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DC Electrical Characteristics (Continued)

Th e  following specifications apply for V +  =  5V, V ~  =  OV, V q m  =  1-5V, Vq  =  2.5V, and Rj_ =  1M unless otherwise noted. 
Boldface limits apply at the temperature extremes; ail other limits T j  =  25°C.

Typical 
(Note 5)

LMC6024I
Symbol Parameter Conditions Limit 

(Note 6)
Units

Vo Output Voltage Swing < + ll cn <

4.987
4.40 V

R L =  100 kft to 2.5V 4.43 Min

0.004
0.06 V

0.09 Max

< + II Ol <

4.940
4.20 V

R L =  5 kft to 2.5V 4.00 Min

0.040
0.25 V

0.35 Max

V +  =  15V
14.970

14.00 V
R l  =  100 k (l to 7.5V 13.90 Min

0.007
0.06 V

0.09 Max

V +  =  15V
14.840

13.70 V
R L =  5 k f lto 7 .5 V 13.50 Min

0.110
0.32 V

0.40 Max

>0 Output Current

>1011+>
22

13 mA

Sourcing, V q  =  OV 9 Min

Sinking V o  =  5V
21

13 mA
(Note 2) 9 Min

V +  =  15V
40

23 mA
Sourcing, Vq  =  OV 15 Min

Sinking, V0  =  13V
39

23 mA
(Note 12) 15 Min

Is Supply Current All Four Amplifiers
160

240 juA

V 0  =  1.5V 2 80 Max
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Th e  following specifications apply for V +  =  5V, V ~  =  OV, V q m  -  1.5V, V o  =  2.5V, and R[_ =  1M unless otherwise noted. 
Boldface limits apply at the temperature extremes; all other limits T j  =  25°C.

AC Electrical Characteristics

Symbol Parameter Conditions
Typical 
(Note 5)

LMC6024I 
Limit 

(Note 6)
Units

SR Slew Rate (Note 8)
0.11

0.05
0.03

V/jns
Min

G B W Gain-Bandwidth Product 0.35 MHz

Phase Margin 50 Deg

Gm Gain Margin 17 dB

Amp-to-Am p Isolation (Note 9) 130 dB

en In put-Referred Voltage Noise F =  1 kHz 42 nV/VRz

in Input-Referred Current Noise F =  1 kHz 0.0002 pA/VRz

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the component may occur. Operating Ratings indicate conditions for which the device 
is intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. 
The guaranteed specifications apply only for the test conditions listed.

Note 2: Applies to both single-supply and split-supply operation. Continuous short circuit operation at elevated ambient temperature and/or multiple Op Amp shorts 
can result in exceeding the maximum allowed junction temperature of 150°C. Output currents in excess of ±30 mA over long term may adversly affect reliability. 

Note 3: The maximum power dissipation is a function of T j (max), � � � �� and Ta- The maximum allowable power dissipation at any ambient temperature is 
� �� =  (Tj(max) “  � � � � � � � 	

Note 4: Human body model, 100 pF discharge through a 1.5 kn resistor.

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

Note 6: All limits are guaranteed by testing or correlation.

Note 7: V +  = 15V, VCm  = 7.5V, and RL connected to 7.5V. For Sourcing tests, 7.5V <; V0  <: 11.5V. For Sinking tests, 2.5V <: Vo £ 7.5V.

Note 8: V +  = 15V. Connected as Voltage Follower with 10V step input. Number specified is the slower of the positive and negative slew rates.

Note 9: Input referred, V +  =  15V and Rl -  100 k��  connected to 7.5V. Each amp excited in turn with 1 kHz to produce Vo =  13 Vpp.

Note 10: For operating at elevated temperatures the device must be derated based on the thermal resistance 0j a  with Pd  =  (T j  -  T a )/0j a - 

Note 11: All numbers apply for packages soldered directly into a PC board.

Note 12: Do not connect output to V +  when V + is greater than 13V or reliability may be adversely affected.
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Typical Performance Characteristics Vs =  ±  7.5V, T a  =  25°C unless otherwise specified (Continued)

Open-Loop Voltage 
' Gain vs Temperature

-7 5  -2 5  25 75 125
TEMPERATURE (°C)

Open-Loop 
Frequency Response

0.010.1  1 10 100 Ik  10k 100k 1M 10M
FREQUENCY (Hz)

Gain and Phase Responses 
vs Load Capacitance

Gain and Phase 
Responses vs Temperature
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Inverting Slew Rate 
vs Temperature
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Typical Performance Characteristics Vs =  ±  7.5V, T a  =  25°C unless otherwise specified (Continued)
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�������� ��������

����� �������� �2 � "

� � � � � � � � � � � �
Note: Avoid resistive loads of less than 500ft, as they may cause instability.

