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1 Introduction 
This application note explains the example of 
how to use MKM14 device in non-electric 
metering application. In this case, the MKM14 
device is used in simple small pressure sensing 
application with industry standard current loop 
output 4-20 mA. The benefit of MKM14 is 
precise Analog Front-End (AFE) is used for 
reading the pressure sensor with small span of 
differential voltage output. The next benefit of 
MKM14 is good computing power on low-
power device. This enables implement 
compensation technique, which is required for 
low-cost uncompensated pressure sensor 
devices (like MPX53 series), used in this 
application. 
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2 Board hardware 
Due to the limitation of maximum current as 4 mA for the whole design, this application cannot be used 
with any standard Kinetis M series development kit. The circuit is designed like a real application with 
small layout and minimal number of parts to reflect actual requirements of final application, like low-
cost, small layout, robustness, and precision. The complete hardware is designed to support two different 
types of pressure sensors: 

• Uncompensated – with 3.3 V power supply and small output voltage span <= 60 mV, CASE 
344B-01, for example is used MPX53DP 

• Fully compensated – with 5 V power supply and  big output voltage span ~ 5 V, CASE 482A 
precise  

 
Figure 1. Hardware block diagram of MPX53DP 



 

  MKM14 Pressure Sensor with Current Loop (4-20ma) Output, Rev. 0, 01/2014 
Freescale Semiconductor  3 

 
Figure 2. Hardware block diagram of MPXV6115 

 

 

2.1 Power source 

The input voltage is unipolar due to use Diode Bridge that handles possible reverse of input voltage 
polarity. Because the input voltage range is pretty wide (15-35 V), after diode bridge is connect 
switching power supply with 5 V or 3.3 V output it depends on current configuration of sensors. The 
reason to use switching power supply is current harvesting as the whole board is consuming more than 
4mA specified in current loop standard. So for the switching power source LTC3632 chip is selected 
which is directly recommended for current loop sensors application. The board is running (due to 
MKM14) at 3.3 V, so if the 5 V pressure sensor is selected then the additional 3 V LDO will be used to 
supply the MCU. For more information see The board schematic. 

Also there is additional filter for analog voltage to supply MKM14 Analog Front End and 
uncompensated sensor that is run also on 3.3 V. 
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2.2 Board current measuring 

Because the design is constructed with a 4-20 mA current loop output, the close loop regulation of 
output current is selected to provide accurate current output. The signal for feedback correction of close 
current loop is generated through the shunt resistor on the ground signal connected directly to MCU 
AFE to allow precise measurement of overall board current consumption. 

2.3 Output current load circuit  

To generate accurate board current consumption, circuit is used to generate additional current 
consumption based on sensor value. The output current load circuit is build by small MOSFET transistor 
with load resistor and the gate of MOSFET is connected through the second order RC filter to PWM 
output of microcontroller. With this simple circuit, the MCU by generated PWM can generate additional 
current consumption of whole board. 

2.4 Sensor connection 

The design can be assembled with two different types of sensors: 
• MPX53 – This sensor is 3.3 V device with differential uncompensated small span output. 

This sensor is connected to filtered analog power supply and the differential output is 
connected directly to AFE0 (analog front end 0) of microcontroller without any filtering. 

• MPXV6115 – This sensor is 5 V device with single-ended high-range compensated output. 
The sensor output is connected to AFE1 of microcontroller in single-ended configuration and 
due to high-range of sensor, the output is divided by voltage divider to fit the AFE input 
range. 

2.5 Current management 

For design with current loop, it is important keep overall board consumption output under 4mA, in order 
to achieve full scale of 4-20 mA output. And because the parts (sensor, MCU, and power converter) 
takes about 14 mA at 3.3 V so voltage regulator is used in design switching power converter with high 
efficiency that convert low input current  to higher on 3.3 V side. So this allows to use parts in design 
with consumption of about 15 mA without any problem. 
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Figure 3. Current consumption block scheme 

 

2.6 Bill of material 

2.6.1 MPX53 version 

MPX53 version 
Part 

Reference Value Quantity MFG_PN01 MFG_NAME01 Note 

C2 C3 C6 
C7 C10 

C11 
0.1UF 6 capacitor 100nF / 50V, 

0603 — — 

C5 1uF 1 capacitor 1uF / 10V, 0603 —  — 

C8 0.01UF 1 capacitor 10nF / 50V, 
0603 —  — 

C9 0.047UF 1 capacitor 47nF / 50V, 
0603 —  — 

C12 10UF 1 C1608X5R0G106M TDK — 
D1 D2 BAV99 2 BAV99 Fairchild — 

J1 HDR 2X5 1 FTSH-105-02-F-D SAMTEC — 
J2 CON TB 2 1 MC000048 MULTICOMP — 
L1 1000uH 1 LPS6235-105ML Coilcraft — 

L2 100 
OHM@100MHZ 1 BLM18EG101TN1D MURATA — 

Q1 NTS4001NT1G 1 NTS4001NT1G ON SEMICONDUCTOR — 

R1 R4 300 2 resistor 300R / 100mW, 
1206 

— — 

R2 330K 1 resistor 330K / 100mW, 
0603 

— — 

R3 5.1 1 resistor 5R1 / 100mW, 
0603 

— — 
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R5 120K 1 resistor 120K / 100mW, 
0603 

