LENESAS Tutorial

Op-Amp Crash Course Part 2: Key Parameters

A circuit designer selects an op-amp based on several device parameters. These parameters must satisfy the
requirements of the application the op-amp is used in. The most frequently considered parameters are listed
below.

Part 2 of this tutorial explains their definitions and purposes.
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Op-Amp Crash Course Part 2: Key Parameters Tutorial

1. Op-amp Gain versus Amplifier Circuit Gain

From Part 1, recall that a complete amplifier circuit (or amplifier configuration) always consists of the op-amp and
its surrounding components, which determine the gain of the amplifier circuit. In the non-inverting amplifier of
Figure 1, resistors R4 and R, perform this task.

While the actual op-amp gain might be 100000 (10%), the gain of the ampilifier circuit is set by the ratio of the
resistor values, which might only be ten (10). Therefore, distinguish between two gain terms: the op-amp gain, A,
and the amplifier circuit gain, G.

The op-amp gain is the ratio of the signal output voltage to the voltage difference at the op-amp inputs:

V
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The circuit gain is the ratio of the signal output voltage to the signal input voltage at the circuit input:
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In op-amp terminology the op-amp gain is the Open-Loop gain, Ag,, and the circuit gain is the Closed-Loop gain,
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Figure 1. Non-inverting Amplifier Figure 2. Op-amp Gain (A) vs Circuit Gain (G)

Figure 2 shows the frequency responses of the op-amp gain, A, and the circuit gain, G. The op-amp gain is
frequency dependent. It is very high from DC up to a certain frequency, fy. Then it drops at a constant rate until it
reaches a value of 1.

The op-amp gain represents an amplifier circuit design's maximum achievable gain setting. Gain settings beyond
the op-amp gain response cannot be achieved.

This becomes clear when following the circuit gain response, G, which remains constant over a wide frequency
range until it reaches the op-amp gain response at the bandwidth frequency, fgyy. Beyond fgyy, the circuit gain
follows the op-amp gain response, as the op-amp cannot support gains higher than its own.

= The frequency, fgyy, is the upper limit of the signal frequency bandwidth.

= The signal frequency bandwidth is the range of signal frequencies from DC up to fgyy, which the ampilifier circuit
can amplify at a given circuit gain, G.
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Op-Amp Crash Course Part 2: Key Parameters Tutorial

2. Gain Bandwidth (GBW)

As the gain axis and the frequency axis have a logarithmic scale, the slope of the op-amp gain beyond fy is

constant, and each point on this slope represents a constant product of circuit gain x signal frequency bandwidth.
Hence, the name gain-bandwidth product, or GBW.
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Figure 3. Gain-Bandwidth Product: GBW = G;-fgy; = constant

The GBW of an op-amp determines the maximum possible signal bandwidth an op-amp can support for a given
gain setting:

GBW = G, x fg;

For example, if the non-inverting amplifier in Figure 1 has a circuit gain of G4 = 100 and the op-amp has a GBW of
1MHz, then the maximum signal bandwidth of this amplifier is:

Therefore, the gain bandwidth product of an op-amp determines the maximum possible signal bandwidth of an
amplifier circuit for a given circuit gain.

Op-amp manufacturers mainly distinguish between high-speed op-amps (GBW = 50MHz) and non-high-speed or
standard op-amps:

= Standard amplifiers with GBW < 50MHz

= High-speed amplifiers with GBW = 50MHz
See Appendix A.1 and A.2 for the standard and high-speed op-amps lists.
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Op-Amp Crash Course Part 2: Key Parameters Tutorial

3. Input Offset Voltage (Vgs)

Every op-amp has an internal DC error voltage, known as the input offset voltage, Vgg, which causes it to output
a voltage even if its inputs are zero.

Figure 4 shows the model of a practical op-amp, where Vg is assigned to the positive input of an ideal op-amp
(without offset). As the input offset is in series with the signal input, Vg adds to V|, causing an input error. The
effective input voltage, V|\ + Vpg, is then amplified by the gain of the ampilifier circuit, resulting in an even larger
output offset error.

——0 Vour
Vin

Vour = (Vin+ Vos) x G

Ri

a1 22
with G =1+ R,

Figure 4. Vgg causes an Input Error that the Circuit Gain Amplifies

The input offset voltages for various op-amps can range from as little as 2uV up to as much as 10mV, spanning
more than three decades or a factor of 1000.

Op-amp manufacturers, therefore, distinguish between general-purpose and precision op-amps.

