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Amplifier with Powerdown

General Description

The LMC6681/2/4 is a high performance operational ampli-
fier which can operate over a wide range of supply voltages,
from 1.8V to 10V. It has guaranteed specs at 1.8V, 2.2V, 3V,
5V, and 10V.

The LMC6681/2/4 provides an input common-mode volt-
age range that exceeds both rails. The rail-to-rail output
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LMC6681 Single/LMC6682 Dual/LMC6684 Quad
Low Voltage, Rail-To-Rail Input and Output CMOS

Features (Typical unless otherwise noted)
m Guaranteed Specs at 1.8V, 2.2V, 3V, 5V, 10V
B Rail-to-Rail Input Common-Mode Voltage Range
m Rail-to-Rail Output Swing
(within 10 mV of supply rail, @ Vg=3V and R_ =10 k)
m Powerdown Mode IsorFr < 1.5 uA/Amplifier
(Guaranteed at Vg = 1.8V, 2.2V, 3V, and 5V)

swing of the amplifier assures maximum dynamic signal m Ultra Low Input Current 80 fA
range. This rail-to-rail performance of the amplifier, com- @ High Voltage Gain (Vg = 3V, R = 10 k{) 120 dB
bined with its high ope‘n-loop‘ Yoltage gain makes it uqique m Unity Gain Bandwidth 1.2 MHz
among CMOS rail-to-rail amplifiers. The LMC6681/2/4 is an
excellent upgrade for circuits using limited common-mode H H
range amplifiers. :\gghcgtlotndsc_ it
atte erated Circuits
The LMC6681/2/4 has a powerdown mode which can be - Senscr>yr A:r)\ lifiers !
triggered externally. In this powerdown mode, the supply P L X
current decreases from 1.4 mA (for two amplfiers)to 1.5 pA B Port.able Communlca?lon Devices
(for two amplifiers). The LMC6684 has two powerdown op- B Medical Instrumentation
tions. Each of the powerdown pins disables two amplifiers. @ Battery Monitoring Circuits
The LMC6681/2/4 has been designed specifically to im- B Level Detectors, Sample-and-Hold Circuits
prove system performance in low voltage applications. The
amplifier’s 80 fA input current, 0.5 mV offset voltage, and
82 dB CMRR maintain accuracy in battery-powered sys-
tems.
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Ordering Information
Temperature Range NSC Transport
Package Industrial, —40°C to + 85°C Drawing Media
8-Pin Molded DIP LMC6681AIN, LMC66818IN NOSE Rails
8-Pin Small Outline LMC6681AIM, LMC6681BIM MOBA Rails
LMCB681AIMX, LMCB68181MX MOBA Tape and Reel
14-Pin Molded DIP LMCB682AIN, LMC6682BIN N14A Rails
14-Pin Small Outline LMC6682AIM, LMC6682BIM M14A Rails
LMC6682AIMX, LMC6682BIMX M14A Tape and Reel
16-Pin Molded DIP LMC6684AIN, LMC8684BIN N16A Rails
16-Pin Small Outline LMCB684AIM, LMC6684BIM M1BA Rails
LMCE684AIMX, LMCE684BIMX M1BA Tape and Reel
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Operating Ratings note 1)

Supply Voltage

Junction Temperature Range

LMC6681Al, LMC6681BI
LMC6682Al, LMC6682BI
LMC6684Al, LMC66848BI

Thermal Resistance (64a)

1.8V < Vg < 10V

—40°C < Ty < +85°C
—40°C < Ty < +85°C
—40°C < Ty < +85°C

ESD Tolerance (Note 2) 2kV
Differential Input Voltage + Supply Voltage
Voltage at Input/Output Pin (V+) +0.3V, (V") —0.3V
Supply Voitage (V+ — V™) 12v
Current at Input Pin (Note 11) +5mA
Current at Output Pin (Note 3) +30 mA
Current at Power Supply Pin 35mA
Lead Temp. (soldering, 10 sec.) 260°C
Storage Temperature Range —65°Cto +150°C
Junction Temperature (Note 4) 150°C

3V DC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for Ty = 25°C, V+ = 3.0V,V™ = 0V, Vom = Vo = V*+/2, Vpp = 0.6V and
RL > 1 MQ. Boldface limits apply at the temperature extremes (Note 16).

N Package, 8-pin Molded DIP

M Package, 8-pin Surface Mount
N Package, 14-pin Molded DIP

M Package, 14-pin Surface Mount
N Package, 16-pin Molded DIP

M Package, 16-pin Surface Mount

108°C/W
172°C/W
88°C/W
126°C/W
83°C/W
114°C/W

LMC6681Al LMC6681BI
Typ LMC6682AI LMC66828I
Symbol Parameter Conditions (Note 5) LMC6684AI LMC6684BI Units
Limit Limit
(Note 6) (Note 6)
Vos Input Offset Voltage 05 1 myv
: 1.5 3.5 max

TCVos Input Offset Voltage .

Average Drift 15 RV/°C
g Input Current (Note 12) 0.08 20 20 PA max
los Input Offset Current (Note 12) 0.04 10 10 PA max
Rin Input Resistance >1 Tera 2
Cin Input Capacitance pF
CMRR Common Mode (Note 13) a2 70 dB

Rejection Ratio 65 62 min
PSAR Power Supply £1.5V < Vg < +2.5V 82 70 65 dB

Rejection Ratio Vo =V+/2 =Vcpm 65 62 min
Vem Input Common Mode CMRR > 50dB 303 3.18 3.18 \

Voitage Range i 3.00 3.00 min

03 —-0.18 —0.18 v
: 0.00 0.00 max

Ay Large Signa! RL = 6000 (Notes 7, 12) 70 10 10 V/mv

Voltage Gain R_ = 10 kQ (Notes 7, 12) 1000 12 12 v/mv

B L5011l24 0090933 125 2
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3V DC Electrical Characteristics (continued)
Unless otherwise specified, all limits guaranteed for T; = 25°C, V+ = 3.0V,V™ = 0V, Vomy = Vo = V+/2,Vpp = 0.6V and
RL > 1 M. Boldface limits apply at the temperature extremes (Note 186).

