MICROCHIP

MCP47FEBXX

8-/10-/12-Bit Single/Dual Voltage Output Nonvolatile
Digital-to-Analog Converters with I>C™ Interface

Features

Operating Voltage Range:

- 2.7V to 5.5V - Full Specifications

- 1.8V to 2.7V - Reduced Device Specifications

Output Voltage Resolutions:

- 8-bit: MCP47FEBOX (256 Steps)

- 10-bit: MCP47FEB1X (1024 Steps)

- 12-bit: MCP47FEB2X (4096 Steps)

Rail-to-Rail Output

Fast Settling Time of 6 ps (typical)

DAC Voltage Reference Source Options:

- Device Vpp

- External Vggr pin (buffered or unbuffered)

- Internal Band Gap (1.22V typical)

Output Gain Options:

- Unity (1x)

- 2x (when not using internal Vpp as voltage
source)

Nonvolatile Memory (EEPROM):

- User-programmed Power-on Reset
(POR)/Brown-out Reset (BOR) output setting
recall and device configuration bits

- Auto Recall of Saved DAC register setting

- Auto Recall of Saved Device Configuration
(Voltage Reference, Gain, Power-Down)

Power-on/Brown-out Reset Protection
Nonvolatile Memory Write Protect (WP) Bit
Power-Down Modes:

- Disconnects output buffer (High Impedance)

- Selection of Vg1 pull-down resistors
(100 kQx or 1 kQ)

Low Power Consumption:

- Normal operation: <180 pA (Single), 380 pA
(Dual)

- Power-down operation: 650 nA typical

- EEPROM write cycle (1.9 mA maximum)

[2C™ Interface:

- Slave address options: four predefined
addresses or user programmable (all 7 bits)

- Standard (100 kbps), Fast (400 kbps), and
High-Speed (up to 3.4 Mbps) modes

Package Types: 8-lead TSSOP

Extended Temperature Range: -40°C to +125°C

Package Types

MCP47FEBX1
TSSOP
Single
Ny
Vool 1] [8]SDA
Vrerol 2 [7]scL
VouTol3] |6 |LATO/HVC

NCl4] 15]Vss

MCP47FEBX2
TSSOP
Dual

Voo[1] - [8]sDA
VererM[2] [7]scL
Voutol3! (6 |LAT/HVC

Vour[4] 15]Vss

Note 1: This pin’s signal can be connected to DACO
and/or DAC1.

General Description

The MCP47FEBXX are Single- and Dual-channel 8-bit,
10-bit, and 12-bit buffered voltage output Digital-to-
Analog Converters (DAC) with nonvolatile memory and
an I°C serial interface.

The VRgk pin, the device Vpp or the internal band gap
voltage can be selected as the DAC'’s reference
voltage. When Vpp is selected, Vpp is connected
internally to the DAC reference circuit. When the Vrgp
pin is used, the user can select the output buffer’s gain
to be 1 or 2. When the gain is 2, the Vrgf pin voltage
should be limited to a maximum of Vpp/2.

These devices have a two-wire 1°C-compatible serial
interface for Standard (100 kHz), Fast (400 kHz) or
High-Speed (1.7 MHz and 3.4 MHz) modes.

Applications

+ Set Point or Offset Trimming

+ Sensor Calibration

* Low-Power Portable Instrumentation
* PC Peripherals

» Data Acquisition Systems

* Motor Control

© 2015 Microchip Technology Inc.
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MCP47FEBXX

MCP47FEBX1 Device Block Diagram (Single-Channel Output)

Vop Power-up/
Brown-out
Vss Control Memory (32x16)
5 . DACO (Vol and NV)
SDA [“C™ Serial VREF (Vol and NV)
oL Interface Power-down (Vol and NV
Module and Gain (Vol and NV)
Coptrol Logic Status (Vol)
(WiperLock ™ Slave Address (NV)
Technology)
VREF1:VREFOQ v
and PD1:PD0O DD -
¥ & PD1:PD0and
4— VREF1:VREFO o
(1.22v) 3 Amp ——l Vouro
VReFo P.D1 :PDO
hd LR
— Vgs | PD1:PDO=>>
— G
VREF1.VREFO |8 §=2
LATOHVC |} 83 =
L
Note 1: If Internal Band Gap is selected, this buffer has a 2x gain. If the G bit = ‘1’, this is a total gain of 4.
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MCP47FEBXX

MCP47FEBX2 Device Block Diagram (Dual-Channel Output)

Vbp Power-up/
v Brown-out Memory (32x16)
> Control DACO and 1 (Vol & NV)
2c™ . VREF (Vol and NV)
SDA :n%rfaignal Power-down (Vol and NV
SCL Module and gtzltTJs(.\?\)/lo?)nd NV)
v Log'll'(l\:ll Slave Addr (NV)
(WiperLock
Technology)
and DI DO VoD
" ¥ l PD1:PDOand 5
&= /REF1:VREFO b Vours
1.22V) —
Veer I * PD1:PDO 2
I: PD1:PD0 =>
~ Vss
G
5 8=>2
VREF1:VREFO B g - S
LATHVC o ik
=
VREF1:VREFO o .
and PD1:PDO Voo
e v &  PD1:PDOand y
an ap K mp
(1.22V) <4— VREF1:VREFO ’ . OUT1
IntvR1 PD1:PDO T S
PD1:PDO e
~ Vss o
- ¢=>=
VREF1:.VREFO |88 <9
g5
L

Note 1: If Internal Band Gap is selected, this buffer has a 2x gain, if the G bit = ‘1’, this is a total gain of 4.

Device Features

o | § Sexc
3| S-(38 | &0, | #of '";g:;a' # of Specified
Device :t c % R E (@] ?E: £ | VREF gap LAT | Memory |Operating Range

3 é =18 £ % 8 g Inputs 2 Inputs (Vbp)
MCP47FEBO1 1 8 [2Ccm 7Fh 1 Yes 1 EEPROM 1.8V to 5.5V
MCP47FEB11 1 10 1’c 1FFh 1 Yes 1 EEPROM 1.8V to 5.5V
MCP47FEB21 1 12 1°C 7FFh 1 Yes 1 EEPROM 1.8V to 5.5V
MCP47FEBO2 2 8 1°C 7Fh 1 Yes 1 EEPROM 1.8V to 5.5V
MCP47FEB12 2 10 1’c 1FFh 1 Yes 1 EEPROM 1.8V to 5.5V
MCP47FEB22 2 12 1°C 7FFh 1 Yes 1 EEPROM 1.8V to 5.5V

Note 1: The Factory Default value. The DAC output POR/BOR value can be modified via the nonvolatile DAC out-
put register(s).
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MCP47FEBXX

NOTES:
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MCP47FEBXX

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings ()

Voltage on Vpp With respect t0 Vg ....eoociiiiiiiiiiiiic -0.6V to +6.5V
Voltage on all pins with resSpect to Vgg .....ocviiiiiiiiiiii e -0.6V to Vpp+0.3V
Input clamp current, Ik (V; <0, V|, > Vpp, V| > Vpp 0N HV PINS) oot 20 mA
Output clamp current, lgx (Vo <0 0rVo > Vpp) s 20 mA
Maximum current out of Vgg pin (51T | = P 50 mA

(=1 SRS 100 mA
Maximum current into Vpp pin (SINGIE) -t 50 mA

(=1 SRS 100 mA
Maximum current sourced by the Vot PIN ..o 20 mA
Maximum current sunk by the Vour PiN......oo 20 mA
Maximum current sunk by the VRERE PIN.....coiiiii 125 pA
Maximum input current source/sunk by SDA, SCL PINS ...cc.uiiiiiiiiiiie e ree et e e e e s eneee e sreeeeneee e e 2 mA
Maximum output current sunk by SDA OUEPUL PIN ...oooeiiiiiiiie et 25 mA
Total power dissipation 1 ettt ettt ettt ee e 400 mWw

Package power dissipation (T = +50°C, T; = +150°C)

........... > 14 kV (HBM)

.......................................................................................................................................................................... > +400V (MM)
......................................................................................................................................................................... > 12 kV (CDM)
Latch-Up (per JEDEC JESD78A) @ F125°C ...uuiiiiieiiieiieetie ettt sttt ettt sttt sb e e e bbb e ene e e +100 mA
ol = o [N (=Y g o T=T = (U] SR -65°C to +150°C
Ambient temperature with pOWer @pPlied ...........c.eiiiiiiiiii e -55°C to +125°C
Soldering temperature of 1eads (10 SECONUS) ......cciiiiii i e e st e e e e s e e e s enae e e e eeneeeeennees +300°C
Maximum Junction TEMPErature (T g) ..o s e +150°C

1 Notice: Stresses above those listed under “Maximum Ratings” may cause permanent damage to the device. This is
a stress rating only and functional operation of the device at those or any other conditions above those indicated in the
operational listings of this specification is not implied. Exposure to maximum rating conditions for extended periods
may affect device reliability.

