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ABSTRACT

This special project proposes a measurement of displacement by interferometric method.
To identify the direction of motion of moving mirror, basic Michelson interferometer must be
improved. A linearly polarized of helinm-neon laser light beam was converted to circularly
polarized beam by a quarter waveplate and divided at a polarized beam splitter into the p and s
components. Then each beam was reflected by fixed and movable mirrors. Each mirror had a
querter waveplate in front of it, with their axes at 45°. The returning beams would be recombined
again in the beam splitter. The combined beam was divided in a bearn splitter and two linear
polarizers were placed in front of each beam, but with their axes mutually perpendicular, at +45°
and -45° . The direction of motion of the moving mirror could be sensed by determining whether
the phase of two split beams leads or lags each other using a phase detection circuit. This
information was used to make the fringe counter go up or down. PIC 16F877 microcontroller was
used as a up/down counter and displayed the motion as either number of fringes or displacement
in a unit of micrometer. The direction of motion would be shown by +or — sign. The developed
interferometer was tested by measuring the displacement of the moving mirror. The moving
mirror was driven by a micrometer with resolution of 10pm , 13.5 mm long. The measurement

showed the maximum error of 80 pm.
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3.3 Op-Amp Comparator
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#include <16F877.h>

#include <defs 877.h>

Hdevice *=16

#device ade=10

ff#org 0x1F00, 0x1FFF void loader16F877(void) {}

#define X TAL 20000000

#use delay(clock=X_TAL)

#fuses NOWDT,HS, PUT, NOPROTECT, BROWNOUT, NOLVP, NOCPD, NOWRT,
NODEBUG

#byte segment =0x06  //portb

#byte comm =0x08  //portd

#byte segment dir=0x86  //portb dir

#byte comm_dir =0x88  //portd dir

#bit up_down = PORTC.0

#bit count length = PORTC.3
#bit up_down_dir = TRISC.0
#bit count_length dir = TRISC.3

ffmmmmnne Global Variable
signed int16 cpu_tick;

signed int32 up_dwn_cntr;

#include <_7_SEGMENT.H>

#int_CCPI
CCP1_isr)
{



H#TMRIL = 0;
HTMRIH =0;
/1 if (input(PIN_C0})
if (up_down ==1)
up_dwn_cntr++;
else

up_dwn_cntr--;

}
ffrmmmmmenaman interrupt every 13.1 ms --------------
#int_ TIMERO

TIMERO isr() {

cpu_tick++;

void main() {
port_b_pullups(TRUE);
setup_adc_ports(NO_ANALOGS);
setup_adc{ADC_QFF);
setup_psp(PSP_DISABLED);
setup_timer O(RTCC_INTERNAL|RTCC_DIV_256); // Overflow very 13.1 ms [20 Mhz]
setup_timer_1(T1_INTERNAL|T1_DIV_BY 4); // Countvery 1 us
/setup_timer_O(RTCC_INTERNAL|RTCC_DIV_64); // Overflow very 13.1 ms [4 Mhz]
/fsetup_timer_1(T1_INTERNAL|T1_DIV_BY_1); // Count very 1 us
setup_timer_2(T2_DISABLED,0,1);
setup_cepl(CCP_CAPTURE RE);
enable_interrupts(INT_RTCC);
/fenable_interrupts(INT_RDA);
enable_interrupts(INT _CCP1);
enable_interrupts(INT_TIMERO);



enable_interrupts(GLOBAL);

up_down_dir=1;  /input up/down logic
count_length_dir=1; //input count/length logic
cpu_tick=0;

up_dwn_cntr=0;

init 7_segment(),

while(TRUE){ /tforever tasks

while(cpu_tick < 1)// Wait 13.1 ms

scan_7 segment();
cpu_tick =0,
iflcount_length ==1)

NumToBuffer();

else

LengthToBuffer();

}//end main program

it e include sub

function

#include < 7 SEGMENT.C>



void init_7 segment{void)
{
segment_dir = 0x00;
comm_dir = 0x00;
segment = OxfT;
comm = Oxff;
}
W

void scan_7 segment(void)

{

int8 1, digit;

digit = 0x01;

for(i=0;i<R;i++){ /* 4-DIGIT scanning */
comm = ~digit,
segment = ~buffer{i];
delay ms(1); /* delay a while */
segment = Ox{T;

digit<<=1; /* next digit */

}

i
void NumToBuffer(void)
{

int32 numb;

if (up_dwn_cntr < 0){
buffer[7]=convert[19]; /sign -

numb = (-1)*up_dwn_cnir;



Yelse{
bufferf7]=convert[20]; ffoff

numb = up_dwn_cntr;

buffer(6] = convert[numb/1000000];
if (buffer[6] == 0x3f)
buffer[6] = 0x00;

buffer[5] = convert[(numb%1000000)/100000);
if (buffer[6] == 0x00 && buffer[5] == 0x3f)
buffer[5] = 0x00;

buffer[4] = convert[({(numb% 1000000)%100000)/10000];
if (buffer[5] == 0x00 && buffer[4] == 0x3f)
buffer{4] = 0x00;

buffer(3] = convert[{{(numb%1000000)%100000)%10000)/1000];
if (buffer[4] == 0x00 && buffer[3] == 0x3f)
buffer[3] = 0x00;

buffer[2] = convert[{{{(numb%1000000)% t 00000)%410000)%1000)/100];
if (buffer[3] == 0x00 & & buffer[2] == 0x30)
buffer[2] = 0x00;

buffer[1] = convert[({{{{numb%1000000)% 100000)%10000)%1000)%100)/10];
if (buffer[2] == 0x00 && buffer[1] == 0x3f)

buffer{1] = 0x00;

buffer[0] = convert[({{{{numb%1000000)%100000)%10000)%1000)%100)%10];



'
/- -

void LengthToBuffer(void)
{

int32 numb;

if (up_dwn_cntr < 0}{
buffer[7]=convert[19]; /fsign -
numb = (-1)*up_dwn_cntr;

telse{
buffer[7]=convert[20], foft

numb = up_dwn _cnir,

}

numb *= 3164; // length = lamda/2 * count {lamda = 6328 A]
numb += 50; i

numb /= 100; // delete 2 digit for xxxxx.xx um

buffer[6] = convert[numb/1000000];
if (buffer[6] == Ox3f)
buffer[6] = 0x00;

buffer[5] = convert[(numb%1000000)/100000];
if (buffer[6] == 0x00 && buffer[{5] == 0x3f)
buffer[5] = 0x00;

buffer[4] = convert[((numb%1000000)%100000)/10000];
if (buffer[5] == 0x00 & & buffer[4] == 0x3f)

buffer[4] = 0x00;

buffer[3] = convert[{({{numb%1000000)%%100000)%10000)/1000];



if (buffer{4] == 0x00 && buffer[3] == 0x3f)
buffer{3] = 0x00;

buffer[2] = convert[({{(numb%1000000)%100000)%10000)%1000)/100];

buffer[2] {= 0x80; f/on decimal point

buffer[1] = convert{{({{{{numb%1000000)%100000)%1 0000)%1000)%%100)/10];
if (buffer[2] == 0x00 && buffer[1] == 0x3f)
buffer[1] = 0x00;

buffer[0] = convert[ (({{(numb%1000000)%100000)%10000)%:1000)%%100)%10];
}
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CMOS Dual
‘D*-Type Flip-Fiop

High-Vaitage Types {20-Volt Rating)

B8 CD40128 conslsts of two idantical,
independent date-typs fiip-fiops. Cach fiip-
flop hes independent dats, sat, reset, and
clock inputs end Q and G outputs, These de-
vices can be used for shift register applics
tions, snd, by connacting Q_output ta the
data input, for counter and toggle applica-
tions, The logic level presant at the O input
is transferred to the O output during the
positive-going transition of the clack puise.
Setting or resetting i independent of the
clock and is accomplishad by a high level on
the t or reset line, raspactively,

The CD40138 types are supplied in 14-lead
hermelic dull-in-ling ceremic packagos (D
and F suMixes}, 14-lead dual-ifi-line plaatic
packsges {E sutix). and in chip form (H
sutflx).

RECOMMENDED OPERATING CONDITIONS

CD4013B Types

Features:

5 Sat-Asiet capability

8 Ststic filpflop operation — retains stata
indefinitely with clock level sither
"hid‘” nr “l“"

# Medium-spasd opsration — 16 MHz (typ.)
dock toggle ram a1 10V

u Srandardizsd symmatrical output

characteristics

¥ 100% tested for quiescent current st 20 V

o Maximum input currant of 1 At 18 V
over full package temipsrature ranga;
100 nA at 18 V and 26°C
¥ Noiga margin {over full packege
temperature range}: 1V at Vpp=5 V
2VavVpp=10V
i 256Vt VDD-15 v
8 B-V, 10-V; snd 16-V/ parametric ratings:

8 Mests alf require ments of JEDEC Temative

Standard No. 138, "Standard Speciicstions

for Deseription of ‘B’ Series CMOS Devices”

Applicstions:
& Registery, counten, control direuits

AL T4 = 25°C, Except s Noted. For maximum reliability, nominsl operating cond
tions showld be ssiected sa that opsration is always within tha fallowing ranges:

CHARACTERISTIC V;e? LiMITS UNITS
MIN. MAX,
Supply-Voitage Ranpe
(For T = Full Package - 3 18 v
Temperature Range)
] 40 - )
Orta Setup Tima ig 10 20 - ns
’ 15 15 -
5 140 -
Clock Pulse Width by ] 0 80 - ns
16 40 -
5 5
Clock Input Frequancy o) 10 de 8 MHz
15 12
. . 5 - m
mo:::f:?';:.u Time 10 _ a0 s
15 - 8
5 180 -
Sat or Reset Pulse Width 0 80 _ s
W 16 50 -

*(# moré than gns Uit I casceded in & paralisl clocked operstion, 1 CL should be made lexs than Or sgual ©
tha sum of the tixad propagstion deley tima at 18 pF and the transition tima of Tha cutpul driving stags for

the sstimated capacitive load.

333
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cD40128
FUNCTIONAL DIAGRAM

T

Fig. 1 — Typicat outpit kow fink)
currant charactaristios,

P B ey

FNT

aret-peiom

Fig 2 — Minimum output low ftink}
currant characteristict

DA~ TO - BUUREE VOLTARE (vpgt—Y
. E ]

Fig 3 — Trpicsl outpul mgh.m:r::.j’
cwrrant characheristics.

HIGH VOLTAGE ICs

. COMMERCIAL CMOS



ETATIC ELECTRICAL CHARACTERISTICS

CD40138B Types

CHARAC-

CONDITIONS LIMITS AT INDICATED TEMPERATURES [©C) UNITS
TERISTIC
VYo [YIN]VDD +25
) (V)i (v) | —BS | —4D | +86 | +125 |Min. | Typ. | Max,
Ciiescent - 05 5 1 1 30 0 - 0.02 1
Device — Q,10] 10 2 2 60 [ — 0.02 2 A
Current - |05 18 4 [ & [0 |f0| - Joa2| a "
‘DD Max. - 0.20 20 20 20 800 | 600 - 004 | 20
Output Low
(Sink) 0.4 0,5 5 0.64 | 0.61 | 042 [0.36 | 0.51 1 ~
Current, 0.5 (010 10 1.6 | 1.5 1.1 | 08 1.3 2.6 -
! in. 1.5 0161 16 4.2 4 28 124 | 34 6.8 - A
fmlput High |_46 | 05| 5 | —0.64|—0.61|-0.42|-0.36] 051 =1 | — | ™
{Source) 258 0.5 5 -2 |18 |~13|-116] 16| -3.2 -
Currant, 95 f010] 10 | ~168[—156 |~11 {08 =13 =26 [ -
toH Min, 1356 .D.:IE % |42 4 |-28|-24[-34] -68 -
Output Volt-
age: — 061 6 0.06 - 0 [005
Low-Level, = 010] 10 0.05 - 0 0.05
Y . - 0,15) 15 0.06 - 0 0.05
oL Mex v
Output Vet
age: - 0.5 5 4,95 4,96 1] —
High-Lavel, - 0,10] 10 9.95 9.95 10 -
Yy Min, - 0,151 1B 14.86 14896 1t& -
Input Low [0645 — B 15 — — 1.5
Yoltage, 19 - 10 3 — — 3
Vi Max. 15135 ~ 18 4 - - 4 v
Input High 35,45 — 5 kK] 35 . -
Voltage, 1,9 - 10 7 7 - -
Vi Min. 15135 ~ 16 1" 1 . -
Input
Current, - 018 18 | 0.1 | #0.t 11 11 ~ |t10-5 201 HA
IIN Max.
[N 1)
- .
“m:ltwr D o waeten szemow L g e e,
™
*s 1910 ﬂ >
bAYa [<}
L |
T T Yo LOTIC 9= 10w
LOGIE 1 HGH
i L] & LEVIL CHAMOE
2 T WORY TELIPY R Tkt
8 ASSIGHUENTS
'lug——b;——— 313 ]
" a wIIFLMD Ty N Yoo
*ﬂll'w tn ]E‘“
bt -
s “aLpnasate S
70_::': :‘nc‘l::-::ﬂcnu Vs
13w -3 rsoek)

Fig. 7= .Lagk disgram and truth tabis for COH01IR

fone of two /dantical Hip-Fops ).

DRAIN-FO-S0MtL YOLTaM {Vpgl—¥ -

Fig 4 = Minimurn output bigh (source)
cwTent Charas bIristics.

IR

Fig. § — Typical propagation delay time w. losd
capacitence fOLOCK or SET 10 0,CLOCK
or RESET ro T).

LOAD CaPRCITANCE 0y )=
LD oatl
Fig. & ~ Tyoical propagstion delay time w, load
copecimnce [SET ro U or RESET 0 Q

e

EUPRLY VOLTAME Lupg!—V MCL- HapAny

Flg B — Typical maximum clock fragusncy w.

spply woltege.



CD4G13B Types

MAXIMUM RATING S, Abscluie-Maximum Vales:
DC BUPPLY-VOLTAGE RANGE, (Vpp)

Yaoltages seferanced o Vgg Terminal) ................. ... ey et =0.5V to 420V
INPUT WL TAGE RANGE ALLINPUTE .....iiiiiiiec i nnaiennes P -0.5Vio Vpp +0.5v

DG INPUT CURRENT, ANY ONE INPUT (. i iiairaninrvrasinnsistsnasinntan e seentsneseereen 10mA
POWER DISSIPATION PER PACKAGE (Pp):
ForTa m «BB0G I 3000 it i e e et e S00mw
ForT g m +1000CI0 41 280G, .o e e i e, Derate Linearky nl 1 2mW/0C 1o 200mw
DEVICE DISBIPATION PER OUTPUT TRANSISTOR
FORT 5 w FULL PACKAGE-TEMPERATURE RANGE (Al PAckage TYDS) .. oo ovvneeeennee ., 100mwW
OPERATING-TEMPERATURE RANGE (TA}. ..o ir e itiecrariereianirennas fraeiea, ~B39C 10 +1289C
STORAQE TEMPERATURE RANGE (Tatah . . covnentoetsaninensinniieniennnastnsnnaesnen, 855G o +1 50°C
LEAD TEMPERATURE (DURING SOLDERING)
Aldlatance 1718 & 1/32Inch (158 £ 0.78mM) from Casa 107 108 MAX . ..vvuesieeiinnrnnrsonenn... +288%9C
DYNAMIC ELECTRICAL CHARACTERISTICS
At To o 25°C; Input 1,4 = 20 ne, O = 50 oF, Ry = 20 k00
8T CONDITIONS LIMITS
CHARACTERIATIC Voo 1) W T e B, WAL UNITS
Propagation Delay Time: - = 110 | %00
Clock to Q or Q Oulputs 10 - &5 130 ‘ns
tr, toin 15 - 45 )
. 5 - 150 300
Set 1o Q or RAget {0 G tmau 10 - % 130 na
15 — | 4 80
_ [ — 200 400
Set 1o G or Resat 10 G tey, 210 - 85 170 ns
R - 0 | 120 :
5 o - 100 200
Transition Time truw tru 10 - g 100 ny
.18 o -_ 40 80
Maximum Cloek Input [3 38 | 7 f—
Frequency® le, 10. 8 18 - MHz
18 12 24 -
5 - 70 140 -
Minimum Clock Pulse Width 10 - 30 80 ns
tw 15 -~ I 20 A0 )
Minkmum Set or Reset Puise 8 o - B0 | 180 .
Width tw " g L= ) 40 | e ns
167 jr— e e
5 pt 20 T
Minimum Data Setup Time t, 10 - 10 20 ns
1% - 7 15
5 - 2 ]
Minimum Date Held Time 10 - 2 5 ns
16 — 2 $
Clock Input Rise or Fall Time 5 - — 500
t.CL, wOL 10 - _ 30 Hs
15 —_ - B
input Capacilance Ciu Any Input - 5 7.5 pF
#Inputt.ly= 5.
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LM339, LM239, LM2901,
LM2901V, NCV2901,
MC3302

Single Supply Quad
Comparators

These comparators are designed for use in level detection, low—level
sensing and memory applications in consumer, automotive, and
industrial electronic applications.

Features

Pb-Free Packages are Available*

Single or Split Supply Operation

Low Input Bias Current: 25 nA (Typ}

Low lnput Offset Current: 5.0 nA (Typ)

Low Input Offset Voltage

Input Commaon Mode Voltage Range to GND

Low Output Saturation Voltage: 130 mV (Typ) @ 4.0 mA

TTL and CMOS Compatible

ESD Clamps on the Inputs Increase Reliability without Affecting
Device Operation

*For additional information on our Pb—-Free strategy and selderng details, please
download the ON Semiconductor Soidaring and Mounting Techniques
Referance Manual, SOLOERRM/D.

http://onsemi.com

80iC-14
D SUFFIX
CASE 751A

PDIP-14
N, P SUFFIX
CASE 648

TSSOP-14
DTB SUFFIX
CASE 848G

PIN CONNECTIONS

S
Output 2 [ 1] 4] Outpu 3
Output 1 { 2 13 Output 4
vee (2] 12} GND
- Input 1 E Eﬂnpu‘u
+Input 1 5] [10] - Input 4
~inpun 2 [ o] [0 ] + Inpul 3
+Input 2 E L@:‘E - Input 3
(Top View)

ORDERING INFORMATION
See detaited ordaring and shipping information in the package
dimenslons section on page 7 of this data sheet.

DEVICE MARKING INFORMATION

See general marking information in the device marking
sacticn on page B of this data sheet.

© Semkomucior Components Industrias, LLC, 2004 1
July, 2004 - Rev. 13

Publication Ordar Number:
LMA39/D



LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

MAXIMUM RATINGS

Rating Symbol Valua Unit
Power Supply Voltage Vee Vde
LM235/LM3391.M25801, v +36 or18
M(C3302 +30 or +15
Input Differential Voltage Range Vior Vde
LM239/LM338/LM2801, V 36
MC3302 30
fnput Common Mode Voltage Rangs VieMr =03 to Vee vde
Output Shart Circuit to Ground (Note 1) Ise Continuous
Powar Dissipation @ Ts = 25°C Pp
Plastic Package 1.0 w
Derate abova 25°C 1/Raua 8.0 mwW/eC
Junction Temperature T, 150 °C
Operating Ambient Temperature Range Ta °C
LM238 -2510 +85
MC3302 =40 1o +85
Sorm
-40 to
LM2a01V, NCV2901 010 +70
LM33%
Storage Temperature Rangs Tatg -65to +150 °C
ESD Protection at any Pin Vesd v
Human Body Model 2000
Machine Model 200

Maximum ratings are thoge values beyond which davice damags can occur. Maximum ratings applied to the device are individual stress limit
values {not normal operating conditions} and are not valld simultanacusly. If these limits are exceeded, device functional operation ks hot impliad,
damage may occur and reliability may be affacted.

1. The maximum output current may be as high as 20 mA, Independent of the magnitude of V. Output short circlits to Viop can cause excesslva

heating and eventual destruction.

Vee T $ +Input -nput 9 T Cutput

;

s

T\

R

GND

NOTE: Diagram shown is for 1 comparator.

Figure 1. Circuit Schematic

http://fonsemi.com
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

ELECTRICAL CHARACTERISTICS (Vcg = +5.0 Vdc, Ta = +25°C, unless otharwise notad)

LM2901/2901V!
LM238/339 NCV2a01 MC3302
Characteristic Symbol | Min Typ Max Min Typ | Max Min Typ Max 1 Unit
Input Offset Voltage {Nate 3) Vio - 12,0 | 5.0 - 2.0 | 7.0 - 3.0 +20 [ mVdc
Input Bias Curent (Notes 3, 4) Ig - 25 250 - 25 250 - 25 500 nA
{Output in Analog Range)
Input Offset Current {(Nota 3) ho - 5.0 50 - 5.0 150 - 3.0 | £100 nA
Input Common Mode Voltage Range VicMR 0 - Vee 0 - Vee 0 - Vee Ay
-1.5 -1.5 -1.5
Supply Current lee mA
R( = = (For Al Comparators) - 0.8 2.0 - 0.8 2.0 - 0.8 20
Re ===, Vg = 30 Vic - 10 | 25 - 10 | 25 - 10 | 25
Voltage Gain AvolL 50 200 - 25 100 - 25 100 - Vimy

Ry 2 15 k&, Vg = 15 Vde

Large Signal Response Time - - 300 - - 300 - - 300 - ns
V) = TTL Logic Swing,
Viet = 1.4 Vdc, Ve = 5.0 Vde,

RL=5.1 k2

Response Time (Nota 5} - - 13 - - 1.3 - - 1.3 - us
VR = 5.0 Vde, R =81 kQ

Output Sink Current ISink 6.0 16 - 6.0 16 - 5.0 16 - mA
Vi{-}2 +1.0 Vde, Vi{+) =0,
Vo s 1.5 Vde

Saturation Voltage Vat - 130 400 - 130 400 - 130 500 mv
Vi{=Yz +1.0 Vde, V|(+)= 0,
lgink 5 4.0 MA

Qutput Leakaga Gurrant oy - 01 - - 01 - - Q1 - nA
Vi(+) 2 +1.0 Vde, Vi(-} =0,
Vg = +5.0 Vdc

2. (LM238) Ty = -25°C, Thigh = +85°

(LM338) Tiow = 0°C, Thgh = +70°C

{MC3302} Tygyy = ~40°C, Tyign = +85°C

(LM2901) Tigw = -40°C, Thign = +105°

(LM2901V & NCV2901)} Tigw = =40°C, Thgp = +125°C

NCV2901 is qualified for aufornotive use. )
3. Atthe output switch paint, Vo = 1.4 Vdc, Rg < 100 £ 5.0 Vdc s Ve ¢ 30 Vdg, with the inputs over the full common mode range (0 Vdc to
Vee —1.5 Vdc).
Tha bias currant flows out of tha inputs due to the PNP Input stage, This current is virtually constant, Independant of the output state.
Tha response tima speclfied Is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns Is typlcal.

Sl

http:f/onsemi.com
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LM339, LM239, LM2901, LM23801V, NCV2901, MC3302

PERFORMANCE CHARACTERISTICS (Ve = +5.0 Vdc, Ta = Tiow 10 Trign [Note 6]}

LM2901/2901V/
LM239/339 NCV2901 MC3302
Characteristlc Symbel { Min | Typ | Max | Min | Typ | Max |} MIn | Typ | Max | Unit
Input Offset Voltage (Note 7) Vio - - 9.0 - - 115 - - 140 | mvde
Input Bias Currant {(Notes 7, §) e - - 400 - - 500 - - 1000 | nA
{Qutput in Analag Range)
Input Offset Current (Note 7) o - - +150 - - 1200 - - 300 nA
Input Common Mode Voltage Range VicMR 0 - Vee 1] - Vee 0 - Vce v
-20 -20 -20
Salturation Voltage Veat - - 700 - - 700 - - 700 | mv
V(=) 2 +1.0 Vdc, V(+) =0,
igink S 4.0 mA
Qutput Leakage Current loL - - 1.0 - - 1.0 - - 1.0 pA
Vi(+}2+1.0vde, V(=) =0,
Vo =30 Vde
Differantlal Input Voltags Vio - - Vee - - Vee - - Veo | Vde
AllV) 20 Vde

8. [LM238) Tjoy = =25°C, Thign = +85°
{LM339) Tigw = 0°C, Thign = +70°C
{MC3302) Tiow = —40°C, Thigh = +85°C
{LM2901) Tigw = —40°C, Tpig, = +105°
(LM2901V & NCV2801) Ty = —40°C, Tpigh = +125°C
NCV2901 is guaiified far aulomotive use.
7. At the output switch point, Vo = 1.4 Vde, Rg £ 100 © 5.0 Vde < Ve S 30 Vdc, with the Inputs over the full common mode range (0 Vdc to
Vee -1.5 vdc).
8. The bias current iows out of the inpuis due to the PNP input stage. This current is vintually constant, independent of the output state.
9. The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns s typical.

+ Yoo +Vee
R3
10k
Vi > 10k
Rrel —0 Vp
+ Vcc D"V r
|8 o
Ml St
10k R Voo Ri
Viet = ——-ﬁn{ Vo= Vee A1
= P + 10M i = Rigt + R1
R3 = A1//Ry!/R2
A1JIR A2 = R [{ Ry
ret
z — - Voimi Amount of Hysteresis V,
M= BRI Ry e 2 Vame) - Voymn) Rzy H
V= 3. ry (Vomasy - Yomin]
A2 » Rref/}R1 H® Rz+R3
Figure 2. Inverting Comparator Figure 3. Neninverting Comparator
with Hysteresis with Hysteresis

http://fonsemi.com
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NORMALIZED OFFSET VOLTAGE

1.40

1.20

1.00

0.80

0.60

LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

Typical Characteristics

(Voo = 15 Vde, Ty = +25°C (each comparator) unless otherwise noted.)

48
- 42 =
// _E_ - /_.———"
[~ E 36 A " —
Pt £ 5 ] Ta- 28 C —
(==
= : ] e 050G
g 24 I 8= +125
/’ 2 g =
P g "
e T
~ 60
0
-850 -25 0 26 50 75 100 125 0 4.0 8.0 12 16 20 24 28 32
Ta, AMBIENT TEMPERATURE [C) Voo, POWER SUPPLY VOLTAGE (Vdc)
Figure 4. Normalized Input Offset Voltage Figure 5. Input Bias Current
8.0
g Ty = +25°C
R
£ o0 A [/
=2 / TA = +125°C
° g ] ‘g
E " /
% 3.0 v g
2‘ 2'0 ////
10 //
N/
[} 100 200 300 400 500
V5 OUTPUT SATURATION VOLTAGE {mY)
Figure 6. Output Sink Current versus
Output Saturation Voltage
Vee
R R
Vi X
Vot o
A1 _j

Rg = Source Resistance

T

Rt = Rg T2
T1=T2=069RC

Vﬁ)“ Rg'i 7.2

Logle Devl Kk L
og ce ( f ClaF)
CMOS !1/4 MC14001) +15 100 R2 = A3 = Ré

TTL _ [1/4 MC7400 +5.0 10 R1 = R2 / R3 /I R4
Figure 7. Driving Logic Figure 8. Squarewave Osclllator

hitp:/lonsemi.com
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

APPLICATIONS INFORMATION

These quad comparators feature high gain, wide addition of positive feedback (< 10 mV) is also
bandwidth characteristics. This gives the device oscillasion recommended, It is good design practice to ground all
tendencies if the outputs are capacitively coupled to the unused input pins,
inputs via stray capacitance. This oscillation manifests itself Differential input voltages may be larger than supply
during output transitions (Vgy to Voyu). To alleviate this voltages without damaging the comparator’s inputs.
situation input resistors < 10 kQ2 should be used. The Voltages more negative than ~300 mV should not be used,

5V
10k o
Vin(min) = 0.4 V peak for 1% phase distortion {A6}.
Vo Vin Vinfmin)
Veg 8
10M -
10k
" VO v, l...._
D1 prevents input from going negative by more than 0.6V, in [+ I
[
Rt + RZ= A3 L Vo g } g
Ris< Ag for small errar in 2era crossi Vee 'I Af
10 D all en I ng VEE |
Figure 9. Zero Crossing Detector Figure 10, Zero Crossing Detector
(Single Supply) (Split Supplias)

http:/fonsemi.com
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ORDERING INFORMATION

LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

Device Package Shipping’

LM2380 S0IC-14 55 Units/Rail

LM2390G S0IC-14 55 Units/Raill
{Pb-Fres)

LM239DR2 SQIC-14 2500 Units/Tapse & Reel

LM239DR2G SQIC-14 2500 Units/Tape & Resl
{Pb-Frea)

LM233DTBR2 TSSOP-14 2500 Units/Tape & Res!
{Pb~Fres)

LM238N PDIP-14 25 Units/Rait

LM239NG POHP-14 25 Units/Rail
{Pb-Frae)

LM338D S0IC-14 55 Units/Rait

LM338DG SCIC-14 55 Units/Rail
(Pb-Fres)

LM339DR2 501C-14 2500 Units/Tape & Reel

LM3I3DR2G S0IC-14 2500 Units/Tape & Rael
(Pb~Fres)

LM3390TBR2 TSSOP-14 2500 Units/Tape & Ree!
(Pb-Free)

LM338N PDIP-14 25 Units/Rail

LM3I3ING POIP-14 25 Units/Rail
(Pb-Free)

LM2201D S0I1C-14 55 Units/Ralt

.M29010R2 S0IC-14 2500 Units/Tapa & Reel

LM2801DR2G SQIC-14 2500 Units/Tape & Resl
(Pb-Fres)

LM2901DTBR2 TSSOP-14 2600 UrnitefTape & Resl
{Pb=Fres)

LM2301N PDIP-14 25 Units/Rail

LM2901NG PDIP-14 25 Units/Rail
(Pb—Fras)

LM2901VD SOlc-14 55 Units/Reil

LM2801VDG SOIC-14 55 Units/Rail
(Pb-Free)

LM2901VDR2 S0IC-14 2500 Units/Tape & Reel

LM290VDR2G S0IC-14 2500 Units/Tape & Reel
{Pb-Free)

LM2901VDTBR2 TSSOP-14 2500 Units/Tape & Reel
(Pb-Free)

LM2B01VN PDIP-14 25 Units/Rail

NCV2901DR2 S0I1C-14 2500 Units/Tape & Reel

NCV2901DR2G SCIG-14 2500 Units/Tape & Real
(Pb-Free)

MC3302D SOIC-14 55 Units/Rai

MC3302DR2 SOIC-14 2500 Units/Tape & Ree!

MC3302DTBR2 TSS0P-14 2500 Units/Tape & Resl
{Pb~Free)

MC33dzP PDIP-14 25 Unlts/Ralt

1For information on tepe and reel specifications, including part arientation and tape slzes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

AW DYT L

htip:/lonsemi.com
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

MARKING DIAGRAMS

PDIP-14
N, P SUFFIX
CASE 548
14 14 14 14 14
iminiainisinlisl iminlainininial
LM339N LM23aN LM2901N LM2901VN MC3302P
o AWLYYWW o AWLYYWW o AWLYYWW o AWLYYWW o AWLYYWW
1 1 1 1 1
S0IC-14
D SUFFIX
CASE 751A
14 14 14 14 14
nonanncn laialslsininin] inisininininisl imimininininls] " miaininlsinln
LM338D LM233D LM2901D LM2301VD MC3302D
o AWLYWW o AWLYWW o AWLYWW o AWLYWW o AWLYWW
[EpES =) I1_|LJLILILII_I E1JLIL.II_ILI LTI [NANa N m mEE]
1 1 1
TSSOP-14
DTB SUFFIX
CASE 948G A = Assambly Location
WL, L =Wafer Lot
0fAA0BRE +4RARARAR 14 BARAARR  14fARARAR 14 AZAARA YY,Y = Year
239 339 2901 2901 3302 WW, W = Work Week
ALYW ALYW ALYW v ALYW . ,
o o o o ALYW o This marking diagram also
(LLELLE LAY EEE U I L LVEE L N L1 'HTETTER  appllesto NCV2501.

http:fionsemi.com



LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

PACKAGE DIMENSIONS

PDIP-14

P SUFFIX
CASE 646-06

ISSUE M

AN ANAA NOTES:
T

1. DINENSIONING AND TOLERANCING PER ANSI
" Y14.5M, 1082,
2. CONTROLLING DIMENSION: INGH.
3. DIMENSKIN L TO CENTER OF LEADS WHEN
O FORMED PARALLEL
1 4. DIMENSION B DOES NOT INGLUDE MOLD FLASH.

vYVv vy vy 'I:" 5 ROUNDED CORNERS DPTIONAL

A——> INGHES MILLIMETERS
PO MN | MAX |
0715 1 0710 [ 1648 | 1A
£240 1 0260 | £15 | &) |
| 460

[—

el F f—

) ]
= [€9 1o
=
.

Ny
7= | y
SEATWG —

PLANE _.“-_ -—K
—» H G D 14PL

BEITDQ

= =i
i
i
H‘;’:
'
H
'
=
L]

S0IC-14

D SUFFIX
CASE 751A-03

ISSUE G

- - NOTES:

1. DIMENSIONING AND TOLERANCING PER
“AB R A A B R B ANSI Y14.5M, 1882,
2. GONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS A ARD B DO NOT INCLUDE
MOLD PROTRLISION,
=8-] prpL 4, .':‘2:1;‘,3?_ MOLD PROTRUSION 0.15 (0.006)
llq;[ 0.25 [0_010]@] B @] 5. DIMENSION D DOES NOT INCLUDE

DAMBAR PROTRUSHON. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.127
{0.005) TOTAL IN EXCESS OF THE D

_J L- DIMENSION AT MAXIMUM MATERIAL
c Rxas5¢ r_ F CONDITION.
. , —-’ MILLIMETERS| _INCHES
= imie=r=i=i=1: I j%@i M AR o T
_:”:_' - - { 7% 380 1 400 [0150 [0157
D14PL K

M Jd 135 | 175 |0.054 [0.068
SEATING 035 | 048 [0.0%4 | 0.
000 125 10016 Tn.04p
1.27 BSC 0050 BSC_
0.19 ¢ 0.25 10.008 [0.008 |
0,101 026 [0.004 §0.000 |
OD 70 oﬂ ?ﬂ
580 | 620 | 0228 [0244
025 | 050 0010 10010

O
JLM H_H_H_B-
{6 |

[@]0zs po@[7]8 ®[a®)]

x-nlzzr-n'nn m

http:/fonsemi.com
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

PACKAGE DIMENSIONS

TSSQOP-14
DTB SUFFiX
CASE 948G-01
ISSUE O
14x K REF "?TEDS:MEMsn
. AND T
— Rl Reme I O[ve) T
LLING D  WILLMETER.
|Q|0.15[0.006)|T V] ®] 3. DIMENSION A DOES NOT INGLLIDE WOLE) FLASH,
PROTRUSIONS DR GATE BURFS, MOLD FLASH

QR GATE BURRS SHALL MOT EXCEED 0.15

b HHARAAT N TEE)
0.25 (0.010 {0.006) PER SIDE.
= 3 (0.010) 4. DIMENSION B DOES NOT INGLUDE INTERLEAD
FLASH OR PROTRUSION. INTERLEAD FLASH OR
M PROTRUSION SHALL NOT EXCEED
l 0.25 {0.510) PER SIDE.

- — B . DIMENSIOK K DOES NOT IKGLLIDE DAMBAR
[Fu-] N
._l. F

wn

PROTAUSION. ALLOWABLE DAMEAR
AL RE PROTRUSION SHALL BE 0.08 (0.003) TOTAL IN
- EXGESS OF THE K DIMENSIOH AT MAXIMUM
MATERLAL CONDITION,
DETAILE TERMINAL KUMBERS ARE SHOWN FOR
REFERENCE ONLY.

© ,

H H H H H H H -E;HDEANT‘ISJD';:AA;IEDBMETOBE DETEAMINED
aloisposTiu®] | K M PLANE -W-,

=) —— A —— LJ _—-’,Il K1 [T‘.—_ M ﬁu.mmna IImt:nss

Y
A :&_F.L_ﬂdﬁ_%
J o /N S TN Y

— Do 0005 |
TT SECTION N-N "“%—ng—

i
. — =7
LT 5

[0.10 [0.004) —T T
=T=| SEATNG _.l L_ _,l
SEATM D G e— H DETAIL &
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ON Samicanductor and @ ara registerad trademarks of Semiconductor Companenis Industries, LLC (SCILLC). SCILLC reserves the righl to make changes without further nolice
‘0 any producis hersin. SCILLC makes no warranty, rpresentation o guarentse ragarding the sultablity of s producls for eny particular purposs, nor does SCILLE sssume any liablkty
arising out of tha application or use of any product or circuit, and spectically disclaims any and all liabiity, induding withaut ilmitation spadial, cangequential of Incidental dameges.
“Typical” parametssm which may ba provided In SCILLC data sheets andfor spacificallons can and do vary bn different epplicetions snd actual parformanca may vary aver fime. Al
oparating parameters, including “Typicals” mus! be for sach cust keation by cual '8 tachnical axperts. SCILLC does nol convey any lcense under Its patent sights
nor the righta of ethars. SCILLC products are not designed, inlanded, or authorized for use as componants in systemns intandad o surglcal knplant into the body, or othar applications
inisnded ta suppart r sustain life, or for any other application in which tha fallure of the SCILLC produci could creale a sltuetion whers personal injury or death may ocour. Should
Buyes purchasa or use SCILLC products for any such unintendad or unauthorized appication, Buyar shall indamnify and hold SCILLC and its officars, amployees, subsidlarias, aMiiatas,
and dislribitors harmiess egainat all ciaimg, costs, demages, and axpanses, end reasonabls attomaey feas arlsing ou of, direclly or indireetty, any claim of parsanal Injury ar death
essocinlad with such unintendad or unauthorized use, even if such claim alleges that SCILLC wes regligent regarding tha design or manufaciure of the parl. SCILLC is an Equat
Dpporiunity/Afrmative Action Emplayer, This lilaraturs Is subjacl to all applicable copyright laws and Is not for resale in any manner.
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SN54ALS174, SNS4ALS175, SN54AS174, SN54AS175B
SN74ALS174, SN74ALS175, SN74AS174, SN74AS175B
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

- SDAS2070 - APRIL 1982 - REVISED MAY 1996

¢ 'ALS174 and 'AS174 Contain Six Flip-Flops ® Fully Buffered Qutputs for Maximum
With Singie-Rail Outputs isoiation From External Disturbances
® 'ALS175 and 'AS175B Contain Four ('AS Only)
Flip-Flops With Double-Rail Qutputs ® Package Options Include Plastic
® Buffered Clock and Direct-Clear Inputs Small-Outline (D) Packages, Ceramic Chip

Carriers {FK), and Standard Plastic {(N) and

¢ Applications Include: Ceramic (J) 300-mil DiPs

- Buffer/Storage Registers
- Shift Registers
- Pattern Generators

SN54ALS174, SNS4AS174 . .. J PACKAGE SNS4ALS175, SNS4AS175B . . . J PACKAGE
SN74ALS174, SNT4AS174 .. . D OR N PACKAGE SNT4ALS175, SN74AS175B ... D OR N PACKAGE
{TOP VIEW) (TOP VIEW)
— W —_— U
CLR {1 16l Vee CLR ] 4 16 Vec
1Q[}2 15[} 6Q 18] 2 15{] 4Q
1D(]3 14{] 6D 1Q(]3 14[] 4Q
204 13[) 5D 1D[]a 13]} 4D
2Q(]s 121 5Q 20(s 12 3D
30 (]s 11[]1 4D 2Q[ls 11]] 3Q
3a(]z 16[] 4Q 2afls 10p 3Q
GND [ s sll cLk GND |8 sl cLK
SN54ALS174, SNS4AS174 . . . FK PACKAGE SNS4ALS175A, SNS4AS175B . . . FK PACKAGE
(TOP VIEW) (TOP VIEW)
i Q Q
O o)
CEERE og ¢ 8¢
| MO ) I ) - F g S ) = | ) - -
32 12019 kL 321210 -
D4 18[] 6D a4 18[} 4Q
20 s 17[] 50 10{)s 17[] 4D
NC[]e 16[] NC NC ] 16[] NC
27 15} 5@ o7 15[} 3D
8 14 8 14
DU 1011 121340 2a ] 9 10 11 1213 {sa
o o o B o [ o | | X o ot | e ¥ o |
32259 FEEE
Q O ] Q

NC - No intsmal connection

description

These positive-edge-triggered flip-flops utilize TTL circuitry to implement D-type flip-flop logic. All have a
direct-clear (CLR) input. The 'ALS175 and 'AS175B feature complementary outputs from each flip-flop.

Information at the data (D) inputs meeting the setup-time requirements is transferred to the outputs on the
positive-going edge of the clock puise. Clock triggering occurs at a particular voltage level and is not directly
related to the transition time of the positive-going pulse. When the clock (CLK) input is at either the high or low
level, the D-input signal has no effect at the output.

Pieass be aware that an important notice concaming availability, standard warranty, and use in critical appiications of
Toxas Instrumants semiconductor products and disclaimers therato appears at the end of this data sheat.

I — - Re—
PRODUCTHN DATA iniuemstion is cumeml is of publicstion date. Copyright © 1998, Texas Insiruments Incorporated
Producis comfom to speclications per tha lerrs of Texss Instrumants i

stancard warranty. F processing does nol Ty inciuda T

1esiing of 2l parsmeters. EXAS
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SN54ALS174, SN54ALS175, SN54AS174, SN54AS175B
SN74ALS174, SN74ALS175, SN74AS174, SN74AS175B
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

SDAS207D - APRIL 1882 - REVISED MAY 1998

description {continued)

These circuits are fully compatible for use with most TTL circuits.

The SNS4ALS174, SN54ALS175, SN54AS 174, and SN54AS175B are characterized for operation over the full
military temperature range of -55°C to 125°C. The SN74ALS174, SN74ALS175, SN74AS174, and
SN74A5175B are characterized for operation from 0°C to 70°C.

FUNCTION TABLE
{each fiip-flop)

logic symbols?
'ALS174, 'AS174 'ALS175, "AS175B
1 — 1
— LI N
CLR R CLR R
9 9
CLK > C1 CLK > Cq
3 -] . -1 C 2
1D 1D 1Q 4 ————— 1Q
4 1D 1D 3 =
2D 2q S 1Q
8 7
3D 3 5 —————— 20
1 10 20 8 8 =
4D 4q 20
13 12 10
5D 5Q 12 - 3Q
14 15 . 3D L L G
6D Q 15
13 [ 404
4D 14 —
N 40

t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12.

INPUTS OUTPUTS

CIR CLK D a at
L X X L H
H 1T H H L
H T L L H
H L X Qg 60

t°ALS175 and 'AS1758 only

Jn numbers shown are far tha D, J, and N packages.

{’) TEXAS
INSTRUMENTS
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SN54ALS174, SNS4ALS175, SN54AS174, SN54AS175B
SN74ALS174, SN74ALS175, SN74AS174, SN74AS1758
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

SDAS207D - APRIL 1982 - REVISED MAY 1996

logic diagrams (positive logic)

‘ALS174, 'AS174 '‘ALS175, 'AS175B

—— —_ 1
CLR CLR

9
CLKB—D_ CLK >—
4
10 3 1D 1D 1D I> 2 1Q
> C1 ‘D-im

> ¢4

v
To Five Other Channels To Three Other Channels

Pin numbers shown are for the D, J, and N packages.

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

Supply YORage, Vor o o e e 7V
INpUEYORagE, V| e e e e e 7V
Operating free-air temperature range, Ty: SNS4ALS174, SNS4ALS175 . ... .......... -55°C to 125°C

SN74ALS174, SNTAALS17S .. ... ..ot 0°C ta 70°C
Storage temperature range, Totg v roer e e R —-65°C to 150°C

t Stresses bayondthosa listed under "absolute maximum ratings” may cause permanent damage to the device. Thase ara stress ratings only, and
functional operation of the device at thase or any other conditions beyond thosa indicatad under “recommended operating conditions” is nat
implied. Exposura to absolute-maximum-ratad conditions for extended periods may affect davice reliability.

recommended operating conditions

SN54ALS174 SN74ALS174
SNS4ALSITS SNT4ALS1TS UNIT
MIN NOM MAX| MIN NOM MAX
Vee Supply voltage 4.5 5 2.5 4.5 5 5.5 v
VIH High-level input voltage 2 2 v
Vi Law-level input voltage 0.8 0.8 v
loH High-levet output current 0.4 041 mA
loL Low-level output currant 4 8] mA
faock  Clock frequency 0 40 0 50{ MHz
CLR low 15 10
tw Pulse duration CLK high 12.5 10 ns
CLK low 12.5 10
Data 15 10
tsu Satup time before CLKT CLR Ineciive P 5 ns
th Hold time, data after CLKT 0 o} ns
Ta Operating free-air tamperature -55 125 0 70 °C
L " I,
{';’ TEXAS
INSTRUMENTS

POST OFFICE BCX 655303 ® DALLAS, TEXAS 75265 3



SN54ALS174, SN54ALS175, SN54AS174, SN54AS175B
SN74ALS174, SN74ALS175, SN74AS174, SN74AS1758
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

SDAS207D - APRIL 1882 - REVISED MAY 1996

electrical characteristics over recommended operating free-air temperature range (unless

otherwise noted)

SN54ALS174 SNT4ALS174
PARAMETER TEST CONDITIONS SNS4ALS1TS SN74ALEATS UNIT
MIN Tyrt MaAX MIN TYPT mMAX
ViK Ve =45V, I|=-18 mA -1.5 -1.5 v
VOH Vec=45V1o65Y, loH =-0.4 mA Vee-2 Veog—2 A
VoL Vog =45V ioL = 4 mA 0.25 04 025 04f
loL =8 mA 0.35 05
i Vo =55V, V=7V 0.1 01| ma
IIH Yoo =55V, V=27V 20 20| pA
W All othars Voo =55V, Vj=04V -0.1 -0.1 mA
CLK -0.15
ot Voo =55V, Vp=225V -20 -112 -30 -12| mA
lcc ALSTH Vee =55V, See Note 1 Ll 19 1 19 mA
"ALS1T5 8 14 9 14

t Adl typical values are at Voo = 5V, Ta = 25°C,
1 The output conditions have been chosen to produca a current that closely approximates one half of the trua short-circuit output current, los.
NOTE 1: Icg is measured with D inputs and CLR grounded, and CLK at 4.5 V.,

switching characteristics (see Figure 1)

Ve =4.5VioS5Y,
CL = 50 pF,
R =500 2,
PARAMETER FROM TO Ta = MIN to MAXS UNIT
{INPUT) (OUTPUT) SNS4ALS174 | SN74ALS174
SNS4ALS175 | SN74ALS1TS
MIN  MAX] MIN MAX
fmax 40 50 MHz
PLH — Any Q ('ALS175) 3 20 5 18
tPHL CLR Any Q 5 30 8 | ™
tPLH Any Q 3 20 3 15
CLK ' ne
tPHL (or Q, 'ALS175) 5 24 5 17

§ For conditlons shown as MIN or MAX, use the appropriate value specifled under recommendad aperating conditions.

Q‘ TEXAS

INSTRUMENTS
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SN54ALS174, SN54ALS175, SN54AS174, SN54AS175B
SN74ALS174, SNT4ALS175, SN74AS174, SNT4AS175B
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

SDAS207D - APRIL 1982 - REVISED MAY 1996

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

SUPPlY VORAGE, VY r  « oo e e e 7V
DU WORAgE, V| oo e e e e e et e 7V
Operating free-air temperature range, Ta: SNS4AS174, SNB4AS175B . ... .......... -55°C to 125°C

SN74A5174, SNT4AS175B ...l 0°Cto 70°C
Storage temperature range, Tgtg -« vvver vt —65°C to 150°C

1 Strasses beyond those listed under “absalute 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 conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extanded pefiods may affect device reliability.

recommended operating conditions

SN54AS1T4 SN74A5174
SN54AS1T5B SNT4AS1T5B UNIT
MIN NOM MAX | MIN NOM MAX
Vee  Supply valtage 4.5 5 55 4.5 5 55 v
VIH High-level input voltage 2 2 v
VL Low-level input voltage 0.8 0.8 v
IOH High-level ocutput curent -2 -2 mA
oL Low-level output current 20 200 mA
feiock” Clock frequency 0 100 0 100} MHz
CLR low 5.5 5
Puise durati CLK high 4 4
. o ns
w e duration AS174 6 5
CLK low
'AS1758 5 5
‘AS174 4 4
Data -
tsy® Setup time befora GLKT AS1759B 3 3 ns
CLR inactive 6 6
1 Hold time, data after CLKT 1 1 ns
Ta QOperating free-air temperature -55 125 0 70 °C

* On products compliant 1o MIL-STD-883, Class B, this paramster |s based on characterization data but is not production tasted.

Q’ Texas
INSTRUMENTS
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SN54ALS174, SN54ALS175, SN54AS174, SN54AS175B
SN74ALS174, SN74ALS175, SN74AS174, SN74AS175B
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

SDAS207D - APRIL 1982 - REVISED MAY 1996

electrical characteristics over recommended operating free-air temperature range {unless

otherwise noted)

SN54AS5174 SNT4AS5174
PARAMETER TEST CONDITIONS SN54AS1758 SN74AS1758 UNIT
MIN  TYPT  MAX MIN TYPT MAX
ViK Vec=45Y, I|=-18 mA -1.2 -1.2 v
VoH Veo=45Vio 535V, loH = -2 mA Voe-2 Vee-2 v
VoL Voo =45V, oL, = 20 mA 0.35 0.5 0.35 05 v
I Yoo =55V, V=7V 0.1 0.1 mA
N Veg=5.5Y, V=27V 20 20 pA
WL Voo =55V, V=04V -0.5 -05) mA
Iot Vee =55V, V=225V -30 “12] 30 -112] ma
'‘AS174 30 45 30 45
lee Voo =55V, See Note 2 mA
"‘AS175B 22,5 34 225 34

T All typical vatuas ars at Vog = 5 V. Ty = 25°C.
$ The output conditions have been chosen to produce a current that closely approximates one half of the trua shori-circuit output current, lgs.
NOTE 2. Icc Is measured with 1 inputs, CLR, and CLK grounded.

switching characteristics (see Figure 1}

Voo =45V1o 6.5V,
Cp =50 pF,
FROM TO R =500 O,
PARAMETER (INPUT) (OUTPUT) T4 = MIN to MAXS UNIT
SN54A5174 SN74A5174
MIN  MAX] MIN  MAX
fmax” 100 100 MHz
tpHL CLR Any Q 5 15 5 4] ns
1 3.5 9.5 3.5 8
PLH CLK Any Q ns
teHL 4.5 11.5 45 10

* On products compliant to MiL-STD-883, Class B, these paramaters are basad on characterization data but are not production tested.
§ For conditions shown as MIN or MAX, use the appropriate value specified under recommendsd oparating conditions.

switching characteristics (see Figure 1)

Voo =4.5Vio 55V,
Cp = 50 pF,
Ry =2 5000}
FROM TO L d
PARAMETER (INPUT) (UTPUT) TA = MIN to MAXS UNIT
SN5S4AS175B | SNT4AS175B
MIN  MAX MIN  MAX
max” 100 100 MHz
tpLH — 4 10 4 9
A ns
tPHL CLR nyQorQ 45 15[ 45 13
t - 3 8.5 3 75
s CLK AnyQorQ ns
tPHL 3 1" 3 10

* On products compliant to MIL-STD-883, Class B, this parametar is based on charactsrizaton data but is not production tested.
§ For conditions shown as MIN or MAX, use the appropriata valua spacified under recommended operating condltions.

Q‘ TEXAS
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SN54ALS174, SNS4ALS175, SN54AS174, SN54AS1758
SN74ALS174, SN74ALS175, SN74AS174, SN74AS175B
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

SDAS2070 - APRIL 1982 - REVISED MAY 1996

PARAMETER MEASUREMENT INFORMATION
SERIES 54ALS/T4ALS AND 54AS/74AS DEVICES

TV
v
ce J, RL ~R1=R2
51
R
R1
From Output Test From Output Test From Qutput Test
Under Test Point Undar Test Point Undar Tast l Point
CL R [
L c L R2
see Note A L
( ) (585 Note A) I {sea Note A)
LOAD CIRCUIT FOR i N
BI-STATE LOAD CIRCUIT LOAD CIRCUIT
TOTEM-POLE QUTPUTS FOR OPEN-COLLECTOR OUTPUTS FCR 3-5_TATE QUTPUTS

e e

—_—— 35V 35V
Data l .L.
input 13V 13V Low P:r;l 1ayv 13V
0.3V ——— 03V

Timing 35V High-Level ——=— a5V
Input 1.3V Pulse 13V 1.3V
03V 0.3V

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES PULSE DURATIONS
Qutput
Coantrol
{low-lavel
enablingy | T T/ %A pee——— T T 5V
Input 13V 13V
i' | 03V
Waveform 1 tPLH ——¥ H—I tPHL
S1 Closad | —_——
In-Phase OH
(sae Nota Bj Output | 13v | 13v
‘ VoL
| >t o
tpy —H——» {
Wavaform 2 Qut-of-Phase l Vou
51 Open Output 1.3V 1.av
(see Note B} {sea Note C) —-— VoL,
VOLTAGE WAVEFORMS

VOLTAGE WAVEFORMS

ENABLE AND DNSABLE TIMES FOR 3-STATE OUTPUTS PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.
B. Waveform 1 Is for an output with Intemal conditions such thal the output is low except when disabled by the output cantral.

Wavaform 2 is for an putput with internal conditions such that the output is high except when disabled by the output contral.
C. Whan measuring propagation delay tems of 3-stata outputs, switch ST is open,
D. Allinput pulsas have the following characteristics: PRR < 1 MHz, t; = tf = 2 ns, duty cycle = 50%.
E. The outputs are measurad ona at a time with one transition per maasvramant.

Figure 1. Load Circuits and Voltage Waveforms

A — i — i
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of refevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TV's standard wamranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary o support this wamranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requiremeants.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS". TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS {S UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

in order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party's products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright ® 1998, Texas Instruments Incorporated
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MicrROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices included in this Data Sheet:

+ PIC16F876
+ PIC1GFBTT

+ PIC16F873
+ PIC16F8T4

Microcontroller Core Features:

+ High performance RISC CPU

« Only 35 single word instructions to leam

+ All single cycle instructions except for program
branchas which are two cycle

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

« Up to 8K x 14 words of FLASH Pragram Memory,
Up to 368 x B hytes of Data Memory (RAM)

Up to 256 x 8 bytes of EEFROM Data Memory
Pinout compatible to the PIC16C738/74B/76/77
Intemrupt capability (up to 14 sources)

- Eight level deep hardware stack

Direct, indirect and relative addressing modes

« Power-on Resat (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
« Selsclable oscillator options
Low powar, high speed CMOS FLASH/EEPROM
technology
Fully static design
In-Circuit Serial Programming™ (ICSP} via two
pists
+ Single 5V In-Circuit Seriai Programming capability
In-Circuit Debugging via two pins
+ Processor read/write access lo program memaory
» 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

MCLR/vPr —— [
RAQ/AND a— []
RAIANT w—=[]

" RAZAN2/VREF- et
RAZANIVREF Y e
RA/TOCK] a—e [
RAS/AN4/ES w—[]
REO/RDIANS +—[]
RE1AWEUANG +— ]
RE2CS/ANT a—wT]
VOO e E
- p——
OSEUCLKIN ——an
OSCLCLKOUT w—
RCOMOSQTICKI s
RCUT1OSHCCPZ w—s
AC2CCP1 ——r
RCVSCHISCL =
RDOUPSFD w—[]

RD1PSP1 =—= (]

@ P oin b o N

PIC16F8TT/874

-+ RAT/PGD
~—u RBB/IPGC
~—u RBS
= RBd
-+ RBIPGM
- AB1
-— BB
-—= REQ/INT
~+——= YD
-—— V5

~— RDYPSP?
~— RDBPS5PE
-+—a ROS/PSPS
+—w» RD4PSP4
- RC?RX/OT
-+— RCBTHCK
~«—u RC3S5D0
- RCATSOVSDA
w—a RDIPSPY
~—e RD2PSP2

Petipheral Features:

» Timer0: B-bit timer/countar with 8-bit prescaler

Timer1: 16-bit timer/counter with prescaler,

can be incremented during SLEEP via external

crystaliciock

Timer2; 8-bit timer/countsr with B-bit pericd

register, prescaler and postscaler

» Two Capture, Compare, PWM modulas
~ Capturse is 16-bit, max. resolutionis 12.5 ns
- Compare is 16-bif, 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 I°C™ (Master/Slave)

Universal Synchronous Asynchronous Receiver

Transmitter (USART/SC!) with 8-bit address

detaction

.

Paraliel Slave Port (PSF] 8-bits wide, with

externat RD, WR and CS controls (40/44-pin only)

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

® 2001 Microchip Technology Inc.
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PIC16F87X

Pin Diagrams

PDIP, SOIC
MCLRAVPP—1 1" 1 e 28} } = RE7/PGD
RAGAND = [} 2 27[] = RB&/PGC
RANHANT =] 3 . 28] = RBS
RAZ/ANZNVREF. =+ 4 r~ 25_] == RB4
RAJANINVREF =[] 5 .13 24[] =+ RBAPGM
RasTocki=—L] 6 ~ 23[] <+ RR2
RAS/AN4/BS ~—[] 7 i 22[1 = RB1
vss—=L] & ) 211 = RBOINT
oscticLkn—=[] 9 o 2011 <— voo
oscuciKouT——C0)10 T 19[] -+—vss
RCOMIOSO/TICK) == []11 18{] == RCZ/RNDT
rRCVT10SIKCCP2Z = [[12 17[] == RCRTWCK
RCCCP1=—[]13 16[] =— RC55D0
RCISCK/SCL=+—=[]14 15[ ] == RCA4/SDI/SDA
+
[T
w
gg—c& oo
PLCC “E}ééE gg
- L]
[}
33338058830
iNiinim I
Luwgmoy 35_! ;
RA4TOCK] w—a 7 390] =—= RA3/FPGM
RASIANAISS oo s [y 380] =— RB2
REORD/ANS <o [ g 376 +— RRd
RETWRIANG «— [] 10 [ ] =—= RBO/INT
RE2CSANT =~ L1 PICABFRT7 38— v
—012 -~ Vag
vss 3 PIC16F874 337 O poveser
OSCHCLKOUT . 15 31[) =—e RO5/PSP5
RCOmOSOMC‘:% - ]16 30— Egg;sﬁr&
17, - 20} -——e
SPIRNAIBEN
LI O O
N RERERRER !
b4 5] 8 o = v
3 g TESENPEQKXY
x o @~ LODOADLCSAOZ
wmn.n.&&moE FAL &5 o
8838333255 aingpogae
nAaLQLo ~&q [
QFP EEXCECPErEX 2 E g 2
4]
PN z
naanadgaann
afleinfeBelainBlalsgn]
sEnlplvErdslnNsNEasme
FIFTIRBERE
RCTMADT ~—=CI1 NC
RD4/PSP4 -T2 32 == RCOTIOSOTICKI
RDS(PSPS =1L 3 3t — QSC2CLKOUT
ADEPSPE = X AP = OSC1CLKIN
RD7/PSPT =—-CIq PIC16F877 20HT = V5§
vss —=CTO6  PICIGFBTA  -ohs ve NEwANTICE
vpp —= I 272 =—= RE2/ANT/CS
RBOINT =+—=LCIT B 2§ == REVANEWR
RB1 IO 2510 +—» REQ/ANS/IRD
RB2 =—~LIH 10 2413 =—= RAS/AN4/SS
REBYPGM LT 11 B © 0 3 o v 2T = RAMITOCKI
Teen-e29ny
-- OO I E =
dododAdfgod A
doddoopguld
ooEmoogcvit
= =
mmd§§ 2
ey 2%
93
L S A —
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PIC16F87X

M —
Key Features
PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16Fa77
Manual (DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz DC - 20 MHz DC - 20 MHz
B RESETS (and Delays) POR, BOR POR, BOR PCR, BOR POR, BOR
(PWRT, OST) (PWRT, OST) (PWRT, OST} {PWRT, OST}
F'-Assz;f’::: d“:;‘“‘”" | 4K 8K 8K
Data Memory {bytes) 192 182 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
HO Ports Poris ABC Ports AB,C.D.E Ports A,B,C Poris ABCDE
Timers 3 3 3 3
CaplurefCompare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART | MSSP, USART & MSSP USART | MSSP, USART
Paraliel Communications — PSP - PSP

10-hit Analog-to-Digital Module

3 input channels

8 input channels

5 Input channels

8 input channels

Instruction Set

35 instructions [ 35 instructions

35 instructions

35 instructions

® 2001 Microchip Technoiogy Inc.
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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 {D333023), which may
be obtained from your local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a complemen-
tary document lo this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operaticn of the peripheral moduies.

There are four devices (PIC{6F873, PIC16F874,
PIC16F876 and PIC16FB877) covered by this data
sheet. The PIC16F876/873 devices come in 28-pin
packages and the PIC16F877/874 devices come in
40-pin packages. The Parallel Slave Port is not
implemented on the 28-pin davices.

The following devica block diagrams are sored 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, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
Program Data
Dovice FLASH Data Memory EEPROM
PIC16F873 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
13 DateBus 8 PORTA
<= Program Courer] = RAOAN
FLASH I 4 RAT/AN1
Program o 4 RAZIANZIVREF-
Memory RAM —— =[] RAIANIVREF+
8 Laval Stack File
{13-bit) Regislers 7 RA4/TOCKT
g RASIANA/SS
Program
Bus 14 RAM Addri" ] PORTS
m & RBONNT
Instruction reg Addr MUX M :EB!;
7 Indirect
Direct Addr Addr L. E RBIPGM
RB4
FSR req RBS
:1 RB&PGC
. STATUS rag RB7/PGD
= PORTC
3 m RCOT10SOITICKI
Powsi-up MUIX » RCUT10SHCCP2
Vi Timer R RC2/CCPt
Instruction Oscillator L » RC3I/SCK/SCL
Decods & [=—>{ | Starl-up Timer ALY —1x] RC4/SDUSDA
Contral Powsron . RC&/SDO
Reget L] y RCB/TX/CK
. RCT/RX/OT
Timnil Walchdog
Genargtgion =0 Timer W reg
0SCY/CLKIN Brown-out
QSC2ICLKOUT Raset
In-Cireuit
Debugger
Low Valtaga
Programming
MCLR VoD, Vss
TimerD Timart Timner2 1¢-bit AJD
Synchronous
Data EEPROM CCP1,2 Sarial Porl USART
Nete 1: Higher order bits are from the STATUS register.

@ 2001 Microchip Technology Inc.
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FIGURE 1-2: PIC16F874 AND PIC16F877 BLOCK DIAGRAM
Program Data
( Device FLASH Data Memory EEPROM
| picigraTa 4K 192Bytes | 128 Bytes
| PIC18F877 8K 368 Bytes 258 Bytes
13 Datagus 8 PORTA
FLASH Program Counter RA/ANO
RA1/AN1
P
Menmary vy RAZAN2/VAEF-
8 Level Stack Fila M mr?glggﬂeﬁ
13-bit i » 4
_ (ol Registers i RAS/AN4/SS
Progsam
Bus RAM Add) 4y g PORTR '
VTR RBOANT
Instryction reg rMUX RB1
. I REB2Z
Direct Ader 7 g Jf "direct RBAPEM
7 4= RB4
FSR reg e RBS
RB&/PGC
R STATUS reg }—~{x] Re7/PGD
7 FORTC
RCOT1OSOTICK
Power-up RCA/T108I/CCP2
7 Timer RC2/CCP1
Instruction Oscillator sgzgg:}ssn%
Decode & Start-up Timer
Control RCSISDO
P%"e"?" RCSTXICK
. ik RC7/RXDT
iming Watchdog
B=1 Ganeration [+ Timer PORTD
OSCHGLKIN Erown-out RDOIPSPO
OSCYCLKOUT Reset 2 RD1/PSP1
W Circa s RDZIPSP2Z
Debugger 4 RDI/PSP3
Low-vohags | 4 RD4/PSP4
Programming Parallel Slave Port 1 RDS/PSPS
e 4 RDB/PSP8
RD7IPSP7
PORTE
WCLR VoD, Vss ] " REO/ANS/RD
> eP<] RE1/ANSWR
l—{X] RE2ANTCS
Timer0 Timert Timer2 10-bit A
it it L
Synchronaus
Dats EEPROM CCP1.2 S arial Port USART
~I
Note 1: Higher order bits ara from the STATUS ragister.
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TABLE 1-1: PIC16F873 AND PIC16F876 PINOUT DESCRIPTION
DIF | SOIC o Buffer ]
Pin Name Pinit Pin# Type Type Dascription
OSC1/CLKIN ] 9 | ST/ICMOS#H| Oscillator crystal inputfextemal clock seurca input.
QSC2/cLKauUT 10 10 0 — Oscillator crystal output, Cannects to crystal of resonator in
crystal oscillator mode. In RC mode, the OSC2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and denates
tha instruction cycls rate.
MCLRAPR 1 1 1P ST Mastar Clear (Raset) input or programming voltage input. This
pin is an active low RESET to the davice.
PQORTA is a bi-directional /O port.
RAO/ANO 2 2 10 TTL RAO can also ba analog input0.
RAtANT 3 3 I{s} TTL RA1 can also be enalog input1.
RAZ/AN2NREF- 4 I{e]} TTL RAZ2 can also be analog Inpuf2 or nagative analog
referenca voltage.
RAMANINVREF+ S L [{e] TTL RA3 can also be analog input3d or positive analog
referance voltage.
RA4/TOCKI 6 6 [l[e] ST RA4 can also ba the clock input to the Timer0
module. Qutput is open draln type.
RAS/SS/AN4 7 7 IO TTL RAS5 can also be enalog input4 or the slave select
for the synchronous serial port,
PORTSB is a bi-directional 1/O port. PORTE can be softwara
programmed for internal weak pult-up on all inputs.
REO/INT 21 21 10 TTUST? RB{ can also be the external Intarrupt pin.
RB1 22 22 o TTL
RB2 23 23 o L
RB3PGM 24 24 1o TTL RB3 can also be the low voltage programming input.
RB4 25 25 le} TTL Intarrupt-on-change pin.
RBS 26 26 I{e]} TTL Interrupt-on-change pin.
RE6/PGC 27 27 1o TTLYST Interrupt-on-change pin or In-Circult Debugger pin. Serial
programming clock.
RB7/PGD 28 28 e} TTL/ST® Intarrupt-on-change pin or In-Circuit Debugger pin. Sarlal
programming data.
PORTC is a bj-dlrectional [fO port.
RCOM1OSOMICKI " 11 e} ST RCO can also be the Timer1 oscitlator output or Tirneri
clock input,
RC1T10SHCCP2 12 12 o 87 RC1 can also be the Timer1 osciilator input or Capture?
input/Compare2 output/PWM2 output.
RC2/CCPA 13 13 o ST RC2 can aiso be tha Capture! Input/Comparsl output
PWM1 output.
RCIISCKISCL 14 14 e} ST RC3 can also be the synchronous serial clock Inputioutplt
for bath SPI and 12C modes.
RC4/SDI/SDA 15 15 e} ST RC4 can also be the SPI Data In (SPI mods) or
data /O {I°C mode).
RCE/SDO 16 16 o ST RC5 can also be the SPI Data Out (SPI moda).
RCB/TXICK 17 17 f{s} ST RC6 can also ba tha USART Asynchronous Transmit or
Synchranous Clock,
RCV/RX/DT 18 18 [lie] ST RC7 can also be the USART Asynchronous Receive or
Synchronous Data.
Vss 8,19 8. 19 P — Ground reference for logic and I/Q pins.
VDD 20 20 P - Positive supply for logic and O pins.
Legend: |=input O = outpitt 10O = Inputfoutput P = power
— = Not used TTL = TTL input ST = Schmitt Tigger input

Note 1: This butfer is a Schmiti Tigger input when configured as the extarnal interrupt.
2: This buffer is 2 Schmitt THgger input when usad In Serial Programming mode.
4 This buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS input otherwise,

© 2001 Microchip Technology Inc.
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PIC16F87X

TABLE 1-2:

PIC16FE74 AND PIC16FBTT PINOUT DESCRIPTION

Dip | PLec | QFP | WOP | Buffer |
Pin Name Ping Ping Pin? | Type Type Description
OSCHCLKIN 13 14 30 1 ST/ICMOSH | Oselitator crystal inputiextarnal clock source input.
OSG2/CLKOUT 14 15 | 0 — Osgcillator crystai output. Conrnects to erystal ar resanatar
in crystal ascillstar mode. In RC moade, OSC2 pin outplits
CLKQUT which has 144 the frequency of 0SC1, and
denotes the instruction cycle rate.
MCLRMNPP 1 2 18 1P ST Master Claar {Resat) input or programming valtage input,
This pin is an actlve jow RESET to the device.
PORTA is a bi-diractional 0 port.
RAQAND 2 3 19 1o TTL RAQ can also ba analog inputd,
RA1/ANT 3 4 2a WQ L RA1 can also be analog inputi.
RA2/ANZNREF- 4 5 21 o TTL RAZ can also be apaloy inpul2 or negative
analog reference voitage.
RAVANINVREF+ 5 6 22 lle} TTL RA3 can also be analog input3 or positive
analog refarence voltage.
RA4/TOCK) 6 7 23 10w ST RA4 can dlsa be the clock input to the Timer0 timer/
counter. Qutput is open draln type.
RAS/SSIANS 7 8 24 o TTL RAS can also be anaicg inputd or the slave salect for
| tha synchronous serlal port.
PQRTB8 is a bi-directional VO port. PORTB can ba soft-
ware programmead for internal weak pull-up on afl inputs.
RBOANT 33 36 8 o | TTwsT® RBQ can also be tha external intsrrupt pin.
RB1 34 a7 9 o] TTL
RB2 35 38 10 o) TTL
RBIPGM 36 39 1% 10 TTL AB3J can also be tha low voltage programming input.
RB4 37 41 14 o TTL Intermupt-on-change pin.
RBS 38 42 15 1Yo TTL interrupt-on-change pln,
RB6/PGC 39 43 16 Fe] TTULSTR Interupt-on-change pin or In-Cireuit Debuggsr pin,
Sadal programming clock.
RB7/PGD 40 44 17 Ke] TTLsTE interrupt-on-changs pin or in-Clreult Debugger pin,
L Sefial programming data.
Legand: l=input O = output YO = inputioutput P = power
— = Not usad TTL = TTL Input ST = Schmitt Trigger input

Nate 1: This buffer is a Schmitt Trigger Input when configured as an extemnat intarrupt,
2: This bufler i a Schmit Trigger input when used in Serial Programming moda,
3: This butfer is a Schmitt Trigger input when configured as generat purpose /O and & TTL input when used In the Parallal
Slava Port mode (for interfacing to a microprocessor bus),
4: This buffer is & Schmitt Trigger Input when configured In RC oscillator moda and & GMOS input otherwise.

DS30202C-pags 8
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PIC16F87X

TABLE 1-2: PIC16FB74 AND PIC16F877 PINOUT DESCRI!PTION (CONTINUED)

BiP | PLCC | QFP | HOP Buffer
Pin Name Pin# Pin# PIng | Type Type Description
PORTC is a bi-directional ifQ port.
RCOMIQSOTICKI| 15 16 k¥ 110 ST RCO can also be the Timar1 oscillatar output or a
Timer1 clock Input.
RCA/T1QSIICCP2 16 18 35 f{e} ST RC1 can also be the Timart oscliator input or
Capturs2 input/Compare2 output/PWM2 output.
RC2ACCP1 17 19 36 o ST RC2 can also be the Capturet input/Comparet
output/PWM1 output.
RCYUSCKISCL 18 20 37 110 ST RC3 can aiso be the synchronous serial clock input/
output for both SP! and 12C modes.
RCAISDISDA 23 25 42 o ST REC4 can also be the SPI1 Data In (SPI mode) or
data 1/0 (I2C moda),
RC51SDO 24 26 43 110 ST RCS can also be the SPI Data Qut (SPI moda).
RCBTX/ICK 25 27 44 1o ST RCB can also be the USART Asynchronous Transmit
or Synchronous Clock.
RC7IRX/DT 26 29 1 {fla) ST RC7 can aiso be the USART Asynchronous Recaive
or Synchrenous Data.
PORTOD Is a bi-directlonal /0 port or paralie! slave port
when Interfacing to a micraprocessor bus.
RDO/PSPO 19 21 38 o sTTL®
RDA/PSP1 20 22 39 o | stamL@
RD2PSP2 21 23 40 W sTIM®
RDA/PSP3 22 24 41 10 ST
RD4/PSP4 27 o 2 110 STATLE
RD&/PSP5 28 M a lio sTATLA
RD&/PSP6 29 32 2 o ST
RD7/PSPT 30 33 5 i} ST
PORTE is a bi-diractional /O port.
REQ/RD/ANS ] g 25 /0 ST RED can also be read contro! for the parallel slave
port, or analog input5.
RE1/WR/ANG 9 10 26 o | sTrn® RE1 can also be write control for the paralle! slave
port, or analog inputs.
REZ2/CS/AN7 10 1 27 o sTTTL® RE2 can aiso be select control for the parallel slave
port, or analog input?.
Vss 1231 | 13,34 6,29 P — Ground reference for logic and /O pins.
VoD 11321 12,35 728 P — Positive supply for logic and /O pins.
NC — | 117,28, | 12,13, — Thesa pins are not Internally connected. These pins
40 33,34 should be left unconnected.
Legend: !=input O = oulput I/G = inputfoutput P = power
« = Not usad TTL = TTL input 8T = Schmitt Trigger input

Note 1: This buffar Is @ Schmift Trigger input when configured as an extemal interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffar is a Schmitt Trigger input whan configured as general purpose I/O and a TTL Input when used in the Parallel
Slava Port mode {for Interfacing to a microprocessor bus),
4: Thig buffer is a Schmitt Trigger input when configured in RC oscillator mode and a CMOS Input otherwise.

® 2001 Microchip Tachnology Inc.
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