Microchier  MICP33131D/21D/11D-XX

1 Msps/500 kSPS 16/14/12-Bit Differential Input SAR ADC

Features Typical Applications
+ Sample Rate (Throughput): » High-Precision Data Acquisition

- MCP33131D/21D/11D-10: 1 Msps * Medical Instruments

- MCP33131D/21D/11D-05: 500 kSPS « Test Equipment
* 16/14/12-Bit Resolution with No Missing Codes « Electric Vehicle Battery Management Systems
* No Latency Output + Motor Control Applications
+ Wide Operating Voltage Range: + Switch-Mode Power Supply Applications

- Analog Supply Voltage (AVpp): 1.8V « Battery-Powered Equipment

- Digital Input/Output Interface Voltage (DV,g):

1.7V - 5.5V System Design Supports

- External Reference (Vrgp): 2.5V - 5.1V . )
The MCP331x1D-XX Evaluation Kit demonstrates the

* Differential Input Operation performance of the MCP331x1D-XX SAR ADC family

- Input Full-Scale Range: -Vggr to +VRer devices. The evaluation kit includes: (a) MCP331x1D

* Ultra Low Current Consumption (typical): Evaluation Board, (b) PIC32MZ EF Curiosity Board for

- During Input Acquisition (Standby): ~ 0.8 pA data collection, and (c) SAR ADC Utility PC GUI.

- During Conversion: Contact Microchip Technology Inc. for the evaluation
MCP33131D/21D/11D-10: ~1.6 mA tools and the PIC32 MCU firmware example codes.
MCP33131D/21D/11D-05: ~1.4 mA

Package Types
* SPI-Compatible Serial Communication: -
- SCLK Clock Rate: up to 100 MHz Vrer[1] 10]DVio
. ﬁDC S'telf-ECallbratlon for Offset, Gain, and MSOP-10  AVpp[2] Top View [9]sDiI
|near'| y Errors: . AIN+ 8]SCLK

- During Power-.Up (automatic) ' AIN' 7]Sbo

- On-Demand via user’'s command during GND ECNVST
normal operation

ACQUOQualed Veee[110 0]ovio
- Temperature Grade 1: -40°C to +125°
. TDFN-10 AVppl 2! 9 {SDI
+ Package Options: MSOP-10 and TDFN-10 P oo View! - |
AN+L3: 118 |SCLK
An-[4: 17/sDo
GND[5:. ! 6|CNVST
MCP331x1D-XX Device Offering (Note 1):
Performance (Typical)
. Sample Input Range
Part Number | Resolution Rate Input Type (Differential) SNR SFDR THD INL DNL
(dBFS) (dB) (dB) (LSB) (LSB)

MCP33131D-10 16-bit 1 Msps Differential 5.1V 91.3 103.5 -99.3 2 +0.8

MCP33121D-10 14-bit 1 Msps Differential 5.1V 85.1 103.5 -99.2 0.5 +0.25

MCP33111D-10 12-bit 1 Msps | Differential 5.1V 73.9 99.3 -96.7 +0.12 +0.06

MCP33131D-05 16-bit 500 kSPS | Differential 5.1V 91.3 103.5 -99.3 2 +0.8

MCP33121D-05 14-bit 500 kSPS | Differential 5.1V 85.1 103.5 -99.2 0.5 10.25

MCP33111D-05 12-bit 500 kSPS | Differential 5.1V 73.9 99.3 -96.7 +0.12 +0.06

Note 1: SNR, SFDR, and THD are measured with fj = 10 kHz, V|y = -1 dBFS, Vggg = 5.1V.
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MCP33131D/MCP33121D/MCP33111D-XX

Application Diagram

25Vt0 54V 18V 1.8Vi0 5.5V
A
h 220 Vrer AVpp DVio
\ d +
OV to Vrer + Wy 1 A
1.7 nF I SDI
= MCP331x1D-XX  ~nysTLL Host Device
A 220 SCLK (PIC32M2)
A 1T AN SDol—»
0V to Vger + 17 “FI GND
Description During Standby, most of the internal analog circuitry is

The MCP33131D/MCP33121D/MCP33111D-10 and
MCP33131D/MCP33121D/MCP33111D-05  are
fully-differential 16, 14, and 12-bit, single-channel
1Msps and 500kSPS ADC family devices,
respectively, featuring low power consumption and
high performance, using a successive approximation
register (SAR) architecture.

The device operates with a 2.5V to 5.1V external
reference (Vrgg), which supports a wide range of input
full-scale range from -Vrgg to +VRer The reference
voltage setting is independent of the analog supply
voltage (AVpp) and is higher than AVpp The
conversion output is available through an easy-to-use
simple SPI- compatible 3-wire interface.

The device requires a 1.8V analog supply voltage
(AVpp) and a 1.7V to 5.5V digital I/O interface supply
voltage (DV,p). The wide digital 1/O interface supply
(DV,p) range (1.7V-5.5V) allows the device to
interface with most host devices (Master) available in
the current industry such as the PIC32
microcontrollers, without using external voltage level
shifters.

When the device is first powered-up, it performs a
self-calibration to minimize offset, gain and linearity
errors. The device performance stays stable across the
specified temperature range. However, when extreme
changes in the operating environment, such as in the
reference voltage, are made with respect to the initial
conditions (e.g. the reference voltage was not fully
settled during the initial power-up sequence), the user
may send a recalibrate command anytime to initiate
another  self-calibration to restore  optimum
performance.

When the initial power-up sequence is completed, the
device enters a low-current input acquisition mode,
where sampling capacitors are connected to the input
pins. This mode is called Standby.

shutdown in order to reduce current consumption.
Typically, the device consumes less than 1 pA during
Standby. A new conversion is started on the rising edge
of CNVST. When the conversion is complete and the
host lowers CNVST, the output data is presented on
SDO, and the device enters Standby to begin acquiring
the next input sample. The user can clock out the ADC
output data using the SPIl-compatible serial clock
during Standby.

The ADC system clock is generated by the internal
on-chip clock, therefore the conversion is performed
independent of the SPI serial clock (SCLK).

This device can be used for various high-speed and
high-accuracy analog-to-digital data conversion
applications, where design simplicity, low power, and
no output latency are needed.

The device is AEC-Q100 qualified for automotive appli-
cations and operates over the extended temperature
range of -40°C to +125°C. The available package
options are Pb-free small 3 mm x 3 mm TDFN-10 and
MSOP-10.
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MCP33131D/MCP33121D/MCP33111D-XX

1.0 KEY ELECTRICAL
CHARACTERISTICS

1.1 Absolute Maximum Ratingst
External Analog Supply Voltage (AVpp)............. -0.3V to 2.0V
External Digital Supply Voltage (DV|g)............... -0.3V to 5.8V
External Reference Voltage (VRgg).....ooevveenene. -0.3Vto 5.8V
Analog Inputs w.r.t GND .......ccccoeev e, -0.3V to VRggt0.3V
Current at INPUt PiNS .....coooviiiiieeecceee e +2 mA
Current at Output and Supply Pins .........ccccoeieenen. +250 mA
Storage Temperature ...........coccceeeveeeiiienenns -65°C to +150°C
Maximum Junction Temperature (Tj). .......cccoveerrnnn. +150°C

ESD protection on all pins ... <2kV HBM, <200V MM, <2kV CDM

1.2 Electrical Specifications
TABLE 1-1:

tNotice: Stresses above those listed under “Absolute
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.

