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MicrocHIP MCP414X/416X/424X/426X

7/8-Bit Single/Dual SPI Digital POT with
Non-Volatile Memory

Features

» Single or Dual Resistor Network options
» Potentiometer or Rheostat configuration options
* Resistor Network Resolution
- 7-bit: 128 Resistors (129 Steps)
- 8-bit: 256 Resistors (257 Steps)
* Rpp Resistances options of:
- 5kQ
- 10 kQ
- 50 kQ
- 100 kQ
» Zero-Scale to Full-Scale Wiper operation
» Low Wiper Resistance: 75Q (typical)
* Low Tempco:
- Absolute (Rheostat): 50 ppm typical
(0°C to 70°C)
- Ratiometric (Potentiometer): 15 ppm typical
* Non-volatile Memory
- Automatic Recall of Saved Wiper Setting
- WiperLock™ Technology
» SPI serial interface (10 MHz, modes 0,0 & 1,1)
- High-Speed Read/Writes to wiper registers
- Read/Write to Data EEPROM registers
- Serially enabled EEPROM write protect
- SDI/SDO multiplexing (MCP41X1 only)

» Resistor Network Terminal Disconnect Feature
via:

- Shutdown pin (SHDN)

- Terminal Control (TCON) Register
» Write Protect Feature: L

- Hardware Write Protect (WP) Control pin

- Software Write Protect (WP) Configuration bit
» Brown-out reset protection (1.5V typical)
« Serial Interface Inactive current (2.5 uA typical)
» High-Voltage Tolerant Digital Inputs: Up to 12.5V
» Supports Split Rail Applications
* Internal weak pull-up on all digital inputs
* Wide Operating Voltage:

- 2.7V t0 5.5V - Device Characteristics

Specified

- 1.8V to 5.5V - Device Operation
» Wide Bandwidth (-3dB) Operation:

- 2 MHz (typical) for 5.0 kQ device
+ Extended temperature range (-40°C to +125°C)

Description
The MCP41XX and MCP42XX devices offer a wide
range of product offerings using an SPI interface.
WiperLock Technology allows application-specific
calibration settings to be secured in the EEPROM.

Package Types (top view)

MCP41X1 MCP41X2
Single Potentiometer Single Rheostat
cso1 80 Vpp csof1 80 Vpp
SCKO2 t—70 POB SCK 2 70 SDO
SDI/SDO 0 3 gej POW sDIg3 & 60 POB
Vss 04 5[0 POA Vgg 04 %:SZIPOW
PDIP, SOIC, MSOP PDIP, SOIC, MSOP
CS[1:9 ... .i8|vpp CS[1:9. ... 18|Vpp
sck|2!: ep ;i7|POB  sCK[2l: Ep '7]SDO
sbispo{z:: 9 ‘iglpow spI[3:! 9 'i§|PoB
Vss|4: """ "I5]POA  Vsg[4: """ "i5|POW
3x3 DFN* 3x3 DFN*
MCP42X1 Dual Potentiometers >
n O |0
|(/) o0 |
O > nlun
cs o1 140 Vop ©16:15:14:13; |
SCK 02 13pSDO_SCK |1} ~-----. 12| WP
SDI O3 120 SHDN . Doy
Vssg4  11pwp  °D'j2r . EP . MINC
P1B Q5 10p POB  Vgg[3: . 17 . 10| POB
P1WE6§§—9 POW -
P1AO7 ghpoa Vssid tTTTToor 9| POW
5:16::7::8
PDIP, SOIC, TSSOP Dz < g
o T oo
4x4 QFN*
MCP42X2 Dual Rheostat
I 170 T
CSE1 10:|VDD cs 1 _____ “1:0 VDD
sScK g2 9pSDO SCK|32: - 19]sbo
spiO3 8poPoB S EP
Vgs 04 ghpow SDI|3:. 11 ,.8/POB
P1B O5-m —BAPIW Vg 4:1;'._ } _J[? POW
MSOP,DFN  PBlS: L6} PIW
3x3 DFN*
* Includes Exposed Thermal Pad (EP); see Table 3-1.
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MCP414X/416X/424X/426X

Device Block Diagram

Wiper1 (V & NV)

