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MICROCHIP MCP4017/18/19

7-Bit Single ’C™ Digital POT with Volatile Memory in

Features Package Types
- Potentiometer or Rheostat configuration options Potentiometer Rheostat
« 7-bit: Resistor Network Resolution MCP4018 MCP4017
- 127 Resistors (128 Steps) SC70-6 SC70-6
« Zero Scale to Full Scale Wiper operation Vbp Aé_EIA Voo [1] AV W 6]W
« Rpg Resistances: 5 kQ, 10 kQ, 50 kQ, or 100 kQ Vss[z] S<pEw | Vsl SVWwglsls
« Low Wiper Resistance: 100Q (typical) scL spa | SCL[3] 4] SDA
* Low TempCO: MCP4019
- Absolute (Rheostat): 50 ppm typical SC70-5
wonme) | ol g g T
- Ratiometric (Potentiometer): 10 ppm typical v
. 2 ) ) ss 2=V
» Simple I“C Protocol with read & write commands B A
: ] SCL [4]SDA
» Brown-out reset protection (1.5V typical)
» Power-on Default Wiper Setting (Mid-scale) - Wide Bandwidth (-3 dB) Operation:
» Low-Power Operation: - 2 MHz (typical) for 5.0 kQ device
- ?.5 PA Sta.t|c Current (typical) « Extended temperature range (-40°C to +125°C)
» Wide Operating Voltgge Range: . « Very small package (SC70)
- 27V to 5.5V - Device Characteristics - Lead free (Pb-free) package
Specified
- 1.8V to 5.5V - Device Operation
Device Features
® 8 Resistance (typical)
38| 2 s VDD
e E 5 Wiper g g Wiper| Operating
Device 8 € 3 | Configuration | = 2> Options (kQ) (Q) Range U] Package
MCP4017 1’c | 128 Rheostat RAM | 5.0, 10.0, 50.0, 100.0 75 | 1.8Vto 5.5V |SC70-6
MCP4018 I°C | 128 | Potentiometer | RAM | 5.0, 10.0, 50.0, 100.0 75 | 1.8V to 5.5V |SC70-6
MCP4019 1°C | 128 Rheostat RAM | 5.0, 10.0, 50.0, 100.0 75 | 1.8Vto 5.5V |SC70-5

Note 1: Analog characteristics only tested from 2.7V to 5.5V
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MCP4017/18/19

Device Block Diagram

Vpp [ Power-up/ R e 1 AD
v . | Brown-out | |
s LIH>| control | |
| e w
12C Serial
SCL ] Interface | Resi L |
esistor r 1
SDA [l¢—» g/lggtl::j’ || Network 0 || T 802
Logic, & | [(Pot0) -——- || Note 1: Some configurations will have this
Memory | | Not 1| | signal internally connected to ground.
cf 2: In some configurations, this signal
=== - may not be connected externally
(internally floating or grounded).
Comparison of Similar Microchip Devices U
" Resistance (typical) % 3
_ o ol g8
°s8| & g Voo 8| d 2
€L - Wiper Eg Operating X
Device S £ | 4 | Configuration | £ > Options (kQ) Range @ |2 E S @ |Package
MCP4017 1’c [128 Rheostat RAM | 5.0, 10.0, 50.0, 100.0 | 1.8V t0 5.5V | No No |[SC70-6
MCP4012 U/D | 64 Rheostat RAM | 2.1,5.0,10.0,50.0 | 1.8V to 5.5V | Yes No |SOT-23-6
MCP4022 U/D | 64 Rheostat EE 2.1,5.0,10.0,50.0 | 2.7Vto 5.5V | Yes | Yes |SOT-23-6
MCP4132 SPI | 129 Rheostat RAM | 5.0, 10.0, 50.0, 100.0 | 1.8V t0 5.5V | Yes No |PDIP-8,
MCP4142 | SPI [129| Rheostat EE |5.0,10.0,50.0,100.0 | 2.7Vto 5.5V | Yes | Yes fﬂggﬁsé
MCP4152 SPI | 257 Rheostat RAM | 5.0, 10.0, 50.0, 100.0 | 1.8V t0 5.5V | Yes No DFN-8- ’
MCP4162 SPI | 257 Rheostat EE |5.0,10.0,50.0,100.0| 2.7Vto 5.5V | Yes | Yes
MCP4532 12c | 129 Rheostat RAM | 5.0, 10.0, 50.0, 100.0 | 1.8V t0 5.5V | Yes No |[MSOP-8,
MCP4542 | 1°C [129| Rheostat EE |5.0,10.0,50.0,100.0 | 27Vto 5.5V | Yes | Yes |DFN-8
MCP4552 I2C | 257 Rheostat RAM | 5.0, 10.0, 50.0, 100.0 | 1.8V to 5.5V | Yes No
MCP4562 12c | 257 Rheostat EE |5.0,10.0,50.0,100.0| 2.7Vt0 5.5V | Yes | Yes
MCP4018 12C | 128 | Potentiometer | RAM 5.0, 10.0, 50.0,100.0 | 1.8Vto 5.5V | No No |SC70-6
MCP4013 U/D | 64 | Potentiometer | RAM | 2.1,5.0,10.0,50.0 | 1.8Vt0o 55V | Yes No |SOT-23-6
MCP4023 U/D | 64 | Potentiometer EE 2.1,5.0,10.0,50.0 | 2.7Vto 5.5V | Yes | Yes |SOT-23-6
MCP4019 12C [ 128 Rheostat RAM | 5.0, 10.0, 50.0, 100.0 | 1.8V t0 5.5V | No No |SC70-5
MCP4014 U/D | 64 Rheostat RAM | 2.1,5.0,10.0,50.0 | 1.8V to5.5V | Yes No |SOT-23-5
MCP4024 U/D | 64 Rheostat EE 2.1,5.0,10.0,50.0 | 2.7Vto 5.5V | Yes | Yes |SOT-23-5
Note 1: This table is broken into three groups by a thick line (and color coding). The unshaded devices in this table

