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MICROCHIP MCP434X/436X

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

Features Package Types (Top View)

* Quad Resistor Network

MCP43X1 Quad Potentiometers

Potentiometer or Rheostat configuration options P3A O 20h P2A
Resistor Network Resolution P3W O2 %%1%! P2W
- 7-bit: 128 Resistors (129 Taps) P3B O3 180 P2B
- 8-bit: 256 Resistors (257 Taps) cs 04 170 Vb
Rag Resistances options of: ScK d5 16p SDO
- 5kQ SDI O6 150 RESET
- 10 KO Vgs O7 140 WP
P1B 8 12p POB

- 50 kQ PIWO9 §}12D POW
- 100 kQ P1AC10 11 POA
Zero Scale to Full Scale Wiper operation TSSOP
Low Wiper Resistance: 75 Q (typical)
Low Tempco:
- Absolute (Rheostat): 50 ppm typical c% 5 S % &

(0°C to 70°C) L ea s

- Ratiometric (Potentiometer): 15 ppm typical

Non-volatile Memory P3B

- Automatic Recall of Saved Wiper Setting Csuhe T 1400SDO

- WiperLock™ Technology SCK 1301 RESET
SPI serial interface (10 MHz, modes 0,0 & 1,1) SO 1200 WP

- High-Speed Read/Writes to wiper registers e 110 POB

- Read/Write to Data EEPROM registers Ves 05

- Serially enabled EEPROM write protect

6 7 8 910

Resistor Network Terminal Disconnect Feature O—

via Terminal Control (TCON) Register @=zz35z2

. . o p 00 g
Reset input pin 4x4 QFN

Write Protect Feature: -
- Hardware Write Protect (WP) Control pin

MCP43X2 Quad Rheostat

- Software Write Proteqt (WP) Conflguranon bit Paw d1—=2 s—14h P2w
Brown-out reset protection (1.5V typical) P38 02 130 P2B
Serial Interface Inactive current (2.5 uA typical) cs o3 120 Vpp
High-Voltage Tolerant Digital Inputs: Up to 12.5V sck 04 110 SDO
Supports Split Rail Applications SDI 05 10p POB
Internal weak pull-up on all digital inputs ;,/133 ng/v:_ gg ﬁ%vv
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)
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MCP434X/436X

Device Block Diagram

r— - - - - — — T
Vpp | Power-up/ »| Resistor o—— <[] POA
Vss []»| Brown-out Network 0 |
Control (POt O)
_ Tl <«>o of«>] POW
CS [F» SPI Serial Iper
Pttt & TCONO |
SCK [h——»y E118ce Register |
.| Module & o—— <« ] POB
SDI L= Control Lo i
SDO [l¢— Logic F—_— = — - = -
(WiperLock™ - «—»[] P1A
WP »| Technolo —x—l—b Resistor
ﬂ - 9y) Network 1 |
RESET | (Pot 1)
_______ <“>o o« P1W
Wiper 1
Memory (16x9) & TCONO |
Wiper0 (V & NV) Register A I —[]
Wiper1 (V & NV) Lo | P1B
Wiper2 (V & NV) — .
_V\_/|p_>e_r3_(\_/é_&[\l\_/)_ Resistor o <] P2A
TCONO Network 2 |
TCON1 (Pot 2)
STATUS | | }---—_| <“>e o] P2W
“““““ Wiper 2
ROM p
Data EEP & TCON1 |
(5 x 9-bits) Reai |
. egister . - ] P2B
r—— - - - — — —— T
Resistor o «>»L] P3A
Network 3 |
Pot 3
_(___)___ <«>e o] P3W
Wiper 3 |
& TCON1
|_ Register A J| ] P3B
Device Features
x > b Resistance (typical
2l e 38/2. (83| B2 o2l vy
Device |& per - =8| gg g °| == Wiper | = | Operatin
5| Configuration |0 g1 8~ |82| €& | RypOptions (k) | -Ry | & | Range @
#* = =2 & @ | *
MCP4331® | 4 | Potentiometer™ | SPI | RAM | No | Mid-Scale | 5.0, 10.0,50.0, 100.0] 75 [129[1.8Vto 5.5V
MCP4332() | 4 Rheostat SPI | RAM | No | Mid-Scale |5.0, 10.0,50.0, 100.0| 75 |129[1.8V to 5.5V
MCP4341 4 |Potentiometer™ | SPI| EE | Yes | NV Wiper | 5.0, 10.0,50.0,100.0| 75 [129|2.7Vto 5.5V
MCP4342 4 Rheostat SPI| EE | Yes | NV Wiper |5.0,10.0,50.0,100.0| 75 [129|2.7V to 5.5V
MCP4351 @) | 4 | Potentiometer( | SPI | RAM | No | Mid-Scale | 5.0, 10.0, 50.0, 100.0| 75 |257[1.8V t0 5.5V
MCP4352() | 4 Rheostat SPI | RAM | No | Mid-Scale |5.0, 10.0,50.0, 100.0| 75 |257|1.8Vto 5.5V
MCP4361 4 | Potentiometer( | SPI | EE | Yes | NV Wiper |5.0, 10.0,50.0, 100.0| 75 |257[2.7V to 5.5V
MCP4362 4 Rheostat SPI| EE | Yes | NV Wiper |5.0,10.0,50.0,100.0| 75 |257|2.7Vt05.5V
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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MCP434X/436X

