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Chapter 2 Pins and Connections

2.2
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Figure 2-1. MC9S08AWG60 Series in 64-Pin QFP/LQFP Package
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Chapter 4 Memory

4.6.4 FLASH Protection Register (FPROT and NVPROT)

During reset, the contents of the nonvolatile location NVPROT are copied from FLASH into FPROT. This
register may be read at any time.

* If FPDIS = 0, then protection can be increased (in other words, a smaller value of FPS can be
written).

* If FPDIS = 1, then writes do not change protection.

7 6 5 4 3 2 1 0
R FPS7 FPS6 FPS5 FPS4 FPS3 FPS2 FPS1 FPDIS
wW (1 1 1M (1M (1M (1 (1 (1)
Reset This register is loaded from nonvolatile location NVPROT during reset.

1 Background commands can be used to change the contents of these bits in FPROT.
Figure 4-9. FLASH Protection Register (FPROT)

Table 4-11. FPROT Register Field Descriptions

Field Description
71 FLASH Protect Select Bits — When FPDIS = 0, this 7-bit field determines the ending address of unprotected
FPS[7:1] | FLASH locations at the high address end of the FLASH. Protected FLASH locations cannot be erased or
programmed.
0 FLASH Protection Disable
FPDIS 0 FLASH block specified by FPS[7:1] is block protected (program and erase not allowed).
1 No FLASH block is protected.

4.6.5 FLASH Status Register (FSTAT)

Bits 3, 1, and 0 always read O and writes have no meaning or effect. The remaining five bits are status bits
that can be read at any time. Writes to these bits have special meanings that are discussed in the bit
descriptions.

7 6 5 4 3 2 1
R FCCF 0 FBLANK 0 0
FCBEF FPVIOL FACCERR
w
Reset 1 1 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-10. FLASH Status Register (FSTAT)
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Chapter 5 Resets, Interrupts, and System Configuration

NOTE

The voltage measured on the pulled up IRQ pin may be as low as

Vpp — 0.7 V. The internal gates connected to this pin are pulled all the way
to Vpp. All other pins with enabled pullup resistors will have an unloaded
measurement of Vpp.

5.5.2.2 Edge and Level Sensitivity

The IRQMOD control bit reconfigures the detection logic so it detects edge events and pin levels. In this
edge detection mode, the IRQF status flag becomes set when an edge is detected (when the IRQ pin
changes from the deasserted to the asserted level), but the flag is continuously set (and cannot be cleared)
as long as the IRQ pin remains at the asserted level.

5.5.3 Interrupt Vectors, Sources, and Local Masks

Table 5-1 provides a summary of all interrupt sources. Higher-priority sources are located toward the
bottom of the table. The high-order byte of the address for the interrupt service routine is located at the
first address in the vector address column, and the low-order byte of the address for the interrupt service
routine is located at the next higher address.

When an interrupt condition occurs, an associated flag bit becomes set. If the associated local interrupt
enable is 1, an interrupt request is sent to the CPU. Within the CPU, if the global interrupt mask (I bit in
the CCR) is 0, the CPU will finish the current instruction, stack the PCL, PCH, X, A, and CCR CPU
registers, set the I bit, and then fetch the interrupt vector for the highest priority pending interrupt.
Processing then continues in the interrupt service routine.

MC9S08AW60 Data Sheet, Rev 2

Freescale Semiconductor 69



Chapter 6 Parallel Input/Output

6.7.5

Port C I/O Registers (PTCD and PTCDD)

Port C parallel I/O function is controlled by the registers listed below.

7 6 5 4 3 2 1 0
R
PTCD6 PTCD5 PTCD4 PTCD3 PTCD2 PTCD1 PTCDO
w
Reset 0 0 0 0 0 0 0 0
Figure 6-19. Port C Data Register (PTCD)
Table 6-12. PTCD Register Field Descriptions
Field Description
6:0 Port C Data Register Bits — For port C pins that are inputs, reads return the logic level on the pin. For port C
PTCD[6:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port C pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTCD to all Os, but these Os are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.
7 6 5 4 3 2 1 0
R
PTCDD6 PTCDD5 PTCDD4 PTCDDS3 PTCDD2 PTCDD1 PTCDDO
w
Reset 0 0 0 0 0 0 0 0
Figure 6-20. Data Direction for Port C (PTCDD)
Table 6-13. PTCDD Register Field Descriptions
Field Description
6:0 Data Direction for Port C Bits — These read/write bits control the direction of port C pins and what is read for
PTCDD[6:0] | PTCD reads.