are the devices described in this data sheet, while the shaded devices offer a comparable resistor network
configuration.
2: Analog characteristics only tested from 2.7V to 5.5V

DS22147A-page 2 © 2009 Microchip Technology Inc.



MCP4017/18/19

1.0 ELECTRICAL
CHARACTERISTICS

Absolute Maximum Ratings t

Voltage on Vpp with respect to Vgg ..... -0.6V to +7.0V
Voltage on SCL, and SDA with respect to Vgg
............................................................................. -0.6Vto 12.5V
Voltage on all other pins (A, W, and B)

with respecttoVgg -0.3V to Vpp + 0.3V

Input clamp current, Ik

(V| < O, V| > VDD! V| > Vpp ON HV pins) ........... +20 mA
Output clamp current, lok

(Vo <00rVo>Vpp) ceeeceeemreeireeieeniee 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 ...ccccovveenennen 100 mA
Maximum current into Vpp pin .......cccooeeeennen. 100 mA
Maximum current into A, W and B pins........... 2.5 mA
Package power dissipation (T = +50°C, T; = +150°C)
SCT70-5..ceiieeee e 302 mW
SCT0-6 ..ot TBD
Storage temperature ............cccceeeeeene -65°C to +150°C

Ambient temperature with power applied
........................................................... -40°C to +125°C

ESD protection on all pins ........cceeueeenee. >4 kV (HBM)
........................................................................ > 400V (MM)
Maximum Junction Temperature (T)) .............. +150°C

1 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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MCP4017/18/19

AC/DC CHARACTERISTICS

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 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 Vbp 2.7 — 5.5 \% Analog Characteristics specified
1.8 — 5.5 Vv Digital Characteristics specified

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

to ensure Wiper

Reset

Vpp Rise Rate to VDDRR (Note 7) V/ms

ensure Power-on

Reset

Delay after device TeoRD — 10 20 pS

exits the reset

state

(Vop > VBor)

Supply Current Ibp — 45 80 MA Serial Interface Active,

(Note 8) Write all 0’s to Volatile Wiper

VDD = 55V, FSCL =400 kHz

— 2.5 5 MA Serial Interface Inactive,

(Stop condition, SCL = SDA = V),
Wiper =0, Vpp = 5.5V

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

temperature.

@ X

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

INL and DNL are measured at V\y, with V5 = Vpp and Vg = Vgs.

MCP4018 device only, includes V\yzsg and V\ygsg.

