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Advisor Assoc.Prof.Sarai Lekchaum
ABSTRACT

This Special Project is study the activation starts stirling engine. By used to
Microcolltroller PIC 16F627A is device for design and make working control circuit of 2 motor.
Have importance 2 parts. The first part,with is input port have 3 ports is RB1 RB2 RB3.With is
RBI1 and RB2 duty to accept logic state Low and High of first motor back and forward,which is
RB3 accept logic state High from input circuit consisting termocupple type k is sensor
temperature start working at displacer with change voltage(mV). Carry on to Amplified,with is
gain 221 by LM358.Then adjust the voltage constant is logic state Low and High by IC7408. The
Second part,with is design program controls work input port and output port R4 R6é and R7,with
is RB6 and RB7 is port send signal control the first motor,which the second motor will control
port RB4 and RBS5 for activation gear wheel. Testing the activation stars stirling engine is testing
input circuit at displacer for finding logic state Low and High and testing program control the
activation gear wheel. At the result input circuit, at 282 ’C have a voltage value from
thermocupple and amplified is 11.5 mV and 2.4 V respectiveiy,with is change logic state from
Low is High and found that the program can be colltrolled with first motor driving second motor
for the activation gear wheel of stirling engine to work continuously,with is delay 30 seconds for

prevents error of the avtivation engine.

keywords : The Activation,PIC,PCB
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J IMAN/ADUTLUAULAY 210 94 760 -350 049 1400 | -8.096 014 42.922
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2.2 PIC

=

PIC 6931910191 Peripheral Interface Controller 151 14 Tnsnou Insaiaasinan lae
| ¥ ¥ [} E
U3t TuTAsEW(Microchip Technology, Inc.) ¥oignl¥aTausnludl a.e. 1977 Faluvasiv
S oa L a @ W T o o 4 A a
U3 lulasanda1dsen wuiwesea duangiuus (Generral Instument) PIC [Wo3usnAnan
A &2 7 u v -] Y] =
P8nUIAe PIC1650 #4iilasearianilasnssuliarenin pic luthyiunnin wuifaues
) & [ 1 a = 1 I~ i
M35 PIC Ain nsnenowsamemneia I luswduden luinsdumiielssnananan
' o 1 o 9 2 o o 9 1
e T sunsu nudeanusioya EEPROM,I'C,CCP.A/D va< Tag lusutludosde

d a = g A 1 = = saq o = '
Qﬂﬂ‘iﬂ“ﬁilﬁl’lﬂﬂ’lﬂﬂﬁ]ﬂ Han IuuInNAaLHY PCB NUUIA@Nad qﬂnsmwh%ﬂmmﬂw

9/ ' = @ v g Yy d’, [ a'
Ao lsua PIC iiesa@en Tae liudeeldswauauaemivay

[l
=

PIC TuTnsneuTnsames ilaarilnenssunuua1nsa (Havard Architecture) H3® i

= 1y P ) . A A o o
138NN lﬂJTﬂiﬂ@HT‘lﬂmm’ﬂil&ﬂﬂ RISC (Reduced Instruction Set Computer) 19 UN15N191UNY

o o o ' 9 < 1 o

uyamdados uaziid wzihaunuudien mldanuEilumsiouidazidaga
2 o o =} = < Yo o o a9 ™ o

VUM Ue PIC 9ziivwin 14 o Hunaliinnugadidaves pIC Hdeeiues Tutligiiu

< = g a L = s

pIC 1T luTasnou Insameiasnaiiluseaiounsznanils mnzilululasneuInsames

= a a ~0 YA 9 P @ P
Vlll‘ﬂi ﬁﬂ‘ﬁﬂ’]Wﬁ\? 31ﬂ1ﬂﬂ me ‘{'I1]1'141@@ﬂi‘b’ll’]ﬂil‘]ﬂ?fﬂ’lﬂﬂ.lﬁ]ﬁ@ﬂﬂ?Ef aﬂymﬂmaﬁm

NaN9 Y04 PIC LanInagili 2.4

WUIIAINT PIC
Tisunsw

l

' 1= d
wiwlizinananan | +=——| weinsunm-1viun

A :

¥ o d o o
Indes,auwmassna,
MUIWAUT CCP,A/D,
) S ¢ A
Joya Woiadem1IounNIN,
A
U

317 2.4 Taseadamans veq PIC
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o 1 o ] [
luTasneuInsaaes PIC wivesna uriiaveaniisaiuiildsunsu'ld 3 Yssian Ao
F D a { ' 1
1.OTP (One-Time Programmable) Hugwinsimgnga uaawnsadou Tasunsu ldua

:ﬁ a ' g’z £ a :%.J E ad o i '
aTuAsII Y Ferndszanilaz g luasaiiwannTdsunswaubinugaunwissuos
=) Y £y 1) o = = a .:f @ ' 1

Tsunsudnud uazdeamsldaudiauung mselisnign Fwilsznnilondiedie

PIC12C509, PIC12C672, PIC16C84, PIC16C74

4

VDD—{ ]| 8| [+ VSS
>GRO

| Je>GPl
| Je>GP2/TOCKI

[a]
|

GPS/0SCLCLKIN*>L

GP4//0SC2<»[
GP3MCLR/VPP—[ ]

('S

60S DTT DId
80S DZ1 DId
(=2

o
_n

717 2.5 979819 PIC LU OTP
= a LA =
2. EPROM (Erasable Programmable ROM) tHugwiiioeouTysunsuliudqog
v i
ansnau lddaeuas UV(Ulta Violet) Fwilszinnilagiinseunszanagduuy Suuuuiioz

A0NYT TW MALDY 15U PIC16C57/IW, PICI6CT2A/TW, PIC16CT4/TW

TOCKI—{| 1 = 2% [ J&—MCLR/pp
Voo—{]2 27 [J=—0SCI/CLKIN
nve  [Os 2 [ ]—=0SC2CLKOUT
Vss —»[ |4 25 [ Je—»RC7
N/C s 24 [J+—RC6
RAO=—+]s g; = [ J&==RCS
RAl<—]7 =2 n[Je=RC4
RA2«—=[|s 200 o [JeRC3
RAZ<—C]s 3 n[JesRC2
RBO ~—=[_| 10 19 [ J+—RCI
RB1 <—=_ |11 18 [ Je—RCO
RB2 = |12 17 [ J+—=RB7
RB3 <—>{ 13 16 [ —>RB6
RB4<—s{ |14 15 [ J«—=RBS5

317 2.6 429861 PIC LUU EPROM

3.EEPROM (Electronically Erasable Programmable ROM) wienigennuTagna 1l 7

A A

una (Flash) udwidied@eouldsunsuluudramisoan laate' i wazaisoauuda

E 1 1 ¥
Soulmildnareiunde i liswdszaniithifton1d numnigalu 3 Uszan Fwlszinnil
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gnNAIDH19 1% PICI6F877,  PICI2F510, PICI6F84, PICISF1220,  PIC18F4331,

PIC24HJ12GP201, PIC32MX340F128H

MCLR/VerTHV —(] | ~" 4w [F-=RBI/PGD
RAONAD <+C] 2 39[+=RB6PGC
RAL/ANI =] 3 38[J=>=RBS

RAZ/AN2/VRer +»L] 4 37[JRB4
RAVAN3/VREF -] 5 36 J+=RBIPGM
RA4TOKCI =+ 6 35[Je-eRp2
RAS/ANd/SS <+ 7 34[Je=Rn1
REORD/ANS <+[{8 o  33[T+*RBOINT

REVWR/ANG <+C]9 & 32[0+=Vop
REVES/ANT =»C] 10 £ 310++Vss

vop —=C 11 & 300«wpn7/PSP7

vss —{]12 G 290«-+pD6PSPe

0SCICLKIN —[] 13 & 28[J++=PDS/PSPS

oscucLkouT =+ 14 27[J=-+PD4/PSP4

RCO/TIOSO/TICKI =+ 15 26 J+=RCIRX/DT

RCUTIOSICCP2 =] 4 25 J+*RCOTX/CK

ncvcerl =17 24[J++=RC5/8DO
RCHSCK/SCL=<=]18 23[J+*RC4/SDISDA

roO/pspo <> 19 22[++RD4/PSP3

RDI/PSPI =] 20 21[J++RDI/PSP2

s

517 2.7 #0879 PIC 1111 EEPROM

221 AMANYAZURY PIC MaU03

]
ey a

@ - ¢ v ¢ ¥
LUBTUDY PIC HUINUIEUALUDT LANITILUAIUVDIUDI PIC ﬁ"l‘JJ'I'iﬂ‘]Jﬂﬂvl.ﬂ

s

E
Na19981UABTIAYY BNAIDE1UTY PIC L'U'B§ 18F452-1/P AU

5 o e s 5 e o i e 1 ot I e A i A

D PIC18F452-1/P

{7 5 5 7 5 S ) e O

Jin 28 #0115 U4 PIC

=

E L
=18 AUV DINWULTAUAD Family number V83 PIC “]:Nﬁ]u AaLaLaY 10,12,14,16,17,
18,24 uag 32 yenIUdTidaY 30 naz 33 d1my dsPIC(digital signal PIC) 8
#u Faduaumartvzadioiuduaviauenitauinsved PIC Tay PIC ATl Family

=1 4 = 7
number 10,12, 14,16, 18 Lﬂuquiﬂiﬂauiﬂiﬁlﬂﬂiﬂu‘]ﬂ 8 U# Family number 24 |
I~ 4 = . I~
30,33 WululnsaeuInsa@es vu1n 16 1@ 1AY Family number 32 11u
luTasneuInsamesvuia 32 da

v o o dy = [ [} o = =
-F A19n-IAIUNNIGIN 'ﬁﬂ‘]:-l'illz‘llﬂﬂ“r’iu’.]ﬂﬂﬂ'lﬂi]’liﬂ‘il.lﬂ‘i1J'J'IiJf1ﬂ‘1'JiL!$LL‘U‘Uﬁlﬂ 3

mmmuﬁﬂﬂﬁ’ﬁqmsmﬁ 2.2
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A15199 2.2 ANUHUIBYDIAIONYTUONANHAULVBIHUIWANUT T sunsy

110NYT anyaznigaNui 1 sunsy
C EPROM
CR ROM
CE One-time programmable EPROM L5z EEPROM
F Flash
HV High Voltage (15)
LF Low Voltage Flash
LC Low Voltage One-time programmable
LCR Low Voltage ROM

3
@ oo (3 o

a | Y ¥ d
-452 fuauiiogiannAlonysiae Ainvuenissinnues PIC lweitu

= c;t:i a 1 d‘i = Y dy P~ a o =

XX NIUNYAUDUADIINATDINUGUA( - ) AUAVUITUDADIATUDT YY1V UIWN
= o ¥ 0 Y
g9afl PIC lwosiuag i 1a

£
o o = =S = c%

1 ! 4 o : o
-1 ﬁ?ﬂﬂﬁiuﬂgﬂﬂﬂﬂQWQquﬂﬂ"ﬂﬁ PIC LUDTUHUY ﬂ']ll'liﬂ‘ﬂ’N’]uulﬁf “‘g'\'lllﬁﬂ\flﬂq

A1319% 2.3

=

4 @ W ] " o Vv
ﬂ'Ii'N“?I 2.3 ﬂ’J'l;‘rJ‘H3J1EJ‘U'EJW]'ZI’BﬂBiUﬂﬂ‘D"NQmﬂﬂ"1Jﬁ PIC mmmmdm”lﬂ

190NHT F29gaimgiifi PIC aunsarinuld
C Commercial 0°C 919 +85 °C
I Industrial - 40°C 014 +85 °C
E Extended - 40°C §14 +125 °C

/P 1 HudI8nEIUeNENY AT (Package) U84 PIC T udrdauunla Hauanada
g

o
PITNNN 2.4
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A1519% 2.4 AUHNIYUDIAIONYTUONANHULAING

1I0NYT ANHUZAIN
JW Ceramic window (EEPROM only)
P Plastic DIP
SN, OA, SM, SL,
SOIC-plastic small outline (surface mount)
0D, SO, SI
PQ QFP-Plastic quad flatpack surface mount
SS SSOP- Plastic shrink small outline surface mount
ML Chip scale package
ST TSSOP-Plastic thin shrink small outline surface mount
PT TQFP-Plastic thin quad flatpack

2.2.2 mMa@en¥au PIC

= ~Al Y o v Y A o ) -
Frazegnved PIC ﬂ]lﬂﬂ']ﬂﬂ‘]ﬁﬂlaﬂﬂﬁiﬂ']ﬂﬁ'l‘lff]ﬂp\null'ulju.llﬂﬁ'luﬂuﬁrlu"]'ﬁ

¥ 9
o Y] (Y] ]

daduludon PIC e ldaumniu Matwesutludosdinu laseadedrulszneumelu PIiC
1 r'd =1 [ I's 3’; 9 d‘l @ a
UAazIuesINglon1s 19911 (Data Sheet) 484 PIC 1wosuuadIy 1elszneumsaadula
a & 9/ =1 ar e 1 n%’
nanmsiaenldau PIC Inannisaane 1a)il
v Yy 4 a ¢ ¥ P P
- #09M 3 l¥noIABUNA-IRNANINUANNDTA
3/ ! o ] o 9 = 1
- doamsnitennus lUsunsutazmizeanusideyauuy Tnu Jvuemils
3 o o 1
- doamsnnuiE lumshaugaa nu
dd a A v ow
- doamslaianyumareoz 15989 PIC 1 Iaadauny Tuu
v 3 [ . A 1
- #9901 1% PIC Y1911y Low-voltage Operatlonﬂiﬂ‘lll
FusrewrsontalulasaeuInsataes pic Anenldiunaly Seedrduain
1 '
anuesam lddnnuamnsogaldaal
2221 PIC16C5X

