MicrocHIP MCP413X/415X/423X/425X

7/8-Bit Single/Dual SPI Digital POT with 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°Cto 70°C)
- Ratiometric (Potentiometer): 15 ppm typical
» SPI Serial Interface (10 MHz, modes 0,0 & 1,1)
- High-Speed Read/Writes to wiper registers
- SDI/SDO multiplexing (MCP41X1 only)

» Resistor Network Terminal Disconnect Feature
via:

- Shutdown pin (SHDN)
- Terminal Control (TCON) Register
» 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 to 5.5V - Device Characteristics
Specified
- 1.8V to 5.5V - Device Operation
» Wide Bandwidth (-3 dB) 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. This
family of devices support 7-bit and 8-bit resistor
networks, and Potentiometer and Rheostat pinouts.

Package Types (top view)

MCP41X1 MCP41X2
Single Potentiometer Single Rheostat
csd1 80 Vpp cso1 80 Vpp
SCKO2 70 POB SCKO2 70 SDO
SDI/Sbo O 3 56] POW sSDIO3 60 POB
Vss 4 50 POA Vgg 04 %:SZIPOW
PDIP, SOIC, MSOP PDIP, SOIC, MSOP
CS[1:9 ___.'8|Vpp CS[1:C___ . i8]Vpp
SCK|2i' Ep '17]|POB SCK[2!' EP :i7|SDO
sbuspoj3:' 9 iglpow spI[3:! 9 'i§|PoB
Vss|4: "~ TI5|POA  Vggl4: T T i5|POW
3x3 DFN* 3x3 DFN*
MCP42X1 Dual Potentiometers >
a ‘D
[72] o QI
O > nlun
Cs o1 140 Vop ©16:15:14:13; |
SCK 02 130 SDO_SCK[1} - -----. 12| WP
sSDI 03 120 SHDN 5o Lo
Vesdd  11pbwp  OoDM2r. EP NG
P1Bd5 10p POB  Vgg[3: . 17 1 40| POB
P1WE6§§—9 POW A b e i TE
P1AO7 gnpoa Vssid tTTToor .91 POW
5678
PDIP, SOIC, TSSOP Dz <<
o g acg
4x4 QFN*
MCP42X2 Dual Rheostat
— csl1' o 0
cs o1 108Vpp cs 1 - “110 Voo
ScK 02 9pSDO SCK|2: - 19]SDO
sDIO3 80 POB R =
Vss 04 ghpow SDI}3:, ¢1 ..8]/P0B
P1BO5-m —BOPIW Vggl4:! - - _17]|POW
MSOP, DFN P1B|5: 6] PIW
x3 DFN*
* Includes Exposed Thermal Pad (EP); see Table 3-1.
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MCP413X/415X/423X/425X

Device Block Diagram

r— - - — — — — 1
Vpp ¥ Power-up/ | p Resistor e—<«—{] POA
Vss [» Brown-out Network 0
¥ Control | (Pot 0) |
_ [ <“>o o] POW
CS [ SPI Serial | | Wiper O |
SCK [—» Interface | ge;rg?s(t)e,\: |
,| Module & o— <] POB
SbI L+ Control Lo 1
SDO [l«— Logic F——— = = = — = = - - —_— =
r—— - — n | (WiperLock™ |'_ . ! «—] P1A |
»| Technolo —x—l—r Resistor
[ NC Ly 9y) [, | Network 1 |
| SHDN [J-» I| (Pot 1) | I
IFor Dual Potentiometer | i || _\IViBe_rq - Ml L P1w |
Devices Only || Memory (4x9) II & TCON | |
- T T 7T 7 7 T|wiper0 | | Register . ¢ o]
|Wipert | lo — — — — . = __ a P1B |
TCON [ [
STATUS For Dual Resistor Network
| Devices Only [
L — — — — — —m — = = L - — — 4
Device Features
Xx > = Resistance (typical
2 582,88 &o typteal) |2
. ] Wiper °&8lcg|S95| == : 2 DD
Device o Confi i EtlES T 2 ] Wiper | & | Operating
% | Configuration S g 2F 2§ g 3 Rag Options (kQ) | -Ry | 5 | Range @
3 £ Se a Q) | *
MCP4131 ) | 1 |PotentiometerM | SPI | RAM | No | Mid-Scale | 5.0, 10.0, 50.0, 100.0| 75 [1291.8V to 5.5V
MCP41323) | 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 to 5.5V
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|2.7V to 5.5V
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(2.7V to 5.5V
MCP4251 @) | 2 | Potentiometer(" | SPI | RAM | No | Mid-Scale |5.0, 10.0, 50.0, 100.0| 75 |257|1.8V to 5.5V
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 |2.7V to 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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MCP413X/415X/423X/425X

1.0 ELECTRICAL
CHARACTERISTICS

Absolute Maximum Ratings t

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

SHDN with respect to Vgg
Voltage on all other pins (PxA, P:
SDO) with respect to Vgg
Input clamp current, I,

-0.6V to 12.5V
,and
-0.3V to Vpp + 0.3V

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

(Vo <0 0r Vo > VpD) ceoveeerieieieieesie e +20 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 ...........cccoooiiiiinienieens -65°C to +150°C

Ambient temperature with power applied

Total power dissipation (Note 1) ..........ccccceevierieennen. 400 mW
Soldering temperature of leads (10 seconds)............. +300°C
ESD protection on all pins ........cccoeeiirierrnnne >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.

Pdis = VDD x {IDD - ¥ IoH} + X {(VDD-VOH) x loH} + > (VoI x loL)

© 2008 Microchip Technology Inc.
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MCP413X/415X/423X/425X

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, Ty = +25°C.
Parameters Sym Min Typ Max Units Conditions
Supply Voltage Vpp 2.7 — 5.5 \%
1.8 — 27 \Y Serial Interface only.

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

SCK, SHDN pin 4.5V | of three input levels

Voltage Range Vss _ Vpp + Vv Vpp < (Vi ViH or Vigh)- (Note 6)

8.0V 4.5V

Vpp Start Voltage VBOR — — 1.65 \Y RAM retention voltage (Vram) < VBor

to ensure Wiper

Reset

Vpp Rise Rate to VDDRR (Note 9) Vims

ensure Power-on

Reset

Delay after device TBORD — 10 20 bs

exits the reset

state

(Vbb > VeoRr)

Supply Current Iop — — 450 MA Serial Interface Active,

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

— 2.5 5 MA Serial Interface Inactive,
CS= VlH’ VDD =55V
— 0.55 1 mA Serial Interface Active,
VDD = 55V, CS= VIHH!
SCK @ 5 MHz,
decrement volatile Wiper 0 (address Oh)
Note 1: Resistance is defined as the resistance between terminal A to terminal B.
2: INL and DNL are measured at Vyy with Vo = 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 (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.

DS22060B-page 4
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MCP413X/415X/423X/425X

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 Ras 4.0 5 6.0 kQ |-502 devices (Note 1)
(x20%) 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)
— Rag/ — Q 7-bit Note 6
(128)
Nominal IRaBo - Ras1l — 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,ly=2.0mA, code = 00h
Nominal ARpR/AT — 50 — ppm/°C | Tp =-20°C to +70°C
Resistance — 100 — | ppm/°C | T = -40°C to +85°C
Tempco — 150 — | ppmi°C [ Tp = -40°C to +125°C
Ratiometeric AVye/AT — 15 — ppm/°C | Code = Midscale (80h or 40h)
Tempco
Resistor Terminal VaVw Ve Vss — Vpp \Y, Note 5, Note 6
Input Voltage
Range (Terminals
A, B and W)
Maximum current I — — 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 e — 100 — nA | MCP4XX1 PxA = PxW = PxB = Vgg
into A, WorB — 100 — nA | MCP4XX2 PxB = PxW = Vgg
Note 1: Resistance is defined as the resistance between terminal A to terminal B.