0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port C bit n and PTCD reads return the contents of PTCDn.

MC9S08AWG60 Data Sheet, Rev 2
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Chapter 7 Central Processor Unit (S0O8CPUV2)

Table 7-2. HCSO08 Instruction Set Summary (Sheet 3 of 7)

Effect " o - F&
Source on CCR o ° = S
Operation Description =8 2 = >
Form = Q 2 ©
VIH|I[N|Z < (o) o 2
[11]
DIR (b0) of|dd rr| 5
DIR (b1) 03|dd rr| 5
DIR (b2) 05|dd rr| 5
Branch if Bit n in Memory : _ I DIR (b3) 07(dd rr| 5
BRCLR n,opr8a,rel Clear Branch if (Mn) =0 DIR (b4) 09ldd rr 5
DIR (b5) OB|dd rr| 5
DIR (b6) oD|dd rr| 5
DIR (b7) OF(dd rr| 5
BRN rel Branch Never Uses 3 Bus Cycles ol Bl Bl Rl REL 21|rr 3
DIR (b0) 00|dd rr| 5
DIR (b1) 02(dd rr| 5
o DIR (b2) 04|dd rr| 5
BRSET n,opra,rel g(r;nch if Bit nin Memory Branch if (Mn) = 1 1= B:E 8.‘))2; 83 gg I|:I|: g
DIR (b5) OAldd rr| 5
DIR (b6) 0C|dd rr| 5
DIR (b7) OE(dd rr| 5
DIR (b0) 10(dd 5
DIR (b1) 12(dd 5
DIR (b2) 14 (dd 5
BSET n,opr8a Set Bit nin Memory Mn « 1 e el e el B:E §g2§ 13 gg g
DIR (b5) 1A(dd 5
DIR (b6) 1C|dd 5
DIR (b7) 1E(dd 5
PC « (PC) + 0x0002
BSR rel Branch to Subroutine Sﬂgﬁ ((S(C:h)) 2‘;’,:((22)): 00001 |~ |~ ~|~|-|-|REL AD|rr 5
PC « (PC) + rel
CBEQ opr8a,rel Branch if (A) = (M) DIR 31|dd rr| 5
CBEQA #opr8i,rel Branch if (A) = (M) IMM 411ii rr 4
CBEQX #opr8i,rel |Compare and Branch if Branch if (X) = (M) I IMM 51lii rr 4
CBEQ oprx8,X+,rel |Equal Branch if (A) = (M) IX1+ 61|ff rr 5
CBEQ ,X+,rel Branch if (A) = (M) IX+ 71|rr 5
CBEQ oprx8,SP,rel Branch if (A) = (M) SP1 9E61 |ff rr 6
CLC Clear Carry Bit C«0 —|--|-1- INH 98 1
CLI Clear Interrupt Mask Bit <0 —|—=10[—-|- INH 9A 1
CLR opr8a M « 0x00 DIR 3F (dd 5
CLRA A « 0x00 INH 4F 1
CLRX X « 0x00 INH 5F 1
CLRH Clear H « 0x00 O|—-|—({0]1 INH 8C 1
CLR oprx8,X M « 0x00 IX1 6F |ff 5
CLR X M « 0x00 IX 7F 4
CLR oprx8,SP M « 0x00 SP1 9E6F | ff 6
CMP #opr8i IMM Al ii 2
CMP opr8a DIR B1|dd 3
CMP opri6a (A) — (M) EXT C1(hh I 4
CMP oprx16,X Compare Accumulator N IX2 D1|ee ff 4
CMP oprx8,X with Memory (CCR Updag’ﬁaﬁgggfera”ds Not |1 ORI EA |ff 3
CMP X IX F1 3
CMP oprx16,SP SP2 9ED1 |ee ff 5
CMP oprx8,SP SP1 9EET1 |ff 4
COM opr8a M « (M)= OXFF — (M) DIR 33|dd 5
COMA A « (A) = OXFF — (A) INH 43 1
COMX Complement X « (X) = OxFF — (X) ol=[=1]113 INH 53 1
COM oprx8,X (One’s Complement) M « (M) = OxFF — (M) IX1 63|ff 5
COM X M « (M) = OXFF — (M) IX 73 4
COM oprx8,SP M « (M) = OxFF — (M) SP1 9EB3| ff 6
CPHX opri6a . . EXT 3E|hh I 6
: : H:X) — (M:M + 0x0001) o
CPHX #0pr16i Compare Index Register ( N IMM 65|jj kk| 3
CPHX opr8a (H:X) with Memory (CCR Updatgﬂaiugg)pera“ds Not |1 LYY oiR 75|dd 5
CPHX oprx8,SP g SP1 9EF3|ff 6
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Chapter 7 Central Processor Unit (S0O8CPUV2)

