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1.9.3.3 ADC Internal Channels

The ADC internal channel mapping is shown in Table 1-8.

1.9.4 TIM0 and TIM1 Clock Source Connectivity

The clock for TIM1 is the device core clock generated in the CPMU module. (maximum core clock is 
64MHz)

The clock for TIM0 is the device bus clock generated in the CPMU module. (maximum bus clock 32MHz)

Table 1-8. ADC Channel Assignment

ADCCMD_L[CH_SEL]

[5] [4] [3] [2] [1] [0] Analog Input 
Channel

Usage

0 0 0 0 0 0 VRL

0 0 0 0 0 1 VRH

0 0 0 0 1 0 (VRH-VRL)/2

0 0 0 0 1 1 Reserved

0 0 0 1 0 0 Reserved

0 0 0 1 0 1 Reserved

0 0 0 1 1 0 Reserved

0 0 0 1 1 1 Reserved

0 0 1 0 0 0 Internal_0 RESERVED

0 0 1 0 0 1 Internal_1 Bandgap Voltage VBG or Chip 
temperature sensor VHT

see Section 8.3.2.14 High 
Temperature Control Register 

(CPMUHTCTL)

0 0 1 0 1 0 Internal_2 Flash Voltage VDDF

0 0 1 0 1 1 Internal_3 RESERVED

0 0 1 1 0 0 Internal_4 VSUP 
see Section 10.3.2.1 BATS Module 

Enable Register (BATE)

0 0 1 1 0 1 Internal_5 High voltage input port L0
see Section 2.3.4.10 Port L ADC 

Connection Enable Register 
(PTAENL)

0 0 1 1 1 0 Internal_6 High voltage input port L1
Section 2.3.4.10 Port L ADC 
Connection Enable Register 

(PTAENL)

0 0 1 1 1 1 Internal_7 RESERVED
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This is a generic description of the standard port interrupt enable registers. Refer to Table 2-33 to 
determine the implemented bits in the respective register. Unimplemented bits read zero.

2.3.3.7 Port Interrupt Flag Register

This is a generic description of the standard port interrupt flag registers. Refer to Table 2-33 to determine 
the implemented bits in the respective register. Unimplemented bits read zero.

1 Read: Anytime
Write: Anytime

Table 2-16. Port Interrupt Enable Register Field Descriptions

Field Description

7-0
PIEx7-0

Port Interrupt Enable — Activate pin interrupt (KWU)
This bit enables or disables the edge sensitive pin interrupt on the associated pin. An interrupt can be generated if the pin is 
operating in input or output mode when in use with the general-purpose or related peripheral function.
1 Interrupt is enabled
0 Interrupt is disabled (interrupt flag masked)

 Address 0x028E PIFADH
0x028F PIFADL
0x02D7 PIFS
0x02F7 PIFP
0x0337 PIFL

Access: User read/write1

1 Read: Anytime
Write: Anytime, write 1 to clear

 7 6 5 4 3 2 1 0

R
PIFx7 PIFx6 PIFx5 PIFx4 PIFx3 PIFx2 PIFx1 PIFx0

W

Reset 0 0 0 0 0 0 0 0

Figure 2-16. Port Interrupt Flag Register

Table 2-17. Port Interrupt Flag Register Field Descriptions

Field Description

7-0
PIFx7-0

Port Interrupt Flag — Signal pin event (KWU)
This flag asserts after a valid active edge was detected on the related pin (see Section 2.4.4.2, “Pin Interrupts and Key-Wakeup 
(KWU)”). This can be a rising or a falling edge based on the state of the polarity select register. An interrupt will occur if the 
associated interrupt enable bit is set.
Writing a logic “1” to the corresponding bit field clears the flag.
1 Active edge on the associated bit has occurred
0 No active edge occurred
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Figure 2-35. HVI Block Diagram

Voltages up to VHVI can be applied to the HVI pin. Internal voltage dividers scale the input signals down 
to logic level. There are two modes, digital and analog, where these signals can be processed.

2.4.5.1 Digital Mode Operation

In digital mode the input buffer is enabled (DIENL=1 & PTAENL=0). The synchronized pin input state 
determined at threshold level VTH_HVI can be read in register PTIL. An interrupt flag (PIFL) is set on input 
transitions of the configured edge polarity (PPSL). An interrupt (PIFL) is generated if enabled (PIEL=1) 
and the interrupt being set (PIFL=1). Wakeup from stop mode is supported.

