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ABSTRACT

This thesis has examined the control systems illumination of LED lamp. When
connected in-series, rather than two or more by designing the system used to
control the illumination of the LED lamp and the features of the systém is when the
LED short- circuited at least one the system retains the brightness and color
temperature of the LED tamp to light same by virtue of a decision by micrecontroller
to increase or reduce the current and voltage because the LED lamps-on sale is not
current and voltage control.

Control systems: the « illumination of  the LED lamp is composed of several
parts, such as‘The power supply part is the battery, The control current and voltage

to the microcontroller.in the control and The display part is LED high power lamp.
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S S S S
G G
G '——l G P-channel
9 D D D
JFET MOSFET MOSFET enhanced MOSFET
enhancement  without bulk (body terminal) shown depletion
mode mode
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panINlleansmIsauIu Flaeiluasilusenledveslany
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s

3adaduiiuafndndulvun wiyeaiaivieawandulyun wasousuiuuyivus

2.2.9 mIvusuuanansulvuna

o

msvirnuresialvuaiife luannzundsudiaaztiinssua drlulrluneadnanlngi

Fdoudnsenininnuareasa Fenisunsylusaedidslifluweaiinoevhlvialoulelosde
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2.2.10 MIMURUBUEUTIW TR

ANWNENITVINUTDUARLUY LausIWLLY TanwmuEnITiIuIginilaunu
a I a ' 0 A4 o ¢ = -
ns1uTameine luaneundvelivinseua wWellluuoaussdulni tnv-weda FeauSy
Unszua daussiunldezituvinvisavluegiviniaduduwuuiduusunua vied
v d & ) [ o, v o a v ol w &
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yhouveuiiavisuuy fndndulvun wuenismyiivasauandladegud 4
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20 12v
18
B rwv// g
E 14 2
12 o E
a® &
- 8 4
6 av
: A
0
Q 2 4 [ Jos iﬂvo;: 14 186 18 20 0 2 4 é :n - [ovo: 14 16 18 20

JUT 2.8 uamansmim 33miaening enhancement mode uag depletion mode

Tulassudllduealineils BulvuLLa LUUBNaTLALLYIVLG Fetudsveaduie

ajlivaiuseaiawuuoue i lmmevindy
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2.2.11 yoaaYlndULYUHUALUURUITUYIIUY MU

1 3
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anwzlaseaine waznisluweaaunsaaduisnmsvhaulddstife an1isundnludl
nsluneatiu 'ﬁmjuLLua-naaLﬂmﬂﬁaﬁ?uﬁﬁmﬁuaanlmﬁ%slﬁﬁﬁLénmsauﬁasaaQLaa Y30018n
v : =1 (] o v I = - a' o, IJ-J
vousnn luansiiaarliausodinseuald uwiaiinsluweanduvainlviennyes
vealie AndlwihAlduuinasuendidnaseunnfiusuuuanssduinatueenled luaniiy

, & ° vad o ) '3
Wutiiaszawnsehnsyladedinisleuussuriasuwazeesa (Vps)

a4 o

mavhaureseadn suiuiiiinm warseda wileuidiulsygey wWelimatey
dnenaseneam uarwesafsnunisdosnfuusey daduanuislunisaivdewes
im Fdutumemaglnih nandedieuayinihiliidima dssihlinsainddn ud
Tasunfudaenanuay i desilaatosnn agflusgau Wiavhia (pF) Jeinlifinnavauss
anudldgunn msidiersonevaussarudlfganni WhidelduSoust miweaiind

-1 & a |

fviogunandaIvgadus
2.2.12 daldlSavannnisly uaawia
fuaansa

veatilnidalianuasalunsaivdamnanusnii Tasusaannnsasauseq
stnalulnarivauBawes Jdhifntaaaazas Joaillvunauasiminudaildueame

fandaunnniwvsudameslumsaivdenn

o d oY) w o o
ALIIVDILDT WANUTUDYAUNM IOAUGE M IALUTYYUDINT TN UYT¥RUDIL DAL
walagarhilivegiugumgld

ANWUZYBIBUNN

i
fal o

vunvveseaiinidadugiuen Cisolate ) Innuviasdietusanledivinliiinaiy

AuunIELanTITEanm 40 winnzleviu weadinsrgnludameuseiu 10 laddousediu

L o =8 =

vualidsannsoduueaieilasne ledduea viefifiuea lalaoassIelidesriiledanseua

v oW
- ot

vaslvan vilianAugienueeesiu Tnosmudnhlidesnuusevdndetu
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grulasnny

mildruldifuitavesweailady o199sviliiveaflaials uidwivueaiinud,
viiionnvglidnluagdeddnasatuuesild wisldrduivlszgleunld vouundi
UseafiugnimussisRianssuagean ussduusanid uasanuguegunsel vauluaves

ghurnuaenfsagni Wewnbifiawinanniwaduni3 (Breakdown secondary)
UsIHU

wssruRmgavesNeaNa M wildeInaIn N UNIUTERINILATULAL I TR fa
(res) dwiugunsalussdusr anuiunuiavsodfirsign dmiugunsaluseiuge

Anuswuilny fesdiAngedu iWesvandusedvisgaumaiivesda i unutiduuin
ar 4
duusravsnnegauugi

o £ = 1 P ) » ar « 1 B -
duuszdvsnegavgiiveseailadmassdmiuniudanes na1ife Wegamgillu
a qll a0 2 o 5 ° 3 1 a :
Mauemiagelu nsviawsussiAdova fedunnsiiuremaa e dslifveindu
- al a
WBIINMITINNNL YRR ( thermal runaway)

an1aale

weaipaansoaidwesnsaindslalaoninieueaiadayuiildivane i
e (RQ) vedlosiunsesadian io1aiienndidudaunudiusdueasunay
AU Beug sevireuaviumsdluuedils dmiunisaindsinnuigemanusiuniu

ldsletinadidviouiian

etalsfisy veaileAddaiduidui Ao Aaaudumi ¢ Rpsion)) Tuseaiin
o e ' g a £ as .‘j v = al d o ! =i
Mds gandilunsuBawesvialulwerd dedunisldnuiienufisdeienugydoauy

dnszualuguniniaindei dadudsddny Selimsldueainfds
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2.3 %aen LED

Dugunsaiansivinhylenisfivenlinszualnihlwanuevddesuasainsesnin

o

YUy dvuniy)  waeaiesniiistuliaInnIsweasuYeedianasaunieluansedaun
2.3.1 #ann1sI9IUYaIvasn LED

viaea LED vialalomudsas Insaasiausenaulumsansnasuianssiin (@sng
stnytia N wazansnesaivie P) Usenunaleny DRd1amdussumrdionseaniiadne

A nsELansawIudaLED Tegarelnuintviuelua (A) 9ralwavlveualve (K vinls

g
& o e = |

dianaseutiansieiiivde N Indsugelu auaunsoddhwsegseainarsuiia N lusudu

lealuensytn P Mafididnasoupasudiniusoads PN vilwAanszualva Hunalisedy

Y] a i @ o
wisuresdlansseufsuliuaraendausenanlugUpduuas

Epoxy lensicase
Vére bond
Reflective cavity

Semconductor die

2

dvesuaiiiinunseurevrlusgivslavesTaniivrunldlunisaire LED visuilnd

Wusasvauarig iy Tdunadaunealns (GALLIUM PHOSPHIDE GaP) virlviAn uasd
was leunadens@lud Wealws (GALLIUM ARSENIDE PHOSPHIDE,GaAsP) tAnuasdinde

wasndvanmuauUinauawiiesmuaunizuailvaiunaos LED manssuaiilnags
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wnlaginlvvaesiinnuahiiunn wimndounssuageunluasvilivinuseusevesansia

saundnanusauUsnaunauylvlassasaasadswieluaiuiseltaulasn

2.3.2 gUuuuwes LED

Uagtuueaddiivarguiuy minuiiueadinudnuaizyes Packet udsldizuuude
1. wuu Lamp Type (Uuueaddelaninuivegvialufivndusenunainsa Epoxy 2 viv3e

nnn? Tasfivunadunuaudnansus 3 mm. Juld visnguansveanuuulitunszuald

bt

SU# 2.6 LED Wty Lamp Type

T3 150 mA

2. Wy Surface Mourt_Type (SMT) Hldnuuy packet Wuduaeq nausznevsasly
w3osllovtinAeiivuian1sdunseladaug 20 mA-INn LA @ viUuoadiuua SMT g1
Funszualasiaus 300- mA” Auld- axionit “power-) LED _psidudnilngjveldnely

Wasnnansinaeuvtvaenusadagulng weluddley erossimionnuduaunsody

aule
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35U 2.7 LED uY-Surface Mount

-

Uogiuladinaunviaen LED arileyselamiiueginsvansanndu wu luniesdn
@y AIRNYIdyruasies Wvnesaous thedqpian-thalavan ae 1034

viedvunalvg (Bill = Board;Score-board) las Down light uagviapalnuseduanusianiely

JUN 2.8 fegnamaun LED Tulguseloed
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2.3.4 YpAvesvasn LED

- 91gMI UL veen LED dogmsldnuiiensuty § 100,000 Halas nie

4 =l a i’q:r 4‘ el v § ('/ ] .1',
Usrana 11 U dadwivuiuvaealdvinglu Ssflongnisldaudisnas 1,000 Falusviadu

o e v

- Adudndnu vaom LED Hddudnduuinnivasald

- fianununiugs wwsevaea LED Wugunsal Solid State Fehifidudulad

]
3

wioulm Lifldwlefilunsean LWiilldwasndsenvvzaaldie
- Usendandsnu vaos LED WEtuTosndanaenldvialuis 80-90%
- vinon LED Wifldutsenaumisarsysa vilmduiinsfuasuosdou
- yiaen LED anunsallielganulasdresnds daudvaenseviutt lidassansensu
2.3.5 Ypannnvasvaan LED

- FIvEER LED S3uwinimaoangoaisaaud Layvaonld woruAas

2.4 LM2577

=

=i v L .‘S o &t
Wuledaassamvuelvgd delvidadwisnue tararununisviaun synus iy

&

LU auuARBuneSADT UasYipidinRouaeiwaieingsnwius st (Jugunsaiviiilad

&

o WinniiuAnsieil 3 svau Ao 120as 15 Taast uasuiuala (B lednldie ledaind

a a v a -
ﬂ']EJIU?lWﬂ'}@"ﬂW'JEJﬂ?WﬂJﬂﬂ\'}'ﬂ 52 MHz

INS821
el . 12V@< 800 mA
input © REGULATED OUTPUT
Your = 1.23V (1 + R1/R2)
0.1 ,uI-'I 5

COMP
7] LM2577-ADJ

2.2k

3 | GND
0.33 uf

31J17'1' 2.9 mslenis 1e® wed LM 2577



16

2.5 PIC 16F883 lulasmaulnsaiaas (Microcontroller)

SUit 2.10 Bilsreulniaiaediues PIC 16F883

Tavlulassniloeld Pic 167883 Faliu CPU vosu3dv Microchip Technology
Jugudn CPU nsepa PIC Tnaluiues 16F883 iﬂuwa{ﬁﬁmmmmmi’iqawaaums
Usenauluaae 28 vdeiu Twaluladuuy CMOS Micracontrollers with Nano watt
Technology vilviimnuiewsidenidiuesiifosnniisiuumnilinnduly s1enluung

nwnnzAunsdalastuaisudausatlunaswese lula
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] e—e RB7/ICSPOAT

] == RBS/ICSPCLK

[ ]~ RS ANI1ATIC

|| =—— RB4/ANTIPID

(] e REIANGPGM/C12INZ.

