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Version | Revision | Effective oo
Number | Date Date Author Description of Changes
- Corrections in App. A ’'NVM, Flash and EEPROM’:
- Number of words per flash row = 64
V01.16 31 Mar 31 Mar - Replaced 'burst programming’ with 'row programming’
' 2003 2003 - Sector erase size = 1024 bytes
- Corrected feature description ECT
- Corrected min. bus freq. in table 'Operating Conditions’
- Replaced references to HCS12 Core Guide with the individual HCS12
VO1.17 30 May 30 May Block guides throughout document
' 2003 2003 - Table "Absolute Maximum Ratings’ corrected footnote on clamp of
TEST pin
V01.18 23 Jul 23 Jul - Mentioned 'S12 LRAE’ bootloader in Flash section
' 2003 2003 - Document References: corrected S12 CPU document reference
24 Jul 24 Jul
V01.19 2003 2003 - Added part ID for 2LOOM maskset.
- Added part ID for 3LOOM maskset.
- Added cycle definition to 'CPU 12 Block Description’.
- Diagram 'Clock Connections’: Connected Bus Clock to HCS12 Core.
- Corrected 'Background Debug Module’ to 'HCS12 Breakpoint’ at
V01,20 01 Sep 01 Sep address $0028 - $002F in table 1-1.
' 2003 2003 - Corrected 'Blank Check Time Flash’ value in table 'NVM Timing
Characteristics’
- Added EXTAL pin VIH, VIL and EXTAL pin hysteresis value to
'Oscillator Characteristics’. Updated oscillator description and table
note.
V0121 08 Mar 08 Mar - Added part ID for 4LOOM maskset.
' 2004 2004 - Corrected pin name KWP5 in device pinout.
23 Aug 23 Aug - Updated V_IH,EX,TAL gnd V!L,EXTAL in ta}ble ’Os-cillator C_hgraclteristics’
V01.22 - Removed item 'Oscillator’ from table 'Operating Conditions’ as
2004 2004 . ) -
already covered in table 'Oscillator Characteristics’
\V01.23 09 Feb 09 Feb - Corrected Flash Row Programming Time in NVM Timing
' 2005 2005 Characteristics
V0124 01 Apr 01 Apr - Changed T j,,4 and added footnote to data retention time in NVM
' 2005 2005 Reliability Characteristics
05 Jul 05 Jul - -
V01.25 2005 2005 - Updated NVM Reliability Characteristics
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NOTES:
1. Reused due to functional equivalence.
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$0034 - $003F

Address
$0039

$003A

$003B

$003C

$003D

$003E

$003F

Name

CLKSEL
PLLCTL
RTICTL

COPCTL

FORBYP
Test Only

CTCTL
Test Only

ARMCOP

$0040 - $007F

Address
$0040

$0041

$0042

$0043

$0044

$0045

$0046

$0047

$0048

$0049

$004A

$004B

$004C

$004D

$004E

Name

TIOS
CFORC
OC7M
OC7D
TCNT (hi)
TCNT (lo)
TSCR1
TTOV
TCTL1
TCTL2
TCTL3
TCTL4
TIE
TSCR2

TFLG1

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

CRG (Clock and Reset Generator)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PLLSEL | PSTP | SYSWAI | ROAWAI | PLLWAI | CWAI | RTIWAI | COPWAI
CME | PLLON | AUTO | ACQ 0 PRE PCE | SCME
0 RTR6 | RTRS | RTR4 | RTR3 | RTR2 | RTR1 | RTRO
0 0 0
WCOP | RSBCK CR2 CR1 CRO
RTIBYP | COPBYP 2 PLLBYP 0 0 FCM 0
TCTL7 | TCTL6 | TCTL5 | TCTL4 | TCLT3 | TCTL2 | TCTL1 | TCTLO
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
ECT (Enhanced Capture Timer 16 Bit 8 Channels)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
l0S7 l0S6 l0S5 l0S4 l0S3 l0S2 l0S1 10S0
0 0 0 0 0 0 0 0
FOC7 | Foce | Focs | Foca | Focs | Foc2 | Foci [ Foco
OC7M7 | OC7M6 | OC7TM5 | OC7M4 | OC7M3 | OC7M2 | OC7M1 | OC7MO
OC7D7 | OC7D6 | OC7D5 | OC7D4 | OC7D3 | OC7D2 | OC7D1 | OC7DO
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
TEN | TSWAI | TSFRZ | TFFCA 0 0 0 0
TOv7 | TOve | TOovs | Tov4 | Tov3 | Tov2 | TOvi | TOVO
om7 oL7 OoMé oL6 OM5 oL5 om4 oL4
om3 oL3 om2 oL2 om1 oL1 OMO oLo
EDG7B | EDG7A | EDG6B | EDG6A | EDG5B | EDG5A | EDG4B | EDG4A
EDG3B | EDG3A | EDG2B | EDG2A | EDG1B | EDG1A | EDGOB | EDGOA
Cc7l ceél Csl c4l cal c2l c1l col
TOI 0 0 0 TCRE PR2 PR1 PRO
C7F C6F C5F C4F C3F C2F C1F COF
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$00C8 - $00CF SCIO (Asynchronous Serial Interface)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Read: 0 0 0
$00C8 SCIOBDH . SBR12 | SBR11 | SBR10 | SBR9 SBRS8

