MICROCHIP

MIC863

Dual Ultra-Low Power Op Amp in SOT-23-8

Features

8-Pin SOT-23 Package

450 kHz Gain-Bandwidth Product

800 kHz, —3 dB Bandwidth

4.2 pA Supply Current/Channel
Rail-to-Rail Output

Ground Sensing at Input
(Common-Mode-to-GND)

Drives Large Capacitive Loads (0.02 pF)
Unity Gain Stable

Applications

Portable Equipment
Medical Instrument
PDAs

Pagers

Cordless Phones
Consumer Electronics

General Description

The MIC863 is a dual low-power operational amplifier
in a SOT-23-8 package. It is designed to operate in the
2V to 5V range, rail-to-rail output, with input
common-mode to ground. The MIC863 provides
450 kHz gain-bandwidth product while consuming only
a 4.2 pA supply current

With low supply voltage and 8-pin SOT-23 packaging,
MIC863 provides two channels as general-purpose
amplifiers  for portable and battery-powered
applications. Its package provides the maximum
performance available while maintaining an extremely
slim form factor. The minimal power consumption of
this IC maximizes the battery life potential.

Package Type

MIC863
8-Lead SOT-23 (M8)

OUTA [1] 8 | v+
INA-[2]] [7]ouTs
INA+ 3] [ 6]INB-

v-[4] 5] INB+
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MIC863

Typical Application Schematic
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MIC863

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

SUPPIY VOIRBGE (V14 = Vi) ettt ettt ettt ettt b ettt b ettt e bt et e nb et et nee e e eeneeenee +6.0V
Differential Input Voltage ([Vin+ = VINZ]) (NOTE 1) ..iiiiiiiiii et seene +6.0V
INPUE VORBGE (VN = VIN) «eeererremenreietere ettt ettt sttt Vys + 0.3V, Vy,_— 0.3V
Output Short-Circuit CUITENt DUFAtION ...t e e e et e e e e s be e e e e s enaeeaeeseaaees Indefinite
LR D =Yg Yo T (o] (22 IS ESD Sensitive

Operating Ratings
S TU o] o] 1YY o] =T T OSSR +2.0V to +5.25V

1 Notice: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at those or any other conditions above those indicated
in the operational sections of this specification is not intended. Exposure to maximum rating conditions for extended
periods may affect device reliability.

I Notice: The device is not guaranteed to function outside the operating ratings.

Note 1: Exceeding the maximum differential input voltage will damage the input stage and degrade performance (in
particular, input bias current is likely to increase).

2: Devices are ESD sensitive. Handling precautions are recommended. Human body model, 1.5 kQ in series
with 100 pF.
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MIC863

ELECTRICAL CHARACTERISTICS (2.0V)

Electrical Characteristics: V+ = +2V, V- = 0V, V¢ = V+/2; R = 500 kQ to V+/2; Tp = 25°C, unless otherwise

Channel Crosstalk

noted.
Parameters Symbol Min. Typ. Max. Units Conditions

-5 0.1 5 —
Input Offset Voltage mV

-6 0.1 6 —40°C <Tp<+85°C

: : Vos

Differential Offset . 05 . mV .
Voltage
Input Offset Voltage AVe/
Temperature mQS — 6 — uvree | —
Coefficient A
Input Bias Current I — 10 — pA —
Input Offset Current los — — pA —
Input Voltage . CMRR >50dB, -40°C < Tp <
Range Vewm 0.5 ! v +85°C
Common-Mode 0V <Vey<1V,-40°C<sTp<
Rejection Ratio CMRR 45 S T dB +85°C
Power Supply . Supply voltage change of 2V to
Rejection Ratio PSRR 50 85 dB 2.7V, -40°C = Tp < +85°C

66 81 - RL =100 kQ, VOUT =14 Vpp,
Large-Signal —40°C = Tp =+85°C
Voltage Gain AvoL dB _ _

73 90 . R =500 kQ, Voyt = 1.4 Vpp,

—40°C <Tp<+85°C
Maximum Output V+ —
Voltage Swing VE=3mV g 4 mv T
VouT \Y, Rp =500 kQ, —40°C < Tp < +85°C
Minimum Output . V- + Ve +3mV
Voltage Swing 0.5 mV
Gain-Bandwidth _ - —
Product GBWP — 320 — kHz R =200 kQ, C_ =2 pF, Ay =11
Phase Margin PM — 69 — ° R =200 kQ, C_ =2 pF, Ay =11
-3 dB Bandwidth BW — 600 — kHz Ay=1,C =2pF R_.=1MQ
Ay=1,C_=2pF, R =1MQ,
Slew Rate SR T 0.33 - VIis | pisitive Siew Rate = 0.17 V/us
Short_C”'CL“tOutput | 18 2.6 — A SOUI‘CS, —40°C < TA < +85°C
m

