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Low-Cost 64-Step Volatile Digital POT

Package Types

Features
+ Volatile Digital Potentiometer in SOT-23, SOIC, MCP4011 MCP4012
MSOP and DFN packages SOIC, MSOP, DFN SOT-23-6
* 64 Taps: 63 Resistors with Taps to terminal A and Potentiometer Rheostat
te.rmlral B e | Voo [1] Y [8]ud Voo [1] 4 16]A
. W
ower-on Reca o. e au. iper ' etting NG A B e VB3 AT
- Custom POR wiper settings available w f\w __
(contact factory) (4] [5]Cs
» Resistance Values: 2.1 kQ, 5 kQ, 10 kQ or 50 kQ MCP4013 MCP4014
* Low Tempco: SOT-23-6 SOT-23-5
- Absolute (Rheostat): 50 ppm (0°C to 70°C typ.) Potentiometer Rheostat
- Ratiometric (Potentiometer): 10 ppm (typ.) Vop A?EIA Voo 1], g 1EIW
* Low Wiper Resistance: 75Q (typ.) Vss B_ eww Vss IZ?’\N\/;
+ High-Voltage Tolerant Digital Inputs: Up to 12.5V uD [4]CS u/D [3] [4]CS
* Low-Power Operation: 1 pA Max Static Current
» Wide Operating Voltage Range: Block Diagram
- 1.8V to 5.5V - Device Operation oA
- 2.7V to 5.5V - Resistor Characteristics
o Vpp [ ¢
Specified Power-Up §
« Extended Temperature Range: -40°C to +125°C Brojv?SOut
+ Wide Bandwidth (-3 dB) Operation: Vss[F control %
- 4 MHz (typ.) for 2.1 kQ device T 53¢
2-Wire gi’
. . I~ = = e
Description CS L™ 1nterface g2 ow
. =0
The MCP4011/2/3/4 devices are volatile, 6-bit Digital ubD[}+»| and =
Potentiometers that can be configured as either a C&m;"
potentiometer or rheostat. The wiper setting is 9
controlled through a simple Up/Down (U/D) serial
interface. %
L——+0s
Device Features
Resistance (typical) o i 2
. . Vob 09 ©o
Devi Wiper Memory | PORWiper # of . = g 9%
evice | Configuration | Type | Settin Wiper | steps | OPerating | § g 5 £
onfigu yp 9 Options (kQ) PS| Range® | SE| &5
() = =@
s+
MCP4011 | Potentiometer(") | RAM | Mid-Scale |2.1,5.0,10.0,50.0| 75 | 64 [1.8Vt05.5V| UD | No
MCP4012 Rheostat RAM Mid-Scale |2.1,5.0,10.0,50.0| 75 64 [1.8Vto5.5V| UD | No
MCP4013 | Potentiometer RAM Mid-Scale |2.1,5.0,10.0,50.0| 75 64 |1.8Vto5.5V| UD | No
MCP4014 Rheostat RAM Mid-Scale |2.1,5.0,10.0,50.0| 75 64 [1.8Vto5.5V| UD | No

Note 1: Floating either terminal (A or B) allows the device to be used in Rheostat mode.

2: Analog characteristics (resistor) tested from 2.7V to 5.5V.
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MCP4011/2/3/4

1.0 ELECTRICAL t Notice: Stresses above those listed under “Maximum
Ratings” may cause permanent damage to the device. This is

CHARACTERISTICS a stress rating only and functional operation of the device at

those or any other conditions above those indicated in the

Absolute Maximum Ratings 1 operational listings of this specification is not implied.

Exposure to maximum rating conditions for extended periods
may affect device reliability.

Current at Potentiometer Pins ...........cccocooiiinin. +2.5 mA
Storage temperature ...........cccocciiiiiiiiienne -65°C to +150°C
Ambient temp. with power applied ................ -55°C to +125°C
ESD protection on all pins ........... >4 kV (HBM), > 400V (MM)
Maximum Junction Temperature (T;)........cccccveerrnnn. +150°C

AC/DC CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, all parameters apply across the specified operating ranges.
Tp =-40°C to +125°C, 2.1 kQ, 5 kQ, 10 kQ and 50 kQ devices. Typical specifications represent values for Vpp = 2.7V to 5.5V,
Vgg = 0V, Ty = +25°C.

