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Special Project Title A Study and Development of a _Microwave _Doppler
Speedometer
Name Mr.Khampom Taweetanasap
Mr. Sasipong Ngamnusonkit
Department Applied Physics
Academic Year 200%
Special Project Advisor Assoc.Prof Annupong  Songprapa
Assoc.Prof.Suwan Kusumran
Abstract

This special project is the design and development of a speedometer based on microwave
Doppler effect. The system consists of 10 GHz Gunnplexer with power of 10 mW, pyramidal horn
antenna of directivity 21.4 dB , signal filtering with high pass cutoff at 300 Hz and amplifier with
gain of 2,495. PIC16F877 microcontroller processes the signal and displays speed in kilometer per
hour. The effective distance of this system for 120 km/hr car speed is in the range of 35-45 meters

with 5% uncertainty.
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2.4.1 aufmanaliave PIC16F87x
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43 msTadyenauiter 29930109 A gaHM (High Pass Filter)
Tumsnaneaaouiihinsasasaeuinesnsesngeumusonseeni 14
mumalafieoniuy wavesmInaasudasin el a.1uazgUit 4.3 Tashinis Tanus sy
¥180n(Output) Tasms nssduitnnudarefunisnndh (npu redgnannand 1.4
Taod wuhamnsonsesnandiigindis 300 sad Weu1édes daetevesgldygrun
oon Wedeudyguvuth 3.51and asifinuddunzgend 300 iBsad uand 8o 4.4

oM 4.5 muddy

M 4.1 llﬂﬂﬂﬂﬁﬂﬂﬂﬁuﬂﬁﬂﬂﬂiﬂiEJQﬂT]lJﬁf.JQ

anulifsed) | mwdradnd(DalTiad)
0 0
40 15.7
80 28.4
120 41.8
160 55.1
200 . 68.2
240 834
280 87.8
320 113.1
360 113.4
400 113
440 113
480 112.8
520 113.2
5680 113.1
600 113.3
640 113.2
680 112.8
720 112.8
760 113
800 112.6
840 143
880 113
920 113.5
960 113.2
1000 113.2
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VAN
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< a A o o
U 4.5 uansgdygraufietiounnud 548 B35 Chancel 1 (fuun) udr1&nud 548
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4.4 myTavggnouiien 199398 (Amplifier) Waszuy
¥ ]
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[ o ] ] Y i o H &
oRAULY A USRI IMIVEIWT 3,150 1 udnavadgy g AT aanslugUfi 4.5 Fadl

DATTVYIY 2,495t

- ar A ar o o -
U 4.5 urasgidgyganitedoudy g il peak to peak 194 10.43 fiad12ad Channel 1 (&Y
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a419)
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4.5 m3dadygnoudled e mFeudevusadu (Comparator)

¥ [) r
luminaaesmeuiihimsasmeuinssnFoudouns sSuannsonfoudyaad
MhuuiudgygnaglBmasunfingin (peak to peak) iflu 5 Trad

717 4.6 uermspaldoygnandetloudeguiTinardifhy 610 (Bad Channet 1 (i) uda14

Foyo el aawdidlu 610 iBsad uazil peak to peak 1T 5 T20d Channel 2 (dud1s)



49

4.6 MmanaasamnaaHavedilnsnonInsameJuuee LCD
»
Tumsneasmeuiiiniasasasunlulasaou Insameiawsadsulanauas

4 a . 1d o
uansna Idgnded iedlidyg anthideguld 4.7 wamaneansaiaaslddegii 4.8

717 4.7 uarmagudggnuildiledimssants doygnaudrdeer WiudygragiFvde

aaunsvi liuanyndelulnsneu Insaaes

71 4.8 uamwmans Jadas S uuse LcD



50

4.7 myipdasuirvegnduvasfigndunnietegadga
qyi 9 1 A o o d o # o
lumsnaassmeuiie inswinasesiasaid feenuuunazadeansoldse
o - o -i [] o J [ TRY) o
8A31t72 18034 tazenageun Nuini e unTesasas 1T,
VUABUMINANDI

@ i Uw A o L g o 4
1. daqunsifilflunsnanevimuauaziniesiasasuiadegy 4.

N 49 uraamidagunialiildlumsIadasudwesmsunisveagndu

U " t J o ¥ . L] L]
2. undegndudinamgenmiis udniudindnunen Oscilloscope tazth ludow
tufinddaindvesgnduvazfignduuniadegediqe foudumifiudaamnn
4 49 &
ndeanadiain
] op nl: A L] 4 i w
3. msnanesde 2 1 5 afa et e dedludidasiwesgndu
£ oW o 9/ W oW & o o
4. alfsudisuaonsniinnde 3 fumsasisidaaldnnngmiseyind
WA Ao v=/2gh
A ] :‘ : 1
5. wasusmnugevesgedu udahinmasesdife 2-4 Tavnlounnugald 20

6. waminanouiluAarsed 4.2



51

. o ] i o oo -
AN 4.2 urasravesiiBas i wesgnduil e nmsJanazmsasudndmon10n

nquijnamany
A anuaaednled (Hz) anudaft | w | aada | nledigud
» P '
TR [0 [ nds | nde | nta | ade | mie | Fonld “15“1“ #lda [ Anunain
tdes | 4 1 dsld3ldalds N Tm":ﬁ nquf | ndeu
" , 4 | BATuEa
qnaY MA1UN s (m/s) (%)
(m) 210
Oscilloscope
(m/s)
01 |94 | 96|91 | 93| 93|94 1.40 1.40 1.40 0
0.15 | 111 | 115 | 112 | 116 | 114 | 113.6 1.70 1.71 1.71 0.58
02 137 ]128 [ 129! 131 | 133 | 131.6 1.97 1.98 1.98 0.51
025 | 149 | 152 | 150 | 147 | 148 | 149.2 224 222 | 221 0.90
03 | 159|160 | 159 | 165 | 162 | 161 2.42 242 | 242 0
035 {167 | 172|177 | 169 [ 175 | 172 2.60 262 | 2.63 1.14
0.4 | 189 | 185 | 182 | 185 | 188 | 185.2 2.78 273 | 273 1.83
045 | 196 | 201 | 200 | 199 | 200 | 1992 2.99 297 | 297 0.67
0.5 | 214 | 208 | 205 | 209 | 212 | 209.6 3.14 3.11 3.13 0.32
0.55 | 217 | 220 | 218 | 200 | 220 | 215 3.23 326 | 3.8 1.52
0.6 | 222|233 | 231|230 | 211 | 2254 338 340 | 3.43 1.46
0.65 | 238 | 238 | 230 | 235 | 235 | 235.2 3.53 354 | 3.56 0.84
0.7 | 244 [ 250 | 249 | 248 | 245 | 2472 3.71 370 | 3.70 0.27
0.75 | 256 | 256 | 255 | 250 | 251 | 253.6 3.80 3.81 3.83 0.78
0.8 263 | 267 | 260 | 263 | 266 | 263.8 3.96 396 | 3.95 0.25
0.85 | 270 | 263 | 269 | 269 | 264 | 267 4.01 405 | 4.08 1.72
0.9 | 280 | 283 | 284 | 280 | 285 | 282.4 4.24 416 | 420 0.95
095 | 290 | 287 | 290 | 288 | 283 | 287.6 431 430 | 431 0
1.0 | 305 | 301 [ 300 | 305 | 301 | 302.4 4.54 445 | 442 2.71
mau 1.06
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deflne osc 10

deflne '

define LCD_DREG PORTD 'PORTD is DATA pin'
DEFINELCD DBIT¢ 'PORTD.O-PORTD.7
DEFINE LCD_RSREG PORTC
DEFINE LCD _RSBIT ¢ 'PORTC.0is RS pin'
DEFINE LCD_EREG PORTC
DEFINELCD EBIT1  '"PORTC.1Is E pin’
DEFINE LCD BITS8  'LED mode 8 bit’
DEFINE LCD_LINES2
DEFINE LCD_COMMANDUS 3000
DEFINE LCD_DATAUS 50
B0 var byte
fd var word[10]
Y var byte
X var word
V VAR word
U var word
symbol COUNTPULSE = PORTC.2
symbol switS = PORTA.0
Define LCD Constants—--'
I conSFE
Clr conl
Linel con $80
Line2 con $C0

wenm—er—reaefnpitial comdition '

TRISA = %00000001
ADCON1 = 506

TRISD = %00000000
TRISB = %00000000
TRISC = %11111100



symbol SO=PORTC.6 ' Set RC6 as TX pin
symbol SI=PORTC.7 ' Set RC7 as RX pin

! MAIN !
Main :

ledout LClr

pause 1000

lcdout Linel,"PRESS START"

Switch: B0O=0

button switS,0,255,0,B0,1,Cout

goto Switch

end

' Sort !

Cout: for Y=0to0 3
count COUNTPULSE,100,fd[Y]
nextY
x=(fd[0]+fd[1]+fd[2])/3
V = (540*X)/1000
U = (540*x)//1000
ledout LClr
lcdout Llinel," Velocity™
ledout 1,8¢7,dec V,"." dec U,$14,"km/hr"

goto Cout



MARUID A,

gilovesgiinial



National
Semiconductor
LM833

General Description

The LMB33 is a dual general purpose oparational amplifier
designed with particular emphasis on perfermance in audio
systems.

This dual amplifier IC utilizes new circuit and processing
tachniques to deliver low noise, high speed and wide band-
width without increasing external components or decreasing
stability. The |LM833 is internalty compensated for all closed
loop gains and is therefore optimized for all preamp and high
level stages in PCM and HiFi systems.

The LM833 is pin-for-pin compatible with industry standard
dual operational amplifiers.