Current s¢ 15 2.2 — Sink, —40°C < T, < +85°C
Supply Current (per L or < o
Op Amp) Is 3.5 7 MA No Load, —40°C < Tp < +85°C
Channel-to- — — ~100 — dB  |Note 1

Note 1:

DC signal referenced to input. Refer to the AC Performance Characteristics section.
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MIC863

ELECTRICAL CHARACTERISTICS (2.7V)

Electrical Characteristics: V+ = +2.7V, V— = 0V, Vo = V4/2; R = 500 kQ to V+/2; Tp = 25°C, unless otherwise

noted.
Parameters Symbol Min. Typ. Max. Units Conditions
-5 0.1 5 —
Input Offset Voltage mV
Vv -6 0.1 6 —40°C <Tp<+85°C
Differential Offset oS
— 0.5 — mV —
Voltage
Input Offset Voltage AVe/
Temperature A'I(')S — 6 — pvree | —
Coefficient A
Input Bias Current I — 10 — pA —
Input Offset Current los — 5 — pA —
Input Voltage Vv 1 18 . Vv CMRR > 60 dB, -40°C = Tp <
Range CM : +85°C
Common-Mode . 0V <Vgy <1.35V,-40°C<Tp <
Rejection Ratio CMRR 60 83 dB +85°C
Power Supply . Supply voltage change of 2.7V to
Rejection Ratio PSRR 55 85 dB 3V, —40°C < Tp <+85°C
70 83 _ RL =100 kQ, VOUT =2 Vpp,
Large-Signal —40°C < Tp = +85°C
Voltage Gain AvoL dB R, =500 kQ, Ve = 2 V.
g 78 91 . L= » Vout =2 Vpp,
—40°C < T, < +85°C
Gain-Bandwidth _ - —
Product GBWP — 350 — kHz R, =200 kQ, C, =2 pF, Ay =11
Phase Margin PM — 65 — ° R =200kQ, C, =2 pF, Ay =11
-3 dB Bandwidth BW — 600 — kHz Ay =1,C_=2pF R_.=1MQ
. . AV=1,CL=2pF,RL=1MQ,
Slew Rate SR 0.35 Vips Positive Slew Rate = 0.17 V/us
Short-Circuit Output | 4.5 6.3 — mA Source, -40°C < Tp < +85°C
Current se 45 6.2 — Sink, —40°C < Ty < +85°C
Supply Current (per . heT. < R
Op Amp) Is 3.6 7 MA No Load, —40°C < Tp < +85°C
Channel-to- — — ~120 — dB  |Note 1

Channel Crosstalk

Note 1: DC signal referenced to input. Refer to the AC Performance Characteristics section.
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MIC863

ELECTRICAL CHARACTERISTICS (5.0V)

Electrical Characteristics: V+ = +5V, V- =0V, V) = V+/2; R = 500 kQ to V+/2; Tp = 25°C, unless otherwise

noted.
Parameters Symbol Min. Typ. Max. Units Conditions
-5 0.1 5 —
Input Offset Voltage mV
Vv -6 0.1 6 —40°C <Tp<+85°C
Differential Offset oS
— 0.5 — mV —
Voltage
Input Offset Voltage AVe/
Temperature A'I(')S — 6 — pvree | —
Coefficient A
Input Bias Current I — 10 — pA —
Input Offset Current los — 5 — pA —
Input Voltage CMRR > 60 dB, -40°C = Tp <
Range Veum 3.5 4.1 — \Y +85°C
Common-Mode . 0V <Vgy<3.5V,-40°C<Tp<
Rejection Ratio CMRR 60 85 dB +85°C
Power Supply . Supply voltage change of
Rejection Ratio PSRR 60 86 dB 3V to 5V, -40°C < Tp < +85°C
73 81 _ RL =100 kQ, VOUT =40 Vpp,
Large-Signal —40°C = Tp<+85°C
Voltage Range AvoL B R =500ka Vour =40V
9 9 78 88 _ L= » Vout = 4.0 Vpp,
—40°C < T, < +85°C
Maximum Output V+ —
Voltage Swing VE=3mVl 3y -
— VouT V Rp =500 kQ, —40°C < Tp < +85°C
Minimum Output . V—+ V—+3mV
Voltage Swing 0.7 mV
Gain-Bandwidth _ - -
Product GBWP — 450 — kHz R =200 kQ, C, =2 pF, Ay =11
Phase Margin PM — 63 — ° —
-3 dB Bandwidth BW — 800 — kHz |Ay=1,C_ =2pF R =1MQ
. . Ay =1,C =2pF R =1MQ,
Slew Rate SR 0.35 Vius Positive Slew Rate = 0.2 V/us
Short-Circuit Output | 17 23 — A Source, -40°C < Tp < +85°C
m
Current sC 18 27 — Sink, —40°C < T, < +85°C
Supply Current (per o o °
Op Amp) Is 4.2 8 MA No Load, —40°C < Tp < +85°C
Channel-to- — — ~120 — dB  |Note 1