R

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 Vyzsg and Vyygsg.

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.
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MCP413X/415X/423X/425X

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 VWFSE -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
g%g;:‘c"de - -35 -0.1 — 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 |50 kQ |8-bit |3.0V <Vpp<5.5V
-0.5 -0.1 — LSb 7-bit | 3.0V < Vpp <5.5V
-0.5 -0.1 — LSb [100 kQ | 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 +3.0 LSb 7-bit [3.0V < Vpp < 5.5V
giti’t'tc‘;%‘lez‘o%%';’ — +0.1 | +35 | LSb |10k [Bbit [3.0V<Vpp<55V
— +0.1 +2.0 LSb 7-bit [ 3.0V < Vpp <5.5V
— +0.1 +0.8 LSb |50kQ |8-bit |3.0V <Vpp<5.5V
— +0.1 +0.5 LSb 7-bit | 3.0V <Vpp <5.5V
— +0.1 +0.5 LSb [100 kQ | 8-bit | 3.0V < Vpp < 5.5V
— +0.1 +0.5 LSb 7-bit [ 3.0V < Vpp <5.5V
Potentiometer INL -1 0.5 +1 LSb |8-bit |3.0V<Vpp<5.5V
Integral -0.5 +0.25 +0.5 LSb | 7-bit MCP4XX1 devices only
Non-linearity (Note 2)
Potentiometer DNL -0.5 $0.25 +0.5 LSb |8-bit [3.0V<Vpp<5.5V
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 2-64, — 2 — MHz 7-bit | Code = 40h
load = 30 pF) — 1 — | MHz [10kQ |8-bit | 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 V\y, with V5 = Vpp and Vg = Vgs.

MCP4XX1 only.

MCP4XX2 only, includes Vyyzsg and Vyygse.

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.

NoeaghRwbd
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MCP413X/415X/423X/425X

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, lyy =900 pA
Non-linearity -8.25 +45 | +8.25 | LSb 3.0V, lyy = 480 pA
MCP41X1 (Note 7)
e e Section 2.0 1.8V
devices only -1.125 0.5 +1.125 LSb 7-bit | 5.5V, lyy =900 pA
(Note 4) -6.0 +4.5 +6.0 LSb 3.0V, lyy =480 pA

(Note 7)
Section 2.0 1.8V
-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)
Section 2.0 1.8V
-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)
Section 2.0 1.8V
-1.5 0.5 +1.5 LSb |50kQ |8-bit |5.5V, Iy =90 pA
-2.0 +1 +2.0 LSb 3.0V, lyy =48 pA
(Note 7)
Section 2.0 1.8V
-1.125 +0.5 +1.125 LSb 7-bit | 5.5V, lyy =90 pA
-1.5 +1 +1.5 LSb 3.0V, lyy = 48 pA
(Note 7)
Section 2.0 1.8V
-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, Iy =24 pA
(Note 7)
Section 2.0 1.8V
-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)
Section 2.0 1.8v
Note 1: Resistance is defined as the resistance between terminal A to terminal B.
2: INL and DNL are measured at Vyy with Vo = Vpp and Vg = Vgs.
3:  MCP4XX1 only.
4: MCP4XX2 only, includes Vyzse and Viyrse.
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.

© 2008 Microchip Technology Inc.
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MCP413X/415X/423X/425X

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 t0 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, lyy =900 pA
Differential 1.0 +0.5 | +1.0 | LSb 3.0V (Note 7)
I\NncénF-,I‘;r;e);anty Section 2.0 1.8V
(Note 4, Note 8) -0.375 | +0.25 | +0.375 LSb 7-bit | 5.5V, lyy =900 pA
MCP4XX2 -0.75 +0.5 +0.75 LSb 3.0V (Note 7)
devices only Section 2.0 1.8V
(Note 4) 05 | $0.25 | +0.5 | LSb |10kQ |8-bit |5.5V, ly = 450 pA
-1.0 +0.25 +1.0 LSb 3.0V (Note 7)
Section 2.0 1.8V
-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)
Section 2.0 1.8V
-0.5 +0.25 +0.5 LSb |50 kQ |8-bit | 5.5V, lyy =90 pA
-0.5 10.25 +0.5 LSb 3.0V (Note 7)
Section 2.0 1.8V
-0.375 | +0.25 | +0.375 LSb 7-bit | 5.5V, lyy =90 pA
-0.375 | +0.25 | +0.375 LSb 3.0V (Note 7)
Section 2.0 1.8V
-0.5 10.25 +0.5 LSb 100 kQ | 8-bit | 5.5V, lyy =45 pA
-0.5 10.25 +0.5 LSb 3.0V (Note 7)
Section 2.0 1.8V
-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)
1.8V
Capacitance (Pp) Caw — 75 — pF f =1 MHz, Code = Full-Scale
Capacitance (P,) Cw — 120 — pF  |f=1MHz, 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 Vyy with Vo = Vpp and Vg = Vgg.
MCP4XX1 only.
MCP4XX2 only, includes Vyzsg and Vyygsg.
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.

AR
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MCP413X/415X/423X/425X

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
Digital Inputs/Outputs (CS, SDI, SDO, SCK, SHDN)
Schmitt Trigger VIH 0.45 Vpp — — \Y, 2.7V <Vpp £5.5V
High Input (Allows 2.7V Digital Vpp with
Threshold 5V Analog Vpp)
0.5Vpp — — \Y 1.8V <Vpp 2.7V
Schmitt Trigger Vi — — 0.2Vpp \
Low Input
Threshold
Hysteresis of Vhys — 0.1Vpp — \Y
Schmitt Trigger
Inputs
High Voltage Limit VMAX — — 12.5 (6) \Y Pin can tolerate V) ax or less.
OUtpUt Low VOL VSS — O'SVDD \Y lOL =5 mA, VDD =55V
Voltage (SDO) Vss — 1 0.3Vpp V. |loL=1mA, Vpp = 1.8V
OUtpUt ngh VOH 0'7VDD — VDD \Y lOH =-25 mA, VDD =5.5V
Voltage (SDO) 0.7Vpp — Vop V. |lgL=-1mA, Vpp = 1.8V
Weak Pull-up / Ipy — — 1.75 mA | Internal Vpp pull-up, V 4y pull-down,
Pull-down Current Vpp =5.5V, Vgg = 12.5V
— 170 — BA | CS pin, Vpp = 5.5V, Vgg = 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=Vss
Current
Pin Capacitance Ciny Cout — 10 — pF fc =20 MHz
RAM (Wiper) Value
Value Range N Oh — 1FFh hex | 8-bit device
Oh — 1FFh hex |7-bit device
POR/BOR Value N — 80h — hex |8-bit device
— 40h — hex |7-bit device
Note 1: Resistance is defined as the resistance between terminal A to terminal B.
2: INL and DNL are measured at Vyy with Vo = Vpp and Vg = Vgg.
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.
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MCP413X/415X/423X/425X

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
Power Requirements
Power Supply PSS — 0.0015 | 0.0035 %/% | 8-bit Vpp =2.7Vto 5.5V,
Sensitivity Vp = 2.7V, Code = 80h
(MCP41X2 and — 0.0015 | 0.0035 | %/% |7-bit |Vpp=2.7Vto5.5V,
MCP42X2 only) V, = 2.7V, Code = 40h

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.