(] = RB2ANRPIB

] =—— REVANICPIC/ICIZING-
- RBO/ANTZINT
e  1"]

18 [ ]e— \aus

18 [ ] =—- ROTRXDT

REAMCLRVEP ——-E
RAQ/ANG/ULPWU/C12ING. -

RAT/ANT/C12INT- — [

RAZ/ANZVREF/CVREFCZING +—e []

RAVANIVREFSTC1INe ~—=[]]

RALTOCKICIOUT =—[

RAS AN4SSC20UT —[]

vss —=[]

RATOSCICLKIN =]

RAB/OSC2/CLKOUT ——=[]10

RCOTIOSOTICKI =—e[]11

I I ST SR
BUNEREBNE

PIC16F882/883/886

RC1T1OSICCP2 «——=[]12 17 [] =—e RCE/TXCK
RC2/PI1ACCPY a—e=[T]13 18 [ ] «—e RCS5/8D0O

RCI/SCK'SCL -——=[]14 15 [7] =— RC4/SDISDA

Ui 211 nldnululasreulvsaiandiue’ PIC 16F883

Lilesmeulnsaiasdiued PIC 16F883 tu UsenavlUfefleddunmsviinusieg enfivy
- 135 Instruction F1d
- CPU speed = 5 MIPS.
- mmﬁqaaﬁﬁﬁmulﬁ'ﬁa 20 MHz

L !

- Wuaerdssnisuuuy RISC dnsviharuiudnume Pipeline Aan1sviauiuy

founliavdensu vilimavhouidfu Sadarhuuy CIsC s 3 wh
- NauATUAYSUASH FLASH Program Memory Sivuin 7.K8
- VRN TRYA (RAM) 256 Bytes
- yiwaNNIToYya (EEPROM) 256 Bytes
- ANTONBUAUDINTDURBTINIATS 8 unas

-3 Power on reset(POR) , Power-up Timer PWRT) uag Oscillator Start-Up
Timer Wagdail Watchdog Timer

- ansadienmstesiutayald (Code Protection)
- flvunUsendand s (Sleep Mode)

- \donluunves dygnuninildvanslnus



18

- ffarigun1sTusunsuUuY ICSP (In<Circuit Serial Programing)

- viawitlvides 2.0v §a 5.5v

- il Timer/Counter 37U 3 2 A8 Timer0 , Timer1 way Timer2
- lluga Capture/Compare/PWM $1u 1 n

- 1l Analog to Digital Converter ATuazLBYA 10 Bit 11 Chanel

- fluganr9dusedulmdss Brown-out Reset(BOR)

- §1 Port I/0 28 pin Usznaudae, Port AB uay C Tawil Port Adl 7 pin , Port B i1 8
pin WA Port C3l 8 pin

- filugafnsiodaansvnei Digital Ao Tugadeans USART 1 Chanel uay SPI/2C 1
Chanel



Uy 3

NANNITDINUUUNIIAIVAUNITTUNTEUELDADAGDIETN

3.1 leazunsy

V1<—read_adc()*(5000/255) V2<—read_adc()*(5000/255)

Pin B2and C2 = logic 0
: |

dof =

Pin B2 = logic 1

I :
Dot 16 bt [
. : l ::
Dat 16 b (590 =
| el G3TEL

Data 18 bt (580 =

ToB35

Dats 160t (P =

|
|
1
1
|
Pa35
|
Data 16 bt (550 =
|

Ox3855

\

!

JU7 3.1 U leezunsuvasniseandeulusunsy
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3.2 299IAVAUNTTUNSEIALDADRF AT

J - 1 i
JUN 3.2 21999AUANANUEDNAINTDINEA
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33 MIAIUAMTIAULWINAYEY ladiuas LM 2577 Tewdesnts usenu

1@iWA 14 Vout

331 ARl , R2

893 Vour2577 = ].23[] +-B--I-J V
R2

=123 1+2L| v
R2

& TWRI1 = 13000 Q. R2 = 1240 O

3.3.2 AuaunisnuLlvlaan 680H

Voutl * Vf+ Vin(min)
VDU( + Vf +0.6

879 Dmax =

_ 14+05-7
14+0.5-0.6

]

13.9
=05
o Vg = 0.5V

max (V in(min) ~ 0,6)>< 10°
52000

D
gnIET =

_0.5%(7-0.6)x1000
52

o3 e 5.7 AR

1761 E.T liesnsnaldan L=680H



ANUIITOUYD L

RITIINTOUNIR Y=

| e

680
100x10~9

=84 92U

3.3.3 MA1 Cout

) 750 % llpad(max) * Voutz

g
Vmin

g#3 RC
Y

S Taaronied
7.0%

<3000

0.19x L xRCx Ijgad(max)

g9 Cout 2
Vin(min) * Vout

. 0.19x680u x3000 =1
5 7.0x14

>3.95x1073

= 680uF
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HaN1InNaaay

'Lr?w'v'hmwmaaaLﬁai’mmﬁuwnﬂéaaﬁﬁaqﬂﬂizﬁﬂ'?af] laeviin3si91993  Step-Up
Voltage Regulator lo%iues LM2577 Wiusedy input 71 7.4 v 9rnuummedaionindiuwes
3.7 V aeavadseeynIuiu uwininmveaesvzls Power Supply Wuuasiny sonusediu
output 71 LM2577 useduia V. ietlaulifusens LeD idsgeiidaoynauiu 4 ) mugy
wolui

U7 4.1 Mavnaeal
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= '
4.1 n'mnﬁaawﬁhaﬁmwmnﬂsawaam LED uaz R lvian

7l 6 \Jin LED : 7l 3 \dln LED (Short led 1 f#) :
Vds = 0.61 V Vds = 0.89 V
Vrc = 36mV Vre = 69 mV
Id = 72 mA d =138 mA
Vied = 12.5 V Vied = 9.46 V
1 2 ufim LED (Short led 2 idia) 1 din LED (Short led 3 ifim) -
Vds = 2:10 V. Vds = 0.89 V
Virc = 125 mV Virc = 412 mvV
Id-= 250 mA Id = 824 mA

Vied'= 9.7V Vied =32V
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4.2 NS NNANIINAADY

nsuamP AN USsS eI 1nssualvasiudwunans LEDYVER

450 s
400 . 1412

350
300
250
200
150
100+ <
50

ne:usluan (MA)

avumaan LED fnn (waan

Uit 4.2 nsmiuamsmnudiiudveanseualvandudiusuvass LED

3 L wr n‘ 1 o W @ 1 ." : d
9NN INILAULATT USIAUTNANATBUFPILVAIU Rse HANALTUL avan LED
al .. ; ° v o : 24 L -0 é
§nIAALTUIAN 1 viaen 2 viaen Uay 3viaen vitliansaihdeyatlui@uudouls msan
e S s
syAUuTIAuTaEvans LED Tauues
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4.3 MPABIINAILTIAU output Y89 DAC Luas LTC1661

-

NJUNT  Vout =&VREF Wi K A decimal equivalent of the binary

DAC input code D9-DO ua VRer Aouswiudedsdsldussiy 2.5v Tneld control code

1001 Lo LS T Vout(A)

AT 4.1 UARWAaNITIRAILTISU output Y89 DAC Lues LTC1661

A1 K | Data (16bit) | WS36U output 9NgAT | W39y output NinlA
535 0x985F 1,300 1.307
530 0x9848 1.290 1.296
526 0x9838 1.280 1.284
522 0x9828 1.270 1.277
518 0x9818 ~\/ 126 1,261
514 OxB908 1.250 ' 1.256
509 OX97F7 1.240 1,265
505 0x97E? ., W& 11232
501 0x97D7 1.220 1.229
497 OX97C7 1210 1.214
493 0x07B7 1.200 1.203
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4.4 NSNNADIAMALLUWINGIAY output VB9 LM 2577 9nwseau Feedback
#5U19n DAC WasLTC1661

MINT 4.2 ULAMINITVRADIAIAATIUMLIIROUtpUt Y89 LM2577 91nUs99U Feedback #i

$Uu197n DAC Les LTC 1661

Vout (LTC1661)#141 Feedback Vout (LM2577) #idauvasn LED
1.250 7.320
1.245 7:310
1.240 7.320
1.235 7 7.320
1.230 ' 9.810
1,225 12.580
1.220 15.900
1.215 18.390
1.210 23.250
1.205 ' 30.690
1,200 35.760
1.195 35.640
1.190 35820
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NS ILARIAILALNUS Vout(LTC1661) flu Vout(LM2577)

——

Vout{LM2577) V

Vout{LTC1661) V

JUP.4.3 n3vluamAn UGS VouLTC1661) MU Vout(LM2577)

4.5 Msnnaguasuudasanunvesdygrunaandeulvinuuesmalunisdu

nisildviaan LED

VAR 25 Hz wudmaen LED nseniuauansniuywduaiiu llaswinaauiluns
nsswivtasndianudiuesfiaannyedussiuitlinsendy

USO-X 20028 MYS1 13457 Mon Apr 001 36500 2015

JUN 4.4 dygraniaaiileuliueaiaiiaimud 25Hz



yinnud 50 Hz wuiivass LED ﬁmam::w%mﬁﬂﬁamw‘ﬁwmamnﬂﬁaqma VDO 9gtiiuInie

N3NIENF UL NTALIU

0S0-X 20028, MY52013457 Mon Apr 20014001 2015

Agilent

on

Channel:
0ol

Measurements

Tunaanveulvivsaananug 504z

o2

i @

i ¥

NRNLD 100Hz wuImaen Led 3¢ lifin)snsews ULaa1LBIRINNase VDO 9eiulisin

- =3 12
ATIATENIULENUBDEY

0S0-X 20028, MYS201 3487 Mon Apr 20018511 2015

Channels
10.0

| Mesturements -
PE-Fxll

JUN 4.68yquiadnidouliueaaioanyd 100 Hz
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AL 200 Hz wudwviaea LED agliiiinmsnsensudlouasisanan, uassianuaing

Julungu]

D50-X 2024, MYS2013457 Mon Aor 20 02 0852 2015

. " ' ” 1 Channsk:
W N NE R NN RN N |

| = Measurements -

i p— p—— p—— —

-

UM 4.7 e uwasTidoulvineaaiiaad 200 Hz

-
IT)

NIAUD 400 Hz wuviaes LED 3¢ lifin13nsenSudion asfaganun) waeilanua g 3

Julungwg)

DSOX 20024 MY52013457 Mon for 20 (21248 2015
o

S ——

| |

JU% 4.8 dyyruiadvivaulviueaadianud 400 Hz
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4.6 NINnaad Wisuiiguas I uTivn feedback a9 LM 2577 nsakins

= ° P o et o =
Wweulaanmuaitauly nunsallisinsdeuldanvusteauly

ﬂﬂl - 1 ol lﬂl <a < o
#1399 4.3 WSuiigurIuswIunY feedback 194 LM 2577 asaiinsi@aulanniivius

Reouly dunsdlifins@eulfaiwuniauly

donsnsivaen) | H%eulvmuau(v) | hifiSeuleasuey
(V)
0 1.216 V 1.216
1 1.216 1.216
2 1.238 1.22
3 1.267 1.228

=l 1 s Ail = e v o d‘ @l
NILUTUUABUA LS UTYY feedback ¥83 LM 2577 nsaidinis@euldniawusadaule fu

=l e g 3 d
nsfliifinseuldaimuatouly

127 ———~= ~— —=e=———as————— VA I {
] |

1.26

— ey

—lifkdeuly

Vout 93 LTC1661 (V)
=

1.22

0 1 2 3

$1urumaen LED # shut (waon)

