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Chapter 1 MC9S12E128 Device Overview (MC9S12E128DGV1)

/ $0000 | 1K Register Space
$03FF

Mappable to any 2K Boundary

50000 P N

$0400
$2000

$2000 | 8K Bytes RAM

$3FFF | Mappable to any 8K Boundary
$4000 A

$4000 | o5k, 1K, 2K or 4K Protected Sector

16K Fixed Flash EEPROM

$8000 _<

$8000 | 16K Page Window
eight * 16K Flash EEPROM Pages

EXT
$BFFF
$C000 $C000 | 16K Fixed Flash EEPROM
_____ 2K, 4K, 8K or 16K Protected Boot Sector
BDM
%FFOO | - (If Active)
FFFF (EZFORE/
NORMAL EXPANDED SPECIAL
SINGLE CHIP SINGLE CHIP

The figure shows a useful map, which is not the map out of reset. After reset the map is:

$0000-$03FF: Register Space
$0000-$1FFF: 8K RAM (only 7K RAM visible $0400-$1FFF)

Figure 1-2. MC9S12E128 User Configurable Memory Map
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Chapter 3 Port Integration Module (PIM9E128V1)

Refer to the ATD block description chapter for information on the ATDDIENO and ATDDIENT registers.

During reset, port AD pins are configured as high-impedance analog inputs (digital input buffer is
disabled).

3.3.1.1 Port AD I/O Register (PTAD)

7 6 5 4 3 2 1 0
R
PTAD15 PTAD14 PTAD13 PTAD12 PTAD11 PTAD10 PTAD9 PTADS
W
KWU:| KWAD15 KWAD14 KWAD13 KWA12 KWAD11 KWAD10 KWAD9 KWADS8
ATD: AN15 AN14 AN13 AN12 AN11 AN10 AN9 AN8
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
R
PTAD7 PTADG6 PTADS PTAD4 PTAD3 PTAD2 PTAD1 PTADO
W
KWU:|  KWAD7 KWADG6 KWAD5 KWAD4 KWAD3 KWAD2 KWAD1 KWADO
ATD: AN7 ANG6 ANS5 AN4 AN3 AN2 AN1 ANO
Reset 0 0 0 0 0 0 0 0

Figure 3-2. Port AD I/O Register (PTAD)
Read: Anytime. Write: Anytime.

If the data direction bit of the associated I/O pin (DDRADX) is set to 1 (output), a write to the
corresponding I/O Register bit sets the value to be driven to the Port AD pin. If the data direction bit of the
associated I/0 pin (DDRADX) is set to 0 (input), a write to the corresponding I/O Register bit takes place
but has no effect on the Port AD pin.

Ifthe associated data direction bit (DDRADx) is set to 1 (output), a read returns the value of the I/O register
bit.

If the associated data direction bit (DDRADX) is set to 0 (input) and the associated ATDDIENO(1) bit is
set to 0 (digital input buffer is disabled), the associated I/O register bit (PTADx) reads “1”.

If the associated data direction bit (DDRADX) is set to 0 (input) and the associated ATDDIENO(1) bit is
set to 1 (digital input buffer is enabled), a read returns the value of the pin.
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Chapter 4 Clocks and Reset Generator (CRGV4)

Table 4-4. CLKSEL Field Descriptions (continued)

Field Description
1 RTI Stops in Wait Mode Bit — Write: anytime
RTIWAI 0 RTI keeps running in wait mode.
1 RTI stops and initializes the RTI dividers whenever the part goes into wait mode.
0 COP Stops in Wait Mode Bit — Normal modes: Write once —Special modes: Write anytime
COPWAI |0 COP keeps running in wait mode.
1 COP stops and initializes the COP dividers whenever the part goes into wait mode.
4.3.2.7 CRG PLL Control Register (PLLCTL)

Thisregister controlsthe PLL functionality.