KEY ELECTRICAL CHARACTERISTICS

Electrical Specifications: Unless otherwise specified, all parameters apply for Ty = -40°C to +125°C, AVpp = 1.8V, DV,g = 3.3V, Vrgr = 5V,
GND = 0V, Differential Analog Input (V|\) = -1 dBFS sine wave, fiy = 10 kHz, C oap_spo = 20 pF
+ MCP331x1D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK) = 60 MHz.
+ MCP331x1D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.
Parameters Sym. | Min. ‘ Typ. Max. ‘ Units ‘ Conditions
Power Supply Requirements
Analog Supply Voltage Range AVpp 1.7 1.8 1.9 \Y (Note 3)
Digital Input/Output Interface Voltage DV|o 1.7 — 55 \Y (Note 3)
Range
Analog Supply Current at AVpp pin:
During Conversion IbpaN — 1.6 24 mA fs = 1 Msps (MCP331x1D-10)
— 1.4 2.0 mA fs = 500 kSPS (MCP331x1D-05)
During Standby Ippan_sTBY — 0.8 — uA During input acquisition (tacq)
Digital Supply Current At DVpp pin:
During Output Data Reading llo paTA — 290 — pA fs = 1 Msps (MCP331x1D-10)
- — 200 — pA fs = 500 kSPS (MCP331x1D-05)
During Standby lio sTBY — 30 — nA During input acquisition (tacq)
External Reference Voltage Input
Reference Voltage VRer 25 5.1 \Y -40°C = Tp <85°C
(Note 2), (Note 3) 2.7 5.1 85°C < Tp=125°C
Reference Load Current at Vggg pin:
During Conversion IRer — 450 600 uA fs = 1 Msps (MCP331x1D-10)
— 220 360 uA fs = 500 kSPS (MCP331x1D-05)
During Standby IREF sTBY 240 — nA During input acquisition (tacq)
Total Power Consumption (Including AVpp, DV|o, VRer pins)
MCP331x1D-10
at 1 Msps Ppiss ToTAL — 6.2 — mwW Averaged power for tacq + tony
at 500 kSPS - — 3.1 — mwW
at 100 kSPS — 0.6 — mwW
During Standby Ppiss_sTBY — 2.6 — uWw During input acquisition (tacq)
MCP331x1D-05
at 500 kSPS Ppiss ToTAL — 4.2 — mw Averaged power for tacq + tony
at 100 kSPS - — 0.8 — mwW
During Standby Ppiss_stBY — 2.6 — uw During input acquisition (tacq)
Note 1: This parameter is ensured by design and not 100% tested.

2: This parameter is ensured by characterization and not 100% tested.
3: Decoupling capacitor is recommended on the following pins:

(a) AVpp pin: 1 pF ceramic capacitor, (b) DV|g pin: 0.1 uF ceramic capacitor, (c) Vggr pin:

E

Differential Input Full-Scale Range (FSR) = 2 x Vrgr

10 pF tantalum capacitor.

5: PSRR (dB) = -20 log (Dyout/AVpp), Where DyoyT = change in conversion result.

6: ENOB = (SINAD - 1.76)/6.02

© 2018 Microchip Technology Inc.
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MCP33131D/MCP33121D/MCP33111D-XX

TABLE 1-1:

KEY ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise specified, all parameters apply for Ty = -40°C to +125°C, AVpp = 1.8V, DV, = 3.3V, Vrgr = 5V,
GND = 0V, Differential Analog Input (V|y) = -1 dBFS sine wave, fiy = 10 kHz, C_oap_spo = 20 pF
* MCP331x1D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK) = 60 MHz.

* MCP331x1D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.

Parameters

Sym.

| Min. ‘ Typ.

Max. ‘ Units ‘

Conditions

Input Voltage Range ViN+ -0.1 — VRep+0.1 \Y Differential Input:

(Note 2) Vi 01 _ Vrgrt0.1 v ViN = (Vin+ - VING)

Input Full-Scale Voltage Range FSR -VREF — +VRer Vpp Differential Input (Note 2), (Note 4)

Input Common-Mode Voltage Range Vem 0 VRer/2 VRer (Note 2)

Input Sampling Capacitance Cs — 31 — pF (Note 1)

-3dB Input Bandwidth BW_ 345 — 25 — MHz | (Note 1)

Aperture Delay — 2.5 — ns Time delay between CNVST rising

(Note 1) edge and when input is sampled

Leakage Current at Analog Input Pin | I gak AN INPUT — +2 +200 nA During input acquisition (tacq)

Sample Rate fs — — 1 Msps MCP331x1D-10

(Throughput rate) — — 500 KSPS | MCP331x1D-05

Resolution 16 — — Bits MCP33131D-10 and MCP33131D-05

(No Missing Codes) 14 — — Bits | MCP33121D-10 and MCP33121D-05
12 — — Bits MCP33111D-10 and MCP33111D-05

Integral Nonlinearity INL -6 +2 +6 LSB MCP33131D-10 and MCP33131D-05
-1.5 0.5 +1.5 LSB MCP33121D-10 and MCP33121D-05

+0.12 LSB MCP33111D-10 and MCP33111D-05

Differential Nonlinearity DNL -0.98 +0.8 +1.8 LSB MCP33131D-10 and MCP33131D-05
-0.8 +0.25 +0.8 LSB MCP33121D-10 and MCP33121D-05
-0.3 +0.06 +0.3 LSB MCP33111D-10 and MCP33111D-05

Offset Error +0.1 +2.3 mV MCP33131D-10 and MCP33131D-05
— +0.125 +3 mV MCP33121D-10 and MCP33121D-05
— +0.8 +3.66 mV MCP33111D-10 and MCP33111D-05

Offset Error Drift with Temperature — +0.8 — uv/ec

Gain Error Ggr — +2 — LSB MCP33131D-10 and MCP33131D-05
— 0.5 — LSB MCP33121D-10 and MCP33121D-05
— +0.1 — LSB MCP33111D-10 and MCP33111D-05

Gain Error Drift with temperature — +0.35 — uv/ec

Input common-mode rejection ratio CMRR — 84 — dB

Power Supply Rejection Ratio PSRR — 70 — dB (Note 5)

Note 1:

This parameter is ensured by design and not 100% tested.

2: This parameter is ensured by characterization and not 100% tested.