UM 4.9 nvSuuiisuausaiudion feedback 184 LM 2577 nsdifimadeuldamimue

J . =y =4 v o J
Geouly Aunsdilifins@auldarvuadouil



o 1 or = ar o d ar
4.7 N15NN89IAAN LLiamu&mﬁunmwnummwaan lednani4as

4 e 1 o/ s i a o q‘ b
ATV 4. AUFAINANT5INA WIHAULDTINAWVIZUNUITUIUVADA ledVanIe9T

dmsasviaen) | uswiuenine | nszuaiilveruveenled | Poweriiviaan
LM2577(V) (mA) LED (W)
0 13.65 63.500 0.866
1 8.96 101:600 0.910
2 6.89 297.000 2.046

32



uni 5

ajUlassnunaslgymiing

5.1 @guuanisnaaey

NMINAaedlAunNI5893993 Step-Up Voltage Regulator ladiuad LM2577 fuviaen
weadd 4 sy wuhidlevmsdensssvamasaiionsd 990 4 svanadlufiavans nsyua
nanueadfiussiiuiituluguuuureudady FaumadtumeBenlusunsluniseuay
mMavhaues LM2577 fagsodldiieulaluntsviouiliduausnndn wagainnsiild Rse =
0.5 eshlwilesinsdmasnsrualnanuaadn Sns1nsiUAeuLasgetunarans

AuuANSyualvianld ety

viade 4.5) Insuanseaufivesnsnszwiuvaeauessi 4unssiunanutae sywdii
anusausiuhiinsnseniulurnuidangs 25 He Llﬁiﬁ”luﬁﬂﬂiﬁﬁgua’lﬂﬂ'w@Qu‘l{b‘é%ﬂﬁ
aunsauetuihiimanseniuls ddumnuififiu 100 Hz duaswomaenueadiayiiniy
ahwethuatosuarieanmmneuinisliauais Slulpssuiidanudlunisaseniud
100 Hz

INMMAaeiIYe 4:3) I9UN1IAMILNILSPUNI09NY8 D to 8 converter
wu:hmw‘fuwNaanﬁi’mﬁaﬁﬁﬂﬁé’lﬁaaﬁu%’auﬂumaﬁr‘fvmsmw]uLmﬁuﬂauﬂé’wm
LM2577 ifieraupaitisssudwinuiiarluduvaenueadisioly uasndsonmildninayiumy
Wadle 4.9) swurulddndussiudoundures LM2577 AdsulUuliissmdnvedouan
diunisfiviliussdudnivmes LM2577 finsFousaadundnlond vinlidoueaunsld
nnAneaNAYIIWiNinInas IRy sERVWSI B eaz BuaTian Fafanusaniuauvin
Wlusviunavinduessiulinnide 4.6) Aufsuidiousussiullounduves LM2577
91N D to a converter sevirafimsladoulvaunululéalusunsy Muliiinslddeuly
mauau ylidulddleiimsladeulvmuesuudniu ussiudleunduiinisdouasaoy
LﬁaamLLiaéfuLé’flﬁwwﬁluﬂau'lﬁﬁwaamaaﬁﬁﬁwmnmslﬂlzit‘éaulmmuquﬁuiaﬁ’u
Jounduiimswasuulasiondntioswiniu vinbilianansaluaunuussdudwinvliieny

WL AULaTANNEINYDIVIaDA LS



34

o ) 1 U 4 4 a
MNNTINaTURaNMYIuIsansonadlaanringdt  Weilnsdeiensveviass

L
- el

wpaDAYiaus 0 viaanlly 2 viaen uIIRuYIVmTAIaRaseLauUAs 13.65 V |, 8.96 V

w 1

d s & d @ ' )
wr 689 Vv Fwseiugausvadvedassouiimaniiliusiuin  udnssuadilvasihuvasn

i L)
- | e = YV

woadandullaniuiy - elildgeusrasdvadiassnuiiisowmuauldviussunaensyuad

vatuweada

5.20gymiiny

WUNTTUUR LA NIsARALT LT o199 lianusaldegeiiuseansnnws ol

muiineensia JeevitnsAnduiisidyluaanisiyunidmivssuuiissiung

o o

anudnialunmisavaunseuanasusud v sueadalaiies uaglunsvaassdud

]
=

rnudduitersesegindqiuvaenueadd Fuluveeatidesiilaniuainedeudnsnn vin

Wiflonmsuaun Yaesthslunarsgas



(1]

[2]

(4]

(6]

(7]

(8]

35

LONE15DI9DY

o o 1 1 - - = < ”»
Usening gasstue uavaudnd queln. we. 2545 “Feanssudidnvselind 17,
medmBidnvsetind augdmnssumand aouwaluladnszaemnddinnmms

aenseUs.

mendidnnsednd we. 2554. “UfiRn1sdidnvselind 37. medndidnvsefind

Augdrnssumans antumaluladnsyasunddinummsaanseds

vitm Adea vswie Tawdu e w2551, nsidiuasaviaen LED
(@eula]). unadsiisn: http://www .gets.co.th/knowledge php?txtNo=19. 15 RaAY
2557

Microchip Technology (Thailand) Co., Ltd. W.A. 2557, Microchip Advanced Part
Selector (epulat). wdsiiun:

http://www.microchip.com/productselector/MCUProductSelector.html.

s « L} = ar d
PWAns a9ty “NIIMsUIRUEgUInudaeauawilesld | cMOS”
Wentinusimnsumaniumtnde - eiimnsalni - Uadeinende, o

wialuladwszoundninauvmsaiansst 2502

a _ aa “ 1 ' - J o
WwsIu. Belinsvia “veenlW LED” WRNBYTINGUINATBNINTaYTNY
WA W Indamealulagnssasiindnsuy’ 2554
Linear Technology. “LTC1661” [Online]. Available;

http://www.farnell.com/datasheets/1575648.pdf. 2014.

Texus Instruments. “LM2577" [Online]. Available:
http://www.ti.com/lit/ds/symlink/tm1577.pdf. 2013.



NIARNUIN

36



- o M Ve al o =al
mwmwmaaamamlmamqWmmuaaam 1A%

37



38

ANEINIUDIVEDALDADA 4 ANVUIR 1W X 4




unnnuuu_uiﬁ 3“1
TovvooTvosouUTd Tooe

0

e - ‘*.:i‘;*@,ﬂ

Q
2 lg e

I“ ] A e

B [Ele

;;Umsmm

JUrsdlevssneuaiaanysaidionasnindiudn

39



40

UnaruiteUssnauiaivauysaldlouetandng



4]

Code C by CCS compiler

#include <16f883.h>
#device ADC=10
#fuses HS,NOWDT,NOPROTECT,NOLVP

#use delay(clock=20000000)

#define rowl pin_B2
#define row2 pin_C2
#define Select pin_CO
#define Sdi pin_C5
#define Clk pin_C3

floatvaluel,value2:

void write_data(unsigned int16 data)

{

setup_spi(spi_master | spi h to | |
SPI_CLK_DIV_4),//4 form 20/8=5 MHz

output_low(Select);

spi_write(data>>8);
spi_write(data);
output_high(Select);

}

void main()

write_data(0x97D1);

setup_adc_ports(all_analog);

setup. adc(ADC_CLOCK_INTERNAL);

while(1)

output_high{row1),
set_adc_channel(0);

valuel = read_adc()*(5000/2023.00);

if(55.00>valuel)



write_data(0x97D1);
delay_us(2500);
}

if(100.00>valuel && value1>55.00)

write_data(0x97D5);
delay us(2500);
}

if(200.00>valuel &&
value1>100.00)

write_data(0x9855);
delay_ us(2500);
}

iftvalue1>200.00)

write_data(0x9855);

delay_us(2500);

}

delay us(2500);

42

output_low(row1);
delay_us(2500);
output_high(row2);

set_adc_channel(1);

value2'= read_adc()*(5000/1023.00);
{

if(55.00>value?)

write. data(0x97D1);
delay; us(2500);
¥

if(100.005value2 && value2>55.00)

write_data(0x97D5);
delay_us(2500),
}

if(200.00>value2 &&
value2>100.00)

write_data(0x9855);



=

delay_us(2500);

write_data(0x9855);

delay_us(2500);
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LM1577/LM2577 SIMPLE SWITCHER® Step-Up Voltage Regulator

Check for Samples: LM1577, LM2577

FEATURES

* Requires Few External Components

* NPN Qutput Switches 3.0A, can Stand off 65V
« Wide Input Voltage Range: 3.5V to 40V

* Current-mode Operation for Improved
Transient Response, Line Regulation, and
Current Limit

*« 52 kHz Internal Oscillator

= Soft-start Function Reduces In-rush Current
During Start-up

* Output Switch Protected by Current Limit,
Under-voltage Lockout, and Thermal
Shutdown

TYPICAL APPLICATIONS

« Simple Boost Regulator
« Flyback and Forward Regulators
» Multiple-output Regulator

Connection Diagrams

Gnd S=Vin
4= Switch
O 3= Ground
B ot ecibact
1- Comp
Figure 1. 5-Lead (Straight Leads) TO-220 (T) - Top
View
See Package Number KC

A

SIMPLE SWITCHER is a registered trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

DESCRIPTION

The LM1577/LM2577 are monolithic integrated
circuits that provide all of the power and control
functions for step-up (boost), flyback, and forward
converter switching regulators. The device is
available in three different output voltage versions:
12V, 15V, and adjustable.

Requifing a minimum number of external
components, these regulators are cost effective, and
simple to use. Listed in this data sheet are a family of
standard inductors and flyback transformers designed
to work with these switching regulators.

Included on the chip is a 3.0A NPN switch and its
associated protection circuitry, consisting of current
and thermal limiting, and undervoltage lockout. Other
features include a 52 kHz fixed-frequency oscillator
that requires no external components, a soft start
mode to reduce in-rush current during start-up, and
current mode control for improved rejection of input
voltage and output load transients.

5=V
4= Switch
3= Ground
12- T

1= Comp

Figure 2. 5-Lead (Bent, Staggered Leads) TO-220
(T) - Top View
See Package Number NDH0005D

Gnd

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters

Copyright © 1999-2013, Texas Instruments Incorporated
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‘—' ) i' SNu—l ™Y ..2_'
(o 13, COHF—? 23 4
conp — L enp FB—- a2
21
s S ono oD = 21
5 T 5 20 ,
GND — = r = kL
1 1
swncu—sr L ono SWITCH — bz
o2 10 . 2 i)
8 E] 8 Fies
Vin =1 o == st
o2 16 .
*No Internal Connection o184 15 .
ik 14 .
chp 2 13,

*No internal Connection

Figure 3. 16-Lead PDIP (N) — Top View Figure 4. 24-Lead SOIC Package (M) — Top View
See Package Number NBG0016G See Package Number DW
St b ~ i, \
GND [ 19 3~ Ground
:pz- Feedback
[ 1 - Comp
Figure 5. 5-Lead DDPAK/TO-263 (S) SFM Package — Figure 6. 5-Lead DDPAK/TO-263 (S) SFM Package —
Top View Side View

See Package Number KTT0005B

CASE IS GROUND

O

FEEDBACK SWITCH

coMp Vi

Figure 7. 4-Lead TO-220 (K) —~ Bottom View
See Package Number NEB0005B
Typical Application
00 g~ 12V @< 800 mA
INPZ: OT"W’_* 5‘;5:[:‘??253?:”4 R1/R2)
0.1 .urI 5| Vin 4 | SWITCH 5T -
— 3 174

COMP 2 680 uf
LM2577-ADJ |——
BACK

<
<
3| 6ND j' 2%

2.2k

iy

0.33 uF

i

Note: Pin numbers shown are for TO-220 (T) package.

