MICROCHIP

MCP45HV X1

7/8-Bit Single, +36V (+18V) Digital POT
with 1°C™ Serial Interface and Volatile Memory

Features:

High-Voltage Analog Support:
- +36V Terminal Voltage Range (DGND = V-)

- +18V Terminal Voltage Range
(DGND = V- +18V)

Wide Operating Voltage:

- Analog: 10V to 36V (specified performance)

- Digital: 2.7V to 5.5V
1.8V 1o 5.5V (V| 2 V- +2.7V)

Single-Resistor Network

Resistor Network Resolution

- 7-bit: 127 Resistors (128 Taps)

- 8-bit: 255 Resistors (256 Taps)

Rag Resistance Options:

- 5kQ - 10 kQ

- 50 kQ —100 kQ

High Terminal/Wiper Current (ly) Support:

- 25 mA (for 5 kQ)

- 12.5 mA (for 10 kQ)

- 6.5 mA (for 50 kQ and 100 kQ)

Zero-Scale to Full-Scale Wiper Operation

Low Wiper Resistance: 75 Q (typical)

Low Tempco:

- Absolute (Rheostat): 50 ppm typical
(0°C to +70°C)

- Ratiometric (Potentiometer): 15 ppm typical

I°C Serial Interface:

- 100 kHz, 400 kHz, 1.7 MHz,
and 3.4 MHz support

Resistor Network Terminal Disconnect Via:

- Shutdown Pin (SHDN)

- Terminal Control (TCON) Register

Write Latch (WLAT) Pin to Control Update of

Volatile Wiper Register (such as Zero Crossing)

Power-On Reset/Brown-Out Reset for Both:

- Digital supply (V| /DGND); 1.5V typical

- Analog supply (V+/V-); 3.5V typical

Serial Interface Inactive Current (3 pA typical)

500 kHz Typical Bandwidth (-4 dB) Operation
(5.0 kQ2 Device)

Extended Temperature Range (-40°C to +125°C)
Package Types: TSSOP-14 and QFN-20 (5x5)

Package Types (Top View)
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Note 1: Exposed Pad (EP)
2: NC = Not Internally Connected
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Description:

The MCP45HVX1 family of devices have dual power
rails (analog and digital). The analog power rail allows
high voltage on the resistor network terminal pins. The
analog voltage range is determined by the V+ and V-
voltages. The maximum analog voltage is +36V, while
the operating analog output minimum specifications
are specified from either 10V or 20V. As the analog
supply voltage becomes smaller, the analog switch
resistances increase, which affect certain performance
specifications. The system can be implemented as dual
rail (+18V) relative to the digital logic ground (DGND).

The device also has a Write Latch (WLAT) function,
which will inhibit the volatile Wiper register from being
updated (latched) with the received data, until the
WLAT pin is Low. This allows the application to specify
a condition where the volatile Wiper register is updated
(such as zero crossing).

© 2014 Microchip Technology Inc.
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MCP45HV X1

Device Block Diagram

V+ V-
r _$_ i ______ A
. | Power-Up/
v Brown-Out | Power-Up/ |
DGND [}1» Control | | Brown-Out |
(Digital) | Control |
(Analog)
SCL [J-»| ’C™ Serial | | |
| x| Interface | |
SDA L4 Module and | I
A0 [/ Control r—- - - - - — = -
A1 L Logic | Resistor o—f«—>L] POA
| Network 0 |I
WLAT [ e (Pot0)
—_— [ g epna «»o ol Pow
SHDN [}, | Wiper 0 ’#
| and TCON ||
Register |
Memory (2 <>
! y(2x8) | L e | ] POB
Wiper0 (V) |
TCON | | |
L - - .
Device Features
% o g o | Resistance (Typical) Numper Specified Operating
. O Wiper °g = of: Range
Device < Configuration c % o E
© S & |RagOptions |Wiper-| « | & @) ©)
= CE|R k) |Ry@| | &M v
4)
. @) | 2~ 5.0, 10.0, 1.8Vto | 10V " to 36V
MCP45HV 31 1 | Potentiometer “C 3Fh 50.0, 100.0 75 127 (128 55V
4)
. | e 5.0, 10.0, 1.8Vto | 10V Y to 36V
MCP45HV51 1 | Potentiometer I“C | 7Fh 50.0, 100.0 75 255 | 256 5 5V
4)
(5) . 5.0, 10.0, 1.8Vto | 10V \* to 36V
MCP41HV31 1 | Potentiometer SPI | 3Fh 50.0. 100.0 75 127128 5 5V
()]
(5) . (5) 5.0, 10.0, 1.8V to 10V "/ to 36V
MCP41HV51 1 | Potentiometer SPI | 7Fh 50.0, 100.0 75 | 255|256 5 5V

Note 1:

Floating either terminal (A or B) allows the device to be used as a Rheostat (variable resistor).

2.  This is relative to the DGND signal. There is a separate requirement for the V+/V- voltages.

Vi > V-+2.7V.

3: Relative to V-, the V| and DGND signals must be between (inclusive) V- and V+.

4: Analog operation will continue while the V+ voltage is above the device’s analog Power-On Reset (POR)/
Brown-out Reset (BOR) voltage. Operational characteristics may exceed specified limits while the V+
voltage is below the specified minimum voltage.

5:  For additional information on these devices, refer to DS20005207.

DS20005304A-page 2
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MCP45HV X1

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

Voltage on V- with resSpect t0 DGND .........cooiiiiiiiiieiiie e seee s DGND + 0.6V to -40.0V
Voltage on V+ with reSpect t0 DGND ........oiiiiiiiiiieei e e DGND - 0.3V to 40.0V
Voltage on V4 With reSpeCt t0 V- ..o DGND - 0.3V to 40.0V
Voltage on V| With reSPECt 10 V4 ..o s -0.6V to -40.0V
Voltage on V| With r@SPECE 10 V- ...t e e -0.6V to +40.0V
Voltage on V| with respect to DGND ..........c.ooiiiiiii e e s -0.6V to +7.0V
Voltage on SCL, SDA, A0, A1, WLAT, and SHDN with respect to DGND ..........ccccccvviiriniieenieeene -0.6Vto V| + 0.6V
Voltage on all other pins (PxA, PxW, and PxB) with respect to V- .........cocceiiiiiiiiiie e -0.3Vto V+ + 0.3V
Input clamp current, Ik (V< 0, V; >V, V> Vpp on HV PINS) ..o 20 mA
Output clamp current, Igx (Vo SO 0rVE > V) e e 20 mA
Maximum current Out Of DGIND PiN ........uoiiiiiiiiiee et e et st e e et e eas 100 mA
Maximum current iNt0 Vi PiN......ccoociiii e 100 mA
Maximum CUITENE QUL OF V= PN ... e et e e e e e e e e e e e e e e e st beeeeeesesbaaaeeeaanes 100 mA
Maximum CUITENT INTO VA PN ..ottt et e e et eab et e et e e e e e naneee s 100 mA
Maximum current into PxA, PXW, and PxB pins (Continuous)
RAB T (O O +25 mA
RAB = 10 K)ottt bttt et e bt e et e e bbb eeneenaeean +12.5mA
RAB S50 KEY e e 6.5 mA
RAB = 100 KO ittt ettt ettt bt ettt 6.5 mA
Maximum current into PXA, PXW, and PXB pins (Pulsed)
FRULSE = 10O KHZ e (Max lcontinuous) / (Duty Cycle)
FRULSE S TOKHZ oottt (Max lcontinuous) / ¥ (Duty Cycle)
Maximum output current sunk by any OUIPUL PIN ....ooiiiiiiiii e e 25 mA
Maximum output current sourced by any OUEPUL PIN .....oooiiiiiiii e 25 mA
Package Power Dissipation (T = + 50°C, T; = +150°C)
TSSOP-T4 ettt E ettt b e h e eae e et et r bttt 1000 mw
(O] N O (1) PRSP RRURR 2800 mw
Soldering temperature of Ieads (10 SECONTS) .....cciiuiiiiiiiiiiiiee e et e et eeeeneee s emnee e e eeeenneeeennes +300°C
ESD protection on all pins
Human Body Model (HBM) ....cooiiiie ettt ettt ettt e ettt e e s e e et e e e nee e e nneeeeneeeeenns > 5 kV
MaChiNg MOAEI (IMIM) ..otttk b et bbbttt b ettt b bbbt en bt st > +400V
Maximum Junction TeMPErature (T g) ..o e s s 150°C
StOrage tEMPEATUIE ......oiiiiie ettt et e e st e e e st e e e sseeeesnneeeenteee e neeenneeeanneeeanee -65°C to +150°C
Ambient temperature with POWEr @pPlied ..........cccuiiiiiiiiiiiii e e -40°C to +125°C

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.
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MCP45HV X1

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.
V+ =10V to 36V (referenced to V-);
V+ = +5V to +18V and V- = -5.0V to -18V (referenced to DGND -> £5V to +18V),
V| =+2.7V to 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.

Typical specifications represent values for V|_= 5.5V, T, = +25°C.

ensure Power-On
Reset

Parameters Sym. Min. Typ.| Max. Units Conditions

Digital Positive Vi 2.7 — 5.5 \Y, With respect to DGND (Note 4)
Supply Voltage (V) 1.8 — 5.5 VooV 2V-+27V

(Note 1, Note 4)

— — 0 Vv With respect to V+

Analog Positive V+ (VG 36.0 V | With respect to V- (Note 4)
Supply Voltage (V+)
Digital Ground VbGND V- — | V+-V, \ With respect to V- (Note 4, Note 5)
Voltage (DGND)
Analog Negative V- -36.0+V_ | — 0 Vv With respect to DGND and with V| = 1.8V
Supply Voltage (V-)
Resistor Network VRN — — 36.0 \Y Delta voltage between V+ and V- (Note 4)
Supply Voltage
V| Start Voltage to VbPor — — 1.8 \Y With respect to DGND, V+ > 6.0V
ensure Wiper Reset RAM retention voltage (Vram) < Vbeor
V+ Voltage to ensure | Vapor — — 6.0 \Y, With respect to V-, V|_= 0V
Wiper Reset RAM retention voltage (Vkram) < Veor
Digital to Analog Vis — — 23 \Y, V| to V- voltage.
Level Shifter DGND = V-
Operational Voltage
Power Rail Voltages | V| por — — 5.5 \ Digital Powers (V| /DGND) up 1st:
during Power-Up V+ and V- floating
(Note 1) or

as V+/V- powers-up

(V+ must be > to DGND) (Note 18)

V+por — — 36 \Y Analog Powers (V+/V-) up 1st:

V, and DGND floating

or

as V| /DGND powers-up

(DGND must be between V- and V+)

(Note 18)
V| Rise Rate to VIRR (Note 6) Vims | With respect to DGND

Note 1:
Note 4:

This specification by design.

V+ voltage is dependent on V- voltage. The maximum delta voltage between V+ and V- is 36V. The digital

logic DGND potential can be anywhere between V+ and V-, the V|_potential must be >= DGND and <= V+.

Note 5:

tion. So 36V - 1.8V = 34.2V.

Note 6:
Note 16:
Note 18:

POR/BOR is not rate dependent.
For specified analog performance, V+ must be 20V or greater (unless otherwise noted).

Minimum value determined by maximum V- to V+ potential equals 36V and minimum V= 1.8V for opera-

During the power-up sequence, to ensure expected analog POR operation, the two power systems (analog

and digital) should have a common reference to ensure that the driven DGND voltage is not at a higher
potential than the driven V+ voltage.

DS20005304A-page 4
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MCP45HV X1

AC/DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < Tp £ +125°C (extended)
o All parameters apply across the specified operating ranges unless noted.
DC Characteristics V+ = 10V to 36V (referenced to V-);
V+ = +5V to +18V and V- = -5.0V to -18V (referenced to DGND -> +5V to +18V),
V| =+2.7V to 5.5V, 5 kQ, 10 kQ2, 50 kQ, 100 kQ devices.
Typical specifications represent values for V| = 5.5V, Tp = +25°C.
Parameters Sym. | Min. Typ. Max. Units Conditions
Delay after Teorn | — 10 20 us
device exits the
Reset state
(VL > VBoRr)
Supply Current Ibop — 45 650 MA Serial Interface Active,
(Note 7) Write all 0’s to Volatile Wiper 0 (address 0h)
VL =5.5V, FgcL = 3.4 MHz,
V-=DGND
— 4 7 MA Serial Interface Inactive,
V_ =5.5V, SCL = V|, Wiper =0,
V-=DGND
Ibpa — — 5 MA | Current V+ to V-, PxA = PxB = PxW,
DGND = V- +(V+/2)
Resistance Rag 4.0 5 6.0 kQ |-502 devices, V+/V- = 10V to 36V
(£ 20%) (Note 8) 8.0 10 12.0 kQ |-103 devices, V+/V- = 10V to 36V
40.0 50 60.0 kQ |-503 devices, V+/V- = 10V to 36V
80.0 100 120.0 kQ  |-104 devices, V+/V- = 10V to 36V
RAB Current IAB — — 9.00 mA -502 devices |36V / RAB(MlN)’
— — 4.50 mA  |-103 devices V’\-I =-1 gV’ V+=+18V,
— — 090 | mA |-503 devices | (10t 9)
— — 0.45 mA  |-104 devices
Resolution N 256 Taps | 8-bit No Missing Codes
128 Taps | 7-bit No Missing Codes
Step Resistance Rs — | Rap/(255) — Q 8-bit Note 1
SZE; Appendix — |[Rpp/(127)| — Q |7-bit Note 1

Note 1:  This specification by design.

Note 7:  Supply current (IDDD and IDDA) is independent of current through the resistor network.
Note 8: Resistance (RAB) is defined as the resistance between Terminal A to Terminal B.

Note 9:  Ensured by the Rpg specification and Ohm’s Law.

© 2014 Microchip Technology Inc. DS20005304A-page 5



MCP45HV X1

AC/DC CHARACTERISTICS (CONTINUED)

DC Characteristics

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

All parameters apply across the specified operating ranges unless noted.
V+ =10V to 36V (referenced to V-);
V+ =+5V to +18V and V- = -5.0V to -18V (referenced to DGND -> +5V to +18V),
V| =+2.7V to 5.5V, 5 kQ3, 10 kQ, 50 kQ, 100 kQ devices.