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

DS22147A-page 4
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MCP4017/18/19

AC/DC CHARACTERISTICS (CONTINUED)

DC Characteristics

Standard Operating Conditions (unless otherwise specified)
Operating Temperature

—40°C < Tp < +125°C (extended)

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

Parameters Sym Min Typ Max Units Conditions
Resistance Rag 4.0 5 6.0 kQ |-502 devices (Note 1)
(£20%) 8.0 10 12.0 kQ |-103 devices (Note 1)
40.0 50 60.0 kQ |-503 devices (Note 1)
80.0 100 120.0 kQ |-104 devices (Note 1)
Resolution N 128 Taps |No Missing Codes
Step Resistance Rs — Rag/ — Q Note 5
(127)
Wiper Resistance Rw — 100 170 Q Vpp =5.5V, lyy =2.0 mA, code = 00h
— 155 325 Q Vpp =2.7V, lyy = 2.0 mA, code = 00h
Nominal ARpR/AT — 50 — ppm/°C | Ty =-20°C to +70°C
Resistance — 100 — | ppm/°C | Tp = -40°C to +85°C
Tempco o o o
— 150 — ppm/°C | Tp =-40°C to +125°C
Ratiometeric AVwe/AT — 15 — ppm/°C | Code = Midscale (3Fh)
Tempco
Resistor Terminal | Vp Vyy Vg Vss — Vbp \ Note 4, Note 5
Input Voltage
Range (Terminals
A, Band W)
Maximum current I — — 25 mA | Terminal A law, W = Full Scale (FS)
t;ro\ijgh Tgrminal _ _ 25 mA | Terminal B Igws W = Zero Scale (ZS)
E\lt;te 50r ) — — 2.5 mA Terminal W Iaw Or lgw, W = FS or ZS
— — 138 mA IAB‘ VB = OV, VA = 55V,
RAB(MlN) =4000
— — 0.688 mA Terminal A :Q& VB =_0\é,0\(;g =55V,
and AB(MIN) =
— — 0.138 mA : Iag, VB = 0V, V5 = 5.5V,
Terminal B AB VB A ’
RAB(MlN) =40000
— — 0.069 mA IAB’ VB =0V, VA =5.5YV,
RAB(MlN) = 80000
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.

temperature.

%@ X

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

MCP4018 device 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

© 2009 Microchip Technology Inc.
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MCP4017/18/19

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 k<, 100 kQ devices.
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters Sym Min Typ Max Units Conditions
Full Scale Error VWESE 3.0 -0.1 — LSb [5kQ [2.7V<Vpp<55V
(MCP4018 only) 2.0 -0.1 — LSb [10kQ |27V <Vpp<5.5V
(code = 7Fh) 05 | -0.1 _ LSb |50kQ |2.7V <Vpp < 5.5V

-0.5 -0.1 — LSb [100kQ |2.7V < Vpp < 5.5V
Zero Scale Error Vwzse — +0.1 +3.0 LSb [5kQ |2.7V<Vpp<5.5V
(MCP4018 only) — +01 | +20 | LSb [10kQ |2.7V<Vpp<5.5V
(code = 00h) — | +01 | +05 | LSb |50kQ |2.7V<Vpp<55V
— +01 | +05 | LSb [100kQ|2.7V <Vpp<5.5V

Potentiometer INL -0.5 +0.25 +0.5 LSb |2.7V<Vpp<5.5V
Integral MCP4018 device only (Note 2)
Non-linearity
Potentiometer DNL -0.25 | £0.125 | +0.25 LSb |[2.7V <Vpp<5.5V
Differential Non- MCP4018 device only (Note 2)
linearity
Bandwidth -3 dB BW — 2 — MHz |5kQ |Code = 3Fh
l(Se(f_F'??g'eFZ'S& — 1 — MHz |10kQ |Code = 3Fh
0ad = 30 pF) — 260 | — | kHz |50kQ |Code = 3Fh

— 100 — kHz |[100 kQ | Code = 3Fh

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.
MCP4018 device 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.

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

@9 R

@ X

DS22147A-page 6 © 2009 Microchip Technology Inc.



MCP4017/18/19

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 -2.0 0.5 +2.0 LSb |5kQ 5.5V, lyy =900 pA
Non-linearity -5.0 +35 | +50 | LSb 2.7V, Iy = 430 pA (Note 6)
mif:g;a See Section 2.0 LSb 1.8V (Note 6)

