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General Description

The 600X family have a high gain-bandwidth product of IMHz,a slew rate of 0.8V/us,and a quiescent current
of 7T5pA amplifier at 5V.The 600X family is designed to provide optimal performance in low voltage and low
hoise systems. They provide rail-to-rail output swing into heavy loads. The input common mode voltage
range includes ground,and the maximum input offset voltage is 3.5mV for 600X family. They are specified
overthe extended industrial temperature range (-40°C to+125°C).The operating range is from 1.8V to 6V.The
6001 singleis available in Green SC70-5and SOT23-5 packages. The 6002 and MSOP-8 packages.The 6004
Quadis available in Green SOP-14 and TSSOP-14 packages.

Features

Single-Supply Operation from + 1.8V ~ +6V
Rail-to-Rail Input/ Qutput

Gain-Bandwidth Product: 1MHz (Typ)

Low Input Bias Current: 1pA (Typ)

Low Offset Voltage: 3.5mV (Max]

Quiescent Current: 7T5uUA per Amplifier (Typ)
Embedded RF Anti-EMI Filter

@ Operating Temperature: -40°C ~+125°C

@® Small Package:

6001 Available in SOT23-5 and SCT70-5 Packages
6002 Availablein SOP-8 and MSOP-& Packages
6004 Availablein SOP-14 and TSSOP-14 Packages

Applications

ASIC Input or Qutput Amplifier
SensorInterface

Medical Communication

Smoke Detectors

Audio Output

Piezoelectric Transducer Amplifier
Medical Instrumentation

Portable Systems
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Ordering Information
Product Model Package Type Marking Packing Packing Qty
MCPBO0LT-I{GMIC) SOT-23-5 AAGD REEL 3000PCS/REEL
Pin Configuration
6001Y 6001 8002
N+ [T] svop  OUT[T] VoD OUTALTE EIVeP
VSS E:::DL vss [Z é E '”*Ei;| 7]oute
N INA+[3] 5] INB-
IN-[3] a]out N3 VSS[7] Iggmm
SOT235/5CT0-5 SOT235/5C705 SOP-8IMSOP-8
6004
oUTA[T = 7] ouTD
IN&E:DJ LQ:E IND-
INA+ [ ] ] IND+
VDD'I 1 ]vss
INB+[5_| 0] INC+
INB-[& >-| [QIJ INC-
OUTB[= [+ ] outc

SOP-14/TSSOP-14

Figure 1. Pin Assignment Diagram
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Absolute Maximum Ratings

Condition Min Max
Power Supply Voltage (V,, to Vss) -0.5v +7.5V
Analog Input Voltage (IN+or IN-} V0.5V V0.5V
PDB Input Voltage V0.5V +7V
O perating Temperature Range -40°C +125°C
Junction Temperature +160°C
Storage Temperature Range -55°C +150°C
Lead Temperature (soldering,10sec) +260°C
Package Thermal Resistance(TA=+25°C)
SOP-86,, 125°C/W
MSOP-8.,8,, 216°C/W
SOT23-58,, 190°C/W
SC70-58,, 333°C/W
ESD Susceptibility
HEM bRV
MM 400V

Note: Stress greater than those listed under Absolute Maximum Ratings may cause permanentdamage to
the device.This s a stress rating only and functional operation of the device at these or any other conditions
outside those indicated in the operational sections of this specification are not implied.Exposure to absolute
maximum rating conditions for extended periods may affect reliability.
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Electrical Characteristics

(At VS=+5V,RL=100k(} connected toVS/2,and VOUT=VS/2,unless otherwise noted.)

