss Vps = 25V, Vgg = 0V, f = 1MHz (Figure 10) - 4100 - pF
OQutput Capacitance Coss - 480 - pF
Reverse Transfer Capacitance Crss - 84 - pF
Intemal Drain inductance Lp Measured from the Drain | Modified MOSFET - 5.0 - nH
Lead, 6mm (0.25in) from | Symbol Showing the
Package to Center of Die | intemal Device
Intemal Source Inductance Ls Measured from the Source | Inductances - 13 - nH
Lead, 6mm (0.25in) from
Header to Source Bonding
Pad
Thermal Resistance Junction to Case Rgyc - - 0.50 | °c/w
Thermal Resistance Junction to Ambient Rgya | Free Air Operation - - 30 'cw
4-360 | _intersil
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Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS

Continuous Source to Drain Current Isp Modified MOSFET D - - 20 A

. Symbol Showing the N _ 80 A
::(l:: g)ource to Drain Current Isom Integral Reverse P-N

Junction Rectifier G
S

Source to Drain Diode Voltage (Note 2) Vsp T, = 259G, igp = 21A, Vgg = OV (Figure 13) - - 1.8 A
Reverse Recovery Time tr Ty = 25°C, Igp = 21A, digp/dt = 100A/us 280 ' 580 1200 ns
Reverse Recovery Charge Qrr Ty=25°C, Igp = 21A, digp/dt = 100A/us 38 8.1 18 uG

NOTES:

2. Puise test: pulse width < 300ps, duty cycle £ 2%.
3. Repetitive rating: pulse width limited by Max junction temperature. See Transient Thermal impedance curve (Figure 3).
4. Vpp = 50V, starting Ty = 25°C, L = 4.3mH, Rgg = 25Q, Peak Ipg = 20A.

Typical Performance Curves uniess Otherwise Specified

1.2

1.0

0.6

04

0.2

Ip, DRAIN CURRENT {A)

POWER DISSIPATION MULTIPLIER

0 50 100
Tc, CASE TEMPERATURE (°C)

150

FIGURE 1. NORMAL.IZED POWER DISSIPATION vs CASE

20 \
* \\
12 P
8 \\
4 N\
o \
25 50 75 100 125 150

T, CASE TEMPERATURE (°C)

FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs

TEMPERATURE CASE TEMPERATURE

1 T T T T
s ===
< 0.5
ul ] v
Q
Z 015 g2
g T 3 -
g [ 1 X .
= L =
2 =0.05 I Ppm i

L1 0.02 :
Eng"’-m < .
2 = | w |t 3
o ™ SINGLE PULSE SFTER I N .3
5 DUTY FACTOR: D = t4/t; -

103 PEAKT; = Pop x Zyyo X Reuc + To
105 104 193 02 01 1

FIGURE 3. MAXIMUM TRANSIENT THERMAL IMPEDANCE

-
=1

4-361 | _intersgt




IRFP460

Typical Performance Curves unless Otherwise Specified (Continued)
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Typical Performance Curves unless Otherwise Specified (Continued)
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FIGURE 10. NORMALIZED DRAIN TO SOURCE BREAKDOWN
VOLTAGE vs JUNCTION TEMPERATURE
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Test Circuits and Waveforms
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FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT

S
b3 Ry
_'I'
—_— V|
Rg L‘.‘j - 0P
—
Vs L
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All Intersil semiconductor products are manufactured, assembled and tested under ISO9000 quality systems certification.

Intersil semiconducior products are sofd by description only. Intersil Corporation reserves the right to make changes in circuit design and/or specifications at any time with-
out nolice. Accordingly, the reader is cautioned to verify that data sheets are current before placing orders. Information furnished by Intersil is believed to be accurate and
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Philips Semiconductors

Product specification

L~ ]

High-speed diodes 1N4148; 1N4448
FEATURES DESCRIPTION
+ Hermetically sealed leaded glass The 1N4148 and 1N4448 are high-speed switching diodes fabricated in planar
S0D27 (DO-35) package technology, and encapsulated in hermetically sealed leaded glass SOD27

¢ High switching speed: max. 4 ns

General application

Continuous reverse voltage:
max. 75V

Repetitive peak reverse voltage:
max. 75V

Repetitive peak forward current:
max. 450 mA.

APPLICATIONS
» High-speed switching.

(DO-35) packages.

MAM246

The diodes are type branded.

Fig.1 Simplified outline (SOD27; DO-35) and symbol.

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).
SYMBOL PARAMETER CONDITIONS MIN. MAX, UNIT
VRRM repetitive peak reverse voltage — 75 VvV
VR continuous reverse voltage - 75 \"/
I continuous forward current see Fig.2; note 1 - 200 mA
leRm repetitive peak forward current - 450 mA
lpsm non-repetitive peak forward current | square wave; T; = 25 °C prior to
surge; see Fig.4
t=1ps - 4 A
t=1ms - 1 A
t=1s - 0.5 A
Prot total power dissipation Tamb = 25 °C; note 1 - 500 mwW
Tstg storage temperature —65 +200 °C
T; junction temperature - 200 °C
Note

1. Device mounted on an FR4 printed circuit-board; lead length 10 mm:.

1999 May 25



Philips Semiconductors

Product specification

High-speed diodes

1N4148; 1N4448

ELECTRICAL CHARACTERISTICS
T; =25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Ve forward voltage see Fig.3
1N4148 Ir=10mA 1 \Y%
1N4448 lF=5mA 0.62 0.72 \Y%
Ir =100 mA 1 \Y%
Ir reverse current Vr=20V; see Fig.5 25 nA
Vr =20V; T;= 150 °C; see Fig.5 50 pA
Ir reverse current; 1N4448 Vr=20V; T; =100 °C; see Fig.5 3 pA
Cq diode capacitance f=1MHz; Vg = 0; see Fig.6 4 pF
ty reverse recovery time when switched from I = 10 mA to 4 ns
Ir =60 mA; R =100 Q;
measured at Ig = 1 mA; see Fig.7
Vi forward recovery voltage when switched from I = 50 mA; 25 \"
t, =20 ns; see Fig.8
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rinjp thermal resistance from junction to tie-point | lead length 10 mm 240 Kw
Rihja thermal resistance from junction to ambient |lead length 10 mm; note 1 350 Kw
Note

1. Device mounted on a printed circuit-board without metallization pad.
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Product specification

High-speed diodes 1N4148; 1N4448
GRAPHICAL DATA
MBG451 MBG454
300 600
e g
(mA) (mA) , )
200 400 I] //
J / /
\ U] I’ 2) / (3)
~ A
NG ’
100 200 7
N 1/
N W
N /
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0 0 L
0 100 Tamp C} 200 0 1 Vg (V) 2

Fig.2 Maximum permissible continuous
current as a function of ambient

Device mounted on an FR4 printed-circuit board; fead length 10 mm.

forward

(1) T;=175°C; typical values.
(2) T;=25°C; typical values.
(3) Tj=25 °C; maximum values.

Fig.3 Forward current as a function of forward

temperature. voltage.
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Fig.4 Maximum permissible non-repetitive peak forward current as a function of pulse duration.
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Product specification
High-speed diodes 1N4148; 1N4448
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(1) Vg =75V, typical values.
(2) Vr=20V; typical values.
f=1MHz T;=25°C.
Fig.5 Reverse current as a function of junction Fig.6 Diode capacitance as a function of reverse
temperature. voltage; typical values.
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High-speed diodes 1N4148; 1N4448
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Fig.7 Reverse recovery voltage test circuit and waveforms.
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Fig.8 Forward recovery voltage test circuit and waveforms.
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Philips Semiconductors

Product specification

High-speed diodes 1N4148; 1N4448
PACKAGE OUTLINE
Hemmetically sealed glass package; axial leaded; 2 leads S0D27
\
(@) }§ 33 b
ot *
D-» L Gy L
DIMENSIONS (mm are the original dimensions)
unr | B D G4 L 0 1 2mm
max. max. max. min. scale
mm | 056 185 | 425 | 254
Note
1. The marking band indicates the cathode.
OUTLINE REFERENCES EUROPEAN
VERSION {EC JEDEC A PROJECTION ISSUE DATE
sop27 A24 DO-35 SC40 =} @ 97-06-09
DEFINITIONS
Data Sheet Status

Objective specification

This data sheet contains target or goal specifications for product development.

Preliminary specification

This data sheet contains preliminary data; supplementary data may be published later.

Product specification

This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these

products can reasonably be expected to resutt in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.

1999 May 25
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Argentina: see South America
Ausfralia: 34 Waterloo Road, NORTH RYDE, NSW 2113,
Tel. +61 2 9805 4455, Fax. +61 2 9805 4466

Austria: Computerstr. 6, A-1101 WIEN, P.O. Box 213,
Tel. +43 1 60 101 1248, Fax. +43 1 60 101 1210

Belarus: Hotel Minsk Business Center, Bid. 3, r. 1211, Volodarski Str. 6,
220050 MINSK, Tel. +375 172 20 0733, Fax. +375 172 20 0773

Belgium: see The Netherdands

Brazil: see South America

Bulgaria: Philips Bulgaria Ltd., Energoproject, 15th floor,
51 James Bourchier Blvd., 1407 SOFIA,

Tel. +359 2 68 9211, Fax. +359 2 68 9102

Canada: PHILIPS SEMICONDUCTORS/COMPONENTS,
Tel. +1 800 234 7381, Fax. +1 800 943 0087

China/Hong Kong: 501 Hong Kong Industrial Technology Centre,
72 Tat Chee Avenue, Kowloon Tong, HONG KONG,
Tel. +852 2319 7888, Fax. +852 2319 7700

Colombia: see South America

Czech Republic: see Austria

Denmark: Sydhavnsgade 23, 1780 COPENHAGEN V,

Tel. +45 33 29 3333, Fax +45 33 29 3905

Finland: Sinikalliontie 3, FIN-02630 ESPCO,

Tel. +358 9 615 800, Fax. +358 9 6158 0920

France: 51 Rue Camct, BP317, 92156 SURESNES Cedex,

Tel. +33 1 4099 6161, Fax. +33 1 4099 6427

Gemany: Hammerbrookstrale 69, D-20097 HAMBURG,

Tel. +49 40 2353 60, Fax. +49 40 2353 6300

Hungary: see Austria

India: Philips INDIA Lid, Band Box Building, 2nd fioor,

254-D, Dr. Annie Besant Road, Worli, MUMBAI 400 025,

Tel. +91 22 493 8541, Fax. +91 22 493 0966

Indonesia: PT Philips Development Corporation, Semiconductors Division,
Gedung Philips, Ji. Buncit Raya Kav.99-100, JAKARTA 12510,
Tel. +62 21 734 0040 ext. 2501, Fax. +62 21 794 0080