Dual Audio Operational Amplifier

Features

B Wide dynamic rangs:

B Low input noise
voltage:

B High slew rate:

B High gain bandwidth:

B Wide power bandwidth:

B Low distortion:

& Low offset voltage:

B [arge phase margin:

B Available in 8 pin MSOP

package

January 2003

>14008

4.5nV/¥Hz

7 V/s (typ}; 5V/ps (min)
16MHz (typ); 10MHz (min)
120KHz

0.002%

0.3mV

60

Schematic Diagram (/2 imsag)

+¥ee 3

T—

360

N
iy

00523801

© 2004 National Semiconductor Corporation Dsog5218

www.national. com
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LM833

Connection Diagram

B
e - YC

T ouTe

6

—INB

—VEE-4- -§-+INB

00521502

Order Number LM833M, LM833MX, LM833N, LM833MM or LM833MMX
See NS Package Number
MOBA, NOSBE or MUADSA

www.national.com 2




Absolute Maximum Ratings (Note 1) Storage Temperature Range Tgrg -60 - 150°C

f Military/Aerospace specified devicea are required, Soldering Information

please contact the National Semiconductor Sales Office/ Dual-In-Line Package

Distributora for availabllity and specifications. Soldering (10 seconds) 360'C

Supply Voltage Vee—Vee 36V Small Qutline Package

Differential input Voltage (Note 3) V, 130V (SOIC and MSOP)

Input Voltage Range (Note 3) Ve +15V Vapor Phase (60 seconds) 215°C

Power Dissipation {Note 4) P 500 mwW Infrared (15 seconds} 220°C

Operating Temperature Range Topr -40 - 85°C ESD tolerance (Note 5) 1600V

DC Electrical Characteristics (notes 1. 2)

(Ta=25C, Vg = £15V)

Symbol Parameter Conditions Min Typ Max Units
Vos Input Offset Voltage Rg = 10Q 0.3 5 mV
los Input Oftset Current 10 200 nA
Is Input Bias Current 500 1000 nA
Ay Voltage Gain R =2 k&, Vg = 210V a0 110 daB
Vom Output Voltage Swing R.=10kQ 12 x13.5 '

R, =2 kQ 10 +13.4 v
Veu Input Common-Mode Range +12 x14.0 '
CMRR Common-Mode Rejaction Ratio Vi = 212V 80 100 de
PSRR Power Supply Rejection Ratio Vg = 15-5V, -15--5V 80 100 dB
Ia Supply Current Vo = OV, Both Amps 5 8 mA

AC Electrical Characteristics

{Ta =25°C, Vg = £15V, R_ = 2 k)

Symbol Parameter Conditions Min Typ Max Units
SR Slew Rate R =2 k{} 5 7 Vius
GBW Gain Bandwidth Product f = 100 kHz 10 15 MHz

Design Electrical Characteristics

(T, = 25°C, Vg = £15V) The following parameters are not tested or guarantead.

Symbol Parameter Conditions Typ Units
AV o5fAT Average Temperature Coefficient 2 pvrc

of input Offset Voltage
THD Distortion R =2 kQ, f = 20~20 kHz 0.002 %
Vour =3 Vrms, A, = 1
e, Input Referred Noise Voltage Rg = 100Q, f = 1 kHz 45 vz
in Input Referred Noise Current t=1kHz 0.7 pA/FZ
PBW Power Bandwidth Vo = 27V, R = 2 k(}, THD < 1% 120 kHz
fu Unity Gain Frequency Open Loop 9 MHz
Op Phase Margin Open Loop 60 deg
Input Referred Cross Talk f = 20~20 kHz -120 dB

www.national.com

EESNT



LM833

Design Electrical Characteristics (continued)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage 1c the device may cccur. Opsrating Ratings indicata conditions fer which the device is
functional, but do not guarantes speciflc performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test canditions which
guarantee apecific performance limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parametars where no limit
is given, howaver, the typicel value is a good indication of device perlormance.

Nole 2: Ali voltagas are maasured with raspect io the ground pin, unless otherwiss specified.
Note 3: If tupply voltage is less than 15V, it is equal 1o supply voliagse,

Note 4: This is the permissible vaiue at T, < 85°C.

Note 5: Human body moded, 1.5 Kt in series with 100 pF.

Typical Performance Characteristics

Maximum Power input Bias Current vs
Dissipation Ambient Temperature
vs Ambient Temperature
~ 1000 a0o Y T
E V5= +15¥
= 700
Z 800
=] —_ lB1as
£ T
2 600 = o
E £ 400
a00 1 =
] \ § 300
E 200 N Z 200
= A 100
< \
= 0 0
—~50 0 50 100 150 -50-25 0 25 50 75 100 125
TEMPERATURE {°C) TEMPERATLIRE (°C)
o05R1804 00521805
Input Bias Current vs
Supply Voltage Supply Current vs
Supply Voltage
W =t b T
R = n - (-]
700 — S hi<oo T |
— -~ 8
2__:- 600 E 7 mA
= 500 Z 6
&= ] —
5 400 E 5 - =
—~ 300 > 4 "
£ & 3
< 200 >
w2
100 1
0 0
5 10 15 20 0 5 10 15 20
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (1 V)
00521806 oos21807
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Typical Performance Characteristics (continued)
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LM833

Typical Performance Characteristics (continued)

Slew Rate vs
Supply Voltage
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Typical Performance Characteristics (continue
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VISHAY

4N25/ 4AN26/ 4N27/ AN28

Vishay Semiconductors

Optocoupler, Phototransistor Output, With Base Connection

Features

* |solation Test Voltage 5300 Vrus

* interfaces with Common Logic Families

* Input-output Coupling Capacitance < 0.5 pF
* Industry Standard Dual-in-line 6-pin Package
+ | ead-free component

= Component in accordance to RoHS 2002/95/EC
and WEEE 2002/96/EC

Agency Approvals

+ UL1577, File No. E52744 System Code H or J,
Double Protection

¢ DIN EN 60747-5-2 (VDEOB84)
DIN EN 60747-5-5 pending
Available with Option 1

Applications

AC Mains Detection

Reed relay driving

Switch Mode Power Supply Feedback

Telephone Ring Detection

Logic Ground Isolation

Logic Coupling with High Frequency Noise Rejection

Description

The 4N25 family is an Industry Standard Single Chan-
nel Phototransistor Coupler.This family includes the
4N25/ 4N26/ AN27/ 4N28. Each optocoupler consists
of gallium arsenide infrared LED and a silicon NPN
phototransistor.

These couplers are Underwriters Laboratories (UL)
listed to comply with a 5300 Vpyg isolation test volt-
age. This Isolation performance is accomplished
through special Vishay manufacturing process.
Compliance to DIN EN 60747-5-2(VDE0884)/ DIN EN
60747-5-5 pending partial discharge isolation specifi-
cation is available by ordering option1.

AE} Al
c =] [5]c
NC [3] L [4]E

These isolation processes and the Vishay IS0O9001
quality program results in the highest isolation perfor-
mance available for a commercial plastic phototrans-
istor optocoupler.

The devices are also available in lead formed config-
uration suitable for surface mounting and are avail-
able either on tape and reel, or in standard tube
shipping containers.

Note:

For additional design information see Application
Note 45 Normalized Curves

Order Information

Part , Remarks
4N25 CTR > 20 %, DIP-6
4N26 CTR > 20 %, DIP-6
4AN27 CTR > 10 %, DIP-6
4N28 CTR » 10 %, DIP-6
4N25-X006 CTR > 20 %, DIP-6 400 mil {option 6)
4N25-X007 CTR > 20 %, SMD-6 (option 7)
4N25-X009 CTR > 20 %, SMD-6 (option 9)
4N26-X006 CTR > 20 %, DIP-6 400 mil (option 6)
4N26-X007 CTR > 20 %, SMD-6 (option 7)
4N26-X008 CTR > 20 %, SMD-6 (option 9)
4N27-X007 CTR > 10 %, SMD-6 {option 7)
4N27-X009 CTR » 10 %, SMD-6 (option 9)
4N28-X009 CTR » 10 %, SMD-6 (option 9)

For additional information on the available options refar to
Option Information.

Document Number 83725
Rev. 1.4, 26-Jan-05

www.vishay.com
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4N25/ 4N26/ 4N27/ 4N28

Vishay Semiconductors

Absolute Maximum Ratings

Tamp = 25 °C, unless atherwise specified

Stressas in excass of the absolute Maximum Ratings can cause parmanent damage to the davice. Functioral operation of the device is
not implied at these or any other conditions in excess of these given in the operational sections of this document. Exposure to absolute
Maximum Rating for extended periods of the time can adversely affect reiiability.

Input

Y Parameter . " Test condition | Symbol Valug 1 Ginit
Reverse voliage R VR 6.0 v
Forward current I3 60 mA
Surge current t<10ps lesm 2.5 A
Power dissipation Paiss 100 mwW

Output

L %ta elor f Testcondifion |  Symbol  Valge.. . Unit... .
Colisctor-emitter breakdown voltage Veeo 70 v
Emitter-base breakdown voltage Vero 7.0 v
Collecter currant c 50 mA
Collector currrent l<1.0ms Ic 100 mA
Power dissipation Paiss 180 mW

Coupler
o Parametar Tast condition : Symbol Value Unit
Isolation test voltage Viso 5300 Vaus
Croepage 270 mm
Clearance 270 mm
Isolation thickness betwean 204 mm
emitter and detector
Comparativa tracking index DIN IEC 112/VDE0303, part 1 175
Isolation reslstance Vig=500 V, Tgn, =25 °C Rio 1012 Q
Vg = 500 V, Tgmp = 100 °C Rio 1o Q
Slorage temperature Tetg -56510 + 150 °C
Operating temperature Tamb - 55 to + 100 °C
Junction temperature T 100 °C
Soldering temperature max.10 s, dip soldering: Teig 260 °C
distance to seating plane
21.5mm
www.vishay.com Document Number 83725

2 Rev. 1.4, 26-Jan-05
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VISHAY

4N25/ 4N26/ 4N27/ AN28

Electrical Characteristics
Tamo = 25 °C, unless otherwise specified

Minimum and maximum values are testing requirements. Typical valuss are characteristics of the device and ars the result of engineering

evaluation. Typical values are for information only and are not part of the testing requirements.