3: Decoupling capacitor is recommended on the following pins:

(a) AVpp pin: 1 pF ceramic capacitor, (b) DV|q pin: 0.1 uF ceramic capacitor, (c) Vggr pin: 10 uF tantalum capacitor.
4: Differential Input Full-Scale Range (FSR) = 2 x Vrgg
5: PSRR (dB) = -20 log (Dyoyt/AVpp), Wwhere Dyoyt = change in conversion result.
6: ENOB = (SINAD - 1.76)/6.02
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MCP33131D/MCP33121D/MCP33111D-XX

TABLE 1-1: KEY ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise specified, all parameters apply for Ty = -40°C to +125°C, AVpp = 1.8V, DV g = 3.3V, Vrgr = 5V,
GND = 0V, Differential Analog Input (V|y) = -1 dBFS sine wave, fiy = 10 kHz, C_ oap_spo = 20 pF
* MCP331x1D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK) = 60 MHz.
* MCP331x1D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.
Parameters ‘ Sym. | Min. ‘ Typ. Max. ‘ Units ‘ Conditions
Dynamic Performance ]
Signal-to-Noise Ratio SNR MCP33131D-10 and MCP33131D-05: 16-bit ADC
— 916 — dBFS | Vrer =5V, fiy = 1 kHz
— 86.6 — VRer = 2.5V, fiy = 1 kHz
88.7 91.3 — VRer = 5V, fiy = 10 kHz
— 86.6 — VRer = 2.5V, fiy = 10 kHz
MCP33121D-10 and MCP33121D-05: 14-bit ADC
— 85.2 — dBFS | Vrer =5V, fiy = 1 kHz
— 835 — VRer = 2.5V, fiy = 1 kHz
81.7 85.1 — VRer = 5V, fiy = 10 kHz
— 835 — VRer = 2.5V, fiy = 10 kHz
MCP33111D-10 and MCP33111D-05: 12-bit ADC
— 73.9 — dBFS | Vrer =5V, fiy = 1 kHz
— 7338 — VRer = 2.5V, fiy = 1 kHz
71.1 73.9 — VRer = 5V, fiy = 10 kHz
— 7338 — VRer = 2.5V, fiy = 10 kHz
Signal-to-Noise and Distortion Ratio SINAD MCP33131D-10 and MCP33131D-05: 16-bit ADC
(Note 6) — 91.5 — dBFS | Vger =5V, fiy = 1 kHz
— 86.6 — VRer = 2.5V, fiy = 1 kHz
— 91 — VRer = 5V, fiy = 10 kHz
— 86.2 — VRer = 2.5V, fiy = 10 kHz
MCP33121D-10 and MCP33121D-05: 14-bit ADC
— 85.2 — dBFS | Vrer =5V, fiy = 1 kHz
— 835 — VRer = 2.5V, fiy = 1 kHz
— 85 — VRer = 5V, fiy = 10 kHz
— 83.3 — VRer = 2.5V, fiy = 10 kHz
MCP33111D-10 and MCP33111D-05: 12-bit ADC
— 73.9 — dBFS | Vrer =5V, fiy = 1 kHz
— 7338 — VRer = 2.5V, fiy = 1 kHz
— 73.9 — VRer = 5V, fiy = 10 kHz
— 7338 — VRer = 2.5V, fiy = 10 kHz

Note 1: This parameter is ensured by design and not 100% tested.
This parameter is ensured by characterization and not 100% tested.
3: Decoupling capacitor is recommended on the following pins:

N

(a) AVpp pin: 1 pF ceramic capacitor, (b) DV|g pin: 0.1 uF ceramic capacitor, (c) Vgrgr pin: 10 uF tantalum capacitor.

»

Differential Input Full-Scale Range (FSR) = 2 x Vrgr
5: PSRR (dB) = -20 log (Dyoyt/AVpp), where Dyoyt = change in conversion result.
6: ENOB = (SINAD - 1.76)/6.02

© 2018 Microchip Technology Inc. DS20005947B-page 5



MCP33131D/MCP33121D/MCP33111D-XX

TABLE 1-1: KEY ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise specified, all parameters apply for T = -40°C to +125°C, AVpp = 1.8V, DV g = 3.3V, VRgf = 5V,
GND = 0V, Differential Analog Input (Viy) = -1 dBFS sine wave, fiy = 10 kHz, C_oap_spo = 20 pF

+ MCP331x1D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK) = 60 MHz.

» MCP331x1D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.

Parameters Sym. Min. ‘ Typ. Max. ‘ Units ‘ Conditions
Spurious Free Dynamic Range SFDR MCP33131D-10 and MCP33131D-05: 16-bit ADC
— 103.7 — dBc | Vrgr =5V, fiy = 1 kHz
— 98 — VRer = 2.5V, fiy = 1 kHz
— 103.5 — VRer = 5V, fiy = 10 kHz
— 97.5 — VRer = 2.5V, fiy = 10 kHz
MCP33121D-10 and MCP33121D-05: 14-bit ADC
— 103.6 — dBc | Vrgr =5V, fiy = 1 kHz
— 98 — VRer = 2.5V, fiy = 1 kHz
— 103.5 — VRer = 5V, fiy = 10 kHz
— 97.4 — VRer = 2.5V, fiy = 10 kHz
MCP33111D-10 and MCP33111D-05: 12-bit ADC
— 99.3 — dBc | Vrgr =5V, fiy = 1 kHz
— 97.7 — VRer = 2.5V, fiy = 1 kHz
— 99.3 — VRer = 5V, fiy = 10 kHz
— 97.2 — VRer = 2.5V, fiy = 10 kHz
Total Harmonic Distortion THD MCP33131D-10 and MCP33131D-05: 16-bit ADC
(first five harmonics) — 1004 _ dBc Vigr = 5V, fiy = 1 kHz
— 954 — VRer = 2.5V, fiy = 1 kHz
— 99.3 — VRer = 5V, fiy = 10 kHz
— 954 — VRer = 2.5V, fiy = 10 kHz
MCP33121D-10 and MCP33121D-05: 14-bit ADC
— -100.1 — dBc | Vrgr =5V, fiy = 1 kHz
— 95.3 — VRer = 2.5V, fiy = 1 kHz
— 99.2 — VRer = 5V, fiy = 10 kHz
— 95.3 — VRer = 2.5V, fiy = 10 kHz
MCP33111D-10 and MCP33111D-05: 12-bit ADC
— 975 — dBc | Vrgr =5V, fiy = 1 kHz
— 94.4 — VRer = 2.5V, fiy = 1 kHz
— 96.7 — VRer = 5V, fiy = 10 kHz
— 94.4 — VRer = 2.5V, fiy = 10 kHz

Note 1: This parameter is ensured by design and not 100% tested.
This parameter is ensured by characterization and not 100% tested.
3: Decoupling capacitor is recommended on the following pins:

N

(a) AVpp pin: 1 pF ceramic capacitor, (b) DV|g pin: 0.1 uF ceramic capacitor, (c) Vggr pin: 10 uF tantalum capacitor.

