
1 Introduction
MC9S08PB16 is a low-cost, highly-integrated and low pin count 8-bit MCU. It
is based on the enhanced S09L core platform with Operational Amplifier
(OPAMP) module, Analog Comparator (ACMP) module, Fault Detection and
Shutdown (FDS) module integrated.

S08PB16 contains a set of system-level logics for module-to-module
interconnection for flexible configuration. These interconnections provide the
hardware trigger function between modules with least software configuration.
The interconnection of OPAMP, ACMP1 and FDS modules can be used for
low-end motor control and other general-purpose applications to implement
overcurrent/overvoltage/over-temperature protection.

This application note introduces the features of OPAMP, FDS how to
implement the interconnection of OPAMP, ACMP1, FDS modules.

There also an example code about how to implement the interconnection to
implement overvoltage protection. The software in this document is based on
CodeWarrior 11.1 IDE (must install the service pack: CodeWarrior MCU 11.1
Service Pack for S08PB and S08PLS), S08PB16-EVK board.

2 Features

2.1 OPAMP introduction
S08PB16 has one on-chip fixed gain (20x), single-ended input current sense amplifier (OPAMP) module. The positive input
OPAMP+ is available on PTA3/KBI0P3/TXD0/SCL/ACMP1IN0/OPAMP+/ADP3 and the negative input OPAMP- is tied to GND.

The OPAMP analog output connects internally to ACMP1 or ADC input channel AD12. The OPAMP analog output is not available
on an external pin.

In order to measure both positive and negative currents, an internal reference voltage must be used. Reference voltage VREF
is controlled by SYS_SOPT6_VREFSEL bit to 1/2 VDDA, 1/4 VDDA or 1/8 VDDA reference level and added it to positive input of
amplifier. The current sensor could be enabled independently by SYS_SOPT6_AMPEN. Table 1 summarizes the properties.

Table 1. OPAMP properties

Name Function

OPAMP
signals

OPAMP+ PTA3/KBI0P3/TXD0/SCL/ACMP1IN0/
OPAMP+/ADP3

Default gain: 20 x

OPAMP- GND

OPAMP output
ACMP1

Only connect internally
ADC channel 12

Table continues on the next page...
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Table 1. OPAMP properties (continued)

Name Function

OPAMP
control
registers

SYS_SOPT6_VREFSEL Select Vref for OPAMP module Default: Vref = 1/2 VDDA

SYS_SOPT6_AMPEN Enable or disable OPAMP module —

There is one current sense amplifier (OPAMP) in S08PB16 to sense the current flowing through the external resistor shunt as a
voltage across the resistor. Typical usage is to be used to sense the two phases current or the DC bus current in BLDC motor
control application.

The output of OPAMP is connected to the ACMP1 inputs which can be used as over current protection. Users can configure
over-current value by setting ACMP1 registers to select the positive and negative inputs. The interrupt output of ACMP1 is
connected to FDS module. The outputs of FDS module is connected to PWM channels and control the states of PWM channels.

Figure 1 shows the interconnection of OPAMP and ACMP1.

Figure 1. OPAMP and ACMP1 interconnection

2.2 FDS introduction

2.2.1 FDS inputs and outputs
S08PB16 has the Fault Detect and Shutdown (FDS) module which provides a mechanism to immediately place port pins in a
pre-defined state when a fault condition occurs. FDS module is configurable with eight fault input sources (as shown in Table 2)
and control of eight port pins (as shown in Table 3). The control of eight fault inputs and eight port pins can be independently
configured. The FDS provides rapid shutdown for up to eight pins when a fault input is activated.
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Table 2. FDS input configurations

Input control channel (FINn) Input source & description

FIN0 KBIINT (KBI interrupt output)

FIN1 ACMP0INT (ACMP0 interrupt output)

FIN2 ACMP1INT (ACMP1 interrupt output)

FIN3 MTIM0INT (MTIM0 interrupt output)

FIN4 MTIM1INT (MTIM1 interrupt output)

FIN5 PWTRDY (PWT interrupt output)

FIN6 FDSIN (FDS external fault input)

FIN7 Active BDM (Active BDM mode)