Precision op-amps are those with Vqg < 0.5mV, and general-purpose op-amps with Vqog > 0.5mV.

Whether an amplifier design requires a precision op-amp or can do with a general-purpose device depends on the
required accuracy of the application. After budgeting the error due to resistor tolerances, the other main error
source is the input signal error due to input offset.

An amplifier with large signal input, such as in the hundreds of millivolts, might utilize an op-amp whose Vg is in
the millivolt range (ISL28213: Vog = 4mV). However, in the case of a small input signal, such as in the hundreds
of microvolts, the amplifier design requires a precision op-amp with a Vg in the microvolt range (1SL28233:
Vog = 40uV). Therefore, memorize that the lower the op-amp input offset voltage, Vg, the higher the accuracy
of the amplifier design.

See Appendix A.3 and A .4 for the Precision and General-Purpose op-amps lists.
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4. Supply Current per Channel (Icc)

Every op-amp needs a certain amount of current to sufficiently bias its internal transistors for correct operation
(Figure 5). This current is the supply current, Igc. It is specified for a single channel only to allow for proper
supply-current comparison between single, dual, and quad-channel devices. I is measured with the op-amp
operating in the unity-gain or buffer configuration (Figure 6), under no-load condition (IoyT1 = 0A), and with the
signal input being grounded (V)N = OV).

Vs-

lour =0

ouT

Vs.

Figure 5. Ic¢ biases internal Transistors Figure 6. I Test Conditions

The product of supply current times the nominal supply voltage leads to the differentiation between fast op-amps
and low-power op-amps, and within the low-power category, between micro-power and nano-power op-amps.

Fast op-amps with high gain bandwidth and high slew rate require larger, fast-switching transistors with large bias
currents. This results in supply currents that are significantly higher than those of low-power op-amps.

In contrast, low-power op amps use smaller transistors with weaker biasing, which drastically reduces the total
supply current. These op-amps offer a variety of benefits in many applications.

= In multi-channel data acquisition systems, low-power op-amps allow for a much denser device population
without creating heat gradients. At the same time, they reduce total system power consumption and cost.

= In single-channel applications, their low supply current reduces self-heating, which minimizes thermally induced
input offset shift.

= In battery-powered applications, devices with very low supply currents prolong battery life.
However, with the reduction in supply currents comes a trade-off in the form of lower bandwidth. Table 1 compares
various op-amps from high to low and ultra-low supply currents.

Table 1. Icc per Channel versus Gain Bandwidth and Noise

Parameter Symbol 1ISL28191 ISL28114 ISL28113 ISL28133
Supply Voltage Vee 3.0V -5.5V 1.8V -5.5V 1.8V -5.5V 1.8V -5.5V
Supply Current per Channel Icc 2.6mA 300pA 90pA 18uA
Bandwidth GBW 61MHz 5MHz 2MHz 400kHz

Op-amp manufacturers distinguish between low-power and micro-power op-amps by their supply currents. Low-
power op-amps have an Icc < TmA, and micro-power devices have an Ig < S00uA.

See Appendix A.5 and A.6 for the micro-power and low-power op-amps lists.
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Op-Amp Crash Course Part 2: Key Parameters Tutorial

5. Supply Voltage Range (Vc)

Op-amps are used in various industrial applications, ranging from low-voltage data acquisition systems to high-
voltage signal conditioners. Amongst these applications, two major voltage categories developed, leading to the
development of op-amps with the following corresponding supply voltage ranges:

= Low voltage op-amps with Vo < 6V
= High voltage op-amps with Vo > 6V
See Appendix A.7 and A.8 for the low-voltage and high-voltage op-amps lists.

6. Rail-to-Rail Input/Output Range (RR-I/O)

An op-amp's positive and negative supply voltages are known as supply rails or rails for short.

Early op-amp designs required supply voltages of +15V to £18V. They had input and output voltage ranges with
upper and lower limits of a couple or more volts below the positive and above the negative supply rail. These
ranges are depicted as V|N¢ and VoyT1 in Figure 7.

Later design generations allowed for lower supply voltages of +12V and also provided an extended input voltage
range that included the negative supply rail, represented by V2.

Positive Rail, (Vs-)

A
7'y  (Vso)-2v (Vs+) -2v—x—

VIN3 VIN2 VIN']

(Vs.) +2V (Vs.) +2V y

Negative Rail, (Vs.)