Note 1: Power dissipation is calculated as follows:
Ppis = Vpp X {lpp - Z lon} + Z {(Vbp — Von) X lon} + Z(VoL X loL)
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MCP47FEBXX

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.
VDD =+2.7V to 55V, VREF =+2.048V to VDD, VSS = OV,

Gx = 0", R =5 kQ from Vgyt to GND, C; = 100 pF.

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

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

Supply Voltage Vpp 27 — 5.5 V
1.8 — 2.7 V | DAC operation (reduced analog
specifications) and Serial Interface

VDD Voltage VPOR/BOR — — 1.7 \ RAM retention Voltage (VRAM) < VPOR
(rising) to ensure device Vpp voltages greater than Vpor/gor limit
Power-on Reset ensure that device is out of reset.
Vpp Rise Rate to ensure | Vpprr (Note 3) Vims
Power-on Reset
High-Voltage Commands Vuv Vss — 12.5 V | The HVC pin will be at one of three input
Voltage Range (HVC pin) levels (V, Vi or Vi)
High-Voltage VIHHEN 9.0 — — V | Threshold for Entry into WiperLock™
Input Entry Voltage Technology
High-VoItage V|HHEX —_— —_— VDD + 0.8V V (Note 1)
Input Exit Voltage
Power-on Reset to Out- TrorD — 25 50 us | Vpp rising, Vpp > Vpor
put-Driven Delay

Note 1 This parameter is ensured by design.
Note 3 POR/BOR voltage trip point is not slope dependent. Hysteresis implemented with time delay.

DS20005375A-page 6
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MCP47FEBXX

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.
VDD =+2.7V to 55V, VREF =+2.048V to VDD, VSS = OV,

Gx =‘0", R_ =5 kQ from Vg1 to GND, C| = 100 pF.

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

Parameters Sym. Min. Typ. Max. Units Conditions
Supply Current Ibp — — 500 A Single | Serial Interface Active
_ _ 700 uA Dual (Not High-Voltage Command),
VRxB:VRxA = ‘01" ®),
Vour is unloaded, Vpp = 5.5V
volatile DAC Register = 000h
I>’C™: Fgc, = 3.4 MHz
— — 400 MA | Single |Serial Interface Active ?)
_ _ 550 A Dual (Not High-Voltage Command),
VRXB:VRxA = ‘10" 4,
VOUT is unloaded, VREF = VDD =5.5V
volatile DAC Register = 000h
1°C: FgcL = 3.4 MHz
— — 180 A Single | Serial Interface Inactive 2
_ _ 380 LA Dual (Not High-Voltage Command),
VRxB:VRXA = ‘00’,
SCL = SDA = Vgg, Vour is unloaded,
volatile DAC Register = 000h
— — 180 pA Single | Serial Interface Inactive 2)
_ _ 380 A Dual (Not High-Voltage Command),
VRxB:VRXA = ‘1 l’, VREF = VDD’
SCL = SDA = Vgg, Vour is unloaded,
volatile DAC Register = 000h
— — 1.9 mA | EE Write Current
VREF = VDD =5.5V
(after write, Serial Interface is Inactive),
write all 0’s to nonvolatile DAC 0 (address 10h),
Vour pins are unloaded.
— 145 180 MA  |Single |HVC = 12.5V (High-Voltage
_ 260 400 pA |Dual |Command), Serial Interface Inactive
VREF = VDD = 55V, LAT/HVC = V|HH1
DAC registers = 000h,
Vourt pins are unloaded.
Power-Down lpop — 0.65 3.8 MA | PDxB:PDxA = ‘01" ),
Current Vourt not connected

Note 2 This parameter is ensured by characterization.

Note 4 Supply current is independent of current through the resistor ladder in mode VRxB:VRxA = ‘10’.
Note 5 The PDxB:PDxA = ‘01’, ‘10’, and ‘11’ configurations should have the same current.
Note 6 By design, this is worst-case current mode.

© 2015 Microchip Technology Inc.
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MCP47FEBXX

DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < Tp £ +125°C (Extended)
DC Characteristics All parameters apply across the specified operating ranges unless noted.
VDD =+2.7V to 55V, VREF = +2.048V to VDD’ VSS = OV,
Gx =0", R_ =5 kQ from Vg1 to GND, C, = 100 pF.
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.
Parameters Sym. Min. Typ. Max. | Units Conditions
Resistor Ladder R_ 100 140 180 kQ 1.8V <Vpp <5.5V,
Resistance Vger = 1.0V
Resolution N 256 Taps 8-bit | No Missing Codes
(# of Resistors 1024 Taps | 10-bit | No Missing Codes
and # of Taps) (see 4096 Taps | 12-bit |No Missing Codes
C.1“Resolution”)
Nominal Vourt IVour - Voutmeanl — 0.5 1.0 % |2.7V<Vpp<5.5V2)
Match (12 NouTMEAN — — 1.2 % |1.8v@
VouT Tempco (see AVoyt/AT — 15 — | ppm/°C | Code = Mid-scale
C.19 “Vour (7Fh, 1FFh or 7FFh)
Temperature
Coefficient”)
VRer pin Input VREF Vss — Vbb vV [1.8V<Vpp<5.5v(N
Voltage Range

Note 1  This parameter is ensured by design.
Note 2  This parameter is ensured by characterization.

Note 7  Resistance is defined as the resistance between the Vrgg pin (mode VRxB:VRXA = ‘10’) to Vgg pin. For
dual-channel devices (MCP47FEBX2), this is the effective resistance of the each resistor ladder. The
resistance measurement is of the two resistor ladders measured in parallel.

Note 12 Variation of one output voltage to mean output voltage.
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MCP47FEBXX

DC CHARACTERISTICS (CONTINUED)

DC Characteristics

Operating Temperature

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

All parameters apply across the specified operating ranges unless noted.
VDD =+2.7V to 55V, VREF = +2.048V to VDD' VSS = OV,

Gx =‘0", R_ =5 kQ from Vgy1 to GND, C| = 100 pF.