Ireland: Newstead, Clonskeagh, DUBLIN 14,

Tel. +353 1 7640 000, Fax. +353 1 7640 200

Israel: RAPAC Electronics, 7 Kehilat Saloniki St, PO Box 18053,
TEL AVIV 61180, Tel. +972 3 645 0444, Fax. +972 3 649 1007
Haly: PHILIPS SEMICONDUCTORS, Piazza IV Novembre 3,
20124 MILANO, Tel. +39 02 67 52 2531, Fax. +39 02 67 52 2557
Japan: Philips Bidg 13-37, Kohnan 2-chome, Minato-ku,

TOKYO 108-8507, Tel. +81 3 3740 5130, Fax. +81 3 3740 5057
Korea: Philips House, 260-199 ltaewon-dong, Yongsan-ku, SEOUL,
Tel. +82 2 709 1412, Fax. +82 2 709 1415

Malaysia: No. 76 Jalan Universiti, 46200 PETALING JAYA, SELANGOR,
Tel. +60 3 750 5214, Fax. +60 3 757 4880

Mexico: 5300 Gateway East, Suite 200, EL PASO, TEXAS 79905,
Tel. +9-5 800 234 7381, Fax +9-5 800 943 0087

Middie East: see italy

For all other countries apply to: Philips Semiconductors,

a worldwide company

Netherlands: Postbus 90050, 5600 PB EINDHOVEN, Bidg. VB,
Tel. +31 40 27 82785, Fax. +31 40 27 88399

New Zealand: 2 Wagener Place, C.P.O. Box 1041, AUCKLAND,
Tel. +64 9 849 4160, Fax. +64 9 849 7811

Norway: Box 1, Manglerud 0612, OSLO,

Tel. +47 22 74 8000, Fax. +47 22 74 8341

Pakistan: see Singapore

Philippines: Philips Semiconductors Philippines Inc.,

106 Valero St. Salcedo Village, P.O. Box 2108 MCC, MAKATI,
Metro MANILA, Tef. +63 2 816 6380, Fax. +63 2 817 3474

Poland: UL Lukiska 10, PL 04-123 WARSZAWA,
Tel. +48 22 612 2831, Fax. +48 22 612 2327

Portugal: see Spain

Romania: see ltaly

Russia: Philips Russia, Ul. Usatcheva 35A, 118048 MOSCOW,
Tel. +7 095 755 6918, Fax. +7 095 755 6919

Singapore: Lorong 1, Toa Payoh, SINGAPORE 319762,

Tel. +65 350 2538, Fax. +65 251 6500

Slovakia: see Austria

Slovenia: see italy

South Africa: S.A. PHILIPS Pty Lid., 195-215 Main Road Martindale,
2092 JOHANNESBURG, P.O. Box 58088 Newville 2114,

Tel. +27 11 471 5401, Fax. +27 11 471 5398

South America: Al. Vicente Pinzon, 173, 6th fioor,

04547-130 SAO PAULO, SP, Brazil,

Tel. +55 11 821 2333, Fax. +55 11 821 2382

Spain: Balmes 22, 08007 BARCELONA,

Tel. +34 93 301 6312, Fax. +34 93 301 4107

Sweden: Kottbygatan 7, Akalla, S-16485 STOCKHOLM,

Tel. +46 8 5985 2000, Fax. +46 8 5985 2745

Switzerland: Alimendstrasse 140, CH-8027 ZURICH,

Tel. +41 1 488 2741 Fax. +41 1 488 3263

Taiwan: Philips Semiconductors, 6F, No. 96, Chien Kuo N. Rd., Sec. 1,
TAIPE), Taiwan Tel. +886 2 2134 2886, Fax. +886 2 2134 2874

Thaitand: PHILIPS ELECTRONICS (THAILAND) Ltd.,
20972 Sanpavuth-Bangna Road Prakanong, BANGKOK 10260,
Tel. +66 2 745 4090, Fax_ +66 2 398 0793

Turkey: Yukari Dudullu, Org. San. Blg., 2.Cad. Nr. 28 81260 Umraniye,
ISTANBUL, Tel. +90 216 522 1500, Fax. +30 216 522 1813

Ukraine: PHILIPS UKRAINE, 4 Patrice Lumumba str., Building B, Floor 7,
252042 KIEV, Tef. +380 44 264 2776, Fax. +380 44 268 0461

United Kingdom: Philips Semiconductors Ltd., 276 Bath Road, Hayes,
MIDDLESEX UB3 58X, Tel. +44 181 730 5000, Fax. +44 181 754 8421

United States: 811 East Arques Avenue, SUNNYVALE, CA 94088-3409,
Tel. +1 800 234 7381, Fax. +1 800 943 0087

Uruguay: see South America
Vietnam: see Singapore

Yugoslavia: PHILIPS, Trg N. Pasica 5fv, 11000 BEOGRAD,
Tel. +381 11 62 5344, Fax.+381 11 63 5777

internet: hitp://www.semiconductors.philips.com
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5600 MD EINDHOVEN, The Netherlands, Fax. +31 40 27 24825
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BC337, BC337-16,
BC337-25, BC337-40,
BC338-25

Amplifier Transistors -
ON Semiconductor®

NPN Silicon
http://onsemi.com
Features COLLECTOR
® Pb—Free Package is Available* !
2
MAXIMUM RATINGS BASE
Rating Symbol | BC337 | BC338 | Unit
Coliector-Emitter Voltage Vceo 45 25 Vdc 3
Collector-Base Voltage Vceo 50 30 Vde EMITTER
Emitter - Base Volitage VEBO 5.0 Vdc
Collector Current - Continuous Ic 800 mAdc MARKING
Total Device Dissipation Pp mw i DIAGRAM
@Tp=25°C 625 mwW/reC Pl
Derate above 25°C 50 B 1
BC33 |
Total Device Dissipation Pp w 0000
@ Tc =25°C 15 mw/°C YWw
Derate above 25°C 12
Operating and Storage Junction Ty T =55 to +150 °C J\l Ji u
Temperature Range 0 TO-02 (TO-226)
CASE 29
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit oo 7 \Srggf'ﬁc Device Code
Thermal Resistance, Ragya 200 °CIw ww = Work Week
Junction-to—Ambient
Thermal Resistance, Rayc 83.3 °C/wW
Junction-to-Case
Maximum ratings are those values beyond which device damage can occur.
Maximum ratings applied to the device are individual stress limit values (not ORDERING INFORMATION
nommal operating conditions) and are not valid simultaneously. If these limits See detailed ordering and shipping information in the package

are exceeded, device functional operation is not implied, damage may occur

b dimensions section on page 4 of this data sheet.
and reliability may be affected.

*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, 2004 1 o o Pubiication Orrder Nurmber:
July, 2004 -~ Rev. 4 BC337/D



BC337, BC337-16, BC337~25, BC337-40, BC338-25

ELECTRICAL CHARACTERISTICS (Tx = 25°C unless otherwise noted)

Figure 1. Thermal Response

{ Characteristic [symboi | in | Typ | max | unit |
OFF CHARACTERISTICS
Collector - Emitter Breakdown Voltage V(BR)CE Vdc
(Ilc=10mA,ig=0) BC337 o 45 - -

BC338 25 - -
Collector - Emitter Breakdown Voltage V(BR)CE Vde
(ic = 100 pA, I = 0) BC337 s 50 - -

BC338 30 - -
Emitter - Base Breakdown Voltage V(BR)EB 5.0 - - Vdc
(le=10pA, lc=0) o
Collector Cutoff Current lceo nAdc
(Ve =30V, £ =0) BC337 - - 100
(Vcg =20V, I =0) BC338 - - 100
Collector Cutoff Current lces nAdc
(VCE =45V, VBE =0) BC337 - - 100
(Vce =25V, Vgg =0) BC338 - - 100
Emitter Cutoff Current leso - - 100 nAdc
(Veg =4.0V,Ic =0)

ON CHARACTERISTICS
DC Current Gain hee -
(Ic =100 mA, Vcg = 1.0 V) BC337 100 - 630
BC337-16 100 - 250
BC337-25/BC338-25 -
BC337-40 ;gg - ggg
(ic =300 mA, Vg = 1.0V) P - o
Base—~Emitter On Voitage VBE(on) - - 1.2 Vdc
(Ic = 300 mA, VCE =1.0V)
Collector—Emitter Saturation Voltage VCE(sat) - - 0.7 Vde
(ic = 500 mA, Ig = 50 mA) :
SMALL-SIGNAL CHARACTERISTICS
Output Capacitance Cob - 15 - pF
(Veg =10V, Ig =0, f= 1.0 MHz)
Current-Gain - Bandwidth Product fr - 210 - MHz
(lc=10mA, Vce = 5.0V, f = 100 MHz)
. 10 — 2 T o
5 07 D=05 H ‘__b ] g v
2 0.5 [rm— i = =
w 03 =T~ -
E S 0-2| "'—=—— o £ I T
g 02 [N ————— =
52 =TT L Rt Oyc(t) = (t) 0yc
B o1} 005 - 1] b 8,c = 100°C/W MAX
a §0.07 0.0+ o — Sua)=r(t) 04a
H Zoos SINGLE PULSE === 644 = 375°C/W MAX
=0 g ~eeth TLEE t - D CURVES APPLY FOR
=F 0.01 AT POWER
g 0w A7 SINGLEPULSE 2 PULSE TRAIN SHOWN
; 0.02 = - DUTY CYCLE, D= tifto READ TIME AT t,
Y — , Toek) = Tc = Pry 8aclt)
0.001 0.002 0005 001 002 0.05 0.1 0.2 0.5 1.0 20 5.0 10 20 5 100
t, TIME (SECONDS)
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VGE, COLLECTOR-EMITTER VOLTAGE (VOLTS Ic, COLLECTOR CURRENT (mA)

6y, TEMPERATURE COEFFICIENTS (mV/°C)

2
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BC337, BC337-16, BC337-25, BC337-40, BC338-25
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Figure 2. Active Region — Safe Operating Area
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Figure 6. Temperature Coefficients
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BC337, BC337-16, BC337-25, BC337-40, BC338-25

ORDERING INFORMATION ’

Device Package Marking Shippingt
BC337 TO-92 7 5000 Units / Bulk
BC337RL1 TO~92 7 2000 / Tape & Reel
BC337ZL1 TO-92 7 2000 / Tape & Ammunition
BC337-16 TO-92 7-16 5000 Units / Bulk
BC337-16RL1 TO-92 7-16 2000/ Tape & Reel
BC337-167ZL1 TO-92 7-16 2000 / Tape & Ammunition
BC337-25 TO-92 7-25 5000 Units / Bulk
BC337-25RL1 TO-92 7-25 2000 / Tape & Reel
BC337-257L1 TO-92 7-25 2000 / Tape & Ammunition
BC337-252L1G TO~-92 8-25 2000 / Tape & Ammunition

(Pb-Free)

BC337-40 TO-92 7-40 5000 Units / Bulk
BC337-40RL1 TO-92 7-40 2000/ Tape & Reel
BC337-40ZL1 TO-92 7-40 2000 / Tape & Ammunition
BC338-25ZL1 TO-92 8-25 2000 / Tape & Ammunition

1For information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging Specifi-
cations Brochure, BRD8011/D.

hﬁp:[lonsemi.com
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BC337, BC337-16, BC337-25, BC337-40, BC338-25

PACKAGE DIMENSIONS

TO-92 (TO-226)
CASE 29-11
ISSUE AL

NOTES:

. DIMENSIONING AND TOLERANGING PER ANSI

Y14.5M, 1982,

CONTROLLING DIMENSION: INCH.