Table 7-2. HCSO08 Instruction Set Summary (Sheet 7 of 7)

Effect " o - F&
Source on CCR 28 | 8 s | ©
Operation Description =8 2 = >
Form 3= 8 g | ©
VIH I [N|Z|C| <« (o] o 2
[11]
TAP 'Cl':rggsfer Accumulator to CCR « (A) o I8 o o R R [T 84 1
Transfer Accumulator to
TAX X (Index Register Low) X (A) (=17~ |™NH 97
Transfer CCR to
TPA Accumulator A « (CCR) —|{={—=[—=|—=|—[INH 85 1
TST opr8a (M) — 0x00 DIR 3D|dd 4
TSTA (A) — 0x00 INH 4D 1
TSTX . (X) — 0x00 = _|INH 5D 1
TST oprd,X Test for Negative or Zero (M) — 0x00 0 ol X1 6D | ff 4
TST X (M) — 0x00 IX 7D 3
TST oprx8,SP (M) — 0x00 SP1 9E6D |ff 5
TSX Transfer SP to Index Reg. H:X « (SP) + 0x0001 —|=|{==|—=|—[INH 95 2
Transfer X (Index Reg. A D
TXA Low) to Accumulator Ae(X) INH 9F 1
TXS Transfer Index Reg. to SP SP « (H:X) — 0x0001 —|=|===[—[INH 94 2
Enable Interrupts; Wait . . - ]
WAIT for Interrupt | bit « 0; Halt CPU 0 INH 8F 2+

" Bus clock frequency is one-half of the CPU clock frequency.

MC9S08AWG60 Data Sheet, Rev 2
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Chapter 10 Timer/Pulse-Width Modulator (S08TPMV2)

Table 10-5. Mode, Edge, and Level Selection

CPWMS MSnB:MSnA ELSnB:ELSnA Mode Configuration
X XX 00 Pin not used for TPM channel; use as an external clock for the TPM or
revert to general-purpose I/O
0 00 01 Input capture | Capture on rising edge only
10 Capture on falling edge only
11 Capture on rising or falling edge
01 00 Output Software compare only
01 compare Toggle output on compare
10 Clear output on compare
11 Set output on compare
1X 10 Edge-aligned | High-true pulses (clear output on compare)
X1 PWM Low-true pulses (set output on compare)
1 XX 10 Center-aligned | High-true pulses (clear output on compare-up)
X1 PWM Low-true pulses (set output on compare-up)

If the associated port pin is not stable for at least two bus clock cycles before changing to input capture
mode, it is possible to get an unexpected indication of an edge trigger. Typically, a program would clear
status flags after changing channel configuration bits and before enabling channel interrupts or using the
status flags to avoid any unexpected behavior.

10.4.5 Timer x Channel Value Registers (TPMxCnVH:TPMxCnVL)

These read/write registers contain the captured TPM counter value of the input capture function or the
output compare value for the output compare or PWM functions. The channel value registers are cleared
by reset.

7 6 5 4 3 2 1 0
R
Bit 15 14 13 12 11 10 9 Bit 8
w
Reset 0 0 0 0 0 0 0 0
Figure 10-9. Timer x Channel Value Register High (TPMxCnVH)
7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
w
Reset 0 0 0 0 0 0 0 0

Figure 10-10. Timer Channel Value Register Low (TPMxCnVL)

In input capture mode, reading either byte (TPMxCnVH or TPMxCnVL) latches the contents of both bytes
into a buffer where they remain latched until the other byte is read. This latching mechanism also resets
(becomes unlatched) when the TPMxCnSC register is written.

