MICROCHIP

MCPG6N11

500 kHz, 800 pA Instrumentation Amplifier

Features

* Rail-to-Rail Input and Output

» Gain Set by 2 External Resistors

* Minimum Gain (G N) Options:

1,2,5,10 or 100 V/V

* Common Mode Rejection Ratio (CMRR): 115 dB
(typical, Gypyn = 100)

» Power Supply Rejection Ratio (PSRR): 112 dB
(typical, Gyyn = 100)

« Bandwidth: 500 kHz (typical, Gain = Gyn)

» Supply Current: 800 pA/channel (typical)

+ Single Channel

» Enable/Vg Calibration pin: (EN/m)

» Power Supply: 1.8V to 5.5V

» Extended Temperature Range: -40°C to +125°C

Typical Applications

» High Side Current Sensor

» Wheatstone Bridge Sensors

« Difference Amplifier with Level Shifting
* Power Control Loops

Design Aids

* Microchip Advanced Part Selector (MAPS)
* Demonstration Board
 Application Notes

Block Diagram
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Re 4

Vra
Rg
VREF
VRer
Vip Vin
Vimo—— Vi

Low Power
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Description

Microchip Technology Inc. offers the single MCP6N11
instrumentation amplifier (INA) with Enable/Vog Cali-
bration pin (EN/CAL) and several minimum gain
options. It is optimized for single-supply operation with
rail-to-rail input (no common mode crossover distor-
tion) and output performance.

Two external resistors set the gain, minimizing gain
error and drift-over temperature. The reference voltage
(Vre) shifts the output voltage (Voyr)

The supply voltage range (1.8V to 5.5V) is low enough
to support many portable applications. All devices are
fully specified from -40°C to +125°C.

These parts have five minimum gain options (1, 2, 5, 10
and 100 V/V). This allows the user to optimize the input
offset voltage and input noise for different applications.

Typical Application Circuit

Vear
é +1.8V
I to
— +5.5V
Vour
O VRer
Package Types
MCP6N11 MCP6N11
SOIC 2x3 TDFN *
Veg[1] ~  [B]EN/CAL Vegl1:© __ . T8|ENICAL
Viml2] 71V Vim|2:' EP 7 Vop
V|PE EIVOUT V|P 3 : : 6 VOUT
Vssl4] 5]VRer  vgglalt :5]Vrer
* Includes Exposed Thermal Pad (EP); see Table 3-1.
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MCP6N11

Minimum Gain Options

Table 1 shows key specifications that differentiate
between the different minimum gain (Gyn) options.
See Section 1.0 “Electrical Characteristics”,
Section 6.0 “Packaging Information” and Product
Identification System for further information on Gy .

TABLE 1: KEY DIFFERENTIATING SPECIFICATIONS

Guin | Vos |AVos/ATa | CMRR (dB) | PSRR | Vpyy | GBWP (u\E:i.p) (nv‘jgin)
PartNo. | (V/V) | (¥mV) | (+uV/°C) Min. (dB) | (V) |(MHz) Nom, Nom.

Nom.| Max. Typ. Vpp =5.5V | Min. | Max. | Nom. (f=0.1to 10 Hz) | (F = 10 kHz2)
MCP6N11-001| 1 3.0 20 70 62 | 270 | 0.50 570 950
MCP6N11-002 | 2 2.0 45 78 68 1.35 | 1.0 285 475
MCP6N11-005| 5 0.85 18 80 75 | 054 | 25 114 190
MCP6N11-010| 10 | 0.50 9.0 81 81 027 | 5.0 57 95
MCP6N11-100 | 100 | 0.35 27 88 86 | 0.027 | 35 18 35
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MCP6N11

1.0 ELECTRICAL

CHARACTERISTICS

1.1 Absolute Maximum Ratings t

VDD = VG vrveereeimeieeie e s 6.5V
Current at Input Pins 1 .ceoeoiiiie s +2 mA
Analog Inputs (Vip and V) 11 ... Vgg—1.0Vto Vpp + 1.0V
All Other Inputs and Outputs ......... Vgs — 0.3V to Vpp + 0.3V
Difference Input Voltage............ccccceviiiiiiiiieennnnn [Vbp — Vssl
Output Short Circuit Current Continuous
Current at Output and Supply Pins ........ccccceveiiineenee +30 mA
Storage Temperature ...........ccccocevvevnceenennne -65°C to +150°C
Max. Junction Temperature ...........ccocceveerieeireeneeenn. +150°C

ESD protection on all pins (HBM, CDM, MM).> 2 kV, 1.5 kV, 300V

1.2 Specifications

TABLE 1-1:

DC ELECTRICAL SPECIFICATIONS

T 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
listings of this specification is not implied. Exposure to
maximum rating conditions for extended periods may
affect device reliability.

11 See Section 4.2.1.2 “Input Voltage Limits” and
Section 4.2.1.3 “Input Current Limits”.

Electrical Characteristics: Unless otherwise indicated, T = +25°C, Vpp = 1.8V to 5.5V, Vgg = GND, EN/CAL = Vpp,
VCM = VDD/2, VDM = OV, VREF = VDD/2’ VL = VDD/2, RL =10 kQ to VL and GDM = GMlN; see Figure 1-6 and Figure 1-7.