. CONTOUR OF PACKAGE BEYOND DIMENSION R
1S UNCONTROLLED.

') 4. LEAD DIMENSION 1S UNCONTROLLED IN P AND

+ 3 BEYOND DIMENSION K MINIMUM.
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ON Semiconductor and Q are registered trademarks of Semiconductor Compcnems Industries, LLC (SCILLC). SCILLC reserves the right to make changes without further notice
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& National Semiconductor

DAC0808
8-Bit D/A Converter

General Description

The DACO0808 is an 8-bit monolithic digital-to-analog con-
verter (DAC) featuring a full scale output current settiing time
of 150 ns while dissipating only 33 mW with 5V supplies.
No reference cumrent (lgee) trimming is required for most
applications since the full scale output current is typically £1
LSB of 255 Izr/256. Relative accuracies of better than
+0.19% assure 8-bit monotonicity and linearity while zero
level output cumrent of less than 4 pA provides 8-bit zero
accuracy for Ixg=22 mA. The power supply currents of the
DACO0808 is independent of bit codes, and exhibits essen-
tially constant device characteristics over the entire supply
volitage range.

The DAC0808 will interface directly with popular TTL, DTL or
CMOS logic levels, and is a direct replacement for the
MC1508/MC1408. For higher speed applications, see
DACO0800 data sheet.

May 1999

Features

m Relative accuracy: £0.19% efrror maximum

m Full scale current match: +1 LSB typ

m Fast settling time: 150 ns typ

m Noninverting digital inputs are TTL and CMOS
compatible

High speed multiplying input slew rate: 8 mA/us
Power supply voitage range: 4.5V to 18V

B | ow power consumption: 33 mW @ 5V

Block and Connection Diagrams

MS8
Al A2

[

Ll

A RE A7 AR

71

Ls8

19

RANGE
CONTROL

CURRENT SWITCHES

oo

l A-2A LADDEA I ‘ BIAS GIACUIT }-—o
1 1

VREF(+) O
* NP CURRENT O vee
SOURLE PAIR
VReF(-) O]
REFERENCE foeel) COMPEN
CURRENT AMP
Ver
DS005687-1
Duai-In-Line Package
NE (OTE 2) wie U HE- compensamion
onp 2 vagri
Veg AT
g~ == B Vi
0 DACOS0S e
wss a2 U2 03 158
Az.j. LM
prea LW
Lt L2 a5
DS005687-2
Top View
Order Number DAC0808

See NS Package M16A or N16A

© 2001 National Semiconductor Corporation DS005687
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DACO0808

Voo™
Veer (+)~

Veer ()=
COMPENSATION ~~
NC {NOTE 2)=—4
GND =~

Vg™

10t

Block and Connection Diagrams (continued)

Small-Outline Package

RG]

Ordering Information

DS005687-13

ACCURACY OPERATING
TEMPERATURE RANGE N PACKAGE (N16A) SO PACKAGE
(Note 1) (M16A)
8-bit 0°C<T,<+75°C DACOB0BLCN |  MC1408P8 DAC0808LCM

Note 1: Devices may be ordered by using either order number.

www.national.com




Absolute Maximum Ratings (Note 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Storage Temperature Range
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (Plastic)

Distributors for availability and specifications.

Power Supply Voitage

VCC

Vee
Digital Input Voitage, V5-V12
Applied Output Voltage, Vg

+18 Ve

-18 Ve
~10 Vpe to +18 Vpe
~11 Vg to +18 Ve

Dual-In-Line Package (Ceramic)
Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

Operating Ratings

~65°C to +150°C

260°C
300°C

215°C
220°C

Reference Current, 1,4 5mA Temperature Range Toamn € Ta £ Tax
Reference Amplifier inputs, V14, V15 Vees Vee DAC0808 0 <T, <+75°C
Power Dissipation {Note 4) 1000 mwW
ESD Susceptibility (Note 5) TBD
Electrical Characteristics
(Ve = 5V, Vge = =15 Ve, Vrer/R14 = 2 mA, and all digital inputs at high logic level uniess otherwise noted.)
Symbol Parameter Conditions Min Typ Max Units
E, Relative Accuracy (Error Relative (Figure 4) %
to Fulf Scale Ig)
DACO0808LC (LM1408-8) 0.19 %
Settling Time to Within %2 LSB TA=25°C (Note 7), 150 ns
(includes tp;4) (Figure 5)
teLms toaL Propagation Delay Time Ta = 25°C, (Figure 5) 30 100 ns
TClo Qutput Full Scaie Current Drift +20 ppmy/°C
MSB Digital Input Logic Levels (Figure 3)
Vin High Level, Logic “1” 2 Vpe
Vi Low Level, Logic “0" 08 Vpe
MSB Digital Input Current (Figure 3)
High Level Vg = 5V 0 0.040 mA
Low Level Vi = 0.8V -0.003 -0.8 mA
lis Reference Input Bias Current (Figure 3) -1 -3 HA
Output Current Range (Figure 3)
Vee = -5V 0 20 2.1 mA
Vee = —18V, T, = 25°C 0 2.0 42 mA
lo Output Current Vieer = 2.000V,
R14 = 1000Q,
(Figure 3) 19 1.99 2.1 mA
Qutput Current, All Bits Low (Figure 3) 0 4 A
Output Voltage Compliance (Note 3) E, £0.19%, T, = 25°C
Vege=-5V, Irgr=1 MA -0.55, +0.4 Vbe
Ve Below -10V ~5.0, +0.4 Voc
SRIger Reference Current Slew Rate (Figure 6) 4 8 mA/us
Output Current Power Supply -5V £ Ve £ -16.5V 0.05 27 HAV
Sensitivity
Power Supply Current (All Bits (Figure 3)
Low)
lec 23 22 mA
lee -4.3 -13 mA
Power Supply Voltage Range Ta = 25°C, (Figure 3)
Vee 45 5.0 5.5 Voc
Vee -4.5 -15 -16.5 Vpe
Power Dissipation

www.national.com
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DAC0808

Electrical Characteristics (continued)
(Vee = 5V, Vee = ~15 Vpe, Vrer/R14 = 2 mA, and all digital inputs at high logic level uniess otherwise noted.)

Symbol Parameter Conditions Min Typ Max Units
All Bits Low Vee = 5V, Vge = -5V 33 170 mw

Vee = 5V, Ve = ~15V 106 305 mwW

All Bits High Vee = 15V, Vge = -5V 90 mw

Vee = 15V, Ve = 15V 160 mwW

Input Voltage

Logic Input Current vs

vege
13
5 " 5.000%
[ o—; Qe A A\ prrannennl) 10,600V = VRgF
20 7 15 5
A3 O—'- -z-O—MN-Tl 5,000
BIGITAL MO ygm O = MA
INPUTS AN Ot -
10 3
o LI E——
A7 O w v
Lsp A8 O~ —ol b0 olspur
i 3 814F
VEg = -18V
DS005687-3

Vo=10V (

FIGURE 1. +10V Output Digital to Analog Converter (Note 8)

1 THROUGH A8

1. - LOGIC INPUT CURRENT (uA)
-

-12-10-8-6-4-202 4 65.81012131518
Vi - LOGIC INPUT VOLTAGE {V}

DS005687-14

Bit Transfer Characteristics

g ~ OUTPUT CURRENT (mA}

14
12

1
08
(23
a4

02
0

NN
LR
H 114=2mA
Al
A2
Vo i
T iy A5 T
/o e,
J 111N ML
[N i

-12-10-8-6-4-20 24 6 8 101214 1613
Vi — LOSGIC INPUT VOLTAGE (V)

DS005667-15

Note 2: Absolute Maximurn Ratings indicate (imits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 3: Range control is not reguired.

Note 4: The maximurn power dissipation must be derated at elevated temperatures and is dictated by T uax. 6,4, and the ambient temperature, T 4. The maximum
allowable power dissipation at any temperature is Pp = (T yax — Ta)8,a or the number given in the Absolute Maixmum Ratings, whichever is lower. For this device,
Timax = 125°C, and the typical junction-fo-ambient thermal resistance of the dual-in-ine J package when the board mounted is 100°C/W. For the dual-in-line N
package, this number increases to 175°C/W and for the small outline M package this number is 100°C/W.

Note 5: Human body model, 100 pF discharged through a 1.5 kQ resistor.
Note 6: All current switches are tested to guarantee at least 50% of rated current.
Note 7: Al bits switched.
Note 8: Pin-out numbers for the DALOBOX represent the dual-in-line package. The smali outiine package pinout differs from the dual-in-line package.