MC9S08AWG60 Data Sheet, Rev 2
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Chapter 10 Timer/Pulse-Width Modulator (SO8TPMV2)

transferred to the corresponding timer channel registers only after both 8-bit bytes of a 16-bit register have
been written and the timer counter overflows (reverses direction from up-counting to down-counting at the
end of the terminal count in the modulus register). This TPMxCNT overflow requirement only applies to
PWM channels, not output compares.

Optionally, when TPMxCNTH:TPMxCNTL = TPMxMODH: TPMxMODL, the TPM can generate a TOF
interrupt at the end of this count. The user can choose to reload any number of the PWM buffers, and they
will all update simultaneously at the start of a new period.

Writing to TPMxSC cancels any values written to TPMxMODH and/or TPMxMODL and resets the
coherency mechanism for the modulo registers. Writing to TPMxCnSC cancels any values written to the
channel value registers and resets the coherency mechanism for TPMxCnVH:TPMxCnVL.

10.6 TPM Interrupts

The TPM generates an optional interrupt for the main counter overflow and an interrupt for each channel.
The meaning of channel interrupts depends on the mode of operation for each channel. If the channel is
configured for input capture, the interrupt flag is set each time the selected input capture edge is
recognized. If the channel is configured for output compare or PWM modes, the interrupt flag is set each
time the main timer counter matches the value in the 16-bit channel value register. See the Resets,
Interrupts, and System Configuration chapter for absolute interrupt vector addresses, priority, and local
interrupt mask control bits.

For each interrupt source in the TPM, a flag bit is set on recognition of the interrupt condition such as timer
overflow, channel input capture, or output compare events. This flag may be read (polled) by software to
verify that the action has occurred, or an associated enable bit (TOIE or CHnlE) can be set to enable
hardware interrupt generation. While the interrupt enable bit is set, a static interrupt will be generated
whenever the associated interrupt flag equals 1. It is the responsibility of user software to perform a
sequence of steps to clear the interrupt flag before returning from the interrupt service routine.

10.6.1 Clearing Timer Interrupt Flags

TPM interrupt flags are cleared by a 2-step process that includes a read of the flag bit while it is set (1)
followed by a write of O to the bit. If a new event is detected between these two steps, the sequence is reset
and the interrupt flag remains set after the second step to avoid the possibility of missing the new event.

10.6.2 Timer Overflow Interrupt Description

The conditions that cause TOF to become set depend on the counting mode (up or up/down). In
up-counting mode, the 16-bit timer counter counts from 0x0000 through OxFFFF and overflows to 0x0000
on the next counting clock. TOF becomes set at the transition from OxFFFF to 0x0000. When a modulus
limit is set, TOF becomes set at the transition from the value set in the modulus register to 0x0000. When
the counter is operating in up-/down-counting mode, the TOF flag gets set as the counter changes direction
at the transition from the value set in the modulus register and the next lower count value. This corresponds
to the end of a PWM period. (The 0x0000 count value corresponds to the center of a period.)

MC9S08AW60 Data Sheet, Rev 2
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Chapter 10 Timer/Pulse-Width Modulator (S08TPMV2)

10.6.3 Channel Event Interrupt Description

The meaning of channel interrupts depends on the current mode of the channel (input capture, output
compare, edge-aligned PWM, or center-aligned PWM).

When a channel is configured as an input capture channel, the ELSnB:ELSnA control bits select rising
edges, falling edges, any edge, or no edge (off) as the edge that triggers an input capture event. When the
selected edge is detected, the interrupt flag is set. The flag is cleared by the 2-step sequence described in
Section 10.6.1, “Clearing Timer Interrupt Flags.”

When a channel is configured as an output compare channel, the interrupt flag is set each time the main
timer counter matches the 16-bit value in the channel value register. The flag is cleared by the 2-step
sequence described in Section 10.6.1, “Clearing Timer Interrupt Flags.”

10.6.4 PWM End-of-Duty-Cycle Events

For channels that are configured for PWM operation, there are two possibilities:
*  When the channel is configured for edge-aligned PWM, the channel flag is set when the timer
counter matches the channel value register that marks the end of the active duty cycle period.

*  When the channel is configured for center-aligned PWM, the timer count matches the channel
value register twice during each PWM cycle. In this CPWM case, the channel flag is set at the start
and at the end of the active duty cycle, which are the times when the timer counter matches the
channel value register.

