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MICROCHIP

MCPG6N16

Zero-Drift Instrumentation Amplifier

Features:

* High DC Precision:
- Vos: £17 pV (maximum, Gy = 100)
- TC4: 260 nV/°C (maximum, Gy = 100)
- CMRR: 112 dB (minimum, Gy = 100,
Vpp = 5.5V)
- PSRR: 110 dB (minimum, Gy = 100,
Vpp = 5.5V)
- gg: #0.15% (maximum, Gy = 10, 100)
* Flexible:
- Minimum Gain (Gy\) Options:
1,10 and 100 V/V
- Rail-to-Rail Input and Output
- Gain Set by Two External Resistors
« Bandwidth: 500 kHz (typical, Gain = Gy = 1, 10)
» Power Supply:
- Vpp: 1.8V to 5.5V
- lg: 1.1 mA (typical)
- Power Savings (Enable) Pin: EN
» Enhanced EMI Protection:

- Electromagnetic Interference Rejection Ratio
(EMIRR): 111 dB at 2.4 GHz

» 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:

» SPICE Macro Model
* Microchip Advanced Part Selector (MAPS)
 Application Notes

Description:

Microchip Technology Inc. offers the single Zero-Drift
MCP6N16 instrumentation amplifier (INA) with Enable
pin (EN) and three minimum gain options (GyN)- The
internal offset correction gives high DC precision: it has
very low offset and offset drift, and negligible 1/f noise.

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

The MCP6N16 is designed for single-supply operation,
with rail-to-rail input (no common mode crossover
distortion) and output performance. 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. Each part has EMI filters at the
input pins, for good EMI rejection (EMIRR).

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

Typical Application Circuit

Vbop RTD Temperature Sensor
e

é2.49 kQ 10 pF

4”_4%

24.99 kQ %4.99 kQ

L
o Vour
£68.10 /§{RTD
100Q
4.99 kQ
Package Types
MCP6N16 MCP6N16
MSOP 3x3 DFN *
EN] T [8]Vop EN[1:9 . 78]vpp
Viml2] [7]Vour Vim|2:! EP 7 Vour
Vip[3] 6]V V|31l 9 116]|Veg
Vss[4] 15]Vrer Vegld: 777 '5]Vrer

* Includes Exposed Thermal Pad (EP); see Table 3-1.
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MCP6N16

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

TC CMRR Epi eni
GMlN VOS 1 PSRR VDMH GBWP m ni

PartNo. | (VIV) | (xuV) (£nV/°C) (dB) (dB) | (V) | (MHz) (Vp.p) (nVIHz)
Nom. | Max Max. Min. Min. | Min. | T Typ. Typ.

: " | Tp = -40 to +125°C | Vpp = 5.5V : “| "YP | §=0.11010Hz | f <500 Hz
MCP6N16-001| 1 | 85 1800 89 91 | 27 | 050 19 900
MCP6N16-010| 10 | 22 180 103 104 | 027 | 50 2.2 105
MCP6N16-100| 100 | 17 60 112 110 [0.027] 35 0.93 45

Note 1:

Figures 1 to 3 show input offset voltage versus
temperature for the three gain options (Gyn =1, 10,
100 V/V).
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Gumin is the minimum stable gain (Gpy), for a given part option. In other words, Gpp 2 Gyn-
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FIGURE 3: Input Offset Voltage vs.
Temperature, with Gy = 100.

Temperature, with Gy = 10.
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1.0 ELECTRICAL CHARACTERISTICS

1.1 Absolute Maximum Ratings t

VDD = VS8« vt eueeteeiee st ettt ettt ettt a et et e a e ehe e e e e ee e eeee et e eeeaeeeaeeaE e eh e e ReeRe e eeeeaeeeRe o e eReeReeaeeaEeeae e Reeae e eReeaeeeee e Rt eaeeeeeeaeeeEe oo eeeeheeeReea e e eRe e reeseeeaeeaeeeae e e saneaeesaneaeeeanas 6.5V
(01017 =To =1 [ o 1O e R (Y =T ) SRR 2 mA
Analog Inputs (Vip and Vi) (NOTE 1) ..o e s s b e s s a e s e e e e sae e s ee e s e e Vgg — 1.0V to Vpp + 1.0V
All Other INPUES @NA OULPULS ...ttt et b e e h e bt ea et o1t e sh st e b e e bt e e eh e e eaee e ab e e eh e e eas e e eh et e bt e eae e et e esneeeneesanennee e Vgg — 0.3V to Vpp + 0.3V
DiIfferenCe INPUL VOIBGE ... .ot e e eha e s h e e h e e o oa e e s ae e oo h e e e he e oh b e e £he e e be e £aee s Re e e e b e £ she e s ane e s hae s e e e b e s shn e e san e s sbe e sanesanesares [Vop — Vssl
(O8] {o 101 8] g ToTy Sl @31 dor 11 A O1U L4 (=Y o SR P PP Continuous
(10T = A @101 101U =T aTo RS TN o] o] VA o o U URR R SUUSRRRRIN 130 mA
(o] =T [T =T 0] 1T =1 (0 (OO PP SPUPRPN -65°C to +150°C
Y a1 T g W g Tt o] g B =Y ga] 01T = L (U] RPN +150°C
ESD protection on all PINS (HBM, IMIM)..........uiiiiie ittt ee ettt ettt e e e ettt e e e e et e et e e e sesaeeeeeeaasaseeeeaassaeaaaeeeasssseeeeeaassaeeeeesasseeeeaeannbeeeaeeansaseeeeeasnsbeeeeeansbaeaaeean =>4 kV, 400V

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.