1.0 ELECTRICAL
CHARACTERISTICS

Absolute Maximum Ratings t

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

RESET with respecttoVsg -0.6V to 125V
Voltage on all other pins (PxA, PxW, PxB, and

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

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

Maximum output current sunk by any Output pin

Maximum current out of Vgg pin ..
Maximum current into Vpp pin.......c..cccoco.... .
Maximum current into PxA, PXW & PxB pins ............ 2.5 mA

Storage temperature .........ccccoceeeeienieninennens -65°C to +150°C

Ambient temperature with power applied
..................................................................... -40°C to +125°C
Package power dissipation (Tp = +50°C, T; = +150°C)
TSSOP-14 ...t 1000 mW
TSSOP-20...... e 1110 mW
QFN-20 (4x4) ....2320 mW
Soldering temperature of leads (10 seconds) ............. +300°C
ESD protection on all pins .......c.cccoeoeverevnrineenns >4 kV (HBM),
. 2300V (MM)

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.

© 2009 Microchip Technology Inc.
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MCP434X/436X

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 to 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 Vbp 2.7 — 5.5 \

1.8 — 2.7 \" Serial Interface only.

CS, SDI, SDO, Vv Vss — 125V V. |Vpp= |The CS pin will be at one

SCK, WP, RESET 4.5V of three input levels

pin Voltage Range Vss _ Vpp + V Vpp < (ViL» ViH or Vign). (Note 6)

8.0V 4.5V

Vpp Start Voltage VBoR — — 1.65 Vv RAM retention voltage (Vram) < VeoRr

to ensure Wiper

Reset

VDD Rise Rate to VDDRR (Note 9) V/ms

ensure Power-on

Reset

Delay after device TeoRD — 10 20 us

exits the reset

state

(Vpp > VBor)

Supply Current Ibp — — 450 HA Serial Interface Active,

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

— — 1 mA | EE Write Current,
Vpp = 5.5V, CS = V|, SCK @ 5 MHz,
write all 0’s to non-volatile Wiper 0
(address 2h)

— 2.5 5 HA Serial Interface Inactive,
CS=V|y, Vpp=5.5V

— 0.55 1 mA | Serial Interface Active,
Vpp = 5.5V, CS = Vyn,
SCK @ 5 MHz,
decrement non-volatile Wiper 0
(address 2h)

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

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

MCP43X1 only.

MCP43X2 only, includes Vyzse 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 MCP43X1 is externally connected to match the configurations of the MCP43X2, and then tested.
9: POR/BOR is not rate dependent.
10: Supply current is independent of current through the resistor network.

