Wegm gy W 51381344

WigeN3uN3 g - 3Wa 51381368

3 ~
Hosaanm:imnssmaad

TR 55+i2555 .............

vl LCESN2S

AANMTUNV ST ] FL

IVNHINGHIMT Akl Y

2644

o d k4 3 [ = o o
Wnantnusiniluauntiswe smsfnundngasiSauanininssumansiadia

mavirnssu il madv3anssalivhuazaouiunes

= [ = L7
ATSIFAINTIUATANY WHTINNABHITHII

Unsfinut 2554




ar 3

A
ForatlnT 9

geutiulnsaan

nsfSnulasaau
MU
NI

Unsinw

TusvseafSaniinusg

nsadedgyanalnivaded lao 1935 Adudiag iy lsywosa
WIgIen 3N IAA 51381344

wiwen3uns fng THe 51381368

As.ing Sunsiiung

et su v

Sy ihuazaeufiunos

2554

= 7 = w e o = s ¥ 1 &
ANEIAINI TUANADTUMIINNAEAIT oyla InSyaninuiatuifiudunila

YaIMIRNEIMILNENGAI AN sUraR I Tndia a1 dnns sy Inih

/ D — A e
........... T mbsauTaseu
(AT IWNT TUNTTUNT)

3 4 <

”W AR

1\ '! b

...... “j‘ ’.Q.J:.‘.Q‘..ﬂ;{....................ﬂi‘i‘uﬂ“li
(A3, UANTV GITIUAD)

w

......................................................... QFFEUIRF]

oo o
(A3, FNITIU WANNNHYY)



o Y

A e L4 = Yo A w  a o o
Yorhadelasann  msadidygalniivaior leold3 i Rdudagduuunlayyeud
giutulaseny  wegSn  sougy SHe 51381344

WWONTUNS TINg A 51381368

ai = oe o w =Y o
ﬂlﬁﬂﬂﬂﬂi\‘bﬂu AT UANT IUNTUUNT

U Feangsu i

=y ES - o
MAIN Srnssn Wfhuazasuinaos
Fmsdnun 2554

PNAALID

9
o ¢ o Ap

Wsganuwusaiivinitaue Inssmsteidumsesnuuunazaienesuasdiu

a o a = ar o w 3 ar )
Mdadmdouioad ndygialainin Wdnszuaassdasldndanms idudagduiuy

o & ar =1 =3 9 [ - Lo W A 4 o
loywesaganrdumsnSouiivudyaradiedsgllmifudgeuniumizdammton u
tdy g 9 '3 =} ~4 or q’: ar 1 A 1
Taseawil 1814 luTasnau Tnsameiaruguasnlsonfoudyaaisaesdainarufiense
o o = o A 5 oo 0 w v e w oA 9 ‘3
ﬁfUuiUu'lmT\IﬂﬁJl']Jﬂglﬂﬂ”ﬂ\ﬂ"]fﬂ?ﬂﬂilﬂ’]iﬁ?ﬁﬂiﬂmﬂﬂﬂﬂﬁlﬂﬂﬂ’]ﬁﬁﬁlu?\‘mﬂlﬂﬂﬂﬂuﬂ"IﬁQVIﬁ'ﬁ'l\'ﬁlu
o v ¥ d =4 9 [ o ¥y ¥
Hﬁﬂ"l'jﬂWﬁﬂ\‘iﬂ15ﬂ1§1ullﬁ$ﬂ1ﬁﬂﬂﬁﬂﬂ?QﬁlﬁllﬂﬂﬂalﬁlﬂuENﬂ'J’]lIﬁﬂﬂﬂﬂ'ﬁNﬂuuﬁ$Tﬂiﬂqﬂ

dayqnanlsiiannnsoiin 19 14



Project title Single-Phase Sinusoidal-PWM Inversion

Name Mr. Suriya Ruamsuk ID. 51381344
Mr. Amarin Tubkad ID. 51381368
Project advisor Mr. Niphat Jantharamin, Ph.D.
Major Electrical Engineering
Department Electrical and Computer Engineering
Academic year 2011
Abstract

This thesis presents a project in which a single-phase converter was designed and
constructed in such a way that its output sinusoidal signal was generated from a DC voltage by
means of sinusoidal pulse width modulation (SPWM). This technique is achieved by comparing a
sine wave reference signal with the triangular wave carrier signal. In this project, the
aforementioned comparison was carried out by a microcontroller to generate a PWM signal to
control the switching pattern of the MOSFETs in the power circuit of the converter so that an
input DC signal would be converted into an AC sinusoidal voltage. Results of the simulation and

experiments showed consistency, and so the desired sinusoidal waveform was generated.
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Tilsunsumsaiadyanadidudagdunnylsyvous
#include <meg516.h>
tHinclude <delay.h>
#include <string.h>

#include <stdio.h>

int ref,curent,j;

int start;

#idefine PWM1 PORTC.0 i1 umudg pw 1 JuTelsunsudae PORTC.0
#define PWM?2 PORTC.1 /1 unuiisn pw 2 TuTilsunsudae PORTC.1
#define PWM3 PORTC.2 /7 unudisr PwM 3 IuTalsunsudae PORTC.2
#tdefine PWM4 PORTC.3 /7 unudidh pwM 4 TuTusunsudan PORTC.3
int i;

#define RXBS 1 i/ wnuiisa RXB 8 TuTilsunsugae 1

#define TXBS 0 7 unuiign TxB 8 TuTalsunsudao o

#define UPE 2 i uniidn UPE luTasunsudhe 2

#define OVR 3 / i ovR Tuldsunsudae 3

#define FE 4 i wnusisn FE TuTdsunsudae 4

#define UDRE 5 / unuids UDRE luTsunsndau s

#define RXC 7 i wnuinda Rxc luTasunsudae 7

#define FRAMING ERROR (1<<FE)

#define PARITY ERROR (1<<UPE)

#define DATA_OVERRUN (1<<OVR)

#define DATA_REGISTER_EMPTY (1<<UDRE)

#define RX_COMPLETE (1<<RXC)

/I USART Receiver buffer

#define RX_BUFFER_SIZE 8
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char rx_buffer[]RX_BUFFER_SIZE]; 7 ssmasitiavasduls

#if RX BUFFER SIZE<256
unsigned char rx_wr index,rx_rd_index,rx_counter;
felse
unsigned int x_wr_index,rx_rd_index,rx_counter;
1§37 USART W5usilisled fdnsnan

rx_buffer_overflow
flendif

= @ or ooy o ar 0’:
// USART Hlud25udumes slyna s

interrupt [USART RXC] void usart_rx_isr{void)

{

char status,data; 7 Uszamaviiavosnuds
status=UCSRA; /f GG?Q UCSRA Lﬂﬂﬁ‘lféﬂé]’u
data=UDR;

if ((status & (FRAMING ERROR | PARITY ERROR | DATA_OVERRUN))==0)
{ .
rx_buffer[rx wr index]=data;
if (++mx_wr index == RX_BUFFER_SIZE) rx_wr_index=0;
if (++rx_counter == RX BUFFER_SIZE)
{
rx_counter=0;
rx_buffer overflow=1;
|5
I3

#ifndef DEBUG_TERMINAL 10 / FUM9In USART Mithudasutvies
#idefine  ALTERNATE_GETCHAR

#pragma used+
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char getchar(void)

{

char data;

while (rx_counter==0),
data=rx_buffer[rx_rd_index];
i (++rx_rd_index == RX BUFFER_SIZE) rx_rd_index=0;
#asm{"cli")