2.4.5.2 Analog Mode Operation

In analog mode (PTAENL=1) the input buffer is forced off and the voltage applied to a selectable HVI pin 
can be measured on its related internal ADC channel (refer to device overview section for channel 
assignment). One of two input divider ratios (RatioH_HVI, RatioL_HVI) can be chosen (PIRL) on the analog 
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input or the voltage divider can be bypassed (PTADIRL=1). Additionally in latter case the impedance 
converter in the ADC signal path can be used or bypassed in direct input mode (PTABYPL).

Out of reset the digital input buffer of the selected pin is disabled to avoid shoot-through current. Thus pin 
interrupts can only be generated if DIENL=1.

In stop mode (RPM) the digital input buffer is enabled only if DIENL=1 to support wakeup functionality.

Table 2-36 shows the HVI input configuration depending on register bits and operation mode.

NOTE

An external resistor REXT_HVI must always be connected to the 
high-voltage input to protect the device pins from fast transients and to 
achieve the specified pin input divider ratios when using the HVI in analog 
mode. 

2.5 Initialization and Application Information

2.5.1 Port Data and Data Direction Register writes

It is not recommended to write PORTx/PTx and DDRx in a word access. When changing the register pins 
from inputs to outputs, the data may have extra transitions during the write access. Initialize the port data 
register before enabling the outputs.

2.5.2 SCI Baud Rate Detection

The baud rate for SCI0 and SCI1 can be determined by using a timer channel to measure the data rate on 
the related RXD signal.

1. Establish the link:

— For SCI0: Set MODRR3[T0IC3RR1:T0IC3RR0]=2b00 to route TIM0 input capture channel 3 
to internal RXD0 signal of SCI0.

Table 2-36. HVI Input Configurations

Mode DIENL PTAENL Digital Input Analog Input Resulting Function

Run 0 0 off off Input disabled (Reset)

0 1 off1 enabled Analog input, interrupt not supported

1 0 enabled off Digital input, interrupt supported

1 1 off1

1 Enabled if PTTEL=1 & PTADIRL=0)

enabled Analog input, interrupt not supported

Stop2

2 The term “stop mode” is limited to voltage regulator operating in reduced performance mode (RPM; refer to “Low Power Modes” section 
in device overview). In any other case the HVI input configuration defaults to “run mode”. Therefore set PTAENL=0 before entering stop 
mode in order to generally support wakeup from stop.

0 X off off Input disabled, wakeup from stop not supported

1 X enabled off Digital input, wakeup from stop supported
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— For SCI1: Set MODRR3[T0IC3RR1:T0IC3RR0]=2b10 to route TIM0 input capture channel 3 
to internal RXD1 signal of SCI1.

2. Determine pulse width of incoming data: Configure TIM0 input capture channel 3 to measure time 
between incoming signal edges.

2.5.3 Over-Current Protection on PP2 (EVDD1)

Pin PP2 can be used as general-purpose I/O or due to its increased current capability in output mode as a 
switchable external power supply pin (EVDD1) for external devices like Hall sensors. 

EVDD1 connects the load to the digital supply VDDX.

An over-current monitor is implemented to protect the controller from short circuits or excess currents on 
the output which can only arise if the pin is configured for full drive. Although the full drive current is 
available on the high and low side, the protection is only available on the high side when sourcing current 
from EVDD1 to VSSX. There is also no protection to voltages higher than VDDX.

To power up the over-current monitor set the related OCPEx bit.

In stop mode the over-current monitor is disabled for power saving. The increased current capability 
cannot be maintained to supply the external device. Therefore when using the pin as power supply the 
external load must be powered down prior to entering stop mode by driving the output low.

An over-current condition is detected if the output current level exceeds the threshold IOCD in run mode. 
The output driver is immediately forced low and the over-current interrupt flag OCIFx asserts. Refer to 
Section 2.4.4.3, “Over-Current Interrupt and Protection””.

2.5.4 Over-Current Protection on PP[6-4,0]

Pins PP[6-4,0] can be used as general-purpose I/O or due to their increased current capability in output 
mode as a switchable external power ground pin for external devices like LEDs supplied by VDDX.

PP[6-4,0] connect the loads to the digital ground VSSX.