Vpp (> Eower-upi I»| Resistor
. | Brown-ou Network 0
Vss | Control | (Pot 0)
— | I\ arQ |
CS [»{ SPI Serial | | Wiper 0
SCK [ Interface | g;—?sct)e’\:
DI [ Module & 9
S | Control L — — — —
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r— — — —_— — n |(WiperLock™ || ,[Resistor
» Technolo
| WP [y ay) 4X‘L’| Network 1
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Device Features
@ — ol » X § g o Resistance (typical) @ v
. o Wiper £8/o8|35| == Wiper | & DD
Device | & Configuration |§ & £ 3| 3B Ras Opti ) Per| @ | Operating
° Ol |85 ow A Options (kQ) | -Rw | 6 | Range @
* = =g a Q@ | =
MCP4131®) | 1 [Potentiometer™ | SPI | RAM | No | Mid-Scale [5.0, 10.0,50.0, 100.0| 75 [129(1.8V to 5.5V
MCP4132) | 1 Rheostat SPI | RAM | No | Mid-Scale |5.0, 10.0,50.0, 100.0| 75 |129|1.8V to 5.5V
MCP4141 1 | Potentiometer( | SPI | EE | Yes | NV Wiper |5.0, 10.0, 50.0, 100.0| 75 |129|2.7V to 5.5V
MCP4142 1 Rheostat SPI| EE | Yes | NV Wiper |5.0,10.0,50.0,100.0| 75 [129]2.7V to 5.5V
MCP4151®) | 1 | Potentiometer(" | SPI | RAM | No | Mid-Scale |5.0, 10.0,50.0, 100.0| 75 |257|1.8V to 5.5V
MCP4152) | 1 Rheostat SPI | RAM | No | Mid-Scale |5.0, 10.0,50.0, 100.0| 75 |257|1.8V to5.5V
MCP4161 1 | Potentiometer( | SPI | EE | Yes | NV Wiper | 5.0, 10.0, 50.0, 100.0| 75 |257|2.7V to 5.5V
MCP4162 1 Rheostat SPI| EE | Yes | NV Wiper |5.0,10.0,50.0,100.0| 75 |257|2.7Vto5.5V
MCP4231©®) | 2 | Potentiometer(" | SPI | RAM | No | Mid-Scale |5.0, 10.0,50.0, 100.0| 75 |129|1.8V to 5.5V
MCP4232@) | 2 Rheostat SPI | RAM | No | Mid-Scale | 5.0, 10.0,50.0, 100.0| 75 |129|1.8V to 5.5V
MCP4241 2 | Potentiometer( | SPI | EE | Yes | NV Wiper |5.0, 10.0,50.0, 100.0| 75 [129|2.7V to 5.5V
MCP4242 | 2 Rheostat SPI| EE | Yes | NV Wiper |5.0,10.0,50.0,100.0| 75 |129|2.7Vto5.5V
MCP4251@) | 2 | Potentiometer( | SPI | RAM | No | Mid-Scale [5.0, 10.0, 50.0, 100.0| 75 |[257(1.8V to5.5V
MCP4252@) | 2 Rheostat SPI | RAM | No | Mid-Scale | 5.0, 10.0,50.0, 100.0| 75 |257|1.8V to 5.5V
MCP4261 2 | Potentiometer( | SPI | EE | Yes | NV Wiper |5.0, 10.0,50.0, 100.0| 75 |[257|2.7Vto 5.5V
MCP4262 | 2 Rheostat SPI| EE | Yes | NV Wiper |5.0,10.0,50.0,100.0| 75 |257|2.7Vto5.5V
Note 1: Floating either terminal (A or B) allows the device to be used as a Rheostat (variable resistor).

2: Analog characteristics only tested from 2.7V to 5.5V unless otherwise noted.
3: Please check Microchip web site for device release and availability
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MCP414X/416X/424X/426X

1.0 ELECTRICAL
CHARACTERISTICS

Absolute Maximum Ratings 1

Voltage on Vpp with respect to Vgg ........ue. -0.6V to +7.0V
Voltage on CS, SCK, SDI, SDI/SDO, WP, and

SHDN with respect to Vgg _-0.6Vto 12.5V
Voltage on all other pins (PxA, P: , and

SDO) with respect to Vgg -0.3V to Vpp + 0.3V
Input clamp current, I,

(V| <0, V| > VDD’ V| > Vpp ON HV pins) ...................... +20 mA
Output clamp current, Ik

(Vo <00r Vo > VpD) eoveeerieieieiniesie e 120 mA
Maximum output current sunk by any Output pin
...................................................................................... 25 mA
Maximum output current sourced by any Output pin
...................................................................................... 25 mA
Maximum current out of Vgg pin ... 100 mA
Maximum current into Vpp pin ..o ....100 mA
Maximum current into PxA, PXW & PxB pins ............ +2.5 mA
Storage temperature ...........cccocoiiiiinieninens -65°C to +150°C

Ambient temperature with power applied

Total power dissipation (Note 1) ...........ccccoceevinienene 400 mW
Soldering temperature of leads (10 seconds)............. +300°C
ESD protection on all pins ........cccooeeveirenennee >4 kV (HBM),

. >300V (MM)

Note 1: Power dissipation is calculated as follows:

t Notice: Stresses above those listed under “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.

Pais = Vpp X {lpp - 2 lon} + 2 {(Vpp-Von) X lon} + 2(Voy x lor)

© 2008 Microchip Technology Inc.
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MCP414X/416X/424X/426X

AC/DC CHARACTERISTICS
Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < Tp £ +125°C (extended)
DC Characteristics All parameters apply across the specified operating ranges unless noted.
Vpp = *+2.7V t0 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.
Typical specifications represent values for Vpp = 5.5V, Tp = +25°C.
Parameters Sym Min Typ Max Units Conditions
Supply Voltage Vop 27 — 5.5 \Y
1.8 — 2.7 \% Serial Interface only.