£ ]
piC aszpaiitfuiluiwiosnulugausngueslyTasindavihliiua

' ° - S a g o ' I '
ﬁu’JUﬂTﬁJﬂ’lIﬂﬁuﬂiMllU‘U OTP 18y EPROM WI'ILI'Hﬁ?uﬁﬂﬂ‘ﬁquﬁHﬂﬂLWUﬂuﬂ ll“v"IlILiJ'fJi
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£l
Y = 1

wazaendaon lnidwes lifinesndemseynsuiaz AD lutlagiufdiaed Pic aszqaiieg

L 1 <3| v
119 U PIC16C505, PIC16C58 wuau
2.2.2.2 PICI6CXXX

PIC ﬂi"ﬂﬂuLﬂufJﬂﬂﬂ"’lﬂﬂ PICI6C5X N v\i NUIUAUTULY OTP

& dA o~

' L A E1 P ¢ & ¢ ¢
taz EPROM uatansumeylmaonldan ldmnvudanfe T lniiues, rondaen Iniwes,

1 £ ]
WosAADAITOUNTY,USART,I’C,SPLCCP UonvINinu1uuesdall A/D ndas Fadwisash

o

o 1 W [ g 1o a T W @ 1
TWaanonuadnsaimeuonlddedu TusuiludeudeouTlsunsufndonues Tagdied1a

a

i

494 PIC Tupsznadl Ay PIC16C621,PIC16CT2,PICI6CT1T ludu

2223 PICI2CXXX

-:%’ < oA =& ] Yo
PIC mzqamﬂu PIC NUIWEI 8 V1 “HQ%&GEJﬂLLUUlJ'ILWEﬂ‘Hﬂ‘U\‘HH

2 Y

o A\ Ed 4 4 o 4 o 4 =) o
ang u l'ﬂllLllﬂ?!lﬁg']'ﬂrﬂ‘]fﬁf}ﬂulﬂillllﬂi,A/D HONDINUULUAIYUIY 4 MHz D0 HALDLIADT

= ar

(0SC) ANHATY 'Iil!u'lWﬂ'lElEJﬂ"lEﬂu"h’W Has ‘lJ'NL‘U’E) 1 EEPROM 'Elgﬂ'lﬂclu‘h'Wﬂ'JU I

u

4

] o & = 1 a Y 1 1
Wu’JEfﬂTl?ﬁl'lﬂUQﬂQlﬂHH'UU OTP 1ing EPROM ﬂglﬁﬁﬂlﬁﬂﬂ PIC alungaﬁnﬂﬂmammru

PIC12C509, PIC12C672 13ud
2224 PICITCXXX

¥
PIC msgauaaﬂmw%’em Y PIC16CXXX 1@ PICI7CXXX 22U

]
=

yaniieneiilngnil uazannsaaemitsanusinsueninld iilndwes renda
@ p s A 2 Y o Yo &
on Iniwes, woindoa150YyNTW,USART,I'C,SPLCCP uonvnuudiamisaldmaanisgu
HAZMIMIT 1ADNAIY f10819ues PIC lunsynauilian PIC17C43, PIC17C44, PIC17C756
il
2.2.2.5 PIC16FXXX, PICI2FXXX

PIC mmﬂamﬂu PIC gnusna N1 11510nN51DY Flash

(EEPROM) 1hl¥msaranieslusunsudnannsarldie suilufitonsuegiauin
Taomnizlunszna PICIGFSXXX &4 A/D vuin 10 a, lnifiwes rendaen Indiwes,

wosnAom 159N, USART,I'C,SPLCCP 1az EEPROM noludiw d1st19ue4 PIC luaszqa

!J
=¥~

AT PIC16F628, PIC16F685 Hudu “riﬂdi]’]ﬂ‘ﬂ PIC16FXXX 99011 1A 111U PIC12FXXX

&2 d 14 1 o <
ui)1 PIC UU 8 ﬂJ'II.lﬂﬂJﬂu'JUﬂTI?ﬁ]’]I‘]JﬁtlﬂﬁllLL‘]J'U Flash Noana1uu
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2.2.2.6 PIC18FXXX

9

i
PIC  A320adinUI8ANIIMYY Flash (¥ UIALINVATENA

U

11.

PIC16FXXX Llﬁﬂzllﬁ?ﬂﬁ"}ﬂﬂ]ﬂﬂ PICI6FXXX mNw"lmméﬁwuaﬂmmmmaummuw

Snwazurseaniunthe (Page) el azaanluns@ouTisunsy 1 PICISFXXX Yy

5 A/D vua 10 D9, Tmiwes, 2endaon lmiues, wosnoynsyu USART, I'C, SPL, CCP, CAN

e

uaz EEPROM meTudwn ennsasenmizsanusinsusniig'ld dred19ues Pic Tunszgail

15U PIC18F1220, PIC18F252, PIC18F2550, PIC18F4220, PIC18F4431, PIC18F452 Wudu

2.2.2.7 PIC24FXXX

]

PIC @3¢ ﬂauulu PIC f1UWU8YIzuIaNaNavUIA 16 U0 FIU0S

¥
LY

" o a w Y an

noue) il 8 I uon1INUY dsPIC §alasaumsyszuanadynmuadaoa (DSP) 1 131y
3 £

a 3 ' o " du A

Fwaae i1 1¥ PIC guuvuilgniiendt Digital Signal Controller PIC asgnailiiWanduiisy

vinueliiaenld iy A/D, Imiwes, USART, CCP, I'C, SPI, CAN, RTCC,

o o

EEPROM, uanmnuumammmﬂn@a dmsuAanerunesa USB (OTG) meludnaae il
EY
A15M19714UY Low-Voltage Operation 194 2.0-3.6 V #79819U84 PIC 111@‘5:@?114“]11‘!

PIC24FJ48GA002, dsPIC30F4011, dsPIC33FJ64MC710 Audu

2.2.2.8 PIC 32MX3XX, PIC32MX4XX

Fd 1
pic  asznaihiflunszpafifidsz@niaingagaludagiiu Hmiae

W U

Uszuaawanatavuia 32 Oa anuFilunsiiaugauiniasedy 80 MHz  Haue
WH2EAINTIgIgafl 256K wileauTIeyagega 32K Hszuuniienusns (cached
processor) 4 lugadmivAadorunea USB 15919111V Low-Voltage Operation 1414

-3.6 V uagWanduiiandue asudiu mngdmiuausualvg Adeenisanuaiuse
4 [ 1 .::JI ]
vodluTasaeuTnsameige Aled19uea PIC  TuaszQatisy PIC32MX340F128H,
PIC32MX460F256L (Hudu
a & JE g & ¢ A qw Y,

nnfinanunanuail Wuuuimalunisidenues PIC s ldauldnsenianiy

Ly L - T | 1 & ~ Y L) 1 & 3/ o
A94M13 NANTIAYBNDE1IAD 1UNA Foamsriniuzdludaimuadi asidenld pic iwedla

£
Lwaal.mmmfrnﬂmmuuumwaﬂ BNA208149 PIC msvﬂaHuwumﬂﬂu‘lﬂswmwmw fo

¥ ¥
PICISFXX2 ¥4 PIC aszqaiiazifiu PIC damdniildmuauglnsalaeg TuTassaniinyil
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2.2.3 PIC18FXX2

v 2 7
PIC lumszqa PICISFXX2 1sznevlials PIC Manua 4 ue3fe PIC18F242,
& d o J a =
PIC18F252,PIC18F442 g PIC18F452 anniwesiiuluInsaouTnsameivina 8 a uazil

v @ =1 1 @ {
Tﬂi\‘lﬁ%"l\iﬂ'lﬂiuuﬂﬂﬂ']ﬂﬂu[)ﬁﬂﬂtﬁﬂﬁﬂﬂ Llﬁﬂﬂi’]ﬂﬁﬁlaﬂﬂ‘ﬂﬂﬁLlﬂﬂmﬂﬂgqﬁ}ﬂﬂﬁﬁﬂﬁ 2.5

A15199 2.5 PIC WeiA19 Tuaszna PICISFXX2

duilsznou PIC18F242 PIC18F252 PICI8F442 | PICI8F452
NUIWAWN
16K 32K 16K 32K
T151n5% (Bytes)
wienuTIvoYa
768 1536 768 1536
(Bytes)
EEPROM (Bytes) 256 256 256 256
DUNA - 191NN
s, 5B, A,B,C A,B,C,D A,B,C,D
Wo3n
Inyied 4 4 4 4
a do o
DUINDTTNA 17 17 18 18
Capture / compare /
2 2 2 2
PWM
woindoa1svoya MSSP,
MSSP, USART | MSSP, USART | MSSP, USART
oYATY USART
A/D converter (10 . . . .
R 5 %99 5 %94 8 %04 8 %04
ua)

2.2.4 aanlnenssuveq PIC18FXX2

PICISF242 uaz PICIgF252 1iu'lulnsaoulnsamasvuia 28 41 dau

[l ¥
PIC18F442 wag PICI8F452 1HuluTasaouInsamesuuin 40 1 &34 weosuanyme
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Tasea¥renielumilousu udvzuana1efuas il PIC18F442 tay PICISF452 T1uIUNDIA

J o £

T [ ' Y ¥ &
DUNA - DINWA UAZITUIUTDIAYY I A/D UINNIUNTUULD uﬂﬂmﬂuuuf’f’;maiﬁmmﬂ

b
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#define moterl_1 PORTB.F7

#define moterl r PORTB.F6

#define moter2 1 PORTB.F5

#define moter2_r PORTB.F4

#define sw_01 PORTB.F3

#define m_swl PORTB.F1

#define m_sw2 PORTB.F2

int X,y;

void moter(void);

void main ()

TRISB = 0XO0F ;

while(1)



if(sw_01==0)

Moterl |=0;

Moterl r=0;

Moter2 1= 0;

Moter2 r=0;

else

while(x)

Moterl | =0;

Moterl r=1;

iflm_sw1==0)
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Moterl 1= 0;

Moterl r=0;

Moter2 1=0;

Moter2 r=1;

delay ms(3000);

moterl 1=1;

moterl_r=0;

while(y)

if(m_sw2==0)

Moterl 1=0;

Moterl r=0;

Moter2 1=0;

Moter2 r=0;

if(sw_01==0)
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ANTNNANTNATDY
M1 4.1 AusasugungiuazanIzanin
390U . -
UIIAHUDINIIDITVELNB(V) QUHYIAIN .
(thermocouple) auzanan
. thermocouple

(mV) MUIM (V) | wanaaed
2 0.442 0.4 49.473 LOW
-+ 0.884 0.8 97.643 LOW
6 1.326 1.2 146.565 LOW
8 1.768 1.6 196.521 LOW
10 221 2 246.221 LOW

10.5 2321 2.2 258.504 LOW
11 2431 23 270.772 LOW

11.5 2.541 24 282.878 HI
12 2.52 2.5 294.98 HI
13 2.873 2.7 319.048 HI
14 3.094 2.9 342.985 HI
15 3.315 3.1 366.83 HI
16 3.536 33 390.592 HI
17 3.787 34 412.264 HI
18 3.978 3.6 437.847 HI

gasilFlumsfuamam R, Al4lunes, s, = 300°C

n
720 en i L — (6)
i=0

E =(-1.760 041 368 6 x 10' x300°)+(3.892 120 497 5 x 10" x300'}Wb* —4ac
+(1.855 877 003 2 x 1072 x300%) +(-9.945 759 287 4 x 107 x300°)
+(3.184 094 571 9 x 107 x300*) +(-5.607 284 488 9 x 107'° x300°)
+(5.607 505 905 9 x 107" x300°)+(-3.202 072 000 3 x 107 x3007)
+(9.715 114 715 2 x 102 x300%) +(-1.210 472 127 5 x 1072 x300°)

F{L.185 976 x 10 we LB RSBS00

E =12206.5776 uV
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unumaslugumsiora R, E=V,

2.5

= 50?—+sz 12206.5776 1V

R, =10.190kQ)

R, ~11kQ

gashldlumsmuanmusuaneesuey

unuma luauns(nalag1 MmN, R, =500

Vv, = 50Qx11kQ < Iml
50Q2
=0442V

gATMIUIUIQUUYN, E=12mV

tw=Cy,+CE+C,E*+.CE e (8)

unuaad ey (Ena18e19MTAININ)

t,, =0.000+(2.508 355 x 10 x12000) +(7.860 106 x 10™* x12000?)
+(-2.503 131 x 10™° x12000°) + (8.315 270 x 107 x12000*)
+(-1.228 034 x 1077 x12000°) +(9.804 036 x 10 x12000°)
+(-4.413 030 x 102 x120007) +(1.057 734 x 107° x12000%)
+(-1.052 755 x 107 x12000°)

1. =294.98°C
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1UIAU g - . ) . ,
ANUITOUNNGU 1 LAY ANUIDUIINNGY 2 LAY
(thermocouple)
ﬂ%ﬁﬁ 1 ﬂ%\ﬂ‘ﬁ 2 L']ﬁ'llﬂéﬂ ﬂ%\iﬁ 1 ﬂ%\iﬁ 2 L’Jﬁ'lm‘f::lﬂ
(mV)
(S) (S) (S) (S) (S) (S)