Typical specifications represent values for V| = 5.5V, Tp = +25°C.

Operating Temperature

WorB

Parameters Sym. Min. | Typ. | Max. | Units Conditions
Wiper Resistance Rw — 75 170 Q lw=1mA V+ = +18V, V- = -18V,
(see Appendix B.5) code = 00h, PxA = floating,
PxB = V-.
— 145 200 Q lw=1mA |V+=45.0V, V-=-5.0V,
code = 00h, PxA = floating,
PxB = V-. (Note 2)
Nominal Resistance ARp/AT | — 50 — ppm/°C | Tp =-40°C to +85°C
Tempco _ — 100 — ppm/°C | Tp = -40°C to +125°C
(see Appendix B.23)
Ratiometeric Tempco | AVgy/AT | — 15 — ppm/°C | Code = Mid scale (7Fh or 3Fh)
(see Appendix B.22)
Resistor Terminal Input | VAV Vg | V- — V+ \Y Note 1, Note 11
Voltage Range
(Terminals A, B and W)
Current through I, Iy — — 25 mA  |-502 devices | lgww # zs) and laww # Fs)
Terminals — | — | 125 | mA [-103 devices | Igww # zs) and lawqw # Fs)
(A, B, and Wiper) X
(Note 1) — — 6.5 mA -503 dev!ces IBW(W # 28) and IAW(W # FS)
— — 6.5 mA  |-104 devices | lgww # zs) and laww # rs)
— — 36 mMA | lgww = zs), OF law(w = Fs)
Leakage currentinto A, I — 5 — nA |[A=W=B=V-

Note 1:  This specification by design.

Note 2:  This parameter is not tested, but specified by characterization.

Note 11: Resistor terminals A, W and B’s polarity with respect to each other is not restricted.

DS20005304A-page 6
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MCP45HV X1

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.

V+ =10V to 36V (referenced to V-);

V+ = +5V to +18V and V- = -5.0V to -18V (referenced to DGND -> 5V to +18V),
V| =+2.7V to 5.5V, 5 kQ3, 10 kQ, 50 kQ, 100 kQ devices.

Typical specifications represent values for V|_= 5.5V, T = +25°C.

Parameters Sym. Min. | Typ. | Max. | Units Conditions

Full Scale Error Vwese | -10.5 | — — LSb |5kQ Vag = 20V to 36V

(Potentiometer) 85 | — | — | Lsb . |Vag = 20V to 36V
(8-bit code = FFh, 8bit | 40°c < T, < +85°C (Note 2)

lez)'te‘:i%e l:lo7t|;h1)7) 140 | — | — [Lsb Vag = 10V to 36V

(Vo =V+ Vg =V-) -5.5 — — LSb Vag = 20V to 36V

(see Appendix 45 | — — LSb 7-bit Vpag = 20V to 36V
B.10) —40°C < T, < +85°C (Note 2)

75 | — | — |Lsb Vag = 10V to 36V

45 | — | — |LSb |10ka | . |Vag= 20V1036V

60 | — | — |LSb Vag = 10V to 36V

265 | — | — | LSb Vag = 20V to 36V

225 — | — | LSb it |VaB= 20V to 36V
—40°C < T, < +85°C (Note 2)

35 | — | — | LSb Vag = 10V to 36V

10 | — | — |LSb |50ka | . |Vag= 20Vi036V

44 | — | — |Lsb Vag = 10V to 36V

40 | — | — |LSb | Vag = 20V to 36V

12 | — | — |Lsb 7ol Vag = 10V to 36V

07 | — | — | LSb [100ka | . |Vag= 20V 1036V

095 | — | — | Lsb Vag = 10V to 36V

085 — | — | LSb St [VaB = 20V o 36V

0975 — | — | LSb Vag = 10V to 36V

Note 2:  This parameter is not tested, but specified by characterization.
Note 10: Measured at Vyy with Vy = V+ g Vg = V-,
Note 17: Analog switch leakage affects this specification. Higher temperatures increase the switch leakage.

© 2014 Microchip Technology Inc.
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MCP45HV X1

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.
V+ =10V to 36V (referenced to V-);
V+ = +5V to +18V and V- = -5.0V to -18V (referenced to DGND -> 5V to +18V),
V| =+2.7V to 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.

Typical specifications represent values for V|_= 5.5V, T = +25°C.

Parameters Sym. Min. | Typ. | Max. |Units Conditions
Zero Scale Error Vwzse — — | +9.5 | LSb |5kQ Vag = 20V to 36V
(Potentiometer) — | — | +85 | Lsb | Vag = 20V to 36V
(8-bit code = 00h, 8bit | 40°c < T, < +85°C (Note 2)
lez)':gi%e l:ocice)hl)ﬂ — | — [ +145 | Lsb Vag = 10V to 36V
(Vo =V+ Vg =V-) — — +4.5 | LSb 2.bit Vag = 20V to 36V
(see Appendix — | — | 7.0 | LSb Vag = 10V to 36V
B.11) — | — | +425 | Lsb [10ka | Vag= 20V to 36V

— [ = [ +65 | Lsb 8Ot 1= 10V 036V
— | — [+2.125] Lsb o Vag = 20V 036V
— | — [+325] Lsb Vag = 10V to 36V
— | — [ +09 [Lsb [s0ka | |Vas= 20Vto36V
— [ = [ +13 [Lsb Vag = 10V to 36V
— | — | +05 | Lsb ~ |Vag = 20V to 36V
— [ = [ +07 [ Lsb Ot = 10V t0 36V
— | — | +06 | Lsb [100ka | [Vag= 20Vto36V
— | — [+0.95 | Lsb Vag = 10V to 36V
— | — ] +03 [ Lsb ot |Vas = 20V to 36V
— | — [+0.475] Lsb Vag = 10V to 36V

Note 2:  This parameter is not tested, but specified by characterization.

Note 10: Measured at Vyy with Va = V+ 54 Vg = V-,
Note 17: Analog switch leakage affects this specification. Higher temperatures increase the switch leakage.

DS20005304A-page 8
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MCP45HV X1

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.
V+ =10V to 36V (referenced to V-);
V+ = +5V to +18V and V- = -5.0V to -18V (referenced to DGND -> £5V to +18V),
V| =+42.7V to 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.

Typical specifications represent values for V| = 5.5V, Ty = +25°C.

Parameters Sym. Min. Typ. Max. Units Conditions
Potentiometer P-INL -1 +0.5 +1 LSb |5 kQ 8-bit |Vag = 10V to 36V
Integral -0.5 +0.25 +0.5 LSb 7-bit | Vag = 10V to 36V
Nonlinearity 1 0.5 1 LSb |10kQ |8-bit |Vag= 10V to 36V
(Note 10,

Note 17) 0.5 +0.25 +0.5 LSb 7-bit |Vag = 10V to 36V
(see Appendix -1.1 +0.5 +1.1 LSb |50 kQ |8-bit |Vag= 10V to 36V

B.12) 1 0.5 +1 LSb Vag = 20V to 36V, (Note 2)
-1 +0.5 +1 LSb Vag = 10V to 36V,

—40°C < T, < +85°C (Note 2)

0.6 +0.25 +0.6 LSb 7-bit |Vag = 10V to 36V
-1.85 +0.5 +1.85 | LSb [100kQ |8-bit |Vag= 10V to 36V

1.2 +0.5 +1.2 LSb Vg = 20V to 36V, (Note 2)
-1 +0.5 +1 LSb Vag = 10V to 36V,

—40°C < T, < +85°C (Note 2)

-1 +0.5 +1 LSb 7-bit |Vag = 10V to 36V
Potentiometer P-DNL -0.7 +0.25 +0.7 LSb [5kQ 8-bit |Vag = 10V to 36V

Differential 0.5 +0.25 +0.5 LSb Vag = 20V to 36V (Note 2)
?Nog't"enigyr'ty 2025 | +0.125| +0.25 | LSb 7-bit |Vag = 10V to 36V
Note 17) -0.375 | 20125 | +0.375 | LSb [10kQ |8-bit |Vag= 10V to 36V
(see Appendix -0.25 £0.1 +0.25 | LSb 7-bit | Vag = 10V to 36V
B.13) 025 | 0125 | +0.25 | LSb |50kQ |8bit |Vag= 10V to 36V
-0.125 | #0.1 | +0.125 | LSb 7-bit |Vag = 10V to 36V
025 | #0125 | +0.25 | LSb |100kQ |8-bit |Vag= 10V to 36V
0125 | +0.1 | +0.125 | LSb 7-bit |Vag = 10V to 36V

Note 2:  This parameter is not tested, but specified by characterization.
Note 10: Measured at Vyy with Va = V+ 54 Vg = V-,
Note 17: Analog switch leakage affects this specification. Higher temperatures increase the switch leakage.

© 2014 Microchip Technology Inc.
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MCP45HV X1

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.

V+ =10V to 36V (referenced to V-);

V+ = +5V to +18V and V- = -5.0V to -18V (referenced to DGND -> £5V to +18V),
V| =+42.7V to 5.5V, 5 kQ), 10 kQ, 50 kQ, 100 kQ devices.

Typical specifications represent values for V| = 5.5V, Tp = +25°C.

Parameters Sym. | Min. Typ. Max. Units Conditions
Bandwidth -3 dB BW | — 480 — kHz |5kQ  |8-bit |Code = 7Fh
(load = 30 pF) — 480 — kHz 7-bit | Code = 3Fh
— 240 — kHz [10kQ |8-bit |Code = 7Fh
— 240 — kHz 7-bit | Code = 3Fh
— 48 — kHz |50kQ |8-bit |Code = 7Fh
— 48 — kHz 7-bit | Code = 3Fh
— 24 — kHz [100kQ |8-bit |Code = 7Fh
— 24 — kHz 7-bit | Code = 3Fh
Vyy Settling Time ts — 1 — V] 5kQ Code = 00h -> FFh (7Fh);
(Va = 10V, Vg = 0V, FFh (7Fh) -> 00h
1LSb error band, — 1 — us |10kQ |Code = 00h -> FFh (7Fh);
CL=50pF) FFh (7Fh) -> 00h
(see Appendix B.17) — | 25 — us |50kQ | Code = 00h -> FFh (7Fh);
FFh (7Fh) -> 00h
— 5 — us |100kQ |Code = 00h -> FFh (7Fh);
FFh (7Fh) -> 00h
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MCP45HV X1

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.
V+ =10V to 36V (referenced to V-);
V+ = +5V to +18V and V- = -5.0V to -18V (referenced to DGND -> £5V to +18V),
V| =+2.7V to 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.

Typical specifications represent values for V|_= 5.5V, T, = +25°C.

Parameters Sym. Min. | Typ.| Max. | Units Conditions
Rheostat Integral | R-INL | -20. | — | +2.0 | LSb |5kQ |8-bit |y =6.0 mA, (V+- V-) = 36V (Note 2)
Nonlinearity 25 | — | +25 | Lsb ly = 3.3 mA, (V+ - V-) = 20V (Note 2)
(NNO‘izelf'NNo‘iflgj' 45 | — | +45 | Lsb Iy = 1.7 mA, (V+ - V=) = 10V
(see Appendix 10 | — | +1.0 | LsSb 7-bit |y =6.0 mA, (V+ - V-) = 36V (Note 2)
B.5) 45 | — | +15 | LSb ly = 3.3 mA, (V+ - V-) = 20V (Note 2)
20 | — | +20 | Lsb ly = 1.7 mA, (V+ - V=) = 10V
42 | — | +12 | LSb [10kQ [8-bit |ly=3.0mA, (V+-V-) =36V (Note 2)
175 | — | +1.75 | Lsb ly = 1.7 mA, (V+ - V=) = 20V (Note 2)
20 | — | +20 | Lsb ly = 830 A, (V+ - V-) = 10V
06 | — | +06 | LSb 7-bit |y = 3.0 mA, (V+ - V-) = 36V (Note 2)
08 | — | +08 | LSb ly = 1.7 mA, (V+ - V=) = 20V (Note 2)
41 | — | +1.1 | Lsb ly = 830 A, (V+ - V-) = 10V
40 | — | +1.0 | LSb [50kQ [8-bit |ly =600 uA, (V+ - V-) = 36V (Note 2)
10 | — | +10 | Lsb ly = 330 A, (V+ - V-) = 20V (Note 2)
42 | — | +12 | Lsb ly = 170 pA, (V+ - V=) = 10V
05 | — | +05 | LSb 7-bit | lyy =600 pA, (V+ - V-) = 36V (Note 2)
05 | — | +05 | LSb ly = 330 A, (V+ - V-) = 20V (Note 2)
06 | — | +06 | LSb ly = 170 pA, (V+ - V=) = 10V
40 | — | +1.0 | LSb [100kQ|8-bit |ly =300 yA, (V+ - V-) = 36V (Note 2)
10 | — | +10 | Lsb l = 170 pA, (V+ - V-) = 20V(Note 2)
42 | — | +12 | Lsb lyy = 83 PA, (V+ - V=) = 10V
05 | — | +05 | LSb 7-bit |y =300 pA, (V+ - V-) = 36V (Note 2)
05 | — | +05 | LSb ly = 170 pA, (V+ - V=) = 20V (Note 2)
06 | — | +06 | LSb lyy = 83 PA, (V+ - V=) = 10V

Note 2:  This parameter is not tested, but specified by characterization.

Note 12: Nonlinearity is affected by wiper resistance (Ryy), which changes significantly over voltage and temperature.

Note 13: Externally connected to a Rheostat configuration (RBW), and then tested.

Note 14: Wiper current (lyy) condition determined by Ragmax) @nd Voltage Condition, the delta voltage between V+
and V- (voltages are 36V, 20V, and 10V).

Note 17: Analog switch leakage affects this specification. Higher temperatures increase the switch leakage.