CS, SDI, SDO, Vv Vss — 12.5V V. [Vpp= |The CS pin will be at one

SCK, WP, SHDN 4.5V | of three input levels

pin Voltage Range Vss _ Vpp + vV Vpp < (Vi Vg or Vign)- (Note 6)

8.0V 4.5V

VDD Start Voltage VBoR — — 1.65 \Y RAM retention voltage (Vkram) < VeoRr

to ensure Wiper

Reset

VDD Rise Rate to VDDRR (Note 9) Vims

ensure Power-on

Reset

Delay after device TeoRrD — 10 20 us

exits the reset

state

(Vop > Veor)

Supply Current Iop — — 450 MA Serial Interface Active,

(Note 10) Vpp =5.5V, CS =V, SCK @ 5 MHz,
write all Q’s to volatile Wiper 0 (address
0Oh)

— — 1 mA | EE Write Current,
VDD =55V, CS= V||_, SCK @ 5 MHZ,
write all O’s to non-volatile Wiper 0
(address 2h)
— 2.5 5 WA | Serial Interface Inactive,
CS= VlH’ VDD =55V
— 0.55 1 mA | Serial Interface Active,
VDD = 55V, CS= VIHH’
SCK @ 5 MHz,
decrement non-volatile Wiper 0
(address 2h)
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.
3:  MCP4XX1 only.
4: MCP4XX2 only, includes Vyzsg and Vyygsg.
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.

8: The MCP4XX1 is externally connected to match the configurations of the MCP41X2 and MCP42X2, and

then tested.

9: POR/BOR is not rate dependent.

10: Supply current is independent of current through the resistor network

DS22059B-page 4
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MCP414X/416X/424X/426X

AC/DC CHARACTERISTICS (CONTINUED)

DC Characteristics

Standard Operating Conditions (unless otherwise specified)
Operating Temperature

—40°C < Tp < +125°C (extended)

All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V to 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters Sym Min Typ Max Units Conditions
Resistance Rag 4.0 5 6.0 kQ -502 devices (Note 1)
(£20%) 8.0 10 12.0 kQ |-103 devices (Note 1)
40.0 50 60.0 kQ |-503 devices (Note 1)
80.0 100 120.0 kQ |-104 devices (Note 1)
Resolution N 257 Taps | 8-bit No Missing Codes
129 Taps | 7-bit No Missing Codes
Step Resistance Rs — Rag/ — Q 8-bit Note 6
(256)
— RAB / — Q 7-bit Note 6
(128)
Nominal IRago - Rag1l — 0.2 1.25 % MCP42X1 devices only
Resistance Match / Rag
[Rewo - Rew1l — 0.25 1.5 % MCP42X2 devices only,
/ Rgw Code = Full-Scale
Wiper Resistance Rw — 75 160 Q Vpp =5.5V, lyy =2.0 mA, code = 00h
(Note 3, Note 4) — 75 300 Q |Vpp=27V, Iy =2.0mA, code = 00h
Nominal ARpR/AT — 50 — ppm/°C | T =-20°C to +70°C
Resistance — 100 — ppm/°C | T =-40°C to +85°C
Tempco - z -
— 150 — ppm/°C | Ty = -40°C to +125°C
Ratiometeric AV\we/AT — 15 — ppm/°C | Code = Midscale (80h or 40h)
Tempco
Resistor Terminal VaVw Ve Vss — Vbp \ Note 5, Note 6
Input Voltage
Range (Terminals
A, B and W)
Maximum current Iw — — 2.5 mA Note 6, Worst case current through
through A, W or B wiper when wiper is either Full-Scale or
Zero Scale.
Leakage current hwi — 100 — nA | MCP4XX1 PxA = PxW = PxB = Vgg
into A, Wor B — 100 — nA | MCP4XX2 PxB = PxW = Vgg
Note 1: Resistance is defined as the resistance between terminal A to terminal B.

Noeahebd

temperature.

8: The MCP4XX1 is externally connected to match the configurations of the MCP41X2 and MCP42X2, and
then tested.

9: POR/BOR is not rate dependent.

INL and DNL are measured at V\y with V5 = Vpp and Vg = Vgs.
MCP4XX1 only.
MCP4XX2 only, includes V\yzse and Vyyrsg.

Resistor terminals A, W and B’s polarity with respect to each other is not restricted.
This specification by design.
Non-linearity is affected by wiper resistance (Ryy), which changes significantly over voltage and

10: Supply current is independent of current through the resistor network

© 2008 Microchip Technology Inc.

DS22059B-page 5



MCP414X/416X/424X/426X

AC/DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < Tp < +125°C (extended)

DC Characteristics All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V to 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters Sym Min Typ Max Units Conditions
Full-Scale Error VivFSE 6.0 -0.1 — LSb |5kQ [8-bit 3.0V <Vpp<5.5V
(MCP4XX1 only) -4.0 -0.1 — LSb 7-bit 3.0V < Vpp < 5.5V
(180-(t)>l|1t‘code - 35 | -0 — LSb |10kQ |8-bit |3.0V < Vpp <55V
7-bit code = 80h) 2.0 -0.1 — LSb 7-bit |3.0V < Vpp < 5.5V