Parameters Sym ‘ Min ‘ Typ ‘ Max | Units ‘ GmiN ‘ Conditions
Input Offset
Input Offset Voltage, Vos -3.0 — +3.0 mV 1 (Note 2)
Calibrated 2.0 _ +2.0 mv 2
-0.85 — +0.85 mV 5
-0.50 — +0.50 mV 10
-0.35 — +0.35 mV 100
Input Offset Voltage VosTrRM — 0.36 — mV 1
Trim Step _ 0.21 _ mv 2
— 0.077 — mV 5
— 0.045 — mV 10
— 0.014 — mV 100
Input Offset Voltage AVs/ATp — +90/GyN — pVvV/°C| 1to 10 | Tp=-40°C to +125°C
Drift — +2.7 — pvrec| 100 | (Note 3)
Power Supply PSRR 62 82 — dB 1
Rejection Ratio 68 88 _ dB 2
75 96 — dB 5
81 102 — dB 10
86 112 — dB 100

Note

The Vg spec limits include 1/f noise effects.
This is the input offset drift without Vg re-calibration; toggle EN/CAL to minimize this effect.

This spec applies to the V|p, V|1, VrRer and Vg pins individually.

Vem = (Vip +Vim) /2, Vpy = (Vip— Vim) and Gpy = 1 + Re/Rg.

Figure 2-11 and Figure 2-19 show the V|yg and Vpyr variation over temperature.
See Section 1.5 “Explanation of DC Error Specs”.

1
2
3:
4: These specs apply to both the V|p, V) input pair (use V¢y) and to the VRgg, Vg input pair (Vrer takes Vp's place).
5.
6
7
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MCP6N11

TABLE 1-1: DC ELECTRICAL SPECIFICATIONS (CONTINUED)

Electrical Characteristics: Unless otherwise indicated, T = +25°C, Vpp = 1.8V to 5.5V, Vg5 = GND, EN/CAL = Vpp,
Vem = Vop/2, Vpm = 0V, VRer = Vpp/2, Vi = Vpp/2, R = 10 kQ to V|_and Gpy = Gy n; see Figure 1-6 and Figure 1-7.
Parameters | Sym ‘ Min ‘ Typ ‘ Max | Units ‘ GmiN ‘ Conditions
Input Current and Impedance (Note 4)
Input Bias Current Ig — 10 — pA all
Across Temperature — 80 — pA Tp= +85°C
Across Temperature 0 2 5 nA Tp= +125°C
Input Offset Current los — +1 — pA
Across Temperature — 5 — pA Tp= +85°C
Across Temperature -1 +0.05 +1 nA Tp= +125°C
Common Mode Input Zewm — 10"3)16 — Q||pF
Impedance
Differential Input ZpIEE — 10"3)13 — Q||pF
Impedance
Input Common Mode Voltage (V¢ or Vrep) (Note 4)
Input Voltage Range VivL — — Vgg-02| V all (Note 5, Note 6)
V\vH Vpp +0.15 — — \Y,
Common Mode CMRR 62 79 — dB 1 Vem = Viwe to Viya,
Rejection Ratio 69 87 _ dB 2 VDD =1.8V
75 101 — dB 5
79 107 — dB 10
86 119 — dB 100
70 94 — dB 1 Vem = Vv to Vivas
78 100 — dB 2 |Vop=53V
80 108 — dB 5
81 114 — dB 10
88 115 — dB 100
Common Mode INLcm -1000 115 +1000 ppm 1 Vem = Vive to Vive,
Non-Linearity -570 +27 +570 ppm 2 VDM =0V,
230 11 +230 | ppm | 5 |/bp=18V(Note?)
-125 16 +125 ppm 10
-50 12 +50 ppm 100
-400 142 +400 ppm 1 Vem = Vive to Vivks
-220 +10 +220 | ppm 2 |Vom=0V,
2100 ") 100 ppm 5 Vpp = 5.5V (Note 7)
-50 +2 +50 ppm 10
-30 +1 +30 ppm 100
Note Vem = (Vip + Vi) / 2, Vo = (Vip — Vim) and Gpy = 1 + Re/Rg.

1
2: The Vg spec limits include 1/f noise effects. -

3: This is the input offset drift without Vg re-calibration; toggle EN/CAL to minimize this effect.

4: These specs apply to both the V|p, V) input pair (use V¢)y) and to the Vg, Vgg input pair (Vrer takes Vy's place).
5: This spec applies to the V|p, V|\, VRer @nd Vgg pins individually.

6: Figure 2-11 and Figure 2-19 show the V|yr and VpyR variation over temperature.

7: See Section 1.5 “Explanation of DC Error Specs”.
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MCP6N11

TABLE 1-1:

DC ELECTRICAL SPECIFICATIONS (CONTINUED)

Electrical Characteristics: Unless otherwise indicated, T = +25°C, Vpp = 1.8V to 5.5V, Vg5 = GND, EN/CAL = Vpp,
VCM = VDD/2, VDM = OV, VREF = VDD/2, V|_ = VDD/2, RL =10 kQ to V|_ and GDM = GMlN; see Figure 1-6 and Figure 1-7.