Note 1: See Section 4.3.1.2 “Input Voltage Limits” and Section 4.3.1.3 “Input Current Limits”.
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1.2 Specifications

TABLE 1-1: DC ELECTRICAL SPECIFICATIONS

Electrical Characteristics: Unless otherwise indicated, Tp = +25°C, Vpp = 1.8V t0 5.5V, Vgg = GND, Vcm = Vpp/2, Vpuw = 0V, VRer = Vpp/2, V| = Vpp/2, R, = 10 kQ
to V|, Gpm = Gy and EN = Vpp; see Figures 1-7 and 1-8 (Note 1).

Parameters | Sym. ‘ Min. Typ. Max. ‘ Units ‘ GmiN | Conditions
Input Offset
Input Offset Voltage Vos -85 — +85 Y 1 Ty =+25°C
-22 — +22 10
-17 — +17 100
Input Offset Voltage Drift — TC4 -1800 — +1800 nV/°C 1 Tp =-40°C to +125°C (Note 2)
Linear Temp. Co. -180 _ +180 10
-60 — +60 100
Input Offset Voltage Drift — TCo — +560 — pV/°C2 1 Ty =-40°C to +125°C
Quadratic Temp. Co. _ +63 _ 10
— 169 — 100
Input Offset Aging AVpg — +1.0 — (Y 1 408 hr Life Test at +150°C,
_ +0.8 _ 10 measured at +25°C
— 0.7 — 100
Power Supply Rejection Ratio PSRR 91 109 — dB 1
104 122 — 10
110 128 — 100
Output Offset
Output Offset Voltage | Voso 0 | pv | all |
Input Current and Impedance (Note 3)
Input Bias Current Ig -100 +2 +100 pA all
Across Temperature — 20 — Ty =+85°C
Across Temperature 0 250 2000 Tp = +125°C

Note 1: Veu=(Vip+Vim)2, Vou = (Vip — Vim) and Gpy = 1 + Re/Re
2: For Design Guidance only; not tested.
These specifications apply to the V|p, V), input pair (use V¢)y) and to the VRer, VEg input pair (use Vggr instead).
This specification applies to the V|p, V1, Vrer and Vg pins individually.
Figures 2-52 and 2-53 show the Vv, V|yH, VpumL and Vpyn variation over temperature.
See Section 1.5 “Explanation of DC Error Specifications”.

91LN9dON



"ou| ABojouyoa] diyoouoI 102 @

G abed-yg81£50002Sa

TABLE 1-1: DC ELECTRICAL SPECIFICATIONS (CONTINUED)

to V|, Gpy = Gyn and EN = Vpp; see Figures 1-7 and 1-8 (Note 1).

Electrical Characteristics: Unless otherwise indicated, T = +25°C, Vpp = 1.8V t0 5.5V, Vg5 = GND, V¢ = Vpp/2, Vpm = 0V, Vrer = Vpp/2, V| = Vpp/2, R = 10 kQ

Parameters Sym. Min. Typ. Max. Units Gmin Conditions
Input Offset Current los -800 +300 +800 pA all
Across Temperature — +320 — Tp =+85°C
Across Temperature -1500 +350 +1500 Ta =+125°C

Common Mode Input Impedance Zem — 1013||10 — Q||pF

Differential Input Impedance ZpiFF — 10134 —

Input Common Mode Voltage (V¢ or VRer) (Note 3)

Input Voltage Range (Note 4, Note 5) VivL — Vgg—0.25 Vgg—0.15 \Y all

VivH Vpp +0.15 Vpp + 0.30 —

Common Mode Rejection Ratio CMRR 80 98 — dB 1 Vem = Vi to Viyw, Vpp = 1.8V
94 112 — 10
103 121 — 100
89 107 — 1 Vewm = Vive to Vivws Vpp = 5.5V
103 121 — 10
112 130 — 100

Common Mode Rejection Ratio at Vrgr CMRR2 83 101 — dB 1 Vger = 0.2V to Vpp — 0.2V,
98 116 — 10 |Vop=1.8V
102 120 — 100
94 112 — 1 Vger = 0.2V to Vpp — 0.2V,
109 127 — 10 |Vop =55V
115 133 — 100

Note Vem = (Vi + Vw2, Vpm = (Vip — Vi) and Gpy = 1 + Re/Rg.

1
2: For Design Guidance only; not tested.

3: These specifications apply to the V|p, V) input pair (use V¢yy) and to the VRep, VEg input pair (use Vggr instead).
4: This specification applies to the V|p, V1, Vrer and Vg pins individually.

5: Figures 2-52 and 2-53 show the V|, V\yn, VpmL and Vpyy variation over temperature.

6: See Section 1.5 “Explanation of DC Error Specifications”.
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TABLE 1-1: DC ELECTRICAL SPECIFICATIONS (CONTINUED)

Electrical Characteristics: Unless otherwise indicated, T = +25°C, Vpp = 1.8V t0 5.5V, Vg5 = GND, V¢ = Vpp/2, Vpm = 0V, Vrer = Vpp/2, V| = Vpp/2, R = 10 kQ
to V|, Gpm = Gy and EN = Vpp; see Figures 1-7 and 1-8 (Note 1).