Table 3. FDS output configuration

Output control channel (FDSOUTx) Output controlled function

FDSOUT0 PTC0/FTM2CH0

FDSOUT1 PTC1/FTM2CH1

FDSOUT2 PTC2/FTM2CH2

FDSOUT3 PTC3/FTM2CH3

FDSOUT4 PTB4/FTM2CH4

FDSOUT5 PTB5/FTM2CH5

FDSOUT6 PTA0/KBI0P0/FTM0CH0

FDSOUT7 PTA1/KBI0P1/FTM0CH1

2.2.2 FDS registers
The registers of FDS falls into three parts: FDS general control and status register, input control registers and output control
registers. Table 4 lists all the registers.

Table 4. FDS registers table

Registers Function Description

FDS_CS Control and status
register

FDF: Fault input flag

FDIE: Fault interrupt enable/disabled

FDEN: FDS enable/ disable

FORCEF: FDS force fault if writing 1 to the bit.

FDS module enable configuration

FDS_INE Input enable register FINEx: This bit can enable or disable each of the
eight optional fault inputs (FINn). FDS input pin enable configuration,

select FDS input source
FDS_INL Input latched register FINLx: This bit latches the status of fault input

channel FINn.

Table continues on the next page...
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Table 4. FDS registers table (continued)

Registers Function Description

FDS_PCE Output pin
configuration register

FPCEx: This bit sets a pin as FDSOUTx function
or bypass.

FDS output pin action taken
configuration

FDS_PCD
Output pin
configuration
direction register

FPCDx: This bit sets FDSOUTx as output or high
impedance when corresponding FPCEx bit set.

FDS_PCV Output pin
configuration value
register

FPCVx: This bit set the value of FDSOUTx to 0 or
1 when corresoponding FPCDx bit set.

2.3 FDS input and output configuration
Figure 2 shows the output pin control configuration and realization when a fault is detected.

1. FDS module is enabled by setting the FDS_CS register. Each input signal can be enabled independently by setting
FDS_INE register. When a fault occurs in the input channel (FINn), the fault input is latched into the corresponding bit in
FDS_INL register and FDF is set.

2. If the FDS_PCE register is set to 1, the output pin (FDSOUTx) can be shut down and driven to the pre-defined states
(output 1, output 0 or high impedance) by setting FDS_PCD and FDS_PCV registers.

3. The output pin is in bypass mode and outputs other functions if the FDS_PCE register is set to 0. When the fault source
(FINn) is removed and the FDF is cleared, the FDS module will release the control on corresponding pin (FDSOUTx) for
PWM or other functions.

Figure 2. FDS output controlled configuration
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2.4 Interconnection of OPAMP, ACMP1 and FDS
The interconnection of OPAMP, ACMP1 and FDS can be used for over current protection in motor control applications. Figure 3
shows the block diagram for the interconnection.

The output of OPAMP is interconnect to ACMP1 input, and it can be configured as the negative or positive input of ACMP1.
Normally, use OPAMP output as the input of ACMP1+ and DAC output as the input of ACMP1-. The ACMP1 can be used for
current/voltage limitation detection.

ACMP1 compares the OPAMP output with user-defined overcurrent/voltage settings. If there is overvoltage or overcurrent, the
ACMP1 interrupt output is the fault input source of the FDS. At this time, a fault will be generated.

The FDS will be delayed by at most one bus clock. It will shut down the output pin. The PWM channel is turned off. The FDS
controls the output of this pin and places port pins in a pre-defined state. At this time, the over-current/over-voltage protection
function in the motor control is realized.

Figure 3. Interconnection of OPAMP, ACMP1 and FDS

3 Implementation details
This is the detailed information on how to use the interconnection of OPAMP, ACMP1, FDS to implement over voltage protection
in S08PB16 MCU.

In the use case, FTM0 channel 1 is configured to output PWM signal on the PTA1/KBI0P1/FTM0CH1 pin. The OPAMP, ACMP1,
and FDS are configured to protect PWM channel from over-voltage.

