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Input-Output (RRIO) Op Amps
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Features
8 LD SOIC
® 5MHz gain bandwidth product at AV = 100 U/
® 2mA typical supply current OUT_ A1 EIV"'
® 240pVv n_1aXI_mum offset voltage (SOIC package) N- AlZH /) ZlouT B
@ 6nA typical input bias current (SOIC package) - -
® Down to 2.4V single supply voltage range IN+_A[3 4 \ H6]IN- B
@ Rail-to-rail input and output
@ -40°C to +125°C operation v-[4] 5]IN+_B
® Pb-Free (RoOHS compliant)
. . 8 LD MSOP

Applications U

ouT A[1 8] v+
® Low-end audio N- AlZH /) Z1ouT B
® 4mA to 20mA current loops - -
® Medical devices IN+ Al3 N\ A6|IN- B
® Sensor amplifiers -
@® ADC Buffers V-E 5|IN+_B

® DAC output amplifiers

Description

The ISL28236 is a low-power dual operational amplifier optimized for single supply operation
from 2.4V to 5.5V, allowing operation from one lithium cell or two Ni-Cd batteries. The device
features a gain-bandwidth product of 5MHz.

The ISL28236 features an Input Range Enhancement Circuit (IREC), which enables the amplifier
to maintain CMRR performance for input voltages greater than the positive supply. The input
signal is capable of swinging 0.25V above the positive supply and to the negative supply with
only a slight degradation of the CMRR performance. The output operation is rail-to-rail.

The part typically draws less than 1mA supply current per amplifier while meeting excellent DC
accuracy, AC performance, noise and output drive specifications. The ISL28236 is available in the
8 Ld SOIC and the 8 Ld MSOP. Operation is guaranteed over the -40°C to +125°C temperature
range.
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Pin Descriptions

ISL28236 ISL28236
(8 Ld SOIC) (8 Ld MSOP) PIN NAME FUNCTION EQUIVALENT CIRCUIT
2 2 IN-_A inverting input V4
6 6 IN-_B
IN- IN+
av-
Circuit 1
3 IN+_A Non-inverting input See Circuit 1
IN+_B
V- Negative supply v+
CAPACITIVELY
COUPLED
ESD CLAMP
V- O
Circuit 2
OUT_A Output V4
7 OUT_B 0T
ouT
V-
Circuit 3
8 8 V+ Positive supply See Circuit 2
WWW.SZTDBDT.COM
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Absolute Maximum Ratings 1, - +25°0)

............................................ 5.75V Thermal Resistance (Typical Notes 4, 5)
8LdSOICPackage...........ccovvunnn.
------ 5mA 8 Ld MSOP Package
Storage Temperature Range
Ph-Fre€ ReTIOW PIOTUIE oo s wrvsmmmmsmmnnis. st mm it sam mivinis s

Supply Voltage

Supply Turn-on Voltage Slew Rate
Differential Input Current
Differential Input Voltage ............ciiiiiiiiiiiiiiiiinnnn. 0.5V

Input Voltage.. .. V--0.5Vto V+ + 0.5V

ESD Rating

Human Body Model
Machine Model

Thermal Information

s0ov  Operating Conditions

Ambient Temperature Range
Junction Temperature . ... .ccvvevmmmesmnns cmmn s e sn

0ja (°C/W)
120
160

0)c("C/W)
60
55

CAUTION: Do not operate at or near the maximum ratings listed for extended periods of time. Exposure to such conditions may adversely impact product
reliability and result in failures not covered by warranty.

NOTES:

4. 0)p is measured with the component mounted on a high effective thermal conductivity test board in free air. See Tech Brief IB379 for details.

5. For 0)¢, the “case temp” location is taken at the package top center.

IMPORTANT NOTE: All parameters having Min/Max specifications are guaranteed. Typical values are for information purposes only. Unless otherwise
noted, all tests are at the specified temperature and are pulsed tests, therefore: T)=Tg =Ty

Electrical Specifications

V4 =5V, V.= 0V, Vom = 2.5V, R =0pen, Ty = +25°C unless otherwise specified. Boldface limits apply across
the operating temperature range, -40°C to +125°C. Temperature data established by characterization.