2 4.24 4,28 4.260 3.21 4.97 4.09
4 8.98 9.24 9.110 6.66 10.59 8.625
6 13.85 14.37 14.110 10.22 15.36 12.79
8 19.18 20.15 19.665 13.59 20.29 16.94
10 25.30 26.84 26.070 17.2 24.92 21.06
10.5 26.97 29.43 28.200 18.12 26.2 22.16
11 29.07 31.40 30.235 19.06 27.51 23.285
11.5 30.96 33.56 32.260 20.33 28.53 24.43
12 33.34 35.76 34.550 21,35 29.96 25.655
13 38.75 41.00 39.875 23.74 32.89 28.315
14 46.09 47.96 47.025 26.35 36.75 31.55
15 55.83 58.26 57.045 28.73 40.65 34.69
16 69.77 78.35 74.060 32.09 45.59 38.84
17 88.96 102.49 95.725 35.97 51.05 43.51
18 123.10 156.64 139.870 40.09 57.42 48.755

o P 4 =1 i o
iiteyai Iduidsunsiugaswaieudana ldifiulugdndanuuazause
W suisua1veananisnaaselaed1eadanu Iasnsidiaziugaudunsvuans
a ) = ow o I | A a as U
ANuFuRusvesguuglnuusIduveumes ludlia naznsviaasnuduRNUT sy

@ = o | & é =] 5
nanEzusRuImeI lwalta Faezuendlunsivnaivnautaziiaiviag
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L3IAY 5 . , ) . ,
AMNTOUINILY 1 AN AMUTOUINWEY 2 LA
(thermocouple)
El v EJ ] ] ) ' 3 1 [l
asafi 1 | Asefi2 | waunde | ASefi1 | afe2 | nawnde
(mV)
(S) (S) () () (8) ()
18 3.88 2.58 3.23 2.94 2.92 2.93
17 7.27 5.67 6.47 6.19 7.63 6.91
16 1039 | 9.08 9.735 10.01 12.48 11.245
15 1412 | 12.60 13.36 1438 | 1847 16.425
14 1849 | 17.19 17.84 1927 | 2490 | 22.085
13 954 | 2247 | 22938 | 2513 | 3219 28.66
12 28.86 | 28.56 28.71 3201 | 4102 | 36515
15 3252 | 3197 | 32245 | 3603 | 4531 40.67
11 364 | 35.69 36.045 | 4057 | 50.68 | 45625
10.5 39.81 | 39.55 39.68 4547 | 56.21 50.84
10 4493 | 43.92 | 44425 | 5021 | 6178 | 55995
8 69.51 68.08 68.795 76.22 91.19 83.705
6 107.69 | 104.88 | 106285 | 115.24 | 133.16 124.2
4 169.14 163.97 166.555 186.92 200.97 193.945
2 263.33 | 270.24 266.785 304.81 308.10 306.455
andanudnius szuhsgamginuuswume sludilida
20
®
8 45 —
S
E /
i, 10
=
{; ; /
g /
= 0
s
- 0 100 200 300 400 500
- gl (C)

o

7171 4.3 nslanudniusszrigurgituussdume s ludila
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FAIRCHILD
SEMICONDUCTOR M

DM7404

August 1986
Revised February 2000

Hex Inverting Gates

General Description

This device contains six independent gates each of which

performs the logic INVERT function.

Ordering Code:

Order Number | Package Number

Package Description

DM7404M M14A

14-Lead Small Oulline Inlegraled Circuit (30IC), JCDCC M3G-012, 0.150 Narrow

DM7404N N14A

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices also available in Tape and Reel. Specify by appending the suffix letter “X" to the ordering code.

Connection Diagram

Function Table

Vi Al Y6 Ab ¥ Aa ya Y=A
1" |n I:z |n |m |u 8 Inputs Output
A Y
L H
H L
H = HIGH Logic Level
L =LOW Logic Level
|l 'J | i a ls 6 7
Al Y1 az ¥2 A3 Y3 GND

© 2000 Fairchild Semiconductor Corporation

DS006494 www.fairchildsemi.com

sejen BuipaAu| XaH $0¥LING



DM7404

Absolute Maximum Ratingsote 1)

Supply Voltage v
Input Voltage 5.5V
Operating Free Air Temperature Range 0°C to +70°C
Storage Temperature Range -65°C to +150°C

Recommended Operating Conditions

Note 1: The "Absolute Maximum Ratings” are those values beyond which
the safety of the device cannot be guaranteed. The device should not be
operated at these limils. The parametric values defined in the Electrical
Characteristics tables are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions" table will define the conditions
for actual device operation.

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 5.25 \"
ViH HIGH Level Input Voltage 2 v
\n LOW Level Input Voltage 0.8 \
lon HIGH Level Output Current -0.4 mA
lou LOW Level Output Current 16 mA
Ta [ree Air Operating Temperature 0 70 °C

Electrical Characteristics

over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (N:::ﬂ Max Units
V| Input Clamp Voltage Veg =Min, [j=-12mA -1.5 A
Vor HIGH Level Vog = Min, lop = Max = &l "

Qutput Voltage V) = Max
VoL LOW Level Vec = Min, Io = Max " - "
Qutput Voltage Vi = Min
I Input Current @ Max Input Voltage Vg = Max, V= 5.5V 1 mA
™ HIGH Level Input Current Ve = Max, V| = 2.4V 40 HA
I LOW Level Input Current Voo = Max, V=04V -1.6 mA
los Short Circuit Qutput Current Vge = Max (Note 3) -18 -56 mA
lecH Supply Current with Outputs HIGH Veg = Max 12 mA
leoL Supply Current with Outputs LOW Ve = Max 18 33 mA
Note 2: All typicals are at Ve = 5V, Ta = 25°C.
Note 3: Not more than one output should be shorted at a time.
Switching Characteristics
atVge =5V and Ty =25°C

Symbol Parameter Conditions Min Max Units

tpLH Propagation Delay Time C_=15pF 22 ne
LOW-to-HIGH Level Output R = 4000

tPHL Propagation Delay Time iE ns
HIGH-to-LOW Level Output

www.fairchildsemi.com




Physical Dimensions inches (millimeters) unless otherwise noted

) 0335 -0.384

| (8.509 -8 738)

14 13 12 " 10 9 B
0.228-0.244
(579 -51%8) | -

r'k_.f’

i T I
12 3 4

e T}

o T}

=<0
o
e

0.150 -0.157
™ fma0—a.89)
0053 -0.069
0.010-0020 ., ol = 0068
f0.254—0.508) <" (1.346-1753)
’ ' 87 MAX TYP
ALL LEADS i
j_nf L SEATING Y g =]
? "‘-T PLANE A
0.008-0.010 L1 -
{0.203-0.258) 0.016 —0.050 0356 o —
TYP ALL LEADS 0.004 {0406 —1.270) T¥p | 0.008
0102) TYP ALL LEADS 0203 TYe

ALL LEAD TIPS

14-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narrow

Package Number M14A

=l
r
e
b4

0.004 —0.010
(0.102 -0 254)

y

0014 -0.020 [yp
{0356 - 0.508)

M4 dFIEY )

www.fairchildsemi.com
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DM7404 Hex Inverting Gates

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

| 0.740 0.770 <
|“ (18.80 - 19.56)
0.090
"FL " (2.286)
[ia] [13] [w2] [a1] [10] [s] -
a 0.250£0.010
o 6,350 10 254)
PINND. 1]
IDENT
0082 0.030 MAX
2.337) {0.762) DEPTH
OPTION 1 OPTION 02
0.135:0.005 0.300 —0.320
342050127 . Ta
0.145-0.200 I l 0060 v Pl AT R e 0.065
et S —_— |-— -4 o
{3.663—5.080) ‘ ‘ {1.524) 2\ 1 Pl {1.651)
\ v
A A T
7‘;_
A A g _ 0.008-0.016
0.020 Y . |s0° +a° TYP 2 TR T
0.508)
N M | |l o 007520015
i N
0.014--0.023 ) ==er
@ass—ose Tl | fapEN0EDAN0 M
{2500 0.250) [
5 0.05020.010 +0.040
(1.270 - 0.254) 707-3?5 —";,“!i
FEN
(“55 ‘0.331) N

14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N14A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and

Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com

www.fairchildsemi.com
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FAIRCHILD

SEMICONDUCTOR m

DM7408
Quad 2-Input AND Gates

General Description

This device contains four Independent gates each of which
performs the logic AND function.

Features

= Alternate Military/Aerospace device (5408) is available.
Conlact a Fairchild Semiconductor Sales
Office/Distributor for specifications.

March 1998

Connection Diagram

Dual-In-Line Package
Voo B4 Ad Y4 B3 A3 Y3

14 13 12 11 |1il |9 8

1 2 ‘a 4 5 3 l:
A 81 2l A2 82 ¥2 GND
DS006408 1

Order Number 5408DMQB, 5408FMQB, DM5408J, DM5408W or DM7408N
See Package Number J14A, N14A or W14B

Function Table

Y =AB
Inputs Output
A B Y
L L L
L H L.
H L L
H H H

H = High Logic Level
L = Low Logic Level

© 1998 Fairchild Semiconductor Corporation DS006498

www.fairchildsemi.com
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Absolute Maximum Ratings (note 1) DM54 and 54 _55°C 10 +125°C

Supply Voliage . DM74 0°C 1o +70°C
S -65'C 150°C

lhiput Voltse 55V torage Temperature Range 65°C to +

Operating Free Alr Temperature Range

Recommended Operating Conditions

Symbol Parameter DM5408 DM7408 Units

Min Nom Max Min Nom Max

Ve Supply Voltage 45 5 55 475 5 525 v
Vi High Level Input Voltage 2 2 \"
Vi Low Level Input Voltage 0.8 0.8 v
lon High Level Output Current -0.8 -0.8 mA
loL Low Level Output Current 16 16 mA
Ta Free Air Operating Temperature -55 125 0 70 ‘C

Note 1: The "Absolute Maximum Ralings” are those values beyond which the safety of the device cannot be guaranteed. The device should not ba opearated at these
limits. The parametric values defined in the "Electrical Charactenistics” table are not guaranteed at the absolute maximum ratings. The "Recommended Operaling
Condilions” table will define the conditions for actual device operation.

Electrical Characteristics

over recommended operaling free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min Typ Max Units
(Note 2)

V| Input Clamp Voltage Vee = Min, || = =12 mA -1.5 v

Ve High Level Output Vee = Min, gy = Max 2.4 3.4 v
Voltage V)L = Max

VoL Low Level Output Vee = Min, I = Max 0.2 0.4 \
Voltage Vig = Min

I Input Current @ Max Vee = Max, V| = 5.5V 1 mA
Input Voltage

I High Level Input Current Vee = Max, V, = 2.4V 40 YA

[ Low Level Input Current Vee = Max, V| = 0.4V -1.6 mA

losg Short Circuit Vee = Max DM54 -20 -55 mA
Output Current (Note 3) DM74 -18 -55

lech Supply Current with Vee = Max 11 21 mA
Outputs High

leoL Supply Current with Vee = Max 20 33 mA
Outputs Low

Switching Characteristics
at Voo = 5V and T, = 25°C (See Section 1 for Test Waveforms and Output Load)

Symbol Parameter Conditions Min Max Units
teLH Propagation Delay Time C,.=15pF 27 ns
Low to High Level Output R, = 400Q
teHL Propagation Delay Time 19 ns
High to Low Level Output

Note 2: All typicals are at Ve = 5V, Tp = 25°C
Note 3: Not more than one output should be shorted at a time.
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PhySical Dimensions inches (millimeters) unless otherwise noted
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DM7408 Quad 2-Input AND Gates

Physical Dimensions inches (milimeters) unless otherwise noted (Continued)
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LM258, LM358, LM358A,
LM2904, LM2904A,
LM2904V, NCV2904,
NCV2904V

Single Supply Dual
Operational Amplifiers

Utilizing the circuit designs perfected for Quad Operational
Amplifiers, these dual operational amplifiers feature low power drain,
a common mode input voltage range extending to ground/Vgg, and
single supply or split supply operation. The LM358 series is
cquivalent to onc-half of an LM324.

These amplifiers have several distinct advantages over standard
operational amplifier types in single supply applications. They can
operate at supply voltages as low as 3.0 V or as high as 32 V, with
quiescent currents about one—fifth of those associated with the
MC1741 (on a per amplifier basis). The common mode input range
includes the negative supply, thereby eliminating the necessity for
external biasing components in many applications. The output voltage
range also includes the negative power supply voltage.

Features

Short Circuit Protected Outputs

True Differential Input Stage

Single Supply Operation: 3.0 Vto 32V

Low Input Bias Currents

Internally Compensated

Common Mode Range Extends to Negative Supply

Single and Split Supply Operation

ESD Clamps on the Inputs Increase Ruggedness of the Device

without Affecting Operation

e NCV Prefix for Automotive and Other Applications Requiring Site
and Control Changes

® These Devices are Pb—Free, Halogen Free/BFR Free and are RoHS
Compliant

@© Semiconductor Components Industries, LLC, 2011 1
November, 2011 - Rev. 26

ON Semiconductor®
http://onsemi.com
PDIP-8
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soic-8
s% D, VD SUFFIX
CASE 751

Micro8™
8 DMR2 SUFFIX
CASE 846A

PIN CONNECTIONS

Output A[T]

Inputs A {

(Top View)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 10 of this data sheet.