Parameters Sym ‘ Min ‘ Typ ‘ Max | Units ‘ GmiN ‘ Conditions
Input Differential Mode Voltage (Vpy) (Note 4)
Differential Input VomL -2.7/GuiN — — V all Vrer = (Vpp — GomVbowm)/2
Voltage Range VomH — — +2.7/Gyn| V (Note 6)
Differential Gain Error e -1 +0.13 +1 % Vpm = Vpme to Vpomns
Differential Gain Drift | Agg/ATp — +0.0006 — %/°C Vier = (Vpp — GpmVbowm)/2
Differential INLpm -500 +30 +500 ppm 1 (Note 7)
Non-Linearity -800 +40 +800 |ppm | 2,5
-2000 +100 +2000 | ppm |10, 100
DC Open-Loop Gain AoL 61 84 — dB 1 Vpp = 1.8V,
68 90 — dB 2 Vout =0.2V to 1.6V
76 98 — dB 5
78 104 — dB 10
86 116 — dB 100
70 94 — dB 1 Vpp = 5.5V,
77 100 — dB 2 Vout = 0.2V to 5.3V
84 108 — dB 5
90 114 — dB 10
97 125 — dB 100
Output
Minimum Output VoL — — Vgg+15 | mV all Vom = -Vop/(2Gpm),
Voltage Swing Vpp = 1.8V,
VRer = Vpp/2 - 1V
— — Vsg+25 | mV Vowm = -Vpp/(2Gpw),
Vpp = 5.5V,
VRer = Vpp/2 - 1V
Maximum Output VoH Vpp - 15 — — mV Vom = Vop/(2Gpw),
Voltage Swing Vpp = 1.8V,
VRer = Vpp/2 + 1V
Vbp - 25 — — mV Vowm = Vop/(2Gpwm).
Vpp = 5.5V,
VRer = Vpp/2 + 1V
Output Short Circuit Isc — +8 — mA Vpp = 1.8V
Current — +30 — mA Vpp = 5.5V
Power Supply
Supply Voltage Vop 1.8 — 5.5 \Y all
Quiescent Current lq 0.5 0.8 1.1 mA lo=0
per Amplifier
POR Trip Voltage VpRrL 1.1 1.4 — \
VPRH — 1.4 1.7 \
Note Vem = (Vip + Vi) / 2, Vo = (Vip — Vim) and Gpy = 1 + Re/Rg.

The Vg spec limits include 1/f noise effects.
This is the input offset drift without Vg re-calibration; toggle EN/CAL to minimize this effect.

This spec applies to the V|p, V|, VrRer and Vg pins individually.
Figure 2-11 and Figure 2-19 show the Vg and Vpyr Vvariation over temperature.

See Section 1.5 “Explanation of DC Error Specs”.

1
2
3:
4: These specs apply to both the V|p, V) input pair (use V) and to the Vg, Vgg input pair (Vrer takes Vy's place).
5.
6
7
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MCP6N11

TABLE 1-2: AC ELECTRICAL SPECIFICATIONS

Electrical Characteristics: Unless otherwise indicated, T = 25°C, Vpp = 1.8V to 5.5V, Vgg = GND,
EN/CAL = VDD’ VCM = VDD/2, VDM = OV, VREF = VDD/Z, V|_ = VDD/Z, RL =10 kQ to V|_, CL =60 pF and GDM = GMlN;
see Figure 1-6 and Figure 1-7.

Parameters

‘ Sym |Min| Typ ‘Max| Units | GmiN |

Conditions

AC Response

Density

Gain Bandwidth GBWP 0.50 Gy MHz |1to10
Product 35 MHz | 100
Phase Margin PM 70 ° all
Open-Loop Output RoL 0.9 kQ 1t0 10
Impedance 0.6 KQ 100
Power Supply PSRR 94 dB all  |f<10kHz
Rejection Ratio
Common Mode CMRR 104 dB 1t0 10 |f <10 kHz
Rejection Ratio 94 dB 100 f< 10 kHz
Step Response
Slew Rate SR 3 Viuys | 1t010 |Vpp=1.8V

9 Vlips Vpp = 5.5V

2 Vlius 100 |Vpp=1.8V

6 Vlips Vpp = 5.5V
Overdrive Recovery, tirc 10 ps all  [Vem=Vss—1V (or Vpp + 1V) to Vpp/2,
Input Common Mode GpmVpwm = £0.1V, 90% of Voy1 change
Overdrive Recovery, trD 5 ps Vom = VoL — (0.5V)/Guin
Input Differential (or Vpmn + (0.5V)/Gyn) to OV,
Mode VRrer = (Vop — GpmVom)/2,

90% of Vgyt change
Overdrive Recovery, tor 8 Ms Gpwm = 2Gmins GpomVowm = 0.5Vpp to 0V,
Output VRer = 0.75Vpp (or 0.25Vpp),
90% of Vgyt change

Noise
Input Noise Voltage Epi 570/Gyin MVpp |11t010|f=0.1 Hzto 10 Hz

18 MVp.p 100
Input Noise Voltage eni 950/GpiN nV/VHz | 1 to 10 |f =100 kHz
Density 35 nVAHz | 100
Input Current Noise ini 1 fAINHz all  |f=1kHz

DS25073A-page 6
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MCP6N11

TABLE 1-3: DIGITAL ELECTRICAL SPECIFICATIONS

Electrical Characteristics: Unless otherwise indicated, Ty = 25°C, Vpp = 1.8V t0 5.5V, Vgg = GND, EN/CAL = Vpp,
VCM = VDD/2, VDM =0V, VREF = VDD/2, VL = VDD/2, RL =10kQ to VL’ CL =60 pF and GDM = GM|N;

see Figure 1-6 and Figure 1-7.