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

Parameters Sym. Min. Typ. Max. Units Conditions

Zero-Scale Error Ezs — — 0.75 LSb | 8-bit VRxB:VRXA = ‘11", Gx = ‘0’,

(see C.5 VRrer = Vpp, No Load

“Zero-Scale See Section 2.0 “Typical LSb VRXB:VRXA = ‘00", Gx = ‘0’,

Error (EZS)”) Performance Curves” (?) Vpp = 5.5V, No Load

(Code = 000h) See Section 2.0 “Typical | LSb Vpp = 1.8V, Veer = 1.0V
Performance Curves” (2 VRxB:VRxA =‘10’, Gx =‘0’. No Load
See Section 2.0 “Typical LSb Vpp = 1.8V, Vgegr = 1.0V
Performance Curves” (2 VRxB:VRxA =‘11’, Gx =‘0’. No Load
See Section 2.0 “Typical LSb VRxB:VRxA =‘01’, Gx =‘0’, No Load
Performance Curves” (2
— — 3 LSb [10-bit |VRxB:VRxA =‘11", Gx =‘0’,

VREF = VDD’ No Load
See Section 2.0 “Typical LSb VRxB:VRXA = ‘00", Gx = ‘0’,
Performance Curves” (?) Vpp = 5.5V, No Load
See Section 2.0 “Typical LSb Vpp = 1.8V, Vger = 1.0V
Performance Curves” (@ VRxB:VRXA = ‘10’, Gx = ‘0’. No Load
See Section 2.0 “Typical LSb Vpp = 1.8V, Vger = 1.0V
Performance Curves” (@ VRxB:VRxA = ‘11’, Gx = ‘0’. No Load
See Section 2.0 “Typical LSb VRxB:VRxA =‘01’, Gx = ‘0’, No Load
Performance Curves” (2
— — 12 LSb |12-bit |VRxB:VRxA =‘11’, Gx =‘0’,
VREF = VDD’ No Load

See Section 2.0 “Typical LSb VRxB:VRXA = ‘00", Gx = ‘0’,
Performance Curves” (2) Vpp = 5.5V, No Load
See Section 2.0 “Typical LSb Vpp = 1.8V, Vger = 1.0V
Performance Curves” (@) VRxB:VRXA = ‘10’, Gx = ‘0’. No Load
See Section 2.0 “Typical LSb Vpp = 1.8V, Vger = 1.0V
Performance Curves” (@) VRxB:VRxA = ‘11’, Gx = ‘0’. No Load
See Section 2.0 “Typical LSb VRxB:VRXA = ‘01’, Gx = ‘0’, No Load
Performance Curves” (2

Offset Error Eos -15 +1.5 +15 mV | VRxB:VRxA =‘00’, Gx = ‘0’, No Load

(see C.7 “Offset

Error (EOS)”)

Offset Voltage VosTtc — *10 — pv/°C

Temperature

Coefficient

Note 2 This parameter is ensured by characterization.

© 2015 Microchip Technology Inc.
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MCP47FEBXX

DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < Tp £ +125°C (Extended)
DC Characteristics All parameters apply across the specified operating ranges unless noted.
VDD =+2.7V to 55V, VREF =+2.048V to VDD’ VSS = OV,
Gx =‘0", R_ =5 kQ from Vgy1 to GND, C, = 100 pF.
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.
Parameters | Sym. | Min. Typ. Max. Units Conditions
Full-Scale Error | Egg — — 4.5 LSb |[8-bit |Code =FFh, VRxB:VRxA ='11’,
(see C.4 Gx ='0’, VRer = 2.048V, No Load
“Full-Scale See Section 2.0 “Typical LSb Code = FFh, VRXB:VRxA = ‘10’,
Error (EFS)”) Performance Curves” () Gx ='0’, VRer = 2.048V, No Load
See Section 2.0 “Typical LSb Code = FFh, VRxB:VRxA = ‘01",
Performance Curves” () Gx ='0’, VRer = 2.048V, No Load
See Section 2.0 “Typical LSb Code = FFh, VRxB:VRxA =‘00’,
Performance Curves” ?) No Load
— — 18 LSb |10-bit |Code = 3FFh, VRXB:VRxA = ‘11’,
Gx ='0’, VRer = 2.048V, No Load
See Section 2.0 “Typical LSb Code = 3FFh, VRxB:VRXA = ‘10’,
Performance Curves” () Gx ='0’, VRer = 2.048V, No Load
See Section 2.0 “Typical LSb Code = 3FFh, VRxB:VRxA = ‘01’,
Performance Curves” () Gx ='0’, VRer = 2.048V, No Load
See Section 2.0 “Typical LSb Code = 3FFh, VRxB:VRXA = ‘00’,
Performance Curves” ) No Load
— — 70 LSb |12-bit |Code = FFFh, VRxB:VRXA = ‘11’,
Gx ='0’, VRer = 2.048V, No Load
See Section 2.0 “Typical LSb Code = FFFh, VRxB:VRxA = ‘10’,
Performance Curves” () Gx ='0’, VRer = 2.048V, No Load
See Section 2.0 “Typical LSb Code = FFFh, VRxB:VRxA = ‘01’,
Performance Curves” () Gx ='0’, VRer = 2.048V, No Load
See Section 2.0 “Typical LSb Code = FFFh, VRxB:VRxA = ‘00’,
Performance Curves” (?) No Load

Note 2 This parameter is ensured by characterization.
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MCP47FEBXX

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.
VDD =+2.7V to 55V, VREF =+2.048V to VDD’ VSS = OV,

Gx =‘0", R_ =5 kQ from Vgyt to GND, C, =100 pF.

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

Parameters Sym. Min. Typ. Max. Units Conditions
Gain Error Eg -1.0 +0.1 +1.0 % of 8-bit Code = 250, No Load
(see C.9 “Gain Error FSR VRxB:VRXA = ‘00’, Gx = ‘0’
(EG)")®) 1.0 +0.1 +1.0 | %of | o, |Code= 1000, No Load
FSR | ° " |VRxB:VRXA = ‘00, Gx = ‘0’
-1.0 +0.1 +1.0 % of 12-bit Code = 4000, No Load
FSR VRxB:VRxA = ‘00", Gx = ‘0’
Gain-Error Drift (see C.10 | AG/°C — -3 — ppm/°C
“Gain-Error Drift (EGD)”)
Total Unadjusted Error Er -2.5 — +0.5 LSb |8-bit |VRxB:VRXA =00".
(see C.6 “Total No Load.
Unadjusted Error See Section 2.0 “Typical LSb Vpp = 1.8V,
(ET)")@ Performance Curves” VRXB:VRXA = ‘11", Gx = ‘0’,
VREF = 10V, No Load.
-10.0 — +2.0 LSb |[10-bit |VRxB:VRXA =‘00'.
No Load.
See Section 2.0 “Typical LSb Vpp = 1.8V,
Performance Curves” VRxB:VRXA = ‘11", Gx = ‘0,
VREF = 10V, No Load.
-40.0 — +8.0 LSb |[12-bit |VRxB:VRXA =‘00’.
No Load.
See Section 2.0 “Typical LSb Vpp = 1.8V,
Performance Curves” VRxB:VRXA = ‘11’, Gx = ‘0,
VREF =1.0V, No Load.

Note 2  This parameter is ensured by characterization.
Note 9  This gain error does not include offset error.

© 2015 Microchip Technology Inc.
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MCP47FEBXX

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.
VDD =+2.7V to 55V, VREF =+2.048V to VDD’ VSS = OV,

Gx =0", R_ =5 kQ from Vgy1 to GND, C; = 100 pF.