© 2014 Microchip Technology Inc.
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MCP45HV X1

AC/DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < Tp £ +125°C (extended)
All parameters apply across the specified operating ranges unless noted.
DC Characteristics V+ =10V to 36V (referenced to V-);
V+ = +5V to +18V and V- = -5.0V to -18V (referenced to DGND -> £5V to +18V),
V| =+2.7V to 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.
Typical specifications represent values for V| = 5.5V, T, = +25°C.
Parameters Sym. Min. | Typ. | Max. | Units Conditions
Rheostat R-DNL | -0.5 — | +0.5 | LSb [5kQ |8-bit |l =6.0 mA, (V+-V-)=36V (Note 2)
Differential 05 | — | +05 | LSb Iy = 3.3 mA, (V+ - V-) = 20V (Note 2)
Nonlinearity 08 | — | +0.8 | LSb Iy = 1.7 MA, (V+- Vo) =
(Note 12, Note 13,
Note 14, Note 17) -0.25 | — | +0.25 | LSb 7-bit |l =6.0 mA, (V+-V-) =36V (Note 2)
(see Appendix -025 | — | +0.25 | LSb lw =3.3mA, (V+-V-)=20V (Note 2)
B.5) 04 | — | +04 | LSb lw = 1.7 mA, (V+ - V=) =
-0.5 — | +0.5 | LSb [10kQ |8-bit [lyy=3.0 mA, (V+-V-)=36V (Note 2)
-0.5 — | +0.5 | LSb lw = 1.7 mA, (V+ - V-) = 20V (Note 2)
-0.5 — | +0.5 | LSb Iy =830 YA, (V+-V-) =10V
-0.25 | — | +0.25 | LSb 7-bit |lyy = 3.0 mA, (V+ - V-) = 36V (Note 2)
-025 | — | +0.25 | LSb lw = 1.7 mA, (V+ - V-) = 20V (Note 2)
-0.25 | — | +0.25 | LSb Iy =830 YA, (V+-V-) =10V
-0.5 — | +0.5 | LSb [50kQ |8-bit |l =600 pA, (V+-V-) =36V (Note 2)
-0.5 — | +0.5 | LSb lw = 330 pA, (V+ - V-) = 20V (Note 2)
-0.5 — | +0.5 | LSb Iy =170 pA, (V+-V-) =10V
-0.25 | — | +0.25 | LSb 7-bit | lyy =600 pA, (V+ - V-) =36V (Note 2)
-025 | — | +0.25 | LSb lw = 330 pA, (V+ - V-) = 20V (Note 2)
-0.25 | — | +0.25 | LSb Iy =170 pA, (V+-V-) =10V
-0.5 — | +0.5 | LSb [100k |8-bit |I, =300 pA, (V+-V-) =36V (Note 2)
-0.5 — | +05 | LSb |© Iy =170 pA, (V+ - V-) = 20V (Note 2)
-0.5 — | +0.5 | LSb Iy =83 pA, (V+-V-) =10V
-0.25 | — | +0.25 | LSb 7-bit |l =300 pA, (V+ - V-) = 36V (Note 2)
-025 | — | +0.25 | LSb lw = 170 pA, (V+ - V-) = 20V (Note 2)
-0.25 | — | +0.25 | LSb Iy =83 pA, (V+-V-) =10V

Note 2:  This parameter is not tested, but specified by characterization.
Note 12: Nonlinearity is affected by wiper resistance (Ryy), which changes significantly over voltage and temperature.
Note 13: Externally connected to a Rheostat configuration (RBW), and then tested.

Note 14: Wiper current (lyy) condition determined by Rag(max) @nd Voltage Condition, the delta voltage between V+
and V- (voltages are 36V, 20V, and 10V).

Note 17: Analog switch leakage affects this specification. Higher temperatures increase the switch leakage.
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MCP45HV X1

AC/DC CHARACTERISTICS (CONTINUED)

DC Characteristics

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

All parameters apply across the specified operating ranges unless noted.

V+ =10V to 36V (referenced to V-);

V+ = +5V to +18V and V- = -5.0V to -18V (referenced to DGND -> £5V to +18V),
V| =+2.7V to 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.

Typical specifications represent values for V| = 5.5V, Tp = +25°C.

Operating Temperature

Parameters Sym Min. Typ. Max. Units Conditions

Capacitance (Pp) Ca — 75 — pF Measured to V-, f =1 MHz,
Wiper code = Mid Scale

Capacitance (Py,) Cw — 120 — pF Measured to V-, f =1 MHz,
Wiper code = Mid Scale

Capacitance (Pg) Cg — 75 — pF Measured to V-, f =1 MHz,
Wiper code = Mid Scale

Common-Mode lem — 5 — nA Vp = Vg = Vyy

Leakage

Digital Interface Pin Cins — 10 — pF fc =400 kHz

Capacitance Cout

Digital Inputs/Outputs (SDA, SCL, A0, A1, SHDN, WLAT)

Schmitt Trigger High-| V|4 0.7 VL — vV, +0.3V \Y 1.8V <V <55V

Input Threshold

Schmitt Trigger Low- | V| | DGND - 0.5V — 0.3V \

Input Threshold

Hysteresis of Schmitt | Viys — 0.1V, — \

Trigger Inputs

Output Low VoL DGND — 0.2V, \Y V| =55V, lg. =5mA

Voltage (SDA) DGND — 0.2V, V|V =18V, Ig =800 uA

Input Leakage I -1 1 UuA VN =V and V| = DGND

Current

© 2014 Microchip Technology Inc.
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MCP45HV X1

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.
V+ =10V to 36V (referenced to V-);
V+=+5V to +18V and V- =-5.0V to -18V (referenced to DGND -> £5V to £18V),
V| =+2.7V to 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.

Typical specifications represent values for V|_= 5.5V, Ty = +25°C.

Parameters Sym. Min. | Typ. ‘ Max. | Units | Conditions
RAM (Wiper, TCON) Value
Wiper Value Range N Oh — FFh hex | 8-bit
Oh — 7Fh hex | 7-bit
Wiper POR/BOR Value | Npor/BOR 7Fh hex | 8-bit
3Fh hex | 7-bit
TCON Value Range N oh | — | FFh | hex
TCON POR/BOR Value | Ntcon FF hex | All Terminals connected
Power Requirements
Power Supply PSS — | 0.0015 | 0.0035 | %/% |8-bit V=27V to 5.5V,
Sensitivity V+ =18V, V- =-18V,
(see Appendix B.20) Code = 7Fh
— | 0.0015 | 0.0035 | %/% | 7-bit V| =2.7V to 5.5V,
V+ =18V, V- =-18V,
Code = 3Fh
Power Dissipation Ppiss — 260 — mW |5 kQ Vi, =5.5V,V+ =18V, V- =-18V
— | 130 — | mw [10kq |(Note15)
— 26 — mW |50 kQ
— 13 — mW | 100 kQ

Note 15: PD|SS =1~ V, or ( (IDDD * 55V) + (IDDA * 36V) + (IAB * 36V) )

DS20005304A-page 14
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MCP45HV X1

DC Notes:

1. This specification by design.

2. This parameter is not tested, but specified by characterization.

3. See Absolute Maximum Ratings.

4. V+ voltage is dependent on V- voltage. The maximum delta voltage between V+ and V- is 36V. The digital logic
DGND potential can be anywhere between V+ and V-, the V| potential must be >= DGND and <= V+.

5.  Minimum value determined by maximum V- to V+ potential equals 36V and minimum V, = 1.8V for operation. So
36V - 1.8V =34.2V.

6. POR/BOR is not rate dependent.

7. Supply current (Ippp and Ippa) is independent of current through the resistor network.

8. Resistance (Rpg) is defined as the resistance between Terminal A to Terminal B.

9. Ensured by the Rpg specification and Ohm'’s Law.

10. Measured at Vyy with V4 = V+ and Vg = V-.

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

12. Nonlinearity is affected by wiper resistance (Ryy), which changes significantly over voltage and temperature.

13. Externally connected to a Rheostat configuration (Rgy), and then tested.

14. Wiper current (lyy) condition determined by Rag(max) @nd Voltage Condition, the delta voltage between V+ and V-
(voltages are 36V, 20V, and 10V).

15. Ppiss =1*V, or ((Ippp * 5.5V) + (Ippa * 36V) + (Ipg * 36V) ).

16. For specified analog performance, V+ must be 20V or greater (unless otherwise noted).

17. Analog switch leakage affects this specification. Higher temperatures increase the switch leakage.

18. During the power-up sequence, to ensure expected analog POR operation, the two power systems (analog and

digital) should have a common reference to ensure that the driven DGND voltage is not at a higher potential than
the driven V+ voltage.

© 2014 Microchip Technology Inc. DS20005304A-page 15
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1.1 Timing Waveforms and Requirements
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FIGURE 1-1: Settling Time Waveforms.
TABLE 1-1: WIPER SETTLING TIMING

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

All parameters apply across the specified operating ranges unless noted.
Timing Characteristics | v+ = 10V to 36V (referenced to V-);
V+ = +5V to +18V and V- = -5.0V to -18V (referenced to DGND -> +5V to +18V),
V| =+2.7V to 5.5V, 5 kQ, 10 kQ, 50 kQ, 100 kQ devices.

Typical specifications represent values for V| = 5.5V, Ty = +25°C.

Parameters Sym.| Min. | Typ. | Max. | Units

Conditions

Vyy Settling Time ts — 1 — us [5kQ [Code = 00h -> FFh (7Fh); FFh (7Fh)-> 00h

(Va = 10V, Vg = 0V, — 1 — | ws [10kQ [Code = 00h -> FFh (7Fh); FFh (7Fh) -> 00h

+1LSb error band, — :

CL = 50 pF ) — 25 | — us |50kQ |Code = 00h -> FFh (7Fh); FFh (7Fh) -> 00h
— 5 — us | 100 kQ |Code = 00h -> FFh (7Fh); FFh (7Fh) -> 00h

DS20005304A-page 16
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FIGURE 1-2: 1°C Bus Start/Stop Bits Timing Waveforms.
TABLE 1-2: 1°2C BUS START/STOP BITS AND WLAT REQUIREMENTS

[2C™ AC Characteristics

Standard Operating Conditions (unless otherwise specified)
Operating Temperature

—40°C < TA < +125°C (Extended)

2.7V <V| <5.5V; DGND = V- (Note 1)

Param. No. | Symbol Characteristic Min. | Max. | Units Conditions
FscL Standard mode 0 100 | kHz |C, =400 pF, 1.8V <V <55V
Fast mode 0 400 | kHz |C, =400 pF, 2.7V <V, <5.5V
High Speed 1.7 0 1.7 | MHz |C, =400 pF, 4.5V <V <5.5V
High Speed 3.4 0 34 | MHz |C, =100 pF, 4.5V <V <5.5V
D102 Cb Bus capacitive 100 kHz mode — 400 pF
loading 400 kHz mode — 400 | pF
1.7 MHz mode — 400 pF
3.4 MHz mode — 100 pF
90 Tsu:sta | Start condition 100 kHz mode | 4700 — ns | Only relevant for repeated Start
Setup time 400 kHz mode 600 — ns |condition
1.7 MHz mode 160 — ns
3.4 MHz mode 160 — ns
91 Thp:sTa | Start condition 100 kHz mode | 4000 — ns |After this period the first clock
Hold time 400 kHz mode 600 — ns |pulse is generated
1.7 MHz mode 160 — ns
3.4 MHz mode 160 — ns
92 Tsu:sTto | Stop condition 100 kHz mode | 4000 — ns
Setup time 400 kHz mode 600 | — | ns
1.7 MHz mode 160 — ns
3.4 MHz mode 160 — ns
93 Thp:sTo | Stop condition 100 kHz mode | 4000 — ns
Hold time 400 kHz mode 600 — ns
1.7 MHz mode 160 — ns
3.4 MHz mode 160 — ns
94 Twisu |WLAT 1 to SCLT (write data ACK 10 — | ns |Write Data delayed, Note 9
bit) Setup time
95 Twirp | SCL T to WLAT?T (write data ACK 250 — ns | Write Data delayed, Note 9
bit) Hold time
96 TwiatL | WLAT High or Low Time 2 — | ps
Note 1: Serial Interface has equal performance when DGND >= V- + 0.9V.
Note 9: The transition of the WLAT signal between 10 ns before the rising edge (Spec 94) and 200 ns after the rising edge

(Spec 95) of the SCL signal is indeterminant if the Write Data is delayed or not.

© 2014 Microchip Technology Inc.
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MCP45HV X1

FIGURE 1-3: 12C Bus Timing Waveforms.