Parameters Sym. Min. Typ. Max. Units GuiN Conditions
Common Mode Nonlinearity (Note 6) INLcp -550 — +550 ppm 1 Vem = Vive to Vivas Vpp = 1.8V
-75 — +75 10
-20 — +20 100
-310 — +310 1 Vem = Vive to Vivas Vpp = 5.5V
-35 — +35 10
-10 — +10 100
Input Differential Voltage (Vpy) (Note 3)
Differential Input Voltage Range (Note 5) VpomL — -3.4/GpiN -2.7/GyiN \Y, all Vpp 2 2.9V, VRer = Vb,
Voyt within £0.2%
VDMH +2.7IGyN +3.4/GyiNn — Vpp 2 2.9V, Vgegg = 0V,
Voyt within £0.2%
Differential Gain Error (Note 6) e — +0.03 — % 1 Vpp = 1.8V, VRgr = Vpp/2,
— +0.02 — % |10, 100 | Vom = £(0.7V)/Guin
— +0.03 — 1 Vpp = 5.5V, VRer = Vpp/2,
— +0.02 — 10, 100 | Vom = £(2.55V)/Gyin
-0.25 +0.04 +0.25 % 1 Vpp = 5.5V, Vgreg = 0.2V,
-0.15 +0.02 +0.15 % |10, 100 | Vom = 0to (2.7V)/Gyin
-0.25 +0.04 +0.25 % 1 Vpp = 5.5V, VRgg = 5.3V,
-0.15 +0.02 +0.15 % | 10,100 |Yom = 0to (-2.7V)/Gyin

Note

For Design Guidance only; not tested.
These specifications apply to the V|p, V) input pair (use V¢yy) and to the Vrer, VEg input pair (use Vggg instead).

Vem = (Vie + Viw)/2, Vpw = (Vip - Viw) and Gpy = 1 + Re/Ra.

Figures 2-52 and 2-53 show the Vv, V|yvH, VpumL and Vpyn variation over temperature.

See Section 1.5 “Explanation of DC Error Specifications”.

1
2
3:
4: This specification applies to the V|p, Vi, VrRer and Vg pins individually.
5.
6
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TABLE 1-1: DC ELECTRICAL SPECIFICATIONS (CONTINUED)

to V|, Gpm = Gy and EN = Vpp; see Figures 1-7 and 1-8 (Note 1).

Electrical Characteristics: Unless otherwise indicated, T = +25°C, Vpp = 1.8V t0 5.5V, Vg5 = GND, V¢ = Vpp/2, Vpm = 0V, Vrer = Vpp/2, Vi = Vpp/2, R = 10 kQ

Parameters Sym. Min. Typ. Max. Units Gmin Conditions
Differential Gain Drift (Note 6) Age/ATy — 3 — ppm/°C all Vpp = 1.8V, VRer = Vpp/2,
Vpm = £(0.7V)/Gyin
—_ +4 —_ VDD =5.5Y, VREF = VDD/2’
Vpm = £#(2.55V)/IGuin
— +4 — VDD =5.5Y, VREF =0.2V,
VDM =0to (27V)/GM|N
—_— +3 —_— VDD = 55V, VREF = 53V,
VDM =0to ('2'7V)/GM|N
Differential Nonlinearity (Note 6) INLpm — +300 — ppm all Vpp = 1.8V, VRgr = Vpp/2,
VDM = i(O.7V)/GM|N
—_ +150 —_ VDD =5.5Y, VREF = VDD/2,
VDM = 1(255V)/GM|N
—_ +300 —_ VDD =5.5Y, VREF =0.2V,
VDM =0to (27V)/GM|N
—_ +300 —_ VDD =5.5Y, VREF =5.3V,
VDM =0to ('2'7V)/GM|N
DC Open-Loop Gain AoL 84 102 — dB 1 Vpp = 1.8V,
100 118 _ 10 Vout =0.2Vto 1.6V
108 126 — 100
95 13 — 1 |Vpp=55V,
111 129 _ 10 Vout = 0.2V to 5.3V
119 137 — 100

Note 1 VCM = (V|p + V|M)/2, VDM = (V|p - VIM) and GDM =1+ RF/RG'

2: For Design Guidance only; not tested.

3: These specifications apply to the V|p, V |\ input pair (use V) and to the Vieg, Vg input pair (use Vggr instead).
4: This specification applies to the V|p, Vi, VrRer and Vg pins individually.

5: Figures 2-52 and 2-53 show the V|, Viyy, VpmL and Vpuyy variation over temperature.

6: See Section 1.5 “Explanation of DC Error Specifications”.
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TABLE 1-1:

DC ELECTRICAL SPECIFICATIONS (CONTINUED)

Electrical Characteristics: Unless otherwise indicated, T = +25°C, Vpp = 1.8V t0 5.5V, Vg5 = GND, V¢ = Vpp/2, Vpm = 0V, Vrer = Vpp/2, Vi = Vpp/2, R = 10 kQ
to V|, Gpm = Gy and EN = Vpp; see Figures 1-7 and 1-8 (Note 1).

Parameters | Sym. ‘ Min. | Typ. Max. ‘ Units ‘ Gmin | Conditions
Output
Minimum Output Voltage Swing VoL — Vgg +3 — mV all R =10kQ, Vpp = 1.8V,
Vom = -Vop/(2GuiN).
VRrer = Vpp/2 - 0.9V
— Vgg + 6 — R =10kQ, Vpp = 5.5V,
Vom = -Vop/(2GuiN),
VRrer = Vpp/2 - 1V
— Vgg + 60 Vgg + 250 R =1kQ, Vpp =5.5V,
Vom = -Vop/(2GuiN),
VRrer = Vpp/2 - 1V
Maximum Output Voltage Swing VoH — Vpp—3 — mV R =10kQ, Vpp = 1.8V,
Vom = Vppo/(2Gmin),
VRrer = Vpp/2 + 0.9V
— Vpp—6 — R =10kQ, Vpp = 5.5V,
Vom = Vpp/(2Gmin),
VRrer = Vpp/2 + 1V
Vpp — 250 Vpp — 60 — R =1kQ, Vpp =5.5V,
Vom = Vpp/(2Gmin),
VRrer = Vpp/2 + 1V
Output Short-Circuit Current Isc — 10 — mA Vpp = 1.8V
— 135 — Vpp = 5.5V
Power Supply
Supply Voltage Vpp 1.8 — 55 Vv all
Quiescent Current per Amplifier lq 0.5 1.1 1.6 mA lo=0
POR Trip Voltage VpRL 0.9 1.27 — \Y
VpRH — 1.33 1.6 \Y
Note Vem = (Vip + Vw2, Vpm = (Vip — Vi) and Gpy = 1 + Re/Rg.