-0.8 -0.1 — LSb [50kQ |[8-bit 3.0V <Vpp<5.5V
05 -0.1 — LSb 7-bit |3.0V < Vpp < 5.5V
-0.5 -0.1 — LSb |100kQ [8-bit 3.0V < Vpp < 5.5V
-0.5 -0.1 — LSb 7-bit |3.0V < Vpp < 5.5V
Zero-Scale Error Vwzse — +0.1 +6.0 LSb [5kQ |[8-bit |3.0V<Vpp<5.5V
(MCP4XX1 only) — +0.1 | +30 | LSb 7-bit 3.0V < Vpp < 5.5V
%?t'tczzie:o%?g‘ — +01 | +35 | LSb |10kQ |8-bit |3.0V <Vpp < 5.5V
— +01 | +20 | LSb 7-bit |3.0V < Vpp < 5.5V
— +01 | +08 | LSb [50kQ |8-bit 3.0V <Vpp<55V
— +01 | +05 | LSb 7-bit |3.0V < Vpp < 5.5V
— +0.1 | +05 | LSb [100kQ |8-bit |3.0V <Vpp < 5.5V
— +01 | +05 | LSb 7-bit |3.0V < Vpp < 5.5V
Potentiometer INL -1 +0.5 +1 LSb |8-bit [3.0V<Vpp<55V
Integral 05 +0.25 +05 LSb | 7-bit MCP4XX1 devices only
Non-linearity (Note 2)
Potentiometer DNL 05 | #0.25 | +05 | LSb |8bit |[3.0V<Vpp<55V
Differential -0.25 +0.125 | +0.25 LSb |7-bit MCP4XX1 devices only
Non-linearity (Note 2)
Bandwidth -3 dB BW — 2 — MHz [5kQ [8-bit [Code = 80h
(See Figure 2-58, — 2 — | MHz 7-bit | Code = 40h
load = 30 pF) — 1 — | MHz [10kQ [8bit |Code = 80h
— 1 — MHz 7-bit | Code = 40h
— 200 — kHz [50kQ |8-bit |Code = 80h
— 200 — kHz 7-bit | Code = 40h
— 100 — kHz |100 kQ |8-bit | Code = 80h
— 100 — kHz 7-bit | Code = 40h

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

INL and DNL are measured at Vyy with V = Vpp and Vg = Vgg.

MCP4XX1 only.

MCP4XX2 only, includes V\zsg and V\ygsg-

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

This specification by design.

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

8: The MCP4XX1 is externally connected to match the configurations of the MCP41X2 and MCP42X2, and
then tested.

9: POR/BOR is not rate dependent.
10: Supply current is independent of current through the resistor network

Noaghed
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MCP414X/416X/424X/426X

AC/DC CHARACTERISTICS (CONTINUED)

DC Characteristics

Standard Operating Conditions (unless otherwise specified)
Operating Temperature

—40°C < Tp < +125°C (extended)

All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V to 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters Sym Min Typ Max Units Conditions
Rheostat Integral R-INL -1.5 +0.5 +1.5 LSb |[5kQ |8-bit |5.5V, Iy =900 pA
Non-linearity 825 | +45 | +825 | LSb 3.0V, Iy = 480 pA
MCP41X1 (Note 7)

(Note 4, Note 8) . _
MCP4XX2 -1.125 0.5 +1.125 LSb 7-bit | 5.5V, Iy, =900 pA
devices only -6.0 +4.5 +6.0 LSb 3.0V, lyy =480 pA
(Note 4) (Note 7)
-1.5 +0.5 +1.5 LSb [10kQ |8-bit |5.5V, Iy =450 pA
-5.5 +2.5 +5.5 LSb 3.0V, lyy = 240 pA
(Note 7)
-1.125 +0.5 +1.125 LSb 7-bit | 5.5V, Iy =450 pA
-4.0 +2.5 +4.0 LSb 3.0V, lyy =240 pA
(Note 7)
-1.5 +0.5 +1.5 LSb |50 kQ |8-bit |5.5V, Iy =90 pA
-2.0 +1 +2.0 LSb 3.0V, lyy = 48 pA
(Note 7)
-1.125 +0.5 +1.125 LSb 7-bit | 5.5V, lyy =90 pA
-1.5 +1 +1.5 LSb 3.0V, Iy =48 pA
(Note 7)
-1.0 +0.5 +1.0 LSb 100 kQ|8-bit |5.5V, lyy =45 pA
-1.5 +0.25 +1.5 LSb 3.0V, lyy = 24 pA
(Note 7)
-0.8 +0.5 +0.8 LSb 7-bit | 5.5V, Iy =45 pA
-1.125 +0.25 | +1.125 LSb 3.0V, lyy = 24 pA
(Note 7)
Note 1: Resistance is defined as the resistance between terminal A to terminal B.

Noahoebd

9: POR/BOR is not rate dependent.
10: Supply current is independent of current through the resistor network

INL and DNL are measured at V\y with V5 = Vpp and Vg = Vgg.
MCP4XX1 only.
MCP4XX2 only, includes Vyyzse and Vyyrsg.

Resistor terminals A, W and B’s polarity with respect to each other is not restricted.
This specification by design.
Non-linearity is affected by wiper resistance (Ryy), which changes significantly over voltage and
temperature.

8: The MCP4XX1 is externally connected to match the configurations of the MCP41X2 and MCP42X2, and
then tested.