Parameters Sym Min Typ Max Units Conditions
Operating Voltage Range Vpp 2.7 — 5.5 \%
Voo — 1.8 — V. |Vpp=1.8V,CS:Vyy =85V,
V":L: 18V, V||_ = OV,
U/D:V|H = 18V, V||_ =0V
CS Input Voltage Vcs Vss — 12.5 \% The CS pin will be at one of three
input levels (V|, Viy or Viun)-
(Note 6)
Supply Current Ibb — 45 — WA |55V, CS = Vgg, fup = 1 MHz
— 15 — A |27V, CS = Vg, fup =1 MHz
— 0.3 1 uA Serial Interface Inactive
(CS = VlH’ u/D = VlH)
Resistance Ras 1.68 2.1 2.52 kQ -202 devices (Note 1)
(20%) 4.0 5 6.0 kQ  |-502 devices (Note 1)
8.0 10 12.0 kQ -103 devices (Note 1)
40.0 50 60.0 kQ -503 devices (Note 1)

Note 1: Resistance is defined as the resistance between terminal A to terminal B.

2: INL and DNL are measured at V\y with Va = Vpp and Vg = Vgg. (-202 devices Vp = 4V).
3:  MCP4011/13 only, test conditions are: I,y = 1.9 mA, code = 00h.
4: MCP4012/14 only, test conditions are:
Device Current at Voltage
Resistance Comments
5.5V 2.7V
2.1kQ 2.25mA 1.1 mA MCP4012 includes Vyyzse
5 kQ 1.4 mA 450 pA MCP4014 includes V\ygsg
10 kQ 450 pA 210 pA
50 kQ 90 pA 40 pA

5: Resistor terminals A, W and B’s polarity with respect to each other is not restricted.

6: This specification by design.

7: Non-linearity is affected by wiper resistance (Ryy), which changes significantly over voltage and temperature. See
Section 6.0 “Resistor” for additional information.

8: For voltages below 2.7V, refer to Section 2.0 “Typical Performance Curves”.

9: The MCP4011 is externally connected to match the configurations of the MCP4012 and MCP4014 and then tested.
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MCP4011/2/3/4

AC/DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, all parameters apply across the specified operating ranges.
Tp =-40°C to +125°C, 2.1 kQ, 5 kQ, 10 kQ and 50 kQ devices. Typical specifications represent values for Vpp =2.7V to 5.5V,
Vgs = 0V, Ty = +25°C.
Parameters Sym Min | Typ ‘ Max Units Conditions
Resolution N 64 Taps No Missing Codes
Step Resistance Rs — Rag /63 — Q Note 6
Wiper Resistance (Note 3, Note 4) Rw — 70 125 Q 5.5V
— 70 325 Q 2.7V
Nominal Resistance Tempco AR/AT — 50 — ppm/°C | Tp =-20°C to +70°C
— 100 — ppm/°C | Tp = -40°C to +85°C
— 150 — ppm/°C | Ty =-40°C to +125°C
Ratiometeric Tempco AVyalA — 10 — ppm/°C | MCP4011 and MCP4013 only,
T code = 1Fh
Full-Scale Error (MCP4011/13 only) VwEse -0.5 -0.1 +0.5 LSb Code 3Fh, 2.7V < Vpp < 5.5V
Zero-Scale Error (MCP4011/13 only) Vwzse -0.5 +0.1 +0.5 LSb Code 00h, 2.7V < Vpp < 5.5V
Monotonicity N Yes Bits
Resistor Terminal Input Voltage Range | Vp Vyy Vss — Vpp \% Note 5, Note 6
(Terminals A, B and W) Vg
Current through A, W or B Iw — — 2.5 mA Note 6
Leakage current into A, W or B IwL — 100 — nA MCP4011 A=W =B = Vgg
— 100 — nA MCP4012/13 A=W = Vgg
— 100 — nA MCP4014 W = Vgg
Capacitance (Pp) Caw — 75 — pF f=1 MHz, code = 1Fh
Capacitance (P,) Cw — 120 — pF f=1 MHz, code = 1Fh
Capacitance (Pg) Cgw — 75 — pF f=1 MHz, code = 1Fh
Bandwidth -3 dB BW — 4 — MHz |-202 Code = 1F,
devices | output load = 30 pF
— 2 — MHz |-502
devices
— 1 — MHz |-103
devices
— 200 — kHz |-503
devices

Note 1: Resistance is defined as the resistance between terminal A to terminal B.