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 11 of this data sheet,

Publication Order Number:
LM358/D



LM258, LM358, LM358A, LM2904, LM2904A, LM2904V, NCV2904, NCV2904V
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Figure 2. Representative Schematic Diagram
(One-Half of Circuit Shown)
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LM258, LM358, LM358A, LM2904, LM2904A, LM2904V, NCV2904, NCV2904V

MAXIMUM RATINGS (T4 = +25°C, unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltages Vdc
Single Supply Vee 32
Split Supplies Vee: Vee +16
Input Differential Voltage Range (Note 1) Vipr 132 Vdc
Input Common Mode Voltage Range (Note 2) Vicr -0.3to0 32 Vde
QOutput Short Circuit Duration tsc Continuous
Junction Temperature Ty 150 °G
Thermal Resistance, Junction-to—-Air (Note 3) Case 846A RaJja 238 °C/W
Case 751 212
Case 626 161
Storage Temperature Range Tstg -65to +150 °C
ESD Protection at any Pin Vesd \
Human Body Model 2000
Machine Model 200
Operating Ambient Temperature Range Ta °C
LM258 -25to +85
LM358, LM358A 0to +70
LM2904/LM2904A -40to +105
LM2904V, NCV2904 (Note 4) -40to +125
NCV2904V (Note 4) -40 to +150

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect

device reliability.
. Split Power Supplies.

—_

2, For supply voltages less than 32 V the absolute maximum input voltage is equal to the supply voltage.
3. All Rgya measurements made on evaluation board with 1 oz. copper traces of minimum pad size. All device outputs were active.
4

. NCV2904 and NCV2904V are qualified for automotive use.

http://onsemi.com
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LM258, LM358, LM358A, LM2904, LM2904A, LM2904V, NCV2904, NCV2904V

ELECTRICAL CHARACTERISTICS (Vg =5.0V, Vg = GND, Ty = 25°C, unless otherwise noted.)

LM258 LM358 LM358A
Characteristic Symbol | Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max | Unit
Input Offset Voltage Vio mV
Vg =50Vto30V,Vig=0VtoVge-1.7V,
Vo =14V, Rg=0Q
Ta =25°C - 2.0 5.0 - 2.0 7.0 - 2.0 3.0
Ta = Thigh (Note 5) - = 7.0 - - 9.0 - - 5.0
Ta = Tiow (Note 5) = = |70 | = = e = - | 50
Average Temperature Coefficient of Input Offset | AV|g/AT | = 7.0 - - 7.0 - - 7.0 - uv/ec
Voltage
Ta= Thih to Tiow (Note 5)
Input Offset Current o - 3.0 30 = 5.0 50 - 5.0 30 nA
TA = Thigh to T[o“, (Note 5) = - 100 = = 150 - = 75
Input Bias Current (™ - | -45 |-150| - | -45 |-250 | - | -45 [-100
Ta= Thigh to Tiow (Note 5) - -50 | -300 - -50 | -500 - -50 | -200
Average Temperature Coefficient of Input Offset | Aljo/AT - 10 - - 10 - - 10 - pA/°C
Current
Ta= Thigh to Tjow (Note 5)
Input Common Mode Voltage Range (Note 6), Vicr 0 - 28.3 0 - 28.3 0 - 28.5 Vv
Vec =30V
Vo =30V, Ta= Thigh to Tiow 0 - 28 0 - 28 0 - 28
Differential Input Voltage Range Vior - - Vee - - Vee - - Ve A
Large Signal Open Loop Voltage Gain AvoL V/mV
RL = 2.0kQ, Vg = 15V, For Large Vg Swing, 50 100 - 25 100 - 25 100 -
Ta = Thigh to Tiow (Note 5) 25 - - 15 - - 15 - -
Channel Separation CSs - -120 - - -120 - - -120 | - dB
1.0 kHz < f <20 kHz, Input Referenced
Common Mode Rejection CMR 70 85 - 65 70 - 65 70 - dB
Rg < 10 kQ
Power Supply Rejection PSR 65 100 - 65 100 - 65 100 - dB
Output Voltage-High Limit VoH Y
Ta= Thigh to Tigw (Note 5)
Vo =5.0V, RL=20kQ, T =25°C 33 | 35 - 33 | 35 - 33 | 35 -
Voe =30V, R =2.0 kQ 26 - - 26 - - 26 - -
Vgg =30V, R =10 kQ 27 28 - 27 28 - 27 28 -
QOutput Voltage-Low Limit VoL - 5.0 20 - 5.0 20 - 5.0 20 mV
Ve =5.0V, R, = 10 kQ,
Ta= Th\'gh to Tiow (Note 5)
QOutput Source Current lo+ mA
Vp=+1.0V,Vgc =15V 20 40 - 20 40 - 20 40 -
Ta= Thigh to Tiow (LM358A Only) 10 - =
Qutput Sink Current lo-
Vip=-1.0V,Vgc =15V 10 20 - 10 20 - 10 20 - mA
Ta = Thigh to Tiow (LM358A Only) 5.0 - - mA
Vip=-1.0V, Vo =200 mV 12 50 - 12 50 - 12 50 - RA
Output Short Circuit to Ground (Note 7) Isc - 40 60 - 40 60 - 40 60 mA
Power Supply Current (Total Device) lcc mA
Ta = Thigh to Tiow (Note 5)
V=30V, Vo =0V, R == - 15 | 3.0 - 1.5 | 3.0 - 15 | 2.0
V=5V, Vg=0V,R == - 0.7 1.2 - 0.7 1.2 - 0.7 1.2
5. LM258: Tioy = -25°C, Thigh = +85°C LM358, LM358A: Tiow = 0°C, Thigh = +70°C
LM2904/LM2904A: Toy = —40°C, Thfgh = +105°C LM2904V & NCV2904: Tio, = — %"C, Thigh = +1256°C
NCV2904 and NCV2904V are qualified for automotive use. NCV2904V: Ty = =40°C, Thigh = +1 50°8

6. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common mode voltage range is Vgg - 1.7 V.

7. Short circuits from the output to Vg can cause excessive heating and eventual destruction, Destructive dissipation can result from
simultaneous shorts on all amplifiers.

http://onsemi.com
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LM258, LM358, LM358A, LM2904, LM2904A, LM2904V, NCV2904, NCV2904V

ELECTRICAL CHARACTERISTICS (Veg = 5.0 V, Veg = Gnd, Ta = 25°C, unless otherwise noted.)

LM2904V, NCV2904
LM2904 LM2904A NCV2904V
Characteristic Symbol | Min | Typ | Max [ Min | Typ | Max | Min | Typ | Max | Unit
Input Offset Voltage Vio mV
Voc=5.0V1to30V,Vic=0VtoVge =17V,
Vo=14V,Rg=0Q
Ta =25°C - 2.0 7.0 - 2.0 7.0 - - 7.0
TA = Thigh {NOtE B) - L 10 — = 10 = - 13
Ta = Tiow (Note 8) - - |10 ] - - | 10| - - | 10
Average Temperature Coefficient of Input Offset AVig/AT | - 7.0 - - 7.0 - - 7.0 - | pv/c
Voltage
Ta= Thigh to Tiow (Note 8)
Input Offset Current o - 5.0 50 - 5.0 50 - 5.0 50 nA
Ta= Thigh to Tiow (Note 8) C 45 200 - 45 200 - 45 200
Input Bias Current s - -45 | -250 | - -45 | -100 | - -45 [ -250
Ta = Thigh to Tiow (Note 8) - -50 | -500 - -50 | -250 - =50 | -500
Average Temperature Coefficient of Input Offset Alio/AT - 10 - - 10 - - 10 - | pA°C
Current
Ta= Thigh to Tiow (Note 8)
Input Common Mode Voltage Range (Note 9), Vicr 0 - 28.3 0 - 283 | 0 - 28.3 \%
Voo =30V
Voo =380V, Ta = Thigh t0 Tiow 0 - 28 0 - 28 0 - 28
Differential Input Voltage Range Vibr - - Vee | - - Veo | - - | Veo \
Large Signal Open Loop Voltage Gain AvoL V/mV
R = 2.0 kQ, Vg = 15 V, For Large Vo Swing, 25 | 100 - 25 | 100 - 25 | 100 -
Ta= Thigh to Tiow (Note 8) 15 - - 15 - - 15 - -
Channel Separation CS - |-120| - - |-120| - - |-120| - dB
1.0 kHz < f < 20 kHz, Input Referenced
Common Mode Rejection CMR 50 70 - 50 70 - 50 70 - dB
Rg <10 k&
Power Supply Rejection PSR 50 | 100 - 50 | 100 - 50 | 100 - dB
Output Voltage-High Limit VoH \%
Ta= Thigh to Tiow (Note 8)
Voo =5.0V, R, =2.0kQ, Tp =25°C 3.3 3.5 - 3.3 3.5 - 3.3 3.5 -
Vec =30V, R =2.0kQ 26 - - 26 - - 26 - -
Voo =30V, R = 10kQ 27 28 - 27 28 - 27 28 -
Output Voltage-Low Limit VoL - 5.0 20 - 5.0 20 - 5.0 20 mV
Veo =5.0 V, Ry = 10 ke,
Ta = Thigh to Tiow (Note 8)
Output Source Current los 20 40 - 20 40 - 20 40 - mA
Vip=+1.0V,Vgg=15V
Output Sink Current lo-
Vip==-1.0V,Vgc =15V 10 20 - 10 20 - 10 20 - mA
Vip=-1.0V, Vg =200 mV - - - - - - - - - HA
Output Short Circuit to Ground (Note 10) Isc - 40 60 - 40 60 - 40 60 mA
Power Supply Current (Total Device) lcc mA
Ta= ThEgh to Tiow (Note 8)
Veg=30V,Vo=0V,R == - 1.6 3.0 - 1.5 3.0 - 1.5 3.0
Vec=5V,Vog=0V,R_ == - 0.7 1.2 = 0.7 1.2 - 0.7 1.2
8. LM258: Tjow = -25°C, Thigh =+85°C LM358, LM358A: Tigy = 0°C, Thjgh = +70°C
LM2904/LM2904A: Tiqy = —40°C, Thigh = +105°C LM2904V & NCV2904: Tioy = =40°C, Thigh = +125°C
NCV2904 and NCV2904V are qualified for automotive use. NCV2904V: Tiqy, = -40°C, Thigh = +150°8

9. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common mode voltage range is Vgg - 1.7 V.

10.Short circuits from the output to Vg can cause excessive heating and eventual destruction. Destructive dissipation can result from
simultaneous shorts on all amplifiers.

http://onsemi.com
5



LM258, LM358, LM358A, LM2904, LM2904A, LM2904V, NCV2904, NCV2904V

CIRCUIT DESCRIPTION

The LM358 series is made using two internally
compensated, two-stage operational amplifiers. The first
stage of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single—ended converter. The
second stage consists of a standard current source load
amplifier stage.

Each amplifier is biased from an internal-voltage
regulator which has a low temperature coefficient thus
giving each amplifier good temperature characteristics as
well as excellent power supply rejection.
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LM258, LM358, LM358A, LM2904, LM2904A, LM2904V, NCV2904, NCV2904V
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LM258, LM358, LM358A, LM2904, LM2904A, LM2904V, NCV2904, NCV2904V
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LM258, LM358, LM358A, LM2904, LM2904A, LM2904V, NCV2904, NCV2904V

1
V==V Triangle Wave R2
o= 2 e Output ¢ g{}{]'k
Viet +
rei 1'52 HG
L_HJSS 75k -
R1 Square
P Wave
.—W“{h Vit Output
A
R
R1+Rg R2Ri
= ——— | R3=
4 CR;R1 b3 R2 + R1

Figure 15. Function Generator

C
R1
——o Vo
co
he C0=10C
- Viot = % Vee
Given: 1o = center frequency
A(to) = gain at center frequency
Choose value f,, C
. pge O
Then: R3= 1,0
R3
R1= 2A
R1 R3
R2z—i——
4Q2R1 -R3
For less than 10% error from operational amplifier. %’ <0.1

Where 1, and BW are expressed in Hz.

It source impedance varies, filter may be preceded with voltage
follower buffer 1o stabilize filter parameters.