7 6 5 4 3 2 1 0
R 0
CME PLLON AUTO ACQ PRE PCE SCME
w
Reset 1 1 1 1 0 0 0 1
= Unimplemented or Reserved
Figure 4-10. CRG PLL Control Register (PLLCTL)
Read: anytime

Write: refer to each bit for individua write conditions

Table 4-5. PLLCTL Field Descriptions

Field Description
7 Clock Monitor Enable Bit — CME enables the clock monitor. Write anytime except when SCM = 1.
CME 0 Clock monitor is disabled.
1 Clock monitor is enabled. Slow or stopped clocks will cause a clock monitor reset sequence or self-clock
mode.
Note: Operating with CME = 0 will not detect any loss of clock. In case of poor clock quality this could cause
unpredictable operation of the MCU.
Note: In Stop Mode (PSTP = 0) the clock monitor is disabled independently of the CME bit setting and any loss
of clock will not be detected.
6 Phase Lock Loop On Bit — PLLON turns on the PLL circuitry. In self-clock mode, the PLL is turned on, but the
PLLON PLLON bit reads the last latched value. Write anytime except when PLLSEL = 1.
0 PLL is turned off.
1 PLL is turned on. If AUTO bit is set, the PLL will lock automatically.
5 Automatic Bandwidth Control Bit — AUTO selects either the high bandwidth (acquisition) mode or the low
AUTO bandwidth (tracking) mode depending on how close to the desired frequency the VCO is running. Write anytime
except when PLLWAI=1, because PLLWAI sets the AUTO bit to 1.
0 Automatic mode control is disabled and the PLL is under software control, using ACQ bit.
1 Automatic mode control is enabled and ACQ bit has no effect.
4 Acquisition Bit — Write anytime. If AUTO=1 this bit has no effect.
ACQ 0 Low bandwidth filter is selected.

1 High bandwidth filter is selected.
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Chapter 6 Analog-to-Digital Converter (ATD10B16CV2)

6.3.2 Register Descriptions
This section describes in address order all the ATD10B16C registers and their individual bits.

Register

Bit 7 6 5 4 3 2 1 Bit 0
Name
0x0000 R 0 0 0 0 0 0 0 0
ATDCTLO W
0x0001 R 0 0 0 0 0 0 0 0
ATDCTL1 W
0x0002 R ASCIF
ATDCTL2 w| APPY AFFC AWAI | ETRIGLE | ETRIGP | ETRIGE | ASCIE
0x0003 R 0
ATDCTL3 W S8C S4C S2C SicC FIFO FRZ1 FRZ0
0x0004 R
ATDCTLA | SRESS SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRS0
0x0005 R
ATDCTLS wl DM DSGN SCAN MULT cb cc CB CA
0x0006 R 0 CcC3 CC2 CC1 Cco
ATDSTATO | SCF ETORF FIFOR
0x0007 R
Unimplemented
0x0008 R Unimplemented
ATDTESTO W | | | | | |
0x0009 R Unimplemented
ATDTESTL | | | | | | sC
0x000A R| CCF15 CCF14 CCF13 CCF12 CCF11 CCF10 CCF9 CCF8
ATDSTAT2 W
0x000B R| CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFO
ATDSTAT1 W
0x000C R
ATDDIENO | 'EN15 IEN14 IEN13 IEN12 IEN11 IEN10 IEN9 IEN8

I:I = Unimplemented or Reserved u = Unaffected

Figure 6-2. ATD Register Summary
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6.3.2.11

ATD Status Register 1 (ATDSTAT1)
This read-only register contains the Conversion Complete Flags CCF7 to CCFO0

Chapter 6 Analog-to-Digital Converter (ATD10B16CV2)

7 6 5 4 3 2 1 0
R CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFO0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 6-13. ATD Status Register 1 (ATDSTAT1)

Read: Anytime

Write: Anytime, no effect

Table 6-18. ATDSTAT1 Field Descriptions

Field Description
7:0 Conversion Complete Flag Bits — A conversion complete flag is set at the end of each conversion in a
CCF[7:0] conversion sequence. The flags are associated with the conversion position in a sequence (and also the result

register number). Therefore, CCFO is set when the first conversion in a sequence is complete and the result is
available in result register ATDDRO; CCF1 is set when the second conversion in a sequence is complete and
the result is available in ATDDR1, and so forth. A CCF flag is cleared when one of the following occurs:

« Write to ATDCTL5 (a new conversion sequence is started)

« If AFFC = 0 and read of ATDSTAT1 followed by read of result register ATDDRx

e If AFFC = 1 and read of result register ATDDRx
In case of a concurrent set and clear on CCFx: The clearing by method A) will overwrite the set. The clearing
by methods B) or C) will be overwritten by the set.
Conversion number x not completed
Conversion number x has completed, result ready in ATDDRXx

MC9S12E128 Data Sheet, Rev. 1.07
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Chapter 6 Analog-to-Digital Converter (ATD10B16CV2)

6.3.2.15 Port Data Register 1 (PORTAD1)

The data port associated with the ATD is input-only. The port pins are shared with the analog A/D inputs
ANT7-0.