Differential Input Full-Scale Range (FSR) = 2 x Vrgr
PSRR (dB) = -20 log (Dyoyt/AVpp), where Dyoyt = change in conversion result.
6: ENOB = (SINAD - 1.76)/6.02

o
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MCP33131D/MCP33121D/MCP33111D-XX

TABLE 1-1: KEY ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise specified, all parameters apply for T = -40°C to +125°C, AVpp = 1.8V, DV g = 3.3V, VRgf = 5V,
GND = 0V, Differential Analog Input (V;y) = -1 dBFS sine wave, fiy = 10 kHz, C_oap_spo = 20 pF
+ MCP331x1D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK) = 60 MHz.
+ MCP331x1D-05: Sample Rate (fs) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.
Parameters Sym. | Min. ‘ Typ. Max. ‘ Units ‘ Conditions

System Self-Calibration
Self-Calibration Time toaL — 500 650 ms (Note 2)
Number of SCLK Clocks for ReCalyscLk — 1024 — clocks | Includes clocks for data bits
Recalibrate Command
Serial Interface Timing Information: See Table 1-2
Digital Inputs/Outputs
High-level Input voltage Viy 0.7 *DV|o — DV|p +0.3 \ DV|p2 2.3V

0.9*DV|o — DV|o +0.3 \ DV|p < 2.3V
Low-level input voltage Vi -0.3 — 0.3*DV|o \ DV|p 2 2.3V

-0.3 — 0.2*DV|g \ DV|p < 2.3V
Hysteresis of Schmitt Trigger Inputs VhysT — 0.2*DV|o — \ All digital inputs
Low-level output voltage VoL — — 0.2*DV|o \ loL = 500 pA (sink)
High-level output voltage VoH 0.8 *DV|o — — \ loL = - 500 pA (source)
Input leakage current Iy — — +1 uA CNVST/SDI/SCLK = GND or DV|g
Output leakage current ILo — — +1 MA | Output is high-Z, SDO = GND or
DVio

Internal capacitance CiNT — 7 — pF Ta = 25°C (Note 1)
(all digital inputs and outputs)

Note 1: This parameter is ensured by design and not 100% tested.
2: This parameter is ensured by characterization and not 100% tested.
3: Decoupling capacitor is recommended on the following pins:
(a) AVpp pin: 1 pF ceramic capacitor, (b) DV g pin: 0.1 pF ceramic capacitor, (c) Vrgr pin: 10 pF tantalum capacitor.
Differential Input Full-Scale Range (FSR) = 2 x Vrgr
5: PSRR (dB) = -20 log (Dyoy1/AVpp), where Dyoyt = change in conversion result.
6: ENOB = (SINAD - 1.76)/6.02

»
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MCP33131D/MCP33121D/MCP33111D-XX

TABLE 1-2: SERIAL INTERFACE TIMING SPECIFICATIONS

Electrical Specifications: Unless otherwise specified, all parameters apply for Ty = -40°C to +125°C, AVpp = 1.8V, DV, = 3.3V, Vrgr = 5V,
GND = 0V, Differential Analog Input (V|\) = -1 dBFS sine wave, fiy = 10 kHz, C| oap spo = 20 pF. +25°C is applied for typical value. All timings are
measured at 50%. See Figure 1-1 for timing diagram. -

* MCP331x1D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK) = 60 MHz.

+ MCP331x1D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.

Parameters Symbol Min. Typ. Max. Units Conditions
Serial Clock frequency fscLk — — 100 MHz | See tgc i specification
SCLK Period tscLk 10 — — ns DVg 2 3.3V, fgc .k = 100 MHz (Max)
12 — — ns DV 2 2.3V, fgc k = 83.3 MHz (Max)
16 — — ns DV|p 2 1.7V, fgc Lk = 62.5 MHz (Max)
SCLK Low Time tscLk L 3 — — ns DVo 2 2.3V
4.5 — — ns DVip 2 1.7V
SCLK High Time tscLk_H 3 — — ns DV|p 22.3V
4.5 — — ns | DVip21.7V
Output Valid from SCLK Low tbo — — 9.5 ns DV|p 23.3V
— — 12 ns DV|p 22.3V
— — 16 ns DVip 21.7V
Quiet time tQuieT 10 — — ns (Note 2)
3-Wire Operation:
SDI Valid Setup time tsu_sDIH_cNv 5 — — ns SDI High to CNVST Rising Edge
CNVST Pulse Width High Time tenvH 10 — — ns
Output Enable Time ten — — 10 ns DV 22.3V
— — 15 ns DVip 2 1.7V
Output Disable Time tois — — 15 ns (Note 2)
MCP331x1D-10
Sample Rate fs — — 1 Msps | Throughput rate
Input Acquisition Time taca 290 300 — ns -40°C =Ty <85°C
(Note 2) 250 — 85°C < Tp<125°C
Data Conversion Time tony — 700 710 ns -40°C =T <85°C
— 750 85°C < Tp<125°C
Time between Conversions tove 1 — — Us tocye =taca * tonw fs = 1 Msps
MCP331x1D-05
Sample Rate fs — — 500 kSPS | Throughput rate
Input Acquisition Time (Note 2) taca 700 800 — ns -40°C = Tp =125°C
Data Conversion Time tony — 1200 1300 ns -40°C = Tp =125°C
Time between Conversions tove 2 — — Us teye = taca * tonws fs = 500 kSPS

Note 1:  This parameter is ensured by design and not 100% tested.
2:  This parameter is ensured by characterization and not 100% tested.

TABLE 1-3: TEMPERATURE CHARACTERISTICS

Parameters ‘ Symbol ‘ Min. ‘ Typ. ‘ Max. ‘ Units ‘ Conditions
Temperature Ranges
Operating Temperature Range Ta -40 — +125 °C (Note 1)
Storage Temperature Range Ta -65 — +150 °C (Note 1)
Thermal Package Resistance
Thermal Resistance, MSOP-10 AN — 202 — °C/IW
Thermal Resistance, TDFN-10 0,a — 68 — °C/IW

Note 1:  The internal junction temperature (T;) must not exceed the absolute maximum specification of +150°C.

DS20005947B-page 8 © 2018 Microchip Technology Inc.



MCP33131D/MCP33121D/MCP33111D-XX

tCYC = 1/fs

SDI = “High” -
|

'

“>t
l CNVH

tsu_spiH_cnv

CNVST /]

o JAANAANT] S

T
<CK_ (Note 1)

tscLk_H

Note 1: n = 16 for 16-bit, 14 for 14-bit device, and 12 for 12-bit device.
2: tgy when CNVST is lowered after tony (MAX).
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FIGURE 1-1:
details.

Interface Timing Diagram. CNVST is used as chip select. See Figure 7-2 for more
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NOTES:
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MCP33131D/MCP33121D/MCP33111D-XX

2.0 TYPICAL PERFORMANCE CURVES FOR 16-BIT DEVICES (MCP33131D-XX)
Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.
Note:  Unless otherwise specified, all parameters apply for Ty = +25°C, AVpp = 1.8V, DV|g = 3.3V,

Vrer =5V, GND = 0V, Differential Analog Input (VIN) = -1 dBFS, fiy = 10 kHz, C_ oap_spo = 20 pF.
MCP33131D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK) = 60 MHz.
MCP33131D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.
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FIGURE 2-1: INL vs. Output Code.
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FIGURE 2-2: DNL vs. Output Code.
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FIGURE 2-3: INL vs. Temperature.
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FIGURE 2-6: DNL vs. Temperature.
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MCP33131D/MCP33121D/MCP33111D-XX

Note:  Unless otherwise specified, all parameters apply for Ty = +25°C, AVpp = 1.8V, DV|g = 3.3V,
Vger = 5V, GND = 0V, Differential Analog Input (VIN) = -1 dBFS, fjy = 10 kHz, C_ oap spo = 20 pF.
MCP33131D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK) = 60 MHz. a
MCP33131D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.
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FIGURE 2-7: INL vs. Reference Voltage.
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FIGURE 2-10: DNL vs. Reference Voltage.
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FIGURE 2-8:
fS =1 MSpS, V/N =-1 dBFS, VREF =5V.