When the OPAMP output voltage is higher than the limitation voltage 2.7 V, it causes ACMP1 interrupt generated. The ACMP1
interrupt output is used as FDS fault input source (FIN2). Then FDS will shut down the PWM output of PTA1 pin and place PTA1
pin output value 0.

When the OPAMP input returns to lower voltage than limitation voltage 2.7 V, clear ACMP1 interrupt flag (ACF) and FDS interrupt
flag (FDF), and the fault source is removed. The FDS will release the control of PTA1 pin. PTA1 pin restores PWM function. 
Figure 4 shows the flowchart.
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Figure 4. Flowchart

The following is a brief introduction to the opamp_acmp1_fds code. The code can be downloaded from http://www.nxp.com.

3.1 PWM signal generation
Configurate FTM0 channel 1 to generate PWM on the PTA1 pin to drive blue LED toggle. The configuration of FTM0 is shown
as follows.

/* Initialize PTA1/FTM0CH1, PWM output to driver the LED */
void FTM0_Init( void )
{
   SYS_SCGC1_FTM0 =1;           // Bus clock to the FTM0 module is enabled
 
   FTM0_CNT = 0;                // set count value to 0
   FTM0_MOD = 3905;             // value: 3906
   FTM0_C1SC = 0x28;            // edge aligned FTM
   FTM0_C1V = 1952;             // duty: 50%
  
   /* FTM frequency = CLKS/PS/MOD = ICSFFCLK/2/4/MOD = 31.25K / 2 /4 /3906 = 1K */
   FTM0_SC = 0x12; // clock source = 10, Fixed Frequency Clock (ICSFFCLK) divided by 4, start the ftm 
counter   
}
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3.2 OPAMP configuration
It only needs to configure the two bits of SOPT6 to complete the OPAMP configuration, shown as follows.

    /* Configure OPAMP reference to 1/8VDDA, 625mV. */
    SYS_SOPT6_VREFSEL = 0; 
    /* Enable OPAMP */
    SYS_SOPT6_AMPEN =1;    

For the S08PB16-EVK, turn around the Potentiometer R58 can change OPAMP negative input PTA3 when J12 1-2 is connected.
In the example code, the reference voltage of OPAMP is 625 mV by setting SYS_SOPT6_VREFSEL to 0. Then the output voltage
is calculated by the formula OPAMP output = 625 mV + 20 × VPTA3.

3.3 ACMP1 configuration
The correct configuration of ACMP1 module is an important step to implement voltage or current limiting protection.

In this article, the negative input of ACMP1 is driven by the internal programmable 6-bit DAC by setting ACMP1_C0_ACNSEL. The
negative input value is set to 2.7 V by setting ACMP1_C1_DACVAL. The positive input of ACMP1 is driven by OPAMP output by
setting ACMP1_C0_ACPSEL.

Note that the interrupt bit must be enabled during ACMP1 configuration. The interrupt output of ACMP1 is interconnect to FDS
channel 2 (FIN2). ACMP1 interrupt is generated on ACMP1 output rising or falling edge by setting ACMP1_CS_ACMOD to 3. The
specific configuration of ACMP1is shown as follows.

/* Initialize ACMP1, ACMP1 interrupt must be enabled when select ACMP1 interrupt as FDS fault input */
void ACMP1_Init ( void )
{
    //ACMP_C1_DACVAL = 33;            //when 3.3V powered: 6bit DAC: (34/64)*3.3 = 1.75V
    ACMP1_C1_DACVAL = 34;             //when 5V powered:  6bit DAC: (35/64)*5 = 2.70V
    ACMP1_C1 |= ACMP1_C1_DACEN_MASK | ACMP1_C1_DACREF_MASK;    // enable DAC, select VDDA as the 
reference

    ACMP1_C0_ACPSEL = 2;              // ACMP positive input: OPAMP output
    ACMP1_C0_ACNSEL = 3;              // ACMP negative input: DAC output
//    ACMP1_C2_ACIPE = 0;             // enable ACMP1 input on 

    /* for test purpose, output the ACO to check the ACMP result on falling/rising ACMP interrupt */
    ACMP1_CS_ACOPE = 1;                // ACMP output enable, reading ACO can get ACMP result
    ACMP1_CS_ACMOD = 3;                //ACMP interrupt on output falling/rising edge
    ACMP1_CS_ACIE = 1;                 //enable ACMP interrupt to detect the start bit of SCI0 Rx
  
    ACMP1_CS_ACE = 1;                  // enable ACMP
} 

The following code is the process that ACMP1 executes the Interrupt Service Routine (ISR)). If the FDS module has been
initialized and the ACMP1 interrupt is generated, the FDS will respond and turn off the corresponding pin in less than 1 bus clock
cycle.