MCP4XX1 only.

MCP4XX2 only, includes Vyzsg and Vyygsg.

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

NoeaRrw

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.

DS22060B-page 10
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MCP413X/415X/423X/425X

1.1 SPI Mode Timing Waveforms and Requirements

(C
Vin Vi Y \\ Vin /7
cSs Xr . Vi (« /L N

SCK

= C
SDO —< K MSb X BIT6 22 ---1 >< LSb :}
o ) -
: 77
i ; w
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 Viun) 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 TcsH2DoZ — 50 ns |Note1
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 =1.8Vt0 2.7V
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. DS22060B-page 11



MCP413X/415X/423X/425X
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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.

DS22060B-page 12 © 2008 Microchip Technology Inc.




MCP413X/415X/423X/425X

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

Characteristic Symbol Min Max | Units Conditions
SCK Input Frequency Fsck — 250 | kHz |Vpp=2.7Vto 5.5V
CS Active (VL or Vign) 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 TcsH2D0Z — 50 ns |Note1
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.
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MCP413X/415X/423X/425X

TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, Vpp = +2.7V to +5.5V, Vg5 = 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-DFN (3x3) 0,a — 84.5 — °C/W
Thermal Resistance, 8L.-MSOP CRTN — 211 — °C/IW
Thermal Resistance, 8L-PDIP 0,a — 89.3 — °C/W
Thermal Resistance, 8L-SOIC 0,a — 149.5 — °C/W
Thermal Resistance, 10L-DFN (3x3) CRTN — 57 — °C/W
Thermal Resistance, 10L-MSOP 0,a — 211 — °C/W
Thermal Resistance, 14L-PDIP 0,a — 70 — °C/W
Thermal Resistance, 14L-SOIC CRTN — 95.3 — °C/IW
Thermal Resistance, 14L-TSSOP 0,a — 100 — °C/W
Thermal Resistance, 16L-QFN CITN — 47 — °C/IW

DS22060B-page 14
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MCP413X/415X/423X/425X

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.

ggg I[~-2.7v -a0°C /
3-=2.7v25°C
550 3 27vssc
500 4 2.7v 125°C
450 3| -+ 5.5V -40°C
400 3|55V 25°C
350 3| 5.5V 85°C P
300 d—ssvi2s°c]
50 |

250 3
03

200 3
150 J

0.00 200 400 6.00 8.00 10.00 12.00
fsck (MHz)

100 3

Operating Current (I pp) (MA)

N\

FIGURE 2-1: Device Current (Ipp) vs. SPI
Frequency (fsck) and Ambient Temperature
(Vpp = 2.7V and 5.5V).
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FIGURE 2-2: Device Current (Igypy) and
Vpp. (CS = Vpp) vs. Ambient Temperature.

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-3: CS Pull-up/Pull-down

Resistance (Rgg) and Current (Icg) vs. CS Input
Voltage (Vgs) (Vpp = 5.5V).
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FIGURE 2-4: CS High Input Entry/Exit
Threshold vs. Ambient Temperature and Vpp.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-5; 5 k2 Pot Mode — Ry (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V).
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FIGURE 2-6: 5 k92 Pot Mode — Ry (),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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Note: Refer to AN1080 for additional informa-
tion on the characteristics of the wiper
resistance (Ry) with respect to device
voltage and wiper setting value.

FIGURE 2-7: 5 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: 5 k2 Rheo Mode — Ry (€2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V).
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FIGURE 2-9: 5 k2 Rheo Mode — Ry (),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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Note: Refer to AN1080 for additional informa-
tion on the characteristics of the wiper
resistance (Ry) with respect to device
voltage and wiper setting value.

FIGURE 2-10: 5 k@2 Rheo Mode — Ry (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 1.8V).
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MCP413X/415X/423X/425X

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-11: 5 k@2 — Nominal Resistance FIGURE 2-12: 5 k2 - Ryp () vs. Wiper
(£2) vs. Ambient Temperature and Vpp. Setting and Ambient Temperature.

© 2008 Microchip Technology Inc. DS22060B-page 17



MCP413X/415X/423X/425X

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

Tk

b saving to G/ dec pSbmn |

=

Tk

oo B

-— = b saving to G/ inc. Spsimo |

=

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

FIGURE 2-16: 5 k@ - Low-Voltage
Increment Wiper Settling Time (Vpp = 5.5V)
(1 ps/Div).
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FIGURE 2-14: 5 k2 - Low-Voltage
Decrement Wiper Settling Time (Vpp = 2.7V)
(1 ps/Div).
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FIGURE 2-15: 5 kQ - Power-Up Wiper
Response Time (20 ms/Div).

FIGURE 2-17: 5 k2 - Low-Voltage
Increment Wiper Settling Time (Vpp = 2.7V)
(1 ps/Div).
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.

120 7 0.3
—~--40CRw —=-25CRw —=-85CRw —=-125CRw | ]
—_ [|=-40CINL —-25CINL —85CINL —125CINL | §
2 -40C DNL 25C DNL 85C DNL 125CDNL| 1 (0.2
™ 100 ‘ ]
@ DNL 101 =
S5 80 | ?
= e i 1LY =
o £ 0 <
3L 60 £
x 101w
S 4 ‘
s 25°c -40°C 1 -0.2
s 125°C g5°C ‘ ‘ Rw
e | 03
0 25 50 75 100125150175 200 225 250
Wiper Setting (decimal)
FIGURE 2-18: 10 k2 Pot Mode — Ry (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V).
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FIGURE 2-19: 10 k@2 Pot Mode — Ry (£),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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FIGURE 2-21: 10 k2Rheo Mode — Ry (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and

Ambient Temperature (Vpp = 5.5V).
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Note:  Refer to AN1080 for additional informa-
tion on the characteristics of the wiper
resistance (Ry) with respect to device
voltage and wiper setting value.

FIGURE 2-20: 10 k2 Pot Mode — Ry (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 1.8V).
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FIGURE 2-22: 10 k©2Rheo Mode — Ry (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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Note: Refer to AN1080 for additional informa-
tion on the characteristics of the wiper
resistance (Ry) with respect to device
voltage and wiper setting value.

FIGURE 2-23: 10 k2Rheo Mode — Ry (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and

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: 10 k22— Nominal Resistance FIGURE 2-25: 10 k2 - Ryyg (£2) vs. Wiper
(£2) 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: 10 k2 - Low-Voltage
Decrement Wiper Settling Time (Vpp = 5.5V)
(1 us/Div).

FIGURE 2-28: 10 k2 - Low-Voltage
Increment Wiper Settling Time (Vpp = 5.5V)
(1 ps/Div).
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FIGURE 2-27: 10 k2 - Low-Voltage
Decrement Wiper Settling Time (Vpp = 2.7V)
(1 ps/Div).

FIGURE 2-29: 10 k2 - Low-Voltage
Increment Wiper Settling Time (Vpp = 2.7V)
(1 ps/Div).
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-30: 50 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: 50 k2 Pot Mode — Ryy (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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Note: Refer to AN1080 for additional informa-
tion on the characteristics of the wiper
resistance (Ry) with respect to device
voltage and wiper setting value.

FIGURE 2-32: 50 k2 Pot Mode — Ryy (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 1.8V).
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FIGURE 2-33: 50 k2Rheo Mode — Ry (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V).
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FIGURE 2-34.: 50 k2Rheo Mode — Ry, (£2),
W

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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Note: Refer to AN1080 for additional informa-
tion on the characteristics of the wiper
resistance (Ry) with respect to device
voltage and wiper setting value.