Figure 7. Possible Op-amp Input and Output Voltage Ranges

The ongoing trend towards smaller supply voltages of 5V and even 1.8V required op-amps to have input and
output voltage ranges that span the entire supply voltage range (V|N3 and Vo2 in Figure 7). Hence, the name

rail-to-rail input, rail-to-rail output, or rail-to-rail input/output (RR-I/O) op-amp.

See Appendix A.9 for a list of op-amps with rail-to-rail input/output ranges.

7. Conclusion

Part 2 explained the key device parameters circuit designers consider when selecting op-amps for their
applications. While a new parametric search engine is in the planning stage, an interim solution in the form of lists
of op-amp categories is included in the following appendices.

8. Revision History

Revision Date Description
1.00 May 11, 2023 | Initial release.
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Op-Amp Crash Course Part 2: Key Parameters Tutorial

A. Appendix

A.1 Standard Op-amps: GBW < 50MHz

Vs Vs VN Vos Ig .
N:;:er :;'; (Min) | (Max) (c:nivzv) (Viss) (1kHz) | (Max) | (Max) '(?T" E\'; (r:&) 1;";:';‘ "-(Tg)x "(‘::)d : kg(;
) WS (viHz) | (mv) | (pA) ye

ISL28130 1| 18 55 04 0.1 65 0.04 250 002 | 15 | -40 | 125 5 SC70,

. . . . . . SOT2%

ISL28133 1| 18 55 04 0.1 65 0.008 300 0018 | 17 | 40 | 125 5 SC70,

: : : : : : SOT23

DFN,

ISL28230 2 | 18 55 04 0.1 65 0.04 250 002 | 15 | -40 | 125 8 MSOP,
SOICN

DFN,

ISL28233 2 | 18 6 04 0.2 65 0.006 180 0018 | 17 | -40 | 125 8 MSOP,
SOICN
SOICN,
ISL28430 4 | 18 | 55 04 0.1 65 0.04 250 002 | 15 | 40 | 125 14 7SSOP
SOICN,
ISL28433 4 | 18 | 55 04 0.1 65 0.008 300 0018 | 17 | 40 | 125 14 7SSOP
MSOP,
READ2303G | 2 | 1.8 55 | 055 | 035 - 6 1 004 | 10 | -40 | 105 8 TSSOP
READ2351J 2 | 18 55 | 055 | 035 - 6 1 004 | 10 | <40 | 125 8 TSSOP
READ2353J 2 | 18 55 | 055 | 035 - 6 1 004 | 10 | -40 | 125 8 TSSOP
READ4303G | 4 | 18 55 | 055 | 0.35 - 6 1 004 | 10 | 40 | 105 14 TSSOP
1SL28177 1 6 40 06 0.2 95 0.15 1000 118 | 30 | 40 | 125 8 SOICN
1SL28207 2 | a5 40 1 0.32 13 0.075 300 021 | 40 | <40 | 125 8 SOICN
ISL28108 1 3 40 12 | 045 15.8 015 | -13000 | 0.185 | 19 | -40 | 125 8 SOICN
1SL28208 2 3 40 12 | 045 15.8 023 | -13000 | 0185 | 19 | -40 | 125 8 MSOP,
SOICN

1SL28217 2 | a5 40 15 05 8 0.05 1000 044 | 43 | 40 | 125 8 MSOP,
SOICN

scro,

ISL28113 1| 18 55 2 1 55 4 2 0090 | 16 | 40 | 125 5 SoT2%
MSOP,
1SL28213 2 | 18 | 55 2 1 55 5 3 013 | 22 | 40 | 125 8 SOICN,
SOT23
SOICN,
ISL28413 4| 18 55 2 1 55 4 2 000 | 16 | 40 | 125 14 1SSOP
SOICN,

ISL28134 1| 225 6 35 1 10 0.0025 300 0675 | 65 | 40 | 125 | 5,8 | oo
MSOP,

ISL28118 1 3 40 4 1.2 56 015 | -575000 | 085 | 16 | -40 | 125 8 SOICN
ISL28118M 1 3 40 4 1.2 5.6 015 | -575000 | 085 | 16 | -55 | 125 8 MSOP
ISL28218 2 3 40 4 1.2 56 023 | 575000 | 085 | 16 | -40 | 125 8 MSOP,
SOICN

scro,
ISL28114 1| 18 | 55 5 25 40 4 2 03 26 | 40 | 125 5 SOT23
MSOP,

ISL28214 2 | 18 55 5 25 40 4 3 0039 | 31 40 | 125 8 SOICN
SOICN,
ISL28414 4 | 18 55 5 25 40 4 2 03 26 | -40 | 125 14 1SSOP
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Op-Amp Crash Course Part 2:

Key Parameters Tutorial

Vs Vs VN Vos IB .
N:r:':er &'; (Min) | (Max) ((:ni"zv) (\Z‘RS) (1kHz) | (Max) | (Max) '(-:’1 %‘ (n'&) T("::')" T(Tca)" "(e;')d : kgé
v | W B9 1 (viHz) | (mv) | (pA) e
READ2302G | 2 | 25 | 55 6 8 . 6 1 082 | 20 | -40 | 105 8 TSSOP
MSOP,
READ2304G | 2 | 25 | 55 6 8 . 6 1 075 | 20 | -40 | 105 8 TSsop
READ2352) | 2 | 25 | 55 6 8 - 6 1 075 | 20 | -40 | 125 8 TSSOP
READ2354) | 2 | 25 | 55 6 8 . 6 1 075 | 20 | -40 | 125 8 TSSOP
READ4304G | 4 | 25 | 55 6 8 - 6 1 075 | 20 | -40 | 105 | 14 TSSOP
1SL28227 2 | 45 40 10 36 25 0075 | 10000 | 22 | 45 | -40 | 125 8 MSOP,
SOICN
1SL24021 1| 45 19 12 19 190 15 10000 | 22 | 300 | -40 85 8 TDFN
ISL28110 1 9 40 125 20 6 03 45 255 | 50 | -40 | 125 8 SOICN
1SL28210 2 9 40 12,5 20 6 03 5 255 | 50 | -40 | 125 8 SOICN
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Op-Amp Crash Course Part 2: Key Parameters Tutorial

A.2 High-speed Op-amps: GBW 2 50MHz

i | | | 0| G g | g | | | || T
v) V) (nVAHz) | (mV) (pA)
EL5111 1 4.5 16.5 60 75 200 15 60 2.5 65 -40 85 5 TSOT
ELS1T1MT 1 4.5 19 60 100 130 18 60 3.4 70 -40 85 5 TSOT
1SL28191 1 3 5.5 61 17 1.7 0.63 3000 2.6 130 -40 125 6 i%ﬁi
MSOP,
1SL28291 2 3 5.5 61 17 1.7 0.63 3000 2.6 130 -40 125 8,10 SOICN,
uTQFN
EL5160 1 5 10 200 1700 4 5 5000 0.75 70 -40 85 8,6 SS(OJI_IC_:ZI\;’
EL5161 1 5 10 200 1700 4 5 5000 0.75 70 -40 85 5 SOT23
1SL55002 2 5 30 200 300 12 5 600 8.5 140 -40 85 8 SOICN
I1SL55001 1 5 30 220 300 12 3 1720 9 145 -40 85 8 SOICN
HFA1105 1 9 " 330 1000 3.5 5 2000 5.8 60 -40 85 8 SOICN
EL5106 1 5 12 350 4500 2.8 10 1500 1.5 100 -40 85 6 SOT23
EL5306 3 5 12 350 4500 2.8 10 1500 1.5 100 -40 85 16 QSOP
HFA1135 1 9 " 360 1200 3.5 5 6000 6.9 60 -40 85 8 SOICN
EL5262 2 5 12 500 4000 3 5 2000 1.5 100 -40 85 10 MSOP
EL5263 2 5 12 500 2500 3 5 2000 1.5 100 -40 85 8 gg%;
EL5462 4 5 12 500 4000 3 1.5 2000 1.5 100 -40 85 14 SOICN
HFA1130 1 9 1 850 2300 4 6 25000 21 60 -40 85 8 SOICN
EL5166 1 5 12 1400 6000 1.7 5 8500 8.5 160 -40 85 8,6 SS(OJI_IC_:ZI\;’
1SL55210 1 3 4.2 2200 5600 0.85 14 50000 35 45 -40 85 16 TQFN
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Op-Amp Crash Course Part 2: Key Parameters Tutorial

A.3 Precision Op-amps: Vog_max < 0.5mV

Vs Vs Vos |B VN Is .
N:;:er g;; (Min) | (Max) | (Max) | (Max) &E‘vzv) (Viss) (1kHz) | rch (r:&) 1;"(‘:';‘ "-(T(Sx "(‘;;d : kg(;
™ | ™ | mv) | (pA) H | (nVWHZ) | (ma) e

