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Make System Design Easy With MSPM0 Precision Analog

ABSTRACT

This application note provides a brief introduction for MSPM0 analog features. MSPM0 devices have a variety of 
integrated analog features that are not isolated peripherals in the device but instead support a number of options 
for the configuration of the internal connections. There is no need to add external components, and application 
software can easily configure the connections. The obvious benefits for the system design include BOM cost 
saving, smaller PCB size, ease of configuration, better reliability and flexibility.
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1 MSPM0 Family Overview
The MSPM0 family is the latest MSP system-on-chip (SoC) devices, that provides highly-integrated, ultra-low-
power 32-bit MCUs based on Arm® Cortex®-M0+ 32-bit core platform. These cost-optimized MCUs offer high-
performance analog peripheral integration, support extended temperature ranges from -40°C to 125°C and 
operate with supply voltages ranging from 1.62 V to 3.6 V. In the latest MSPM0 family, there are two series of 
devices: MSPM0G operates at up to 80-MHz frequency, and MSPM0L operates at up to 32-MHz frequency.

2 MSPM0 Main Analog Features
Both MSPM0L and MSPM0G devices provide a variety of analog features to support different system designs. 
MSPM0L devices offers a 12-bit 1.45-Msps ADC with configurable internal voltage reference, one dual-mode 
(fast mode and ultra-low-power mode) comparator with built-in reference DAC, two zero-drift zero-crossover 
operational amplifiers with programmable gain, one general-purpose amplifier, and an on-chip temperature 
sensor. MSPM0G devices offer high-performance analog peripherals such as two 12-bit 4-Msps ADCs, 
configurable internal shared voltage reference, one 12-bit 1-Msps DAC, three dual-mode (fast mode and 
ultra-low-power mode) comparators with built-in reference DACs, two zero-drift zero-crossover and rail-to-rail 
op-amps with programmable gain up to 32x, and one general-purpose rail-to-rail amplifier. Table 2-1 lists the 
analog features.

Table 2-1. MSPM0L and MSPM0G Analog Features
Feature MSPM0G MSPM0L

ADC 12-bit 4-Msps SAR 12-bit 1.45-Msps SAR

OPA Two OPAs with 6-MHz gain bandwidth Two OPAs with 6-MHz gain bandwidth

Comparator Up to 3 with 8-bit DAC 1 with 8-bit DAC

12-bit DAC 1 Msps Not supported

GPAMP 350-kHz gain bandwidth 350-kHz gain bandwidth

2.1 Best-in-Class 12-Bit ADC Integrated
The MSPM0 ADC provides best-in-class ENOB and SNR performance of any ADC in its MCU class. The 
ADC provides 12-bit 4-Msps sampling and 14-bit 250-ksps averaged sampling on MSPM0G devices and 12-bit 
1.45-Msps sampling on MSPM0L devices. The hardware averaging feature is able to increase the effective 
resolution of the ADC without the need for software and CPU intervention. The ADC also operates at these 
high speeds in low-power modes with fast wakeup times. The ADC signals that can be sampled directly from 
onboard OPA, DACs, temperature sensors, and up to 16 external input channels. The reference voltage can be 
connected to VDD, an external reference, or internal references. Configurable 12-, 10-, and 8-bit resolutions also 
support faster sampling rates. Figure 2-1 shows the key attributes of the MSPM0 ADC.
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Figure 2-1. MSPM0 ADC Main Features

2.2 Dual Mode Comparator With Reference DAC
The MSPM0 comparator offers both ultra-low-power and fast modes of operation, MSPM0L have one 
comparator integrated and MSPM0G devices have up to 3 comparators integrated. The comparator offers the 
flexibility to support software-selectable analog filter for the comparator output, programmable hysteresis, and 
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two input codes in 8-bit DAC to configure reference voltage generator. In MSPM0G devices, two comparators 
can be combined to create a window comparator. Figure 2-2 shows the key attributes of the MSPM0 comparator.