LMC6681AI LMC6681BI
Typ LMC6682Al LMC6682BI
Symbol Parameter Conditions (Note 5) LMC6684AI LMC6684BI Units
Limit Limit
(Note 6) (Note 6)
Vo Output Swing R = 600QtoV+/2 287 2.70 2.70 A
’ 2.58 2.58 min
0.3 0.3 \"2
15
0 0.42 0.42 max
RL=2kQtoV+/2 295 285 2.85 \%
’ 2.79 2.79 min
0.15 0.15 A
0.08 0.21 0.21 max
RL = 10k toV+/2 299 2.94 2.94 \4
: 2.91 2.91 min
0.04 0.04 \
0.01 0.05 0.05 max
lsc Output Short Sourcing, Vg = 0V 20 9.0 9.0 mA
Circuit Current 6.7 6.7 min
Sinking, Vg = 3V 12 6.0 6.0 mA
4.5 4.5 min
Is ON Supply Current Single, LMC6681 0.7 1.13 1.13 mA
when Powered ON Ve = 1.5V ) 1.36 1.36 max
Dual, LMC6682 14 2.26 2.26 mA
Vom = 1.5V : 2.75 2.75 max
Quad, LMC6684 28 4.52 452 mA
Vem = 1.5V ) 5.42 5.42 max
Is OFF Supply Current Single, LMC6681 05 1.5 1.5 nA
when Powered OFF Vep = 2.3V ’ 2.1 2.1 max
Dual, LMC6682 05 15 15 uA
Vpp = 2.3V : 2.1 2.1 max
Quad, LMC6684 10 3.0 3.0 MA
Vpp = 2.3V : 4.2 4.2 max
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1.8V and 2.2V DC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for Tj = 25°C, vt = 18vand 22V, VT = OV, Vom = Vo = V*/2,
Vpp = 0.4V (@ 2.2V), Vpp = 0.3V (@ 1.8V) and R > 1 M{). Boldface limits apply at the temperature extremes (Note 16).

LMC6681Al LMC6681BI
T LMC6682Al1 LMC6682BI
Symbol Parameter Conditions yp LMC6684Al LMC6684BI Units
(Note 5) P PR
Limit Limit
{Note 6) {Note 6)
Vos Input Offset Voltage V+ =18V,Vgoy = 1.5V 0.5 3 10 mV max
V+ = 22V,Vom = 1.5V 2 6 mvV
0.5
3 7 max
TCVos Input Offset Voltage vt =22V o
Average Drift 1.8 pvrec
Ig input Current V+ = 2.2V (Note 12) 0.08 20 20 pA max
los Input Offset Current v+ = 2.2V (Note 12) 0.04 10 10 pA max
CMRR Common Mode v+ = 2.2V (Note 13) 82 60 60 dB min
Rejection Ratio V+ = 1.8V (Note 13) 82 50 50 dB min
PSRR Power Supply +1.1V < Vg < 15V, 82 70 65 dB
Rejection Ratio Vo = V*T/2=Vcum 65 62 min
VoM Input Common Mode V+ =22V 2.38 22 22 V min
Voltage Range CMRR > 40dB —0.15 0.0 0.0 V max
v+ = 1.8V 1.98 1.8 1.8 V min
CMRR > 40 dB -0.10 0.0 0.0 V max
Vo Output Swing vVt =22v 215 20 2.0 v
RL =2k toV+/2 ’ 1.88 1.88 min
0.2 0.2 \
0.05 0.32 0.32 max
v+ =18V 175 1.6 1.6 v
R = 2ktoV*/2 . 1.44 1.44 min
0.2 0.2 v
0.05 0.32 0.32 max
Is oN Supply Current Single, LMC6681 0.7 1.1 1.1 mA
when Powered ON Vem = 1.5V ’ 1.32 1.32 max
Dual, LMC6682 14 2.2 2.2 mA
Vem = 1.5V : 2.7 2.7 max
Quad, LMC6684 28 4.4 4.4 mA
Vom = 1.5V . 5.3 5.3 max
s OFF Supply Current Single, LMC6681 05 1.5 1.5 HA
when Powered OFF Vpp = 1.5V ! 2.7 2.7 max
Dual, LMC6682 05 1.5 15 RA
Vpp = 1.5V : 2.7 2.7 max
Quad, LMC6684 10 3.0 3.0 pA
Vpp = 1.5V : 5.4 5.4 max
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5V DC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for Ty = 25°C, V+ = 50V,V~ = 0V, Vg = Vo = V1 /2, Vpp = 0.9V and
R > 1 MQ. Boldface limits apply at the temperature extremes (Note 16).
LMC6681AI LMC6681BI
Typ LMC6682Al LMC6682Bt
Symbol Parameter Conditions (Note 5) LMC6684AI LMC6684BI Units
Limit Limit
{Note 6) (Note 6)
Vos Input Offset Voltage Vom = 1.5V 05 1 3 mVv
’ 1.5 3.5 max
TCVos Input Offset Voltage o
Average Drift 15 pVICe
g Input Current (Note 12) 0.08 20 20 pA max
los Input Offset Current (Note 12) 0.04 10 10 pA max
RN Input Resistance >1 Tera £}
CiN Input Capacitance pF
CMRR Common Mode (Note 13) 82 70 65 dB
Rejection Ratio 65 62 min
PSRR Power Supply Rejection +1.5V £ Vg < £2.5V 82 70 65 dB
Ratio Vo =V*t/2=Vcm 65 62 min
Vem Input Common Mode CMRR > 50 dB 53 5.18 5.18 \
Voltage Range ’ 5.00 5.00 min
_03 -0.18 —0.18 \%
’ 0.00 0.00 max
Vo Output Swing RL=2kQtoVt/2 49 4.85 4.85 v
’ 4.58 4.58 min
0.2 0.2 \
0.05 0.28 0.28 max
Is oN Supply Current Single, LMC6681 08 1.24 1.24 mA
when Powered ON Vem = 1.5V ' 1.49 1.49 max
Dual, LMC6682 15 2.48 2.48 mA
Vom = 1.5V : 3.00 3.00 max
Quad, LMC6684 3.0 4.96 4.96 mA
Vom = 1.5V : 6.00 6.00 max
s oFF Supply Current Single, LMC6681 05 1.5 1.5 pA
when Powered OFF Vpp = 4.3V ’ 2.1 2.1 max
Dual, LMC6682 05 1.5 15 nA
Vpp = 4.3V ' 2.1 2.1 max
Quad, LMC6684 1.0 3.0 3.0 BA
Vpp = 4.3V ’ 4.2 4.2 max