Channel Crosstalk

Note 1:

DC signal referenced to input. Refer to the AC Performance Characteristics section.
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MIC863

TEMPERATURE SPECIFICATIONS (Note 1)

Parameters | Sym. | Min. | Typ. | Max. | Units | Conditions
Temperature Ranges
Ambient Temperature Range Ta —40 — +85 °C |—
Storage Temperature Range Ts — — +150 °C |—
Lead Temperature — — — +260 °C | Soldering, 10s
Package Thermal Resistance
Thermal Resistance SOT-23-8 0Ja — 100 — °C/W | Using 4-Layer PCB

Oca — 70 — °C/W |Using 4-Layer PCB

Note 1: The maximum allowable power dissipation is a function of ambient temperature, the maximum allowable
junction temperature and the thermal resistance from junction to air (i.e., T, T, 6,4). Exceeding the
maximum allowable power dissipation will cause the device operating junction temperature to exceed the
maximum +85°C rating. Sustained junction temperatures above +85°C can impact the device reliability.

© 2020 Microchip Technology Inc.
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MIC863

2.0 TYPICAL PERFORMANCE CURVES

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

2.1 DC Performance Characteristics
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2.2 AC Performance Characteristics
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FIGURE 2-31: Test Circuit A.

FIGURE 2-34: Small Signal Pulse
Response (Test Circuit A: Ay =1, C, = 2 pF).
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FIGURE 2-32: Test Circuit B.
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FIGURE 2-33: Small Signal Pulse

Response (Test Circuit A: Ay =1, C, = 2 pF).

FIGURE 2-35: Small Signal Pulse
Response (Test Circuit A: Ay = 1, C; = 50 pF).
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FIGURE 2-36: Small Signal Pulse
Response (Test Circuit A: Ay =1, C; = 50 pF).
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FIGURE 2-37: Small Signal Pulse

Response (Test Circuit A: Ay = 1, C; = 100 pF).

FIGURE 2-40: Small Signal Pulse
Response (Test Circuit B: Ay = -1, C;, = 2 pF).
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FIGURE 2-38: Small Signal Pulse

Response (Test Circuit A: Ay = 1, C; = 100 pF).
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FIGURE 2-39: Small Signal Pulse

Response (Test Circuit A: Ay =1, C, = 2 pF).

FIGURE 2-41: Small Signal Pulse
Response (Test Circuit B: Ay = -1, C; = 2 pF).
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FIGURE 2-42: Small Signal Pulse

Response (Test Circuit B: Ay, = -1, C; = 50 pF).
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FIGURE 2-44: Large Signal Pulse FIGURE 2-47: Large Signal Pulse
Response (Test Circuit A: Ay =1, C, = 2 pF). Response (Test Circuit A: Ay = 1, C; = 50 pF).
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FIGURE 2-45: Large Signal Pulse FIGURE 2-48: Large Signal Pulse
Response (Test Circuit A: Ay =1, C, = 2 pF). Response (Test Circuit A: Ay =1, C; = 50 pF).
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FIGURE 2-49: Large Signal Pulse

Response (Test Circuit A: Ay = 1, C; = 100 pF).
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FIGURE 2-50: Large Signal Pulse

Response (Test Circuit A: Ay = 1, C; = 100 pF).

INPUT
1V/div

OUTPUT
1Vidiv

TIME 250ps/div

INPUT
1V/div

C =2pF 5 :
RI=AMQR=20kQ" (/L 5y

OUTPUT
1V/div

TIME 250ps/div

Rail-to-Rail Output

FIGURE 2-52:
Operation.
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FIGURE 2-53:
Operation.
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Operation.
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FIGURE 2-54:
Operation.

Rail-to-Rail Output
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3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE
Pin Number | Symbol Description

1 OUTA | Amplifier A Output.
2 INA— Amplifier A Inverting Input.
3 INA+ Amplifier A Non-Inverting Input
4 V- Negative Supply.
5 INB+ Amplifier B Non-Inverting Input.
6 INB— Amplifier B Inverting Input.
7 OUTB | Amplifier B Output.
8 V+ Positive Supply.