For Design Guidance only; not tested.

These specifications apply to the V|p, V) input pair (use V¢)y) and to the VRep, VEg input pair (use Vggr instead).

Figures 2-52 and 2-53 show the V|, V|yvH, VpmL and Vpyy variation over temperature.

See Section 1.5 “Explanation of DC Error Specifications”.

1
2
3:
4: This specification applies to the V|p, V1, Vrer and Vg pins individually.
5.
6
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TABLE 1-2: AC ELECTRICAL SPECIFICATIONS

Electrical Characteristics: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V to 5.5V, Vg5 = GND, Vem = Vpp/2, Vpym = OV, VRer = Vpp/2, V| = Vpp/2,
R_.=10kQto V|, C =60 pF, Gpy = Gyn and EN = Vpp; see Figures 1-7 and 1-8.

Parameters ‘ Sym. ‘Min.‘ Typ. ‘Max.‘ Units ‘ GmIN ‘ Conditions
AC Response
Gain-Bandwidth Product GBWP — 0.5 — MHz 1
— 5 — 10
— 35 — 100
Phase Margin PM — 70 — ° all
Open-Loop Output Impedance RoL — 1.6 — kQ
Power Supply Rejection Ratio PSRR — 80 — dB 1 |f=1kHz
— 98 — 10
— 123 — 100
Common Mode Rejection Ratio | CMRR, CMRR2 | — 83 — dB 1 f=10 kHz
at Vo and Vger — 80 — 10
— 140 — 100
Step Response (see Section 4.1.4 “AC Performance”)
Slew Rate SR Note 1 V/us all
Start-Up Time tsTR — 2 — ms 1 | Gpm = 1000, Vpp power up to 0.1% Voyr settling (Note 3, Note 4)
— 0.3 — 10
— 0.2 — 100
Overdrive Recovery, tirc — 1 — us all |Vip=Vy=Vyn *0.5VtoVpp—-1V (or V- 0.5V to 1V),
Input Common Mode 90% of VouT change (Ig = 2 mA) (Note 4)
Overdrive Recovery, tirD — 10 — GminVom = GuinVomy + 0.5V to OV (or GynVpue — 0.5V to 0V),
Input Differential Mode Vger = 1V (or Vpp — 1V), 90% of Vgoyt change (Note 4)
Overdrive Recovery, Output tor — 180 — GpmVpm = 1.5V to OV (or -1.5V to 0V),
VRrer = Vpp — 1V (or 1V), 90% of Vo1 change (Note 4)

Note 1: The slew rate is limited by the GBWP; the large signal step response is dominated by the small signal bandwidth.

2: These parameters were characterized using the circuit in Figure 1-8. In Figures 2-75 and 2-76, there is an IMD tone at DC, a residual tone at 100 Hz and
other IMD tones and clock tones.

3: High gains behave differently; see Section 4.4.4 “Offset at Power-Up”.
4: ts7Rr, tsTL, tirRe tirp @nd tog include some uncertainty due to clock edge timing.
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TABLE 1-2: AC ELECTRICAL SPECIFICATIONS (CONTINUED)

Electrical Characteristics: Unless otherwise indicated, T = +25°C, Vpp = 1.8V to 5.5V, Vgg = GND, Vg = Vpp/2, Vpy = 0V, Vrer = Vpp/2, Vi = Vpp/2,
R.=10kQto V|, C =60 pF, Gpy = Gyn and EN = Vpp; see Figures 1-7 and 1-8.

Parameters Sym. ‘Min.‘ Typ. ‘Max.‘ Units ‘ Gmin ‘ Conditions
Noise
Input Noise Voltage Density €ni — 900 — | nVAHz 1 |f=500Hz
— 105 — 10
— 45 — 100
Input Noise Voltage Epi — 19 — | MVpp 1 |f=0.1Hzto 10 Hz
— 22 — 10
— 0.93 — 100
— 5.9 — 1 |f=0.01Hzto1Hz
— 0.69 — 10
— 0.30 — 100
Input Current Noise Density ini — 7 — | fAWHz | all |[f=1kHz
Output Noise Voltage Density €no 0 nVAHz
Output Noise Voltage Eno 0 MVp_p
Amplifier Distortion (Note 2)
Intermodulation Distortion (AC) | IMD | —| 5 | — | uvpk | all [Vcytone =100 mVpyat 100 Hz
EMI Protection
EMI Rejection Ratio EMIRR — 103 — dB all |V)y=0.1Vpg, f=400 MHz
— 106 — VN = 0.1 Vpg, f =900 MHz
— 106 — VN = 0.1 Vpg, f = 1800 MHz
— 111 — VN = 0.1 Vpy, f =2400 MHz

Note 1: The slew rate is limited by the GBWP; the large signal step response is dominated by the small signal bandwidth.

2: These parameters were characterized using the circuit in Figure 1-8. In Figures 2-75 and 2-76, there is an IMD tone at DC, a residual tone at 100 Hz and
other IMD tones and clock tones.

3: High gains behave differently; see Section 4.4.4 “Offset at Power-Up”.
4: ts7Rr, tsTL, tirRe, tirD @nd tog include some uncertainty due to clock edge timing.
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TABLE 1-3:

DIGITAL ELECTRICAL SPECIFICATIONS

Electrical Characteristics: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V to 5.5V, Vg5 = GND, Ve = Vpp/2, Vpum = OV, VRer = Vpp/2, V| = Vpp/2,
R =10kQto V|, C, =60 pF, Gpy = Gyn and EN = Vpp; see Figures 1-7 and 1-8.