FFT for 10 kHz Input Signal:
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FIGURE 2-11: FFT for 10 kHz Input Signal:
fS =1 MS,DS, V/N =-1 dBFS, VREF =2.5V.
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FIGURE 2-9: FFT for 10 kHz Input Signal:

fS =500 kSPS, V/N =-1 dBFS, VREF =5V

-140
-160 ‘ ‘ ‘ ‘
0 50 100 150 200 250
Frequency (kHz)
FIGURE 2-12: FFT for 10 kHz Input Signal:

fS =500 kSPS, V/N =-1 dBFS, VREF =2.5V.

DS20005947B-page 12

© 2017 Microchip Technology Inc.



MCP33131D/MCP33121D/MCP33111D-XX

Unless otherwise specified, all parameters apply for Ty = +25°C, AVpp = 1.8V, DV|g = 3.3V,

Vrer = 5V, GND = 0V, Differential Analog Input (VIN) = -1 dBFS, fiy = 10 kHz, C| oap_spo = 20 pF.
MCP33131D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK) = 60 MHz.
MCP33131D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.

Note:
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2.5V.

FIGURE 2-24:
Frequency: Vrer

0V, Differential Analog Input (VIN)
MCP33131D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK)

MCP33131D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.

Unless otherwise specified, all parameters apply for Tp

VREF = 5V, GND

Note:

MCP33131D/MCP33121D/MCP33111D-XX
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MCP33131D/MCP33121D/MCP33111D-XX

1.8V, DVjg = 3.3V,
10 kHz, C_oap spo

+25°C, AVpp

1 dBFS, fiy

Unless otherwise specified, all parameters apply for Tp

Note:

= 20 pF.

60 MHz.

0V, Differential Analog Input (VIN)
MCP33131D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK)

VREF = 5V, GND

MCP33131D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.

(ap) yads
n [=3
o o n (=] n o n o n
- - (-] (-] 0 [-<] ~ N~ (=]
T T T T T w T o
PN ”
RS S W Y S [
W b W _
” - ! )
| | | ('8
| AR | lom
By TR 3
~0 !
m3T ! [])
Sy w3
eB SN R E
=R ! =3
il | g
' i o<
| I E B At pe it ) iy B T7777 N
| | T3
| | Q
| ! £
7T ) Q)
s A
A A §
Y | | | | | w
wn o n o n [=3 n o 0
© N N~ [-°] 0 (<2 (=] o o
o K N ® ® @ 9 S 9
T S
(gp) aHL
(gp) yads
o
-
h
_
[72]
('8
| 0
T
A
& o
-]
2 E]
ro ]
= o
[ £
! <
L <
=
Qo
£
¥
z
n
<@

THD/SFDR vs. Input

2.5V.

FIGURE 2-28:

THD/SFDR vs. Input

5V.

FIGURE 2-25:

Amplitude: Vger

Amplitude: Vger

x10°

Output Code

S92U3a1IN22Q

x10°

2 1 0 1 2 3
Output Code

-3

$92UdLINJIQ

Shorted Input Histogram:

FIGURE 2-29:

Shorted Input Histogram:

FIGURE 2-26:

=2.5V.

VREF

=5V.

VREF

(gs7) 10113 urenppesSHO

N o © o ® e
W © o N Vo
. : : <+
i | | -
I I i
| |
\\\\ BERCNG <
i I~ -
| |
I I
\\\\\ R . N S
| | -
| |
I I
e 25
| | (=]
i | L
| |
| | o o
\\\\\ e © 3
| | ®
I I o S
\\\\\ P — S o
| | =
| | £
| |
o O
\\\\\ i N -
| |
I I
R e B o
i |
i i
| |
| i o
\\\\\ j S Rt e N
| | \
| |
i i
L )
o o o i
S o© o
¥ ® « - .
(An) Jou13 urespasyo
(gs1) 10113 ureasyoO
©
©
o o o © 2
©w ©® o s o So
: : : . <+
i i i | -
| | | |
| I I
O i —_ I8
N -
NN L@
| | | o
\\\\\ AR S . Y SR | I
i | I w e
| | | w
, , G PN
Frotet N2 18 O
| | | | o
i i i i L
| | | |
Lo o I B o o
| | | | © 3
| | | |
- Vool e §
\\\\\ T Y Te Y 8
B VE &
\\\\\\\\\\\\\\\\\\\\ el __|lo o
T H Y w.,v N =
| | PE
“““ NN N S O | R
'
| | o
| | | |
o
e R N SRR ]
| | | [
| | | | L
I I I [ =]
s © © © o o o of
S © © © © o S
® B’»B ¥ ®» & - -

(AN) Jouig urenpasyO

Offset and Gain Error vs.

FIGURE 2-30:

Offset and Gain Error vs.

FIGURE 2-27:

2.5V.

Temperature: Vger

=5V.

Temperature: Vgep

DS20005947B-page 15

© 2017 Microchip Technology Inc.



(M) 1amod |ejo L

(Mw) 1amod |ejo |
©

20 pF.

3.3V,

10 kHz, C_oap spo

1.8V, DVjo
60 MHz.

+25°C, AVpp

Power Consumption vs.

MCP331x1D-05

1 dBFS, fiy

Temperature during Shutdown.

FIGURE 2-34:

0.5

0.4
20 pF.

0.3
Power Consumption vs.

Sample Rate (Msps)

0.2

Sample Rate: C;0ap spo

FIGURE 2-35:

(Muw) 1amod |ejo
©

(Muw) 1amod [ejol
©

4
2
0

0V, Differential Analog Input (VIN)

CMRR vs. Input Frequency:
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MCP33131D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK)

Unless otherwise specified, all parameters apply for Tp
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MCP33131D/MCP33121D/MCP33111D-XX

3.0 TYPICAL PERFORMANCE CURVES FOR 14-BIT DEVICES (MCP33121D-XX)
Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.
Note:  Unless otherwise specified, all parameters apply for Ty = +25°C, AVpp = 1.8V, DV|g = 3.3V,
VRrer = 5V, GND = 0V, Differential Analog Input (VIN) = -1 dBFS, fiy = 10 kHz, C_ oap_spo = 20 pF.
MCP33121D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK) = 60 MHz.
MCP33121D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.
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FIGURE 3-1: INL vs. Output Code. FIGURE 3-4: INL vs. Output Code.
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FIGURE 3-3: INL vs. Temperature. FIGURE 3-6: DNL vs. Temperature.
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MCP33131D/MCP33121D/MCP33111D-XX

Note:  Unless otherwise specified, all parameters apply for Ty = +25°C, AVpp = 1.8V, DV|g = 3.3V,
Vger = 5V, GND = 0V, Differential Analog Input (VIN) = -1 dBFS, fjy = 10 kHz, C_ oap spo = 20 pF.
MCP33121D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK) = 60 MHz. a
MCP33121D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.
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MCP33131D/MCP33121D/MCP33111D-XX

Unless otherwise specified, all parameters apply for Ty = +25°C, AVpp = 1.8V, DV|g = 3.3V,

Vger = 5V, GND = 0V, Differential Analog Input (VIN) = -1 dBFS, fjy = 10 kHz, C_ oap spo = 20 pF.
MCP33121D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK) = 60 MHz. -
MCP33121D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.
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2.5V.

