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VEHICLE ON BOARD COMPUTER

Mr.Yuttapol Tungkittisuwan [D 45010621
Mr.Rapeepat  Ratchatavas ID 45010634

Assoc.Prof. Jirawath Panklang (Adviser)

Abstract

Vehicle On Board Computer is a meter, that can be used to illustrate the value of Air To Fuel ratio in
a combustion engine. By receiving value from an oxygen sensor in an exhaust pipe, then we pass the
value through the circuit to make it more linear. After that the new value is calculated by

microcontroller and finally displayed 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 puV Max at 25°C, D, J,N, ggppw PACKAGE
Vpp=5V (TOP VIEW)
® Input Offset Voltage Drift . . . Typically U
0.1 2V/Month, Including the First 30 Days 13?% 1T % 1out
® Wide Range of Supply Voltages Over 1IN: i ; E ] “::
Specified Temperature Range: Vor Il 4 1fl GND
0°Cto 70°C...3Vto 16V 2»?'3[ M
-40°C t0 85°C ... 4Vto 16 V +[B ] ¥
~55°C 10 125°C ... 4Vto 16 V 2IN- I 3N -
) ) 20UT{}7 8{] souT
® Single-Supply Operation
® Common-Mode input Voitage Range FK PACKAGE
Extends Below the Negative Rail (C-Suffix (TOP VIEW)
and |-Suffix Versions} 5 B
® Low Noise . . . Typically 25 nV~WHz Zo9g Z
at f=1kHz g o | e |
® Output Voltage Range Includes Negative LIPS | PRGN PTIYH
Rait NG [s 17 NC
® High Input Impedance ... 1012 Q Typ vpp [ 6 16[] GND
® ESD-Protection Circuitry NC [} 7 15[ NC
® Small-Outline Package Option Also 2IN+ 18 9 10 11 12 1140 3IN¢
Available in Tape and Reel —d

® Designed-In Latch-Up Immunity

2IN -
200tz
(ol il

30UT ]
IN-1

description
NC - No intemal connection

The TLC274 and TLC279 quad operational

amplifiers combine a wide range of input offset DISTRIBUTION OF TLC279
voltage grades with [ow offset voltage drift, high INPUT OFFSET VOLTAGE
input impedance, low noise, and speeds 3 T | 1 T i T
approaching that of general-purpose BIiFET 290 Units Tested From 2 Wafer Lots
devices. Vpp=5V¥

25 | Tp=25C
These devices use Texas Instruments N Package
silicon-gate  LinCMOS™  technology, which J_l

provides offset voltage stability far exceeding the 20
stabifity available with conventional metal-gate
processes. =

15

The extremely high input impedance, low bias
currents, and high slew rates make these
cost-effective devices ideal for applications which
have previously been reserved for BiFET and
NFET products. Four offset voltage grades are 5
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 e 600 0 00 1200
combination with good commen-mode rejection ¥jo — Input Offset Voltage — pv

and supply voltage rejection, make these devices

a good choice for new state-of-the-art designs as

well as for upgrading existing designs.

LINCMOS is a trademark of Texas instruments Incoregrated.

10

Percantage of Units - %

[ —

PRODUCTION DATA infarmation is curvent ugjm date. . Copyright © 1998, Texas Instruments Incorporated
Prodts conform 1o speclications pl-m Insinaments #
testing of ol jFrEmEters. TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



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

SLOS092C - SEPTEMBER 1987 - REVISED MARCH 1998
o e ]

description (continued)

In general, many features associated with bipolar technology are available on LInCMOS™ operational
amplifiers, without the power penalties of bipolar technology. General applications such as transducer
interfacing, analog calculations, amplifier blocks, active filters, and signal buffering are easily designed with the
TLC274 and TLC278. The devices also exhibit low voilage single-supply operation, making them ideally suited
for remote and inaccessible battery-powered applications. The common-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 TLC279 incorporate internal ES D-protection circuits that prevent functionalfailures at voltages
up to 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 operation from 0°C to 70°C. The |-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 P
Vigmax SMALL CHIP CERAMIC PLASTIC
T 2 sOP FORM
A AT25°C | OUTLINE | CARRER DIP DIP T(spw) )
(D) (FK) () N
go00pv | TLCZ79CD — — TLC279CN — —
: i 2mv | TLC274BCD — — TLCZ74BCN — —
0*Cto70°C 5mv | TLC2T4ACD — - TLC274ACN — —
10mv |} TLCZ74CD — — TLC274CN | TLc274CPW | TLC274Y
900 v | TLC279ID — —_ TLC279IN — —
) . 2mv | TLC274BID — — TLGC274BIN — —
~40°C o 85°C 5mvV | TLC274AID _ — TLC274AIN — —
1wy | TLC274D — — TLC274IN — -
ssCroiosec | 200uV [ TLcz7eMD [ Tic27oMPK | TLC279M) | TLC27OMN — —
- 1omv | TLc274MD | TLC274MFK | TLC274MJ | TLC274MN — —
The D package is available taped and reeled. Add R suffix to the device type (e.g.. TLC279CDR).
' R T ]

'@ TEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



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

SLOS082C - SEPTEMBER 1587 - REVISED MARCH 1938

equivalent schematic (each amplifier)

VoD

[

[i—)

L

I-D—il—-“**——*——-—ﬂr\/w

,_i
P1 P2
IN+

GND

P6

ouT

3B Toas
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOS092C - SEPTEMBER 1987 - 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-silicon preform.

BONDING PAD ASSIGNMENTS

r_—_ r 3
= @
= 1IN+ ——
= 10UT
= iN- 2]
= 5
:: ) 2IN+
:: 20UT _ (6) 2N
= eh (10)
= 3N+ — @)
= (9) ouT
= IN- ——] =
= 12
= 40UT
= |03 e
= 1
= GND
Zwit

e 108 &

T T PP ') 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 CHIF.

“y TEXAS
INSTRUMENTS

L] POST OFFICE BOX 655303 ® DALLAS, TEXAS 752685



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

SLOS092C — SEPTEMBER 1987 - REVISED MARCH 1998

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

Supply voltage, Vpp (see Note 1) ... e 18V
Differential input voltage, Vip (see Note 2) ... ... o *Vpp
Input voltage range, V) (@ny input} ... ... -03VioVpp
INPUL CUITENL 1] .o e e e et e e +5 mA
Output current, lg {each OUPUL) ... o 30 mA
TOtAl CUMENLINED VD -« o v ot et et e et e e a e e e e e e e e 45 mA
Total current out of GND ... o e e 45 mA
Duration of short-circuit current at (or below) 25°C¥§Ee Note 3} ... iiann. untimited
Continuous total dissipation . ....... .. . ... See Dissipation Rating Table
Operating free-air temperature, Ta: Csuffix ... ... 0°C to 70°C

Psuffix ... -40°C to 85°C

Msuffic ... ~55°C to 125°C
Storage temperatire FANQE ... ... .ttt m e -65°C to 150°C
Case temperature for 60 seconds: FK package ........... ... .. . oo 260°C
Lead temperature 1,6 mm (1/16 inch) from case 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

1 Sresses beyondthose listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond thase indicated under “recommended operating conditions™ is not
implied. Expasure to absolute-maximum-rated conditions for extended periads may affect device reliability.

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

2. Diflerential voltages are at the noninverting input with respect to the inverting input.
3. The output may be shorted W either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded (see application section}.

DISSIPATION RATING TABLE
PACKAGE Ta <25°C DERATING FACTOR Ta=70°C Ta =85°C Ta=125C
POWER RATING ABOVE Tp =25°C POWER RATING POWER RATING POWER RATING
D 950 mW 7.6 mw/<C 608 mW 494 mW —
FK 1375 mW 1.0 mWIrC 880 mW 115 mwW 275 mW
1375 mw 11.0 mW/°C 880 mwW 715 mW 275 mwW
N 1575 mwW 12.6 mW/°C 1008 mW 819 mW —
PW 700 mW 5.6 mWi°C 448 mW - —
recommended operating conditions
C SUFFIX 1 SUFFIX M SUFFIX UNIT
MIN  MAX MIN MAX MIN MAX
Supply voltage, Vpp 3 16 4 18 4 18] Vv
) Vop=5V -0.2 is] -02 35 0 is5
Common-made input voitage, Vic v
Vpp=10V -02 85} -02 8.5 0 85
Operating free-air temperature, Tp, 0 0] -40 85 -55 125 °C

Q’ TEXAS
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279

LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOSO82C - SEPTEMBER 1987 - REVISED MARCH 1598

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

TLC274C, TLC274AC,
PARAMETER TEST CONDITIONS Tot | TLC274BC, TLC27SC | uniT
MIN TYP MAX
Ticzrac Yo~ 14V Vic - 0. 25°¢ 5 10
Rsg =500, R =10 k2 Full range 12 W
TLc274ac YO =14V, vic = 0. ¢ 09 >
Rs =504, Rl = 10 k2 Full range 6.5
Vio Input offset voltage
TLC274BC Vp=-14V, Vic=0. 25°C 340 2000
Rg =504 RL = 10k Full range 3000 v
Learee |vor1av. Vic -0, 25°C 20__o00]| "
Rg =504, RL=10k2 Full range 1500
. : o
avio ﬁ;::%ﬁ Eggerature coefficient of nput 257 O(i Clo 18 Ve
ko Inpu offset current (see Note 4) Vp-25V, Vic=25V i 0! pA
70°C 7 300
B Input bias currem (see Note 4) Vg=25V Vic=25V ks o3 ph
10°C 40 B00
-02 03
25°C to to v
VicR Commen-made input voltage range 4 4.2
(see Note 5) -0.2
Fulf range te v
35
25°C 32 38
VOoH High-level output voltage Vip=100mV, RL =10k 0°C 3 38 v
70°C 3 38
25°C 0 50
VoL Low-level output valtage V|p =-100mV, lgL=0 0°C 0 50 my
70°C 1} 50
) ] ) 25°C 5 23
AVD ;rg;?;fﬁ’;: dfferertial vohage Vo-025Vi02V, RL =10k 0°C 27 VImy
10°C 4 20
25°C 65 BO
CMRR Common-made rejection ratio Vic = Vicrmin o°C 60 B4 dB
10°C 60 85
o ] 25°C 65 95
KSR (S;J\?ng-!ime rejection ratio Vpp=5Vto 10V, Vg-1.4V 0°C 50 94 dB
70°C 60 96
25°C 2.7 6.4
Un]»] Supply current (four amplifiers) \r(.lg l;:: V. Vic -25V. o°C 31 721 ma
70°C 2.3 5.2

T Fult range is 0°C to 70°C.
NOTES: 4. The typical vaiues of input bias current 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

SLOS092C ~ SEPTEMBER 1987 - REVISED MARCH 1998
D

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

TLC274C, TLC274AC,
PARAMETER TEST CONDITIONS Tal TLC274BC, TLC273C | yniT
MIN TYP MAX
- = 25°C 1.1 10
TLC274C Vo=14V, Vic=0.
Rg =504, R =10kQ Full range 12 v
m
= - 25°C 0.9 5
TLC274AC | YO =14V, Vic-0.
Rg =504, R =10k Fuil range 6.5
Vio Input offset voltage —— 390 2000
TLc274BC | YO =14V Vic 0.
Rg =508 R =10 k2 Full range 3000 v
Ty
= = 25°C 370 1200
TLczrec {Yo=14V. Vic - 0.
Rg =501 Ry =10k Full range 1900
Average temperature coefficient of 25°C to o
VIO jnput offset voltage 70°C Z BVFC
[ Input offset t (see Note 4) Vg =5V, Vic=5V 25°C 01 A
n curment (see Note =5V, =
IO p 0 IC 70°C - 300 p
1 Input b (see Note 4) Vo =5V v v ks o A
nput bias current (see Note =5V, =5
IB p 0 IC 10°C 50 600 p
-02 -03
25°C to to V'
v Common-mode input voltage range 9 9.2
ICR (see Note 5) -02?
Full range to \'
8.5
25°C 8 8.5
VOH High-level output voltage Vip = 100 mV, RL=10kQ 0°C 7.8 8.5 v
70°C 78 8.4
25°C 0 50
VoL Low-level output voltage Vip =-100mV, oL =0 0°C 0 50 my
J0°C 0 50
25°C 10 36
ayp ~ L@rge-signaldiferential voltage Vo-1VW6EY, Ry =10k 0°C 75 42 Vimy
amplification
70°C 1.5 32
25°C 65 85
CMRR Common-mode rejection ratia Vic = Vicrmin 1 60 a8 dB
70°C 60 a8
25°C 65 95
Supply-voltage rejection ratio "
k Vpp=5Vto 10V, Vp=14V o°C B0 94 dB
SVR - (avpp/avio) DD °
70°C BO 96
25°C 38 8
Vo=5V Vic=5V
oD Supply current (four amplifiers} NS laad Ic=5 o°C 415 88| mA
70°C 32 6.8
T Fult range is 0°C ta 70°C.
MNOTES: 4. The typical values of input bias current and input offset current below 5 pA were determined mathematically.
5. This range aiso applies ta each input individually.
R N L L ]
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279

LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SL0OSE92C - SEPTEMBER 1987 - REVISED MARCH 1998

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

TLC274, TLC274A),
PARAMETER TEST CONDITIONS 15t TLC274B), TLCZ79 | yNiT
MIN TYP MAX
= = 25°C 1.1 10
TLC2741 Vo =14V, Vic=0.
Rg =504 R =10kQ Full range 13 v
m
- - 25°C 0.9 5
TLC274Al Vo =14V, Vic = 0.
Rg =501 Rp =10k Fullrange 7
VIio Input offset voltage Z5°C 390 2000
TLczrdpr (YO 14V Vic =0.
Rg =50 Q, RL=10kQ |rullrange 3500 v
1)
= = 25°C 320 900
TLCZ791 Vg=14V, Vic =0,
Rg =504, RL =10k Full range 2000
Average temperature coefficient of input 25°C to G
VIO ffset voltage 85°C 1.8 pvicc
I Input offset t (see Note 4) V=25V Vic=25V 25°C o1 A
n current (see Note =25V =2.
10 P 0 Ic 85°C 24 1000 p
[ input bi mt {see Note 4) Vog=25V Vic=25V el ad A
n ias current {see Note =25V, =2
8 pu © i as5°C 200 2000 P
-0z -03
25°C to to v
v Common-mode input voltage range 4 42
IR (see Note 5) —02
Full range to v
35
25°C 3.2 KR
VoH  High-level output voltage VD = 100 mV. R =10k -40°C 3 38 v
85-C 3 38
25°C 0 50
VoL Low-level output voltage VIiD =-100 mV, oL =0 -40°C 0 50 my
85°C 0 50
) ) 25°C 5 23
pyp  L2rgessignal differential valiage VO=025Vta2V, Ry-10kQ _10°C 35 32 Vimy
amplification
B5°C 35 19
25°C 65 80
CMRR Common-maode rejection ratio V| = VIcrmin -40°C 60 B1 dB
85°C 60 86
25°C €65 95
Supply-voltage rejection ratio "
k Vpp=5VIio10V, V=14V -40°C 60 92 dB
SVR (avpp/avig) bb o
85°C 60 96
25°C 2.1 6.4
=25 Vic=25V,
Ino Supply current (four amplifiers} xgb:d v Ic-25V -40°C 38 48] mA
85°C 2.1 138

T Full range is - 40°C to 85°C.
NOTES: 4. The typical values of inpul bias curent and input offset curent 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

SLGS092C — SEPTEMBER 1937 - REVISED MARCH 1998

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

TLC2Z74l, TLC274Al,
PARAMETER TEST CONDITIONS Tal TLC274B1, TLC2791 | yniT
MIN TYP MAX
= = 25°C 1.1 10
TLC274i Vo=14V, Vic =0,
Rsg ~ 504 Ry = 10k& Fufl range 13 v
m
= = 25°C 0.9 5
TLC27aal |VO =14V Vic =0.
Rs =500, R =10kQ Full range 7
Vio Input offset voltage 50 390 2000
Ticzrag YO -1V Vic -0.
Rg =500, R =10k Full range 3500 v
H)
- = 25°C 370 1200
TLczre  |Yo =14V Vic = 0.
Rg =500, R = 10 kf2 Full range 2500
Average temperature coefficient of nput 25°Cto
VIO yeiset voltage 85°C 2 uvre
f Inpuit offset t (see Note 4) Vo=5V Vic=5V 25°C ot pA
nput offset current (see =5V, -
10 P o Ic 85°C 26 1000
| Inpant bi nt (see Note 4) Vg=5V Vic=5V 25 97 A
nput bias current {see Note =5V, =
IB Pt © I 85°C 220 2000| "
-02 -03
25°C to to \'
v Common-mode input voltage range g 92
ICR {see Note 5) ~02
Full range to v
8.5
25°C 8 8.5
VOH High-fevel output voltage Vip = 100 my, R =10 k2 -40°C 7.8 8.5 v
85°C 7.8 8.5
25°C 0 50
VoL Low-level output voltage Vip = -100mY, loL =0 -40°C 0 50 mv
85°C 0 50
) ) 25°C 10 6
ayp  LArgesignal difierertial vohage Vo-1VtaBY, R =10k | -40°C 7 47 Vimv
amplification
85°C 7 3
25°C 65 85
CMRR Common-mode rejection ratio Vic = Vijcpmin -40°C 60 87 dB
85°C 60 88
25°C 65 95
Supply-voltage rejection ratio "
k Vpp=5Viol0V, Vp=14V -40°C 60 92 dB
SVR  (avpp/avio) DD 0
85°C 60 96
25°C 38 8
iDD Supply current (four amplifiers) :g ;:dv' Vic =5 V. —40°C 5.5 0] ma
85°C 2.9 6.4

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

SLOS092C - SEPTEMBER 1987 - REVISED MARCH 1983

B e e

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

TLC274M, TLCZT9M
PARAMETER TEST CONDITIONS TAT UNIT
MIN  TYP MAX
= - 25°C 1.1 10
TLcz7am  [YO=1A4V. Vic - 0. mv
Rg =500, RL =10k Fuli range: 12
Vio Input offset voltage 2550 370 900
TLcoram | YO 14V, Vic-0. v
Rg = 50152 Ry =10k Full range 3750
Average temperature coefficient of input 25°Cto -
VIO gifset valtage 125°C 21 uvrc
[ tnput offset t (see Note 4) Vo=25V, Vic=25V kY 2 pA
nput offset curent (see Note =25V, = 2.
0 k 0 ¢ 125°C 14 15| nA
i Input b ent {see Note 4) Vo=25V, Vic=25V s 98 ee
nput bias current {see Note =25V, =2
B P 0 Ic 125°C 9 35 nA
0 -03
25°C o o v
y Common-mode input voltage range 4 42
tCR (see Note 5) 0
Fult range to v
3.5
25°C 3.2 3.3
VoH High-level output vollage Vip = 100 mv, Ry =10kQ -55°C 3 3B v
125°C 3 3B
25°C a 50
VoL Low-level output voltage Vip = - 100 mV, lgL=0 -55°C a 50 mv
125°C 0 50
25°C 5 23
Large-signal differential voltage _ _ rre
AyD amplification Vp=025Vto2V, RL=10kQ 55°C 35 35 vimV
125°C 35 16
25°C 65 a0
CMRR Common-moade rejection ratio Vic = Vicrmin ~55°C 60 81 dB
125°C 60 84
25°C 65 95
Supply-voltage refection ratio
k Vpp=5Vto10V, Vp=14V -55°C €0 50 dB
SVR - (avppiavig) bo ©
125°C €0 97
25°C 27 6.4
_ Vp =25V, Vic= 2.5V,
oD Supply current (four amplifiers) No load -55°C L W0l mA
125°C 1.9 44

T Full range is —55°C to 125°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 1o each input individually.
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOS09ZC - SEPTEMBER 1987 — REVISED MARCH 1998

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

TLC274M, TLC279M
PARAMETER TEST CONDITIONS Tal UNIT
MIN  TYP MAX
= = 258°C 1.1 10
Ticoram |YO =14V Vic - 0. mv
Rg =50 €L Ry =10k Fullrange 12
Vio Input offset voltage
VD =1.4Y Vic =0, 25°C 370 1200
TLC279M ) uv
Rg =504, R =10k Fulirange 4300
Average temperature coefficient of input 25°C to o
VIO offset voltage 125°C 2.2 uvrEe
[ Input offset t (see Note 4) Vo=5V Vic=5V oA 9 P2
nput o curent (see Note =5V, =
10 i 0 1 125°C 18 15| nA
! Input bi rt (see Note 4) vg=5V, Vic=5V ki o pA
nput bias curent (see Note =5V, =
B P 0 1 125°C 10 35| nA
o -03
25°C o to v
v Common-mode input voltage range 9 82
ICR (see Note 5) 0
Fult range to v
B.5
25°C 8 8.5
Voo High-level output voltage Vip =100 mV, Ry =10k -55°C 7.8 85 v
125°C 7.8 8.4
25°C 0 50
VoL Low-level output voltage Vip=-100mV, ioL-=0 ~-55°C 0 50 mV
125°C 0 50
25°C 10 36
Large-signal differential voltage: _ R o
AD amplification Vo=1Vt0EY, Ry =10 kD 55°C 7 50 vimv
125°C 7 27
25°C 65 85
CMRR Common-maode rejection ratio V|c = Vicrmin -55°C 60 87 dB
125°C &0 B6
25°C 65 95
Supply-voltage rejection ratio "
k Vpp=5V010V, Vp=14V -55°C 60 90 dB
SVR - (avpp/avig) bD °
125°C 60 97
25°C 3.8 8
) Vo=5V, Vic=5V,
oo Supply current (four amplifiers) NS load Ic -55°C 6.0 12| mA
125°C 2.5 56
T Full range is - 55°C to 125°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.
‘V" TEXAS
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOSE92C - SEPTEMBER 1987 - REVISED MARCH 1998
—— R M

operating characteristics at specified free-air temperature, Vpp =5V

TLC274C, TLC2T4AC,
TLC274AC,
PARAMETER TEST CONDITIONS Ta TLC274BC, TLC27SC UNIT
MIN TYP MAX
25°C 16
Vipp=1V o°C 4
RL =108 70°C 3
SR Slew rate at unity gain C| = 20 pF. - Vigs
See Figure 1 25°C 29
Vipp= 2.5V 0°C 31
70°C 2.5
. ) ) f= 1 kHz, Rg -2082, . —
Vi Equivalent input noise voltage: See Figure 2 25°C 25 nVhHz
25°C 320
. it ; Vo - Vou. C_ =~ 20 pF, P
Bom  Maximum output-swing bandwadth Ry - 10 kel See Figure 1 0°C 340 kHz
70°C 260
25°C 1.7
N . . Vi=10mV, C| =20 pF, 5
B+ Unity-gain bandwidth See Figure 3 0°C 2 MHz
1w 1.3
v ; 25°C 46°
) V= 10mv, =B1. " -
¢m Phase margin C| = 20 pF, a°c a7
70°C 44°
operating characteristics at specified free-air temperature, Vpp =10 V
TLC274C, TLC274AC,
TLC2Z74AC,
PARAMETER TEST CONDITIONS Ta TLC274BC, TLCZ79C | UNIT
MIN ¢ TYP MAX
25°C 53
Vipp=1V 0°C 59
< 5 R =108 70°C 4.3 ’
R ew ratc at unity gain C_ =20pF. Vius
See Figure 1 2 16
Vipp= 55V 0°C 8.1
T70°C 38
. . . f= 1 kHz, Rg - 204, ¢ o
Vn Equivatent input noise voltage See Figure 2 25°C 25 nVhHz
25°C 200
. e . Vo= VgH. C| =20 pF, N kH
Bopm  Maximum output-swing bandwidth Ry - 10 kL See Figure 1 0°C 220 z
70°C 140
25°C 2.2
S . Vi=10mV, Cp —20pF. -
B1 Unity-gain bandwidth See Figure 3 0°C 2.5 MHz
70°C 1.8
25°C 49°
) V= 10mv, f=81, -
¢m Phase margin C| - 20 pF, Sec Figure 3 0°C 50°
70°C 46°
INSTRUMENTS
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

S5LOSD92C - SEPTEMBER 1987 - REVISED MARCH 1955
A

N

operating characteristics at specified free-air temperature, Vpp=5V

TLCZ2741, TLC274Al,

PARAMETER TEST CONDITIONS TA TLC274BI, TLC2Z7H | yniT
MIN TYP MAX
25°C 36
Vipp=1V -40°C 4.5
Ri =10k 85°C 28
SR Slew rate at unity gain CL =20 pF, V'l
9 Lo P 25°C 28 i
See Figure 1
Vipp= 25V -40°C 35
85°C 2.3
_ . ) f= 1 kHz, Rg =201,
vy Equivalent input noise voltage See Figure 2 25°C 25 nv~Hz
25°C 320
- s . Vo = VoN- CL =20 pF, —ane
Bopm  Maximum output-swing bandwadth Ry - 10ke, See Figure 1 40°C 380 kHz
85°C 250
25°C 1.7
N . Vi =10mV, CL=20pF, —
B1 Unity-gain bandwidth See Figure 3 10°C 2.6 MH:z
85°C 1.2
25°C 16°
; V) = 10mV, f=B4. - -
®m  Phase margin CL - 20 pF, See Figure 3 -40°C 49
85°C 43°

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

TLC2741, TLC274Al,

PARAMETER TEST CONDITIONS Ta TLCZ74B3, TLC2?9 | ppiT
MIN  TYP MAX
25°C 53
Vipp=1V -40°C 6.7
R =100 85°C 4
SR Slew rate at unity gain CL =20 pF, Vius
See Figure 1 25°C 16
Vipp= 55V -40°C 5.8
85°C 15
. , _ f= 1 KMz, Rg=200Q, . —_—
Vn Equivalent input noise voltage See Figure 2 25°C 25 nviyHz
25°C 200
. s 3 Vo = Von. CL=20pF, —a0°
Bom  Maximum output-swing bandwidth R( = 10ki2 See Figure 1 40°C 260 kHz
85°C 130
25°C 2.2
S . Vi =10mv, C) =20 pF. T
B Unity-gain bandwicdth See Figure 3 406°C 31 MHz
85°C 1.7
5 25°C 49°
i V) = 10mv, f=B1, - =
Pm Phase margin Cy = 20 pF, See Figure 3 -40°C 52
85°C 46°
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOSO92C - SEPTEMBER 1987 — REVISED MARCH 1998
A ——— ——

operating characteristics at specified free-air temperature, Vpp =5V

TLCZT4M, TLC279M
PARAMETER TEST CONDITIONS Ta N TP MAX UNIT
25°C 36
Vipp=1V -55°C 47
SR sl te at unity gai 2L=;gk% 1257 23 Vi
ew rate at unity gain L = 20 pF, us
See Figure 1 25°C 29
Vipp=- 25V -55°C 3.7
125°C 2
. . . = 1 kHz, =2
VR Equivalent input noise voltage ;ee Figurze 2 Rs =204 25°C 25 nvHzZ
25°C 320
Bom  Maximum output-swing bandwidth ;‘Bf 1;?(5 glée:ingui'1 _55°C 400 kHz
125°C 230
25°C 1.7
Bq Unity-gain bandwidth gg;igu':‘:'a CL=20pF. —55°C 29 MHz
125°C 1.1
( 25°C 46°
, Vi = 10 mV., =By, -
®m  Phase margin CL = 20 pF, See Figure 3 -55°C 49
125°C 47°

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

TLC274M, TLC2TSM
PARAMETER TEST CONDITIONS Ta UNIT
MIN TP  MAX
25°C 53
Vipp=1V -58°C 71
SR Slew rax ity gai EL - 123 QF' RS 3 Vi
w rate at unity gain L =20 pF, ns
See Figure 1 25°C 46
Vipp= 55V -55°C 6.1
125°C 2.7
. _ _ £= 1 kHz, Rg =200, o
Vp Equivalent input noise votiage See Figure 2 25°C 25 nvivHz
25°C 200
. e . Vo= VOH. CL = 20pF, —rro 80 kH
Bonm  Maximum output-swing bandwidth RL = 70 k2 See Figure 1 55°C 2 z
125°C 110
25°C 2.2
I , V| =10 mv, €| =20 pF. — H
Bs Unity-gain bandwidth See Figure 3 55°C 3.4 MHz
125°C 1.6
] ] 25°C 4g°
) V| = 10mV, - By, -
om Phase margin CL = 20 pF. See Figure 3 -55°C 52
125°C 44°
L e~ ]
|
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electrical characteristics, Vpp = 5 V, T = 25°C (unless otherwise noted)

TLC274, TLC274A, TLC274B, TLC274Y, TLC219
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

5L0S092C - SEPTEMBER 1957 — REVISED MARCH 1998
_ PR

TLC274Y
PARAMETER TEST CONDITIONS umNIT
MIN TYP MAX
Vp=14V, Vic =0,
Vio input offset vollage Rg =500, R = 10 ka2 1.1 10 mv
o Input offset current (see Note 4) Vo =25V, Vic=25V 0.1 pA
B Input bias current (see Note 4} Vg=25V, Vic=25V 0.6 pA
-02 -03
VicrR  Common-mode input voltage range (see Note 5) to to v
4 4.2
VOoH High-level output voltage Vip = 100 mV, R = 10 kQ 32 a8 Vv
Voo Low-level output voltage ViD = -100 mV, oL =0 0 50 mv
AvD t arge-signal differential voltage amplification Vg=025Vtio2V., Ry =10ki} 5 23 vimyv
CMRR Common-mode rejection ratio Vic = Vigrmin 65 80 dB
ksyr  Supply-voltage rejection ratio (AVpp/aV|Q) Vpp=5Vio 10V, Vg=14V 65 95 dB
. Vo =25V Vic=25V
Ipp Supply current (four amplifiers) No load 2.7 64 mA
electrical characteristics, Vpp = 10 V, Ty = 25°C (unless otherwise noted)
TLC274Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vo =14V, Vic=0,
Vio Input offset voltage Rg =500, R| - 10 k@ 1.1 10 mv
ho Input offset current (see Note 4) Vo =5V, Vic=5V 0.1 pA
g Input bias current (see Note 4) Vg=5V Vic=5V 0.7 pA
-02 -03
Vick Common-mede input voltage range (see Note 5} to ta v
9 9.2
VOH High-level output voltage Vip = 100 mV, Ry =10kQ 8 8.5 v
VoL Low-level output voltage Vip =-100mv, g =0 0 50 mV
Ayp Large-signal differential vottage amplification Vo=1VioBV, R =10k 10 38 vimv
CMRR Common-mode rejection ratio Vic = Vicrmin 65 85 daB
ksyr  Supply-voltage rejection ratio (AVpp/AVig) Vpp =5V 10V, Vp=14V 65 95 dB
) Vo =5V Vic=5V.
oD Supply current (four amplifiers) Ng toad 338 8 mA

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.

*!P TEXAS
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TLC274, TLC274A, TLC274B, TLC274Y, TLC279
LinCMOS™ PRECISION QUAD OPERATIONAL AMPLIFIERS

SLOS092C - SEPTEMBER 1987 ~ REVISED MARCH 1398
L

i
operating characteristics, Vpp =5V, Tp = 25°C
TLCZ74Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP  MAX
= = Viep=1V i6
SR Skew rate at unity gain RL 1.0 k2, CL=20pF, il Viis
See Figure 1 Vipp= 25V 2.9
Vi Equtvalent input noise voltage f= 1 kHz, Rg =200, See Figure 2 25 nViVHz
. . . Vo= Vou. CL =20pF, Ry =10k,
Ban  Maximum output-swing bandwidth See Figure 1 320 kHz
81 Unity-gain bandwidth V| =10mV, Cp =20pf, See Figure 3 1.7 MHz
. Vi =10mv,  f-B;, C| =20 pF, .
dm Phase margin See Figure 3 46
operating characteristics, Vpp = 10 V, Tp = 25°C
PARAMETER TEST CONDITIONS TLezay UNIT
MIN ¢ TYP MAX
S RL=10kL, ¢ -20pF |Vipp=1V 53
SR Slew rate at u in . Vius
rity ga See Figure 1 Vipp= 54V 4.6 #
Vn Equivalent input noise voltage f= 1 kHz, Rg =208 See Figure 2 25 nviHz
. ) . ¥a = VaH. Ci =20 pF, R =10k
Bopm  Maximum output-swing bandwidth See Figure 1 200 kiHz
Bq Unity-gain bandwidth Vi =10mV, CL =20 pF, See Figue 3 2.2 MHz
) Vj =10mV, f=Bq, CL - 20 pF, .
bm Phase margin See Figure 3 49
“.’? TEXAS
INSTRUMENTS
16 POST OFFICE BOX 655303 ® DALLAS. TEXAS 75265




JAntersil CD4066BMS
December 1992 CMOS Quad Bilateral Switch
Features Description

= For Transmission or Multiplexing of Analog or Digital
Signals

* High Voltage Types (20V Rating)
« 15V Digital or 7.5V Peak-to-Peak Switching
* 1250 Typical On-State Resistance fer 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 Output Voltage Ratlo
- 80dB Typ. at FIS = 10kHz, RL = 1k

+ High Degree of Linearlty: <0.5% Distortion Typ. at
FIS = 1kHz, VIS = 5Vp-p, VDD - VSS = 10V, RL = 10k}

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

= Extremely High Control Input Impedance (Control Cir-
cuit Isolated from Signal Circult): 1020 Typ.

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

+ Matched Control Input to Signal Output
Capacitance: Reduces Output Signal Transients

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

+ Meets All Requirements of JEDEC Tentative Standard
No. 138, “Standard Speclifications for Description of
“B” Series CMOS Devices”

Applications
* Analog Signal Switching/Multiplexing
- 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

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 CD40686BMS consists 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
simultaneously 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 swilch is on or to VSS when the switch
is off. This configuration eliminates the variation of the switch
transistor threshold voitage 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 equat to the fuil supply voltage,
and more constant on-state impedance over the input signal
range. For sample and hold applications, however, the
CD4016B is recommended.

The CD4066BMS is supplied in these 14-lead outline pack-
ages:

Braze Seal DIP H4Q
Frit Seal DIP H1B
Ceramic Flatpack H3W

Pinout
CD4066BMS
TOP VIEW
ot A [1] i} vDD
ouTaN A 7] i3] CONT A
ourNe [3] 12] CONT D
IN/OUT B [3] 1] INFOUT D
CONTE [3] 0] GUTAN D
CONT C [§] 8] ouTaN ¢
vss [7] [a] woutc

CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.
1-888-INTERSIL or 321-724-7143 | Copyright @ Intersil Corporation 1999 7.966

File Number 3319



Specifications CD4066BMS

Absolute Maximum Ratings

DC Supply Voltage Range, (VDD) . .............. 05VIio +20V  ThemalResistance ................ Bia B
(Voltage Referenced to VSS Tarminals) Ceramic DIP and FRIT Package . . ... 809C/W 20°C/W

Input Voltage Range, All Inptts . ............ -0.5V to VDD +0.5v Flatpack Package ................ TOOC/W 20°Cw

DC Input Current, Any Onelnput ........................x10mA Madimum Package Power Dissipation (PD) at +125°C

QOperating Temperature Range. . ... ........... -55°C to +125°C For TA = -559C to +100°C (Package Type D, R K). ... .. 500mw
Package Types D, F, K, H For TA = +100°C 1o +125°C (Package Type D, F, K} .. ... Derate

Storage Temperature Range (TSTG)........... -£65°C to +150°C Linearity at 12mwW/°C to 200mwW

Lead Temperatura (During Soldering) ................. +265°C  Device Dissipalion per Output Transistor . .............. 100myyY

Reliability Information

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

For TA = Full Package Temperature Range (All Package Types)

10s Maximum Junction Temperature . . ............o0 v an +175°C
TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS
GROUP A ums
PARAMETER | SYMBOL CONDITIONS (NOTE 1)  |SUBGROUPS| TEMPERATURE | MIN | MAX |uNITS
Supply Current IDD VDD = 20V, VIN = VDD or GND 1 +280C - 0.5 LA
2 +125°C | 50 | A
VDD = 18V, VIN = VDD or GND 3 55°C o5 | uA
input Leakage Current 1[N VC = VDD or GND 1 +25°C -100 - nA
2 +125°C 000 - | mA
3 55°C 00 | - | nA
Input Leakage Current IH VC = VDD or GND 1 +259%C - 100 nA
2 +125%C ~ 1000 | nA
3 -55°C | 100 | nA
input/Output Leakage I0ZL VC =0V, VIS =18V, |VDD=20 1 +25°C -100 - nA
Current (Switch OFF) \dgg - ?g\,lws = OV, . - =T 1=
VDD = 18V 3 55°C Q00 | - |
10zZH VDD = 20 1 +25°C ~ [ 100 | mA
2 +126°C ~ 1000 | nA
VDD = 18V 3 55°C — 1100 | nA
On Resistance RONS5 _|VC = VDD, RL = 10kW | VDD = 5V 1 +25°C 1050 | - | «
RONTO |aar=d 2 VPP b = fov 1 125°C a0 | - | @
RON15 VDD = 15V 1 +259C 240 | - | o
VIS = VSS to VDD
On Resistance RONS _|VDD = 5V 1,2 +1259C ~ | 1300 | @
55°C ~ [ 800 | @
On Resistance RON10  |VDD = 10V 1.2 125°C - |0 | o
-55°C N NS
On Resistance RON15 |VDD = 15V 1.2 +125°C 320 | o
“55°C 20 | n
Functional F__ IVDD = 2.8V, ViN = VDD or GND 7 +¥25°C Voh>|voL<| v
{Note 3) VDD = 20V, VIN = VDD or GND 7 ¥25°C vDD/i2 | VDD2
VDD = 18V, VIN = VDD or GND 8A +125°G
VDD = 3V, VIN = VDD or GND 8B 55°C
Switch Threshold SWTHRHS | VDD = 5V, VC = 1.6V, VIS = GND 1.2.3  |+25°C, 1125°C, 65°C| 441 | - | V
RL=100kto VDD ['oarmiRH15 [VDD = 16V, VC = 2V, VIS = GND 12,3 |+25°%C, +125°C, 55°C| 141 | - | V
N Threshold Voltiage | VNTH _|VDD = 10V, ISS = -10pA 1 +25°C 28| 07| Vv
P Throshold Voltage | VPTH _|VSS = 0V, DD = 104A 1 ¥25°C 07 | 28 | v




Specifications CD4066BMS

TABLE 1. DC ELECTRICAL PERFORMANCE CHARACTERISTICS

GROUP A umIrs
PARAMETER SYMBOL CONDITIONS (NOTE 1) SUBGROUFS| TEMPERATURE MIN | MAX |UNITS
Control Input Low VILCS vbD =5V 1,2,3 +25°C, +125°C, -55°C - 1 \
Voltage (Note 2) VILC15 |VDD = 15V 1,23 |+25°C, +125°C, -55°C| - 2 | v
[IS] < 10ua, VIS = VS8, 4 ' '
VOS = VDD and
VIS =VDD, VOS5 = V8S
Control Input High VIHC VDD =5V, [IIS] = .51mA, 4.6V < 1 +25°C 15 - v
Voitage YOS < 0.4V
(Nota 2, Figure 2) VDD = 5V, S| = .36mA, 4.6V < 2 +125°C 36 | - | v
VIS =VSS and VIS = VOS < 0.4V
VDD :
VDD = 5V, [HS]| = .64mA, 4.6V < 3 -55°C 35 - \
VOS < 04V
VIHC VDD = 15V, |lIS] = 3.4mA, 13.5V < 1 +25°C 11 - \
VOS <1.5v
VDD = 15V, JlIS] = 2.4mA, 13.5V < 2 +125°C 11 - \
VOS < 1.5V
VDD = 15V, |lIS] = 4.2mA, 13.5V < 3 -55°C 11 - v
VOS <15V
NOTES: 1. All voltages refarenced to device GND, 100% testing being 3. VDD = 2.8Vf3.0V, RL = 100K to VDD
implemanted. VDD = 20V/18V, RL = 10K to VDD
2. Go/Ne Go test with limits applied to inputs.
TABLE 2. AC ELECTRICAL PERFORMANCE CHARACTERISTICS
GROUP A LIMITS
PARAMETER SYMBOL CONDITIONS SUBGROUPS | TEMPERATURE | MIN MAX UNITS
Propagation Delay TPLH |VC=VDD =5V, V558 = GND 9 +25°C - 40 ns
(S)lgnat Input to Signal TPHL | (Notes 2, 3) 10, 11 T125°C, 55°C ; 54 s
utput
Propagation Detay TPHZ/ZH | VIS = VDD = 5V (Notes 1, 2) 9 +259C . 70 ns
Tum-On, Tum-Oft TPLzizL 10,11 | +125°C, 65°C | - % | ns
NOTES:
1. CL=50pF, RL = 1K, input TR, TF < 20ns.
2. -55°C ard +125°C limils guaranteed, 100% testing being implementad.
3. CL = 50pF, RL = 200K, Input TR, TF < 20ns.
TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS
LIMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN MAX UNITS
Supply Current IDD VDD = 5V, VIN = VDD or GND 1,2 -B5°C, +25°C - 0.25 pA
+125°C - 75 pA
VDD = 10V, VIN = VDD or GND 1,2 -55°C, +25°C - 05 A
+125°C . 15 A
VDD = 15V, VIN = VDD or GND 1.2 -55°C, +259C - 0.5 A
+125°C - 30 A
Control Input Low VILC10 VDD =10V 1,2 +25°C, +125°C, - 2 \
Voltage -65°C
HIS] < 10ua, VIS = VSS,
VOS = VDD and
VIS = VDD, VOS = V5S
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TABLE 3. ELECTRICAL PERFORMANCE CHARACTERISTICS (Continued)

LIMITS
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) -55°C

Propagation Delay TPLH | VDD =10V 1,23 +25°C B 20 ns
g:g::f 'C')‘Et‘::l::’ TPHL oD = 18v 1,2,3 +25°C - 15 ns
Propagation Delay TPHZ/ZH | VDD = 10V 1,2, 3 +25°C - 40 ns
Tum-On, Tum-Off TPLZIZL IonD = 15v 1,2,3 +25°C - 30 ns
Input Capacitance CIN Any Input 1,2 +25°C - 7.5 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 characterized

on initial design release and upon design changes which would affect these characteristics.
3. CL = 50pF, RL = 200K, input TR, TF < 20ns.

TABLE 4. POST IRRADIATION ELECTRICAL PERFORMANCE CHARACTERISTICS

LIMITS
PARAMETER SYMBOL CONDITIONS NOTES TEMPERATURE | MIN MAX | UNITS
Supply Current DD VDD = 20V, VIN = VDD or GND 1,4 +25°C - 25 HA
N Threshold Voltage VNTH {VDD =10V, IS8 = -10pA 1,4 +25°C -28 0.2 v
N Threshold Voltage AVTN VDD = 10V, ISS = -10pA 1,4 +25°C - +1 1
Delta
P Threshold Valtage VTP V5SS =0V, IDD = 10pA 1,4 +25°C 0.2 28 v
P Threshold Voltage AVTP V35S =0V, IDD = 10pA 1,4 +25%C - +1 \'
Deita
Functional VDD = 18V, VIN = VDD or GND 1 +25°C VOH > § VOL < \'
VDD = 3V, VIN = VDD ar GND vDDi2 | VDD/2
Propagation Detay Time TPHL | VDD =5V 1,2,3, 4 +25°C - 1.35x ns
TPLH +25°C
Limit

NOTES: 1. Al 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
Suppiy Current - SSI oD H.1pA
ON Resistance RONDEL10 ]+ 20% x Pre-Test Reading

TABLE 6. APPLICABLE SUBGROUPS

MIL-STD-8583
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD

Initial Test {(Pre Bum-in) 100% 5004 1.7,9 IDD, I0L5, IOH5A, RONDEL10
Interim Test 1 (Post Bum-In} 100% 5004 t,7,9 IDD, IOLS, IOH5A, RONDEL10
Interim Test 2 (Post Bum-In) 100% 5004 1,7,9 DD, IOLS, IOH5A, RONDEL 1D

PDA (Note 1} 100% 5004 1,7, 9, Deltas
Interim Test 3 (Post Bum-In) 100% 5004 1,7.9 DD, 10LS, IOH5A, RONDEL10

PDA {Note 1) 100% 5004 1.7. 9, Deltas

7-969




Specifications CD4066BMS

TABLE 6. APPLICABLE SUBGROUPS {Continued)

MIL-STD-883
CONFORMANCE GROUP METHOD GROUP A SUBGROUPS READ AND RECORD
Final Test 100% 5004 2,3,8A 88,10, 11
Group A Sampie 5005 1,2,3,7.8A, 8B, 9,10, 11
Group B Subgroup B-5 Sample 5005 1,2, 3,7,BA, 88, 9,10, 11, Deltas Subgroups 1, 2, 3,9, 10, 11
Subgroup B-6 Sampie 5005 1,7.9
Group D Sample 5005 1,2,3,BA, 8B.9 Subgroups 1,23

NOTE: 1.5% Parameteric, 3% Functional, Cumulative for Static 1 and 2.

TABLE 7. TOTAL DOSE IRRADIATION

MIL-STD-B33 TEST READ AND RECORD
CONFORMANCE GROUPS METHOD PRE-IRRAD POSTARRAD PRE{RRAD POST-IRRAD
Group E Subgroup 2 5005 17,9 Table 4 1,9 Table 4

TABLE 8. BURN-N AND IRRADIATION TEST CONNECTIONS

OSCILLATOR
FUNCTION OPEN GROUND vDD 9V + 0.5V 50kHz 25kHz
Static Bum-In 1 (Note 1) 2,391 1,4-8,11-13 14
Static Bumn-in 2 {Note 1) 2,39 10 7 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
liradiation (Nate 2) 2,3,9,10 7 1,46, 8, 1114
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 series resistor of 47K £ 5%; Group E, Subgroup 2, sample size is 4 dice/wafer, 0 failures, VDD

=10V + 0.5V
Functional Diagram
U TRUTH TABLE EACH SWITCH
wour 11 7] voo INPUT OUTPUT
516 A s —L vC VIS vOS
OUT/IN E—l_l E CONTROL A 1 0 0
| 1 1 1
OUT/N ’ 3 = SW EI CONTROL D
D 0 ] Open
SIG B
INOUT | a |+ I I -—E nouT 0 1 Cpen
o SIG D Pasitive Logic: Switch ON VC = “17
CONTROL B E B —E OQUT/IN Switch OFF VG = "0"

SiIG C
VSSl?

B | INJOUT

-
CONTROL € E—l_ — I_LE OUTAN
LI

All Intersil semiconductor products are manufactured, assembied and tested under IS03000 quality systems cortification.

Intersit products am sold by description only. intersil Corporation reserves the fight to make changes n cirouit design amdfor specifications at any time without
nolice. Accordingly, the reader is cautionsd to verily that data sheets are cument before pacing orders. Information furnished by Intersil is helieved fo be accurate
and refiable. However, no responsibilfty is asswumed by Intersit o its subsidiaries for its use; nor for any nfingaments of patants or athar nghts of third parties which
may resull from its use. No kcenss is granted by implication or otherwise under any patent or patent rights of imtersil or its subsidiarnes.

For information regarding Intersil Corporation and its products, see web site hittpfwww.intersil.com
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CD4066BMS

Schematic
SWITCH o o
NORMAL OPERATION CONTROL
CONTROL /om \ LINE BIASING:
Vd N\ [vis SWITCH ON, VC "F = VDD VDD
J_ SWITCH OFF, VC "0” = v§$
=P N HL * ALL CONTROL INPUTS ARE H
1 P ouT PROTECTED BY THE CMOS 0
) N VOS PROTECTION NETWORK
CONTROL
vC = 1
f—D"'" .J NOTE: VES
vss SIGNAL LEVEL RANGE: All "P” Substrates
—% VS5 < VIS < VDD Connected to VDD
FIGURE 1. SCHEMATIC DIAGRAM OF 1 OF 4 IDENTICAL SWITCHES AND ITS ASSOCIATED CONTROL CIRCUITRY
KEITHLY 160 DIGITAL
vDD MULTIMETER
s 10Kk l e 12 +
vis — CD4066BMS vos “ "ON RANGE] Y
1 OF 4 SWITCHES 1—' XY H“SSELET
vsS i | PLOTTER | oa
ron = V1S -vos| X
S| l

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

SPECIFICATION
108
_______ {}- == ==~ =, MEASURED ON BOONTON
| ve=SV vDn =+5v | CAPACITANCE BRIDGE
' + MODEL 75A (1MHz)
' | I t TEST FIXTURE CAPACITANCE
' t NULLED GUT
! CDA066BMS {

FIGURE 4. CAPACITANCE TEST CIRCUIT

VDD
T ALL UNUSED INPUTS

vC=vDD
*1
Vis

o—

ARE CONNECTED TO V35

V?s
|t

CD406EBMS
1 OF 4 SWITCHES

Yy

vob — \—

V!
tr = tf = 20ns s

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

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

VC =VSS vbD

] I

VIS =VvDD
L

CD4055BMS
1 OF 4 SWITCHES

!

VS5 -_—

ALL UNUSED TERMINAL S
ARE CONNECTED TO V55

FIGURE 5. OFF SWITCH INPUT OR OUTPUT LEAKAGE

oV ve vDD

ALL UNUSED TERMINALS
tr= tf = 20ms °—| T ARE CONNECTED TO VSS
VIS | cosweepms | YOS
1 OF 4 SWITCHES
ke 10k$2

VSS {

FIGURE 7. CROSSTALK CONTROL INPUT TO SIGNAL QUTPUT
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ALL UNUSED INPUTS

vDD M\ _veryee VOD 11 uNuseD TERMINALS  Y1OV_/N\ ve VDD = +10V ARE CONNECTED TO VSS
wotf=20ns ] ARE CONNECTED TO V85§ tr=tf = 20ns °—|
vOS = Y/;vos
vDoo CD4066BMS V?S VIS = +10V CD4066BMS AT 1kHz
=1 1 OF 4 SWITCHES %=1 1 OF 4 SWITCHES
50 & 1 s &
e St Tor 20
vSS VS

FIGURE 8. PROPAGATION DELAY TPLH, TPHL CONTROL
SIGNAL QUTPUT. DELAY IS MEASURED AT VOS

TION RATE

LEVEL OF +10% FROM GROUND (TURN ON} OR
ON-STATE OUTPUT LEVEL (TURN OFF).

Ua0202020aT

CLOCK

PE 41
oﬁ@ CD4018B
e{TH 1 @z

Jz2 J3 a4 J5

|

PE J1 J2 J3 J4 U8
Ch4018B

a1 a2

EXT
RESET ""'"@'

ha
3660500

, CDAGGB

@

FIGURES. MAXIMUM ALLOWABLE CONTROL INPUT REPETI-

(-2~

CD40018

c
L

SIGNALS

TPUTS CHANNEL 1
CHANNEL 2
CHANNEL 2
CHANNEL 4

299

PACKAGE COUNT
2 - CD4001B
1 - CO40408
3 - CD40SBEMS
2 - CD401BB

CD4086B

CLOCK

MAX. ALLOWABLE ,fl H

SIGNAL LEVEL

ICHAN. 1 |C'HAN. 2|CHAN. JlCHAN.4

30% (VDD - VS5)

“Ivss

FIGURE 10. 4 CHANNEL PAM MULTIPLEX SYSTEM DIAGRAM

SIGNALS
OUTPUTS

e m CHANNEL 1 .

10K

CHANNEL 2

E m CHANNEL 3 .

10K

CHANNEL 4
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ANALOG INPUTS (£5V)
1

+5
r]_lé

Y o \
? T T vDD=45v
VDD =5V —
 64066BMY
rl WV k 4 SWA
o r
SWB
N CD4054B
SWC
SWD
DIGITAL
CONTROL
INPUTS
W2 .1 é &,
VSS=0v T
VEE = 5V ANALOG OUTPUTS {5V} VS5 = 5V

FIGURE 1. BIDIRECTIONAL SIGNAL TRANSMISSION VIA DIGITAL CONTROL LOGIC

Typical Performance Characteristics

= SUPPLY VOLTAGE {VDD - VEE} = 5
z |
C 800
-4 AMBIENT TEMPERATURE
w (Ta) =#125°C
2 500 4
-
=
2 s00 AN
wl
x Vg \
w

300
=
% \\ o
% 200 +25°C
0 hal \\ |
i 55°C
LY 100
F 4
3
o Q

4 3 2 a4 ¢ 1 2 3 4

INPUT SIGNAL VOLTAGE {VIS} {V}

FIGURE 12. TYPICAL ON-STATE RESISTANCE vs INPUT
SIGNAL VOLTAGE (ALL TYPES)

g T T T T T Y
= SUPPLY VOLTAGE (VDD - V5§) = 15V

300
g
o
2 250
[
2 500
& AMBIENT TEMPERATURE
o« {Ta) =+125°C
i 190 o
2
2 100 - _—— +25°C ]
° - |
w
w 50 -55%C
x
3
5 o

400 75 50 25 0 25 S0 75 100

NPUT SIGNAL VOLTAGE (VI5) (¥}

FIGURE 14. TYPICAL ON-STATE RESISTANCE vs INPUT
SIGNAL VOLTAGE (ALL TYPES)

=} SUPPLY VOLTAGE (VDD - VEE) = 10V
£
g 300
w AMBIENT TEMPERATURE
z 250 {T,) = #125°C
5
o 200
=
B 150 +25°C |
5 L™ N 55°C N
2 100 S
o
]
Y sp
4
3 o
q00 75 50 25 0 25 50 75 100

INPUT SIGNAL VOLTAGE {VIS) (V}

FIGURE 13. TYPICAL ON-STATE vs INPUT SIGNAL VOLTAGE
(ALL TYPES).

AMBIENT TEMPERATURE
(Ta) = ¥25°C

SUPPLY VOLTAGE (VDD - V58) = 5¥

\

E 8 & & &

10V

-

50 25 0 25 50 T5 100
INPUT SIGNAL VOLTAGE (VIS} {V}

FIGURE 15. ON-STATE RESISTANCE vs INPUT SIGNAL
VOLTAGE (ALL TYPES)

CHANNEL ON-STATE RESISTANCE (RON) {£}}

100 75
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CD4066BMS

Typical Performance Characteristics (Continued)

AMBIENT TEMPERATURE (T,) = +25°C

3 | VDD = 2.5V, V8§ = .2.5V

INPUT = TERM 1, OUTPUT = TERM 2
s

2 2 500:2
[}
s I
] 10001
= |
g a VC=vDD VDD
= = ?
'é vis [coawesBMS] vos
= -1 = o1 10F4
3 SWITCHES
2 & L
ALL UNUSED TERMINALS YSS$
3 _
a a2 ¢ 1 2z 3 4

INPUT VOLTAGE {V1} (V)

FIGURE 16. TYPICAL ON CHARACTERISTICS FOR 1 OF 4
CHANNELS
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 AMBIENT TEMPERATURE (T} = +25°C ~—

] P 1 11
¥ 1 LI
, | BUPPLY VOLTAGE (vBD) = 15v P

10°

2 7a/
. "
L LA
10 /

2 A
10

10?

chen

POWER DISEIPATICN PER PACKAGE (PD) (1W)

SWITCHING FREQUENCY (B (kHz)
FIGURE 17. POWER DISSIPATION PER PACKAGE vs
SWITCHING FREQUENCY

Chip Dimensions and Pad Layout

o]

-TT.

|__ 4-10
10.102-0.254)
&9
17%3-1.956)

Dimensions in parenthesis ara in millimaters and are
derived from the basic inch dimensions as indicated.
Grid graduations are in mils (10‘3 inch).

Special Considerations

In applications that employ separate power sources 1o drive
VDD and the signal inputs, the VDD current capability
should exceed VDD/RL (RL = effective external load of the
four CD4066B bilateral switches). This provision avoids any
permanent current flow or cdamp action on the VDD supply
when power is applied or removed from the CD4066B.

In cerain applications, the extemnal load-resistor current may
include beth 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 volts {calculated from RON val-
ues shown}.

No VDD current will flow through RL if the swiich current
flows into terminals 2, 3, 9, or 10.

METALLIZATION: Thickness: 11kA - 14iA, AL.
PASSIVATION: 10.4KA - 15.6kA, Sifane

BOND PADS: 0.004 inches X 0.004 inches MIN

DIE THICKNESS: 0.0198 inches - 0.0218 inches

7-974
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Note the following details of the code protection feature on Microchip devices:
«  Microchip products meet the specification contained in their particular Microchip Data Sheet.

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

intended manner and under normal conditions.

There are dishonest and possibly flegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Micrachip 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.

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

. Neither Microchip nor any other semiconductor manufacturer can quarantee 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 Micrachip are committed to continuously improving the code protection features af our
products. Attermpts to break microchip’s code protection feature may be a violation of the Digital Millennium Copynight 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 ard the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or waranty is given and no liability s
assumed by Microchip Technology Incorporated with respect
10 the accuracy or use of such information, of infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip's products as critical
components in life support systems is not authorized except
with express writien approval by Microchip. No kcenses are
conveyed, implicily or otherwise, under any inteliectual
property rights.
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MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Inciuded in this Data Sheet:

= PIC16F873A
+ PIC16F874A

+ PIC16F876A
« PIC16F877A

High-Performance RISC CPU:

= Only 35 single-word instructions to learn
= All single-cycle instruclions except for program
branches, which are two-cycle
« Operaling 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
PICT16CXXX and PIC16F XXX microcontrollers

Peripheral Features:

« Timer0: 8-bit timer/courter with 8-bit prescaler

+ Timer1: 16-bit timerfcounter with prescaler,
can be incremented during Sleep via extemat
crystalfclock

« Timer?2: 8-bit imer/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 Synchronous Asynchronous Receiver
Transmitter {USART/SCI) with 9-bit address
detection

- Parallel Slave Pont (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-channe! Analog-to-Digital
Converter (A/D)

Brown-oul Reset (BOR)

Analog Comparator module with:

- Two analog comparators

- Programmable on-chip voltage reference
(VREF) module

- Programmable input muttiplexing from device
inputs and internal voltage reference

- Comparator outputs are externally accessible

Special Microcontroller Features:

100,000 erasefwrite cycle Enhanced Flash
program rmemaory typical

1,000,000 erasefwrite cycle Data EEPROM
memory typical

Data EEPROM Retention > 40 years
Seif-reprogrammable under soflware controt
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 reliabte operation

Programmable code protection

Power saving Sieep mode

Selectable osciliator options

« in-Circuit Debug (ICD) via two pins

CMOS Technology:

Low-power, high-speed Flash/EEPRCOM
technology

Fully static design

Wide operating voltage range (2.0V to 5.5V}
Commercial and Industrial temperature ranges
Low-power consumpton

Program Memory Data EEPROM 10-bit | CCP msse Timers
Device Bytes # Single Word ‘.‘;Ry::] (Bytes) 1o AD (ch} | (PWM) | gy “a;ter USART 8/16-bit Comparators
Instructions I“c
PIC16FB73A| 7.2K 4096 192 128 22 5 2 Yes| Yes Yes 211 2
PICIEBFB74A [ 7.2K 4096 192 128 33 8 2 Yes| Yes Yes 211 2
PICT6FBT6A | 14.3K 8192 368 256 22 5 2 Yes| Yes Yes 21 2
PICT6FBT7A | 14.3K B192 363 256 32 B 2 Yes| Yes Yes 211 2

©® 2003 Microchip Technology Inc.
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PIC16F87XA

Pin Diagrams

28-Pin PDIP, SOIC, SSOP

mciRvPr —= [ N~ 28[1 «—= RB7PGD
RADIANG =—= L 2 27[] = RB&PGC
RAVANT == 1§ 3 26{ | == RB5
RAZ/AN2/VREF-ICVREF == L] 4 g 2511 == RBA4
RAWANIVREF+ =[] 5 ~ 24| ] == RBIPGM
radimackuc1out =[] & s 23[] = RB2
RAsIAN4/SSIC2oUT = [] 7 - 22[] = rB1
vss—[] 8 5 21[] == RBOANT
oscricLkl —=1] @ 5 20[] =— vop
osc2cLko ~—[10 o 19[] = Vss
RCAT10SOTICKE ~— |1 S 18[] == RCHURXDT
rRC1T1OSHCCP? +—[112 171 ] == RCETXICK
rRe2CCP1 =113 16]] =—= RC5/SDO
RCUSCK/SCL =—=[]14 15[ =— RCA4/SDUSDA
28-Pin QFN
RAZIANZ2IVREF-JCVREF ~—
RAJANIVREF+ =
RAATOCKICTOUT =
RASIANAISSIC20UT -
V55 ——-
OSCHCLKI —=
OSC2ICLKD ~—
. o §
44-Pin QFN 50
]
< o 9=
vofinaaeXnnd
XOOFAwH Y~
FnwArilodg e —
ST RNCORNT O
[SESESNaNaRa NSRS RERE]
rrxyryoororxXxoo o
ITNTINELESA
RCHRWDT = 118 13 ——= OSC2/CLKO
ROAPSPY w—s |2 324 =— OSCI/CLKI
RDS/PSPS == 3 N -— V35
RDB/PSPE == )4 a0l —— vss
RDHWPSP7? a—= 5 PICAEFB74A 20 =—— VoD
Vss —= )6 py —— V0D __
VOD —= 7 PIC16FBTTA ;| - . RECS/ANT
Voo —= B 26| - RE1niR|'AN6
RBO/INT =—= §8 25| - REQRDVANS
RB1 =+ 10 241 == RASANSS/C20UT
RBZ = J11 e 23T RAYTOCKICIOUT
—r e o O e O
SOUFBRYDEgs b
124 ST ES S
2 EnHEx 8
2 TP 52
X <C
Z &
[
zx
g
o

29§ «+—= RAT/AN1
270 == RADIAND

(o]
1
2
3
4
5
6
7

RCOMIOSOITICK| =—= B

RCUTIOSHCCP2 -8

268 +— MCLR/VPP
251 == RB7/PGD
241+ RBB/IPGC

230 = RBS

RC2/CCP1-—=110
RC3/SCKISCL~—=p11

PIC16F873A '°
PIC16FBT6A ,,

228 ~— RB4

21
20

== RB3/PGM
e RB2

== RB1

--—s RBOANT
-+— VD

- V55

-—= RCHRXDT

RCA/SDYSDA=+—=812
RCS/ISDO-+—=313
RCS/TXICK -—-014

DS38582B-page 2
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
MCLR/vPP — ] 1 N 40 [] = RBIPGD
RAVAND =[] 2 39 [] «——= RBE/PGC
RAVANT =13 98 [] == RBS
RAHANZIVREF-JCVREF e [] 4 37 [}+—= RB4
RAJANIVREF+ =—a[] 5 36 [J-w— RBI/IPGM
RAMHTOCKHCIOUT =16 35 [J=—» RB2
RASIAN4/SSIC20UT ~—aT1 7 < 34— RB
REO/RDIANS +—e[] 8 B3 ] - RBIVNT
RETAWRIANG -—=[] 9 3 32 [ =—- VDD
RE2/ICSIANT a—e[] 10 31 [J = VsS
Vob— |11 & 30 [J=—= RDUPSP?
vss o []12 & 293« RDGPSPS
OSCUCLKl —w[J13 ¥ 28 []+—= RDSPSP5
OSCUCLKO a——[F 14 E 27 [ «—» RD4PSPa 4
RCUTIOSOITICK! «—s[]15 26 [} ~—= RCTRX/OT b
RCUTIQSICCPZ w—w[]16 25 [3 = RCBITXICK P
RC2CCPT -—a[] 17 24 []+—s RC5/SDO sg N
RCHSCRISCL =—= [ 18 23 [J=+—= RC4/SDHSDA 25528 ag
RDOYPSPC =[] 19 22 {]=—= RD3IPSP3 SES_EEE ag
RDV/PSPT =[] 20 21[] ~— RD2PSP2 23z ?cluu BhEdo
¥YKYEZzrareZ
44-Pin PLCC “I“ IIII
o o o o
RAMTOCKYCIOUT w7 o o 39[] = RBUPGM
RASIANASSICZ0UT o w3 38[] == RB2
REQRDVANS w1 g 37} == RB1
RET/WR/IANG - [] 10 36 =— RBOANT
REZ;CSJ{\{N? - [11 PIC16FBT4A 35%-»— VDD
[ ge—— F' 34[] - V55
Vss —a 113 PIC16F8TTA 330w RD7PSP?
OSCUCLKI —= 312 32[] == RD&PSPE
OSCHCLKO -—1]15 31]] =—= RDS/PSP5
RCOIT1I0SOMICK] «— O1s 30{] == RD4/PSP4
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o I O O 8 0
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TO OUR VALUED CUSTOMERS

Itis our interttion to provide our valued customers with the best documentation possibie to ensure successful use of your Microchip
products. To this end, we will continue to improve our publications to better suit your needs. Our publications wil be refined and
enhanced as new voiumes and updates are mtroduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications Department via
E-mail at docerrors@maif.microchip.com or fax the Reader Response Form in the back of this data sheet to (480} 752-4150.
We welcome your feedback.

Most Current Data Sheet

To ablain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
hitp:/fwww.microchip.cam

¥ou can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page.
The iast character of the fiterature number is the version number, {e.qg.. DSI0000A is version A of document DS30000).

Emrata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may exist for curent
devices. As device/documentation issues become known 1o us, we will publish 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 of the following:
+ Microchip's Worldwide Web site; hitp:/fwww.microchip.com

= Your lecal Microchip sales office (see last page)

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

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

Customer Notification System

Register on our Web site at www.microchip.com/cn to receive the most current infarmation on all of our products.

[539582B-page 4 © 2003 Microchip Technology Inc.



PIC16F87XA

1.0 DEVICE OVERVIEW

This documert comtains device specific information
about the following devices:

+ PIC16F873A

+ PIC16F874A

« PIC16F876A

« PIC16F877A

PIC16F873A/876A devices are available only in 28-pin
packages, while PICT16F874A/877A devices are avail-

able in 40-pin and 44-pin packages. All devices in the
PIC16F87XA family share common architecture with

The available features are summarized in Table 1-1.
Block diagrams of the PIC16F873A/876A and
PIC16F874A/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 Tabie 1-3.

Additional information may be found in the PICmicro®
Mid-Range Reference Manual (DS33023}, which may
be obtained from your lecal Microchip Sales Represen-
tative or downloaded 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 modules.

the following differences:

+ The PIC16F873A and PIC16F874A have one-half
of the total on-chip memery of the PIC16F876A
and PIC16F877A

« The 28-pin devices have three /O ports, while the
40/44-pin devices have five

» The 28-pin devices have fourteen interrupts, while
the 40/44-pin devices have fifteen

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

« The Parallet Slave Port is implemented only en
the 40/44-pin devices

TABLE 1-1: PiC16F87XA DEVICE FEATURES
Key Features PIC16FB73A PIC16F8T4A PIC16F876A PIC16F87TTA
Operating Frequency DC - 20 MHz 0C - 20 MHz DC - 20 MHz DC - 20 MHz
Resets {and Delays) POR, BOR POR, BOR POR, BOR POR, BOR
{PWRT, OST} (PWRT, OST) (PWRT, OST) (PWRT, OST)
Fiash Program Memory 4K 4K BK 8K
{14-bit words}
Data Memory (bytes) 192 192 368 368
EEPROM Data Memory (bytes) 128 128 256 256
Interrupts 4 15 14 15
10 Ports Portis A, B, C Ports A,B,C, D, E Ports A, B, C Ports A,B,C.D. E
Timers 3 3 3 3
CapturefCompare/PWM modules 2 ? 2 2
Serial Communications MSSP, USART MSSP, USART MSSP, USART MSSP, USART
Parallel Communications -— PSP — PSP
10-bit Analog-to-Digital Module 5 input channels | 8 input channels | 5 input channels | 8 input channeis
Analog Comparators 2 2 2 2
Instruction Set 35 Instructions 35 Instructions 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 SCIC 44-pin PLCC
28-pin SSOP 44-pin TQFP 28-pin SSQP 44-pin TQFP
28-pin QFN 44-pin QFN 28-pin QFN 44-pin QFN

& 2003 Microchip Technology inc. DS39582B-page 5



PIC16F87XA

FIGURE 1-1: PIC16FB73A/BT6A BLOCK DIAGRAM
kj3 ~ c Daia Bus 8 ) PORTA
2—#~ Program Counter I N RAAND
Flash ; N RAT/ANT
Program » RAZ/ANZ/VREF-/CVREF
Memory RAM v 4 RAJ/ANI/VREF+
A File 4= raarTockicr0UT
Registers RAS/ANASSIC2OUT
Program
Bus RAM Addrl? 9
Insuction regq Adar MUX
Direct Ador 7 [ Il Indwect PORTB
- 8/ Adar H REONT
FSRT
= T 3 RB2
H— ¥ RBIPGM
7 — e — RBS5
7 ¥ 2 RBB/PGC
P N -5 reeo
N7 Taner i
- i
Insredi QOscillalor
porecon Lo | sarcop e
Contral Power-on
Reset T PORTC
Timing Watchdog - RCOMIOSOMICKI
B=T Generation [<] Timer Wreg L RCUTIOSHCCP2
QSC1/CLKI Brown-out -:::I -4 RC2/CCP1
OSC2ICLKO Reset P, |« RCIASCKISCL
tn-Crcui b » RCA4/SDVSDA
Debugger -4 RCS/SDO
Low-Voltage N RCHTXCK
Programming » RCTRYDT
MCLR VDD, Vss
Timer( Timer1 Timerz2 10-bit ATD
j{ _ i it it _ |
L [ s ] ]
\ i
Synchronous Vollage
Dala EEFROM cCcPi1.2 Serial Porl USART Camparator Reference
Device Program Flash Data Memory Data EEPROM
PICTGFB73A 4K words 192 Byles 128 Byles
PICTI6F8T6A BK words 368 Bytes 256 Bytes

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

FIGURE 1-2: PIC16F874A/877A BLOCK DIAGRAM
13 Data Bus B PORTA
I< ,;z‘:' Program Counter |< — e “ 14 RACIAND
Flash lL | 1 RAT/AN
Program ¥ . RAZANZVREF-MCVREF
Memory RAM [ -~ RAVANINREF+
M File | ] RA4/TOCKVC10UT
Regisiers | RASIANAISS/C20UT
Prlégram 14 )I PORTB
ue , 4-+[X] rBOINT
Instruction reg :: sg;
‘ | Daect Addr 7 4—=>1 RB3I/PGM
8 —- RBA4
+—w] RB5
RB&PGC
: RBIPGD
: 8
Lo ’ - PORTC
» RCOT1IOSOITICKI
| RCUT1OSHCCP2
P%n?ura-rup I RC2ICCP1
N - m RCAISCK/SCL
Instruction Oscillator |y RCA/SDI/SDA
Decode & [(—.1 | Start-up Timer ) ROE/EDO
Conrol Power-on H RCBITXICK
Resel RCTRX/DT
Timing L Watchdog
E<;: Generaton [+ Timer PORTD
OSCT/CLKE Brown-out e RDOYPSPO
OSC2ICLKO Reset | RD1/PSP1
In-Circuit I RO2PSP2
Debugger L n RDAPSP3
Low-Valtage 4 | RO4/PSP4
Programming » RDS/PSPS
N |4 RD&PSPE
4 RD7/PSPT
PORTE
MCLR VDD, VSS 4 ~f5¢] REO/RDIANS
=5 4= RETAVR/ANG
; =[] RE2ICSIANT
. Parallel
TimerD Timer1 Timer2 10-bit AID Slave Port
A i E g
. L J[. ol - )/ —
v & L 4 I !
Voltage
Synchronous
Data EEPROM cCP1.2 Y il Port USART Comparator Reference
Device Program Fiash Data Memory Data EEPROM
PICIGFET4A AK words 192 Byles 128 Bytes
PICI6FBTTA 8K words 368 Byles 256 Bytes
Note 1: Higher order bils are from the Stalus register.
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PIC16F87XA

TABLE 1.2: PIC16F873A/876A PINOUT DESCRIPTION (CONTINUED)
Pin Name PDIP,SOIC, | QFN | KOP Buffer Descripti
SSOP Pin# | Pin# | Type | Type eseription
PORTB is a bidrectional I/O port. PORTB can be software
programmed for intemal weak pull-ups on all inputs.
RBO/INT 21 18 TTL/ST
RBO 10 Digital 1O.
INT | External mterrupt.
RB1 22 19 o TTL Dugital /0.
RB2 23 20 o TTL Digital KO.
RB3/PGM 24 21 TTL
RB3 1o Digital HO.
PGM | Low-voltage (single-supply} ICSP programming enable pmn.
RB4 25 22 110 TTL Digital I/O.
RB5 26 23 WO TTL Digttat /0.
RB6/PGC 27 24 TTUST®
RB6 1o Digital I/0.
PGC | In-circuit debugger and ICSP programming clock.
RB7/PGD 28 25 TTUST®
RB7 o Digital 1/O. .
PGD o In-circuit debugger and ICSP programming data.
PORTC is a bidirectonal 1/O port.
RCO/T10SO/TICKI n a ST
RCD 110 Digital I¥O.
T1050 0 Timer1 oscillator output.
T1CKI | Timer1 external clock input.
RCHTIOSICCP2? 12 9 ST
RC1 Vo Digital /0.
T105I | Timer1 oscillator input.
CCP2 ifo Capture? input, Compare2 outpud, PWMZ output.
RC2/CCP1 13 10 ST
RC2 o Digital VO.
CCP1 O Capture1 input, Compare 1 output, PWM?1 output.
RC3/SCK/SCL 14 1 ST
RC3 110 Digital KO.
SCK [fa] Synchronous serial clock input/output for SPI mode.
SCL 10 Synchronous serial clock input/output for I°C mode.
RC4/SDI/SDA 15 12 ST
RC4 O Digital 1/0.
SDlI I SP! data in.
SDA 1o ¥C data 0.
RCS5/SDO 16 13 ST
RC5 []e] Digitat 110.
SDO 0 SPi data oul.
RCB/TX/CK 17 14 ST
RCB WO Digital IO.
TX 0] USART asynchronous transmit.
CK 110 USART1 synchronous clock.
RC7/RX/DT 18 15 1)
RC7 e} Digital #O.
RX | USART asynchronous recewe.
DT 1o USART synchronous data.
Vss 8. 19 5 6 P — Ground reference for logic and VO pins.
VoD 20 17 P — Positive supply for logic and KO pins.
Legend: |=put O = output 1f0 = input/output P = pawer
— = Notused TTL =TTLinput ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.

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

@ 2003 Microchip Technology Inc.
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TABLE 1-3:  PIC16FB74A/877A PINOCUT DESCRIPTION

. PDIP | PLCC |TQFP | QFN | VO/P Buffer .
Pin Name Pir# | Pin# | Pir® | Pin¥ | Type | Type Description
OSC1/CLKI 13 14 30 32 sTicMosHWH Oscillator crystal or external clock input.

0sC1 | Oscillator crystal input or external clock source
input. ST buffer when configured in RC mode;
otherwise CMOS.

CLKI | External clock source input. Always associated
with pin function OSC1 {see OSC1/CLKI,
0SC2/CLKO pins).

OSC2/CLKO 14 15 Kl 33 - Oscillator crystal or clock output.

0scz2 0] Oscillator crystal output.

Connects to crystal or resonatar in Crystal
Oscillator mode.

CLKO 0 In RC mode, GSC2 pin outputs CLKO, which
has 1/4 the frequency of OSC1 and denotes the
instruction cycle rate.

MCLR/Vpp 1 2 18 18 ST Master Clear (input} or pragramming voltage (output).

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

VPP P Programming valtage input.

PORTA is a bidirectional /O port.

RAQ/ANO 2 3 19 19 TTL

RAO [8] Digital /0.

ANO | Analog input Q.
RA1/AN1 3 4 20 20 TTL

RA1 fo Digitat /0.

AN1 i Analog input 1.
RA2/AN2/VREF-/CVREF| 4 5 23 21 TTL

RA2 10 Digital 110.

AN2 | Analog input 2.

VREF- H AJD reference voltage (Low) input.

CVREF 0 Comparator VREF output.

RAJ/AN3NVREF+ 5 B 22 22 TTL

RA3 110 Digital 1/O.

AN3 | Analog input 3.

VREF+ | AJD reference voltage (High} input.

RA4/TOCKHCIOUT 6 7 23 23 ST

RA4 o Digital VO — Open-drain when configured as
output.

TOCKI | Timer0 external clock input.

c10UT o Comparator 1 output.

RAS/AN4/SSIC20UT 7 8 24 | 24 L

RAS 10 Digital 1/0.

ANA 1 Analog input 4.

5SS | SPI slave sekect input.

C20UT 8] Comparator 2 output.

Legend: 1 -input 0O = output /O = inputfoutput P - power
—=Notused TTL=TTL input ST = Schmitt Trigger input

Mote 1: This buffer is a Schmitt Trigger input when configured as the externat mterrupt.
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 2 CMOS input otherwise.

D539582B-page 10
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PIC16F87XA

TABLE 1-3: PIC16F8T4A/87TA PINOUT DESCRIPTION (CONTINUED)
. PDIP |PLCC |TQFP | QFN | VO/P Buffer -
Pin Name Pirs# | Pirt | Pink | Pin# | Type | Type Description
PORTB is a bidirectional I/O porni. PORTB can be
software programmed for internal weak pull-up on alt
inputs.
RBO/INT 33 36 8 9 TTLISTY
RBO o Digitat /0.
INT 1 External interrupt.
RB1 34 37 9 10 110 TTL Digital /0.
RB2 35 38 10 11 o TTL Digttal fO.
RBAPGM 36 39 11 12 TTL
RB3 o Digital /0.
PGM | Low-voltage ICSP programming enable pin,
RB4 7 41 14 14 110 TTL Digital KO.
RB5 38 42 15 15 o TTL Digital 'O,
RB&/PGC s | 43 | 16 16 TTUST?
RB6 110 Digital I/0.
PGC l In-circuit debugger and ICSP programming clock.
RBV/PGD 0 | 44 | 17 17 TTUST®
RB7 10 Digital /0.
PGD 1o In-circuit debugger and ICSP programming data.
Legend: |=mput O = output 1/O = input/output P = power
— =Notused TTL=TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.

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

€ 2003 Microchip Technology Inc.
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PIC16F87XA

TABLE1-3:  PIC16FB874A/877A PINOUT DESCRIPTION (CONTINUED)
Pin Name PDIP |PLCC i TQFP | QFN | VO/P Buffer Description
Pin# | Pin# | Pin# | Pin# | Type | Type P
PORTC is a bidirechonal /O porn.
RCOM10SO/T1CKI 15 16 3z 34 ST
RCO WO Digital LAO.
T10S0 o) Timer! oscillator output.
TI1CK! 1 Timer1 extemal clock nput.
RC1/T10OSI/CCP2 16 8 35 35 5T
RC1 1o Digital /0.
T10SI | Times1 osallator input.
CCp2 1o Capture2 input, Compare2 output, PWMZ output.
RC2/CCP1 17 19 36 36 ST
RC2 o Digital If0.
CCP1 0 Capture? input, Compare output, PWM1 output.
RC3/SCK/SCL 18 20 37 an ST
RC3 10 Digital /0.
SCK 110 Synchronous serial clock input/autput for SPI
mode.
SCL Lo Synchronous serial clock inputfoutput far I’c
mode.
RC4/SDISDA 23 25 42 42 ST
RC4 o Digital /0.
sol 1 SPl data in.
SDA o) 1C data I/0.
RCS/SDO 24 26 43 43 ST
RC5 o Digtal /0.
sSDo Q0 SPI data out.
RCB/TX/CK 25 27 44 44 ST
RCE 110 Digital /0.
> o USART asynchronous transma.
CK 10 USART? synchronous clock.
RC7/RX/DT 26 29 1 1 ST
RC7 1o Digitai /0.
RX | USART asynchronous receive.
DT 1o USART synchronous data.
Legend: | = input O = output 1O = inputoutput P = power
— =Notused TTL=TTLinput ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2:  This buffer is a Schimit Trigger input when used in Serial Programming made.
3:  This buffer is a Schmitt Trigger input when configured in RC Oscillator mode and a CMOS input otherwise.
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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 fiption
PORTD is a bidirectional IO port or Parallel Slave
Port when interfacing to a microprocesser bus.
RDO/PSPO 19 [ 21 B | 38 sTTTL®
RDO [[{e] Digital /0.
pPSPo 110 Parallel Slave Port data.
RD1/PSP1 20 22 39 39 sTATL®
RD1 (18] Digital /0.
PSP 110 Parallel Slave Port data.
RD2/PSP2 21 23 | 40 40 sSTATL®
RD2 wo Digital Q.
PSP2 o Paraliel Stave Port data.
RD3/PSP3 22 24 41 41 STTTLE
RD3 1o Digital /0.
PSP3 [l{n) Parallel Slave Part data.
RDA/PSP4 27 | 30 2 2 sTTTL®
RDA4 [f{a] Digital I/0.
PSP4 o Parallel Slave Port data.
RD5/PSP5 28 | 3 3 3 STATLR
RD5 110 Digital /0.
PSP5 110 Parallel Slave Port data.
RD&/PSP6 29 3z 4 4 sTATLY
RD& 1o Dugital 1O
PSPE 110 Parallel Slave Port data.
RD7/PSP7 a0 | 33 5 5 STATL®
ROD7 1o Digital #O.
PSP7 1o Paraliel Slave Port data.
PORTE is a bidirectional I/0 port.
REO/RD/ANS 8 9 25 25 sTTL®
REO 1o Digitat /0.
RD 1 Read control for Parallel Slave Port.
ANS I Analog input 5.
RE1/WRIANG 9 10 | 26 26 STATLS
RE1 lu] Digitat V0.
WR | Write control for Parallel Stave Port.
ANB | Analog nput 6.
RE2/CS/AN? 10 1 27 27 sHTTL®
RE? o Digital ¥0.
CS | Chip select control for Parallel Slave Port.
AN7T | Analog input 7.
Vss 12,31]13,34| 6,29 | 6, 30, P — Ground reference for logic and VO pins.
n
VDD 1,32112,35| 7.28 | 7.8, P — Positive supply for logic and 170 pins,
2B, 29
NC — | 117, 11213,y 13 — — These pins are not internaily connected. These pins
28,40 { 33, 34 should be left unconrected.
Legend: | = input 0 = output 1/0 = input/ouput P = power
-—=Motused TTL=TTL input ST = Schmitt Trigger input
Note 1: This buffer is a Schmitt Trigger mput when configured as the extemal 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 atherwise.

@ 2003 Microchip Technology Inc.
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