TABLE 1-3: I°C BUS REQUIREMENTS (SLAVE MODE)

I2C™ AC Characteristics Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < TA < +125°C (Extended)
2.7V <V <5.5V; DGND = V- (Note 1)
Param. | Symbol |Characteristic Min. Max. | Units Conditions
No.
100 THIGH Clockhightime | 100 kHz mode 4000 — ns 1.8V-5.5V
400 kHz mode 600 — ns |2.7V-5.5V
1.7 MHz mode 120 — ns |[4.5V-5.5V
3.4 MHz mode 60 — ns |[4.5V-5.5V
101 Tow | Clock low time | 100 kHz mode 4700 — ns |1.8V-5.5V
400 kHz mode 1300 — ns |2.7V-5.5V
1.7 MHz mode 320 — ns |[4.5V-5.5V
3.4 MHz mode 160 — ns |[4.5V-5.5V
102A ©® | TrscL | SCLrisetime | 100 kHz mode — 1000 ns | Cbis specified to be from
400 kHz mode | 20+0.1Cb | 300 | ns |10t0 400 pF (100 pF
1.7 MHz mode 20 80 | ns 223’;’“”’ for 3.4 MHz
1.7 MHz mode 20 160 ns |After a Repeated Start

condition or an
Acknowledge bit

3.4 MHz mode 10 40 ns

3.4 MHz mode 10 80 ns |After a Repeated Start
condition or an
Acknowledge bit

102B ©® | Trspa | SDArise time | 100 kHz mode — 1000 ns |Cbis specified to be from

400 kHz mode | 20+0.1Cb | 300 | ns ]jO to ffl\)prF (100 pF max

1.7 MHz mode 20 160 | ns | 34 MHzmode)

3.4 MHz mode 10 80 ns

Note 1:  Serial Interface has equal performance when DGND >= V- + 0.9V.
Note 6:  Not tested.
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TABLE 1-4: 12C BUS REQUIREMENTS (SLAVE MODE) (CONTINUED)
I2°C™ AC Characteristics Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < TA < +125°C (Extended)
2.7V < V| <5.5V; DGND = V- (Note 1)
Param. No.| Sym. |Characteristic Min. Max. | Units Conditions
103A ® | TpscL | SCLfalltime | 100 kHz mode — 300 ns | Cbis specified to be from
400 kHz mode | 20+0.1Cb | 300 | ns |[101t0400 pF (100 pF max
1.7 MHz mode 20 80 | ns | 0°34MHzmode)
3.4 MHz mode 10 40 ns
103B ® | Tespa | SDAfalltime | 100 kHz mode — 300 ns | Cbis specified to be from
400 kHz mode [20+0.1Cb™ | 300 | ns |10 to 400 pF (100 pF max
1.7 MHz mode 20 160 | ns | Tor 34 MHzmode)
3.4 MHz mode 10 80 ns
106 Tup-pa | Datainput hold | 100 kHz mode 0 — ns |1.8V-5.5V, Note 7
T time 400 kHz mode 0 — ns |2.7V-5.5V, Note 7
1.7 MHz mode 0 — ns 4.5V-5.5V, Note 7
3.4 MHz mode 0 — ns |4.5V-5.5V, Note 7
107 Tsu:DAT Data input 100 kHz mode 250 — ns |Note 3
setup time | 400 kHz mode 100 — | ns
1.7 MHz mode 10 — ns
3.4 MHz mode 10 — ns
109 Tan Output valid 100 kHz mode — 3450 ns |Note 2
from clock 400 kHz mode — 900 ns
1.7 MHz mode — 150 ns Cb =100 pF,
Note 2, Note 8
— 310 ns |Cb =400 pF,
Note 2, Note 6
3.4 MHz mode — 150 ns Cb =100 pF, Note 2
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
1.7 MHz mode NA. — [ ns |canstart
3.4 MHz mode N.A. — ns
Tsp | Inputfilter spike | 100 kHz mode — 50 ns |NXP Spec states N.A.
suppression 400 kHz mode — 50 | ns
(SDA and SCL) 1.7 MHz mode — 10 ns | Spike suppression
3.4 MHz mode — 10 ns Spike suppression
Note 1: Serial Interface has equal performance when DGND >= V- + 0.9V,
Note 2: As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of Start or Stop conditions.
Note 3: A fast-mode (400 kHz) I°C bus device can be used in a standard mode (100 kHz) I°C bus system, but the
requirement tgy.pat >= 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.+tgy.pat = 1000 + 250 = 1250 ns (according to the
standard mode 12C bus specification) before the SCL line is released.
Note 6: Not tested.
Note 7: 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.
Note 8: Ensured by the Tap 3.4 MHz specification test.

© 2014 Microchip Technology Inc.
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Timing Table Notes:

1. Serial Interface has equal performance when DGND >= V- + 0.9V.

2. As a transmitter, the device must provide this internal minimum delay time to bridge the undefined region
(minimum 300 ns) of the falling edge of SCL to avoid unintended generation of Start or Stop conditions.

3. Afast-mode (400 kHz) I2C bus device can be used in a standard mode (100 kHz) I2C bus system, but the require-
ment tgy.pat >= 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.+tgy.pat = 1000 + 250 = 1250 ns (according to the standard mode I°C bus specification) before the SCL
line is released.

4. The MCP45HVX1 device must provide a data hold time to bridge the undefined part between V|4 and V,_of the
falling edge of the SCL signal. This specification is not a part of the 12C specification, but must be tested in order
to ensure that the output data will meet the setup and hold specifications for the receiving device.

5. Use Cb in pF for the calculations.

6. Not tested.

7. 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.

8. Ensured by the Tya 3.4 MHz specification test.

9. The transition of the WLAT signal between 10 ns before the rising edge (Spec 94) and 200 ns after the rising
edge (Spec 95) of the SCL signal is indeterminant if the Write Data is delayed or not.
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TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, V|_= +2.7V to +5.5V, V+ = +10V to +36V, V- = DGND = 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 (ST)| 6,a — 100 — °C/IW
Thermal Resistance, 20L-QFN (MQ) 0Ja — 36.1 — °C/IW

© 2014 Microchip Technology Inc.
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2.0 TYPICAL PERFORMANCE CURVES

Note:  The device Performance Curves are available in a separate document. This is done to keep the file size of
this PDF document less than the 10MB file attachment limit of many mail servers.
The MCP45HVX1 Performance Curves document is literature number DS20005307, and can be found on
the Microchip web site. Look at the MCP45HVX1 Product Page under Documentation and Software, in the
Data Sheets category.
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NOTES:

© 2014 Microchip Technology Inc. DS20005304A-page 23



MCP45HV X1

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 MCP45HVX1

Pin
TSSOP QFN Buffer |Function
Symbol Type T
14L 20L ype

1 1 ' P — Positive Digital Power Supply Input

2 2 SCL | ST I2C™ Serial Clock pin

3 3 A1 | ST I°C Address 1

4 4 SDA 110 ST 12C Serial Data pin

5 5 A0 [ ST | I>)C Address 0

6 6 WLAT | ST Wiper Latch Enable
0 = Received I°C Shift Register Buffer (SPBUF) value is

transfered to Wiper register.
1 = Received I2C data value is held in 12C Shift Register
Buffer (SPBUF).
7 8,9,10,17, NC — — Pin not internally connected to die. To reduce noise
18, 19, 20 coupling, connect pin either to DGND or V.

8 7 SHDN | ST Shutdown

9 11 DGND P — Ground

10 12 V- P — Analog Negative Potential Supply

11 13 POB 1/0 A Potentiometer 0 Terminal B

12 14 POW 1/0 A Potentiometer 0 Wiper
Terminal

13 15 POA I/O A Potentiometer 0 Terminal A

14 16 V+ P — Analog Positive Potential Supply

— 21 EP P — Exposed Pad, connect to V- signal or Not Connected
(floating). (Note 1)

Legend: A = Analog ST = Schmitt Trigger
| = Input O = Output 1/0 = Input/Output P = Power

Note 1: The QFN package has 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
V- pin.
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3.1 Positive Power Supply Input (V|)

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

3.2 Digital Ground (DGND)
The DGND pin is the device’s digital ground reference.

3.3 Analog Positive Voltage (V+)

Analog circuitry positive supply voltage. Must have a
higher potential than the V- pin.

3.4 Analog Negative Voltage (V-)

Analog circuitry negative supply voltage. The V-
potential must be lower than or equal to the DGND pin
potential.

3.5 Serial Clock (SCL)

The SCL pin is the serial interface's Serial Clock pin.
This pin is connected to the Host Controller’s SCL pin.
The MCP45HVX1 is an I2C slave device, so its SCL pin
is an input-only pin.

3.6 Serial Data (SDA)

The SDA pin is the serial interface’s Serial Data In/Out
pin. This pin is connected to the Host Controller’s SDA
pin. The SDA pin is an open-drain N-Channel driver.

This pin allows the host controller to read and write the
digital potentiometer registers (Wiper and TCON).

3.7 Address 0 (A0)

The AO pin is the Address 0 input for the I°C interface.
At the device’s POR/BOR the value of the A0 address
bit is latched. This input along with the A1 pin com-
pletes the device address. This allows up to four
MCP45HVXX devices to be on a single 12C bus.

3.8 Address 1 (A1)

The A1 pin is the I2C interface’s Address 1 pin. Along
with the AO pins, up to four MCP45HVXX devices can
be on a single 12C bus.

3.9 Wiper Latch (WLAT)

The WLAT pin is used to hold off the transfer of the
received wiper value (in the Shift register) to the Wiper
register. This allows this transfer to be synchronized to
an external event (such as zero crossing). See
Section 4.3.2.

3.10 Shutdown (SHDN)

The SHDN pin is used to force the resistor network
terminals into the hardware shutdown state. See
Section 4.3.1.

3.11 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 V+ and V-.

3.12 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 Terminal’s A or B pins. The Terminal
W pin can support both positive and negative current.
The voltage on Terminal W must be between V+ and V-.

If the V+ voltage powers-up before the V| voltage, the
wiper is forced to mid scale once the analog POR
voltage is crossed.

If the V+ voltage powers-up after the V| _ voltage is
greater than the digital POR voltage, the wiper is forced
to the value in the Wiper register once the analog POR
voltage is crossed.

3.13 Potentiometer Terminal A

The Terminal A pin 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 OxFF for 8-bit
devices or 0x7F 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 V+ and V-.

3.14 Exposed Pad (EP)

This pad is only on the bottom of the QFN packages.
This pad is conductively connected to the device
substrate. The EP pin must be connected to the V-
signal or left floating. This pad could be connected to a
PCB heat sink to assist as a heat sink for the device.

3.15 Not Connected (NC)

This pin is not internally connected to the die. To reduce
noise coupling, these pins should be connected to
either V|_or DGND.

© 2014 Microchip Technology Inc.
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40 FUNCTIONAL OVERVIEW

This data sheet covers a family of two volatile digital
potentiometer devices that will be referred to as
MCP45HVX1. These devices are:

* MCP45HV31 (7-bit resolution)

* MCP45HV51 (8-bit resolution)

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

* Operating Voltage Range

« POR/BOR Operation

« Memory Map

* Control Module

* Resistor Network

- Serial Interface (12C)

The POR/BOR operation and the Memory Map are
discussed in this section and the Resistor Network and

12c operation are described in their own sections. The
Device Commands are discussed in Section 7.0.

4.1 Operating Voltage Range

The MCP45HVX1 devices have four voltage signals.
These are:

o V+ — Analog Power

- VL — Digital Power

« DGND - Digital Ground

e V- — Analog Ground

Figure 4-1 shows the two possible power-up

sequences; analog power rails power-up first, or digital
power rails power-up first. The device has been
designed so that either power rail may power-up first.
The device has a POR circuit for both digital power
circuitry and analog power circuitry.

If the V+ voltage powers-up before the V| voltage, the
wiper is forced to mid scale once the analog POR
voltage is crossed.

If the V+ voltage powers-up after the V| _ voltage is
greater than the digital POR voltage, the wiper is forced
to the value in the Wiper register, once the analog POR
voltage is crossed.

Figure 4-2 shows the three cases of the digital power
signals (V| /DGND) with respect to the analog power
signals (V+/V-). The device implements level shifts
between the digital and analog power systems, which
allows the digital interface voltage to be anywhere in
the V+/V- voltage window.

Analog Voltage Powers-Up First : Digital Voltage Powers-Up First
Referenced to V- V+ " Referenced to V- V+
|
Vv \Y,
L I L
DGND I DGND
V- I V-
|
Referenced to DGND V4 | Referenced to DGND V4
|
Vi 1 Vi
— | 4
DGND | DGND
|
V- ] V-
[ |
FIGURE 4-1: Power-On Sequences.
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Case 1 r - V+ ' Ccase? r == V+ ' Case 3 r == V+and V_
| | { == DGND
I Anywhere { -V, I
High- High- between 4 | High-
Voltage < I Voltage < V+and V- DGND 1 Voltage <
Range I Range (VL>DGND) I Range
“+ Vv, | I
\ L | . =L I \ i
V- and DGND | V- | V-
FIGURE 4-2: Voltage Ranges.

© 2014 Microchip Technology Inc.
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4.2 POR/BOR Operation

The resistor network’s devices are powered by the
analog power signals (V+/V-), but the digital logic
(including the wiper registers) is powered by the digital
power signals (V| /DGND). So, both the digital circuitry
and analog circuitry have independent POR/BOR
circuits.

The wiper position will be forced to the default state
when the V+ voltage (relative to V-) is above the analog
POR/BOR trip point. The Wiper register will be in the
default state when the V_ voltage (relative to DGND) is
above the digital POR/BOR trip point.

The digital-signal-to-analog-signal voltage level shifters
require a minimum voltage between the V| and V-
signals. This voltage requirement is below the
operating supply voltage specifications. The wiper
output may fluctuate while the V| voltage is less than
the level shifter operating voltage, since the analog
values may not reflect the digital value. Output issues
may be reduced by powering-up the digital supply
voltages to their operating voltage, before powering the
analog supply voltage.

4.2.1 POWER-ON RESET

Each power system has its own independent Power-On
Reset circuitry. This is done so that regardless of the
power-up sequencing of the analog and digital power
rails, the wiper output will be forced to a default value
after minimum conditions are met for either power sup-
ply.

Table 4-1 shows the interaction between the analog
and digital PORs for the V+ and V| voltages on the
wiper pin state.

TABLE 4-1: WIPER PIN STATE BASED
ON POR CONDITIONS
V+ Voltage
V| Voltage Vi< |V Comments
Vapor | VaPor
V| <Vppor | Unknown | Mid Scale
Unknown | Wiper Wiper register
V| 2Vppor Register | can be updated
Value (M

Note 1: Default POR state of the Wiper register
value is the mid-scale value.

4211 Digital Circuitry

The Digital Power-On Reset (DPOR) is the case where
the device’s V| signal has power applied (referenced
from DGND) and the voltage rises above the trip point.
The Brown-out Reset (BOR) occurs when a device had
power applied to it, and the voltage drops below the trip
point.

The device’s RAM retention voltage (Vram) is lower
than the POR/BOR voltage trip point (Vpor/VgoRr)- The
maximum Vpor/Vgor Voltage is less than 1.8V.

When the device powers-up, the device V| will cross
the Vpor/Veor Vvoltage. Once the V| voltage crosses
the Vpor/VeoR Voltage, the following happens:

» Volatile wiper registers are loaded with the POR/
BOR value

* The TCON registers are loaded with the default
values

» The device is capable of digital operation

Table 4-2 shows the default POR/BOR Wiper Register
Setting Selection.

When Vpor/Vpgor < VL < 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.