Noahroebd
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MCP434X/436X

AC/DC CHARACTERISTICS (CONTINUED)

DC Characteristics

Standard Operating Conditions (unless otherwise specified)
Operating Temperature

—40°C < Ty < +125°C (extended)

All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V t0 5.5V, 5 kQ, 10 k2, 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)
(£ 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 |Note6
(256)
— Rag/ — Q 7-bit | Note 6
(128)
Nominal (| Ragwe - — 0.2 1.50 % MCP43X1 devices only
Resistance Match | Ragmean 1) / _ 0.2 1.95 %
RagumEAN — 0.2 1.0 %
— 0.2 1.0 %
(| Rewwe - — 0.25 1.75 % Code = Full Scale
Rewmean )/ | — 025 | 1.0 %
Rewmea — 025 | 125 %
— 0.25 1.25 %
Wiper Resistance Rw — 75 160 Q Vpp =5.5V, Iy =2.0 mA, code = 00h
(Note 3, Note 4) — 75 300 Q  |Vpp=27V, ly=2.0mA, code = 00h
Nominal ARpp/AT — 50 — ppm/°C | Ty = -20°C to +70°C
Resistance — 100 — | ppm/°C | Tp = -40°C to +85°C
Tempco
— 150 — ppm/°C | Tp = -40°C to +125°C
Ratiometeric AVye/AT — 15 — ppm/°C | Code = Midscale (80h or 40h)
Tempco
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.

Noeag kR

MCP43X1 only.
MCP43X2 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 MCP43X1 is externally connected to match the configurations of the MCP43X2, and then tested.
9: POR/BOR is not rate dependent.
10: Supply current is independent of current through the resistor network.

© 2009 Microchip Technology Inc.
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MCP434X/436X

AC/DC CHARACTERISTICS (CONTINUED)

DC Characteristics

Standard Operating Conditions (unless otherwise specified)
Operating Temperature

—40°C < Ty < +125°C (extended)

All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V t0 5.5V, 5 kQ, 10 k3, 50 kQ, 100 kQ devices.
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters Sym Min Typ Max Units Conditions
Resistor Terminal Va Vw Ve Vss — Vbop \" Note 5, Note 6
Input Voltage
Range (Terminals
A, B and W)
Maximum current Iw — — 25 mA | Note 6, Worst case current through
through A, W or B wiper when wiper is either Full Scale or
Zero Scale.
Leakage current Iwi — 100 — nA | MCP43X1 PxA = PxW = PxB = Vgg
into A, W or B — 100 — nA  |MCP43X2 PxB = PXW = Vgg

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

Noeahoebd

temperature.
8: The MCP43X1 is externally connected to match the configurations of the MCP43X2, and then tested.

9: POR/BOR is not rate dependent.

INL and DNL are measured at Vyy with V4 = Vpp and Vg = Vgg.
MCP43X1 only.
MCP43X2 only, includes Vyyzsg 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.

DS22233A-page 6
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MCP434X/436X

AC/DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < Ty < +125°C (extended)
DC Characteristics All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V 10 5.5V, 5 kQ, 10 kQ, 50 kO, 100 kQ devices.
Typical specifications represent values for Vpp = 5.5V, Tp = +25°C.
Parameters Sym Min Typ Max Units Conditions
Full Scale Error VWESE 6.0 -0.1 — LSb [5kQ [8-bit [3.0V<Vpp<5.5V
Eg"gf“;“ 01"(')36)h -4.0 -0.1 — LSb 7-bit [3.0V < Vpp < 5.5V
-bit code = , X
7-bit code = 80h) -3.5 -0.1 — LSb [10kQ |8-bit |3.0V < Vpp <5.5V
-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
-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
Eg"g,'t’“;“ Of(‘)'gz] — +0.1 | +30 | LSb 7-bit |3.0V < Vpp <5.5V
-bit code = , X
7-bit code = 00) — +0.1 +3.5 LSb [10kQ |8-bit {3.0V < Vpp<5.5V
= +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 05 +0.25 +05 LSb | 7-bit MCP43X1 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 MCP43X1 devices only
Non-linearity (Note 2)
Bandwidth -3 dB BW — 2 — MHz |5kQ |8-bit |Code =80h
I(Sede F'%JFGFQ'M- — 2 — MHz 7-bit | Code = 40h
0ad =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 Vyy with Vp = Vpp and Vg = Vgg.