Parameters ‘ Sym ‘ Min ‘Typ‘ Max ‘Units|GM|N| Conditions

EN/CAL Low Specifications

EN/CAL Logic Vi Vgs — (02Vpp| V all
Threshold, Low
EN/CAL Input Current, lENL — -0.1 — nA EN/CAL = 0V
Low
GND Current Iss -7 -2.5 — pA EN/CAL =0V, Vpp = 5.5V
Amplifier Output Leakage lo(LEAK) — 10 — nA EN/CAL = 0V
EN/CAL High Specifications
EN/CAL LOgiC V|H 0.8 VDD VDD \Y all
Threshold, High
EN/CAL Input Current, lENH — |-0.01 — nA EN/CAL = Vpp
High
EN/CAL Dynamic Specifications
EN/CAL Input Hysteresis | VypysT - 0.2 - \Y all
EN/CAL Low to Amplifier | topr — 3 10 [V EN/CAL = 0.2Vpp to Vot =0.1(Vpp/2),
Output High-Z Turn-off VomGpm =1V, VL =0V
Time
EN/CAL High to ton 12 20 28 ms EN/CAL = 0.8Vpp to Vo1 =0.9(Vpp/2),
Amplifier Output VomGpm =1V, VL =0V
On Time
EN/CAL Low to tENLH 100 — — ps Minimum time before externally
EN/CAL High low time releasing EN/CAL (Note 1)
Amplifier On to teNOL — 100 — us
EN/CAL Low Setup Time
POR Dynamic Specifications
Vpp ¥ to Output Off tpHL — 10 — pus | all [V =0V,Vpp=18Vto
VPRL -0.1v step,
90% of Vgyt change
Vpp Tto Output On tpLH 140 250 360 ms VL =0V, Vpp =0V to Vpry + 0.1V step,
90% of Vgyt change

Note 1: For design guidance only; not tested.

TABLE 1-4: TEMPERATURE SPECIFICATIONS

Electrical Characteristics: Unless otherwise indicated, all limits are specified for: Vpp = 1.8V to 5.5V, Vgg = GND.

Parameters | Sym | Min | Typ | Max | Units | Conditions
Temperature Ranges
Specified Temperature Range Ta -40 — +125 °C
Operating Temperature Range Ta -40 — +125 °C |(Note 1)
Storage Temperature Range Ta -65 — +150 °C
Thermal Package Resistances
Thermal Resistance, 8L-SOIC CETN — 150 — °C/W
Thermal Resistance, 8L-TDFN (2x3) | 65 — 53 — °C/W

Note 1: Operation must not cause T to exceed the Absolute Maximum Junction Temperature specification (+150°C).

© 2011 Microchip Technology Inc. DS25073A-page 7



MCP6N11

1.3 Timing Diagrams

+(1V)/Gpp

Vbom

Vewm ,
|
|
|

Vout \

o otenen

-
EN/CAL

) {
torF == e ENOL
| ton

Vour \ HighZ e

FIGURE 1-1: Common Mode Input
Overdrive Recovery Timing Diagram.
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FIGURE 1-2: Differential Mode Input
Overdrive Recovery Timing Diagram.
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FIGURE 1-3: Output Overdrive Recovery

Timing Diagram.

1.8V
VprL = 0.1V Vern * 0.1V
Vop . )Y

I

tpHL ) e

v trLH |

Vour L HighZ
FIGURE 1-4: POR Timing Diagram.

FIGURE 1-5: EN/CAL Timing Diagram.
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MCP6N11

1.4 DC Test Circuits

1.4.1 INPUT OFFSET TEST CIRCUIT

Figure 1-6 is used for testing the INA's input offset
errors and input voltage range (Vg, V)y_ and Vy; see
Section 1.5.1 “Input Offset Related Errors” and
Section 1.5.2 “Input Offset Common Mode Non-
linearity”). U, is part of a control loop that forces Vot
to equal VNt U4 can be set to any bias point.

Vour
O
63.4 kQ
Rent
12.7 kQ 63.4 kQ
Vm O—l—’WV i : M/\/—$
100 nF Cenr
= 10 nF Vent

FIGURE 1-6:
Mode (Input Offset).

When MCP6N11 is in its normal range of operation, the
DC output voltages are (where Vg is the sum of input
offset errors and gg is the gain error):

Test Circuit for Common

EQUATION 1-1:
Gpm = 1+ ReRg

Vout = Venr
Vm = Veer t Gpm(1+ 9e)Ve

Table 1-5 gives the recommended Rg and Rg values
for different G,y options.
TABLE 1-5: SELECTING Rg AND Rg

Gmin Rr Rg Gpm |GpmVos| BW
(VIiV) | (@) (Q) | (VV) | (2V) | (kHz)
Nom. | Nom. | Nom. | Nom. Max. Nom.

1 100k 499 | 201.4 0.60 2.5

2 0.40 5.0
5 100k 100 1001 0.85 2.5
10 0.50 5.0
100 0.35 35

1.4.2 DIFFERENTIAL GAIN TEST CIRCUIT

Figure 1-7 is used for testing the INA's differential gain
error, non-linearity and input voltage range (gg, INLpw,
VpmL and Vpuw; see Section 1.5.3 “Differential Gain
Error and Non-linearity”). Rg and Rg are 0.01% for
accurate gain error measurements.

FIGURE 1-7:
Mode.

The output voltages are (where Vg is the sum of input
offset errors and gg is the gain error):

Test Circuit for Differential

EQUATION 1-2:
Gpm = 1+ Re/Rg
Vout = Vrert Gpm(1+ 9e)(Vpym *+ V)

Vm = Vout—Vrer
Gpm(1+ 9e)(Vpum * Ve)

To keep Vrer Vig and Voyt within their ranges, set:

EQUATION 1-3:

Veer = (Vop—GpmVom)2

Table 1-6 shows the recommended R and Rg They
produce a 10 kQ load; V|_can usually be left open.