© 2008 Microchip Technology Inc.
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MCP414X/416X/424X/426X

AC/DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < Tp < +125°C (extended)
DC Characteristics All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V to 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.
Parameters Sym Min Typ Max Units Conditions
Rheostat R-DNL -0.5 10.25 +0.5 LSb |5kQ 8-bit | 5.5V, Iy =900 pA
Differential -1.0 +05 | +1.0 LSb 3.0V (Note 7)
,’:‘n%nl;m‘;"’;”ty -0.375 | +0.25 | +0.375 | LSb 7-bit | 5.5V, Iy = 900 pA
(Note 4, Note 8) -0.75 +0.5 +0.75 LSb 3.0V (Note 7)
:\jﬂCP4XX2I 0.5 +0.25 | +0.5 LSb [10kQ |[8-bit |5.5V, Iy =450 pA
(ﬁ“;'t‘;ez)on y 1.0 | +025 | +1.0 | LSb 3.0V (Note 7)
-0.375 | +0.25 | +0.375 LSb 7-bit | 5.5V, lyy = 450 pA
-0.75 +0.5 +0.75 LSb 3.0V (Note 7)
-0.5 +0.25 +0.5 LSb |50 kQ |8-bit 5.5V, Iy, =90 pA
-0.5 +0.25 +0.5 LSb 3.0V (Note 7)
-0.375 +0.25 | +0.375 LSb 7-bit | 5.5V, Iy =90 pA
-0.375 | +0.25 | +0.375 LSb 3.0V (Note 7)
-0.5 +0.25 +0.5 LSb 100 kQ|8-bit |5.5V, lyy =45 pA
-0.5 +0.25 +0.5 LSb 3.0V (Note 7)
-0.375 +0.25 | +0.375 LSb 7-bit | 5.5V, lyy =45 pA
-0.375 | +0.25 | +0.375 LSb 3.0V (Note 7)
Capacitance (Pp) Caw — 75 — pF f=1 MHz, Code = Full-Scale
Capacitance (P,) Cw — 120 — pF f =1 MHz, Code = Full-Scale
Capacitance (Pg) Cew — 75 — pF f =1 MHz, Code = Full-Scale

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 = Vgg.
MCP4XX1 only.
MCP4XX2 only, includes Vyyzsg and Vygsg.
Resistor terminals A, W and B’s polarity with respect to each other is not restricted.
This specification by design.
Non-linearity is affected by wiper resistance (Ryy), which changes significantly over voltage and
temperature.

8: The MCP4XX1 is externally connected to match the configurations of the MCP41X2 and MCP42X2, and
then tested.

9: POR/BOR is not rate dependent.
10: Supply current is independent of current through the resistor network

Noaghrw
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MCP414X/416X/424X/426X

AC/DC CHARACTERISTICS (CONTINUED)

DC Characteristics

Standard Operating Conditions (unless otherwise specified)

Operating Temperature

—40°C < Tp < +125°C (extended)

All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V to 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters

Sym

Min ‘ Typ | Max |Units‘

Conditions

Digital Inputs/Outputs (CS, SDI, SDO, SCK, WP, SHDN)

Schmitt Trigger Viy 0.45 Vpp — — \ 2.7V <Vpp <5.5V
High Input (Allows 2.7V Digital Vpp with
Threshold 5V Analog Vpp)

0.5 Vpp . — \Y 1.8V < Vpp £2.7V
Schmitt Trigger Vi — — 0.2Vpp \Y
Low Input
Threshold
Hysteresis of Vhvs — 0.1Vpp — \Y
Schmitt Trigger
Inputs
High Voltage Input VIHH 8.5 — 12.5 (6 Vv Threshold for WiperLock™ Technology
Entry Voltage
High Voltage Input VIHH — — Vpp + \Y
Exit Voltage 0.8V ©)
High Voltage Limit VMax — — | 1250 V  [Pin can tolerate Vjyax or less.
OUtpUt Low VOL VSS — 0'3VDD Vv lOL =5mA, VDD =55V
Voltage (SDO) Vss — |03Vpp| V  |loL=1mA Vpp=18V
OUtpUt ngh VOH 0'7VDD — VDD \Y lOH =-2.5mA, VDD =5.5V
Voltage (SDO) 0.7Vpp | — Vpb V. |lgL=-1mA, Vpp = 1.8V
Weak Pull-up / Ipy — — 1.75 mA  |Internal Vpp pull-up, V,yy pull-down,
Pull-down Current Vpp = 5.5V, Vgg = 12.5V

— 170 — WA | CS pin, Vpp = 5.5V, Vg = 3V

CS Pull-up / Res — 16 — kQ |Vpp=5.5V, Vgg =3V
Pull-down
Resistance
Input Leakage I -1 — 1 MA  |V|N=VppandV|y=Vsgs
Current
Pin Capacitance Cin: Cout — 10 — pF  |fc=20 MHz

Note 1:

2: INL and DNL are measured at Vyy with Vo = Vpp and Vg = Vgs.

Noag R

MCP4XX1 only.
MCP4XX2 only, includes Vyyzsg and Vygsg.
Resistor terminals A, W and B’s polarity with respect to each other is not restricted.
This specification by design.
Non-linearity is affected by wiper resistance (Ryy), which changes significantly over voltage and

temperature.

8: The MCP4XX1 is externally connected to match the configurations of the MCP41X2 and MCP42X2, and
then tested.