6001/2/4
PARAMETER SYMBOL CONDITIONS TP MIN/MAXOVER TEMPERATURE
+25°C | +25°C | 40°Cto+85°C | UNITS ‘ MIN/MAX
INPUT CHARACTERISTICS
Input Offset Valtage Vs Vieu=Ve/2 0.8 35 5.6 my MAX
Imput Bias Current g 1 A VP
Imput Offset Current los 1 pA TYP
Commaon-MaodeVoltage Veu V=55V 0.lto+5.6 v TYF
Range
Common-Mode Rejection CMRER |V =5.5V,V,=0.1Vto 4V 70 62 62 dB MIN
Ratio Ws=5.5V Vy=-0.1V to 5.6V B8 56 55
Open-Loop Voltage Gain Aar R =5k =+0. 1V to +4.9V 80 70 70 dB MIN
R =10k0,Wa=+0.1V to +4.9V 100 94 85
Input Offset Valtage Drift AVge/fiy 2.7 e TYF
OUTPUT CHARACTERISTICS
Vou R =100k0 4.997 4.980 4.970 V MIN
_ Vo, R =100k0 5 20 30 my MAX
(F:c):ifpl_wglt“ge Swing frem 7y T T lokn 4992 | 4970 | 4960 v MIN
Vo, |R=10k0D 8 30 40 mv MAX
Output Current lgupee [R=1000 to Vg2 B4 60 45 mA
e 75 60 45 MIN
POWERSUPPLY
Operating Voltage Range 1.8 1.8 \ MIN
6 6 v MAX
Power Supply Rejection PSER |V =+2.5V to +6V,V ,=+0.5V 82 60 58 dB MIN
Ratio
Quiescent Current /Amplifier Ig 75 110 125 LA MAX
DYNAMIC PERFORMANCE(CL=100pF)
Gain-Bandwidth Product GBP 1 MHz TYP
Slew Rate Sk G=+1,2V Qutput Step 0.8 Vs TYFP
Setting Time to 0.1% te G=+1,2V Qutput Step 5.3 s TYP
Overload Recovery Time Vin - Gain =V, 2.6 Hs TYF
NOISE PERFORMANCE
Voltage Noise Density f=1kHz 27 nVAHz TYF
€0 |f=10kHz 20 nVAHz | TYP
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Typical Performance characteristics

At T,=+25°C V=5V,R =100KQ connectedtoV./2 and V, ,=V./2,unless otherwise noted.
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Typical Performance characteristics
At T,=+25°C,R=100KQ connected to V./2 and V, +~V./2,unless otherwise noted.
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Application Note
Size

600X family series op amps are unity-gain stable and suitable for a wide range of general-purpose
applications.The small footprints of the 600X family packages save space on printed circuit boards and
enable the desigh of smaller electronic products.

Power Supply Bypassing and Board Layout

600X family series operates from a single 1.8V to 6Vsupply ordual =0.9V to =3V supplies.For best
performance,a 0.1F ceramic capacitor should be placed close to the Vg, pin insingle supply operation.For
dualsupply operation,both Vypand Vessupplies should be bypassed to ground with separate 0. 1pF ceramic
capacitors.

Low Supply Current

The low supply current (typical 75pAper channel)of 600X family will help to maximize battery life. They are
ideal for battery powered systems.

Operating Voltage

600X family operates under wide input supply voltage(1.8V to 6V).In addition,all temperature specifications
apply from -40™C to+125"C.Most behavior remains unchanged throughout the full operating voltage
range.These guarantees ensure operation throughout the single Li-lon battery lifetime.

Rail-to-Rail Input

The input common-mode range of 600X family extends 100mV beyond the supply rails (Vss-0.1V to
Vpgt0.1V).This is achieved by using complementary input stage.For normal operation,inputs should be
limited to this range.

Rail-to-Rail Qutput

Rail-to-Rail output swing provides maximum possible dynamic range at the output.This is particularly
important when operating in lowsupply voltages. The output voltage of 600X family can typically swing to
less than 10mV from supply rail in light resistive loads (>100kQ),and 60mV of supply railin moderate
resistive loads (10kQ).

Capacitive Load Tolerance

The 600X family is optimized for bandwidth and speed,not for driving capacitive loads.Qutput capacitance
will create a pole in the amplifier's feedback path,leading to excessive peaking and potential oscillation.If
dealing with load capacitanceis a requirement of the application,the two strategies to consider are{1)using
a small resistorin series with the amplifier's output and the load capacitance and(2)reducing the bandwidth
of the amplifier's feedback loop by increasing the overall noise gain.

Figure 2 shows a unity gain follower using the series resistor strategy.The resistorisolates the output from
the capacitance and,more importantly,creates a zero in the feedback path that compensates for the pole
created by the output capacitance.
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Figure 2 Indirectly Driving a Capacitive Load Using Isolation Resistor
The bigger the R, resistor value,the more stable V, ; will be.However,if there is a resistive load R in parallel
with the capacitive load,a voltage divider (proportional to R,;o/R )is formed this will resultin a gain error.