MCP4017 and -2.0 +0.5 +2.0 LSb [10kQ |[5.5V, Iy =450 pA
MCP4019 devices -4.0 +2.5 +4.0 LSb 2.7V, lyy = 215 pA (Note 6)
only (Note 3) See Section 2.0 LSb 1.8V (Note 6)
-1.125 +0.5 +1.125 LSb [50kQ |[5.5V, Iy =90 pA
-15 +1 +1.5 LSb 2.7V, Iy = 43 pA (Note 6)
See Section 2.0 LSb 1.8V (Note 6)
-0.8 +0.5 +0.8 LSb [100 kQ [5.5V, Iy = 45 pA
-1.125 +0.25 | +1.125 LSb 2.7V, lyy = 21.5 A (Note 6)
See Section 2.0 LSb 1.8V (Note 6)
Rheostat R-DNL -0.5 10.25 +0.5 LSb |5kQ 5.5V, lyy =900 mA
Differential Non- 075 | +05 | +0.75 | LSb 2.7V, Iy = 430 pA (Note 6)
:;,‘3?,1%’1 8 See Section 2.0 LSb 1.8V (Note 6)
(Note 3) -0.5 10.25 +0.5 LSb [10kQ |[5.5V, Iy =450 pA
MCP4017 and -0.75 +0.5 | +0.75 | LSb 2.7V, lyy = 215 pA (Note 6)
gnn(I:yP(“r\?;tidzf)wces See Section 2.0 LSb 1.8V (Note 6)
-0.375 +0.25 | +0.375 LSb |50 kQ |[5.5V, Iy, =90 pA
-0.375 +0.25 | +0.375 LSb 2.7V, lyy = 43 pA (Note 6)
See Section 2.0 LSb 1.8V (Note 6)
-0.375 +0.25 | +0.375 LSb [100 kQ | 5.5V, Iy =45 pA
-0.375 +0.25 | +0.375 LSb 2.7V, lyy = 21.5 pA (Note 6)
See Section 2.0 LSb 1.8V (Note 6)
Capacitance (Pp) Caw — 75 — pF f =1 MHz, Code = Full Scale
Capacitance (P,) Cw — 120 — pF f =1 MHz, Code = Full Scale
Capacitance (Pg) Caw — 75 — pF |f=1MHz, Code = Full Scale

Note 1:

2: INL and DNL are measured at V\y with V4 = Vpp and Vg = Vgg.

temperature.

@

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

MCP4018 device only, includes Vyzse and Viygsg.
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

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

© 2009 Microchip Technology Inc.
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MCP4017/18/19

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 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 (SDA, SCK)

Schmitt Trigger ViH 0.7 Vpp — — \ 1.8V <Vpp 5.5V
High Input
Threshold
Schmitt Trigger VL -0.5 — 0.3Vpp \Y
Low Input
Threshold
Hysteresis of Vhys — 0.1Vpp — \Y All inputs except SDA and SCL
Schmitt Trigger N.A. _ _ \Y; VDD <2.0V
Inputs (Not 100 kHz
nputs - (Note 5) NA. | — — v SD? Vpp > 2.0V
an
0.1V, — — \Y Vpp < 2.0V
oo SCL 400 kHz |22
0.05Vpp| — — \Y Vpp = 2.0V
OUtpUt Low VOL VSS — O'ZVDD \Y VDD < 2.0V, lOL =1mA
Voltage (SDA) Vss — 0.4 V. |[Vpp=2.0V, o =3mA
Input Leakage i -1 — 1 MA  |V|y=VppandV|y=Vsg
Current
Pin Capacitance Cins CouT — 10 — pF  |fc =400 kHz
RAM (Wiper) Value
Value Range N oh | — [ 7Fh | hex
Wiper POR/BOR NPOR/BOR 3Fh hex
Value
Power Requirements
Power Supply PSS — 0.0005 | 0.0035 | %/% Vpp = 2.7V to 5.5V,
Sensitivity Vp = 2.7V, Code = 3Fh
(MCP4018 only)

Note 1: Resistance is defined as the resistance between terminal A to terminal B.
2: INL and DNL are measured at Vyy with V5 = Vpp and Vg = Vgg.

temperature.

o

POR/BOR is not rate dependent.

MCP4018 device only, includes Vyzsg and Vygsg.
Resistor terminals A, W and B’s polarity with respect to each other is not restricted.
This specification by design.
Non-linearity is affected by wiper resistance (Ryy), which changes significantly over voltage and

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

DS22147A-page 8
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MCP4017/18/19

