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ABSTRACT

This special project was study and construct distance measurement experimental tool kit
which using principle of Michelson interferometer. The tool kit use Helium-neon laser with
632.8 nanometer wave length as light source and OPD distance can be adjust by micrometer.
Microcontroller was applied to count interference fringe and transfer data to computer. This tool

kit can use as a prototype for study about fringe and OPD distance relation.
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2.6 Helium-Neon Lasers
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4.2 Han1Inaaed

21AMIBIUM 21NNINADBY
Tulnsiimes a¥ah 1 a¥adi 2
d (mm) n(iimm'§1} d(mm) n(i‘i1mu§a) d(mm) n(i‘imm%)

0.05 158 0.05031 159 0.05410 171
0.1 316 0.09966 315 0.10120 320
0.15 474 0.14807 468 0.15788 499
0.2 632 0.20123 636 0.20503 648
0.25 790 0.25818 816 0.25312 800
0.3 948 0.31260 988 0.31197 986
0.35 1106 0.35627 1126 0.34013 1075
0.4 1264 0.40025 1265 0.39012 1233
0.45 1422 0.43537 1376 0.43537 1376
0.5 1580 0.48156 1522 0.49074 1551
0.55 1738 0.52870 1671 0.54927 1736
0.6 1896 0.59167 1870 0.60496 1912
0.65 2054 0.63407 2004 0.66412 2099
0.7 2212 0.66286 2095 0.73025 2308
0.75 2370 0.71348 2255 0.74322 2349
0.8 2528 0.76790 2427 0.80334 2539
0.85 2636 0.84858 2652 0.84068 2657
0.9 2844 0.89763 2837 0.90427 2858
0.95 3002 0.96470 3049 0.96344 3045
1 3160 1.03210 3262 1.02546 3241
1.05 3318 1.07228 3389 1.08715 3436
1.1 3476 1.09095 3448 1.10708 3499
1.15 3634 1.14600 3622 1.15201 3641
1.2 3792 1.21656 3845 1.20485 3808
1.25 3950 1.23966 3918 1.26339 3993




21NNTINANBY
A¥sfi 3 n¥sdia asaiis

d(mm) n(simmé';) d(mm) n(ihmu%) d(mm) n(ﬁmm";:l)
0.06043 191 0.04809 152 0.05157 163
0.09553 302 0.10030 317 0.10473 331
0.16168 511 0.15535 491 0.15250 482
0.20693 654 0.20661 653 0.20313 642
0.25882 818 0.26071 824 0.25755 814
0.30881 976 0.30501 964 0.31387 992
0.36069 1140 0.35279 1115 0.35785 1131
0.40626 1284 0.41100 1299 0.39329 1243
0.44929 1420 0.44233 1398 0,44960 1421
0.50054 1582 0.48821 1543 0.48726 1540
0.55085 1741 0.53598 1694 0.56541 1787
0.60021 1897 0.60274 1905 0.61793 1953
0.64767 2047 0.64704 2045 0.65969 2085
0.69735 2204 0.71728 2267 0.73215 2314
0.73658 2328 0.75873 2398 0.72456 2290
0.82106 2595 0.79037 2498 0.81252 2568
0.87326 2760 0.82707 2614 0.84764 2679
0.92167 2913 0.88845 2808 0.90965 2875
0.94351 2982 0.96692 3056 0.95300 3012
0.98021 3098 1.00837 3187 1.03653 3276
1.06026 3351 1.06817 3376 1.02229 3231
1.10202 3483 1.11404 3521 1.06184 3356
1.11753 3532 1.14379 3615 1.12892 3568
1.19852 3788 1.21941 3854 1.19789 3786
1.24883 3947 1.26117 3986 1.24219 3926
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onmsswmlulasiimes | | | mAanan r
A1 d 1nde n 1o
- = U84 d(mm)
d(mm) | n@mmIy

0.05 158 0.05290 5.80144 167.2

0.1 316 0.10028 0.28344 317
0.15 474 0.15510 3.39829 490.2
0.2 632 0.20459 2.29280 646.6
0.25 790 0.25768 3.07066 814.4
0.3 948 0.31045 3.48389 981.2
0.35 1106 0.35354 101282 | 11174
0.4 1264 0.40018 0.04594 | 1264.8
0.45 1422 0.44239 1.69060 | 1398.2
0.5 1580 0.48966 206795 | 1547.6
0.55 1738 0.54604 0.71969 | 1725.8
0.6 1896 0.60350 0.58371 1907.4
0.65 2054 0.65052 0.07975 2056
0.7 2212 0.70798 1.13967 | 22376
0.75 2370 0.73531 1.95831 2324
0.8 2528 0.79904 0.12044 | 25254
0.85 2686 0.84745 0.30058 2672.4
0.5 2844 0.90433 048158 2858.2
0.95 3002 095831 0.87506 3028.8
1 3160 101653 1.65326 | 32128
105 3318 106203 114562 | 3356.6
1.1 3476 1.09519 043759 | 34614
1.15 3634 1.13765 1.07407 3595.6
12 3792 120745 0.62043 | 3816.2
1.25 3950 125105 0.08379 3954
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L - . HIPMINADDY
pinmseum lulasiines v >
afan 1 A3N 2
d (mm) n(ii]ﬂ’!‘lé’s) d(mm) n(ﬁmau‘%u) d(mm) n(fﬁmmé's)

1.3 4108 1.30547 4126 1.32793 4197
1.35 4266 1.36242 4306 1.38963 4392
1.4 4424 1,50543 4458 1.40355 4436
1.45 4584 1.46114 4618 1.47284 4655
1.5 4740 1.49372 4721 1.49721 4732
1.55 4898 1.54118 4871 1.53612 4855
1.6 5056 1.59276 5034 1.59244 5033
1.65 5214 1.64338 5194 1.64212 5190
1.7 5372 1.70097 5376 1.69844 5368
1.75 5530 1.76614 5582 1.73704 5490
1.8 5688 1.78956 5656 1.77595 5613
1.85 5846 1.8579 5872 1.84683 5837
1.9 6004 1.90504 6021 1.90473 6020
1.95 6162 1.95314 6173 1.97465 6241

2 6320 2.00091 6324 1.99902 6318
2.05 6478 2.04363 6459 2.03477 6431
2.1 6636 2.11735 6692 2.09837 6632
2.15 6794 2.14583 6782 2.1531 6805
2.2 6952 2.18886 6918 2.21955 7015
2.25 7110 2.26005 7143 2.27618 7194
2.3 7268 2.30687 7291 2.29422 7251
2.35 7426 2.34706 7418 2.34009 7396
2.4 7584 2.39546 7571 2.41128 7621
245 7742 2.44862 7739 247045 7808
2.5 7900 2.54101 8031 2.54512 8044
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NNTINADBY
a¥afi 3 Afaf4 ntafis
d(mm) n(i1mu§3) d(mm) n(*ﬁ]ﬂlﬂé’s) d(mm) n(i‘i1uau§a)
1.30135 4113 1.31781 4165 1.33869 4231
1.36337 4309 1.35641 4287 1.34375 4247
1.40007 4425 1.42348 4499 1.41589 4475
1.45323 4593 1.47854 4673 1.45987 4614
1.49056 4711 1.50480 4756 1.51302 4782
1.55068 4601 1.52631 4824 1.53011 4836
1.61396 5101 1.60889 5085 1.59624 5045
1.67407 5291 1.63389 5164 1.62471 5135
1.70318 5383 1.64971 5214 170508 5389
1.78861 5653 1.76361 5574 1.75159 5536
1.80063 5691 1.79589 5676 1.78608 5645
1.85664 5868 1.86360 5890 1.84967 5846
1.90568 6023 1.92529 6085 1.91011 6037
1.94998 6163 1.96105 6198 1.96643 6215
1.99712 6312 2.00186 6327 2.01389 6365
2.04458 6462 2,05597 6498 2.04774 6472
2.10596 6656 2.11640 6689 2.10090 6640
2.16165 6832 2.16164 6832 2.16607 6846
2.1762 6878 2.21290 6994 2.21891 7013
2.24549 7097 2.26068 7145 2.24581 7098
2.28093 7209 2.30656 7290 2.28979 7237
2.33503 7380 2.35686 7449 2.33946 7394
2.38787 7547 2.39768 7578 2.41476 7632
2.4578 7768 2.45748 7767 2.46919 7804
2.53943 8026 2.51981 7964 2.53879 8024
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vnnewmiulasfimes | | | mAawaa p

A1d mag n 10
- 3 Vo4 d(mm)
d (mm) n{UIUI)

1.3 4108 131825 140376 | 41664
1.35 4266 1.36312 0.97152 | 4308.2
1.4 4424 142968 212034 | 4458.6
1.45 4584 146512 1.04299 | 4630.6
1.5 4740 1.49986 0.00916 | 4740.4
1.55 4898 1.53688 0.84640 47974
1.6 5056 1.60086 0.05365 | 5059.6
1.65 5214 164363 0.38577 | 51948

1.7 5372 1.69148 0.50142 5346

1.75 5530 176140 0.65136 5567
1.8 5688 1.78962 0.57662 5656.2
1.85 5846 185493 0.26638 | 5862.6
1.9 6004 1.91017 0.53527 | 60372

1.95 6162 1.96105 0.56660 6198
2 6320 2.00256 012799 | 6329.2
2.05 6478 2,04534 0.22743 6464.4
2.1 6636 2.10780 0.37120 | 6661.8
2.15 6794 2.15766 0.35627 | 68194
2.2 6952 2.20328 0.14932 | 69636
2.25 7110 2.25764 (,33960 71354
2.3 7268 2.29567 0.18815 | 72556
2.35 7426 2.34370 0.26804 | 7407.4
24 7584 2.40141 0.05878 | 7589.8
2.45 7742 2.46071 0.43702 | 77772
2.5 7900 2.53683 147331 | 8017.8
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L , 2INMINANDY
anmseun lulastiines T 3
Aan 1 asan 2
d {(mm) n(ﬂ"mmé's) d(mm) n(iimm"’;'a) d(mm) n(ii1um§a)

2.55 8059 2.57391 8135 2.59891 8214
2.6 8217 2.62327 8291 2.62992 8312
2.65 8375 2.66883 8435 2.67706 8461
27 8534 2.70712 8556 271851 8592
2.75 8692 2.73528 8645 2.75932 8721
2.8 8850 2.80963 8880 2.81026 8882
2.85 9008 2.85836 9034 2.85646 9028
29 9166 2.89917 9163 2.89727 9157
2.95 9324 2.96119 9359 2.95961 9354
3 9482 3.00580 9500 3.00295 9491
3.05 9640 3.06338 9682 3.06180 9677
3.1 9798 3.11084 9832 3.09851 9793
3.15 9956 3.16938 10017 3.17697 10041
32 10114 3.20450 10128 3.20165 10119
3.25 10272 3.25354 10283 3.25987 10303
3.3 10430 3.31524 10478 331967 10492
3.35 10588 3.37346 10662 3.35764 10612
3.4 10746 3.39624 10734 3.41522 10794
3.45 10904 3.47502 10983 3.45762 10928
3.5 11062 3.52565 11143 3.51014 11094
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1NN INARADI
a¥aft 3 A¥aii adaiis
d(mm) n(iim’méa) d(mm) n(ﬁhmué'a) d(mm) n(ﬁ1uau§3)
2.57012 8123 2.55525 8076 2.54006 8028
2.62675 8302 2.59986 8217 2.62264 8289
2.66504 8423 2.64574 8362 2.65808 8401
2.71250 8573 2.69415 8515 2.71914 8594
2.75395 8704 274224 8667 275774 8716
2.81375 8893 2.80457 8864 2.79856 8845
2.87418 9084 2.85424 9021 2.86912 9068
2.90582 9184 2.89348 9145 2.89696 9156
2.96941 9385 2.95138 9328 2.96087 9358
3.01339 9524 3.00548 9499 3.01751 9537
3.06022 9672 3.06338 9682 3.06022 9672
3.10547 9815 311717 09852 3.11781 9854
3.16780 10012 3.15862 9983 3.16653 10008
3,20861 10141 3.20545 10131 3.19944 10112
3.24500 10256 3.26651 10324 3.25607 10291
3.31208 10468 3.32062 10495 3.30258 10438
3.36523 10636 3.37694 10673 3.36112 10623
340320 10756 3.41807 10803 3.41206 10784
3.46237 10943 3.45983 10935 3.46047 10937
3.53830 11183 151172 11099 3.53324 11167
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nnmiewmlulasiiwes | | L | mRanan r

A1d 1y n may
- T Y04 d(mm)
d(mm) | n@mni3)

2.55 8059 256765 | 0.69213 | 8115.2
26 8217 2.62049 | 0.78800 | 8282.2
2,65 8375 2.66295 | 048864 | 8416.4

2.7 8534 271028 | 0.38083 | 8566
2.75 8692 274971 | 001070 | 8690.6
2.8 8850 280735 | 026264 | 8872.8

2.85 9008 2.86247 | 043757 | 9047

2.9 9166 2.89854 | 005033 | 9161
2.95 9324 296049 | 033564 | 9356.8
3 9482 3.00903 | 0.3009t | 9510.2

3.05 9640 3.06180 | 038698 | 9677
3.1 9798 310996 | 032125 | 9829.2
3.15 9956 316786 | 056699 | 100122
3.2 10114 3.20393 | 012280 | 101262
3.25 10272 325620 | 019074 | 102914
3.3 10430 331404 | 042536 | 104742
3.35 10588 3.36688 | 0.50375 | 106412
34 10746 3.40896 | 0.26344 | 10774.2
345 10904 346306 | 037839 | 10945.2
35 11062 352381 | 0.68029 | 111372

A15147 4.1 7131 9LAAIHIN1TNADO
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#include <stdio.h>
#include <reg52.h>

int g;
unsigned long num,;
float lam,d;
main()
{
P1=0x{T;
num=0;
q=0;
d=0;
lam=0.0000006328;
while{q==0)
{
if(1(P1&0x01))
{
q=1;
printf("start\n");
}
while(g==1)
{
if((P1&0x04))
//1f{P1&0x04)
{
num++; -
d=(num*lam)/2;
printf("\rn=%Id  d=%0.9",num,d);
1
if(!(P1&0x02))
{
printf(" end\n");
P1=0xft;
num=0;
q=0;
d=0:
}
!



LM158, LM158A, LM258, LM258A
LM358, LM358A, LM358Y, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOS068C - JUNE 1876 — REVISED fULY 1998

® Wide Range of Supply Voltages:

D, JG, P, OR PW PACKAGE

- Single Supply...3Vto30V {TOP VIEW)
{LM2304 and LM2304Q ... 3V to 26 V) or J
- Dual Supplies 13:TE 1 8 %‘é’gﬁT
® Low Supply-Current Drain Independent of 1IN: i 2 7 ] 21—
Supply Voltage . .. 0.7 mA Typ 3 6
GND [] 4 5[] 2IN+
® Common-Mode Input Voltage Range

Includes Ground, Allowing Direct Sensing

Near Ground LM158, LM158A ... FK PACKAGE

(TOP VIEW)
® Low Input Bias and Offset Parameters: — +
~ Input Offset Voltage .. .3 mV Typ vodo 30
A Versions . ..2 mV Typ Z2-Z>Z
— Input Offset Current . .. 2 nA Typ g 221270
— Input Bias Current .. .. 20 nA Typ NC ] 4 18[] NC
A Versions ... 15 nA Typ 1IN-[05 17[] 20UT
® Differential Input Voltage Range Equal to NC[]e 16[] NC
Maximum-Rated Supply Voltage . .. +32 V 1IN+ ] 7 15[] 2IN-
(LM2904 and LM2904Q . . . £26 V) NC ]89 0 11 12 1314[ NG
@ (Open-Loop Differential Voltage oM,
Amplification . .. 100 V/mV Typ S % g % S

® Internal Frequency Compensation
NC - No inlsrnal connection
description

These devices consist of two independent, high-gain, frequency-compensated operational amplifiers designed
to operate from a single supply over a wide range of voltages. Operation from split supplies also is possible if
the difference between the two supplies is 3 V to 30 V (3 V to 26 V for the LM2904 and LM2904Q), and Ve
is at least 1.5V more positive than the input common-mode voltage. The low supply-current drain is independent
of the magnitude of the supply voltage.

Applications include transducer amplifiers, dc amplification blocks, and all the conventional operational
amplifier circuits that now can be more easily implemented in single-supply-voltage systems. For example,
these devices can be operated directly from the standard 5-V supply used in digital systems and easily provides
the required interface electronics without additional £5-V supgplies.

The LM2904Q is manufactured to demanding automotive requirements.

The LM158 and LM158A are characterized for operation over the full military temperature range of -55°C to
125°C. The LM258 and LM258A are characterized for operation from —-25°C to 85°C, the LM358 and LM358A
from Q°C to 70°C, and the LM2904 and LM2904Q from —40°C to 125°C.

—
IN—-——----~1->

logic diagram (each amplifier)

ouT

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

{’P TeExAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM358Y, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

5LOS068C - JUNE 1576 - REVISED JULY 19898
e

I, |
AVAILABLE OPTIONS
PACKAGED DEVICES CHIP
Vio(max) SMALL CHIP CERAMIC | PLASTIC
T . FORM
A AT25°C | OUTLINE | CARRIER DIP DIP T(ﬁﬁf,’f v)
(D) {FK) (4G) {P)
7my LM358D —_ — LM358F LM358PW LM358Y
0°C to 70°C
amy — — — LM358AP — —
5mv LM258D o — LM258P — —
~258°C to B5°C
Imyv — — — LM258AP — —
LM2904D — —_— LMZ2904P | LM29S04PW —
~40°C to 125°C 7mv
LM2904Q0D — — LM2904QP — —
5 my LM158D LM158FK LM15BJG LM158P — —
-B5°C to 125°C
2mv — LM15BAFK LM158AJG — — —_
1t Tha D package Is available taped and reeled. Add the suffix R to the device type (e.g., LM35BDR).
1 The PW packags is only available left-and taped and reeled.
schematic (each amplifier)
| T ! Yeer
= 6-pA = Brph = 100-pA
Current Current Currant
Regulator Regulator Regulator
e l ouT
IN+ = 50-pA
Current
b Regulator
GND (or Vo)

COMPONENT COUNT
Epi-FET 1
Diodes 2
Resistors 7
Transistors 51
Capacitors 2
‘U TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

To Other Amplifier



LM158, LM158A, LM258, LM258A
LM358, LM358A, LM358Y, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOS068C - JUNE 1876 - REVISED JULY 1898
N ——

LM358Y chip information

These chips, when properly assembled, display characteristics similar to the LM358. Thermal compression or
uftrasonic bonding can be used on the doped-aluminum bonding pads. Chips can be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

g

Vee+
(8)

(3
:::+ (2) M M 1our

L EPYYR
— an-

{4)
Yee-

{7

+

20UT

o
=

Chip Thickness: 15 Typical

Bonding Pads: 4 x 4 Minimum

TJ(max] = 150°C

Tolerances Are +10%.

All Dimensions Are in Mils.

No Backside Metallization

Pln {4} is Internally Connected to Backside of Chip.

Lvendbonnnd oo bonnondbonon o b

la

y

vy

e 47
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LM158, LM158A, LM258, LM258A

LM358, LM358A, LM358Y, LM2904, LM2904Q

DUAL OPERATIONAL AMPLIFIERS

SLOS068C — JUNE 1978 — REVISED JULY 1998

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

LM158, LM158A

at (or below) 25°C free-air temparature (Vo < 15 V) (see Note 3)

LM258, LM258A L';:;?&g UNIT
LM358, LM358A
Supply voltage, Ve {see Note 1} 32 26 \4
Differential input valtage, V| (see Note 2) 132 126 \
Input voltage, V| {either input} 031032 -0.31026 v
Duration of output short circuit {one amplifier) to ground Unlimited Unlimited

Continuaus total power dissipation

See Dissipation Rating Table

LM158, LM158A -55to 125

LM258, LM258A -25t0 856
Operaling fres-air temperature range, Ta, °C

LM358, LM358A Oto 70

LM2904, LM2904Q —40to 125
Storage temperature range, Tsig —65 to 150 —65to 150 °C
Case temperature far 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG package 300 300 °C
Lead temperature 1,6 mm (1/16 inch) from case far 10 seconds D, P, or PW package 260 260 °C

NOTES: 1. Allvoltage values, except differential voltages and V¢ specified for measurement of log. are with respect to the network ground

ferminal.

2. Differantial voltages are at IN+ with respect to IN—.
3. Short circuits from outputs to VG can cause excessive heating and eventual destruction.

DISSIPATION RATING TABLE

PACKAGE Ta 25°C DERATING FACTOR TA=T0°C Ta = 85°C Ta = 125°C
POWER RATING  ABOVE Tp =25°C POWER RATING POWER RATING POWER RATING
o 725 mwW 5.8 mWr°C 464 mwW 37T mw 145 mwW
FK 1375 mW 11.0 mwW/°C 880 mwW 715 mwW 275 mwW
JG 1050 mwW 8.4 mW/°C 672 mwW 546 mW 210 mW
P 1000 mwW 8.0 mw/°C 640 mw 520 mw 200 mwW
PW 525 mw 4.2 mwW/°C 336 mW 273 mw -

J@ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265




LM158, LM158A, LM258, LM258A
LM358, LM358A, LM358Y, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOS068C — JUNE 1976 — REVISED JULY 1998

electrical characteristics at specified free-air temperature, Voc = 5 V {unless otherwise noted)

LM158
LM358
PARAMETER TEST CONDITIONST Ta$ LM258 UNIT
MIN  TYPE MAX| MIN TYPS maX
Vee = 5 Vio MAX, 25°C 3 5 3 7
Vio Input offset voltage VIC = VICR(min}. my
Vo=14V Full range 7 g
Average temperature
a0 coefficient of Full range 7 7 e
input offset voltage
25°C 2 30 2 50
ITe! Input offset current Vo=14V nA
Fu!l range 100 150
Average temperature
alo coefiicient of Full range 10 10 pASC
input offset current
) 25°C -20 150 -20 -250
B Input bias current Vo=14V nA
Full range -300 -500
Oto Oto
25°C
. Vee-1.5 Vee-15
VicR Qommon mode Voo = 5V to MAX cC CC v
input voltage range Oto Oto
Full range Vo2 Voe-2
Ry 22k0 25°C Voe-1.5 Vee-t1.5
v High-level Ry 2 10 k@2 25°C
OH v
output voltage Ry =2k Full range 26 26
Voo = MAX
Rl 2 10k Full range 27 28 27 28
Low-level
VoL output voltage R <10 kS Full range 5 20 5 201 mv
Large-signal Voo=15V, 25°C 50 100 25 100
AvD differential Vo=1vio11V, Vimy
valtage amplification [ R =22 ka Full range 25 13
Common-mede Voo =5 Vito MAX, .
CMRR rejection ratio VIC = VICR{min) 25°C 70 80 65 80 dB
Supply-voltage
ksvR rejaction ratio Voo =5V io MAX 25°C 65 100 65 100 d8
(AVpop/avig)
Vo1NVo2 Crosstalk attenuation |f=1 kHz to 20 kHz 25°C 120 120 dB
Voo =15V, Vp =1V, 25°C =20 =30 =20 -30
Vo =0 Fullrange | 10 -10 N
m
o Qutput current Vee =15V, Vip=-1V, 25°C 10 20 10 20
Vo =15V Full range 5 5
Vip=-1V, Vp=200mv 25°C 12 30 12 30 LA
Short-circuit Voo atsV, GND at -5V, o
los output current Vo =0 25°C 0 60 40 160} mA
Vo=25V, Noload Full range 07 1.2 07 1.2
| Supply current - = mA
ce (two amplifiers) xg?o; dMAX' Vo =05V, e range 1 2 12

1 All charactaristics are measurad under open-loop conditions with zaro common-mode input voltage, unless otherwise specified. MAX Vc for
testing purposes is 26 V for LM 2904 and 30 V for others.
¥ Full range is —55°C to 125°C for LM158, -25°C lo 85°C for LM258, 0°C to 70°C for LM358, and —-40“C to 125“C for LM23804 and LM2304Q.

§ All typical valuss are at Ta = 25°C.

{” Texas
INSTRUMENTS
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM358Y, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOSOBBC — JUNE 1978 -~ REVISED JULY 1998
]

electrical characteristics at specified free-air temperature, Ve =5 V (unless otherwise noted)

LM2504
PARAMETER TEST CONDITIONST Tad LM2904Q UNIT
MIN  TYP§ MAX
Vee =5V o MAX, 25°C 3 7
V Input offset valtage my
1 P 9 VIc = VICR(min) VO =14V Full range 10
Average temparature coefficient of
V 0
avio input offset voltage Full range 7 HVIPC
| Input offset t Vo=14V 27 2 50 A
nput offset curren =1, n
1o P © Full range 300
Avarage temperature casfficient of "
ano input offset current Full range 10 PAC
25°C -20 -250
B Input bias current V=14V nA
Fuil range ~500
28°C VCDCT: 5
VICR Common-mode input voltage range | Vo = 5 V 1o MAX = ' v
(s]
Full range Vo2
RL 22 kit 25°C
R 2 10 kf2 25°C Vee-1.5
VoH High-level output voltage L o v
R =2k} Full range 26
Voo = MAX
R =10k Full range 23 24
VoL Low-lavel output voltage R <10 k(2 Full range 5 20 my
-si i i = = 25°C 25 100
AVD Large-signal ‘dn‘fe_rentlai ch 1BV, Vo=1Vio 11V, Vimy
voltage amplification RL=22k0 Full rangs 15
CMRR  Common-mode rejection ratio Ve =5 Vio MAX, 26°C 50 80 a8
VIC = VICR¢min)
Suppiy-voltage rejection ratio _ .
kSVR {AVDpp/AVIQ) Ve =5 Vio MAX 254C 65 100 dB
Voi1/Vg2 Crosstalk attenuation f=1kHz 1o 20 kHz 25°C 120 dB
258°C -20 =30
Voo =15V, Vp=1V.Vg=0
Full range -10 A
m
lo Cutput current 25°C 10 20
Voo =18V Vp=-~-1V, V=15V
Full range 5
Vip=-1V, Vp = 200 my 25°C 30 LA
los Short-circuit autput current Yeocat5V, GNDat-5V,. Vo =0 25°C 40 160 mA
) Vo=25V, No load Full range 0.7 1.2
lce Supply current (two amplifiers) mA
VYoo = MAX, Vo = 0.5V, No load Full range 1 2

t All characteristics are measured under open-loop conditions with zero common-mode input voitags, unless otherwise specifiad. MAX Ve for
testing purposes is 26 V for LM 2904 and 30 V for others.

1 Full range is ~55°C to 125°C for LM158, —25°C to 85°C far LM258, 0°C to 70°C for LM358, and —40°C to 125°C for LM2904 and LM2904G.

8 All typical values are at T = 25°C.

¢ TEXAS
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM358Y, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOS06BC - JUNE 1976 — REVISED JULY 1998

electrical characteristics at specified free-air temperature, Voc = 5 V (unless otherwise noted)

PARAMETER t L3 L1582 Lm2s8a UNIT
TEST CONDITIONS Ta MIN TYPS MAX| MIN  TYP§ max
Vec=5Vioaoy, 25°C 2 2 3
Vio Input offset voltage VIic = VICR(min)- my
Vo=14V Full range 4 4
Average temperature
ay|0 coefficient of Full range 7 15* 7 15| uv/°C
input offset valtage
25°C 2 10 2 15
HO Input offset current Vg=14V nA
Fult range 30 30
Average temperature
[i11Te} cosfficient of Full range 10 200 10 200 | pArC
input offset current
) 25°C -15 -50 -15 -80
B Input bias current Vo=14V nA
Full range -100 -100
Oto Ota
25°C
Commaon-mode _ Vee-1.58 Vee-1.6
VIiCR ) Voo =30V v
input voltage range Oto 0to
Full range Vog-2 Voo-2
R =2 k2 25°C Veg-1.5 Veo-1.5
High-level —
VoH output voltage Ve =30V RL=2kQ Full range 26 26 vV
Ry = 10kQ | Fuli range 27 28 27 28
Low-levsl
VaL output voltage R <10kl Full range 5 20 5 20 my
Large-signal Veo=15V, 25°C 50 100 50 100
Avp differential Vo=1Vio 11V, Vimv
voltage amplification | Ry =22 kil Full range 25 25
Common-made
CMRR rejection ratio 25°C 70 80 70 80 dB
Supply-voltage
kSVR rejectian ratio 25°C 65 100 65 100 dB
(AVDD/aVig)
Voi1/Vpp  Crosstalk attenuation | f= 1 kHz to 20 kHz 25°C 120 120 dB
*On products compliant ta MIL-PRF-385385, this parameter is not production tested.
1 All characteristics are measured under open-loop conditions with zero common-moda input voltage, unless otherwise specified.,
1 Full range is ~55°C to 125°C for LM158A, —25°C to 85°C for LM258A, and 0°C to 70°C for LM358A.
§ All typical values are at T, = 25°C.
&
TEXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 7



LM158, LM158A, LM258, LM258A

LM358, LM358A, LM358Y, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOSO6BC — JUNE 1978 — REVISED JULY 1998

electrical characteristics at specified free-air temperature, Vo = 5 V (unless otherwise noted)

PARAMETER t 3 LuaseR UNIT
TEST CONDITIONS TA MIN TYFS  MAX
Voo =5Vto 30V, 25°C 2 3
\ Input offset voltage my
10 P ¢ VIC = VICR(miny VO = 1.4V Full range 5
Average temparature coefficient of
ay|o input offsel voltage Full range 7 20| puvrC
| Input affset t V 1.4V 25°C 2 %0 nA
nput affset curren =1,
10 P © Full range 75
Average temperature coefficient of .
“1o input offset current Full range 10 300 | pASC
. 25°C -15  -100
I input bias current Vo=14V nA
Full range -200
25°C vé’éﬂ 5
VICR Comman-mode input voltage range | Voo =30V ot v
o
Full range Voo-2
RL22kR 25°C Veoe-1.8
VoH High-ievel output voltage R =2k Full range 26 v
Ve =30V
Rp =z 10k Full range 27 28
VoL Law-level cutput voltage R <10 k02 Full range 5 20 my
Large-signal ditferential Voo=15V,Vo=1Vio 11V, 25°C 25 100
Avo voltage amplificatian RL=22kQ Fuli range 15 Vimy
CMRR Common-made rejection ratio 25°C 65 80 dB
Supply-voltage rejection ratio
k 25°C 65 1 B
SVR (avppiavio) o0 d
Vo1/Vo2  Crosstalk altenuation f=1kHzto 20 kHz 25°C 120 dB

T All characteristics are measured under opsn-loop canditions with zero comman-mods inpwt voltage, unless atharwise specified.
¥ Full renga is ~55°C to 125°C for LM158A, -25°C to 85°C for LM258A, and 0°C to 70°C for LM35BA.
§ All typical values are at Ty = 25°C.

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM358Y, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOSO68C — JUNE 1876 — REVISED JULY 1998

electrical characteristics Vg = 5V, Ta = 25°C (unless otherwise noted)

PARAMETER T Li3say UNIT
TEST CONDITIONS MIN TP MAX
Vio Input offset voltage 3 7 my
ITe) input offset current VYoo =5VIoMAX, Vo= VICR(min) Vo =14V 2 50 nA
B Input bias current -20 ~250 nA
Caommon-mode . Oto
VicR input voltage range Voo =3 Vio MAX Vee-1.5 v
VoH+ High-level output voltage RL 2 10kQ Veo-1.5 v
Large-signal differential _ B .
AVD vaitage amplification Voo =15V, Vo=1Vio 11V, Rp=22ki 15 100 vimy
CMRR  Common-mode rejection ratio [ V|g = VICR(min) 65 80 dB
Supply-voltage rajection ratio
k 65 100 d8
SVR  (avecwavio)
Vip=1V, V=0 ~20 -30 -60
Voo =15V D 0
fo) Qutput current Vip=-1V, Vog=15V 10 20 mA
Vip=1V, Vo = 200 mv 12 30
log Short-circuit autput current Voo atsyv, GND at -5V, Vo=0 40 60| mA
‘ Vg=2.5V, Mo icad 0.7 1.2
Ico Supply current (four amplifiers) mA
Yoo = MAX, Vo=05V, Na load 1 2

1 All characteristics are measured under open-loop conditions with zero comman-mode input voltage, unless otherwise specified, MAX Ve for
testing purposes is 30 V.
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Features

Compatible with MCS-51™ Products

* 4K Bytes of In-System Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

* Three-Level Proegram Memory Lock

* 128 x 8-Bit Internal RAM

* 32 Programmable /O Lines

* Two 16-Bit Timer/Counters

« Six Interrupt Sources

* Programmable Sarial Channel

* Low Power Idle and Power Down Modes

Description

The ATB9C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash Programmable and Erasable Read Only Memory (PERCOM). The
device is manufactured using Atmel's high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-
ventional nonvolatile memory programmer. By combining a versatiie 8-bit CPU with
Flash on a monolithic chip, the Atmel AT83C51 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations.

(continued}
. . .
Pin Configurations POIP
P1.o1 7 4o0fa1vee
P110]2 38 O PO.O (ADO}
P1203 38 [Q P01 (AD1)
F1.304 17 [1P0.2 (AD2)
P1.4]5 16 |1 P03 (AD3)
P1.50 6 35 |71 PO.4 (AD4)
P1.50]7 34 O PO.5 [ADS)
F1.70] 8 33 1 P0.6 [ADS)
RST O 8 32 [) PO.7 {AD7)
(RXD) P3.0 O 10 31 [) EA/VPPR
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a4 [ I . Ty -
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 IO lines, two 16-hit
timer/counters, a five vector two-level interrupt architecture,
a full dupiex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89CS51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

Vee

Supply voitage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional I/O port. As an
output port each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PQ has internal pul-
lups.

Port O also receives the code bytes during Flash program-
ming, and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional YO port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bidirectional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (|, ) because of the interal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR}). In this application it uses strong internal pullups

ATmEL

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bidirectional /O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being puiled low will scurce
current (I} because of the pullups.

Port 3 also serves the functions of various special featuraes
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)
;31 TXD (serial output port} }
Y INTO (external interrupt 0) ]
?5.3 INTT {external interrupt 1)

P3.4 TO {timer O external input)

P3.5 T1 {timer 1 external input} N

P3.6 WR (external data memary write strobe]

P3.7 - RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST
Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memaory, This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to extemal Data Mem-
ory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN
Program Store Enabie is the read strobe to external pro-
gram memaory.

4-31



AIMEL

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine

cycle, except that two PSEN activations are skipped during
each access to extarnal data memory.

EANpp

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to Vg for internat program execu-
tions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

XTAL1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTALZ are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTALZ should be left
unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voitage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by

It should be noted that when idile is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internat RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when |dle is terminated by
reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

cz
| ™ XTALZ
ct -
s ) ) XTAL1
. GND

Note: C1,C2 =30 pF x 10 pF for Crystals

=40 pF 1 10 pF for Ceramic Resonators
Figure 2. External Clock Drive Configuration

NC —— XTAL2
EXTERNAL
OSCILLATOR XTALA
SIGNAL

software. The content of the an-chip RAM and all the spe- GND

cial functions registers remain unchanged during this

mode. The idle mode can be terminated by any enabled = i

interrupt or by a hardware reset.

Status of External Pins During Idle and Power Down Modes
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
idle Internai 1 1 Data Data Data Data
Idle Externai 1 1 Float Data Address Data
Power Down Internal 0 0 Data Data Data Data
Power Down External | 0 0 Float Data Data Data
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Power Down Mode

in the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before Vq¢ is
restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

Lock Bit Protection Modes

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmaed {P) to obtain the addi-
tional features listed in the table below:

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properly.

Program Lock Bits Protection Type
LB1 LB2 LB3

1 u u u No program lock features.

2 P u u MOVC instructions executed from external program memory are disabled from felching code
bytes from internal memory, EA is sampled and latched on reset, and further programming of the
Flash is disabled.

3 P Same as mods 2, also verify is disabled.

4 p P P Same as mode 3, also external execution is disabled.

Programming the Flash

The ATBIC51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voitage
{Vec) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
AT89C51 inside the user’s system, while the high-voltage
programming mode is compatible with conventional third
party Flash or EFROM programmers.

The ATBIC51 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

Vpp =12V Vpp =5V
Top-Side Mark ATBICS51 AT88C51
XXXX XXXX-5
n yyww Yyww
Signature (030H)=1EH (030H)=1EHM
(031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

The AT839C51 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

ATmEL

Programming Algorithm: Before programming the

ATB9C51, the address, data and control signals should be

set up according to the Flash programming mode table and

Figures 3 and 4. To program the ATBIC51, take the foliow-

ing steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines,
3. Activate the correct combination of control signals.

4. Raise EAVpp to 12V for the high-voltage programming
mode.

5. Pulse ALE/PROG cnce to program a byte in the Flash
array or the lock bits. The byte-write cycle is self-timed
and typically takes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
entire array or until the end of the object file is reached.

Data Polling: The ATBIC51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PQ.7. Once the write cycle

has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

4-33



AIMEL

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits Is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signais and by
holding ALE/PROG low for 10 ms. The code array is written
with all "1”s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H,

031H, and 032H, except that P3.6 and P3.7 must be puiled
to a logic low. The values returned are as follows.

{030H) = 1EH indicates manufactured by Atmel
{031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
{032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion,

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Flash Programming Modes

Mode RST | PSEN ALE/PROG EANgp | P26 | P2.7 | P3.6 | P3.7
Write Code Dala H L H/12V L H H H
~
Read Code Data H L H H L L H
Write Lock Bit - 1 H L Hi12V H H H
v
Bit- 2 H L H2V H H L L
v
Bit-3 H L Hi12v H L H L
—\\.._/—
Chip Erase H L Tt H/12v H L L L
—~
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase reguires a 10-ms PROG pulse.
4-34 AT89C51 e




Figure 3. Programming the Flash

Figure 4. Verifying the Flash

AT89C51

+5V +5V
ATB3CS1 ATBSCHE1
ADDR, 20~ ATyl by Voo —T ADDR. 20~ ATyt gy Voo -—T
OOOOH/OFFFH PGM QOOQH/OFFFH PGM DATA
A8 AT P20 - P23 PO [&—— ara As AT P20 - P23 PO —DLL:JSLEJF(,);
——»{ P26 ——»| P26
SEE FLASH —» P2.7 ALE [4—— PROG SEE FLASH —p P27 ALE
PROGRAMMING PROGRAMMING
MODES TABLE | — -~ P3.6 MODES TABLE | —#| P36 oV
—» P37 —» P37
-@-——— XTAL2 EA [¢— VN XTAL2 EA
3-24 MHz I
¢
XTAL1 RST [¢—— v, 1 XTAL1 RST je— V,
GND PSEN ~~“:L GND PSEN —___L

Flash Programming and Verification Characteristics
Ta=0°Cto 70°C, Ve = 8.0 £ 10%

Symbol Parameter Min Max Units

Vppl) Programming Enable Voltage 11.5 12.5 v

Ippt" Programming Enable Current 7 1.0 mA

fteLoL Oscillator Frequency 3 24 MHz

tavel Address Setup to PROG Low 48tc o

laHAX Address Hold After PROG 4étCLCL

tovaL Data Setup to PROG Low m48tc|_cl_

taHDx Data Hold After PROG 48t0 oL

tEHSH P2.7 (ENABLE) High to Vpp ' "_A}BtCLCL -

tsHaL Vpp Setup to PROG Low A 10 Ks

tgns " Vpp Hold After PROG 10 us

teLgH PROG Width 1 110 us

tavay Address to Data Valid - 48tc oL |

teLav ENABLE Low to Data Valid 48tc o

tenaz Data Float Afler ENABLE 0 48t oL

taHeL PROG High to BUSY Low 1.0 us

twe Byte Write Cycle Time 2.0 ms
Nota: 1. Only used in 12-volt programming mode.
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V)

P10 - P1.7 PROGRAMMING VERIFICATION
0 - P1. g
P20 - P23 ADDRESS j ADDRESS
- tavqy
PORT 0 DATA IN J» < DATA OUT p~—
* tovaL  tonpx [
tavaL (¢ nim—l P
ALE/PROG -
tsHoL et an— ¥ M tons
. A e I hLogIe 1
AN T eico________ | ______.
— kt lg— t
P27 . teroy — o -
(ENABLE) |
taHeL — ™ o
P34 | )
(RDY/BSY)  BusY I READY
e tWC

Flash Programming and Verification Waveforms - Low Voltage Mode (Vpp = 5V)

PROGRAMMING VERIFICATION
P1.0 - P17 o 1/— - e L
P20 .p2s — 4 ADDRESS j ADDRESS
e tavay
PORT 0 l DATA IN | DATA OUT
= toysl  tarox “‘"
tavaL (v *—* tgnax
ALE/PROG
tsreL e
__ LOGIC 1
EAVpp N RN T o3 N R I
—t e t
p2.7 st terav - =Haz
(ENABLE)
toHeL ——>
P34 _
(RDY/BSY) 3 BUSY READY
twe
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Absolute Maximum Ratings*

Operating Temperature .........cco.oeeveeeceneoarnne.. -55°C to +125°C *NOTICE: Stresses beyond those listed under “Absolute
Maximum Ratings" may cause permanent dam-
Storage Temperature .........ccoooevievieceniceinnne -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Voitage on Any Pin other conditions beyond those indicated In the
with Respect to Ground.............cocoovcecverevvennnens -1.0Vto +7.0V operational sections of this specification is not
implied. Exposure to absclute maximum rating
Maximum Operating VoRage. ........cocoovioieveeicciee e 6.6V conditions for extended periods may affact device
reliability.
DC OUtpUt CUITBNL.....eeee e 15.0 mA
DC Characteristics
Ta=-40°C to 85°C, Ve = 5.0V + 20% (unless otherwise noted)
Symbol Parameter Condition Min Max Unlts
Vi Input Low Voltage {Except EA} 0.5 0.2 Vo - 0.1 v
Vi Input Low Voltaga (EA) -0.5 0.2 Vee - 0.3 v
Viy Input High Voltage {Excapt XTAL1, RST) 0.2Veo +0.80 Voo + 0.5 v
Vi Input High Voltage (XTAL1, RST) 0.7 Voo Voo + 0.5 v
VoL Output Low Valtage! " (Ports 1,2,3) lgL = 1.6 mA 0.45 v
VoL Output Low Voltage!') lo, = 3.2 mA 0.45 v
(Port 0, ALE, PSEN)
VDH Output High Voltage IOH = -60 uA, Ve =5V £10% 2.4 vV
(Ports 1,2,3, ALE, PSEN) )
IOH =-25 }1A 0.75 VCC v
|OH =-10 HA 0.9 VCC \"
VoH1 Qutput High Voltags lony = -800 pA, Voo =5V 10% 2.4 vV
{Port 0 in External Bus Mode)
lay = -300 pA 0.75 Ve v
IOH =-80 pA 0.9 Vcc v
" Logical 0 lnput Current (Ports 1,2,3) Vi =045V -50 pA
I Logical 1 to 0 Transition Current ViN =2V, VCC =5V £ 10% -650 uA
(Perts 1,2,3)
I Input Leakage Current (Port 0, EA) 0.45 < V) < Ve +10 pA
RRST Raset Pulldown Resistor 50 300 KG
Cio Pin Capacitance Test Freg, = 1 MHz, Ty = 25°C 10 pF
lee Power Supply Currant Active Mode, 12 MHz 20 mA
Idle Mods, 12 MHz 5 mA
Powar Down Mods(?) Veo = 6V 100 pA
Voo = 3V 40 LA
Noles: 1. Under sleady state (non-transient) conditions, I, must be externally limiled as follows:
Maximum lo_ per port pin: 10 mA
Maximum o per 8-bit pert:  Port 0: 26 mA
Ports 1,2, 3: 15 mA
Maximum total I for all output pins: 71 mA
If loL exceeds the test condition, Vip, may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.
2. Minimum V¢ for Fower Down is 2V.

Almgt
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AC Characteristics

(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all other
outputs = B0 pF)

External Program and Data Memory Characteristics

ATmEL

Symbol Parameter 12 MHz Oscillator 16 to 24 MHz Oscillator Units
Min Max Min Max
LN Oscillator Frequency 0 24 MHz
tLHLL ALE Pulse Width 127 N ZtCLCL'40 ns N
tavLL Address Valid 1o ALE Low 43 . toLol-13 ns
tLax Address Hold After ALE Low 48 ) toLoL-20 ns
L ALE Low to Valid Instruction in 233 4tc o -65 ns
lLLPL ALE Low to PSEN Low 43 tCLCL_13 ns
tF’LPH PSEN Pulse Width 205 StCLCL'ZO ‘ ns
tpLiv PSEN Low to Valid Instruction In 145 3o o 45 ns
tpxix Input Instruction Hold Afler PSEN 0 0 ns
tpxiz Input Instruction Float After PSEN 59 toLe-10 ns
tpxav PSEN to Address Valid 75 teLeL-8 ns
Laviv Address to Valid Instruction In 312 Ste o 55 ns
tpLaz PSEN Low to Address Float 10 10 ns
tRLRH RD Pulse Width 400 Btc 100 ns |
twLwH WR Pulse Width 400 Bte L -100 ns
trLDV RD Low to Valid Data In 252 5tc o -90 ns
tRHDX Data Hold After RD i} 0 0 ns
tRHDZ Data Float After RD 97 2tc oL-28 ns
tLLDV ALE Low to Valid Data In 517 StCLCL-1 50 ns
tavoy Address to Valid Data In 585 oL 165 ns
twL ALE Low to RD or WR Low 200 300 3leLel-50 3oL +50 ns
LavwL Address to RD or WR Low 203 Mo o-75 ns
tavwx Data Valid to WR Transition 23 toLol-20 ns
tavwH Data Valid to WR High 433 ) Ttopc =120 ns
tWHQx Data Hold After W 33 tCLCL'ZO ns
trL Az RD Low lo Address Float 0 0 ns
bHLH RD or WR High to ALE High 43 123 oo -20 te oL *+25 ns
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External Program Memory Read Cycle

ALE

PSEN

PORT 0

PORT 2

ALE

PSEN

RD

PORT O

AT89C51

|
FN__..ELHLL*
t
PLPH
tavie ¢ t oty
—" MLPL 4
teLv
Apxav- -
— *—to sz t
b iax > PriZ
toxix i
— AQ - A7 INSTR IN po-A7
e taviv >
4 AB-A15 AB - A15
External Data Memory Read Cycle
« by o o»
L B YOS
- tLov >
« taLan >
« tiw >
« tax >
t <« rlgpy < »igyp
- AVLL P t
RLAZ » A t
» <« ltrHox
AQ - A7 FROM RI OR DPL DATA N A0 - AT FROM PCL INSTR IN
« EavwiL >
« Lavpy »

PORT 2

P20 - P27 OR AB - A15 FROM DPH

AlmgL

AB - A15 FROM PCH
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AIMEL

External Data Memory Write Cycle

ALE

FPSEN

WR

PORT 0O

PORT 2

« bk d
« b pd fyiwn
<« tax >
- tAVLL > tQVWX >«
<« loyww
A0 - A7 FROM RI OR DPL DATA OUT
b v >

v

P2.0 - P27 OR A8 - A5 FROM DPH

External Clock Drive Waveforms

tCLCH o

»

N v

-

< by

tWHQX

AD - A7 FROM PCL

: tCHC)'(

INSTR IN

AB - A1S FROM PCH

tCHCL

0.45Y - —
¢ - tCLC)( ﬂ
* telcL !
External Clock Drive
Symbol Paramater Min Max Units
Mool Qscillator Frequency 0 24 MHz
tCLCL Clock Period 41.6 ns
toHox High Time 15 ns
toLex Low Time 15 ns
tCLCH Rise Time 20 ns
temoL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions

{(Vee = 5.0 V £ 20%; Load Capacitance = 80 pF)

Symbol Parameter 12 MHz Osc Variable Oscillator Units
Min Max Min Max
tXLXL Saerial Port Clock Cycle Time 1.0 12tCLCL e}
tavxH Output Data Setup to Clock Rising Edge 700 10tg L -133 ns
txHOx Qutput Data Hold After Clock Rising Edge 50 2te o -117 ns
txHDX Input Data Hold After Clock Rising Edge 0 0 ns
txHDV Clock Rising Edge to Input Data Valid 700 10ig o -133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION 0 1 2 4 5 6 7 8
ALE
- L
CLOCK
tQVXH - »
o« byax
WRITE TO SBUF o 1 2 3 4 5 6 7
v A
OUTPUT DATA by« > 4 hoeox SETTI
CLEAR RI VALID VALID VALID VALID VALID VALID VALID VALID
v A
INPUT DATA SET RI

AC Testing Input/Output Waveforms!')

Vee- 0.5V
cc™ 08V 0.2 Vo + 0.8V

TEST POINTS
02 Vg - 0V

AC Inputs during testing are driven at V¢ - 0.5V for
a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at V| min. for a logic 1 and V|,
max. for a logic 0.

ATmEL

Float Waveforms(!

Vioao® OV oL 0.1V
v e Timing Reference
LOAD 1 Points
Viono & -Vt oV
Note: 1. Fortiming purposes, a port pin is no longer floating

when a 100 mV change from load veltage occurs. A
port pin begins to float when 100 mV change from
the loaded Vgn/Vg level occurs.
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