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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 helium-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
quarter 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 beam 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 miicrocontroller was
used as a up/down counter and displayed the motion as c¢ither 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 10pum , 13.5 mm long. The measurement

showed the maximum error of 80 pm.
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2.1.4 msAnmMeanaLu  Birefringence )
@ fol o A oW W [
msvamasus dluldaingmssiidnifiaduTageaudnuel ( Anisotropic material )
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6.5 1.445 1.287 1.482 1.436 1.489 1.528 1,492 1.475 1.525 1.514
7 1.917 1.762 1.980 2,040 1.988 2,000 1.965 1.985 2,047 2.015
7.5 2.402 2,288 2,465 2.493 2515 | 2483 2.307 2.466 2.511 2.479
g 2.898 2816 2.973 2.927 3,057 2.964 2,923 2.986 3.004 3.043
85 3.363 3.413 3.449 3.372 3.549 3.450 3.446 3538 3.504 3.533
9 3.354 3.821 3.952 3.960 4012 3.940 3.976 4,007 4,042 3.991
9.5 4,342 4,339 4.501 4,540 4.492 4.459 4,561 4,510 4,557 4,529
10 4917 4917 4875 4875 4,386 4,386 5.010 5.010 5,003 5.003
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srgenavn | scesmBe | sresefe | Awn A1 Y $.D,
Wiastwed | (W) dy | Aewaiachl) | Rewatandyy | (W) | sDandw) | Dncertainty(l) | Uncertainy(ndyn)
5 0.000 0.017 0.000 0.015 8.000 0.014 0.000 0.006
5.5 0.491 0.502 0.009 0.007 0.022 0.004 0.010 0.002
6 £.000 0.995 -0,009 0.047 0.017 0.049 0.008 0.022
6.5 1.487 1.448 0.013 -0.012 0.029 0.097 0.013 0.043
7 1.979 1.960 0.007 0.019 0.047 0.113 0.021 0.050
1.5 2,440 2.442 0.039 -0.009 0,087 0.086 0.039 0.039
8 2.971 2.951 -0.031 -0.010 0.064 0,090 0.028 0.040
8.5 3,462 3,461 0.009 0.017 0.070 0,073 0.031 0.033
9 3.967 3.944 -0.005 -0,032 0.072 0.073 0.032 0,033
9.5 4,491 4,475 -0.024 0.037 0.089 0.082 0.040 0.037
10 4.938 4938 0.053 0.000 0.064 0.064 0.025 0.029
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Wlasiwed | (W) (ndu) ) (ndu) (hly (Nd) Cly (NSL) (b (NE)
10 0.000 0.027 C.000 0.015 0.000 0.029 0.000 0.012 0.000 0,622
10.5 0.503 0.502 0.477 0.511 0.497 0.507 0.486 0.497 0.476 0.504
11 0.990 0.960 1.040 1.039 0.967 0981 1.000 1.160 0.973 0.982
11.5 1.480 1515 ‘'1.544 1.466 1.497 1,460 1.477 1.520 1,464 1.468
12 1.960 1.940 2.053 1,982 1.943 1.942 1971 2116 1.929 1.839
12.5 2.491 2.480 2,457 2.485 2.382 2413 2,423 2610 2411 2.413
13 2873 2894 29451 3.057 2.875 2.926 2976 3.036 2,887 2.907
135 3.358 3.358 3.676 3.676 3.360 3.360 3.681 3.621 3.375 3.375
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10 0.000 0.021 0.000 0.017 0.000 0,008 0.000 0.003
10,5 0.428 0.504 0.012 -0,020 0.012 0.005 0.005 0.002
1 0.994 1.024 -0.006 0.032 0,029 0.081 0.013 0.036
11.5 1.492 1,486 0.002 0.002 0.031 0.029 0.014 0.013
12 1.971 1.984 0.021 0.003 0.049 0.076 0.022 0.034
125 2.434 2,430 0.037 0.016 0.042 0.080 0.019 0.036
13 2912 2,964 0.022 -0.026 0.048 0.077 0.021 0.034
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#include <16F877.h>

#include <defs 877.h>

Hdevice *=16

#device adc=10

If#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  //porib

#byte comm =0x08  //portd

#byte segment dir = 0x86  //port b dir
#byte comm dir =0x88  //portddir

#bit up_down = PORTC.0

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

ff=mmmmne Global Variable
signed int16 cpu_tick;

signed int32 up_dwn_cntr;

#include < 7 SEGMENT.H>

#int_CCPI
CCP1_ist()
{



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

up_dwn_cntr--;

}
ffrmmmmmeneman 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_OFF),
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); / Countveryl us
{fsetup_timer_O(RTCC_INTERNAL|{RTCC_DIV_64); // Overflow very 13.1 ms [4 Mhz]
ifsetup_timer_1(T1_INTERNAL|TI_DIV_BY_1); // Count very 1 us
setup timer 2(T2 DISABLED,0,1);
setup_ccpl{(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 =
if(count_length ==1)

NumToBuffer();

else

LengthToBuffer();

}//end main program

i mam—— include sub

function

#include <_7 SEGMENT.C>



void init_7_segment(void)
{
segment_dir = 0x00;
comm_dir = 0x00;
segment = OxfT;
comm = Oxff;
}
I

void scan_7 segment(void)

{

int8 1, digit;

digit = 0x01;

for(i=0;i<8;i++){ /* 4-DIGIT scanning */
comm = ~digit,
segment = ~buffer{i];
delay ms(1); /* delay a while */
segment = Oxff;

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

}

I
void NumToBuffer(void)

{

int32 numb;

if (up_dwn_cntr <0}
buffer[7]=convert[19]; /fsign -

numb = (-1)*up_dwn_cntr;



Yelse{
bufferf7]=convert[20]; /foff
numb = up_dwn_catr;

b

buffer(6] = convert[numb/1000000];
if (buffer[6] == 0x31)
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)/1 000];
if (buffer[4] == 0x00 && buffer[3] == 0x3f)
buffer[3] = 0x00;

buffer[2] = convert[({{{numb%1000000)% : 00000)%10000)%1000)/100];
if (buffer[3] == 0x00 && buffer[2] == 0x3f)
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_entr;

else{
buffer[7]=convert[20),  //off

numb = up_dwn_cnlr,

3

numb *= 3164; / length = lamda/2 * count [lamda = 6328 A]
numb += 50; H

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] == 0x3{)

buffer[5] = 0x00;
buffer[4] = convert[((numb%1000000)%4100000)/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)%1 000)/100];
buffer[2] |= 0x80; {/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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‘D*-Type Flip-Fiop

High-Valitage Types {20-Volt Rating)

8 CD45138 consists of twoidentical,
indeppndent data-typs flip-fiops. Each fiip-
flap has independent dats, set, reset, and
elock Inputs end Q and G outputs, These de-
vices can be used for shift_register applics-

CD4013B Types

Features:

u Sat-Reet capability

® Stwtic fipfiop operstion — retsing stite
indefinitely with clock level sither
*high'” or “Jow"

® Medium-spasd operation — 16 MHz (typ.)
clogk toggle rate at 10V

» Srandardizsd symmatrical output

charactaristics
®» 100% tested for quiescent currant st 20 V

o Maximum input currant of 1 yA st 18 V

N1

tions, snd, by connscting Q output to the over full psckage temparsture ranga; LA
data input, for counter and toggle applica- 100 nA at 18 V and 26°C cD40138
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positive-going transition of the clock puise. 2VatVpp=10V R TR T
Setting or resetting it independent of the _ 2.6 Vat Vpp=16 V ; e e
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RECOMMENDED OPERATING CONDITIONS o o Bl !
AtTy= 25°C, Except o8 Noted. For maximum reliability, nominal operating condt:
tiong showld be ssiscted sa that operation is always within the following ranges: R PTRITIE T
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Low-Level, - 0191 10 0.05 - 0 0.06 g
VoL Max. - 0,15} 15 0.06 - 0 0.06 o  wol
Output Vol
age: - 05| 5 4.9 4,96 6 X 6
High-Laval, ~ (o0 10 9.95 996 | 10 | — i i N
Vo Min, - 0,151 1B 14.86 1496 18 - LOAD CAMACITANCE (£} I—pF -
t o)
Input Low [0.6545 — B 15 — — 1.5
I &~ Typicat sion delay time w. lood
Voltage, 19 - {10 3 - = 3 i upmmmmprgzogx or SET 1 ECL ocx
ViLMax. [15135[ — | 15 a - ERETRA \) or RESET r0 D).
input High 0545 | — | & 5 35 | _ \Y » b
Voltage, 19 -1 10 7 7 e ¥ vl
Vig Min,  [15138] ~ | 15 n 11 L ny i.‘
=
Input 1
Current, - JoaB{ 18 | 09 [0t [ 21 | 1 ~ |t10-8 1101 | pa £ 3
IIN Max. 5
PR FaR R
# c LOAD CARICITANCE 16, )=nF
cuo:! er >:L e — G . lm-uw
Fig. & ~ Typical propagation delay time ws, load
e ﬂ ¢ capacitance (SET to © or RESET 10 Q.
DATA a <}
TL T Ye I.OIOIC Q=10w MEMT TEMPENATUNE (T3l B3°C
. LOGIE |3 HIGH LTI L] F: 4
6 & LEVIL CHANGE EL'“”
X1 QoH'Y CARE 1 3
» w W) FELIFTZ TEAMINAI |
s ASSIGHUENTS
"uug——b;——— "im § ! 1
T o BUPFLAED UPRTS N Yo i‘ ’ :
*’""W i y - § ) :
18 A "
o Ly e L& o §
70—:: l.'-':;ﬁ';?"cﬂﬂl vis 5 HH
NPCM -2r 308k

Fig. 7= .l.cgﬁ: disgram and truth tabis for COHOIIR
fone of two idantical Hip-Hops).

Y
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Flg B — Typicat maximum clock fraguency v
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€D40138B Types

MAXIMUM RATINGS, Avsolule-~Maxi Vah
DC BUPPLY-VOLTAGE RANGE, (Vpp)

Vaoltages seterancad 10 Vg TOMMINAY ........................ e e, -0.5V to +20V
INPUT VOLTABE RANGE, ALLINPUTS ..\t eaii e irinnnss et -0.5V1ie Vpp +0.5V
DG INPUT CURRENT, ANY ONE INPUT ..o i iniuutsirainesesineinnaeaanssemetrinesresann Z1OmA
POWER DISSIPATION PER PACKAGE (Pp):

ForTam «B800 I 3000 L i i e e s S00mW

ForTp=+100%C10 41869, ... ..o Derate Linearky al 1 2mW/OC 10 200mwW
DEVICE DISSIPATION PER OUTPUT TRANSISTOR

FOR T = FULL PACKAGE-TEMPERATURE RANGE (ANl Fackage TYDOS) .. ... eoovveeennennnaennns, 100mwW
OPERATING-TEMPERATURE RANGE (TA}. ..o ior e iriecveriereianrennns e, ~E59C 10 41269C
STORAGE TEMPERATURE RANGE (Tatgh. . covventoatianinensieniieenianraasnsnenssnen, 855G to +150°C
LEAD TEMPERATURE (DURING SOLDERING)

Aldistance 1718 = 1/321nch (1.58 £ 0.78mm} frorm Caga 107 108 MRAX |\ v ryeeirnrrinsnisenanecen.. +2680C

DYNAMIC ELECTRICAL CHARACTERISTICS

At Ty = 25°C; Input 1,4 = 20 ne, Gy = 60 oF, Ry = 20 k()

8T CONDITIONS LIMITE
CHARACTERISTIC Voo ) WY B T WAL UNITS
Propagation Delay Time: - — 1710 | %00
Clock to Q or @ Oulputs 10 - 85 130 ‘ne
b, e 15 - 45 w0
. 5 - 150 300
Sat1g Q or Reset {0 & tms 10 —_ ] 130 ne
15 — | 45 Bo
_ [ — 200 400
Set 1o Q or Resat 10 Q ey, 210 - 85 170 ne
R |- - &0 120 .
5 o - 100 200
Transition Time tray, tn 10 - 60 | 100 ny
B (A - 40 80

Maximum Clock Input 5 - 35 7 V-

Frequency¥ le, 10. 8 18 — MHz
18 12 24 ==
5 - 70 140 &

Minimum Clock Putse Width 10 — an 80 ns

tw 15 —~ I 20 40 . :

Minkmum Set or Reset Puise 8 A - B0 | 180 .

Width te g L= ) 40 | e ns
16t jr— 1 a8 s
5 = 20
Minimum Data Setup Time ty 10 e 10 20 ns
1% — 7 15
5 - 2 ]
Minimum Data Hold Time 1y 10 ~ 2 5 ns
16 — 2 §
Clock Input Rise or Fall Time 5 - — 500
t.CL, wCL 10 - _ 30 s
15 - - ]
input Capacilance Ciu Any Input - 5 7.5 pF
#Inputt by = 5ne.

3-35

s
P
//_'K‘m r:Lumm Tq bedtec
IWPUT renipedine

i [
Cp * 30—
ELrllpf ==

iaeh 1 11;3 I_LH]E

-
i

sual 0 aed ¢
ot n®

WPYT FREQUENCY [t} sk

oy -y

Fig. 9 — Typical power dissipation
vs, frequency.
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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.

Feaatures

Pb—Free Packages are Available*

® Single or Split Supply Operation

¢ Low Input Bias Cwrrent: 25 nA (Typ)

¢ Low Input Offset Current: 5.0 nA (Typ)

¢ Low Input Offset Voltage

» Input Common Mode Voltage Range to GND

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

o TTL and CMOS Compatible

® ESD Clamps on the Inputs Increase Reliability without Affecting
Device Operation

*For additional inforration on our Pb=Free strategy and soldering details, please
download the ON Semiconducter Soldering and Mounting Techniques
Refersnce Manual, SOLDERRM/D.

http:ffonsemi.com

80iC-14
D SUFFIX
CASE 751A

PDIP-14
N, P SUFFIX
CASE 646

TSSOP-14
DT8 SUFFIX
CASE 948G

PIN CONNECTIONS

S
Output 2 [1] 14 ] Outpu 3
Output 1 {2 3] Output 4
Vo L2 [iz] GND
- Input 1 E E +Input 4
+Input 1 5] 18] - Input 4
-|nput2E Bflnpu‘la
+ Input 2 E L@:‘E - Inpat 3
{Top View)

ORDERING INFORMATION
Ses detailed ordarng 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.

© Semiconducior Componenis Industries, LLC, 2004 1
July, 2004 - Rev. 13

Publication Order Number:
LM33s/D



LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

MAXIMUM RATINGS

Machine Modsl

Rating Symbol Valua Unit
Power Supply Voltage Ve Vde
LM239/LM339/LM2301, v +36 orx18
MC3302 +30ort15
Input Differential Voltaga Range Vior Vde
LM239/LM338/LM2801, V 36
MC3302 30
fnput Common Mode Voltags Rangs VICMR =031t Vee Vdc
Output Short Circuit to Ground (Note 1) Ise Contlnuous
Powar Dissipation @ T = 25°C Pp
Plastic Package 1.0 w
Derate above 25°C 1/Rgyp 8.0 mwC
Junction Temperature T, 180 °C
Operating Ambient Temperature Range Ta °C
LM238 -2510 +85
MC3302 =40 10 +85
N
LM2201Y, NCV2901 010 +70
LM339
Storage Temperature Range Tatg -85 to +150 °c
ESD Protection at any Pin Vead v
Human Body Modal 2000
200

Maximum ratings are those values beyond which davice damage can occur. Maximum ratings applied to the device are individual stress limit
values {not normal operating conditions) and are not valld simultanaously. If these limits are exceedad, davice functional operation k not impliad,

damage may occur and reliability may be affectad,

1. The maximum output current may be as high as 20 mA, Indepsndent of the magnitude of Vo Cutput shart circlits to Viop can cause excesslve

heating and eventual destruction.

Vee T ® + Input - lnput ¥ Tﬂutpui

%

N

VAR

N

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 (Vcc = +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 { Unit
Input Offset Voltage {(Nate 3) Vio - 120 | 5.0 - 2.0 | 7.0 - £3.0 20 [ mVdc
Input Bias Currant (Notes 3, 4) s - 25 250 - 25 250 - 25 500 nA
{Output in Analog Range)
Input Offset Current {Note 3) o - 5.0 50 - 5.0 | 150 - 3.0 | £100 nA
Input Common Mode Voltage Range VicMR 0 - Voo 1] - Vee o - Vee v
-1.5 -1.5 -1.5
Supply Current lee mA
R( = = (For Alt Comparators) - 0.8 2.0 - 08 2.0 - 08 2.0
R_ = e, Vo = 30 Vde - 10 | 25 - 10 | 25 - 1.0 | 25
Voltaga Gain Avol 50 200 - 25 100 = 25 100 - Vimy
Ry 2 15 kR, Ve = 15 Vde
Large Signal Response Time - - 300 1 ~ 300 - % 300 - ns
V) = TTL Logic Swing,
Viet = 1.4 Vde, Vg = 5.0 Vde,
R =5.1kQ
Responsa Time (Nota 5} - = 13 = - 13 3 i 1.3 . us
Vre = 5.0 Vde, R = 5.1 k@
Output Sink Current 1Sink 6.0 16 & 6.0 16 = 6.0 16 - mA
Vi{-}2 +1.0 Vde, Vi{+) = 0,
Vo< 1.5Vde
Saturation Voltage Veat - 130 | 400 s 130 | 400 = 130 | 500 my
Vil=Yz +1.0 Vde, V(+)= D,
lgink S 4.0 MA
Qutput Leakage Current Loy 7 g1 = 5 0.1 N 3 Q.1 = nA
Vi(+) = #1.0 Vide, Vi(-} = 0,
Vg = +5.0 Vde

. (LM23§) Typy = =25°C, Thigh = +85°
(LM339) Tio = 0°C, Thygn = +70°C
{MGC3302} Typy = ~40°C, Tyign = +85°C
(LM2901) Tigw = -40°C, Thigh = +105°
(LM2901V & NCV2901} Tigw = =40°C, Thigp = +125°C
NCV2901 is qualified for autornotive use. 4
. Atthe output switch point, Vo = 1.4 Vde, Rg < 100 2 5.0 Vdc < Ve € 30 Vdc, with the inputs over the fulf common mode range (0 Vdc to
Vg —1.5 vdce).
. Tﬁg bias curre)nl fiows out of the inputs due to the PNP Input staga, This current is virtually constant, Independsnt of the output stats.
5. The respanse time speclfied Is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns is typlcal.

http:flonsemi.com
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LM339, LM239, LM2301, LM2901V, NCV2901, MC3302

PERFORMANCE CHARACTERISTICS (Vg = +5.0 Vdc, Ta = Tigy to Thign [Note 6]}

LM2901/2901V/
LM239/339 NCV2901 MC3302
Characteristle Symbel { Min | Typ | Max | Min | Typ | Max |} MIn | Typ | Max | Unit
Input Offset Violtage (Note 7) Vio - - 8.0 - - 115 - - 140 | mVde
Input Blas Current (Notes 7, 8) e - - 400 - - 8500 - - 1000 | nA
{Qutput in Analag Range)
Input Offset Current (Note 7) o - - +150 - - 1200 - - 1300 nA
Input Common Mode Voltage Range VIcMR ] - Vee 0 - Ve 1] - Ve Vv
-0 =20 -29
Saturation Voltage Veat - - 700 - - 700 - - 700 | mv
Vi(=) 2 +1.0 Vde, Vi(+) =0,
igink € 4.0 mA
Qutput Leakage Current loL - - 1.0 - & 1.0 - - 1.0 pA
Vi(+} = +1.0 Vde, Vi(-) =0,
Vo = 30 Vdc
Differantlal Input Voltage Vio - - Vee - = Voo -] - Veo | vde
All V) 2 0 Vde

8. [LM238) Tjgy = =25°C, Thigh = +85°
{LM339) Tigw = 0°C, Thigh = +70°C
{MC3302) Tiow = —40°C, Tyigh = +85°C
{LM2901} Tigy = —40°C, Thign = +105°
(LM2801V & NCV2801) Ty = —40°C, Thigh = +125°C
NCV2901 is gualified far aulomotive use.
7. At the output switch paint, Vo = 1.4 Vde, Rg £ 100 © 5.0 Vde £ Vg $ 30 Vdc, with the Inputs over the full common mode range (0 Vdc to
VCC -1.5 Vdc).
8. The bias current fiows oul of the inpuis due to the PN input stage. This current is virtually constant, independent of the output state.
8. The responsa time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns is typical.

+ Vcc + VGG
R3
10k
Vi 0—WA— . 10k
Rref —0 ¥V
+ Voo "W *
] b /5
Vral 1
10M
10k 2 RI Vec R
Vier = R PRI Vo Vec R
= o 10M ol Rret + A1
R3 = R1//RyfiR2
R1/I8 R2 = R1 1} R
rel
=z — - Voimi Amount of Hysteresis V|
MBI Ryt 2 Mamax - Voqmin] y H
Vi = —R2_ iVoimay - Votmin]
R2 3 Rref//R1 R2+ R3 'V 0(mes) = ¥ Ofmin)
Figure 2. Inverting Comparator Figure 3. Noninverting Comparator
with Hysteresis with Hysteresis

http:f/onsemi.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 Ta=-55°C _——"—.I——_—‘
— E 3 A= -5 - -
7 & 30 —— Ta=425°C e
vl
= : ] e 050G
g 24 I A= +125
/’ 2 48 =
] g 12
- E.
~ 60
0
-850 -2 0 26 50 75 100 125 0 40 80 12 16 20 24 26 32
Ty AMBIENT TEMPERATURE [°C) Yoo, POWER SUPPLY VOLTAGE (Vdc)
Figure 4. Normalized Input Offset Voltage Figure 5. Input Bias Current
8.0
g Ty = +25°C
A AT
g o y / /
= / TA = +125°C
c 4.0 ‘o
2 /|
E 30 g
e / /
L a0 /
10 //
"2
0 100 200 300 400 500

Viab OUTPUT SATURATION VOLTAGE (mV)

Figura 6. Oufput Sink Current versus

Voo
R Re
Vi X
Vit o
Al
Rg = Source Resistance
At = Rg
Vee Ry
Logle Device V) k2
CMOS |1/4 MC14001 +15 100
TTL 1/4 MC7400 +5.0 10

Figure 7. Driving Logic

Output Saturation Voltage

100k

Voo 240V

10k

Voo "j

T2
T1=T2=069RC
72
= Com
R2=R3= A4
Ri =~ R2//R3//Ra

T

Figure 8. Squarewave Osclilator

hitp:flonsemi.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 oscillation 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 valtages may be larger than supply
during output transitions (Vg to Voy). To alleviate this voltages without damaging the comparator’s inputs.
situation input resistors < 10 k2 should be used. The Yoltages more negative than ~300 mV should not be used.

1ok Vigminy = 04 V péak for 1% phase distortian {A6).
Yo Vin Vin[min|
Vee 8
10k
v R
D1 prevents input from going negative by more than 0.6V, in [+ I
|
Rt+R2=R3 = Yo 1— ]
Rig A for small errar in zero crossi Vee | A8
10 or small en r ng Ve |
Figure 9. Zero Crossing Detector Figure 10. Zero Crossing Detector
(Single Supply) (SpHt Supplias)

http:/fonsemi.com
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ORDERING INFORMATION

LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

Device Package Shipping’

LM2390 S0IC-14 55 Units/Rail

LM2390G S0IC-14 55 Units/Rail
{Pb-Free)

LM239DR2 SQIC-14 2500 Units/Tapse & Reel

.M239DR2G SQIC-14 2500 Units/Tape & Real
{Pb-Free)

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

LM239N PDIP-14 25 Units/Rait

LMZ239NG POIP-14 25 Units/Rail
{Pb~Free)

LM33aD S0IC-14 55 Units/Rail

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

LM339DR2 S0I1C~-14 2500 Units/Tape & Real

LM3I3BDR2G SOIC-14 2500 Units/Tape & Reel
{Pb~Free)

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

LM339N PDIP-14 25 Unlts/Rail

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

LM2801D 50I1C-14 55 Units/Rall

.M23010R2 S0IC-14 2500 Units/Tapa & Rael

LM28010R2G S0I1C-14 2500 Units/Tape & Resl
(Pb-Frea)

LM2801DTBR2 TSSOP-14 2500 UnitafTaps & Resl
{Pb-Free)

LM2301N PDIP-14 25 Units/Rail

LM2801NG PDIP-14 25 Units/Rail
{Pb-Free)

LM2901VD S0IC-14 55 Units/Rail

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

LM2901VDR2 S0IC-14 2500 Units/Tape & Reel

LM2904VDR2G S0IC-14 2500 Units/Tapa & Reel
{Pb-Free)

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

LM2B01VN PDIP-14 25 Units/Rail

NCV2801DR2 S0I1CG-14 2500 Units/Tape & Reel

NCY2901DR2G S0I1G-14 2500 Units/Tape & Resl
(Pb-Free)

MC3302D SOIC-14 55 Units/Rai

MC3I302DR2 SOIC-14 2500 Units/Tape & Res!

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

MC3302P PDIP-14 25 Unlts/Rait

+For information on tape and ree! specifications, including part orientation and tape slzes, pleass refer to our Tape and Reel Packaging
Spacifications Brochure, BRD8011/D.

AW DYT L

http:tfonsemi.com
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LM339, LM239, LM2901, LM2901V, NCV2901, MC3302

MARKING DIAGRAMS

PDIP-14
N, P SUFFIX
CASE 646
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 imimininininlis] * imlaininininlul
LM338D LM239D LM2801D LM2901VD MC3302D
o AWLYWW o AWLYWW o AWLYWW o AWLYWW o AWLYWW
[ ) I1_|LJLILILILI E1JLIL.IIJLI UL TOT OuroootTg
1 1 1
TSSOP-14
DTB SUFFiX
CASE 948G A = Assembly Location
WL, L =Wafer Lot
1fAA08RE +4RABARAR 14 BAAAAARR  14fARARAR 4 AZAARA YY,Y = Year
238 339 2901 2601 3302 YPWrilas WorkiQagk
ALYW ALYW ALYW b ALYW , ,
o o o o ALYW o This marking diagram also
ULLELLL LAY LEL LR SR L LVEE L N L1 {HTEFEHIN poagrlegio NCOvasos,

http:ffonsemi.com
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LM339, LM239, LM2901, LM2301V, NCV2901, MC3302

PACKAGE DIMENSIONS

PDIP-14
P SUFFIX
CASE 646-06
ISSUE M

AN ANAA NOTES:
T

1, DIMENSIONING AND TOLERANCING PER ANSI
H Y145M, 1882,
2. CONTROLLING DIMENSION: INCH,
3. DIMENSION L TO GENTER OF tEADS WHEN
O FORMED PARALLEL
| 4. DIMENSION B DOES NOT INGLUDE MOLD FLASH.

¥
V V ‘].lJ 'U' 'II'T V 'll" 5. ROUNDED CORNERS OPTIONAL
A——

[

INGHES | MILLUMETERS
PO L MIN_ L WAX |
o715 { o770 | 10.18

=l F p— :
02 T o780 | 610 | &8p
| 460

) ]
=t
=
o

Ny
Py o ) F
SEATWG r_alh

PLANE _.“-_ -—K
—» H G D 14PL

BEITDQ

B 3
i
i
H‘;’:
i
=
]

S0IC-14

D SUFFIX
CASE 751A-03

ISSUE G

DR oy v I NOTES:

1. DIMENSIONING AND TOLERANCING PER

14H H H H H H HB [’ ANSI Y14.5M, 1882.

2. GONTYROLLING DIMENSION: MILLIMETER.

3. DIMENSIONS A ARD B DO NOT INCLUDE
MOLD PROTRLSION,

—8-] prpL 4, gg:;gnlgg MOLD PROTRUSION ©.15 (0.006)

l|$[ 0.25 [0_010](@] B @] 5. DIMENSION D DOES NOT INCLUDE

DAMBAR PROTRUSHON. ALLOWABLE
DAMBAR PROTRUSION SHALL BE 0.127
({£.005) TOTAL IN EXCESS OF THE D

0]
1E_m_m H H H H 7
ok c R x4se __’ = ,Z o p fo.  DIMENSION AT MAXMUM MATERAL

I 1 MILLIMETERS INCHES

E=====r =)y L ae W
e _t_" { 3 ‘[J 3807|400 [0.050 [0.157
SEATING ——”-— D 14pPL K M 135 | 1.75 [0.054 o8

P [®[ozs pog@[t] @A ®] Sio 1z Togls gg_p_|

1.27 BSC 0,050 BSC
019 | 0.25_{0.008 [0.008
0,10 | 025 0,004 50,000 |
0°] 79 p°f 79
580 | 620 [0.228 [Q244
025 | 050 [9.010 {0019

x-nlzzr-n'nn m

http:ffonsemi.com
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LM338, LM239, LM2901, LM2901V, NCV2901, MC3302

PACKAGE DIMENSIONS

TSSOP-14
DTB SUFFIX
CASE 948G-01
ISSUE O
14% K REF N?T Ens:ususno
. Al
eSS meTere o rom—

: Ml ER.
(o] 015 w.008)] T] U ®] S DNENSION A DOLS Ngmcwl':li'gsrummsu.
PROTRUSIONS OR GATE BURRG, MOLD FLASH

©OR GATE BURRS SHALL NOT EXCEED 0.15

b RAAAAARA N e
] ) 008) PER SIDE,

" [ 0.25 (0.010) 4. gmsusmn DOES NOT INGLUDE INTERLEAD

" e Ly

l 0.25 {0610} PEA SIDE.
B I . DIMENSION K DOES NOT INGLUDE DAMBAR
-u- N
_l. F

wn

FROTRUSION. ALLOWABLE DAMBAR
‘ PROTRUSION SHALL BE 0.08 (0.003) TOTALIN
EXGESS OF THE K DIMENSION AT MAXIMUM

PIN %
IDENT.

MATERIAL CONDITION.

-

DETAIL E TERMINAL NUMBERS ARE $HOWN FOR
REFERENCE ONLY.

0 g
H H H H H H H -R;ﬁﬁmmn;afnemaemmmgn
lafospoaTiu®] |« A ' _:I'l :1 [f__ s | e
4 I A ] as0 | 510 [ 16y [ozp ]
J o /N @ T us0 Dot Torm

=tk 202 | 0006 |
TT SECTION N-N “ﬁlfﬁ

]
A AW
VAL et aia s Vr T .
3 [0.10 {0.004 —_— 2 .
T :3[1'?5 ) D—T ! ). el 2 T ) DETAIL & T~ T

-~

[ (o ey
=

.
= [ | e
=l
=

ON Samicanductar and @ ara ragisterad trademarks of Semiconductor Companents Industries, LLG (SCILLC). SCILLC reserves the right to make changes without further nofice
‘0 any products herein. SCILLC makas no warranty, representation o guarantse ragarding the sultabliity of its products or any pariicular purposs, nor doas SCILLE sssume any liablkty
arising out of the application or use of any produc! or clrcuil, and spacifically disclaims any and all kabilly, including withaut ilmitation spscial, consequential of Incidantal damages.
“Typical” parametars which may be provided In SCILLC data shests and/or specificallons can and do vary In different applications snd achuat performance may vary over lime. AR
oparating parameters, including “Typicals® mus! be for sach cust applcaficn by cust '8 tachnical axperts. SCILLC does not convey any license under lis patent sights
nor the rights of ethars. SCILLC products are not designed, inlended, or authorized for use as componants in systems intended for surgleal implant into the body, or othar applications
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SNS4ALS174, SNS4ALS175, SN54AS174, SN54AS175B
SN74ALS174, SN74ALS175, SN74AS174, SN74AS1758
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

- SDAS207D - APRIL 1982 - REVISED MAY 1996

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

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

® Applications Include: Ceramic (4) 300-mil DiPs

- Buffer/Storage Registers
- Shift Registers
- Pattern Generators

SNS54ALS174, ENS4AS174 . .. J PACKAGE SNS4ALS175, SNS4AS17568 ... J PACKAGE
SNT4ALS174, SNT4AS174 ... D OR N PACKAGE SN74ALS175, SN74AS175B ... D OR N PACKAGE
{TOP VIEW) {TOP VIEW)

— U - U
CLR (] 1 18] Vee CLR [} 1 16f] Vee
1allz  1sfleQ 1allz 1540
10(]3 14{] 6D 1Q(]3 14]] 4@
204 13[] 5D 1D [} 4 13]} 4D
2a(]s 12 5Q 20(fs 12 3D
aD (s 1[l 40 2Q(e 11{] 3Q
3Q(lz 10]] 4Q 2Qf}7 10f] 3Q
GND [l s gll cLk GND f] 8 sl LK
SN54ALS174, SNS4AS1T4 .. . FK PACKAGE SN54ALS175A, SN5S4AS175B . . . FK PACKAGE
{TOP VIEW) (TOP VIEW)
i Q Q
) (&)
Cos L8 Sloz*%
| NN U U ) - | P =0 | = | = | = | |
=R W g19 =k 3212019 J _
104 18[] 6D s 18[] 4Q
20[]s 17[] 5D 1D{]s 17[] 4D
NC e 16[] NG NGl s 16[] NC
a7 15{ 50 P 15(J 3D
14 B 14
3D a9 10 11 12 13 - ZQ] 9 10 11 12 13 E3Q
o I o o [ o | A
922029 FEEL
] [&] i) &)

NC - No intsrnal 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 voitage 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.

Texas Instruments semiconductor products and disclaimers thersto appsars at the end of this data sheet.

A Piease be aware that an important notice conceming availability, standard warranty, and use in critical appiications of

I — - Re—
PRODUCTION DATA information is cument as of publication date. Copyright © 19986, Texas Insiruments Incorporated
Producis confor to specificatians per tha lerms of Texss Instrumants i

standard warranty. F on pr ing does nel iy includa T

1esling of &l parsmeisrs. EXA.S

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



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

SPAS207D - APRIL 1982 - REVISED MAY 1998

description {continued)

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

The SN54AL 5174, SNS4ALS175, SN54AS174, and SN54AS175B are characterized for operation over the full
military temperature range of -55°C to 125°C. The SN74ALS174, SN74ALS175, SN74AS174, and
SN74A8175B are characterized for operation from 0°C to 70°C.

logic symbols?

CLR R CIR —— ™R
] ]
CLK > C1 CLK > G4
3 -] C -] [ 2
1D 1D 10 4 r—————  1Q
4 1D 1D ] .
2D 20 3—“-—-7 1Q
3D 8 3Q 5 h—— s g 29
11 10 2D 6
4D 4G e 20
13 12 10
5D 5Q 12 Fr———————  3Q
14 15 I 3D 1 5
6D Q b———ﬁ -
13 - " B
40 14 —
e~ 4Q

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

'ALS174,'AS174

FUNCTION TABLE
{each fiip-flop)

INPUTS OQUTPUTS
CLR CLK D a at
L X X L H
H T H H L
H T L L H
H L X Qg Qg

1 ALS175 and 'AS 1758 only

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

'ALS175, "AS175B

{’P TEXAS
INSTRUMENTS

PQST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN54ALS174, SN5S4ALS175, SN54AS174, SN54AS175B
SN74ALS174, SN74ALS175, SN74AS174, SN74AS1758
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

SDAS207D - APRIL 1982 - REVISED MAY 1936

logic diagrams (positive logic)

‘ALS174, 'AS174 '‘ALS175, 'AS175E

— —_ 1
CLR CLR

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

> C1
R R —_I So— 14
v
To Five Other Channels To Three Other Channels

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

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

SUPPIY VO, Vo o i e e e e e e 7V
input voltage, Wiff . . ...... o .. ~T. Mo Q. '\ 2@ X I~ . . 0o . ....... A\........ 7V
Operating free-air temperature range, Ta: SNS4ALS174, SNS4ALS17S ... .......... -55°C to 125°C

SN74ALS174, SNTAALSITS .. ... .ot 0°C to 70°C
Storage temperature range, LY P2 A AN R D ) . e —65°C to 150°C

t Stresses beyond thosa listed under "absolute maximum ratings” may causs 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 oparating conditions” is nat
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect davice raliability.

recommended operating conditions

SN54ALS174 SN74ALS174
SNS4ALSITS SN74ALS5175 UNIT
MIN NOM MAX| MIN NOM MAX
Vee Supply voltage 4.5 5 55 4.5 5 5.5 v
VIH High-level input voltage 2 2 Vv
Vi Low-level input voltage 0.8 0.8 v
loH High-level 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 fow 12.5 10
Data 15 10
tsu Satup time before CLKT TR nacive P p ns
th Hold time, data after CLKT 0 ] ns
Ta Operating free-air tamperature -55 125 0 70 °C
L " I,
J‘.’" TEXAS
INSTRUMENTS
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SN54ALS174, SN53ALS175, SN54AS174, SN54AS175B
SN74ALS174, SNT4ALS175, SNT4AS174, 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

atherwise noted)

SNS4ALS174 SNT4ALS174
PARAMETER TEST CONDITIONS SNS4ALS175 SNT4ALSATS UNIT
MIN TYPt MAX MIN TYPT mMAX
ViK Ve =45V, I| =18 mA -1.5 -1.5 v
VOH Vec=45Vio55V, loH =-¢.4 mA Vee-2 Veg—2 \i
VoL Veg =45V foL = 4 mA 025 0.4 025 04|
lpL=8mA 0.35 0.5
1 Voo =5.35Y, V=7V 0.1 0.1 mA
IIH Yoo =55V, V=27V 20 20| pA
W All othars Voo =55V, V=04V -0.1 -0.1 mA
CLK -0.15
ot Voo =55V, V=225V 20 -1M2| -3 -112] mA
Ico ALSTTH Ve =565V, See Note 1 1 Lt 14 9 mA
‘ALS175 8 14 9 14

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

switching characteristics (see Figure 1}

Ve =4.5Vio 55V,
Cyp = 50 pF,
R =5000,
SN54ALS174 | SNT4ALS174
SNS4ALS175 | SNT4ALS17S
MIN  MAX{ MIN MAX
frnax 40 50 MHz
t Any Q (‘ALS1 3 20 5 18
PLH A ny Q 735) ns
tPHL Any Q 5 30 B8 23
PLH Any Q 3 20 3 15
PHL ClK {or Q, 'ALS175) = . =1 ™

§ Far conditlons shown as MIN or MAX, use the appropriate value specifisd under recommended aperating conditions.

{;‘ TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




SN54ALS174, SN54ALS175, SN54AS5174, SN54AS175B
SN74ALS174, SN74ALS175, SN74AS174, SN74AS175B
HEX/QUADRUPLE D-TYPE FLIP-FLOPS WITH CLEAR

SDAS207D - APRIL 1982 - REVISED MAY 1996

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

BUpPlY VoG, Vi o e e e e 7V
DU VORAgE, V| o e e e i TV
Operating free-air temperature range, Ta: SN54AS5174, SNB4AS176B ... .. ... ... ... -55°C to 125°C

SN74AS174, SNT4AS175B .. ...........oels 0°C to 70°C
Storage temperature range, Tgtg -« .- vvver vt —65°C to 150°C

T Stresses beyond thosa listed under “absolute maximurm 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
impliad. Exposure to absalute-maximum-rated conditions for extended periods may affect device raliability.

recommended operating conditions

SN54A5174 SNT4AS174
SN54AS517T5B SN74A5175B 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 \Y
ViL Low-level input voltage 0.8 0.8 v
loH High-level output current -2 =2 maA
oL Low-lavel output current 20 200 mA
feiogk” Clock frequency 0 100 0 100 | MHz
CLR low 5.5 5
Pul ! CLK high 4 4
* ns
tw utse duration TS174 o 5
CLK low
'AS175B 5 5
‘AS174 4 4
Data -
tsy* Setup time before CLKT AS1758B 3 3 ns
CLR inactive 6 6
" Hotd time, data after CLKT 1 1 ns
TA QOperating free-air temperature -55 125 0 701 °C

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

Q? TeExAS
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)

SN54AS174 SNT4AS1T4
PARAMETER TEST CONDITIONS SN54AS1758 SN74AS1758 UNIT
MIN  TYPT  MaAX MIN TYPT MAX

ViK Voo =45V, I| = —18 mA -1.2 12| v

VoH Voo =45Vin55Y, loH = -2 mA Vog-2 Voe-2 v

VoL Voo =45V, lor, = 20 mA 0.35 0.5 0.35 05 v

i Voo =55V, V=7V 0.4 04] mA

M Voo =55V, V=27V 20 20 pa

WL Voo =55V, V=04V -0.5 -D5] mA

ot Voo =55V, Vg=225V -30 ~112 -30 -112| mA
"AS174 0 45 30 45

e Veg=55V, Sea Note 2 mA
'AS175B 225 34 225 34

T Al typical vatues are at Voo = 5V, Ta = 25°C.
$ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit eutput current, lpg.
NOTE 2: I Is measured with © inputs, CLR, and CLK grounded.

switching characteristics (see Figure 1}

Voo =45Vto55Y,
Cp =50 pF,
FROM TO B2 R00R,
PARAMETER (INPUT) (OUTPUT} Ta = MIN to MAXS UNIT
SN54AS174 | SN74AS174
MIN  MAX | MIN  MAX
fmax" 100 100 MHz
tPHL CLR Any Q 5 157 8 4] ns
t 3.5 9.5 35 8
FLH CLK Any ns
teHL 4.5 1.5 4.5 10

* On products compliant to MiL-8TD-883, Class B, these paramaters are based on ¢characterizalion data but are not production tested.

§ For conditions shown as MIN or MAX, use the appropriate valua specified Under recommended operating canditions.

switching characteristics (see Figure 1)

Vog=45VI055Y,
Cj_ =50 pF,
FROM TO Ry =5000, " UNIT
PARAMETER (INPUT) (QUTPUT) TA = MIN to MAX
SN54AS1758 | SN74AS175B
MIN  MAX] MIN  MAX
max” 100 100 MHz
tpLH — = 4 10 4 9
ns
tpHL CLR Any Qor @ 45 5] 45 13
t - 3 85 3 75
ias CLK Any QorQ ns
tPHL 3 1" 3 10

* On products compliant to MIL-STD-883, Class B, this parameter is based on characterization data but is not production tested.
8§ For conditions shown as MIN or MAX, usse the appropriate valua specified under recommended operating condltions.

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

S5DAS2070 - APRIL 1982 - REVISED MAY 1996

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

tA")
v
ce cL RL=R1=R2
81
Ry
Rr1
From Output Test From Output Test From Output Test
Under Tast Point Undsr Test Point Undar Tast l Point
Cr R c
L c L R2
sea Note A L
( ) (865 Note A) I (see Note A}
LOAD CIRCUIT FOR i N
BI-STATE LOAD CIRCUIT LOAD CIRCUIT
TOTEM-POLE QUTPUTS FOR OPEN-COLLECTOR QUTPUTS FOR 3-S_TATE QUTPUTS

Timing 35V High-Levsl ——— 35V
Input 1.3V Pulse 1.3V 1.3V
| =R D3V 0.3V
bl t e t, —»
oy ("7 R 2 Y

—_—— 35V 358V
Data | Level
mput 13V 13V AV Y, 1av 13V
03V ——— g3V

VOLTAGE WAVEFORMS VOLTAGE WAVEFCRMS
SETUP AND HOLD TIMES PULSE DURATIONS
Qutput
Cantrol
{low-lavel
enabliing) W W "o 'SP VIV 2GS lIIT 5 [N FuN/f =N > 1T 5V
Input 1.3V 13v
| | 0.3V
Waveform 1 tpLH — H—| tPHL
S1 Closad | —_——
In-Phase OH
(see Nota B) Output | 13V { 1.3V
l VoL
ek tpLH
tp —H——»| o
Waveform 2 Out-of-Phage l Vou
51 Open Output 1.3V 13V
(see Note B} {see Note C) —-— Vgl
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

ENABLE AND [NSABLE TIMES FOR 3-STATE DUTPUTS

NOTES: A. C includes probe and jig capacitance.
B. Waveform 1 Is for an output with Internal conditions such thal the autput is low except when disabled by the oufput cantrol.

Wavefarm 2 is for an output with internal conditions such that the output is high except when disabled by the outbut control.
When measuring propagation delay ltems of 3-stata outputs, switch ST is open,

All input pulsas have the following characteristics: PRR < 1 MHz, t; = tr= 2 ns, duty cycle = 50%.

The outputs are measured one at a time with one transitlon per measurement.

moao

Figure 1. Load Circuits and Voltage Waveforms

A — i — i
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) 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 retevant 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.

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

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRCDUCTS 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 iS UNDERSTOOD TCO
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 praperty 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
+ PIC16FETT

+ PIC16FB873
» PICT16F874

Microcontroller Core Features:

+ High performance RISC CPU
« Only 35 single word instructions to learn
+ 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 8 bytes of Data Memory (RAM)
Up to 256 x 8 bytes of EEPROM Data Mamory
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 aperation
+ Programmable code protection
» Power saving SLEEP mode
« Selsctable oscillator options
Low powar, high speed CMOS FLASH/EEPROM
technology
Fully static design
In-Circuit Serial Programming™ (ICSP) via two
pins
Single 5V in-Circuit Serial Programming capability
In-Circuit Debugging via two pins
« Processor read/write gccess to program memory
» Wide opersting 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

MELRNPR —— (]
RAQ/ANG a— []
RAVANT w—[]

" RAZJAN2VREF- a—e
RAZANIVREF+ =t
RA4/TOCK] a—e [
RAS/AN4/SS w—[]
REO/RDIANS +—[]
RE1/WRIANG -+—r=[]
REXICSIANT a—w ]
VOO e E
Vss — o [
OSCYCLKIN ~—n
OSCTCLKOUT w—
RCL/TOSO/F1CKI e
RCUTIOSHCCPZ w—e
ACHCCP) ——w
RCYSCHISCL -
RDOPSFD w—[]

RD1/PSP1 =[]

@~ bW N

PIC16F877/874

-+ RATPGD
~a—u RBE/IPGC
~—u RBS
- RBd
-+ RBIPGM
-— RB1
-— BB
- RBO/NT
~——= V0D
-— V5§
~—+ RDYIPSPY
-— RDBPSPH
-+ ROSPSPS
a+—» RAD4PSP4
= RCIRX/DT
-— RCBITHCK
«+—p RCSH/SDO
-—= RCA/SDVSDA
- RDIPSPY
-—- RD2/PSP2

Peripheral Features:

» TimerD: 8-bit timer/countar with 8-bit prescaler

Timerl: 16-bit timer/counter with prescalsr,

can be incremented during SLEEP via external

crystaliciock

Timer2; 8-bit timer/counter with 8-bit pericd

register, prescaler and postscaler

» Two Capture, Compare, PWM modules
- Capture is 16-bit, max. resolution is 12,5 ns
- Compare is 18-bit, max. resolution is 200 ns
- PWM max. resolution is 10-bit

10-bit multi-channel Anaiog-to-Digital converter
Synchronous Sarial Port (SSP) with SP1™ (Master
mode) and 1°C™ (Master/Slave)

Universal Synchronous Asynchronous Receiver

Transmitter (USART/SC!) with 3-bit address

detection

.

Paraliet Slave Port (PSP) 8-bits wide, with

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

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

® 2001 Microchip Technelogy Inc.

0S30292C-page 1



PIC16F87X

Pin Diagrams

PDIP, SOIC
MCLRVPr— 1" 1 e 28] <~ RBTPGD
RADAND =[] 2 27[] == RBGIPGC
RayaNT =—= L] 3 " 260 ] ~— RB3
RAZANZ/NVREF . =—w 4 ~ 25{_] =—= RB4
RAJ/AN3NVREF+ =[] 5 -g 24[] = RBIPGM
RA4TOCK =[] & ~ 23] =+ RA2
RA5/AN4/SS «—[] 7 i 22[1 = Ra1
vss—=L] & ) 21 == RBOINT
oscticLkiN—[] 9 o 20/] =— voo
QSCUCLROUT =——1L 10 E 19]] =—Vss
RCOTIOSOMICK == [ 11 18] == RC7T/RXDT
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+
[T
1
&
E po
PLCC §§§§§ gg
= =
o
3333905888y
Einisiniminin
QKI W gmoy g :_! ;
RAYTOCK] s ] 39-] = REIPGM
RASIANA/SS =, (11 385) «—» RB2
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—[]12 -~ V5§
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RBOANT =—=CIT 8 26 =—= RE1VANGWR
RE1 1T 28] <+ REMNANS/RD
RB2 == CTIH 10 2411 =—= RASANAISS
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Key Features
PICmicro™ Mid-Range Reference PIC16F873 PIC16F874 PIC16F876 PIC16F877
Manual (DS33023)
Operating Frequency DC - 20 MHz DC - 20 MHz OC - 20 MHz DC - 20 MHz
B RESETS (and Delays) POR, BOR POR, BOR POR, BOR POR, BCR
(PWRT, OST) (PWRT, OST) (PWRT, OST} {PWRT, 08T}
F'-Assz;f’::: d“g;*m‘” | 4K 8K 8K
Data Memory (bytes) 192 182 368 368
EEPROM Data Memory 128 128 256 256
Interrupts 13 14 13 14
HO Ports Ports AB.C Poris AB,CD.E Ports A,B,.C Poris ABCDE
Timers 3 3 3 3
Caplure/Compare/PWM Modules 2 2 2 2
Serial Communications MSSP, USART | MSSP, USART | MSSP USART | MSSP, USART
Paralinl Communications — PSP — PSP

10-hit Analog-to-Digital Module

§ input channels

8 input channels

5 Input channels

8 input channels

Instruction Set

35 instructions [ 35 instructions

35 instructions

35 instructions

© 2001 Microthip Technoiogy nc,
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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 local Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a complermen-
tary documaent to this data sheet, and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral moduies.

There are four devices (PIC{BF873, PIC16F874,
PIC16F876 and PIC16F877) 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 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, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
Program Data
Device FLASH Data Memory EEPROM
PIC16F873 4K 192 Bytes 128 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
13 DatgBus 8 PORTA
‘-— 7 RAOJAND
FLASH I 4 RAT/AN
Pragram p H RAZIANZIVREF-
Memory RAM ] 4= [%] RAIANBNVREF+
8 Laval Stack File
{13-bit) Regisle » RA4TOCK!
FAPER RAS/ANSISS
Pragram
Bus 14 RAM Adarl" 9 THRS
" 4 RBOANT
Instruction reg UM ¥ RB1
indirect ) A5
Direct Addr 7 Addy E RBI/PGM
RB4
FSR req RBS
1 RB&/PGC
i STATUS reg RBI/PGD
= PORTC
3 I RCOMIOSOITICKI
Power-Up MU |4 RCUT10SWCCP2
Vi Timer 1 RC2/CCP1T
Instruction Oscillator | H RCYSCKISCL
Dacode & <= | Start-up Timer ALU —e1x] RC4/SDVSDA
Conlrol Powar-on 3 RC5/SDO
Reset ] y RCBTXCK
: RECTRXOT
Timnil Waltchdog
Genarlgtgion = Timer Wreg
OSCY/CLKIN Brown-out
QSCHCLKCUT Raset
In-Cireuit
Debugger
Low Valtage
Programming
MCLR VoD, vss
Timer0 Timart Tirner2 1G-bit AID
Synchrenous
Deta EEPROM CCP1.2 Seria) Port USART
Note 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
| picierara 4K 192Bytes | 128 Bytes
| PIC18F877 8K 368 Bytes | 256 Bytes
e - Datagus 8 PORTA
FLASH rogram Ceunier RAG/AND
RA1/AN1T
P
Mearmory Py RAZANZIVAEF-
8 Level Stack Fila [+ m{#ggn"(\:ﬂﬁ-*
13-bit i y »
| (o Registers 1 RAS/ANS/SS
Progsam
Bus RAM Addr® 43 o PORTE '
dd RBOANT
Instryction reg T MUX RB1
. o RB2
Direct Addr 7 8 Ingft RBAPGM
7 =% RB4
FSR reg H—=1x] RBS
RB&/PGC
8 STATUS reg |—~{x] RB7PGD
7 PORTC
RCOT10SOITICK]
Power-up RCA/T108I/CCP2
\¥i Timer RC2/CCP1
Instruction Oscillator RCUSLKISHY,
Decode & Start-up Timer RC4/SDISDA
Control RC5/S00
BowEzon RCBITXICK
2 pe RC7/RX/DT
iming Watchdog
E‘C:') Ganeration [ Timer FPORTD
OBCHCLKIN Brown-out RDO/IPSPO
OSC2/CLKOUT Resget ' RD1/PSP1
In-Cirouit » RD2/PSP2
Debugger [ RDIPSPI
Law-Voltage L4 RD4/PSP4
Programrming Parallel Slave Part n RDS/IPSPS
Y Ay B k] RODB/PSPS
RD7IPSF7
PORTE
WCIR  vop, Vss ] 4 REO/ANS/RD
> H—=PX] REVANGWR
—={x] RE2/ANTCS
Timer0 Timert Timer2 10-bit A/
Il ot i
Synchronous
Data EEPROM coP1.2 Serlal Port USART
~I
Nota 1: Higher order bits are from the STATUS register.
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TABLE 1-1: PIC16F873 AND PIC16F876 PINOUT DESCRIPTION
DIF | SOIC vosr Butfer ]
Pin Nama Pintt Pind Type Type Dascription
OSC1/CLKIN 9 9 | ST/ICMOS#H| Oscillator crystal inputfextemal clock sourca input.
QSc2/cLKouT 10 10 Q — Oscillator crystal output, Cannects to crystal or resonator in
crystal oscillator mode. In RC mode, the O8C2 pin outputs
CLKOUT which has 1/4 the frequency of OSC1, and denates
the instruction cycls rate.
MCLRAPR 1 1 1P 8T Mastar Clear (Raset) input or pragramming voltage input. This
pin is an active low RESET to the davice.
PORTA is a bi-directional /O port.
RAO/AND 2 2 I{e} TTL RAO can also be analog input0.
RAtIANT 3 3 1o TTL RAI1 can also be analog input1.
RAZIAN2NREF- 4 11O TTL RA2 can also be analog Input2 or nagative analog
reference voltage.
RAJ/AN3NVREF+ 5 5 IO TIL RA3J can also be analog input3 or positiva analog
reference voltage.
RA4TOCKI 6 6 [l{e] ST RA4 can also ba the clock input to the Timer0
module. Qutput is open dralh type.
RAS/SS/AN4 7 7 o] TTL RAS can also be analog inputé or the slave select
for the synchronous serial port,
PORTB is a bi-directional /O port. PORTR can be softwara
pragrammed for internal weak pull-up on all inputs.
REO/INT 21 21 110 TTLISTH RBO can aiso be the external [nterrupt pin,
RB1 22 22 lle] TTL
RE2 23 23 1o TTL
RB3/PGM 24 24 1o TTI RB3 can also be the low valtage programming input.
RB4 25 25 lie} TTL Interrupt-on-change pin.
RBS 26 26 f{e] TTL Interrupt-on-change pin.
RE6/PGC 27 27 1o TTLIST Interrupt-on-change pin or In-Circult Debugger pin. Serial
programming clock.
RB7/PGD 28 28 Iy TTL/ST Interrupt-on-change pin or In-Circuit Debugger pin. Serlal
programming data.
PORTC Is a bi-dliractional /O port.
RCOMIOSOMICK] 1" 11 e} 5T RCO can also be the Timer1 oscitlator output or Tirnari
clock input.
RCA10SHCCR2 12 12 O 8T RC1 can also be the Timert osciitator input or Capture2
input/Compare2 output’PWMZ output.
RC2ICCPA 13 13 o ST RC2 can aiso be the Capture! Input/Compars output/
PWM1 output.
RCIISCKISCL 14 14 o 3T RC3 can also be the synchroneus serial clock Inputioutput
for bath SPI and 1°C modss.
RC4/SDIISDA 15 15 [fe} ST RC4 can also be the SPI Data In (SPI mods) or
data /0 (1°C mods).
RCE/SDO 18 16 Ho 8T RC5 can also be the SPJ Data Out (SPI mode).
RCB/TXICK 17 17 f{e} ST RCE6 can also be the USART Asynchronous Transmit or
Synchronous Clock,
RCTIRXDT 18 18 110 ST RC7 can also ba the USART Asynchronous Receive or
Synchronous Data.
Vss 8, 19 8.19 P - Ground reference for logic and I/Q pins.
VDo 20 20 P - Posltive supply for logic and /O pins.
Legend: |=input O = output 1O = Input/output P = power
— = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffer is a Schmitt Trgger input when configured as the external interrupt.
2: This butfer is a Schmitt Trigger input when usad In Serial Programming mode.
% This buffer is a Schmitt Trigger input whan configured in RC oscillator mode and a CMOS input otherwise,

@ 2001 Microchip Technology Inc.
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TABLE 1-2; PIC16F8T4 AND PIC16FB77 PINOUT DESCRIPTION
DIP | PLCC | QFF | O | Buffer |
Fin Name Ping Pintt Pin# | Type Type Description
OSCHCLKIN 13 14 30 || ST/CMOS! | Oselitator crystal input/extarnal clock source input.
OSGICLKOUT 14 15 N 0 — Osgcillator crystai output. Cornacts te crystal ar resanatar
in crystal oscillator made. In RC mode, OSC2 pin outptits
CLKQUT which has 14 the fraquency of 0SC1, and
denoctes the instruction cycle rate.
MCLRA/ PP 1 2 18 1P sT Master Claar (Reset) input or programming valtage input,
This pin is an actlve jow RESET to the device.
PORTA is a bi-directional /O port.
RAQ/ANO 2 3 19 11 TTL RAQ can also be analog inputd,
RA1AN? 3 4 2a Wa Tl RA1 can also be analog inputi.
RAAN2NREF- 4 5 21 o TTL RAZ can also be apaloy inpul2 or negative
analog refarenca voitage.
RAVANINVREF+ 5 6 22 1o TTL RA3 can also be analog input3 or positive
anzlog refarance voltage,
RA4TOCK) 1 7 23 1o ST RA4 can also be the clock input to the Time:D timer/
countsr. Qutput js open draln lyps.
RAS/SE/ANS 7 8 24 o TTL RAS can aiso be anaicg inputd or the slave select for
| tha synchronous serlal port.
PORTB is a bi-directional VO port. PORTE can be soft-
ware programmed for internal weak pull-up on all inputs.
RBOAINT 33 36 38 wo | TTusT? RBQ can also ba the external interrugt pin.
RB1 34 ar 2] 110 TTL
RB2 38 38 10 $o TTL
RBIPGM 36 39 11 10 TTL RB3 can also be the low valtage programming input.
RB4 37 41 14 o TTL Interrupt-on-change pin.
RB5 38 42 15 1Yo TTL interrupt-on-changa pln.
RB6/PGC 39 43 16 1o TTusTR Interrupt-on-change pin or In-Circuit Debugyer pin.
Saral gragramming clack,
RB7/PGD 40 44 17 yo TrsT® intertupt-on-changs pin or n-Clrcult Debugger pin,
L Serial programming data.
Legand: | =input O = output HO = inputioutput P = power
— = Mot usad TTL = TTL Input ST = Schimitt Trigger input

Note 1: This buffer is a Schmitt Trigger Input when configured as an externat interrupt,
2: This buffer is a Schmitt Trigger input whan ysed In Serial Programming mods,
3: This buffer Is a Schmltt Trigger input when configured as generat purpose /O and a TTL input when used In the Parallal
Slave Port mode (for interfacing to a micropracessor bhus),
4: This buffer is & Schmitt Trigger Input when configured In RC oscillator moda and & CMOS input otherwise.

DS30202C-page 8
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TABLE 1-2:  PIC16FB74 AND PIC16F877 PINOUT DESCRIPTION (CONTINUED)

BiP | PLCC | QFP | HOP Buffer
Pin Name Pin# | Pin# | Pin# | Type Type Description
PQORTC is a bi-directional ifO port.
RCO/T1OSOTICKI| 15 16 32 11Q 5T RCO can also be tha Timer1 oscillator output or a
Timer1 clock Input.
RC1T10SICCP2 16 18 35 lie) ST RC1 can also be the Timert oscilletor input or
Capture2 input/Compare2 output/PWM2 output.
RC2ACCP1 17 19 6 e} ST RC2 can also be the Capturet inpuComparet
output/PWM1 output.
RCYSCKISCL 18 20 a7 110 31 RC3 can aiso be the synchranous serial clock input/
output for bath SP! and 12C modes.
RCAISDISDA 23 25 42 1o ST REC4 can also be the SP1 Data In (SPI moda) or
data /0 (1°G mode),
RCEISDO 24 26 43 l]s] 8T RCS can also be the SPI Data Qut (SPI moda).
RCBMXICK 25 27 44 1o ST RC6 can also be the USART Asynchronous Transmit
of Synchronous Clock.
RC7/RX/DT 28 29 1 o ST RC7 can aiso be the USART Asynchronous Receive
or Synchrenous Data.
PORTD Is a bl-ditectional IO port or paralte! slave port
whan interfacing to a microprocessor bus.
ROO/PSFO 19 21 38 o STrm®
RDA/PSP1 20 22 39 o | st
RD2PSP2 21 23 40 | vo | STITM®
RD3/PSP3 22 24 41 To] st
RD4/PSP4 27 30 2 o] STATLE
RD&/PSP5 28 3 3 lio STATLR
RD&/PSPS 29 az 4 ITls} STATLY
RDIIPSPT 30 33 5 [lje] sTATL®
PORTE is a bi-diractional /0 port.
REQ/RD/ANS 8 9 25 [[{s] sTATLS) REQ can also ba read control for the paralle! slave
part, or analog inputs.
RE1/WR/ANG 9 10 26 1O STATLY RE1 can also be write control for the paralle! slave
pert, or analag inputé.
REZ/CS/IANT 10 11 27 1o ST RE? can aiso bs select control for the parallel slave
port, or analog input?.
Vss 12,31 | 1334 6,29 P — Ground references for logic and /O pins.
VoD 11321 1235 728 P — Positiva supply for logic and /O pins.
NC — | 117,28, | 12,13, — These pins are not Internally connected. These pins
40 33,34 should be left unconnected.
Laegend: | =input O = output /O = inputfoutput P = power
~ = Not used TTL = TTL input ST = Schmitt Trigger input

Note 1: This buffar Is & Schmitt Trigger Input when configured as an extemal interrupt.
2: This buffer is a Schmitt Trigger Input when used in Serlal Programming mode.
3: This buffer is a Schmitt Trgger input when configured as general purpose I/O and a TTL Input when used In the Parallel
Slave Port moda {for Interfacing to a microprocessor bus).
4: This buffer is a Schmitt Trigger input when configured in RC osclilator mods and a CMOS [nput otherwise.

® 2001 Microchip Technology Inc.
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