SOICN,

ISL28134 1| 225 6 | 00025 | 300 35 1 10 0675 | 65 | -40 | 125 | 5.8 SOT23

DFN,

ISL28233 2 | 18 6 0.006 180 0.4 02 65 0018 | 17 | -40 | 125 8 MSOP,
SOICN

ISL28133 1] 18 55 | 0.008 300 04 0.1 65 0018 | 17 | -40 | 125 5 SC70,
. . . . . . SOT23
SOICN,
ISL28433 4 | 18 55 | 0.008 300 0.4 0.1 65 0018 | 17 | -40 | 125 14 7SSOP
ISL28130 1] 18 55 0.04 250 0.4 0.1 65 002 | 15 | 40 | 125 5 SC70,
. . . . . . SOT23

DFN,

ISL28230 2 | 18 55 0.04 250 0.4 0.1 65 002 | 15 | 40 | 125 8 MSOP,
SOICN
SOICN,
ISL28430 4 | 18 55 0.04 250 0.4 0.1 65 002 | 15 | -40 | 125 14 7SSOP
MSOP,

ISL28217 2 | 45 40 0.05 1000 15 05 8 044 | 43 | 40 | 125 8 SoeN
1SL28207 2 | 45 40 | 0075 300 1 0.32 13 021 | 40 | -40 | 125 8 SOICN
ISL28227 2 | 45 40 | 0075 | 10000 10 36 25 22 45 | 40 | 125 8 MSOP,
SOICN

ISL28108 1 3 40 015 | -13000 | 12 | 045 15.8 0185 | 19 | -40 | 125 8 SOICN
MSOP,

ISL28118 1 3 40 015 | -575000 | 4 1.2 56 085 | 16 | -40 | 125 8 SoeN
ISL28118M | 1 3 40 015 | -575000 | 4 1.2 56 085 | 16 | 55 | 125 8 MSOP
ISL28177 1 6 40 0.15 1000 0.6 02 95 118 | 30 | -40 | 125 8 SOICN
1SL28208 2 3 40 023 | -13000 | 12 | 045 15.8 0185 | 19 | -40 | 125 8 MSOP.
SOICN

MSOP,

ISL28218 2 3 40 023 | -575000 | 4 1.2 56 085 | 16 | -40 | 125 8 SOCN
ISL28110 1 9 40 03 45 12,5 20 6 255 | 50 | -40 | 125 8 SOICN
1SL28210 2 9 40 03 5 12,5 20 6 255 | 50 | -40 | 125 8 SOICN
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A.4 General Purpose Op-amps: Vgos.max > 0.5mV

Vs Vs Vos |B VN .
N:;:er Ch(#) | Min) | Max) | (Max) | (Max) &?_Ivzv) (VsIRs) (1kHz) '(3 n:i;‘ (r'n‘;\) T("g; T("‘g)x L(e#a)d TP kg(;
v | W | mv | (pA) HS)1 (nviHz) e