Typical Application

alLae,

2, )
4 "256

DS0056387-23

Typical Performance Characteristics v = 5v, Ve = <15V, T, = 25°C, unless otherwise noted

Logic Threshold Voltage vs

Temperature

2

18 -
1.6 P~

14

12
1

08

0.6
04

02

V1) - LOGIC THRESHOLD VOLTAGE (V)

0
~55 ~37-19.-1 17 35 §3 71 89 107125
T‘} ~ TEMPERATURE {°C}

DS0A5687-16
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Typical Performance Characteristics v = 5v, Vi = -15V, T, = 25°C, unless otherwise

noted (Continued)

Output Current vs Output

Voltage (Output Voltage

Compliance)

238 - x
ALE. BITS “ON"
z 24 |
E VEg=-15V [Vgg=-5
s 2
] I i 14=2mA
]
£ 18
(]
= = J
g 12 p l1g=1mA
a s H
1
2 04 lj4=02ma]
i |
-14 10 -§ -2 2 10 13 18
Vg ~ QUTPUT VOLTAGE (V)
DSE0S687-17
Typical Power Supply

Current vs Ve

- N W & W O w ®

POWER SUPPLY CURRENT (mA)

ALL BITS P’IEHI ORlI.DV'l
Tgg WITH ti4 =2 mA

—
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14=1mA

1 ] ]
IR
Jeg WITH l4g=02mA

I

ige

0-2-4-6-§-10-12-14-16-18-20

Vgg ~ NEGATIVE POWER SUPPLY (V)

DS005687-20

Output Voltage Compliance
vs Temperature
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DS005687-18
Typical Power Supply
Current vs V¢
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Typical Power Supply
Current vs Temperature
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Z 10 [ha=2mA
E T
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Reference Input
Frequency Response

5

q
.2
g ¢ . LT 8
5 -2 DT
E -4 A
° N,
w B N
2 3 "
g -
3 w0
& 2

-14

-16 L

01 w 1 3 10

f -~ FREQUENCY (MHz)

Unless otherwise specified: R14 = R15 = 1 kQ, C = 15 pF, pin 16 to Vge; R = 509, pin 4 to ground.
Curve A: Large Signal Bandwidth Method of Figure 7, Vgee = 2 Vp-p offset 1V above ground.

Curve B: Small Signal Bandwidth Method of Figure 7, R_ = 2509, Vgee = 50 mVp-p offset 200 mV above ground.
Curve C: Large and Small Signal Bandwidth Method of Figure 9 (no op amp, R_ = 50Q), Rg = 50Q, Vger = 2V, Vg = 100 mVp-p

centered at OV.

DS005687-22
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Test Circuits

Vee
1'1::
13 Iss
210~ 1 Vagr
o 115 R14
a2 7 15 R15
. [
aiGraL J A O==1 pacoas
INPUTS %50 SERIES -k
" 4 = v
:: 11 ouTRPUT
t H
ot 16 0 A
" l
+ 3 c =
Y IEET
= ver
DS005687-8

Vi and 14 apply to inputs A1—-A8.
The resistor tied to pin 15 is to temperature compensate the bias current and may not be necessary for all applications.

Al A2 A3 A4 A5 A6 A7 A8
=Kt =+ 4= D e
lo =K ( 2 a8 e e st 256)

~ VREF
where K == Ri4
and Ay = “17 if Ay is at high level
Ay = “0" if Ay is at low fevel
FIGURE 3. Notation Definitions Test Circuit (Note 8)

b
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e O 12817
A D-T0-A
AS) coa:;:;‘m —Cr~y 07010V OUTPYT
— °,{5' ERROR MAX)
mmm—— 8
A7
e
” jag Atea11412] ':sn
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FIGURE 4. Relative Accuracy Test Circuit (Note 8)
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DACO0808

Test Cil’_CUitS (Continued)

Voo
D1uF v -\
LT { % 14v
= 2vgg v L= NS
13 N o
: " BTV =nate CLAMP LEVEL USE Ry TO GND FOR TURN “OFF"”
© Vv MEASURENENT BEE TE!
n utaf SETTLING TIME m

7 15 3 T o (FIGURE )
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. o RESPONSE y Pih 4 T0 68D
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DS005687-8

FIGURE 5. Transient Response and Settling Time (Note 8)

Vee

14 v—
_()"\“m-OVREF 0__r-l__
15 kL
2
DAC0B0S
4 -
16 AL N
_oj 5 SCOPE 5.0
3 15pF - - SLEWING
TIME
d 1 4V
dt AL ot
Vee
DS005687-9

FIGURE 6. Reference Current Slew Rate Measurement (Note 8)

Vee
R14=R15
13
5 14
m o] -—o—Am-o*vnEF Ju
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A2 e
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A3 o—s >
A8 C 9] DAC0808
A5 O=rd
10 4 = To "L
A6 O—-“
AT Omend
12 16 ]
[ S ‘
3 c =
SEE TEXT FOR VALUES OF C
VEE
DS005687-10

FIGURE 7. Positive Vger (Note 8)
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Test Circuits (Continued)

o] DACOses

VEeE

R14 = R15

RL

3 t
=
SEE TEXT FOR VALUES OF €

DS005687-11

FIGURE 8. Negative Ve, (Note 8)

A‘IO—E-
A2 Ot
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A3 o_a'
M 0-; DAcosos {13
A5 Qe SERIES
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A1 04
12
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Rg
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VReF
3 l‘u
15] 1
1
Sone

When Vg =0, 114 =20 mA

VREF_ Vs
V= + =
o [ R4 ' Rg | \*/PO

DS005687-12

FIGURE 9. Programmable Gain Amplifier or
Digital Attenuator Circuit (Note 8)

Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a voltage at pin 14 for
converting the reference voltage to a current, and a
turn-around circuit or current mirror for feeding the ladder.
The reference amplifier input currrent, |, must always flow
into pin 14, regardiess of the set-up method or reference
voltage polarity.

Connections for a positive voltage are shown in Figure 7.
The reference voltage source supplies the full cumrent {,,.

For bipolar reference signals, as in the muitiplying mode,
R15 can be tied to a negative voltage corresponding to the
minimum input level. it is possible to eliminate R15 with only
a small sacrifice in accuracy and temperature drift.

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
values of 1, 2.5 and 5 kQ, minimum capacitor values are 15,
37 and 75 pF. The capacitor may be tied to either Ve or
ground, but using Vgg increases negative supply rejection.
A negative reference voltage may be used if R14 is
grounded and the reference voltage is applied to R15 as
shown in Figure 8. A high input impedance is the main

www.national.com
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DACO0808

Application Hints (Continued)

advantage of this method. Compensation involves a capaci-
tor to Vge on pin 16, using the values of the previous
paragraph. The negative reference voltage must be at least
4V above the Ve supply. Bipolar input signals may be
handled by connecting R14 to a positive reference voitage
equal to the peak positive input level at pin 15.

When a DC reference voltage is used, capacitive bypass to
ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. If a well regulated 5V supply
which drives logic is to be used as the reference, R14 should
be decoupled by connecting it to 5V through another resistor
and bypassing the junction of the 2 resistors with 0.1 uF to
ground. For reference voltages greater than 5V, a clamp
diode is recommended between pin 14 and ground.

If pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation methods
apply and the amplifier must be heavily compensated, de-
creasing the overail bandwidth.

OUTPUT VOLTAGE RANGE

The voltage on pin 4 is restricted to a range of —0.55 to 0.4V
when Ve = -5V due to the current switching methods
employed in the DAC0808.

The negative output voltage compliance of the DAC0808 is
extended to -5V where the negative supply voltage is more
negative than -10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 kQ between pin 4 and ground will
yield a voltage output of 256 ievels between 0 and —4.980V.
Floating pin 1 does not affect the converter speed or power
dissipation. However, the value of the load resistor deter-
mines the switching time due to increased voltage swing.
Values of R, up to 500Q do not significantly affect perfor-
mance, but a 2.5 kQ load increases worst-case settling time
to 1.2 ps (when all bits are switched ON). Refer to the
subsequent text section on Settling Time for more details on
output loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages more negative than ~8V,
due to the increased voltage drop across the resistors in the
reference current amplifier.

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drift. Relative
accuracy is the measure of each output current level as a
fraction of the full-scale current. The relative accuracy of the
DACO0808 is essentially constant with temperature due to the
excellent temperature tracking of the monolithic resistor lad-

der. The reference current may drift with temperature, caus-
ing a change in the absolute accuracy of output current.
However, the DAC0808 has a very low full-scale current drift
with temperature.

The DACO0808 series is guaranteed accurate to within £
LSB at a full-scale output current of 1.992 mA. This corre-
sponds to a reference amplifier output current drive to the
ladder network of 2 mA, with the loss of 1 LSB (8 pA) which
is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed value of between 1.9 and 2.1 mA,
allowing some mismatch in the NPN current source pair. The
accuracy test circuit is shown in Figure 4. The 12-bit con-
verter is calibrated for a full-scale output current of 1.992
mA. This is an optional step since the DAC0808 accuracy is
essentially the same between 1.5 and 2.5 mA. Then the
DACO808 circuits’ full-scale current is trimmed to the same
value with R14 so that a zero value appears at the error
amplifier output. The counter is activated and the error band
may be displayed on an oscilloscope, detected by compara-
tors, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to construct a
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of £14 of one part in 65,536 or £0.00076%, which
is much more accurate than the £0.019% specification pro-
vided by the DAC0808.

MULTIPLYING ACCURACY

The DAC0808 may be used in the multiplying mode with
8-bit accuracy when the reference current is varied over a
range of 256:1. if the reference current in the muitiplying
mode ranges from 16 pA to 4 mA, the additional error
contributions are iess than 1.6 pA. This is well within 8-bit
accuracy when referred to full-scale.

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically, the
DACO0808 is monotonic for all values of reference current
above 0.5 mA. The recommended range for operation with a
DC reference cumrent is 0.5 to 4 mA.

SETTLING TIME

The worst-case switching condition occurs when all bits are
switched ON, which corresponds to a low-to-high transition
for all bits. This time is typicafty 150 ns for settling to within
+4 LSB, for 8-bit accuracy, and 100 ns to ¥ LSB for 7 and
6-bit accuracy. The turn OFF is typically under 100 ns. These
times apply when R_ < 500Q and Cg < 25 pF.

Extra care must be taken in board layout since this is usually
the dominant factor in satisfactory test results when measur-
ing settling time. Short leads, 100 pF supply bypassing for
low frequencies, and minimum scope lead length are all
mandatory.

www.national.com
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Physical Dimensions inches (millimeters) unless otherwise noted
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DACO0808 8-Bit D/A Converter

Notes

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:

1. Life support devices or systems are devices or 2.

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.

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

National Semiconductor National Semiconductor

Corporation Europe

Armericas Fax: +49 (0) 180-530 85 86
Email: suppori@nsc.com Email: europe.suppori@nsc.com

Deutsch Tel: +49 (0) 69 9508 6208
English Tek +44 (0) 87024 0 2171
www.national.com Frangais Tel: +33 (0) 1 41 91 8790

National Semiconductor National Semiconductor
Asia PacHic Customer Japan Ltd.