7 6 5 4 3 2 1 0
R| PTAD? PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO
W
Reset 1 1 1 1 1 1 1 1
FunctE)i: AN ANG ANS AN4 AN3 AN2 AN1 ANO

= Unimplemented or Reserved

Figure 6-17. Port Data Register 1 (PORTAD1)
Read: Anytime
Write: Anytime, no effect

The A/D input channels may be used for general-purpose digital input.
Table 6-22. PORTADL Field Descriptions

Field Description

7:0 A/D Channel x (ANx) Digital Input Bits — If the digital input buffer on the ANx pin is enabled (IENx=1) or
PTAD[7:8] |channel x is enabled as external trigger (ETRIGE = 1, ETRIGCH[3-0] = x, ETRIGSEL = 0) read returns the
logic level on ANX pin (signal potentials not meeting V,_or V|4 specifications will have an indeterminate value)).
If the digital input buffers are disabled (IENx = 0) and channel x is not enabled as external trigger, read returns
a“1".

Reset sets all PORTAD1 bits to “1".
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Chapter 7 Digital-to-Analog Converter (DAC8B1CV1)

7.4  Functional Description
The DAC8B1C module consists of analog and digital sub-blocks.

7.4.1

Data to be converted is written to DACD register. The data can be mapped either to left end or right end of
DACD register by clearing or setting DJM bit of DACCO register. Also, the data written to DACD can be
a signed or unsigned data depending on DSGN bit of DACCO register. See Table 7-3 below for data
formats. The maximum unsigned data that can be written to DACD register is $FF while the minimum
value is $00. If the data is signed, the maximum value that can be written to DACD is $7F while the
minimum value is $80, where $7F (signed) corresponds to $FF (unsigned) and $80 (signed) corresponds
to $00 (unsigned). Table 7-4 shows this characteristic between signed, unsigned data values and their
corresponding voltage output. See Table 7-4 for DAC signed and un-signed data and DAC output codes.

Functional Description

Table 7-3. Data Formats

DJM DSGN Description and Bus Bit Mapping
0 0 8 bit/left justified/unsigned — bits 15-8
0 1 8 bit/left justified/signed — bits 15-8
1 0 8 bit/right justified/unsigned — bits 7-0
1 1 8 bit/right justified/signed bits — 7-0

Table 7-4. Signed and Unsigned Data
and DAC Output Codes

Input signal Signed Unsigned

Vg =0 8-Bit 8-Bit

VRer/VrH = 5.12volts Codes Codes
5.12 7F FF
5.08 7E FE
5.07 7D FD
2.580 01 81
2.56 00 80
2.54 FF 7F
2.52 FE 7E
0.020 81 01
0.000 80 00
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Chapter 8 Serial Communication Interface (SCIV3)

TDRE flag is set and immediately before writing the next byte to the SCI
data register.

If the TE bit is clear and the transmission is complete, the SCI is not the
master of the TXD pin

8.4.5 Receiver

< INTERNAL BUS >

7S

SBR12-SBRO SCI DATA REGISTER
78N

BUS BAUD

- =
CLOCK™ ™| DIVIDER > o) o
= P
y » 11-BIT RECEIVE SHIFT REGISTER 0
. DATA _ ]
SCRXD * RECOVERY > »H|e|7[e]|5[4]s[2]2]o]L]
2
A %
FROM TXD PIN—s| _ LOOP o @
OR TRANSMITTER CO":‘TFTF'- RE 224y
RAF T+ 1 R 1
LOOPS - FE
WAKE ™ WAKEUP |_ PE |
T LOGIC _
PE >  PARITY [* =|' R8 |
e »| CHECKING |4
| DLE |
IDLE INTERRUPT REQUEST
— ILIE  J
RDRF
RDRF/OR INTERRUPT REQUEST<—C < [: OR |=
RIE

Figure 8-14. SCI Receiver Block Diagram

8.45.1 Receiver Character Length

The SCI receiver can accommodate either 8-bit or 9-bit data characters. The state of the M bit in SCI
control register 1 (SCICR1) determines the length of data characters. When receiving 9-bit data, bit R8 in
SCI data register high (SCIDRH) is the ninth bit (bit 8).