2: INL and DNL are measured at V\y with V5 = Vpp and Vg = Vgs. (-202 devices Vp = 4V).
3:  MCP4011/13 only, test conditions are: Iy, = 1.9 mA, code = 00h.
4: MCP4012/14 only, test conditions are:
Device Current at Voltage
Resistance Comments
5.5V 2.7V
2.1kQ 2.25mA 1.1mA MCP4012 includes Vyzse
5KkQ 1.4 mA 450 pA MCP4014 includes Vyrse
10 kQ 450 pA 210 pA
50 kQ 90 pA 40 pA

5: Resistor terminals A, W and B’s polarity with respect to each other is not restricted.

6: This specification by design.

7: Non-linearity is affected by wiper resistance (Ryy), which changes significantly over voltage and temperature. See
Section 6.0 “Resistor” for additional information.

8: For voltages below 2.7V, refer to Section 2.0 “Typical Performance Curves”.

9: The MCP4011 is externally connected to match the configurations of the MCP4012 and MCP4014 and then tested.
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MCP4011/2/3/4

AC/DC CHARACTERISTICS (CONTINUED)

Vss = 0V, Tp = +25°C.

Electrical Specifications: Unless otherwise indicated, all parameters apply across the specified operating ranges.
Tp =-40°C to +125°C, 2.1 kQ, 5 kQ, 10 kQ and 50 kQ devices. Typical specifications represent values for Vpp = 2.7V to 5.5V,

Parameters Sym Min Typ Max Units Conditions
Potentiometer Integral Non-linearity INL -0.5 +0.25 +0.5 LSb MCP4011/13 only (Note 2)
Potentiometer Differential Non-linearity DNL -0.5 +0.25 +0.5 LSb MCP4011/13 only (Note 2)
Rheostat Integral Non-linearity R-INL -0.5 +0.25 +0.5 LSb -202 5.5V
MCP4011 (Note 4, Note 9) 85 +4.5 +8.5 LSb devices 2.7V (Note 7)
MCP4012 and MCP4014 (Note 4) (2.1 kQ)

See Section 2.0 LSb 1.8V (Note 7, Note 8)
-0.5 +0.25 +0.5 LSb -502 | 5.5V
5.5 +2.5 +5.5 LSb d(:"i'(cs)s 2.7V (Note 7)
See Section 2.0 LSb 1.8V (Note 7, Note 8)
-0.5 +0.25 +0.5 LSb -103 | 5.5V
E +1 +3 Lsb | devices |5 7y (Note 7)
(10 k)
See Section 2.0 LSb 1.8V (Note 7, Note 8)
-0.5 +0.25 +0.5 LSb -503 | 5.5V
1 +0.25 +1 Lsb | devices |5 7y (Note 7)
(50 k)
See Section 2.0 LSb 1.8V (Note 7, Note 8)
Rheostat Differential Non-linearity R-DNL -0.5 +0.25 +0.5 LSb -202 5.5V
MCP4011 (Note 4, Note 9) A +05 +2 LSb devices 2.7V (Note 7)
MCP4012 and MCP4014 (Note 4) (2.1 kQ)
See Section 2.0 LSb 1.8V (Note 7, Note 8)
-0.5 +0.25 +0.5 LSb -502 | 5.5V
-1 +0.25 +1.25 LSb d(f_)""(cgf 2.7V (Note 7)
See Section 2.0 LSb 1.8V (Note 7, Note 8)
-0.5 +0.25 +0.5 LSb -103 | 5.5V
-1 0 +1 Lsb | devices |5 2y (Note 7)
(10 k)
See Section 2.0 LSb 1.8V (Note 7, Note 8)
-0.5 +0.25 +0.5 LSb -503 | 5.5V
0.5 0 +0.5 Lsb | devices |5 7y (Note 7)
(50 k)
See Section 2.0 LSb 1.8V (Note 7, Note 8)

Note 1: Resistance is defined as the resistance between terminal A to terminal B.
2: INL and DNL are measured at V\y with V5 = Vpp and Vg = Vgs. (-202 devices Vp = 4V).
3:  MCP4011/13 only, test conditions are: I,y = 1.9 mA, code = 00h.

4: MCP4012/14 only, test conditions are:
Device Current at Voltage
Resistance Comments
5.5V 2.7V
2.1kQ 2.25mA 1.1 mA MCP4012 includes Vyzse
5KkQ 1.4 mA 450 pA MCP4014 includes Vygsg
10 kQ 450 pA 210 pA
50 kQ 90 pA 40 pA

5: Resistor terminals A, W and B’s polarity with respect to each other is not restricted.