SC70,

ISL28113 1 18 | 55 4 2 2 1 55 009 | 16 | -40 | 125 5 SOT25
SC70,

ISL28114 1 18 | 55 4 2 5 25 40 03 26 | -40 | 125 5 SOT23
MSOP,

ISL28214 2 18 | 55 4 3 5 25 40 0039 | 31 | -40 | 125 8 SoeN
SOICN,
ISL28413 4 18 | 55 4 2 2 1 55 009 | 16 | -40 | 125 14 19SOP
SOICN,
ISL28414 4 18 | 55 4 2 5 25 40 03 26 | -40 | 125 14 1SSOP
MSOP,
1SL28213 2 18 | 55 5 3 2 1 55 013 | 22 | -40 | 125 8 SOICN,
SOT23
READ2302G | 2 25 | 55 6 1 6 8 - 082 | 20 | -40 | 105 8 TSSOP
MSOP,
READ2303G | 2 18 | 55 6 1 055 | 035 - 004 | 10 | -40 | 105 8 TSSOP
MSOP,
READ2304G | 2 25 | 55 6 1 6 8 - 075 | 20 | -40 | 105 8 TSSOP
READ2351J 2 18 | 55 6 1 055 | 035 - 004 | 10 | -40 | 125 8 TSSOP
READ2352J 2 25 | 55 6 1 6 8 - 075 | 20 | -40 | 125 8 TSSOP
READ2353J 2 18 | 55 6 1 055 | 035 - 004 | 10 | -40 | 125 8 TSSOP
READ2354J 2 25 | 55 6 1 6 8 - 075 | 20 | -40 | 125 8 TSSOP
READ4303G | 4 18 | 55 6 1 055 | 035 - 004 | 10 | -40 | 105 14 TSSOP
READ4304G | 4 25 | 55 6 1 6 8 - 075 | 20 | -40 | 105 14 TSSOP
ISL24021 1 45 19 15 | 10000 | 12 19 190 22 | 300 | -40 85 8 TDFN
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A.5 Micro-Power Op-amps: Is < 300pA
Vs Vs Is Vos Ig VN .
N:;:er :;'; (Min) | (Max) | /Ch | (Max) | (Max) (?VI?_IVZV) (VS/RS) (1kHz) (n'&) 1;"::')" "-(TSX "(e#z;d : kg(;
™ | v | (mA) | mVv) | (pA) HS) 1 (nVIVHz) yp
1SL28133 1 1.8 55 0.018 0.4 0.1 65 0.008 300 17 -40 125 5 SC70, SOT23
1SL28233 2 1.8 6 0.018 0.4 0.2 65 0.006 180 17 -40 125 8 DFN, MSOP,
SOICN
SOICN,
1SL28433 4 1.8 55 0.018 0.4 0.1 65 0.008 300 17 -40 125 14 TSSOP
1SL28130 1 1.8 55 0.02 0.4 0.1 65 0.04 250 15 -40 125 5 SC70, SOT23
1SL28230 2 1.8 55 0.02 0.4 0.1 65 0.04 250 15 -40 125 8 DFN, MSOP,
SOICN
SOICN,
1SL28430 4 1.8 55 0.02 0.4 0.1 65 0.04 250 15 -40 125 14 TSSOP
1SL28214 2 1.8 55 0.039 5 25 40 4 3 31 -40 125 8 MSOP, SOICN
READ2303G 2 1.8 55 0.04 0.55 0.35 - 6 1 10 -40 105 8 MSOP, TSSOP
READ2351J 2 1.8 55 0.04 0.55 0.35 - 6 1 10 -40 125 8 TSSOP
READ2353J 2 1.8 55 0.04 0.55 0.35 - 6 1 10 -40 125 8 TSSOP
READ4303G 4 1.8 55 0.04 0.55 0.35 - 6 1 10 -40 105 14 TSSOP
1SL28113 1 1.8 55 0.09 2 1 55 4 2 16 -40 125 5 SC70, SOT23
SOICN,
1SL28413 4 1.8 55 0.09 2 1 55 4 2 16 -40 125 14 TSSOP
MSOP, SOICN,
1SL28213 2 1.8 55 0.13 2 1 55 5 3 22 -40 125 8 SOT23
1SL28108 1 3 40 0.185 1.2 0.45 15.8 0.15 -13000 19 -40 125 8 SOICN
1SL28208 2 3 40 0.185 1.2 0.45 15.8 0.23 -13000 19 -40 125 8 MSOP, SOICN
1SL28207 2 4.5 40 0.21 1 0.32 13 0.075 300 40 -40 125 8 SOICN
1SL28114 1 1.8 55 0.3 5 2.5 40 4 2 26 -40 125 5 SC70, SOT23
SOICN,
1SL28414 4 1.8 55 0.3 5 25 40 4 2 26 -40 125 14 TSSOP
A.6 Low-Power Op-amps: 0.3mA<Is < 1TmA
Vs Vs Vos g VN Is .
N::lrl:er ﬁ:; (Min) | (Max) | (Max) | (Max) ((:nivzv) (VSI Rs) (1kHz) ICh (r::;\) 1;"2:';‘ T(T(;x L(‘:;d TP kgé
V) | VM | (mv) | (pA) HS} 1 (nVWHz) | (mA) yp
1ISL28217 2 4.5 40 0.44 1.5 0.5 8 0.05 1000 43 -40 125 8 MSOP, SOICN
1SL28134 1 2.25 6 0.675 35 1 10 0.0025 300 65 -40 125 58 SOICN, SOT23
READ2304G 2 25 55 0.75 6 8 - 6 1 20 -40 105 8 MSOP, TSSOP
READ2352J 2 2.5 55 0.75 6 8 - 6 1 20 -40 125 8 TSSOP
READ2354J 2 25 55 0.75 6 8 - 6 1 20 -40 125 8 TSSOP
READ4304G 4 25 55 0.75 6 8 - 6 1 20 -40 105 14 TSSOP
READ2302G 2 2.5 55 0.82 6 8 - 6 1 20 -40 105 8 TSSOP
1ISL28118 1 3 40 0.85 4 1.2 5.6 0.15 -575000 16 -40 125 8 MSOP, SOICN
1ISL28118M 1 3 40 0.85 4 1.2 56 0.15 -575000 16 -55 125 8 MSOP
1SL28218 2 3 40 0.85 4 1.2 5.6 0.23 -575000 16 -40 125 8 MSOP, SOICN
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Op-Amp Crash Course Part 2: Key Parameters Tutorial