MCP43X1 only.

MCP43X2 only, includes VWZSE and VWFSE'

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 MCP43X1 is externally connected to match the configurations of the MCP43X2, and then tested.
9: POR/BOR is not rate dependent.
10: Supply current is independent of current through the resistor network.

Noaghebd
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MCP434X/436X

AC/DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < Ty < +125°C (extended)
DC Characteristics All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V 10 5.5V, 5 kQ, 10 kQ, 50 kO, 100 kQ devices.
Typical specifications represent values for Vpp = 5.5V, Tp = +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 825 | +45 | +825 | LSb 3.0V, lyy = 480 pA
MCP43X1 (Note 7)
(Note 4, Note 8) ;
MCP43X2 devices -1.125 0.5 | +1.125 LSb 7-bit 5.5V, lyy = 900 pA
only (Note 4) 6.0 +45 | +6.0 LSb 3.0V, Iy = 480 pA
(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, Iy = 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 |50kQ |8-bit |5.5V, Iy =90 pA
-2.0 +1 +2.0 LSb 3.0V, ly =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, lyy =48 pA
(Note 7)
-1.0 +0.5 +1.0 LSb |100 kQ|8-bit |5.5V, Iy =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, lyy =45 pA
-1.125 | +0.25 | +1.125 LSb 3.0V, Iy = 24 pA
(Note 7)

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

INL and DNL are measured at Vyy with V4 = Vpp and Vg = Vgg.

MCP43X1 only.

MCP43X2 only, includes Vyyzsg and Viyrse.

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 MCP43X1 is externally connected to match the configurations of the MCP43X2, and then tested.
9: POR/BOR is not rate dependent.
10: Supply current is independent of current through the resistor network.

Noahoebd
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MCP434X/436X

AC/DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < Ty < +125°C (extended)
DC Characteristics All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V 10 5.5V, 5 kQ, 10 kQ, 50 kO, 100 kQ devices.
Typical specifications represent values for Vpp = 5.5V, Tp = +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
Differgntia[ -1.0 +0.5 +1.0 LSb 3.0V (Note 7)
ll:ln%nl;lll‘r;;a}lnty -0.375 +0.25 | +0.375 LSb 7-bit | 5.5V, lyy =900 pA
(Note 4, Note 8) -0.75 +0.5 +0.75 LSb 3.0V (Note 7)
MCP43X2devices -0.5 025 | +0.5 LSb [10kQ |8-bit |5.5V, lyy = 450 uA
?L‘Lyte " 10 | +025 | +10 | LSb 3.0V (Note 7)
-0.375 +0.25 | +0.375 LSb 7-bit | 5.5V, Iy = 450 pA
-0.75 +0.5 +0.75 LSb 3.0V (Note 7)
-0.5 10.25 +0.5 LSb |50 kQ |8-bit | 5.5V, lyy =90 pA
-0.5 +0.25 +0.5 LSb 3.0V (Note 7)
-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)
-0.5 +0.25 +0.5 LSb |100 kQ|8-bit |5.5V, Iy =45 pA
-0.5 10.25 +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 (Py) Cw — 120 — pF f=1 MHz, Code = Full Scale
Capacitance (Pg) Cgw — 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 Vy, with V5 = Vpp and Vg = Vgg.
MCP43X1 only.
MCP43X2 only, includes Vyzse 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 MCP43X1 is externally connected to match the configurations of the MCP43X2, 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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MCP434X/436X

AC/DC CHARACTERISTICS (CONTINUED)

DC Characteristics

Standard Operating Conditions (unless otherwise specified)
Operating Temperature

—40°C < Ty < +125°C (extended)

All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V t0 5.5V, 5 kQ, 10 k3, 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, RESET)

Schmitt Trigger VIH 0.45 VDD — — Vv 2.7V < VDD <55V
High Input (Allows 2.7V Digital Vpp with
Threshold 5V Analog Vpp)