8.4.5.2 Character Reception

During an SCI reception, the receive shift register shifts a frame in from the RXD pin. The SCI data
register is the read-only buffer between the internal data bus and the receive shift register.

After a complete frame shifts into the receive shift register, the data portion of the frame transfers to the
SCI data register. The receive data register full flag, RDRF, in SCI status register 1 (SCISR1) becomes set,

MC9S12E128 Data Sheet, Rev. 1.07
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Chapter 8 Serial Communication Interface (SCIV3)

To determine the value of a data bit and to detect noise, recovery logic takes samples at RT8, RT9, and
RT10. Table 8-15 summarizes the results of the data bit samples.

Table 8-15. Data Bit Recovery

RT8, RT9, and RT10 Samples Data Bit Determination Noise Flag
000 0 0
001 0 1
010 0 1
011 1 1
100 0 1
101 1 1
110 1 1
111 1 0
NOTE

The RTS8, RT9, and RT10 samples do not affect start bit verification. If any
or all of the RT8, RT9, and RT10 start bit samples are logic 1s following a
successful start bit verification, the noise flag (NF) is set and the receiver
assumes that the bit is a start bit (logic 0).

To verify a stop bit and to detect noise, recovery logic takes samples at RTS8, RT9, and RT10. Table 8-16
summarizes the results of the stop bit samples.

Table 8-16. Stop Bit Recovery

RTS8, RT9, and RT10 Samples Framing Error Flag Noise Flag
000 1 0
001 1 1
010 1 1
011 0 1
100 1 1
101 0 1
110 0 1
111 0 0
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Chapter 9 Serial Peripheral Interface (SPIV3)

9.2.2 MISO — Master In/Slave Out Pin

This pin is used to transmit data out of the SPI module when it is configured as a slave and receive data
when it is configured as master.

9.2.3 SS — Slave Select Pin

This pin is used to output the select signal from the SPI module to another peripheral with which a data
transfer is to take place when its configured as a master and its used as an input to receive the slave select
signal when the SPI is configured as slave.

9.2.4 SCK — Serial Clock Pin

This pin is used to output the clock with respect to which the SPI transfers data or receive clock in case of
slave.

9.3 Memory Map and Register Definition
This section provides a detailed description of address space and registers used by the SPI.

The memory map for the SPIV3 is given below in Table 9-1. The address listed for each register is the sum
of a base address and an address offset. The base address is defined at the SoC level and the address offset
is defined at the module level. Reads from the reserved bits return zeros and writes to the reserved bits have
no effect.

9.3.1 Module Memory Map

Table 9-1. SPIV3 Memory Map

Address Use Access
0x0000 SPI Control Register 1 (SPICR1) R/W
0x0001 SPI Control Register 2 (SPICR2) R/W?!
0x0002 SPI Baud Rate Register (SPIBR) R/W1
0x0003 SPI Status Register (SPISR) R?
0x0004 |Reserved — 23
0x0005 SPI Data Register (SPIDR) R/W
0x0006 |Reserved —23
0x0007 |Reserved —23

1 Certain bits are non-writable.
2 Writes to this register are ignored.
3 Reading from this register returns all zeros.
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Chapter 11 Pulse Width Modulator with Fault Protection (PMF15B6CV2)

11.3.2.29 PMF Deadtime B Register (PMFDTMB)

Module Base + 0x002E

15 14 13 12 11 10 9 8 7 6 5 4

Rl O 0 0 0
PMFDTMB
W

Reset 0 0 0 0 1 1 1 1 1 1 1 1

I:I: Unimplemented or Reserved
Figure 11-35. PMF Deadtime B Register (PMFDTMB)

Read anytime and write only if MTG is set. This register cannot be modified after the WP bit is set.

Table 11-38. PMFDTMB Field Descriptions

Field Description

selecting a deadtime of 256-PWM clock cycles minus one bus clock cycle.

case exists when the P = 1, then DT = PMFDTMB.