9: POR/BOR is not rate dependent.
10: Supply current is independent of current through the resistor network

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

© 2008 Microchip Technology Inc.
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MCP414X/416X/424X/426X

AC/DC CHARACTERISTICS (CONTINUED)

DC Characteristics

Standard Operating Conditions (unless otherwise specified)
Operating Temperature

—40°C < Tp < +125°C (extended)

All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V to 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters Sym Min ‘ Typ | Max | Units ‘ Conditions
RAM (Wiper) Value
Value Range N Oh — 1FFh hex | 8-bit device
Oh — 1FFh hex | 7-bit device
EEPROM
Endurance Endurance — ™ — Cycles
EEPROM Range N Oh — 1FFh hex
Initial Factory N 80h hex | 8-bit WiperLock Technology = Off
Setting 40h hex |7-bit |WiperLock Technology = Off
EEPROM Pro- twe — 5 10 ms
gramming Write
Cycle Time
Power Requirements
Power Supply PSS — 0.0015 | 0.0035 %/% | 8-bit Vpp =2.7V 1o 5.5V,
Sensitivity Vp = 2.7V, Code = 80h
(MCP41X2 and — 100015 | 0.0035 | %/% |7-bit |Vpp=2.7Vto5.5V,
MCP42X2 only) Vj = 2.7V, Code = 40h

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

Noeahebd

temperature.
8: The MCP4XX1 is externally connected to match the configurations of the MCP41X2 and MCP42X2, and

then tested.
9: POR/BOR is not rate dependent.

INL and DNL are measured at V\y with V5 = Vpp and Vg = Vgg.
MCP4XX1 only.
MCP4XX2 only, includes V\yzse and Vyyrsg.

Resistor terminals A, W and B’s polarity with respect to each other is not restricted.
This specification by design.
Non-linearity is affected by wiper resistance (Ryy), which changes significantly over voltage and

10: Supply current is independent of current through the resistor network

DS22059B-page 10
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MCP414X/416X/424X/426X

1.1 SPI Mode Timing Waveforms and Requirements

(C
v ViHH J) \ Vi 4:
cs . Vi SS /L |\—

-~ 70— 72—

SCK . M :
) | O f 83—
.71 B |
80! £ & |
e g (@ —
SDO —CK | MSb X BIT6 - 22 -1 >< LSb :E
: . 75,76 77
SDI : : BIT6 - -2-1 LSb IN )
L. T4
FIGURE 1-1: SPI Timing Waveform (Mode = 11).
TABLE 1-1: SPI REQUIREMENTS (MODE = 11)
# Characteristic Symbol Min Max | Units Conditions
SCK Input Frequency Fsck — 10 | MHz |Vpp =2.7V to 5.5V
— 1 | MHz |Vpp=1.8Vto 2.7V
70 | CS Active (VL or Vjun) to SCKT input TesA2scH 60 — ns
71 | SCKinput high time TscH 45 — ns |Vpp=2.7Vto5.5V
500 — ns |Vpp=1.8Vto27V
72 | SCKinput low time TscL 45 — ns |Vpp=2.7Vto5.5V
500 — ns |Vpp=1.8Vto27V
73 | Setup time of SDI input to SCKT edge TpIV2scH 10 — ns
74 | Hold time of SDI input from SCKT edge TscH2DIL 20 — ns
77 | CS Inactive (V;) to SDO output hi-impedance TcsH2D0oZ — 50 ns |Note 1
80 |SDO data output valid after SCK{ edge TscL2DoV — 70 ns |Vpp=2.7Vto5.5V
170 | ns |Vpp=1.8Vto2.7V
83 | CS Inactive (V) after SCKT edge TscH2csl 100 — ns |Vpp=2.7Vto5.5V
1 ms |Vpp=1.8Vto2.7V
84 | Hold time of CS Inactive (Vi) to TesA2csl 50 — ns
CS Active (V_or Vigy)

Note 1: This specification by design.

© 2008 Microchip Technology Inc. DS22059B-page 11



MCP414X/416X/424X/426X

(C

VIH/é | Vian )) | /7
T 7

SCK

SDO 4{ MSb ': X BIIT6---§-§--1§ X LSb >< | E
- : Do ' '

Sbl BIT6---Qf LSb IN
L4
FIGURE 1-2: SPI Timing Waveform (Mode = 00).

TABLE 1-2: SPI REQUIREMENTS (MODE = 00)

# Characteristic Symbol Min Max | Units Conditions
SCK Input Frequency Fsck — 10 | MHz |Vpp =2.7V to 5.5V
— 1 MHz |Vpp =1.8Vto 2.7V
70 | CS Active (V) or Vi) to SCKT input TcsA2scH 60 — ns
71 | SCKinput high time TscH 45 — ns |Vpp=2.7Vto5.5V
500 — ns |Vpp=1.8Vto2.7V
72 | SCKinput low time TscL 45 — ns |Vpp=2.7Vto5.5V
500 — ns |Vpp=1.8Vto27V
73 | Setup time of SDI input to SCKT edge TDIV2scH 10 — ns
74 | Hold time of SDI input from SCKT edge TscH2DIL 20 — ns
77 | CS Inactive (V)n) to SDO output hi-impedance TcsH2D0Z — 50 ns |Note 1
80 |SDO data output valid after SCK{ edge TscL2poV — 70 ns |Vpp=2.7Vto5.5V
170 | ns |Vpp=1.8Vto2.7V
82 | SDO data output valid after TssL2doV — 70 ns
CS Active (V_or Vigy)
83 |CS Inactive (Vin) after SCK{ edge TscH2csl 100 — ns |Vpp=2.7Vto5.5V
1 ms |Vpp=1.8Vt02.7V
84 |Hold time of CS Inactive (V) to TesA2csl 50 — ns
CS Active (V||_ or VIHH)

Note 1: This specification by design.