Figure 16. Multiple Feedback Bandpass Filter
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LM258, LM358, LM358A, LM2904, LM2904A, LM2904V, NCV2904, NCV2904V

ORDERING INFORMATION

Device Operating Temperature Range Package Shipping®
LM358ADR2G 2500 / Tape & Reel
LM358DG (Psﬂgr;?a ) 98 Units / Rail
LM358DR2G 2500 / Tape & Reel
LM358DMR2G RERIBd Micro8 4000/ Tape & Reel
(Pb-Free)
LM358NG PDIP-8 50 Units / Rail
(Pb-Free)
LM258DG S0IC-8 98 Units / Rail
LM258DR2G (Pb-Free) 2500 / Tape & Reel
LM258DMR2G _25°C to +85°C Micro8 4000 / Tape & Reel
(Pb-Free)
LM258NG PDIP-8 50 Units / Rail
(Pb-Free)
LM2904DG S0IC-8 98 Units / Rail
LM2904DR2G (Pb-Free) 2500 / Tape & Reel
LM2904DMR2G Micro8 2500 / Tape & Reel
(Pb-Free)
LM2904NG i . PDIP-8 50 Units / Rail
-40°C to +105°C (Pb-Free)
LM2904ADMG Micro8 4000 / Tape & Reel
LM2904ADMR2G (Pb-Free) 4000 / Tape & Reel
LM2904ANG PDIP-8 50 Units / Rall
(Pb-Free)
LM2904VDG S0IC-8 98 Units / Rail
LM2904VDR2G (Pb-Free) 2500 / Tape & Reel
LM2904VDMR2G Micro8 4000 / Tape & Reel
(Pb-Free)
LM2904VNG B BRI PDIP-8 50 Units / Rail
(Pb-Free)
NCV2904DR2G SOIC-8 2500 / Tape & Reel
(Pb-Free)
NCV2904DMR2G Micro8 4000 / Tape & Reel
(Pb-Free)
NCV2904VDR2G -40°C to +150°C S0OIC-8 2500 / Tape & Reel
(Pb-Free)

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

http://onsemi.com
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LM258, LM358, LM358A, LM2904, LM2904A, LM2904V, NCV2904, NCV2904V

MARKING DIAGRAMS

PDIP-8

PDIP-8
N SUFFIX AN SUFFIX
CASE 626 CASE 626
o L R P NP LY | S A A
LMx58N LM2904N LM2904AN
D AWL D AWL D AWL
@) YYWWG @) YYWWG @) YYWWG
Ty AP v 1w
soic-8 SoIC-8
D SUFFIX VD SUFFIX
CASE 751 CASE 751
8A A AR 8 HAA I [
Mx58 M358 904V
ALYW LYWA ALYW
o - L E—
1 1B R RRR
Micro8
DMR2 SUFFIX
CASE 846A
8 8 8 8
x58 2904 904A 904V
AYWs AYW= AYWs AYWn
(O Q O = (o
1 1 1 1
=2o0r3
= Assembly Location
= Wafer Lot
= Year
= Work Week

= Pb-Free Package

= Pb-Free Package - (Note: Microdot may be in either location)
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*This diagram also applies to NCV2904



LM258, LM358, LM358A, LM2904, LM2904A, LM2904V, NCV2904, NCV2904V

NOTE 5

PACKAGE DIMENSIONS

PDIP-8
N, AN, VN SUFFIX
CASE 626-05
ISSUE M
NOTES:
1. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1994,

2. CONTROLLING DIMENSION: INCHES.
3. DIMENSION E IS MEASURED WITH THE LEADS RE-
le— E STRAINED PARALLEL AT WIDTH E2.
4, DIMENSION E1 DOES NOT INCLUDE MOLD FLASH.
5. ROUNDED CORNERS OPTIONAL.
- INCHES MILLIMETERS
— DIM[ MIN [ NOM | MAX | MIN | NOM | MAX
Al —— ] ——To210 ——ee| wmea] 503
A1]0015 | —— [ — | 038] ——] ——-
0.014 |0.018 [0022 | 035 046] 0.56
I C [ 0.008 | 0.010 | 0.014 0.20 0.25 0.36
= D | 0.355 | 0.365 |0.400 | 9.02] 9.27] 10.02
G~ D1[0.005 | —ooc | ——— | 043 —-] ———-
- E2——| E | 0.300 | 0.310 | 0.325 7.62 7.87 8.26
E1 | 0.240 [0.250 [0.280 | 6.40] 635] 7.11
END VIEW E2 0.300 BSC 7.62 BSC
NOTE 3 E3 | ——— [ ————Jo0430 | ——] ——--] 10.82
e 0.100 BSC 2.54 BSC
L [ 0115 [0.130 | 0.150 292] 330] 381

http://onsemi.com
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PACKAGE DIMENSIONS

SOIC-8 NB
CASE 751-07
ISSUE AK

W

- T
o [T

=

-C N x 45°
SEATING

as==r= I
@:JL . % %

[®[025000®@[2[ YO XO] g0, pERING FOOTPRINT*
1

1TD |:| 16
0.060

ER

|

| 4.0
0.275 |

|

|

0.155
J_I:I D
__| I__ 1.270
0024 0.050

mm
SCALE 6:1 (m)

NOTES:
= 1. DIMENSIONING AND TOLERANCING PER
ANSI Y14.5M, 1982
-~ A —> . CONTROLLING DIMENSION: MILLIMETER.
. . DIMENSION A AND B DO NOT INCLUDE
AH MOLD PROTRUSION.
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.
5. DIMENSION D DOES NOT INCLUDE DAMBAR
s PROTRUSION. ALLOWABLE DAMBAR
® (@[ 025 0010 ®[ Y @] L/ PROTRUSION SHALL BE 0.127 (0.005) TOTAL
IN EXCESS OF THE D DIMENSION AT
‘0 K‘H— MAXIMUM MATERIAL CONDITION.
5. 751-01 THRU 751-06 ARE OBSOLETE. NEW
STANDARD IS 751-07.
»| 6l MILLIMETERS | INCHES
M[ MIN_| MAX | MIN | MAX
480|500 [ 0,189 [ 0197
a.80 | 4.00 [ 0150 | 0.157
1.35 1.75 | 0.053 | 0.069
0.33 0.51 | 0.013 | 0.020
12785C | 0050BSC
0.10 0.25 | 0.004 | 0.010
0.19_|_0.25 | 0,007 | 0.010
040 | 127 | 0.016 | 0.050
(+ il 8° 0° - B
0.25 | 050 | 0010 | 0020
5.80 | 620 | 0228 | 0.08a

mz:xa:nonwh|

*For additional information on our Pb-Free strategy and soldering
details, please download the ON Semiconductor Scldering and
Mounting Techniques Reference Manual, SOLDERRM/D.

http://onsemi.com
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PACKAGE DIMENSIONS

Micro8™
CASE 846A-02
ISSUE H
le— p—> NOTES:
1, DIMENSIONING AND TOLERANCING PER ANSI Y14.5M, 1982.
r 2. CONTROLLING DIMENSION: MILUMETER.
3. DIMENSION A DOES NOT INGLUDE MOLD FLASH, PROTRUSIONS OR GATE
f BURRS, MOLD FLASH, PROTRUSIONS OR GATE BURRS SHALL NOT EXCEED
0.15 (0.006) PER SIDE.
He E 4. DIMENSION B DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUSION.
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0.25 (0.010) PER SIDE.
5. B46A-01 OBSOLETE, NEW STANDARD B46A-02.
ity MILLIMETERS INCHES
DIM| MIN NOM_| MAX MIN NOM | MAX
FiNID e——l |<— A o — [ 110 = — | 0043
bsprL Al 0.05 0,08 0.15 0.002 0.003 0.006
b | 025 0,33 0.40 0010 | 0.018 | 0.016
[Q}l 0.08 (0-003]®|T| B® | A®| c | 043 | 018 | 023 | 0005 | 0.007 | 0.009
D 2@_0 3.00 3.10 0.114 0.118 0.122
E 2.90 3.00 310 0414 | 0118 | 0.122
e 0.65 BSC 0.026 BSC
SEATING L 040 | 055 | 0.70 0.016 | 0.021 [ 0.028
He | 475 | 490 | 505 0187 | 0193 | 0.199

—T—| PLANE #
o[ 0.038 (0.0015) %mﬂﬁ ) A LEE:[L
all ke —f 1

SOLDERING FOOTPRINT*

1.04

*oom7] —" [ oots >
: —

S
]
SR
-
| —
Eo |
N ——

3.20 4
0.126 0.167 0.208

—
—
-

91
il

x 065 L L
0.0256 SCALE 8:1 ( T )

inches

*For additional information on our Pb-Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.

Micro8 is a trademark of International Rectifier.
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MicrocHIP PIC16F627A/628A/648A

18-pin Flash-Based, 8-Bit CMOS Microcontrollers
with nanoWatt Technology

High-Performance RISC CPU:

+ Operating speeds from DC — 20 MHz
* Interrupt capability
+ 8-level deep hardware stack
« Direct, Indirect and Relative Addressing modes
« 35 single-word instructions:
- All instructions single cycle except branches

Special Microcontroller Features:

« Internal and external oscillator options:
- Precision internal 4 MHz oscillator factory
calibrated to +1%

- Low-power internal 48 kHz oscillator

- External Oscillator support for crystals and
resonators

* Power-saving Sleep mode
Programmable weak pull-ups on PORTB
Multiplexed Master Clear/Input-pin

Watchdog Timer with independent oscillator for
reliable operation

Low-voltage programming

In-Circuit Serial Programming™ (via two pins)
Programmable code protection

Brown-out Reset

» Power-on Reset

» Power-up Timer and Oscillator Start-up Timer
+ Wide operating voltage range (2.0-5.5V)
Industrial and extended temperature range

* High-Endurance Flash/EEPROM cell:

- 100,000 write Flash endurance

- 1,000,000 write EEPROM endurance

- 40 year data retention

Low-Power Features:

» Standby Current:
- 100 nA @ 2.0V, typical
+ Operating Current:
- 12 uA @ 32 kHz, 2.0V, typical
- 120 ylA @ 1 MHz, 2.0V, typical
+ Watchdog Timer Current:
- 1 pA @ 2.0V, typical
« Timer1 Oscillator Current:
- 1.2 pA @ 32 kHz, 2.0V, typical
« Dual-speed Internal Oscillator:

- Run-time selectable between 4 MHz and
48 kHz

- 4 us wake-up from Sleep, 3.0V, typical

Peripheral Features:

« 16 /O pins with individual direction control
« High current sink/source for direct LED drive
« Analog comparator module with:

- Two analog comparators

- Programmable on-chip voltage reference
(VREF) module
- Selectable internal or external reference
- Comparator outputs are externally accessible
+ Timer0: 8-bit timer/counter with 8-bit
programmable prescaler
Timer1: 16-bit timer/counter with external crystal/
clock capability
+ Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler
+ Capture, Compare, PWM module:
- 16-bit Capture/Compare
- 10-bit PWM
Addressable Universal Synchronous/Asynchronous
Receiver/Transmitter USART/SCI

::'?1?:;‘ Data Memory CCP Timers
Device — SRR ey /0 (PWM) USART | Comparators 8/16-bit
(words) (bytes) (bytes)
PIC16F627A 1024 224 128 16 1 ¥ 2 2/
PIC16F628A 2048 224 128 16 1 Y 2 21
PIC16F648A 4096 256 256 16 1 Y 2/

© 2005 Microchip Technology Inc.
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PIC16F627A/628A/648A

Pin Diagrams

PIC16F627A/628A/648A

O
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1
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Vss —{]

Vss —{]

RBO/INT +—{]
RB1/RX/IDT <+—{]

RB2/TX/CK «+—]
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RA3/AN3/CMP 1 <—{]
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) -/
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Reader Response s
Product Identifi catlon System

TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of your Micro-
chip products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined
and enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. We
welcome your feedback.

Most Current Data Sheet
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The last character of the literature number is the version number, (e.g., DS30000A is version A of document DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for current
devices. As device/documentation issues become known to us, we will publish an errata sheet. The errata will specify the revision
of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

« Microchip’s Worldwide Web site; http://www.microchip.com

+ Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature number) you are
using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.

© 2005 Microchip Technology Inc. DS40044D-page 3
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PIC16F627A/628A/648A

1.0 GENERAL DESCRIPTION

The PIC16F627A/628A/648A are 18-pin Flash-based
members of the versatile PIC16F627A/628A/648A
family of low-cost, high-performance, CMQOS, fully-
static, 8-bit microcontrollers.

All PICmicro® microcontrollers employ an advanced
RISC architecture. The PIC16F627A/628A/648A have
enhanced core features, an eight-level deep stack, and
multiple internal and external interrupt sources. The
separate instruction and data buses of the Harvard
architecture allow a 14-bit wide instruction word with
the separate 8-bit wide data. The two-stage instruction
pipeline allows all instructions to execute in a single-
cycle, except for program branches (which require two
cycles). A total of 35 instructions (reduced instruction
set) are available, complemented by a large register
set.

PIC16F627A/628A/648A  microcontrollers  typically
achieve a 2:1 code compression and a 4:1 speed
improvement over other 8-bit microcontrollers in their
class.

PIC16F627A/628A/648A devices have integrated
features to reduce external components, thus reducing
system cost, enhancing system reliability and reducing
power consumption.

The PIC16F627A/628A/648A has 8 oscillator
configurations. The single-pin RC oscillator provides a
low-cost solution. The LP oscillator minimizes power
consumption, XT is a standard crystal, and INTOSC is
a self-contained precision two-speed internal oscillator.

The HS mode is for High-Speed crystals. The EC mode
is for an external clock source.

The Sleep (Power-down) mode offers power savings.
Users can wake-up the chip from Sleep through several
external interrupts, internal interrupts and Resets.

A highly reliable Watchdog Timer with its own on-chip
RC oscillator provides protection against software lock-
up.

Table 1-1 shows the features of the PIC16F627A/628A/
648A mid-range microcontroller family.

A simplified block diagram of the PIC16F627A/628A/
648A is shown in Figure 3-1.

The PIC16F627A/628A/648A series fits in applications
ranging from battery chargers to low power remote
sensors. The Flash technology makes customizing
application programs (detection levels, pulse genera-
tion, timers, etc.) extremely fast and convenient. The
small footprint packages makes this microcontroller
series ideal for all applications with space limitations.
Low cost, low power, high performance, ease of use
and /O flexibility make the PIC16F627A/628A/648A
very versatile.

1.1 Development Support

The PIC16F627A/628A/648A family is supported by a
full-featured macro assembler, a software simulator, an
in-circuit emulator, a low cost in-circuit debugger, a low
cost development programmer and a full-featured
programmer. A Third Party "C" compiler support tool is
also available.