Vishay Semiconductors

Input
: Parameter Tast-condition Symbol Min Typ. Max Unit
Forward voltage') g = 50 mA Ve 1.3 1.5 v
Revarse current’ Vp=30V In 0.1 100 LA
Capacitance Vp=0V Co 25 pF
" Indicates JEDEG registered values
Output
. Paamster Tast condtion Pat | Symbol Min Typ. Max Unit
Collector-base breakdown I = 100 pA BVceo 70 v
voltage™
Collactor-emitter breakdown Ic =1.0mA BVeeo 30 v
voltags™
Emitter-coliector breakdown lg =100 pA BVeco 7.0 v
voltage
Igeo(dark)®? Vge = 10V, (base opan) 4N25 5.0 50 nA
4N26 5.0 50 nA
4N27 5.0 50 nA
4N2B 10 100 nA
Icao(dark)" Vcp = 10V, (emitter open) 2.0 20 nA
Collector-emitter capacitance | Vce=0 Cce 6.0 pF
1} Indicates JEDEC registered values
Coupler
* Fatameter Tost condiion Part | Symbol Min Typ. Max | Unit
|sclation voltage” Peak, 60 Hz 4N25 Vio 2500 v
4N26 Vio 1500 v
4N27 Vio 1500 v
4N28 Vio 500 v
Saturation voltage, collector- lce =2.0mA, i = 50 mA VeE(san 0.5 v
emitter
Resistance, input output?) Vig =500V Rio 100 GQ
Capacitance (input-output} f=1.0 MHz Cio 05 pF
") Indicates JEDEC registered values
Current Transfer Ratio
_ Pafameter Test condition Part Symbol Min Typ. Max Unit
DC Current Transfer Ratio' Vee=10V, lp=10mA AN25 CTRpc 20 50 EC
4N26 CTRp¢ 20 50 Yo
4N27 | CTRpg 10 30 %
4N28 | CTRpc 10 30 %

Y Indicates JEDEC registered value

Document Number B3725
Rev. 1.4, 26-Jan-05
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4N25/ 4N26/ 4N27/ 4AN28

Vishay Semiconductors

Switching Characteristics

" Parametgr Test condition

Symbol Min Typ. Max Unit

Rise and fall times | Vee=10V,lp=10mA, A =1000

tr, lr 2.0 HS

Typical Characteristics (Tamb = 25 °C unless otherwise specified)

14

12 Ta=-55°C
> L A=
Co42 P
& —
gy, Ta=25C
> L
B 10
g 1
E /
£ o8 Tp=85C
o 08

0-7 Lol do il [ B A N L Ll

A i 10 100
i - Forward Current - mA
-3t 01
Figure 1. Forward Voltage vs. Forward Current
1.5
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3 1.0
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c 08
G
z / —O— | NCTR(SAT)
~—&—— | NCTR
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Figure 2. Normalized Non-Saturated and Saturated CTR vs. LED
Current
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I Narmalized 10; |
- Vee=10 V, Ir=10 mA, Ta=25°C
E F CTRce(sat) Vee=0.4 V
B 10
N ,
5 [ Ta=50°C
E
[=]
z L
e 05 i h+]
5 —rk-| NCTR{(SAT)
< —o—{ NCTR
0.0 ettt ] Lo T
1 1 10 100

- LED Current - mA

“n23,00

Figure 3. Normalized Non-saturated and Saturated CTR vs. LED
Current
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Figure 4. Normalized Non-saturated and saturated CTR vs. LED
Current

www.vishay.com
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4N25/ 4N26/ 4AN27/ 4N28

v Vishay Semiconductors
15 . 15
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Figure 7. Collector-Emitter Leakage Current vs, Temp.

Figure 10. Normalized Non-saturated HFE vs. Base Current and
Temperature

Document Number 83725
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4N25/ 4N26/ 4N27/ AN28

Vishay Semiconductors

o1 1
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Figure 11. Normalized HFE vs. Base Current and Temp. Figure 14. Switching Schematic
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Figure 13. Switching Timing
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National
Semiconductor

LM111/LM211/LM311

Voltage Comparator

1.0 General Description

The LM111, LM211 and LM311 are voltage comparators that
hava input cutrents neatly a thousand times lower than
devices like the LM106 or LM710. They are also designed to
operale over a wider rangs of supply voltages: from standard
115V op amp supplies down to the single 5V supply used for
IC logic. Their output is compatible with RTL, DTL and TTL
as woll as MOS circuits. Further, thay can drive lamps or
relays, switching voltages up to 50V at currents as high as
50 mA.

Both the inputs and the cutputs of the LM111, LM211 ar the
LM311 can be isolated from system ground, and the output
can drive ioads referred to ground, the positive supply or the
negative supply. Offset balancing and strobe capability are
provided and outputs can be wire OR'ed. Although slower
than the LM106 and LM7 10 (200 ns response time vs 40 ns)

January 2001

the devices are also much |less prone to spuripus oscilla-
tions. The LM111 has the same pin configuration as the
LM106 and LM710.

The LM211 is identical to the LM111, except that its perfor-
mance is specified over a -25°C to +85'C temperature range
instead of -55'C to +125°C. The LM311 has a temperature
range of 0°C to +70°C.

2.0 Features

® Operates from single 5V supply

B |nput current: 150 nA max. over temperature
® Offset gurrent: 20 nA max. over temperatura
u Differential input voltage range: £30V

® Power consumption: 135 mW at 15V

3.0 Typical Applications (ote 3)

Offset Balancing

A2
10

o574

Increasing Input Stage Current (Note 1)

DOS7O438
Note 1: increasas typical common mode siew rom 7.9Y/s 1o 18 /s,

Strobing

00570437
Note: Do Nol Ground Strobe Pin. Ouiput is iumed off whean curreni s
pulled trom Strobe Pin,

Detector for Magnetic Transducer

MAGNETIC
PICKUP

© 2004 National Semiconductor Corporation DS005704

woww.national.com
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LM111/LM211/LM311

3.0 Typical Applications (Note 3) (Continued)

Digital Transmission Isolator Relay Driver with Strobe

v

(13
vt 50V F—O
—_—

o

00570440 TTL
STROBE

On570441
*Absarbs Inductive kickback of ralay and protects iC from savere voltage
transiants on V** line.

Note: Do Not Ground Strobe Pin,

Strobing off Both Input and Output Stages (Note 2)

FAOM O/A NETWORK

1+

m
SA Nz222 STROBE

00570342
Note: Do Nat Ground Strobe Pin,

Note 2: Typical Input current is 50 pA with inputs sirobed off.

Note 3: Pin connections shown on schematic diegram and typicat appiications ate for HO8 metal can package.

Positive Peak Detector Zero Crossing Detector Driving MOS Logic
+15Y

R2

30K

INPUT
vt =50V

TO MOS LDGIC

R3
10k

Vo= -10¥

OuA?0424

00570423

*Solid tantalum

www.national.com 2




4.0 Absolute Maximum Ratings for LM111 ~55'C to 125'C
the LM111/LM211 (Note 10) LM211 ~25'C 10 B5'C
it Military/Aerospace specified devices are required, Lead Temperature (Soldering, 10 sec) 280°C

please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Voltage at Strobe Pin V-5V
Soldering Information

Total Supply Voltage (V) 3ev Dual-In-Line Package
QOutput to Negative Supply Voltage Soldering (10 seconds) 260°C
(Vz4) 50v Small Outline Package
Ground to Negative Supply Voltage Vapor Phase (60 seconds) 215°C
V1a) 30V Infrared (15 seconds) 220°C
Differential input Voltage *30V See AN-450 “Surface Mounting Methods and Their Effect
Input Voltage (Note 4) =15V on Product Reliability” for other methods of soldeting
Qutput Short Circuit Duration 10 sec surface mount devices.
Operating Temperature Range ESD Rating (Note 11) 300V
Electrical Characteristics (ot 6 for the LM111 and LM211
Parameter Conditions Min Typ Max Units
Input Offsst Voltage (Note 7) T,=25"C, Rgs50k 0.7 3.0 my
Input Offset Current Ta=25'C 4.0 10 nA
Input Blas Current Ta=25'C 60 100 nA
Voltage Gain T.=25C 40 200 Vimy
Response Time (Note 8} TA=25"C 200 ns
Saturation Voltage Vins—5 mV, lgur=50 mA 0.75 1.5 v
TA=25'C
Strobe ON Currgnt (Note 9) Ta=25'C 20 5.0 mA
Qutput Leakage Current Vin25 mV, Vg =35V 0.2 10 nA
Ta=25"C, lstroae=3 MA
input Offset Voltage (Note 7) Rs<50 k 4.0 mvV
Input Offset Current {(Note 7) 20 nA
input Bias Current 150 nA
Input Voltage Range V*+=15V, V'==15V Pin 7 -14.5 13.8,-14.7 13.0 v
Pull-Up May Go To 5V
Saturation Voltage V24 5V, V=0 0.23 0.4 v
ViNS-6 MV, I8 mA
Output Leakage Current Vin25 mV, Vg 1=35V 0.1 0.5 HA
Positive Supply Current TA=25C 5.1 6.0 mA
Nagative Supply Current Ta=25°C 4.1 5.0 mA

Note 4; This rating applies for £15 supplies. The positive input voltage limit is 30V above the negalive supply. The negative input voltaga fimit is equal to the
negative supply voliage or 30V below the positive supply, whichever is less.

Note 5: The maximum junction temperature of the LM111 is 150°C, while that of the LM211 is 140°C. For operating at elevaled temperatures, devices in the HOB
package musi be derated based on a thermal resistance of 165°C/W, junction to ambient, or 20°C/W, junction to casa. The thermal resistance of the duaHn-fine
package ls 110°C/W, junction to ambient.

Nots 6: Thess specHications apply for Vgz+15V and Ground pin at ground, and -55'C<T$+125'C, unless otharwisa stated. With the LM211, howevar, all
tamparature specifications ara limited 1o 25 CsTas+85°C. The ofisat voltage, olfset current and bias current specificetions epply for any supply voltage from a single
5V supply up to +15V supplies.