TABLE 4-2: DEFAULT POR/BOR WIPER
REGISTER SETTING
(DIGITAL)
Tvoical | & Default
yF? & o | PORWiper | Device | Wiper
Va'IAL?e 9 G | Register |Resolution | Code
o Setting™®
. 8-bit 7Fh
5.0kQ |-502 Mid scale -
7-bit 3Fh
. 8-bit 7Fh
10.0 kQ [-103 Mid scale -
7-bit 3Fh
. 8-bit 7Fh
50.0 kQ [-503 Mid scale -
7-bit 3Fh
. 8-bit 7Fh
100.0 kQ2 [ -104 Mid scale -
7-bit 3Fh

Note 1: Register setting independent of analog
power voltage.
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421.2 Analog Circuitry TABLE 4-3: DEFAULT POR/BOR WIPER
The Analog Power-On Reset (APOR) is the case SETTING (ANALOG)

where the device’s V+ pin voltage has power applied Default POR Wiper -

(referenced from V-) and the V+ pin voltage rises above Typical g © Setting® v 8

the trip point. R S o i 25

AB S © | Analog Wiper 3o

Once the V| pin voltage exceeds the digital POR trip Value s O Output Register 03

point voltage, the Wiper register will control the wiper Position | Code (hex) o

setting. , OX7F 8-bit

Table 4-3 shows the default POR/BOR wiper setting for 5.0kQ [-502 | Mid scale ,

L L : O0x3F 7-bit

when the V| pin is not powered (< digital POR trip Ox7F obit

; X -bi

point). 10.0kQ |-103 | Mid scale :

O0x3F 7-bit

) Ox7F 8-bit

50.0 kQ |-503 | Mid scale -

O0x3F 7-bit

) Ox7F 8-bit

100.0 kQ2 [-104 | Mid scale -

O0x3F 7-bit

Note 1: Wiper setting is dependent on the Wiper
register value if the V| voltage is greater
than the digital POR voltage.

Referenced to DGND

— — — - Vpor/VBOR

A K
Digital logic has been

reset (POR). This

Digital logic has been Brown-out includes the Wiper register.
reset (POR). This condition,

includes the Wiper register, Wiper value Analog Power

unknown is recovering (still Low) and V_
Brown-out condition rail/pin no longer sources current

Wiper value unknown Analog Power to V+
is Low

Digital logic has been
reset (POR). This
includes the Wiper register,

Note: When V| is above V+ (floating), the V|_pin ESD clamping diode will cause the V+ level to be pulled up.
FIGURE 4-3: DGND, Vv, V+, and V- Signal Waveform Examples.
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422 BROWN-OUT RESET

Each power system has its own independent Brown-
Out Reset circuitry. This is done so that regardless of
the power-down sequencing of the analog and digital
power rails, the wiper output will be forced to a default
value after the low-voltage conditions are met for either
power supply.

Table 4-4 shows the interaction between the analog
and digital BORs for the V+ and V| voltages on the
wiper pin state.
TABLE 4-4: WIPER PIN STATE BASED
ON BOR CONDITIONS

V+ Voltage

V| Voltage V4t < v+ > |Comments

VABOR VABOR

V| <Vpgor | Unknown | Mid Scale

Unknown |  Wiper | Wiper register
VL 2Vpgor Register | can be updated
Value ()

Note 1. Default POR state of the Wiper register
value is the mid-scale value.

4221 Digital Circuitry

When the device’s digital power supply powers-down,
the device V| pin voltage will cross the digital Vppor/
VDBOR voltage.

Once the V| voltage decreases below the Vppogr/
VpBor Voltage, the following happens:

« Serial Interface is disabled

If the V|_ voltage decreases below the Vgpy voltage,
the following happens:

« Volatile wiper registers may become corrupted
» TCON registers may become corrupted

Section 4.2.1, Power-on Reset describes what
occurs as the voltage recovers above the Vppogr/
VpgoRr Voltage.

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

The brown-out circuit establishes a minimum Vpgor
threshold for operation (Vpgor < 1.8V). The digital
BOR voltage (VpgoR) is higher than the RAM retention
voltage (Vranm) so that as the device voltage crosses
the digital BOR threshold, the value that is loaded into
the volatile Wiper register is not corrupted due to RAM
retention issues.

When V| <VpgoR, all communications are ignored and
potentiometer terminals are forced to the analog BOR
state.

Whenever V| transitions from V| < Vpgor to V| >
VpgoRr, (@ POR event) the wiper's POR/BOR value is
latched into the Wiper register and the volatile TCON
register is forced to the POR/BOR state.

When 1.8V < V|, the device is capable of digital
operation.

Table 4-5 shows the digital potentiometer’s level of
functionality across the entire V| range, while
Figure 4-4 illustrates the Power-Up and Brown-Out
functionality.

4222 Analog Circuitry

The Analog Brown-Out-Reset (ABOR) is the case
where the device’s V+ pin has power applied (refer-
enced from V-) and the V+ pin voltage drops below the
trip point. In this case, the resistor network terminal’s
pins can become an unknown state.
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TABLE 4-5: DEVICE FUNCTIONALITY AT EACH V| REGION

Wiper
Serial Potentiometer
V| Level V+/V- Level Interface | Terminals @ Register Output Comment
Setting @
V| <Vpgor < 1.8V | Valid range Ignored “Unknown” Unknown Invalid
Invalid range | Ignored “Unknown” Unknown Invalid
Vbeor £V < 1.8V | Valid range | “Unknown” | Connected Volatile Valid The volatile registers are
Invalid range |“Unknown” | Connected Wiper Regis- | |nvalid | forced to the POR/BOR
ter state when V|_transitions
initialized above the Vppp trip
point
1.8V <V <55V |Validrange |Accepted |Connected Volatile Valid
Invalid range |Accepted | Connected Wiper Regis- | |nvalid
ter deter-
mines Wiper
Setting

Note 1. For system voltages below the minimum operating voltage, it is recommended to use a voltage supervisor
to hold the system in Reset. This ensures that MCP45HVX1 commands are not attempted out of the
operating range of the device.

2:  Assumes that V+ > VppoRr.

Normal Operation Range
A

. - Normal Operation Range
Outside Specified
AC/DC Range

18V NN N
VPOR/BOR |
VRAM-——————+———:— |T — o o =
DGND < e >
I Device’s | Device’s Serial |
,  Serial ' nterfaceis ! vy, Delay
Interface is ' “Not Operational” | \yioer Forced to Default POR/BOR settin
“Not Specified” iper Forced to Defau setting
FIGURE 4-4: Power-Up and Brown Out - V+/V- at Normal Operating Voltage.
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4.3 Control Module

The control module controls the following functionality:

e Shutdown
* Wiper Latch

431 SHUTDOWN

The MCP45HVX1 has two methods to disconnect the
terminal’s pins (POA, POW, and POB) from the resistor
network. These are:

* Hardware Shutdown pin (SHDN)
» Terminal Control Register (TCON)

4311 Hardware Shutdown Pin Operation

The SHDN pin has the same functionality as
Microchip’s family of standard voltage devices. When
the SHDN pin is Low, the POA terminal will disconnect
(become open) while the POW terminal simultaneously
connects to the POB terminal (see Figure 4-5).

43.1.2 Terminal Control Register

The Terminal Control (TCON) register allows the
device’s terminal pins to be independently removed
from the application circuit. These terminal control
settings do not modify the wiper setting values. Also,
this has no effect on the serial interface and the
memory/wipers are still under full user control.

The resistor network has four TCON bits associated
with it. One bit for each terminal (A, W, and B) and one
to have a software configuration that matches the
configuration of the SHDN pin. These bits are named
ROA, ROW, ROB, and ROHW. Register 4-1 describes
the operation of the ROHW, ROA, ROB, and ROW bits.

Note:  When the SHDN pin is Active (V,.), the
state of the TCON register bits is
overridden (ignored). When the state of
the SHDN pin returns to the Inactive state
(Vin), the TCON register bits return to
controlling the terminal connection state.
That is, the value in the TCON register is

Note: When the ROHW bit forces the resistor
network into the hardware SHDN state,
the state of the TCON register ROA, ROW,
and ROB bits is overridden (ignored).
When the state of the ROHW bit no longer
forces the resistor network into the
hardware SHDN state, the TCON register
ROA, ROW, and ROB bits return to
controlling the terminal connection state.
That is, the ROHW bit does not corrupt the
state of the ROA, ROW, and ROB bits.

not corrupted.

The Hardware Shutdown Pin mode does not corrupt
the volatile Wiper register. When Shutdown is exited,
the device returns to the wiper setting specified by the
volatile wiper value. See Section 5.7 for additional
description details.

Note: When the SHDN pin is active, the serial
interface is not disabled, and serial inter-
face activity is executed.

Figure 4-6 shows how the SHDN pin signal and the
ROHW bit signal interact to control the hardware
shutdown of each resistor network (independently).

SW} To Pot 0 Hardware
ROHW Shutdown Control

(from TCON register)

A
7

Resistor Network

—
B

FIGURE 4-5: Hardware Shutdown
Resistor Network Configuration.

FIGURE 4-6:
Interaction.

ROHW bit and SHDN pin
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432 WIPER LATCH

The wiper latch pin is used to control when the new
wiper value in the Wiper register is transferred to the
wiper. This is useful for applications that need to
synchronize the wiper updates. This may be for
synchronization to an external event, such as zero
crossing, or to synchronize the update of multiple
digital potentiometers.

When the WLAT pin is High, transfers from the Wiper
register to the wiper are inhibited. When the WLAT pin
is Low, transfers may occur from the Wiper register to
the wiper. Figure 4-7 shows the interaction of the WLAT
pin during an I2C command and the loading of the
wiper.

If the external event crossing time is long, then the
wiper could be updated the entire time that the WLAT
signal is Low. Once the WLAT signal goes High, the
transfer from the Wiper register is disabled. The Wiper
register can continue to be updated.

If the application does not require synchronized Wiper
register updates, then the WLAT pin should be tied
Low.

Note 1: This feature only inhibits the data transfer
from the Wiper register to the wiper.

2. When the WLAT pin becomes active,
data transferred to the wiper will not be
corrupted due to the Wiper Register
Buffer getting loaded from an active 1°C
command.

433 DEVICE CURRENT MODES

There are two current modes for volatile devices.
These are:

« Serial Interface Inactive (static operation)
« Serial Interface Active

For the I2C interface, static operation occurs when the
SDA and the SCL pins are static (High or Low).

© 2014 Microchip Technology Inc.
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[’C™ Slave Address + Write Command + Data (less ACK bit)

or

I2C Slave Address + Inc/Dec Command (less ACK bit)

ACK bit | Stop bit

SDA

X

SCL

ACKbit x |
T

Case la __ |
WLAT |
Wiper Latch D['f:O] X D[7:0] i
' |
Wiper D[i’:O] ! l
i i |
Case 1b T /I//////| :
Wiper Latch D[T:0] >( D7:0" |
I I
Wiper D[T:O] X D[7:01 |
| | 1
Case 1c AT | / I
Wiper Latch D[i’:O] X D[7:0]’ !
i i i
Wiper DIT:0] >( Dol |
| | |
Case 2a WiAT \\ | |
| | |
Wiper Latch D[T:O] >( D[7:0] |
| |
Wiper D[J{:O] * D[7:0]’ :
T T
t { |
Case 2b WiAT I \\ \
Wiper Latch D['i:O] >< D[7:07 i
[ | [
Wiper DIT:0] W D[7:0]"
| ! |
Case 3a WLAT I / | \ |
1
Wiper Latch D[T 0] X D[7|'0]’ |
|
Wiper D[7:0] prrof !
i >i —
Case 3b

___ ———— [ ——
WLAT | |

Wiper Latch

DIt:0] >( D[7:07

Wiper

|
[ i [
DI7:0] >( D70 |

FIGURE 4-7:

WLAT Interaction with 1°C ACK Pulse
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4.4 Memory Map

The device memory supports 16 locations that are 8-
bits wide (16x8 bits). This memory space contains only
volatile locations (see Table 4-7).

441 VOLATILE MEMORY (RAM)
There are two volatile memory locations. These are:

* Volatile Wiper 0
» Terminal Control (TCONO) Register 0

The volatile memory starts functioning at the RAM
retention voltage (Vranm)- The POR/BOR wiper code is
shown in Table 4-6.

Table 4-7 shows this memory map and which serial
commands operate (and do not) on each of these
locations.

Accessing an “invalid” address (for that device) or an
invalid command for that address will cause an error
condition on the serial interface. A Start bit is required
to clear this error condition.

TABLE 4-6: WIPER REGISTER POR
STANDARD SETTINGS
(DIGITAL)
Resistance | Typical Default Wiper
YPIC® | porwiper | Code
Code Rag Value Setti
etting | g-pit | 7-bit
-502 5.0 kQ Mid scale | 7Fh | 3Fh
-103 10.0 kQ Mid scale | 7Fh | 3Fh
-503 50.0 kQ Mid scale | 7Fh | 3Fh
-104 100.0 kQ Mid scale | 7Fh | 3Fh
4411 Write to Invalid (Reserved)
Addresses

Any write to a reserved address will be ignored and will
generate an error condition. A Start bit is required to
clear this error condition.

TABLE 4-7: MEMORY MAP AND THE SUPPORTED COMMANDS
Address Function Allowed Commands Disallowed Commands () Memory Type
00h Volatile Wiper 0 Read, Write, — RAM
Increment, Decrement

01h-03h Reserved none Read, Write, —
Increment, Decrement

04h Volatile Read, Write Increment, Decrement RAM

TCON Register

05h-0Fh Reserved none Read, Write, —

Increment, Decrement

Note 1: This command on this address will generate an error condition. A Start bit is required to clear this error

condition.

© 2014 Microchip Technology Inc.
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4412 Terminal Control (TCON) Registers

The Terminal Control (TCON) Register contains four
control bits for wiper 0. Register 4-1 describes each bit
of the TCON register.

command has completed.

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

On a POR/BOR, the registers are loaded with FFh, for

all terminals connected. The host controller needs to

The state of each resistor network terminal connection

is individually controlled. That is, each terminal

connection (A,

B and W) can be individually connected/ TCON register values.

disconnected from the resistor network. This allows the
system to minimize the currents through the digital

potentiometer.

REGISTER 4-1: TCONOBITS 1.2

detect the POR/BOR event and then update the volatile

R-1 R-1 R-1 R-1 R/W-1 R/W-1 R/W-1 R/W-1
D7 D6 D5 D4 ROHW ROA ROW ROB
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 7:4 D7-D4: Reserved. Forced to “1”
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 pinis 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. These bits do not affect the Wiper register values.
2:  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.
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NOTES:
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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 has
up to three external connections. These are referred to
as Terminal A, Terminal B, and the wiper (or Terminal
W).

The resistor network is made up of several parts. These
include:

* Resistor Ladder Module

* Wiper

» Shutdown Control (terminal connections)

Terminal A and B as well as the wiper W do not have a

polarity. These terminals can support both positive and
negative current.