Similar protection mechanisms as for EVDD1 apply for PP[6-4,0] accordingly in an inverse way.

2.5.5 Open Input Detection on PL[1:0] (HVI)

The connection of an external pull device on a high-voltage input can be validated by using the built-in 
pull functionality of the HVI. Depending on the application type an external pulldown circuit can be 
detected with the internal pullup device whereas an external pullup circuit can be detected with the internal 
pulldown device which is part of the input voltage divider.

Note that the following procedures make use of a function that overrides the automatic disable mechanism 
of the digital input buffer when using the HVI in analog mode. Make sure to switch off the override 
function when using the HVI in analog mode after the check has been completed.

External pulldown device (Figure 2-36):

1. Enable analog function on HVI in non-direct mode (PTAENL=1, PTADIRL=0)
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drive at the latest after 6 clock cycles, before the target drives a brief high speedup pulse seven target clock 
cycles after the perceived start of the bit time. The host should sample the bit level about 10 target clock 
cycles after it started the bit time.

Figure 3-7. BDC Target-to-Host Serial Bit Timing (Logic 1)

Figure 3-8 shows the host receiving a logic 0 from the target. The host initiates the bit time but the target 
finishes it. Since the target wants the host to receive a logic 0, it drives the BKGD pin low for 13 target 
clock cycles then briefly drives it high to speed up the rising edge. The host samples the bit level about 10 
target clock cycles after starting the bit time.

HOST SAMPLES BKGD PIN

10 CYCLES

BDCSI clock
(TARGET MCU)

HOST DRIVE
TO BKGD PIN

TARGET MCU
SPEEDUP PULSE

PERCEIVED START
OF BIT TIME

HIGH-IMPEDANCE

HIGH-IMPEDANCE HIGH-IMPEDANCE

BKGD PIN
R-C RISE

10 CYCLES

EARLIEST START
OF NEXT BIT
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6.1.1 Glossary 

6.1.2 Overview

The comparators monitor the bus activity of the CPU. A single comparator match or a series of matches 
can generate breakpoints. A state sequencer determines if the correct series of matches occurs. Similarly 
an external event can generate breakpoints.

6.1.3 Features

• Three comparators (A, B, and D)
— Comparator A compares the full address bus and full 32-bit data bus 
— Comparator A features a data bus mask register 
— Comparators B and D compare the full address bus only
— Each comparator can be configured to monitor PC addresses or addresses of data accesses 
— Each comparator can select either read or write access cycles
— Comparator matches can force state sequencer state transitions

• Three comparator modes 
— Simple address/data comparator match mode 
— Inside address range mode, Addmin  Address Addmax 
— Outside address range match mode, Address Addminor Address  Addmax

• State sequencer control
— State transitions forced by comparator matches
— State transitions forced by software write to TRIG
— State transitions forced by an external event

• The following types of breakpoints 
— CPU breakpoint entering active BDM on breakpoint (BDM)
— CPU breakpoint executing SWI on breakpoint (SWI)
—

Table 6-2.  Glossary Of Terms

Term Definition

COF Change Of Flow.
Change in the program flow due to a conditional branch, indexed jump or interrupt

PC Program Counter

BDM Background Debug Mode. 
In this mode CPU application code execution is halted. 
Execution of BDC “active BDM” commands is possible.

BDC Background Debug Controller

WORD 16-bit data entity

CPU S12Z CPU module
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Chapter 8  
S12 Clock, Reset and Power Management Unit 
(S12CPMU_UHV_V7)
Revision History

8.1 Introduction

This specification describes the function of the Clock, Reset and Power Management Unit 
(S12CPMU_UHV_V7).

• The Pierce oscillator (XOSCLCP) provides a robust, low-noise and low-power external clock 
source. It is designed for optimal start-up margin with typical crystal oscillators.

• The Voltage regulator (VREGAUTO) operates from the range 6V to 18V. It provides all the 
required chip internal voltages and voltage monitors.

• The Phase Locked Loop (PLL) provides a highly accurate frequency multiplier with internal filter.

• The Internal Reference Clock (IRC1M) provides a 1MHz internal clock.