Response Group Tel: 81-3-5638-7560

Tel: 65-2544466 Fax: 81-3-5639-7507
Fax: 65-2504466

Email: ap.support@nsc.com

Natioral does not assume any responsibiity for use of any dircuilry described, no circuit patent Ficenses are implied and National resarves the right at any time witheut notics to change said circultry and specifications.
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FAIRCHILD

SEMICONDUCTOR®

LF351
Single Operational Amplifier (JFET)

www.fairchildsemi.com

Features Description

= Internally trimmed offset voltage: 10mV The LF351 is JFET input operational amplifier with an inter-
» Low input bias current : 50pA nally compensated input offset voltage. The JFET input
» Wide gain bandwidth : 4MHz device provides wide bandwidth, low input bias currents and
* Highslewrate : 13V/us offset currents.

+ High input impedance : 10'2Q

8-DIP

8-S0P

Internal Block Diagram

Rev. 1.0.1

©2001 Fairchild Semiconductor Corporation
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Schematic Diagram
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Absolute Maximum Ratings

Parameter Symbol Value Unit
Supply Voltage vee +18 \'
 Differential Input Voltage VI(DIFF) 30 \Y
Input Voltage Range Vi +15 \'
Output Short Circuit Duration - Continuous -
- Power Dissipation PD 500 mwW
Operating Temperature TOPR 0~+70 °C
Storage Temperature Range TSTG 65~ +150 °C




LF351

Electrical Characteristics
(Vce = +15V, VEE = - 15V, Ta = 25 °C. unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. { Max. | Unit
Rs = 10kQ - 5.0 10
input Offset Voltage Vio 0°C<TASIOC 3 mv
Input Offset Voltage Drift (Note1) AVIO/AT | Rs =10kQ | 0°C<TaA<70°C} - 10 - pV/°C
Input Offset Current I - 25 100 PA
pu set Cu 10 I N -
0°C<TA<TO°C| - - 4 HA
- 50 200 A
Input Bias Current IBAIS l 0°C<TA<T0°C| - - 3 :A
Input Resistance (Note1) R - - 1102 - | a
. . VO(P-P)= £10V 25 100 -
Large Signal Volitage Gain G VimV
9e=9 9 Y |r=2ke@  [oCstasroc] 15 | - | - |
Output Voltage Swing VoP-p) | RL = 10kQ 2 #1385 - | V

Input Voltage Range VI(R) - v +11 ;1 g - \")

- Common Mode Rejection Ratio CMRR | Rs<10kQ 70 100 - daB
Power Supply Rejection Ratio PSRR | Rs<10kQ 70 100 - dB
Power Supply Curment fcc - - 23 34 mA
Slew Rate (Note1) SR Gv=1 - 3] - Vius 1}
Gain-Bandwidth Product (Note1) GBW - - 4 - MHz

Note :
1. Guaranteed by design.
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Mechanical Dimensions

Package
Dimensions in millimeters
6.40 1020 ol
0.252 +0.008 g'o -1
I © <l 8 ‘é g
| i : “1 g5 3=
"o " e
i I N .———
= | g% s
3 2 ] % J_—]\L—————a
[ Ik
#4[: ]#5 ]:i—:
+ S— I
= | % §
NG
508 3.30 +0.30
0.200 MAX 0.130 10012
1.7.62
0.300 3.40 +0.20 0.33 MIN
0.134 t0.008 0.013

—

+0.10
u 0.25 005
.———’/

0.010 ’181383
015
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Mechanical Dimensions continuea

0.50 +0.20
0.020 +0.008

Package
Dimensions in millimeters
0.1~0.25
1,55 1020 MIN 5 504~0.001
0.061 +0.008
1
-
#1 1T O T#8 [ } 3
| s | 8B/ =
ol Sl
! Dsl SIS
]| 22 ]
. “le| Ve o3
-0
#4[1T] 145 %
L {1 cle
,,,,,, g: b
(]
6.00 0.30 NIS
6.00+0.30 1.80 N
0.236 10.012 ; 5.077 MAX <|3
<
3.95 1020 2|18
0.156 10.008 g =
12 g ,
L. i d
572 &
“ 0.225. I <
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Ordering Information

Product Number Package Operating Temperature
LF351N 8-DIP
——— 0~+70°C
LF351M 8-S0oP
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DISCLAIMER

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

LIFE SUPPORT POLICY

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

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support
which, (a) are intended for surgical implant info the body, device or system whose failure fo perform can be
or (b) support or sustain life, and (c) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected fo result in a significant injury of the
user,

www fairchitdsemi.com’

6/1/01 0.0m 001
Stock#DSxc00000x
© 2001 Fairchild Semiconductor Corporation
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TL494
SMPS Controller

Features

Internal regutator provides a stable 5V reference supply
trimmed to 5%

Uncommitted output TR for 200mA sink or source
current

Output control for push-pull or single-ended operation
Variable duty cycle by dead time control (pin 4) Complete
PWM control circuit

On-chip oscillator with master or slave operation
Internal circuit prohibits double pulse at either output

Internal Block Diagram

m@-————v

Description

The TL494 is used for the confrol circuit of the PWM
switching regulator. The T1494 cousists of 5V reference
voltage circuit, two error amplifiers, flip flop, an output con-
trol circuit, a PWM comparator, a dead time comparator and
an oscillator. This device can be operated in the switching
frequency of 1 KHz to 300 KHz.

16-DIP

- OSCILLATOR
e (5)
‘DEAD 1
TIME l
-CONTROL 12v
PWM
COMP

EA(+)
»
EA(-)

EA(+)( 18 [+

[sv

8AND GaP AEFERENGE |———(14) Voer

2
EA () (15 }—~

0}

3 ) COMP INPUT

7 )} GND

Rev. 5.0

©2000 Fairchild Semiconductor international



TLA494

Absolute Maximum Ratings

Parameter Symbot Value Unit
Supply Voltage vce 42 v
Coliector Supply Voltage Ve 42 v
Output Current lo 250 mA
Ampilifier Input Voltage VIN Vcc+0.3 Vv
Power Dissipation (TA = 25°C) PD 0?9(3.:49@:%3) w
| Operating Temperature Range ToPR 0~ +70 °C
Storage Temperature Range TsTG -85 ~ + 150 °C




TL494

Electrical Characteristics

(Vce =20V, £=10KHz, TA = 0°C to + 70°C, unless otherwise specified)

Parameter [ Symbol Conditions [ Min. | Typ. | Max. | Unit |

REFERENCE SECTION

 Reference Output Voitage VREF | IREF =1mA 4751 50 | 525 )| V
Line Regulation AVREF | VcCc=T7Vto 40V - 20 25 mv
Temperature Coefficient of VREF AVREF/AT | TA=0°C to 70°C - 0.01 | 0.03 | %/°C
Load Regulation AVREF | IREF = 1mA to 10mA - 1.0 15 | mV
Short-Circuit Output Curmet Isc VREF =0V 10 35 50 mA
OSCILLATOR SECTION

| Oscillation Frequency f CT=0.01pF, RT=12KQ - 10 - KHz
Frequency Change with Temperature] AfAT Ct=0.01pF, RT = 12KQ - - 2 %
DEAD TIME CONTROL SECTION
input Bias Current IBIAS Vce = 158V, 0VsVa<5.25V - 20| -10 | pA
Maximum Duty Cycle D(MAX) gcg F=‘|r10 5=V\’/:;F= ov 45 - - %
Input Threshold Voltage VITH Zero Duty Cycle - 30 | 33 N

Max. Duty Cycle 0 - -

| ERROR AMP SECTION

| Input Offset Voltage Vio V3=25V - 2.0 10 mV
Input Offset Curmrent 1o V3 =2.5V - 25 | 250 | mA

. Input Bias Current IBIAS V3 =25V - 02 | 1.0 | pA

- Common Mode Input Voltage vem 7V Ve 40V 0.3 - Vce v

| Open-Loop Voitage Gain Gvo 0.5V <V3<3.5vV 70 95 - dB

{ Unit-Gain Bandwidith BW - - | 850 | - | KHz

| PWM COMPARATOR SECTION

! ’ln_nnt Thrachnld \/nlfnga | \iTu l 7Zorn M thy (‘.ynln | IS B § l 45 ) AV |

i Qinke Oorrnar Potanmer Twasoyvy Paoal o7t o Tyl

i ﬂl 1'F'EM 1T ©EATIAM -

i ; ! T B

i c ,: Vi}i;(sﬁﬂ} i Vi U, K = JUimaA i = f i. 1 ; .o i i

i l T sl ~N v sy I t ~ l PPV ‘;

e WA

e : |

@ L PR TmESERERNLC-WY |- p S W e

i ivse Time i R ] - -0 -1 - [ -

| Common Emitter i - i = oo 100 | 200 l
Fall Time tF - - - - -
Common Emitter - - - 25 | 160 ns
Commion Collector - - - 40 100
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Typical Application
Pulse Width Modulated Step-down Converter

KSA1010 Vo=5V
Ot oy /l; 104 20 e, @ lO=IA
470
Froe
L > a
e
12 ¥ [ - jimm t
Vo <2 o1 COMP INPUT
VREF 14
Fore
~- 16¢
TL494
XU
+ 1 Wy
$mn
+ 18]
DT GND Et E2 oc M Cr ’
4 7 ) 10 13 5
! ] +
. L2 500F
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Mechanical Dimensions

Package

16-DIP

6.40 10.20 —

0.252 10.008 5|3

#[ O [ J#e

0.46 10.10
0.018 +0.004
1:50 10.10
10.059 +0.004

19.80
0.780

19.40 10.20
0.764 :0.008

P

318
#[ [ J#o : ~Nls
— ]
3.25 +0.20 ‘ ‘ 0.38
7.62 AR Araa MIN
0300 0.128 10.008 0.014
5.08 MAX 3.30 10.30
4 . 0.200 0.130 0.012
015 01070004

_ 09100002
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Mechanical Dimensions (continueq)

Package
. 0.05 _
MIN 5002 5|8
Ci .
1.55 10,10 L
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# Cl:ﬂ O T J#16 [
- 1 ]
L | -
S 3 o
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LIFE SUPPORT POLICY

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

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (cj whose failure to reasonably expected to cause the failure of the fife support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www fairchildsemi.com

7/12i00 0.0m 001
Stock#DSx0000000¢
© 2000 Fairchild Semiconductor internationat
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Ordering Information

Product Number Package Operating Temperature
CN 16 DI
TL494 6 DiP 0~ + 70°C
TL484CD 16 SOP
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Order this document