1.1 I2C Mode Timing Waveforms and Requirements

SCL

START STOP
Condition Condition
FIGURE 1-1: IC Bus Start/Stop Bits Timing Waveforms.
TABLE 1-1: I2C BUS START/STOP BITS REQUIREMENTS
I2C AC Characteristics Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < TA < +125°C (Extended)
Operating Voltage Vpp range is described in Section 2.0 “Typical
Performance Curves”
Par‘:'(a)m. Symbol Characteristic Min Max | Units Conditions
FscL Standard Mode 0 100 kHz |C, =400 pF, 1.8V - 5.5V
Fast Mode 0 400 kHz |C, =400 pF, 2.7V - 5.5V
D102 Cb Bus capacitive 100 kHz mode — 400 pF
loading 400 kHz mode — 400 | pF
90 Tsu:STA | START condition 100 kHz mode 4700 — ns | Only relevant for repeated
Setup time 400 kHz mode 600 — ns | START condition
91 THD:STA | START condition 100 kHz mode 4000 — ns | After this period the first
Hold time 400 kHz mode 600 — ns |clock pulse is generated
92 Tsu:sTO | STOP condition 100 kHz mode 4000 — ns
Setup time 400 kHz mode 600 — ns
93 THD:STO | STOP condition 100 kHz mode 4000 — ns
Hold time 400 kHz mode 600 — ns
103+ e 100 : e 102
SCL 0 | — N /
TS0 - 106—_ o7 — 92— .
SDA : ' ' : e I l
In \ : ' >< _____ / \
— 109~ < 109 -~ 110~
SDA : ( ' T
Out . >< .....
Note 1: Refer to specification D102 (Cb) for load coﬁditions.

FIGURE 1-2:

I°C Bus Data Timing.

© 2009 Microchip Technology Inc.
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MCP4017/18/19

TABLE 1-2:

I’C BUS DATA REQUIREMENTS (SLAVE MODE)

I2C AC Characteristics

Standard Operating Conditions (unless otherwise specified)

Operating Temperature

—40°C < TA < +125°C (Extended)

Operating Voltage VDD range is described in AC/DC characteristics

Parame- Sym | Characteristic Min Max | Units Conditions
ter No.
100 Thicn | Clockhightime | 100 kHz mode 4000 — ns |1.8V-5.5V
400 kHz mode 600 — ns |2.7V-5.5V
101 T.ow |Clocklowtime | 100 kHz mode 4700 — ns |1.8V-5.5V
400 kHz mode 1300 — ns |2.7V-5.5V
102A ©) | TrscL |SCLrise time 100 kHz mode — 1000 ns |Cb is specified to be from
400 kHz mode | 20+0.1Cb | 300 | ns | 0t 400pF
102B ) | Trspa |SDArise time 100 kHz mode — 1000 ns |Cb is specified to be from
400 kHz mode | 20+0.1Cb | 300 | ns | 0t 400pF
103A ® | TrscL |SCL fall time 100 kHz mode — 300 ns |Cb is specified to be from
400 kHz mode | 20+0.1Cb | 40 | ns | 0t0400pF
103B ) | Tgspa |SDA fall time 100 kHz mode — 300 ns | Cb is specified to be from
400 kHz mode |20 +0.1Ccb @ | 300 ns |10 t0400 pF
106 THD:DAT | Data input hold | 100 kHz mode 0 — ns |1.8V-5.5V, Note 6
time 400 kHz mode 0 - ns |2.7V-5.5V, Note 6
107 TSU:DAT | Data input 100 kHz mode 250 — ns |(2)
setup time 400 kHz mode 100 — ns
109 Tan Output valid 100 kHz mode — 3450 ns |(1)
from clock 400 kHz mode - 900 | ns
110 Tgur | Bus free time 100 kHz mode 4700 — ns | Time the bus must be free
400 kHz mode 1300 — ns before a new transmission
can start
Tsp Input filter spike | 100 kHz mode — 50 ns |Philips Spec states N.A.
suppression 17400 kHz mode - 50 | ns
(SDA and SCL)
Note 1: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region

(min. 300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions.

2: Afast-mode (400 kHz) I2C-bus device can be used in a standard-mode (100 kHz) 12C-bus system, but the
requirement tsu; DAT > 250 ns must then be met. This will automatically be the case if the device does not
stretch the LOW period of the SCL signal. If such a device does stretch the LOW period of the SCL signal, it
must output the next data bit to the SDA line
TR max.+tsu;DAT = 1000 + 250 = 1250 ns (according to the standard-mode 12C bus specification) before
the SCL line is released.

3: The MCP4018/MCP4019 device must provide a data hold time to bridge the undefined part between VIH
and VIL of the falling edge of the SCL signal. This specification is not a part of the I2C specification, but must
be tested in order to guarantee that the output data will meet the setup and hold specifications for the receiv-
ing device.

gk

Use Cb in pF for the calculations.
Not Tested.

A Master Transmitter must provide a delay to ensure that difference between SDA and SCL fall times do not
unintentionally create a Start or Stop condition.

DS22147A-page 10
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MCP4017/18/19

TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, Vpp = +1.8V to +5.5V, Vgg = GND.