 

Rev. No.
(Item No)

Date
(Submitted By)

Sections Affected Substantial Change(s)

V07.00
6 March 2013  • copied from V5

 • adapted for Hearst: added VDDC, added EXTCON Bit

V07.01
13 June 2013  • EXTCON register Bit: correct reset value to 1

 • PMRF register Bit: corrected description

V07.02
21 Aug. 2013

 • correct bit numbering for CSAD Bit
 • fPLLRST changed to fVCORST
 • changed frequency upper limit of external Pierce Oscillator 

(XOSCLCP) from 16MHz to 20MHz
 • corrected typo in heading of CPMUOSC2 Field Description
 • Memory Map, CPMUAPIRH register: corrected address typo
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0x000F
CPMU

ARMCOP

R 0 0 0 0 0 0 0 0

W Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

0x0010
CPMU
HTCTL

R 0 0
VSEL

0
HTE

HTDS
HTIE HTIF

W

0x0011
CPMU
LVCTL

R 0 0 0 0 0 LVDS
LVIE LVIF

W

0x0012
CPMU

APICTL

R
APICLK

0 0
APIES APIEA APIFE APIE APIF

W

0x0013 CPMUACLKTR
R

ACLKTR5 ACLKTR4 ACLKTR3 ACLKTR2 ACLKTR1 ACLKTR0
0 0

W

0x0014 CPMUAPIRH
R

APIR15 APIR14 APIR13 APIR12 APIR11 APIR10 APIR9 APIR8
W

0x0015 CPMUAPIRL
R

APIR7 APIR6 APIR5 APIR4 APIR3 APIR2 APIR1 APIR0
W

0x0016
RESERVED

CPMUTEST3

R 0 0 0 0 0 0 0 0 

W

0x0017 CPMUHTTR
R

HTOE
0 0 0

HTTR3 HTTR2 HTTR1 HTTR0
W

0x0018
CPMU

IRCTRIMH

R
TCTRIM[4:0]

0
IRCTRIM[9:8]

W

0x0019
CPMU

IRCTRIML

R
IRCTRIM[7:0]

W

0x001A CPMUOSC
R

OSCE
0

Reserved
0 0 0 0 0

W

0x001B CPMUPROT
R 0 0 0 0 0 0 0

PROT
W

0x001C
RESERVED

CPMUTEST2

R
0 0

0 0 0 0 0
0

W

0x001D
CPMU

VREGCTL

R 0 0 0 0 0
EXTCON EXTXON INTXON

W

0x001E CPMUOSC2
R 0 0 0 0 0 0

OMRE OSCMOD
W

0x001F
CPMU

RESERVED1F

R 0 0 0 0 0 0 0 0

W

Address
Offset

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

= Unimplemented or Reserved

Figure 8-3. CPMU Register Summary
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8.3.2.8 S12CPMU_UHV_V7 PLL Control Register (CPMUPLL)

This register controls the PLL functionality.

Read: Anytime

Write: Anytime if PROT=0 (CPMUPROT register) and PLLSEL=1 (CPMUCLKS register). Else write 
has no effect.

NOTE

Write to this register clears the LOCK and UPOSC status bits.

NOTE

Care should be taken to ensure that the bus frequency does not exceed the 
specified maximum when frequency modulation is enabled.

Module Base + 0x000A

 7 6 5 4 3 2 1 0

R 0 0
FM1 FM0

0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

Figure 8-11. S12CPMU_UHV_V7 PLL Control Register (CPMUPLL)

Table 8-8. CPMUPLL Field Descriptions

Field Description

5, 4
FM1, FM0

PLL Frequency Modulation Enable Bits — FM1 and FM0 enable frequency modulation on the VCOCLK. This is to 
reduce noise emission. The modulation frequency is fref divided by 16. See Table 8-9 for coding.

Table 8-9. FM Amplitude selection

FM1 FM0
FM Amplitude /
fVCO Variation

0 0 FM off

0 1 1%

1 0 2%

1 1 4%



Chapter 8 S12 Clock, Reset and Power Management Unit (S12CPMU_UHV_V7)

MC9S12ZVC Family Reference Manual , Rev. 2.0

NXP Semiconductors 263
 

8.3.2.24 Reserved Register CPMUTEST2

NOTE

This reserved register is designed for factory test purposes only, and is not 
intended for general user access. Writing to this register when in Special 
Mode can alter the S12CPMU_UHV_V7’s functionality.