FIGURE 2-35: 50 k2Rheo Mode — Ryy (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
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 2-36: 50 k2— Nominal Resistance FIGURE 2-37: 50 k22— Ryp (£2) vs. Wiper
(£2) 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: 50 k@2 - Low-Voltage

Decrement Wiper Settling Time (Vpp = 5.5V)
(1 us/Div).

Tk

FIGURE 2-39: 50 k2 - Low-Voltage
Decrement Wiper Settling Time (Vpp = 2.7V)
(1 ps/Div).

FIGURE 2-40:

50 k- Low-Voltage

Increment Wiper Settling Time (Vpp = 5.5V)

(1 ps/Div).
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FIGURE 2-41:

50 k2 - Low-Voltage

Increment Wiper Settling Time (Vpp = 2.7V)

(1 ps/Div).
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-42: 100 k2 Pot Mode — Ry (€2, FIGURE 2-45: 100 k2 Rheo Mode — Ry,

INL (LSb), DNL (LSb) vs. Wiper Setting and (€9, INL (LSb), DNL (LSb) vs. Wiper Setting and

Ambient Temperature (Vpp = 5.5V).

Ambient Temperature (Vpp = 5.5V).
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FIGURE 2-43: 100 k2 Pot Mode — Ry (£2), FIGURE 2-46: 100 k2 Rheo Mode — Ry,

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).

(€2, INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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Note:  Refer to AN1080 for additional informa- Note:  Refer to AN1080 for additional informa-
tion on the characteristics of the wiper tion on the characteristics of the wiper
resistance (Ry) with respect to device resistance (Ry) with respect to device
voltage and wiper setting value. voltage and wiper setting value.

FIGURE 2-44. 100 k2 Pot Mode — Ry (€2, FIGURE 2-47: 100 k2 Rheo Mode — Ry,

INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 1.8V).

(€9, INL (LSb), DNL (LSb) vs. Wiper Setting and
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: 100 k22— Nominal FIGURE 2-49: 100 k22— Ryg (£2) vs. Wiper
Resistance (£2) vs. Ambient Temperature and Setting and Ambient Temperature.
VDD.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-50: 100 k2 - Low-Voltage FIGURE 2-52: 100 k2 - Low-Voltage
Decrement Wiper Settling Time (Vpp = 5.5V) Increment Wiper Settling Time (Vpp = 2.7V)
(1 us/Div). (1 ps/Div).
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FIGURE 2-51: 100 k@2 - Low-Voltage FIGURE 2-53: 100 k@2 - Power-Up Wiper
Decrement Wiper Settling Time (Vpp = 2.7V) Response Time (1 us/Div).

(1 ps/Div).
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-54: Resistor Network 0 to
Resistor Network 1 Rag (5 k) Mismatch vs. Vpp
and Temperature.
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FIGURE 2-55: Resistor Network 0 to

Resistor Network 1 Rag (10 k£2) Mismatch vs.
Vpp and Temperature.

FIGURE 2-56: Resistor Network 0 to
Resistor Network 1 Rag (50 k) Mismatch vs.
Vpp and Temperature.
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FIGURE 2-57: Resistor Network 0 to
Resistor Network 1 Rag (100 k£2) Mismatch vs.
Vpp and Temperature.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-58: V|4 (SDI, SCK, CS, and FIGURE 2-60: loy (SDO) vs. Vpp and
SHDN) vs. Vpp and Temperature. Temperature.
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FIGURE 2-59: VL (SDI, SCK, @, and FIGURE 2-61: loL (SDO) vs. Vpp and
SHDN) vs. Vpp and Temperature. Temperature.
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Note: Unless otherwise indicated, Tp = +25°C,

Vpp = 5V, Vgg = OV.

2.1 Test Circuits
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FIGURE 2-62: POR/BOR Trip pointvs. Vpp
and Temperature.
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FIGURE 2-63: SCK Input Frequency vs.

Voltage and Temperature.
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FIGURE 2-64: -3 db Gain vs. Frequency
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3.0

PIN DESCRIPTIONS

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

Additional descriptions of the device pins follows.

TABLE 3-1: PINOUT DESCRIPTION FOR THE MCP413X/415X/423X/425X
Pin
Single Dual Weak _
Rheo |Pot " | Rheo Pot Symbol | 1/0 '?r‘;f;‘;’ ::\LI,;,U(%/) Standard Function
8L 8L 10L | 14L | 16L
1 1 1 1 16 |CS I HV w/ST | “smart” | SPI Chip Select Input
2 2 2 2 1 SCK I HV w/ST | “smart” | SPI Clock Input
— 2 SDI I HV w/ST | “smart” | SPI Serial Data Input
— 3 — — — | SDI/SDO I/O | HV w/ST | “smart” | SPI Serial Data Input/Output
(Note 1, Note 3)
4 4 4 3,4 |Vss — P — Ground
— — 5 5 P1B A Analog No Potentiometer 1 Terminal B
— — 6 6 P1W A Analog No Potentiometer 1 Wiper Terminal
— — — 7 7 P1A A Analog No Potentiometer 1 Terminal A
— 5 — 8 8 POA A Analog No Potentiometer 0 Terminal A
5 6 7 9 9 POW A Analog No Potentiometer 0 Wiper Terminal
6 7 8 10 10 |POB A Analog No Potentiometer O Terminal B
— | =] =] 12 13 | SHDN | | HV w/ST | “smart’ |Hardware Shutdown
7 — 9 13 14 |SDO o @] No SPI Serial Data Out
8 8 10 14 15 | Vpp — P — Positive Power Supply Input
— — — 1 11,12 |NC — — — No Connection
9 9 11 — 17 |EP — — — Exposed Pad (Note 4)
Legend: HV w/ST = High Voltage tolerant input (with Schmidtt trigger input)
A = Analog pins (Potentiometer terminals) | = digital input (high Z)
O = digital output 1/0 = Input / Output
P = Power
Note 1: The 8-lead Single Potentiometer devices are pin limited so the SDO pin is multiplexed with the SDI pin

(SDI/SDO pin). After the Address/Command (first 6-bits) are received, If a valid Read command has been
requested, the SDO pin starts driving the requested read data onto the SDI/SDO pin.

The pin’s “smart” pull-up shuts off while the pin is forced low. This is done to reduce the standby and
shutdown current.

The SDO is an open drain output, which uses the internal “smart” pull-up. The SDI input data rate can be
at the maximum SPI frequency. the SDO output data rate will be limited by the “speed” of the pull-up,
customers can increase the rate with external pull-up resistors.

The DFN and QFN packages have a contact on the bottom of the package. This contact is conductively
connected to the die substrate, and therefore should be unconnected or connected to the same ground as
the device’s Vgg pin.

© 2008 Microchip Technology Inc.
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3.1 Chip Select (CS)

The CS pin is the serial interface’s chip select input.
Forcing the CS pin to V| _enables the serial commands.
Forcing the CS pin to V|44 enables the high-voltage
serial commands.

3.2 Serial Data In (SDI)

The SDI pin is the serial interfaces Serial Data In pin.
This pin is connected to the Host Controllers SDO pin.

3.3 Serial Data In / Serial Data Out
(SDI/SDO)

On the MCP41X1 devices, pin-out limitations do not
allow for individual SDI and SDO pins. On these
devices, the SDI and SDO pins are multiplexed.

The MCP41X1 serial interface knows when the pin
needs to change from being an input (SDI) to being an
output (SDO). The Host Controller's SDO pin must be
properly protected from a drive conflict.

3.4  Ground (Vgg)

The Vgg pin is the device ground reference.

3.5 Potentiometer Terminal B

The terminal B pin is connected to the internal
potentiometer’s terminal B.

The potentiometer’s terminal B is the fixed connection
to the Zero Scale wiper value of the digital
potentiometer. This corresponds to a wiper value of
0x00 for both 7-bit and 8-bit devices.

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.

MCP42XX devices have two terminal B pins, one for
each resistor network.

3.6 Potentiometer Wiper (W) Terminal

The terminal W pin is connected to the internal
potentiometer’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
MCP42XX devices have two terminal W pins, one for
each resistor network.

3.7 Potentiometer Terminal A

The terminal A pin is available on the MCP4XX1
devices, and is connected to the internal
potentiometer’s terminal A.

The potentiometer’s terminal A is the fixed connection
to the Full-Scale wiper value of the digital
potentiometer. This corresponds to a wiper value of
0x100 for 8-bit devices or 0x80 for 7-bit 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 Vgg and Vpp.

The terminal A pin is not available on the MCP4XX2
devices, and the internally terminal A signal is floating.

MCP42X1 devices have two terminal A pins, one for
each resistor network.

3.8  Shutdown (SHDN)

The SHDN pin is used to force the resistor network
terminals into the hardware shutdown state.

3.9 Serial Data Out (SDO)

The SDO pin is the serial interfaces Serial Data Out pin.
This pin is connected to the Host Controllers SDI pin.

This pin allows the Host Controller to read the digital
potentiometers registers, or monitor the state of the
command error bit.

3.10 Positive Power Supply Input (Vpp)

The Vpp pin is the device’s positive power supply input.
The input power supply is relative to Vgs.

While the device Vpp < Vpin (2.7V), the electrical
performance of the device may not meet the data sheet
specifications.

3.11  No Connection (NC)

These pins are not internally connected and should be
either connected to Vpp or Vgg to reduce possible
noise coupling.

3.12 Exposed Pad (EP)

This pad is conductively connected to the device's
substrate. This pad should be tied to the same potential
as the Vgg pin (or left unconnected). This pad could be
used to assist as a heat sink for the device when
connected to a PCB heat sink.
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40 FUNCTIONAL OVERVIEW

This Data Sheet covers a family of thirty-two Digital
Potentiometer and Rheostat devices that will be
referred to as MCP4XXX. The MCP4XX1 devices are
the Potentiometer configuration, while the MCP4XX2
devices are the Rheostat configuration.

As the Device Block Diagram shows, there are four
main functional blocks. These are:

* POR/BOR Operation
* Memory Map

* Resistor Network

« Serial Interface (SPI)

The POR/BOR operation and the Memory Map are
discussed in this section and the Resistor Network and
SPI operation are described in their own sections. The
Device Commands commands are discussed in
Section 7.0.

4.1 POR/BOR Operation

The Power-on Reset is the case where the device is
having power applied to it from Vgg. The Brown-out
Reset occurs when a device had power applied to it,
and that power (voltage) drops below the specified
range.

The devices RAM retention voltage (Vram) is lower
than the POR/BOR voltage trip point (Vpor/VeoRr)- The
maximum Vpor/Veor Voltage is less then 1.8V.

When Vpor/Veor < Vpp < 2.7V, the electrical
performance may not meet the data sheet
specifications. In this region, the device is capable of
incrementing, decrementing, reading and writing to its
volatile memory if the proper serial command is
executed.

411 POWER-ON RESET

When the device powers up, the device Vpp will cross
the Vpor/VgoR voltage. Once the Vpp voltage crosses
the Vpor/Veor voltage the following happens:

» Volatile wiper register is loaded with the default
wiper value

» The TCON register is loaded it's default value

» The device is capable of digital operation

41.2 BROWN-OUT RESET

When the device powers down, the device Vpp will
cross the Vpor/VeoR Voltage.

Once the Vpp voltage decreases below the Vpor/Veor
voltage the following happens:

« Serial Interface is disabled

If the Vpp voltage decreases below the Vg voltage
the following happens:

» Volatile wiper registers may become corrupted

* TCON register may become corrupted

As the voltage recovers above the Vpor/VgoRr Voltage
see Section 4.1.1 “Power-on Reset”.

Serial commands not completed due to a brown-out
condition may cause the memory location to become
corrupted.

4.2 Memory Map

The device memory is 16 locations that are 9-bits wide
(16x9 bits). This memory space contains four volatile
locations (see Table 4-1).

TABLE 4-1: MEMORY MAP
Address Function Memory Type
00h Volatile Wiper 0 RAM
01h Volatile Wiper 1 RAM
02h Reserved —
03h Reserved —
04h Volatile TCON Register RAM
05h Status Register RAM
06h-OFh | Reserved —

421 VOLATILE MEMORY (RAM)
There are four Volatile Memory locations. These are:

» Volatile Wiper 0

» Volatile Wiper 1
(Dual Resistor Network devices only)

» Status Register
» Terminal Control (TCON) Register

The volatile memory starts functioning at the RAM
retention voltage (Vram)-

© 2008 Microchip Technology Inc.
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4211 Status (STATUS) Register The STATUS register is placed at Address 05h.

This register contains 5 status bits. These bits show the
state of the Shutdown bit. The STATUS register can be
accessed via the READ commands. Register 4-1
describes each STATUS register bit.

REGISTER 4-1: STATUS REGISTER

R-1 R-1 R-1 R-1 R-0 R-x R-x R-x R-x
D8:D5 RESV RESV RESV SHDN RESV
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 8-5 D8:D5: Reserved. Forced to “1”
bit 4-2 RESV: Reserved
bit 1 SHDN: Hardware Shutdown pin Status bit (Refer to Section 5.3 “Shutdown” for further information)

This bit indicates if the Hardware shutdown pin (SHDN) is low. A hardware shutdown disconnects the
Terminal A and forces the wiper (Terminal W) to Terminal B (see Figure 5-2). While the device is in Hard-
ware Shutdown (the SHDN pin is low) the serial interface is operational so the STATUS register may be
read.

1= MCP4XXX s in the Hardware Shutdown state

0= MCP4XXXis NOT in the Hardware Shutdown state

bit 0 RESV: Reserved
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421.2 Terminal Control (TCON) Register

This register contains 8 control bits. Four bits are for
Wiper 0, and four bits are for Wiper 1. Register 4-2
describes each bit of the TCON register.

The state of each resistor network terminal connection
is individually controlled. That is, each terminal
connection (A, B and W) can be individually connected/
disconnected from the resistor network. This allows the
system to minimize the currents through the digital
potentiometer.

The value that is written to this register will appear on
the resistor network terminals when the serial
command has completed.

On a POR/BOR this register is loaded with 1FFh
(9-bits), for all terminals connected. The Host
Controller needs to detect the POR/BOR event and
then update the Volatile TCON register value.
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REGISTER 4-2: TCON BITS (1:2)

R-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
D8 R1HW ‘ R1A | R1W R1B ROHW ROA ROW ROB

bit 8 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 8 D8: Reserved. Forced to “1”

bit 7 R1HW: Resistor 1 Hardware Configuration Control bit

This bit forces Resistor 1 into the “shutdown” configuration of the Hardware pin
1= Resistor 1is NOT forced to the hardware pin “shutdown” configuration
0 = Resistor 1 is forced to the hardware pin “shutdown” configuration

bit 6 R1A: Resistor 1 Terminal A (P1A pin) Connect Control bit

This bit connects/disconnects the Resistor 1 Terminal A to the Resistor 1 Network
1= P1A pinis connected to the Resistor 1 Network
0= P1A pinis disconnected from the Resistor 1 Network

bit 5 R1W: Resistor 1 Wiper (P1W pin) Connect Control bit

This bit connects/disconnects the Resistor 1 Wiper to the Resistor 1 Network
1= P1W pinis connected to the Resistor 1 Network
0= P1W pin is disconnected from the Resistor 1 Network

bit 4 R1B: Resistor 1 Terminal B (P1B pin) Connect Control bit

This bit connects/disconnects the Resistor 1 Terminal B to the Resistor 1 Network
1= P1B pinis connected to the Resistor 1 Network
0= P1B pin is disconnected from the Resistor 1 Network

bit 3 ROHW: Resistor 0 Hardware Configuration Control bit

This bit forces Resistor 0 into the “shutdown” configuration of the Hardware pin
1= Resistor 0 is NOT forced to the hardware pin “shutdown” configuration
0 = Resistor 0 is forced to the hardware pin “shutdown” configuration

bit 2 ROA: Resistor 0 Terminal A (POA pin) Connect Control bit

This bit connects/disconnects the Resistor 0 Terminal A to the Resistor 0 Network
1= POA pinis connected to the Resistor 0 Network
0 = POA pin is disconnected from the Resistor 0 Network

bit 1 ROW: Resistor 0 Wiper (POW pin) Connect Control bit

This bit connects/disconnects the Resistor 0 Wiper to the Resistor 0 Network
1= POW pin is connected to the Resistor 0 Network
0= POW pin is disconnected from the Resistor 0 Network

bit 0 ROB: Resistor 0 Terminal B (POB pin) Connect Control bit

This bit connects/disconnects the Resistor 0 Terminal B to the Resistor 0 Network
1= POB pin is connected to the Resistor 0 Network
0= POB pin is disconnected from the Resistor 0 Network

Note 1: The hardware SHDN pin (when active) overrides the state of these bits. When the SHDN pin returns to the
inactive state, the TCON register will control the state of the terminals. The SHDN pin does not modify the
state of the TCON bits.

2: These bits do not affect the wiper register values.
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5.0 RESISTOR NETWORK

The Resistor Network has either 7-bit or 8-bit
resolution. Each Resistor Network allows zero scale to
full-scale connections. Figure 5-1 shows a block
diagram for the resistive network of a device.

The Resistor Network is made up of several parts.
These include:

* Resistor Ladder
* Wiper
» Shutdown (Terminal Connections)

Devices have either one or two resistor networks,
These are referred to as Pot 0 and Pot 1.

A
‘ r riy=.,.1 r_—."1 1
| 8-Bit | | 7-Bit |
| 257 | | 128 |
A NV Toom  @on) |
rRe= | Rw T
[ | 1 |
[ 256 127 I
MWA— m 1@
| R, ' (FFh) " (7Fh) I
Rs> | ™ | | |
. 1 255 | | 126 |
l /W}q)'(FEh)' “7Eny @\ |
| Rw ' | | 1 | |
Rum 8
AB | I |1 I |
o E R R R R
: | [ | 1 | |
| A I 1 11 1 1 [
°
| [ 0 | 1 0 | [
v | /\/\/\/ 1 L1 I. I
' T"(00h) I T (00h) !
[ RW(1)|_(_)_| L(_)J |
[ [
® L _ _ _AmaogMux_ _ |
B

Note 1: The wiper resistance is dependent on

several factors including, wiper code,
device Vpp, Terminal voltages (on A, B,
and W), and temperature.
Also for the same conditions, each tap
selection resistance has a small variation.
This Ry variation has greater effects on
some specifications (such as INL) for the
smaller resistance devices (5.0 kQ)
compared to larger resistance devices
(100.0 kQ).

FIGURE 5-1: Resistor Block Diagram.

5.1 Resistor Ladder Module

The resistor ladder is a series of equal value resistors
(Rs) with a connection point (tap) between the two
resistors. The total number of resistors in the series
(ladder) determines the Rpg resistance (see
Figure 5-1). The end points of the resistor ladder are
connected to analog switches which are connected to
the device Terminal A and Terminal B pins. The Rpg
(and Rg) resistance has small variations over voltage
and temperature.

For an 8-bit device, there are 256 resistors in a string
between terminal A and terminal B. The wiper can be
set to tap onto any of these 256 resistors thus providing
257 possible settings (including terminal A and
terminal B).

For a 7-bit device, there are 128 resistors in a string
between terminal A and terminal B. The wiper can be
set to tap onto any of these 128 resistors thus providing
129 possible settings (including terminal A and
terminal B).

Equation 5-1 shows the calculation for the step
resistance.

EQUATION 5-1: Rg CALCULATION
Re = Rag 8-bit Device
S (256)
Ras . .
Rg = (128) 7-bit Device

© 2008 Microchip Technology Inc.
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5.2 Wiper

Each tap point (between the Rg resistors) is a
connection point for an analog switch. The opposite
side of the analog switch is connected to a common
signal which is connected to the Terminal W (Wiper)
pin.

A value in the volatile wiper register selects which
analog switch to close, connecting the W terminal to
the selected node of the resistor ladder.

The wiper can connect directly to Terminal B or to
Terminal A. A zero-scale connections, connects the
Terminal W (wiper) to Terminal B (wiper setting of
000h). A full-scale connections, connects the Terminal
W (wiper) to Terminal A (wiper setting of 100h or 80h).
In these configurations the only resistance between the
Terminal W and the other Terminal (A or B) is that of the
analog switches.

A wiper setting value greater than full-scale (wiper
setting of 100h for 8-bit device or 80h for 7-bit devices)
will also be a Full-Scale setting (Terminal W (wiper)
connected to Terminal A). Table 5-1 illustrates the full
wiper setting map.

Equation 5-2 illustrates the calculation used to deter-
mine the resistance between the wiper and terminal B.

EQUATION 5-2: Ryg CALCULATION
RAgN
we = (;586) +Ry 8-bit Device
N = 0 to 256 (decimal)
_ RagN 7-bit Device
we = (1og) " W
N =0 to 128 (decimal)
TABLE 5-1: VOLATILE WIPER VALUE VS.
WIPER POSITION MAP
Wiper Setting
Properties

7-bit Pot | 8-bit Pot

3FFh 3FFh | Reserved (Full-Scale (W = A)),
081h 101h  |Increment and Decrement
commands ignored

080h 100h |Full-Scale (W = A),

Increment commands ignored
07Fh OFFh |W=N

041h 081
040h 080h |W =N (Mid-Scale)
03Fh 07Fh [(W=N

001h 001
000h 000h | Zero Scale (W =B)
Decrement command ignored

A POR/BOR event will load the Volatile Wiper register
value with the default value. Table 5-2 shows the
default values offered. Custom POR/BOR options are
available. Contact the local Microchip Sales Office.

TABLE 5-2: DEFAULT FACTORY
SETTINGS SELECTION
(o)) -
8 _g g é Wiper Code
s Ss a3
B 0 a> 5P _ _
n O 2 2 8o 8-bit | 7-bit
& o 8 2
=
-502 5.0 kQ Mid-scale 80h 40h
-103 10.0 kQ Mid-scale 80h 40h
-503 50.0 kQ Mid-scale 80h 40h
-104 100.0 kQ Mid-scale 80h 40h
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5.3 Shutdown

Shutdown is used to minimize the device’s current
consumption. The MCP4XXX has two methods to
achieve this. These are:

» Hardware Shutdown Pin (SHDN)

» Terminal Control Register (TCON)

The Hardware Shutdown pin is backwards compatible
with the MCP42XXX devices.

5.3.1 HARDWARE SHUTDOWN PIN
(SHDN)

The SHDN pin is available on the dual potentiometer
devices. When the SHDN pin is forced active (V|.):

* The POA and P1A terminals are disconnected

* The POW and P1W terminals are simultaneously
connect to the POB and P1B terminals,
respectively (see Figure 5-2)

¢ The Serial Interface is NOT disabled, and all
Serial Interface activity is executed

The Hardware Shutdown pin mode does NOT corrupt
the values in the Volatile Wiper Registers nor the
TCON register. When the Shutdown mode is exited
(SHDN pin is inactive (V|y)):

» The device returns to the Wiper setting specified
by the Volatile Wiper value

* The TCON register bits return to controlling the
terminal connection state

532  TERMINAL CONTROL REGISTER
(TCON)

The Terminal Control (TCON) register is a volatile
register used to configure the connection of each
resistor network terminal pin (A, B, and W) to the
Resistor Network. This register is shown in
Register 4-2.

The RxHW bits forces the selected resistor network
into the same state as the SHDN pin. Alternate
low-power configurations may be achieved with the
RxA, RxW, and RxB bits.

Note: When the RxHW bit forces the resistor
network into the hardware SHDN state,
the state of the TCON register RxA, RxW,
and RxB bits is overridden (ignored).
When the state of the RxHW bit no longer
forces the resistor network into the hard-
ware SHDN state, the TCON register RxA,
RxW, and RxB bits return to controlling the
terminal connection state. In other words,
the RxHW bit does not corrupt the state of
the RxA, RxW, and RxB bits.

AR

Resistor Network

B

5.3.3 INTERACTION OF SHDN PIN AND
TCON REGISTER

Figure 5-3 shows how the SHDN pin signal and the
RxHW bit signal interact to control the hardware
shutdown of each resistor network (independently).
Using the TCON bits allows each resistor network (Pot
0 and Pot 1) to be individually “shutdown” while the
hardware pin forces both resistor networks to be “shut-
down” at the same time.

FIGURE 5-2: Hardware Shutdown
Resistor Network Configuration.

SHDN (from Qin}}

RxHW
(from TCON register)

To Pot x Hardware
Shutdown Control

FIGURE 5-3:
Interaction.

RxHW bit and SHDN pin

© 2008 Microchip Technology Inc.
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NOTES:
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6.0 SERIAL INTERFACE (SPI)

Typical SPI Interfaces are shown in Figure 6-1. In the
SPI interface, The Master’s Output pin is connected to

The MCP4XXX devices support the SPI serial protocol. the Slave’s Input pin and the Master’s Input pin is
This SPI operates in the slave mode (does not connected to the Slave’s Output pin.

generate the serial clock).

The MCP4XXX SPI's module supports two (of the four)

The SPI interface uses up to four pins. These are: standard SPI modes. These are Mode 0,0 and 1, 1.

+ CS - Chip Select

¢ SCK - Serial Clock

« SDI - Serial Data In

* SDO - Serial Data Out

The SPI mode is determined by the state of the SCK
pin (V|4 or V) on the when the CS pin transitions from
inactive (V) to active (V,_or Viyy).

All SPI interface signals are high-voltage tolerant.

Typical SPI Interface Connections

Host MCP4XXX
Controller SDO ( Master Out - Slave In (MOSI) ) .| SDI
SDI |, ( Master In - Slave Out (MISO) ) SDO
SCK .| SCK
1o M | cs
Typical MCP41X1 SPI Interface Connections (Host Controller Hardware SPI)
Host MCP41X1
Controller
SDI/SDO
SDO “«—> SDI
2
sl |, R,®
h SDO
SCK | SCK
1lo M cs

Y

Alternate MCP41X1 SPI Interface Connections (Host Controller Firmware SPI)

Host MCP41X1
Controller 1o . [SDI/SDO SDI
(SDO/SDI)
SDO
I/0 »|SCK
(SCK) g
oM Cs

implemented.

Note 1: If High voltage commands are desired, some type of external circuitry needs to be

2: R4 must be sized to ensure V_and V|y of the devices are met.

FIGURE 6-1: Typical SPI Interface Block Diagram.

© 2008 Microchip Technology Inc.
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6.1 SDI, SDO, SCK, and cs Operation

The operation of the four SPI interface pins are
discussed in this section. These pins are:

» SDI (Serial Data In)

» SDO (Serial Data Out)
* SCK (Serial Clock)

* CS (Chip Select)

The serial interface works on either 8-bit or 16-bit
boundaries depending on the selected command. The
Chip Select (CS) pin frames the SPI commands.

6.1.1 SERIAL DATA IN (SDI)

The Serial Data In (SDI) signal is the data signal into
the device. The value on this pin is latched on the rising
edge of the SCK signal.

6.1.2 SERIAL DATA OUT (SDO)

The Serial Data Out (SDO) signal is the data signal out
of the device. The value on this pin is driven on the
falling edge of the SCK signal.

Once the CS pin is forced to the active level (V) or
V\yn), the SDO pin will be driven. The state of the SDO
pin is determined by the serial bit's position in the
command, the command selected, and if there is a
command error state (CMDERR).

6.1.3 SDI/SDO
| Note: MCP41X1 Devices Only .

For device packages that do not have enough pins for
both an SDI and SDO pin, the SDI and SDO
functionality is multiplexed onto a single I/0 pin called
SDI/SDO.

The SDO will only be driven for the command error bit
(CMDERR) and during the data bits of a read command
(after the memory address and command has been
received).

6.1.3.1 SDI/SDO Operation

Figure 6-2 shows a block diagram of the SDI/SDO pin.
The SDI signal has an internal “smart” pull-up. The
value of this pull-up determines the frequency that data
can be read from the device. An external pull-up can be
added to the SDI/SDO pin to improve the rise time and
therefore improve the frequency that data can be read.

Note:  To support the High voltage requirement of
the SDI function, the SDO function is an
open drain output.

Data written on the SDI/SDO pin can be at the
maximum SPI frequency.

Note: Care must be take to ensure that a Drive
conflict does not exist between the Host
Controllers SDO pin (or software SDI/SDO
pin) and the MCP41x1 SDI/SDO pin (see
Figure 6-1).

On the falling edge of the SCK pin during the CO bit
(see Figure 7-1), the SDI/SDO pin will start outputting
the SDO value. The SDO signal overrides the control of
the smart pull-up, such that whenever the SDI/SDO pin
is outputting data, the smart pull-up is enabled.

The SDI/SDO pin will change from an input (SDI) to an
output (SDO) after the state machine has received the
Address and Command bits of the Command Byte. If
the command is a Read command, then the SDI/SDO
pin will remain an output for the remainder of the
command. For any other command, the SDI/SDO pin
returns to an input.

“smart” pull-up
SDI/SDO SDI
Open
Drain
Control SDO
Logic
FIGURE 6-2: Serial /0O Mux Block
Diagram.
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6.1.4 SERIAL CLOCK (SCK)
(SPI FREQUENCY OF OPERATION)

The SPl interface is specified to operate up to 10 MHz.
The actual clock rate depends on the configuration of
the system and the serial command used. Table 6-1
shows the SCK frequency for different configurations.

TABLE 6-1: SCK FREQUENCY
Command
Memory Type Access Write,
Read Increment,
Decrement
Volatile SDI, SDO 10 MHz 10 MHz
Memory sbIi/SDO™M [ 250 kHz @ | 10 MHz

Note 1: MCP41X1 devices only.

2: This is the maximum clock frequency
without an external pull-up resistor.

6.1.5 THE CS SIGNAL

The Chip Select (@) signal is used to select the device
and frame a command sequence. To start a command,
or sequence of commands, the CS signal must
transition from the inactive state (V|y) to an active state
(ViLor Vigw)-

After the CS signal has gone active, the SDO pin is
driven and the clock bit counter is reset.

Note: There is a required delay after the cs pin
goes active to the 1st edge of the SCK pin.

If an error condition occurs for an SPI command, then
the Command byte’s Command Error (CMDERR) bit
(on the SDO pin) will be driven low (V). To exit the
error condition, the user must take the CS pin to the V
level.

When the CS pin returns to the inactive state (V) the
SPI module resets (including the address pointer).
While the CS pin is in the inactive state (V|y), the serial
interface is ignored. This allows the Host Controller to
interface to other SPI devices using the same SDI,
SDO, and SCK signals.

The CS pin has an internal pull-up resistor. The resistor
is disabled when the voltage on the CS pin is at the V_
level. This means that when the CS pin is not driven,
the internal pull-up resistor will pull this signal to the V|
level. When the CS pin is driven low (V| ), the
resistance becomes very large to reduce the device
current consumption.

The high voltage capability of the [ pin allows
MCP413X/415X/423X/425X devices to be used in
systems previously designed for the MCP414X/416X/
424X/426X devices.

© 2008 Microchip Technology Inc.
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6.2 The SPI Modes

The SPI module supports two (of the four) standard SPI
modes. These are Mode 0,0 and 1,1. The mode is
determined by the state of the SDI pin on the rising
edge of the 1st clock bit (of the 8-bit byte).

6.3 SPI Waveforms

Figure 6-3 through Figure 6-8 show the different SPI
command waveforms. Figure 6-3 and Figure 6-4 are
read and write commands. Figure 6-5 and Figure 6-6
are read commands when the SDI and SDO pins are

multiplexed on the same pin (SDI/SDO). Figure 6-7
and Figure 6-8 are increment and decrement
commands.

6.2.1 MODE 0,0

In Mode 0,0: SCK idle state = low (V). ), data is clocked
in on the SDI pin on the rising edge of SCK and clocked
out on the SDO pin on the falling edge of SCK.

6.2.2 MODE 1,1

In Mode 1,1: SCK idle state = high (V|y), data is
clocked in on the SDI pin on the rising edge of SCK and
clocked out on the SDO pin on the falling edge of SCK.

— Vi Vi ® .
s \w o | .

wiee [ [ o[ r]]
v

So! {olraose) , Abile Ko Kot eits Keits Xoi jpip foit) X i)
Input tttttttttttttttt

Sample

Note 1: V|yy is supported for compability with the MCP414X/6X and MCP424X/6X devices high voltage
operation.

FIGURE 6-3: 16-Bit Commands (Write, Read) - SPI Waveform (Mode 1,1).

wieo ||| ]
ri; : N L CMDERRbt ' '+« 1 o '
SN RN NPT AV AN NNSA SN AN AT NN AN AU N ST N MR !
SDI {elrebkra) X_Eo(bilo b8 jbil7 Kbl Ko Xoits Xoits Xor Xbith X oifo
go. tttttttttttttttsr
Note 1: V|yy is supported for compability with the MCP414X/6X and MCP424X/6X devices high voltage
operation.
FIGURE 6-4: 16-Bit Commands (Write, Read) - SPI Waveform (Mode 0,0).
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g LT L 10

spo il |

: |<1) |<1) 11) (11) (1!) lh: M i(’p 1 : <|1)

SDI |
doput TTTTTTTTTTTTTTTT

Note 1: The SDI pin will read the state of the SDI pin which will be the SDO signal, unless overdriven.

2: V|yy is supported for compability with the MCP414X/6X and MCP424X/6X devices high voltage
operation.

FIGURE 6-5: 16-Bit Read Command for Devices with SDI/SDO multiplexed -
SPI Waveform (Mode 1,1).

__ VH Vib \
CSs \ Vi /

SCK

vaggeBboqfi\:|:|:\:\:\:\:\:\:|:\:\:\:\:|:\:

spo |l ]

'<+> <1|) ) ) <1|> <1|> _h :

SDI X
Jnput TTTTTTTTTTTTTTTT

Note 1: The SDI pin will read the state of the SDI pin which will be the SDO signal, unless overdriven.

2: Viyy is supported for compability with the MCP414X/6X and MCP424X/6X devices high voltage
operation.

FIGURE 6-6: 16-Bit Read Command for Devices with SDI/SDO multiplexed -
SPI Waveform (Mode 0,0).

© 2008 Microchip Technology Inc. DS22060B-page 45



MCP413X/415X/423X/425X

s VM : Vipn () :
A V|L 4
SCK ! : ' ‘ ‘ - . . B :
Write to
SSPBUF Z i ,
. CMDERRbn
7= Valld Command/Address
“0” =“Invalid” Command/Address
SDO >< bit7 >< bit6 >< bit5 >< bitd >< b|t3>< bit2 >< bit1 X bit0 >—
SDI . . . . . . . . '
Input i O O O )
Sample f f f f f f f L
Note 1: V|yy is supported for compability with the MCP414X/6X and MCP424X/6X devices high voltage
operation.
FIGURE 6-7: 8-Bit Commands (Increment, Decrement, Modify - SPI Waveform with PIC MCU
(Mode 1,1).
Vi / Vigg (0
Cs \ VL .
SCK : ‘ ‘ ‘ ‘ ‘ ‘ ‘ ' :
Write to
SSPBUF l
CMDERR bit

“1” = “Valid” Command/Addréss
“0” =“Invalid” Command/Address

SDO ; ©bit7 X bit >< bit5 >< bitd >< b|t3>< bit2 X bit1 X bit0 * > >—

SDI

EEREREENEEE SN

Note 1: V|yy is supported for compability with the MCP414X/6X and MCP424X/6X devices high voltage
operation.

FIGURE 6-8: 8-Bit Commands (Increment, Decrement, Modify - SPI Waveform with PIC MCU
(Mode 0,0).
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7.0 DEVICE COMMANDS

The MCP4XXX's SPI command format supports 16
memory address locations and four commands. Each
command has two modes. These are:

* Normal Serial Commands
» High-Voltage Serial Commands

Normal serial commands are those where the @ pinis
driven to V,_. High Voltage Serial Commands, CS pin is
driven to V |y, for compatibility with systems that also
support the MCP414X/416X/424X/426X devices. High
Voltage Serial Commands operate identically to their
corresponding Normal Serial Command. In each
mode, there are four possible commands. These
commands are shown in Table 7-1.

The 8-bit commands (Increment Wiper and Decre-
ment Wiper commands) contain a Command Byte,
see Figure 7-1, while 16-bit commands (Read Data
and Write Data commands) contain a Command Byte
and a Data Byte. The Command Byte contains two data
bits, see Figure 7-1.

Table 7-2 shows the supported commands for each
memory location and the corresponding values on the
SDI and SDO pins.

Table 7-3 shows an overview of all the SPI commands

71 Command Byte

The Command Byte has three fields, the Address, the
Command, and 2 Data bits, see Figure 7-1. Currently
only one of the data bits is defined (D8). This is for the
Write command.

The device memory is accessed when the master
sends a proper Command Byte to select the desired
operation. The memory location getting accessed is
contained in the Command Byte’s AD3:ADO bit