A_ _ _ _ ______
I r r,—.,1 r_—."1 !
A | 8-Bit 7-Bit |
| L 127
NG MNGCO I
R Rw ™| [ 1 I
= R
| 254 126 |
WA m ®
| R, @ (FEh) T ' (7Eh) I
Rz | ™™ 1 | o
. L 253 | | 125
=W HFony7on) @ ||
Rg= | Fw ™| N A
R S
AB | I | 1 I I
° | I |1 I L w
: I I |1 I I
I O T O ° I
| Ry @1 ©T) | | (01h) | |
Rs
I | . |1 . | I
| 1 [ 1
! /\/\/(\i)l (OOh) 1 (OOh) @ I
Rzg) | Rw“W/L 0L —"a |
I |
v . _AnalogMux
B
Note 1: The wiper resistance is dependent on
several factors including wiper code,
device V+ voltage, 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 effect on
some specifications (such as INL) for the
smaller resistance devices (5.0 kQY)
compared to larger resistance devices
(100.0 kQ).
FIGURE 5-1: Resistor Block Diagram.

5.1 Resistor Ladder Module

The Rpg resistor ladder is composed of the series of
equal value Step resistors (Rg) and the Full-Scale
(Rrs) and Zero-Scale (Rzg) resistances:

Rag =Rzs +Nn*Rg + Res
Where “n” is determined by the resolution of the device.
The Rgg and Rzg resistances are discussed in
Section 5.1.3.

There is a connection point (tap) between each Rg
resistor. Each tap point 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 (see Section 5.2).

Figure 5-1 shows a block diagram of the Resistor
Network. The Rpg (and Rg) resistance has small
variations over voltage and temperature.

The end points of the resistor ladder are connected to
analog switches, which are connected to the device
Terminal A and Terminal B pins. In the ideal case, these
switches would have 0Q of resistance, that is
Rgs = Rzg = 0Q. This will also be referred to as the
Simplified model.

For an 8-bit device, there are 255 resistors in a string
between Terminal A and Terminal B. The wiper can be
set to tap onto any of these 255 resistors, thus provid-
ing 256 possible settings (including Terminal A and
Terminal B). A wiper setting of 00h connects Terminal
W (wiper) to Terminal B (zero scale). A wiper setting of
7Fh is the mid-scale setting. A wiper setting of FFh con-
nects Terminal W (wiper) to Terminal A (full scale).
Table 5-2 illustrates the full wiper setting map.

For a 7-bit device, there are 127 resistors in a string
between Terminal A and Terminal B. The wiper can be
set to tap onto any of these 127 resistors, thus provid-
ing 128 possible settings (including Terminal A and
Terminal B). A wiper setting of 00h connects Terminal
W (wiper) to Terminal B (zero scale). A wiper setting of
3Fh is the mid-scale setting. A wiper setting of 7Fh con-
nects the wiper to Terminal A (full scale). Table 5-2
illustrates the full wiper setting map.

51.1 Rag CURRENT (Igag)

The current through the Rpg resistor (A pin to B pin) is
dependent on the voltage on the V, and Vg pins and
the Rpp resistance.

EQUATION5-1:  Rap

| (Va-Ve) |
Rag = Rzs+ (" Rs) + Res=  —(——
(IraB)
V, is the voltage on the Vp pin.
Vg is the voltage on the Vg pin.

Irag is the current from the POA pin to the POB pin.
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51.2 STEP RESISTANCE (Rg) EQUATION 5-2: Rs CALCULATION

Step resistance (Rg) is the resistance from one tap set- Simplified Model (assumes Rgg = Ryg = 0Q)

ting to the next. This value will be dependent on the P F— — — 4 — — — — 4

Rap Value that has been selected (and the full-scale Rag = (n* Rs) 8-bit 7-bit

and zero-scale resistances). The Rg resistors are Re= Rag | Ruc Rag l LY

manufactured so that they should be very consistent ST T, | ©s™ 255 | ©s= 127

with each other, and track each other’s values as |- - — _ _ _ U

voltage and/or temperature change. Detailed Model

Equation 5-2 shows the simplified and detailed equa- Rag = Res+ (N* Rg) + Ryg

tions for calculating the Rg value. The simplified equa- Rus - Rec- R

tion assumes Rgg=Rzg5=0Q. Table5-1 shows Rg= _AB" WS TS

example step resistance calculations for each device, n

and the variation of the detailed model (Rgg # 0Q; or

Rzg # 0Q2) from the simplified model (Rgg = Rzg = 0Q). (Ves- Vz9)

As the Rpp resistance option increases, the effects of T

the Rzs and Rgg resistance decreases. Rg= n

The total resistance of the device has minimal variation 'ag

due to operating voltage (see device characterization Where:

graphs). “n” = 255 (8-bit) or 127 (7-bit)

Equation 5-2 shows calculations for the step Ves 'S the Wiper voltage at full-scale code

resistance. VZS' is the wiper voltage at zero-.scale code
Iag is the current between Terminal A and

Terminal B

TABLE 5-1: EXAMPLE STEP RESISTANCES (Rg) CALCULATIONS

Example Resistance (Q)
Rs Vaorla(tll)on Resolution |Comment
RaB Rzs @ | Res @ X %
Equation Value
0 0 5,000/127 | 39.37 0 7-bit Simplified Model @
5,000 80 60 4,860/127 | 3827 2.80 |(127Rg)
’ 0 0 5,000/255 | 19.61 0 8-bit Simplified Model @)
80 60 4,860/255 | 19.06 2.80 |(255Rg)
0 0 10,000/ 127 | 78.74 0 7-bit Simplified Model @)
10.000 80 60 9,860/127 | 77.64 -1.40 |(127Rg)
’ 0 0 10,000/255 | 39.22 0 8-bit Simplified Model @)
80 60 9,860/255 | 38.67 140 |(255Rg)
0 0 50,000/ 127 | 393.70 0 7-bit Simplified Model @)
50000 80 60 | 49,860/127 | 392.60 028 |[(127Rg)
’ 0 0 50,000 /255 | 196.08 0 8-bit Simplified Model @)
80 60 | 49,860/255 | 195.53 028 |(255Rg)
0 0 100,000/127 | 787.40 0 7-bit Simplified Model )
100.000 80 60 | 99,860/127 | 786.30 -0.14 |(127Rg)
’ 0 0 100,000/255 | 392.16 0 8-bit Simplified Model @)
80 60 | 99,860/255 | 391.61 -0.14 |(255Rs)

Note 1: Delta % from Simplified Model Rg calculation value:
2:  Assumes Rgg = Rzg = 0Q.

3. Zero-Scale (Rzg) and Full-Scale (Rgg) resistances are dependent on many operational characteristics of
the device, including the V+/V- voltage, the voltages on the A, B and W terminals, the wiper code selected,
the Rppg resistance, and the temperature of the device.
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5.1.3 Rrs AND Rzg RESISTORS

The Rgg and Ryg resistances are artifacts of the Rpg
resistor network implementation. In the ideal model, the
REs and Rzg resistances would be 0Q. These resistors
are included in the block diagram to help better model
the actual device operation. Equation 5-3 shows how to
estimate the Rg, Rrs, and Ryg resistances, based on
the measured voltages of Vg, VEs, and Vg and the
measured current |pg.

EQUATION 5-3: ESTIMATING Rg, Rgs,
AND Rys
Reg= | (Va-Ves) |
S )
Roos [ (Vzs-Vp) |
s (Irap)
Vs
Re= —0—
57 T(rae)
Where:
VEe- V
Vg= (F32—5525) (8-bit device)
VEe- V
Vg= % (7-bit device)

Vs is the Vyy voltage when the wiper code is at
full scale.

Vzg is the Vyy voltage when the wiper code is at
zero scale.

5.2 Wiper

The Wiper terminal is connected to an analog switch
MUX, where one side of all the analog switches are
connected together, the W terminal. The other side of
each analog switch is connected to one of the taps of
the Rapg resistor string (see Figure 5-1).

The 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
register is 8-bits wide, and Table 5-2 shows the wiper
value state for both 7-bit and 8-bit devices.

The wiper resistance (Ry) is the resistance of the
selected analog switch in the analog MUX. This
resistance is dependent on many operational
characteristics of the device, including the V+/V- volt-
age, the voltages on the A, B and W terminals, the
wiper code selected, the Rag resistance, and the tem-
perature of the device.

When the wiper value is at zero scale (00h), the wiper
is connected closest to the B terminal. When the wiper
value is at full scale (FFh for 8-bit, 7Fh for 7-bit), the
wiper is connected closest to the A terminal.

A zero-scale wiper value connects the W terminal
(wiper) to the B terminal (wiper = 00h). A full-scale
wiper value connects the W terminal (wiper) to the A
terminal (wiper = FFh (8-bit), or wiper = 7Fh (7-bit)). In
these configurations, the only resistance between the
Terminal W and the other terminal (A or B) is that of the
analog switches.
TABLE 5-2: VOLATILE WIPER VALUE VS.
WIPER POSITION

Wiper Setting

Properties
7-bit 8-bit

7Fh FFh Full Scale (W = A), Increment

commands ignored

7Eh-40h | FEh-80h |W =N

3Fh 7Fh W =N (Mid Scale)
3Eh-01h | 7Eh-01h |W =N
00h 00h Zero Scale (W =B)

Decrement command
ignored
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5.21 WIPER RESISTANCE (Ryy)
Wiper resistance is significantly dependent on:

» The Resistor Network’s Supply Voltage (Vry)

» The Resistor Network’s Terminal (A, B, and W)
Voltages

» Switch leakage (occurs at higher temperatures)

* |y current

Figure 5-2 show the wiper resistance characterization
data for all four Rpg resistances and temperatures.
Each Rpg resistance determined the maximum wiper
current based on worst-case conditions
Rag = Rag maximum and at full-scale code, Vgy, ~= V+
(but not exceeding V+). The V+ targets were 10V, 20V,
and 36V. What this graph shows is that at higher Rpg
resistances (50 kQ and 100 kQ) and at the highest tem-
perature (+125°C), the analog switch leakage causes
an increase in the measured result of Ryy, where Ry is
measured in a rheostat configuration with Ry, = (Vg -
Vea) ! lgw-

2400 ~+--40C 5k IW = 1.7mA ~#-425C 5k IW = 1.7mA ~4-+85C 5k IW = 1.7mA ~#-+125C 5k IW = 1.7mA
-40C 5k IW = 3.3mA +25C 5k IW =3.3mA +85C 5k IW =3.3mA +125C 5k IW = 3.3mA
2200 laocskiw-6.0mA “-425C 5k W - 6.0mA - s85C Sk W - 6.0mA o~ 4125C 5K IW = 6.0mA
= a0C 1061w - 83008 T 2SCIKIW=B0A  asBSCIOKIW=B30uA  —e-+125C10KIW - 830uA
2000 | ——-40C 10K W= 1.7mA TUSCIKWS1TMA e eESCIKIWS17mMA e +125C10KIW- 17mA
-40C 10k IW = 3.0mA +25C 10k IW = 3.0mA +85C 10k IW = 3.0mA +125C 10k IW = 3.0mA
- 30C 50 IW - 170uA m2SCSOKIW-170UA  —+sBSCSOKIW-170iA  —e-+125C50KIW - 170uA
1800 ZZsoc sokiw - 330ua TUBSCSOKIWS30UA  esBSCSOKIWS330iA  —e-+125C50KIW - 330uA
-40C 50k IW = 600uA +25C 50k IW = 600uA +85C 50k IW = 600uA +125C 50k IW = 600uA.
& 1600 -40C 100k IW = 83uA +25C 100k IW = 83uA +85C 100k IW = 83uA 125C 100k IW = 83uA
) ~40C 100K W =170uA 425 100K IW = 170uA +85C 100K IW = 170uA +125€ 100k IW = 170uA
5 140 “a0c 100K IW - 300uA 425 100K IW - 3000A 185 100K IW - 300uA 4225 100K IW - 300uA
8 1200
g
£ 1000
@
g 800
[3
§ 600 1= 170u8, +125¢ (50KQ)
=
= 400 )y
i ——
200 e =
0
o 32 64 96 128 160 192 224 256
DAC Wiper Code
FIGURE 5-2: R\ Resistance vs Rppg,

Wiper Current (l,y), Temperature and Wiper
Code.

Since there is minimal variation of the total device
resistance (Rag) over voltage, at a constant tempera-
ture (see device characterization graphs), the change
in wiper resistance over voltage can have a significant
impact on the Ry and Rpy errors.

5.2.2 POTENTIOMETER
CONFIGURATION

In a potentiometer configuration, the wiper resistance
variation does not affect the output voltage seen on the
W pin and therefore is not a significant source of error.

5.2.3 RHEOSTAT CONFIGURATION

In a rheostat configuration, the wiper resistance varia-
tion creates nonlinearity in the Rgyy (or Raw) value. The
lower the nominal resistance (Rpg), the greater the
possible relative error. Also, a change in voltage needs
to be taken into account. For the 5.0 kQ device, the
maximum wiper resistance at 5.5V is approximately 6%
of the total resistance, while at 2.7V it is approximately
6.5% of the total resistance.

524  LEVEL SHIFTERS
(DIGITAL TO ANALOG)

Since the digital logic may operate anywhere within the
analog power range, level shifters are present so that
the digital signals control the analog circuitry. This level
shifter logic is relative to the V- and V|_voltages. A delta
voltage of 2.7V between V| and V- is required for the
serial interface to operate at the maximum specified
frequency.

© 2014 Microchip Technology Inc.
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5.3 Terminal Currents

The terminal currents are limited by several factors,
including the Rpg resistance (Rg resistance). The
maximum current occurs when the wiper is at either the
zero-scale (Igyy) or full-scale (Iay) code. In this case,
the current is only going through the analog switches
(see It specification in Electrical Characteristics).
When the current passes through at least one Rg
resistive element, then the maximum terminal current
(It) has a different limit. The current through the Rag
resistor is limited by the Rpg resistance. The worst
case (max current) occurs when the resistance is at the
minimum Rpg value.