MIN MAX
PARAMETER DESCRIPTION TEST CONDITIONS (Note 6) | TYP | (Note &) | UNITS
DC SPECIFICATIONS
Vos Input Offset Voltage 8 Ld SOIC -240 20 240 pv
-250 250
8 Ld MSOP -270 20 270 pv
-530 530
AVpg Input Offset Voltage vs Temperature 0.4 pv/°c
AT
los Input Offset Current 8 Ld SOIC -10 2 10 nA
Tp=-40°Cto+125°C -30 30
8 Ld MSOP -23 2 23 nA
Ta=-40°Cto +125°C -50 50
Ig Input Bias Current 8 LdSoiC -40 6 40 nA
Ta=-40°Cto +125°C -50 50
8 Ld MSOP -50 6 50 nA
Tp=-40°Cto+125°C =70 70
Vem Common-Mode Voltage Range Guaranteed by CMRR 0 5 Vv
CMRR Common-Mode Rejection Ratio Vem = 0Vto 5V 20 115 dB
90
PSRR Power Supply Rejection Ratio V4 =24Vto 5.5V 20 100 dB
90
AyoL Large Signal Voltage Gain 8 Ld SOIC 600 1600 V/mvV
Vo = 0.5V to 4V, R = 100KQ to Vg 500
8 Ld MSOP 600 1600 V/mv
Vo = 0.5V to 4V, R = 100kQ to Ve 400
Vo =0.5Vto 4V, R| = 1kQto Voym 100 V/mvV
WWW.SZTDBDT.COM
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|
Electrical Specifications v, -5v,v_=o0v,vgy =25V, R, = Open, Ty = +25°C unless otherwise specified. Boldface limits apply across
the operating temperature range, -40°C to +125°C. Temperature data established by characterization. (Continued)
MIN MAX
PARAMETER DESCRIPTION TEST CONDITIONS (Note6) | TYP | (Note®) | UNITS
Vout Maximum Output Voltage Swing Output low, Ry = 100kQ to Vcm 1 10 mV
10
Output low, R, = 1kQ to Voy 47 70 mV
90
Output high, R = 1200kQ to Vo 499 | 4.997 v
4.99
Output high, R|_ = 1kQ to Vg 493 | 4.952 v
491
Ig Supply Current 2 25 mA
2.6
g+ Short-Circuit Output Source Current Rp =10Q to Vgom 50 70 mA
40
Io- Short-Circuit Output Sink Current R =10Q to Vgom 50 70 mA
40
VsuppLy Supply Operating Range VytoV. 24 55 Vv
AC SPECIFICATIONS
GBW Gain Bandwidth Product Ay = 100, Rg = 100kQ, Rg = R = 10kQ to 5 MHz
Vem
eN Input Noise Voltage Peak-to-Peak f=0.1Hz to 10Hz, R = 10kQ to Vcm 0.4 MVp.p
Input Noise Voltage Density fo=1kHz, R = 10kQ to Vcm 15 nV/vHz
iN Input Noise Current Density fo=10kHz, R = 10kQ to Ve 0.35 pA/\Hz
CMRR Input Common Mode Rejection Ratio Vem =0.1Vpp, R = 10kQ to Vem 90 dB
at 120Hz
PSRR+ Power Supply Rejection Ratio (V+) Vi, Vo= 11.2Vand 2.5V, 88 dB
at 120Hz Vsource = 0.1Vp.p R = 10k to Vo
PSRR- Power Supply Rejection Ratio (V-) Vi, Vo= 412V and +2.5V 105 dB
at 120Hz VSOURCE - 0.1VP_P, RL =10k to VCM
Crosstalk at Channel A to Channel B Vi, V=425V, Ay=1 140 dB
10kHz Vsource = 0.4Vp.p R = 10k to Vo
TRANSIENT RESPONSE
SR Slew Rate Vout = £1.5V; Ry = 50k}, Rg = 50kQ to Vg 18 V/us
t, t;, Large Rise Time, 10% to 90%, Vour Ay =-1, Voyr = 4Vp.p, R = 10k to Vom 21 Hs
Signal
g Fall Time, 90% to 10%, VOUT AV - -1, VOUT - 4VP-P' RL =10KQ to VCM 2 Hs
t, t;, Small Rise Time, 10% to 90%, Vour Ay = +1, VoyT = 100mVp_p, 60 ns
Signal Ry = 10kQ to Vcm
Fall Time, 90% to 10%, VOUT AV =+1 VDUT - 100mVP_P, 50 ns
R = 10kQ to Vcm
ts, Settling Time to 0.01%; 4V Step Vout = 4Vp.p; R = 10kQ to Vom 5.1 Hs
NOTE:

6. Parameters with MIN and/or MAX limits are 100% tested at +25°C, unless otherwise specified. Temperature limits established by characterization
and are not production tested.
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Applications Information

Iintroduction

The 1ISL28236 is a dual channel Bi-CMOS rail-to-rail input, output
(RRIO) micropower precision operational amplifier. The part is
designed to operate from a single supply (2.4V to 5.5V) or a dual
supply (£1.2V to £2.75V). The ISL28236 has an input common
mode range that extends 0.25V above the positive rail and down
to the negative supply rail. The output operation can swing within
about 3mV of the supply rails with a 100kQ load.

Rail-to-Rail Input

Many rail-to-rail input stages use two differential input pairs, a
long-tail PNP (or PFET) and an NPN (or NFET). Severe penalties
have to be paid for this circuit topology. As the input signal moves
from one supply rail to another, the operational amplifier
switches from one input pair to the other. Thus causing drastic
changes in input offset voltage and an undesired change in
magnitude and polarity of input offset current.

The ISL28236 solves this problem using an internal charge pump
to provide a voltage boost to the V+ supply rail driving the input
differential pair. This results in extending the input common
voltage rails to 0.25V beyond the V+ positive rail. The input offset
voltage exhibits a smooth behavior throughout the extended
common-mode input range. The input bias current versus the
common-mode voltage range gives an undistorted behavior from
the negative rail to 0.25V higher than the positive rail.

Power Supply Decoupling

The intemal charge pump operates at approximately 27MHz and
oscillator ripple doesn’t show up in the 5SMHz bandwidth of the
amplifier. Good power supply decoupling with 0.01pF capacitors at
each device power supply pin, is the most effective way to reduce
oscillator ripple at the amplifier output. Figure 36 shows the
electrical connection of these capacitors using split power
supplies. For single supply operation with V- tied to a ground plane,
only a single 0.01pF capacitor from V+ is needed. When multiple
ISL28236 op amps are used on a single PC board, each op amp
will require a 0.01uF decoupling capacitor at each supply pin.

Rail-to-Rail Output

The rail-to-rail output stage uses CMOS devices that typically
swing to within 3mV of the supply rails with a 100kQ load. The
NMOS sinks current to swing the output in the negative direction.
The PMOS sources current to swing the output in the positive
direction.

Current Limiting
These devices have no internal current limiting circuitry. If the
output is shorted, it is possible to exceed the absolute maximum

rating for output current or power dissipation, potentially
resulting in the destruction of the device.

Results Of Overdriving The Output

Caution should be used when overdriving the output for long periods
of time. Overdriving the output can occur in two ways.

1. The input voltage times the gain of the amplifier exceeds the
supply voltage by a large value or,

2. The output current required is higher than the output stage can
deliver.

These conditions can result in a shift in the Input Offset Voltage
(Vos) (@s much as 1uV/hr. of exposure) under these conditions.

IN+ and IN- Input Protection

All input terminals have internal ESD protection diodes to both
positive and negative supply rails, limiting the input voltage to
within one diode beyond the supply rails. They also contain
back-to-back diodes across the input terminals (see “Pin_
Descriptions” on page 2 - Circuit 1). For applications where the
input differential voltage is expected to exceed 0.5V, an external
series resistor must be used to ensure the input currents never
exceed 5mA (Eigure 36).

V+

DECOUPLING
__CAPACITORS

ViN

FIGURE 36. LOCAL POWER SUPPLY DECOUPLING AND INPUT
CURRENT LIMITING

Limitations of the Differential Input
Protection

If the input differential voltage is expected to exceed 0.5V, an
external current limiting resistor must be used to ensure the input
current never exceeds 5mA. For non-inverting unity gain
applications, the current limiting can be via a series IN+ resistor, or
via a feedback resistor of appropriate value. For other gain
configurations, the series IN+ resistor is the best choice, unless the
feedback (Rg) and gain setting (Rg) resistors are both sufficiently
large to limit the input current to 5mA.

Large differential input voltages can arise from several sources:

1. During open loop (comparator) operation. Used this way, the
IN+ and IN- voltages don't track, so differentials arise.

2. When the amplifier is disabled but an input signal is still
present. An R or Rg to GND keeps the IN- at GND, while the
varying IN+ signal creates a differential voltage. Mux Amp
applications are similar, except that the active channel Vgyt
determines the voltage on the IN- terminal.