In the ISR of ACMP1, it is judged whether the circuit is overvoltage/overcurrent according to the output value of ACMP1. If it is
in an over-voltage state, the ACMP1 interrupt flag and FDS interrupt flag are not cleared, and overvoltage protection is performed.
When the OPAMP output is less than the comparison voltage of 2.7 V, ACF and FDF are cleared, and the fault source will be
removed. Then the output pin PTA1 will return to normal state to output PWM.

/* ACMP1 generate interrupt on raising / falling edge */
interrupt VectorNumber_Vacmp1 void ACMP1_ISR(void)
{
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    while(!(ACMP1_CS & ACMP1_CS_ACF_MASK));
    
    while(!(FDS_CS & FDS_CS_FDF_MASK));

    PRINTF("Fault occurs.\r");

        
    /* when ACMP1 positive input(OPAMP output) smaller than negative input(2.7V), remove fault input 
*/
    if(ACMP1_CS_ACO == 0)
    {
        ACMP1_CS_ACF = 0;           // clear ACMP1 interrupt flag
        FDS_CS_FDF = 0;              // clear FDS interrupt flag
        busyWait = 0;        
        PRINTF("\n\nRemove fault source 'ACMP1 interrupt' \r\n");
    }
}

3.4 FDS configuration
According to the following code, the fault input source FIN2 is enabled, the output control channel FDSOUT7 is configured to
output value 0.

So when the fault source OPAMP output occurs, FDS module detects the fault and shuts down PWM signal (FTM0 channel 1)
and places the PTA1/KBI0P1/FTM0CH1 pin to value 0.

void FDS_Init(void)
{
    FDS_INE_FINE2 = 1;           // enable fault input 2, ACMP1 interrupt input
    
    FDS_PCE_FPCE7 = 1;           // enable FDSOUT7 function, PTA1/KBI0P1/FTM0CH1
    FDS_PCD_FPCD7 = 1;           // output pin FDSOUT7 as output
    FDS_PCV_FPCV7 = 0;           // output 0
    
    FDS_CS_FDF = 0;              // clear FDS interrupt flag
    FDS_CS_FDIE = 0;             // disable FDS interrupt    
    FDS_CS_FDEN = 1;             // FDS enable
}

4 Conclusion
This application note explains the features of OPAMP, FDS and how to use the interconnection of OPAMP, ACMP1, FDS to
implement over-current protection. Users can easily implement the function by reference to details of configuration. The code
can be downloaded at S08PB16-EVK.

5 References
The following references are available on http://www.nxp.com:

1. MC9S08PB16 Reference Manual (document MC9S08PB16RM)

2. How to Use GDU Module in MC9S08SU16 (document AN5395)

NXP Semiconductors
Conclusion

How to Use the Interconnection of OPAMP, ACMP1 and FDS for S08PB16, Rev. 0, May 2020
Application Note 8 / 9

https://www.nxp.com/design/development-boards/freedom-development-boards/mcu-boards/s08pb16-evk-evaluation-kit-for-s08pb16-and-s08pls-mcus:S08PB16-EVK
http://www.nxp.com
https://www.nxp.com/search?keyword=1.%09MC9S08PB16%20Reference%20Manual
https://www.nxp.com/search?keyword=AN5395


How To Reach Us

Home Page:

nxp.com

Web Support:

nxp.com/support

Information in this document is provided solely to enable system and software implementers to
use NXP products. There are no express or implied copyright licenses granted hereunder to
design or fabricate any integrated circuits based on the information in this document. NXP
reserves the right to make changes without further notice to any products herein.