6: This specification by design.
7: Non-linearity is affected by wiper resistance (Ry), which changes significantly over voltage and temperature. See

Section 6.0 “Resistor” for additional information.
8: For voltages below 2.7V, refer to Section 2.0 “Typical Performance Curves”.
9:  The MCP4011 is externally connected to match the configurations of the MCP4012 and MCP4014 and then tested.
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MCP4011/2/3/4

AC/DC CHARACTERISTICS (CONTINUED)

Vss = 0V, Tp = +25°C.

Electrical Specifications: Unless otherwise indicated, all parameters apply across the specified operating ranges.
Tp =-40°C to +125°C, 2.1 kQ, 5 kQ, 10 kQ and 50 kQ devices. Typical specifications represent values for Vpp =2.7V to 5.5V,

‘ Sym

Parameters | Min | Typ ‘ Max | Units ‘ Conditions

Digital Inputs/Outputs (CS, U/D)

Input High Voltage Vi [0.7Vpp — — \

Input Low Voltage VL — — 0.3 Vpp \%

High-Voltage Input Entry Voltage ViHH 8.5 — 12.5 (®) \Y Threshold for WiperLock™
Technology

High-Voltage Input Exit Voltage VinH — — Vpp+0.8© %

CS Pull-up/Pull-down Resistance Res — 16 — kQ Vpp = 5.5V, Vgg =3V

CS Weak Pull-up/Pull-down Current Ipy — 170 — pA Vpp = 5.5V, Vg =3V

Input Leakage Current I -1 — 1 MA Vin = Vpp

CS and U/D Pin Capacitance Cin: — 10 — pF  |fc=1MHz, Vpp > 2.7V

Cout

RAM (Wiper) Value

Value Range N Oh — 3Fh hex

Default POR Setting N 1Fh hex

Power Requirements

Power Supply Sensitivity PSS — 0.0015 0.0035 %/% | Vpp =4.5V to 5.5V, V, =4.5V,

(MCP4011 and MCP4013 only) Code = 1Fh

— 0.0015 0.0035 %/% | Vpp=2.7Vto 4.5V, V=27V,

Code = 1Fh

Note 1: Resistance is defined as the resistance between terminal A to terminal B.
2: INL and DNL are measured at V\y with V5 = Vpp and Vg = Vgs. (-202 devices Vp = 4V).
3:  MCP4011/13 only, test conditions are: Iy, = 1.9 mA, code = 00h.

4: MCP4012/14 only, test conditions are:
Device Current at Voltage
Resistance Comments
5.5V 2.7V
2.1kQ 2.25mA 1.1 mA MCP4012 includes Vyzsg
5KkQ 1.4 mA 450 pA MCP4014 includes Vygse
10 kQ 450 pA 210 pA
50 kQ 90 pA 40 pA

5: Resistor terminals A, W and B’s polarity with respect to each other is not restricted.
6: This specification by design.

7: Non-linearity is affected by wiper resistance (Ryy), which changes significantly over voltage and temperature. See

Section 6.0 “Resistor” for additional information.
8: For voltages below 2.7V, refer to Section 2.0 “Typical Performance Curves”.
9: The MCP4011 is externally connected to match the configurations of the MCP4012 and MCP4014 and then tested.
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MCP4011/2/3/4
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FIGURE 1-1: Increment Timing Waveform.

SERIAL TIMING CHARACTERISTICS

Electrical Specifications: Unless otherwise noted, all parameters apply across the specified operating ranges.
Extended (E): Vpp = +1.8V to 5.5V, Tj = -40°C to +125°C.

Parameters Sym Min Typ Max Units Conditions
CS Low Time tcsLo 5 — — us
CS High Time teshi 500 — — ns 2.7V <Vpp £5.5V
— — — ns 1.8V <Vpp <27V
U/D to CS Hold Time tiue 500 — — ns |27V <Vpp<55V
750 — — ns 1.8V <Vpp <2.7V
CS to U/D Low Setup Time tL cur 500 — — ns
CS to U/D High Setup Time t cur 3 — — ps
U/D High Time th 500 — — ns
U/D Low Time tLo 500 — — ns
Uplm Toggle Frequency fup — — 1 MHz
Wiper Settling Time ts 0.5 — — us 2.1kQ, C =100 pF
1 — — us 5kQ, C =100 pF
2 — — us 10 kQ, C_ =100 pF
10 5 — us 50 kQ, C =100 pF
Wiper Response on Power-up tpu — 200 — ns

DS21978C-page 6
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MCP4011/2/3/4
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FIGURE 1-2: Decrement Timing Waveform.

SERIAL TIMING CHARACTERISTICS

Electrical Specifications: Unless otherwise noted, all parameters apply across the specified operating ranges.
Extended (E): Vpp = +1.8V to 5.5V, Tp = -40°C to +125°C.