Parameters ‘ Sym ‘ Min ‘ Typ ‘ Max | Units ‘ Conditions
Temperature Ranges
Specified Temperature Range Ta -40 — +125 °C
Operating Temperature Range Ta -40 — +125 °C
Storage Temperature Range Ta -65 — +150 °C
Thermal Package Resistances
Thermal Resistance, 5L-SC70 0,a — 331 — °C/W
(Note 1)
Thermal Resistance, 6L-SC70 CITN — TBD — °C/IW

Note 1: Package Power Dissipation (PDIS) is calculated as follows:
Ppis = (Ty - Ta) / 65,
where: T; = Junction Temperature, Tp = Ambient Temperature.

© 2009 Microchip Technology Inc. DS22147A-page 11




MCP4017/18/19

NOTES:
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2.0 TYPICAL PERFORMANCE CURVES

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

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
60 2
18y Ve .
50 - 246 N 5.5V
S 14
40 - S
< 400 kHz, 5.5V ‘_E 12
= 30 | = 1
8 8§08
| Kz 557 £ 04- Ny
10 a ]
) L 100 kHz, 2.7V = 0-5 | | | |
40 0 40 80 120 -40 0 40 80 120
Temperature (°C) Temperature (°C)
FIGURE 2-1: Interface Active Current FIGURE 2-2: Interface Inactive Current
(Ipp) vs. SCL Frequency (fsc) and Temperature (IsHpn) vs. Temperature and Vpp.
(Vpp = 1.8V, 2.7V and 5.5V). (Vpp = 1.8V, 2.7V and 5.5V).
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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§ ~ 60 / ] =
= L o 1 ] -0.1 w
g I Rw ]
z 40 102
20 : : : -0.3
0 32 64 96
Wiper Setting (decimal)
FIGURE 2-3: 5.0 kQ2: Pot Mode — Ry, (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 5.5V). (A =Vpp, B =Vsg).
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FIGURE 2-6: 5.0 k2: Rheo Mode — Ry,

(€9), INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 5.5V).(lyy = 1.4mA, B = Vgg)

300 : T : T : — 0.3
| |-=-40CRw —+25CRw —+-85CRw —+125CRw | ]
—#--40CINL —+25CINL —<85CINL —+125CINL |
’E 260 -40C DNL 25C DNL 85C DNL 125C DNLL 0.2
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FIGURE 2-4: 5.0 kQ2: Pot Mode — Ry, (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 2.7V). (A = Vpp, B=Vsg)
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Error (LSb)

FIGURE 2-7:

5.0 kQ2: Rheo Mode — R\,

(£), INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 2.7V).(ly, = 450uA, B = Vgg)
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a;, r 1 -015
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0 32 64 96
Wiper Setting (decimal)

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 2-5: 5.0 kQ2: Pot Mode — Ry, (£2),

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

— 40CRw = 25CRw —+ 85CRw —+ 125CRw [| 44
[|-=--40CINL —-25CINL —+85CINL —+125CINL

= 2000 40C DNL = 25C DN 85CDNL - 125C DNL) 39

3 RW._ /INL‘ 334

8 P, 4 129 =

S —1500 | &

gt ‘-.\...l 324 2

2 E | <

PG fﬁ\f‘\\ 119 8

<= 1000 N £

f 1 314 W

5 k

s 500 ] 9
L ﬁ : e 4

0 === =
0 32 64 96
Wiper Setting (decimal)

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 2-8: 5.0 kQ2: Rheo Mode — Ry,

(£2), INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 1.8V). (I, = TBD, B = Vgg)
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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-0.6 3

-1.0 7 5.5V
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E 2.7
1.4 ] N
1.6 f 1.8V
1.8 1 ‘ ‘ ‘ ; ‘ ‘ : 1
-40 0 40 80 120

Ambient Temperature (°C)

FIGURE 2-9: 5.0 kQ : Full Scale Error
(FSE) vs. Temperature (Vpp = 5.5V, 2.7V, 1.8V).
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2 06 é’//*/
wz 0.4 */ \5_5\,
5 021 ‘
N ]
0.0 ‘ ‘ : : ‘ : ‘
-40 0 40 80 120
Ambient Temperature (°C)
FIGURE 2-10: 5.0 kQ2: Zero Scale Error

(ZSE) vs. Temperature (Vpp = 5.5V, 2.7V, 1.8V).
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Wiper Setting (decimal)

FIGURE 2-12: 5.0 kQ: Rgyy Tempco
ARy / AT vs. Code.

stop! M Z.00ms

: VoD
LR Rl 7 Wil
FIGURE 2-13: 5.0 k2 : Power-Up Wiper

Response Time.