--rXx_counter;

#asm("sei")

return data;

}

Hpragma used-

#endif

/I USART damivlilasoon
#define TX BUFFER SIZE 8

char tx_buffer[TX_BUFFER SIZE];

#if TX BUFFER _SIZE<256

unsigned char Ix_wr_index,Ix_rd_index,Ix counter;
felse

unsigned int tx_wr_index,lx_rd_index,tx_counter;

Hendif

interrupt [USART _TXC] void usart_tx_isr{void) // USART & dfhﬁuma{ F1loon

{

if {tx_counter)
{
--tx_counter;
UDR=tx_buffer[tx rd index];

if (++tx_rd index == TX BUFFER_SIZE)tx rd_index=0;
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#ifndef DEBUG_TERMINAL IO _
i Roumdaiozdaivlives USART
#define  ALTERNATE PUTCHAR
#pragma used+
void putchar(char ¢)
{
while (tx_counter == TX_ BUFFER SIZE);
#asm("cli")
if {tx_counter || ((UCSRA & DATA REGISTER EMPTY)==0))
{
tx_buffer[tx wr indexj=c;
if (++tx_wr_index == TX_BUFFER_SIZE) tx_wr_index=0;
++ix_counter,
}
else
UDR=c;
#asm("sei"

}

- #pragma used-

#endif

#include <stdio.h> /7 Naau Input/Output INATFIU
#define ADC_VREF_TYPE 0x00

1 1 ' =] g as
/il 'E)mﬂm'lm‘ﬂmmmﬂuﬂuzﬁamﬂuﬂﬁmaﬂ

unsigned int read_adc{unsigned char adc_input)

{
ADMUX=adc_inputjADC_VREF_TYPE;
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1 Gudumsmlasmnnueuzienithuaiaea
ADCSRA|=0x40;

/ 391910 ADC TtlasAase
while ((ADCSRA & 0x10)==0); |
ADCSRAJ=0x10;
return ADCW,
}

# mnadaulsdngy
void main{void)
{

/1 fuadanldousla

/1 Tnput/Output 1iumeI M3 uAY
//ﬁmuﬂ“lﬁ Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func|=In Func0=In
l/f‘i'l‘l”i‘l‘lﬂalﬁJ State7=T State6=T State5=T Stated=T State3=T State2=T State1=T State0=T
PORTA=0x00: 1 Port A lunesaEudu
DDRA=0x00;

//ﬁmuﬂiﬁ’ Func7=In Func6=In Func5=In Funcd4=In Func3=In Func2=In Funci=In Func0=In
//ﬁ’muﬂiﬁ’ State7=T State6=T State5=T Stated=T State3=T State2=T State1=T State0=T
PORTB=0x00; /1 Port B iiumesanSudu

DDRB=0x00;

A8 MUA N Func7=In Func6=In Func5=In Funed=in Func3=In Func2=In Func1=In FuncO=In
/8 MUAH State7=T State6=T State5=T State4=T State3=T State2=T State]=T State0=T
PORTC=0x00; 1 Port € iilumesaiSudu

DDRC=0xFF;

/i mua 1 Func7-In Func6=In Func5=In Funcd=In Func3=In Func2-In Funcl=In FuncO=In
#8UATH State7=T State6=T State5=T Stated=T State3=T State2=T State1~T State0—=T
PORTD=0x00; /1 Port D HumneinEudy

DDRD=0x00;



.})

TCCRO=0x00;

TCNTO=0x00;

OCR0O=0x00;

TCCR1A=0x00;
TCCRIB=0x00;
TCNT1H=0x00;
TCNT1L=0x00;
ICR1H=0x00;
ICR1L=0x00;
OCR1AH=0x00;
OCRIAL=0x00;
OCRIBH=0x00;
OCRIBL=0x00;

// Timer/Counter 2 initialization
! Clock source: System Clock
/f Clock value: Timer 2 Stopped
// Mode: Nerimal top=FFh

// OC2 output: Disconnected
ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

// Extemnal Interrupt(s) initialization
/ INTO: Off
/INT1: Off
/I INT2: Off

MCUCR=0x00,

/1 I Timer/Counter 0 1914
/f Clock value: Timer 0 clﬁﬂfgﬂ
// 5 mun 1R Mode: Normal top=FFh

/1 1R191WiHH OCO : Disconnected

/ 1 Timer/Counter 1 11974

#/ Clock value: Timer 1 1ﬁﬂgﬂ

# S ua1y Mode: Normal top=FFFFh
# fimuali Mode: Normal top=FFFFh
# R oCc1A output: Discon.

/I OCI1B output: Discon.

// 1f3ouifioy A Match Interrupt: Off

/5o B Match Interrupt: Off

/ 1ﬁ Timer/Counter 2 11911
/ Clock value: Timer 2 11'!1}11 ya

1% oc2 output: Disconnected

42



MCUCSR=0x00;
TIMSK=0x00;
UCSRA=0x00;
UCSRB=0xD3;
UCSRC=0x86;
UBRRH=0x00;

UBRRI=0x47;
// Analog Comparator: Off
ACSR=0x80;

SFIOR=0x00;

ADMUX=ADC VREF TYPE;

ADCSRA=0x84;

{// Global enable interrupts

43

At Timer(s)/Counter(s) Interrupt(s) YN
// T/ USART #1911

/1 1% USART Receiver: On

/1 1% USART Transmitter: On

# 1% USART Mode: Asynchronous

/1 1% USART Baud rate: 9600

i WmsnlSsufvniouueusion
AT Anmnalog Comparator Input Capture by
Timer/Counter 1: Off

/114 ADC Voltage Reference: AREF pin
/1 11 ADC Auto Trigger Source: None

/I fiiua ADC Clock frequency: 691.200 kHz

/AU

if{(read_adc(2)) > (read_adc(1)) )

#asm("sel"
while (1)
3 {
if{read_adc(0) > 512) start = 0;
if(start == 1)
{
if(read adc(1)>512)
{
{
PWMI1 = [;
\ PWM4 = 1;
PWM2 =0,
PWM3 =0

else if{(read_adc(2)) < (read adc(1)))



lelse

{
PWMI1 =0:
PWM4 = 0:
PWM2 =0,
PWM3 =0,
}
Jelse if{read adc(1) <512)

{
if{{read adc(2)) < (read ade(1)))
{
PWM! =0;
PWM4 = 0;
PWM?2 =0,
PWM3 =0,
telse if{{read adc(2)) > (read adc(1)))
{
PWM! = 0:
PWM4 = 0:
PWM2 =1

PWM3 = [;

PWMI =0,
PWM4 = 0;
PWM2 = 0;

PWM3 =0,

44
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Teazanvedlodrinem@y TLP250

TOSHIBA

TLP250

TOSHIBA Photocoupler  GaAlAs Ired & Photo-IC

TLP250

Transistor Inverter

Inverter For Air Conditionor

IGBT Gate Drive

Power MOS FET Gate Driva

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a

integrated pholodetector.
‘This unit is 8-lead DIP package.

TLP250 is suitable for gate driving eirewit of 1GBT or power MOS FET.

« lnpul threshold current: IF=5mA{max.)

¢ Supply current {1CGY 11mA{max,)

= Supply voltage (Vee): 10-35V

& Qutput current ([0} £1.54 (max.)

»  Switching time (EpLH/tpHL): 1.6ps(max.)