Nole 7: The offset vollages and offset currents given are the meximum values required lo drive the outpu! within a volt of aither supply with a 1 mAload. Thus, thase
parameters define an error band and take into account the worsi-case effects of voltage gain and Rs.

Nota 8: The rasponse fime spacified (see definitions) is for a 100 mV input step with 5 mV overdrive.

Nota 8 This spacfication givas the range of current which must ba drawn from the strobe pin to ensure the output is propenly disabled. Do not shor the strobe pin
1o ground; it should be currenl driven at 3 fo 5 mA.

Note 10: Rafer to RETS111X for the LM111H, LM111J and LM111J-B military speciicetions,
Note 11: Human bady modal, 1.5 KLl in saries with 100 pF.

3 www.national.com
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LM111/LM211/LM311

5.0 Absolute Maximum Hatings for Output Short Circuit Duration 10 sac
the LM311 (Note 12) Operating Temperature Range 0" to 70°C
It Miltary/Aerospace specified devices are required, Storage Temperature Range -65'C 1o 150°C
please contact the National Semiconductor Sales Office/ Lead Temperature (soldering, 10 sec) 260°C
Distributors for availability and specifications. Voltage at Strobe Pin V5V
Total Supply Voltage (Vg.,) 38vV Soldering Information

Output to Negative Supply Voltage Dual-In-Line Package

(V74 40V Soldering (10 seconds) 260°C
Ground to Negative Supply Voltage Small Outline Package

{Via) 30V Vapor Phase (60 seconds) 215°C
Ditferentiai Input Voltage +=30V Infrared (15 seconds) 220°C
Input Voltage (Note 13) 15V See AN-450 “Surface Mounting Methods and Their Effect
Power Dissipation (Note 14) 500 mw on Praduct Reliabillty” for other methods of soldering
ESD Rating {Note 19} 300V surface mount devices.

Electrical Characteristics nowe 15 for the LM311

Parameter Conditions Min Typ Max Units
Input Offset Voitage (Note 16} Ta=25"C, Rgs50k 2.0 7.5 mv
Input Oftset Current{Note 18) Ta=25"C 6.0 50 nA
Input Bias Current Ta=25°C 100 250 nA
Voltage Gain T,=25C 40 200 VimV
Response Time {Note 17) TA=25C 200 ns
Seaturation Voltage Ving=10 mV, I =50 mA 0.75 1.5 v
Ta=25'C
Strobe ON Current (Note 18) TA=25C 2.0 5.0 mA
Output Leakage Current Vin210 mV, Vg =35V
TA=25'C, lstrose=3 MA 0.2 50 nA
V" =Pin1=-5V
Input Offset Voltage (Note 16} Rgs50K 10 mv
Input Offsat Current (Note 16} 70 nA
Input Bias Current 300 nA
Input Voltage Range -14.5 13.8,~14.7 13.0 v
Saturation Voltage V4.5V, V™=0 0.23 0.4 v
Vin$~10 mV, lg,+<8 mA
Positive Supply Current TA=25'C 5.1 7.5 mA
Negative Supply Current TA=25"C 4.1 5.0 mA

Note 12: “Absolute Mexéimum Ratings indicate limits beyond which demege 1o the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantes specific perlormance limits.”

Hole 13: This rating applies for £15V supplies. The positive input vollage kimit is 30V above the negative supply. The negative input voilage limit is equel to the
negelive supply voltage or 30V below the positive supply, whichaver is kss.

Note 14: The maximum junction temperature of the LM311 is 110'C. For operating at elevated temperature, devices in tha HOB package must be derated basad
on @ tharmal resistance of 185°C/W, junction to ambient, or 20°C/W, junclion to case. The thermal resistance of the duai-in-line package is 100°C/W, junction fo
ambient,

Note 15: These specifications apply for Vg=+15V and Pin 1 at ground, and 0°C < Ty < +70°C, unless otherwise specifiod, The offset voltage, offset cutrent and
bias current specifications apply for any supply vallage from a singie 5V supply up to =15V supplies.

Note 16: The ofset vollages and offsat currents given are the meximum values required to drve the output within a volt of eithar supply with 1 mA |cad, Thus, these
parametera define an error band end take into account tha worst-case effects of voltage gain and Rg.

Note 17: Tha response time specified {see definitions} is for a ¥00 mV input stap with § mV ovardrive.

Note 18: This spacification gives the range of current which must be drawn from the strobe pin to ensure the output Is properly diseblad. Do not short the strobe
pin to ground; it should be current driven al 3 to 5 mA.

Nots 18: Human body modal, 1.5 kil in series with 100 pF.
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6.0 LM111/LM211 Typical Performance Cha.ractélristics

input Bias Current

100

INPUT BIAS CURRENT (nA)

1

Vi = £16V -
4

RAISED +—1

L5, 6, AND B))

{SHORT PINS _ ]

NORMAL

—1 |

a4
-56-35 -15 & 25 45 €5 85 105 125
TEMPERATURE (°C)

Q0570443

Input Bias Current

>
LT
'“.f' o T,‘ bd 25'(.‘
o
-
o
[—]
c
- ¥ —
g Eh
2 ___mxﬂmu : }
oy |-
= TYPICAL
[
|
= 11 L |
- FHHH—HHH
: Vos = Vpog + h]o"r
ER
w 1 100k ™ 10M
INPUT RESISTAMCE (1)
00570445
\nput Bias Current
+
' T
g 08 | REFERAED TO SUPPLY VOLTAGES —
2 |
£
& -1.0 o
-t
(YY)
E L~ n
i 04
-
S oz
v

55 -36 -15 5 25 45 65 85 105 125
TEMPERATURE [°C)

00570447

(NPUT DFFSET CURRENT inA)

INPUT BIAS CURRENT (nA)

QUTPUT VOLTAGE (V)

-55 35 -1§ & 25 a5 &5 05 108 125
TEMPERATURE {°C)

m
160
10
120
100

"

&5 8

2
q

Input Bias Current

|
T 1 T
Vg = $15V

RAISED

{SHORT PINS.

HDHLM'

5, 6 AND 8]

]

Input Bias Current

DOE70443

(110

Vs = s15V T
TA b !5"(: __J

-6 -12 -8 4 ¢

k] ]

DIFFERENTIAL INPUT VOLTAGE (V)

Input Bias Current

1 12 15

DOSTO48E

—

[
NORMAL QUTPUT
R, * 1K
vtasov

I

Vs'ﬁv
[ Ta =25°C |

CEMITTES
| FOLLOWER
ouTRUY

R, - 8002

A

DIFFERENTIAL INPUT VOLTAGE (mV)

8§ 1

Q0570448

www, national.com

HENTVLIZANTILINT



LM111/EM211/LM311

INPUT VOLTAGE (mv} OUTPUT VOLTAGE (V)

SATURATION VOLTALGE (V)

QUTPUT VOLTALE (V)

INPUT VOLTAGE (mV}
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6.0 LM111/LM211 Typical Performance Characteristics (continued)

Input Bias Current
Input Overdrives
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6.0 LM111/LM211 Typical Performance Characteristics (continueq)

Supply Current
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7.0 LM311 Typical Performance Characteristics
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LM111/LM211/LM311

7.0 LM311 Typical Performance Characteristics (continueq)
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7.0 LM311 Typical Performance Characteristics (continved)
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8.0 Application Hints (Gontinued)

7.

When both inputs of the LM111 are connected to active
signals, or # a high-impedance signal is driving the
positive input of the LM111 so that positive feedback
would be disruptive, the circuit of Figure 1 is ideal. The
positiva feedback is to pin 5 (one of the offset adjust-
ment pins). It is sufficient to cause 1 to 2 mV hysteresis
and sharp transitions with input triangle waves from a
few Hz to hundreds of kHz. The positiva-feedback signal
across the 824 rasistor swings 240 mV below the posi-

Fin connactions shawn am far LM111H in the HOA hermaelic package

8.

tive supply. This signal is centered arcund the nominal
voltage at pin 5, so this feedback does not add to the
Vs of the comparator. As much as 8 mV of Vg can be
trimmed out, using the 5 k(2 pot and 3 kil resistor as
shown.

These application notes apply specitically 1o the LM111,
LM211, LM311, and LF1t1 families of comparators, and
are applicable to all high-speed comparators in general,
{with the exception that not all comparators have trim
pins).

15V

00570439

FIGURE 1. Improved Positive Feedback

O 0UTPUT

Pin connactions shown are for LM111H in the H08 hermetic package

00670420

FIGURE 2. Conventiongl Positive Feedback

www.national.com
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LM111/LM211/LM311

8.0 Application Hints (continued)

lr-() 15Y

O 0uTPUT

Lk

FIGURE 3. Positive Feedback with High Source Resistance

9.0 Typical Applications in numbers

refer to HO8 package)

Zero Crossing Detector Driving MOS Switch
vt

00570413

100 kHz Free Running Multivibrator

0057414
*TTL or DTL fanout of two

www, national.com
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9.0 Typical Applications (pin numbers refer to Ho8 package) (Continued)

10 Hz to 10 kHz Voltage Controlled Oscillator

C1
1000 pFt
Il
cz W OR7
10M
L
150 pF —
) I +15vy~
- 7 g TRIAHGULAR
LM101A 4 WAVE
31 ‘ pu OUTPUT
RE 1N751
RS 5.1M o4
22K
\!\ 1N751
- SQUARE
WAVE
QUTPUT
Q0570415
*Ad|ust for syrmmoatrical square wave time when Vyy = 5 mV
tMinimum capacitance 20 pF Maximum frequency 50 kHz
Driving Ground-Referred Load Using Clamp Diodes to Improve Response
FROM 2
LADDER
— NETWORK L et
INPUTS* 3
+
3 R1
ANALOG INPUT

00570417

00570416
“Input potarlty is raversed when using pin 1 as output.

TTL Interface with High Level Logic
vt 5y

RS
1K

TO TIL LOGIC

00570418
"Valuas shown are for a 0 to 30V logic swing and a 15V threshold.
+tMay be added to control speed and reduce susceplibifity 1o noise spikes.

13 www.national.com
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LM111/LM211LM311

9.0 Typical Applications {Pin numbers refer to HOB package) (Continued)

Crystal Oscillator Comparator and Soienoid Driver

OUTPUT

Q05704206

S0K

k70418
Precision Squarer

R1 vi= 5V

ouTPOT

e
INPUT

DOSTO421
*Solld tantalum
tAdjust 1o set clamp lavel

www.national.com 14



9.0 Typlcal Applications {Pin numbers refer toc HOB package) (Cantinued)

Low Voltage Adjustable Reference Supply

R V':=50v R4

a2
IN2222

i

00570422
*Solid tantalum

Positive Peak Detector

+15v

auTeur

-15¥ ™ —

00570423
*Solid tantalum

Negative Peak Detector
+H15V

*Solid tantalum

Zero Crossing Detector Driving MOS Logic

0057042%

570424

www.national.com

HENTVLIZWVLLIN



LM111/LM211/LM311

9.0 Typical Applications (Pin numbers refer to HOB package) (Continued)

Precision Photodiode Comparator

+5V

R3
1.0k

TTL
DUTPUT

00570426
*R2 sets the comparison fevel. At comparison, the photodiode has less than 5 mV across it, decreasing leakagas by an order of magnitude.

Switching Power Amplifier

r . v
3 ] RB
- 620
By al
M ZNITE3
1 A7
2] 00
4
A2 ==
00K =
v
§— oUTPUT
R3 +
1004 v
k] L]
+
L
M1
R 1
10K 2
INFUT M 02
: N335
. Sy < < ns A6
_V- 0L Sw ip 300 620
o

00870427
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9.0 Typical Applications {Pin numbers refer to HO8 package) (Continued)

Switching Power Ampiifier

v{

]

o 0z
2N3163 2N3763

R12
620

Rt
620

ouTPUT

A7
15k

00570428

17
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LM111/LM211/LM311

10.0 Schematic Diagram (Note 20

BALANCE/STHGBE  BALANCE
6 §
A2 £ (7]
kL) > k1] b
Al RZ (114 RS
1.3 1.3k 58
AG
1]
RE S RY
“‘H 1S 1%
4 p—l mz
O—Kma
0 A0 g
+ ik S
1
INPUTS o
a4
23
iV}
03
A19 ns
250 20

Note 20: Pin connections shown on schematic diagram are for HO8 package.

—v

QUTPUT

www.national.com
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11.0 Connection Diagrams

Metal Can Package

STROBE

00570906
Note: Pin 4 connecied to case

Top View
QOrder Number LM111H, LM111H/883(Note 21) , LM211H or LM311H

See NS Package Number HOBC

Dual-In-Line Package Dual-in-Line Package
U NC ) = U pumss 14 NE
GROUND § o] el 1M

GND % e 1] NC

INPUT 2 ey e T QUTPUT NPT 3 ™ ST

INPUT 3 sy e § BALANGE/ INPUT & - e 14 ¥

STROBE T I

¥~ 4§ ey jurwe 5 BALANCE
YT — e §  OUTHUIT
LALANCE 7 =] e :;:::y
0IST0434
Top View i
Crder Number LM1114-8, LM111.J-8/883(Note 21), Top View
LM311M, LM311MX or LM311N Order Number LM111.0/883({Note 21)
See NS Package Number JOSA, MOSA or NOSE See NS Package Number J14A or N14A
1 1¢
N e v
[1.31) LY — 1 OUTPUT

et
co

WeuT-CTTT LMITIW — .

4 7
NC I::_;' s:I BALANCE STROBE
y-— ] ] BALANGE
00570433

Order Number LM111W/883(Note 21), LM111WG/883
See NS Package Number W10A, WG10A

Note 21: Atso available per JM38510/10304

19
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LM741 Operational Amplifier
General Description

The LM741 series are genseral purpose operational amplifi-
ara which feature Improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacameants
for the 708C, LM201, MC1438 and 748 in most applications.
The amplifiers offer many features which make their appli-
cation nearly foolproof: overlead protaction an the input and

&National Semiconductor

November 1994

output, no latch-up when the common mode range is ex-
ceadad, as well ag freedom from oscillationa.

The LM741C/LMT41E are identical 1o the LM741/LM741A
excapt that the LM741C/LM741E have their perfarmance
guaranteed over a 0°C to +70°C temperature range, in-
stead of —55°C to +125°C.

Schematic Diagram

2]
!

ThH/a3-7

. - - - v
08 (1] ai2 i3
. —|I/ou
3 2
MOM=ROVERTIG [NYERTING s
al Q2 < 5
WPUT INPUT 2 .k W
R7 015 I——<
Lo | 45K
k] 30pF R8 ]
/{ F\ Q4 15K 5: 2"
A
[ bE ourpur
4 o7 oi5
}\A < R10
50
1 Q17
a8 010
na\l ' aHl 022 Irazo
OFFSET NULL = OFFSET
NULL
B <R3 <R? R4 S Ri2 T R
ik $sok 31k 5K gL 3
Ly
TL/H/B341-1
Otfeet Nulling Circuit

©1008 Natonal Ssmiconductor Corporation  TL/H/Q341

RRD-B30M115/Primlad in . 5. A
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Absolute Maximum Ratings

It Militery/Aeroapace specified devices are required, please contact the
Distributors for availabliity and specifications.

National Semiconductor Sales Offlce/

{Note 5)
LM741A LM741E LM741 LM7431C
Supply Voltage 22V Taz2v t22v +18V
Power Dissipation (Note 1} 500 mW 500 mwW 500 mW 500 mwW
Dittarential Input Voitage 130V a0V + Jov 130V
Input Voltage (Note 2) + 16V 15V +15v 118y
Output Short Circuit Duration Conlinuous Continucus Continuous Conlinuous
Opaerating Temperature Range —-55"C to +125°C rCio +70°C —55°Cto +125°C o"Cto +70°C
Storage Tempergture Range —65°Cto +150°C —65°C to +1580°C —B5°C to +150°C —B5°Cto +150°C
Junction Termperature 150°C 100°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 2680°C 260°C 260°C
J- or H-Package (10 seconds} 300°C 300°C 300°C 300°C
M-Package
Vapor Phase (60 ssconds) 215°C 215°C 215°C 215°C
Infrared {15 geconds) 215°C 215°C 215°C 215°C
Seo AN-450 “Surlace Mounting Methods and Their Effect on Product Raliahility” for other methods of soldering
surtace mount devicas.
ESD Tolerance (Note 6) 400V 400V 400V 400V
Electrical Characteristics (ote 3)
Parameter Condltions LM741A/LM741E LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min { Typ | Max
input Offset Voltage Ty = 25°C
Rg < 10k 1.0 5.0 20 6.0 mv
Rg < 5001 08| 30 my
TamiN 5 Ta < Tamax
Rg < 5001 4.0 mv
Rs < 10k 8.0 75 | mv
Average Input Otfset o
Voltage Drift 15 pVIC
Input Otfset Voltage Ta=25'C.Vg = 20V | o +15 £15 "
Adjusimant Ranga
input Offset Current Ta = 25°C 3.0 30 20 | 200 20 | 200 nA
TamiN = Ta < Tapax 70 B5 500 L) nA
Average Input Offaet .
Current Drift 0.5 nA/C
Input Blas Current Ta = 25°C a0 80 B0 | 500 B0 | 500 nA
Tamin = Ta < Tamax 0.210 1.5 0.8 pA
Inpui Resistance Ty =26°C,Vg = +20v | 10 | 6.0 03 | 20 03 | 20 MO
Tamin = Ta < Tamax,
Vg = 20V 0.5 M
Input Voltage Range Ta = 25°C 12 | 13 v
Tamine = Ta < Tamax 12| 13 v
Large Signal Voltage Gain | T4 = 26°C, A = 2kt
Vg = 120V, Vp = 18V | R Vimv
Vg = 15V, Vo = 10V 50 | 200 20 | 200 V/mV
TAMIN < Ta < Tapax
AL = 2k,
Vg = £20V, V= 216V | 32 Vimy
Vg = 15V, Vo = £10V 25 15 v/mv
Vg = 6V, Vg = 12V 10 Vimv




Electrical Characteristics (vots 3) (Continuad)

Peramster Conditions LM741A/LM741E LM741 LM741C Unita
Min { Typ [ Max | Min | Typ | Max | Min | Typ | Max
Oulput Voltage Swing Vg = 120V
Ry 2 10k 16 A
RL = 2k 115 v
Vg = 16V
A = 10k 12 | £14 12| 14 A
AL = 2k +10 | 13 +10 | +13 v
Cutput Short Circuit Ta = 26°C 10 25 35 25 25 mA
Current Tamin = Ta < Tamax 10 40 mA
Common-Mode Tamin = Ta < Tamax
Rejaction Ratic Rs < 10k}, Vg = 212V 70 00 70 a0 dB
Rg < 5000, Vo = 12V 80 95 dB
Supply Voltage Rejection | Tamin < Ta < TamaAx,
Ratlo Vg = 120VioVg = 5V
Rg < 500 88 96 dB
Rg = 10k} 77 98 77 86 dB
Transient Response Ta = 25°C, Unity Gain
Rise Time 026| 0.8 0.3 0.3 us
Overshoot 60 | 20 5 5 %
Bandwidth (Note 4) Ta = 25°C 0.437 | 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 V/us
Supply Current Ta = 25°C 1.7 | 28 1.7 | 28 | mA
Power Congumption Ta = 25°C
Vg = t20v BO | 150 mw
Vg = 115V 50 as 50 85 mw
LM741A Vg = 120V
Ta = Tamin 185 mw
Ta = Tapax 135 mw
LMT41E Vg = 120V
Ta = Tamin 180 mw
Ta = Tamax 150 mwW
LM741 Vg = 215V
Ta = TamiN 80 100 mw
Ta = Tamax 45 75 mw
Nete 1: For opamtion al sl d temp these devices must be deraled based on tharmal resistance, and Tj max. (lisied under “Absoluia Maximum
Ratings"). Ty = Ty + (B Pob
Thermal Rasistanca Cordip (J} DIP (N) HO8 (H) 808 (M)
) (Junction Lo Ambiant) 100°CrwW 100°C/w 170°C/W 165°C/wW
4 {Junction 1o Case) N/A N/A 25'C/wW N/A

Note 2 For supply vollages jags than + 15V, the absolule meximum input voitage is equal 1o the supply voiage.

Note 3: Unless otherwise specified, these spacilications epply for Vg =

specifications are limited 16 0°C < Ty < +70°C.

Note & Calculated value irom: BW MH2) = 0.35/Rise Time(us).
Note & For military spacificatians see RETS741X for LM741 and RETS741AX for LM741A.
Note & Human body modal, 1.5 kil in senes with 100 pF.

+15Y, —55°C < Tp < +125°C (LM741/LM741A). For tha LM741C/LMT41E, these




Connection Diagrams

Meteal Can Package

TL/H/2341-2

Order Number LM741H, LM741H/883*,
LM741AH/883 or LM741CH
Se#a NS Package Number HG8C

Duakin-Line or 3.0. Package

./
OFFSET NULL={ 1 Bf=NC
INVERTING INPUT = 2 7h=v*
NON=MYERTING =] 3 6 |=O0UTPUT
NPT
y—{4 5 |- OFFSET NULL

TL/H/9341-3
Order Numbar LM?41J, LM7414/883,
LM741CM, LM7$1CN or LM741EN
See NS Package Number JOBA, MOBA or NOBE

*LM741H Is avallable per JM38510/1010%

Ceramic Dual-In-Line Package

Ny
Ne =1 14 =NC
NG —f 2 13f=HC
+OFFSET MUL| —{ 3 12f—KC
=N=—14 11f=v+
+H =45 10 = out
v-—46 9| - OFFSET NULL
Ne—{7 8= NC
TL/H/A341-5
Order Number LM741J-14/883*, LM741AJ-14/882**
Sew NS Packape Number J14A
*also availabla per JMIBS10/10101
**also available per JMIB510/10102
Ceramic Flatpak
1 (I
NC 1:2 ® .:I NC
+OFFSET NULL =T ——NC

~INPUT 'j'r LM7aTW v
+INPUT :-—-—5- "3:1 ouTPUT
V- ——) -OFFSET NULL

TL/H/B41-6

Order Numbar LM741W/883
Sea NS Package Number W10A




OP07C, OPO7D
PRECISION OPERATIONAL AMPLIFIERS

SLOS089D — OCTOBER 1983 -~ REVISED FEBRUARY 2002

® Low Noise OPO7C...D OR P PACKAGE
...D, P, OR P5 PACKAGE
® No External Components Required oPaTD g_gpc‘)’?ﬂz PACKAG
® Replace Chopper Amplifiers at a Lower W)
Cost QOFFSET N1[] 1 8 a OFFSET N2
® Wide Input-Voltage Range IN-[} 2 7 Vee+
...0to+14 V Typ IN+[} 3 s ouT
® Wide Supply-Voltage Range VCC—q 4 SHNC
X3 Viei8V

® Essentially Equivalent to Fairchild pA714 NG=No intemal connection

Operational Amplifiers

® Direct Replacemeants for PMI OP07C and
OPOTD

description

These devices offer low offset and fong-term stability by means of a low-noise, chopperless,
bipolar-input-transistor amplifier circuit. For most applications, extemal components are not required for offset
nulling and frequency compensation. The true differential input, with a wide input-voltage range and outstanding
common-mode rejection, provides maximum flexibility and performance in high-noise environments and in
noninverting applications. Low bias currents and extremely high input impedances are maintained over the
entire temperature range. The OP07 is unsurpassed for low-noise, high-accuracy amplification of very-low-level
signals.

These devices are characterized for operation from 0°C to 70°C.

AVAILABLE OPTIONS
Vio MAX PACKAGE
TA AT 25°C SMALL OUTLINE | PLASTIC DIP
{D, P8} {P}
OPO7CD OPQ7CP
0°C to 70°C 150 pv
¢ R OPO7DP

The D package is available taped and reeled. Add the suffix R to the device type
(e.g., OPO7CDR). The PS package is availabla only taped and resled.

symbol

OFFSET N1
N+

IN-
OFFSET N2

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 ke current as of publication dats. Copyright © 2002, Texas Instruments [ncorporated

Products conform to apectications per the tarma of Texas Instruments l
standard warmanty. Production procasaing does nof necessarlly Include
teating of ail paramstars. EXAS

INSTRUMENTS

POST OFFICE 80X 655303 ® DALLAS, TEXAS 75265 1



OP07C, OP07D
PRECISION OPERATIONAL AMPLIFIERS

SLOS088D - OCTOBRER 1883 — REVISED FEBRUARY 2002

schematic

-~ Vees

OFFSET N1

=
e

OFFSET N2

it —s 6

our

o

¥
|

=l
4 ?_.r
N+ Ay r\H< i| — 1

. L

COMPONENT COUNT

Resistors 28
Transistors 39 —
Capacitors 4

4 Vee-

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage: Vec+ (SEBNOTE 1) ... i i e e e 2V
Veoo-(8ee NOote 1) . e =22V

Differential input voltage (see NOte 2) .. ... ... i e e 130V
input voltage, V| (either input, see Note 3) .. ... ... 22V
Duration of output short circuit (see Note 4} ... ... ... . i Unlimited
Package thermal impedance, By (seeNote 5y Dpackage .. ............oiiviiiiiniinnnains 97°C/w
Ppackage ...........cc i, B5°C/W

PSpackage ..............iiiiiiiiiiia.. 95°C/W

Lead temperature 1,6 mm (1/16 inch)fromcase for10seconds  ...................cccvvunness 260°C
Storage temperature range, Totg -« ..o oo ve it -65°C to 150°C

T Stresses beyond thase listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditlons” is not
implied. Exposure to absolule-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Voo and Vog-.

Differential voltages are at IN+ with respect to IN-.

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.

The output may be shorted to ground or either power supply.

The package thermal impedance is calculated in accordance with JESD 51-7.

L

recommended operating conditions

MIN  MAX | UNIT
Voot Supply voltage 13 +18 v
Vic  Common-mode Input voltage |vece=t15v 13 13| v
TA Operating free-air ternperature o 70 °C

{” TEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



electrical characteristics at specified free-air temperature, Voc4 = £15 V (unless otherwise notec

PARAMETER TEST CONDITIONST T, opa7c
A MIN _TYP  MAX
v input offset voltage Vo=0 Rg=50Q 25°C 50 130
10 ¥ o~ S 0°C to 70°C 85 250
Oyio Temperature coefficient of input offset voltage Vo=0, Rg=50Q 0°C to 70°C 0.5 1.8
Long-term drift of input offset voltage Ses Note 6 04
Cffset adjustment range Rg =20 kO, See Figure 1 25°C 4
25°C 0.8
ho Input offset current
0°Cto 70°C 16
LT Temperature coefficient of input offset current 0°Cto 70°C 12 50
] 25°C +1.8 %7
g Input bias current
0°Cto 70°C 12.2 19
U5 Temperature coefficient of input bias current 0°C to 70°C 18 50
V Common-mode input voltge range 25°C 8
ICR patvolige rang °Clo70°C | 13 135
R 210kQ 12 +13
R z2kQ 25°C 1. 2.
VoM Peak output voltage L 3 128
Rz 1kQ +12
'R 22 k2 0°Clo 70°C | <13 126
Voo =13V, Vo=+05V, o
R( & 500 k2 25°C 100 400
Avh Large-signal differential voltage amplification 25°C 120 400
Vo =+10V, RL=2kQ
0°C to 70°C 100 400
B4 Unity-gain bandwidth 25°C 04 0.6
n Input resistance 25°C 8 33
25°C 100 120
CMRR Commen-mode rejection ratic Vic =113V, Rg=50Q
0°C to 70°C 97 120
o Voo: =23 Vio 18V, 25°C 7 32
Kk Supply-voltage sensitivity (AVjQ/AV
SVS pply-voltag ty (AVI0/AVCC) Rs = 50 Q 0CI0700 0 1
Vo =0, No load 80 150 1
P Power dissipation = = 25°C
D pa Vece =13V, Vo =0, 4 8
No load

T All characteristics are measured under open-loop conditions with 2ero common-mode input voltage, unless otherwise noted.
NOTE 6. Since long-term drift cannot be measured on the individual devices prior to shipment, this spacification Is not intended to be a warran
averaged trend line of drift versus time over extended periods after the first thirty days of operation.




OP07C, OP07D
PRECISION OPERATIONAL AMPLIFIERS

SLOS08ED — OCTOBER 1083 - REVISED FEBRUARY 2002

operating characteristics, Voo+ =215V, T = 25°C

PARAMETER c 0N1I;|IE1§I1C;NST OP:_::, OP::: UNIT

f=10Hz 10.5 10.5

Vi Equivalent input noise voltage f=100Hz 10.2 10.3 | nvwHz
f=1kHz 9.8 9.8

VN(PP) Peak-to-peak equivalent input noise voltage f=0.1Hzto 10 Hz 0.38 0.38 uv
f=10Hz 0.35 0.35

In Equivalent input noise current f=100Hz 0.18 0.15 | pAnHz
f=1kHz 0.13 0.13

IN(PP)  Peak-to-peak equivalent input noise current f=0.1Hzto 10 Hz 15 15 pA

SR Slew rate RL 2 2k 0.3 03} Vs

t All characteristics are measured undar open-loop conditions with zero common-mode input voltage, unless otherwise noted,

L ]
APPLICATION INFORMATION

OFFSET N1

Vee-

Vees

Figure 1. Input Offset-Voltage Null Circuit

Q‘ TEXAS
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MICRrROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

+ PIC16F873 + PIC16F876
+ PIC16F874 + PIC16F877

Microcontroller Core Features:

.

-

High performance RISC CPU
Only 35 single word instructions to leam

Alt single cycle instructions except for program
branchas which are two cycle

Cperating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

Up 1o BK x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Memory

Pinout compatible to the PIC16C73B/74B/76/77
interrupt capability (up to 14 sources)

Eight level deep hardware stack

Direct, Indirect and relative addressing modes
Power-on Reset (POR)

Power-up Timer (PWRT) and
Oscillator Start-up Timer (OST)

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

Programmable code protection

Power saving SLEEP mode

Selectable oscillator options

Low power, high speed CMOS FLASH/EEPROM
technology

Fully static design

In-Circult Serial Programming™ (ICSP} via two
pins

Single 5V in-Circuit Serial Programming capability
In-Circuit Debugging via two pins

Processor read/write access to program memory
Wide operating voltage range: 2.0V to 5.5V
High Sink/Source Current: 25 mA

Commercial, Industrial and Extended temperature
ranges

Low-power consumption:

- < 0.6 mA typical @ 3V, 4 MHz

- 20 pA typical @ 3V, 32 kHz

- <1 pA typical standby current

Pin Diagram
PDIP
MCLRvPr — [ ¢ ./ 40 [1-— RB?FGD
RAQ/AND -—m[] 2 39 ] =—= RBBIFGC
RA1/ANT -—[] 3 38 []=—= RB5
RAZIANZ2VREF- w—u-[] 4 37 ] -— RB4
RAJANIVREF+ w—u [T 5 36 [] —= RBIFPGM
RA4/TOCK] w— ] 6 35 [] =+—e RB2
RAS/AN4/SS +—-[] 7 < 34 [] =—e RB1
REQ/RD/ANS =—=[] 8 I~  33[} s RBOJNT
RE1ANFIANG <—=[] g VY i [ m——
RE2/CS/ANT «—e ] 10 R 21 [J +— vss
Voo — [ 11 E 30 [ «—= RD7IPSF?
vss — o []412 7] 26 [ +—s RDEPSPE
OSCH/CLKIN —[] 12 B 28 [] -a—e RDS/PSPS
OSCACLKOUT —[7] 14 = 27[] +—» RD4PSP4
RCOMIOSCITICK! w— [ 15 A 26 [] =—s RC7TRX/OT
RC1/TIOSICCP2 w—e [ 15 25 [ =—s RCETNCK
RC2/CCP1 —— [] 17 24 [] -+— RCS5/SDO
RCHSCKISCL =—[] 18 23 [] =+— RC4/SDI/SDA
ROO/PSPD +—= ] 19 22 [] = RDIPSPI
RDU/PSP1 e [] 20 21 [J =—= RD2PSP2

Peripheral Features:

+ Timer(: 8-bit timer/counter with 8-bit prescaler

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

+ Timer2; 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

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

* 10-bit multi-channel Analog-to-Digital converter

+ Synchronous Serial Port (SSP) with SPI™ (Master
mode) and I2C™ (Master/Stave)

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

* Parallei Slave Port (PSP) 8-bits wide, with
extemal RD, WR and CS controts (40/44-pin only)

+ Brown-out detection circuitry for
Brown-out Reset (BOR)

© 2001 Microchip Technology inc.
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PIC16F87X
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m Diagrams

PDIP, SOIC
MCLRNVPe —= []°1 ~ 28[] == RB7/PGD
RAOIANO L] 2 27{] = RB&IPGC
RA1ANT =[] 3 - 26[] -~ RBS
RAJANZIVREF-=—= | 4 ~ 25[ ] == RP4
RAMANIVREF+=+—[] 5 0 24[] = RRIIPGM
Ra4rTocKi=—[] 8 g 23% < RB2
-~ -
RAS/AN4/5S ]z Frig 22 RB1
vss—=L] 8 7] 21[] = RBO/INT
oscicLkiN—=[] 9 O 20[] =— voo
OSC2/CLKOUT =—[]10 o 19[] +——vss
RCOM10SOM1CKI =111 18] = RCTRWDT
RC1/TI0SICCP2 =+ [ 12 17:_’j] = RCE/TX/CK
RC2/CCP1=—=[[13 18] -—= RC5/SDO
RC3/SCK/SCL=—= 14 15[] =+ RC4/SDI/SDA
g
£ ot
22245 &8
PLCC  3358d.58es,
ZZ2ZyXorooez
(111
owITmN 3 g (:r«l
RAATOCK] = [ 367 +—» RBIPGM
RAS/AN4/SS o o [ g 38 «— RB2
REORD/ANS = [ g 37(]=— RB1
RETAYR/ANE s [ 1o a6J = RBOANT
REZ*CS‘Q}:; -— : 11 PICA6F877 gg -— ‘égg
Vss —u 1§ PIC16F874 337« RrOTPSP?
OSCUCLKIN — [ 14 32[0 = RD6/PSPSE
DSCUCLKOUT e [ 15 31 =—» RD5PSPS
RCOT10SO/M1CKT w—e [] 16 30{] = RD4/PSP4
NC 29 ] =—w RC7RXDT
2R [IRERE
IO ]
X PHELEETELS
Q
o o 0 1O NNLONY O
y g caDo YroErdaadse
0835555358 28228002ax
éwmammmmoE ﬁgogaaago
ugsgﬁﬁgéﬂsu ngxmggsmg
QFP FEEEEREEEEEZ E ¢ o
Q
P €
NODO00 00000
AFHHHHHHHHH
297938588 NG
Rx") i [T T}
RF(l:DTiIF'SPI eI ; 320 =—= RCOT10SO/TICK]
RDS/PSP5S =14 3 310 —= DSC2CLKOUT
RD&/PSPE =" I0 4 [ -— DSC1/CLKIN
RD7/PSP7 = CIT PIC16F877  20p=—— W%
t:g: —C -? PIC16F874 27HI0 «— RE2IAN7/CS
RBO/INT =—*CIT] 8 260 == RE1/ANGWR
RB{ <—~CIT]9 2510 =—= REN/ANS/RD
RB2 =—~TT] 10 24 +— RAS5/AN4/SS
RBIPGM =1, . s vor oo o - st T =+ RA4/TOCK!
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PIC16F87X

Key Features

PICmicro™ Mid-Range Reference PIC16FB73 PIC16FB74 PIC16F876 PIC16FB77
Manual (DS$33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
(PWRT, OST) {(PWRT, OST) (PWRT, OST) (PWRT, OST)
FLASHZ;?E;“ rd“:;*""“’ry 4K 4K 8K 8K
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory 128 128 258 256
Interrupts 13 14 13 14
I/O Ports Pors AB,C Ports AB,C,.D E Ports A,B,C Ports AB,C.D.E
Timers 3 3 3 3
Capture/Compare/PWM Modules 2 2 P 2
Serial Communications MSSP, USART | MSSP, USART | MSSP, USART | MSSP, USART
Paratlel Communications — PSP — PSP

10-bit Analog-to-Digital Module

5 input channels

8 input channels

5 input channels

8 input channels

Instruction Set

35 instructions

35 instructions

35 instructions

35 instructions

© 2001 Microchip Technology Inc.
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PIC16F87X
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1.0 DEVICE OVERVIEW

This document contains device specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual (DS33023), which may
be obtained from your {ocal Microchip Sales Represen-
taiive or downioaded from the Microchip website. The
Reference Manual should be considerad a complemen-
tary document to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules.

FIGURE 1-1:

- e

There are four devices (PIC16F873, PIC16FB74,
PIC16F876 and PIC16F877) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and the PIC16FB77/874 devices come in
40-pin packages. The Parallel Slave Port is not
implemented on the 28-pin devices.

The following device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respeactively.

PIC16F873 AND PIC16F876 BLOCK DIAGRAM

Pragram Data
Device FLASH Data Memory EEPROM
PIC16F873 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytas 266 Bytes
13 Data Bus 8 PORTA
‘-_ 7 RAO/ANO
FLASH RA1/AN1
Program RAZ/AN2/VREF-
Mamory RAM ] 4[] RAI/ANAVREFr
8 Level Stack File
Ay _ RA4TOCK]
(13-bit) Registers RA5/AN4/SS
Program 44 PORTB
B RAM Adar? 97 9
ue RBOANT
" RBE1
Instructio
ns jon reg REZ
“ Direct Addr 7 RB3/PGM
7 RB4
RBS
RBEPGC
RB7/PGD
8 L
7 PORTC
RCO/T10S0/T1CKI
Power-up RCAMIOSKCCP2
& Timer RC2/CCP1
i Oscillator RCY¥SCK/SCL
instructiot L] | start-up Timer T RCA/SDUSDA
Cantrol Power-on RC5/SDO
Rasat RCETXICK
RC7ZRXDT
Tirnin Wetchdog
&‘Q‘:D Gneratglon K= Timer
OSCHCLKIN Brown-out
0SC2/CLKOUT Reset
In-Circuit
Dabugger
Low Vollage
Programming
MCLR VDD, VsS
Timer) Timer1 Timar2 10-bit A/D
Daia EEPROM CCP1.2 sg’;fi';’fggr‘t's USART
Note 1: Higher order bits are from the STATUS register.

-

© 2001 Microchip Technology Inc.
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PIC16F87X

FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
Program Data
Device FLASH Data Memory EEPROM
PIC16FB74 aK 142 Bytes 128 Bytes
PIC16F877 8K 368 Bytes 256 Byles
13 Data Bus 8 PORTA
FLASH Program Counter RAQAND
RA1/AN1
I:‘rr:r%r:rryn | RAZ/ANZ/VREF-
8 Level Stack FAM ' 4—=|X] RAVANIVREF+
Fila RA4/TOCK]
(13-bit) Registers RAS/ANAISS
Prggur:m 14 PORTB
RBO/INT
Instruction reg 2:.1‘!
Direct Addr 7 RBYPGM
7 RB4
RB5
RB&/PGC
RB7PGD
a8
7 PORTC
RCOMOSOMICKI
= RC1/T1OSKCCP2
'{; Pc_:r\.:fnel;rup RC2/CCP1
Instructi Qscillator RC3/SCKISCL
nstruction
Decode & K= | Start-up Timer ag;i:ggsm\
Control Powaer-on RCETXICK
Reset RC7/RX/DT
Timir Watchdog
D=1 Generation [<+ Timer PORTD
0SC1/CLKIN Brown-out RDO/PSPO
OSC2/CLKOUT Reset RD1/PSP1
In-Circuit RD2/PSP2
— e
Low-Vollage ROSIPSPS
Programming Parallgl Slave Port 4‘ RD&PSPE
RD7/PSP7
E PORTE
WMCLR VDD, Vss B3 REQIANSFAD
B RE1/ANGAVR
B RE2ANTICS
Timer0 Timer1 Timer2 10-hit AD
Synchronous
Data EEPROM CCP1,2 Serial Port USART
Nota 1: Higher order bits are from the STATLS register.

e Tv———— e
M
DS30292C-page 6 © 2001 Microchip Technology Inc.



PIC16F87X

TABLE 1-1: PIC16FB73 AND PIC16F876 PINOUT DESCRIPTION
oP S0IC vop Buffer .
Pln Name Pin# Pink Type Type Description
OSCH/CLKIN 9 9 I ST/CMOS?! | Oscillator crystal input/externat clock source input.
QSC2/CLKQUT 10 10 Q — Qscillator crystal output. Connects to crystal or resonator in
crystal osciilator mode. In RC maode, the OSC2 pin outputs
CLKOQUT which has 1/4 the frequency of OSC1, and denotes
the instruction cycle rate,
MCLR/PP 1 1 1P ST Master Clear (Resat) input or programiming voltage input. This
pin is an active low RESET to the device.
PORTA is a bi-directional I/O port.
RAD/ANO 2 2 e TTL RAD can also be analog input0.
RA1IANA 3 3 Ho TTL RA1 can also be analog inputi.
RAZ/AN2AREF- 4 4 1o TTL RAZ2 can also be analog input2 or negative analog
reference voltage.
RAIANINVREF+ 5 5 fle TTL RA3 can also be analog input3 or positive analog
referance voltage.
RALTOCK! 5] 8 Wo eT RAd can also be the clock input to the Timerd
maduls. Cutput is open drain type.
RAS/SS/ANS 7 7 /o TTL RAS can also be analeg inputd or the slave select
far the synchronous serial port.
PORTB is a bi-directional YO port. PORTB can be software
programmed for internal weak puli-up on ali inputs.
RBO/INT 21 21 o) TTL/ST) RBO can also be the external interrupt pin.
RB1 22 22 o] TTL
RB2 23 23 [[o] TTL
RB3/PGM 24 24 1o TTL RB3 can alsec be the low veoltage programming input.
RB4 25 25 e TTL Interrupt-on-change pin.
RB5 26 26 o TTL Interrupt-on-change pin.
RB6/PGC 27 27 10 TTL/STE) Interrupt-on-change pin or In-Circuit Debugger pin. Serial
pregramming clock.
RB7/PGD 28 28 1o TTUSTE Interrupt-on-change pin or In-Circuit Debugger pin. Serial
programming data.
PORTC is a bi-directional {/O port.
RCO/T1OSO/T1CKI 11 1 fje} ST RCO0 can also be the Timer1 oscillator output or Timer1
clock input.
RC1T10SI/CCP2 12 12 o] ST RC1 can also be the Timer1 oscillator input or Capture2
: input/Compare2 output/PWM2 output.
RC2/CCP1 13 13 e ST RC2 can also be the Capture1 input/Compare1 output/
PWM1 output.
RC3I/SCK/SCL 14 14 1o ST RC3 can also be the synchronous serial clock input/output
for both SPI and 12C modes.
RC4/SDI/SDA 15 15 HO ST RC4 can also be the SPI Data In (SPI mode) or
data 1/Q (12C mode).
RC&SDO 16 16 In] ST RCS5 can also be the SPI Data Qut (SPI mode).
RCB/TX/CK 17 17 le} 1) RC6 can also be the USART Asynchronous Transmit or
Synchronous Clock.
RC7/RX/DT 18 18 110 ST RC7 can also be the USART Asyrichronous Recaive or
Synchronous Data.
VSsS 8,19 8, 19 P — Ground reference for logic and I/O pins.
VoD 20 20 P — Positive supply for logic and I/O pins.
Lagend: |=input QO = output /O = input/output P = pawer
— = Not used TTL =TTL input ST = Schmitt Trigger input

Note 4: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode,
3: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise.

pr—————— = e e

© 2001 Micrachip Technology Inc,
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PIC16F87X
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TABLE 1-2: PIC16F374 AND PIC16FB77 PINOUT DESCRIPTION
DiF | PLCC | QFP | WVO/P Buffer
Pln Name Pintt Pin#t Pin# | Type Type Description
OSCHICLKIN 13 14 a0 A sTICMOSY! | Oscillator crystal inputiexternal clock source input.
O3C2/ICLKOUT 14 15 3 o — Ostillator crystal output. Connects to crystal or resonataor
in crystal oscillator made. In RC mode, OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and
denotes the instruction cycle rate.
MCLRNVPP 1 2 18 I/P ST Master Clear (Reset) input or programming voitage input.
This pin is an active low RESET to the device.
PORTA is a bi-directionat /O port.
RAQ/ANO 3 19 1O TTL RAD can also be analog inputD.
RA1/AN1 4 20 1o TTL RA1 can also be analog input1.
RA2/AN2/VREF- 5 21 1o TTL RAZ can also be analog input2 or negative
analog reference voltage.
RAJ/ANINVREF+ 5 3] 22 1o TTL RA3 can also be analog input3 or posifive
analog reference voltage,
RA4/TOCKI 8 7 23 1o 8T RA4 can also be the clock input to the TimerQ timer/
counter. Qutput is open drain type.
RAS5/SS/AN4 7 8 24 f{e] TTL RAS can also be analog input4 or the slave selact for
the synchronous serial port.
PORTE is a bi-directional I/O port. PORTE can be soft-
ware programmed for internal weak puli-up on ali inputs.
REG/NT a3 38 8 10 TTLSTH RBO can also be the external interrupt pin,
RB1 34 37 9 o] TTL
RB2 35 28 10 110 TTL
RB3/PGM 3B as 11 /O TTL RB3 can also be the low voltege programming input.
RB4 a7 41 14 o TTL Interupt-on-change pin.
RB5 38 42 15 110 TTL Interrupt-on-change pin,
REB/PGC 3g 43 16 o] TTUST® Interrupt-on-change pin or In-Clrcult Debugger pin.
Serial programming clock.
RB7/PGD 40 44 7 18] TTUST® interrupt-on-change pin or in-Circuit Debugger pin.
Searial programming data.
Legend: |=input 0O = output /O = inputfoutput P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

HNote 1: This buffer is a Schmitt Trigger input when configured as an extemal interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Pragramming mode.
3: This buffer is a Schmitt Trigger input when configured as general purpose /O and a TTL input when used in the Parallel
Slave Port made {for interfacing to a microprocessor bus).
4: This buffer is @ Schmitt Trigger input when configured in RC oscillator made and a CMOS input otherwise.

DS30292C-page 8
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PIC16F87X

TABLE 1-2: PIC16F874 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)
DiP | PLCC | QFP | VOIP Buffer
Pin Name Pin# Ping Pin# | Type Type Descripticn
PORTC is a bi-directional /O pori.
RCO/T1OSOTICKI | 15 16 32 Qo ST RCO can also be the Timert oscillator output or a
Timer1 clock input.
RCHT10SI/CCP2 16 18 a5 1o ST RC1 can also be the Timer1 oscillator input or
Capture2 input/Compare2 output/PWM2 output.
RC2/CCP1 17 18 36 1o ST RC2 can also be the Capture? input/Compare1
cutput/PWM1 output.
RC3I¥SCK/SCL 18 20 a7 1O ST RC3 can also he the synchronous serial clock input/
output for both SPI and I2C madss.
RC4/SDI/SDA 23 25 42 11O ST RC4 can also be the SPI Data In (SPI made) or
data O (12C mads).
RC5/SDO 24 26 43 o ST RCS5 can aiso be the SP! Data Out (SPI mode).
RCB/TX/CK 25 27 44 1[e] ST RC6 can also be the USART Asynchronous Transmit
ar Synchronous Clock.
RC7/RX/DT 26 29 1 o 8T RC7 can also be the USART Asynchronous Receive
ar Synchronous Data.
PORTD is a bi-directional I/O port or parallel slave pori
when interfacing to a microprocessor hus.
RDO/PSFO 19 21 38 o | STTTLe
RD1/PSP1 20 22 a9 1o STATLA
RD2/PSP2 21 23 40 1o STATL®
RD3/PSP3 22 24 41 o STTTL®
RD4/PSP4 27 30 2 o | sTaTL®
RD5/PSP5 28 at 3 o] ST/TTLE
RDB/PSPE 29 32 4 o STATLR
RD7/PSP7 30 33 5 o] STTL®
PQRTE is a bi-directional /0 port.
REO/RD/ANS 8 9 25 o] STTTL REO can also be read control for the parallel slave
pori, or analog inputs.
RE1/WR/ANG 9 10 26 o] STTTLR RE1 can also be write control for the paralle| slave
pori, or analog inputé.
RE2/CSIAN7 10 1 27 10 STTTL® RE2 can also be select control for the parallsl slave
peort, or analog input?.
Vss 12,31 13,34 8,29 P — Ground refarence for fogic and I/O pins.
VoD 11,32 | 12,35 7.28 P - Paositive supply for logic and /O pins.
NC — [ 1,17.28, | 12,13, — These pins are not intemally connected. These pins
40 33,34 should be left unconnected.
Legend: | =input QO = output fQ = input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as an external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programring mode,
3: This buffer is a Schmitt Trigger input when canfigured as general purpose I/Q and a TTL input when used in the Parallel
Slave Port mode (for interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMQOS input otherwise.
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