SEMICONDUCTOR TECHNICAL DATA by MUR1S0E/D
' ¥ 13

SWITCHMODE™ Power Rectifiers MUR190E

Ultrafast “E” Series with High Reverse

Energy Capability MUR1100E

. . . designed for use in switching power supplies, inverters and as MURMOOE Is-a

free wheeling diodes, these state-of-the—art devices have the Motorola Preferred Device

following features:

* 20 mjoules Avalanche Energy Guaranteed

 Excellent Protection Against Voltage Transients in Switching ULTRAFAST
Inductive Load Circuits RECTIFIERS

e Ultrafast 75 Nanosecond Recovery Time 1.0 AMPERE

s 175°C Operating Junction Temperature $00-1000 VOLTS

¢ Low Forward Voltage

» Low Leakage Current

e High Temperature Glass Passivated Junction

e Reverse Voltage to 1000 Voits

Mechanical Characteristics:

Case: Epoxy, Molded

Weight: 0.4 gram (approximately)

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

Lead and Mounting Surface Temperature for Soldering
Purposes: 220°C Max. for 10 Seconds, 1/16” from case
Shipped in plastic bags, 1000 per bag

Available Tape and Resled, 5000 per reei, by adding a “RL”
suffix to the part number

» Polarity: Cathode Indicated by Polarity Band
» Marking: U190E, U1100E

MAXIMUM RATINGS

o——P}l—o

CASE 59-04

Rating

Symbol

180E 1100E Unit

Peak Repetitive Reverse Voltage

Working Peak Reverse Voitage
DC Blocking Voltage

VRRM
VRWM
VR

900 1000 Volts

Average Rectified Forward Current (Square Wave)

(Mounting Method #3 Per Note 1)

IF(AV)

1.0@Ta=95C Amps

 Nonrepetitive Peak Surge Current

(Surge applied at rated load conditions, halfwave, single phase, 60 Hz)

IFsm

35 | Amps

Operating Junction Temperature and Storage Temperature

—65t0 +175 °C

THERMAL CHARACTERISTICS

[ Maximum Thermal Resistance, Junction to Ambient

See Note 1 | °CIW ]

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

SWITCHMODE is a trademark of Motorola, Inc.

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

Rev 1

® Motorola, Inc. 1996

@ MOTOROLA



MUR190E MUR1100E

ELECTRICAL CHARACTERISTICS

MUR
Rating Symbol 190E | 1100E Unit
Maximum instantaneous Forward Voltage (1) VF Volts
(iF = 1.0 Amp, T3 = 150°C) 1.50
(iF = 1.0 Amp, Tj = 25°C) 1.75
| Maximum Instantaneous Reverse Current 1) iR HA
(Rated dc Voitage, T;= 100°C) 600
(Rated dc Voltage, T = 25°C) 10
Maximum: Reverse Recovery Time tr ns
(i = 1.0 Amp, di/dt = 50 Ampl/us) 100
(IF = 0.5 Amp, iR = 1.0 Amp, IRgc = 0.25 Amp) 75
Maximum Forward Recovery Time fr 75 ns
(IF = 1.0 Amp, di/dt = 100 Amp/iss, Recovery fo 1.0 V)
Controlied Avalanche Energy (See Test Circuit in Figure 6) ' WavaL | 10 mJ

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

Rectifier Device Data




MUR190E MUR1100E

ELECTRICAL CHARACTERISTICS

20
0 V4 Il
7 77
5.0 / /
y
7 10 V4
< n=iec/ |/ // 25°C
= 20 77
o L / o)
& . / Yy 1wc
S 10 7—
£ o7 717
e 7 17
2 s Ji/ 1]
& 0
2 / /
g [ ]
§ 0.3 / /
£ 02 /»
g 1117
M-
L L]
. ,l i r 4
I
0.07 1
0.05 ‘ II /
0.03 I[ ll /
0.02
[
0.01 " #
03 05 07 09 11 13 15 17 18 21 23
v, INSTANTANEOUS VOLTAGE (VOLTS)
Figure 1. Typical Forward Voltage
73 5.0 T T T T
E | 10 50
g ™ (CAPACITIVE LOAD); K = 20 / //
Z 4| AV i
L : /
2 30 / // i
[
& | T)=175°C s Pl
5 Lol et
% ‘ p/ "L/ 7~ | SQUAREWAVE
T -
< ] ”~
2 !
= 0 05 10 15 20 25

'F(AV): AVERAGE FORWARD CURRENT (AMPS)
Figure 4. Power Dissipation

lg. REVERSE CURRENT (iA)

IF(Av). AVERAGE FORWARD CURRENT (AMPS)

C, CAPACITANCE (pF)

1000

Tj=175°C —
100 .
1 1
16 = =
ERE=——
1] I ]
1.0
25°C ‘_b__-?
0.1] =
1
0.01 i S
0 100 200 300 400 500 600 700 800 900 1000
VR: REVERSE VOLTAGE (VOLTS)
Figure 2. Typical Reverse Current*
* The-curves shown are typical for the-highest voltage device in the
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5.0
40 RATED VR
Rgypa =50°CW
3.0
2.0
g
1| SOUARE WAVE )
N,
N
0
0 50 100 150 200 250
TA, AMBIENT TEMPERATURE (°C)
Figure 3. Current Derating
(Mounting Method #3 Per Note 1)
20
[
\\ Ty=25°C ]
10 =y
70
\\
N
5.0
\\‘
\\\
30
20
0 10 0 30 40 50

VR, REVERSE VOLTAGE (VOLTS)
Figure 5. Typical Capacitance

Rectifier Device Data
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+Vpp
lLl, 40mH COlL
O Vp
MERCURY Ip
SWITCH
//>(" DuT
51
Figure 6. Test Circuit

The unclamped inductive switching circuit shown in
Figure 6 was used to demonstrate the controlled avalanche
capability of the new “E” series Ultrafast rectifiers. A mercury
switch was used instead of an electronic switch to simulate a
noisy environment when the switch was being opened.

When S1 is closed at fg the current in the inductor Ij_ramps
up linearly; and energy is stored in the coil. At t1 the switch is
opened and the voltage across the diode under test begins to
rise rapidly, due to di/dt effacts, when this induced voltage
reaches the breakdown voltage of the diode, it is clamped at
BVpyT and the diode begins to conduct the full load current
which now starts to decay linearly through the diode, and
goes to zero at to.

By solving the loop equation at the point in time when S1 is
opened; and calculating the energy that is transferred to the
diode it can be shown that the total eneray transferred is

aqual to the energy stored in the inductor plus a finite amount

s =N ICLECAD) Usda

nf anarav fram the \'nn newar sinnlv whila the dinde ic in

hernalrdmam (fram 4 $n ta) minie ang lneconas Aua tn Bnita ~am_
s z o =
EQUATION (1);

1,.¢ 1

(CHy —romy — T — Y

BVpur

Figure 7. Current-Voltage Waveforms

ponent resistances. Assuming the component resistive ele-
ments are small Equation (1) approximates the total energy
transferred to the diode. It can be seen from this equation
that if the Vpp voltage is low compared to the breakdown
voliage of the device, the amount of energy contributed by
the supply during breakdown is small and the total energy
can be assumed to be nearly equal to the energy stored in.
the coil during the time when S1 was closed, Equation (2).

The oscilloscope picture in Figure 8, shows the information
obtained for the MUR8100E (similar die construction as the
MUR1100E Series) in this test circuit conducting a peak cur-
rent of one ampere at a breakdown voltage of 1300 volts,
and using Equation {2} the energy absorbed by the
MURB8100E is approximately 20 mjoules.

Although i is not recommended 1o design Tor this congi-
tion, the new “E” senes provides added protection agatnst
thase unforeseen transient virniises that can nrodiice unex-

nlninad rondam failiteas i ninfriandhs anviranmanta

CHANNF! 2:

OLAMMLY 4.

Rectifier Device Data



MUR190E MUR1100E

NOTE 1 — AMBIENT MOUNTING DATA

Data shown for thermal resistance junction to
ambient (Rga)for the mountings shownisto be used
as typical guideline values for preliminary
engineering or in case the tie point temperature
cannot be measured.

TYPICAL VALUES FOR Rgja IN STILL AIR

Mounting Lead Length, L
Method 1/8 14 | 12 | Units
t 52 65 72 °CIW
2 Roya | 67 | 80 | 87 | cw
3 50 °CIW
MOUNTING METHOD 1

e

MOUNTING METHOD 2

MOUNTING METHOD 3

A —L 8"

i 3]

*—~ Board Ground Plane

P.C. Board with
1-1/2” X 1~-1/2” Copper Surface

Rectifier Device Data



MUR190E MUR1100E
PACKAGE DIMENSIONS

O]
> I I «— B NOTES:
1. ALL RULES AND NOTES ASSOCIATED WITH
JEDEC DO-41 OUTLINE SHALL APPLY.

2. POLARITY DENQTED BY CATHODE BAND.

3 LEADDIAMETER NOT CONTROLLED WITHIN F
DIMENSION.
D [ MILLINETERS _

MIN | MAX |
597 1 660
278 { 305

076 | 0.86
784 —

<_
>
]
xom)ﬁ

CASE 59-04
ISSUEM

Motorola reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Matorola assume any liability arising out of the application or use of any product or circuit, and
specifically discldiris driy and ali liability, includirig withioutfifiitation consequential or incidental darriages. "Typical” pararieters which friay be provided in Motorgla
data sheets and/or specifications can and do vary indifferent applications and actual performance may vary over time. Alloperating parameters, including "Typicals®
must be validated for each customer application by customer's technical experts. Motorola does not convey any ficense under its patent rights nor the rights of
others. Motorola 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 fife, or for any other application in which the faifure of the Motorola product could create a situation where personal injury
ordeathmay occur. Should Buyer purchase or use Motarola productsfor any such unintended or unauthorized applicatior, Buyer shalt indemnify and hotd Motorola
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attomey 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
Motorota was negligent regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorola, inc. is an Equal
Opportunity/Afirmative Action Employer.