0.5 VDD — — V 1.8V< VDD <2.7V
Schmitt Trigger Vi — — 0.2Vpp Vv
Low Input
Threshold
Hysteresis of Vhys — 0.1Vpp — Vv
Schmitt Trigger
Inputs
High Voltage Input ViHH 8.5 — 12.5®) \" Threshold for WiperLock™ Technology
Entry Voltage
High Voltage Input ViHH — — Vpp + \
Exit Voltage 0.8v
High Voltage Limit VMAX — — | 1250 V| Pin can tolerate Vyax or less.
OUtpUt Low VOL VSS — O.3VDD \ IOL =5mA, VDD =5.5V
Voltage (SDO) Vs — |08Vpp| V |loL=1mA Vpp=1.8V
OUtpUt ngh VOH 0'7VDD — VDD V IOH =-2.5mA, VDD =5.5V
Voltage (SDO) 07Vpp | — Voo V. |lo.=-1mA, Vpp = 1.8V

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

Noeahoebd

INL and DNL are measured at Vyy with V, = Vpp and Vg = Vgg.
MCP43X1 only.
MCP43X2 only, includes Vyzsg and Vyyrse.

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 MCP43X1 is externally connected to match the configurations of the MCP43X2, 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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MCP434X/436X

AC/DC CHARACTERISTICS (CONTINUED)

DC Characteristics

Standard Operating Conditions (unless otherwise specified)
Operating Temperature

—40°C < Ty < +125°C (extended)

All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V t0 5.5V, 5 kQ, 10 k2, 50 kQ, 100 kQ devices.
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters Sym Min Typ Max Units Conditions

Weak Pull-up Ipy — — 1.75 mA |Internal Vpp pull-up, V|yy pull-down,
Current Vpp=5.5Y, Vgg = 12.5V

— 170 — WA | CSpin, Vpp=5.5V, Vgg = 3V
CS Pull-up / Recs — 16 — kQ |Vpp=5.5V,Vgg=3V
Pull-down
Resistance
RESET PU”-Up RRESET —_— 16 —_ kQ VDD = 55V, VFSET =0V
Resistance
Input Leakage I -1 — 1 MA | V)N = Vpp (all pins) and
Current VN = Vgs (all pins except RESET)
Pin Capacitance Cin Cout — 10 — pF |fc=20 MHz
RAM (Wiper, TCON) Value
Value Range N Oh — 1FFh hex |8-bit device

Oh — 1FFh hex | 7-bit device
TCON POR/BOR 1FF hex | All Terminals connected
Setting
EEPROM
Endurance Endurance — M — Cycles
EEPROM Range N Oh — 1FFh hex
Initial NV Wiper N 080h hex |8-bit WiperLock Technology = Off
POR/BOR Setting 040h hex |7-bit |WiperLock Technology = Off
Initial EEPROM N 000h hex
POR/BOR Setting
EEPROM twe — 3 10 ms
Programming
Write Cycle Time
Power Requirements
Power Supply PSS — 0.0015 | 0.0035 | %/% |8-bit |Vpp=2.7Vto05.5V,
Sensitivity Vp = 2.7V, Code = 80h
(MCP43X1) — 100015 | 0.0035 | %/% |[7-bit |Vpp=2.7Vto5.5V,

Vp = 2.7V, Code = 40h

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

Noeahoebd

temperature.
8: The MCP43X1 is externally connected to match the configurations of the MCP43X2, and then tested.

9: POR/BOR is not rate dependent.

INL and DNL are measured at Vyy with V, = Vpp and Vg = Vgg.
MCP43X1 only.
MCP43X2 only, includes Vyyzse and Viyyrsg.

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.

© 2009 Microchip Technology Inc.
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MCP434X/436X

1.1 SPI Mode Timing Waveforms and Requirements

RESET ' et tRsTD
SCK
Wx

FIGURE 1-1: RESET Waveforms.