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

Parameters Sym. Min. Typ. Max. Units Conditions
Integral INL -0.5 0.1 +0.5 LSb |8-bit |VRxB:VRxA =10’
Nonlinearity (codes: 6 to 250),
(see C.11 “Integral Vpp = VRer = 5.5V.
Nonlinearity See Section 2.0 “Typical LSb VRxB:VRXA = 00’, ‘01’, ‘11".
(INL)”) 1) Performance Curves”(?)
See Section 2.0 “Typical LSb VRxB:VRXA = ‘01,
Performance Curves”(? Vpp =5.5V, Gx = ‘1".
See Section 2.0 “Typical LSb VRxB:VRxA =10, ‘11’,
Performance Curves”? Vgeg = 1.0V, Gx ="1".
See Section 2.0 “Typical LSb Vpp = 1.8V, Vgegr = 1.0V
Performance Curves”(?)
-1.5 +0.4 +1.5 LSb | 10-bit | VRxB:VRxA = ‘10’ (codes: 25 to
1000), VDD = VREF =55V.
See Section 2.0 “Typical LSb VRxB:VRXA =‘00’, ‘01’, ‘11’.
Performance Curves”(?)
See Section 2.0 “Typical LSb VRxB:VRXA = ‘01’,
Performance Curves”? Vpp = 5.5V, Gx = ‘1".
See Section 2.0 “Typical LSb VRxB:VRXA =10, ‘11’,
Performance Curves”? Vgeg = 1.0V, Gx ="1".
See Section 2.0 “Typical LSb Vpp = 1.8V, Vger = 1.0V.
Performance Curves”(?)
-6 1.5 +6 LSb | 12-bit | VRxB:VRxA = ‘10’ (codes: 100 to
4000), VDD = VREF =5.5V.
See Section 2.0 “Typical LSb VRxB:VRXA =‘00’, ‘01, ‘11’.
Performance Curves”(?)
See Section 2.0 “Typical LSb VRxB:VRXA = ‘01’,
Performance Curves”? Vpp = 5.5V, Gx = ‘1".
See Section 2.0 “Typical LSb VRxB:VRXA = ‘10, ‘11’,
Performance Curves”? Vgeg = 1.0V, Gx ="1".
See Section 2.0 “Typical LSb Vpp = 1.8V, Vger = 1.0V.
Performance Curves”(?)
Note 2  This parameter is ensured by characterization.
Note 8 INL and DNL are measured at Vg1 with Vg = Vpp (VRXB:VRXA =‘00")
Note 11 Code Range dependent on resolution: 8-bit, codes 6 to 250; 10-bit, codes 25 to 1000; 12-bit, 100 to 4000.
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MCP47FEBXX

DC CHARACTERISTICS (CONTINUED)

DC Characteristics

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

All parameters apply across the specified operating ranges unless noted.
VDD =+2.7V to 55V, VREF =+2.048V to VDD, VSS = OV,

Gx =0", R_ =5 kQ from Vgyt to GND, C; = 100 pF.

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

Parameters Sym. Min. Typ. Max. Units Conditions
Differential DNL -0.25 [ +0.0125| +0.25 LSb |8-bit |VRxB:VRxA =10’ (codes: 6 to 250),
Nonlinearity Vpp = VRrer = 5.5V.
(see C.12 See Section 2.0 “Typical LSb Char: VRXB:VRxA = ‘00’, 01, ‘11"
“Differential Performance Curves” (?)
N°“"’,‘,eg"1t¥) See Section 2.0 “Typical | LSb Char: VRXB:VRXA = 01,
(DNL)”)™ Performance Curves” (2) Vpp = 5.5V, Gx = ‘1.
See Section 2.0 “Typical LSb Char: VRxB:VRxA =‘10’, ‘11,
Performance Curves” (2) VRer = 1.0V, Gx = ‘1",
See Section 2.0 “Typical LSb Vpp = 1.8V
Performance Curves” (2)
-0.5 10.05 +0.5 LSb | 10-bit | VRxB:VRXA = ‘10’ (codes: 25 to
1000),
VDD = VREF =55V.
See Section 2.0 “Typical LSb Char: VRxB:VRxA = ‘007, ‘01’, ‘11".
Performance Curves” ?)
See Section 2.0 “Typical LSb Char: VRxB:VRxA = ‘01,
Performance Curves” (?) Vpp = 5.5V, Gx = ‘1".
See Section 2.0 “Typical LSb Char: VRxB:VRxA = ‘10’, ‘11,
Performance Curves” (?) Vgeg = 1.0V, Gx =1".
See Section 2.0 “Typical LSb Vpp = 1.8V
Performance Curves” ?)
-1.0 +0.2 +1.0 LSb | 12-bit | VRxB:VRXA = ‘10’ (codes: 100 to
4000), VDD = VREF =55V.
See Section 2.0 “Typical LSb Char: VRxB:VRxA = ‘00", ‘01’, ‘11".
Performance Curves” ?)
See Section 2.0 “Typical LSb Char: VRxB:VRxA = ‘01,
Performance Curves” (?) Vpp = 5.5V, Gx = ‘1".
See Section 2.0 “Typical LSb Char: VRxB:VRxA = ‘10’, ‘11’,
Performance Curves” (?) Vgeg = 1.0V, Gx =1".
See Section 2.0 “Typical LSb Vpp = 1.8V
Performance Curves” ?)

Note 2  This parameter is ensured by characterization.
Note 8  INL and DNL are measured at Vgt with Vg = Vpp (VRXB:VRXA = ‘00’).
Note 11 Code Range dependent on resolution: 8-bit, codes 6 to 250; 10-bit, codes 25 to 1000; 12-bit, 100 to 4000.
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MCP47FEBXX

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.
VDD =+2.7V to 55V, VREF = +2.048V to VDD' VSS = OV,

Gx =‘0", R_ =5 kQ from Vg1 to GND, C| = 100 pF.

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

(see C.15 “Digital
Feed-through”)

Parameters Sym. Min. Typ. Max. Units Conditions
-3 dB Bandwidth BW — 86.5 — kHz |Vggr=2.048V £ 0.1V,
(see C.16 “-3 dB VRxB:VRxA =‘10’, Gx = ‘0’
Bandwidth”) — 67.7 — kHz |Vgeg =2.048V £ 0.1V,
VRxB:VRxA = ‘10", Gx = ‘1’
Output Amplifier
Minimum OUtpUt VOUT(M|N) — 0.01 — \ 1.8V< VDD < 55V,
Voltage Output Amplifier’s minimum drive
Maximum OUtpUt VOUT(MAX) — VDD — — \ 1.8V< VDD < 55V,
Voltage 0.04 Output Amplifier’s maximum drive
Phase Margin PM — 66 — Degree |C_ =400 pF, R =
©)
Slew Rate (1% SR — 0.44 — Vius |R_ =5kQ
Short-Circuit Current Isc 3 9 14 mA | DAC code = Full Scale
Internal Band Gap
Band Gap Voltage Vgg 1.18 1.22 1.26 V
Band Gap Voltage VeaTe — 15 — ppm/°C
Temperature
Coefficient
Operating Range 2.0 — 5.5 V VREer pin voltage stable
(Vob) 2.2 — 5.5 V | Vour output linear
External Reference (VRrgf)
Input Range (") VREF Vss — |Vpp-0.04] V |VRxB:VRxA ='11’ (buffered mode)
Vss — Vbp \ VRxB:VRxA = ‘10’ (unbuffered mode)
Input Capacitance Crer — 1 — pF VRxB:VRXA = ‘10’ (unbuffered mode)
Total Harmonic THD — -64 — dB VRer = 2.048V £ 0.1V,
Distortion (") VRXB:VRXA = ‘10’, Gx = ‘0",
Frequency = 1 kHz
Dynamic Performance
Major Code — 45 — nV-s |1 LSb change around major carry
Transition Glitch (see (7FFh to 800h)
C.14 “Major-Code
Transition Glitch”)
Digital Feedthrough — <10 — nV-s

Note 1

This parameter is ensured by design.

Note 10 Within 1/2 LSb of final value when code changes from 1/4 to 3/4 of FSR. (Example: 400h to COOh in 12-bit

device).

DS20005375A-page 14

© 2015 Microchip Technology Inc.




MCP47FEBXX

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.
VDD =+2.7V to 55V, VREF =+2.048V to VDD’ VSS = OV,

Gx =‘0", R_ =5 kQ from Vgyt to GND, C, =100 pF.