A.7 Low-Voltage Op-amps: Vs-max < 6V

partNumbor | S| i) | i | iy | (M3 | SEW | SRl | G |l Tn Tmax | Leaa | g
v | ™ | mv) | (pA) ("VIHZ) | (mA) ype
1ISL28113 1 1.8 5.5 4 2 2 1 55 0.09 16 -40 125 5 SC70, SOT23
ISL28114 1 1.8 5.5 4 2 5 25 40 0.3 26 -40 125 5 SC70, SOT23
1ISL28130 1 1.8 5.5 0.04 250 0.4 0.1 65 0.02 15 -40 125 5 SC70, SOT23
1ISL28133 1 1.8 5.5 0.008 300 0.4 0.1 65 0.018 17 -40 125 5 SC70, SOT23
1SL28213 2 1.8 5.5 5 3 2 1 55 0.13 22 -40 125 8 MSOS%$203ICN,
1ISL28214 2 1.8 5.5 4 3 5 25 40 0.039 31 -40 125 8 MSOP, SOICN
1SL28230 2 1.8 5.5 0.04 250 0.4 0.1 65 0.02 15 -40 125 8 DFN, MSOP,
SOICN
1SL28413 4 1.8 5.5 4 2 2 1 55 0.09 16 -40 125 14 SOICN, TSSOP
1ISL28414 4 1.8 5.5 4 2 5 25 40 0.3 26 -40 125 14 SOICN, TSSOP
1SL28430 4 1.8 5.5 0.04 250 0.4 0.1 65 0.02 15 -40 125 14 SOICN, TSSOP
1SL28433 4 1.8 5.5 0.008 300 0.4 0.1 65 0.018 17 -40 125 14 SOICN, TSSOP
READ2302G 2 25 55 6 1 6 8 - 0.82 20 -40 105 8 TSSOP
READ2303G 2 1.8 5.5 6 1 0.55 0.35 - 0.04 10 -40 105 8 MSOP, TSSOP
READ2304G 2 25 5.5 6 1 6 8 - 0.75 20 -40 105 8 MSOP, TSSOP
READ2351J 2 1.8 55 6 1 0.55 0.35 - 0.04 10 -40 125 8 TSSOP
READ2352J 2 25 5.5 6 1 6 8 - 0.75 20 -40 125 8 TSSOP
READ2353J 2 1.8 5.5 6 1 0.55 0.35 - 0.04 10 -40 125 8 TSSOP
READ2354J 2 25 5.5 6 1 6 8 - 0.75 20 -40 125 8 TSSOP
READ4303G 4 1.8 5.5 6 1 0.55 0.35 - 0.04 10 -40 105 14 TSSOP
READ4304G 4 25 5.5 6 1 6 8 - 0.75 20 -40 105 14 TSSOP
1ISL28134 1 2.25 6 0.0025 300 3.5 1 10 0.675 65 -40 125 58 SOICN, SOT23
1ISL28233 2 1.8 6 0.006 180 0.4 0.2 65 0.018 17 -40 125 8 DFN, MSOP,
SOICN
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Op-Amp Crash Course Part 2: Key Parameters Tutorial

A.8 High-Voltage Op-amps: Vs-max > 6V

Vs Vg Vos Is VN )
Nl';::er E;; (Min) | (Max) | (Max) | (Max) &E‘vzv) (VSIRs) (1kHz) '(3 n: i')’ (r:&) 1;"(‘:';‘ "-(T(;x "f;;d : kgé
v) V) | (mv) (PA) HS) | (nvivHz) yp
ISL28108 1 3 40 015 | -13000 1.2 0.45 15.8 0.185 | 19 -40 125 8 SOICN
ISL28110 1 9 40 0.3 45 12.5 20 6 2.55 50 -40 125 8 SOICN
MSOP,
ISL28118 1 3 40 0.15 | -575000 4 1.2 56 0.85 16 -40 125 8 SOICN
ISL28118M | 1 3 40 0.15 | -575000 4 1.2 56 0.85 16 -55 125 8 MSOP
ISL28177 1 6 40 0.15 1000 0.6 0.2 9.5 1.18 30 -40 125 8 SOICN
ISL28207 2 45 40 0.075 300 1 0.32 13 0.21 40 -40 125 8 SOICN
MSOP,
ISL28208 2 3 40 023 | -13000 1.2 0.45 15.8 0.185 | 19 -40 125 8
SOICN
ISL28210 2 9 40 0.3 5 12.5 20 6 2.55 50 -40 125 8 SOICN
MSOP,
ISL28217 2 45 40 0.05 1000 15 0.5 8 0.4 43 -40 125 8 SOICN
MSOP,
ISL28218 2 3 40 023 | -575000 4 1.2 5.6 0.85 16 -40 125 8 SOICN
ISL28227 2 45 40 0.075 | 10000 10 3.6 2.5 2.2 45 -40 125 8 MSOP,
SOICN
R13TB0002EU0100 Rev.1.00 IQENESAS Page 14