3. When the slew rate of the input pulse is considerably faster
than the op amp’s slew rate. If the Vgr can’t keep up with the
IN+ signal, a differential voltage results, and visible distortion
occurs on the input and output signals. To avoid this issue,
keep the input slew rate below 1.9V/ps, or use appropriate
current limiting resistors.

Large (>2V) differential input voltages can also cause an
increase in disabled lgc.
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Using Only One Channel

If the application only requires one channel, the user must
configure the unused channel to prevent it from oscillating. The
unused channel will oscillate if the input and output pins are
floating. This will result in higher than expected supply currents
and possible noise injection into the channel being used. The
proper way to prevent this oscillation is to short the output to the
negative input and ground the positive input (as shown in

Figure 37).

FIGURE 37. PREVENTING OSCILLATIONS IN UNUSED CHANNELS

Power Dissipation

It is possible to exceed the +125°C maximum junction
temperatures under certain load and power supply conditions. It
is therefore important to calculate the maximum junction
temperature (T)yax) for all applications to determine if power
supply voltages, load conditions, or package type need to be
modified to remain in the safe operating area. These parameters
are related in Equation 1:

Timax = Tmax + 05aXPDyaxtoTal) (EQ- 1)
where:

* PpmaxTtoraL is the sum of the maximum power dissipation of
each amplifier in the package (PDyax)

* PDyax for each amplifier can be calculated using Equation 2:

Vv
_ OUTMAX EQ. 2
PDyax = Vs *lsmax * (Vs - YouTtmax) * B €G24

where:

* Tmax = Maximum ambient temperature

* 0)a = Thermal resistance of the package

* PDpyax = Maximum power dissipation of 1 amplifier

* Vg = Total supply voltage

* Ismax = Maximum supply current of 1 amplifier

* Voutmax = Maximum output voltage swing of the application
* R_ = Load resistance

WWW.SZTDBDT.COM
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Order information
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. Marking
Order Number Package Package Quantity On The park
ISL28236FBZ-TUDI SOP8 Tape,Reel, 2500 ISL28236FBZ
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Package SOP8

LSy

Dimensions Dimensions
Symbol In Millimeters In Inches
Min Max Min Max
A 1.350 1.750 0.053 0.069
A1 0.100 0.250 0.004 0.010
A2 1.350 1.550 0.053 0.061
B 0.330 0.510 0.013 0.020
C 0.190 0.250 0.007 0.010
D 4.780 5.000 0.188 0.197
E 3.800 4.000 0.150 0.157
E1 5.800 6.300 0.228 0.248
e 1.270TYP 0.050TYP
L 0.400 1.270 0.016 0.050
0 0° 8° 0° 8°
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Important statement:

@ TUDI Semiconductor reserves the right to modify the product manual without prior notice!
Before placing an order, customers need to confirm whether the obtained information is the
latest version and verify the completeness of the relevant information.

@® Any semi-guide product is subject to failure or malfunction under specified conditions. It is
the buyer's responsibility to comply with safety standards when using TUDI Semiconductor
products for system design and whole machine manufacturing.And take the appropriate
safety measures to avoid the potential in the risk of loss of personal injury or loss of property
situation!

@ TUDI Semiconductor products have not been licensed for life support, military, and
aerospace applications,and therefore TUDI Semiconductor is not responsible for any
consequences arising from the use of this product in these areas.

@If any or all TUDI Semiconductor products (including technical data, services) described or
contained in this document are subject to any applicable local export control laws and
regulations, they may not be exported without an export license from the relevant authorities
in accordance with such laws.

@ The specifications of any and all TUDI Semiconductor products described or contained in
this document specify the performance, characteristics, and functionality of said products in
their standalone state, but do not guarantee the performance, characteristics, and
functionality of said products installed in Customer's products or equipment. In order to verify
symptoms and conditions that cannot be evaluated in a standalone device, the Customer
should ultimately evaluate and test the device installed in the Customer's product device.

@ TUDI Semiconductor documentation is only allowed to be copied without any alteration of
the content and with the relevant authorization.TUDI Semiconductor assumes no
responsibility or liability for altered documents.

@ TUDI Semiconductor is committed to becoming the preferred semiconductor brand for
customers, and TUDI Semiconductor will strive to provide customers with better performance
and better quallity products.
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