Parameters

Sym. | Min. ‘ Typ. | Max. |Units‘GM|N|

Conditions

EN Low Specifications

EN Logic Threshold, Low Vi — — 02Vpp | V all
EN Input Current, Low lENL — -10 — pA EN =0V
GND Current Iss -8 -2 — HA EN =0V, Vpp =5.5V
Amplifier Output Leakage lo(LeAK) — -1 — nA EN =0V
EN High Specifications
EN Logic Threshold, High ViH 0.8Vpp — — V all
EN Input Current, High lENH — 10 — pA EN =Vpp
EN Dynamic Specifications
EN Input Hysteresis VhysT — 0.16Vpp — V all
EN Input Resistance Rpp - 1013 - Q
EN Low to Amplifier Output High Z Turn-Off Time | topr — 0.1 2 us EN =0.2Vpp to Vout = 0.1(Vpp/2), V| = 0V
EN High to Amplifier Output On Time ton — 12 100 Vpp = 1.8V, EN = 0.8Vpp to Voyt = 0.9(Vpp/2), V= 0V
— 30 100 Vpp = 5.5V, EN = 0.8Vpp to Voyt = 0.9(Vpp/2), V| = 0V
EN Low to EN High hold time tENLH 50 — — Minimum time before releasing EN (Note 1)
EN High to EN Low setup time tENHL 50 — — Minimum time before exerting EN (Note 1)
POR Dynamic Specifications
Vpp  to Output Off tpHL — 10 — us all |V =0V, Vpp=1.8Vto Vpr - 0.1V step, 90% of Voyt change
Vpp M to Output On tpLH — 100 — V| =0V, Vpp = 0V to Vpry + 0.1V step, 90% of Vot change

Note 1: For design guidance only; not tested.
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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 Note 1
Storage Temperature Range Ta -65 — +150
Thermal Package Resistances
Thermal Resistance, 8L-DFN (3x3) 0,)a — 57 — °C/W
Thermal Resistance, 8L-MSOP CRTN — 211 —

Note 1: Operation must not cause T to exceed the Absolute Maximum Junction Temperature specification (+150°C).
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1.3 Timing Diagrams
1.8V to 5.5V
1.001 VRrer
““““ 0.999 Vrer
FIGURE 1-1: Amplifier Start-Up Timing Diagram.
ST Vpp — 1V 1V
1!
L—> IRC v tirRe v
Vour REF REF
FIGURE 1-2: Common Mode Input Overdrive Recovery Timing Diagram.
VRer % Vpp - 1V
| ov ov
GDMVDM GMlNVDMH +0.5V ; GMlNVDML -0.5v |
IRD
; VRer |<—> 'R VRer
Vour  VoH VoL
FIGURE 1-3: Differential Mode Input Overdrive Recovery Timing Diagram.
VRerF Vpp — 1V 1V
ov ov
GM|NVDM 15V I ¢ -15V |
OR
t
VREF OR VREF
VOUT VOH VOL
FIGURE 1-4: Output Overdrive Recovery Timing Diagram.
V +0.1Vv
Vop 18V | VprL — 0.1V | PRH
1!
|<—> PHL oV o
Vour \ High Z High Z
FIGURE 1-5: POR Timing Diagram.
EN I I |
tENLH >e ;I tENHL
torr q +—> toN
Vour \ High Z \ High Z
FIGURE 1-6: EN Timing Diagram.

© 2014 Microchip Technology Inc.
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1.4 DC Test Circuits
141 INPUT OFFSET TEST CIRCUIT

Figure 1-7 is a simple circuit that can test the INA's
input offset errors and input voltage range (Vg, V)y_and
Vivy; see Section 1.5.1 “Input Offset Related
Errors” and Section 1.5.2 “Input Offset Common
Mode Nonlinearity”). U, is part of a control loop that
forces Voyr to equal Veny; U4 can be set to any bias
point.

2.2nF
U, i
MCP6HO1 , 31.6 kO
31.6 kQ
VM O—l—‘\/\/\/ I—+—\\\——>o0 Venr
10 uF Cent Rent
= 22nF 31.6kQ
FIGURE 1-7: Simple Test Circuit for

Common Mode (Input Offset).

When MCP6N16 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):

EQUATION 1-1:

Gpy = 1 +Rp/Rg

Vour = Venr
Vi = Veer+ GpyI +8p)Vi

Table 1-5 shows the resulting behavior for different
GMlN options.

TABLE 1-5: RESULTS

BW BW
Gwin | Rr | Gom | GomVos | (xHz) | (Hz)
(V) | () | (kVV)| Emy) | |

Nom. | Typ. | Typ. Max. atVour | at Vy

1 100 | 1.00 85 0.50 0.50
10 402 | 4.02 88 1.2
100 68 8.7

1.4.2 DIFFERENTIAL GAIN TEST CIRCUIT

Figure 1-8 is a simple circuit that can test the INA's
differential gain error, nonlinearity and input voltage
range (gg, INLpm, VpmL @and Vpuw; see Section 1.5.3
“Differential Gain Error and Nonlinearity”). R and
Rg are 0.01% for accurate gain error measurements.

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

EQUATION 1-2:

Gpy = 1 +Rp/R;

Vour = Veer + Gpu + 8p)(Vpy + Vi)
Viu = Vegr+ GDM(I +80)(Vpy + Vi)

l 100Q
Vem — Vom/2

VREF ©

FIGURE 1-8:
Differential Mode.

For different values of Vgreg, Vpuy sweeps over different
ranges to keep Vrer, Vi and Vgt within their ranges.