M 501124 009093L 934 WM 5

This Materi al

Copyrighted By Its Respective Manufacturer




M 501124 0090937 670 WA

This Materia

Copyrighted By Its Respective Manufacturer

10V DC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for Ty = 25°C, V+ = 10.0V,V~ = 0V, Vgm = Vo = V*+/2, Vpp = 1.2V and
RL > 1 M. Boldface limits apply at the temperature extremes (Note 16).
LMC6681Al | LMC66818BI
Typ LMC6682A1 | LMC6682BI
Symbol Parameter Conditions (Note 5) LMC6684Al LMC6684BI Units
Limit Limit
(Note 6) (Note 6)
Vos Input Offset Voltage Vem = 1.5V 05 1 3 mvV
’ 1.5 3.5 max
TCVps Input Offset Voltage .
Average Drift 5 pvre
g Input Current (Note 12) 0.08 20 20 PA max
los Input Offset Current (Note 12) 0.04 10 10 pA max
Rin Input Resistance >1 Tera 2
Cin Input Capacitance pF
CMRR Common Mode (Note 13) 82 65 65 dB
Rejection Ratio 62 62 min
PSRR Positive Power Supply +1.1V < Vg < 5V a0 70 65 dB
Rejection Ratio Vo=Vt/2 65 62 min
VoM Input Common Mode CMRR > 50 dB 10.30 10.18 10.18 \
Voltage Range ’ 10.00 10.00 min
—0.18 —-0.18 v
0.30 0.00 0.00 max
Vo Output Swing RL=2kQtoV+/2 0.93 9.7 9.7 v
: 9.58 9.58 min
0.3 0.3 v
0.08 0.42 0.42 max
Ay Large Signal RL = 2kQ1toV+t/2 Sourcing 89 25 25 v/mv
Voltage Gain (Note 12) Sinking 224 25 25 V/mv
Isc Output Short Circuit Sourcing, Vp = OV 65 30 30 mA
Current (Note 14) 22 22 min
Sinking, Vo = 10V 70 30 30 mA
(Note 14) 22 22 min
IsoN Supply Current Single, LMC8681 0.9 1.50 1.50 mA
when Powered ON Vem = 1.5V ’ 1.8 1.8 max
Dual, LMC6682 16 3.00 3.00 mA
Veu = 1.8V ’ 3.6 3.6 max
Quad, LMC6684 32 6.00 6.00 mA
Vem = 1.5V X 7.2 7.2 max
s OFF Supply Current Single, LMC6681 05 5 5 nA
when Powered OFF Vpp = 9.3V X 7 7 max
Dual, LMC6682 05 5 5 nA
Vpp = 9.3V : 7 7 max
Quad, LMC6684 10 10 10 HA
Vpp = 9.3V : 14 14 max
[




Powerdown DC Threshold Characteristics

Boldface limits apply at the temperature extremes (Note 186).

LMC6681AIl, LMC6681BI
LMC6682Al, LMC6682BI1
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Symbol Parameter Conditions LMC6684A), LMC6684B) Units
Min Typ Max
VpD, IL Powerdown Voltage Input Low (Device V+ =22V 0.4 v
Powered ON; Amplifier meets all vV =0V 0.25
specs in the datasheet tables) V+ = 3V 06 v
V- =0V 0.45
v+ =5V 0.9 v
vV =0V 0.75
V+ =10V 1.2 v
V- =0V 1.05
VPD, IH Powerdown Voltage Input High (Device vt =22v 1.5 v
Powered OFF; Refer to DC Electrical V= =0V 1.65
Characteristics for Ig orf specs) v+ = 3V 213 v
V- =0V 2.45
V+ =5V 43 v
V- =0V 4.45
v+ =10V 9.3 v
V- =0V 9.45
7




AC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for Ty = 25°C, V*+ = 3V,V~ = 0V, Vgy = Vo = V*+/2,Vpp = 0.6V and Ry,
> 1 MQ. Boldface limits apply at the temperature extremes (Note 16).

LMC6681AI LMC6681BI
Typ LMC6682AI LMC6682BI
Symbol Parameter Conditions (No¥e 5) LMC6684AI LMC66848I Units
Limit Limit
(Note 6) {(Note 6)
toN Time Delay for
N
Device to Power ON (Note 15) 50 200 200 me
torr Time Delay for
Device to Power OFF (Note 15) 05 2 2 ps
SR Slew Rate (Note 8) 12 0.7 0.7
’ 0.55 0.55 V/us
v+ = 10V, (Note 10) 12 0.7 07 min
’ 0.55 0.55
GBW Gain-Bandwidth Product 1.2 MHz
bm Phase Margin 50 Deg
Gm Gain Margin 12 dB
Amp-to-Amp Isolation v+ = 10V (Note 9) 130 dB
en Input-Referred f=1kHz 2z nv
Voltage Noise Vom = 0.5V VHzZ
in Input-Referred f=1kHz 0.5 fA
Current Noise ’ JHz
T.H.D. Total Harmonic Distortion f=1kHz, Ay = +1 0.01 o
RL = 10k, Vo = 2 Vpp ’ °

B 5501124 0090939 b43 M

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions for which the device is
intended to be functional, but specitic performance is not guaranteed. For guaranteed specifications and the test conditions, see the electrical charactenistics.
Note 2: Human body model, 1.5 k(} in series with 100 pF.

Note 3: Applies to both single-supply and split-supply operation. Continous short circuit operation at elevated ambient temperature can result in exceeding the
maximum allowed junction temperature ot 150°C.

Note 4: The maximum power dissipation is a function of T (max), 844, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp =
(Tymax) — TA)/8,a. All numbers apply for packages soldered directly into a PC board.

Note 5: Typical Values represent the most likely parametric norm.

Note 6: All limits are guaranteed by testing or statistical analysis.