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘t '\ during storage or handling to prevent electrostatic damage to the MOS gates.

2 Submit Documentation Feedback Copyright © 1999-2013, Texas Instruments Incorporated
Product Folder Links: LM1577 LM2577
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Absolute Maximum Ratings‘"®@

Supply Voltage 45V
Qutput Switch Voltage 65V
Output Switch Current® 6.0A

Power Dissipation

Internally Limited

Storage Temperature Range

-65°C to +150°C

Minimum ESD Rating

Lead Temperature | Soldering, 10 sec. 260°C
Maximum Junction Temperature 150°C
[C=100pF. R= 15k 2KV

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions the
device is intended to be functional, but device parameter specifications may not be ensured under these conditions. For ensured
specifications and test conditions, see the Electrical Characteristics.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and

specifications.

(3) Due to timing considerations of the LM1577/LM2577 current limit circuit, output current cannot be internally limited when the
LM1577/LM2577 is used as a step-up regulator. To prevent damage to the switch, its current must be externally limited to 6.0A.
However, output current is internally limited when the LM1577/LM2577 is used as a flyback or forward converter regulator in accordance

to the Application Hints.

Operating Ratings

Supply Voltage 3.5V sVys40V
0utput Switch Voitage OV S Vewitch S 60V
Output Switch Current IswitcH S 3.0A

Junction Temperature Range

LM1577

=58°C = T; s +150°C

LM2577

-40°C = T, < +125°C

Electrical Characteristics—LM1577-12, LM2577-12
Specifications with standard type face are for T, = 25°C, and those in bold type face apply over full Operating Temperature

Range. Unless otherwise specified, Vi,

=8V, and lgwrcn = 0.

Symbol Parameter Conditions Typical LM1577-12 . | LM2577-12 Units
Limit(M@ Limit®3) (Limits)
SYSTEM PARAMETERS Circuit of Figure 29
Vour Output Voltage Vin =5V to 10V 12,0 Vv
hoao = 100.mA to 800 mA () 116011140 |11.60M140| V(min)
12.40/12.60 |12.40/12.60 V(max)
AVout Line Regulation Vin=3.5Vio 10V 20 mV
AV (1) oap = 300 T 50/100 50100 | mv(max)
AVout Load Regulation Vin = 5V 20 mV
Aoap  (2) [Pagg = U 1) 100 mA 50/100 50/100 mV(max)
n Efficiency Vin =5V, lioan = 800 mA 80 %
DEVICE PARAMETERS
Ig Input Supply Current Vreepeack = 14V (Switch Off) 75 mA
10.0/14.0 10.0/14.0 mA(max)
lswiren = 2.0A 25 mA
Veome = 2.0V (Max Duty Cycle) 50/85 50/85 mA(max)

(1) All limits ensured at room temperature (standard type face) and at temperature extremes (boldface type). All limits are used to calculate

Outgoing Quality Level, and are 100%

production tested.

(2) A military RETS electrical test specification is available on request. At the time of printing, the LM1577K-12/883, LM1577K-15/883, and
LM1577K-ADJ/883 RETS specifications complied fully with the boldface limits in these columns. The LM1577K-12/883, LM1577K-
15/883, and LM1577K-ADJ/883 may also be procured to Standard Military Drawing specifications.

(3) Al limits ensured at room temperature (standard type face) and at temperature extremes (boldface type). All room temperature limits are

100% production tested. All limits at temperature extremes are ensured via correlation

methods.

using standard Statistical Quality Control (SQC)

(4) External components such as the diode, inductor, input and output capacitors can affect switching regulator performance. When the
LM1577/LM2577 is used as shown in the Test Circuit, system performance will be as specified by the system parameters.

Copyright © 1896-2013, Texas Instruments Incorporated

Product Folder Links: LM1577 LM2577
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Electrical Characteristics—LM1577-12, LM2577-12 (continued)

Specifications with standard type face are for T, = 25°C, and those in bold type face apply over full Operating Temperature
Range. Unless otherwise specified, Vi, = 5V, and lsyirey = 0.

Symbol Parameter Conditions Typical LM1577-12 LM2577-12 Units
Limit(h @) Limit® (Limits)
N Input Supply lswires = 100 mA 290 v
Undervoltage Lockout 2701265 | 2.70/2.65 V(min)
3.10/3.15 3.10/3.15 V(max)
fo Oscillator Frequency Measured at Switch Pin 52 kHz
lswiren = 100 mA 48/42 48/42 kHz(min)
56/62 56/62 kHz(max)
VRer Output Reference Measured at Feedback Pin Vv
Voitage Vin 8-SVl BV 12 11.76/11.64 | 11.76/1164 |  V(min)
Veomp= 1.0V
12.24/12.36 | 12.24/12.36 V(max)
Qutput Reference Vin = 3.5V tod0V v mv
AVRer Voltage Line Regulator
AViy
Reg Feedback Pin Input 9.7 kQ
Resistance
G Error Amp lcomp = =30 pA to +30 pA 370 pmho
Transconductance Veome = 1.0V 225145 225/145 pmho(min)
) 5151615 515615 umho(max)
Ries Error Amp Veomr = 1.1V to 1.9V 80 VN
Voltage Gain Reome = 1.0MAQG 50/25 50/25 VIV(min)
Error Amplifier Upper Limit 24 4
Output Swing Vreepaack = 10.0V 22/2.0 22120 V(min)
Lower Limit 0.3 V
Vreepaack = 15.0V 0400055 | 040055 | V(max)
Error Amplifier Vieeoaack = 10.0V to 15.0V +200 HA
Outpik Qurredt Veome = 1.0V +130490 | #130/490 | pA(min)
+300/+400 +300/£400 pA(max)
lgs Soft Start Current Veeeosack = 10.0V 5.0 HA
Veowme =0V 2515 2615 HA(min)
7.5/9.5 7.5/0.5 HA(max)
D Maximum Duty Cycle Veomp = 1.5V 95 %
s 9 mA 93/90 93/90 %(min)
Switch 125 AN
AlswitcH Transconductance
AVcomp
I Switch Leakage VswircH = 65V 10 A
Current Vreepeack = 15V (Switch Off) 300/600 300/600 A(max)
Vsar Switch Saturation lswitcH = 2.0A 0.5 \'
Voltage Veome = 2.0V (Max Duty Cycle) 0.7/0.9 07/0.9 V(max)
NPN Switch 45 A
AT kil 37530 3.7/3.0 A(min)
5.3/6.0 5.3/6.0 A(max)

(5) A 1.0 MQ resistor is connected to the compensation pin (which is the error amplifier's output) to ensure accuracy in measuring Aygy. In
actual applications, this pin's load resistance should be 210 MQ, resulting in Ay, that is typically twice the ensured minimum limit.

4 Submit Documentation Feedback
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Electrical Characteristics—LM1577-15, LM2577-15

Specifications with standard type face are for T, = 25°C, and those in bold type face apply over full Operating Temperature
Range. Unless otherwise specified, V, = 5V, and lsyiren = 0.

Symbol Parameter Conditions Typical [ LM1577-15 LM2577-15 Units
Limit™M®@ Limit® (Limits)
SYSTEM PARAMETERS Circuit of Figure 30
Vour QOutput Voltage Vi =5Vito 12V 15.0 \'
Yoo = 100 mA to 600 mA 14.50/14.25 | 14.5014.25 |  V(min)
18.6(415.75 15.50/15.75 V(max)
Line Regulation Vin =3.5V to 12V 20 mV
AVour lLoap = 300 MA 50/100 50/100 mV(max)
AViy
Load Regulation Vin = 5V 20 mV
AVout lLoap = 100 MA to 600 mA 50/100 501100 mV(max)
ALoaD
n Efficiency Vin = 5V, I oan = 600 mA 80 %
DEVICE PARAMETERS
Ig Input Supply Current VFEEDBAC,,( = 18.0V 5 mA
(S @) 10.0/140 | 100140 | mA(max)
lswren = 2.0A 25 mA
VCOMF =20V
(Max Duty Cycle) 50/85 50/85 mA(max)
Vuv Input Supply Iswiten = 100 mA 2.90 Vv
Undervoltage q
Lotkdlt 2.70/2.65 2.70/2.65 V(min)
3.10/3.15 3.10/3.15 V(max)
fo Oscillator Frequency Measured at Switch Pin 52 kHz
lswirc =100 mA 48/42 48/42 kHz(min)
56/62 56/62 kHz(max)
Vrer Output Reference Measured at Feedback Pin \'
Vollege YIRE IOV ey 15 | 147011455 | 147011456 | V(min)
Veome = 1.0V
15.30/15.45 15.30/15.45 V(max)
Output Reference Vin = 3.5V to 40V 10 mV
AVRer Voltage Line Regulation
AViy
Reg Feedback Pin Input 122 kQ
Voltage Line Regulator
Gy Error Amp lcomp = =30 pA to +30 A 300 umho
Transconductance Voome = 1.0V 170110 170M110 | pmho(min)
) 4201500 420/500 Umho(max)
AVOL Error Amp Vcwp =11Vto 15)9\! 65 VN
. & ¢
Voltage Gain Reomp=.1.0 MQ 40/20 40/20 VIV(min)

(1) All limits ensured at room temperature (standard type face) and at temperature extremes (boldface type). All limits are used to calculate
Outgoing Quality Level, and are 100% production tested.
(2) A military RETS electrical test specification is available on request. At the time of printing, the LM1577K-12/883, LM1577K-15/883, and
LM1577K-ADJ/883 RETS specifications complied fully with the boldface limits in these columns. The LM1 577K-12/883, LM1577K-
15/883, and LM1577K-ADJ/883 may also be procured to Standard Military Drawing specifications.
(3) Alllimits ensured at room temperature (standard type face) and at temperature extremes (boldface type). All room temperature limits are
g standard Statistical Quality Control (SQC)

100% production tested. All limits at temperature extremes are ensured via correlation usin

methods.

(4) External components such as the diode, inductor, input and output capacitors can affect switching regulator performance. When the

LM1577/LM2577 is used as shawn in the Test Circuit,
(5) A 1.0 MQ resistor is connected to the compensation

system performance will be as specified by the system parameters.
pin (which is the error amplifier's output) to ensure accuracy in measuring Aygy. In

actual applications, this pin's load resistance should be 210 MQ, resulting in Ay, that is typically twice the ensured minimum limit.

Copyright © 1999-2013, Texas Instruments Incorporated

Product Folder Links: LM1577 LM2577
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Electrical Characteristics—LM1577-15, LM2577-15 (continued)
Specifications with standard type face are for T, = 25°C, and those in bold type face apply over full Operating Temperature

www ti.com

Range. Unless otherwise specified, V,, = 5V, and lgyrcy = 0.