<40 ns propagation delay  

COMP         

1-µA current consumption in 

low-power mode

Programmable hysteresis 

(0 mV, 10 mV, 20 mV, 30 mV)

Programmable output filter (70 ns,

500 ns, 1200 ns, 2700 ns)

Fault event signal directly 

connected to timers

Built-in blanking function and analog 

filter to prevent incorrect trigger

Integrated 8-bit DAC for configurable 

reference voltage, can also pair with on 

board OPA to drive external circuitry

Figure 2-2. MSPM0 Comparator Main Features

2.3 Buffered 12-Bit 1-Msps DAC
In addition to the comparator with 8-bit DAC integration, MSPM0G devices also support an onboard 12-bit 
high-performance DAC, which can be configured as 8-bit or 12-bit voltage-output resolution. In the MSPM0G 
12-bit DAC, a 4x12-bit internal FIFO and operation with the DMA controller are fully supported, and the DAC 
output is internally connected to the onboard OPA, ADC, and COMP. Figure 2-3 shows the key attributes of the 
MSPM0 DAC.
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Figure 2-3. MSPM0 DAC Main Features

2.4 Zero-Drift and Zero-Crossover Chopper OPA
MSPM0L and MSPM0G devices integrate two high-performance OPAs, and a TIA is supported in MSPM0L134x 
variants. The MSPM0 OPA provides a variety of input channels for noninverting and inverting scenarios. The 
MSPM0 OPA supports chopping mode, which has standard chopping and ADC assistant chopping. The burnout 
current source (BCS) is supported to monitor the input signal of the sensor and detect if the sensor works well or 
not. Figure 2-4 shows the key attributes of the MSPM0 OPA.
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Figure 2-4. MSPM0 OPA Main Features
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3 Easily and Flexibly Create the System With MSPM0 Analog Peripherals
MSPM0 devices support different scenarios for the individual analog features and flexible combinations of 
multiple analog peripherals. There is no need to add external devices to implement additional circuits to support 
those features – all of the configurations can easily be done in one device. The examples in the following section 
show the ease-to-use and the flexibility to build analog features with MSPM0 devices.

3.1 ADC Sample and Conversion
The sample-and-hold time determines how long to sample a signal before digital conversion. During the sample 
stage, an internal switch allows the input capacitor to be charged. The time required to fully charge the capacitor 
depends on the external capacitor to the ADC input pin. Figure 3-1 shows a model of the MSPM0 ADC.
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Device 
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Converter

Figure 3-1. ADC Connection Diagram

The values of the ADC input impedance Rin and sample-and-hold capacitance CS/H can be found in the ADC 
Electrical Characteristics section of the device-specific data sheet. The values of the IO input capacitance Cin 
can be found in the Digital IO Electrical Characteristics section of the device-specific data sheet. The functions 
of Rpar and Cpar|CI in front of the ADC model are to provide a path for the charge injection and do some filtering 
between Vin and the ADC model. CI is only specifically for IO input capacitance and is considered as a part of 
the RC filter.

3.2 Differential and Cascade OPA Configurations
Some MSPM0G and MSPM0L devices support two OPAs. If two OPAs are available on the device, they can be 
used as a differential amplifier or as cascaded mode.

Figure 3-2 shows an example of how to form a differential amplifier with two OPAs in an MSPM0 device.
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+

�
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+

�
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R1
Vdiff =

R2R1

V2

V1

Figure 3-2. MSPM0 OPAs as a Differential Ampler

This circuit either adds or subtracts the voltages based on the resistors R1 and R2. The voltage difference can 
be calculated by the equation in the diagram, and the OPA output can also be measured by MSPM0 on board 
ADC or as an input to the comparator.

If the gain of one OPA is not enough, to obtain additional gain, the two OPAs can be configured as cascaded 
mode. Figure 3-3 shows a diagram of a cascaded amplifier. The total gain is based on the configurations of the 
resistors R1, R2, R3, and R4.
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Figure 3-3. MSPM0 OPAs in Cascade Mode

3.3 Window Comparator Mode
MSPM0G devices support multiple comparators, and two comparators can be combined to create a window 
comparator. Two different threshold voltages are used in a window comparator. If the input signal is within the 
window, the comparator output is high. If the signal is outside of the window, the output is low. Figure 3-4 shows 
the window comparator mode.
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Figure 3-4. MSPM0 Window Comparator Mode

3.4 Internal Connections Between Different Analog Peripherals
Software can configure the internal analog connections in MSPM0 devices. The following examples show the 
internal paths inside MSPM0 devices to easily and flexibly create analog features for different use cases.