TABLE 1-1: PIC16F627A/628A/648A FAMILY OF DEVICES
PIC16F627A | PIC16FG628A | PIC16F648A | PIC16LF627A | PIC16LF628A  PIC16LFB4BA
Maximum Frequency 20 20 20 20 20 20
of Operation (MHz)
Flash Program 1024 2048 4096 1024 2048 4096
Memory (words)
Memory RAM Data Memory 224 224 256 224 224 256
(bytes)
EEPROM Data 128 128 256 128 128 256
Memory (bytes)
Timer module(s) TMRO, TMR1, | TMRO, TMR1, | TMRO, TMR1, TMRO, TMRI1, TMRO, TMR1, | TMRO, TMR1,
TMR2 TMR2 TMR2 TMR2 TMR2 TMR2
Comparator(s) 2 2 2 2 2 2
EENWVIETEIEM Capture/Compare/ 1 1 1 1 1 1
PWM modules
Serial Communications USART USART USART USART USART USART
Internal Voltage Yes Yes Yes Yes Yes Yes
Reference
Interrupt Sources 10 10 10 10 10 10
11O Pins 16 16 16 16 16 16
Features Voltage Range (Volts) 3.0-55 3.0-55 3.0-5.5 2.0-55 2.0-55 2.0-55
Brown-out Reset Yes Yes Yes Yes Yes Yes
Packages 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP,
S0IC, 20-pin S0IC, 20-pin S0IC, 20-pin SOIC, 20-pin SOIC, 20-pin S0OIC, 20-pin
SSOP, SSOP, SSOP, SSOP, SSOP, SSOP,
28-pin QFN 28-pin QFN 28-pin QFN 28-pin QFN 28-pin QFN 28-pin QFN

All PIC16F627A/628A/648A family devices use serial programming with clock pin RB6 and data pin RB7.

All PICmicro® family devices have Power-on Reset, selectable Watchdog Timer, selectable code-protect and high /O current capability.

© 2005 Microchip Technology Inc.
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PIC16F627A/628A/648A

2.0 PIC16F627A/628A/648A
DEVICE VARIETIES

A variety of frequency ranges and packaging options
are available. Depending on application and production
requirements, the proper device option can be selected
using the information in the PIC16F627A/628A/648A
Product Identification System, at the end of this data
sheet. When placing orders, please use this page of
the data sheet to specify the correct part number.

2.1 Flash Devices

Flash devices can be erased and re-programmed
electrically. This allows the same device to be used for
prototype development, pilot programs and production.

A further advantage of the electrically erasable Flash is
that it can be erased and reprogrammed in-circuit, or by
device programmers, such as Microchip's PICSTART®
Plus or PRO MATE® |l programmers.

2.2 Quick-Turnaround-Production
(QTP) Devices

Microchip offers a QTP Programming Service for
factory production orders. This service is made
available for users who chose not to program a medium
to high quantity of units and whose code patterns have
stabilized. The devices are standard Flash devices, but
with all program locations and configuration options
already programmed by the factory. Certain code and
prototype verification procedures apply before
production shipments are available. Please contact
your Microchip Technology sales office for more
details.

2.3 Serialized Quick-Turnaround-
Production (SQTPSM) Devices

Microchip offers a unique programming service where
a few user-defined locations in each device are
programmed with different serial numbers. The serial
numbers may be random, pseudo-random or
sequential.

Serial programming allows each device to have a
unique number, which can serve as an entry-code,
password or ID number.

© 2005 Micrachip Technology Inc.
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PIC16F627A/628A/648A

3.0 ARCHITECTURAL OVERVIEW

The high performance of the PIC16F627A/628A/648A
family can be attributed to a number of architectural
features commonly found in RISC microprocessors. To
begin with, the PIC16F627A/628A/648A uses a
Harvard architecture in which program and data are
accessed from separate memories using separate
busses. This improves bandwidth over traditional Von
Neumann architecture where program and data are
fetched from the same memory. Separating program
and data memory further allows instructions to be sized
differently than 8-bit wide data word. Instruction
opcodes are 14-bits wide making it possible to have all
single-word instructions. A 14-bit wide program mem-
ory access bus fetches a 14-bit instruction in a single
cycle. A two-stage pipeline overlaps fetch and execu-
tion of instructions. Consequently, all instructions (35)
execute in a single-cycle (200 ns @ 20 MHz) except for
program branches.

Table 3-1 lists device memory sizes (Flash, Data and
EEPROM).

TABLE 3-1: DEVICE MEMORY LIST
Memory
Device Flash RAM | EEPROM
Program Data Data

PIC16F62TA 1024 x 14 224 x 8 128 x 8
PIC16F628A 2048 x 14 224 x 8 128 x 8
PIC16F648A 4096 x 14 256 x 8 256 x 8
PIC16LF627A 1024 x 14 224 x 8 128 x 8
PIC16LF628A 2048 x 14 224 x8 128x 8
PIC16LF648A 4096 x 14 256 x 8 256 x 8

The PIC16F627A/628A/648A can directly or indirectly
address its register files or data memory. All Special
Function Registers (SFR), including the program
counter, are mapped in the data memory. The
PIC16F627A/628A/648A have an orthogonal (symmet-
rical) instruction set that makes it possible to carry out
any operation, on any register, using any addressing
mode. This symmetrical nature and lack of ‘special
optimal situations’ makes programming with the
PIC16F627A/628A/648A simple yet efficient. In
addition, the learning curve is reduced significantly.

The PIC16F627A/628A/648A devices contain an 8-bit
ALU and working register. The ALU is a general
purpose arithmetic unit. It performs arithmetic and
Boolean functions between data in the working register
and any register file.

The ALU is 8-bits wide and capable of addition,
subtraction, shift and logical operations. Unless
otherwise mentioned, arithmetic operations are two's
complement in nature. In two-operand instructions,
typically one operand is the working register
(W register). The other operand is a file register or an
immediate constant. In single operand instructions, the
operand is either the W register or a file register.

The W register is an 8-bit working register used for ALU
operations. It is not an addressable register.

Depending on the instruction executed, the ALU may
affect the values of the Carry (C), Digit Carry (DC), and
Zero (Z) bits in the Status Register. The C and DC bits
operate as Borrow and Digit Borrow out bits,
respectively, in subtraction. See the SUBLW and SUBWF
instructions for examples.

A simplified block diagram is shown in Figure 3-1, and
a description of the device pins in Table 3-2.

Two types of data memory are provided on the
PIC16F627A/628A/648A devices. Nonvolatile
EEPROM data memory is provided for long term
storage of data, such as calibration values, look-up
table data, and any other data which may require
periodic updating in the field. These data types are not
lost when power is removed. The other data memory
provided is regular RAM data memory. Regular RAM
data memory is provided for temporary storage of data
during normal operation. Data is lost when power is
removed.

© 2005 Microchip Technology Inc.

DS40044D-page 9



PIC16F627A/628A/648A

FIGURE 3-1: BLOCK DIAGRAM
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8-Level Stack File
(13-bit) Registers
Program 14
Bus RAM Addr (1) 4p 9 PORTA
Instruction Reg B RAD/ANO
» RA1/AN1
|| Direct Addr 7 5 RA2/AN2/VREF
’ I RA3/AN3/CMP1
| RA4/TOCK1/CMP2
| RAS/MCLR/VPP
< RAB/OSC2/CLKOUT
8 |4 ] RAT/OSC1/CLKIN
=
Power-up N\ Mux Fomie
V Timer L 4 RBO/INT
B1/RX/DT
Instruction St?‘SCHfa_I‘_O" :'—- SBZ:"TD)((:CK
gy T ALU - - RB3/CCP1
Bt r - RB4/PGM
ese a RBS
Timing Watchdog _ » RB6/T10SO/T1CKI/PGC
K= Generation [ Timer W Reg ] RB7/T10S/PGD
OSC1/CLKIN Brown-out
0SC2/CLKOUT Reset
Low-Voltage
Programming
MCLR VoD, Vss
Comparator Timer0 Timer1 Timer2
VREF CCP1 USART Data EEPROM
Note 1:  Higher order bits are from the Status register.
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TABLE 3-2: PIC16F627A/628A/648A PINOUT DESCRIPTION

Name Function | Input Type |Output Type Description
RAO/ANO RAO ST CMOsS Bidirectional 1/0 port
ANO AN — Analog comparator input
RA1/AN1 RA1 ST CMOS Bidirectional I/O port
AN1 AN — Analog comparator input
RA2/AN2/VREF RA2 ST CMOS Bidirectional I/O port
AN2 AN — Analog comparator input
VREF — AN VREF output
RA3/AN3/CMP1 RA3 ST CMOS Bidirectional I/O port
AN3 AN — Analog comparator input
CMP1 — CMOS Comparator 1 output
RA4/TOCKI/CMP2 RA4 ST oD Bidirectional I/O port
TOCKI ST — TimerO clock input
CMP2 — oD Comparator 2 output
RA5/MCLR/VpP RAS ST —_ Input port
MCLR ST — Master clear. When configured as MCLR, this

pin is an active low Reset to the device.
Voltage on MCLR/VPP must not exceed VDD
during normal device operation.

VPP — — Programming voltage input
RAB/OSC2/CLKOUT RAB ST CMOS Bidirectional I/O port
0SC2 — XTAL Oscillator crystal output. Connects to crystal
or resonator in Crystal Oscillator mode.
CLKOUT e CMOS In RC/INTOSC mode, OSC2 pin can output
CLKOUT, which has 1/4 the frequency of
0SC1.
RA7/OSC1/CLKIN RAT ST CMOS Bidirectional I/O port
0osc1 XTAL — Oscillator crystal input
CLKIN ST — External clock source input. RC biasing pin.
RBO/INT RBO TTL CMOS Bidirectional I/0 port. Can be software
programmed for internal weak pull-up.
INT ST — External interrupt
RB1/RX/DT RB1 TTL CMOS Bidirectional I/O port. Can be software
programmed for internal weak pull-up.
RX ST — USART receive pin
DT ST CMOS Synchronous data 1/O
RB2/TX/CK RB2 TTL CMOS Bidirectional I/O port. Can be software
programmed for internal weak pull-up.
TX — CMOS USART transmit pin
CK ST CMOS Synchronous clock 1/O
RB3/CCP1 RB3 TTL CMOS Bidirectional I/O port. Can be software
programmed for internal weak pull-up.
CCP1 ST CMOS Capture/Compare/PWM 1/O
Legend: O = OQutput CMOS = CMOS Qutput P = Power
— = Not used | = Input ST = Schmitt Trigger Input
TTL = TTL Input oD = Open Drain Output AN = Analog

© 2005 Microchip Technology Inc. DS40044D-page 11
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TABLE 3-2: PIC16F627A/628A/648A PINOUT DESCRIPTION (CONTINUED)

Name Function | Input Type |Output Type Description

RB4/PGM RB4 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change.
Can be software programmed for internal
weak pull-up.

PGM ST — Low-voltage programming input pin. When
low-voltage programming is enabled, the
interrupt-on-pin change and weak pull-up
resistor are disabled.

RB5 RB5 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change.
Can be software programmed for internal
weak pull-up.

RBB/T10SO/T1CKI/PGC RB6 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change.
Can be software programmed for internal
weak pull-up.

T10S0 — XTAL Timer1 oscillator output
T1CKI ST — Timer1 clock input

PGC ST — ICSP™ programming clock

RB7/T10SI/PGD RB7 TTL CMOS Bidirectional I/O port. Interrupt-on-pin change.
Can be software programmed for internal
weak pull-up.

T108I XTAL — Timer1 oscillator input

PGD ST CMOS ICSP data I/O

Vss Vss Power — Ground reference for logic and I/O pins

\VbD VoD Power — Positive supply for logic and I/0O pins

Legend: O = Output CMOS = CMOS OQutput P = Power

— = Not used | = Input ST = Schmitt Trigger Input

TTL = TTL Input oD Open Drain Output AN = Analog

DS40044D-page 12 © 2005 Microchip Technology Inc.
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31 Clocking Scheme/Instruction

Cycle

The clock input (RA7/OSC1/CLKIN pin) is internally
divided by four to generate four non-overlapping
quadrature clocks namely Q1, Q2, Q3 and Q4.
Internally, the Program Counter (PC) is incremented
every Q1, the instruction is fetched from the program
memory and latched into the instruction register in Q4.
The instruction is decoded and executed during the
following Q1 through Q4. The clocks and instruction
execution flow is shown in Figure 3-2.

3.2

An instruction cycle consists of four Q cycles (Q1, Q2,
Q3 and Q4). The instruction fetch and execute are
pipelined such that fetch takes one instruction cycle
while decode and execute takes another instruction
cycle. However, due to the pipelining, each instruction
effectively executes in one cycle. If an instruction
causes the program counter to change (e.g., GOTO)
then two cycles are required to complete the instruction
(Example 3-1).

Instruction Flow/Pipelining

A fetch cycle begins with the program counter
incrementing in Q1.

In the execution cycle, the fetched instruction is latched
into the Instruction Register (IR) in cycle Q1. This
instruction is then decoded and executed during the
Q2, Q3 and Q4 cycles. Data memory is read during Q2
(operand read) and written during Q4 (destination

write).
FIGURE 3-2: CLOCK/INSTRUCTION CYCLE

'@l | @2 | @ | Q4 '@ | @ |[Q | Q4 ! Qf | Q2 | Q3 | Q4 !