Simple Test Circuit for

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

TABLE 1-6: SELECTING Rg AND Rg
GmiN Rr Rg Gpm
(VIV) (kQ) (kQ) (VIV)
Nom. Nom. Nom. Nom.
1 0 Open 1.0000
10 10.0 ] 90.9 1.00 10.009
100 10.0 || 1000 100 100.01
1.4.3 DYNAMIC TESTING OF INPUT
BEHAVIOR

The circuit in Figure 1-8 can test the input’'s dynamic
behavior (i.e., |MD, tSTRf tSTL’ thC! tIRD and tOR);
measure the output at Vg7, instead of at V.

DS20005318A-page 14
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1.5 Explanation of DC Error
Specifications

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 1-3:

Ve = (V= Veep) AGpy(1 + 8p))

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

EQUATION 1-4:
Vo= Voot AVpp=AVss  AVey  AVegr
E— 708 PSRR CMRR '~ CMRR2
AV
+ 2% AT, -TC,
Aor
Where:
PSRR, CMRR, CMRR2 and Ap, are in
units of V/V
ATy is in units of °C
TCyis in units of V/°C
Vom=0

Equation 1-2 shows how V affects Vo

1.5.2 INPUT OFFSET COMMON MODE
NONLINEARITY

The input offset error (Vg) changes nonlinearly with
Ve Figure 1-9 shows Vg vs. Vg, as well as a linear
fitline (Vg n) based on Vgg and CMRR. The INAis in
standard conditions (AVqyt = 0, Vpy = 0, etc.). Vo is
swept from V), to V,yq. The test circuit is in
Section 1.4.1 “Input Offset Test Circuit” and Vg is
calculated using Equation 1-3.

Ve, VE LN (V)

AVE 1 Z
] i i

» Vem (V)
VivL Vpp/2 VivH

FIGURE 1-9: Input Offset Error vs.
Common Mode Input Voltage.

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

EQUATION 1-5:

VEJ‘,N = Vos+ Vey—Vpp2)/ CMRR
Where:
Vos =V,
1/CMRR = (V;=V)AVyyu= Vi)

The remaining error (AVg) is described by the Common
Mode Nonlinearity spec:

EQUATION 1-6:

INLeyy = max(AV) AV iy = Vive)

INL ¢y = min(AVR) AVyiyy = Vi)

INLiyy = INLiyy ‘INLCMH’ 2‘INLCML’
= INL;y .  otherwise

Where:
AVg = VE_VE_LIN

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

EQUATION 1-7:

VE_LINZ = Vos+ (Vrgr— Vpp-2)/CMRR2
INLeypgy = max(AV ) AV = Vi)
INLeypp = min(AVig,) AViyg=Viye)

INLcy, = INLoyyse |[INLeppo| 2[INLeyy o

= INLyy0  Otherwise

Where:
AVpy = V- VE_LIN2

© 2014 Microchip Technology Inc.
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1.5.3 DIFFERENTIAL GAIN ERROR AND

NONLINEARITY
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 nonlinearly with Vpy):

EQUATION 1-8:
Gpy = 1 +Rp/Rg
Vi Gpy(I +8p)(Vpy + VE)

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

EQUATION 1-9:

Veo = Vi’ Gou—Vou

Figure 1-10 shows Vgp vs. Vpy, as well as a linear fit
line (Vgp N) based on Vgp and ge. The INA is in
standard conditions (AVgoyut =0, etc.). Vpy is swept
from VDML to VDMH‘

Vep: Vep LN (V)
A VED_LIN

[ iy $ Vep
Y . '
Vit - :

AVEp I .

f f f » Vpum (V)
VomL 0 VowmH
FIGURE 1-10: Differential Input Error vs.

Differential Input Voltage.

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

EQUATION 1-10:

Vep v = U+ 8p)Ve+8Vpy

Where:
8 = V3=V AVpyuu—Vour) -1
Vg = Vo, U +gp)

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 Nonlinearity spec:

EQUATION 1-11:

INLppm
INLpyr
INLp,y,

Where:
AVep

= max(AVED)/(VDMH_ DML)

= min(AVED)/(VDMH_ VDML)

= INLpys  [INLpypl 2 [INLpyy|
INLp,,,  otherwise

= Vep— VED_LIN

DS20005318A-page 16
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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 to 5.5V, Vgg = GND, Vcum = Vpp/2, Vpy = 0V,
VREF = VDD/2, VL = VDD/2, RL =10kQ to VL' CL =60 pF, GDM = GM|N and EN = VDD; see Figures 1-7 and 1-8.

2.1 DC Precision

30%
Gy =1
» 28 Samples
©25% T, =+25°C q
2 NPBW = 3 mHz
[
e
520%
: L1
o =
0 Vpp = 1.8V
%515% Vop = 5.5V
o
_§1 0%
g /
2
2 5% ]»
0%

1210 -8 6 4 2 0 2 4 6 8 10 12

Input Offset Voltage (uV)
FIGURE 2-1: Input Offset Voltage, with
Guin = 1.

45%

»40%

4 T,=+25°C
235% | NPBW =3 mHz
[}

Gy =10
r 28

1<) Voo = 1.8V
£15% HH

@
©10% HH
a

5% HH

0% +—— T ‘I‘ e
-2.0 -1.6 1.2 -0.8 -0.4 0.0 0.4 0.8 1.2 1.6 2.0
Input Offset Voltage (uV)

Vpp = 5.5V

FIGURE 2-2:
GMIN =10.