Read:
$00C9 SCloBDL o | SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO

Read:
$00CA SCOCR1 . | LOOPS |SCISWAI| RSRC M WAKE ILT PE PT

Read:
$00CB sclocrz . | TIE TCIE RIE ILIE TE RE RWU SBK
$00CC SCIOSR1 Regd: TDRE TC RDRF IDLE OR NF FE PF

Write:
$00cD  Scosrz  ead:| O 0 0 0 0 BRK13 | TXDIR —~AF

Write:
$00CE  SClopRH  1ead:| R8 T8 0 0 0 0 0 0

Write:

Read:| R7 R6 R5 R4 R3 R2 R1 RO
$00CF SCIODRL\\ite: [ 77 T6 T5 T4 T3 T2 T1 T0
$00DO - $00D7 SCI1 (Asynchronous Serial Interface)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$00D0 SCI1BDH \F;\fr‘i";:f 0 0 0 SBR12 | SBR11 | SBR10 | SBR9 SBRS8

Read:
$00D1 SClBDL o | SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO

Read:
$00D2 SCICR1 . | LOOPS |SCISWAI| RSRC M WAKE ILT PE PT

Read:
$00D3 scicrz o | TIE TCIE RIE ILIE TE RE RWU SBK
$00D4 SCILSR1 Regd: TDRE TC RDRF IDLE OR NF FE PF

Write:
$00D5 scisry  Read) 0 0 0 0 0 BRK13 | TXDIR —~AF

Write:
$00D6  SClpRH  1ead:| R8 T8 0 0 0 0 0 0

Write:

Read:| R7 R6 R5 R4 R3 R2 R1 RO
$00D7 SCHUDRL \vrite: [ 77 T6 T5 T4 T3 T2 T1 T0
$00D8 - $00DF SPIO (Serial Peripheral Interface)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