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

Operating Temperature

Parameters | Sym. Min. ‘ Typ. | Max. ‘ Units ‘ Conditions
Digital Inputs/Outputs (mlHVC)
Schmitt Trigger High- ViH 0.45 Vpp — — V  |2.7V <Vpp <5.5V (Allows 2.7V Digital
Input Threshold Vpp Wwith 5V Analog Vpp)

0.5Vpp — — V. |1.8V<Vpp<27V
Schmitt Trigger Low- Vi — — 0.2 Vpp \Y
Input Threshold
Hysteresis of Schmitt Vhvs — 0.1 Vpp — \Y
Trigger Inputs
Input Leakage Current I -1 — 1 MA  |Viy=Vppand V) =Vgs
Pin Capacitance Cins Cout — 10 — pF |fc=3.4 MHz
Digital Interface (SDA, SCL)
Output Low Voltage VoL — — 0.4 V  |Vpp=22.0V,Ilg =3 mA
— — 0.2 Vpp V.  |Vpp<2.0V,lg.=1mA

Input High Voltage Viu 0.7 Vpp — — Vv 1.8V <Vpp 5.5V
(SDA and SCL Pins)
Input Low Voltage Vi — — 0.3 Vpp \% 1.8V <Vpp 5.5V
(SDA and SCL Pins)
Input Leakage I -1 — 1 MA | SCL = SDA =Vggor SCL = SDA =Vpp
Pin Capacitance Cein — 10 — pF |fc=3.4MHz

Note 1

This parameter is ensured by design.

© 2015 Microchip Technology Inc.
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MCP47FEBXX

DC CHARACTERISTICS (CONTINUED)

Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < Tp £ +125°C (Extended)
DC Characteristics All parameters apply across the specified operating ranges unless noted.
Vpp = +2.7V 10 5.5V, VRgg = +2.048V to Vpp, Vgg = 0V,
Gx =‘0", R_ =5 kQ from Vgy1 to GND, C, = 100 pF.
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.
Parameters Sym. Min. ‘ Typ. | Max. | Units ‘ Conditions
RAM Value
Value Range N Oh — FFh hex | 8-bit
Oh — 3FFh hex | 10-bit
Oh — FFFh hex |12-bit
DAC Register POR/BOR N See Table 4-2 hex | 8-bit
Value See Table 4-2 hex | 10-bit
See Table 4-2 hex | 12-bit
PDCON Initial See Table 4-2 hex
Factory Setting
EEPROM
Endurance ENge — 1M — Cycles |Note 1, Note 2
Data Retention DRgg — 200 — Years |At+25°C(1:2)
EEPROM Range N Oh — FFh hex |8-bit |DACXx Register(s)
Oh — 3FFh hex |10-bit | DACx Register(s)
Oh — FFFh hex |12-bit | DACx Register(s)
Initial Factory Setting N See Table 4-2
EEPROM Programming twe — 1 16 ms |Vpp =+1.8V to 5.5V
Write Cycle Time
Power Requirements
Power Supply Sensitivity PSS — 0.002 0.005 %/% | 8-bit |Code =7Fh
(C.17 “Power-Supply — 0.002 | 0.005 | %/% [10-bit |Code = 1FFh
Sensitivity (PSS)”) — | 0002 | 0.005 | %/% |12-bit |Code = 7FFh
Note 1 This parameter is ensured by design.

Note 2 This parameter is ensured by characterization.
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MCP47FEBXX

DC Notes:

1. This parameter is ensured by design.

2. This parameter is ensured by characterization.

3. POR/BOR voltage trip point is not slope dependent. Hysteresis implemented with time delay.

4. Supply current is independent of current through the resistor ladder in mode VRxB:VRxA = ‘10’.

5. The PDxB:PDxA =‘01’, ‘10’, and ‘11’ configurations should have the same current.

6. By design, this is worst-case current mode.

7. Resistance is defined as the resistance between the Vrgr pin (mode VRxB:VRXA = ‘10’) to Vgg pin. For dual-

8.
9.
10.
1.
12.

channel devices (MCP47FEBX2), this is the effective resistance of the each resistor ladder. The resistance
measurement is of the two resistor ladders measured in parallel.

INL and DNL are measured at Vgt with Vg, = Vpp (VRXB:VRXA =‘00’).

This gain error does not include offset error.

Within 1/2 LSb of final value when code changes from 1/4 to 3/4 of FSR. (Example: 400h to COOh in 12-bit device).
Code Range dependent on resolution: 8-bit, codes 6 to 250; 10-bit, codes 25 to 1000; 12-bit, 100 to 4000.
Variation of one output voltage to mean output voltage.
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1.1 Timing Waveforms and Requirements

+1LSb,

- New Value

/
7/

Vout Old Value/

FIGURE 1-1: Vouyr Settling Time Waveforms.

TABLE 1-1: WIPER SETTLING TIMING

Operating Temperature
Timing Characteristics

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

All parameters apply across the specified operating ranges unless noted.
VDD =+1.8Vto 55V, VSS = OV, RL =5 kQ from VOUT to GND, CL =100 pF
Typical specifications represent values for Vpp = 5.5V, Ty = +25°C.

Parameters Sym. | Min. | Typ. | Max. | Units Conditions
Vour Settling Time | tg — 6 — us |8-bit [Code = 3Fh — BFh; BFh — 3Fh(")
gﬂ'-s%g"ir)ba”dv — 6 — us | 10-bit |Code = OFFh — 2FFh; 2FFh — OFFh()
L= 100 p _ _ bi = - )
(see C.13 “Settling 6 us | 12-bit | Code = 3FFh — BFFh; BFFh — 3FFh
Time”)

Note 1
device).

Within 1/2 LSb of final value when code changes from 1/4 to 3/4 of FSR. (Example: 400h to COOh in 12- bit

DS20005375A-page 18
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MCP47FEBXX

1.2 I2C Mode Timing Waveforms and Requirements
Vop J/ A:KVPOR (VBor)
> >
: tPORD ; - tBorD "
SCL V|H : : V|H
SDA \\ !
Vour \ Vour at High Z
/
[2C™ Interface is operational '
FIGURE 1-2: Power-on and Brown-out Reset Waveforms.
_ACK. _Stop  Start_ _ACK
SDA | l | i l Yoo . l
| | | I | | |
| | | Il | | |
I i I I I I i
s /NN A AN
| | 1 | |
t ot
| PDE : | PDD:
Vour ; :
FIGURE 1-3: ’C™ Power-Down Command Timing.
TABLE 1-2: RESET TIMING

Timing Characteristics

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

All parameters apply across the specified operating ranges unless noted.
VDD =+1.8V to 55V, VSS = OV, RL =5 kQ from VOUT to GND, CL =100 pF
Typical specifications represent values for Vpp = 5.5V, Tp = +25°C.

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

Power-on Reset tporD | — 60 — ps | Monitor ACK bit response to ensure device responds to

Delay command.

Brown-out Reset tsorD | — 45 — Ms | Vpp transitions from Vppmminy = > Vpor

Delay Vour driven to Vgyr disabled

Power-Down Output | Tppp | — | 10.5 | — pus |PDxB:PDxA =11, ‘10’, or ‘01’ -> “00” started from fall-

Disable Time Delay ing edge of the SCL at the end of the 8th clock cycle.
Volatile DAC Register = FFh, Vot = 10 mV. Vgt nhot
connected.

Power-Down Output | Tppe | — 1 — pus | PDxB:PDxA =“00" — ‘11’, ‘10’, or ‘01’ started from

Enable Time Delay falling edge of the SCL at the end of the 8th clock cycle.
Vout = Vourt - 10 mV. Vgyt not connected.

© 2015 Microchip Technology Inc.
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90— et « e et
o S A SR S N O 2 S O S ey
s SS SIS W
S e
Start ACK/ACK Stop
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FIGURE 1-4: I’C™ Bus Start/Stop Bits Timing Waveforms.