ST T o W s WO s S s W o B e TR s Y S T s (s R s

o 0 O I
QZ]_/—\ | / \ i /—\—__| Irhternal
Q3 —\ | — | M\ | Block

gl . - ’ | . |

PCF PC Ix PC+1 Ip( PC+2 |

[ Fefch INST (PC)

Execute INST (PC - 1)

Felch INST (PC + 1)

f Execute INST (PC)

Fefch INST (PC+2) |

Execuie INST (PC + T] |

EXAMPLE 3-1: INSTRUCTION PIPELINE FLOW
1. MOVLW 55h | Fetch 1 Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. CALL SUB_1 Fetch 3 | Execute 3
4. BSF  PORTA, 3 Fetch 4 Flush
Fetch SUB_1|Execute SUB_1
Note:  All instructions are single cycle except for any program branches. These take two cycles since the fetch

instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed.

© 2005 Microchip Technology Inc.
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NOTES:
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4.0 MEMORY ORGANIZATION

4.1 Program Memory Organization

The PIC16F627A/628A/648A has a 13-bit program
counter capable of addressing an 8K x 14 program
memory space. Only the first 1K x 14 (0000h-03FFh)
for the PIC16F627A, 2K x 14 (0000h-07FFh) for the
PIC16F628A and 4K x 14 (0000h-OFFFh) for the
PIC16F648A are physically implemented. Accessing a
location above these boundaries will cause a wrap-
around within the first 1K x 14 space (PIC16F627A),
2K x 14 space (PIC16F628A) or 4K x 14 space
(PIC16F648A). The Reset vector is at 0000h and the
interrupt vector is at 0004h (Figure 4-1).

FIGURE 4-1: PROGRAM MEMORY MAP
AND STACK
| PC<12:0> |
CALL, RETURN 13,

RETFIE, RETLW

Stack Level 1
Stack Level 2

Stack Level 8

Reset Vector 000h
<}:
Interrupt Vector 0004
On-chip Program 0005
Memory
PIC16F627A,
PIC16F628A and
PIC16F648A
03FFh
On-chip Program
Memory
PIC16F628A and
PIC16F648A
07FFh
On-chip Program
Memory
PIC16F648A only
OFFFh
\__/\<
\_/\
1FFFh

4.2 Data Memory Organization

The data memory (Figure 4-2 and Figure 4-3) is
partitioned into four banks, which contain the General
Purpose Registers (GPRs) and the Special Function
Registers (SFRs). The SFRs are located in the first 32
locations of each bank. There are General Purpose
Registers implemented as static RAM in each bank.
Table 4-1 lists the General Purpose Register available
in each of the four banks.

TABLE 4-1: GENERAL PURPOSE STATIC
RAM REGISTERS
PIC16F627A/628A PIC16F648A
Bank0 20-7Fh 20-7Fh
Bank 1 AOh-FF AQh-FF
Bank2 |120h-14Fh, 170h-17Fh| 120h-17Fh
Bank3 1FOh-1FFh 1FOh-1FFh

Addresses FOh-FFh, 170h-17Fh and 1FOh-1FFh are
implemented as common RAM and mapped back to
addresses 70h-7Fh,

Table 4-2 lists how to access the four banks of registers
via the Status register bits RP1 and RPO.

TABLE 4-2: ACCESS TO BANKS OF
REGISTERS
Bank RP1 RPO
0 0 0
1 0 1
2 1 0
3 i 1

421 GENERAL PURPOSE REGISTER
FILE

The register file is organized as 224 x8 in the
PIC16F627A/628A and 256 x 8 in the PIC16F648A.
Each is accessed either directly or indirectly through
the File Select Register (FSR), See Section 4.4
“Indirect Addressing, INDF and FSR Registers”.

® 2005 Microchip Technology Inc.
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FIGURE 4-2: DATA MEMORY MAP OF THE PIC16F627A AND PIC16F628A
File
Address
Indirect addr.®" | ooh Indirect addr. | gon Indirect addr." | 100h Indirect addr." | 180h
TMRO 01h OPTION 81h TMRO 101h OPTION 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h 105h 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
07h 87h 107h 187h
08h 88h 108h 188h
09h 89h 109h 189h
PCLATH 0Ah PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch 10Ch 18Ch
0Dh 8Dh 10Dh 18Dh
TMRA1L OEh PCON 8Eh 10Eh 18Eh
TMR1H OFh 8Fh 10Fh 18Fh
T1CON 10h 90h
TMR2 11h 91h
T2CON 12h PR2 92h
13h 93h
14h 94h
CCPRIL 15h 95h
CCPR1H 16h 96h
CCP1CON 17h 97h
RCSTA 18h TXSTA 98h
TXREG 19h SPBRG 99h
RCREG 1Ah EEDATA 9Ah
1Bh EEADR 9Bh
1Ch EECON1 ach
1Dh EecON2(T) | gpp
1Eh 9Eh
CMCON 1Fh VRCON 9Fh 11Fh
20h AOh gfrr:;rsael 120h
General General Register
Purgose Furp_ose 48 Bytes 14Fh
Register E;QBI;::; 150h
80 Byles
______ 6Fh EFh 16Fh 1EFh
70h FOh 170h 1FOh
16 Bytes accesses accesses accesses
70h-7Fh 70h-7Fh 70h-7Fh
7Fh FFh 17Fh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
I:l Unimplemented data memory locations, read as ‘0"
Note 1: Not a physical register.
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Indirect addr.(!

TMRO

PCL

STATUS

FSR

PORTB

PCLATH

INTCON

General
Purpose
Register
80 Bytes

accesses
70h-7Fh

Bank 2

FIGURE 4-3: DATA MEMORY MAP OF THE PIC16F648A
Indirect addr.M | ooh Indirect addr.t | o
TMRO 01h OPTION 81h
PCL 02h PCL 82h
STATUS 03h STATUS 83h
FSR 04h FSR 84h
PORTA 05h TRISA 85h
PORTB 06h TRISB 86h
07h 87h
08h 88h
09h 89h
PCLATH 0Ah PCLATH 8Ah
INTCON 0Bh INTCON 8Bh
PIR1 0Ch PIE1 8Ch
0Dh 8Dh
TMR1L OEh PCON 8Eh
TMR1H 0Fh 8Fh
T1CON 10h 90h
TMR2 11h 91h
T2CON 12h PR2 92h
13h 93h
14h 94h
CCPR1L 15h 95h
CCPR1H 16h 96h
CCP1CON 17h 97h
RCSTA 18h TXSTA 98h
TXREG 19h SPBRG 99h
RCREG 1Ah EEDATA 9Ah
1Bh EEADR 9Bh
1Ch EECON1 9Ch
1Dh eecon2M | gph
1Eh 9Eh
CMCON 1Fh VRCON 9Fh
£ Ah
General General
Purpose Purpose
Register Register
80 Bytes
80 Bytes
______ 6Fh EFh
70h FOh
16 Bytes accesses
70h-7Fh
7Fh FFh
Bank 0 Bank 1
D Unimplemented data memory locations, read as ‘0.
Note 1: Not a physical register.

100h
101h
102h
103h
104h
105h
106h
107h
108h
109h
10Ah
10Bh
10Ch
10Dh
10Eh
10Fh

11Fh
120h

16Fh
170h

17Fh

File
Address
Indirect addr.{" 180h
OPTION 181h
PCL 182h
STATUS 183h
FSR 184h
185h
TRISB 186h
187h
188h
189h
PCLATH 18Ah
INTCON 18Bh
18Ch
18Dh
18Eh
18Fh
1EFh
1FOh
accesses
70h-7Fh
1FFh
Bank 3

© 2005 Microchip Technology Inc.
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422 SPECIAL FUNCTION REGISTERS

The SFRs are registers used by the CPU and Periph-
eral functions for controlling the desired operation of
the device (Table 4-3). These registers are static RAM.

The special registers can be classified into two sets
(core and peripheral). The SFRs associated with the
“core” functions are described in this section. Those
related to the operation of the peripheral features are
described in the section of that peripheral feature.

TABLE 4-3: SPECIAL REGISTERS SUMMARY BANKO

Value on Details
Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit1 Bit0 R:g::(*) on Page

Bank 0

00h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | xxxx xxxx 28
01h TMRO Timer0 Module's Register XXXX XXXX 45
02h PCL Program Counter's (PC) Least Significant Byte 0000 0000 28
03h STATUS IRP l RP1 RPO TO PD I b4 ‘ DC c 0001 1xxx 22
04h FSR Indirect Data Memory Address Pointer XXXK XXXX 28
05h PORTA RAT7 RAGB RA5 RA4 RA3 RA2 RA1 RAO xxxx 0000 31
06h PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO AKX XXXX 36
07h — Unimplemented —_ _—
08h — Unimplemented —_— _
0%h — Unimplemented —_ —
0Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 28
0Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 24
0Ch PIR1 EEIF CMIF RCIF TXIF —_ CCP1IF TMR2IF TMR1IF | 0000 -000 26
0Dh — Unimplemented - -
QEh TMR1L Holding Register for the Least Significant Byte of the 16-bit TMR1 Register XAHK HXXX 48
OFh TMR1H Holding Register for the Most Significant Byte of the 16-bit TMR1 Register XXXX XXXX 48
10n TICON — | —  Trickest [ tickeso [ T1oscen | TISYNE | TMR1cS | TMR1ON [ --00 0000 | 48
11h TMR2 TMR2 Module's Register 0000 0000 52
12h T2CON — [ Toutpsa [ Toutps2 | Toutpst [ Toutpso | TMR20N | T2cKPS1 | T2CKPSO | -000 0000 | 52
13h — Unimplemented — —
14h — Unimplemented —_ —_
15h CCPR1L Capture/Compare/PWM Register (LSB) XXX XXKX 55
16h CCPR1H Capture/Compare/PWM Register (MSB) HIOLK© AXXXK 55
17h CCP1CON — — CCP1X CCP1Y CCP1M3 | CCP1M2 [ CCP1M1 | CCP1MO | --00 0000 55
18h RCSTA SPEN RX9 SREN CREN ADEN FERR OERR RX9D 0000 000x 72
19h TXREG USART Transmit Data Register 0000 0000 1T
1Ah RCREG USART Receive Data Register 0000 0000 80
1Bh — Unimplemented o =
1Ch — Unimplemented —_ —_
1Dh — Unimplemented —_ —_—
1Eh — Unimplemented —_— -
1Fh CMCON C20UT | C10UT C2INV C1INV cis CMm2 CM1 CMO 0000 0000 61
Legend: - = Unimplemented locations read as ‘0', u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented

Note 1: For the initialization condition for registers tables, refer to Table 14-6 and Table 14-7,
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TABLE 4-4: SPECIAL FUNCTION REGISTERS SUMMARY BANK1

. Value on | poiaiis
Address Name Bit7 Bit 6 Bit 5 Bit4 Bit3 Bit2 Bit1 Bit0 R:;Jﬂltlm on Page
Bank 1
80h INDF Addressing this location uses contents of FSR to address data memory (not a physical AAKK XXX 28
register)
81h OPTION | RBPU | INTEDG | Tocs | Tose | Psa | psz2 | pst | Pso 1111 11a| 23
82h PCL Program Counter's (PC) Least Significant Byte 0000 0000 28
83h STATUS re | re1 [ reo | T8 | P68 | z | bc | ¢ [ooor ixxx| 22
84h FSR Indirect Data Memory Address Pointer XXXX XXXX 28
85h TRISA TRISA7 TRISAB TRISA5 | TRISA4 | TRISA3 | TRISAZ | TRISA1 TRISA0 | 1111 1111 31
86h TRISB TRISB7 TRISB6 TRISB5S | TRISB4 | TRISB3 | TRISB2 TRISB1 TRISBO 1111 1111 36 1
87h — Unimplemented —_ _
88h —_ Unimplemented N —
89h — Unimplemented — —
BAh PCLATH —_ —_— —_— Wirite Buffer for upper 5 bits of Program Counter ---0 0000 28
8Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 24
8Ch PIE1 EEIE CMIE RCIE TXIE -_ CCP1IE | TMR2IE | TMRI1IE | 0000 -000 25
8Dh — Unimplemented — —_
8Eh PCON = — & = ] = loser| — | POR | BOR [~ ox| &
8Fh — Unimplemented —_ —
90h - Unimplemented —_ —_
91h — Unimplemented — _
92h PR2 Timer2 Period Register 1111 1111 52
93h —_ Unimplemented — —
94h — Unimplemented —_ —
95h - Unimplemented —_— —
96h — Unimplemented — —_—
97h — Unimplemented — —
98h TXSTA cskc | txg | Txen | svnc — BRGH | TRMT | TxaD |[oc00 -010] 71
99h SPBRG Baud Rate Generator Register 0000 0000 73
9Ah EEDATA EEPROM Data Register XXKK XKXX 89
9Bh EEADR EEPROM Address Register XXXX XXXX 90
9ch EECON1 — | — | — ] — |JwrerR| wreN | WR | RD [---- xo00| 90
9Dh EECON2 EEPROM Control Register 2 (not a physical register) [ =eee —nun 90
9Eh — Unimplemented -_ -
9Fh VRCON VREN | VROE | VRR | — | vrRs | VR2 | VRt | VR0 [ooo- oooo| 67
Legend: - = Unimplemented locations read as ‘0', u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented

Note 1: For the initialization condition for registers tables, refer to Table 14-6 and Table 14-7.
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TABLE 4-5: SPECIAL FUNCTION REGISTERS SUMMARY BANK2

. . ) Valueon | potails
Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit3 Bit 2 Bit1 Bit0 POR
Resetl) | o Page

Bank 2

100h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | xxxx xxxx 28
101h TMRO Timer0 Module's Register XRXK KXXX 45
102h PCL Program Counter's (PC) Least Significant Byte 0000 0000 28
103h STATUS RP | RP1 | R0 | 70 | P | z | oc | c©  [ooor mxxx| 22
104h FSR Indirect Data Memory Address Pointer XXX XXXX 28
105h —_ Unimplemented iy _—
106h PORTB RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RBI | RBO |xoux xoox| 36
107h — Unimplemented — —
108h — Unimplemented — —
108h —_ Unimplemented — —
10Ah PCLATH — — — Write Buffer for upper 5 bits of Program Counter ---0 0000 28
10Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 24
10Ch — Unimplemented —_ —
10Dh — Unimplemented — =
10Eh _ Unimplemented — —
10Fh — Unimplemented — —_
110h — Unimplemented e =
111h -_ Unimplemented — —
112h — Unimplemented i =
113h — Unimplemented — —_
114h — Unimplemented —_ -
115h — Unimplemented —_ =
116h — Unimplemented — —_
117h — Unimplemented = _—
118h — Unimplemented —_ —_
118h —_ Unimplemented — -
11Ah — Unimplemented o =
11Bh — Unimplemented — —-
11Ch — Unimplemented — -
11Dh — Unimplemented — —
11Eh — Unimplemented — —_
11Fh — Unimplemented — e
Legend: - = Unimplemented locations read as ‘o', u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented.