Read: Anytime

Write: Only in Special Mode

Module Base + 0x001C

 7 6 5 4 3 2 1 0

R
0 0

0 0 0 0 0
0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 8-33. Reserved Register CPMUTEST2
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5
RSTA

Restart Event (Restart from Top of Command Sequence List) — This bit indicates that a Restart Event is executed. The 
ADC loads the conversion command from top of the active Sequence Command List when no conversion or conversion 
sequence is ongoing. This bit is cleared when the first conversion command of the sequence from top of active Sequence 
Command List has been loaded into the ADCCMD register.
This bit can only be set if bit ADC_EN is set.
This bit is cleared if bit ADC_EN is clear.
Data Bus Control:
This bit can be controlled via the data bus if access control is configured accordingly via ACC_CFG[1:0].
Writing a value of 1’b0 does not clear the flag.
Writing a one to this bit does not clear it but causes an overrun if the bit has already been set. See also Section 9.5.3.2.6, 
“Conversion flow control in case of conversion sequence control bit overrun scenarios for more details.
Internal Interface Control:
This bit can be controlled via the internal interface Signal “Restart” if access control is configured accordingly via 
ACC_CFG[1:0]. After being set an additional request via internal interface Signal “Restart“ causes an overrun. See 
conversion flow control in case of overrun situations for more details.
General:
In conversion flow control mode “Trigger Mode” when bit RSTA gets set bit TRIG is set simultaneously if one of the 
following has been executed:
- “End Of List” command type has been executed or is about to be executed
- Sequence Abort Event
0 Continue with commands from active Sequence Command List.
1 Restart from top of active Sequence Command List.

4
LDOK

Load OK for alternative Command Sequence List — This bit indicates if the preparation of the alternative Sequence 
Command List is done and Command Sequence List must be swapped with the Restart Event. This bit is cleared when bit 
RSTA is set (Restart Event executed) and the Command Sequence List got swapped.
This bit can only be set if bit ADC_EN is set.
This bit is cleared if bit ADC_EN is clear.
This bit is forced to zero if bit CSL_BMOD is clear.
Data Bus Control:
This bit can be controlled via the data bus if access control is configured accordingly via ACC_CFG[1:0].
Writing a value of 1’b0 does not clear the flag.
To set bit LDOK the bits LDOK and RSTA must be written simultaneously. 
After being set this bit can not be cleared by writing a value of 1’b1. See also Section 9.5.3.2.6, “Conversion flow control 
in case of conversion sequence control bit overrun scenarios for more details.
Internal Interface Control:
This bit can be controlled via the internal interface Signal “LoadOK” and “Restart” if access control is configured 
accordingly via ACC_CFG[1:0]. With the assertion of Interface Signal “Restart” the interface Signal “LoadOK” is 
evaluated and bit LDOK set accordingly (bit LDOK set if Interface Signal “LoadOK” asserted when Interface Signal 
“Restart” asserts). 
General:
Only in “Restart Mode” if a Restart Event occurs without bit LDOK being set the error flag LDOK_EIF is set except when 
the respective Restart Request occurred after or simultaneously with a Sequence Abort Request. 
The LDOK_EIF error flag is also not set in “Restart Mode” if the first Restart Event occurs after:
- ADC got enabled
- Exit from Stop Mode
- ADC Soft-Reset
0 Load of alternative list done.
1 Load alternative list.

Table 9-9. ADCFLWCTL Field Descriptions (continued)

Field Description
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The clock source of each PWM channel is determined by PCLKx bits in PWMCLK and PCLKABx bits 
in PWMCLKAB (see Section 13.3.2.7, “PWM Clock A/B Select Register (PWMCLKAB)). For Channel 
0, 1, 4, 5, the selection is shown in Table 13-5; For Channel 2, 3, 6, 7, the selection is shown in Table 13-6.

Table 13-5. PWM Channel 0, 1, 4, 5 Clock Source Selection

Table 13-6. PWM Channel 2, 3, 6, 7 Clock Source Selection

13.3.2.4 PWM Prescale Clock Select Register (PWMPRCLK)

This register selects the prescale clock source for clocks A and B independently.

Read: Anytime

Write: Anytime

NOTE

PCKB2–0 and PCKA2–0 register bits can be written anytime. If the clock 
pre-scale is changed while a PWM signal is being generated, a truncated or 
stretched pulse can occur during the transition.