Parameters Sym Min Typ Max Units Conditions
CS Low Time tcsLo 5 — — us
CS High Time teshi 500 — — ns 2.7V <Vpp £5.5V
— — — ns 1.8V <Vpp <2.7V
U/D to CS Hold Time tue 500 — — ns |27V <Vpp<55V
750 — — ns 1.8V <Vpp <2.7V
CS to U/D Low Setup Time tLcur 500 — — ns
CS to U/D High Setup Time tLcur 3 — — ps
U/D High Time th 500 — — ns
U/D Low Time tLo 500 — — ns
Uplm Toggle Frequency fup — — 1 MHz
Wiper Settling Time ts 0.5 — — us 2.1kQ, C_ =100 pF
1 — — us 5kQ, C =100 pF
2 — — us 10 kQ, C_ =100 pF
10 5 — us 50 kQ, C =100 pF
Wiper Response on Power-up tpu — 200 — ns

© 2006 Microchip Technology Inc. DS21978C-page 7



MCP4011/2/3/4
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FIGURE 1-3: High-Voltage Increment Timing Waveform.

SERIAL TIMING CHARACTERISTICS

Electrical Specifications: Unless otherwise noted, all parameters apply across the specified operating ranges.
Extended (E): Vpp = +1.8V to 5.5V, Tj = -40°C to +125°C.

Parameters Sym Min Typ Max Units Conditions

CS Low Time tcsLo 5 — — us

CS High Time teshi 500 — — ns 2.7V <Vpp £5.5V
— — — ns 1.8V <Vpp <2.7V

U/D High Time th 500 — — ns

U/D Low Time tLo 500 — — ns

Uplm Toggle Frequency fup — — 1 MHz

HV U/D to CS Hold Time thue 1.5 — — us

HV CS to U/D Low Setup Time | tycur 8 — — ps

HV CS to U/D High Setup Time | tycur 45 — — us

Wiper Settling Time ts 0.5 — — us 2.1kQ, C =100 pF
1 — — us 5kQ, C =100 pF
2 — — us 10 kQ, C_ =100 pF
10 5 — us 50 kQ, C =100 pF

Wiper Response on Power-up tpu — 200 — ns

DS21978C-page 8
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MCP4011/2/3/4
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FIGURE 1-4: High-Voltage Decrement Timing Waveform.

SERIAL TIMING CHARACTERISTICS

Electrical Specifications: Unless otherwise noted, all parameters apply across the specified operating ranges.
Extended (E): Vpp = +1.8V to 5.5V, Tp = -40°C to +125°C.

Parameters Sym Min Typ Max Units Conditions

CS Low Time tcsLo 5 — — us

CS High Time teshi 500 — — ns 2.7V <Vpp £5.5V
— — — ns 1.8V <Vpp <2.7V

U/D High Time th 500 — — ns

U/D Low Time tLo 500 — — ns

Uplm Toggle Frequency fup — — 1 MHz

HV U/D to CS Hold Time thue 1.5 — — us

HV CS to U/D Low Setup Time | tycur 8 — — ps

HV CS to U/D High Setup Time | tycur 45 — — us

Wiper Settling Time ts 0.5 — — us 2.1kQ, C_ =100 pF
1 — — us 5kQ, C =100 pF
2 — — us 10 kQ, C_ =100 pF
10 5 — us 50 kQ, C =100 pF

Wiper Response on Power-up tpu — 200 — ns

© 2006 Microchip Technology Inc.
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MCP4011/2/3/4

TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, Vpp = +2.7V 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
Storage Temperature Range Ta -65 — +150 °C
Thermal Package Resistances

Thermal Resistance, 5L-SOT-23 0,a — 70 — °C/IW
Thermal Resistance, 6L-SOT-23 0,a — 120 — °C/W
Thermal Resistance, 8L-DFN (2x3) 0,a — 85 — °C/W
Thermal Resistance, 8L.-MSOP CETN — 206 — °C/IW
Thermal Resistance, 8L-SOIC 0,a — 163 — °C/W

DS21978C-page 10
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MCP4011/2/3/4

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 = 5V, Vgg = OV.
801 2.7V 40°C ] 1000
St ] oo
= 60 - 27v125°C 1 600
£ 50 || TN = A o
= R £ 1200 =
§ 40 || —savizsc S 1o 2
= B x E 0
3 301 //"// K ~ \_ 200 =
§ 20 1 / P « 1 -a00
& 1] /”/ 7 -600
D L/ ] -800
0 ‘ U 000
0.20 0.40 0.60 0.80 1.00 o 8 6 5 4 1
fup (MHz) Ves (V)
FIGURE 2-1: Device Current (Ipp) vs. U/D FIGURE 2-3: CS Pull-up/Pull-down_

Frequency (fyp) and Ambient Temperature
(Vpp=2.7V and 5.5V).