Note 1. For the initialization condition for registers tables, refer to Table 14-6 and Table 14-7.
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TABLE 4-6: SPECIAL FUNCTION REGISTERS SUMMARY BANK3

) Value on Details
Address Name Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit1 Bit0 R::’a'l!“) on Page

Bank 3

180h INDF Addressing this location uses contents of FSR to address data memory (not a physical register) | xxxx xxxx 28
181h opTioN | RBPU | INTEDG | Tocs | Tose | Psa | ps2 | pst | Pso 1111 mui| 23
182h PCL Program Counter's (PC) Least Significant Byte 0000 0000 28
183h STATUS me | ret | ro | T | P | z | bC | c 0001 1xxx| 22
184h FSR Indirect Data Memory Address Pointer XXX XXKX 28
185h —_— Unimplemented == =
186h TRISB TRISB7 | TRISB6 | TRISBS | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRIsBO [1111 1111 36
187h —_ Unimplemented —_ —_
188h — Unimplemented —_ —_—
189h —_ Unimplemented - —
18Ah PCLATH — —_ —_ Write Buffer for upplerus bits of Program Counter ---0 0000 28
18Bh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x 24
18Ch —_ Unimplemented —_ —
18Dh - Unimplemented - —
18Eh — Unimplemented -_ s
18Fh _ Unimplemented — -
190h — Unimplemented —_ —
191h — Unimplemented — —
192h e Unimplemented — =
193h — Unimplemented — -
194h — Unimplemented -_ —
195h —_ Unimplemented — —
196h — Unimplemented —_ —_—
197h — Unimplemented — .
198h — Unimplemented = =
198h — Unimplemented . o
19Ah —_ Unimplemented — =
19Bh — Unimplemented . — -_
19Ch — Unimplemented — —
19Dh — Unimplemented — —_
19Eh — Unimplemented - o
19Fh —_ Unimplemented -_ —
Legend: - = Unimplemented locations read as ‘o', u = unchanged, x = unknown, g = value depends on condition, shaded = unimplemented

Note 1:  For the initialization condition for registers tables, refer to Table 14-6 and Table 14-7.
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ITS-90 Thermocouple Direct & Inverse
Polynomials contd

Type T Thermocouples - coefficients, ¢, of reference

equations giving the thermoelectric voltage, E, as a
function of temperature, ty, for the indicated
temperature ranges. The equations are of the form:

E=S¢ (to)

=0

where E is in microvolts and ty is in degrees Celsius.

Type T Thermocouples - coefficients of approximate
inverse functions giving temperature, ty, as a function
of the thermoelectric voltage, E, in selected temperature
and voltage ranges. The functions are of the form:

tgo = C + CE + C,E*+...GE'

where E is in microvolts and tq, is in degrees Celsius.

-270 0 -200 0
e to to b to to
0°C 400° 0°C 400°C
G = 0.000 000 000 O.... 0.000 000 000 O.... Yoliage: -5,603 0
c = 3.874810636 4 x10' | 3.874 810838 4 x10' Range: to to
e 4419443434 7 10° | 3320222 788 0 x10° 0pv 20,872 uV
& & 1.184 432 3105 x 10* | 2.061 824 340 4 x 10* 1
o 2,003 297 355 4 x 10°  |-2.188 225 684 6 x 10° = S = R e
o, i 9.013801 9559 x 107 | 1.099 688 092 8 x 10* o Sa ke i R e
o = 2.265 115659 3 x 10* | -3.081 575 877 2 x 10" . S 0] L
& = 3.607 115420 5 x 10" | 4.547 913529 0 x 10™ b= Lo, | St .
& = 3849393 988 3x 10" |-2.751 290 167 3 x 10" = o U bl
Cp = 2.821 352192 5x 10™ Cp = : sl : :
- e el ol s 6 = 2024 1446 x10® | -7.293422 x 10
10 = m: s 24
B = 4.876 866 228 6 x 10™ G = 1.266 817 1 x 10
Cip = 1.079 553 927 0 x 10* 0.04 0.03
B 1.394 502 706 2 x 10% per i e
i = 7.9795153927 x 10® ange .0.02°C .0.03°C

Type E Thermocouples - coefficients, ¢, of reference
equations giving the thermoelectric voltage, E, as a
function of temperature, 4, for the indicated
temperature ranges. The equations are of the form:

E= 5: C (tgo)'

i=0

where E is in microvolts and ty is in degrees Celsius.

Temperature
Range:

-270
to
0°C

0
to
1000°C

13
n

o
B
wnn

o
-3
wouuwuwnmwun

0.000 000 0000 ....
5.866 550 870 8 x10
4.541 097 712 4 x 10*
-7.799 804 868 6 x 10*
-2.580 016 084 3 x 10°
-5.945 258 305 7 x 107
-9.321 405 866 7 x 10°
-1.028 760 553 4 x 10°
-8.037 012362 1 x 10"
-4.397 949739 1 x 10®
-1.641 477 6355 x 107
-3.967 361 951 6 x 10%°
-5.582 732 872 1 x 10®
-3.465 784 201 3 x 10*

0.000 000 000 0 ....
5.866 550 871 0 x10'
4.503 227 558 2 x10*
2.890 840721 2x10°
-3.305 689 665 2 x 107
6.502 440 327 0 x 10"
-1.919749 550 4 x 10
-1.253 660 049 7 x 10"*
2.148 921 756 9 x 10"
-1.438 804 178 2 x 10*'
3.596 089948 1 x 10*

Type E Thermocouples - coefficients of approximate
inverse functions giving temperature, ty, as a function
of the thermoelectric voltage, E, in selected temperature
and voltage ranges. The functions are of the form:

tgo = Co + C4E + C,E*+... CE!
where E is in microvolts and tq, is in degrees Celsius.

Temperature -200 0
Range: to to
0°C 1,000°C
Voltage -8,825 0
Range: to to
0 v 76,373 uV
Co = 0.000 0000..... 0.0000000....
c = 1.697 7288 x 10? 1.7057035x 10?
G = -4,.351 497 0x 107 -2,.3301759x 107
Cy = -1.5859697 x 10™ 6.543 558 5x 10"
i = -9.250 287 1 x 10™ -7.356 274 9 x 107
C; = -2.608 431 4x 10" -1,789 600 1 x 10*
Cg = -4,136 0199 x 10? 8.403616 5x 10*
G = -3.4034030x10% -1,.373587 9x 10*
Cg = -1.156 489 0 x 10** 1.062 982 3 x 10*
o = -3.244 708 7 x 10
Error 0.03 0.02
to to
Range -0.01°C -0.02°C




ITS-90 Thermocouple Direct & Inverse

Polynomials contd

1,064.18
to
1,664.5°C

1,664.5
(s}
1,768.1°C

Type R Thermocouples - ) Temperature -50
coefficients, ¢;, of reference equations Range: 1,06 ig°c
giving the thermoelectric voltage, E, as & e

a function of temperature, g, for the

5.289 617 297 65 ....

2.951 579 258 16 x 103

-2.520 612513 32 ...

1.522 321 182 09 x 10°
-2.688 198 885 45 x 10°

indicated temperature ranges. The fis 1.391 665 897 82 x 10° | 1.595 645 018 65 x 102 | 1.712 802 804 71 x 10°
equations are of the for: Cy = -2.388 556 930 17 x 10° | -7.640 859 475 76 x 10° | -3.458 957 064 53 x 10°
i = 3.569 160 010 63 x 10° | 2.053 052 910 24 x 10° |-9.346 339 710 46 x 10
n ; cs = -4.623 476 662 98 x 10" | -2.933 596 681 73 x 10
B az  |gomrmdenciy
i=0 C; = -3. x 10"
¥ 5 o — 20
where E is in microvolts and ty, is in g: 2 _;:g% ggg ggg g? § 18«
degrees Celsius.
Type IR Thermocouples - 50°C 250 1,064 1,664.5
25 7 Temperature T ) L
i to to to to
coefficients of approximate Range: 250°C 1,200°C 1,664.5°C 1,768.1°C
inverse functions giving T 1923 11,361 19.739
temperature, ty,, as a \églgag? S o 5 oy
function of the _ ge: 1,923 uV 13,228 uV 19,739 pV 21,103 pV
thermoelectric voltage, E, in o = 0.000 0000 ..., 1.334 584 505 x 10' |-8.199 599 416 x 10' | 3.406 177 836 x 10¢
selected temperature and € = 1.889 138 0x 10" | 1.472 644 573 x 10" | 1.553 962 042 x 10" |-7.023 729 171 ....
C, = |-9.3835290x10° |-1.844 024 844 x 10° |-8.342 197 663 x 10° | 5.582 903 813 x 10*
voltage ranges. The
. £ the farm: C, = 1.306 861 9 x 107 | 4.031 129 x 726 10° | 4.279 433 549 x 10" |-1.952 394 635 x 10*
functions are of the form: c, = |-2.2703580x 10" |-6.249 428 360 x 104: } .lg; ggg 819 {1) X }o—ﬂ 2.560 740 231 x 10"
; ; s = 3.514 5659 x 10" | 6.468 412 046 x 10"7| 1.492 x 10"
ty = Co + CE + C,E*+...CE Gy = |-3.895390 0 x 10" |-4.458 750 ﬁs X 10-:;
N 6= 2.823.947 1 x 10" | 1.994 710 146 x 10°
where E is in microvolts and Cy = |-1.260728 1 x 10%|-5.313 401 790 x 10
tgo is in degrees Celsius. o = 3.135 361 1 x 10% | 6.481 976 217 x 10
Co= |-3.318776 9x10%
Eitor 0,02 0.005 0.001 0.002
ange b 5 5 ”
-0.02°C 0.005°C -0.0005°C -0.001°C
Typﬁg S Thermc;cofuples - _ Temperature =0 1,064.18 1/654.5
Giving the themoslocinevalinge E s |- Siheifhc G leedec 1,769.1°C
: b Co = 0.000 000 0000 ... 1.329 004 450 85 x 10° | 1.466 282 326 36 x 10°
a function of temperature, ty, for the & = |540313308631.. |3.34509311344 ... |-2.584 305 167 52 x 10°
indicated temperature ranges. The c = 1.259 342 897 40 x 10% | 6.548 051 928 18 x 10° | 1.636 935 746 41 x 10"
equations are of the for: C, =  |-2.324 779 686 89 x 10° |-1.648 562 592 09 x 10° |-3.304 390 469 87 x 10°
Cy = 3.220 288 230 36 x 10° | 1.299 896 051 74 x 10"|-9.432 236 906 12 x 10
n Cs =  |-3.314 651 963 89 x }o-':
- ‘ c, = 2.557 442 517 86 x 10"
= E i (tao) cr -1.250 688 713 93 x 10"
e o Cg = |2.71443176145x 10"
where E is in microvolts and ty is in
degrees Celsius.
Type S Thermocouples - Ten';perature -tsu 2(50 1,064 1,6164.5
iTell i ange: 0 0 0 (s]
coefficients of approximate ’ 250°C 1,200°C 1,664.5°C 1,768.1°C
inverse functions giving ol i Py 10332 T7R%6
temperature, tg, as a c;nagge‘.a “to 'to fo 0
function of the 1,874 uv 11,950 pV 17,536 pV 18,693 pv
thermoectic voage, Bin | ez [0 o, | LRI, [ [ SEmEs e
C = 7 XU X > X -1. X
Se:e"md temperature and G- |-8100504062x 105 |-1534713402x 105 | -8.536 869453 x 106 | 1.032 657 613 x 103
i g o L G [Bsne, | pessasie HITatEe IR
un 2 Cy= ¥ X -4, x 10 - x10° £ x 10
s B €I |mmianen) sy s
— 2 i Cg= X 10 =1. X 10
e | & | g
where EdiS in miCCFOVt_)ltS and &2 579786360 1027 | 8211 573 125 x 109
ty is in degrees Celsius. 2 = i o T
rror to 10 to to
Range -0.02°C 0.01°C -0.0002°C -0.002°C

Z-199