NXP makes no warranty, representation, or guarantee regarding the suitability of its products for
any particular purpose, nor does NXP assume any liability arising out of the application or use
of any product or circuit, and specifically disclaims any and all liability, including without limitation
consequential or incidental damages. “Typical” parameters that may be provided in NXP data
sheets and/or specifications can and do vary in different applications, and actual performance
may vary over time. All operating parameters, including “typicals,” must be validated for each
customer application by customer's technical experts. NXP does not convey any license under
its patent rights nor the rights of others. NXP sells products pursuant to standard terms and
conditions of sale, which can be found at the following address: nxp.com/
SalesTermsandConditions.

While NXP has implemented advanced security features, all products may be subject to
unidentified vulnerabilities. Customers are responsible for the design and operation of their
applications and products to reduce the effect of these vulnerabilities on customer’s applications
and products, and NXP accepts no liability for any vulnerability that is discovered. Customers
should implement appropriate design and operating safeguards to minimize the risks associated
with their applications and products.

NXP, the NXP logo, NXP SECURE CONNECTIONS FOR A SMARTER WORLD, COOLFLUX,
EMBRACE, GREENCHIP, HITAG, I2C BUS, ICODE, JCOP, LIFE VIBES, MIFARE, MIFARE
CLASSIC, MIFARE DESFire, MIFARE PLUS, MIFARE FLEX, MANTIS, MIFARE ULTRALIGHT,
MIFARE4MOBILE, MIGLO, NTAG, ROADLINK, SMARTLX, SMARTMX, STARPLUG, TOPFET,
TRENCHMOS, UCODE, Freescale, the Freescale logo, AltiVec, C‑5, CodeTEST, CodeWarrior,
ColdFire, ColdFire+, C‑Ware, the Energy Efficient Solutions logo, Kinetis, Layerscape, MagniV,
mobileGT, PEG, PowerQUICC, Processor Expert, QorIQ, QorIQ Qonverge, Ready Play,
SafeAssure, the SafeAssure logo, StarCore, Symphony, VortiQa, Vybrid, Airfast, BeeKit,
BeeStack, CoreNet, Flexis, MXC, Platform in a Package, QUICC Engine, SMARTMOS, Tower,
TurboLink, UMEMS, EdgeScale, EdgeLock, eIQ, and Immersive3D are trademarks of NXP B.V.
All other product or service names are the property of their respective owners.  AMBA, Arm,
Arm7, Arm7TDMI, Arm9, Arm11, Artisan, big.LITTLE, Cordio, CoreLink, CoreSight, Cortex,
DesignStart, DynamIQ, Jazelle, Keil, Mali, Mbed, Mbed Enabled, NEON, POP, RealView,
SecurCore, Socrates, Thumb, TrustZone, ULINK, ULINK2, ULINK-ME, ULINK-PLUS, ULINKpro,
µVision, Versatile are trademarks or registered trademarks of Arm Limited (or its subsidiaries) in
the US and/or elsewhere. The related technology may be protected by any or all of patents,
copyrights, designs and trade secrets. All rights reserved. Oracle and Java are registered
trademarks of Oracle and/or its affiliates. The Power Architecture and Power.org word marks
and the Power and Power.org logos and related marks are trademarks and service marks
licensed by Power.org.

© NXP B.V. 2020. All rights reserved.

For more information, please visit: http://www.nxp.com
For sales office addresses, please send an email to: salesaddresses@nxp.com

Date of release: May 2020
Document identifier: AN12836

http://www.nxp.com
http://www.nxp.com/support
http://www.nxp.com/SalesTermsandConditions
http://www.nxp.com/SalesTermsandConditions

	Contents
	1 Introduction
	2 Features
	2.1 OPAMP introduction
	2.2 FDS introduction
	2.2.1 FDS inputs and outputs
	2.2.2 FDS registers

	2.3 FDS input and output configuration
	2.4 Interconnection of OPAMP, ACMP1 and FDS

	3 Implementation details
	3.1 PWM signal generation
	3.2 OPAMP configuration
	3.3 ACMP1 configuration
	3.4 FDS configuration

	4 Conclusion
	5 References