11-0 PMF Deadtime B — The 12-bit value written to this register is the number of PWM clock cycles in
PMFDTMB | complementary channel operation. A reset sets the PWM deadtime register to a default value of OXOFFF,

Note: Deadtime is affected by changes to the prescaler value. The deadtime duration is determined as follows:
DT =P x PMFDTMB - 1, where DT is deadtime, P is the prescaler value, PMFDTMB is the programmed
value of dead time. For example: if the prescaler is programmed for a divide-by-two and the PMFDTMB is
set to five, then P = 2 and the deadtime value is equal to DT =2 x5 -1 =9 IPbus clock cycles. A special
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Chapter 12 Pul

se-Width Modulator (PWM8B6CV1)

12.3.2.15 PWM Shutdown Register (PWMSDN)
The PWMSDN register provides for the shutdown functionality of the PWM module in the emergency
cases.
7 6 5 4 2 1 0
R 0 0 PWMS5IN
PWMIF PWMIE PWMLVL PWMSINL | PWM5ENA
w PWMRSTRT
Reset 0 0 0 0 0 0 0 0
I:I: Unimplemented or Reserved
Figure 12-33. PWM Shutdown Register (PWMSDN)
Read: anytime
Write: anytime
Table 12-10. PWMSDN Field Descriptions
Field Description
7 PWM Interrupt Flag — Any change from passive to asserted (active) state or from active to passive state will be
PWMIF |flagged by setting the PWMIF flag = 1. The flag is cleared by writing a logic 1 to it. Writing a 0 has no effect.
0 No change on PWMSIN input.
1 Change on PWMS5IN input
6 PWM Interrupt Enable — If interrupt is enabled an interrupt to the CPU is asserted.
PWMIE [0 PWM interrupt is disabled.
1 PWAM interrupt is enabled.
5 PWM Restart — The PWM can only be restarted if the PWM channel input 5 is deasserted. After writing a logic 1
PWMRSTRT |to the PWMRSTRT bit (trigger event) the PWM channels start running after the corresponding counter passes
next “counter = 0” phase.
Also, if the PWMS5ENA bit is reset to 0, the PWM do not start before the counter passes 0x0000.
The bit is always read as 0.
4 PWM Shutdown Output Level — If active level as defined by the PWMSIN input, gets asserted all enabled PWM
PWMLVL |channels are immediately driven to the level defined by PWMLVL.
0 PWM outputs are forced to 0
1 PWM outputs are forced to 1.
2 PWM Channel 5 Input Status — This reflects the current status of the PWM5 pin.
PWMS5IN
1 PWM Shutdown Active Input Level for Channel 5 — If the emergency shutdown feature is enabled
PWMSINL | (PWMS5ENA = 1), this bit determines the active level of the PWM5 channel.
0 Active level is low
1 Active level is high
0 PWM Emergency Shutdown Enable — If this bit is logic 1 the pin associated with channel 5 is forced to input
PWMSENA |and the emergency shutdown feature is enabled. All the other bits in this register are meaningful only if

PWMS5ENA = 1.
0 PWM emergency feature disabled.
1 PWM emergency feature is enabled.
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Chapter 12 Pulse-Width Modulator (PWM8B6CV1)

12.4 Functional Description

12.4.1 PWM Clock Select

There are four available clocks called clock A, clock B, clock SA (scaled A), and clock SB (scaled B).
These four clocks are based on the bus clock.

Clock A and B can be software selected to be 1, 1/2, 1/4, 1/8,..., 1/64, 1/128 times the bus clock. Clock SA
uses clock A as an input and divides it further with a reloadable counter. Similarly, clock SB uses clock B
as an input and divides it further with a reloadable counter. The rates available for clock SA are software
selectable to be clock A divided by 2, 4, 6, 8, ..., or 512 in increments of divide by 2. Similar rates are
available for clock SB. Each PWM channel has the capability of selecting one of two clocks, either the
pre-scaled clock (clock A or B) or the scaled clock (clock SA or SB).

The block diagram in Figure 12-34 shows the four different clocks and how the scaled clocks are created.

12.4.1.1 Prescale

The input clock to the PWM prescaler is the bus clock. It can be disabled whenever the part is in freeze
mode by setting the PFRZ bit in the PWMCTL register. If this bit is set, whenever the MCU is in freeze
mode the input clock to the prescaler is disabled. This is useful for emulation in order to freeze the PWM.
The input clock can also be disabled when all six PWM channels are disabled (PWMES-PWMEOQ = 0)
This is useful for reducing power by disabling the prescale counter.