FIGURE 3-24:
Frequency: Vrer

0V, Differential Analog Input (VIN)
MCP33121D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK)

MCP33121D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.

Unless otherwise specified, all parameters apply for Tp

VREF = 5V, GND

Note:

MCP33131D/MCP33121D/MCP33111D-XX
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MCP33121D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK)

MCP33131D/MCP33121D/MCP33111D-XX
MCP33121D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.

Unless otherwise specified, all parameters apply for Tp

VREF = 5V, GND

Note:
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FIGURE 3-30:
Temperature: Vger
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5V.
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Power Consumption vs.

FIGURE 3-36:

0V, Differential Analog Input (VIN)

MCP33121D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.

MCP33121D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK)

Unless otherwise specified, all parameters apply for Tp

VREF = 5V, GND

Note:

MCP33131D/MCP33121D/MCP33111D-XX
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MCP33131D/MCP33121D/MCP33111D-XX

40 TYPICAL PERFORMANCE CURVES FOR 12-BIT DEVICES (MCP33111D-XX)

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

Note:  Unless otherwise specified, all parameters apply for Ty = +25°C, AVpp = 1.8V, DV|g = 3.3V,
VRer = 5V, GND = 0V, Differential Analog Input (VIN) = -1 dBFS, fjy = 10 kHz, C_ oap spo = 20 pF.
MCP33111D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK) = 60 MHz. -
MCP33111D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.
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MCP33131D/MCP33121D/MCP33111D-XX

Note:  Unless otherwise specified, all parameters apply for Ty = +25°C, AVpp = 1.8V, DV|g = 3.3V,
Vger = 5V, GND = 0V, Differential Analog Input (VIN) = -1 dBFS, fjy = 10 kHz, C_ oap spo = 20 pF.
MCP33111D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK) = 60 MHz. a
MCP33111D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.
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MCP33131D/MCP33121D/MCP33111D-XX

Note:  Unless otherwise specified, all parameters apply for Ty = +25°C, AVpp = 1.8V, DV|g = 3.3V,
Vrer = 5V, GND = 0V, Differential Analog Input (VIN) = -1 dBFS, fiy = 10 kHz, C| oap_spo = 20 pF.
MCP33111D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK) = 60 MHz.
MCP33111D-05: Sample Rate (fg) = 500 kSPS, SPI Clock Input (SCLK) = 30 MHz.
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FIGURE 4-24:
Frequency: Vrer

500 kSPS, SPI Clock Input (SCLK)

0V, Differential Analog Input (VIN)

MCP33111D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK)

Unless otherwise specified, all parameters apply for Tp
MCP33111D-05: Sample Rate (fg)

VREF = 5V, GND

Note:
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1.8V, DVjg = 3.3V,
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+25°C, AVpp

1 dBFS, fiy

Unless otherwise specified, all parameters apply for Tp

Note:
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MCP33111D-10: Sample Rate (fg)
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60 MHz.
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1 Msps, SPI Clock Input (SCLK)
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3.3V,

10 kHz, C_oap spo

= 1.8V, DV|o

+25°C, AVpp

1 dBFS, fiy

Unless otherwise specified, all parameters apply for Tp

Note:

= 20 pF.

0V, Differential Analog Input (VIN)
MCP33111D-10: Sample Rate (fg) = 1 Msps, SPI Clock Input (SCLK)

MCP33111D-05: Sample Rate (fg)

VREF = 5V, GND

60 MHz.

500 kSPS, SPI Clock Input (SCLK)

30 MHz.
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5.0 PIN FUNCTION DESCRIPTIONS

TABLE 5-1: PIN FUNCTION TABLE
Pin Number | Pin Name Function

1 VREF Reference voltage input (2.5V - 5.1V).
This pin should be decoupled with a 10 uF tantalum capacitor.

2 AVpp DC supply voltage input for analog section (1.8V).
This pin should be decoupled with a 1 uF ceramic capacitor.

3 ANF Differential positive analog input.

4 AN- Differential negative analog input.

5 GND Power supply ground reference. This pin is a common ground for both the analog
power supply (AVpp) and digital 1/0 supply (DV,q).

6 CNVST Conversion-start control and active-low SPI chip-select digital input.
A new conversion is started on the rising edge of CNVST.
When the conversion is complete, output data is available at SDO by lowering CNVST.

7 SDO SPI-compatible serial digital data output: ADC conversion data is shifted out by SCLK
clock, with MSB first.

8 SCLK SPI-compatible serial data clock digital input.
The ADC output is synchronously shifted out by this clock.

9 SDI SPI-compatible serial data digital input. Tie to DV, for normal operation.

10 DVio DC supply voltage for digital input/output interface (1.7V - 5.5V).
This pin should be decoupled with a 0.1 uF ceramic capacitor.

5.1 Supply Voltages and Reference
Voltage

The device has two power supply pins:

a) Analog power supply (AVpp): 1.8V

b) Digital input/output interface power supply
(DV|p): 1.7V to 5.5V.

The large supply voltage range of DVIO allows the
device to interface with various host devices that are
operating with different supply voltages. See Table 1-2
for timing specifications for 1/0O interface signal param-
eters depending on DVIO voltage.

Note:  Proper decoupling capacitors (1 uF to
AVpp, 0.1 pF to DV|p) should be mounted
as close as possible to the respective
pins.

5.2 Reference Voltage (Vgrgf)

The device requires a single-ended external reference
voltage (Vrgp). The external input reference range is
from 2.5V to 5.1V. This reference voltage sets the
input full-scale range from OV to Vggr See Figure 6-2
to Figure 6-8 for example application circuits and
reference voltage settings.

Note: The reference pin needs a tantalum
decoupling capacitor (10 uF, 10V rating).
Additional multiple ceramic capacitors can
be added in parallel to decouple
high-frequency noises.

Note:  During the initial power-up sequence, the
reference voltage (Vrgr) must be
provided prior to supplying AVpp or within
about 64 ms after supplying AVpp.
Otherwise, it is strongly recommended to
send a recalibrate command. See
Section 7.1 “Recalibrate Command” for
more details.

5.2.1 VOLTAGE REFERENCE
SELECTION

The performance of the voltage reference has a large
impact on the accuracy of high-precision data
acquisition systems. The voltage reference should
have high-accuracy, low-noise, and low-temperature
drift. A £0.1% output accuracy of the reference directly
corresponds to +0.1% absolute accuracy of the ADC
output. The RMS output noise voltage of the reference
should be less than 1/2 LSB of the ADC.

© 2018 Microchip Technology Inc.
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6.0 DEVICE OVERVIEW

When the MCP33131D/MCP33121D/MCP33111D-XX
is first powered-up, it performs a self-calibration and
enters a low current input acquisition mode (Standby)
by itself.