$00D8 SPIOCR1 \F;\fr‘i";:f SPIE SPE SPTIE | MSTR | CPOL | CPHA | SSOE | LSBFE
$00D9 SPIOCR2 \F;\fr‘i";:f 0 0 0 MODFEN | BIDIROE 0 SPISWAI| SPCO
$00DA SPIOBR \F;\fr‘i";:f 0 SPPR2 | SPPR1 | SPPRO 0 SPR2 SPR1 SPRO
$00DB SPIOSR \F/{\/erigi SPIF 0 SPTEF | MODF 0 0 0 0
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Internal Pull
Pin Name | Pin Name |Pin Name | Pin Name | Pin Name | Power Resistor Descriotion
Funct.1 | Funct.2 | Funct.3 | Funct.4 | Funct.5 | Supply Reset P
CTRL
State
PH7 KWH7 SS2 — — Port H 1/O, Interrupt, SS of SPI2
PH6 KWH6 SCK2 — — Port H I/O, Interrupt, SCK of SPI2
PH5 KWH5 MOSI2 — — Port H I/O, Interrupt, MOSI of SPI2
PH4 KWH4 MISO2 — — PERH/ . Port H I/O, Interrupt, MISO of SPI2
VDDR Disabled —
PH3 KWH3 SS1 — — PPSH Port H I/O, Interrupt, SS of SPI1
PH2 KWH2 SCK1 — — Port H I/O, Interrupt, SCK of SPI1
PH1 KWH1 MOSI1 — — Port H I/O, Interrupt, MOSI of SPI1
PHO KWHO MISO1 — — Port H I/O, Interrupt, MISO of SPI1
Port J I/0, Interrupt, TX of CAN4,
PJ7 KWJ7 TXCAN4 SCL TXCANO / SCL of IIC, TX of CANO
PERJ
VDDX Up Port J I/O, Interrupt, RX of CAN4,
PJ6 KWJ6 RXCAN4 SDA RXCANO PPSJ SDA of IIC, RX of CANO
PJ[1:0] KWJ[1:0] — — — Port J I/O, Interrupts
PK7 ECS ROMCTL . . Port K 1/0, Emulation Chip Select,
PUCR/ ROM Control
VDDX Up
pK[s:0] | APPR PUPKE Port K 1/0, Extended Add
[5:0] [19:14] — — — or , Extende resses
PM7 TXCAN3 TXCAN4 — — Port M I/O, TX of CAN3, TX of CAN4
PM6 RXCAN3 RXCAN4 — — Port M 1/0, RX of CAN3, RX of CAN4
Port M 1/0O, TX of CAN2, CANO,
PM5 TXCAN2 TXCANO TXCAN4 SCKO CAN4, SCK of SPI0
PM4 RXCAN2 | RXCANO | RXCAN4 | MOSIO Port M1/0, RX of CAN2, CANO,
PERM/ | _. CAN4, MOSI of SPI0
_— VPDX 1 ppam Disabled Port M 1/O, TX of CAN1, CANO, SS
PM3 TXCANL | TXCANO — S50 or IR0 ' ‘
of SPIO
Port M 1/O, RX of CAN1, CANO,
PM2 RXCAN1 RXCANO — MISO0 MISO of SPIO
PM1 TXCANO TXB — — Port M 1/O, TX of CANO, RX of BDLC
PMO RXCANO RXB — — Port M 1/0, RX of CANO, RX of BDLC
Port P 1/O, Interrupt, Channel 7 of
PP7 KWP7 PWM7 SCK2 — PWM, SCK of SPI2
—_— Port P 1/O, Interrupt, Channel 6 of
PP6 KWP6 PWM6 SS2 — PWM, SS of SPI2
Port P 1/O, Interrupt, Channel 5 of
PP5 KWP5 PWM5 MOSI2 — PWM, MOSI of SPI2
Port P 1/O, Interrupt, Channel 4 of
PP4 KWP4 PWM4 MISO2 — PERP/ _ PWM, MISO2 of SPI2
VDX PPSP Disabled Port P 1/O, Int t, Ch I 3 of
—_— . ort P I/O, Interrupt, Channel 3 0
PP3 KWP3 PWM3 SS1 PWM, SS of SPI1
Port P 1/O, Interrupt, Channel 2 of
PP2 KWP2 PWM2 SCK1 — PWM, SCK of SPI1
Port P 1/O, Interrupt, Channel 1 of
PP1 KWP1 PWM1 MOSI1 — PWM, MOSI of SPI1
Port P 1/O, Interrupt, Channel O of
PPO KWPO PWMO MISO1 — PWM, MISO2 of SPI1
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2.3.5 XFC — PLL Loop Filter Pin

PLL loop filter. Please ask your Freescale representative for the interactive application note to compute
PLL loop filter elements. Any current leakage on this pin must be avoided.

XFC
R
° ___GCp
MCU
_|_ Cs
VDDPLL VDDPLL

Figure 2-2 PLL Loop Filter Connections

2.3.6 BKGD /TAGHI/ MODC — Background Debug, Tag High, and Mode Pin

The BKGD/TAGHI/MODC pin is used as a pseudo-open-drain pin for the background debug
communication. In MCU expanded modes of operation when instruction tagging is on, an input low on
this pin during the falling edge of E-clock tags the high half of the instruction word being read into the
instruction queue. It is used as aMCU operating mode select pin during reset. The state of thispinis
latched to the MODC bit at therising edge of RESET. This pin has a permanently enabled pull-up device.

2.3.7 PAD15/ AN15/ETRIG1 — Port AD Input Pin of ATD1

PAD15 isageneral purpose input pin and analog input AN7 of the analog to digital converter ATD1. It
can act as an external trigger input for the ATD1.

2.3.8 PAD[14:08] / AN[14:08] — Port AD Input Pins of ATD1

PAD14 - PADOS8 are general purpose input pins and analog inputs AN[6:0] of the analog to digital
converter ATD1.