Note 7: Vt = 3V, Vg = 0.5V. For sourcing and sinking, 0.5V < Vg < 2.5V,

Note 8: V+ = 3V. Connected as Valtage Foltower with 2V step input, and the output is measured from 15% -85%. Number specified is the slower of the positive
or negative slew rates.

Note 9: input referred, V* = 10V, and R = 100 k2 connected to 5V. Each amp excited in turn with 1 kHz to produce Vo = 2 Vpp.

Nate 10: V+ = 10V. Connected as voltage follower with 8V step Input, and output is measured from 15%-85%. Number speciied is the slower of the positive or
negative slew rates.

Note 11: Limiting input pin current is only necessary for input voltages that exceed absolute maximum input voltage ratings.

Note 12: Guaranteed limits are dictated by tester limitations and not device performance. Actual performance is reflected in the typicai value.

Note 13: CMAR *+ and CMRR — are tested, and the number indicated is the lower of the two vaiues. For CMRR*, V+/2 < Vg < V¥ for 1.8V, 2.2V, 3V, 5V, and
10V. For CMRR—, 0 < Vg < V! /2 for 3V, 5V and 10V. For 1.8V and 2.2V, 0.25 < Vg < V* - 0.3.

Note 14: V' = 10V, Vom = 0.5V. For Sourcing tests, 1V < Vg < 5V. For Sinking tests, 5V < Vg < 9V,

Note 15: The propogation delays are measured using an input waveform of f = 5 Hz, and magnitude of 2.4V. Refer to Section 6.3 and Figures 14, 15 for a detailed
explanation.

Note 16: The Vpp (threshold low and threshold high) limits are guaranteed at room temperature and at temperature extremes. Room temperature limits are
production tested. Limits al temperature extremes are guaranteed via correlation using temperature regression analysis methods. Refer to Section 6.2 for an
overview of the threshold valtages.
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Typical Performance Characteristics
Vgt = 3V, Single Supply, Ta = 25°C unless otherwise specified
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Typical Performance Characteristics (Continued)
Vg* = 3V, Single Supply, To = 25°C unless otherwise specified
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Application Information

1.0 Input Common-Mode Voltage
Range

The LMC6681/2/4 has a rail-to-rail input common-mode
voltage range. Figure 7 shows an input voitage exceeding

both supplies with no resulting phase inversion on the out-
put.

TL/H/12042-5
FIGURE 1. An Input Signal Exceeds the LMC6681/2/4
Power Supply Voltages with No Output Phase Inversion

The absolute maximum input voltage at V+ = 3V is 300 mV
beyond either supply rail at room temperature. Voltages
greatly exceeding this absolute maximum rating, as in Fig-
ure 2, can cause excessive current to flow in or out of the
input pins, possibly affecting reliability. The input current can
be externally limited to £5 mA, with an input resistor, as
shown in Figure 3.

ViN (£7.5V)

Vout (1V/div)

TL/H/12042-6
FIGURE 2. A +7.5V Input Signal Greatly
Exceeds the 3V Supply in Figure 3,
Causing No Phase Inversion Due to R;

v

LMC6681 b— Vour

Vm—‘VV\'j +
R = 10k0 L

TL/H/12042-7
FIGURE 3. Input Current Protection for
Voltages Exceeding the Supply Voltage

2.0 Rail-to-Rail Output

The approximated output resistance of the LMC6681/2/4 is
500 sourcing, and 509 sinking at Vg = 3V. The maximum
output swing can be estimated as a function of load using
the calculated output resistance.

3.0 Low Voltage Operation

The LMC6682 operates at supply voitages of 2.2V and
1.8V. These voltages represent the End of Discharge volt-
ages of several popular batteries. The amplifier can operate
from 1 Lead-Acid or Lithium lon battery, or 2NiMH, NiCd, or
Carbon-Zinc batteries. Nominal and End of Discharge of
Voltage of several batteries are listed below.

. End of Discharge
Battery Type | Nominal Voltage Voltage
NiMH t.2v 1V
NiCd 1.2V 1V
Lead-Acid 2V 1.8V
Silver Oxide 1.6V 1.3V
Carbon-Zinc 1.5V 1.1V
Lithium 2.6V-3.6V 1.7V-2.4V
At Vg = 2.2V, the LMC6681/2/4 has a rail-to-rail input

common-mode voltage range. Figure 4 shows an input vaolt-
age extending to both supplies and the resulting output.

Vin {2.2Vp-p)

Vour (2.2Vp-p)

TL/H/12042-8
FIGURE 4. The Input Common-Mode Voltage
Range Extends to Both Supplies at Vg = 2.2V
The amplifier is operational at Vs = 1.8V, with guaranteed
input common-mode voltage range, output swing, and
CMRR specs. Figure 5 shows the response of the
LMC6681/2/4 at Vg = 1.8V.

Vin (1.6Vp-p)

Vour (1.6Vp-p)

TL/H/12042-9
FIGURE 5. Response of the LMC6681/2/4
atvg = 1.8V
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Application Information (continued)

Figure 6 shows an input voltage exceeding both supplies
with no resulting phase inversion on the output.

Vin{4.2Vp-p)

Vour(500mV/div) §

TL/H/12042-10
FIGURE 6. An Input Voltage Signal Exceeds
LMC6681/2/4 Power Supply Voltages of
Vs = 1.8V with No Output Phase Inversion

4.0 Capacitive Load Tolerance

The LMC6681/2/4 can typically drive a 100 pF load with Vg
= 10V at unity gain without oscillating. The unity gain fol-
lower is the most sensitive configuration to capacitive load.
Direct capacitive loading reduces the phase margin of op-
amps. The combination of the op-amp’s output impedance
and the capacitive load induces phase lag. This results in
either an underdamped pulse response or oscillation.
Capacitive load compensation can be accomplished using
resistive isolation as shown in Figure 7. if there is a resistive
component of the load in parallel to the capacitive compo-
nent, the isolation resistor and the resistive load create a
voltage divider at the output. This introduces a DC error at
the output.

6004

""'"VWTO Vout
+ g200 pF

FIGURE 7. Resistive Isolation
of a 350 pF Capacitive Load

LMC6681

TL/H/12042-11

Figure 8 displays the pulse response of the LMC6681 circuit
in Figure 7.