TalePreva B

T 3 3 .0 0 V0 L Y VT T

| X
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1U50E5

FIGURE 2-11: 5.0 kQ2: Nominal Resistance
(€9 vs. Temperature and Vpp.

FIGURE 2-14:

5.0 kQ2: Digital Feedthrough
(SCL signal coupling to Wiper pin).
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.

J\ u

JH

M

FIGURE 2-15: 5.0 kQ : Write Wiper (40h —
3Fh) Settling Time (Vpp=5.5V).
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S S o I S RS S S
L ; /
[ @ = T
FIGURE 2-18: 5.0 kQ : Write Wiper (FFh —

00h) Settling Time (Vpp=5.5V).
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FIGURE 2-16: 5.0 k2 : Write Wiper (40h

— 3Fh) Settling Time (Vpp=2.7V).
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FIGURE 2-19: 5.0 kQ : Write Wiper (FFh —

00h) Settling Time (Vpp=2.7V).

v i
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FIGURE 2-17: 5.0 k2 : Write Wiper (40h —

3Fh) Settling Time (Vpp=1.8V).
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S
By
LA == e Bl
FIGURE 2-20: 5.0 k2: Write Wiper (FFh —

00h) Settling Time (Vpp=1.8V).
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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Wiper Setting (decimal)
FIGURE 2-21: 10 kQ Pot Mode : Ry, (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 5.5V). (A =Vpp, B=Vsg)
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FIGURE 2-22: 10 kQ Pot Mode : Ry, (£2),

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

120 —=--40CRw -+25CRw ——85CRw —+125CRw | ] 0.3
| |=+—-40CINL -=25CINL -—+85CINL —+125CINL | ]
-40C DNL 25C DNL 85C DNL 125C DNL| -
= ‘ 1 0.2
z 4
= 85°C | 125°C P ™
Q = —_
I v
BE ¢ h, L 0 T
[y & ] o
€ 260 T N W
5 40°C Rw | 1
£ 40 25°C 1
= INL 1 -0.2
20 L L L L ‘ _0.3
0 32 64 96
Wiper Setting (decimal)
FIGURE 2-24: 10 k2 Rheo Mode : Ry, (€,

INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 5.5V).(ly = 450uA, B = Vgg)
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FIGURE 2-25: 10 k2 Rheo Mode : Ry, (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 2.7V).(Iyy = 210uA, B = Vgg)
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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 k2 Pot Mode : Ry, (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 1.8V). (A = Vpp, B=Vsg)

FIGURE 2-26: 10 k2 Rheo Mode : Ry, (€2,
INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 1.8V). (I, = TBD, B = Vgg)
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-27: 10 kQ : Full Scale Error

(FSE) vs. Temperature (Vpp = 5.5V, 2.7V, 1.8V).
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FIGURE 2-28: 10 kQ : Zero Scale Error
(ZSE) vs. Temperature (Vpp = 5.5V, 2.7V, 1.8V).
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FIGURE 2-29: 10 kQ : Nominal Resistance
() vs. Temperature and Vpp.
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FIGURE 2-30: 10 kQ2: Rgyy Tempco
ARy / AT vs. Code.
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FIGURE 2-31: 10 kQ : Power-Up Wiper

Response Time.

PV SRS JUSUR WL IVUES I8 ST WeR I,

T RO 8 S i o o

s VDD 5 ;

R ST e

I L e A - | W s

, il e sl ; f
FIGURE 2-32: 10 kQ : Digital Feedthrough

(SCL signal coupling to Wiper pin).
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-33: 10 kQ : Write W/per (40h —
3Fh) Settling Time (Vpp=5.5V).
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FIGURE 2-34: 10 k2 : Write Wiper (40h —
3Fh) Settling Time (Vpp=2.7V).
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FIGURE 2-36: 10 kQ : Write W/per (FFh —
00h) Settling Time (Vpp=5.5V).
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FIGURE 2-37: 10 kQ : Write Wlper (FFh —
00h) Settling Time (Vpp=2.7V).
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FIGURE 2-35: 10 kQ: Wr/te Wlper (40h -
3Fh) Settling Time (Vpp=1.8V).

FIGURE 2-38. 10 k2 : Write Wlper (FFh >
00h) Settling Time (Vpp=1.8V).

© 2009 Microchip Technology Inc.