Higher current capabilities allow a greater delta voltage

between the desired terminals for a given resistance.
This also allows a more usable range of wiper code val-

ues, without violating the maximum terminal current
specification. Table 5-3 shows resistance and current
calculations based on the Rpg resistance (Rg resis-
tance) for a system that supports + 18V (A 36V). In
Rheostat configuration, the minimum wiper code value
is shown (for Vgy = 36V). As the Vpy voltage
decreases, the minimum wiper code value also
decreases. Using a wiper code less then this value will
cause the maximum terminal current (I) specification
to be violated.

For high terminal-current applications, it is
recommended that proper PCB layout
techniques be used to address the ther-
mal implications of this high current. The
QFN package has better thermal proper-
ties than the TSSOP package.

Note:

TABLE 5-3: TERMINAL (WIPER) CURRENT AND WIPER SETTINGS (Ry = Rgs = Rzg = 0Q))
- | == - sz
S | EB| = gge 82 %
= | ~ ~ |8 nx< 8= <c &
T2 33| 25|82 =3¢ 225¢d
£ = < c < o o - o X *
Z o = 2 2 s |eoES S o <N
S =z < s l<s n— c == %
<o - = 2o | XxT gV x 598 2
g\ o 0w QED\ c * m .= |\_’
: o> - N o zz >=2 =
Rapg Resistance () RS(N”N) (©) _<£ Q{ % ™ L
1 <5 L
Typical Min Max 8-bit 7-bit = _r—é 8-bit | 7-bit | 8-bit 7-bit
5,000 4,000 6,000 15.686 | 31.496 9.00 25.0 1,440 91 45 0.392 | 0.787
10,000 8,000 12,000 | 31.373 | 62.992 4.50 12.5 2,880 91 45 0.392 | 0.787
50,000 40,000 | 60,000 | 156.863 | 314.961 0.90 6.5 5539 35 17 1.020 | 2.047
100,000 | 80,000 | 120,000 | 313.725 | 629.9 0.45 6.5 5539 17 8 2.039 | 4.094
Note 1: Igy or Iaw currents can be much higher than this depending on voltage differential between Terminal B and

Terminal W or Terminal A and Terminal W.

Any Rpyy resistance greater than this limits the current.

If Vg = 36V, then the wiper code value must be greater than or equal to Min ‘N’. Wiper codes less than
Min ‘N’ will cause the wiper current (lyy) to exceed the specification. Wiper codes greater than Min ‘N’ will
cause the wiper current to be less than the maximum. The Min ‘N’ number has been rounded up from the
calculated number to ensure that the wiper current does not exceed the maximum specification.
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Figure 5-3 through Figure 5-6 show a graph of the cal-
culated currents (minimum, typical, and maximum) for
each resistor option. These graphs are based on
25 mA (5kQ), 125 mA (10 kQ), and 6.5 mA (50 kQ
and 100 kQ) specifications.

To ensure no damage to the resistor network (including
long-term reliability) the maximum terminal current
must not be exceeded. This means that the application
must assume that the Rpg resistance is the minimum
Rag value (Ragminy see blue lines in graphs).

Looking at the 50 kQ device, the maximum terminal
current is 6.5 mA. That means that any wiper code
value greater than 36 ensures that the terminal current
is less than 6.5 mA. This is ~14% of the full-scale value.
If the application could change to the 100 kQ device,
which has the same maximum terminal current specifi-
cation, any wiper code value greater than 18 ensures
that the terminal current is less than 6.5 mA. This is
~7% of the full-scale value. Supporting higher terminal
current allows a greater wiper code range for a given
Vg Voltage.

Rag = 5kQ

Rag(rvp)

20.0E-3 -

15.0E-3 - /

Ragmax)

lswimax) (A)

10.0E-3 4

5.0E-3 -

000.0E+0

0 32 64 96 128 160 192 224 256
Wiper Code

FIGURE 5-3:
Code -5 k.

Maximum Igyy vs Wiper

Rag = 10kQ
14.0E-3

12.0E-3 A%\

R
10.0E-3 - e

— RAB(MIN)
8.0E-3

Ragmax)
6.0E-3

lswmax) (A)

4.0E-3 A

2.0E-3 A

000.0E+0

0 32 64 96 128 160 192 224 256
Wiper Code

FIGURE 5-4:
Code - 10 k2.

Maximum Igyy vs Wiper

Ry = 50kQ
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6.0E-3 l
5.0E-3
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IEW(MAX) (A)

2.0E-3

R
1.0E3 'AB(MAX)

000.0E+0

0 32 64 96 128 160 192 224 256
Wiper Code

FIGURE 5-5:
Code - 50 k2.

Maximum gy vs Wiper

Ryg = 100kQ
7.0E-3

6.0E-3

5.0E-3

4.0E-3

3.0E-3

IBW(MAX) (A)

2.0E-3

1.0E-3

Ragmax)
000.0E+0

0 32 64 96 128 160 192 224 256
Wiper Code

FIGURE 5-6:
Code - 100 k2.

Figure 5-7 shows a graph of the maximum Vpgyy voltage
vs wiper code (for 5 kQ and 10 kQ devices). To ensure
that no damage is done to the resistor network, the
Ras(wmin) resistance (blue line) should be used to deter-
mine Vgyy Vvoltages for the circuit. Devices where the
Rag resistance is greater than the Rag(uin) resistance
will naturally support a higher voltage limit.

Maximum Igy, vs Wiper

30.0 1 Rasmax)
Rag(rvp)

fe— Rasmin)

0.0 T T T T T T T
0 32 64 96 128 160 192 224 256
Wiper Code

FIGURE 5-7: Maximum Vg, Vs Wiper
Code (5 kf2and 10 ke devices).
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Table 5-4 shows the maximum Vpgyy voltage that can be
applied across the Terminal B to Terminal W pins for a
given wiper code value (for the 5kQ and 10 kQ
devices). These calculations assume the ideal model
(Rw =Rrs =Rz5=0Q) and show the calculations
based on RS(MlN) and RS(MAX)' Table 5-5 shows the
same calculations for the 50 kQ devices, and Table 5-6
shows the calculations for the 100 kQ devices. These
tables are supplied as a quick reference.

TABLE 5-4:  MAX Vg AT EACH WIPER CODE (Ry = Rpg = Rzg = 0Q) FOR V+ - V- = 36V,
5 KQ AND 10 KQ DEVICES

Code VBW(MAX) Code VBW(MAX) Code VBW(MAX)

Hex Dec RS(M|N) RS(MAX) Hex Dec RS(N”N) RS(MAX) Hex Dec RS(M”\,) RS(MAX)
00h 0 0.000 0.000 20h 32 12.549 18.824 40h 64 25.098
01h 1 0.392 0.588 21h 33 12.941 19.412 41h 65 25.490
02h 2 0.784 1.176 22h 34 13.333 20.000 42h 66 25.882
03h 3 1.176 1.765 23h 35 13.725 20.588 43h 67 25.275
04h 4 1.569 2.353 24h 36 14.118 21.176 44h 68 26.667
05h 5 1.961 2.941 25h 37 14.510 21.765 45h 69 27.059
06h 6 2.353 3.529 26h 38 14.902 22.353 46h 70 27.451
07h 7 2.745 4.118 27h 39 15.294 22.941 47h 71 27.843
08h 8 3.137 4.706 28h 40 15.686 23.529 48h 72 28.235
09h 9 3.529 5.294 2%h 41 16.078 24.118 49h 73 28.627
0Ah 10 3.922 5.882 2Ah 42 16.471 24.706 4Ah 74 29.020
0Bh 1 4.314 6.471 2Bh 43 16.863 25.294 4Bh 75 29.412
0Ch 12 4.706 7.059 2Ch 44 17.255 25.882 4Ch 76 29.804
0Dh 13 5.098 7.647 2Dh 45 17.647 26.471 4Dh 77 30.196
OEh 14 5.490 8.235 2Eh 46 18.039 27.059 4Eh 78 30.588
OFh 15 5.882 8.824 2Fh 47 18.431 27.647 4Fh 79 30.980
10h 16 5.275 9.412 30h 48 18.824 28.235 50h 80 31.373
11h 17 6.667 10.000 31h 49 19.216 28.824 51h 81 31.765
12h 18 7.059 10.588 32h 50 19.608 29.412 52h 82 32.157
13h 19 7.451 11.176 33h 51 20.000 30.000 53h 83 32.549
14h 20 7.843 11.765 34h 52 20.392 30.588 54h 84 32.941
15h 21 8.235 12.353 35h 53 20.784 31.176 55h 85 33.333
16h 22 8.627 12.941 36h 54 21.176 31.765 56h 86 33.725
17h 23 9.020 13.529 37h 55 21.569 32.353 57h 87 34.118
18h 24 9.412 14.118 38h 56 21.961 32.941 58h 88 34.510
19h 25 9.804 14.706 39h 57 22.353 33.529 59h 89 34.902
1Ah 26 10.196 15.294 3Ah 58 22.745 34.118 5Ah 90 35.294
1Bh 27 10.588 15.882 3Bh 59 23.137 34.706 5Bh 91 35.686
1Ch 28 10.980 16.471 3Ch 60 23.529 35.294 5Ch 92-255| 36.0%2
1Dh 29 11.373 17.059 3Dh 61 23.922 35.882
1Eh 30 11.765 17.647 3Eh 62 24.314 36.0 12
1Fh 31 12.157 18.235 3Fh 63 24.706

Note 1: Calculated Rgyy voltage is greater than 36V (highlighted in color), must be limited to 36V (V+ - V-).

2:  This wiper code and greater will limit the gy current to less than the maximum supported terminal
current (7).
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TABLE 5-5: MAX Vgw AT EACH WIPER CODE (Ryy = Rgg = Rzg = 0Q) FOR V+ - V- = 36V,
50 KQ DEVICES
Code VBW(MAX) Code VBW(MAX) Code VBW(MAX)
Hex Dec | Rsguiy | Rswax) | Hex Dec Rs(MIN) Rs(MAX) Hex Dec Rs(MIN) RS)SV'A

00h 0 0.000 0.000 J10h 16 16.314 24,471 20h 32 32.627
01h 1 1.020 1.529 J11h 17 17.333 26.000 21h 33 33.647
02h 2 2.039 3.059 [12h 18 18.353 27.529 22h 34 34.667
03h 3 3.059 4588 J13h 19 19.373 29.059 23h 35 35.686
04h 4 4.078 6.118 [14h 20 20.392 30.588 24h-FFh [36-255| 36.0 %2
05h 5 5.098 7.647 |15h 21 21.412 32.118

06h 6 6.118 9.176 |16h 22 22.431 33.647

07h 7 7.137 10.706 J17h 23 23.451 35.176

08h 8 8.157 | 12.235 |18h 24 24471 | 36.0%2

09h 9 9.176 13.765 |19h 25 25.490

0Ah 10 10.196 | 15.294 |1Ah 26 26.510

0Bh 11 11.216 | 16.824 |1Bh 27 27.529

0Ch 12 12.235 | 18.353 J1Ch 28 28.549

0Dh 13 13.255 | 19.882 | 1Dh 29 29.569

OEh 14 14.275 | 21.412 J1Eh 30 30.588

OFh 15 15.294 | 22.941 |1Fh 31 31.608

Note 1: Calculated Rgyy voltage is greater than 36V (highlighted in color), must be limited to 36V (V+ - V-).

2:  This wiper code and greater will limit the Igyy current to less than the maximum supported terminal current (I7).

TABLE 5-6: MAX Vgw AT EACH WIPER CODE (Ryy = Rgg = Rzg = 0Q) FOR V+ - V- = 36V,
100 KQ DEVICES
Code VBW(MAX) Code VBW(MAX)
Hex Dec RS(N”N) RS(MAX) Hex Dec RS(,\,”N) RS(MAX)

00h 0 0.000 0.000 10h 16 32.627

01h 1 2.039 3.059 11h 17 34.667

02h 2 4.078 6.118 |12h-FFh [18-255| 36.0 (%2

03h 3 6.118 9.176

04h 4 8.157 12.235

05h 5 10.196 15.294

06h 6 12.235 18.353

07h 7 14.275 21.412

08h 8 16.314 24.471

0%h 9 18.353 27.529

0Ah 10 20.392 30.588

0Bh 11 22.431 33.647

0Ch 12 | 24471 | 36.0%2

0Dh 13 26.510

OEh 14 28.549

OFh 15 30.588

Note 1: Calculated Rgyy voltage is greater than 36V (highlighted in color), must be limited to 36V (V+ - V-).

2:  This wiper code and greater will limit the Igyy current to less than the maximum supported terminal current (I7).
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54 Variable Resistor (Rheostat)

A variable resistor is created using Terminal W and
either Terminal A or Terminal B. Since the wiper code
value of 0 connects the wiper to the Terminal B, the
Rpw resistance increases with increasing wiper code
value. Conversely, the Rpyy resistance will decrease
with increasing wiper code value. Figure 5-8 shows the
connections from a potentiometer to create a rheostat
configuration.

Resistor

FIGURE 5-8:

Equation 5-4 shows the Rgy and Rayw calculations.
The Rgyy calculation is for the resistance between the
wiper and Terminal B. The Rpyy calculation is for the
resistance between the wiper and Terminal A.

Rheostat Configuration.

EQUATION 5-4:  Rgy AND Rpy

CALCULATION
Simplified Model (assumes Rgg = Rzg = 0Q)

Raw = (n* Rg)
Raw= ((FSV-n)* Rs)

r- - I — _—. .
Where: R 8-bit 7-bit
Rg= ——o | Rag ! Rag
Resolution | Rs= prn Rs= 17

n = wiper code L
FSV = The full-scale value
(255 for 8-bit or 127 for 7-bit)

Detailed Model
Rew= Rzs+ (n* Rs)
Raw= Rrst ((FSV-n)* Rg)
Where:

n = wiper code
FSV = The full-scale value
(255 for 8-bit or 127 for 7-bit)

5.5 Analog Circuitry Power
Requirements

This device has two power supplies. One is for the
digital interface (VL and DGND) and the other is for the
high-voltage analog circuitry (V+ and V-). The
maximum delta voltage between V+ and V- is 36V. The
digital power signals must be between V+ and V-.

If the digital ground (DGND) pin is at half the potential
of V+ (relative to V-), then the terminal pins potentials
can be +(V+/2) relative to DGND.