» Isolation voltage: 2500V mea{min.)

« UL recognized: UL1577, filo No.EG7349

+  Option (D4) type
VDE approved: DIN VDEOBS34/06.92,certilieale No. 76823
Maximum operating insulation voltage: 630VPK
Highest permiarible over voltage: 1000VPK

{Note) When a VDEDS84 approved type |s needed,
please deslgnaie the "optlon (D4)"”
+ Croepage distance: 6.4mm(min.)
Clearance: 8.4mm(min.)

Schmatic
loc
o —
i B
I I m
= )
2+ i Vo
VE = -
3 - Vo
]
(Tr 2)
— 2  GND
A 0.1pF bypass capcitor must b 5

connacted batweon pin 8 and 5 (See Note 5).

Truth Table
Tri T2
Input On On Off
LED of olf On

Unit in mm

H o
R~
Hea
=3

pazess

JNE JT L
2 5 4
68 k026

122046

5201

2642025

H10C4

TOSHIBA 11-10C4
Weighl:0.54 g

Pin Configuration (top view)

10] ! T]a
2 [ Ny 17
:-ll:}_)‘t }[]a

4[ e ——1-35

:N.C.

: Anode

: Cethodo
NG

: GND

I Vo (Oulput)
Vo

Ve

oo~ AW N

2002-09-25
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TOSHIBA TLP250
Absolute Maximum Ratings (Ta = 25°C)
Characterislic Symbol Raling Uit
Forward cumanl Ig 20 mA
Forward cumenl derating (Ta = 70°C) Alp JATa -0.36 mAf°C
f |Peak transiont forvward curent iNote 13| Ippt 1 A
Reverse voltage VR 5 v
Junction tamperalure T 125 °C
*Hpeak oulput currenl Py < 2.5ps.f £ 15kHz) (Note 2) lopy -1.5 A
“L"peak output current (Pw = 2.5ps,1 £ 15kHzZ) {Mote 2) lopL +1.5 A
{Ta<70°C) 35
Output voliage Vo v
. {Ta=85'C) 24
§ Suppy vola {Ta570°C) S 35 v
upply voltage ce
o {Ta =85°C) 24
Outpul voitage derating (Ta 2 70°C) AVg ! ATa -0.73 Vi°C
Supply voliage deraling (Ta » 70°C) AVee ! ATa -0.73 VIi°C
Junclion temperature Tj 125 *C
Operating lrequency (Note 3) F 25 kHz
Operating temperalure range Topr ~20-85 G
Storage lemperature range Tsig —55-125 G
Lead soldering temperature (10 5} Tsel 260 i
Isolatton voltage (AC, 1 min., R H.5 60%) [Note 4) Bvsg 2500 Vims

(Note 1) Pulse width Py S 1ps, 300pps

{Note 2) Exporeneniial wavelom

{Note 3) Exporenential wavafom, lgpH £ -1.0A{ £ 2.5us), lopL = +1.0A( < 2.5ps)

(Nole 4) Device considerd a two leriminal device: Pins 1, 2, 3 and 4 shorted logether, and pins 5, 8, 7 and 8 shorted

together.

(Note 5) A ceramic capacitor{0.TpF) should be connecied from pin 8 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failure 10 provide the bypassing may lmpair the switching proparty. The total lead
length between capacilor and coupler should not excesd Tem.

Recommended Operating Conditions

Characlerslic Symbol Min. Typ. Max. Unit
Input current, on IrionNy 8 10 mA
Input vollage, ofl VE(OFF) — 08 v
Supply vollage Ve 15 — a0 | 2 v
Peak oulpul current lopr/lopr — — 10.5 A
Qperating temperatura Topr =20 25 70 | 85 G

2002-08-25
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TLP250

Test Cireuit 6: Wy, lora, b Y

Test Gircuit 7: Gy, CraL

B
1
sw IF 0.1pF
Ve

= 0t

AJi B }4-—0\’0

! »
0 /L
_, 800V
20%
Veu ™
10% Y W
e b
SWAlIF=BmA)
\/ o
Vo /_\— W — 26V
Chy
SW :Bilz=0)

Vo

480 (V)
{ps)

Cran = 380.0Y).

i jps)

Cumi=

CML(CMN) is the maximum rale of sise {fall) of the common mode voltage that can be sustained wilh the output

voltage in Lhe low {high) slate.

2002-09-25
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TL081, TLOB1A, TLO81B, TL082, TLO82A, TL082B
TLO84, TLOB4A, TL0BAB
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSOA1G - FEBRUARY 1977 - REVISED SEPTEMBER 2004

& | ow Total Harmonlc

Distortion . .

Low Power Consumption

Wide Common-Mode and Differential
Voltage Ranges

Low input Bias and Offset Currents
QOutput Short-Circult Protectlon

. 0.603% Typ

descriptionfordering Information

High Input Impedance. ..

Latch-Up-Free Operatlon

High Slew Rate . .

Common-Mede Input Voltage Range

Includes Vees

.13 Vips Typ

JFET-Input Stage

The TLOBx JFET-inpul operalional amplifier family Is designed to offer a wider seleclion than any previously
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates
wel-matched, high-vollage JFET and bipolar transistors in a monolithic infegrated circuit. The devices fealure
high slew rates, low input bias and offset cuments, and low offset-vollage temperature coefficient. Offset
adjuslment and exlemal compensation oplions are available within Lhe TLOBx family.

The C-suffix devices are characterized for operation from 0°C {o 70°C. The |-sulfix devices are characterized
for operation from ~40°C to 85°C. The Q-suffix devices are characterizad for gperalion from ~40°C fo 125°C.
The M-suffix davices are characterized for operation over the full military temperature range of - 55°C to 125°C.

ORDERING INFORMATION

D e | S | o
Tubs of 55 TLos1cP TLoeicP
FDIP {P) Tubs of 50 TL082CP TLos2cP
PDIP (N) Tubs of 25 TL089CN TLo84CN
Tube o1 75 TLoBICD
Roelof 2500 | TLOBICOR TEOZIC
Tube o 75 TLoszeh
aavd Reelof 2500 | TLOB2CDR T
Tube of 50 TL0B4CD
0°C to 70°C 15 my e o TLOBAC
Roel o 2000 | TLOBIGPSR Toat
S9F 5 Reel #2000 | TL0B2ZCPSR Toaz
SOP (NS) Reelof 2000 | TLOBACNSR Tlose
Tube of 150 TLOB2CPW
Reet of 2000 TLOBZCPWR 082
TRREY Tube of 50 TLOB4CPW
Reel 02000 | TLOB4CPWR o84

T Package drawings, standard packing quantities, thermal data, symbobzation. and PCH design guidelinas are available al
www. i.canyscipackage.

Please be aware lhal an imporlanl notice concerning availahility, standard warmranty, and use in crilical applications of
Texas Instruments semiconductor products end disdaimers thereto appears al the end of this dala sheel

PAODUCTION. DATA Infornelon h owenl g1 of

Prodects conform ko 3,
slandard wirspnly. Prodeciion
1ving ol o patariess.

s o1

lmlr\mm

"*\gdoﬂmlmtuum e et

b TEXAS

INSTRUMENTS

Copyign &

N,

2004, Texss Instruments thoorporated

mn:mun&mr&mnwnm-n hd
unie ki dwil:dnnkl. On = 1 producs, produc]

on

POST OFFICE BQX 655303 ® DALLAS, TEXAS 75265

Teafing ol il p
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TLOB1, TLOB1A, TL0B1B, TLOB2, TLOB2A, TL0B2B
TL084, TLOBSA, TLOB4B
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081G - FEBRUARY 1977 - REVISED SEPTEMBER 2004

TLOB1, TLOBIA, TLOBIB TL082, TLOB2A, TLOBZB TLO84, TLOB4A, TLOBAB
D, P, OR PS PACKAGE D, JG, P, P8, OR PW PACKAGE D, J, N, NS, OR PW PACKAGE
{TOP VIEW) {TOP VIEW) {TOP VIEW)
OFFSET N1 1 ~ e{|NC 10UT f]1 ~ aflvees ()
10UT [ 141 40UT
IN-[}2 Voo 1IN-[] 2 7l 20uT 1IN- ] 2 13[4
IN+[}3 s [jour 1IN+ [} 3 &[] 2IN- N+ s 12[] aIN+
Vee-14 5 [JOFFSET N2 Vee- 2IN+
ce-ll I cc- [l 4 ] Ve [14 "Vee-
2N+ 5 10[) 31N+
NC - Noinigrnal connection 2IN-[] & 9] 3IN-
20Ut [| 7 sf] souT
TLOSZM . . . FK PACKAGE TLOB4M . .. FK PACKAGE
(TOP VIEW) {TOP VIEWY)
= + E E
| 1 L 55 !
0DV oL 2 z
LoyYs = £ 0 % 9 z
32 1 201
NC [] 4 913[ NC 1IN+ [T 4 1 30 1915[ 4IN+
HUN- s 17[} 20UT NC [15 17| NC
NC []s 16 NC Vec+ 16 16 Vec-
N+ []7 15{] 21N~ Ne [T7 15[ NC
NC []8 14[| NC 2IN+ []a 14[] AN+
910 11 12 13 g 10 11 12 13
010+ 0 IOk 1
Z2Zp22z Z 2222z
S & &8 85
NC - Nointernal connedlion NC - No imernal connection
symbols
TLOG1 TLO82 (EACH AMPLIFIER)
TLO84 (EACH AMPLIFIER)
OFFSET N1
N+
our 1 ouT
IN- IN-
OFFSET N2
¥ 7
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TLO81, TLOB1A, TLOS1B, TL082, TLO82A, TL.082B
TLO84, TLOB4A, TLOBAB
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS0816 — FEBRUARY 1977 - REVISED SEPTEMBER 2004

schematic (each amplifier)

vec+ *
A
IN+
IN- —«‘,—]—
L ouT
py
I¢
Ix
0 }/
-, ba,
i LA
{ 108002 é 1080 12 } ¢
o IS NS el
OFFSET M1 QFFSET N2
TLOB1 Only
Componeat values shown are nominal.
‘3 TEXAS
INSTRUMENTS
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TLO81, TLOB1A, TLOB1B, TLOB2, TLOB2A, TLOB2B
TLOB4, TLOB4A, TLOB4B
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081G - FEBRUARY 1977 - REVISED SEPTEMBER 2004

electrical characteristics, Voo + =415 V (unless otherwise noted)

P ETER EST COND wst ¥ TLO81M, TLOB2ZM TLDB4Q, TLOBAM UNIT
ARAM TEST CONDITIONS A MIN _TYP MAX| MIN TYP MAX
\Y 1 ol Yo=0 Rg=5010) 25C 2 & 2 3 v
1C nput offsel vollege 0=0, S = Full range Y 15 m
Temperature
w0 coefficien of input Vo=0 Rg =500 Full range 1B 18 nWieC
offsot voltage
Inoul of & v 25°C 5 100 5 100 pA
[T npul offsel curren 0=0 125°C 70 20 A
| | i i v 0 25C 30 200 30 200 pA
iB "put blas curren o= 125°C 50 50 | nA
. -12 ~12
Common-mode inpul
VicR 25°C +11 1o +11 o v
wllags range 5 15
Ry = 10k} 25°C +12 1135 +12 1135
Maximum peak
N RL> 10k 12 +12 v
Vo oulput vollage swing (L Full range -
RL2 2 kO 10 12 10 112
Larga-signal Vo=110V, Rp22%kn 25°C 25 200 25 200
AVD differential voltage Vimv
amplification Vo=x10V, R 22kR Full range 15 18
B Unity-gain bandwidlh 25°C 3 3 MHz
5 Inpul resistance 25C 1012 1012 0
Commen-mode Vic = Vigrmin, .
CMRR  ~ A Vo -0, R =500 25°C B0 86 80 88 dB
Supply-voltage L
kgyr  refecton ratio yogr 17y ";;i\;'o ) 25°C 80 86 8 86 4B
(AVce+/avip) °\
Supply current o
Ice (per ampliier) Vg =0, No load 250 14 28 14 28| ma
Vo1/Voz Crosslalk ellenuation | Ayp = 100 25°C 120 120 dB

T Al charadieristics are measwed under opendoop conditons, wilh zero common-mode inpul vollage, unless olhersise spedified.
Finput bias currents of a FET-nput operational amplifier are normal junclion reverse currenis, which are lemperalure sensilive, as shown in
Figura 17. Pulse lechniques must ba used that mainlain the junclion temperatures as dose lo the amblent lamperature as possible.

operating characteristics, Vgo+ = £15 V, Ty = 25°C {uniess otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
V=10V, R =2k, Cp =100pF, SesFigure i 8* 13
SR Slew rate st unity gain V=10V, RL=2kf), €| =100pF, 5 Vhis
Ta =-55°C lo 125°C, See Figure 1
i Rise time V=20 MY ¢ W0nE Ses Fi 0.05 1]
Overshool factor 1= 20 mv, RL=2K2 € =100pF,  Ses Figwa 1 20 %
—
v Et1uiva\anl inpul noise Re =200 f=1kHz i3 nviHz
N oliage 5 f=10 Hz lo 10 khz ] py
ln  Equvalantinputroise  |pg =200, f=1kHz 0.01 PANTE
THD  Tolal harmonic distorlion }ﬂ:"?i;f . Mp=1. Rg< 1kl Rp22 k2, 0.002 %
«On products compliant to MIL-PRF-3B8535, this parameter is nol production tested.
X3 1
EXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 7
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TLO81, TLOB1A, TLO81B, TL062, TLO82A, TL082B
TL084, TLOB4A, TL0B4B
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081G - FEBRUARY 1977 - REVISED SEPTEMBER 2004
=

operating characteristics, Vg1 =153V, T4 = 25°C

PARAMETER

TEST CONDITIONS MIN  TYP MAX | UNIT
SR Slewrate al unily gain V=10V, R =2k, Gp =100pF.  Ses Figure 1 ] 13 Wips
ty Rise fime 0.05 15
Ovorehool factor V=20 mv, Ry =2k}, Cp =100pF, 8ee Flgure 1 20 Py
1=1kHz 18 nViHz
Vn  Equivalontinput noisa vollage Rg=200 (=10 Hz 1o 10 KHz 1 v
In  Equivalentinputnolse cument |Rs=200, f=1kHz 0.01 pAHz
THD  Tolal harmonle distortion YimseBY.  Avp=l. Rgsikd Ry22i 0.803 %

PARAMETER MEASUREMENT INFORMATION

V) »—

Figure 1

100 kQ
AN

——0urT

Figure 3

1D k0
IR
1k |
V) A
Ry {
Flgure 2
TLOB1
IN- -
INg ——— ] + N2
T N1
:
100 k2
A,
*
g 1.5 k2
gt
1
Yoo -
Figure 4

——l— our

Z1= GL=100 pF

outT
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General-Purpose Operational Amplifier

HA17741/PS

(Frequency Compensated)

HITACHI

Description

The HA17741/PS is an internal phase compensation high-performance operational amplifier, that is

appropriate for use in a wide range of applications in the test and control ficlds,

Features

High voltage gain : 106 dB (Typ)

Wide ouiput amnplitude : =13V (Typ) (at R, 22 kQ)

Shorted output protection
Adjustable offset voltage
Internal phase compensation

Ordering Information

Application Type No. Package
Industdal use HA17741PS DP-8
Commercial use HA17741
Pin Arrangement

Offset ~

se

aut | 7 8 |NC

Vin(—)E 7 |Vee

vin{+}| 3 6 | Voul

Offset
VEEE 5 | Nul
(Top view)

o8
Hitack? "2

semiconductor
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HA17741/PS

Circuit Structure

Q VCC
b 4
| K ONO;
Vin(+) o—|(_ ﬁ“ —
Vin(-) o . -
b 4
S— 2
il A 4 -0 Vout
= 3
To Ve To Veg >]__
|
I~
K
~
1
AR
O Vee
@OPin l@Pin
1 4
Offset Null
Absolute Maximum Ratings (Ta = 25°C)
Ratings
Item Symbol HA17741PS HA1T7414 Unit
Power-supply voltage Vee +18 +18 A
Ve ~18 -18 Y
Input vollage Vin +15 +15 \
Differentlal Input voltage Vin(dift) +30 30 v
Allowable power dissipation P, 670 * 670 * mw
Operatlng lemperature Topr —2010 +75 2010 +75 °C
Slorage temperature Tslg —55to +125 -55to +125 °C

Note: Thase are the allowable values up to Ta = 45°C. Derale by 8.3 mW/°C above that iemperalure.

HITACHI



HA17741/PS

Electrical Characteristics

Electrical Characteristics-1 (V¢

=V =15V, Ta=25°C}

56

item Symbol Min Typ Max Unit  Tost Conditlon
Input offset voltage Vio —_ 1.0 6.0 my R;< 10kQ
Input offset current o — 18 200 nA
Input bias current he — 75 500 nA
Power-supply AV JAV,, — 30 150 PV R s 10kQ
rejection ratio AV JAV, — 30 150 UV Rg<10kQ
Vollage gain A, 86 108 — dB R, 22 k), Vout= 10V
Common-mode CMR 70 90 - dB R <10 kQ
rejection ratio
Common-moda input Vg, *12 +13 — v R.<10kQ
voltage range
Maximum output Veer +12 14 - Vv R =10 k&
voltage amplifude +10 i — Y R z2kQ
Power dissipation Pd — 65 100 mw No load
Slew rate SR — 10 — Vipis R 22kQ
Rise time t, — 0.3 — us Vin=20mV, R, =2 k),
Overshoot Vover — 5.0 — % C_ =100 pF
Input resislance Rin 0.3 1.0 — MQ
Electrieal Characteristics-2 (Vo =V = 15V, Ta=-2010 +75°C)
Item Symbol Min Typ Max Unit  Test Condition
Input offset voltage Vi -— — 9.0 my Ry < 10 k§2
Input offset current lio — — 400 nA
Input bias current la — — 1,100 nA
Voltage gain A 80 — — dB R 22kQ, Vout=+10V
Maximum output Vepp +10 — — v R z2kQ
voltage amplitude
HITACHI
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HA17741/PS

IC Operational Amplifier Application Examples

Multivibrator

A multivibrator is a square wave generator that uses an RC eircuit charge/discharge operation to generaic
the waveform, Multivibrators are widely used as the square wave source in such applications as power
supplies and electronic switches,

Multivibrators are classified into three types, astable multivibraiors, which have no stable states,
monostable multivibrators, which have one stable state, and bisiable multivibrators, which have two stable
states.

1. Aslable Multivibralor

57

1t
r

Vertical: & Vidiv
Horizonlal: 2 msidiv

Circuit ¢onslanls
[R.=8kﬂ. Ry=4ki2

Voul 0

Ry= 10014}, C, =01 nF
Ry = o0
Vee = 15V, Ve =16V

Fignre 2 HA17741 Astable Multivibrator Operating Waveform

HITACHI
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HA17741/PS
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Yedical: 5 Vidiv
Horizontal: 0.5 msidiv

Tes! circuit condition
Vee =18V, Vge =18V
{R, = 110k, Ry = 11 ki1
Cy =0.0015 uF, G, =05 pF
Tesl resulls
{=920.7 Hz, THF = 0.06%

Figure 9 HA17741 Wien Bridge Sine Wave Oscillator Operating Waveform

Quadrature Oscillator

Cosout Vi
S 0

Cr D, éRu

M
$Rn

> R-H

=)

£Ry
I

6

Ve

Figure 10 Quadrature Sine Wave Oscillator

Figure 10 shows the circuit diagram for a quadrature sine wave oscillator. This circuit consists of two
integrators and a limiter circuit, and provides not only a sine wave output, but also a cosine output, that is,
it also supplies the waveform delayed by 90°. The output amplitude is essentially detennined by the limiter

circuit,

HITACHI
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Features

* High-performancs, Low-power AVA® 8-bit Microcontroller
¢+ Advanced RISC Architeciure
= 131 Powerful Instructions - Moat Stngle-clock Cycle Executlon
- 32 x 8 General Purposa Working Reglsters
— Fully Stetic Operation
— Up to 16 MIPS Throughpul at 18 MHz
= On-chip 2cyele Multipliar
* Nonvelatile Program and Dala Meinorias
- 18K Bytea of In-System Self-Programmable Fiash
Endurance: 10,000 Wrlte/Erasa Cycles
~ Optional Boot Code Sectlon with Independent Lock Bits
In-Syatem Programming by On-chip Boot Program
Trua Read-While-Write Operetlon
— 512 Bylea EEPROM
Endurance: 100,000 Write/Erase Cycles
= 1K Byle Internal SRAM
= Programming Lock tor Software Securlty
» JTAG (IEEE sld, 1143.1 Camplant) Interface
~ Boundary-scan Capablities According to the JTAG Standard
= Extenslve On-chlp Debug Support
= Programming o! Flash, EEPROM, Fuses, and Lock Bits through the JTAG Imerace
* Periphera) Features
— Two &-bit Timer/Counters with Separate Prescelers end Compare Modes
- One 16-bit Timer/Counter with Separate Preccaler, Compate Mode, 2nd Caplure
Moda
= Real Time Counter with Separate Dscllator
~ Four PWM Channels
- B-channsl, 10-blt ADC
8 Single-ended Channels
7 Ditferentlal Channals n TQFP Package Only
2 Differenilal Channels wilth Programmable Galn al 1x, 10x, or 200x
— Byle-orlented Two-wira Sorlal Interface
= Programmabla Serlal USART
— Master/Slave 5P Serlal Interface
~ Progtammabla Walchdog Timer with Separate On-chip Osclilator
— On-chip Analog Comparator
* Speclal Microcontroller Features
= Powar-on Reset and Programmehbla Brown-out Betecilon
= Internal Callbrated RC Oscillator
- External and Internal Interrupt Sources
- Six 8loep Modas: Idla, ADC Nolse Raductlon, Power-save, Power-down, Standby
and Extended Standby
* VO and Packagos
= 32 Programmable VQ Lines
« 40-pin PDIP, 44-lead TGFP, and 44-pad GFN/MLF
» Qperaling Volteges
~ 2.7 - 5.5V for ATmegalblL
- 4.5 -55V for ATmagal6
» Speed Grades
~ 0+ B MHz {or ATmegal6L
= 0-18 MHz for ATmegalb
* Power Consumption @ 1 MHz, 3V, end 25°C for ATmagai6L
- Active: 1.1 mA
= Idie Mode: 0.35 mA
- Power-down Modo: < 1 A

ATMEL
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8-bit AVR'
Microcontroller
with 16K Bytes
In-System
Programmable
Flash

ATmegal6
ATmegal6L

Z4EEN-AVR- 1006



Pin Configurations

ATMEL

Figure 1, Pinout ATmegal6
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eOIP
]
(XCKT) PBO ] 1 3 PAD (ADCO)
iy ey O 2 * PA1 (ADC1}
{NT2AND) PB2 (] 3
{oCoANY PR3 o 4
155y pPRa ] s
MOSH} PBS O] &
aHs0) PBS O] 7 =
(scx} PR7 C] 8 33 3 PAT (ADCT)
RESET ] o 32 [T AREF
ves o 10 31 = Gnp
GND ] 11 30 [7 Avee
XTALZ O] 12 1% [ PGY (TOSC2)
XTALT £ 13 28 B PCE (TOSC1)
(RXD) PDO ] 14 27 3 PC5 (10N
(X0} POV O 15 26 1 PC4 (TDOD)
(WNTO) PD? | 18 25 |1 PC3 (TMS)
{INT3} PD3 o] 17 24 [ PCZ (TCK)
{ociey Pos o 18 23 |1 PC1 (SDA)
{OG1A) PD5 ] 19 22 |1 PCO (SCL)
(ICP1} PDS O 20 21 b po7 (0G2)
TORPIGFNMLF
gﬁ -
_28 ¢ gchg
QSEEga 1222
o~ Uoo
rEiEfavisid
ooaooNnapocn
® 4,42, 40, 38, 36, 34
(WOSI) PB5 O 1 33 |3 PAd (ADCA)
mso) PBE (2 FoTTTT T V32 [0 pas (ADCE)
(soxjpa7 3 ! V31 )3 Pas (ADCE)
RESET C4 | } 30 |3 PA7 (ADGT)
vee s y 29 [ AREF
[T = y 28 O GND
X2 O 7 ) v 27 1 AVEG
XTALL ] 8 ) 126 |2 per (TOSCR)
RX0) PO ] 9 : : 25 [ PCa (TOSGY)
MoyPol C{ 0 o o 24 [0 PG5 (TDY)
NTO) PD2 [ V 23 |3 Pea (To0)
1213125167706 %202 22
[RJEFIRSRERARERRRREREE]
-y -
N PRBEREEBRER
Botiom pad shoukd ) d2gsE
be soldered 1o ground. 28 aég gagé

Disclaimer Typical values contained in this dalasheel are based on simulations and characleriza-
tion of other AVR microcontrollers manulactured on the same process technology, Min
and Max valuas will be available alter the davice Is characterized.

2 ATmega1 G(L) e
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Overview

Block Diagram

2456N-AVR-10086

ATmega16(L)

The ATmegai6 is a low-power CMOS B-bil microconiroller based on the AVR enhancad
RISC architectura. By exgcuting powerful instructions in a single clock cycls, the
ATmegal6 achieves throughputs approaching 1 MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.

Figure 2. Block Diagram
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Pin Descriptions
vVCC
GND

Part A (PA7..PAT)

62

AIMEL
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The AVR core combines a rich instruction set with 32 general purposse working registers.
Allihe 32 registers are directly connected to the Anthmetic Logic Unil {ALU), allowing
two independent reglsters {o be accessed in one single inslruction executed In one clock
cycle. The resulling architecture is more ccde sliicient whila achieving throughpuls up to
tem times faster than conventional CISC microcontrollers.

The ATmegal6 provides the following features: 16K bytes of In-Syslem Programmable
Flash Program memory wilh Read-While-Write ¢apabililias, 512 byles EEPROM, 1K
byta SRAM, 32 general purpose /O lines, 32 ganaral purpose working registers, a
JTAG inlerface for Boundary-sean, On-chip Debugging support and pregramming, three
flexible Timer/Counlers with compare modes, Intemal and External Interrupts, a serial
programmable USART, a byte oriented Two-wire Serial Interface, an 8-channel, 10-bil
ADC with optional ditferential input stage with programmable gain (TQFP package only),
a programmable Watchdog Timer with Intemal Oscillator, an SPI serial port, and six
software selectable power saving modes. The Idle mode stops the GPU while allowing
the USART, Two-wire Interlace, A/D Converter, SRAM, Timer/Counters, SPI port, and
inlernupd syslem to conlinue funclionlng. The Power-down mode saves the reglster ¢on-
tents but freezes the Oscillator, disabling all olher chip functlions until the next Extemal
Interrupt or Hardware Resel. In Power-save moda, the Asynchronous Timer conlinues
to run, allowing the user o maintaln a timer base whila tha rest of the device is sleeping.
The ADC Nolse Reduction mode stops the CPU and all /O modules excepl Asynchro-
nous Timer and ADC, 1o minimize switching noise during ADC conversions. In Standby
moda, lhe cryslalresonalor Oscillator is running while the resl of the device is sleeping.
This allows very fast slart-up combined with low-power consumplion. In Extended
Standby mode, bolh the main Oscillalor and the Asynchrenous Timer continue to run.

The device is manufaciured using Atmel's high densily nonvolalile memory technology.
The On-chip ISP Flash allows the program memory to be reprogrammed in-system
through an SPI serial Inlerface, by a conventional nonvolatile memory programmer, or
by an On-chip Boot program running on the AVR core. The boot program can use any
interface to download the application program in the Application Flash memary. Soft-
wars in the Bool Flash section will continue to run while the Application Flash seclion is
updated, providing frua Read-wWhile-Wrile operalion. By combining an 8-bit RISG CPU
with {n-System Sel-Programmable Flash on a monolithic chip, the Atmel ATmega16 is
a powerful microconlroller that provides a highly-flexible and cost-effective solution to
many embedded conlrol applications.

The ATmegal6 AVR is supporied with a full suite of program and system development
tools including: C compilers, macro assemblers, program debugger/siraalors, in-circuit
emulators, and evalualion kils.

Digilal supply voltage.
Ground.

Porl A serves as the analog inpuis lo the A/D Converter.

Porl A also serves as an 8-bil bi-directional HO port, if the A/D Converler is nol used.
Port pins can provide intemal pull-up resistors {salacted for each bit). The Porl A oulpul
bufters have symmetrical drive characteristics with both high sink and source capability.
When pins PAO o PA7 are used as inpuls and are exlernally pulled low, they will source
current il the intemal pull-up resistors are aclivaled. The Porl A pins are Iri-slaled when
a resel condilion bacomes active, even if the ¢dlock is nol running.

4 ATmegal6(L.) m—
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Port B {PB7..PB0)

Port G {PC7..PCO)

Port D (PD7..PDD)

RESET

XTAL1

XTAL2

AVCC

AREF

24BEN-AVA-10/06

Port B is an B-bil bi-directional 11O ponl wilh inlernal pull-up resislors (selected for each
bit). The Port B oulput buflers have symmelrical drive characterislics with bolh high sink
and source capability. As tnputs, Port B pins that are exlernally pulled low will source
current il the pull-up resisiors ara activaled. The Port B pins are Iri-slated when a reset
condition becomes aclive, even if the clock is not running.

Port B also serves the functions ol various special features ol the ATmega16 as listed
on page 58.

Pont C Is an 8-bit bi-directional 17O port wilh tnternal pull-up resistors {selecled for each
bil). The Porl C output hullers have symmetrical dive charactarisiics with both high sink
and source capability. As inpuls, Port C pins that are exlernally pullad low will source
current il the pull-up resisiors are aclivated. The Peort C pins are tri-slated when a reset
condilion becomes aclive, evan if the clock is not running. If the JTAG inlerface is
anabled, the pull-up resistors on pins PC5{TDI), PC3(TMS) and PC2{TCK) wifl be act-
vated even if a resel ocours.

Port C also serves the functions of the JTAG interface and other special features of the
ATmegal6 as listed on page 61.

- Porl D [s an 8-bit bi-directional O port with Inlernal pull-up reslstors {selecled lor each

bit). The Port D cutpul buffars have symmaetrical drive characteristics with both high sink
and source capability. As inpuls, Port D pins lhal are externally pulled low will scurce
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port D also serves the funclions ol various special fealures of Ihe ATmegal6 as lisled
on page 63.

Resat Inpuk. A low lavel on this pin for lenger than the minimum pulse length will gener-
ate & reset, even if the clock is not running. The minimum pulse length is given in Table
15 on page 38. Shorler pulses are nol guaranleed o generate a rasat.

Input to the inverting Oscllalor amplifier and input 1o the internal clock operating circuil.
Qulput from the inverling Oscillator amptifier.

AVCC s the supply vollage pin for Porl A and 1he A/D Convarier. It should be externally
connecied to Vg, aven if the ADC is not ugsed. I the ADC is used, it should be con-
nected lo Vg through a low-pass filler.

AREF Is the analog reference pin for the A/D Converter.

ATMEL 5

I &



System Clock and
Clock Options

Clock Systems and their
Distribution

CPU Clock — cikgpy

YO Clock = clky,

Flash Clock — ¢lkg oy

64

ATMEL

————

Figure 11 presents the principal clock systems in the AVR and their distribution. All of
the clocks need not be active at a given time. In order to reduce power consumption, the
clocks to moedules not being used can be haited by using different sleep modes, as
described in "Power Management and Sleep Modses” on page 32. The clock syslams
are detalled Figure 11,

Figure 11. Clock Dislribution

Asynchooncus General VO Flash end
TimerCountar Modides ADG CPU Gors FAM EEPROM
ung
Gy AVRA Clock Trony
Cootol Ul
[ Ly
Rasel Logn l | Woalchdog Timet |
Sowroa Clock Walchdog Clock
Clock Waichdog
Multipkeer OscEator
Iy i Jll
[
FmerTouwnler Ex=rnal RC External Clock Crysial Low-frequency Czitrated RC
QscEaing Osgitalor OsdMalor Crystal Oscelator Oocitator

The CPU clock Is routed to parls of the system concerned with operation of the AVA
core. Examples of such modules are lhe General Purpose Regisler File, the Stalus Reg-
ister and the data memory holding the Stack Pointer. Halling the CPU clock inhibits the
core from performing general operalions and calculallons.

The VO clock is used by the majority of the VO modules, like Timer/Counters, SPI, and
USART. The IO clock is also used by the External Inlerrupt moduls, but note that some
gxlemal interrupts are detecled by asynchronous logic, allowing such interrupls to be
detected even if the /O clock is halted. Also note that address recognition in the TWI
module is carried oul asynchronously when clk,, is halted, enabling TWI address recep-
tion in all steep modes.

The Flash clock controls operation of the Flash interfaca. The Flash clock is usually
active simultaneously wilh the CPU clock.

24 ATmega16(L) e e——————e—
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Asynchronous Timer Clock —  The Asynchronous Timer clock allows the Asynchronous Timer/Counter to be clocked
Clksy directly from an axternal 32 kHz clock crystal, The dedicated clock domain allows using
this Timer/Counier as a real-lime counter even when the device is in sleep mode.

ADC Clock - clkape Tha ADC is provided with a dedicaled clock domain. This allows halling the CPU and
1/G clocks in order 10 reduce nolse generaled by digital circuilry. This gives more accu-
rale ADGC converslon resulis.

Clock Sources The device has the following clock source options, selectable by Flash Fuse blls as
shown balow. The clock from the selecled source is input o the AVR clock gensrator,
and routed to the appropriale modules.

Table 2. Device Clocking Options Select!?

Davice Clocking Oplion CKSEL3..0
Extamal CrystaVCeramic Resonator 1111-1010
Extamal Low-lrequency Crystal 1001
External RC Oscillalor 1000 - 0101
Calibrated Inlernal RG Osciftator 0100 - 0O
Exlernal Clock 0000

Nole: 1. Forall fuges “1* means unprogrammed whila "0" means programmed.

The various choices for each clocking option Is given in the lollewing sections. When the
CPU wakes up from Power-down or Power-save, the selected clock source is used lo
lima the start-up, ensuring stable Oscillalor operation belore instruclion execution siaris,
When lhe CPU slaris from Resel, there is as an addilional delay allowing the power o
reach a slable level before commencing normal operation. The Walchdog Osclllalor is
used for timing this real-lime par of the start-up time. The number of WDT Oscillator
cycles usad for each lime-out s shown in Table 3. The frequency of Ihe Watchdog Oscil-
lafer is vollage dependent as shown in "ATmegal6 Typical Charactaeristics™ on page

302.
Table 3. Number of Watchdog Oscillator Cycles
Typ Time-out (Ve = 5.0V) Typ Tima-out (Vo = 3.0V) Number of Cycles
4.1 ms 43ms 4K (4,096}
65 ms 69 ms B4K (65,536)
Default Clock Source The davice is shipped with CKSEL = “0001” and SUT = 10", The delault clock source

sefting is Iherefore the 1 MHz Internal RC Oscillater with longest stariup lime. This
default setling ensures that all users ¢an make Lheir desired clock source selling using
an In-System or Paralle! Programmer.

Crystal Osclllator XTAL1 and XTAL2 are Input and oulput, respectively, of an invening amptifier which can
be conligured for use as an On-chip Oscillalor, as shown in Figure 12. Either a quartz
crystal or a ceramic resonator may be used. The CKOPT Fuse selecls belween two dif-
ferent Osciltalor amplifier modes. When CKOPT is programmed, the Oscillator output
will ascillate will a tull rail-to-rail swing on the oulput. This mede is suitable when operat-
Ing in a very nolsy environment or when the oulput from XTALZ2 drives a second clock
buler. This mode has a wide Irequency range. Whaen CKOPT is unprogrammed, the
Oscillator has a smaller output swing. This reduces power consumption considerably.

ATMEL 2
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This mode has a limited frequency range and it can nol be used to drive other clock

bullers.

For resonators, the maximum frequency Is 8 MHz with CKOPT unpragrammed and
16 MHz with CKOPT programmed. C1 and C2 should always be equal for bolh crystals
and resonators. The optimal value ot the capacilors depends on the cryslal or resonator
in usa, the amount of slray capacitance, and the electromagnstic noise of the environ-
ment. Some inilial guidelines for choosing capacitors lor use wilh crystals are given in
Table 4. For ceramle resonators, the capacitor values given by the manufacturer should

be used.