The flag is cleared by the 2-step sequence described in Section 10.6.1, “Clearing Timer Interrupt Flags.”
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Chapter 11 Serial Communications Interface (S08SCIV2)

Figure 11-3 shows the receiver portion of the SCI.
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Figure 11-3. SCI Receiver Block Diagram

li

11.2 Register Definition

The SCI has eight 8-bit registers to control baud rate, select SCI options, report SCI status, and for
transmit/receive data.
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Chapter 11 Serial Communications Interface (S08SCIV2)

11.2.3 SCI Control Register 2 (SCIxC2)

This register can be read or written at any time.

7 6 5 4 3 2 1 0
R
TIE TCIE RIE ILIE TE RE RwU SBK
w
Reset 0 0 0 0 0 0 0 0
Figure 11-7. SCI Control Register 2 (SCIxC2)
Table 11-4. SCIxC2 Register Field Descriptions
Field Description
7 Transmit Interrupt Enable (for TDRE)
TIE 0 Hardware interrupts from TDRE disabled (use polling).
1 Hardware interrupt requested when TDRE flag is 1.
6 Transmission Complete Interrupt Enable (for TC)
TCIE 0 Hardware interrupts from TC disabled (use polling).
1 Hardware interrupt requested when TC flag is 1.
5 Receiver Interrupt Enable (for RDRF)
RIE 0 Hardware interrupts from RDRF disabled (use polling).
1 Hardware interrupt requested when RDRF flag is 1.
4 Idle Line Interrupt Enable (for IDLE)
ILIE 0 Hardware interrupts from IDLE disabled (use polling).
1 Hardware interrupt requested when IDLE flag is 1.
3 Transmitter Enable
TE 0 Transmitter off.
1 Transmitter on.
TE must be 1 in order to use the SCI transmitter. Normally, when TE = 1, the SCI forces the TxD pin to act as an
output for the SCI system. If LOOPS = 1 and RSRC = 0, the TxD pin reverts to being a port B general-purpose
I/0 pin even if TE = 1.
When the SCl is configured for single-wire operation (LOOPS = RSRC = 1), TXDIR controls the direction of
traffic on the single SCI communication line (TxD pin).
TE also can be used to queue an idle character by writing TE = 0 then TE = 1 while a transmission is in progress.
Refer to Section 11.3.2.1, “Send Break and Queued Idle” for more details.
When TE is written to 0, the transmitter keeps control of the port TxD pin until any data, queued idle, or queued
break character finishes transmitting before allowing the pin to revert to a general-purpose 1/O pin.
2 Receiver Enable — When the SCI receiver is off, the RxD pin reverts to being a general-purpose port 1/0O pin.
RE 0 Receiver off.

1 Receiver on.
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Chapter 13 Inter-Integrated Circuit (S08IICV1)

13.1.3 Block Diagram
Figure 13-2 is a block diagram of the IIC.
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Figure 13-2. lIC Functional Block Diagram

13.2 External Signal Description

This section describes each user-accessible pin signal.

13.2.1 SCL — Serial Clock Line

The bidirectional SCL is the serial clock line of the IIC system.

13.2.2 SDA — Serial Data Line

The bidirectional SDA is the serial data line of the IIC system.

13.3 Register Definition

This section consists of the IIC register descriptions in address order.
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Chapter 15 Development Support

The SYNC command is unlike other BDC commands because the host does not necessarily know the
correct communications speed to use for BDC communications until after it has analyzed the response to
the SYNC command.

To issue a SYNC command, the host:

* Drives the BKGD pin low for at least 128 cycles of the slowest possible BDC clock (The slowest
clock is normally the reference oscillator/64 or the self-clocked rate/64.)

* Drives BKGD high for a brief speedup pulse to get a fast rise time (This speedup pulse is typically
one cycle of the fastest clock in the system.)

* Removes all drive to the BKGD pin so it reverts to high impedance
*  Monitors the BKGD pin for the sync response pulse

The target, upon detecting the SYNC request from the host (which is a much longer low time than would
ever occur during normal BDC communications):

*  Waits for BKGD to return to a logic high

* Delays 16 cycles to allow the host to stop driving the high speedup pulse
* Drives BKGD low for 128 BDC clock cycles

* Drives a 1-cycle high speedup pulse to force a fast rise time on BKGD

* Removes all drive to the BKGD pin so it reverts to high impedance

The host measures the low time of this 128-cycle sync response pulse and determines the correct speed for
subsequent BDC communications. Typically, the host can determine the correct communication speed
within a few percent of the actual target speed and the communication protocol can easily tolerate speed
errors of several percent.