Clock A and clock B are scaled values of the input clock. The value is software selectable for both clock A
and clock B and has options of 1, 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, or 1/128 times the bus clock. The value
selected for clock A is determined by the PCKA2, PCKAT1, and PCKAO bits in the PWMPRCLK register.
The value selected for clock B is determined by the PCKB2, PCKB1, and PCKBO bits also in the
PWMPRCLK register.
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Chapter 14
Dual Output Voltage Regulator (VREG3V3V2)

14.1 Introduction

The VREG3V3V2 is a dual output voltage regulator providing two separate 2.5 V (typical) supplies
differing in the amount of current that can be sourced. The regulator input voltage range is from 3.3 V up
to 5 V (typical).

14.1.1 Features

The block VREG3V3V2 includes these distinctive features:
» Two parallel, linear voltage regulators
— Bandgap reference
* Low-voltage detect (LVD) with low-voltage interrupt (LVI)
* Power-on reset (POR)
* Low-voltage reset (LVR)

14.1.2 Modes of Operation

There are three modes VREG3V3V2 can operate in:
* Full-performance mode (FPM) (MCU is not in stop mode)

The regulator is active, providing the nominal supply voltage of 2.5 V with full current sourcing
capability at both outputs. Features LVD (low-voltage detect), LVR (low-voltage reset), and POR
(power-on reset) are available.

* Reduced-power mode (RPM) (MCU is in stop mode)

The purpose is to reduce power consumption of the device. The output voltage may degrade to a
lower value than in full-performance mode, additionally the current sourcing capability is
substantially reduced. Only the POR is available in this mode, LVD and LVR are disabled.

*  Shutdown mode
Controlled by Vgrggen (see device overview chapter for connectivity of Vgggen)-

This mode is characterized by minimum power consumption. The regulator outputs are in a high
impedance state, only the POR feature is available, LVD and LVR are disabled.

This mode must be used to disable the chip internal regulator VREG3V3V2, i.e., to bypass the
VREG3V3V2 to use external supplies.
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Chapter 14 Dual Output Voltage Regulator (VREG3V3V2)

14.2 External Signal Description

Due to the nature of VREG3V3V2 being a voltage regulator providing the chip internal power supply
voltages most signals are power supply signals connected to pads.

Table 14-1 shows all signals of VREG3V3V2 associated with pins.
Table 14-1. VREG3V3V2 — Signal Properties

Name Port Function Reset State Pull Up
VbDRr — VREG3V3V2 power input (positive supply) — —
Vppa — VREG3V3V2 quiet input (positive supply) — —
Vssa — VREG3V3V2 quiet input (ground) — —
Vpp — VREG3V3V2 primary output (positive supply) — —
Vss — VREG3V3V2 primary output (ground) — —
VoppLL — VREG3V3V2 secondary output (positive supply) — —
VsspLL — VREG3V3V2 secondary output (ground) — —
VRregen (optional) — VREG3V3V2 (Optional) Regulator Enable — —

NOTE

Check device overview chapter for connectivity of the signals.

14.2.1 Vppr — Regulator Power Input

Signal Vpppg 1s the power input of VREG3V3V2. All currents sourced into the regulator loads flow
through this pin. A chip external decoupling capacitor (100 nF...220 nF, X7R ceramic) between Vppgr and
Vggr can smoothen ripple on Vppg.

For entering shutdown mode, pin Vppg should also be tied to ground on devices without a Vrggen pin.

14.2.2 Vppa, Vssa — Regulator Reference Supply

Signals Vhpa/Vgsa which are supposed to be relatively quiet are used to supply the analog parts of the
regulator. Internal precision reference circuits are supplied from these signals. A chip external decoupling
capacitor (100 nF...220 nF, X7R ceramic) between Vpp and Vgga can further improve the quality of this

supply.
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Chapter 15 Background Debug Module (BDMV4)

The commands are described as follows:

* ACK_ENABLE — enables the hardware handshake protocol. The target will issue the ACK pulse
when a CPU command is executed by the CPU. The ACK_ENABLE command itself also has the
ACK pulse as a response.

 ACK_DISABLE — disables the ACK pulse protocol. In this case, the host needs to use the worst
case delay time at the appropriate places in the protocol.

The default state of the BDM after reset is hardware handshake protocol disabled.