DS22147A-page 19



MCP4017/18/19

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-39: 50 k2 Pot Mode : Ry, (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 5.5V).
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FIGURE 2-42: 50 k2 Rheo Mode : Ry, (€,

INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 5.5V).(ly, = 90uA, B = Vgg)
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FIGURE 2-40: 50 k2 Pot Mode : Ry, (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 2.7V).
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FIGURE 2-43: 50 k22 Rheo Mode : Ry, (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 2.7V).(ly, = 45uA, B = Vgg)
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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.
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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 2-41: 50 k&2 Pot Mode : Ry, (£2),
INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 1.8V).

FIGURE 2-44: 50 k2 Rheo Mode : Ry, (€2,
INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 1.8V). (I, = TBD, B = Vgg)
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-45: 50 kQ: Full Scale Error FIGURE 2-48: 50 k2 : Rgy Tempco
(FSE) vs. Temperature (Vpp = 5.5V, 2.7V, 1.8V). ARy / AT vs. Code.
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FIGURE 2-46: 50 k2 : Zero Scale Error FIGURE 2-49: 50 kQ : Power-Up Wiper
(ZSE) vs. Temperature (Vpp = 5.5V, 2.7V, 1.8V). Response Time.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-51 50 k2 : Write W/per (40h —
3Fh) Settling Time (Vpp=5.5V).

FIGURE 2-54: 50 kQ : Write W/per (FFh —
00h) Settling Time (Vpp=5.5V).
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FIGURE 2-52: 50 k2 : Write Wiper (40h —
3Fh) Settling Time (Vpp=2.7V).
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FIGURE 2-53: 50 k€2 : Write Wiper (40h —
3Fh) Settling Time (Vpp=1.8V).
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FIGURE 2-55: 50 k<2 : Write Wiper (FFh —
00h) Settling Time (Vpp=2.7V).
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FIGURE 2-56: 50 kQ : Write Wiper (FFh —
00h) Settling Time (Vpp=1.8V).
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-57: 100 k2 Pot Mode : Ry (€2,
INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 5.5V).
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FIGURE 2-58: 100 k2 Pot Mode : Ry (£2),

INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 2.7V).
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FIGURE 2-60: 100 k2 Rheo Mode : Ry,

(), INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 5.5V). (I = 45uA, B = Vgg)
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FIGURE 2-61: 100 k2 Rheo Mode : Ry,

(£), INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 2.7V). (I = 21uA, B = Vgg)

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.
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FIGURE 2-59: 100 k2 Pot Mode : Ry (€2,
INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 1.8V).

voltage and wiper setting value.

FIGURE 2-62: 100 k2 Rheo Mode : Ry,
(£), INL (LSb), DNL (LSb) vs. Wiper Setting and
Temperature (Vpp = 1.8V). (I, = TBD, B = Vgg)
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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(FSE) vs. Temperature (Vpp = 5.5V, 2.7V, 1.8V).
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FIGURE 2-68: 100 k2 : Digital
Feedthrough (SCL signal coupling to Wiper pin).
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = OV.
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FIGURE 2-69: 100 k2 : Write Wiper (40h
— 3Fh) Settling Time (Vpp = 5.5V).
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FIGURE 2-72:

100 kQ : Write Wiper (FFh
— 00h) Settling Time (Vpp = 5.5V).

FIGURE 2-70: 100 k(2 : Write Wiper (40h
— 3Fh) Settling Time (Vpp = 2.7V).

TjErevY MEO0uE
D}HHHHHHHHT‘HHT&PHHHH
S e R
ToGT PO TR
P R B 53 :
: : W Feops =100 1m0
----- : @ reap 2785
1 A5SN5 £2,835
[EB_=0mv [ XY ]‘ | TR H__ 7 5z0mv
fi+w s'so0no s [ ook potns

S 30w

h T LT
¥ 5 iz,
e e * —T—
B 3 gy &)
: T e T
- O el £90. 7y
atosys  Avssray

m.ﬁ\,&wdwmﬂ,m-@f\‘;\'\\h i . ]
: : 3§ VAT i it A A

T

! : o
Tz 00 [Tz [ @ 7 e
S 000980 100k paints

e ] e | e

FIGURE 2-73:

100 k<2 : Write Wiper (FFh
— 00h) Settling Time (Vpp = 2.7V).
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FIGURE 2-71: 100 kQ : Write Wiper (40h
— 3Fh) Settling Time (Vpp = 1.8V).
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FIGURE 2-74: 100 k&2 : Write Wiper (FFh
— 00h) Settling Time (Vpp = 1.8V).
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