Symbol Parameter Conditions Typical | LM1577-15 LM2577-15 Units
Limit"@ Limit® (Limits)
Error Amplifier Upper Limit 24 Vv
Output Swing Veeepeack = 12.0V 22120 2.22.0 V(min)
Lower Limit 0.3 Vv
Vreepsac = 18.0V 0.4/0.55 0.40/0.55 V(max)
Error Amp Veeepsack = 12.0V to 18.0V 1200 A
Output Current Veomp = 1.0V +130/£90 +130/£90 WA(min)
+300/+400 +300/+400 HA(max)
lsg Soft Start Current VeegbBack = 12.0V 50 UA
Veomp = OV 2515 2515 WA(min)
: 7.5/9:6 7.5/9.5 HA(max)
D Maximum Duty Veome = 1.5V 95 %
Cycle lswiren = 100 mA 93/90 93/90 % (min)
Switch 125 AN
AlswitcH Transconductance
AVeowmp
Iy Switch Leakage Vswitch = 65V 10 : WA
cugey e GO 300/600 300600 | pAmax)
Vsar Switch Saturation lswircn = 2.0A 0.5 Vv
e Yﬁ;‘,“,‘%;; 'g\;c,e) 0.7/0.9 0.7/0.9 V(max)
NPN Switch Veomp =20V 43 A
Current Limit 37/3.0 3.7/3.0 A(min)
5.3/6.0 5.3/6.0 A(max)
6 Submit Documentation Feedback Copyright ©® 1999-2013, Texas Instruments Incorporated

Product Folder Links: LM1577 LM2577




i3 TExAs
INSTRUMENTS

LM1577, LM2577

www ti.com

Electrical Characteristics—LM1577-ADJ, LM2577-ADJ
Specifications with standard type face are for T, = 25°C, and those in bold type face apply over full Operating Temperature

SNOS658D - JUNE 1899-REVISED APRIL 2013

Range. Unless otherwise specified, Viy = 5V, Vegeopack = Vaer, and lswires = 0.

Symbol Parameter Conditions Typical | LM1577-ADJ | LM2577-ADJ Units
Limit(h@ Limit® (Limits)
SYSTEM PARAMETERS Circuit of Figure 31 @
Vour Output Voltage Viy = 5V to 10V 120 Vv
lLoap = 100 mA to 800 mA" 11.60/11.40 | 11.60/11.40 V(min)
12.40/12.60 | 12.40/12.60 V(max)
AVoyr/AV)y | Line Regulation Vin = 3.5V to 10V 20 mV
lLoap = 300 mA 50/100 50/100 mV(max)
AVl o | Load Regulation Vin = 5V 20 mV
o lLoap =100 mA to 800 mA 50/100 50/100 mV(max)
n Efficiency Vin=5V, | cap = 800 mA 80 %
DEVICE PARAMETERS
Ig Input Supply Current Vreeosack = 1.5V (Switch Off) 7.5 mA
10.0/14.0 10.014.0 mA(max)
Iswiven="2:08 25 mA
Veomp = 2.0V (Max Duty Cycle) 50/85 50/85 mA(max)
Vuv Input Supply lswitch = 100 mA 2,90 \'
Undervoltage Lockout 2.70/2.65 2.70/2.65 V(min)
3.10/3.15 3.10/3.15 V(max)
fo Oscillator Frequency Measured at Switch Pin 652 : kHz
IswiteH = 100 mA 48/42 48/42 kHz(min)
56/62 56/62 kHz(max)
VReer Reference Measured at Feedback Pin \
Voitage xlN i 1230 | 1214/1206 | 1.214/1.208 |  V(min)
comp T -
1.246/1.254 | 1.246/1.254 V(max)
AVpee/AVy | Reference Voltage Vin = 3.5V to 40V 0.5 mV
Line Regulation
Ia Error Amp Veshes 1.0V 100 nA
Input Bias Cutrert 300/800 300/800 nA(max)
Gu Error Amp lcome = —30 PA to +30 pA 3700 pmho
Transconductance Veowe =1.0V 240011600 | 2400/1600 | pmho(min)
4800/5800 4800/5800 | pmho(max)
AvoL Error Amp Voltage Gain | Vcomp = 1.1V to 1.9V 800 VNV
Reomp = 1.0 MQ® 500/250 500/250 V/V(min)
Error Amplifier Upper Limit 24 \'
Output Swing Vreeosack =1.0V 22020 22R0 V(min)
Lower Limit 0.3 Vv
Vreeosack = 1.5V 0.40/0.55 0.40/0.55 V(max)

(1) Alllimits ensured at room temperature (standard type face) and at temperature extremes (boldface type). All limits are used to calculate
Outgoing Quality Level, and are 100% production tested.
(2) A military RETS electrical test specification is available on request. At the time of printing, the LM1577K-12/883, LM1577K-15/883, and
LM1577K-ADJ/883 RETS specifications complied fully with the boldface limits in these columns. The LM1577K-12/883, LM1577K-
15/883, and LM1577K-ADJ/883 may also be procured to Standard Military Drawing specifications.
(3) Al limits ensured at room temperature (standard type face) and at temperature extremes (boldface type). All room temperature limits are
g standard Statistical Quality Control (SQC)

100% production tested. All limits at temperature extremes are ensured via correlation usin

methods.

(4) External components such as the diode, inductor, input and output capacitors can affect switching regulator performance. When the

LM1577/LM2577 is used as shown in the Test Circuit, system performance will be as specified by the system parameters.

(5) A 1.0 MQ resistor is connected to the compensation pin (which is the error amplifier's output) to ensure accuracy in measuring Ayg.. In
actual applications, this pin's load resistance should be 210 MQ, resulting in Ay, that is typically twice the ensured minimum limit.

Copyright © 1998-2013, Texas Instruments Incorporated
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Electrical Characteristics—LM1577-ADJ, LM2577-ADJ (continued)

Specifications with standard type face are for T, = 25°C, and those in bold type face apply over full Operating Temperature
Range. Unless otherwise specified, Viy = 5V, Veeepsack = Vrer. and lsyren = 0.

Symbol Parameter Conditions Typical | LM1577-ADJ | LM2577-ADJ Units
Limit()®@ Limit(® (Limits)
Error Amp Veeepsack = 1.0V to 1.5V 200 HA
Output Current Veowe = 1.0V +130/290 +130/490 HA(min)
+300/+400 +300/£400 pA(max)
Iss Soft Start Current Veeepsack = 1.0V 50 WA
Veowur = 0V 251.5 2.5/15 pA(min)
7.519.5 7.5/0.5 HA(max)
D Maximum Duty Cycle Veome = 1.5V 95 %
lswireH = 100°mA 93/90 93/90 %(min)
Algwitew/AVe | Switch 125 AN
OMP Transconductance
I Switch Leakage VswitcH = 65V 10 HA
Current Veeeosack = 1.5V (Switch Off) 300/600 300/600 pA(max)
Vsat Switch Saturation lswitcH = 2.0A 0.5 A%
Voltage Veome = 2.0V (Max Duty Cycle) 0.7/0.9 0.7/0.9 V(max)
NPN Switch Vol = 2:0¥ 43 A
Currentignt 37/3.0 3760 A(min)
5.3/6.0 5.3/6.0 A(max)
THERMAL PARAMETERS (All Versions)
B)a Thermal Resistance K Package, Junction to Ambient k13
Bc K Package, Junction to Case 15
B4 T Package, Junction to Ambient 65
6)c T Package, Junction to Case 2 G
TN N Package, Junction to Ambient & 85
0,4 M Package, Junction to Ambient ® 100
8,4 S Package, Junction to Ambient ) 37

(6) Junction to ambient thermal resistance with approximately 1 square inch of pc board copper surrounding the leads. Additional copper
area will lower thermal resistance further. See thermal model in “Switchers Made Simple” software.

(7) If the DDPAK/TO-263 package is used, the thermal resistance can be reduced by increasing the PC board copper area thermally
connected to the package. Using 0.5 square inches of copper area, 8, is 50°C/W.; with 1 square inch of copper area, 8,4 is 37°C/W;
and with 1.6 or more square inches of copper area, 8,4 is 32°C/W.

8 Submit Documentation Feedback
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LM1577-ADJ, LM2577-ADJ Test Circuit

IN

Vi
+220 pF
L—”—*' L, 100 4H D, 1N582° Vi
— 4

10k
< TSRt P
3 A 4’ l l
< :’ 120 60 24
Sw1 Swz
L

~ < Ri
; Vin SWITCH : ; A
conp F.B. ::wcgmF
ot e 2 | LM1577/LM2577 i # [ovv]
—— GND :: R2
To.ss uf 3

L = 415-0930 (AIE)
D = any manufacturer
Cour = Sprague Type 673D
Electrolytic 680 pF, 20V
R1 = 48.7k in series with 511Q (1%)
R2 = 5.62k (1%)
Note: Pin numbers shown are for TO-220 (T) package

Figure 31. Circuit Used to Specify System Parameters for ADJ Versions

Application Hints

Cin

= Your

1

Vi SWITCH I Cour
Lsﬂ
CURRENT LIMIT, =

THERMAL LIMIT, AND 2.5v

UNDERVOLTAGE SHUTDOWN REGULATOR

3A, 65V
> DRIVER »
#  LOGIC Stice NN
SWITCH
[ 52 kHz CORRECTIVE
OSCILLATOR RAMP

VOLTAGE

< CURRENT ﬂ
COMPARATOR SEASE

VOLTAGE

sorr | b (1.23v)
START CURRENT 5
REF. SENSE > R2*
LM1577=ADJ/ RESISTOR <
LM2577-ADJ

Re
T =

Note: Pin numbers shown are for TO-220 (T) package
*Resistors are intemnal to LM1577/LM2577 for 12V and 15V versions.

Figure 32. LM1577/LM2577 Block Diagram and Boost Regulator Application
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STEP-UP REGULATOR DESIGN PROCEDURE

The following design procedure can be used to select the appropriate external components for the circuit in
Figure 32, based on these system requirements.

Given:

. Vin (miny = Minimum input supply voltage

. Vout = Regulated output voltage

. lLoaD(max) = Maximum output load current

+ Before proceeding any further, determine if the LM1577/LM2577 can provide these values of Vour and
lLoaD(max) When operating with the minimum value of V,y. The upper limits for Vot and lLoaD(max) @re given by
the following equations.

_21A X V[N{min[
ILOAD(max) = v
ouT
where
. Vour < 60V
Vour =10 % Viymin (3)

These limits must be greater than or equal to the values specified in this application.

i IF Inductor Selection (L)
A. Voltage Options:
1. For 12V or 15V output
From Figure 34 (for 12V output) or Figure 35 (for 15V output), identify inductor code for region
indicated by Viy iin) @nd l oap (maxy The shaded region indicates conditions for which the LM1577/LM2577
output switch would be operating beyond its switch current rating. The minimum operating voltage for the
LM1577/LM2577 is 3.5V.
From here, proceed to step C.
2. For Adjustable version
Preliminary calculations:
The inductor selection is based on the calculation of the following three parameters:
Dimax), the maximum switch duty cycle (0 <D < 0.9):

Vout + VF = ViN(min)

D(max) =
Vout + VE — 0.6V (4)

where Vi = 0.5V for Schottky diodes and 0.8V for fast recovery diodes (typically);

E «T, the product of volts x time that charges the inductor:

_ Dymax) (Vin(min) = 0.6V)106 (Vopus)

EeT
52.000 Hz (5)

linp.oc, the average inductor current under full load;

1.05 X lLoAD(max)

linp,pc =
! T
D(max} (6)

B. Identify Inductor Value:
1. From Figure 36, identify the inductor code for the region indicated by the intersection of E=T and Iino.oc-
This code gives the inductor value in microhenries. The L or H prefix signifies whether the inductor is rated
for a maximum E-T of 90 Veps (L) or 250 Veps (H).
2.1f D < 0.85, go on to step C. If D 2 0.85, then calculate the minimum inductance needed to ensure the
switching regulator's stability:

_ 8:4 (ViN(min) — 0.6V) (2D(max) — 1) (H)
1 = D(max) @

Lmin

If Lyin is smaller than the inductor value found in step B1, go on to step C. Otherwise, the inductor value found in
step B1 is too low; an appropriate inductor code should be obtained from the graph as follows:

1. Find the lowest value inductor that is greater than Ly

16 Submit Documentation Feedback Copyright © 1899-2013, Texas Instruments Incorporated
Product Folder Links: LM1577 LM2577



. INSTRUMENTS LM1577, LM2577

www ti.com SNOS658D - JUNE 1999-REVISED APRIL 2013

Table 2. Table of Standardized Inductors and
Manufacturer's Part Numbers ("

Inductor Manufacturer's Part Number

Code Schott Pulse Renco

L47 67126980 PE - 53112 RL2442

L68 67126990 PE - 92114 RL2443
L100 67127000 PE - 92108 RL2444
L150 67127010 PE - 53113 RL1954
L220 67127020 PE - 52626 RL1953
L330 67127030 PE - 52627 RL1952
L470 67127040 PE - 53114 RL1951
L680 67127050 PE - 52629 RL1950
H150 67127060 PE - 53115 RL2445
H220 67127070 PE - 53116 RL2446
H330 67127080 PE - 53117 RL2447
H470 67127090 PE -53118 RL1961
HE80 67127100 PE - 53119 RL1960
H1000 67127110 PE - 53120 RL1959
H1500 67127120 PE - 53121 RL1958
H2200 67127130 PE -53122 RL2448

(1) Schott Corp., (612) 475-1173
1000 Parkers Lake Rd., Wayzata, MN 55391
Pulse Engineering, (619) 268-2400
P.O. Box 12235, San Diego, CA 92112
Renco Electronics Inc., (516) 586-5566
60 Jeffryn Blvd. East, Deer Park, NY 11729

2. Compensation Network (Rg, C¢) and Output Capacitor (Coy7r) Selection

Rc and C; form a pole-zero compensation network that stabilizes the regulator. The values of Rc and C¢ are
mainly dependant on the regulator voltage gain, lLoaD(max) L and Cqyt. The following procedure calculates values
for R, Cc, and Coyr that ensure regulator stability. Be aware that this procedure doesn't necessarily result in R¢
and C¢ that provide optimum compensation. In order to ensure optimum compensation, one of the standard
procedures for testing loop stability must be used, such as measuring Vg, transient response when pulsing
lLoap (see Figure 39).

A. First, calculate the maximum value for Re.

R < 750 < lLoaD(max) * Vourt?
Vingmin)? (8)

Select a resistor less than or equal to this value, and it should also be no greater than 3 kQ.
B. Calculate the minimum value for Cr using the following two equations.

0.19 X L X Rg X lLOAD(max)
Vingmin) < Vout

Cour 2
and

D Vingmin) X Bc % (Vingmin) + (3.74 X 105 x L))

487,800 X Vourd

(9)
The larger of these two values is the minimum value that ensures stability.
C. Calculate the minimum value of Cg, .
58.56 X Vout2 X Coyr

Rc2 x Vingmin)

Cgc 2
(10)

Copyright © 1999-2013, Texas Instruments Incorporated Submit Documentation Feedback 19
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The compensation capacitor is also part of the soft start circuitry. When power to the regulator is turned on, the
switch duty cycle is allowed to rise at a rate controlled by this capacitor (with no control on the duty cycle, it
would immediately rise to 90%, drawing huge currents from the input power supply). In order to operate properly,
the soft start circuit requires C. 2 0.22 pF.

The value of the output filter capacitor is normally large enough to require the use of aluminum electrolytic
capacitors. Table 3 lists several different types that are recommended for switching regulators, and the following
parameters are used to select the proper capacitor.

Working Voltage (WVDC): Choose a capacitor with a working voltage at least 20% higher than the regulator
output voltage.

Ripple Current: This is the maximum RMS value of current that charges the capacitor during each switching
cycle. For step-up and flyback regulators, the formula for ripple current is

| ILoAD(max) * Dimax)
RIPPLE(RMS) — 1-D
mas) (11)

Choose a capacitor that is rated at least 50% higher than this value at 52 kHz.

Equivalent Series Resistance (ESR) : This is the primary cause of output ripple voltage, and it also affects the
values of R; and C¢ needed to stabilize the regulator. As a result, the preceding calculations for Cc and R; are
only valid if ESR doesn't exceed the maximum value specified by the following equations.

IRIPPLE(P-P) lLoAD(max)

ESR <

where

R 215" D(max)
IRIPPLE(P-P) o5 :'JOA —
e (12)

Select a capacitor with ESR, at 52 kHz, that is less than or equal to the lower value calculated. Most electrolytic
capacitors specify ESR at 120 Hz which is 15% to 30% higher than at 52 kHz. Also, be aware that ESR
increases by a factor of 2 when operating at -=20°C.

In general, low values of ESR are achieved by using large value capacitors (C = 470 HF), and capacitors with
high WVDC, or by paralleling smaller-value capacitors.

3. Output Voltage Selection (R1 and R2)

This section is for applications using the LM1577-ADJ/LM2577-ADJ. Skip this section if the LM1577-12/LM2577-
12 or LM1577-15/LM2577-15 is being used.
With the LM1577-ADJ/LM2577-ADJ, the output voltage is given by

Vour = 1.23V (1 + R1/R2) (13)
Resistors R1 and R2 divide the output down so it can be compared with the LM1577-ADJ/LM2577-ADJ internal
1.23V reference. For a given desired output voltage Vg7, select R1 and R2 so that

R1 _ Vour _
R2 1.23v (14)

4. Input Capacitor Selection (Cyy)

The switching action in the step-up regulator causes a triangular ripple current to be drawn from the supply
source. This in turn causes noise to appear on the supply voltage. For proper operation of the LM1577, the input
voltage should be decoupled. Bypassing the Input Voltage pin directly to ground with a good quality, low ESR,
0.1 PF capacitor (leads as short as possible) is normally sufficient.

20 Submit Documentation Feedback Copyright © 1999-2013, Texas Instruments Incorporated
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Table 5. Flyback Regulator Formulas (continued)

Peak Primary Current N _ Zloap  Alpk
Ippk) L IO R
w 1-D 2 (19)
Switch Voltage when Off " S Vour + Ve
+
SW(OFF) N (20)
Diode Reverse Voltage Vg Vour™ N (Vin~ Vsar)
Average Diode Current lpave) l.oap
Peak Diode Current lLoap | Alinp
loipky o = T
1-D 2 (21)
Short Circuit Diode Current BA
iy (22)
Power Dissipation of LM1577/LM2577 2
0.250 (m) +
p 1-D
R NlioapD |,
50(1 —0) N (23)
N = Transformer Turns Ratio = T oy rria
number of primary turns
m = Transformer Efficiency (typically 0.95)
El pap = | +iLoapl +{=lLoapl
C. Calculate the minimum value of Cg
Co 2 58.5 x Cout X Vout % (Vout + ViNgmin) X N))
Rc2 % ViNgminy X N (24)
D. Calculate the maximum ESR of the +Vyr and -V output capacitors in parallel.
8.7 ¥ 10 3 X Vipgming < Vi X N
ESR+|ESR . < ——= S
ZlLoanimax) % Vout * (ViNminy X N) (25)

This formula can also be used to calculate the maximum ESR of a single output regulator.

At this point, refer to this same section in the STEP-UP REGULATOR DESIGN PROCEDURE section for more
information regarding the selection of Cq 7.

3. Output Voltage Selection

This section is for applications using the LM1577-ADJ/LM2577-ADJ. Skip this section if the LM1577-12/LM2577-
12 or LM1577-15/LM2577-15 is being used.
With the LM1577-ADJ/LM2577-ADJ, the output voltage is given by

Vour = 1.23V (1 + R1/R2) (26)
Resistors R1 and R2 divide the output voltage down so it can be compared with the LM1577-ADJ/LM2577-ADJ
internal 1.23V reference. For a desired output voltage Vg, select R1 and R2 so that

ML Your

H2 1.28V (27)

4. Diode Selection
The switching diode in a flyback converter must withstand the reverse voltage specified by the following
equation.
Vin
VR = Vout + —
R = Vour + (28)
A suitable diode must have a reverse voltage rating greater than this. In addition it must be rated for more than
the average and peak diode currents listed in Table 5.

5. Input Capacitor Selection
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The primary of a flyback transformer draws discontinuous pulses of current from the input supply. As a result, a
flyback regulator generates more noise at the input supply than a step-up regulator, and this requires a larger
bypass capacitor to decouple the LM1577/LM2577 V,y pin from this noise. For most applications, a low ESR, 1.0
WF cap will be sufficient, if it is connected very close to the V,y and Ground pins.

Transformer Input Dual Maximum

Type Voltage Output Output

Voltage Current

Lp =100 puH 5V +10V 325 mA

1 N=1 5V 12V 275 mA
5V +15V 225 mA

10V +10V 700 mA

10V +12V 575 mA

9 Lp = 200 uH 10V +15V 500 mA
N=0.5 12V 10V 800 mA

12v 12V 700 mA

12v +15V 575 mA

3 Lp = 250 pH 15V +10V 900 mA
N=05 15V 12V 825 mA

15V +15V 700 mA

Table 6. Flyback Transformer Selection Guide
Transformer Manufacturers' Part Numbers

Type AlE Pulse Renco

326-0637 PE-65300 RL-2580

330-0202 PE-65301 RL-2581

3 330-0203 PE-65302 RL-2582

In addition to this bypass cap, a larger capacitor (= 47 pF) should be used where the flyback transformer
connects to the input supply. This will attenuate noise which may interfere with other circuits connected to the
same input supply voltage.

6. Snubber Circuit

A “snubber” circuit is required when operating from input voltages greater than 10V, or when using a transformer
with Lp 2 200 pH. This circuit clamps a voltage spike from the transformer primary that occurs immediately after
the output switch turns off. Without it, the switch voltage may exceed the 65V maximum rating. As shown in
Figure 43, the snubber consists of a fast recovery diode, and a parallel RC. The RC values are selected for
switch clamp voltage (V¢ amp) that is 5V to 10V greater than Vswiorr)- Use the following equations to calculate R
and C;

0.02 X Lp X lppg)?
~ (Voamp)® — (VSW(oFp)?
== 2 —4
/< (VCLAMP + Vsw(oFF) VIN) 3 (19.2 X 10 )

2 5 2
Lp x 'P(PK) (29)
Power dissipation (and power rating) of the resistor is;
+V — Vin\2
pe (VCLAMP E‘;W(OFF) IN) -

(30)

The fast recovery diode must have a reverse voltage rating greater than Ve, aye.
26 Submit Documentation Feedback Copyright © 1999-2013, Texas Instruments Incorporated
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MicrocHip PIC16F883/884/886/887

28/40/44-Pin Flash-Based, 8-Bit CMOS Microcontrollers with
nanoWatt Technology

High-Performance RISC CPU:

* Only 35 instructions to learn:
- All single-cycle instructions except branches
* Operating speed:
- DC - 20 MHz oscillator/clock input
- DC - 200 ns instruction cycle
* |Interrupt capability
* 8-level deep hardware stack
* Direct, Indirect and Relative Addressing modes

Special Microcontroller Features:

* Precision Interal Oscillator:
- Factory calibrated to +1%
- Software selectable frequency range of
8 MHz to 31 kHz
- Software tunable
- Two-Speed Start-up mode
- Crystal fail detect for critical applications
- Clock mode switching during operation for
power savings
* Power-Saving Sleep mode
* Wide operating voltage range (2.0V-5.5V)
* Industrial and Extended Temperature range
* Power-on Reset (POR)
* Power-up Timer (PWRT) and Oscillator Start-up
Timer (OST)
* Brown-out Reset (BOR) with software control
option
* Enhanced low-current Watchdog Timer (WDT)
with on-chip oscillator (software selectable
nominal 268 seconds with full prescaler) with
software enable
Multiplexed Master Clear with pull-upfinput pin
* Programmable code protection
* High Endurance Flash/EEPROM cell;
- 100,000 write Flash endurance
- 1,000,000 write EEPROM endurance
- Flash/Data EEPROM retention: > 40 years
* Program memory Read/Write during run time
* In-Circuit Debugger (on board)

Low-Power Features:

» Standby Current:
- 50nA @ 2.0V, typical
* Operating Current;
- 11 pA @ 32 kHz, 2.0V, typical
- 220 pA @ 4 MHz, 2.0V, typical
* Watchdog Timer Current:
- 1TuA @ 2.0V, typical

Peripheral Features:

24/35 /0 pins with individual direction control;

- High current source/sink for direct LED drive

- Interrupt-on-Change pin

- Individually programmable weak pull-ups

- Ultra Low-Power Wake-up (ULPWU)

Analog Comparator module with:

- Two analog comparators

- Programmable on-chip voltage reference
(CVREF) module (% of VDD)

- Fixed voltage reference (0.6V)

-~ Comparator inputs and outputs externally
accessible

- SR Latch mode

- External Timer1 Gate (count enable)

AID Converter:

- 10-bit resolution and 11/14 channels

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

programmable prescaler

Enhanced Timer1:

- 16-bit timer/counter with prescaler

- External Gate Input mode

- Dedicated low-power 32 kHz oscillator

Timer2: 8-bit timer/counter with 8-bit period

register, prescaler and postscaler

Enhanced Capture, Compare, PWM+ module:

~ 16-bit Capture, max. resolution 12.5 ns

- Compare, max. resolution 200 ns

- 10-bit PWWM with 1, 2 or 4 output channels,
programmable “dead time”, max. frequency
20 kHz

- PVWM output steering control

Capture, Compare, PWM module

- 16-bit Capture, max. resolution 12.5 ns

- 16-bit Compare, max. resolution 200 ns

= 10-bit PWM, max. frequency 20 kHz

Enhanced USART module:

- Supports RS-485, RS-232, and LIN 2.0

- Auto-Baud Detect

- Auto-Wake-Up on Start bit

In-Circuit Serial Programming™ (ICSP™) via two

pins

Master Synchronous Serial Port (MSSP) module

supporting 3-wire SPI (all 4 modes) and 12C™

Master and Slave Modes with I1°C address mask

© 2006 Microchip Technology Inc.
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PIC16F883/884/886/887

Program
Memory i 10-bit A/D | ECCP/ Ti
I imers
Device 110 EUSART | MSSP |Comparators :
Flash SRAM | EEPROM (ch) ccp s 8/16-bit
(words) (bytes) (bytes)
PIC16F883 4096 256 256 24 1 17 1 1 2 21
PIC16F884 4096 256 256 35 14 11 1 1 2 21
PIC16F886 8192 368 256 24 11 11 1 1 2 21
PIC16F887 8192 368 256 35 14 11 1 1 2 211
DS41291B-page 2 Preliminary ® 2006 Microchip Technology Inc.




PIC16F883/884/886/887

Pin Diagrams — PIC16F883/886, 28-Pin PDIP, SOIC, SSOP

28-pin PDIP, SOIC, SSOP

RE3/MCLR/NPP
RAO/ANO/ULPWU/C12INO-
RA1/AN1/C12IN1-
RA2/AN2NREF-ICVREF/CZ2IN+
RA3/AN3/VREF+/C1IN+
RA4/TOCKI/C1OUT
RA5/AN4/SS/C20UT

Vss

RA7/OSC1/CLKIN
RAB/OSC2/CLKOUT
RCO/T10SO/T1CKI
RC1/T10SI/CCP2
RC2/P1A/CCP1
RC3/SCK/SCL

N

l—l
O ~NOOUEWN =

O
©
PIC16F883/886

e | 111
-—[]12
Hl:ﬂ!
~—=[]14

28| | =—= RB7/ICSPDAT

27| ] =—= RB6/ICSPCLK

26 ] =— RBS/AN13TIG
25[] =—= RB4/AN11/P1D
24| ] =—— RB3/ANY/PGM/C12IN2-
23[ | «— RB2/ANB/P1B
22[ ] =—= RB1/AN10/P1C/IC12IN3-
21[ ] =——= RBO/AN12/INT

20[ ] =—— VoD
19 J=—— Vss

18[J+—= RC7/RX/DT
17[] =—= RCBITX/CK
16{ ] »— RCS/SDO

15[ ] =—— RC4/SDUSDA

TABLE 1: PIC16F883/886 28-PIN SUMMARY (PDIP, SQIC, SSOP)

/O | Pin Analog |Comparators Timers ECCP |EUSART| MSSP |Interrupt|Pull-up Basic
RAO | 2 |ANO/ULPWU| C12INO- —_ - - —_ — — —
RA1 3 AN1 C12IN1- —_ — —_ —_ — — —
RA2 4 AN2 C2IN+ — —_ — — — — VREF-/ICVREF
RA3 5 AN3 C1IN+ — — — — — — VREF+
RA4 6 —_ C10ouUT TOCKI —_ - — | — = —_
RAS | 7 AN4 c20UT — - — ES = - —
RA6 | 10 — - — - - — — —  |OSC2/CLKOUT
RA7 | 9 — - e — — — — - OSC1/CLKIN
RBO | 21 AN12 - — — — — IOC/INT Y -
RB1 | 22 AN10 C12IN3- — Pi1C — - IoC Y —
RB2 | 23 AN8 — - P1B — — 10C Y —
RB3 | 24 ANS C12IN2- — — —_ — IoC Y PGM
RB4 | 25 AN11 — — P1D - — loc ad —
RB5 | 26 AN13 = TiG = = - Ioc Y —_
RB6 | 27 — — — - —_ — 10C ¥ ICSPCLK
RB7 | 28 — - — — — — 10C Y ICSPDAT
RCO [ 11 — — T10OSOIT1CKI — -— — - —_ —
RC1 12 — — T108I CCP2 —_ —_ —_ —_ —
RC2| 13 — — e CCP1/P1A — - — - -
RC3 | 14 e — — — —_ SCK/SCL —_ -_ -
RC4 | 15 - — - — — SDI/SDA - — -
RC5 | 16 — —_ — — — SDO —_ — —_
RC6 | 17 — — — — TX/CK — — - —
RCT| 18 — - — — RX/DT — —_ - -
e g ™ = = — | = [ = [ Y | wotrwer

— | 20 — = = — e L —_ - VDD

— 8 - - — — —_ — — - Vss

— 19 - — — —_ — — —_ — Vss

Note 1:  Pull-up activated only with external MCLR configuration.

@® 2006 Microchip Technology Inc.

Preliminary
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Pin Diagrams — PIC16F883/886, 28-Pin QFN

28-pin QFN

RA2/AN2/VREF-/CVREFIC 2IN+
RA3/ANS/NVREF+/C1IN+
RA4/TOCKI/C10UT
RAS/AN4/SS/C20UT

RA7/OSC1/CLKIN
RAB/OSC2/CLKOUT

Vo8 2t

]
-— ]
--—-bl:

.—-v[:

-]

-—n-[:

N
e}

b R o> B4 ; B N % I % I

26[1<—— RE3/MCLRNPP
25[1=—~ RB7/ICSPDAT
24[1<— RBB/ICSPCLK
23[J+— RBS/AN13/T1G

27 [1=—= RAO/ANO/ULPWU/C12INO-
22F-—- RB4/AN11/P1D

28 1=—= RA1/AN1/C12IN1-

8
9
RC5/SDO =——[]13

RC2/P1AICCP1 =——[]10
RC4/SDI/SDA =———=[]12

RC3/SCKISCL =——=[111

RCO/T10SO/T1CKI =——*
RC1/T10SI/ICCP2 =—=

PIC16F883/886

4

RCB/TX/CK -— E’T

X

21 [ =—= RB3/ANO/PGM/C12IN2-
20 0~— RB2/ANS/P1B

19 [1+—= RB1/AN10/P1C/C12IN3-
18[J=—= RBO/AN12/INT

170 +— VoD

160 +—= Vss

150~ RC7/RX/DT

/3
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PIC16F883/884/886/887

TABLE 2: PIC16F883/886 28-PIN SUMMARY (QFN)
/O | Pin Analog |Comparators Timers ECCP |EUSART| MSSP |Interrupt|Pull-up Basic
RAO | 27 |ANO/ULPWU| C12INO- — — - — — — —
RA1 28 AN1 C12IN1- — —_ —_ — — — —
RA2 1 AN2 C2IN+ — —_ - —_— — — VREF-/CVREF
RA3 2 AN3 C1IN+ — —_ —_— —_— A —_ VREF+
RA4 3 — c10uUT TOCKI —_ —_ — — — —
RAS | 4 AN4 c20UT — - - ss - - -
RAB 7 — — — — — —_ — — |OSC2/CLKOUT
RA7 6 — — —_— — —_— — — — OSC1/CLKIN
RBO | 18 AN12 — —_— — —_ —_ IOC/INT Y —
RB1 19 AN10 C12IN3- — P1C — — I0C Y —_
RB2 | 20 ANB — — P1B — — 10C Y —
RB3 | 21 ANS C12IN2- — — — _ 10C b i PGM
RB4 | 22 AN11 - — P1D — —_ {e]o] ¥ —_
RBS | 23 AN13 — TG — = = ioc Y _
RB6 | 24 - — -_— — — — 10C X ICSPCLK
RB7 | 25 — — - - - — I0C Y ICSPDAT
RCO 8 - — T108O/T1CKI — — —_ — — —
RC1 9 — — T108I CCP2 — — — —_ —
RC2 | 10 — — —_ CCP1/P1A — —_ -— — —_
RC3| 11 - — — — — SCK/SCL — —_ —
RC4 | 12 — — — — - SDI/SDA — —_ —_
RC5 | 13 — — e - — SDO —_ - -
RC6 | 14 = 5 - — TX/CK P 2 N =
RC7 | 15 o X . v RX/IDT £l ? & - B
RE3 | 26 — - BT — - - - ¥ | MCLR/veP
— | 17 — — = —_ — — - — VoD
— 5 — — - — — - — — Vss
== |8 | A = - = ~ = A Vss

Note 1: Pull-up activated only with external MCLR configuration.
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FEATURES

Tiny: Two 10-Bit DACs in an 8-Lead MSOP—
Half the Board Space of an SO-8

Micropower: 60pA per DAC

Sleep Mode: 1pA for Extended Battery Life
Rail-to-Rail Voltage Outputs Drive 1000pF

Wide 2.7V to 5.5V Supply Range

Double Buffered for Independent or Simultaneous
DAC Updates

Reference Range Includes Supply for Ratiometric
0V-to-Vg Output

Reference Input Has Constant Impedance over All
Codes (260k2 Typ)—Eliminates External Buffers
3-Wire Serial Interface with Schmitt Trigger Inputs
Differential Nonlinearity: <+0.75LSB Max

APPLICATIONS

Mobile Communications

Digitally Controlled Amplifiers and Attenuators
Portable Battery-Powered Instruments
Automatic Calibration for Manufacturing
Remote Industrial Devices

L7, LT, LTC, LTM, Linear Technolagy and the Linear logo are registered trademarks of Linear
Technology Corporatian. All other trademarks are the property of their respective owners.