15.2.4 BDC Hardware Breakpoint

The BDC includes one relatively simple hardware breakpoint that compares the CPU address bus to a
16-bit match value in the BDCBKPT register. This breakpoint can generate a forced breakpoint or a tagged
breakpoint. A forced breakpoint causes the CPU to enter active background mode at the first instruction
boundary following any access to the breakpoint address. The tagged breakpoint causes the instruction
opcode at the breakpoint address to be tagged so that the CPU will enter active background mode rather
than executing that instruction if and when it reaches the end of the instruction queue. This implies that
tagged breakpoints can only be placed at the address of an instruction opcode while forced breakpoints can
be set at any address.

The breakpoint enable (BKPTEN) control bit in the BDC status and control register (BDCSCR) is used to
enable the breakpoint logic (BKPTEN = 1). When BKPTEN = 0, its default value after reset, the
breakpoint logic is disabled and no BDC breakpoints are requested regardless of the values in other BDC
breakpoint registers and control bits. The force/tag select (FTS) control bit in BDCSCR is used to select
forced (FTS = 1) or tagged (FTS = 0) type breakpoints.

The on-chip debug module (DBG) includes circuitry for two additional hardware breakpoints that are more
flexible than the simple breakpoint in the BDC module.

MC9S08AWG60 Data Sheet, Rev 2

270 Freescale Semiconductor



Appendix A Electrical Characteristics and Timing Specifications

A.10.2 Timer/PWM (TPM) Module Timing

Synchronizer circuits determine the shortest input pulses that can be recognized or the fastest clock that
can be used as the optional external source to the timer counter. These synchronizers operate from the
current bus rate clock.

Table A-14. TPM Input Timing

Function Symbol Min Max Unit
External clock frequency frPMext dc fBus/4 Hz
External clock period trPMext 4 — teye
External clock high time teikh 1.5 — teye
External clock low time tei 1.5 — teye
Input capture pulse width ticpw 1.5 — teye

-« ttPMext ———————»
— toikh —

I
TPMxCLK /

teli

Figure A-14. Timer External Clock

ICPW

TPMxCHn

TPMxCHn

~<«—tcpwy—>

Figure A-15. Timer Input Capture Pulse
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Appendix A Electrical Characteristics and Timing Specifications

The conducted susceptibility is determined by injecting the transient susceptibility signal on each pin of
the microcontroller. The transient waveform and injection methodology is based on IEC 61000-4-4
(EFT/B). The transient voltage required to cause performance degradation on any pin in the tested
configuration is greater than or equal to the reported levels unless otherwise indicated by footnotes below

the table.

Table A-18. Conducted Susceptibility

5 1
Parameter Symbol Conditions fosc/fBus Result Am([l)vlllit:)de Unit
T0
A +2.0°
Vpp = 5.5V
Conducted susceptibility, electrical Vv T o 32768 Hz B +2.5 KV
fast transient/burst (EFT/B) CS_EFT a=+25°C crystal c +3.0
package type 2 MHz Bus e
64 QFP
D >+3.0

T Data based on qualification test results. Not tested in production.
2 The RESET pin is susceptible to the minimum applied transient of 220 V. All other pins have a result of A up to a minimum of

2000V.

The susceptibility performance classification is described in Table A-19.

Table A-19. Susceptibility Performance Classification

Result Performance Criteria
A No failure The MCU performs as designed during and after exposure.
B Self-recovering | The MCU does not perform as designed during exposure. The MCU returns
failure automatically to normal operation after exposure is removed.

C Soft failure The MCU does not perform as designed during exposure. The MCU does not return to
normal operation until exposure is removed and the RESET pin is asserted.

D Hard failure The MCU does not perform as designed during exposure. The MCU does not return to
normal operation until exposure is removed and the power to the MCU is cycled.

E Damage The MCU does not perform as designed during and after exposure. The MCU cannot
be returned to proper operation due to physical damage or other permanent
performance degradation.
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