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VEHICLE ON BOARD COMPUTER

Mr. Yuttapol Tungkittisuwan 1D 45010621
MrRapeepat  Ratchatavas [D 45010634

Assoc.Prof. Jirawath Panklang {Adviser)

Abstract

Vehicle On Board Computer’is'a meter, that can be usedito’illustrate the-value of Air To Fuel ratio in
a combustion.engine. By receiving value from an oxygen scnsor in an-exhaust pipe, then we pass the
value through the citcuit’ to’ make it/ more linear. \After that|the mew. value is calculated by

microcontroller and finally dispiayed on LCD Module.
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS '™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOS092C - SEPTEMBER 1987 - REVISED MARCH 1998

Trimmed Offset Voltage:
TLC279 . ..900 uV Max at 25°C,
VDD =5V
input Offset Voltage Drift . . . Typically
0.1 pV/Month, Including the First 30 Days
Wide Range of Supply Voltages Over
Specified Temperature Range:
0°Cto70°C...3Vtoi6V
-40°Cto 85°C ... 4Vio 16V
~-55°Cto125°C .. 4Vtio 16V

Single-Supply Operation
Common-Mode Input Voltage Range

Extends Below the Negative Rail (C-Suffix
and |-Suffix Versions)

Low Noise . . . Typically 25 nViWHz
at f=1kHz

Output Voltage Range Includes Negative
Rail

High Input Impedance . . . 1012 Typ
ESD-Protection Circuitry

Small-Outline Package Option Also
Available in Tape and Reel

Designed-in Latch-Up Immunity

description

The TLC274 and -TLC273 quad operational
ampliiiers combine a wide range of input offset
voltage grades with low offset voltage drift. high
input  impedance, low noise, and . speeds
approaching that of general-purpose BIFET
devices.

These devices. use < Texas  Instruments
silicon-gate * LinCMOS™ technology, ‘which
provides offset veitage stability far exceeding the
stability available with conventional metak-gate
processes,

The extremely high input impedance, low bias
currents, and high slew. rates .make these
cost-effective devices ideal forapplications which
have previously been reserved for BiFET and
NFET products. Four offset voltage.grades. are
available (C-suffix and I-suffix types), ranging
from the low-cost TLC274 (10 mV) to the high-
precision TLC279 (900 pV). These advantages, in
combination with good commen-mode rejection
and supply voltage rejection, make these devices
a good choice for new state-of-the-art designs as
welt as for upgrading existing designs.

Percantage of Unks — %

25

15

10

~-1200

B, J, N, OR PW PACKAGE

{TOP VIEW)
1ouT(fq - 14]] 40UT
1N-0) 2 7a]] 4N~
uN-+] = 12[] e+
VDD[ 4 il ]GND
2IN+[] 5 10]} 31N+
2IN-1] 5 afl an-
20uTl) 7 8]l souT

FK PACKAGE
(TOP VIEW)
I '5 5 :
= =
=053
P W | S0 ) W | E | -
1IN+ ]43 - 1918 4N +
NG-[] s 17[] NC
Voo [J6 16[] GND
NCH 7 15[] NC
2IN+{] 8 14[] 3IN
* :I 9 1071 1213 I: !
A
T S
Z2Z2J=2
A =

NC - Nointernal connection

DISTRIBUTION OF TLC27%
INPUT OFFSET VOLTAGE

i ] | | { [
290 Units Tested From 2 Wafer Lots

Ypp=5V

N Package

Ta = 25°C

| —

{]

- 600 0 600
Vo - input Offset Voltage — pv

1200

LinCMOS is a trademark of Texas Instruments IncorErated_

{'-? TEXAS
INSTRUMENTS

Copyright © 1998, Texas Instruments Incorporated

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOSO92C - SEPTEMBER 1987 - REVISED MARCH 1998

description (continued)

In general, many features associated with bipolar technology are available on LinCMOS™ operational
amplifiers, without the power penatties of bipolar technology. General applications such as transducer
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed withthe
TLC274 and TLC279. The devices also exhibit low voltage single-supply operation, making them ideally suited
for remote and inaccessible battery-powered applications. The commoen-mode input voltage range includes the
negative rail.

A wide range of packaging options is available, including small-outline and chip-carrier versions for high-density
system applications.

The device inputs and outputs are designed to withstand — 100-mA surge currents without sustaining latch-up.

The TLC274 and TL.C279incorporate internal ESD-protection circuits that prevent functional failures at voltages
up 1o 2000 V as tested under MIL-STD-883C, Method 3015.2; however, care should be exercised in handling
these devices as exposure to ESD may result in the-degradation.of the device parametric performance.

The C-suffix devices are characterized for opération from 0°C to 70°C.Thel-suffix devices are characterized
for operation from —40°C to 85°C. The M-suffix devices are characterized for operation over the full military
temperature range of —55°C to 125°C.

AVAILABLE OPTIONS
PACKAGED DEVICES CHIP
V

Ta IO";?; SMAEL CHiP CERAMIC PLASTIC T550P FORM

AT 2 OUTLINE CARRIER DIP DiP (PW) (NG
(D) {FK) ) (N}
800 pV TLCZ279CD L - TLC273CN - -
0°C to 70°C 2mVv TLC274BCD — s TLC274BCN —— —
s5mVv TLCZT4ACD - — TLC274ACN - |
10mv TLC274CD — — TLCZI4CN TLC274CPW TLC274Y
900uv | TLC27910 - ~ TLC279IN — -
5 o 2mv TLC274BID — e TLC274BIN - —
—40°C o 85°C 5my TLC274AID — - TLCZ74AIN — —
10 my TLC274ID — — TLC274IN — —
55°C 10 125°C SO0 v TLCZ279MD | TLC279MFK | TLC279M) TLC279MN . - -
B 1omy TLC274MD | TLC274MFK | TLC274MJ § TLC2 74MN -- —
The [ package is available taped and reeled. Add R suffix to the device type (e.g. TEC2T9CDR).
R Nkinini L FRA—

@ TEXAS
INSTRUMENTS

2 POST QOFFICE BOX 655303 @ DALLAS, TEXAS 75265



TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOS092C - SEPTEMBER 1987 — REVISED MARCH 1998

equivalent schematic (each amplifier)

VoD
P3 P4
R6
[
R l R2 N5
IN- ~'W\~’ P
& i R
— — P5 PS
P1 P2
IN+ 1
ouT

GND

‘W TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOS092C - SEPTEMBER 1887 — REVISED MARCH 1998

TLC274Y chip information

These chips, when properly assembled, display characteristics similar to the TLC274C. Thermal compression
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with
conductive epoxy or a gold-silican preform.

BONDING PAD ASSIGNMENTS
= Y Voo
= (4)
= 3
= 1IN+ BUM
— @ | 1out
= 1N-
= ¢7) —— 2IN+
= 20UT
= - 2IN-
= (10)
= 3INd ——
= 30UT
= 3IN=
= (12)
= (14) AN+
= 40UT (13}
= 4IN-
=

jt 168 -
|||||||||i|||r||§||;|;||||||||l|;1||||||||||||||||||||||||||||||||||i||1§|‘!||1||||1||||||||||| CHIP THICKNESS: 15 TYPICAL.

BONDING PADS: 4 x 4 MINIMUM
T max = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

PIN (11} IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

*? TeEXAS
INSTRUMENTS

4 POST OFFICE BOX 655303 ® DALLAS. TEXAS 75265



TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOSD92C - SEPTEMBER 1987 - REVISED MARCH 19398

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

Supply voltage, Vpp (see Note 1) ... ..o 18V
Differential input voltage, Vip (see Note 2} ... ... i +*Vpp
Input voltage range, Vi (@ny input) ... .. ... -03VtoVpp
UL CUITENE, [] © o e e e e +5 mA
Qutput current, fg {€aCh OWRPUL} ... . ... 130 mA
TOtal CUMTEML IO VDD - oot i s e et e et e e e 45 mA
Total currenmt out of GND ... o e e 45 mA
Duration of short-circuit current at {or below) 25°C¥gBeNote 3) ... iiiin.n. uniimited
Continuous total dissipation ............ oo i See Dissipation Rating Table
Operating free-air temperature, Ta: Csuffix ... 0°Cto 70°C

PSUffix oo -40°C to 85°C

Msuffix ... -55°C t0 125°C
Storage tempPerature TANGE ... ... v et a e e -65°C to 150°C
Case temperature for 60 seconds: FK package ... ... o i oo i 260°C
Lead temperature 1,6 mm (1/16 inch) fromcase for 10 seconds: D. N, or PW package ............ 260°C
Lead temperature 1,6 mm (1/16.inch) from case for 60 seconds: J package  ..................... 300°C

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

NOTES: 1. All vokage values, except differential voltages, are with respect to network ground.

2. Differential voliages are at the noninverting input with respect ta the inverting input.
3. The autput may be shorted to either supply. Temperature andfor supply voltages must-be limited to ensure: that the maximum
dissipatien rating is not exceeded (See application section}.

DISSIPATION RATING TABLE
PACKAGE Ta <25°C DERATING FACTOR TA=T0°C Ta =85°C Ta=125°C
POWER RATING - - ABOVE Ta =25°C ~ POWER RATING - POWER RATING =~ POWER RATING
D 950 mW 7.6 mW/SC 608 mW 494 mwW —
FK 1375 mwW 1.8 mWi"C 880 mW 715 mwW 275 mw
1375 mwW 11.0mwW/eC 980 mW 715 mW 275 mw
N 1575 mwW 12.6 mw/C 1008 mw 819 mW —
PW 700 mW 5.6 mWI°C 448 mwW — —
recommended operating conditions
C SUFFIX 1 SUFFIX M SUFFIX UNIT
MIN - MAX | MIN MAX| MIN WMAX
Supply veitage, VpD 3 16 4 16 4 16 \'
) Vpp=5V -02 354 =02 35 0 35
Common-made input voitage, V¢ v
Vpp= 10V -0.2 85} -02 8.5 0 8.5
Operating free-air temperature, Tp, 0 70} -40 85 -55 125 °C

*5 TEXAS
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279

LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOS092C - SEPTEMBER 1987 - REVISED MARCH 1998

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

TLC274C, TLC274AC,
PARAMETER TEST CONDITIONS Tal TLCZ74BC, TLC279C | ynT
MIN ¢ TYP MAX
TLczzac YO -14Y Vic - 0. 257C 1
Rg =500, RL =10kQ Full range 2]y
TLC274AC | YO~ 14V, Vic = 0. 2= 22 >
Rg =50 R =10k Fult range 6.5
Vo Input offset voltage
TLCZT4BC V=14V, Vic=0. 25°C 340 2000
Rs =500, Ry =10k Full range 3000 v
TLc279c  |VO =14V Vic =0, 25°C 220 00|
Rg =500, RL =10 k2 Full range 1500
a0 :;::?,i I:g;n‘ferature coefficient of inpr 25_} (;:: (t:o 18 VPG
7o) Input offset current (see Note 4) Vo=25V. Vic =25V B i pA
70°C 7 300
] 25°C 0.6
B Input bias current (see Note 4) Vo =25V, Vig =25V e o pr pA
-02. =03
25°C o {0 \4
Vicr Comman-mode input voltage range 4 4.2
(see Note 5) -0.2
Full range o v
3.5
25°C 32 38
VaoH High-levet output valiage VD =100 mV, R =10k 0°C 3 338 v
70°C 3 38
25°C 1] 50
Voi Law-level output voltage Vip = - 100mV, oy =0 o°C 4] 501 mv
70°C 0 50
) ] d 25°C 23
AVD ';fnrgl‘f;g‘;: e R Vo-025V102V. R - 10k 0°C 2 Vimv
70°C 4 20
25°C 65 80
CMRR Common-made rejection ratio Vo= Vigrmin oC 60 B4 dB
10°C 60 B5
A\ 25°C 55 4 45
KSVR (S};‘\‘;‘gg":;"l‘(’]%e refecton R Vpp = 5V1o 10V, Vg =14V 0°C 50 . o4 B
10°C 60 96
25°C 27 6.4
Inp Supply current (four amplifiers) :g I;:{f v vic 225V, 0°c 31 72§ mA
roec 2.3 5.2

T Fultrange is 0°C to 70°C.
NOTES: 4. The typikal values of input bias currert and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOSE92C - SEPTEMBER 1987 - REVISED MARCH 1998
P

electrical characteristics at specified free-air temperature, Vpp = 10 V (unless otherwise noted}

TLC274C, TLC274AC,
PARAMETER TEST CONDITIONS Tat TLC274BC, TLC279C | yniT
MIN TYP MAX
- - 25°C 1.1 10
TLC274C Vo =14V, Vic=0.
Rg =500, R =10kQ Full range 12 v
m
= = 25°C 0.9 5
TLC2MAC [YO 714V Vic - 0.
Rg =504 R =10k Full range 6.5
Vio Input offset voltage Py o0 7000
TLc274Bc |YO =14V, Vic -0,
Rg=504Q R =10k Full range 3000 v
u
- - 25°C 370 1200
TLez7ec YO 14V Vi~ 0,
Rg =501 Ry =10 k0 Full range 1900
Average temperature coefiicient of 25°Cto o
IO nput offset valtage 70°C 2 RVIC
J Input offset t (see Note 4} VO =5 Y Vic=5V 2 ol A
n current (see Mote =5V =
e} P 0 IC 76°C 7 300 P
1 Input bi (see Note 4) Vg =5V Vic =5V 7§ o7 A
nput bias current (see Notc AT 7
IB p 8} IC 70°C 50 600 P:
-0.2  -03
25°C to to v
v Common-made input voltage range 8 82
ICR (see Note 5) _02
Fullrarge to W
85
25°C 8 8.5
VOoH High-leve! output voltage Vip = 100 mv, R =10 k€2 0°C 7.8 8.5 \
70°C 78 8.4
25°C 0 50
Vaor Low-level output voltage Vip =-100mY, lop =0 0°C 0 50 my
70°C 0 50
: ) 25°C 10 36
pyp  Large-sngl digEronigl y Vo=1Vto6¥ Rl =10k: a°C 7.5 42 Vimy
amplification
70°C 1.5 32
25°C 65 85
CMRR Common-mode rejection ratio Vi = Vicrmin 0°C 60 88 di
70°C 60 a8
25°C 65 95
kgyp uPPly-voltage rejcgiongatio VDB'=5 V 1010V, Vg - 18V 0°c 50 94 dB
(AVDR/AVIO)
0°C 60 96
G 25°C 38 8
= =5V
oo Supply current {four amplifiers) :g h:;v' yu = o°C 45 88| mA
J0°C 32 6.8
T Full range is 0°C to 70°C.
NOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
. N L M R
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279

LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOSN92C - SEPTEMBER 1987 - REVISED MARCH 1998

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

TLC274, TLC274AL
PARAMETER TEST CONDITIONS '\ TLC274B), TLC279l | unir
MIN @ TYP MAX
Vo =14V, Vic=0, 25°C 1.1 10
TLC2741
Rs =504 RL=10kQ | Fulirange 13 v
m
= - 25°C 0% 5
TLC274a [YO =14V Vic = 0.
Rs =500, R = 10kQ Full range 7
Vio Input offset voitage
TLC2748) Vg=-14V Vic=0. 25°C 340 2000
Rg =504 Ry =10k Fuli range 3500 v
[
- = 25°C 320 900
LC279l Vo =14V, Vic =0,
Rg =500 Ry =10k Full ranige 2000
Average temperature coefficient of input 25°C to o
0 offset voltage P 18 pVeC
I Input offset t (see Note 4) Vo=25Y Vip=25V R ol A
n cusrent (see Note =25V, =2
10 P 9 Ic 85°C 24 0| ©
[ fnput bi mt {see Note 4) Vo= 25V, Vic=25V ks oz A
nput bias current {see Note =25\, =2,
B P & 7 85°C 200 2000| ©
-02 -03
25°C to to v
y Comman-mods: input voltage range 4 a2
ICR  (see Note 5) _D.2
Fullrange to v
3.5
25°C 3.2 38
VoH High-level output voltage VIp = 100 mV., R =10 kQ —40°C 3 3.8 \4
85°C 3 38
25°C o 50
Voo Low-level output vakiage Vip = ~100 mV, oL =0 -40°C 0 50 my
85°C 0 50
7 : . 25°C 5 23
ayp  Lorse-signal Qifgrergat voliage, Vo -025Vi02V. Re=10ke | | -40C 35 32 Vimy
amplificabion
85°C 35 19
25°C 65 80
CMRR Common-mode rejection rabo Vic =V |crmin -40°C 60 81 dB
85°C 60 BB
25°C 65 95
Supply-voltage rejection ratio "
k Vpp =5 V1010V, Vo =14V -40°C 60 92 dB
SVR  (avpp/avio) DR 9
85°C 60 96
25°C 21 6.4
=2.5V, Vig =25V
ipp  Supply current (four amplifiers) YJE b:d 13 7AM —40°C 38 88| mA
B5°C 2.1 4.8

T Fult range is — 40°C to B5°C.
NOTES: 4. The typical values of input bias current and input offset curent befow 5 pA were determined mathematically.
5. This range also applies to each input individually.
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOS092C - SEPTEMBER 1987 - REVISED MARCH 1998

electrical characteristics at specified free-air temperature, Vpp = 10 V {(unless otherwise noted)

TLC2741, TLC274Al,
PARAMETER TEST CONDITIONS Tal TLC274Bt, YLC2791 | uniT
MIN  TYP MAX
= = 25°C 1.1 10
TLC2741 Vo=14V, Vic=0.
Rg - 504, Ry = 10kQ Full range 13 v
m
= = 25°C 09 5
TLC274Al Vo=14V, Vic =0,
Rg =508 R =10 k&2 Full range 7
Vio Input offset voltage Yoy 50 2000
Ticoras YO~ 14V Vic = 0.
Rg =500 R =10kQ Full range 3500 v
u
- _ 25°C 370 1200
Tzl |YO - 1AV Vic = 0.
Rg =504 RL =10k | Fulirange 2800
Average temperature coefficient of input 25°C to
IO pffset voltage 285°C 2 uvEC
i Input offset t (see Note 4} Vo=5V Vic =5V 25°C o
nput offset current (see =5V =
10 ! © © 85°C % 1| ™
I Input bi nt {see Note 4) Vo= 5V, Vig =5V N o’ A
nput bias current {see Note =5V, #
'8 put 2 A 85°C 220 2000
-0.2 03
25°C 1o to A
v Common-made input voltage range 8 9z
ICR {see Note 5) -0.2
Full range: to v
8.5
25°C 8 8.5
Vou  High-level output voltage Vip =100.mVy, Ry = 10k ~40°C 78 85 v
85°C 78 8.5
25°C D 50
VoL Low-level cutput voltage Vip = - 100 mV, lop =0 ~-40°C 0 50 mv
85°C 0 50
|} & 25°C 0. 36
P i il 4 <5 Vo=1VBY.  Rp=10ka T4o°C 7 47 Vimv
amplification
85°C 7 il
25°C 65 85
CMRR Common-made rejection ratio Vic = Vicpmin -40°C 60 87 dB
85°C 60 88
25°C 65 95
Supply-voltage rejection ratio
ki Vop=5Vio10V, V=14V -40°C 60 92 dB
SVR (AVDD I,'_\V10) oD 8]
85°C 60 96
(; 25°C 38 8
DD Supply current (four amplifiers) N(c? ;:dv’ Vic=3 V. -40°C 55 10| mA
B5°C 29 6.4

T Full range is — 40°C to 85°C.
NOTES: 4. The typical values of input bias curent and input offset current below 5 pA were determined mathematically.
5. This range also applies to each input individually.
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

S$LOS092C - SEPTEMBER 1987 - REVISED MARCH 1998

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

TLC274M, TLC279M
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX
Vo=14V, Vic =0, 25°C 1.1 10
TLC274M my
Rg =504 RL =10k Fuli range 12
Vio Input offset voltage Py 370 %00
Ticerom YO 1AV Vig = 0. v
Rg =50 L Ry =10k Full range 3750
Average temperature coefficient of input 25°Cto 3
IO gfiset voltage 125°C 21 uv/ieC
I Input offset t (see Note 4) V=258V Vic=25V 25°C o1 PA
o cumrent (see Note =25V, =2.
10 P 0 c 125°C 14 15| nA
i Input bi ent (sec Note 4) Vg=25V Vic=258V 257 96 pA
n as curent (e e =25V =2.
B P 0 Ic 125°C 9 35 nA
o -03
25°C to to v
y Common-mode input voltage range 4 42
ICR (see Note 5} 0
Fultrange to v
35
25°C 32 18
VOH High-level output voltage Vip = 100 mv, R =10 kL2 =55°C 3 3.8 A
125°C 3 38
25°C a 50
Var | ow-level output voltage Vyip == 100 mY, Iog =4 =55°C a 50 my
125°C 0 50
25°C 5 23
Large-signal differential voltage { - “FeiT
AyD amplification Vg =0258¥to2V, R =10kQ 55°C 15 35 Vimy
125°C 35 16
25°C 65 80
CMRR  Common-made rejection ratio Vi =VcRmiin ~55°C 60 a1 dB
125°C 60 84
25°C 65 95
Supply-voltage rejection ratio
k Vpp =5Vi010V, " Vo=14V —55820 60 90 dB
SVR - (avppiavio) PO °
125°C 60 97
25°C 2.7 6.4
V=25V Vig =25V
IpD Supply current (four amplifiers) Ng load i =55°C 4 W0l mA
125°C 1.9 4.4

T Full range is - 55°C ta 125°C.
NOTES: 4. The typical values of input bias currentand input offset current below 5 pA were determined mathematically.
5. This range also applies to eachiinput individually.

"5 TEXAS
INSTRUMENTS

10 POST OFFICE BOX 655303 # DALLAS, TEXAS 75265



TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

S1L0S092C — SEPTEMBER 1987 — REVISED MARCH 1998

electrical characteristics at specified free-air temperature, Vpp = 10 V (unless) otherwise noted)

TLC274M, TLC27SM
PARAMETER TEST CONDITIONS Tal UNIT
MIN  TYP MAX
Vo=14YV, Vic=0. 25°C i1 10
TLezrM Rg =500 Ry =10kQ Full range 2l ™
Vio Input offset voltage -
TLC279M Vo=14YV, Vic =0, 25°C 370 1200 W
Rs =30, R~ 10 k& Fufl range 4300
Average temperature coefficient of input 25°C to o
VIO offset voltage 125°C 2.2 IR
I Input offset current (see Note 4) Vg =5V, Vic =5V 27 A pA
nput o current (see Note =5V, =
10 P 0 Ic 125°C 18 15| nA
i Input bi nit (see Note 4) Vo=3V Vic=5VY ks o pA
n 1as current (see Note =5V, =
e P 0 1c 125°C 0 25| nA
0 -03
25°C to to v
Common-mode input voltage range 9 9.2
VicR
(see Note 5) 4]
Fultrange to v
8.5
25°C 8 8.5
Vo High-level output voltage V|p = 100mV, Rp =10 k&2 ~55°C 78 8.5 v
9 pu 9 1D L
125°C 78 8.4
25°C 0 50
VoL Low-level gutput voltage Vip =-100'mY, or =0 ~-55°C 0 50f mv
125°C L] 50
_ _ 7 25°C 10, 36
b ﬂg;iﬂfg it gditagh VG-1VioBY, ~ R =10K _55°C 50 Vimv
125°C 27
257C 65 85
CMRR Common-moderejecton ratio Vic = VIcpmin -85°C 60 87 dB
125°C 60 36
25°C 65 95
Supply-voltage rejection ratio § ) 1
kSVR (AVDDR/AVIQ) Vpp=5Yio 10V, Mp=14V 55°C 60 ] dB
125°C 60 97
25°C 38 8
Vo=5W Vic =5V,
lpo Supply current (four amplifiers) NE I 0: " o -55°C 6.0 12| mA
125°C 2.5 5.6
1 Full range is - 55°C ta 125°C.
NOTES: 4. The typical valuzes of input bias current and input offset current below 5 pA were determined mathematically.
5, This range atso applies to each input individually.
‘bi TEXAS
INSTRUMENTS
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

51.05092C - SEPTEMBER 1987 - REVISED MARCH 1998
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operating characteristics at specified free-air temperature, Vpp =5V

TLC274C, TLC274AC,
TLC274AC,
PARAMETER TEST CONDITIONS TA TLCZ74BC, TLC279C UNIT
MiN TYP MAX
25°C 35
Vipp=1V 0°C 4
SR Sl te at unity gat EL .“ 123 Q& LA 3 Vh
ew rate unty gam L= pF, 183
See Figure 1 25°C 29
Vipp= 2.8V 0°C 31
70°C 25
, ] ] f= 1 kHz, Rg - 200 e
Vi Equivalent input noise voltage See Figure 2 ' 25°C 25 nviNHz
25°C 320
. i : Va=VoH. C| - 20pk -
Bom  Maximum output-swing bandwidth Ry =10KC, Sde Figure 1 0°C 340 kHz
70°C 260
25°C 1.7
B4 Unity-gain bandwidth g; ; %umr\;,a C/=20pF 0°C 2 MHz
iec 1.3
9 g 25°C 46°
) 1= 10m¥. f=B1. 7
¢m Phase margin G = 20 pF, a°c 472
F°C 44°
operating characteristics at specified free-air temperature, Vpp =10 V
TLC274C, TLCZT4ALC,
TLC274AC,
PARAMETER TEST CONDITIONS Ta TLC274BC, TLC279C UNIT
MIN TYP. MAX
25°C 53
Vipp=1V 0°C 5.9
Rp =104 10°C 43
SR Slew rate at unity gain Cp =20 pF, - Vips
See Figure 1 ga 1l 3.6
Vipp= 55V a°C 5.1
70°C 3.8
v Equivalent input noise vaitage fszellFi;':rzé : RS 1P G 25°C 25 nvAHz
25°C 200
. et ) Vo= VGH. CL =20 pF, o H
Bom  Maximum output-swing bandwidth Ry - 10 k2 See Figure 1 o°c 220 kHz
70°C 140
25°C 2.2
By Unitygain bandwidth . ;%u'"r: ikl o°C 25 MHz
70°C 1.8
25°C 49°
V)= 10my, f=Bq.
bm Phase margin CIL _ 20 I:F See ll'igure 3 o°C 50°
jo°C 46°
INSTRUMENTS
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOSP92C - SEPTEMBER 1987 — REVISED MARCH 1998
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operating characteristics at specified free-air temperature, Vpp =5V

TLC274), TLC274Al,

PARAMETER TEST CONDITIONS Ta TLC274BIl TLC2Z7Y | ynir
MIN TYP MAX
25°C 36
Vipp=1V - 40°C 4.5
w5 _ R =10k, 85°C 2.8 .
ew rate gt unity gain CL=20pF, - Vius
See Figure 1 25°C 29
Vipp= 25V -40°C 35
85°C 23
, _ ) F= 1 kHz, Rg =200, .
Vp Equivalent input noise voltage See Figure 2 25°C 25 nviHz
25°C 320
. s . Vo = Von. C| =20 pF, AN
Bom Maximum output-swing bandwidth R( = 10 kiZ gy 1 40°C 380 kHz
85°C 250
25°C 17
e ) V=10 my Cp=20pF T
B Unity-gain bandwidth Sea Figute 3 40°C 2.6 MHz
85°C 1.2
25°C 46°¢
. Vi = 10 m\, t=B1, - .
%m  Phase margin CU 20 pF, = ko iqods —40°C g
85°C 43¢

operating characteristics at specified free-air temperature, Vpp =10 V

TLC2741, TLC274Al,

PARAMETER TEST CONDITIONS Ta TLC274B), TLC279 UNIT
MIN.~ TYP MAX
25°C 5.3
Vipp=1V —40°C 6.7
SR S e ;g > s F Vi
lew rate at unity gain €| =20 pF. - us
See Figure 1 e 46
Vipp= 55V -40°C 54
85°C 35
. 3 5 f=1kHgz, Reg =20 £ o [
Vi Equivalent input noise voltage See Figure 2 25°C 25 nviyHz
25°C 200
. W ; Yo = Vg C|. =20 pF, "
Bom  Maximum output-swing bandwidth Ry~ 10 k2 Sce Figure 1 -40°C 260 kHz.
B5°C 130
25°C 2.2
L . Vi =10mV C) =20 pF, e
B1 Unity-gain bandwidth: Sed Figure 3 40°C 31 MHz
85°C 1.7
25°C 49°
) V=10 mY, f=B1; - -
®m  Phase margin Cy - 20 pF, See Figure 3 -40°C 52
85°C 46°

‘@ TEXAS
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS
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operating characteristics at specified free-air temperature, Vpp =5V

TLC274M, TLC279M
PARAMETER TEST CONDITIONS Ta | UNIT
25°C 36
Vipp=1V ~55°C 47
SR Slew rate at umity gai EL - ;g k% 125°C 23 Vi
lew rate at unity gain L=20pF, - Hs
See Figure 1 25°C 29
Vipp =~ 2.5V -55°C 3.7
125°C 2
Vh Equivalent input noise voltage ;;1Fi|§:rzé 2 Rs =200 25°C 25 aviHz
25°C 320
Bom  Maximum output-swing bandwidth ‘[;(L)__: 1‘5%: g;;éguf: ; _55°C 460 kHz
125°C 230
25°C 1.7
B1  Unily-gain bandwidth ;L;;igu'::'g Cy =20 pF. ~55°C 29 MHz
125°C 1.1
S 25°C 467
_ | gV =By, -
Pm Phase margin Cy'= 20 k. See Figute 3 —85°C 49°
125°C, 49°

operating characteristics at specified free-air temperature, Vpp =10V

TLC274M, TLC279M
PARAMETER TEST CONDITIONS Ta UNIT
MIN @ TYP MAX
25°C 5.3
ViPp=1V -55°C 71
R =10Q. 125°C 3.1
SR Slew rate at unity gam Cp =20 pF, - Vips
See Figure 1 Wt Ak
Vipp = 55V -55°C 8.1
125°C 2.3
] , : f= 1 kHz Rg = 200, b
Vi Equivatent input noise voltage See Figue 2 25°C 25 nvHz
25°C 200
. A ) Vo= VaH. CL = 20pF. Areh 280 kH
Bopm  Maximum autput-swing barndwidth R| =10 ke, See, Figure 1 55°C z
125°C 110
25°C 2.2
i . . Vi =10 mV, Cy.=20pF, "
- - . MH
B4 Unity-gain bandwidth See Figure 3 55°C 3.4 z
125°C 186
g 25°C 49°
_ V| = 10 mV, =By -
Om Phase margin CL =20.pF, See Figure.3 -55°C §2°
125°C 44
O e
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electrical characteristics, Vpp = 5 V, T4 = 25°C (unless otherwise noted)

TLC274, TLC274A, TLC2748, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOS092C - SEPTEMBER 1957 - REVISED MARCH 1995
e SO

TLC274Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vp=14V, Vic=0.
Vio Input offset voltage Rs = 50 0, Ry = 10 kQ 1.1 10 mv
ko Input offset current (see Note 4} Vo =25V, Vic=25YVY 0.1 pA
1: Input bias current (see Note 4) Vo=25V, Vic =25V 0.6 pA
-02 -03
Vice  Common-mode input valtage range (see Note 5) to to v
4 4.2
VoH High-levet output voltage Vin = 100 mV. R| = 10 k&2 32 3.8 v
VoL Low-level output voltage Vip = -100 mV, o =0 0 50 myv
Ayp targe-signal differential voltage amplification Vg=025Vto2V, R =10k 5 23 Vimv
CMRR Common-mode rejection ratio Vi = Vicpmin 65 80 dB
kgyp  Supply-voltage rejection ratio (AVpp/AV|g) Vpp=5Vi0 10V, Vo=14V 65 95 dB
§ Vo =25V, Vic=2.5VY,
Ibp Supply current (four amplifiers) No load 2.3 64| mA
electrical characteristics, Vpp.= 10 V, Ta =25°C (unless otherwise noted}
TLC274Y
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
Vo=14V Vie =0,
Vi Input offset voltage Rg =50 Q0 Rl = 10 kO 1.1 10 my
o Input offset current (see Note 4) Vg-=5V. Vig=5V 6.1 pA
]:] Input bias current,(see Note 4} V=5V, Vic=5V 0.7 pA
-0.2--0.3
Vicr  Common-mode-input voltage range (see Nole 5) 1o to v
2 9.2
VOH High-level output valtage Vip =100 mV, Ry =10k 8 8.5 v
VoL Low-level outputvoltage Vip = -100 mV, oL =0 0 50 mv
AyD Large-signal differential vottage amplification Vo=1ViobY, Ry =10k 10 as vimy
CMRR Comman-mode rejection ratio Vic = Vicgmin 65 85 dB
ksyr  Supply-voltage rejection ratio (AVpD/AVIQ) Vpp=5VieioVv, Vg=14V 65 95 dB
) V=5V, Vic=5V.
Ipp Supply current {four amplifiers} Ng wad I 3.8 8 mA

NOTES: 4. The typicalvalues of input bias current and input offset current below 5 pA were determined mathematically.

5. This range also applies to each input individually.

‘Q’ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS. TEXAS 75265
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOS092C - SEPTEMBER 19387 -~ REVISED MARCH 1998
oo Y

IR
operating characteristics, Vpp =5V, Ty = 25°C
TLC274Y
PARAMETER TEST CONDITIONS UNIT
MiN  TYP MAX
= = V =1V 36
SR Slew rate at unity gain R ‘,0 i, CL=20pF PP Vips
See Figure 1 Vipp= 2.5V 29
Vi Equivalent input noise voltage F= 1 kHz, Ry =200 See Figure 2 25 niHz
Bom  Maximum output-swing bandwidth ;g;ﬁ;ffr*e*'1 CL=20pF.  RL=T0KO, 320 kHz
Bq Unity-gain bandwidth V) =10mVy, CL=20pF, See Figure 3 1.7 MHz
. V) = Tomy, f=Bq. C| =20 pF, .
®m Phase margin See Figure 3 46
operating characteristics, Vpp = 10 V, T4 = 25°C
TLC274Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
= - Vipp=1V¥ 53
SR Slew rate at urmty gain RL 1,0 e A 9 eF: i vins
See Figure. 1 Vipp= 55V 4.6
Vi Equivalent input noise voltage F=-1_kHz, Rg =200, See Figure 2 25 nviHz
Bopm  Maximum output-swing bandwidth ;’gezﬁgfg‘1 CL320BE)) ~RE=TO KD, 200 kHz
B1 Unity-gain bandwicith V= 10my, Cy = 20pF, See Figure 3 2.2 MHz
. V=10 mV, f=Bq. C| =20 pF, 5
¢m Phase margin see Eigure 3 49
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intersil

CD4066BMS

December 1992 CMOS Quad Bilateral Switch

Features

* For Transmission or Muitiplexing of Analog or Digital
Signals

* High Voltage Types (20V Rating}
= 15V Digital or +7.5V Peak-to-Peak Switching
« 1250 Typical On-State Resistance for 15V Operation

= Switch On-State Resistance Matched to Within 50
Over 15V Signal Input Range

» On-State Resistance Flat Over Full Peak-to-Peak Sig-
nal Range

* High On/Off Qutput Voltage Ratio
- 80dB Typ. at FIS = 10kHz, RL = 1k

« High Degree of Linearity: <0.5% Distortion Typ. at
FIS = 1kHz, VIS = SVp-p, VDD -V8§ = 10V, RL = 10kQ

* Extremely Low Off-State Switch Leakage Resulting.in
Very Low Offset Current and High Effective Off-State
Resistance: 10pA Typ. at VDD - V8S =10V, T4 =+25°C

« Extremely High Control Input impedance-(Controt Cir-
cult Isolated from Signal Clrcult): 1020 Typ.

* Low Crosstalk Between Switchas: -50dB Typ. at FIS =
8MHz, RL = 1kQ

= Matched Control Input @ to Signal Output
Capacitance: Reduces Output Signal Transients

* Frequency Response, Switch on = 40MHz (Typ.}
+ 100% Tested for Quiescent Current at 20V
= 5V, 10V and 15V Parametric Ratings

« Meets All Requirements of JEDEC Tentative Standard
No. 13B, “Standard Specifications for Description of
“B" Series CMOS Devices™

Applications

* Analog Signal Switching/Mutltiplexing

- Signal Gating « Modulator
- Squeich Control - Demodulator
- Chopper - Commutating Switch

Digital Signal Switching/Multiplexing

Transmission Gate Logic Implementation

Analog to Digital & Digital to Analog Conversion

» Digital Control of Frequency, Impedance, Phase, and
Analog Signal Gain

Description

CD4066BMS is a quad bilateral switch intended for the
transmission or multiplexing of analog or digital signals. It is
pin for pin compatible with CD4016B, but exhibits a much
lower on state resistance. In addition, the on-state resistance
is relatively constant over the full input signal range.

The CD4066BMS consisis of four independent bilateral
switches. A single control signal is required per switch. Both
the p and the n device in a given switch are biased on or off
simultaneousiy. by the control signal. As shown in Figure 1,
the well of the n channel device on each switch is either tied
to the input when the switch is on or to VSS when the switch
is off. This configuration eliminates the variation of the switch
transistor threshold-voltage with input signal, and thus keeps
the on-state resistance low over the full operating signal
range.

The advantages over single channel switches include peak
input signal voltage swings equal to the full supply voltage,
and more constant on-state impedance over the input signal
range. For. sample and hold applications, however, the
CD40168 is recommended.

The CD4066BMS is supplied in these 14-ead outline pack-
ages:
Braze Seal DIP H4Q

Frit Seal DIP H1B
Ceramic Flatpack  H3W

Pinout
CD4066BMS
TOP VIEW
NOUT A [7] ha] voD
outN A [2] i3] CONT A
OUuTAN B [3] 2] CONT D
NoUTE 4] 11| INIOUT D
GONT B [ 5] H0] OUT/N D
CONT C [§] 9] outaN ©
vss [7] 8] mrouT ¢

CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.
1-88B-INTERSIL or 321-724-7143 | Copyright © Intersil Corpgration 1999 7.966

File Number 3319



Specifications CD4066BMS

Absolute Maximum Ratings

DC Suppiy Voltage Range, (VDD}
{Voltage Referenced to VS8 Terminals}

Input Voltage Range, All Inputs . ... ......... -0.5V 1o VDD +0.5V

DC Input Current, Any Onelnput ........................T10mMA

0.5V o +20V

Operating Temperature Range. . ... ........... -55°C to +125°C
Package Types D, F, K. H

Storage Temperature Range (TSTG)........... -65°C to +150°C

Lead Temperatura (During Soldering) .. ............... +265°C

At Distance 1/16 £ 1/32 Inch (1.59mm £ 0.79mm) from case for

Reliability Information

Thermal Resistance . ............... Bia B
Ceramic DIP and FRIT Package . . . . . 80°CW 20°C/w
Flatpack Package ................ 70°C/W 20°C/wW

Maximum Package Power Dissipation (PD) at +125°C
For TA = -55°C to +100°C (Package Type D, FK). ... .. 500mwW
For TA = +100°C to +125°C (Package Type D, F. K) ... .. Derate

Linearity at 12mW/°C to 200mw
Device Dissipation per Qutput Transistor ............... 100mwW
For TA = Full Package Temperature Range (All Package Types)

10s Maximum Junction Temperature . ... .......................... +175°C
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
GROUP A LIMITS
PARAMETER SYMBOL CONDBITIONS (NOTE 1) SUBGROUPS]{ TEMPERATURE | MIN | MAX |UNITS
Supply Current IDD VDD = 20V, VIN = VDD or GND 1 +26°C - 05 | pA
2 +125°C - 50 | pA
VDD = 18V, VIN = VDD or GND 3 -55°C - 05 | pa
Input Leakage Current T VC = VDD.or GND 1 +259C -100 - nA
2 +125°C <1000 - nA
3 559G -100 - nA
Input Leakage Current IH VC = VDD or GND 1 +25°C - 100 nA
2 +125°C - f1000] na
3 55°C . 100 | nA
input/Output Leakage I0ZL [V =0V, VIS =18V, [VDD=20 1 +25°C ae |- nA
Current (Switch OFF) \Jgg - ?g‘,lws =0V, 7 e A R —
VDD = 18V 3 -55°C B R nA
10ZH VDO = 20 1 +25°C - 108 | nA
2 +125°C 1000 | na
VDD = 18V 3 -55°C - 100 | nA
On Resistance RON5  |VC=VDD, RL= 10kW {VDD = 5V 1 +25°C 1050 - 0
RON10 \’j’é“snl";d o VDD-. Nob= 1oV 1 ¥25°C o0 | - | «
RON15 VDD =15V 1 +25°C 240 - Q
VIS = VS8 to VDD
On Resistance RONS ~ |VDD = 5V 1,2 +125°C - f300 | o
-55°C 4 800 | Q
On Resistance RONTG.  {VvDD =10V 1,2 +125°C - 550 | @
-55°C - 30 |
On Resistance RON15 |VDD.=15Y 1,2 +125°C - 320 | Q
-55°C - 220 | Q
Functional F VDD = 2.8V, VIN'= VDD orGND +25°C VOH>|voL<]| v
{Note 3) VOD = 20V, VIN = VDD or GND 7 ¥25°C vDD/z{ vDD/2
VDD = 18V, VIN = VDD or GND 8A +125°C
VDD = 3V, VIN = VDD or GND 8B -55°C
Switch Threshold SWTHRHS |VDD = 5V, VC = 1.5V, VIS = GND 1,2,3  [+25°C, +125°C, -65°C| 4.1 - v
RL = 100k to VDD SWTHRH15 |[VDD = 15V, VC = 2V, VIS = GND 1,2,3  |+25°C, +125°C, -55°C| 14.1 - v
N Threshold Voltage VYNTH  |VvDD = 10V, 155 = -10pA 1 +25°C 28 |07 | v
P Threshold Voltage VPTH {VS8S =0V, IDD = 10pA 1 +25°C 07 | 28 v




Specifications CD4066BMS

TABLE 1. DG ELECTRICAL PERFORMANCE CHARACTERISTICS

GROUP A umrs
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUPS| TEMPERATURE MIN | MAX |UNITS
Control input Low VILCE |VDD =5V 1,2,3 +25°9C, +125°C, -55°C} - 1 v
Voltage (Nota 2) VILG15 |VDD = 15V 1.2,3  |+25°C, +125°C, 55°C| - 2 v
[IS] < 108, VIS = VSS, s ' .
VOS = VDD and
VIS = VDD, VOS = V85
Control Input High VIHC VDD =5V, JlIS} = 51mA, 4.6V < 1 +259C 35 - v
Voltage VOS < 0.4V
{Note 2, Figure 2) VDD = 5V, |lIS] = .36mA, 4.6V < 2 +125°C 35 . v
VIS = VSS and VIS = VOS < 0.4Y
VDD '
VDD = 5V, IS} = .64mA, 4.6V < 3 -55°C a5 - v
VYOS < 0.4V
VIHC VDD = 15V, JiiS] = 3.4mA, 135V < 1 +250C 1 - v
VOS <1.5V
VDD = 45V jIIS] = 2.4mA, 13.5V < 2 +125°C 1 - v
VOS < 15V
VDD = 15V, [11S|.= 4.2mA, 13.5V < 3 55°C 1 - v
VOS <15V
NOTES: 1. All voltages referenced to device GND, 100% testing being 3. VDD =2.8V/3.0v, RL=100K to VDD
implamentad. VDD = 20V/18V, RL = 10K to VOD
2. Go/No Go test with limite applied to inputs.
TABLE 2. AC ELECTRICAL PERFORMANGE CHARACTERISTICS
GROUP A WY
PARAMETER SYMBOL CONDITIONS SUBGROUPS |TEMPERATURE | MIN | MAX | UNITS
Propagation Delay TPLH | VC = VDD = 5V, VSS = GND 9 +25°C - 40 ns
glgnal Input to Signal TPHL |({Notes 2, 3) 10, 11 71259, 55°C : 54 e
ulput
Propagation Delay TPHZ/ZH | VIS = VDD = 5¢ (Notes 1, 2) 9 +250C 4 70 ns
Tum-On, Tum-Off o LZ/ZL 10, 11 +1259%C, -55°C i 95 ns
NOTES:
1. CL = 50pF, RL = 1K, Input TR, TF < 20ns.
2. -55°C and +125°C limits guaraniead, 100% testing being implemented.
3. CL = 50pF, RL = 200K, tnput TR, TF < 20ns.
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
LIMITS
PARAMETER SYMBOL CONDITIONS NOTES |TEMPERATURE]| MIN MAX | unITS
Supply Current DD {VDD =5V, VIN = VDD or GND 1,2 -55IC, +25°C - 0.25 nA
+125°C - 75 A
VDD = 10V, VIN = VDD or GND 1,2 55°C, +25°C - 0.5 A
+125°C - 15 pA
VDD = 15¥, VIN = VDD or GND 1,2 55°C, +25°C - 05 pA
+125°C - 30 pA
Control Input Low viLc10 |vDD = 1ov 1,2 +25°C, +125°C, - 2 v
Voltage -55°C
S| < 10pa, VIS = VS8,
VOS = VDD and
VIS = VDD, VOS = VSS

7-968
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS {Continued)

LINITS
PARAMETER, SYMBOL CONDITIONS NOTES TEMPERATURE MIN MAX UNITS

Control Input High VIHC10 VDD = 10V, VIS = VDD or GND 2 +25°C, +125°C, 7 - v
Voltage (See Figure 2) -558°C

Propagation Delay LH | vDD =10V 1,2, 3 +25°C - 20 ns
g:g::: g‘ﬂ’t‘;"l:f TPHE DD = 15v 1,2,3 +25°C - 15 ns
Propagation Delay TPHZZH | VDD = 10V 1,2,3 +25°C - 40 ns
Tum-On. Tum-Off TPLZEZL opD = 15v 1.2.3 +25°C : 30 ns
Input Capacitance CIN Any fnput 1,2 +25°C - 75 pF

NOTES:

1. All voltages referenced to device GND.

2. The parameters listed on Table 3 are controlled via design or process and are not directly tested. These parameters are characlerized
on initial design releasa and upon design changes which would affect these characteristics.

3. €L = 50pF, RL = 200K, input TR, TF < 20ns.

TAELE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS

LIMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN MAX | UNITS
Supply Cumrent DD VDD = 20V, VIN = VDD or GND 1,4 +25°C - 25 HA
N Threshold Voltage VNTH _3VvDD =10V, ISS = -10pA 1,4 +25°C -28 0.2 \
N Threshold Voltage AVTN  [VDD =10V, IS8 = -10pA 1,4 +25°C - +1 vV
Delta
P Threshold Voltage VTP VSS = 0V, IDD = 10pA 1,4 +25°C 0.2 28 Vv
P Threshold Voltage AVTP  {VSS =0V, IDD = 10pA 1,4 +26°C - +1 i
Delta
Functional F VDD = 18V, VIN = VDD or GND 1 +25°C VOH >} VOL < v
VDD = 3V, VIN = VDD or GND &2 VoR'3
Propagation Deiay Time TPHL VDD =5V 1,2, 3.4 +25%C - 135 x ns
TPLH +25°C
Limit

NOTES: 1. All voltages referenced to device GND.
2. CL = 50pF, RL =200K, Input TR, TF < 20ns.

3. See Table 2 for +25°C limit.
4. Read and Record

TABLE 5. BURN-IN AND LIFE TEST DELTA PARAMETERS +25°C

PARAMETER SYMBOL DELTA LIMIT
Supply Cunrent - 58I 1BD 0. 1pA
ON Resistance RONDEL1G |+ 20% x Pre-Test Reading

TABLE &. AFPLICABLE SUBGROUPS

MIL-STD-883
CONFORMANCE GROUP METHOD GROUP A SUBGRCUPS READ AND RECORD

Initiat Test {Pre Bum-in) 100% 5004 1.7.9 DD, 1015, ICH5A, RONDEL10
Interim Test 1 {Post Bum-in} 100% 5604 1,7.9 IDD, 1045, ICHS5A, RONDEL10
tnterim Test 2 (Post Bum-In) 100% 5004 1,7, 9 IDD, IOL5, ICH5A, RONDEL 1O

PDA {Note 1) 100% 5004 1,7, 9, Deltas
Interim Test 3 (Post Bum-In) 100% 5004 1,7,9 iDD, 1015, IOH5A, RONDEL10

PDA {Note 1) 100% 5004 1.7. 9, Deltas
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TABLE 6. APPLICABLE SUBGROUPS {Continued)

MIL-STD-883
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD
Final Test 100% 5004 2, 3, BA, 8B, 10, 11
Group A Sample 5005 1,2,3.7,8A, 88,9 10 11
Group B Subgroup B8-5 Sample 5005 1,2,3,7,8A, 88,9 10, 11, Deltas Subgroups 1, 2, 3,9, 10, 11
Subgroup B-6 Sample 5005 1,7.9
Group D Sample 5005 1.2,3,8A 88,9 Subgroups 1,23

NOTE: 1. 5% Parameteric, 3% Functional, Cumulative for Static 1 and 2.

TABLE 7. TOTAL DOSE IRRADIATION

MIL-STD-883 TEST READ AND RECORD
CONFORMANCE GROUPS METHOD PRE-IRRAD POSTARRAD PRE4RRAD POST-IRRAD
Group E Subgroup 2 5005 1,79 Table 4 1,9 Table 4

TABLE 8. BURN-IN AND RRADIATION TEST CONNECTIONS

OSCILLATOR
FUNCTION OPEN GROUND VoD 9V + -0.5V 50kHz 25kHz
Static Bum-In 1 (Note 1) 2,3.9.10 1,4-8,41-13 14
Static Bum-in 2 {Note 1) 2,3,9,10 T 1, 4-6.8, 11-14
Dynamic Bum-in (Note 1) - 7 14 2,3,.9,10 5,6, 12,13 1.4, 8 11
ladiation (Note 2) 2,3,9,10 T 1,468, 11-14
NOTE:

1. Each pin except VDD and GND will have a series resistor of 10K + 5%, VDD = 18V +0.5V
2. Each pin except VDD and GND will have a sefies resistor of 47K + 5%; Group E, Subgroup 2, sample size is 4 dicefwafer, 0 failures, VDD

=10V + 0.5V
Functional Diagram
" TRUTH TABLE EACH SWITCH
wout I _r—[ e [ %00 INPUT CUTPUT
3IG A sr _L vC ViS vOs
OUT/IN E;—l_l E CONTROL A 1 0 0
| 1 1 1
QUTIIN E— sw E CONTROL D
siG 8 D 0 0 Open
INOUT E—| I I -EI INOUT o 1 Open
P SIG D Positive Logic: Switch ON VG =41"
CONTROL B E 8 _El ouTIN Switch OFF VG = *0"
L
CONTROL C E 3 OUTIIN
l_ 53" SIG C
V5SS E L_I-—E IN/OUT

All Intersil semiconducior products are manufactured, assembied and tested under ISO%000 quality systems cerfification.

Intersif products are sokd by description only. Intersi Corporafion reserves the night to make changes in circuil design andfor specifications at any time without
notice. Accordingly, the reader is cautioned to verily that data Sheets ane curment before placing oroers. Information furmished by Intersit is believed to be accurate
and reliable. However, no responsibility is assumed by intersil or its subsidiaries for its use; nor for any infingements of patents or other rghts of third parties which
may resull from s use. No ficense is granted by implication or otherwise under any pafant or patont rights of Intersil or its subsidianes.

For information regarding Intersit Corporation and its products, see web site hitp:/fwww.intersil.com
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Schematic
SWITCH
NORMAL OPERATION CONTROL
CONTROL om \ LINE BIASING:
/ N\ [vis SWITCH ON, VC “F’ = VDD VoD
J_ SWITCH OFF, VC "0Q” = V58§
7 [ N ﬂ'[_ * ALL CONTROL INPUTS ARE ﬂ
1 P ouT PROTECTED BY THE CMOS g
. N vos PROTECTION NETWORK
CONTROL
vC — N .|.l
vsS SIGNAL LEVEL RANGE: All *P" Substrates
% VS5 < VIS < VDD Connected to VDD
FIGURE 1. SCHEMATIC DtAGRAM OF 1 OF 4 IDENTICAL SWITCHES AND ITS ASSOCIATED CONTROL CIRCUITRY
KEITHLY 160 DIGITAL
PD MULTIMETER
TG
s 10k$) l o 12 +
s — CD4066BMS vl "ON rancel ¥
1 OF 4 SWITCHES l—' Xy HmeELEY
V53 i JFLOTTER | o on
_ Vs -vos| X

RON = s L—

FIGURE 2. DETERMINATION OF RON AS A TEST CONDITION
FOR CONTROL INPUT HIGH VOLTAGE (VHC)

SPECIFICATION
CI0s
——————— 4=~ = = == == MEASURED ON BOONTON

I VC=5V VDD=45v |y CAPACITANCE BRIDGE

' + MODEL 75A (1MHz)

' | v TEST FIXTURE CAPACITANCE

' 1 NULLED OUT
CDACGEBMS t

o= 1 0F s SwhCHES —!—°
! 3
Fp" cIs coS ;?“
t VES = .5V '

FIGURE 4. CAPACITANCE TEST CIRCUIT

vC =vDD vDD
ALi UNUSEDINPUTS
I T ARE CONNECTED TO VSS
Vis VoS
CD40S6BMS b
1 OF 4 SWITCHES
5‘; < 200k
vDD —/_\— vSS P
tr =tf = 20n= J

FIGURE 6. PROPAGATION DELAY TIME SIGNAL INPUT (VIS)
TO SIGNAL OUTPUT (VOS)

FIGURE 3. CHANNEL ON-STATE RESISTANCE MEASURE-
MENT CIRCUTT

Y. =Vvss VoD

i [

VIS =VDD
CD4066BMS
Q 1 OF 4 SWITCHES

ALL UNUSED TERMINALS
ARE CONNECTED TO V5S

vSS

FIGURE 5. OFF SWITCH INPUT OR OUTPUT LEAKAGE

M ve V?D ALL UNUSED TERMINALS
& = If =20ns °—I ARE CONNECTED TO VSS
VISl cpscesams | YOS
1 OF 4 SWITCHES
2 10k02

FIGURE 7. CROSSTALK CONTROL INPUT TO SIGNAL CGUTPUT
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vC =VDD
vDD ﬂ
tr=1f = 20ns I

VDD )\ UNUSED TERMINALS
T ARE CONNECTED TO VS8

VDo
prom—

CD4066BMS
1 OF 4 SWITCHES

vos

-]

150 <
‘|: pF “]b

FIGURE 8. PROPAGATION DELAY TPLH, TPHL CONTROL
SIGNAL OUTPUT. DELAY IS MEASURED AT VOS
LEVEL OF +10% FROM GROUND (TURN ON) OR
ON-STATE OUTPUT LEVEL (TURN OFF).

Oa02020204¢

PE N1
CD40188

J2 J3 J4 J5

j

SIGNALS

INPUTS CHANNEL 1

V&
665564

00
i

CHANNEL 2

CHANNEL 3

CHANNEL 4

PACKAGE COUNT
2 - CD4001B
1 - CD40408
3- CDAOEEBMS
2 - CD4018B

CLOCK

reset
ol

.

REP
RATE

u=ﬁ=2on;M

VoS

20% - ;
20ns 0%
20ns

ALL UNUSED INPUTS

oV V6 VDD = +10V  ARE CONNECTED TO VSS
tr = tf = 20ns I
vOSs = 1,v0S
VIS = +tOV

CD4066BMS
91 1 OF 4 SWITCHES

AT 1kHz

1ot
>

50
'|' pF j

FIGURES. MAXIMUM ALLOWAELE CONTROL INPUT REPETI-

TION RATE

LaBaOatiaial

CLOCK @

BE J1
T

Q) az

Jz J3 J4 J8
CD40188

11, CD40BEB

VDD

MAX. ALLOWABLE _»~
SIGNAL LEVEL I H

| %
IBHAN. 1 |CHAN. 2|CHAN. 3 ICHAN. 4I

30% (VDD - V55)
VES

SIGNALS
OUTPUTS

e E GHANNEL 1 _

10K

CHANNEL 2

Ch40888

= E CHANNEL 3 .

10K

CHANNEL 4

FIGURE 10. 4 CHANNEL PAM MULTIPLEX SYSTEM DIAGRAM
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ANALOG INPUTS (+5V)
]

\
T ? vDD=+s5v
VDD =5V —
1 ED4066BMY
LN S 2
SwWB
N CD4054B
SWC
SWD
DIGITAL
CONTROL
INPUTS
X & & s,
vSS=ov T
VEE = 5V ANALOG OUTPUTS (£5V) VSS =5V

FIGURE 1. BIDNRECTIONAL SIGNAL TRANSMISSION VIA DIGITAL CONTROL LOGIC

Typical Performance Characteristics

g & £ 8

CHANNEL ON-STATE RESISTANCE (RON) {()
=

SUPPLY VOLTAGE (VDD - VEE} = 5V
AMBIENT TEMPERATURE
{Ta} =+125°C
N s25%C
= 5570

a4 2 A4 0. 1 2 3 4
INPUT SIGNAL VOLTAGE {VIS} {V}

FIGURE 12. TYPICAL ON-STATE RESISTANCE vs INPUT

250

150

100

50

CHANNEL ON-STATE RESISTANCE (RON) {{2)

SIGNAL VOLTAGE (ALL TYPES)

1 | 1 | ] 1
SUPPLY VOLTAGE (VDI - VSS} = 15V

AMBIENT TEMPERATURE
{Ta) =+125°C

o +25°%C ]

/
-

-55°C

108 75 -50 25 O 25 50 7.5 100

INPUT SIGNAL YOLTAGE (VI5} (V)

FIGURE 14. TYPICAL ON-STATE RESISTANCE vs INPUT

SIGNAL VOLTAGE (ALL TYPES)

=] SUPPLY VOLTAGE (VDD - VEE) = 10V
Z

g 300

3 AMBIENT TEMPERATURE
=229 {Ty) = +125°C

5

& 200

&

150 +28°C |
b L™ 55°C N
2 100 &

]

-

L so

=

Sl

408 75 =50 ~25. 0 25 50 15 100
INPUT SIGNAL VOLTAGE {VIS) (V)

FIGURE 13. TYPICAL ON-STATE vs INPUT SIGNAL VOLTAGE

(ALL TYPES).
= AMBIENT TEMPERATURE
=z =
% soo | Tw = r2s%c
7 |
[ 17]
% 500 SUPPLY VOLTAGE (VDD - V55) = 5V
=
0
& 400 4
wl
¥ A
W app
u
i {
g 200
d 10V

100
% —-15‘,
S
T o

100 75 58 25 © 25 50 7.5 100

INPUT SIGNAL VOLTAGE {VIS} {V}

FIGURE 15. ON-STATE RESISTANCE vs INPUT SIGNAL
VOLTAGE (ALL TYPES)
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Typical Performance Characteristics {(Continued)

10?
AMBIENT TEMPERATURE (T} = 425°C g 8 [AMBIENT TEMPERATURE (T,) = +25°C —
3 { VDD = 2.5V, VSS = -2.5V =Y 1 } >
INPUT = TERM 1, OUTPUT = TERM2 , ¥ = ! ! ! ! ! A
s > , | BUPPLY VOLTAGE (vBD) = 15V (
= 2]
3 £ . k:(w;z/ qé
o) g s !
£ 4 / 6Bwnu
rel [N
> = 2 7J v
% g 10 . ’0 CD4D66!
(=] g 6 ’® BMS
e ! A O
2 2
o // ?vss
10 1 1 M 2
a 2 A o 1 2 3 4 s 6 8 2 TR
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NP 10
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FIGURE 16. TYPICAL ON CHARACTERISTICS FOR1 OF 4 FIGURE 17.. POWER DISSIPATION PER PACKAGE vs
CHANNELS SWITCHING FREGUENCY

Chip Dimensions and Pad Layout

D_
|_._ 4-19
(0102-0.254}
§9-T7
{1753-1.956)

Dimengions. in parenthesis are in millimeders and ara
derived from the basic inch dimensions as indicated.
Grid graduations ara in_mils (10" inch).

Special Considerations

In applications that employ separate power sources to drive  No VDD purrent will flow through RL if the switch current
VDD and the signal inputs, the VDD cumrent capability = flows into terminals 2,°3, 9, 0r 10.

should exceed VDD/RL (RL = effective extemnal load of the . ; i

four CD4066B bilateral switches). This provision avoids any METALLIZATEIY Thickness: 11kA_ - 14kA’ AL.
permanent current flow or clamp action on the VDD supply — PASSIVATION: 10.4kA - 15.6kA, Silane
when power is applied or removed from the CD4066B. BOND PADS: 0.004 inches X 0.004 inches MIN

In certain applications, the extemal load-resistor currentmay ~ DIE THICKNESS:  0.0198 inches - 0.0218 inches

include both VDD and signal line components. To avoid
drawing VDD current when switch current flows into termi-
nals 1, 4, 8 or 11 the voltage drop across the bidirectional
switch must not exceed 0.8 volis (calculated from RON val-
ues shown).
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Note the following details of the code protection feature on Microchip devices:
+  Micrachip products meet the specification contained in their particular Microchip Data Sheet.

+  Micrachip believes that its family of products is ane of the most secure families of its kind on the market today, when used in the

imended manner and under ngrmal condiions.

There are dishonest and possibly #legal methods used to breach the code protection feature. AR of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip's Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

«  Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as "unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code pratection features of our
products. Attempls to break microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. it is your responsibility to
ensure that your apphcation meets with your specifications.
No representation or warranty is.given and no-liability is
assumed by Microchip Technology Incarparated with respect
to the accuracy or use of such information, or infringement of
patents or other inteliectual property rights arising from such
use or otherwise. Use of Microchip's products as critical
components in life support systems. is pot authorized except
with express written approvat by Microchip. No licenses are
comveyed, implicily or otherwise, under any intellectual
praperty rights.
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Trademarks

The Microchip name-and logo, the Microchip logo, Accuron,
dsPIC, KEELOQ, MPLAB, PIC, PICmicro, PICSTART,

PRO MATE and PowerSmart. are registered trademarks of
Microchip Technology Incorporated inthe U.S.A. and other
countries.

Amplab, FilterLab, microID, MXDEV, MXLAB. PICMASTER,
SEEVAL and The Embedded Control Sclutions Company are
registered trademarks of Microchip Technology Incorporated
inthe U.S.A

Applhication Maestro, dsPICDEM. dsPICDEM.net, ECAN,
ECONOMONITOR, FanSense, FlexROM, uzzyLAB,
In-Circuit- Serial Programming. ICSP, ICEPIC, microPort,
Migratable Memory, MPASM, MPLIB, MPLINK, MPSIM,
PICkit,  PICDEM,  FICDEM.net, PowerCal, = Powerinfa,
PowerMate, PowerTool, “fLAB, «fPIC, Select Maode,
SmartSensor, SmartShunt, SmartTel and Total Endurance are
trademarks - of -Microchip Technology Incorporated in the
U.S.A. and other courtries.

Serialized Quick Turn Programming{SQTP) is a service mark
ol Microchip Technology Incorparated inthe U.S.A.

All_other trademarks mentioned herein are property of ther
respective companies.

© 2003, Microchip Technology Incorporated, Printed in the
U.S A, Ali Rights Reserved.
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Microchip received Q5-8000 quality system
certification for its worldwide headquarters,
design and wafaer fabrication faciities in
Chandlar and Termnpe, Anizona in July 1999
and Mauntain View, Cakfornia in March 2002.
The Company's quality system processes and
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PCmicro? 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMS, microperipherals,
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design and manufactura of development
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MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Included in this Data Sheet:

- PIC16F873A
+ PIC16F874A

+ PIC16F876A
« PIC16F877A

High-Performance RISC CPU:

= Only 35 single-word instructions 1o earn
= Al single-cycle instructions except for program
branches, which are two-cycle
» Operating speed: DC — 20 MHz clock input
DC — 200 ns instruction cycle
= Up to 8K x 14 words of Flash Program Memory.
Up to 368 x 8 byles of Data Memory (RAM),
Up to 256 x 8 bytes of EEPROM Data Memory

+ Pinout compatible to other 28-pin or 40/44-pin
PIC16CXXX and PIC16F XXX-microcontrollers

Peripheral Features:

= Timer(: 8-bit timer/courter with 8-bit prescaler

- Timer?: 16-bit imerfcounter with prescaler,
can be incremented during Sleep via external
crystaliclock

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

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

= Synchronous Serial Port (SSP)with SPI™
(Master mode) and 12C™ (Master/Slave)

- Universal Synchrenous Asynchronous Receiver
Transmitter (USART/SCI) with 9-bit address
detection

+ Parallel 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)

Analog Features:

10-bit, up to 8-channel Analog-to-Digital
Converter (A/D)

Brown-out Reset (BOR)

Analog Comparator module with:

- Two analog comparators

- Programmabie on-chip voltage reference
(VREF) moduie

- Programmabile input multiplexing from device
inputs andintemal voltage reference

- Comparator outputs are externally accessible

Special Microcontroller Features:

100,000 erasefwrite cycie Enhanced Flash
program memory typical

1,000,000 erasefwrite cycle Data EEPROM
memory typical

Data EEPROM Retention > 40 years
Seil-reprogrammable under software control
in-Circuit Serial Programming ™ ({CSP™)

via two pins

Single-supply 5V In-Circuit Serial Programming

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

Programmable code protection
Power saving Sieep mode
Selectable oscillator options
In-Circuit Debug (ICD} via twa pins

CMOS Technology:

Low-power, high-speed Flash/EEPROM
technology

Fully static-design

Wide operating voltage range (2.0V to 5.5V)

»‘Commercial and Industrial temperature ranges

Low-power consurmption

" Program Memory Data EEPROM 10-bit | CCP mesp Timers
Device Bytes # Single Word ‘SBI;::::;l (Bytes) 1o AID (ch} | (PWM) | gpy Mazster USART &1 6-bit Comparators
Instructions I“C
PIC16F873A | 7.2K 4096 192 128 22 5 2 Yes| Yes Yes 21 2
PIC16F874A| 7.2K 4096 192 128 33 B 2 Yes| Yes Yes 21 2
PIC16F376A | 14.3K 8192 368 256 22 5 2 Yes| Yes Yes 21 2
PIC16F877A | 14.3K 8192 368 256 33 8 2 Yes| Yes Yes 21 2

© 2003 Micrachip Technology Inc.
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PIC16F87XA

Pin Diagrams

28-Pin PDIP, SOIC, SSOP
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
MCLRIVPP — [ 1 N 40 [J == RBI/PGD
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TO OUR VALUED CUSTOMERS

It is our iftention to provide our valued customers with the best documentation possible to ensure successfl use of your Microchip
products. To this end, we wili continee o improve our publications to better suit your needs. Our publications will be: refined and
enhanced as new volumes and updates dre mtroduced.

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

Most Current Data Sheet

To abtain the most up-to-date version of this data sheet, please register at our Wordwide Web site at:
hitp:/www.microchip.com

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

Errata

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

To determine if an errata sheet exists for a particular device, please check with one ofthe following:
+ Microchip's Worldwide Web site; http:/fwww.microchip.com

+ Your local Microchip sales office (see last page)

= The Microchip Corporate Literature Center; U.S. FAX: (480} 792-7277

When contacting a sales office or the lterature center, please specify which device, revision of silicon and data sheet (include liter-
ature number) you are using.

Customer Notification System

Register on our Web Site al www.microchip.com/en to receive the most current information on all of our products.
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PIC16F87XA

1.0 DEVICE OVERVIEW

This document contains device specific information
about the following devices:

« PIC16F873A

+ PICT6F874A

+ PIC16F876A

+ PIC16F877A

PIC16FB73A/876A devices are available only in 28-pin
packages, while PIC16F874A/877A devices are avail-
able in 40-pin and 44-pin packages. All devices in the

PIC16F87XA family share commaon architecture with
the following differences:

+ The PIC16F873A and PIC16F874A have ane-half
of the total on-chip memaory of the PICT6F876A
and PIC16FB77A

+ The 28-pin devices have three VO poris, while the
40/44-pin devices have five

» The 28-pin devices have fourteeninterrupts, while
the 40/44-pin devices have fiftcen

+ The 28-pin devices have five A/D.input channels,
while the 40/44-pin devices have eight

- The Parallel Slave Port is implemented only on
the 40/44-pin devices

The available features are summarized in Table 1-1.
Block diagrams of the PIC16F873A/876A and
PIC16FBT4AA/877A devices are provided in Figure 1-1
and Figure 1-2, respectively. The pinouts for these
device families are listed in Table 1-2 and Table 1-3.

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 downioaded from the Microchip web site. The
Reference Manual should be considered a complemen-
tary document to this data sheet and is highly recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modutes.

TABLE 1-1: PIC16F8TXA DEVICE FEATURES
Key Features PIC16F8T3A PIC16F8T4A PIC16F876A PIC16F8TTA
Operating Frequency DC —20 MHz DC - 20 MHz bC - 20 MHz DC - 20 MHz
Resets {and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
{PWRT, O3T} (PWRT, OST) (PWRT, OST) (PWRT, OST)
Fiash Program Memory 1K 4K 8K 8K
{14-bit words}
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory (bytes) 128 128 256 256
Interrupts 14 15 14 15
IfO Poris Ports A, B, C |Ports A, B,C,D/E| ~PortsA B, C 0iPortsA B C D E
Timers 3 3 3 3
Capture/Compare/PWM modules 2 2 2 2
Serial Communications MSSP, USART MSSP, USART MSSE USART MSSP, USART
Parallel Communications — PSP — PSP
10-bit Analeg-lo-Digital Module Sinputchannels | 8 input channels’ |\ 5 inputchannels | 8 input channeis
Analog Comparators 2 2 2 2
Instruction Set 35 Instructions 35 Instruciions 35 Instructions 35 Instructions
Packages 28-pin PDIP 40-pin PDIP 28-pin PDIP 40-pin PDIP
28-pin SOIC 44-pin PLCC 28-pin SOIC 44-pin PLCC
28-pin SSOP 44-pin TQFP 28-pin SSOP 44-pin TQFP
28-pin QFN 44-pin OFN 28-pin QFN 44-pin QFN

& 2003 Microchip Technology inc.
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PIC16F87XA

FIGURE 1-1; PIC16F873A/876A BLOCK DIAGRAM
13 DamBus  © PORTA
Z/ﬁ- I |- RAQIANG
. | RATANT
|4 RAZIANZVREF-/CYREF
& Lovel Smack RAM " | RAJ/ANIIVREF +
eveb tac File -~ RAdfTGCﬂC'lOUT
{13-bit) Registers RASIANAISSIC2GUT
Program

Bus

Instruction reg

Y

Inszuciion
Decode &
Control

H=

OSC1T/CLKL

Timing —
@4—_—\/ Generation

OSC2ICLKO

Power-up
Timer

Oscillator
Start-up Timer

Power-on
Reset

Watchdog
Timer

PORTB

i 3

ALU

T PORTC

RBO/INT
RB1
RB2
RBI/PGM
N RB4
— RBS
I RE6PGC
» RBT/PGD

Brown-out
Reset

in-Chcuit
Debugger

Low-Vollage
Programming

MK

MCLR VDD, VS5

8
Wreg
= 1

A 4 b 4 & 4 A4}

TimerG

Timer1

Timer2

10-bit AD

\ &

fi

RCOMIOSOMICKS
RCUTIOSKCCP2
RC2/CCPT
RC3SCKISCL
RC4/SDISDA
RCS/ISDO
RCGTACK
RCHRADT

-

&

T G

Data EEPROM

CCP1.2

Synchironous
Serial Port

USART Comparator

%

Voltage
Relerence

Device

Program Flash

Data Memory

Data EEPROM

PICTGFBT3A

4K words

192 Bytes

128 Bytes

PIC16FBT6A

BK words

368 Byies

256 Bytes

Mote 1: Higher order bits are from the Status register.
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PIC16F87XA

FIGURE 1-2: PIC16F874AI87TA BLOCK DIAGRAM
13 Daia Bus 8 PORTA
I< :qtl Program Counter |< o ¥ RAQIAND
Flash @ N RAT/ANT
Program b i = RA2/ANZ/VREF-1CVREF
Memory RAM [a— .~ RAZANINVREF
Bl o File ‘ i RA4ITOCKECIOUT
Registers 4 RASIANAISSIC20UT
Program 1, ,'[ PORTB
RAM Agarl® 4
] imec oo
, /" Addr MUX \ 4+ Re
Instruction reg A 7 . REZ
‘ } Digect Addr 7 j 8 Indirect X [—e=(5 RBIPGM
g T [ RBI‘
e RBS
RB&/PGC
! RB7/12GD
. B
b - - PORTC
™ RCOT1OSOITICKI
RCUTIOSIHCCP2
Pawer-up N
¥ Timer I RC2ICCP
- B RCIHUSCKISCL
Instruction Oscillator o RCA/SDIISDA
Decode & Fo=1 | Start-up Timer b ROE/9D0
Congy Power-on | RCEBTXICK
Reset RCIRX/DT
Timing s Watchdog
&: Generaton e Tirneq PORTD
QSCTICLKL Browrn-out || RDOPSPO
OSC2ICLKO Peset B RB1PSP
In-Circuit » RDZPSP2
Debugger L. » RD3/PSP3
Low Voltage b = RD4/P5P4
e Ty 10K Rostespe
[ - RDJIPSPT
PORTE
MCLR  VDD. Vss 4[] “REO/RDIANS
=75 =[] REVWR/ANG
D<) ‘RE2/CS/ANT
y Parallel
Timer) Timer1 Tirmer2 10-bit AD Slae\’r:aaP%-t
i i’ ki ]
P A A =3 L L. | - -
5 >\ ) ]
b 7 U 3 .
\Violtage
Synchronaus
Data EEPROM CCP1.2 Lol Port USART Comparator Reference
Device Program Fiash Data Memory Datz EEPROM
PHC16F874A 4K words 192 Bytes 128 Byles
PICIBFBTTA BK words 368 Bytes 256 Bytes
Note 1: Higher arder bils are from the Status register.
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PIC16F87XA

TABLE 1-2:  PIC16F873A/876A PINOUT DESCRIPTION (CONTINUED)

Pin Name PDIP,SOIC, | QFN | IO/P Buffer Descripti
SSOP Pin# | Pin# | Type | Type scription
PORTEB is a bidirectional /O port. PORTB can be saftware
programmed for intemal weak pull-ups on all inputs.
RBO/NT 21 18 TTU/STM
RBO 110 Digital KFO.
INT | External mterrapt.
RB1Y 22 19 o TTL Digita! 0.
RB2 23 20 o TTL Digital I/O.
RB3/PGM 24 21 TTL
RB3 o Digital ¥O.
PGM 1 Low-voltage (single-supply) ICSP programming enable pm.
RB4 25 22 lie} TTE Digital 1/0.
RB5 26 23 [fL8] TTL Digitat /0.
RBB/PGC 27 24 TTLSTR
RB6 o Digital I/O.
PGC | In-gircult debugger and ICSP programming clock.
RB7/PGD 28 25 TTLSTE
RB7? 110 Digital V0. .
PGD o In-cireuit debugger and ICSP programming data.
PORTC is a bidirectional /0 port.
RCO/T10S0/T1CKI 1 8 ST
RCO 1o Digital /0.
T1050 0 Timer1- oscillator output,
T1CKI i Timer? external.clock input.
RCUT10SKCCP2 12 9 ST
RC1 Ia Digital /0.
T10S5I | Timer osciltator input.
CCP2 16} Capture? input, Compare2 outpul, PWM?2 output.
RC2/CCP1 13 10 ST
RC?2 1o Digital #O.
CCP1 g Capture1 mput, Compare1 output, PWM1 output.
RC3/SCK/SCL 14 1 ST
RC3 10 Digital 1O
SCK 10 Synchronous sena! clock input/output for SPI mode.
scL ] Synchronous serial clockinput/output for IC made.
RCA/SDISDA 15 12 ST
RC4 10 Digital /0.
SDI | SPl.data in.
SDA 10 € dats 110.
RC5/5D0O 16 13 ST
RC5 Ito Digital I1O.
Spo O SPldata out.
RCETXICK 17 14 ST
RCB WO Digital KO.
TX (8] USART asynchronous transmit.
CK 110 USART1 synchronous tlock,
RC7/RX/IDT 18 15 57
RC7 WO Digital #O.
RX I USART asynchronous recene.
o1 [[{0] USART synchronous data.
Vss 8.19 5.6 P — Ground reference for logic and /O pins.
Voo 20 17 P — Positive supply for lagic and ¥Q pins.
Legend: {=input O = output 1/O = input/output P = power

— = Notused TTL=TTLinput ST = Schmitt Trigger input
Note 1: This bufferis a Schmitt Trigger input when configured as the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Sehmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
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TABLE 1-3:

PIC16F874A/877A PINOUT DESCRIPTION

. PDIP | PLCC |TQFP| QFN | VO/P Buffer .
Pin Name Pink | Pin® | Pin# | Pin# | Type | Type Description
OSC1/CLKF 13 14 30 37 ST/IeMOsH# | Oscillator crystal or external clock input.

osc | Qscillator crystal input or external clock source
input. ST buffer when configured in RC mode;
otherwise CMOS.

CLKl | External clock source input. Always associated
with pin function 0SC1 (see OSCHCLKI,
QSC2ICLKO pins).

0OSC2/CLKO 14 15 3 a3 - Oscillator crystal or clock output.

0scz 0 Oscillator crystal output.

Connects to crystal o¢ resonator in Crystal
Oscillator mode,

CLKO 0 In RC mode, OSC2 pin outputs CLKO, which
has 1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

MCLR/Vep 1 2 18 18 sT Master Clear {input} or programming voltage (output).

MCLR 1 Master Clear (Reset} input. This pin is an active
low Reset to the device.

VPP P Programming voltage input.

PORTA is a bidirectional IfQ port.

RADIANO 2 3 19 19 TTL

RAQ IfO Digital 0.

ANC | Analoginput 0.
RA1/AN1 3 4 20 20 TTL

RA1 1o Digital /0.

AN I Analog-input 1.
RAZIANZIVREF-/CVREF| 4 5 21 21 TTL

RA2 IO Digital 1/O:

AN2 I Analog-input 2.

VREF- t AD reference voltage (Low} input.

CVREF O Comparator VREF output.

RAJ/AN3{VREF+ 5 & 22 22 TTL

RA3 o Digital 110,

AN3 | Analog input 3.

VREF+ i A/D reference valtage (High).input.

RA4TOCKYCIOUT 6 7 23 23 ST

RA4 18] Digital 0 — Open-drain when confiqured as
output,

TOCKI | Timer0 external ciock input.

c10uT a Comparator 1 autput.

RAS/AN4/SSIC20UT 7 8 24 24 TTL

RAS o Digital /O

AN4 | Analog input 4.

Ss I SPI slave selectinput.

c20uUT Q Comparatar 2 output.

Legend: | =input 0 = output 110 = inputfoutput P = power
— =Notused  TTL=TTL input ST = Schmitt Trigger input
MNote 1: This buffer is a Schmitt Trigger input when configured as the extemal interrupt.

2 This buffer is a Schmitt Trigger input when used in-$erial Programming mode.
3:  This buffer is a Schmilt Trigger input when configured i RC Osgillator mode and a CMOS input otherwise.

DS39582B-page 10
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PIC16F87XA

TABLE 1-3: PIC16F874A/877TA PINOUT CESCRIPTION (CONTINUED)
. PDIP |PLCC [TQFP | QFN | VO/P Buffer -
Pin Name Pin# | Pirk | Pin# | Pin# | Type | Type Description
PCRTB is a hidirectional IfO port. PORTB can be
software programmed for internal weak pull-up on alt
inputs.
RBO/INT 33 | 36 8 9 TIUsT
RBO o Digital /0.
INT 1 External interrupt.
RB1 34 37 9 10 o T Digital /0.
RB2 35 38 10 1 o TTL Digital [/Q.
RB3/PGM 36 39 1 12 TTL
RB3 o Digital /0.
PGM | Low-voltage ICSP programming enable pin.
RB4 37 41 14 14 o TTL Digital HO.
RB5 38 42 15 15 o TTL Digital VO.
RB&/PGC 39 | 43 | 16 16 TILST®
RBE 110 Digital 1/
PGC i In-cirenit debugger and ICSP programming clock.
RB7/PGD 40 44 17 17 TTUST
RB7 lu} Digital 0.
PGD 1o In-circuit debugger and ICSP programming data.
Legend: | =input O = gutput 1/0 = inputfoutput P = power
— =Notused TTL = TTL input ST = Schmitt Trigger input
Note *: This bufferis a Schmitt Trigger input when configured as the externai nterrupt.

2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode:
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

€ 2003 Micrachip Technology inc.
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PIC16F87XA

TABLE 1-3:  PIC16F874A/8T7A PINOUT DESCRIPTION (CONTINUED)

Pin Name PDIP | PLCC | TQFP | QFN | VO® Buffer Description
Pink | Pin# | Pin% | Pin# | Type | Type escrp
PORTC is a bidirectional /0 port.

RCOM10SO/TICKI 15 16 32 M ST

RCO WG Digitat /0.

T1030 0 Timer oscillator owput.

TI1CKE 1 Timer1 extenal clock input.
RC1M10SIICCP2 16 18 35 35 5T

RC1 1o Digital 1O

T108I 1 Timer? oscillator input.

CCcp2 110 Capture2 input, Compare2 autput, PWM2 output.
RC2/CCP1 17 19 36 36 ST

RC2 0 Digital 0.

CcCPl 1o Captwe? input, Compare? output, PWM1 output.
RC3/SCK/SCL 18 20 37 37 ST

RC3 110 Digital I/Q.

SCK I1Q Synchronous serial clock input/output for SPI

mode.
SCL 1o Synchrarous serial clock inputioutput for 1°C
mode.

RC4/SDIISDA 23 25 42 42 S¥

RC4 1o Digital /0.

soi { SPl data in.

SDA 0 HC data 1/0.
RCS/SDO 24 26 43 43 ST

RC5 [{0) Digital IfO-

SDO (&} SPI data out.
RC6/TX/CK 25 27 44 44 ST

RCE ] Digital 1/0.

™ Q USART asynchronous transmit.

CK o USART? synchronous clock.
RCTIRXIDT 26 29 1 1 ST

RC7 (110] Digital /0.

RX 1 USART asynchronous receive.

DT 1o USART synchronous data.
Legend: | = input O = output 1f0 = input/output P = power

— = Notused TTL =TTL input ST = Schimitt Trigger input
Note 1: This bufferis a Schmitt Trigger.input when configured as the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when confiqured in RC Oscillator mode and 2 CMOS input otheqwise.
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PIC16F87XA

TABLE 1-3; PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)
Pin Name PDIP | PLCC |TQFP| QFN | VOIP Buffer Descripti
Pin# | Pin# | Pin# | Pin# | Type | Type ption
PORTD is a bidirectional VO port or Parallel Slave
Port when interfacing to a microprocessor bus.
RDO/PSPO 19 | 2 38 38 sTTTLE
RDD 1o Digital 1fO.
PSPO 110 Parallel Slave Port data.
RDVPSP1 20 22 39 39 ST
RD1 WO Digital /0.
PSP 1o Parallel Slave Port data.
RD2/PSP2 21 23 40 40 sTATL®
RD?2 Yo Digitat 1O.
PSP2 10 Parallel Slave Port data.
RD3/PSP3 22 24 41 41 st
RD3 lle] Digital /0.
PSP3 18] Parallel Slave Port data.
RD4/PSP4 27 30 2 2 sTTTL®
RD4 110 Digital I{O.
PSP4 1O Parallel Slave Port data.
RDS/PSP5 28 31 3 3 STATLE
RDS e} Digital /0.
PSPS 1O Parallel Slave Port data.
RD&/PSPB 29 32 4 4 STATUY
RDG 1O Digital G
PSPEG e} Parallel Slave Port data.
RD7/PSP7 30 13 5 5 sTTTL
RD7 11Q Digital HO.
PSP7 {f10] Paraltel Slave Port data.
PORTE is a bidirectioral 1/0 peart.
REO/RD/ANS 8 g 25 25 STTTLE)
REO HO Digital ifC.
RD | Read control for Parallel Slave Port.
ANS I Analog input 5.
RE1/WR/ANS g 10| 26 26 STATL
RE1 ille] Cigital 110
WR | Write contral for Paralled Stave Port.
ANB l Analog input 6.
RE2/CS/AN? 10 1 27 27 sTT
RE? 1o Digital Y0,
Cs I Chip select control for Paraliel Slave Port.
AN7 1 Analoginpat 7.
Vss 12,311 13, 346,29 | &, 30, P — Ground reference for logic and VO pins.
34
Voo 11,32112,35| 7,28 | 1.8 P J Pasitive supply far logic and VO pins.
28, 29
NC — 1, 1%, 11293, 13 — > These pins are notinternally connected. These pins
28,40 133, 34 should be left unconnected.
Legend: | =input O = output 1O = inputfoutput P = power
— =Notused TTL=TTLmnput ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger mput when configured as the external interrupt.
2:  This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.

© 2003 Microchip Technology Inc.
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PIC16F87XA
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