Vin(2Vp-p) g

VOUT(QVP'F’)

» L/H/1206~12
FIGURE 8. Pulse Response of the
LMC6681 Circuit in Figure 7

Another circuit, shown in Figure 9, is also used to indirectly
drive capacitive loads. This circuit is an improvement to the
circuit shown Figure 7 because it provides DC accuracy as
well as AC stability. R1 and C1 serve to counteract the loss
of phase margin by feeding the high frequency component
of the output signal back to the ampilifiers inverting input,
thereby preserving phase margin in the overall feedback
loop. The values of R1 and C1 shouid be experimentally
determined by the system designer for the desired pulse
response. Increased capacitive drive is possible by increas-
ing the value of the capacitor in the feedback loop.

100k
S AAs

C

11

I

100 pF
\ o
LMC6682 M- *——O Vo1
6000 |
iy ———p + 225 pF g 10kQ

TL/H/12042-13
FIGURE 9. The LMC6682 Compensated
to Ensure DC Accuracy and AC Stability

The pulse response of the circuit shown in Figure 9 is
shown in Figure 10.

Vin (2Vp-p}

Vout (2Vp-p)

TL/H/12042-14
FIGURE 10. Pulse Response of the
LMC6682 Circuit Shown in Figure 9
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Application Hints

5.0 Printed-Circuit-Board Layout for High-Impedance Work

It is generally recognized that any circuit which must oper-
ate with less than 1000 pA of leakage current requires spe-
cial layout of the PC board. When one wishes to take advan-
tage of the ultra-low input current of the LMCB681/2/4, typi-
cally less than 80 fA, it is essential to have an excellent
layout. Fortunately, the techniques of obtaining low leakag-
es are quite simple. First, the user must not ignore the sur-
face leakage of the PC board, even though it may some-
times appear acceptably low, because under conditions of
high humidity or dust or contamination, the surface leakage
will be appreciable.

To minimize the effect of any surface |eakage, lay out a ring
of foil completely surrounding the LMC6681/2/4’s inputs
and the terminals of capacitors, diodes, conductors, resis-
tors, relay terminals, etc. connected to the op-amp’s inputs,
as in Figure 11. To have a significant effect, guard rings
should be placed in both the top and bottom of the PC
board. This PC foil must then be connected to a voltage
which is at the same voltage as the amplifier inputs, since
no leakage current can flow between two points at the same
potential. For example, a PC board trace-to-pad resistance
of 101261, which is normally considered a very large resist-
ance, could leak 5 pA if the trace were a 5V bus adjacent to
the pad of the input. This would cause a 60 times degrada-
tion from the LMC6681/2/4’s actual performance. Howev-
er, if a guard ring is held within 5 mV of the inputs, then even
a resistance of 1011Q would cause only 0.05 pA of leakage
current. See Figures 12a, 12b, and 72c for typical connec-
tions of guard rings for standard op-amp configurations.

ouT4 -IN4 +IN4

O O @) O

\
o o) o o]
ouT1 -IN1 +IN1 Ve
o o o) —

( Y

L

Guard Ring

TL/H/12042-18
FIGURE 11. Example of Guard Ring in PC Board Layout

c1
{1
L1
Rl pamiq R2
INPUT -AAAAL 1 AAA-
s
1
1 [N
. 1 1
Guard Ring —3 1| LmMCB881 — OUTPUT
1 1
1

TL/H/12042-19
(a) Inverting Amplifier

R2
AAA
WA
R1 ol
1 1
‘VAVAV T T -
1]
= Gusrd Ring —t | |jce6st b— ouTPUT
]

I
INPUT ——rrd— +
1 1

[Rp—

TL/H/12042-20
(b) Non-Inverting Amplifier

L—OUTPUT

LMC6681

TL/H/12042-21
{c) Follower

FIGURE 12. Typical Connections of Guard Rings

The designer should be aware that when it is inappropriate
to lay out a PC board for the sake of just a few circuits, there
is another technique which is even better than a guard ring
on a PC board: Don't insert the amplifier’s input pin into the
board at all, but bend it up in the air and use only air as an
insulator. Air is an excellent insulator. In this case you may
have to forego some of the advantages of PC board con-
struction, but the advantages are sometimes well worth
the effort of using point-to-point up-in-the-air wiring. See
Figure 13.

FEEDBACK
CAPACITOR

RESISTOR OP AMP

X

9599,

LSOLDER CONNECTION
TL/H/12042-22

PC Board

(tnput pins are lifted out of PC board and soldered directly to components.
All other pins are connected to PC board.)

FIGURE 13. Air Wiring
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Application Hints continued)

6.0 Powerdown

6.1 PINOUT FOR THE LMC6681/LMC6682/LMC6684

For the LMC6681/2/4, the input, output, and power pins are
the same as those used in the standard configuration. One
of the other pins, pin 5 in the case of the LMC6681, is used
to trigger the powerdown mode externally. The connection
diagrams for the LMC6681/2/4 are shown on the front
page of the datasheet.

The LMC6684 has 2 powerdown options. Each of the pow-
erdown pins disables two amplifiers. If both the powerdown
pins are pulled high, all four amplifiers will be disabled. Re-
ferring to the connection diagrams on the front page of the
datasheet, Pin 5 disables amplifiers B and C and Pin 13
disables amplifiers A and D.

6.2 EXPLANATION OF DATASHEET PARAMETERS

The LMC6681/2/4 is ON (meets all the datasheet specs)
when the voitage applied to the powerdown pin, Vpp is a
logic low. The device is OFF when Vpp is a logic high.
These logic levels are indicated in the test conditions in the
datasheet tables. Summarizing these numbers:

Supply Logic High [V] Logic Low [V]

Voltage atroom | overtemp | atroom | over temp

22V |Vpp = 1.5{Vpp = 1.65|Vpp < 0.4|Vpp < 0.25
3V Vpp 2 2.3 | Vpp 2 2.45|Vpp < 0.6 | Vpp < 0.45
5V Vpp = 4.3 |Vpp = 4.45(Vpp < 0.9{Vpp < 0.75

10V |Vpp = 8.3{Vpp = 9.45|Vpp < 1.2|Vpp < 1.05

-1vO

1.2v
f = 5Hz | I I l PD Pin Q

-1.2v Vep- Input To
Powerdown Pin

> +1.2v
e
~
> ov
£ -1y o =
/] 3
y >
£
o
o
[ =
—
3
-1V >
200 ns/div
Time

(a) torr Measurement

TL/H/12042-17

In applications when the powerdown pin is not triggered ex-
ternally, it is pulled to a logic low internaily through a current
source. The ton and torr specs will essentially be the same
for a Vpp in the specified range. This means that the
LMC6681/2/4 will typically be fully operational 50 us atter a
logic low has been applied to the powerdown pin. Please
note that the frequency of Vpp is 5 Hz.