TABLE 1-6: SELECTING Rg AND Rg
Gmin Re Re Gpm
(VIV) (@) (@) (VIV)
Nom. Nom. Nom. Nom.

1 0 Open 1.000
2 4.99k 4.99k 2.000
5 8.06k 2.00k 5.030
10 9.09k 1.00k 10.09
100 10.0k 100 101.0

© 2011 Microchip Technology Inc.
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MCP6N11

1.5 Explanation of DC Error Specs
1.5.1 INPUT OFFSET RELATED ERRORS

The input offset error (Vg) is extracted from input offset
measurements (see Section 1.4.1 “Input Offset Test
Circuit”), based on Equation 1-1:

EQUATION 1-4:

V. = VM_VREF
E Gpm(1+9p)

Vg has several terms, which assume a linear response
to changes in Vpp, Vss, Vems VouT and Ty (all of which
are in their specified ranges):

EQUATION 1-5:
Vo = Voot AVpp—4Vss  AVow  AVeer
E os PSRR CMRR CMRR
+ AVoyr + ’AVos
Ao AAT,

Where:
PSRR, CMRR and Ag, are in units of V/V
AT is in units of °C
Vpu =0

Equation 1-2 shows how VE affects Vo

1.5.2 INPUT OFFSET COMMON MODE
NON-LINEARITY

The input offset error (Vg) changes non-linearly with
Vew- Figure 1-8 shows Vg vs. Vg, as well as a linear
fit line (Vg N) based on Vgg and CMRR. The op amp
is in standard conditions (AVgoyt =0, Vpy =0, etc.).
Vewm is swept from V) to Vyy. The test circuit is in
Section 1.4.1 “Input Offset Test Circuit” and Vg is
calculated using Equation 1-4.

Ve, VE LN (V)

' | > Ve (V)
Vive Vpp/2 VivH

FIGURE 1-8: Input Offset Error vs.
Common Mode Input Voltage.

Based on the measured Vg data, we obtain the
following linear fit:

EQUATION 1-6:
Vem —Vop 2
Ve uin = Vost —CMRR
Where:
Vos = Vs
1 V3-V,

CMRR  V,yy—ViuL

The remaining error (AVEg) is described by the Common
Mode Non-Linearity spec:

EQUATION 1-7:
INL.. = max|AVe|
M7 Viyu=Vive
Where:
AVe = Ve—VE 1N

The same common mode behavior applies to Vg when
VRer is swept, instead of V), since both input stages
are designed the same:

EQUATION 1-8:
VREF _VDD/2
Veun = Vos* —cevRR
INL.. = max| AVe|
oM VIVH _VIVL

1.5.3 DIFFERENTIAL GAIN ERROR AND
NON-LINEARITY

The differential errors are extracted from differential

gain measurements (see Section 1.4.2 “Differential

Gain Test Circuit”), based on Equation 1-2. These

errors are the differential gain error (gg) and the input

offset error (Vg, which changes non-linearly with Vpy):

EQUATION 1-9:
Gpm = 1+ Re/Rg
Vm = Gpm(1+ 9e)(Vpy+ Vp)

These errors are adjusted for the expected output, then
referred back to the input, giving the differential input
error (Vgp) as a function of Vpy:

EQUATION 1-10:

DS25073A-page 10
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MCP6N11

Figure 1-9 shows Vgp vs. Vpy, as well as a linear fit
line (Vgp n) based on Vg and gg. The op amp is in
standard “conditions (AVgoyt =0, etc.). Vpy is swept
from VDML to VDMH'

Vep, Vep LN (V)

AVEp 1 |
f : j » Vpum (V)
Vom 0 VDMH

FIGURE 1-9: Differential Input Error vs.
Differential Input Voltage.

Based on the measured Vgp data, we obtain the
following linear fit:

EQUATION 1-11:

Vep Lin = (1+ 9e)Ve + 9eVpu

Where:
V-V
0 = g —y— 1
DMH ~ VDML
Vs
Ve = ———
E 1+ gE

Note that the Vg value measured here is not as
accurate as the one obtained in Section 1.5.1 “Input
Offset Related Errors”.

The remaining error (AVgp) is described by the
Differential Mode Non-Linearity spec:

EQUATION 1-12:

max|AVED|

INL
M Vomu ~Vome
Where:

AVep = Vep—Vep LiN

© 2011 Microchip Technology Inc.
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NOTES:
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MCP6N11

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.

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V 10 5.5V, Vgg = GND, EN/CAL = Vpp, Vem = Vop/2, Vpu = 0V,
VREF = VDD/2, VL = VDD/2, RL =10 kQ to VL’ CL =60 pF and GDM = GM|N; see Figure 1-6 and Figure 1-7.