Application Hints
AMPLIFIER TOPOLOGY
Th e  topology chosen for the LMC6024 is unconventional 
(compared to general-purpose op amps) in that the tradi­
tional unity-gain buffer output stage is not used; instead, the 
output is taken directly from the output of the integrator, to 
allow rail-to-rail output swing. Since the buffer traditionally 
delivers the power to the load, while maintaining high op 
amp gain and stability, and must withstand shorts to either 
rail, these tasks now fall to the integrator.

As a result of these demands, the integrator is a compound 
affair with an embedded gain stage that is doubly fed for­
ward (via Cf and Cff) by a dedicated unity-gain compensa­
tion driver. In addition, the output portion of the integrator is 
a push-pull configuration for delivering heavy loads. While 
sinking current the whole amplifier path consists of three 
gain stages with one stage fed forward, whereas while 
sourcing the path contains four gain stages with two fed 
forward.

Stability vs Capacitive Load
�������

������
� ��
�� �����
�
��	
� ���
� �

�

��
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� � ��!�� "�
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2 %
�

$��� ��$$ i
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�� � � �&�� � � � ���� � ��

�������� ��������
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� � � � � � � � � � � �

Th e  large signal voltage gain while sourcing is comparable 
to traditional bipolar op amps, for load resistance of at least 
5 kft. Th e  gain while sinking is higher than most C M O S  op 
amps, due to the additional gain stage; however, when driv­
ing load resistance of 5 kft or less, the gain will be reduced 
as indicated in the Electrical Characterisitics. Th e  op amp 
can drive load resistance as low as 500ft without instability.

COMPENSATING INPUT CAPACITANCE
Refer to the LMC660 or LMC662 datasheets to determine 
whether or not a feedback capacitor will be necessary for 
compensation and what the value of that capacitor would 
be.

CAPACITIVE LOAD TOLERANCE
Like many other op amps, the LMC6024 may oscillate when 
its applied load appears capacitive. Th e  threshold of oscilla­
tion varies both with load and circuit gain. Th e  configuration 
most sensitive to oscillation is a unity-gain follower. See the 
Typical Performance Characteristics.

Th e  load capacitance interacts with the op amp’s output 
resistance to create an additional pole. If this pole frequen­
cy is sufficiently low, it will degrade the op amp’s phase 
margin so that the amplifier is no longer stable at low gains. 
Th e  addition of a small resistor (50ft to 100ft) in series with 
the op amp’s output, and a capacitor (5 pF to 10 pF) from

1-717
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A  suitable capacitor for C2 would be a 5 pF or 10 pF silver 
mica, NPO  ceramic, or air-dielectric. When determining the 
magnitude of l~ , the leakage of the capacitor and socket 
must be taken into account. Switch S2 should be left short­
ed most of the time, or else the dielectric absorption of the 
capacitor C2 could cause errors.

Application Hints (Continued)

Similarly, if S1 is shorted momentarily (while leaving S2 
shorted)

,+  = T X <C 1 + C x)

where C x is the stray capacitance at the +  input.

Typical Single-Supply Applications tv- = 5.0 vDC)

Photodiode Current-to-Voltage Converter
+5V

Note: A 5V bias on the photodiode can cut its capacitance by a factor of 2 or 
3, leading to improved response and lower noise. However, this bias on the 
photodiode will cause photodiode leakage (also known as its dark current).

Micropower Current Source
LM385 (1.2V)

� � � � � � � � � � � � '

(Upper limit of output range dictated by input common-mode range; lower 
limit dictated by minimum current requirement of LM385.)

Low-Leakage Sample-and-Hoid

� � � � � � � � � � � � )

Instrumentation Amplifier

If R1 =  R5, R3 =  R6, and R4 =  R7;

Then

� � � � � =  R2 +  2 R1 R4 
V|N R2 X R3

.'. Av ~  100 for circuit shown.

For good CMRR over temperature, low drift resis­
tors should be used. Matching of R3 to R6 and 
R4 to R7 affects CMRR. Gain may be adjusted 
through R2. CMRR may be adjusted through R7.
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