All the read commands will ACK (if enabled) when the data bus cycle has completed and the data is then
ready for reading out by the BKGD serial pin. All the write commands will ACK (if enabled) after the data
has been received by the BDM through the BKGD serial pin and when the data bus cycle is complete. See
Section 15.4.3, “BDM Hardware Commands,” and Section 15.4.4, “Standard BDM Firmware
Commands,” for more information on the BDM commands.

The ACK_ENABLE sends an ACK pulse when the command has been completed. This feature could be
used by the host to evaluate if the target supports the hardware handshake protocol. If an ACK pulse is
issued in response to this command, the host knows that the target supports the hardware handshake
protocol. If the target does not support the hardware handshake protocol the ACK pulse is not issued. In
this case, the ACK_ENABLE command is ignored by the target because it is not recognized as a valid
command.

The BACKGROUND command will issue an ACK pulse when the CPU changes from normal to
background mode. The ACK pulse related to this command could be aborted using the SYNC command.

The GO command will issue an ACK pulse when the CPU exits from background mode. The ACK pulse
related to this command could be aborted using the SYNC command.

The GO_UNTIL command is equivalent to a GO command with exception that the ACK pulse, in this
case, is issued when the CPU enters into background mode. This command is an alternative to the GO
command and should be used when the host wants to trace if a breakpoint match occurs and causes the
CPU to enter active background mode. Note that the ACK is issued whenever the CPU enters BDM, which
could be caused by a breakpoint match or by a BGND instruction being executed. The ACK pulse related
to this command could be aborted using the SYNC command.

The TRACEI command has the related ACK pulse issued when the CPU enters background active mode
after one instruction of the application program is executed. The ACK pulse related to this command could
be aborted using the SYNC command.

The TAGGO command will not issue an ACK pulse because this would interfere with the tagging function
shared on the same pin.
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Chapter 18 Multiplexed External Bus Interface (MEBIV3)

18.3.2.15 Port K Data Register (PORTK)

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

_Alternate o XCS XAB19 XAB18 XAB17 XAB16 XAB15 XAB14
Pin Function
Figure 18-19. Port K Data Register (PORTK)
Read: Anytime

Write: Anytime

This port is associated with the internal memory expansion emulation pins. When the port is not enabled
to emulate the internal memory expansion, the port pins are used as general-purpose I/0. When port K is
operating as a general-purpose I/O port, DDRK determines the primary direction for each port K pin. A 1
causes the associated port pin to be an output and a 0 causes the associated pin to be a high-impedance
input. The value in a DDR bit also affects the source of data for reads of the corresponding PORTK register.
If the DDR bit is 0 (input) the buffered pin input is read. If the DDR bit is 1 (output) the output of the port
data register is read.

This register is not in the map in peripheral or expanded modes while the EMK control bit in MODE
register is set. Therefore, these accesses will be echoed externally.

When inputs, these pins can be selected to be high impedance or pulled up, based upon the state of the
PUPKE bit in the PUCR register.

Table 18-13. PORTK Field Descriptions

Field

Description

7
Port K, Bit 7

Port K, Bit 7 — This bit is used as an emulation chip select signal for the emulation of the internal memory
expansion, or as general-purpose /0, depending upon the state of the EMK bit in the MODE register. While
this bit is used as a chip select, the external bit will return to its de-asserted state (Vpp) for approximately 1/4
cycle just after the negative edge of ECLK, unless the external access is stretched and ECLK is free-running
(ESTR bit in EBICTL = 0). See the MMC block description chapter for additional details on when this signal
will be active.

6
Port K, Bit 6

Port K, Bit 6 — This bit is used as an external chip select signal for most external accesses that are not
selected by ECS (see the MMC block description chapter for more details), depending upon the state the of
the EMK bit in the MODE register. While this bit is used as a chip select, the external pin will return to its de-
asserted state (Vpp) for approximately 1/4 cycle just after the negative edge of ECLK, unless the external
access is stretched and ECLK is free-running (ESTR bit in EBICTL = 0).