TABLE 1-1: RESET TIMING

Timing 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 10 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.
Typical specifications represent values for Vpp = 5.5V, Tp = +25°C.

normal mode (Wiper
driving and SPI
interface operational)

Parameters Sym Min Typ Max Units Conditions
RESET pulse width trsT 50 — — ns
RESET rising edge tRsTD — — 20 ns

DS22233A-page 12
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MCP434X/436X
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ViHH J) i '
Viy v Ve /)
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SCK : m '
: . : 3 f ~—83—
- 71—, e e :
: 80 | 7 e |
y = 5 %
SDO ﬂ , MSb X BIT6 - Yai -1 >< LSb : 7&
o ) '
sDI : :
FIGURE 1-2: SPI Timing Waveform (Mode = 11).
TABLE 1-2: SPI REQUIREMENTS (MODE = 11)
# Characteristic Symbol Min Max | Units Conditions
SCK Input Frequency Fsck — 10 | MHz |Vpp =2.7Vto 5.5V
—_— 1 MHz VDD =18Vto 2.7V
70 | CS Active (V; or Vyy) to SCKT input TesA2scH 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=1.8Vto2.7V
73 | Setup time of SDI input to SCKT edge TpIV2scH 10 — | ns |Vpp=2.7Vto5.5V
20 — ns |Vpp=1.8Vito27V
74 | Hold time of SDI input from SCKT edge TscH2DIL 20 — ns
77 | CS Inactive (V|y) to SDO output hi-impedance TesH2p0Z — 50 ns |Note 1
80 |SDO data output valid after SCK{ edge TscL2DoV — 70 ns |Vpp=2.7Vto5.5V
170 | ns |Vpp=1.8Vi0o2.7V
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 (V) to TesA2csl 50 — ns
CS Active (V”_ or V|HH)
Note 1: This specification by design.

© 2009 Microchip Technology Inc.
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MCP434X/436X
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SDO LSb X }
i s
|77,
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FIGURE 1-3: SPI Timing Waveform (Mode = 00).
TABLE 1-3: 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 V) to SCKT input TesA2scH 60 — ns
71 | SCKinput high time TscH 45 — ns |Vpp=2.7Vto55V
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 TbiV2scH 10 — ns
74 |Hold time of SDI input from SCK® edge TscH2DIL 20 — ns
77 | CS Inactive (V)y) to SDO output hi-impedance | TcsH2DOZ — 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
82 | SDO data output valid after TssL2doV — 85 ns
CS Active (V”_ or V|HH)
83 |CS Inactive (Vi) after SCK{ edge TscH2csl 100 — ns |Vpp=2.7Vto55V
1 ms |Vpp=1.8Vto 2.7V
84 | Hold time of CS Inactive (V) to TesA2csl 50 — ns
CS Active (V||_ or VlHH)

Note 1: This specification by design.
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MCP434X/436X

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, 14L-TSSOP T — 100 — °C/W
Thermal Resistance, 20L-QFN CIT — 43 — °C/W
Thermal Resistance, 20L-TSSOP 04a — 90 — °C/W

© 2009 Microchip Technology Inc. DS22233A-page 15
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NOTES:
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MCP434X/436X

2.0 TYPICAL PERFORMANCE CURVES

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

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

700 5 ,
650  +2.7v -40°C
600 3 -%-2.7V 25°C
550 1| 27V85°C
500 1| 27V 125°C 7
3| -5.5V -40°C Z
450 3 o 555v 25°C =7
400 2| —55v 85°C >
350 3 —5.5V 125°C [~
30
250 3
200 % |
I ——

\

150 3
100 £ —

o | r/
0’\\\\ L L

0.00 2.00 4.00 6.00 8.00 10.00 12.00
fsck (MHz)

Operating Current (Ipp) (HA)

FIGURE 2-1: Device Current (Ipp) vs. SPI
Frequency (fsck) and Ambient Temperature
(Vpp=2.7V and 5.5V).
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,g B | 400
150 - cs 200 =
o] 0 3
z 0 w
2100 | 200 -=°
e« -400
50 -600
| RCS -800
()} s 1000
2 3 5 6 7 10
Ves (V)
FIGURE 2-4: CS Pull-up/Pull-down_

Resistance (Rgg) and Current (fgg) vs. CS Input
Voltage (Vigg) (Vpp = 5.5V).