2.3.9 PAD7/ ANO7 / ETRIGO — Port AD Input Pin of ATDO

PAD7 isageneral purposeinput pin and analog input AN7 of the analog to digital converter ATDO. It can
act as an external trigger input for the ATDO.

2.3.10 PADI[06:00] / AN[06:00] — Port AD Input Pins of ATDO

PADO6 - PADOO are general purpose input pins and analog inputs AN[6:0] of the analog to digital
converter ATDO.
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$FFCA, $FFCB Modulus Down Counter underflow I-Bit MCCTL (MCZI) $CA
$FFC8, $FFC9 Pulse Accumulator B Overflow I-Bit PBCTL (PBOVI) $C8
$FFC6, $SFFC7 CRG PLL lock I-Bit CRGINT (LOCKIE) $C6
$FFC4, $FFC5 CRG Self Clock Mode I-Bit CRGINT (SCMIE) $C4
$FFC2, $FFC3 BDLC I-Bit DLCBCRL1 (IE) $C2
$FFCO, $FFC1 IIC Bus I-Bit IBCR (IBIE) $CO
$FFBE, $FFBF SPI1 I-Bit SPICR1 (SPIE, SPTIE) $BE
$FFBC, $FFBD SPI2 I-Bit SPICR1 (SPIE, SPTIE) $BC
$FFBA, $FFBB EEPROM I-Bit ECNFG (CCIE, CBEIE) $BA
$FFB8, $FFB9 FLASH I-Bit FCNFG (CCIE, CBEIE) $B8
$FFB6, $FFB7 CANO wake-up I-Bit CANRIER (WUPIE) $B6
$FFB4, $FFB5 CANO errors I-Bit CANRIER (CSCIE, OVRIE) $B4
$FFB2, $FFB3 CANO receive I-Bit CANRIER (RXFIE) $B2
$FFBO, $FFB1 CANO transmit I-Bit | CANTIER (TXEIE2-TXEIEQ) $BO
$FFAE, $FFAF CAN1 wake-up I-Bit CANRIER (WUPIE) $AE
$FFAC, $FFAD CANL1 errors I-Bit CANRIER (CSCIE, OVRIE) $AC
$FFAA, $FFAB CAN1 receive I-Bit CANRIER (RXFIE) $AA
$FFA8, $FFA9 CANL1 transmit I-Bit | CANTIER (TXEIE2-TXEIEQ) $A8
$FFAB, SFFA7 CAN2 wake-up I-Bit CANRIER (WUPIE) $A6
$FFA4, $FFAS CAN2 errors I-Bit CANRIER (CSCIE, OVRIE) $A4
$FFA2, $FFA3 CANZ2 receive I-Bit CANRIER (RXFIE) $A2
$FFAO, $FFAL CAN2 transmit I-Bit | CANTIER (TXEIE2-TXEIEQ) $A0
$FFIE, $FFIF CAN3 wake-up I-Bit CANRIER (WUPIE) $9E
$FFIC, $FFID CANS errors I-Bit CANRIER (CSCIE, OVRIE) $9C
$FFIA, $FF9B CAN3 receive I-Bit CANRIER (RXFIE) $9A
$FF98, $FF99 CANS3 transmit I-Bit | CANTIER (TXEIE2-TXEIEQ) $98
$FF96, $FF97 CAN4 wake-up I-Bit CANRIER (WUPIE) $96
$FF94, $FF95 CAN4 errors I-Bit CANRIER (CSCIE, OVRIE) $94
$FF92, $FF93 CAN4 receive I-Bit CANRIER (RXFIE) $92
$FF90, $FF91 CAN4 transmit I-Bit | CANTIER (TXEIE2-TXEIEQ) $90
$FF8E, $FF8F Port P Interrupt I-Bit PIEP (PIEP7-0) $8E
$FF8C, $FF8D PWM Emergency Shutdown I-Bit PWMSDN (PWMIE) $8C
illzl'zgg ° Reserved

5.3 Effects of Reset

When areset occurs, MCU registers and control bits are changed to known start-up states. Refer to the
respective module Block Guides for register reset states.

5.3.1 I/O pins

Refer to the HCS12 Multiplexed External Bus Interface (MEBI) Block Guide for mode dependent pin
configuration of port A, B, E and K out of reset.