May 11, 2023




Op-Amp Crash Course Part 2: Key Parameters Tutorial

A.9 Rail-to-Rail Input/Output Op-amps

Vs Vs Vos IB VN |s .
N::\Lter g:)‘ (Min) | (Max) | (Max) | (Max) (‘:n?_l"zv) (VsIRs) (1kHz) | ich (n'&) T("(':';‘ T(T(f)" "f;;d :’ kgé
™ | ™ | mv | (pA) H | (nVHz) | (mA) e

1SL28130 1| 18 | 55 | 004 | 250 0.4 0.1 65 002 | 15 | -40 | 125 5 SC70,

. . . . . . SOT25

1SL28133 1| 18 | 55 | 0008 | 300 0.4 0.1 65 0018 | 17 | -40 | 125 5 SC70,

. . . . . . SoT25

1SL28230 2 | 18 | 55 | 004 | 250 0.4 0.1 65 002 | 15 | -40 | 125 g | DFN.MSOPR,
SOICN
1SL28233 2 | 18 6 0.006 | 180 0.4 0.2 65 0018 | 17 | -40 | 125 g | DFN.MSOPR,

SOICN
SOICN,
1SL28430 4 | 18 | 55 | 004 | 250 0.4 0.1 65 002 | 15 | -40 | 125 | 14 TSs0p
SOICN,
1SL28433 4 | 18 | 55 | 0008 | 300 0.4 0.1 65 0018 | 17 | -40 | 125 | 14 1SSOP
MSOP,
READ2303G | 2 | 18 | 55 6 1 055 | 035 - 004 | 10 | -40 | 105 8 TSsoP
READ2351J | 2 | 18 | 55 6 1 055 | 035 - 004 | 10 | -40 | 125 8 TSSOP
READ2353J | 2 | 18 | 55 6 1 055 | 035 - 004 | 10 | -40 | 125 8 TSSOP
READ4303G | 4 | 1.8 | 55 6 1 055 | 035 - 004 | 10 | -40 | 105 | 14 TSSOP
SC70,

ISL28113 1| 18 | 55 4 2 2 1 55 009 | 16 | -40 | 125 5 SOT25
MSOP,
1SL28213 2| 18 | 55 5 3 2 1 55 013 | 22 | -40 | 125 8 SOICN,
SOT23
SOICN,
1SL28413 4| 18 | 55 4 2 2 1 55 009 | 16 | -40 | 125 | 14 TSS0P
SOICN,

ISL28134 1| 225 6 | 00025 | 300 35 1 10 0675 | 65 | -40 | 125 | 5,8 50123
SC70,

ISL28114 1| 18 | 55 4 2 5 25 40 03 | 26 | -40 | 125 5 SoT25
MSOP,

ISL28214 2| 18 | 55 4 3 5 25 40 0039 | 31 | -40 | 125 8 SoCN
SOICN,
ISL28414 4 | 18 | 55 4 2 5 25 40 03 | 26 | -40 | 125 | 14 1SSOP
READ2302G | 2 | 25 | 55 6 1 6 8 - 082 | 20 | -40 | 105 8 TSSOP
MSOP,
READ2304G | 2 | 25 | 55 6 1 6 8 - 075 | 20 | -40 | 105 8 TSsop
READ2352) | 2 | 25 | 55 6 1 6 8 - 075 | 20 | -40 | 125 8 TSSOP
READ2354J | 2 | 25 | 55 6 1 6 8 - 075 | 20 | -40 | 125 8 TSSOP
READ4304G | 4 | 25 | 55 6 1 6 8 - 075 | 20 | -40 | 105 | 14 TSSOP
1SL24021 1| 45 19 15 | 10000 | 12 19 190 22 | 300 | -0 85 8 TDFN
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