The external reference voltage (Vrgr) ranging from
2.5V to 5.1V sets the differential input full-scale range
(FSR) from -VREF to +VREF‘

The differential input signal needs an appropriate input
common-mode voltage from OV to Vggr, depending on
the input signal condition. Vrgg/2 is typically used for a
symmetric differential input.

During input acquisition (Standby), the internal input
sampling capacitors are connected to the input signal,
while most of the internal analog circuits are shutdown
to save power. During this input acquisition time
(tacq), the device consumes less than 1 pA.

The user can operate the device with an easy-to-use
SPI-compatible 3-wire interface.

The device initiates data conversion on the rising edge
of the conversion-start control (CNVST). The data con-
version time (tcny) is set by the internal clock. Once
the conversion is complete and the host lowers
CNVST, the output data is available on SDO and the
device starts the next input acquisition by itself. During
this input acquisition time (tacq), the user can clock
out the output data by providing the SPI-compatible
serial clock (SCLK).

The device provides conversion data with no missing
codes. This ADC device family has a large input
full-scale range, high precision, high throughput with
no output latency, and is an ideal choice for various
ADC applications.

6.1 Analog Inputs

Figure 6-1 shows a simplified equivalent circuit of the
differential input architecture with a switched capacitor
input stage. The input sampling capacitors
(Cs" and Cg") are about 31 pF each. The back-to-back
diodes (D4 - D,) at each input are ESD protection
diodes. Note that these ESD diodes are tied to Vrgf, so
that each input signal can swing from OV to +Vggg and
from -Vggr to +Vger differentially.

During input acquisition (Standby), the sampling
switches are closed and each input sees the sampling
capacitor (= 31 pF) in series with the on-resistance of
the sampling switch, Rgon (= 200Q2).

For high-precision data conversion applications, the
input voltage needs to be fully settled within 1/2 LSB
during the input acquisition period (tacq). The settling
time is directly related to the source impedance: A
lower impedance source results in faster input settling
time. Although the device can be driven directly with a
low impedance source, using a low noise input driver is
highly recommended.

MCP331x1D-XX J)
VRer
Vr =06V Sample V|y+
Ant D1 SW1*  Rson Cs*  sw2*
. l c ° ./. AAA P ./'
PIN (200 Q) (31 pF)
I D2 ILEAKAGE
- (~ 1 nA)
VRer l_
Sample V|-
An- SW1™ Rgon Cs Sw2
o o MA—o—| o
(200 ) (31pF)
:l_: D, ILEAKAGE
- (~+1nA)
where:
Cs", Cs™ = Input sample and hold capacitor = 31 pF.
Rson = On-resistance of the sampling switch =200 Q.
Cen = Package pin + ESD capacitor = 2 pF.

FIGURE 6-1:
Analog Input Circuit.

Simplified Equivalent

6.1.1 ABSOLUTE MAXIMUM INPUT
VOLTAGE RANGE

The input voltage at each input pin (At and Ap-)

must meet the following absolute maximum input

voltage limits:

* (Vin+, ViN-) < VRer + 0.1V

. (V|N+' VIN') >GND-0.1V

Note: The ESD diodes at the analog input pins
are biased from Vrgg. Any input voltage
outside the absolute maximum range can
turn on the input ESD protection diodes
and results in input leakage current which
may cause conversion errors and
permanent damage to the device. Care
must be taken in setting the input voltage
ranges so that the input voltage does not
exceed the absolute maximum input
voltage range.

DS20005947B-page 30
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6.1.2 INPUT VOLTAGE RANGE

The differential input (V|y) and common-mode voltage
(Vcm) at the input pins are defined by:

EQUATION 6-1:  DIFFERENTIAL INPUT
Viv = Vi = Vv
V o+ V-
Veum = e 2 a

where V|y+ is the input at the A+ pin and V|y- is the
input at Ajy- pin. The input signal swings around an
input common-mode voltage (V¢y), typically centered
at Vrgp/2 for the best performance.

The absolute value of the differential input (V,y) needs
to be less than the reference voltage. The device will
output saturated output codes (all Os or all 1s except
sign bit) if the absolute value of the input (V) is greater
than the reference voltage.

The differential input full-scale voltage range (FSR) is
given by the external reference voltage (Vrgg) setting:

EQUATION 6-2: FSR AND INPUT RANGE
Input Full-Scale Range (FSR) = 2V, .-

Input Range: Vepr<Vin<(Vggr—1LSB)

6.2 Analog Input Conditioning
Circuits

The MCP33131D/MCP33121D/MCP33111D-XX
supports various input types, such as: (a)
fully-differential inputs, (b) arbitrary waveform inputs
and (c) single-ended inputs.

6.2.1 FULLY-DIFFERENTIAL INPUT
SIGNALS

The MCP33131D/MCP33121D/MCP33111D-XX
provides the best linearity performance with
fully-differential inputs. Figure 6-2 shows an example
of a fully-differential input conditioning circuit with a
differential input driver followed by an RC anti-aliasing
filter. Figure 6-3 shows its transfer function.

The differential input (V,\) between the two differential
ADC analog input pins (Ajn+, AN-) swings from -VRgp
to +VRgr centered at the input common-mode voltage
(Vocm)-

The front-end differential driver provides a low output
impedance, which provides fast settling of the analog
inputs during the acquisition phase and provides
isolation between the signal source and the ADC. The
RC low-pass anti-aliasing filter band-limits the output
noise of the input driver and attenuates the kick-back
noise spikes from the ADC during conversion.

Figure 6-2 is the reference circuit that is used to collect
most of the linearity performance data shown in
Table 1-1.

The differential input driver shown in Figure 6-2 can be
replaced with a low noise dual-channel op-amp. See
Section 6.3 “ADC Input Driver Selection” for the
driver selection.

6.2.2 ARBITRARY WAVEFORM INPUT
SIGNALS

The MCP33131D/MCP33121D/MCP33111D-XX can
convert input signals with arbitrary waveforms at the
inputs A+ and Ajn-. These inputs can be symmetric,
non-symmetric or independent with respect to each
other.

In the arbitrary input configuration, each ADC analog
input is connected to a single ended source ranging
from OV to VRgr In this case, the ADC converts the
voltage difference between the two input signals.
Figure 6-4 shows the configuration example for the
arbitrary input signals.

6.2.3 SINGLE-ENDED INPUT SIGNALS

Although the MCP33131D/MCP33121D/MCP33111D-XX
is a fully-differential input device, it can also convert
single-ended input signals. The most commonly
recommended single-ended configurations are:

(a) pseudo-differential bipolar configuration and
(b) pseudo-differential unipolar configuration.

6.2.3.1 Pseudo-Differential Bipolar
Configuration

In the pseudo-differential bipolar configuration, one of
the ADC analog inputs (typically Ajy-) is driven with a
fixed DC voltage (typically Vree/2), while the other
(Ain*) is connected to a single-ended signal in the
range OV to Vger

In this case, the ADC converts the voltage difference
between the single-ended signal and the DC voltage.
Figure 6-5 shows the configuration example and
Figure 6-6 shows its transfer function.