The circuitin Figure 2is an improvement to the onein Figure 2.Re provides the DC accuracy hy feed-forward
the Viyto R..Crand Risp serve to counteract the loss of phase margin by feeding the high frequency
component of the output signal back to the amplifier's inverting input,thereby preserving the phase margin
in the overall feedback loop.Capacitive drive can be increased by increasing the value of C..This in turn will
slowdown the pulse response.

Risa
—ANN— Vourt
Vin o — RL

Figure 3. Indirectly Driving a Capacitive Load with DC Accuracy
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Typical Application Circuits

Differential amplifier

The differential amplifier allows the subtraction of two input voltages or cancellation of a sighal common
the two inputs.It is useful as a computational amplifier in making a differential to single-end conversion orin

rejecting a common mode signal.Figure 4.shown the differential amplifier using 600X family

Rz
A AAS

Ry
Vin —AAN
Rs — Vour
Vie —AAN +
R
Vier —AVN—

Figure 4. Differential Amplifier

, RRo | R R R+R \ R

I111'1 { )_J"I’JN 'I’u +( )_VREF

If the resistorratios are equal(i.e.R,=R;and R,=R,),then
i _— R: r J:r

J ou1 _T” 1P . N )+ VREF

Low Pass Active Filter

The low pass active filteris shown in Figure 5.The DC gain is defined by-R. /R, .Thefilterhasa
-20dB/decade roll-off afterits comer frequency f=1/(21R,C,).

C
11
11
Rz
AN
Ry
Vin —AAN—
— Vour
Ra

Figure 5. Low Pass Active Filter
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Instrumentation Amplifier

The triple 600X family can be used to build a thre e-op-amp instrumentation amplifier as shown in Figure
6. The amplifierin Figure & is a high inputimpedance differential amplifier with gain of R: /R, .Thetwo
differential voltage followers assure the high inputimpedance of the amplifier.

Rz
I
_ =3
—AAM—
Vi — +
— \our
Vip — + Ra
—AAM—
r R4
Vaer ANN—

Figure 6.Instrument Amplifier
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Outline Dimensions
SOT-23 Unit: mm

t—f—43

Dimensions In Millimeters Dimensions In Inches
Symbol Min. Max. Min. Max.
A 0.900 1.150 0.035 0.045
Al 0.000 0.100 0.000 0.004
A2 0.900 1.050 0.035 0.041
b 0.300 0.500 0.012 0.020
C 0.080 0.150 0.003 0.006
D 2.800 3.000 0.110 0.118
E 1.200 1.400 0.047 0.055
El 2.250 2.550 0.089 0.100
e 0.950 TYP 0.037TYP
el 1.800 2.000 0.071 0.079
L 0.550 REF 0.022 REF
L1 0.300 0.500 0.012 0.020
3] 0° 8° 0° 8°
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Important Notice:

® Green Micro chip reserves the right to change products and documents without notice.
Customers should obtain and verify the completeness of the latest technical information
before placing orders. Meanwhile, Green Micro chip shall not assume any responsibility or

obligation for non-officially revised documents.

® Any parameters in the entire product specification are for reference only, and actual
application testing shall prevail. When customers use the products for system design, they
must comply with safety regulations and independently assume the following responsibilities:
selecting suitable Green Micro chip products according to application requirements;
completing desigh verification and full-link testing of the application; and ensuring that the
application complies with safety regulations or other requirements of the target market.
Customers shall bear all personal or property losses caused by design defects orillegal

operations, which shall have no relation to Green Micro chip.

® Green Micro chip products are prohibited from being used in scenarios such as life support,
military equipment, and key aerospace applications. All accidents and legal liabilities arising
from out-of-scope use shall be borne by the user, and Green Micro chip shall not be held

responsible.

e Alltechnical resources of Green Micro chip (including data sheets and reference designs) are
provided "as is", without guarantee of no defects or universality, and without any express or
implied warranties. The documents are only authorized for product development and
research described in this document. Unauthorized use of intellectual property, public
reproduction, and reverse engineering are strictly prohibited. All claims and losses caused by

illegal use shall be borne by the user, and Green Micro chip shall not be liable.
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