Mfax is a trademark of Motorala, inc.
How toreach us:

USA/EUROPE/Locations Not Listed: Motorola Literature Distribution; JAPAN: Nippon Matorota Lid.: SPD, Sirategic Planning Office, 4-32-1,
P.0. Box 5405, Denver, Colorado 80217. 1-303-675-2140 or 1-800-441-2447  Nishi-Gotanda, Shinagawa—ku, Tokyo 141, Japan. 81-3-5487-8488

Customer Focus Center: 1-800-521-6274

Mfax™: RMFAX0@email.sps.mot.com —~ TOUCHTONE 1-602-244-6609 ASIA/PACIFIC: Motorola Semiconductors HAK. Lid.; 88 Tai Ping Industrial Park,
Moatorola Fax Back System —US & Canada ONLY 1-800-774-1848 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-26629298
— hitp:/isps.motorola.com/miax/

HOME PAGE: http://motorota.com/sps/

@ MOTOROLA
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MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

« PIC16F873A * PIC16F876A
* PIC16F874A * PIC16F877A

High-Performance RISC CPU:

+ Only 35 single-word instructions to learn
* Ali single-cycle instructions except for program
branches, which are two-cycle
* Operating speed: DC — 20 MHz clock input
DC - 200 ns instruction cycie
* Up to 8K x 14 words of Fiash Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM),
Up to 256 x 8 bytes of EEPROM Data Memory

* Pinout compatible to other 28-pin or 40/44-pin
PIC16CXXX and PIC16FXXX microcontrollers

Peripheral Features:

* Timer0: 8-bit timer/counter with 8-bit prescaler

+ Timer1: 16-bit timer/counter with prescaler,
can be incremented during Sleep via external
crystal/clock

* Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

* Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12.5 ns
- Compare is 16-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

* Synchronous Serial Port (SSP) with SPi™
(Master mode) and 12C™ {Master/Slave)

* Universal Synchronous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

* Parallel Slave Port (PSP) - 8 bits wide with
external RD, WR and CS controls (40/44-pin only)

* Brown-out detection circuitry for

Analog Features:

+ 10-bit, up to 8-channel Analog-to-Digital
Converter (A/D)

+ Brown-out Reset (BOR)
+ Analog Comparator module with:
- Two analog comparators
- Programmable on-chip voltage reference
(VREF) module
~ Programmable input multiplexing from device
inputs and internal voltage reference

- Comparator outputs are externally accessible

Special Microcontroller Features:

* 100,000 erase/write cycle Enhanced Flash
program memory typical

* 1,000,000 erasefwrite cycle Data EEPROM
memory typical

+ Data EEPROM Retention > 40 years

* Self-reprogrammable under software control

* in-Circuit Serial Programming™ (ICSP™)
via two pins

* Single-supply 5V In-Circuit Serial Programming

« Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

* Programmable code protection

» Power saving Sleep mode

+ Selectable oscillator options

= In-Circuit Debug (ICD) via two pins

CMOS Technology:

= Low-power, high-speed Flash/EEPROM
technology

* Fuily static design
* Wide operating voltage range (2.0V to 5.5V)
+ Commercial and Industrial temperature ranges

Brown-out Reset (BOR) )
* Low-power consumption
Program Memory Data MSSP
" EEPROM 10-bit | CCP Timers
DeVIC® | aytes |* Single Word (sam) (Bytes) | "© |AD (ch)| (PWM) | gp) | Master | USART | g6 1 | Comparators
Instructions 2c
PIC16F873A1 7.2K 4096 192 128 22 5 2 Yes|{ Yes Yes 21 2
PIC16F874A} 7.2K 4096 192 128 33 8 2 Yes| Yes Yes 21 2
PIC16F876A | 14.3K 8192 368 256 22 5 2 Yes! Yes Yes 211 2
PIC16F877A | 14.3K 8192 368 256 33 8 2 Yes| Yes Yes 21 2

DS39582B-page 1
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—
Pin Diagrams
28-Pin PDIP, SOIC, SSOP
MCLRVre — o1 ~/ 28[] < RB7/PGD
RAO/AND <[] 2 27[] = RBSIPGC
RA1/ANT = [1 3 26[] = R85
RA2/AN2VREF-ICVRer <+—=T_] 4 < 25[] < RB4
RAYAN3NRer+ <[] 5 L 24[] < RBIPGM
RA4TOCKIC10UT =[] 6 2 23[] = Ra2
RAS5/AN4/SS/C20UT =— [ 7 - 22[] = RB1
Vss 16 5 24{} = RBOANT
osci/cik —L] 9 u 20[] =— voo
0SC2CLKO <-—[110 S 19[] =— Vss
RCO/T1080/T1CKE <[ 11 & 18[_] = RE7/RX/DT
RCUTI0SUCCP2 =—[]12 17[] == RCETX/ICK
RC2/CCP1 <+—=[]13 16[] == RC5/SDO
RC3/SCK/SCL <—=[114 15{] < RC4/SDVSDA
o
. -oOO
28-Pin QFN g g %g g
- O MW T
Q
§§%EEE§
TREQIIY
RA2/AN2/VREF-JCVREF =— ~<—» RB3PGM
RAJANINREE+ = -a—s RRD
RA4/TOCKIC10UT s < RB1
RAS5/ANA/SS/C20UT s ~—» RBO/INT
VSS —n -«-+— Voo
OSCA/CLKI —» ~-—Vss
OSCZICLKD -—— 7 o o o < T = RCTRXDT
DD T e e e
i 2ez038%
- = 00vngp
44-Pin QFN £ ggggagE
5 3 ok 2823 g
Solpazelrida °E 8¢
EZRL0eoRsEs 88~
BBIIN=SBNER 2*
rrorrrororewd
329329335843
RCT/RX/DT = j19@ 23] —= OSC2/CLKO
RD4/PSP4 < }2 321 <—— OSC1/CLKI
et s 1 S
30% =— Vss
AT ee —— }a  PIC16FB74A 201 ~— Voo
Voo —» 7 PIC16FBTTA 37| <. RE2TS/AN?
VoD —— |8 261 < RE1WRIANG
RBOINT <—» }O 25 -— REU/RD/A_N_K
RB1 «—e §10 241 < RAS5/AN4/SSIC20UT
RB2 w11 v o ©~ oo o w23l = RAJTOCKICIOUT
T T e NN
s03”00eg s b
SRRRR ST EY
a3 SRS Q 5
2 PEoRELg
= g Z
o«
Zz
_
D$305828-page 2 © 2003 Microchip Technology Inc.



PIC16F87XA

Pin Diagrams (Continued)
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PIC16F87XA

1.0 DEVICE OVERVIEW

This document contains device specific information
about the following devices:

» PIC16F873A

* PIC16F874A

+ PIC16F876A

* PIC16F877A

PIC16F873A/876A devices are available only in 28-pin
packages, while PIC16F874A/877A devices are avail-

able in 40-pin and 44-pin packages. All devices in the
PIC16F87XA family share common architecture with

The available features are summarized in Table 1-1.
Block diagrams of the PIC16F873A/876A and
PIC16F874A/877A devices are provided in Figure 1-1
and Figure 1-2, respectively. The pinouts for these
device families are listed in Table 1-2 and Table 1-3.

Additional information may be found in the PICmicro®
Mid-Range Reference Manual (DS33023), which may
be obtained from your focal Microchip Sales Represen-
tative or downloaded from the Microchip web site. The
Reference Manual should be considered a complemen-
tary document to this data sheet and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules.

the following differences:

* The PIC16F873A and PIC16F874A have one-half
of the total on-chip memory of the PIC16F876A

and PIC16F877A

¢ The 28-pin devices have three I/O ports, while the

40/44-pin devices have five

» The 28-pin devices have fourteen interrupts, while

the 40/44-pin devices have fifteen

+ The 28-pin devices have five A/D input channels,
while the 40/44-pin devices have eight

* The Parallel Slave Port is implemented only on

the 40/44-pin devices
TABLE 1-1; PIC16F87XA DEVICE FEATURES
Key Features PIC16F873A PIC16F874A PIC16F876A PIC16F877A
Operating Frequency DC -20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
Resets (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
Flash Program Memory 4K 4K 8K 8K
(14-bit words)
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory (bytes) 128 128 256 256
Interrupts 14 15 14 15
1/0 Ports PortsA,B,C [PorisA,B,C,D,E| PortsA,B,C |PorisA,B,C,D,E
Timers 3 3 3 3
Capture/Compare/PWM modules 2 2 2 2
Serial Communications MSSP, USART MSSP, USART MSSP, USART MSSP, USART
Parallel Communications — PSP —_ PSP
10-bit Analog-to-Digital Module 5 input channels | 8 input channels | 5 input channels | 8 input channels
Analog Comparators 2 2 2 2
Instruction Set 35 instructions 35 Instructions 35 Instructions 35 Instructions
Packages 28-pin PDIP 40-pin PDIP 28-pin PDIP 40-pin PDIP
28-pin SOIC 44-pin PLCC 28-pin SOIC 44-pin PLCC
28-pin SSOP 44-pin TQFP 28-pin SSOP 44-pin TQFP
28-pin QFN 44-pin QFN 28-pin QFN 44-pin QFN

© 2003 Microchip Technology Inc.
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PIC16F87XA

FIGURE 1-1: PIC16F873A/876A BLOCK DIAGRAM
13 Data Bus 8 PORTA
<] Frogram Gounter =220 B8 57 raoano
| Flesh | j} ! B Rat/AN
Program | w1 X1 RA2/ANZ2NREF-JCVREF
Memory 8 Level Stack RAM ) RA3/AN3/VREF+
’ P File +—=IX! RA4/TOCKIC10UT
] L sy | Registers RS S RASIANAISSIC20UT
PORTB
» RBO/INT
+—aX1 RB1
4 RB2
8 Status reg ;> 1 RBA
D RB5
7 ] - RBS/PGC
o |} X7 =X Re7PeD
\V4 Timer ‘
Instruction Oscilfator
Dacode & K> | Start-up Timer }CU/
Control Power-on
Reset B PORIC
Timing ) Watchdog m - RCO/T10SO/TICKI
XK=>{ Generation Timer 2 RC1/T10SI/CCP2
0OSC1/CLKI Brown-out o RC2/CCP1
0SC2/CLKO Reset A 5 - RC3/SCK/SCL.
in-Circuit ] 4 RCA/SDI/SDA
Debugger x RC5/SDO
Low-Voitage RC6/TXICK
Programming RC7/RX/DT
MCLR  Vop, Vss
Timer0 Timer1 Timer2 10-bit AID
Synchronous Voitage
Data EEPROM CCP1,2 Serial Port USART Comparator Reference
Bevice Program Flash Data Memory Data EEPROM
PIC16F873A 4K words 192 Bytes 128 Bytes
PIC16F876A 8K words 368 Bytes 255 Bytes
Note 1: Higher order bits are from the Status register.