21 DC Voltages and Currents

35% 25%
330 Samples

No Vs Re-calibration

o/ | Tp=+25°C 330 Samples
30% Vpp = 1.8V and 5.5V 20% - Gy =1to 10
259, RTO \R,PrDC: 5.5V

o
15%
20% - — °
° / Gy =1

/ Gun=2t010
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MCP6N11

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V 10 5.5V, Vgg = GND, EN/CAL = Vpp, Vem = Vpp/2, Vpu = 0V,
VREF = VDD/2, VL = VDD/2, RL =10 kQ to VL’ CL =60 pF and GDM = GM|N; see Figure 1-6 and Figure 1-7.
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MCP6N11

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V 10 5.5V, Vgg = GND, EN/CAL = Vpp, Vem = Vpp/2, Vpu = 0V,
VREF = VDD/2, VL = VDD/2, RL =10 kQ to VL’ CL =60 pF and GDM = GM|N; see Figure 1-6 and Figure 1-7.
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MCP6N11

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V 10 5.5V, Vgg = GND, EN/CAL = Vpp, Vem = Vpp/2, Vpu = 0V,
VREF = VDD/2, VL = VDD/2, RL =10 kQ to VL’ CL =60 pF and GDM = GM|N; see Figure 1-6 and Figure 1-7.
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FIGURE 2-20: Normalized Differential Input
Error vs. Differential Voltage, with Gy = 1.
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MCP6N11

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V 10 5.5V, Vgg = GND, EN/CAL = Vpp, Vem = Vpp/2, Vpu = 0V,
VREF = VDD/2, VL = VDD/2, RL =10 kQ to VL’ CL =60 pF and GDM = GM|N; see Figure 1-6 and Figure 1-7.
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MCP6N11

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V 10 5.5V, Vgg = GND, EN/CAL = Vpp, Vem = Vpp/2, Vpu = 0V,
VREF = VDD/2, VL = VDD/2, RL =10 kQ to VL’ CL =60 pF and GDM = GM|N; see Figure 1-6 and Figure 1-7.
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MCP6N11

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V 10 5.5V, Vgg = GND, EN/CAL = Vpp, Vem = Vpp/2, Vpu = 0V,
VREF = VDD/2, VL = VDD/2, RL =10 kQ to VL’ CL =60 pF and GDM = GM|N; see Figure 1-6 and Figure 1-7.
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MCP6N11

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V 10 5.5V, Vgg = GND, EN/CAL = Vpp, Vem = Vpp/2, Vpu = 0V,
VREF = VDD/2, VL = VDD/2, RL =10 kQ to VL’ CL =60 pF and GDM = GM|N; see Figure 1-6 and Figure 1-7.
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MCP6N11

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V 10 5.5V, Vgg = GND, EN/CAL = Vpp, Vem = Vpp/2, Vpu = 0V,
VREF = VDD/2, VL = VDD/2, RL =10 kQ to VL’ CL =60 pF and GDM = GM|N; see Figure 1-6 and Figure 1-7.
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MCP6N11

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V 10 5.5V, Vgg = GND, EN/CAL = Vpp, Vem = Vpp/2, Vpu = 0V,
VREF = VDD/2, VL = VDD/2, RL =10 kQ to VL’ CL =60 pF and GDM = GM|N; see Figure 1-6 and Figure 1-7.
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FIGURE 2-49: Output Overdrive Recovery

Time vs. Normalized Gain.
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FIGURE 2-50: The MCP6N11 Shows No
Phase Reversal vs. Common Mode Input
Overdrive, with Vpp = 5.5V.

FIGURE 2-51: The MCP6N11 Shows No
Phase Reversal vs. Differential Input Overdrive,
W|th VDD =55V.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V 10 5.5V, Vgg = GND, EN/CAL = Vpp, Vem = Vpp/2, Vpu = 0V,
VREF = VDD/2, VL = VDD/2, RL =10 kQ to VL’ CL =60 pF and GDM = GM|N; see Figure 1-6 and Figure 1-7.

25 Enable/Calibration and POR Responses
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FIGURE 2-52: EN/CAL and Output Voltage
vs. Time, with Vpp = 1.8V.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V 10 5.5V, Vgg = GND, EN/CAL = Vpp, Vem = Vpp/2, Vpu = 0V,
VREF = VDD/2, VL = VDD/2, RL =10 kQ to VL’ CL =60 pF and GDM = GM|N; see Figure 1-6 and Figure 1-7.
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3.0 PIN DESCRIPTIONS

Descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE
MCP6N11
Symbol Description
SOIC | TDFN
1 1 VEG Feedback Input
2 2 Vim Inverting Input
3 3 Vip Non-inverting Input
4 4 Vss Negative Power Supply
5 5 VREF Reference Input
6 6 Vout Output
7 7 Vpp Positive Power Supply
8 8 EN/CAL Enable/V g Calibrate Digital Input
— 9 EP Exposed Thermal Pad (EP); must be connected to Vgg

3.1 Analog Signal Inputs

3.5 Power Supply Pins

The non-inverting and inverting inputs (V|p, and V)y)
are high-impedance CMOS inputs with low bias
currents.

3.2 Analog Feedback Input

The analog feedback input (Vgg) is the inverting input
of the second input stage. The external feedback
components (Rg and Rg) are connected to this pin. Itis
a high-impedance CMOS input with low bias current.

3.3 Analog Reference Input

The analog reference input (Vggg) is the non-inverting
input of the second input stage; it shifts Vot to its
desired range. The external gain resistor (Rg) is
connected to this pin. It is a high-impedance CMOS
input with low bias current.

34 Analog Output

The analog output (VoyT) is a low-impedance voltage
output. It represents the differential input voltage
(Vom = Vip — Vim), with gain Gpy and is shifted by
Vrer The external feedback resistor (Rg) is connected
to this pin.

The positive power supply (Vpp) is 1.8V to 5.5V higher
than the negative power supply (Vgg). For normal
operation, the other pins are between Vgg and Vpp.

Typically, these parts are used in a single (positive)
supply configuration. In this case, Vgg is connected to
ground and Vpp is connected to the supply; Vpp will
need bypass capacitors.