Table 13-4. PWMCLK Field Descriptions

Note: Bits related to available channels have functional significance. Writing to unavailable bits has no effect. Read from unavailable bits 
return a zero

Field Description

7-0
PCLK[7:0]

Pulse Width Channel 7-0 Clock Select
0 Clock A or B is the clock source for PWM channel 7-0, as shown in Table 13-5 and Table 13-6.
1 Clock SA or SB is the clock source for PWM channel 7-0, as shown in Table 13-5 and Table 13-6.

PCLKAB[0,1,4,5] PCLK[0,1,4,5] Clock Source Selection

0     0 Clock A
0     1 Clock SA
1     0 Clock B
1     1 Clock SB

PCLKAB[2,3,6,7] PCLK[2,3,6,7] Clock Source Selection 

0     0 Clock B
0     1 Clock SB
1     0 Clock A
1     1 Clock SA

Module Base + 0x0003

 7 6 5 4 3 2 1 0

R 0
PCKB2 PCKB1 PCKB0

0
PCKA2 PCKA1 PCKA0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 13-6. PWM Prescale Clock Select Register (PWMPRCLK)
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13.3.2.6 PWM Control Register (PWMCTL)

The PWMCTL register provides for various control of the PWM module.

Read: Anytime

Write: Anytime

There are up to four control bits for concatenation, each of which is used to concatenate a pair of PWM 
channels into one 16-bit channel. If the corresponding channels do not exist on a particular derivative, then 
writes to these bits have no effect and reads will return zeroes. When channels 6 and 7are concatenated, 
channel 6 registers become the high order bytes of the double byte channel. When channels 4 and 5 are 
concatenated, channel 4 registers become the high order bytes of the double byte channel. When channels 
2 and 3 are concatenated, channel 2 registers become the high order bytes of the double byte channel. 
When channels 0 and 1 are concatenated, channel 0 registers become the high order bytes of the double 
byte channel. 

See Section 13.4.2.7, “PWM 16-Bit Functions” for a more detailed description of the concatenation PWM 
Function.

NOTE

Change these bits only when both corresponding channels are disabled.

Table 13-9. PWMCAE Field Descriptions

Note: Bits related to available channels have functional significance. Writing to unavailable bits has no effect. Read from unavailable bits 
return a zero

Field Description

7–0
CAE[7:0]

Center Aligned Output Modes on Channels 7–0
0 Channels 7–0 operate in left aligned output mode.
1 Channels 7–0 operate in center aligned output mode.

Module Base + 0x0005

 7 6 5 4 3 2 1 0

R
CON67 CON45 CON23 CON01 PSWAI PFRZ

0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 13-8. PWM Control Register (PWMCTL)
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When all bits are clear (the default condition), the SPI module clock is divided by 2. When the selection 
bits (SPR2–SPR0) are 001 and the preselection bits (SPPR2–SPPR0) are 000, the module clock divisor 
becomes 4. When the selection bits are 010, the module clock divisor becomes 8, etc.

When the preselection bits are 001, the divisor determined by the selection bits is multiplied by 2. When 
the preselection bits are 010, the divisor is multiplied by 3, etc. See Table 15-6 for baud rate calculations 
for all bit conditions, based on a 25 MHz bus clock. The two sets of selects allows the clock to be divided 
by a non-power of two to achieve other baud rates such as divide by 6, divide by 10, etc.

The baud rate generator is activated only when the SPI is in master mode and a serial transfer is taking 
place. In the other cases, the divider is disabled to decrease IDD current.

NOTE

For maximum allowed baud rates, please refer to the SPI Electrical 
Specification in the Electricals chapter of this data sheet.

15.4.5 Special Features

15.4.5.1 SS Output

The SS output feature automatically drives the SS pin low during transmission to select external devices 
and drives it high during idle to deselect external devices. When SS output is selected, the SS output pin 
is connected to the SS input pin of the external device.

The SS output is available only in master mode during normal SPI operation by asserting SSOE and 
MODFEN bit as shown in Table 15-2.

The mode fault feature is disabled while SS output is enabled. 

NOTE

Care must be taken when using the SS output feature in a multimaster 
system because the mode fault feature is not available for detecting system 
errors between masters.