DS22059B-page 12 © 2008 Microchip Technology Inc.



MCP414X/416X/424X/426X

TABLE 1-3:  SPIREQUIREMENTS FOR SDI/SDO MULTIPLEXED (READ OPERATION ONLY) (2

Characteristic Symbol Min Max | Units Conditions
SCK Input Frequency Fsck — 250 | kHz |Vpp=2.7V to 5.5V
CS Active (VL or Viyn) to SCKT input TcsA2scH 60 — ns
SCK input high time TscH 1.8 — us
SCKinput low time TscL 1.8 — ns
Setup time of SDI input to SCKT edge TbpIV2scH 40 — ns
Hold time of SDI input from SCKT edge TscH2DIL 40 — ns
CS Inactive (V) to SDO output hi-impedance TesH2D0OZ — 50 ns |Note 1
SDO data output valid after SCK{ edge TscL2DoV — 1.6 us
SDO data output valid after TssL2doV — 50 ns
CS Active (V,_or Vign)
CS Inactive (Vi) after SCK{ edge TscH2csl 100 — ns
Hold time of CS Inactive (Vi) to TesA2csl 50 — ns
CS Active (V) or Vigy)

Note 1: This specification by design
2: This table is for the devices where the SPI's SDI and SDO pins are multiplexed (SDI/SDO) and a Read
command is issued. This is NOT required for SDI/SDO operation with the Increment, Decrement, or Write
commands. This data rate can be increased by having external pull-up resistors to increase the rising
edges of each bit.

© 2008 Microchip Technology Inc. DS22059B-page 13



MCP414X/416X/424X/426X

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, 8L.-MSOP 0,a — 211 — °C/IW
Thermal Resistance, 8L-PDIP 0,a — 89.3 — °C/W
Thermal Resistance, 8L-SOIC 0a — 149.5 — °C/W
Thermal Resistance, 8L-DFN (3x3) CETN — 60 — °C/W
Thermal Resistance, 10L-DFN (3x3) 0,a — 57 — °C/W
Thermal Resistance, 10L-MSOP 0,a — 202 — °C/W
Thermal Resistance, 14L-PDIP 0,a — 70 — °C/IW
Thermal Resistance, 14L-SOIC 0,a — 95.3 — °C/W
Thermal Resistance, 14L-TSSOP 0,a — 100 — °C/W
Thermal Resistance, 16L-QFN CETN — 43 — °C/IW

DS22059B-page 14
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MCP414X/416X/424X/426X

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.

650 5

—~-2.7V -40°C

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

< 600 3, 57vasec >

S 550 3 27vasec =

g 500 5 27v125°C

= 450 § 55V -40°C

= 400 1|55V 25C

5 323 3 --5.5v85°C i

£ 3g0 §—S5sV125°C =

% 250 £

2 200 -

£ 150 | % | —

g 100 1 ]

8§ 501 =—
0 S I L L L L L L
0.00 200 4.00 6.00 8.00 10.00 12.00

fsck (MHz)
FIGURE 2-1: Device Current (Ipp) vs. SPI

Frequency (fsck) and Ambient Temperature
(Vpp=2.7V and 5.5V).
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FIGURE 2-4: CS Pull-up/Pull-down

Resistance (Rgg) and Current (fgg) vs. CS Input
Voltage (Vigg) (Vpp = 5.5V).
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FIGURE 2-2: Device Current (Isypp) and

Vpp. (CS = Vpp) vs. Ambient Temperature.
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FIGURE 2-3: Write Current (lyriTe) vS.
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FIGURE 2-5: CS High Input Entry/Exit

Threshold vs. Ambient Temperature and Vpp.
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MCP414X/416X/424X/426X

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

120 —mm 0.3
—--40CRw —25CRw -+=85CRw -125CRw
r |=-40CINL —<-25CINL —+85CINL —+125CINL
-~ -40C DNL 25C DN 85C DN 125C DNL
3 00 | 7O -ssc 0.2
= INL
8 Ny } \,;’ 01 5
£ 80 TP 4‘ )
c 0 v
BE i LANMAYE 0 =
rr \ - 0 b i 2 % 2 | S S
3% g0 ~ e
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~ -0.1 W
[
= \
s 40 asec  -40°C 25°C Rw -0.2
L
20 & L. -0.3

0 32 64 96 128 160 192 224 256
Wiper Setting (decimal)

FIGURE 2-6: 5 kQ Pot Mode — Ry, (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V).
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FIGURE 2-9: 5 kQ Rheo Mode — Ry, (©2),

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

FIGURE 2-7: 5 kQ Pot Mode — Ry, (©2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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FIGURE 2-10: 5 kQ Rheo Mode — Ry, (©2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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FIGURE 2-8: 5 k@ — Nominal Resistance

(Q2) vs. Ambient Temperature and Vpp.