6.3 TEST CIRCUIT TO MEASURE igy AND tofr

The circuit used to measure the tgn, and topr during the
powerdown operation is a voltage follower with a load of
2 k2 as shown in Figure 14.

When the input to the powerdown pin is low, the
LMC6681/2/4 is on. Since the amplifier is connected in the
voltage foliower configuation, the output of the circuit is
—1V. When the powerdown pin is pulied high, the amplifier
shuts down, and draws less than 2 pA/Amplifier. In this
powerdown mode, the output pin has high impedance, and
the output of the circuit is pulled to OV. toy is specified as
the time between the 50% points of the trailing edges of the
input waveform at the powerdown pin, and the waveform at
the output pin. Similarly, the topr is specified as the time
between the 50% points of the leading edges of the input
waveform at the powerdown pin, and the waveform at the
output pin.

FIGURE 14. Test Circuit for toy and topr Measurements

2ka - OUTPUT
WAVEFORM
VT =-1.5V
TL/H/12042-16
> +1.2V
5
=z
> ov
£ -y
oV
s
z
3
>
£
(=
(=)
=
=
3
-1V =
10 ps/div
Time

TL/H/12042-29
(b) ton Measurement

FIGURE 15
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Application Hints (continued)

7.0 Compensating for Input
Capacitance

It is quite common to use large values of feedback resist-
ance with amplifiers that have uitra-low input current, like
the LMCB681/2/4. Large feedback resistors can react with

Applications

Transducer Interface Circuits
A. PIEZOELECTRIC TRANSDUCERS

’ ! AN
small values of input capacitance due to transducers, pho- o T J
todiodes, and circuits board parasitics to reduce phase mar- MICROPHONE M o sonae
ginS. PROCESSING

G TL/H/12042-24
JI I FIGURE 17. Transducer Interface Application
R2 The LMC6681 can be used for processing of transducer
M signals as shown in the circuit below. The two 11 M2 resis-
R1 tors provide a path for the DC currents to ground. Since the
Vin —MWA—e - resistors are bootstrapped to the output, the AC input resist-
: ' L ance of the LMC6681 is much higher.
siic ;LMC6682 Vout 10 uf
1]
: L'—— p it
-k = 22M0
TL/H/12042-15 b
FIGURE 16. Canceling the Effect of Input Capacitance ~
The effect of input capacitance can be compensated for by LMCB681 L Vour

adding a feedback capacitor. The feedback capacitor (as in
Figure 16), Cg, is first estimated by:

1 1
- >
2wA1Cy  27RCr

or
RCinv < RoCF

which typically provides significant overcompensation.

Printed circuit board stray capacitance may be larger or
smaller than that of a breadboard, so the actual optimum
value for Cg may be different. The values of Cg should be
checked on the actuat circuit. (Refer to the LMC660 quad
CMOS amplifier data sheet for a more detailed discussion.)

+

>
Mo

11M0

AAA -

VVV l
j' I:E

TL/H/12042-36
FIGURE 18. LMC6681 Used for Signal Processing

An input current of 80 fA and a CMRR of 82 dB causes an
insignificant error offset voltage at the output. The rail-to-rail
performance of the amplifier also provides the maximum
dynamic range for the transducer signals.

B. PHOTODIODE AMPLIFIERS

10MO
8.0 Spice Macromodel ‘
A Spice Macromodel is available for the LMC6681/2/4. The r’ . -
model includes a simulation of: 1 L—o
SLMCE682 Yaur
® {nput common-mode voltage range 2

® Frequency and transient response

¢ GBW dependence on loading conditions

* Quiescent and dynamic supply current

* Qutput swing dependence on loading conditions

and many more characteristics as listed on the macromodel
disk.

Contact the National Semiconductor Customer Response
Center at 1-800-272-9959 to obtain an operational amplifier
spice macromodel library disk.

g +

B - TL/H/12042-26
FIGURE 19. Photodiode Amplifier

Photocells can be used in light measuring instruments. An
error offset voltage is produced at the output due to the
input current and the offset voltage of the amplifier. The
LMC6682, which can be operated off a single battery is an
excellent choice for this application with its 80 fA input cur-
rent and 0.5 mV offset voltage.

B L501124 009094k 883 WM 1
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Applications (continued)

For single supply 5V operation, the output of the circuit witl

LOW V0|tage Peak DeteCtor swing from OV to 5V. The voltage divider set up R, Rz and

Mo R4 will cause the non-inverting input of the LMC8681/2/4 to

‘ AAA- move from 1.67V (14 of 5V) to 3.33V (24 of 5V). This voltage
N N behaves as the threshold voltage.

1
71 MC6682 R1 and Cy determine the time constant for the circuit. The

1
=0 Your frequency of oscillation, fosg is (—) where At is the time

1
FLMCE682

2At
the amplifier input takes to move from 1.67V to 3.33V. The
calculations are shown below.

ji 100 pF
= tq
TL/H/12042-23 167 =5(1 -e—
FIGURE 20. Low Voitage Peak Detector

where 7 = RC = 0.68 seconds

The accuracy of the peak detector is dependent on the — ; = 0.27 seconds

leakage currents of the diodes and the capacitors, and the

non-idealities of the amplifier. The parameters of the amplifi- and
er which can limit the performance of this circuit are (a) )
Finite slew rate, (b) Input current, and (c) Maximum output 333 = 5(1 -e-—:
current of the amplifier.
The input current of the amplifier causes a slow discharge of — tp = 0.74 seconds
the capacitor. This phenomenon is called “‘drooping”. The 1
LMC6682 has a typical input current of 80 fA. This would Then, fosc = (—)
cause the capacitor to droop at a rate of dV/dt = Ig/C = 24t
80 fA/100 pF = 0.008 V/us. Accuracy in the amplitude 1
measurement is also maintained by an offset voltage of = ST oot
0.5 mV, and an open-loop gain of 120 dB. 2(::'74 0.:27)
= 1Hz
Oscillators
o LMC6681/2/4 as a Comparator
1
‘VAVA' v
O _
10 MO N
1
c —L—q _ 5LMCE682 —O Vour
! JLMC6682 —O Vour Veer O— AW +
0.068 uf | 2
p— +
R, Ry ANV
TL/H/12042-31