Input Offset Voltage, with

60%

Gy = 100
28 Samples
50% - T,=+25°C
NPBW =3 mHz

urrences

40% ==

30% —
Voo = 1.8V
20% —
10% T*

S R | 11—

-1.0 -0.6 -0.2 0.2 0.6 1.0 1.4 1.8 22 2.6 3.0
Input Offset Voltage (uV)

Vpp = 5.5V

Percentage of Occi

40%
Gy =1
» 35% 28 K
g Ta = -40 to +125°C
< 30% | NPBW = 3 mHz
325%
8 Voo = 1.8V
5 20% Vpp = 5.5V
]
215%
€
310%
)
& 5% I
0% — . ﬂ —
-600 -400 -200 0 200 400 600
Input Offset Voltage Drift; TC, (nV/°C)
FIGURE 2-4: Input Offset Voltage Drift,
with GMIN =1.
40%
Gyyy =10
» 35% - 28 Samples
8 Ta = -40 to +125°C
£ 30% | NPBW = 3 mHz
£
3 25%
3 Yoo =52
5 20% Vpp = 1.8V
S15% -
® °
g /
310%
)
o 5%
0% — ,I],I],_D,_,_
40 -30 -20 -10 0 10 20 30 40
Input Offset Voltage Drift; TC, (nV/°C)
FIGURE 2-5: Input Offset Voltage Drift,
with GMIN =10.
40%
Gy = 100
0 35% - 28 Sampl
@ Ta = -40 to +125°C

%] =
€ 300, | NPBW=3mHz
-

FIGURE 2-3:

Input Offset Voltage, with

325%
15
o 20%
e o
g Vpp = 5.5V
315% 1
c
310% -
G
o 5% - “
0% I r—T! —
16 -12 -8 -4 0 4 8 12 16
Input Offset Voltage Drift; TC, (nV/°C)
FIGURE 2-6: Input Offset Voltage Drift,

with GMIN = 100.

© 2014 Microchip Technology Inc.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V to 5.5V, Vgg = GND, Ve = Vpp/2, Vpy = 0V,
VREF = VDD/2, VL = VDD/2, RL =10kQ to VL’ CL =60 pF, GDM = GM|N and EN = VDD; see Figures 1-7 and 1-8.

55% p 1

@2 50% - Zglgamples
8 45% | T, =-40 to +125°C
§ 40% NPBW = 3 mHz
= °
335%
Q
O 30%
-
© 25%
(]
220%
£ 15%
5 10%
& 5% -

0%

Vop = 1.8V
Ve =55y
/

S
-1200 -800 -400 0 400 800 1200
Quadratic Input Offset Voltage Drift;

TC, (pV/°C?)

FIGURE 2-7: Quadratic Input Offset
Voltage Drift, with Gy = 1.

30%

Gy = 10 M
o 28 Samples

25% 1 T,=-40 to +125°C —
NPBW = 3 mHz

20%

15%

10% -

5% -

Percentage of Occurrences

0% - —— .
-160 -120 -80 -40 0 40 80 120 160
Quadratic Input Offset Voltage Drift;

TC, (pV/°C?)

30 T T - r

25 41 Representative Part
< 20— NPBW = 2 Hz
215
S 10
25
g 0
é -5 oS SV A
9 -10
215 Vpp = 1.8V Vpp = 5.5V
£.20

-25

-30

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 55
Output Voltage (V)
FIGURE 2-10: Input Offset Voltage vs.

Output Voltage, with Gyyp = 1.

30 ——
25 | | Representative Part

N
5]
,
z
h
]
H]
n
N
T
N

15

=N
o

5 +— Vpp=1.8V Vpp = 5.5V —|

Input Offset Voltage (uV,
o

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 55

FIGURE 2-8: Quadratic Input Offset
Voltage Drift, with Gy = 10.

45%
Gy = 100
@ 40% - 28 Samples
o T, = -40 to +125°C
S 35% - NPBW =3 mHz

330%

o Vpp = 5.5V

O 25% T~ vy = 1.8V <~
S 20%

(=]

815% -

c

010% -

-120 100 -80 -60 -40 -20 O 20 40
Quadratic Input Offset Voltage Drift;
TC, (pV/°C?)

Output Voltage (V)
FIGURE 2-11: Input Offset Voltage vs.

Output Voltage, with Gyyp = 10.

30 T T . .
25 Representative Part
Gy =100

<= 20 +—— NPBW=2Hz

15

10

[3,]

o

1
[3,]
L
‘

Voo = 1.8V Vgp = 5.5V

0
=N
o

-15

Input Offset Voltage (pV,

N
5]

N
a

&
=1

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 50 55
Output Voltage (V)

FIGURE 2-9: Quadratic Input Offset
Voltage Drift, with Gy = 100.

FIGURE 2-12: Input Offset Voltage vs.
Output Voltage, with Gy = 100.
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MCP6N16

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V to 5.5V, Vgg = GND, Ve = Vpp/2, Vpy = 0V,
VREF = VDD/2, VL = VDD/2, RL =10kQ to VL’ CL =60 pF, GDM = GM|N and EN = VDD; see Figures 1-7 and 1-8.

50
Representative Part
40  Vey=Vss
— Gyn=1
>3 30 - NPBW =2 Hz
g 20 ~~
©
= 10
] N
Z 00
3 N
g -10 o R
2-20 125°C
+125°
£-30 +85°C
-40 +25°C
-40°C
-50 +—it
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
Power Supply Voltage (V)

FIGURE 2-13: Input Offset Voltage vs.
Power Supply Voltage, with Vg = 0V and
Guin = 1.

30 —
| Representative Part
25 Vewm = Vss
— 20 | Gyn=10
3 q5 | NPBW=2Hz
S 10 —
g . i S ~~]
CIN N
2 5 I N e et e
=
9_ -10
§-15 +;§5;c
+85°
=20 +25°C
-25 -40°C
-30 -
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
Power Supply Voltage (V)

50 o
Representative Part
40 Vem = Voo 1
g 30 NPBW = 2 Hz
o 20
g
= 10
o
5 0 o=t
o
§-20 125°C
+125°
£-30 +85°C
-40 +25°C
-40°C
-50 +—
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
Power Supply Voltage (V)

FIGURE 2-16: Input Offset Voltage vs.
Power Supply Voltage, with Vgyy = Vpp and
Guin = 1.