5.0
Port K, Bits 5:0

Port K, Bits 5:0 — These six bits are used to determine which FLASH/ROM or external memory array page
is being accessed. They can be viewed as expanded addresses XAB19-XAB14 of the 20-bit address used to
access up tolM byte internal FLASH/ROM or external memory array. Alternatively, these bits can be used for
general-purpose /O depending upon the state of the EMK bit in the MODE register.
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Appendix A Electrical Characteristics

A.1.9 I/O Characteristics

This section describes the characteristics of all 3.3V/5V I/O pins. All parameters are not always applicable,
e.g., not all pins feature pull up/down resistances.

Table A-6. 5V I/O Characteristics

Conditions are shown in Table A-4 unless otherwise noted

Num C Rating Symbol Min Typ Max Unit
1 P [Input High Voltage Viy 0.65*Vppsg — — \
T |Input High Voltage Vi — — Vpps + 0.3 \
2 P | Input Low Voltage Vi — — 0.35*Vpps \Y
T | Input Low Voltage VL Vgg5— 0.3 — — \Y
3 C Input Hysteresis Vivs — 250 — mV
4 P Input Leakage Current (pins in high ohmic input I -1.0 — 1.0 HA
mode)?! "
Vv

in = Vops °" Vsss
5 C Output High Voltage (pins in output mode) V Vpps — 0.8 — — \%
Partial Drive Iy = —2mA

6 P Output High Voltage (pins in output mode) VoH Vpps — 0.8 — — \%
Full Drive IOH = -10mA
7 C Output Low Voltage (pins in output mode) VoL — — 0.8 \%
Partial Drive IOL = +2mA
8 P Output Low Voltage (pins in output mode) VOL — — 0.8 Y,
Full Drive Ig = +10mA
9 P |Internal Pull Up Device Current, tested at V, Max. lpuL — — -130 A
10 C |Internal Pull Up Device Current, tested at V, , Min. lpuH -10 — — uHA
11 P Internal Pull Down Device Current, tested at Viy lpDH — — 130 A
Min.
12 C Internal Pull Down Device Current, tested at Vi IppL 10 — — A
Max.
13 D Input Capacitance Cin — 6 — pF
14 T |Injection current? mA
Single Pin limit lics -2.5 — 25
Total Device Limit. Sum of all injected currents licp -25 — 25
15 P Port AD Interrupt Input Pulse filtered® thioN — — 3 us
16 P | Port AD Interrupt Input Pulse passed® thvaL 10 — — us

Maximum leakage current occurs at maximum operating temperature. Current decreases by approximately one-half for each
8 C to 12 C in the tempeature range from 50 C to 125 C

Refer to Section A.1.4, “Current Injection” for more details
Parameter only applies in STOP or Pseudo STOP mode.
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Appendix A Electrical Characteristics

A.4.1.4 Mass Erase
Erasing a NVM block takes:

1
t ~ 20000 —
mass fNVMOP

The setup times can be ignored for this operation.

A4.15 Blank Check

The time it takes to perform a blank check on the Flash is dependant on the location of the first non-blank
word starting at relative address zero. It takes one bus cycle per word to verify plus a setup of the command.

tcheck ~location - tcyc +10- tcyc

Table A-14. NVM Timing Characteristics

Conditions are shown in Table A-4 unless otherwise noted

Num | C Rating Symbol Min Typ Max Unit
1 D |External Oscillator Clock fnvmosc 0.5 — 50t MHz
2 D |Bus frequency for Programming or Erase Operations | fyymeus 1 — MHz
3 D |Operating Frequency fnvmor 150 — 200 kHz
4 P |Single Word Programming Time tswpgm 46 — 74,58 us
5 D |Flash Burst Programming consecutive word thwpgm 20.4? — 313 us
6 D |Flash Burst Programming Time for 64 Word row thrpgm 1331.22 — 2027.5° s
7 P |Sector Erase Time tera 20% — 26.7° ms
8 P |Mass Erase Time tmass 100% — 1333 ms
9 D |Blank Check Time Flash per block t check 11° — 655465 teye

Restrictions for oscillator in crystal mode apply!
Minimum Programming times are achieved under maximum NVM operating frequency f yymop and maximum bus frequency

fbus-
Maximum Erase and Programming times are achieved under particular combinations of f yymop and bus frequency f bus.
Refer to formulae in Sections A.3.1.1 - A.3.1.4 for guidance.

Minimum Erase times are achieved under maximum NVM operating frequency f yymor
Minimum time, if first word in the array is not blank

Maximum time to complete check on an erased block

Where t¢y is the system bus clock period.

N o o b
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