15.4.5.2 Bidirectional Mode (MOMI or SISO)

The bidirectional mode is selected when the SPC0 bit is set in SPI control register 2 (see Table 15-10). In 
this mode, the SPI uses only one serial data pin for the interface with external device(s). The MSTR bit 
decides which pin to use. The MOSI pin becomes the serial data I/O (MOMI) pin for the master mode, and 
the MISO pin becomes serial data I/O (SISO) pin for the slave mode. The MISO pin in master mode and 
MOSI pin in slave mode are not used by the SPI.
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NOTE

The CANRFLG register is held in the reset state1 when the initialization 
mode is active (INITRQ = 1 and INITAK = 1). This register is writable 
again as soon as the initialization mode is exited (INITRQ = 0 and INITAK 
= 0).

1 Read: Anytime
Write: Anytime when not in initialization mode, except RSTAT[1:0] and TSTAT[1:0] flags which are read-only; write of 1 clears flag; write 
of 0 is ignored

1. The RSTAT[1:0], TSTAT[1:0] bits are not affected by initialization mode.

Table 18-10. CANRFLG Register Field Descriptions

Field Description

7
WUPIF

Wake-Up Interrupt Flag — If the MSCAN detects CAN bus activity while in sleep mode (see Section 18.4.5.5, “MSCAN 
Sleep Mode,”) and WUPE = 1 in CANTCTL0 (see Section 18.3.2.1, “MSCAN Control Register 0 (CANCTL0)”), the 
module will set WUPIF. If not masked, a wake-up interrupt is pending while this flag is set.
0 No wake-up activity observed while in sleep mode
1 MSCAN detected activity on the CAN bus and requested wake-up

6
CSCIF

CAN Status Change Interrupt Flag — This flag is set when the MSCAN changes its current CAN bus status due to the 
actual value of the transmit error counter (TEC) and the receive error counter (REC). An additional 4-bit (RSTAT[1:0], 
TSTAT[1:0]) status register, which is split into separate sections for TEC/REC, informs the system on the actual CAN bus 
status (see Section 18.3.2.6, “MSCAN Receiver Interrupt Enable Register (CANRIER)”). If not masked, an error interrupt 
is pending while this flag is set. CSCIF provides a blocking interrupt. That guarantees that the receiver/transmitter status 
bits (RSTAT/TSTAT) are only updated when no CAN status change interrupt is pending. If the TECs/RECs change their 
current value after the CSCIF is asserted, which would cause an additional state change in the RSTAT/TSTAT bits, these 
bits keep their status until the current CSCIF interrupt is cleared again.
0 No change in CAN bus status occurred since last interrupt
1 MSCAN changed current CAN bus status

5-4
RSTAT[1:0]

Receiver Status Bits — The values of the error counters control the actual CAN bus status of the MSCAN. As soon as the 
status change interrupt flag (CSCIF) is set, these bits indicate the appropriate receiver related CAN bus status of the 
MSCAN. The coding for the bits RSTAT1, RSTAT0 is:
00 RxOK: 0  receive error counter  96
01 RxWRN:  96  receive error counter 128 
10 RxERR: 128  receive error counter
11 Bus-off1: 256transmit error counter

3-2
TSTAT[1:0]

Transmitter Status Bits — The values of the error counters control the actual CAN bus status of the MSCAN. As soon as 
the status change interrupt flag (CSCIF) is set, these bits indicate the appropriate transmitter related CAN bus status of the 
MSCAN. The coding for the bits TSTAT1, TSTAT0 is:
00 TxOK:  0 transmit error counter  96
01 TxWRN:  96  transmit error counter 128 
10 TxERR: 128  transmit error counter 256 
11 Bus-Off: 256 transmit error counter
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Chapter 21  
SENT Transmitter Module (SENTTXV1)

21.1 Introduction 

The Single Edge Nibble Transmission (SENT) module (SENTTX) is a transmitter for serial data frames 
which are implemented using the SENT encoding scheme. This module is based on the SAE J2716 
information report titled "SENT - Single Edge Nibble Transmission for Automotive Applications" and 
released on January 27, 2010 (http://www.sae.org), Apr2007 and Feb2008. As per this standard, the SENT 
protocol is intended for use in applications where high resolution sensor data needs to be communicated 
from a sensor to an Engine Control Unit (ECU). It is intended as a replacement for the lower resolution 
methods of 10-bit A/Ds and PWM and as a simpler low-cost alternative to CAN or LIN.