12 |

e
o
T
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8 -\/.\
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\ 2.7V Exit
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FIGURE 2-2: Device Current (Isypp) and
Vpp. (CS = Vpp) vs. Ambient Temperature.
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400.0 |

300.0 |
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200.0 E /'
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100.0 ©
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Ambient Temperature (°C)

FIGURE 2-3: Write Current (lygiTe) vS.
Ambient Temperature and Vpp.

FIGURE 2-5: CS High Input Entry/Exit
Threshold vs. Ambient Temperature and Vpp.
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MCP434X/436X

Note: Unless otherwise indicated, Tp = +25°C, Vpp = 5V, Vgg = OV.
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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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MCP434X/436X

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

T
FIGURE 2-12: 5 k2 — Low-Voltage

Decrement Wiper Settling Time (Vpp=2.7V)
(1 us/Div).

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

b0 G0 pot_wip. e Sed bimy

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

O T
FIGURE 2-15: 5 k2 — Low-Voltage

Increment Wiper Settling Time (Vpp=2.7V)
(1 us/Div).

FIGURE 2-16: 5 k2 — Low-Voltage
Increment Wiper Settling Time (Vpp = 5.5V)
(1 us/Div).
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Note: Unless otherwise indicated, Tp = +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 2-20: 10 k2 Rheo Mode — Ry (£2),

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

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 2-21: 10 k2 Rheo Mode — Ry (£2),

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

12000 -
10000 - P
8000 ] o
N ] &
£ /
S 6000 ] .
g e
oc 4000 - ——-40°C
1 / -=-25°C
2000 - —+-85°C
] / 125°C
0 F ————

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

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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MCP434X/436X

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

Tk

T T

Tk

FIGURE 2-23: 10 k2 — Low-Voltage
Decrement Wiper Settling Time (Vpp =2.7V)
(1 us/Div).

Tk

b0 G 10k dec_3p3.betp

i

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).

Tk

i

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, Tp = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-27: 50 k2 Pot Mode — Ry (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 5.5V).
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FIGURE 2-28: 50 k@ Pot Mode — Ry (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Ambient Temperature (Vpp = 3.0V).
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FIGURE 2-30: 50 k@2 Rheo 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 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 k- Nominal Resistance FIGURE 2-32: 50 k@2 - Ry (©2) vs. Wiper

(Q2) vs. Ambient Temperature and Vpp. Setting and Ambient Temperature.
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Note: Unless otherwise indicated, Tp = +25°C, Vpp = 5V, Vgg = OV.

Tk

Tk

FIGURE 2-33: 50 kQ — Low-Voltage FIGURE 2-35: 50 kQ — Low-Voltage
Decrement Wiper Settling Time (Vpp=2.7V) Increment Wiper Settling Time (Vpp=2.7V)
(1 us/Div). (1 us/Div).

) ] ] e ]

FIGURE 2-34: 50 k@ — Low-Voltage FIGURE 2-36: 50 k2 — 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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Note: Unless otherwise indicated, Tp = +25°C, Vpp = 5V, Vgg = OV.

120

0.2

T T T T T T T T T T T T
—~--40CRw —<=-25CRw —=-85CRw —=125CRw
[ |=-40CINL —+-25CINL —+85CINL —+125CINL
-40C DNL 25C DNL 85C DNL 125C DNL|

i 100 - ‘
8 | 5
c — 80 77
[ ]
3 E FEravil 2
3 S g £
o ) i
[
o -0.1
s 4 25°C | 40°C *\
| Rw
125°C 85°C ‘ ‘
20 P IR N L L L L L J.0.2

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

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).
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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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FIGURE 2-39: 100 k2 — Nominal

Resistance () vs. Ambient Temperature and

FIGURE 2-42: 100 k22— Ryyg (©2) vs. Wiper
Setting and Ambient Temperature.
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Note: Unless otherwise indicated, Tp = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-45: 100 k2 — Low-Voltage
Increment Wiper Settling Time (Vpp =2.7V)
(1 us/Div).

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 k@ — Low-Voltage FIGURE 2-46: 100 kQ — 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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