© 2020 Microchip Technology Inc.
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4.0 APPLICATION INFORMATION

Regular  supply  bypassing techniques are
recommended. A 10 pF capacitor in parallel with a
0.1 yF capacitor on both the positive and negative
supplies are ideal. For best performance all bypassing
capacitors should be located as close to the op amp as
possible and all capacitors should be low equivalent
series inductance (ESL), equivalent series resistance
(ESR). Surface-mount ceramic capacitors are ideal.
The MIC863 is intended for single-supply applications
configured with a grounded load. It is not advisable to
operate the MIC863 under either of the following
conditions when the load is less than 20 kQ and the
output swing is greater than 1V (peak-to-peak):

» Agrounded load and split supplies (V)
» Asingle supply where the load is terminated
above ground.
Under the conditions listed above, there may be some
instability when the output is sinking current.

DS20006308A-page 18
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5.0 PACKAGING INFORMATION

5.1 Package Marking Information

8-Lead SOT-23* Example
(Front)
XXX A35
8-Lead SOT-23* Example
(Back)
NNN 831

mark).

Legend: XX...X Product code or customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
Ww Week code (week of January 1 is week ‘01°)
NNN Alphanumeric traceability code
Pb-free JEDEC® designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator ()

can be found on the outer packaging for this package.

e, A, V Pin one index is identified by a dot, delta up, or delta down (triangle

the corporate logo.

Note: In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information. Package may or may not include

Underbar (_) and/or Overbar (7) symbol may not be to scale.

© 2020 Microchip Technology Inc.
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8-Lead SOT-23 Package Outline and Recommended Land Pattern

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

TITLE
8 LEAD SOT23 PACKAGE OUTLINE & RECOMMENDED LAND PATTERN

DRAWING # | SOT23-8LD-PL-1 UNIT | MM
Lead Frame | Copper Alloy Lead Finish | Matte Tin
D VARIATION(ALL DIMENSIONS SHOWN IN MM)
SYMBOL | MIN. | NOM. | MAX.
el DETAL A A - - 1.45
/”\J Al 0.00 - 0.15
, X A2 | 090 | 115 | 1.30
' ! \ b 0.22 - 0.38
Hf‘ ’__Zl ﬁ ’:ﬁ \ H ! c 008 | - | oz
f f D 2.90 BSC.
N E 2.80 BSC.
ol - E1 1.60 BSC.
w e 0.65 BSC.
el 1.95 BSC.
) ) L 030 | 045 [ 0.60
! ! L1 0.60 REF.
I \ L2 0.25 BSC.
— K c R 0.10 - -
. b R1 0.10 - 0.25
) o & 8
1 5 100 15"

TOP VIEW SIDE_VIEW NOTE :
1. JEDEC OUTLINE : MO-178 BA.

A
Al |, A2
[
{g\g
//’"‘\
N
(]
_——

GAUGE PLANE !
SEATING PLANE/ —
/

/

N L1 4
P

\\\umu._i_/, 2
END VIEW o

(o]
o) [ |

0.48
RECOMMENDED LAND PATTERN
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APPENDIX A: REVISION HISTORY

Revision A (March 2020)

» Converted Micrel document MIC863 to Microchip
data sheet template DS20006308A.

* Minor text changes throughout.
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NOTES:
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, contact your local Microchip representative or sales office.

PART NO. X XX -XX
Device Temperature Package Media Type
Device: MIC863: Dual Ultra-Low Power Op Amp
Temperature: Y = -40°Cto+85°C
Package: M8 = 8-Lead SOT-23
Media Type: TR = 3,000/Reel

Examples:

a) MIC863YM8-TR: Dual Ultra-Low Power Op
Amp —40°C to +85°C
Junction Temperature
Range, 8-Lead SOT-23
Package, 3,000/Reel

Note 1:  Tape and Reel identifier only appears in the

catalog part number description. This identifier is
used for ordering purposes and is not printed on
the device package. Check with your Microchip
Sales Office for package availability with the
Tape and Reel option.

© 2020 Microchip Technology Inc.
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NOTES:
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights unless otherwise stated.

For information regarding Microchip’s Quality Management Systems,
please visit www.microchip.com/quality.

Trademarks

The Microchip name and logo, the Microchip logo, Adaptec,
AnyRate, AVR, AVR logo, AVR Freaks, BesTime, BitCloud, chipKIT,
chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex,
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