FIGURE 2-11: 5 k22— Ryg () vs. Wiper
Setting and Ambient Temperature.
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MCP414X/416X/424X/426X

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

K saving to C./3k_dec_Ip? bmp

image

b saving to G/t inc 2T mp |

image

FIGURE 2-12: 5 k2 — Low-Voltage
Decrement Wiper Settling Time (Vpp=2.7V)
(1 us/Div).

b saving to G/ dec pSbmn |

=

FIGURE 2-13: 5 k2 — Low-Voltage
Decrement Wiper Settling Time (Vpp = 5.5V)
(1 us/Div).

"
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FIGURE 2-14: 5 kQ — Power-Up Wiper
Response Time (20 ms/Div).

FIGURE 2-15:

5 kQ — Low-Voltage

Increment Wiper Settling Time (Vpp=2.7V)

(1 us/Div).
SRR, T RS
Df“ I
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FIGURE 2-16:

5 kQ — Low-Voltage

Increment Wiper Settling Time (Vpp = 5.5V)

(1 us/Div).
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MCP414X/416X/424X/426X

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-17: 10 k2 Pot Mode — Ry (€2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V).
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FIGURE 2-18: 10 k2 Pot Mode — Ry (),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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FIGURE 2-20: 10 k2 Rheo Mode — Ry (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V).
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FIGURE 2-21: 10 k2 Rheo Mode — Ry, (©),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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FIGURE 2-19: 10 kQ2— Nominal Resistance
(Q2) vs. Ambient Temperature and Vpp.

FIGURE 2-22: 10 k2 — Ry (©2) vs. Wiper
Setting and Ambient Temperature.
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MCP414X/416X/424X/426X

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-23: 10 k2 — Low-Voltage
Decrement Wiper Settling Time (Vpp =2.7V)
(1 us/Div).
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FIGURE 2-24: 10 k22 — Low-Voltage
Decrement Wiper Settling Time (Vpp = 5.5V)
(1 us/Div).

FIGURE 2-25: 10 k@ — Low-Voltage
Increment Wiper Settling Time (Vpp =2.7V)
(1 us/Div).
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FIGURE 2-26: 10 k2 — Low-Voltage
Increment Wiper Settling Time (Vpp = 5.5V)
(1 us/Div).
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-27: 50 k@ Pot Mode — Ry (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V).
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FIGURE 2-30: 50 k@2 Rheo Mode — Ry (©2),

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

FIGURE 2-28: 50 k@ Pot Mode — Ry (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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FIGURE 2-31: 50 k2 Rheo Mode — Ry, (€2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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FIGURE 2-29: 50 kQ2— Nominal Resistance

(Q2) vs. Ambient Temperature and Vpp.

FIGURE 2-32: 50 k@2 - Ry (©2) vs. Wiper
Setting and Ambient Temperature.
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MCP414X/416X/424X/426X

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-35: 50 kQ — Low-Voltage
Increment Wiper Settling Time (Vpp=2.7V)

FIGURE 2-33: 50 k2 — Low-Voltage
Decrement Wiper Settling Time (Vpp=2.7V)
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FIGURE 2-34: 50 k@ — Low-Voltage FIGURE 2-36: 50 k@ — Low-Voltage
Decrement Wiper Settling Time (Vpp = 5.5V) Increment Wiper Settling Time (Vpp = 5.5V)
(1 us/Div). (1 us/Div).
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MCP414X/416X/424X/426X

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-37: 100 k2 Pot Mode — Ry (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V).
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FIGURE 2-40: 100 k2 Rheo Mode — Ry,

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

FIGURE 2-38: 100 kQ Pot Mode — Ry, (2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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FIGURE 2-41: 100 k@2 Rheo Mode — Ry,

(9), INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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MCP414X/416X/424X/426X

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-43: 100 k2 — Low-Voltage
Decrement Wiper Settling Time (Vpp=2.7V)
(1 us/Div).
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FIGURE 2-44: 100 k2 — Low-Voltage
Decrement Wiper Settling Time (Vpp = 5.5V)
(1 us/Div).

FIGURE 2-45: 100 kQ — Power-Up Wiper
Response Time (1 us/Div).

FIGURE 2-46: 100 k2 — Low-Voltage
Increment Wiper Settling Time (Vpp=2.7V)
(1 us/Div).
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MCP414X/416X/424X/426X

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-47: Resistor Network 0 to
Resistor Network 1 Rag (5 k€2) Mismatch vs. Vpp
and Temperature.
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FIGURE 2-49: Resistor Network 0 fo
Resistor Network 1 Rpg (50 k) Mismatch vs.
Vpp and Temperature.
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FIGURE 2-48: Resistor Network 0 to
Resistor Network 1 Ryg (10 k2) Mismatch vs.
Vpp and Temperature.

FIGURE 2-50: Resistor Network 0 to
Resistor Network 1 Rug (100 kQ) Mismatch vs.
Vpp and Temperature.
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MCP414X/416X/424X/426X

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-51: V) (SDI, SCK, CS, WP, and

SHDN) vs. Vpp and Temperature.
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