Resistance (Rgg) and Current (Icg) vs. CS Input
Voltage (Vecs) (Vpp = 5.5V).

0.8 E 12 ¢ —+-1.8V Entry
- 07 £ [ -=-2.7V Entry
ol s sy
= 0.6 - g r 2.7V Exit
3 £ Z 3 o 5.5V Exit
= 05 / ] \
€ E ﬁ ® ":l::;l
o 04 o 6
£ 3 £
3 03 g s 4l
8 02¢F >
= cor (]
g 04 / Voo =27V © 2t
0.0 - 0 ———— ‘ :
-40 25 85 125 -40 -20 0 20 40 60 80 100 120
Ambient Temperature (°C) Ambient Temperature (°C)
FIGURE 2-2: Device Current (Isyppn) and FIGURE 2-4: CS High Input Entry/Exit

Vpp- (CS = Vpp) vs. Ambient Temperature.

Threshold vs. Ambient Temperature and Vpp.
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MCP4011/2/3/4

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.

1M e e 0075
= -40CRw = 25CRw —+ 85CRw -+ 125CRw
—=--40CINL —+-25CINL —+85CINL —+125CINL
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FIGURE 2-5: 2.1 kQ Pot Mode — Ry (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V).

400 e e e e e B e s s e e s 01
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FIGURE 2-6: 2.1 kQ Pot Mode — Ry (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 2.7V).

M0 T
= 40CRw —=25CRw —85CRw —+125CRw | 2.25
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o E i 0259
@ S 600 [.. o 0
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0 8 16 24 32 40 48 56
Wiper Setting (decimal)

FIGURE 2-7: 2.1 kQ Pot Mode — Ry, (€2,
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 1.8V).
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FIGURE 2-8: 2.1 k2 Rheo Mode — Ry

(), INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V).
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FIGURE 2-9: 2.1 k2 Rheo Mode — Ry

(), INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 2.7V).
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FIGURE 2-10: 2.1 kQ2 Rheo Mode — Ry
(), INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 1.8V).
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MCP4011/2/3/4

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-11: 2.1 kQ2— Nominal

Resistance (£2) vs. Ambient Temperature and

VDD.
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FIGURE 2-12: 2.1 k- Ry () vs. Wiper

Setting and Ambient Temperature.
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MCP4011/2/3/4

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-13: 2.1 kQ2—- Low-Voltage

Decrement Wiper Settling Time (Vpp = 2.7V).
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FIGURE 2-16: 2.1 kQ - Low-Voltage

Increment Wiper Settling Time (Vpp = 2.7V).
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FIGURE 2-14: 2.1 kQ - Low-Voltage

Decrement Wiper Settling Time (Vpp = 5.5V).
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FIGURE 2-15:
Response Time.

2.1 kQ2— Power-Up Wiper

FIGURE 2-17: 2.1 k- Low-Voltage
Increment Wiper Settling Time (Vpp = 5.5V).
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MCP4011/2/3/4

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-18: 5 kQ Pot Mode — Ry (€2, FIGURE 2-21: 5 kQ Rheo Mode — Ry, (€,
INL (LSb), DNL (LSb) vs. Wiper Setting and INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V). Ambient Temperature (Vpp = 5.5V).
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FIGURE 2-19: 5 kQ Pot Mode — Ry (€2, FIGURE 2-22: 5 kQ Rheo Mode — Ry, (€,
INL (LSb), DNL (LSb) vs. Wiper Setting and INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 2.7V). Ambient Temperature (Vpp = 2.7V).
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FIGURE 2-20: 5 kQ Pot Mode — Ry, (€2, FIGURE 2-23: 5 kQ Rheo Mode — Ry, (€2,
INL (LSb), DNL (LSb) vs. Wiper Setting and INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 1.8V). Ambient Temperature (Vpp = 1.8V).
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-24: 5 k2 — Nominal Resistance FIGURE 2-25: 5 kQ— Ry (£2) vs. Wiper
() vs. Ambient Temperature and Vpp. Setting and Ambient Temperature.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-26: 5 k2— Low-Voltage

Decrement Wiper Settling Time (Vpp = 2.7V).
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FIGURE 2-28: 5 kQ - Low-Voltage
Increment Wiper Settling Time (Vpp = 2.7V).
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FIGURE 2-27: 5 k2— Low-Voltage

Decrement Wiper Settling Time (Vpp = 5.5V).