3.6  Digital Enable and Vg Calibration
Input

This input (EN/CAL) is a CMOS, Schmitt-triggered
input that controls the active, low power and Vgg
calibration modes of operation. When this pin goes low,
the part is placed into a low power mode and the output
is high-Z. When this pin goes high, the amplifier’s input
offset voltage is corrected by the calibration circuitry,
then the output is re-connected to the Vgt pin, which
becomes low impedance, and the part resumes normal
operation.

3.7 Exposed Thermal Pad (EP)

There is an internal connection between the Exposed
Thermal Pad (EP) and the Vgg pin; they must be
connected to the same potential on the Printed Circuit
Board (PCB).

This pad can be connected to a PCB ground plane to
provide a larger heat sink. This improves the package
thermal resistance (0,).
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NOTES:
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4.0 APPLICATIONS

The MCP6N11 instrumentation amplifier (INA) is
manufactured using Microchip’s state of the art CMOS
process. It is low cost, low power and high speed,
making it ideal for battery-powered applications.

4.1 Basic Performance

411 STANDARD CIRCUIT

Figure 4-1 shows the standard circuit configuration for
these INAs. When the inputs and output are in their
specified ranges, the output voltage is approximately:
EQUATION 4-1:
Vout = Vrer + GpmVom
Where:
GDM =1+ RF / RG

Vop U,
MCP6N11

O VRer
Standard Circuit.

FIGURE 4-1:

For normal operation, keep:

. V|p, VlM’ VREF and VFG between VlVL and V|VH
* V|P — V|M (i.e., VDM) between VDML and VDMH
* Vout between Vg and Voy

4.1.2 ARCHITECTURE
Figure 4-2 shows the block diagram for these INAs.

Vout
Vout |
Re 4

Vi

oO—
Vop Vss

VREF

Low Power
Vg Calibration

EN/ml

FIGURE 4-2: MCP6N11 Block Diagram.

The input offset voltage (Vpg) is corrected by the
voltage V1. Each time a Vg Calibration event occurs,
V1R is updated to the best value (at that moment).
These events are triggered by either powering up
(monitored by the POR) or by toggling the EN/CAL pin
high. The current out of Gyy3 (l3) is constant and very
small (assumed to be zero in the following discussion).

The input signal is applied to Gy;1. Equation 4-2 shows
the relationships between the input voltages (V|p and
Vim) and the common mode and differential voltages

(VCM and VDM).

EQUATION 4-2:
Vie = Vem + Vpw 2
Vim = Vem —Vom?2
Vem = (Vipt Vw2
Vom = Vie—Vim

The negative feedback loop includes Gy;2, Rya, R and
Rg These blocks set the DC open-loop gain (Ag.) and
the nominal differential gain (Gpy):

EQUATION 4-3:

AoL = GuzRuma
Gpm = 1+ ReRg

Agy is very high, so I is very smalland |1 + 1o = 0. This
makes the differential inputs to G4 and Gy, equal in
magnitude and opposite in polarity. Ideally, this gives:

EQUATION 4-4:

(Ve —Vrer) = Vom
Vout = VomCGopm * Verer

For an ideal part, changing V¢, Vsg or Vpp produces
no change in Voyt. VRgr shifts Voyrt as needed.

The different Gy options change Gy1, Gy and the
internal compensation capacitor. This results in the
performance trade-offs shown in Table 1.
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41.3 DC ERRORS

Section 1.5 “Explanation of DC Error Specs”
defines some of the DC error specifications. These
errors are internal to the INA, and can be summarized
as follows:

EQUATION 4-5:

Vout = Vrer* Gpm(1+ 9p)(Vpy + 4Vep)
+ GDM(l + gE)(VE+ AVE)

Where:
AVpp—=AVgs  AVey | AVger
VE = VOS+ PSRR

CMRR CMRR
L MNour, - AVos
AoL A AT,

AVegp <INLpy(Vomn —Vomu)
AVE <INLey (Vivy = Vi)
Where:

PSRR, CMRR and Ag, are in units of V/V
AT is in units of °C

The non-linearity specs (INLgy and INLpy) describe
errors that are non-linear functions of Vg and Vpy,
respectively. They give the maximum excursion from
linear response over the entire common mode and
differential ranges.

The input bias current and offset current specs (Ig and
los), together with a circuit’s external input resistances,
give an additional DC error. Figure 4-3 shows the
resistors that set the DC bias point.

lsp Voo U
Vipo MCP6N11

FIGURE 4-3:

The resistors at the main input (Rp and Ry) and its
input bias currents (Igp and lgy) give the following
changes in the INA’s bias voltages:

DC Bias Resistors.

EQUATION 4-6:

los
AVip = —IgpRp = ("B_T)RHD

los
AV = ~lguRim = <_IB+ _2')RIM

AVip+ AVyy
WVew = 2
- (RIP+ RIM)+_IOS(_RIP+RIM)
= (B M), o5 1P M
2 2 2

AVpy = 4Vip=4V)y
los
= Ig(-Rp+ R|M)‘_2'(R|P+ Rim)

AVewm
ANoyt = GDM(AVDM * EMRR
Where:
CMRR is in units of V/V

The best design results when Rjp and Ry, are equal
and small:

EQUATION 4-7:
AVouyt ~CpwaVpm

~Gpy(F2lgérroL —log)Rip
Where:

Rip=Rim
&rToL = tolerance of Rjp and Ry

The resistors at the feedback input (Rg, Rg and Rg)
and its input bias currents (Igg and Igg) give the
following changes in the INA's bias voltages:

EQUATION 4-8:

losz
AVRer = ~lgrRr = (_lBZ_T) RR
AVpg~AVgge,  due to high Ag.