30
2 Representative Part
5 Vem = Voo il
= 20 Gyn =10
T NPBW =2 Hz
[
2 10 =
® |
s [ e
; 0 \éé‘_/—\/—vw—/—:
o -5
510
S
2 15 +125°C
=-20 +85°C
- +25°C
25 -40°C
-30

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5

FIGURE 2-14: Input Offset Voltage vs.
Power Supply Voltage, with Vg = 0V and

Power Supply Voltage (V)

FIGURE 2-17: Input Offset Voltage vs.
Power Supply Voltage, with Vgyy = Vpp and

30 \

Representative Part |

N
(3]
—
<
o
=
1
<
o
5]

)
S

-
ocuow
/‘

D
-
o o

%

+125°C

+85°C

+25°C

-40°C

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
Power Supply Voltage (V)

Input Offset Voltage (uV
]
—
P

q
N
o

q
N
(3]

]
(2]
o

30 0
| Repr ive Part
25 Vewm = Vss
S 20 | Gy =100
3 15 | NPBW=2Hz
& 10
2 s
>° 0 ,igcﬁxg,—:z—/—:/:i:
é 5 —t" 1 K |
O -10
g-15 lasc
+85°
=-20 +25°C
-25 -40°C
-30 -
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
Power Supply Voltage (V)
FIGURE 2-15: Input Offset Voltage vs.

Power Supply Voltage, with Vg = 0V and

FIGURE 2-18: Input Offset Voltage vs.
Power Supply Voltage, with Vo = Vpp and
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V to 5.5V, Vgg = GND, Ve = Vpp/2, Vpy = 0V,
VREF = VDD/2, VL = VDD/2, RL =10kQ to VL’ CL =60 pF, GDM = GM|N and EN = VDD; see Figures 1-7 and 1-8.

50 - :
Representative Part

B
o
oS
°
[}
-

MIN_1
NPBW = 2 Hz

N W
o o

-
o

-
o

AMAS Moy IO AL AESHA s
M N
+125°C

il : |
il ev il
L] I

N
o

Input Offset Voltage (uV)
o

A &
o o

-40°C

i)
)

-0 0.0 0.5 1.0 1.5 2.0 2.5

Input Common Mode Voltage (V)

FIGURE 2-19: Input Offset Voltage vs.
Common Mode Voltage, with Vpp = 1.8V and

Guin = 1.

Zz l ' l 5ep:e1sea‘r;ltative Pal"t
3 30 . H ﬁ?ﬁ\:vioz Hz
ERaiin 7
e
Fa0l | i\ T
g -10
w20
a0 e

40 e

-50

-0.5 0.0 0.5 1.0 1.5 2.0 2.5
Input Common Mode Voltage (V)

FIGURE 2-20: Input Offset Voltage vs.
Common Mode Voltage, with Vpp = 1.8V and

:z \ Represe‘ntative Pal"l
Vpp = 1.8V
g 20 {1k a2,
-V S R—
Z 0
g_m —T—T\ v"\H N
« -20
-
- -40°C H .
-50-0.5 0.0 0.5 1.0 1.5 2.0 25

Input Common Mode Voltage (V)

50
Representative Part

40 +— Vpp =55V
S 3011 Gy =1
3 NPBW =2 Hz
o 20
(=]
% 10
> 0 PNV LA \Crbsasta A o
kS fﬂ[ VWMQVWW NARAATN
g -10 ,” v e %'l M~ VA ‘“
= -20
3 +125°C
£-30 +85°C

+25°C
-40 -40°C
-50 -
-0.50.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
Input Common Mode Voltage (V)
FIGURE 2-22: Input Offset Voltage vs.

Common Mode Voltage, with Vpp = 5.5V and
Guin = 1.
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£ 10 \L | )
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Input Common Mode Voltage (V)

FIGURE 2-23: Input Offset Voltage vs.
Common Mode Voltage, with Vpp = 5.5V and

50
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FIGURE 2-21: Input Offset Voltage vs.
Common Mode Voltage, with Vpp = 1.8V and

Input Common Mode Voltage (V)

FIGURE 2-24: Input Offset Voltage vs.
Common Mode Voltage, with Vpp = 5.5V and
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V to 5.5V, Vgg = GND, Ve = Vpp/2, Vpy = 0V,
VREF = VDD/2, VL = VDD/2, RL =10kQ to VL’ CL =60 pF, GDM = GM|N and EN = VDD; see FigUreS 1-7 and 1-8.

30 —
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Reference Voltage (V)

FIGURE 2-25: Input Offset Voltage vs.
Reference Voltage, with Gy = 1.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V to 5.5V, Vgg = GND, Ve = Vpp/2, Vpy = 0V,
VREF = VDD/Z, VL = VDD/2, RL =10 kQto VL’ CL =60 pF, GDM = GM|N and EN = VDD; see Figures 1-7 and 1-8.
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MCP6N16

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V to 5.5V, Vgg = GND, Ve = Vpp/2, Vpy = 0V,
VREF = VDD/2, VL = VDD/2, RL =10kQ to VL’ CL =60 pF, GDM = GM|N and EN = VDD; see Figures 1-7 and 1-8.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V to 5.5V, Vgg = GND, Ve = Vpp/2, Vpy = 0V,
VREF = VDD/2, VL = VDD/2, RL =10kQ to VL’ CL =60 pF, GDM = GM|N and EN = VDD; see FigUreS 1-7 and 1-8.
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MCP6N16

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 1.8V to 5.5V, Vgg = GND, Ve = Vpp/2, Vpy = 0V,
VREF = VDD/2, VL = VDD/2, RL =10kQ to VL’ CL =60 pF, GDM = GM|N and EN = VDD; see Figures 1-7 and 1-8.
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