FIGURE 2-29: 5 kQ— Low-Voltage
Increment Wiper Settling Time (Vpp = 5.5V).
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MCP4011/2/3/4

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-30: 10 k2 Pot Mode — Ry (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V).
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FIGURE 2-31: 10 kQ Pot Mode — Ry (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 2.7V).
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FIGURE 2-33: 10 k€2 Rheo Mode — Ry, (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V).

500 = 40CRw —+ 25CRw —+ 85CRw —+ 125CRw
-=-40CINL -=-25CINL —85CINL —+125CINL [| 2.5
-40C DNL -+ 25C DNL -+ 85C DNL -+ 125C DNL
° 400 - I
e INL 115
8o )
» £ 300 7]
‘B < |
=
) =
o E ; S
a @ 200 r DNL th
2=
100 O s as o

o Ll

0 8 16 24 32 40 48 56
Wiper Setting (decimal)

FIGURE 2-34: 10 k€2 Rheo Mode — Ry, (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 2.7V).
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FIGURE 2-32: 10 kQ Pot Mode — Ry (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 1.8V).
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FIGURE 2-35: 10 k2 Rheo Mode — Ry, (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 1.8V).
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MCP4011/2/3/4

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = 0V.
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FIGURE 2-36: 10 kQ2— Nominal Resistance FIGURE 2-37: 10 kQ - Ryg (£2) vs. Wiper
() vs. Ambient Temperature and Vpp Setting and Ambient Temperature.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-38: 10 k22— Low-Voltage

Decrement Wiper Settling Time (Vpp = 2.7V).

FIGURE 2-40: 10 k2 — Low-Voltage
Increment Wiper Settling Time (Vpp = 2.7V).
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FIGURE 2-39: 10 k22— Low-Voltage

Decrement Wiper Settling Time (Vpp = 5.5V).

FIGURE 2-41: 10 k2 — Low-Voltage
Increment Wiper Settling Time (Vpp = 5.5V).
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MCP4011/2/3/4

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-42: 50 k2 Pot Mode — Ry (£2), FIGURE 2-45: 50 k2 Rheo Mode — Ry, (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V). Ambient Temperature (Vpp = 5.5V).
600 = 40CRw - 25CRw —~+ 85CRw —+ 125C Rw 0.05 600 J+4OCRW - 25CRw —+ 85CRw +1zschL 15
—=-40CINL -—=-25CINL —+85CINL —+125CINL [|-=-40CINL -+-25CINL —+85CINL —+125CINL
500 -40C DNL 25C DNL 85C DNL 125C DNL| 0025 500 -40C DNL 25C DNL ‘856 DNL 125C DNL| 1
© I "l ® RW
€ 2400 PRI 0 = £ 5400 ‘ 05 =
] n ' ® .
38| ? @ E N o 3
é 5300 0.025 = é 5300 ‘ e [emandey 0
x =T INL g L3 b 2N £
2 %200 -0.05 W 2 %200 | LA | | | 05 @
S b 4 o s ke ratpt et |t g, o)
100 F : R --.__,T -0.075 100 F T T--" Pt A
oHo1 o bbb bbbl Ll b L L L L) g8
0 8 16 24 32 40 48 56 0 8 16 24 32 40 48 56
Wiper Setting (decimal) Wiper Setting (decimal)
FIGURE 2-43: 50 k2 Pot Mode — Ry (£2), FIGURE 2-46: 50 k2 Rheo Mode — Ry, (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 2.7V). Ambient Temperature (Vpp = 2.7V).
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FIGURE 2-44: 50 k2 Pot Mode — Ry (£2), FIGURE 2-47: 50 k2 Rheo Mode — Ry, (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 1.8V). Ambient Temperature (Vpp = 1.8V).
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-48: 50 kQ2— Nominal Resistance FIGURE 2-49: 50 k2 - Ry (£ vs. Wiper
() vs. Ambient Temperature and Vpp Setting and Ambient Temperature.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-50: 50 k22— Low-Voltage
Decrement Wiper Settling Time (Vpp = 2.7V).
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FIGURE 2-53: 50 k22— Low-Voltage
Increment Wiper Settling Time (Vpp = 2.7V).