ViH,
SCL
o N
SDA : gg |
Vi / « \ /L : \/
B ) S
N v
Start Stop
Condition Condition
FIGURE 1-5: I’C™ Bus Start/Stop Bits Timing Waveforms.
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MCP47FEBXX

TABLE 1-3:

IC BUS START/STOP BITS AND LAT REQUIREMENTS

I2C™ AC Characteristics

Standard Operating Conditions (unless otherwise specified)

Operating Temperature

—40°C < TA < +125°C (Extended)
Operating Voltage range is described in DC Characteristics

Par‘:'zm. Symbol Characteristic Min. Max. | Units Conditions
FscL Standard Mode 0 100 | kHz |C, =400 pF, 1.8V - 5.5V(?)
Fast Mode 0 400 kHz |C, =400 pF, 2.7V - 5.5V
High-Speed 1.7 0 1.7 MHz | C, =400 pF, 4.5V - 5.5V
High-Speed 3.4 0 3.4 MHz |Cy =100 pF, 4.5V - 5.5V
D102 Cp 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 |Tsy.sta |Start Condition 100 kHz mode | 4700 — ns |Note 2
Setup Time 400 kHz mode | 600 — ns
Eggéétr:ée;fa”rtt for 7 MHz mode | 160 — | ns
condition) 3.4 MHz mode 160 — ns
91 Thp:sTa | Start Condition 100 kHz mode | 4000 — ns |Note 2
"X)f'td titf:_e dihe | 400 KHz mode | 600 — ns
lfirstegloc;lf ESIZZ s ® [1.7MHzmode | 160 — | ns
generated) 3.4 MHz mode 160 — ns
92 |Tsyssto |Stop Condition 100 kHz mode | 4000 — ns |Note 2
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 |Note 2
Hold Time 400 kHz mode | 600 — ns
1.7 MHz mode 160 — ns
3.4 MHz mode 160 — ns
94 |Tiarsu |LAT 71 to SCL1T (write data ACK bit) 10 — ns |Write Data delayed®
Setup Time
95 |TiatHp |SCL 7 to LAT?T (write data ACK bit) 250 — ns |Write Data delayed(®)
Hold Time
96 | TpaT LAT High or Low Time 50 — ns
97 |Thvesu |HVC High to SCL High 25 — ps | High-Voltage Commands
(of Start condition) - Setup Time
98 | ThvcHp |SCL Low (of Stop condition) to 25 — ps | High-Voltage Commands
HVC Low - Hold Time
Note 2 Not Tested. This parameter ensured by characterization.
Note 3 The transition of the LAT signal between 10 ns before the rising edge (Spec 94) and 250 ns after the rising

edge (Spec 95) of the SCL signal is indeterminate whether the change in Vot is delayed or not.

© 2015 Microchip Technology Inc.
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FIGURE 1-6: ’C™ Bus Timing Waveforms.

TABLE 1-4: I’C BUS REQUIREMENTS (SLAVE MODE)

I2C™ AC Characteristics Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < TA < +125°C (Extended)
Operating Voltage range is described in DC Characteristics
Param. Sym. Characteristic Min. Max. | Units Conditions
No.
100 Thigy | 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 Tiow | 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 SCL rise time | 100 kHz mode — 1000 ns | C, is specified to be from
400 kHz mode | 20+0.1C, | 300 | ns |10to 400 pF (100 pF
1.7 MHz mode 20 80 | ns ngg“m 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 | SDArisetime | 100 kHz mode — 1000 ns | Cb is specified to be from

400 kHz mode | 20+0.1C, | 300 | ns |10t0400 F;F (; ZOI\EHF
maximum for 3. z

1.7 MHz mode 20 160 ns mode)

3.4 MHz mode 10 80 ns

Note 2 Not Tested. This parameter ensured by characterization.
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TABLE 1-5: I2C BUS REQUIREMENTS (SLAVE MODE) (CONTINUED)
I2C™ AC Characteristics Standard Operating Conditions (unless otherwise specified)
Operating Temperature —40°C < TA < +125°C (Extended)
Operating Voltage range is described in DC Characteristics
Param. Sym. Characteristic Min. Max. | Units Conditions
No.
103A2) TescL | SCL fall time 100 kHz mode — 300 ns | Cy is specified to be from
400 kHzmode | 20+0.1C, | 300 | ns |101t0400pF
1.7 MHz mode 20 80 | ns ngoijzfgaOX(;Q)‘;z,” for
3.4 MHz mode 10 40 ns
103B @ | Tgspa |SDA fall time 100 kHz mode — 300 ns | C, is specified to be from
400 kHzmode | 20+0.1C, | 300 | ns |101t0400pF
1.7 MHz mode 20 160 | ns gg%‘ﬁ;&a&gg‘fﬂ for
3.4 MHz mode 10 80 ns
106 | Typ.par |Datainputhold | 100 kHz mode 0 — ns |1.8V-55V(2 95
time 400 kHz mode 0 — ns |2.7V-5.5V0
1.7 MHz mode 0 — ns |4.5V-55v0
3.4 MHz mode 0 — ns |4.5V-5.5V0)
107 Tsu:pat | Data input 100 kHz mode 250 — ns |Note 2, Note 6
setup time 400 kHz mode 100 — | ns |Notes
1.7 MHz mode 10 — ns
3.4 MHz mode 10 — ns
109 Tan Output valid 100 kHz mode — 3450 ns Note 2, Note 7
from clock 400 kHz mode — 900 | ns [Note7
1.7 MHz mode — 150 ns |Cp=100pF( 8
— 310 ns |C,=400pFZ7
3.4 MHz mode — 150 | ns |C, =100 pF7
110 Tgur |Bus free time 100 kHz mode 4700 — ns | Time the bus must be free
400 kHz mode 1300 _ ns before a new transmis-
1.7 MHz mode N.A. [ n | Slon can start®
3.4 MHz mode N.A. — ns
111 Tsp | Inputfilter spike | 100 kHz mode — 50 ns | NXP Spec states N.A.(2)
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 2 Not Tested. This parameter ensured by characterization.

Note 4 Use Cb in pF for the calculations.

Note 5 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 6 A fast-mode (400 kHz) I2C-bus device can be used in a standard-mode (100 kHz) I2C-bus system, but the
requirement tgy.par = 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 Tg max.+tgy.par = 1000 + 250 = 1250 ns (according to the
standard-mode I°C bus specification) before the SCL line is released.

Note 7 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 8 Ensured by the Tpp 3.4 MHz specification test.

© 2015 Microchip Technology Inc.

DS20005375A-page 23



MCP47FEBXX

Timing Table Notes:

N

Within 1/2 LSb of final value when code changes from 1/4 to 3/4 of FSR. (Example: 400h to COOh in 12- bit device).

2. Not Tested. This parameter ensured by characterization.

3. The transition of the LAT signal between 10 ns before the rising edge (Spec 94) and 250 ns after the rising edge
(Spec 95) of the SCL signal is indeterminate whether the change in Vgt is delayed or not.

4. Use Cb in pF for the calculations.

5. 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.

6. A fast-mode (400 kHz) 1°C-bus device can be used in a standard-mode (100 kHz) 12C-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 I°C bus specification) before the SCL
line is released.

7. As atransmitter, the device must provide this internal minimum delay time to bridge the undefined region (mini-
mum 300 ns) of the falling edge of SCL to avoid unintended generation of Start or Stop conditions.

8. Ensured by the Tpp 3.4 MHz specification test.
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TEMPERATURE SPECIFICATIONS

Electrical Specifications: Unless otherwise indicated, Vpp = +2.7V to +5.5V, Vgg = GND.

Parameters ‘ Symbol | Min. ‘ Typical | Max. | Units | Conditions

Temperature Ranges

Specified Temperature Range Ta -40 — +125 °C
Operating Temperature Range Ta -40 — +125 °C |Note 1
Storage Temperature Range Ta -65 — +150 °C

Thermal Package Resistances

Thermal Resistance, 8L-TSSOP | o | — | 139 | — |[cw]

Note 1: The MCP47FEBXX devices operate over this extended temperature range, but with reduced performance.
Operation in this range must not cause T, to exceed the Maximum Junction Temperature of +150°C.
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NOTES:
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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 10 MB file attachment limit of many mail servers.
The MCP47FXBXX Performance Curves document is literature number DS20005378, and can be found
on the Microchip website. Look at the MCP47FEBXX product page under “Documentation and Software”,
in the Data Sheets category.
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NOTES:
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3.0

PIN DESCRIPTIONS

Overviews of the pin functions are provided

in

Sections 3.1 “Positive Power Supply Input (Vpp)”
through Section 3.8 “I2C - Serial Data Pin (SDA)”.
The descriptions of the pins for the single-DAC output
device are listed in Table 3-1, and descriptions for the
dual-DAC output device are listed in Table 3-2.