6.2.3.2 Pseudo-Differential Unipolar
Configuration

In the pseudo-differential unipolar input configuration,
one of the ADC analog inputs (typically AN-) is
connected to ground, while the other (Ant) is
connected to a single ended signal in the range 0V to
VREF-

In this case, the ADC converts the voltage difference
between the single ended signal and ground.
Figure 6-7 shows the configuration example and
Figure 6-8 shows its transfer function.

© 2018 Microchip Technology Inc.
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Voc O Voltage
Reference

(Note2) |

1.8V 1.8Vto 5.5V

R4
A -
Differential Inputs ‘ \
‘- VR '\/R\;;V1 + o -/\f/?\}-\’- T : Mooy AIN+VREF AVpp DVio
‘% w L
""" o Vrer/2 (2197’:2:\,?0)01 I SDI Host Devi
O——| Voo o = MCP331x1D-XX  opysT ost Device

SCLK | < (PIC32MZ)
SDO >

AN-

- - Y
e
M- -0V

Rg2 ' R1

(220, +0.1%) R
c1T.

VRer GND
Re2 (1.7nF, NPO) 4% VRer/2
M = . -Voov J__
Input Driver oo -f-—- ) ; e
(Note 1) c= 27R,C;

Note 1: Contact Microchip Technology Inc. for availability of the differential input driver amplifiers.
2: Contact Microchip Technology Inc. for the MCP1501 voltage reference application circuit.

FIGURE 6-2: Input Conditional Circuit for Fully-Differential Input.
Digital Output Code (Two’s Complement)
221
-VRer ! +VRrer- 1LSB
- ] | >V
| 0 I IN
) ' Differential Input Voltage
' -2"2 :
I — - - - - - - - >’
Availablg V|\ range
\/
FIGURE 6-3: Transfer Function for Figure 6-2.
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VRer

Vbe O Voltage
Reference

(Note2) |

1.8V 1.8Vto 5.5V

Arbitrary Waveform Differential Inputs
Vrer AVpp DVio
At

- -p- - VRrer - . :
1% + L
L Vw ; . SDI|= Host Device

: MCP331x1D-XX  cNVST
- - -VRer - ' /\7\1/\’ ! A SCLK (PIC32MZ)
. ' 1 N SDO
' c1 ' 1 D
,,,,, ov . T . f-_1

Low Noise Input Buffer
(Note 1)

A

o
N
a
2
o
®
=z

Note 1: Contact Microchip Technology Inc. for availability of the low-noise input driver ampilifiers.
2: Contact Microchip Technology Inc. for the MCP1501 voltage reference application circuit.

FIGURE 6-4: Input Configuration for Arbitrary Waveform Input Signals.
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Note 1: Contact Microchip Technology Inc. for availability of the low-noise input driver ampilifiers.
2: Contact Microchip Technology Inc. for the MCP1501 voltage reference application circuit.
FIGURE 6-5: Pseudo-Differential Bipolar-Input Configuration for Single-Ended Input Signal.
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FIGURE 6-6: Transfer Function for Figure 6-5.
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Note 1: Contact Microchip Technology Inc. for availability of the low-noise input driver amplifiers.
2: Contact Microchip Technology Inc. for the MCP1501 voltage reference application circuit.
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FIGURE 6-7:

Pseudo-Differential Unipolar-Input Configuration for Single-Ended Input Signal.
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FIGURE 6-8: Transfer Function for Figure 6-7.
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6.3 ADC Input Driver Selection

The noise and distortion of the ADC input driver can
degrade the dynamic performance (SNR, SFDR, and
THD) of the overall ADC application system. Therefore,
the ADC input driver needs better performance
specifications than the ADC itself. The data sheet of the
driver typically shows the output noise voltage and
harmonic distortion parameters.

Figure 6-9 shows a simplified system noise
presentation block diagram for the front-end driver and
ADC.

Front-End Driver
:l> »@%C—r@» ADC
) A

VNfRMSfDriver Noise VN_ADC Input-Referred Noise

FIGURE 6-9:
Representation.

¢ Unity-Gain Bandwidth:

An input driver with higher bandwidth usually results in
better overall linearity performance. Typically, the driver
should have the unity-gain bandwidth greater than 5
times the -3 dB cutoff frequency of the anti-aliasing
filter:

Simplified System Noise

EQUATION 6-3: BANDWIDTH
REQUIREMENT FOR ADC
INPUT DRIVER
BWinput Driver > 5 x fg (Hz)
2 21t_5RC_‘ for a single-pole RC filter

where, fg = -3 dB bandwidth of RC anti-aliasing filter as
shown in Figure 6-9.

« Distortion:

The nonlinearity characteristics of the input driver
cause distortions in the ADC output. Therefore, the
input driver should have less distortion than the ADC
itself. The recommended total harmonic distortion
(THD) of the driver is at least 10 dB less than that of the
ADC:

EQUATION 6-4: RECOMMENDED THD
FOR ADC INPUT DRIVER
7-HDInputDriver S THDADC -10 (dB)

¢ ADC Input-Referred Noise:

When the ADC is operating with a full-scale input
range, the ADC input-referred RMS noise is
approximated as shown in Equation 6-5.

EQUATION 6-5: ADC INPUT-REFERRED
NOISE
VN_ADC Input-Referred Noise
_SNR
- @ 10 20 (V)
Zﬁ SNR
_ Vrer 107W for differential input
P s
- Vrer 10 20 for single-ended input
2.2

where FSR is the input full-scale range of ADC.
« Noise Contribution from the Front-End Driver:

The noise from the input driver can degrade the ADC’s
SNR performance. Therefore, the selected input driver
should have the lowest possible broadband noise
density and 1/f noise. When an anti-aliasing filter is
used after the input driver, the output noise density of
the input driver is integrated over the -3 dB bandwidth
of the filter.

Equation 6-6 shows the RMS output noise voltage
calculation using the RC filter’s bandwidth and noise
density (ey) of the input driver. Gy in Equation 6-6 is
the noise gain of the driver amplifier and becomes 1 for
a unity gain buffer driver.

EQUATION 6-6: NOISE FROM FRONT-END
DRIVER AMPLIFIER
e
VNiRMsiDriverNofse ~ GNT]; Int fB V)

where ey is the broadband noise density (V/VHz) of the
front-end driver amplifier and is typically given in its
data sheet. In Equation 6-6, 1/f noise (enFjicker) IS
ignored assuming it is very small compared to the
broadband noise (ey).

For high precision ADC applications, the noise
contribution from the front-end input driver amplifier is
typically constrained to be less than about 20% (or 1/5
times) of the ADC input-referred noise as shown in
Equation 6-7:

EQUATION 6-7: RECOMMENDED ADC
INPUT DRIVER NOISE

) ) 1
VN_RMS_Dr/ver Noise < 3 VN_ADC Input-Referred Noise

Using Equation 6-5 to Equation 6-7, the recommended
noise voltage density (ey) limit of the ADC input driver
is expressed in Equation 6-8:
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EQUATION 6-8: NOISE DENSITY FORADC

INPUT DRIVER

e
N - 1
GN ﬁdn /3 gg VN_ADC Input-Re