1. Route the OPA to the ADC and COMP to amplify the input signal (see Figure 3-5).

OPA Input
+

�

OPAx

OPAx_OUT

ADC

COMP

Figure 3-5. OPA Connection to ADC and Comparator

OPA chopping mode can significantly improve the offset voltage and drift performance. When OPA 
connecting to ADC, if chopping mode is needed, besides standard chopping within OPA, there is ADC 
Assisted chopping mode can be supported.

2. Route the 8-bit DAC of the COMP or the 12-bit DAC to the OPA as bias generation.

Some MSPM0G devices support the 12-bit DAC as a stand-alone peripheral in the device. This DAC can be 
directly connection to the OPA input to generate the bias voltage (see Figure 3-6).
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12-bit DAC +

�
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Figure 3-6. 12-bit DAC Connection to OPA

Not only the 12-bit DAC is able to generate the bias voltage. The 8-bit DAC in the comparator also has the 
connection to OPA (see Figure 3-7).

8-bit 

DAC

Comparator Output

+
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OPAx
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COMPx

Figure 3-7. Comparator 8-bit DAC Connection to OPA
3. Connect the GPAMP output to the ADC and OPA to amplify the input signal.

Direct connections from the GPAMP to other analog peripherals, like the OPA, are supported. When 
connecting to ADC, the standard and ADC assisted chopping modes are also supported in the GPAMP 
(see Figure 3-8).

GPAMP Input
+

�

GPAMP

GPAMP_OUT

ADC

OPA

Figure 3-8. GPAMP Connection to ADC and OPA
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4 Analog Comparison With STM32
The MSPM0 and STM32 are not identical devices in terms of features or pin count, however the device are 
similar and target similar applications. Table 4-1 lists the details of analog feature comparison between MSPM0 
and STM32F0/G0/C0. There is no OPA support in STM32F0/G0/C0, and both MSPM0L and MSPM0G offer two 
zero-drift zero-crossover and rail-to-rail op-amps.

Table 4-1. MSPM0 vs STM32 Analog Features
Features MSPM0G MSPM0L STM32F0 STM32G0 STM32C0

CPU Cortex M0+ 
80 MHz

Cortex M0+ 
32 MHz

Cortex-M0 
48 MHz

Cortex M0+ 
64 MHz

Cortex M0+ 
48 MHz

VDDA 1.62 V to 3.6 V 1.62 V to 3.6 V 2.4 V to 3.6 V 1.62 V to 3.6 V 2 V to 3.6 V

ADC

Channel and 
sampling rate

16 channels 12-bit 
4 Msps

10 channels 12-bit 
1.45 Msps

16 channels 12-bit 
1 Msps 16 channels 12 bit 2.5 Msps

ENOB 11.2-bit 11.2-bit Not provided 10.2 bit

SNR (Vref = VDD) 70 dB 70 dB Not provided 64 dB

INL ±2 LSB ±2 LSB ±1.7 LSB ±1.5 LSB

DNL ±1 LSB ±1 LSB ±1.3 LSB ±3 LSB

Comparator

Input hysteresis 0.4, 10, 20, 30 mV 0.4, 10, 20, 30 mV 0, 8, 15, 31 mV 0, 10, 20, 30 mV

Not supported
Propagation 

delay 49 ns 49 ns 240 ns 50 ns

Startup time 1.2μs 1.2μs 60 μs 15 μs

Integrated DAC 8-bit DAC 8-bit DAC Not supported Not supported

DAC

Data rate 12 bit 1 Msps

Not supported

1 Msps 12-bit

Not supported

ENOB 11 bit Not provided 11.5 bit

SNR 70 dB Not provided 71.6 dB

INL ±4 LSB ±4 LSB ±4 LSB

DNL ±1LSB ±2LSB ±2LSB

OPA

VCM -0.1 V to (VDD – 0.3 V)

Not supported
GBW 6 MHz

Slew rate 4 V/μs

THDN 0.005%

For the performance of analog features, the noise is an unwanted signal, as it interferes with the original 
message signal and corrupts the parameters of the signal. For example, ADC noise errors strongly impact the 
ENOB (effective number of bits). MSPM0 devices provide 70-dB SNR (signal-to-noise ratio) so ENOB can reach 
11.2-bit with the 12-bit SAR ADC.

5 References
1. MSPM0 G-Series 80-MHz Microcontrollers Technical Reference Manual
2. MSPM0 L-Series 32-MHz Microcontrollers Technical Reference Manual
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