TABLE 3-1: MCP47FEBX1 (SINGLE-DAC) PINOUT DESCRIPTION
Pin
Standard Function
TSSOP-8L | Symbol | yo | Buffer
Type
1 Vb — P Supply Voltage Pin
2 VREFO A Analog | Voltage Reference Input Pin
3 VouTto A Analog | Buffered analog voltage output pin
4 NC — — Not Internally Connected
5 Vss — P Ground reference pin for all circuitries on the device
6 LATO/HVC | HV ST | DAC Register Latch/High-Voltage Command Pin. Latch Pin allows the
value in the Serial Shift Register to transfer to the volatile DAC register.
High-Voltage Command allows User Configuration bits to be written.
7 SCL ' ST |12Cc™ Serial Clock Pin
8 SDA /0 ST I°C Serial Data Pin
Legend: A = Analog ST = Schmitt Trigger
I = Input O = Output 1/0 = Input/Output P = Power
TABLE 3-2: MCP47FEBX2 (DUAL-DAC) PINOUT DESCRIPTION
Pin
Standard Function
TSSOP-8 | Symbol | 1o | Buffer
Type
1 Vpp — P Supply Voltage Pin
2 VRErF A Analog | Voltage Reference Input Pin (for DACO or DACO and DAC1)
3 VouTo A Analog | Buffered analog voltage output 0 pin (DACO output)
4 VouTt1 A Analog | Buffered analog voltage output 1 pin (DAC1 output)
5 Vss — P Ground reference pin for all circuitries on the device
6 LAT/HVC | HV ST |DAC Register Latch/High-Voltage Command Pin. Latch Pin allows the
value in the Serial Shift Register to transfer to the volatile DAC register(s)
(for DACO or DACO and DAC1). High-Voltage Command allows User
Configuration bits to be written.
7 SCL ' ST |12c™ Serial Clock Pin
8 SDA /0 ST I°C Serial Data Pin
Legend: A = Analog ST = Schmitt Trigger
I = Input O = Output 1/0 = Input/Output P = Power

© 2015 Microchip Technology Inc.

DS20005375A-page 29



MCP47FEBXX

3.1 Positive Power Supply Input (Vpp)

Vpp is the positive supply voltage input pin. The input
supply voltage is relative to Vgg.

The power supply at the Vpp pin should be as clean as
possible for a good DAC performance. It is
recommended to use an appropriate bypass capacitor
of about 0.1 yF (ceramic) to ground. An additional
10 uF capacitor (tantalum) in parallel is also
recommended to further attenuate noise present in
application boards.

3.2  Voltage Reference Pin (Vrgf)

The VRef pin is either an input or an output. When the
DAC'’s voltage reference is configured as the Vggr pin,
the pin is an input. When the DAC’s voltage reference is
configured as the internal band gap, the pinis an output.

When the DAC'’s voltage reference is configured as the
VRer pin, there are two options for this voltage input:
VRer pin voltage buffered or unbuffered. The buffered
option is offered in cases where the external reference
voltage does not have sufficient current capability to not
drop it's voltage when connected to the internal resistor
ladder circuit.

When the DAC'’s voltage reference is configured as the
device Vpp, the VReg pin is disconnected from the
internal circuit.

When the DAC'’s voltage reference is configured as the
internal band gap, the Vrgg pin’s drive capability is
minimal, so the output signal should be buffered.

See Section 5.2 “Voltage Reference Selection” and
Register 4-2 for more details on the Configuration bits.

3.3 Analog Output Voltage Pin (Vour)

Vourt is the DAC analog voltage output pin. The DAC
output has an output amplifier. The DAC output range is
dependent on the selection of the voltage reference
source (and potential Output Gain selection). These are:

+ Device Vpp - The full-scale range of the DAC
output is from Vgg to approximately Vpp.

* VRer pin - The full-scale range of the DAC output
is from Vgg to G * Vg, where G is the gain
selection option (1x or 2x).

* Internal Band Gap - The full-scale range of the
DAC output is from Vggto G * (2 * Vgg), where G
is the gain selection option (1x or 2x).

In Normal mode, the DC impedance of the output pin is
about 1Q. In Power-Down mode, the output pin is
internally connected to a known pull-down resistor of
1 kQ, 100 kQ, or open. The Power-Down selection bits
settings are shown Register 4-3 (Table 5-5).

34 No Connect (NC)

The NC pin is not connected to the device.

3.5 Ground (Vgg)

The Vgg pin is the device ground reference.

The user must connect the Vgg pin to a ground plane
through a low-impedance connection. If an analog
ground path is available in the application PCB (printed
circuit board), it is highly recommended that the Vgg pin
be tied to the analog ground path or isolated within an
analog ground plane of the circuit board.

3.6 Latch Pin (LAT)/High-Voltage
Command (HVC)

The LAT pin is used to force the transfer of the DAC
register’s shift register to the DAC output register. This
allows DAC outputs to be updated at the same time.

The update of the VRxB:VRxA, PDxB:PDxA, Gx bits
are also controlled by the LAT pin state.

The HVC pin allows the device’s nonvolatile user con-
figuration bits to be programmed when the HVC pin is
greater than the V| entry voltage.

3.7  I?C - Serial Clock Pin (SCL)

The SCL pin is the serial clock pin of the I°C interface.
The MCP47FEBXX'’s I2C interface only acts as a slave
and the SCL pin accepts only external serial clocks.
The input data from the Master device is shifted into the
SDA pin on the rising edges of the SCL clock and
output from the device occurs at the falling edges of the
SCL clock. The SCL pin is an open-drain N-channel
driver. Therefore, it needs an external pull-up resistor
from the Vpp line to the SCL pin. Refer to Section 6.0
“I2C Serial Interface Module” for more details of I1°C
Serial Interface communication.

3.8 I?C - Serial Data Pin (SDA)

The SDA pin is the serial data pin of the I2C interface.
The SDA pin is used to write or read the DAC registers
and Configuration bits. The SDA pin is an open-drain
N-channel driver. Therefore, it needs an external
pull-up resistor from the Vpp, line to the SDA pin. Except
for Start and Stop conditions, the data on the SDA pin
must be stable during the high period of the clock. The
high or low state of the SDA pin can only change when
the clock signal on the SCL pin is low. Refer to
Section 6.0 “I°C Serial Interface Module” for more
details of 1°C Serial Interface communication.
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4.0 GENERAL DESCRIPTION

The MCP47FEBX1 (MCP47FEB01, MCP47FEB11,
and MCP47FEB21) devices are single-channel voltage
output devices. MCP47FEBX2 (MCP47FEBO2,
MCP47FEB12, and MCP47FEB22) devices are dual-
channel voltage output devices.

These devices are offered with 8-bit (MCP47FEBOX),
10-bit (MCP47FEB1X) and 12-bit (MCP47FEB2X)
resolution and include nonvolatile memory (EEPROM),
an 12C serial interface and a write latch (LAT) pin to
control the update of the written DAC value to the DAC
output pin.

The devices use a resistor ladder architecture. The
resistor ladder DAC is driven from a software-
selectable voltage reference source. The source can
be either the device’s internal Vpp, an external Vreg
pin voltage (buffered or unbuffered) or an internal band
gap voltage source.

The DAC output is buffered with a low power and
precision output amplifier (op amp). This output
amplifier provides a rail-to-rail output with low offset
voltage and low noise. The gain (1x or 2x) of the
output buffer is software configurable.