I t ’\D LTC1661

TECHNOLOGY

Micropower Dual
10-Bit DAC in MSOP

DESCRIPTION

The LTC®1661 integrates two accurate, serially address-
able, 10-bitdigital-to-analog converters (DACs) ina single
tiny MS8 package. Each buffered DAC draws just 60pA
total supply current, yetis capable of supplying DC output
currents in excess of 5SmA and reliably driving capacitive
loads up to 1000pF Sleep mode further reduces total
supply current to a negligible 1pA.

Linear Technology's proprietary, inherently monotonic
voltage interpolation architecture provides excellent lin-
earity while allowing for an exceptionally small external
form factor. The double-buffered input logic provides
simultaneous update capability and can be used to write
to either DAC without interrupting sleep mode.

Ultralow supply current, power-saving sleep mode and
extremely compact size make the LTC1661 ideal for
battery-powered applications, while its straightforward
usability, high performance and wide supply range make
it an excellent choice as a general purpose converter.

For additional outputs and even greater board density,
please refer to the LTC1660 micropower octal DAC for
10-bit applications. For 8-bit applications, please consult
the LTC1665 micropower octal DAC.

BLOCK DIRGRAM
A m:o

10-BIT
DAC A

LATCH
LATCH

ADDRESS
DECODER

l— SHIFT REGISTER

Differential Nonlinearity (DNL)

075
0.60

cSno SC

E
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LTC 1661
OPERATION

Transfer Function
The transfer function for the LTC1661 is:

k
Vour(peaL) =(@]VHEF

where k is the decimal equivalent of the binary DAC input
code D9-DO0 and Vggr is the voltage at REF (Pin 6).

Power-On Reset

The LTC1661 positively clears the outputs to zero scale
when power is first applied, making system initialization
consistent and repeatable.

Power Supply Sequencing

The voltage at REF (Pin 4) must not ever exceed the
voltage at V¢ (Pin 6) by more than 0.3V. Particular care
should be taken in the power supply turn-on and turn-
off sequences to assure that this limit is observed. See
Absolute Maximum Ratings.

Serial Interface
See Table 1. The 16-bit Input word consists of the 4-bit
Control code, the 10-bitInputcode and two don't-care bits.
Table 1. LTC1661 Input Word

INPUT WORD

|A3]a2] 1] a0 9] 08[ 07 06]D5[ 0403 [ D2[D1]D0 X1 [ X0]
L_rﬂ \'W_“
CONTROL CODE DONT

CARE
After the Input word is loaded into the register (see
Figure 1), itis internally converted from serial to parallel
format. The parallel 10-bit-wide input code data path is
then buffered by two latch registers.

The first of these, the input register, is used for loading
new input codes. The second buffer, the DAC register, is
used for updating the DAC outputs. Each DAC has its own
10-bit input register and 10-bit DAC register.

INPUT CODE

By selecting theappropriate 4-bitcontrol code (see Table 2)
itis possible to perform single operations, such as loading
one DAC or changing power-down status (sleep/wake).
In addition, some Control codes perform two or more
operations at the same time. For example, one such code
loads DAC A, updates both outputs and wakes the part
up. The DACs can be loaded separately or together, but
the outputs are always updated together.

Register Loading Sequence

See Figure 1. With CS/LD held low, data on the Dyy input
is shifted into the 16-bit shift register on the positive edge
of SCK. The 4-bit control code, A3-A0, is loaded first, then
the 10-bit Inputcode, D9-D0, ordered MSB-to-LSBin each
case. Two don’t-care bits, X1 and X0, are loaded last. When
the full 16-bit Input word has been shifted in, CS/LD is
pulled high, causing the system to respond according to
Table 2. The clock is disabled internally when CS/LD is
high. Note: SCK must be low when CS/LD is pulled low.

Sleep Mode

DAC control code 1110y is reserved for the special sleep
instruction (see Table 2). In this mode, the digital parts
of the circuit stay active while the analog sections are
disabled; static power consumption is greatly reduced.
The reference input and analog outputs are set in a high
impedance state and all DAC settings are retained in
memory so that when Sleep mode is exited, the outputs
of DACs not updated by the wake command are restored
to their last active state.

Sleep mode is initiated by performing a load sequence
using control code 1110y, (the DAC input code D9-DO is
ignored).

To save instruction cycles, the DACs may be prepared
with new input codes during Sleep (control codes 0001y,
and 0010p); then, a single command (10004) can be used
both to wake the part and to update the output values.

1661fa
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LTC 1661

TYPICAL APPLICATIONS
5V 0.1pF gy FOR EACH U1 AND U2
: I—?S l—-',- (&ﬁnm:clrf CODEA | CODE B | AVy, AV,
b2 1023 | —-250mV
512 512 0
DA 512 0 250mV
tSHo ]
D, 3 LTCU11651
SCK 2
DAC B
A SV 0.1pF
o _ }—_L M
4' 6 > LOGIC _|
1 DRIVE
> b3 gf 7.5V 250mV
1 2.5V 250mV
VU =V + AV,
id
éo 1pF
™ Va1 =Vap =25V
{ VA?- V i ~ ﬂ- V i V
s H=Vy+ R2 (Va1 = Vp1)

SR Vi = Vi + B (v —Vigy)
INPUT DAC) R2

FOR VALUES SHOWN,
AVy, AV; ADJUSTMENT RANGE = +250mV
AVy, AV STEP SIZE = 500pV e

Figure 3. Pin Driver Vy and V| Adjustment in ATE Applications

Viy 243V

01pF

1

4 8 0V 7O 4.096V
REF Vouta =0 4mv/aiT)

Din
LTC1661
SCK

L |

.
T Vours—o0 0V T0 4.006V
o (AmV/BIT)

v

Figure 4. Using the LTC1258 and the LTC1661 In a Single Li-lon Battery Application
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IRF610, SiHF610

Vishay Siliconix

Power MOSFET

PRODUCT SUMMARY
Vps (V) 200
Rosion) (©Q) Vas=10V | 15
Qg (Max.) (nC) 8.2
Qgs (NC) 1.8
Qgq(nC) 45
Configuration Single

D

TO-220AB
S
s

N-Channel MOSFET

FEATURES

* Dynamic dV/dt Rating

* Repetitive Avalanche Rated b ol
*

* Fast Switching ?m?u';ﬁ

* Ease of Paralleling
* Simple Drive Requirements
* Compliant to RoHS Directive 2002/95/EC

DESCRIPTION

Third generation Power MOSFETs from Vishay provide the
designer with the best combination of fast switching,
ruggedized device design, low on-resistance and
cost-effectiveness.

The TO-220AB package is universally preferred for all
commercial-industrial applications at power dissipation
levels to approximately 50 W. The low thermal resistance
and low package cost of the TO-220AB contribute to its
wide acceptance throughout the industry.

ORDERING INFORMATION
Package TO-220AB
IRF610PbF
Lead (Pb)-free SHEG 1063
IRF610
e SIHFB10
ABSOLUTE MAXIMUM RATINGS (T¢ = 25 °C, unless otherwise noted)
PARAMETER SYMBOL LIMIT UNIT
Drain-Source Voltage Vps 200 7
Gate-Source Voltage o Vas +20
Continuous Drain Current Vesat 10V el Ip g
Te=100°C 24 A
Pulsed Drain Current2 lom 10
Linear Derating Factor 0.29 w/eC
Single Pulse Avalanche Energy? Exs 64 mJ
Repetitive Avalanche Current2 lar 3.3 A
Repetitive Avalanche Energy? Ear 36 mJ
Maximum Power Dissipation | Tec=25°C Po 36 w
Peak Diode Recovery dV/dtc dV/dt 5.0 V/ns
Operating Junction and Storage Temperature Range Ta Tstg - 55to + 150 °c
Soldering Recommendations (Peak Temperature) for10s 3004
‘ 10 Ibf - in
Mounting Torque 6-32 or M3 screw
1.1 N-m

Notes

a

. Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11).

b. Vpp=50V, starting T, =25 °C, L= 8.8 mH, Rg =25 Q, Ias= 3.3 A (see fig. 12).

c
d.

Isp £ 3.3 A, di/dt < 70 Alus, Vpp < Vs, Ty <150 *C.
1.6 mm from case.

* Pb containing terminations are not RoHS compliant, exemptions may apply

Document Number; 91023
S$11-0510-Rev. B, 21-Mar-11

www.vishay.com
1

This datasheet is subject to change without notice.
THE PRODUCT DESCRIBED HEREIN AND THIS DATASHEET ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000



IRF610, SiHF610

Vishay Siliconix

THERMAL RESISTANCE RATINGS
PARAMETER SYMBOL TYP. MAX. UNIT
Maximum Junction-to-Ambient Rinua - 62
Case-to-Sink, Flat, Greased Surface Rincs 0.50 - *C/W
Maximum Junction-to-Case (Drain) Rinic - 35
SPECIFICATIONS (T, = 25 °C, unless otherwise noted)
PARAMETER | svmeoL | TEST CONDITIONS | MIN. | TYP. | MAX. [ UNIT
Static
Drain-Source Breakdown Voltage Vps Vags=0V, Ip =250 pA 200 - - v
Vps Temperature Coefficient AVps/T, Reference t0 25 °C, Ip = 1 mA - 0.30 - V/°C
Gate-Source Threshold Voltage Vasih) Vos = Vgs, Ip= 250 pA 2.0 - 4.0 Vv
Gate-Source Leakage lgss Vgs=+220V - - + 100 nA
Vps = 200 V, Vgg =0 V - < 25
Zero Gate Voltage Drain Current Ipss HA
Vps =160V, Vgs= 0V, T, = 125 °C : A 250
Drain-Source On-State Resistance Rbsion) Vgs =10V ] Ip= 2.0 Ab - - 1.5 Q
Forward Transconductance Ofs Vps=50V, Ip=2.0Ab 0.8 « - s
Dynamic
Input Capacitance Cias Vas =0V, - 140 -
Output Capacitance e Vps =25V, - 53 - pF
Reverse Transfer Capacitance Cied S LM ped figh B : 15 :
Total Gate Charge Qq - - 8.2
i = Ip=8.3A Vps=160V, % R
Gate-Source Charge Qgs Vs =10V see fig. 6 and 13° 1.8 nC
Gate-Drain Charge Qg - - 4.5
Turn-On Delay Time taion) - 8.2 -
Rise Time i Vpop=100V, Ip=3.3 A 2 - 17 - o
Turn-Off Delay Time taoty Rg=24Q, Rp=30Q, see fig. 10 - 14 -
Fall Time 1 - 8.9 -
Between lead, H 4 z
Internal Drain Inductance Lp 6 mm (0.25") from 4.5
package and center of nH
Internal Source Inductance Ls die contact - 7.5 -
Drain-Source Body Diode Characteristics
Continuous Source-Drain Diode Current Is MOSFET symbol : - = 33
showing the
integral reverse . A
Pulsed Diode Forward Current? Ism p - njunction diode i - - 10
Body Diode Voltage Vsp Ty=25°C,lg=33A, Vgg=0W - Z 2.0 v
Body Diode Reverse Recovery Time tr - 150 310 ns
Ty=25°C, Ir= 3.3 A, di/dt = 100 A/usb
Body Diode Reverse Recovery Charge Q - 0.60 1.4 pC
Forward Turn-On Time ton Intrinsic turn-on time is negligible (turn-on is dominated by Ls and Lp)

Notes

a. Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11).
b. Pulse width < 300 ps; duty cycle <2 %.

www.vishay.com Document Number: 91023
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