Refer to the PIM Block Guide for reset configurations of all peripheral module ports.
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The"S12 LRAE" isageneric Load RAM and Execute (LRAE) program which will be programmed into
the flash memory of this device during manufacture. This LRAE program will provide greater
programming flexibility to the end users by allowing the device to be programmed directly using CAN or
SCI after it is assembled on the PCB. Use of the LRAE program is at the discretion of the end user and, if
not required, it must simply be erased prior to flash programming. For more details of the S12 LRAE and
itsimplementation, please see the S12 LREA Application Note (AN2546/D).

Itisplanned that most HC9S12 devices manufactured after Q1 of 2004 will be shipped withthe S12 LRAE
programmed in the Flash. Exact details of the changeover (i.e. blank to programmed) for each product will
be communicated in advance via GPCN and will be traceable by the customer via datecode marking on
the device.

Please contact Freescale Sales if you have any additional questions.

Section 17 EEPROM 4K Block Description

Consult the EETS4K Block Guide for information about the EEPROM module.

Section 18 RAM Block Description

This module supports single-cycle misaligned word accesses.

Section 19 MSCAN Block Description

There are five MSCAN modules (CAN4, CAN3, CAN2, CAN1 and CANO) implemented on the

MC9S12DP512.
Consult the MSCAN Block Guide for information about the Freescale Scalable CAN Module.

Section 20 Port Integration Module (PIM) Block Description

Consult the functionally equivalent PIM_9DP256 Block Guide for information about the Port Integration
Module.

Section 21 Voltage Regulator (VREG) Block Description

Consult the VREG Block Guide for information about the dual output linear voltage regulator.
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Ty =Tat(Ppe6,,)

TJ = Junction Temperature, [°C]

T

A Ambient Temperature, [°C]

PD Total Chip Power Dissipation, [W]
GJA = Package Thermal Resistance, [°C/W]
The total power dissipation can be calculated from:

Pb = PiInT*PiO

PINT = Chip Internal Power Dissipation, [W]

Two cases with internal voltage regulator enabled and disabled must be considered:
1. Interna Voltage Regulator disabled

P\nT = 'bp Voo T lbppLL VooprLL T 'oba VDDA

_ 2
Plo = ZRDSON"loi
|

Pio isthe sum of all output currents on 1/O ports associated with VDDX and VDDR.

For Rpgon IS valid: v

_ L. .
RDSON = I—,for outputs driven low
oL
respectively
_ Vbps~VoH. o
R = ;for outputs driven high
DSON lon

2. Internal voltage regulator enabled

P\nT = 'DDR " VDDR T 'DDA VDDA

|ppr IS the current shown in Table A-7 and not the overall current flowing into VDDR, which
additionally contains the current flowing into the external loads with output high.

_ 2
Plo = ZRDSON"loi
|

P, isthe sum of all output currents on 1/O ports associated with VDDX and VDDR.
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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 Viu 0.65*Vpps - - \Y
T | Input High Voltage Vi - - VDD5 + 0.3 \Y,
2 | P |Input Low Voltage Vi - - 0.35*Vpps v
T | Input Low Voltage i VSS5-0.3 - - \%
3 | C|Input Hysteresis Vavs - 250 - mV
Input Leakage Current (pins in high impedance input
4 | p mode) i -1 - 1 uA
Vin = Vops 0" Vsss
Output High Voltage (pins in output mode)
5 | p | Partial Drive loHq = —2mA Vou Vpps — 0.8 - - \
Full Drive IgoH = -10mA
Output Low Voltage (pins in output mode)
6 | p |Partial Drive g = +2mA Vou - - 0.8 \Y;
Full Drive Ig = +10mA
Internal Pull Up Device Current,
7 | Pltested at vV, Max. lpuL - - -130 HA
Internal Pull Up Device Current,
8 | Ctested at vV, Min. lPuH -10 - - HA
Internal Pull Down Device Current,
9 | Pltested at vV, Min. IPpH - - 130 HA
Internal Pull Down Device Current,
10 | C|tested at vV, Max. lpoL 10 - - HA
11 | D |Input Capacitance Cin - 6 - pF
Injection current!
12 | T |Single Pin limit lcs 2.5 - 25 mA
Total Device Limit. Sum of all injected currents licp -25 25
13 | P |Port H, J, P Interrupt Input Pulse filtered? trigN - - 3 us
14 | P |PortH, J, P Interrupt Input Pulse passed® tpvaL 10 - - us
NOTES:

1. Refer to Section A.1.4 Current Injection, for more details
2. