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A s
Tdsunsumunuaaiauuane’ lagld PICI6F819

N
#include <16F819.h>
#fuses INTRC 10 NOPUT,NOWDT,NOMCLR,NOBROWNOUT,NOCPD,NOPROTECT
//,INTRC_IO HS,
#use delay (clock=2000000)
/f#device ADC =10

float b,c,d,e,f,g,h,i,j,k,Lm,n,x,y,z;

void main(void)

{
delay ms(2000); //500
set_tris_b(0x00);
setup_port_a(ALL_ANALOG);
setup_adc(ADC_CLOCK_INTERNAL);

//set port b is output & set port a0,a2 is analog input

set_adc_channel(0);
delay us(5000); //500
y =read_adc();

//set hight value=y

/la=y;

set_adc channel(2);

delay us(5000);

m = read_adc();

//set low value=m
//while(true)

14



n=m/255;
b=n *255;
c=255-b;
d=c/7;

//set distance (led)
e=255-1; //8lamp
f=255-d; //71lamp
g=1d; //6lamp
h=g-d; //5lamp
i=h-d; //4lamp
j=i-d; /3 lamp
k=jd; //2lamp
l=k-d; //1lamp

//set value each lamp

//loop check
while(true)

{
set_adc_channel(0);
delay us(1000);

k =read adc();

delay us(5000);

//read value for compare

if (z<y)
{

X=Z;

y=x; //use data low_y is value hold

if (x>e)
{

104



output_b(0x00); // 8 lamp
H

else if (x >1)
{
output_b(0x80); // 7 lamp
H

else if (x >g)
{
output_b(0xC0); // 6 lamp
H
else if (x >h)
{
output_b(0xE0); //5 lamp
H
else if ( x >1)
{
output_b(0xF0); //4 lamp
H
else if (x >j)
{
output b(0xF8); // 3 lamp
H
else if (x >k)
{
output_b(0xFC); // 2 lamp
H
else if (x >1)

{
output b(OxFE); // 1 lamp

105



106

else
{
output b(OXFE); // bring
delay_ms(600);
output_b(0xFF);
delay ms(600);
H
H
else if(z>=y)
{
x=y; //'y is value hold
if (x>e)
{
output_b(0x00); // 8 lamp
H
else if (x >1)
{
output_b(0x80); // 7 lamp
H
else if (x >g)
{
output_b(0xC0); // 6 lamp
H
else if (x >h)
{
output_b(0xEO0); // 5 lamp
H
else if ( x >1)

{
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output_b(0xF0); //4 lamp
H
else if (x >j)
{
output_b(0xF8); // 3 lamp
H
else if (x >k)
{
output_b(0xFC); // 2 lamp
H
else if (x >1)
{
output_ b(OxFE); // 1 lamp
H
else
{
output b(OXFE); // bring
delay ms(600);
output_b(0xFF);
delay _ms(600);
H

}
delay us(9000);
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1. 2995UUHVUY DC Brushless

109

aaun M3 NI | Hiwaz | 5w M)

1. IC MC33033P 4 108 432 WT
2. IC MC33039P 4 52 208 WT
3. IC TLP 250 12 34.96 419.52 ES
4, ZENER DIODE 1/2W,2.7V 12 1.03 12.36 ES
5. IC LM358 4 14.74 58.96 ES
6. Capacitor 100uF 25V 24 1.17 28.08 ES
7. Capacitor 3300uF 50V 2 31.46 62.92 ES
8. Mosfet IRF2807 20 28.08 561.6 ES
9. Capacitor 10nF , 100nF 30 3 90 ES
10. Trim pot 500€2 2 25 50 ES
11. Resistor 20KQ2 , 10KQ) , 4.7KQ

L 2KQ,1L5KQ,1KQ 1w » 20 » NP
12. Resistor 20KQ) , 10KQY , 4.7KQ

, 2K ,1.5KQ,1IKQ %W % 0 2 NPE
13. Socket 8 Pin 20 8 160 NPE
14. Socket 20 Pin 1 20 20 NPE

i’mﬁ”q?;’u (V) 2153.47
2. gaumasnnglvl
Seud 183 NI | vivdwaz | I ML)
I. Voltage Regulators LM7805 4 12.50 50 ES
2. Capacitor 1uF 5 4 20 ES
3. Capacitor 10uF 5 4 20 ES
4, PT 4504 2 - - IT
5. PT 6 - - IT
i’)ifﬁﬂéu M) 90
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U

a
1

vuleaz

Ay UM U U HUEITIR
1. PIC 16F819-1/SO 1 90.12 | 90.12 ES
2. C 470uF 16 V 1 1.18 1.18 ES
3. 1N5232BA-TC/NO (5.6V) 2 1.04 2.08 ES
4. 3362P-103LF (VR10K) 2 8.25 16.5 ES
5. LED (W87 LG2040 3mm. 5 74 3.7 ES
6. LED 4@d LH2040 3mm. 5 .69 3.45 ES
7. LED 11809 SY3511 3mm. 5 51 2.55 ES
8. MC78L0O5ACP 2 5.30 10.6 ES
9. 1N4148 2 18 0.36 ES
10. 1N4742TA-/NO (12V) 2 1.27 2.54 ES
11. 2N5551RLRAG 2 1.75 3.5 ES
12. Pin Header Right Angle

1 6.35 6.35 ES

SINGLE 21R-1*40G
13. C 16uF 50V 2 1.17 2.34 ES
14. R680E 1/8 1 % 5 75 3.75 NPE
15. RI10K 12W 1% 5 75 3.75 NPE
16. | R330E 21187183 ROYAL 3 W 5 75 3.75 NPE
17. R 470E 1187183 ROYAL 3 W 5 75 3.75 NPE
18. R 10K 1/4 W 1% 5 75 3.75 NPE
19. R 10K 1/8 W 1% 5 75 3.75 NPE
STaAY 1) 167.77
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4. 5y 9

S UM UM | mdeaz | HINENTA)
1. Tn3930 1 2,000 | 2,000
2. VoINS DC Brushless Hub motor

2 3,900 | 7,800 whila
36 V 250 W
3. Adiusn VA 5 i 1 580 580 hla
4. 1AM WVUATAeA 1 490 490 23903
5. naoslaees 1 450 450 NPE
6. 4930 3 1,500 | 1,500 15903
7. a0 11702993 1 400 400 NPE
8. uoadmduazAuiiy 1 120 120 13903
9. YLD switch 1 50 50 NPE
10. Ao sdnIenu 1 1,800 1,800 235903
10. 1ETD 1 350 350 -
mu‘ﬁeélu (V) 15,540

syaulszanantaay

feud 3183 U
1. 29937UUY DC Brushless 2153.47
2. gauradae v 90
3. 995YAIATLAVUTIAY 167.77
4. o9 15,540

v
o

samsulszanaiaau (1)

17,951.24
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MC33033, NCV33033

Brushless DC
Motor Controller

The MC33033 15 2 hiph performance second generation, limited
feature, monalithic brashless de motor controller which has evobved
from ON Semiconductor’s full featured BMC33034 and MC33035
conirollers. It conmins all of the actve functions required for the
implementation of open loop, three or four phase motor contral. The
device consists of a rotor position decoder for proper commutation
seguencing, temperature compensated raference capable of supplying
sensor power, frequency programmahle sawtooth oscillater fully
accessthle error amplifier, pulse width medulator comiparator, three
open collector top drivers, and three high cument totem pole bortom
drivers ideally suited for driving power MOSFET:. Unlike its
predecessors, it doees not featare separate drive circurt supply and
ground pins, brake input, or faalt output signal

Included in the MC33033 are protectve features consisting of
undervoltage lockout, cycle—by-cycle cument limitng with a
selectable time delayed latched shutdewn mode. and miemal thermal
shatdown.

Typical maotor contre] fiunctions inchede open loop speed, forward or
reverse direction, and nm enable. The MC33033 i desizned to operate
brushless motors with electrical sensor phasings of S0%3007 or
12097240° and can also efficiently controd brush dc modors.

Features

® 10 to 30 WV Operation

® Undenvaltape Lockoat

® .23V Raference Capable of Supplying Sensor Power

# Fully Accesstble Error Amplifier for Closed Loop Serve
Applications

# Hizsh Current Drivers Can Contral External 3—FPhase MOSFET
Bridge

# Cycle—By—Cyecle Current Limiting

# Internal Thermal Shutdown

® Selectabla S0°3007 or 120%/240% Sensor Phasings

® Also Effictently Control Brush DC Metors with External MOSFET
HE-Bridze

® WCV Prefm for Automative and Other Applications Fequiring Site
and Control Changes

® Ph—Free Packages are Available

& Sarkoandesks Gorponints indeairian, LG 2007 1
January, 2007 - Rev. 3

ON Semiconductor®

hittp:ifonsemi.com

PDIF-20
P BUFFIX
CABE 738

S0-20L
DW SUFFIX
CASE 751D

Tap Drva
Cutput

o [1]
w[2]
FudFios [ |

s[4

5]
15 ] duput Enctin
18] soreem sl

[17] %

Batom
Sarmar .
| 2] [sln poum
[ [ela
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Ermor Amp Curmant Sa
Mon Imvarting Input E 2 H:'h'ﬁ:;mu
Emr Amp g 1| Emae Amp G
Imwrting input Pl Input
{Top Viow)
ORDERING INFORMATION

‘Spe cetalied orciering and shipping imonmislion In the packags
dimensions seclion on page 25 of this dafa sheet

DEVICE MARKING INFORMATION
Ser gereral marking Imommaion In the dedice making
section on pape 25 of this dada sheet

Publicaion Order Number:

MCIHEID
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MC33033, NCV33033

MAXIMUM RATINGS
Rating Symbol Valug Uinit
Pawer Supply oitage Ve i W
DgRal Inpuss (PING 2, 4, 5. 6, 13, 19) - Vel v
Ccllabor Input Current {Source ar S loes N mé,
Emar Amp Input Voltage Rangs {Firs 9, 10, Ntz 1) ™ -I3taV | W
ErTar Amp Cuiput Current [SaurcE of Sk, ot 2) Lo 10 mé,
Curent Serse Input Witage Range [r— -L3tosD | W
Top Drive Vattage (Pins 1, 2, 20) [ a0 W
Top Drtve Sink Cument (Pins 1, 2, 20) [—— 0 mé,
Biofiom Drive Culput Curmen (SOUTCE oF SNk, FIns 15,76, 17) korw 100 mé,
Becirostalic Discharge Sensiiity ESD)
Hurran Body Mooel (HEM) Class 2, JESD22 A114-C - 200 v
Macnine Madel (MW] Class &, JESDIZ AT5-A - 20 v
Changed Device Model (COM), JESD22 C101-C - 200 v

Pawer Disslpation and Thenmal Characteristics
P e, Dual=in-Une, Case 736

Maximum Power Dissipation @ T, = 85°C Py E&T mi
Thesmal Reslsiance, Juncion-to-Ak Faia TS LW
D SuM, Surface Mount, Case 7510
Maximum Pawer Disslpation @ T, - 85°C Py E13 mi
Thenmal Reslsiance, Juncion-to-Ak Raia 105 ST
Cparadng Junclion Temperature T 150 oG
Cparaing Ambient Temparature Rangs (Noie 3) MC33033 T -d0ip+35 | oC
KCW33033 -4l tn +125
Siorage Temparalure Range Tug -5 1o 4150 | °C
Siresses exceeding Madmum Ratin “T dan'aﬁt&e device. kaximum Ratings are sTess ralings only. Funcional operation above the
Recammended Cperating ConditionsTs not Implied. e SXpOSUIE 10 BTEEESS abave Te REcomiTended Operaling Candions may affect
gevice rellabilty

1. The Ingut commen mode wakiage or Input Bgnal vokage should not be alowed b go negative by mare than 03 V.

2 The campliance vol must not exceed the mnge of —0.3 10 Vi

2 NCVERNER: Ty, = PG Ty - 125°C. GuArNiZed by design. NCV prefte s for aulomative and afer sppilcaions rquing ste and charge
conindl.

MC33033, NCV33033

PIM FUMCTION DESCRIPTION
Pin Symibal Deecripicn
1,220 | BrAuCr These three open eollecior Top Drive Culpuss are deekgnad to drive the extemal uppar
power Filch Tarslsiors.
3 FwdiFey The ForwardReverse Input 5 used to change ihe drection of mobar rotadon.
4,58 Sa, 3p 5o These three Zensor Inputs conbrol the commutation sequence.
T Reference Ouiput Thits autput pravidas cnarging curent Tor the cegliaior iming capactor Cr and 3
reference for the Emor Amplfiar. | may als0 Sve b fumisn SenEor power.
E Cecilahor The Cscllator requency s programmed by ihe values saiaciad for the tming
eompanents. Ry and Cr.
[ Emar Amp Morinverling input Thits Ingut |5 noemaily connected to e spesd set poteniameter
D Emar Amp imverting Input This Input 15 nommally connected i e Error Amp Cutput In open oop appilcabions.,
11 Emar Amp CUtPIAM Input This pin |5 avalianie Tor companeation In desed koap applcations.

12 | Cument Sense Noninwerting input | A 100 mv signal, with respact fo Pin 13, & this Input feminates output swich
conducton Guring & ghwen cecliabor cydie. This pin nomnally cannects to the iop sige
of the current seree resisiorn

12 | Gm This pin supplles 3 separaie ground refum for ihe conirol cireuit and should Be
referenced B3ck 1o the power source ground.
M| Vee This pin I ENe pogtive SUpply of the cantral IC. The conteiier 15 TUNCIonal over 3 Ve
range of 0% 20V,
15.16.17 | Cg B Ag These tivee totem pole Batiom Crive Culputs e decignad far direct drive of e
external batiom power swhch transksiars.
16 | B0*THEF Select The electrical state of inls pin configures the control crcul cparation for efiher E0°

imikgh state) or 120° (low siabe) sensar slectrical phasing Inputs.

1o Onrput Enable Alogic high at this Input causes the molar i nun, whike a low causes i o coast.
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MC33033, NCV33033

115

Inpute {Moba 2) Outputs Mode 3
Sengor Electrical Phaging (Mole 4) Top Drives Bottom Drives
& 1200 Current
LT L) Be s L7 Be FiR Enable  Zanse A By Cr A By Cg
1 0 o 1 | o 1 1 0 a 1 1 a 0 1 l;lﬂte
1 1 i} 1 1 i) 1 1 0 1 0 1 a 0 1 R =
1 1 1 a 1 o 1 1 0 1 0 1 1 0 o
a 1 1 a 1 1 1 1 0 1 1 1} 1 a 1}
a 0 1 a | 1 i i 0 1 i 1} a i 1}
a | i} 1 | 1 1 1 | a 1 1 a 1 0
1 0 o 1 | o 0 1 0 1 1 0 1 0 0 l;lﬂte
1 1 i} 1 1 i) 0 1 0 1 1 1} a 1 1} R=0
1 1 1 a 1 o 0 1 0 a 1 1 a 1 o
a 1 1 a 1 1 | 1 | a 1 1 a | 1
a 0 1 a 1 1 0 1 0 1 0 1 a 0 1
a J 1] 1 J 1 J 1 J 1 J 1 1 J 0
i a 1 i i 1 X X X i i 1 a a 1} (Mot &
a 1 '] a | 1] X X X 1 1 1 a 0 0
W W W W W W X 0 X 1 1 1 a 0 o [Mota )
) W W ') W W X 1 1 1 1 1 a 0 o (Mota B)
ROTEL 1.% =Anmy one of six vald sensar o drive comibinetions.
X = Dot core.
2. The digial Inputs (Pins 3, 4, 5, 5, 18, 15) are al TTL compelibée, The cument sense inpu (Fin 12 has & 100 my hreshold with respect 1o Pin 12, A
iogic O for this IRpue |5 defined as < &5 W, and alogic 1 15> 115 m
3. The fop: drive outputs are open oolscion design and acive in the iow (D) sais.
& Wi 50T {Pin £8] In the high {11 siale. configuration |s for 60 s=nsor secirical phasing inpuis. Wih Pin 48 In e how (D) sime, cordiguration ls
for 1207 sensor eledrical phasing inpuls.
5. ik B or 1:20F sensor combinaions for comesponding vald top and botiom drive outputs.
B. Irvalid senzer inpus; Al top and bottnem drves are off.
7. vial ki seremor Inpns with Enshie = O0; AJ fop and batom dries are of.
H."valld sermor Inpuis with enable and cumrent sense = 94; Al fop and botiom ditves ane offt.
Figure 20. Three Phase, Six Step Commutation Truth Table (Note 1)
Current Limit Reference

Contimipus operation of 2 modor that @5 severely
over—loaded results m overheating and eventual failure.
This destructive condition can best be prevented with the use
of cycle—by—cycle current limiting. That is, each sn—cycle
is treated as a separate event Cycle—by—cycle cument
limiting is accomplisbed by monitoring the sfater cument
build-up each time an gufpat switch conducts, apd upon
sensing an over current condition, immediately urning off
the switch and holding it off for the remaining duration of
pscillator ramp—up period. The staior current is copverted o
a voltage by mserting a pround-referenced sense resistor Bg
(Fipure 33) m senes with the three bottom switch transistors
(Q4, Qs Q&) The voltape developed actoss the semse
resisin i3 mooitored by the current sense input (Pin 12), and
compared to the mternal 100 mV reference. If the current
sense threshald iz excesded, the comparator resets the lower
Latch amd termiinates cwiput switch conduction. The value for
the sense resistor is
- 0.1

shatonmax)

The dual-laich PWM coofizuration ensures that ooly one
single gufput conduction pulse occurs during aoy given
pscillator cycle, whether terminated by the cutput of the
Error Amplifier or the current limit comparatar.

Rg

The en—chip §.25 V regulator (Pin 7) provides charging
current for the escillator timing capacitor, a reference for the
Emror Amplifier, and can supply 20 mA of curment suitable
for directly powering sensars in low voltage applicadons. In
higher voltage applications it may becoms pecessary to
transier the power dissipated by the regulator off de IC. This
is easily accomplisbed with the addroon of an extemal pass
tramsister a5 shown m Figure 22, 4 §.25 WV reference level
was chosen to allow implementation of the simpler WEN
circuit, where Vs — Vg excesds the mmimam volfage
required by Hall Effect sensors over temperamre. With
praper fransistor selection, and adequate heatsinking, up to
one amp of load current can be obramed.

Undervoltage Lockout

A dual Undervoliage Lockout has been incorporated to
prevent damage o the IC and the external power switch
tramsisters. Under low power supply conditions, it
zuarantees that the IC and sensors are fully functional, and
that there is sufficient Bottom Drive Outpat voltage. The
positive power supply to the IC (Vo) is monitored io a
threshold of 8.9 W This level ensares sufficient gate drive
Decessary o amain low Fpgpq) when interfacing with
standard power MOSFET devices. When divectly powering
the Hall sensors from the reference, improper semsor
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Rtor Electrical Poeltion {Degrass)

0 - 1] 124 130 M0 a0 360 £1 43 B [:111] - <] - |
. | | | | | | | |
s | | I I | | | |
| ! . f i | ! . f f
Saneor Inguie | g ! ! ! !
SUFITIF . b
Salect Pin | |
Dpen | e | [ | | [ |
Code | 100 | 110 | 11 | 011 | O | 000 | 100 | 10 | T1 | O | OM | 000
N | | | | | | | | | | | |
s
Bg

Sensor inpute | 55

salect PIn
Grounded | 3¢ .

| |
Coda | 100 | 110 Mo m oo 101 100 1o o | M o Ll

~
rﬁTl
[
Top Driva |
ouputs ) °7 | | |
| |
S . ]
I
L | I
fae | | I

%

hg
Buotiom Drive J Be
Ca

X A |

Conoucting | | |

Power Switch [+ | G on | o o] Gaecy m.aﬁla.mla.mﬁlhrﬁ;lmr& O+ 00 | e 00 | 040 04]

Maotor Drive
Currant

- P Rl Gl Mo PWM) ————— == Fladuoed Spend {=50% P ———=|
PADAEN - 1

Figure 6. Three Phase, Six Step, Full Wave Commutation Waveforms



International
IR Rectifier

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

175°C Operating Temperature
Fast Switching

Fully Avalanche Rated

PD-91517

IRF2807

HEXFET® Power MOSFET

Description

A
L

F 3 RDS(on} =13mQ

D
Vpss = 75V

Ip = 82AQ

w

Advanced HEXFET® Power MOSFETs from Intemational
Rectifier utlize advanced processing techniques to achieve
extremely low on-resistance per silicon area. This benefit,
combined with the fast switching speed and ruggedized
device design that HEXFET power MOSFETs are well
known for, providesthe designer with an extremely efficient
and reliable device for use in a wide vanety of applications.

The TO-220 package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 watts. The low thermal

L1

resistance and low package cost of the TO-220 contribute TO-220AB
to its wide acceptance throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units
Ip@ Tg=25°C Continuous Drain Cument, Vos @ 10V 82
lp@ Tp=100°C| Continuous Drain Current, Vgs @ 10V 58 A
lom Pulsed Drain Cument & 280
Po@Tc =25°C Power Dissipation 230 W
Linear Derating Factor 15 Wi°C
Vas Gate-to-Source Voltage +20 v
lar Avalanche Current® 43 A
Ear Repetitive Avalanche Energy™ 23 m.J
dwidt Peak Diode Recovery dvidt & 59 Vins
Ty Operafing Junction and -85 to + 175
Tare Storage Temperature Range °C
Solderng Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 Ibf«in (1.1N=m)
Thermal Resistance
Parameter Typ. Max. Units
Reuc Junction-to-Case —_ 065
Recs Case-to-Sink, Flat, Greased Surface 050 p— “CIW
Reaa Junction-to-Ambient —_ 62
www_irf com 1

M6
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IRF2807 International
IGR Rectifier
Electrical Characteristics @ T, = 25°C {(unless otherwise specified)
Parameter Min. | Typ. | Max. | Units Conditions
VieriDss Drain-to-Source Breakdown Voltage ™| — | — | ¥V | Ves=0V, Ip=250pA
AViprioss/ATs | Breakdown Voltage Temp. Coefficient | — |0074| — [ V°C | Reference to 25°C, Ip = 1mA
Rpsion) Static Drain-to-Source On-Resistance | — | — | 13 | m& | Veg =10V, Ip=43A @
Vasim) Gate Threshold Voltage 20 | — | 40 V | Vps=Ves, Ip=250pA
Ofs Forward Transconductance B | —|— | 8§ | Vos=50V, Ip=43AD
] —_— | — 25 Vps = 7oV, Ve =0V
loss Drainvio-Source L eakage Current —[—[z0| "™ [Vos=60V, Vas =0V, Ts= 150°C
I Gate-to-Source Forward Leakage — | — | 100 nA Vag = 20V
655 Gate-to-Source Reverse Leakage — [ —T1-100 Vg =20V
Qg Total Gate Charge — | — | 160 Ip=43A
Qgs Gate-to-Source Charge — | —1| 29 | nC | Vps =60V
Qga Gate-to-Drain ("Miller”) Charge — | —| 55 Vas =10V, See Fig. 6 and 13
taion) Tum-On Delay Time — | 13 | — Vpp =38V
tr Rise Time — | B4 | — ns Ip =43A
taiom Tum-Off Delay Time — | 48 | — Rs=250
fy Fall Time — | 48 | — Vas = 10V, See Fig. 10 @
) Between lead, o
Lp Internal Drain Inductance — | 45| — 6mm (0.25in.)
nH from package
Ls Intemal Source Inductance — | and center of die contact :
Ciss Input Capacitance — [ 3820 — Ves =0V
Coss Output Capacitance — | 610 | — Vps =25V
Cres Reverse Transfer Capacitance — | 130 | — | pF | f=1.0MHz, See Fig. 5
Eas Single Pulse Avalanche Energy2 —— 28053405 [ mJd | las=50A, L= 370pH
Source-Drain Ratings and Characteristics
Parameter Min. | Typ.| Max. | Units Conditions
Iz Continuous Source Current MOSFET symbol L
(Body Diode) — | —| 8@ 4 | showing the
I Pulsed Source Current — || 2m0 integral reverse 2
{Body Diode)D p-n junction diode. 5
Vep Diode Forward Voltage — | — | 12| V | T;=25°C, lg=43A Vg =0V @
tr Reverse Recovery Time — | 100 150 | ns | Ty=25°C, [F=43A
Qr Reverse Recovery Charge — | 410 610 | nC | difdt = 100Afus @
ton Forward Tum-On Time Infrinsic tum-on tme is negligible (tum-on is dominated by Le+Lg)

Notes:
I Repetitive rating; pulse width limited by
max. junction temperature. (See fig. 11)
(@ Starting T,=25°C, L = 370pH
R =250, lys = 43A, Vigs=10V {See Figure 12)

& lgp = 43A, difdt < 300AJus, Vpp =< V{BRJDSS.
Ty 175°C

(G

Pulse width < 400ps; duty cycle = 2%.
This is a typical value at device destruction and represents

operation outside rated limits.
@ This is a calculated value limited to T; = 175°C .
@ Calculated continuous current based on maximum allowable
junction temperature. Package limitation current is 75A.
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&National Semiconductor

LM158/LM258/LM358/LM2904
Low Power Dual Operational Amplifiers

General Description

The LM158 series consists of two independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM 158 series can be directly operat-
ad off of the standard + 5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional +15V
power supplies.

Unique Characteristics

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

m The unity gain cross frequency is temperature
compensated.

W The input bias curent is also temperature
compensated.

Advantages

December 1994

B Two internally compensated op amps in a single

package

m Eliminates need for dual supplies
m Allows directly sensing near GND and Vgt also goes

to GND

B Compatible with all forms of logic
B Power drain suitable for battery operation
m Pin-out same as LM1558/LM1458 dual operational

amplifier

Features

m Internally frequency compensated for unity gain

m Large dc voltage

gain

B Wide bandwidth (unity gain)
(temperature compensated)
B Wide power supply range:

Single supply

or dual supplies
m Very low supply current drain (500 pA)—essentially in-
dependent of supply voltage
B Low input offset voltage
m Input common-mode voltage range includes ground
m Differential input voltage range equal to the power sup-

ply voltage

B Large output voltage swing

100 dB
1 MHz

3V 1o 32V
+1.6V to £ 16V

2mv

Wio vVt — 1.5V

Connection Diagrams (rop views)

Metal Can Package

NONINVERTING

INPUT & INPUT B

TL/H/TTAT -1
Order Number LM158AH, LM158AH/883*,
LM158H, LM158H/883*, LM258H or LM358H
See NS Package Number HO8C

*LM158 is available per SMD #5962-8771001
LM158A is available par SMD #5962-8771002

DIP/SO Package

QUTPUT A

v

2
INVERTING INPUT A —

7
= QUTPUT B

INPUTB

5 __ NONANVERTING

INPUT B

TL/H/TTET -2

Order Number LM 158J, LM158J/883*,
LM158AJ or LM158AJ/883*
See NS Package Number JOBA
Order Number LM358M, LM358AM or LM2904M
See NS Package Number M0SA
Order Number LM358AN, LM358N or LM2904N
See NS Package Number NOSE

1095 National Semiconducior Corporaton TLAH/TTET

RRD-B30M1 15/Printed in U.S. A

PO62ZINT/8SEINT/8SCINT/8SEINT

sJoi}ldwy JeuojeladQ |eng Jomod Mo

119



MICROCHIP

PIC16F818/819

18/20-Pin Enhanced FLASH Microcontrollers
with nanoWatt Technology

Low Power Features:

+ Power Managed modes:
- Primary RUN XT, RC oscillator, 87 pA,

1MHz, 2V
- INTRC 7 uA, 31.25 kHz, 2V
- SLEEP 0.2 yA, 2V

+ Timer1 oscillator 1.3 pA, 32 kHz, 2V
+ Watchdog Timer 0.7 pA, 2V
+ Wide operating voltage range:

- Industrial: 2.0V to 5.5V

Oscillators:
+ Three Crystal modes:
- LP, XT, HS up to 20 MHz

« Two External RC modes
+ One External Clock mode:

- ECIO up to 20 MHz
« Internal oscillator block:

- 8user selectable frequencies: 31 kHz, 125 kHz,
250 kHz, 500 kHz, 1 MHz, 2 MHz, 4 MHz, 8 MHz

Peripheral Features:

+ 16 1/O pins with individual direction control
High sink/source current: 25 mA
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

Capture, Compare, PWM (CCP) module:

- 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

10-bit, 5-channel Analog-te-Digital converter

Synchronous Serial Port (SSP) with
SPI™ (Master/Slave) and 12C™ (Slave)

Pin Diagram
18-pin DIP, SOIC
A

RAZIANZVREF- w—w[]¢1 180 RAT/ANT
RA3/AN3/VREF+ =] 2 . 170w RAD/AND
RA4/ANA/TOCK] =[] 3 = 16[]=— RA7/0OSC1/CLKI
RAS/MCLRVPP—=[]4 & 15— RAB/OSCZCLKO

Ves—=[5 g 14[]=— VoD
RBO/INT =[] 6 % 13- RB7/T10SI/PGD
RB1/SDI/SDA =[] 7 & 12[1«= RBET10SO/T1CKI/PGC

RB2/SDO/CCP1 w=[]8 & 110== RB5/SS
RB3/CCP1/PGM =] 9 10[J=—=» RB4/SCK/SCL

Special Microcontroller Features:

100,000 erase/write cycles Enhanced FLASH
program memory typical

1,000,000 typical erasefwrite cycles EEPROM
data memaory typical

EEPROM Data Retention: > 40 years

In-Circuit Serial Programming™ (ICSP™) -

via two pins

Processor read/write access to pragram memory
Low Voltage Programming

In-Circuit Debugging via two pins

Program Memory Data Memory . SSP .
. - . 10-bit ccP Timers
Device FLASH |#SingleWord | SRAM |EEPROM| I/OPins Slave .
i AD(ch) | (PWM) | spi | "5 " | 8/16-bit
(bytes) Instructions | (bytes) | (bytes) I“C
PIC16F818 1792 1024 128 128 16 5 1 Y 21
PIC16F819 3584 2048 256 256 16 5 1 Y 21
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TOSHIBA TLP250(INV)

TOSHIBAPHOTOCOUFLER. GaAlAs IRED & PHOTO-IC

TLP250(INV)

TRANSISTOR INVERTER Undtin oem

INVERTERS FOR AIR CONDITIONER
IGBT GATE DRIVE
POWER MOS FET GATE DRIVE

The TOSHIBA TLP2S0{IMV) consists of a GaAlAs light emitting diode and a
ntegrated .

This uni is Sead DIP

TLP2SNINY is suitable for gate driving circuit of KGET or power MOS FET.

& Input Threshold Cument - L=5mA(MAX)
* Supply Current{|CC) - 1ImAMAX)
& Supply Voltage[\'CC) 1035V
& Output Curment{ic) : £2.NAMAX)
& Switching Time{tpLHApHL) : 0.5yus(MAX)
» Isolation Voitage - Z500Vms "
® UL Recogrized - UL1ST7,File Mo EB7348 TOSHIEA 11004
* Option(D4) Weight 0.54 g
VDE Approved : DIN VDEDBE4H06 52 Certificate Mo THE2Z3
Maximum Operating Insulation Voitage - 830V,
Highest Permissible Over Voltage - 4000V
{Mote):When a VDEDS84 approved type is needed,
Please designate the "Option{DM}™
# Creepage Distance - B Amm{MIN)
Clearance - B.4mer MM}
TRUTH TABLE PIN CONFIGLIRATIONTOR VIEW)
1N
P 10 18 o ancoe
0 0+ JCATHODE
— o T o z },_ 4NC
INPUT LED 1 1 =GMD
offF | ofFF | on 3 Eﬁw PUT)
a0 s BV

AL 1EF bypass capachor must be 5
Conrected befwesn pin B and 5{Ses Motz S
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TOSHIBA TLP250(INV)

MAXIMUM RATINGS [Ta=25°C)

CHARACTERISTIC SYMBOL | RATING | UNIT
Forward Cumment e 0 mA
Faorward Curment Derating (Ta=70e) MeMATa | 035 | mAFC

iij [ Peak Transient Forward Currer Mate 1) e 1 A
Reverse \oitage Vi 5 v
Junction Temperaiure T 1=
I PV =255 . 1515 0HE N -15 R
Cutpat Current Pis1.0ps , 115 KHE -20

{Hote 2}
- e PWi=2. S , 115 KHE +1.5
Outpit Current PV =1.0us . =15 e ke 420 A

Emw G R T

o, [Ta=70°C) =
Suppiy Vioriage pe— Vo - v
OUtpUt Voitsge Derating (Ta=r07C) MoiaTa | 073 | vre
Suppiy Vioriage: Derating (Ta=T07G) AVefdTa | 073 | VrC
Junction Temperalure T 125 C

Operating Fraquency {Mote 3) r = IHz

Dperating Temperature Range Toar 2085 | "C

Stcrage Temperalue Range T | S5i25| C

Lead Soienng Temperairs] 10s) T 260 C

I50a0N Vatage  (AC, Min., FLH. s60%, Ta=25"C) moes)| B 250 | vms

[Note 1) - Putse width PWs15,300p08

[Note 2) - Exporenertial Wavetom

{Mote 3) - Exporanential Wavelonm  lues—1.04 (S2.505) , L 5+1.08 (<2 515)

[Mote &) - Device consiend 3 o teminal device © pins 1,223 and 4 shoried togemer and pirs 5,6,7 and & shorted ogethes,

[Mote 5) © A ceramic capachon(l.1pF) should be connected from pin B to pin S fo stabillze the operation of tha high gain Inaar
amgitfier. Fallure in provide the bypassing may Impalr the swhiching proparty. The: total lead length between capadior and
coupler should not exceed fem.

RECOMMENDED OPERATING CONDITIONS

CHARACTERISTIC symBoL | MM | YR MaX UNIT
Input Curment, OM e e 7 ) 10 ma
Inpet Voitage, OFF Vi rm, o | — 0 v
Supaly Vaitage ™ HEERERE
Peak Cutout Current loonilw | — | — £05 A
Operating Temperature Tos | 2= | m [ B | T
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