Figure 22 shows the application of the LMC6681/2/4 as a
comparator. The hysteresis is determined by the ratio of the
two resistors. Since the supply current of the LMC6681/2/4
is less than 1 mA, it can be used as a low power compara-
tor, in applications where the quiescent current is an impor-
tant parameter. At Vg = 3V, typical propagation delays
would be on the order of tpy. = 6 us, and tpy = 5 us.

5V M\ My . ;
: 475 kS FIGURE 22. Comparator with Hysteresis

TL/H/12042-30
FIGURE 21. 1 Hz Square—Wave Oscillator
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Thi s

Applications (continued)

Filters
c2
1l
17
40 pf
R2
——N——e
c1 R1 MO
Vin O—| —wWA——] -
79nF 10ka LMCE681 —O v,

+

TL/H/12042-32
FIGURE 23. Wide-Band Band-Pass Filter
The filter shown in Figure 23 is used to process “voice-
band" signals. The bandpass filter has a DC gain of 40 dB.
The two corner frequencies, f1 and f, are calculated as

1 1

i = = = 200 Hz
17 27RCq  27(10 k) (79 nF)

fpm — = ! - 4kHz

27 27RC,  2m(1 MS1)(40 pF)

The LMCB681/2/4, with its rail-to-rail input common-mode
voltage range and high gain (120 dB typical, R = 10 kQ} is
extremely well suited for such filter applications. The rail-to-
rail input range allows for large input signals to be process-
ed without distortion. The high gain means that the circuit
can provide filtering and gain in one stage, instead of the
typical two stage filter. This implies a reduction in cost, and
savings of space and power.

This is an illustration of the conceptual use of the
LMC6681/2/4. The selectivity of the filter can be improved
by increasing the order (number of poles) of the design.

Sample-and-Hold Circuits

Sample

€0 40686

Yy ——0"0—

TL/H/12042-34
FIGURE 24. Sample-and-Hold Application

When the “Switch” is closed during the Sample Interval,
CHoLp charges up to the value of the input signal when the
“Switch” is open, CHoLp retains this value as it is buffered
by the high input impedance of the LMC6681.

Errors in the “hold” voltage are caused by the input current
of the amplifier, the leakage current of the CD4066, and the
leakage current of the capacitor. While an input current of
80 fA minimizes the accumulation rate for error in this cir-
cuit, the LMC6681’s CMRR of 82 dB allows excellent accu-
racy throughout the amplifier’s rail-to-rail dynamic capture
range.

Battery Monitoring Circuit

<
R, <
load p:

TL/H/12042-37
FIGURE 25a. Circuit Used to Sense Charging

Vs
R2
‘d;schargeTEBallery AA
R1
WA |
1
JLMC6682 Vour

TL/H/12042-38
FIGURE 25b. Circuit Used to Sense Discharging

The LMC6681/2/4 has been optimized for performance at
3V, and also has guaranteed specs at 1.8V and 2.2V. In
portable applications, the R pap represents the laptop/
notebook, or any other computer which the battery is power-
ing. A desired output voltage can be achieved by manipulat-
ing the ratios of the feedback resistors. During the charging
cycle, the current flows out of the battery as shown. While
during discharge, the current is in the reverse direction.
Since the current can range from a few milliamperes to am-
peres, the amplifier will have to sense a signal below ground
during the discharge cycle. At 3V, the LMC6681/2/4 can
accept a signal up to 300 mV below ground. The common-
mode voltage range of the LMC6681/2/4, which extends
beyond both rails, is thus a very useful feature in this appli-
cation.

A typical offset voltage of 0.5 mV, and CMRR of 82 dB
maintain accuracy in the circuit output, while the rail-to-rail
output performance allows for a maximum signal range.
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Physical Dimensions inches (millimeters)

0.189-0.197

{4.800 —5.004)

AR A

8-Pin Small Outline Package
Order Number LMC6681AIM or LMC6681BIM
NS Package Number M0SA

0.228-0.244
{5.791-6.138)
0.010 yax
e (0.254)
LEAD NO. 1 2 3 ¢ K
IDENT .
0.150-0.157
{3.:810—3.938)
0.053 0.069
0.010-0.020 450 0.0530.069
zse oo T R
' - B° MAX TYP 0.004 -0.010
ALL LEADS (0.102-0.254)
L—:J J i—jﬁ-a—ié @l * ;E::;I:G
‘F" oo A f ] f
0.102) 0.014
0.008—0.010 = 0.050 0.014-0.020
—=" T ALLLEAD TIPS 016 —0. 0.356) ———— —»] TYP
{0.203-0.258) (3 e g:g) 038 o) o008 935 -0.508)
TYP ALL LEADS oA e 08 1vP i —
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PhyS|ca| Dimensions inches (millimeters) (Continued)
) 0.335 - 0.344
{8 509 —8.738) |
114 13 12 1" 10 9 a
TR AAAAQ
0.228-0.244
Fror-eies) | -~ :T‘SP
! -/ >
i// /
LEAD KO, 1 .~ - \'
IDENT g v H g g U U adi
12 3 4 5 § 7
0.010 yax
0.259)
0.150 —0.157
> (a10—3.99)
0.010 - 0,020 0.053 -0.069
{0.250 0508 < "™ 13862 1.753)
8° MAX TYP 0.004-0.010
ALL LEADS . y  (0.102-0.254)
t 1]
i—...fj_" SEATING B S e A
? PLANE 1 T
0.008 -0.010 L0 g 60 ‘ \ 0.014 -0.020
{0.203-0.258) 0.018-0.050 0358 o ~ > 10.355—0.508) e
TYP ALL LEADS 0.004 {0.406—1.270) TYp g
w0 TYP ALL LEADS i (g%gs) e
ALL LEAD TIPS M8 REV )
14-Pin Small Outline Package
Order Number LMC6682AIM or LMC6682BIM
NS Package Number M14A
0.386 - 0.3%4
Ty A
6 15 14 13 12 0
0.228-0.244 200
{5761 -6.199) e
LEAD ND 4 1 2 3 a4 5 6 1 8
TDENT 0.010 pax
{0.254)
0.150 -0 157
™ Gen—ssa [
0.010 —0.020 0.053 - 0.069
0250308 ¥ ™ (1346 -1753) 0.004 -0.010
8° MAX TYP (0.102—0.258)
ALL mns o
L A ]
— R HEEIEER SEATING
L PLANE
0.008-0.010 oou “" 0.050 0.014-0.020
il LA 0.016—0.050 - 0.014-0.020 ryp
203 -0.258) AR 0.56) [ m; {0.356 —0.508
TYP ALL LEADS )
0004 TYP ALL LEADS _» | 0008 o
ITRTE) (0.203) MIBA REV by
ALL LEAD TIPS
16-Pin Small Qutline Package
Order Number LMC6684AIM or LMC6684BIM
NS Package Number M16A
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PhySical Dimensions inches (millimeters) (Continued)