IOSZ
AVout = Ig2(Re = GouRe) + 52 (Re + GpyRy)

Where:
Ig> meets the Ig spec, but is not equal to Ig

loso2 meets the Iog spec, but is not equal to Igg

The best design results when Gpy R and Rg are equal
and small:

EQUATION 4-9:

AVouyr~ (*(2lgzerToL * l0s2))Re
Where:

GpmRR = Re
&rToL = tolerance of Rg, Rg and Rg
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414 AC PERFORMANCE

The bandwidth of these amplifiers depends on Gpy
and GM|N:

EQUATION 4-10:

oo foBwe
BW™ GDM

~(0.50 MH2)(GyynGpp):  Gmin =1, ..., 10

~(0.35 MHZ)(Gy; \Cpm):  Gyyn = 100
Where:

faw = -3 dB bandwidth
feewp = Gain bandwidth product

The bandwidth at the maximum output swing is called
the Full Power Bandwidth (frpgw). It is limited by the
Slew Rate (SR) for many amplifiers, but is close to fgyy
for these parts:

EQUATION 4-11:

i SR
FPBW ~ 77

~fgu for these parts
Where:

Vo = Maximum output voltage swing

~Von = VoL

CMRR is constant from DC to about 1 kHz.

41.5 NOISE PERFORMANCE

As shown in Figures 2-41 and 2-42, the 1/f noise
causes an apparent wander in the DC output voltage.
Changing the measurement time or bandwidth has little
effect on this noise.

We recommend re-calibrating Vog periodically, to
reduce 1/f noise wander. For example, Vog could be
re-calibrated at least once every 15 minutes; more
often when temperature or Vpp change significantly.

4.2 Functional Blocks

4.2.1 RAIL-TO-RAIL INPUTS

Each input stage uses one PMOS differential pair at the
input. The output of each differential pair is processed
using current mode circuitry. The inputs show no
crossover distortion vs. common mode voltage.

With this topology, the inputs (V|p and V) operate
normally down to Vgg — 0.2V and up to Vpp + 0.15V at
room temperature (see Figure 2-11). The input offset
voltage (Vpg) is measured at Vg = Vgs — 0.2V and
Vpp + 0.15V (at +25°C), to ensure proper operation.

4211 Phase Reversal

The input devices are designed to not exhibit phase
inversion when the input pins exceed the supply
voltages. Figures 2-18 and 2-50 show an input voltage
exceeding both supplies with no phase inversion.

The input devices also do not exhibit phase inversion
when the differential input voltage exceeds its limits;
see Figures 2-22 and 2-51.

4.21.2 Input Voltage Limits

In order to prevent damage and/or improper operation
of these amplifiers, the circuit must limit the voltages at
the input pins (see Section 1.1 “Absolute Maximum
Ratings 1”). This requirement is independent of the
current limits discussed later on.

The ESD protection on the inputs can be depicted as
shown in Figure 4-4. This structure was chosen to
protect the input transistors against many (but not all)
overvoltage conditions, and to minimize input bias
current (Ig).

Bond
V
DD | paq
Bond Input Bond
V V
P Pad Stage Pad | ™
of
INA Input
Bond
Vv
SS| pad
FIGURE 4-4: Simplified Analog Input ESD
Structures.
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The input ESD diodes clamp the inputs when they try
to go more than one diode drop below Vgg. They also
clamp any voltages that go too far above Vpp; their
breakdown voltage is high enough to allow normal
operation, but not low enough to protect against slow
overvoltage (beyond Vpp) events. Very fast ESD
events (that meet the spec) are limited so that damage
does not occur.

In some applications, it may be necessary to prevent
excessive voltages from reaching the op amp inputs.
Figure 4-5 shows one approach to protecting these
inputs. D1 and D, may be small signal silicon diodes,
Schottky diodes for lower clamping voltages or diode-
connected FETs for low leakage.

D1%
V1 O

1
Vo

FIGURE 4-5: Protecting the Analog Inputs
Against High Voltages.

Vb

Uy
MCP6N11

4213 Input Current Limits

In order to prevent damage and/or improper operation
of these amplifiers, the circuit must limit the currents
into the input pins (see Section 1.1 “Absolute Maxi-
mum Ratings 1”). This requirement is independent of
the voltage limits previously discussed.

Figure 4-6 shows one approach to protecting these
inputs. The resistors Ry and R, limit the possible
current in or out of the input pins (and into D4 and D,).
The diode currents will dump onto Vpp.

Vbb

Uy
MCP6N11

R2 -
. Vss —min(Vy, V)
m|n(Rl, Rz) > T
. max(Vy, V2) - Vpp
mln(Rlv RZ) > 2 mA

FIGURE 4-6: Protecting the Analog Inputs
Against High Currents.

Itis also possible to connect the diodes to the left of the
resistor R4y and R,. In this case, the currents through
the diodes D4 and D, need to be limited by some other
mechanism. The resistors then serve as in-rush current
limiters; the DC current into the input pins (V|p and V)
should be very small.

A significant amount of current can flow out of the
inputs (through the ESD diodes) when the common
mode voltage (Vgy) is below ground (Vgg); see
Figure 2-25.

4214 Input Voltage Ranges

Figure 4-7 shows possible input voltage values
(Vss = 0V). Lines with a slope of +1 have constant Vpy
(e.g., the Vpy = 0 line). Lines with a slope of -1 have