m

© 2003 Micrachip Technology inc.
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PIC16F87XA

e emamot——————
FIGURE 1-2: PIC16F874A/877A BLOCK DIAGRAM
13 Data Bus B
B3 RAG/ANG.
Flash RA1/AN1
Program RA2IAN2/VREF-/CVREF
Memory RAJ/AN3/VREF+
RA4/TOCKI/C10UT
- RASIANGISS/C20UT
Program 14
Bus
E_&L_l RBO/INT
Insiruction reg. . RB1
e RB2
“ Direct Addr 7 RB3/PGM
7 RB4
RBS
RB&/PGC
RB7/PGD
8
. 4% RCOT10SOT1CK!
Power-up e~ X1 RCY/T10SUCCP2
AV 'rlme_lt:'p ! RC2/CCP1
" ! RC3/SCK/SCL
Instruction Oscilfator
Decode & K=" | start -up Timer l—] RC4/SDI/SDA
Control t—| RC5/SDO
P%uf;re?n  RCEMCK
— T RC7/IRX/DT
iming a
Xi@ Generation i 'ﬁmerog
OSC1/CLKI Brown-out RDO/PSPO
0SC2ICLKO Reset 4 ROPSPT
In-Circuit 3 RD2/PSP2
Debugger ~_J » RD3/PSP3
Low Vohage H s RD4/PSP4
1. Programming | | 4—P<| RD5/PSPS
» RO6/PSP6
é é 4 RD7/PSP7
MCER Voo, Vss - REORDIANG
=[] RE1/WR/ANG
—={X] RE2/CS/AN7
. Parallel
Timer0 Timer1 Timer2 10-bit A/D Stave Port |
Synchronous Voitage
Data EEPROM CCP1,2 Serial Port USART Comparator Reference
Device Program Flash Data Memory Data EEPROM
PIC16F874A 4K words 192 Bytes 128 Bytes
PICIGFETTA SK-words 368 Bytes 256 Bytes
Note 1: Higher order bits are from the Status register.

“
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PIC16F87XA

TABLE 1-2:  PIC16F873A/876A PINOUT DESCRIPTION

" PDIP,SOIC, | QFN | Va/P Buffer .
Pin Name SSOP Pin# | Pin# | Type Type | Description
OSC1/CLK! 9 6 ST/CMOS®) | Oscillator crystal or external ciock input.
0SC1 I Osciilator crystal input or external clock source input. ST
buffer when configured in RC mode; otherwise CMOS.
LK - - ¥ F 1  Externalclock sourceinput. Always associated with-pin
function OSC1 (see OSC1/CLKI, OSC2/CLKO pins).
0OSC2/CLKO 10 7 —_ Oscillator crystat or clock output.
0sc2 (0] Oscillator crystat output. Connects to crystal or resonator
! in Crystal Osciliator mode. [
CLKO 0 in RC mode, OSC2 pin outputs CLKO, which has 1/4 the
frequency of OSC1 and denotes the instruction cycle rate.
MCLRNA/PP I 1 | 26 | | ST | Master Clear (input) or programming voltage {output). i
MCLR i Master Clear (Reset) input. This pin is an active low Reset
to the device.
VPP P Programming voltage input.
L | L PORTA is a bidirectional /O port.
RAO/ANO 2 27 TTL
RAQ [1e] Digital IfO.
ANO | Analog input 0.
RATANT ] 3 28 | TTL i
RA1 o] Digita! 1/O.
AN1 I Analog input 1.
RA2/AN2/VREF-/ 4 1 TTL
| CVREF Vo | Digitat 1/0.
RA2 { Analog input 2.
AN2 I A/D reference voltage (Low) input.
VREF- I 0 | i Comparator VREF output.
CVREF [ [ ' ] '
RA3/AN3/VREF+ 5 2 TTL
RA3 o Digital 1/0.
AN3 | I ) | Analog input 3.
VREF+ | AJD reference voltage (High) input.
RA4/TOCKI/C10UT 6 3 ST
RA4 /O Digitat 1/0 — Open-drain when configured as output.
TOGKL . s S § - Timer( external clock input.
c10uT (o] Comparator 1 output.
RAS5/AN4/SS/C20UT 7 4 TTL
RAS 1/ Digital 1/O.
AN4 : S 4 Analeg input 4.
SS l SPi slave select input.
C20UT (o] Comparator 2 output.
Legend: | =input O = output /O = input/output P = power

—=Notused TTL =TTLinput ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3: This buffer is a Schmitt Trigger input when configured in RC Osciliator mode and a CMOS input otherwise.

\
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PIC16F87XA

2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

-
TABLE 1-2: PIC16F873A/876A PINOUT DESCRIPTION {CONTINUED)
" PDIP,SOIC, | QFN | VOIP Buffer .
Pin Name SSOP Pinit | Pin# | Type Type Description
PORTB is a bidirectional I/O port. PORTB can be software
programmed for internal weak pull-ups on ail inputs.
RBO/INT 21 18 TTUSTH
+ RBO e Bigital /0.
INT 1 External interrupt.
RB1 22 19 {10 TTL Digital 1/0.
RB2 23 20 o | TIL Digital /0.
RB3/PGM 24 21 TTL
RB3 1o Digital 1/0.
PGM l Low-voltage (single-supply) ICSP programming enable pin.
1RB4 25 22 1 WO T Digital #0- -
RBS 26 23 110 TTL Digitat /0.
RB6/PGC 27 24 TTUSTR
RB6 o Digitat 110,
PGC I In-circuit debugger and ICSP programming clock.
RB7/PGD 28 25 TTUST®
RB7 e} Digital 1/O.
PGD o i - In-circuit debugger and ICSP programming data.
PORTC is a bidirectional /O port.
RCO/T10SQ/T1CK! 1 8 ST
RCO 110 Digital VO.
T10S0 0 Timer1 oscillator output.
T1CKI ] Timer1 extemal clock input.
RC1/T10SI/ICCP2 12 9 ST
RC1 o Digital 1/O.
T108! 1 Timer1 oscillator input.
CcCP2 1o Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 13 10 ST
RC2 10 Digital /O.
CCP1 110 Capture1 input, Comparet output, PWM1 output.
RC3/SCK/SCL 14 1" ST
RC3 1o Digital /0.
5€K H#O: Synchroneus serial clock inputfoutput for SPmode:
SCL [7{0] Synchronous serial clock input/output for 2C mode.
RC4/SDIISDA 15 12 ST
RC4 o] Digitat 1/0.
SDt T SPidatain.
SDA 10 12C data 1(O,
RC5/SDO 16 13 ST
RC5 o Digital 1/O.
8SDO (o] SP1 data out.
RC6/TX/CK 17 14 ST
RC6 o Digital /0.
X 0 USART asynchronous transmit.
CK 70 USART1 synchronous clock.
RC7/RX/DT 18 15 ST
RC7 o Digital 1/0.
RX s USART asynchronous-receive.
DT 10 USART synchronous data.
Vss 8,19 5,6 P — Ground reference for logic and VO pins.
VDD 20 17 P — Positive supply for logic and /O pins.
Legend: | =input O=output 1O = input/output P = power
—=Notused TTL=TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION
" PDIP | PLCC | TQFP| QFN | VO/P Buffer .
Pin Name Pin# | Pin# | Pin# | Pin#t | Type | Type Description
OSC1/CLKI 13 ' 14 30 32 ST/ICMOS(¥ |Oscillator crystal or external clock input.

0scC1 1 Oscillator crystal input or external clock source
input. 8T buffer when configured in RC mode;
otherwise CMOS.

CLKI f External clock source input. Always associated
with pin function OSC1 (see OSC1/CLKI,
0S8C2/CLKO pins).

QOSC2CLKO. 14 15 31 33 — QOscillator crystal or clock output.

0sc2 (o] Oscillator crystal output.

Connects to crystal or resonator in Crystal
Oscillator mode.

CLKO [o] InRC mode, OSC2 pin outputs CLKO, which .
has 1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

MCLR/VPP 1 2 18 18 ST Master Clear (input) or programming voltage (output).

MCLR 1 Master Clear (Reset) input. This pirvis anactive
low Reset to the device.

A P Programming voltage input.

PORTA is a bidirectional IfO port.

RAO/ANO 2 3 19 19 e |

RAO o Digital /0.

ANO I Analog input 0.

jRA1/AN1 3 4 20 20 TIL

RA1 /o] Digital 1/O.

AN1 | Analog input 1.
RA2/AN2/VREF-/ICVREF| 4 5 21 21 TTL

AN2 I Analog input 2.

VREF- i A/D reference voitage (Low) input.

CVREF (o] Comparator VREF output.

[ RASJANIIVRER+ 5 6 22 22 TTL

RA3 1o Digital /O.

AN3 | Analog input 3.

VREF+ I AJ/D reference voltage (High) input.

RA4/TOCKI/C10UT 6 7 23 23 ST

RA4 110 Digital /O — Open-drain when configured as
output.

TOCK1 | Timer0 external clock input.

C10UT (o] Comparator 1 output.

RAS/AN4/SS/C20UT 7 8 24 24 TTL

RAS5 7] Digital 1/O.

AN4 | Analog input 4.

S8 i SPI slave select input.

C20uT (o] Comparator 2 output.

Legend: |=input O = output /O = input/output P = power
~—=Notused TTL=TTLinput ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.

2;

This buffer is a Schmitt Trigger input when used in Serial Programming mode.

3: This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

“
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PIC16F87XA

——
TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)
PDIP |PLCC | TQFP| QFN | HO/P Buffer o
Pin Name Pin# | Pin# | Pin# | Pin# | Type | Type Description
PORTB is a bidirectional /O port. PORTB can be
software programmed for intemal weak pull-up on all
inpuis.
HRBOANT 33 1 3 1 8 L] - FILASTLY)
RBO /(o] Digital /0.
INT 1 Extemnal interrupt.
RB1 34 37 ] 10 o TTIL Digitai 1/O.
RB2 35 38 10 11 J{o] TTL Digitat VO.
RB3/PGM 36 39 11 12 TTL
RB3 i1o Digital /0.
PGM I L ow-voltage ICSP programming enable pin.
RB4 37 41 14 14 1/e] TTL Digital 1/O.
RB5 38 42 15 15 1o TTL Digital /0.
RB6/PGC 39 | 43 16 16 TTUST®
RB6 e} Digital I/O.
PGC | In-circuit debugger and ICSP programming clock.
RB7/PGD 40 | 44 | 17 17 TTusT®
RB7 110 Digital 1VO.. ]
PGD 110 In-circuit debugger and ICSP programming data.
Legend: |=input O = output VO = input/output P = power
—=Notused TTL=TTL input ST = Schmitt Trigger input
Note 1. This buffer is @ Schmitt Trigger input when configured as the external interrupt.

2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmitt Trigger input when configured in RG Oscillator mode and a CMOS input otherwise.
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