14-Pin Molded Dual-in-Line Package

Order Number LMC6682AIN or LMC6682BIN

NS Package Number N14A

0.373-0.400
[ ©.a7a—10.18)
0.090
(2.286)
0082 By (7] [6] [5] 0.032 £0.005
zan ™ (0.813£0.127)
PIN NO. 1 IDENT @ ) e 101 o
‘ (6.35£0.127) PIN NO. 1 IDENT-
opPTioNT £® T TRe
0.280 Ll Lz] (31 14
7™ [ oon 200 | | OPTION 2
0030 .y (1 016) 0.039
0.300 —0.320 {0.762) (uTn) _0.145-0.200
™ Te2-8.128) 20° 1 1°—3| - (3.683—5.080)
{7.62-8.128) * L/<—
[~ % ¢ A A 0.130+0.005 4
T ] ¥y (3.302%0.127) v
915 ./ £ 0125-0.140 1
N 0.065 (3.175—3.556) 0.020
0.125 X
0.009 —0.015 2183 1651) P o
00090015 4 {3.175) -
{0.229—0.381) DA TYP MIN
+0.040 NOM e 0.01820.003
0325 _ 045 > {0.457£0.076)
b (G 255 +1. 015) 0.100+0.010
—0.381 (2.54020.254)
0.045 +0.015
{1.143£0.381) .
0.060
{1.523)
0.050
(1.270) NOBE (REV F}
8-Pin Molded Dual-In-Line Package
Order Number LMC6681AIN or LMC6681BIN
NS Package Number NOSBE
0.740-0.770
(18.80—19.56)
rLI | (2 zsal
[ i3] [2) (1] o] [5]
}b 0.25010.010
(6.350 10.254)
PIN NO. 1 'O
1DENT |IRFIRE RS REZAI RN
0.092 0.030 MAX
{2.337) (0.762) DEPTH
OPTION 1 GPTION 02
= E K]
g g (7.620—8.128) 0.065
0.145-0.200 » 0060 4°TYP [e—r
{3.683—5.080) ‘ "7 (1.528) \ OPTIONAL > (1.651)
11 [ \_ —
) %——— }
o £ B0 4.008 -0.016
0.020 o0 4 TP | Z5 2830408
(0.508) T H
M 0.125-0.150 * 0.075£0.015
u':jg;;:g gi) TYP = 0.100+0.010 MIN
005010010 (zmnm) ——— >
> G758 | 0325 0040
+1.016"
{0350 —
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c
g Physical Dimensions inches (milimeters) (Continued) Lit # 108489-001
I
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N1BA(REV E)
16-Pin Molded Dual-In-Line Package
Order Number LMC6684AIN or LMC6684BIN
NS Package Number N16A

~

LMC6681 Single/LMC6682 Dual/LMC6684 Quad

Low Voltage, Rail-To-Rail Input and Output CMOS Ampi

Fax: (043) 299-2500

. LIFE SUPPORT POLICY
~ NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
0 DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
[ ] SEMICONDUCTOR CORPORATION. As used herein:
rd 1. Lite support devices or systems are devices or 2. A critical component is any component of a life
L0 systems which, (a) are intended for surgical implant support device or system whose failure to perform can
o into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life
IJD" failure to perform, when properly used in accordance support device or system, or to affect its safety or
o with instructions for use provided in the labeling, can effectiveness.
o be reasonably expected to result in a significant injury
to the user.

x
m National Semiconducior National i National i National National Semiconductores National Semiconductor
~ Carporation GmbH Japan Ltd. Hong Kong Ltd. Do Brazil Ltda. {Australia) Pty, Ltd.

Drive 10 Chemical 131h Fioor. Straight Block Rue Deputado Lacorda Franco 16 Business Park Dr
~ £.0. Box 58090 D-82256 Firslenfeldbruck  Engineening Center Qcean Centre, 5 Canton Rd. 120-3A Notling Hill. VIC 31868
D Santa Clara, CA 95052-8090  Germany Bldg. 7F Tsimshatsw, Kowicon Sao Paulo-SP Australia
Ln Tel: 1(800) 272-9952 Tel: (0-81-41) 103-0 1-7-1, Nakase, Mihama-Ku Hong Kong Brazil 05418-000 Tel: (3) 558-9999

TWX: (910) 339-9240 Telax: 527649 Chiba-City, Tel (852) 737-1600 Tel: {55-11) 212-5066 Fax (3) 558-8998
-D Fax' (0-81-41) 10-35-06 Ciba Prelecture 261 Telex' 51292 NSHKL Telex: 391-1131931 NSBR BR
Tel (043} 289-2300 Fax: (852) 736-8960 Fax' (65-11) 212-1181

National does not assume any responsibility for use of any circurtry described, no circurt patent kcenses are implied and National rasarves the right at any tir
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