Figure 12. Crystal Oscillator Connections

Gz

——-)I—I— ATAL2
LS T lxrau

GND

The Oscillator can operale in three dillerent modes, each optimized for a specific fre-
quency range. The operaling mode is selecled by the fuses CKSEL3..1 as shown in

Table 4.
Table 4. Crystal Oscillator Operaling Modes
Frequency Renge Recommended Range for Capacltors
CKOPT | CKSEL3.1 {MHz) C1 and €2 for Use with Crystals (pF)
1 1014 0.4-09 -
1 110 09-30 i2-22
1 111 3.0-80 12-22
0 101, 110, 111 102 12-22
Nole: 1. This optien should nol be used with crystals, only with ceramic resonalors.

26 ATmega16(L) m——
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The CKSELQ Fuse together with the SUT1..0 Fuses selecl the slar-up times as shown

in Table 5.
Table 6. Start-up Times for the Crystal Oscillator Clock Selection
Start-up Time from | Additional Delay
Power-tdown and from Reset
CKSELO | SUTi..0 Power-save {Vge = 5.0V) Recommended Usage
1) Ceramic resonator, iast
0 00 258 CK! 41 ms tising power
Ceramic resonator, slowly
1) A
0 o1 258 CK! 65 ms rising power
@) _ Cemmic resonator, BOD
0 10 1K CK' anabled
0 1 1K CKE) a1 ms Caramic resonator, sl
rising power
2} Ceramic resonator, slowly
1 00 1K CK 65 ms rising power
Cryslal Oscillalor, BOD
1 o 16K CK - enabled
Cryslal Oscillator, fas!
1 10 16K CK 41 ms rising .
q 1 16K CK 65 ms C.r‘ysial Oscillator, slowly
rising power
MNoles: 1. These oplions should only be used when not cperaling close lo the maximum fre-

quency of the davice, and only H {frequency stability at slarl-up Is not Important for the

application. These oplions are nol suitable lor crysials,

2. These oplions are Intendad for use wilh ceramic resonaters and will ensure fre-
quency stabllty al slart-up. They can also be used with cryslals when not oparating
close to lhe maximum frequency of the device, and il requency slability af start-up Is
not imponiant for the appllcation.

AIMEL
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TazRanve e NNAINEIGY IRFP460A

|
FAIRCHILD January 2002
I

SEMICONDUCTOR®

IRFP460A

204, 500V, 0.22 Ohm, N-Channel SMPS Power MOSFET

Applications Fealures

s Switch Mode Power Suppliss (SMPS) * Low Gale Charge Qg resuls In Simple Drive

» Uninlemuptable Pewar Supply Requiremant

+ High Speed Power Switching « |Improved Gale, Avalanche and Dynamic dv/dt
Ruggadness

= Improved Ipgion
» Reduced Miler Capacitance

Package Symbol
JEDEC TO-247
D
G
s
Absolute Maximum Ratings 7 = 25°C uness otherwise noted
Symbol Parameler Ralings Units
Vpss Crain lo Sourca Vollage 500 \i
Vag Gale to Source Vollage +30 \
Orain Curant
| Conlinuous [Tg = 26%C, Vag = 10V) 20 A
o Conlinuous (T = 100°C, Vs = 10V) 13 A
Putsad! B8O A
P Power dissipalion 280 w
b Derale above 25°C 22 WG
T). Tgrg  |Opetaling and Siorage Temperatura -55 1o 160 °C
Soldering Temperatura for 10 sboonds 300 {1.8mm from casa) °c
Mounling Torque, 8-32 or M3 Screw 10ibf"in {1.1N*m)
Thermal Characteristics
Raic Therma! Resistance Junclion to Case 0.45 °CW
Rocs Themat Reslslance Case to Sink, Flat, Greased Surface 0.24 TYP °CI
Raja Thammal Reslstance Junction to Ambient 40 2CIN

TN? Faiechild Sers imndriind Conporabon

AFPEOA Rerr B Jancry 2000
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Package Marking and Ordering Information

Davice Maridng Davico

Package Reel Size

Tape Width Quantity

IRFP460A

IRFP4604

TO-247 -

Electrical Characteristics 1,= 25°C (uniess otherwise noted)

2: Voo = S0V, Saning T, = 256, L = 7.0mH. Ry, = 250, g = 144
X fgp = 1A, QIR </= 130ARE, Yor, <= Viprpas, Ty ¥= 150°C
& Pulse width «/= 300ys; duly cycle </« 2%

Symbol | Parametar { Tes| Conditions I Mn | Tvp | Max | unis
Statics
Bypss  |Drain to Source Breakdown Vollage Ip = 250pA, Vgg = OV 500 - - v
D
ABypgg/AT, [Breakdown Vollage Temp. Coefiicient ‘:Ei?:{:’“"w to 25°C, - 0.61 -
fosion) |} Drin to Source On-Resistance Vgg = 10V, I = 12A - 0.17 022 Q
Vesan  |Gete Thrashold Vellage Vog = Vas: Ip = 250pA 2.0 3.3 4.0 \4
VDS = 25V Tc =25°C - - 25
! Zero Gate Vollage Drain Cumrent A
055 ate Vokag n Voo =0V ITo=1800[ - — 1 20 |
lass Gate to Source Leakage Currenl Vﬁf 20V - - +100 nA
Dynamics
s, Forward Transconductance Vos =50V, Ip = 12A 1 - - s
Qumon  |Tolal Gata Charge Vas = 10V, - 66 70 nC
Oy Gate to Source Gele Charge Vps = 400V, - 13 18 nc
Qg |Gala to Drain *Miller” Charge Ip=20A - 17 2 | nC
tyony  {Tum-On Delay Time Vpp = 260V, - 13 - ng
1 Rlsa Time Ip = 20A - 8 - ns
yorry | Tum-OF Delay Thme Ry = 4.30, - 41 - ns
y Fall Tima Rp = 130 ; 6 - ns
Ciss Input Capacitance - 3520 . pF
Coss  |Ouiput Capaciance PEaE] \go " V. T 40 [ - | oF
Crss Revorse Transtor Capacitancs 21 pF
Avalanche Characteristics
Eag Singke Pulse Avalancha Energy* 980 - - ml
lar Avalanche Cueren - - 20 A
Ean  |Repslilive Avalancho Energy’ 28 ] - mJ
Drain-Scurce Diode Characteristics
I Conlinuous Source Cumrenl MOSFET symbot 5 . A 20 A
{Body Digda) showing the
| Pulsed Source Current” integral reverse @ a0 A
&M {Body Dicda) p-njuncton diode. s J -
Vso  [Source ko Drain Diode Volage lgp =20A 4 088 | 1.8 v
[ Revarse Recovery Time lsp = 204, digp/dt = 100A/s - 560 710 s
Qprr Reverse Rocovered Charge Isp = 204, digp/dt = 100A/s 8.0 11 pc
Notes:
1: Repetiive rating putss witth Imited by maximin inction termpitaiiie

Q2001 Faixhitd Seriorducio: Cogar sfin

F P S R, B Jacery 2000
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Test Circuits and Waveforms
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Figure 11. Unclamped Energy Test Glrcult Figure 12. Undamped Energy Wavaforms
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Figure 13. Gaie Charge Test Circuit
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Figure 15, Switching Time Tesl Circuit Figure 16. Swilching Time Waveform
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