— — 

R6 200 1 resistor 200R / 100mW, 
0603 

— — 

R7 1.0K 1 resistor 1K / 100mW, 
0603 

— — 

R10, R11 10.0K 2 resistor 10K 1% / 100mW, 
0603 

— — 

R12, R13 6.8K 2 resistor 6K8 1% / 100mW, 
0603 

— — 

SH1 0 1 LAYOUT ELEMENT ONLY — Must be shorted on 
board 

U1 MKM14Z128CHH5 1 MKM14Z128CHH5 FREESCALE 
SEMICONDUCTOR 

— 

U2 MPX53DP 1 MPX53DP FREESCALE 
SEMICONDUCTOR 

— 

U4 LTC3632 1 LTC3632EDD#PBF LINEAR TECHNOLOGY — 

 

2.6.2 MPXV6115 version 

MPXV6115 version 
Part 

Reference Value Quantity MFG_PN01 MFG_NAME01 Note 

C2 C4 C6 C7 
C10 C11 0.1UF 6 capacitor 100nF / 50V, 0603 — — 

C5 1uF 1 capacitor 1uF / 10V, 0603 — — 

C8 0.01UF 1 capacitor 10nF / 50V, 0603 — — 

C9 0.047UF 1 capacitor 47nF / 50V, 0603 — — 

C12 10UF 1 C1608X5R0G106M TDK — 

D1 D2 BAV99 2 BAV99 Fairchild — 

J1 HDR 2X5 1 FTSH-105-02-F-D SAMTEC — 

J2 CON TB 2 1 MC000048 MULTICOMP — 

L1 1000uH 1 LPS6235-105ML Coilcraft — 

L2 100 OHM@100MHZ 1 BLM18EG101TN1D MURATA — 

Q1 NTS4001NT1G 1 NTS4001NT1G ON 
SEMICONDUCTOR 

— 

R1 R4 300 2 resistor 300R / 100mW, 1206 — — 

R2 4.3M 1 resistor 4M3 / 100mW, 0603 — — 

R3 5.1 1 resistor 5R1 / 100mW, 0603 — — 

R5 820.0K 1 resistor 820K / 100mW, 0603 — — 

R6 200 1 resistor 200R / 100mW, 0603 — — 
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R7 1.0K 1 resistor 1K / 100mW, 0603 — — 

R8 24K 1 resistor 24K / 100mW, 0603 — — 

R9 150.0K 1 resistor 150K / 100mW, 0603 — — 

U1 MKM14Z128CHH5 1 MKM14Z128CHH5 FREESCALE 
SEMICONDUCTOR 

— 

U3 MPXV6115VC6U 1 MPXV6115VC6U FREESCALE 
SEMICONDUCTOR 

— 

U4 LTC3632 1 LTC3632EDD#PBF LINEAR 
TECHNOLOGY 

— 

U5 NCP563SQ33T1G 1 NCP563SQ33T1G ON 
SEMICONDUCTOR 

— 

2.7 The board schematic 
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3 Software 
The software of this pressure sensor has interrupt driven concept, it executes two tasks, checks AFE 
reading from pressure sensor and shunt resistor of output current. Based on results of these readings is 
updated PWM output to generate accurate board current depends on measured pressure by pressure 
sensor.  

In main function is just setup MCU peripherals like input clock source and initializing the AFE and 
TMR peripherals. 

The code structure is divided into following three independent parts: 
• Main function - initial code is defined.  
• Interrupt of reading pressure sensor - this small piece of code is generating requested value 

for output current regulator. 
• Interrupt of reading of shunt resistor - code is running the simple proportional regulator to 

keep current of the board on the required value. 

3.1 Main loop 

The main loop is used for complete initialization of the required peripherals on the chip, enable 
interrupts to startup interrupt driven part of code and lock the main function in never ending loop. 

The used and initialized peripherals are as follows: 
• FLL – start FLL to generate system clock at ~21 MHz, this is an approximate value because 

it takes from non-trimmed internal clock source. 
• VREF – voltage reference that is needed to run AFE correctly. 
• TMR – Quad timer peripheral is used to generate output PWM signal. 
• AFE – Analog front end is used to measure pressure sensor and output current shunt resistor. 
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Figure 4. Main loop 

3.2 Pressure sensor read interrupt routine 

The first interrupt routine is based on the end of AFE conversion measuring event of output voltage of 
pressure sensor. This interrupt routine is comprised of few lines of code to AFE DC offset cancelation 
and mainly recalculate the input value of AFE (24-bit size of signed output) to choose internal range of 
1024 steps of required value. Also, there is mechanism to limit calculated value in output valid range 0-
1024. The computed result value, which is required for the PWM output regulator, is stored at global 
volatile variable.  
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Figure 5. Pressure sensor read interrupt routine 

3.3 Output current shunt resistor read interrupt routine 

The second interrupt routine is based on the end of AFE measuring event of board current shunt resistor. 
This interrupt routine is comprised of few lines of code to AFE DC offset cancelation and mainly 
proportional regulator of output current in range 4-20 mA based on the required value that is generated 
by pressure sensor interrupt routine. This proportional regulator secures feedback regulation of all board 
current, which keep the current value that reflects the sensor output value. 
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Figure 6. Proportional output current regulator interrupt routine 

4 Conclusion 
This application note shows the Kinetis M family (metering) in non-electric metering application where 
the application profits from the precise AFE and low-power of MCU. The precise AFE is needed due to 
weak pressure sensor output and cost of final board to avoid use of operational amplifier to gain sensor 
output for standard SAR ADC. And low-power is needed to meet specification of current loop output 4-
20 mA.  

5 Revision history 
The following table summarizes revisions history of this document: 

Table 1. Revision history 

Revision number Date Change description 

0 01/2014 Initial release 
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