The SENT encoding scheme is a unidirectional communications scheme from the sensor/transmitting 
device to the controller/receiving device which does not include a coordination signal from the 
controller/receiving device. The sensor signal is transmitted as a series of pulses with data encoded as 
falling to falling edge periods.

21.2 Glossary

The following terms and abbreviations are used in the document.

Table 21-2. Terminology

Table 21-1. Revision History Table

Rev. No. 
(Item No.)

Date (Submitted 
By)

Sections Affected Substantial Change(s)

01.03 24-Jun-2013 All Fixed typos in application section.

01.04 15-Oct-2013 All Revision History table is now visible.

01.05 22-JAN-2014 All Clarified module behavior in Stop mode.

Term Meaning

CRC Cyclic Redundancy Check, an algorithm used to perform data integrity checks

idle level Denotes the level of the SENT transmitter output signal (SENT_TX_OUT) when 
transmission is disabled. This is a logical one.

ISR Interrupt Service Routine

MCU Micro-Controller Unit

SENT Single Edge Nibble Transfer
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CPMUOSC OSCE=1, Quartz oscillator fEXTAL=4MHz

CPMURTI RTDEC=0, RTR[6:4]=111, RTR[3:0]=1111

CPMUCOP WCOP=1, CR[2:0]=111

Table A-11. CPMU Configuration for Run/Wait and Full Stop Current Measurement

CPMU REGISTER Bit settings/Conditions

CPMUSYNR VCOFRQ[1:0]= 1,SYNDIV[5:0] = 31

CPMUPOSTDIV POSTDIV[4:0]=0

CPMUCLKS PLLSEL=1, CSAD=0

CPMUOSC OSCE=0,
Reference clock for PLL is fref=firc1m trimmed to 1MHz

API settings for STOP current measurement

CPMUAPICTL APIEA=0, APIFE=1, APIE=0

CPMUACLKTR trimmed to >=20Khz

CPMUAPIRH/RL set to 0xFFFF

Table A-12. Peripheral Configurations for Run and Wait Current Measurement

Peripheral Configuration

SCI Continuously transmit data (0x55) at speed of 19200 baud

SPI Configured to master mode, continuously transmit data (0x55) at 1Mbit/s

ACMP0 & 1 The module is enabled and the plus & minus inputs are toggling with 0-1 and 1-0 at 1MHz

DAC The module is enabled in buffered mode at full voltage range 

ADC The peripheral is configured to operate at its maximum specified frequency and to continuously 
convert voltages on a single input channel

MSCAN The module is connected to CANPHY and continously transmit data (0x55 or 0xAA) with a bit 
rate of 500kbit/s.

CANPHY The module is enabled and connect to MSCAN module

IIC Operate in master mode and contiously transmit data (0x55 or 0xAA) at the bit rate of 100Kbit/s

PWM0 The module is configured with a modulus rate of 10 kHz

PWM1 The module is configured with a modulus rate of 10 kHz

Table A-10. CPMU Configuration for Pseudo Stop Current Measurement

CPMU REGISTER Bit settings/Conditions
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Appendix D  
SPI Electrical Specifications
This section provides electrical parametrics and ratings for the SPI. 

In Figure D-1. the measurement conditions are listed.

D.0.1 Master Mode

In Figure D-2. the timing diagram for master mode with transmission format CPHA=0 is depicted.

Figure D-2. SPI Master Timing (CPHA=0)

In Figure D-3. the timing diagram for master mode with transmission format CPHA=1 is depicted.

Figure D-1. Measurement Conditions

Description Value Unit

Drive mode full drive mode —

Load capacitance CLOAD
1
,

on all outputs

1Timing specified for equal load on all SPI output pins. Avoid asymmetric load.

50 pF

Thresholds for delay
measurement points

(35% / 65%) VDDX V

SCK

(OUTPUT)

SCK

(OUTPUT)

MISO
(INPUT)

MOSI
(OUTPUT)

SS1

(OUTPUT)

1

9

5 6

MSB IN2

BIT 6 . . . 1

LSB IN

MSB OUT2 LSB OUT

BIT 6 . . . 1

11

4

4

2

10

(CPOL  0)

(CPOL  1)

313

13

1. If enabled.

2. LSBFE = 0. For LSBFE = 1, bit order is LSB, bit 1, ..., bit 6, MSB.

12

12