Fin  Corgol Seap  Moasre  analze  Utilties  Holp 3040 A

= e T ) o 1 T |

FIGURE 2-51: 50 k22— Low-Voltage
Decrement Wiper Settling Time (Vpp = 5.5V).
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FIGURE 2-52: 50 k2 — Power-Up Wiper
Response Time.

FIGURE 2-54: 50 k2 - Low-Voltage
Increment Wiper Settling Time (Vpp = 5.5V).
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-55: -3 dB Bandwidth vs. FIGURE 2-56: -3 dB Bandwidth Test
Temperature. Circuit.
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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
Pin Buffer .
McPao11 | MCPAM12 | yepysgqg | Symbol | e | ype Function
(SOIC-8) MCP4013 (SOT-23-5)
(SOT-23-6)
1 1 1 Vpp P — Positive Power Supply Input
2 2 2 Vss P — Ground
3 6 — A 110 A Potentiometer Terminal A
4 5 5 w /0 A Potentiometer Wiper Terminal
5 4 4 [ S | TTL | Chip Select Input
6 — — B 110 A Potentiometer Terminal B
7 — — NC — — No Connection
8 3 3 u/D | TTL |Increment/Decrement Input
Legend: TTL = TTL compatible input A = Analog input
I = Input O = Output
P = Power

31 Positive Power Supply Input (Vpp)

The Vpp pin is the device’s positive power supply input.
The input power supply is relative to Vgg and can range
from 1.8V to 5.5V. A decoupling capacitor on Vpp (to
Vgs) is recommended to achieve maximum
performance.

3.2 Ground (Vgg)

The Vgg pin is the device ground reference.

3.3 Potentiometer Terminal A

The terminal A pin is connected to the internal potenti-
ometer’s terminal A (available on some devices). The
potentiometer’s terminal A is the fixed connection to the
0x3F terminal of the digital potentiometer.

The terminal A pin is available on the MCP4011,
MCP4012 and MCP4013 devices. The terminal A pin
does not have a polarity relative to the terminal W or B
pins. The terminal A pin can support both positive and
negative current. The voltage on terminal A must be
between VSS and VDD'

The terminal A pin is not available on the MCP4014.
The potentiometer’s terminal A is internally floating.

3.4 Potentiometer Wiper (W) Terminal

The terminal W pin is connected to the internal potenti-
ometer’s terminal W (the wiper). The wiper terminal is
the adjustable terminal of the digital potentiometer. The
terminal W pin does not have a polarity relative to
terminals A or B pins. The terminal W pin can support
both positive and negative current. The voltage on
terminal W must be between Vgg and Vpp.

3.5 Potentiometer Terminal B

The terminal B pin is connected to the internal potenti-
ometer’s terminal B (available on some devices). The
potentiometer’s terminal B is the fixed connection to the
0x00 terminal of the digital potentiometer.

The terminal B pin is available on the MCP4011 device.
The terminal B pin does not have a polarity relative to
the terminal W or A pins. The terminal B pin can
support both positive and negative current. The voltage
on terminal B must be between Vgg and Vpp.

The terminal B pin is not available on the MCP4012,
MCP4013 and MCP4014 devices.

For the MCP4013 and MCP4014, the internal potenti-
ometer’s terminal B is internally connected to Vgg.
Terminal B does not have a polarity relative to
terminals W or A. Terminal B can support both positive
and negative current.

For the MCP4012, terminal B is internally floating.
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3.6  Chip Select (CS)

The CS pin is the chip select input. Forcing the cs pin
to V|_ enables the serial commands. These commands
can increment and decrement the wiper. Forcing the
CS pin to Viyy enables the high-voltage serial
commands. These commands can increment and
decrement the wiper and are compatibe with the
MCP402X devices. The wiper is saved to volatile
memory (RAM).

The CS pin has an internal pull-up resistor. The resistor
will become “disabled” when the voltage on the CS pin
is below the V| level. This means that when the CS pin
is “floating”, the CS pin will be pulled to the V| level
(serial communication (the U/D pin) is ignored). And
when the CS pin is driven low (V| ), the resistance
becomes very large to reduce the device current
consumption when serial commands are occurring.
See Figure 2-3 for additional information.

3.7 Increment/Decrement (U/B)

The U/D pin input is used to increment or decrement
the wiper on the digital potentiometer. An increment
moves the wiper one step toward terminal A, while a
decrement moves the wiper one step toward
terminal B.
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40 GENERAL OVERVIEW

The MCP4011/2/3/4 devices are general purpose
digital potentiometers intended to be wused in
applications where a programmable resistance with