Figure 5-9 shows the relationship of the four power sig-
nals. This shows that the V+/V- signals do not need to
be symmetric around the DGND signal.

To ensure that the Wiper register has been properly
loaded with the POR/BOR value, the V| voltage must
be at the minimum specified operating voltage (refer-
enced to DGND).

a V+ J

=z

]

a

i)

(]

2 A V+ - V- Voltage

& Vi —— +36V max

o +10V min

o \DGND ——

()

(o))

S

s V-
This can be anywhere
between V- and V+.

FIGURE 5-9: Analog Circuitry Voltage

Ranges.

5.6 Resistor Characteristics

5.6.1 V+/V- LOW VOLTAGE OPERATION

The resistor network is specified from 20V to 36V. At
voltages below 20V, the resistor network will function,
but the operational characteristics may be outside the
specified limits. Please refer to Section 2.0 “Typical
Performance Curves” for additional information.

5.6.2 RESISTOR TEMPCO

Biasing the ends (Terminal A and Terminal B) near mid-
supply ((V+ - [V-]) / 2) will give the worst switch
resistance temperature coefficient (tempco).
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57 Shutdown Control

Shutdown is used to minimize the device’s current
consumption. The MCP45HVX1 has two methods to
achieve this:

* Hardware Shutdown Pin (SHDN)
« Terminal Control Register (TCON)

The Hardware Shutdown pin is backwards compatible
with the MCP42X1 devices.

5.71 HARDWARE SHUTDOWN PIN
(SHDN)

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

* The POA terminal is disconnected

* The POW terminal is connected to the POB termi-
nal (see Figure 4-5)

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

The Hardware Shutdown Pin mode does NOT corrupt

Note: When the ROHW bit forces the resistor
network into the hardware SHDN state,
the state of the TCONO register’s ROA,
ROW and ROB bits is overridden (ignored).
When the state of the ROHW bit no longer
forces the resistor network into the
hardware SHDN state, the TCONO
register’'s ROA, ROW and ROB bits return
to controlling the terminal connection
state. In other words, the ROHW bit does
not corrupt the state of the ROA, ROW and
ROB bits.

The ROHW bit does NOT corrupt the values in the
volatile wiper registers nor the TCON register. When
the Shutdown mode is exited (ROHW bit = 1):

* The device returns to the wiper setting specified
by the volatile wiper value

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

the values in the volatile wiper registers nor the TCON A |1_"
register. When the Shutdown mode is exited (SHDN g
pin is inactive (V|y)): 3 0w
0]
» The device returns to the wiper setting specified E
by the volatile wiper value %
» The TCON register bits return to controlling the )
terminal connection state & B
AD FIGURE 5-11: Resistor Network Shutdown
< State (ROHW = 0).
o R
% —— O W 5.7.3 INTERACTION OF SHDN PIN AND
z TCON REGISTER
fg Figure 5-12 shows how the SHDN pin signal and the
o ROHW bit signal interact to control the hardware
o B shutdown of the resistor network.
FIGURE 5-10: Hardware Shutdown

Resistor Network Configuration.

572  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 4-1.

The ROHW bit forces the selected resistor network into
the same state as the SHDN pin. Alternate low-power
configurations may be achieved with the ROA, ROW
and ROB bits.

When the ROHW bit is “0”:

» The POA terminal is disconnected
* The POW terminal is simultaneously connected to
the POB terminal (see Figure 5-11)

SHDN (from pin) } To Pot 0 Hardware
ROHW Shutdown Control

(from TCON register)

FIGURE 5-12:
Interaction.

ROHW bit and SHDN pin

© 2014 Microchip Technology Inc.
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6.0 SERIAL INTERFACE (I°C)

The MCP45HVX1 devices support the 12C serial
protocol. The MCP45HVX1 1°C module operates in
Slave mode (does not generate the serial clock).
Figure 6-1 shows a typical I2C interface connection.

The MCP45HVX1 devices use the two-wire I2C serial
interface. This interface can operate in Standard, Fast
or High-Speed mode. A device that sends data onto the
bus is defined as transmitter, and a device receiving
data as receiver. The bus has to be controlled by a
master device which generates the serial clock (SCL),
controls the bus access and generates the Start and
Stop conditions. The MCP45HVX1 device works as
slave. Both master and slave can operate as
transmitter or receiver, but the master device
determines which mode is activated. Communication is
initiated by the master (microcontroller) which sends
the Start bit, followed by the slave address byte. The
first byte transmitted is always the slave address byte,
which contains the device code, the address bits, and
the R/W bit.

Refer to the NXP 12C document for more details of the
1’c specifications (UM10204, Ver. 05 Oct 2012).

Typical 2°C™ Interface Connections

Host MCP4XXX
Controller
SCL | scL
SDA |, | sbA
/o W A0 @D
o @ IRE)

Note 1: This pin could be tied High, Low, or
connected to an /O pin of the Host
Controller.

FIGURE 6-1: Typical 12C Interface Block

Diagram.

6.1 Signal Descriptions

The I°C interface uses up to four pins (signals). These
are:

» SDA (Serial Data)
» SCL (Serial Clock)
» AO (Address 0 bit)
* A1 (Address 1 bit)

6.1.1 SERIAL DATA (SDA)

The Serial Data (SDA) signal is the data signal of the
device. The value on this pin is latched on the rising
edge of the SCL signal when the signal is an input.

With the exception of the Start and Stop conditions, the
High or Low state of the SDA pin can only change when
the clock signal on the SCL pin is Low. During the High
period of the clock, the SDA pin’s value (High or Low)
must be stable. Changes in the SDA pin’s value while
the SCL pin is High will be interpreted as a Start or a
Stop condition.

6.1.2  SERIAL CLOCK (SCL)

The Serial Clock (SCL) signal is the clock signal of the
device. The rising edge of the SCL signal latches the
value on the SDA pin. The MCP45HV X1 supports three
I2C interface clock modes:

» Standard mode: clock rates up to 100 kHz

» Fast mode: clock rates up to 400 kHz

» High-Speed mode (HS mode): clock rates up to
3.4 MHz

The MCP45HVX1 will not stretch the clock signal (SCL)
since memory read access occurs fast enough.

Depending on the clock rate mode, the interface will
display different characteristics.

6.1.3 THE ADDRESS BITS (A1:A0)

There are up to two hardware pins used to specify the
device address. The number of address pins is
determined by the part number.

The state of the A0 and A1 pins should be static, that is
they should be tied High or tied Low.
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6.2  1°C Operation

The MCP45HVX1 1°C module is compatible with the
NXP 1°C specification. The following lists some of the
module’s features:

« 7-bit slave addressing
» Supports three clock rate modes:
- Standard mode, clock rates up to 100 kHz
- Fast mode, clock rates up to 400 kHz
- High-Speed mode (HS mode), clock rates up
to 3.4 MHz
» Support Multi-Master Applications
» General call addressing

The I12C 10-bit addressing mode is not supported.

The NXP 12C specification only defines the field types,
field lengths, timings, etc. of a frame. The frame con-
tent defines the behavior of the device. The frame con-
tent for the MCP45HVX1 is defined in Section 7.0.

6.2.1 I°C BIT STATES AND SEQUENCE

Figure 6-8 shows the 12C transfer sequence. The serial
clock is generated by the master. The following defini-
tions are used for the bit states:

« Start bit (S)
» Data bit
* Acknowledge (A) bit (driven Low)/
No Acknowledge (A) bit (not driven Low)
* Repeated Start bit (Sr)
« Stop bit (P)

6.2.1.1 Start Bit

The Start bit (see Figure 6-2) indicates the beginning of
a data transfer sequence. The Start bit is defined as the
SDA signal falling when the SCL signal is “High”.

r=n-

soa N\ 1 / 1stBit X 2ndBit

SCL ¢ _ 4\ w
S

FIGURE 6-2: Start Bit.

6.2.1.2 Data Bit

The SDA signal may change state while the SCL signal
is Low. While the SCL signal is High, the SDA signal
MUST be stable (see Figure 6-3).

r==—=n
_— / | 1stBit X 2ndBit

SCL \ IW

[
Data Bit
Data Bit.

FIGURE 6-3:

6.2.1.3 Acknowledge (A) Bit

The A bit (see Figure 6-4) is typically a response from
the receiving device to the transmitting device.
Depending on the context of the transfer sequence, the
A bit may indicate different things. Typically, the slave
device will supply an A response after the Start bit and
8 “data” bits have been received. an A bit has the SDA
signal Low.

SDA X DO A

SCL 8 I 9 I
L ==

FIGURE 6-4: Acknowledge Waveform.

Not A (K) Response

The A bit has the SDA signal High. Table 6-1 shows
some of the conditions where the slave device will

issue a Not A (A).

If an error condition occurs (such as an A instead of A),
then a Start bit must be issued to reset the command
state machine.

TABLE 6-1: MCP45HVX1 A/K RESPONSES
Acknowledge
Event Bit Comment
Response

General Call A Only if GCEN bit is
set

Slave Address A

valid

Slave Address A

not valid

Device Mem- A After device has

ory Address received address

and specified and command

command

(AD3:ADO and

C1:C0) are an

invalid combi-

nation

Bus Collision N.A. I2C™ module
resets, or a “don’t
care” if the colli-
sion occurs on the
master’s “Start bit”

© 2014 Microchip Technology Inc.
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6.2.1.4 Repeated Start Bit 6.2.1.5 Stop Bit
The Repeated Start bit (see Figure 6-5) indicates the The Stop bit (see Figure 6-6) indicates the end of the
current master device will attempt to continue commu- 12C Data Transfer Sequence. The Stop bit is defined as
nicating with the current slave device without releasing the SDA signal rising when the SCL signal is “High”.
the 1°C bus. The R_epeated Start condition is the same A Stop bit resets the 12C interface of all MCP45HVX1
as the Start condition, except that the Repeated Start devices
bit follows a Start bit (with the Data bits + A bit) and not '
a Stop bit. r =
The Start bit is the beginning of a data transfer SDA A/A 1/ 1
sequence and is defined as the SDA signal falling when | |
the SCL signal is “High”. SCL \ / I [
L=
Note 1: A bus collision during the Repeated Start P
condition occurs if: FIGURE 6-6: Stop Condition Receive or
+ SDA is sampled Low when SCL Transmit Mode.

goes from low-to-high.

+ SCL goes Low before SDA is
asserted Low. This may indicate
that another master is attempting to
transmit a data ‘1’.

6.2.2 CLOCK STRETCHING

“Clock Stretching” is something that the receiving
device can do, to allow additional time to “respond” to
the “data” that has been received.

The MCP45HVX1 will not stretch the clock signal (SCL)
since memory read access occurs fast enough.

o |
I 6.2.3 ABORTING A TRANSMISSION
SDA I\ 1st Bit 2 o
If any part of the 1“C transmission does not meet the
11 command format, it is aborted. This can be intentionally
accomplished with a Start or Stop condition. This is
SCLI\ / 11 \ / done so that noisy transmissions (usually an extra Start
L or Stop condition) are aborted before they corrupt the
Sr = Repeated Start device.
FIGURE 6-5: Repeat Start Condition

Waveform.

soA X X X X
Y RWAWAWRWAWAWRWAWEWEE

S 1stBit 2nd Bit 3rd Bit 4th Bit 5th Bit 6th Bit 7thBit 8thBit A/A P

FIGURE 6-7: Typical 8-Bit 12C Waveform Format.

SDA

Y Hél
Start Data allowed Data or Sto
Condition to change A valid Condi?ion
FIGURE 6-8: I°C Data States and Bit Sequence.
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6.2.4 ADDRESSING

The address byte is the first byte received following the
Start condition from the master device. The address
contains four (or more) fixed bits and (up to) three user-
defined hardware address bits (pins A1 and AQ). These
7-bits address the desired 1°C device. The AB:A2
address bits are fixed to ‘01111’ and the device
appends the value of following two address pins (A1
and AQ).

Since there are address bits controlled by hardware
pins, there may be up to four MCP45HVX1 devices on
the same 12C bus.

Figure 6-9 shows the slave address byte format, which
contains the seven address bits. There is also a read/
write (R/W) bit. Table 6-2 shows the fixed address for
device.

Hardware Address Pins

The hardware address bits (A1, and AO) correspond to
the logic level on the associated address pins. This
allows up to four devices on the bus.

4—— Slave Address ——»"

|siA6|A5|A4|A3|A2|A1|AoiRANiA/K|
T 0TI T —— & &

See Table 6-2
S.tart R/W bit
bit R/W = 0 = write
R/W =1 =read

A bit (controlled by slave device)
A =0 = Slave device Acknowledges byte
A =1 = Slave device does not Acknowledge byte

FIGURE 6-9: Slave Address Bits in the
12C Control Byte.

TABLE 6-2: DEVICE SLAVE ADDRESSES
Device Address Comment
MCP45HVX1 [‘0111 1'b + A1:A0 | Supports up to

4 devices.
(Note 1)

Note 1: The fixed portion of the I1°C address is dif-
ferent than the MCP44XX/MCP45XX/
MCP46XX family (‘0101 11’, ‘0101 1’,
or ‘0101’). This allows the maximum num-
ber of both standard and high-voltage
devices on the single 12C bus.

6.2.5 SLOPE CONTROL

The MCP45HVX1 implements slope control on the
SDA output.

As the device transitions from HS mode to FS mode,
the slope control parameter will change from the HS
specification to the FS specification.

For Fast (FS) and High-Speed (HS) modes, the device
has a spike suppression and a Schmitt trigger at SDA
and SCL inputs.
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6.2.6 HS MODE

The I12C specification requires that a High-Speed mode
device must be ‘activated’ to operate in High-Speed
(3.4 Mbit/s) mode. This is done by the master sending
a special address byte following the Start bit. This byte
is referred to as the High-Speed Master Mode Code
(HSMMC).

The MCP45HVX1 device does not acknowledge this
byte. However, upon receiving this command, the
device switches to HS mode. The device can now
communicate at up to 3.4 Mbit/'s on SDA and SCL
lines. The device will switch out of the HS mode on the
next Stop condition.

The master code is sent as follows:

1. Start condition (S)

2. High-Speed Master Mode Code (0000 1XXX),
The XXX bits are unique to the High-Speed (HS)
mode m