This device also has user-programmable nonvolatile
memory (EEPROM), which allows the user to save the
desired POR/BOR value of the DAC register and
device configuration bits. High Voltage lock bits can be
used to ensure that the devices output settings are not
accidentally modified.

The devices operates from a single supply voltage.
This voltage is specified from 2.7V to 5.5V for full
specified operation, and from 1.8V to 5.5V for digital
operation. The device operates between 1.8V and
2.7V, but some device parameters are not specified.

The main functional blocks are:

* Power-on Reset/Brown-out Reset (POR/BOR)
* Device Memory

* Resistor Ladder

* Output Buffer/Vgyt Operation

* Internal Band Gap (Voltage Reference)

« I2C Serial Interface Module

41 Power-on Reset/Brown-out Reset
(POR/BOR)

The internal Power-on Reset (POR)/Brown-out Reset
(BOR) circuit monitors the power supply voltage (Vpp)
during operation. This circuit ensures correct device
start-up at system power-up and power-down events.
The device’s RAM retention voltage (Vrapn) is lower
than the POR/BOR voltage trip point (Vpor/VgoR)-
The maximum Vpor/VeoRr Voltage is less than 1.8V.

POR occurs as the voltage is rising (typically from QV),
while BOR occurs as the voltage is falling (typically
from Vppwiny or higher).

The POR and BOR trip points are at the same voltage,
and the condition is determined by whether the Vpp
voltage is rising or falling (see Figure 4-1). What occurs is
different depending on if the reset is a POR or BOR reset.

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

© 2015 Microchip Technology Inc.
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411 POWER-ON RESET

The Power-on Reset is the case where the device Vpp
is having power applied to it from the Vgg voltage level.
As the device powers-up, the Vgyt pin will float to an
unknown value. When the device’s Vpp is above the
transistor threshold voltage of the device, the output
will start being pulled low. After the Vpp is above the
POR/BOR trip point (Vgor/Vpor), the resistor
network’s wiper will be loaded with the POR value
(mid-scale). The volatile memory determines the
analog output (Voyt) pin voltage. After the device is
powered-up, the user can update the device memory.

When the rising Vpp voltage crosses the Vpor trip
point, the following occurs:

» Nonvolatile DAC register value latched into
volatile DAC register

» Nonvolatile Configuration bit values latched into
volatile Configuration bits

* POR Status bit is set (‘1’)

» The Reset Delay Timer (tporp) starts; when the
reset delay timer (tporp) times out, the 1°C serial
interface is operational. During this delay time, the
I2C interface will not accept commands.

» The Device Memory Address pointer is forced to
00h.

The analog output (VoyT) state will be determined by
the state of the volatile Configuration bits and the DAC
register. This is called a Power-on Reset (event).

Figure 4-1 illustrates the conditions for power-up and
power-down events under typical conditions.

41.2 BROWN-OUT RESET

The Brown-out Reset occurs when a device had
power applied to it, and that power (voltage) drops
below the specified range.

When the falling Vpp voltage crosses the Vpog trip

point (BOR event), the following occurs:

« Serial Interface is disabled

+ EEPROM Writes are disabled

» Device is forced into a power-down state
(PDxB:PDxA = ‘11’). Analog circuitry is turned off.

» Volatile DAC Register is forced to 000h

» Volatile configuration bits VRxB:VRxA and Gx are
forced to ‘0’

If the Vpp voltage decreases below the Vgpy voltage,
all volatile memory may become corrupted.

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

Serial commands not completed due to a brown-out
condition may cause the memory location (volatile and
nonvolatile) to become corrupted.

Figure 4-1 illustrates the conditions for power-up and
power-down events under typical conditions.

Volatile memory  POR starts Reset Delay Timer.
retains data value When timer times out, 2C™ interface
can operate (if Vpp > VDD(,WN))

Volatile memory
becomes corrupted

Vpor ~ _TP% p (20 ys max.)

VOOMINYF - - = - - - - T

VRam K\ \ _________

Device in
POR state

Device in
unknown
state

Normal Operation

EEPROM data latched into volatile operating|down  state
configuration bits and DAC register. voltage |state
POR reset forced active POR status bit is set (‘1’)

Below Device Device in
minimumy|in power unknown

BOR reset,

volatile DAC Register = 000h
volatile VRxB:VRxA = 00
volatile Gx = 0

volatile PDxB:PDxA = 11

FIGURE 4-1: Power-on Reset Operation.
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4.2 Device Memory

User memory includes three types of memory:

¢ Volatile Register Memory (RAM)
* Nonvolatile Register Memory
¢ Device Configuration Memory

Each memory address is 16 bits wide. There are five
nonvolatile user-control bits that do not reside in mem-
ory mapped register space (see Section 4.2.3
“Device Configuration Memory”).

421 VOLATILE REGISTER MEMORY
(RAM)

There are up to six Volatile Memory locations:

+ DACO and DAC1 Output Value Registers

* VREF Select Register

» Power-Down Configuration Register

» Gain and Status Register

» WiperLock Technology Status Register

The volatile memory starts functioning when the

device Vpp is at (or above) the RAM retention voltage

(Vram)- The volatile memory will be loaded with the

default device values when the Vpp rises across the
Vpor/VBoR Voltage trip point.

422 NONVOLATILE REGISTER
MEMORY

This memory can be grouped into two uses of nonvol-
atile memory. These are the DAC Output Value and
Configuration registers:

* Nonvolatile DACO and DAC1 Output Value Regis-
ters

» Nonvolatile VREF Select Register

* Nonvolatile Power Down Configuration Register

« Nonvolatile Gain and I°C Slave Address

The nonvolatile memory starts functioning below the

device’s Vpor/VgoRr trip point and is loaded into the

corresponding volatile registers whenever the device
rises above the POR/BOR voltage trip point.

The device starts writing the EEPROM memory
location at the completion of the serial interface
command. For the I2C interface, this is the
acknowledge pulse of the EEPROM write command.

Note: When the nonvolatile memory is written,
the corresponding volatile memory is not
modified.

The nonvolatile DAC registers enables stand-alone
operation of the device (without Microcontroller control)
after being programmed to the desired value.

TABLE 4-1: MEMORY MAP (x16)
@ o~ b o~
g ; eT o . ET
i Function 5 5 5 Function 5 5
< © < ©
00h | Volatile DACO Register CLO 10h | Nonvolatile DACO Register DLO
01h | Volatile DAC1 Register CL1 11h | Nonvolatile DAC1 Register DL1

02h | Reserved —

12h | Reserved —

03h [Reserved —

13h | Reserved —

04h |Reserved —

14h | Reserved —

05h |Reserved —

15h | Reserved —

06h |Reserved —

16h | Reserved —

07h | Reserved —

17h | Reserved —

08h | Vrer Register —

18h | Nonvolatile Vrer Register —

09h | Power-Down Register —

19h | Nonvolatile Power-Down Register —

O0Ah | Gain and Status Register —

1Ah [NV Gain and 12C™ 7-bits Slave Address | SALCK

0Bh | WiperLock Technology Status Register —

1Bh | Reserved —

0Ch | Reserved —

1Ch | Reserved —

0Dh | Reserved —

1Dh | Reserved —

OEh | Reserved —

1Eh | Reserved —

OFh | Reserved —

1Fh | Reserved —

I:l Volatile Memory address range

I:l Nonvolatile Memory address range

Note 1:Device Configuration Memory bits requires a High-Voltage Enable or Disable Command (LAT/LATO = Vi,

or CS = V|yp) to modify the bit value.
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423 DEVICE CONFIGURATION

MEMORY

There are up to five nonvolatile user bits that are not
directly mapped into the address space. These
nonvolatile device configuration bits control the
following functions:

» DAC Register and Configuration WiperLock
Technology (2 bits per DAC)

« 12C Slave Address Write Protect (Lock)

The Status register shows the states of the device
WiperLock Technology configu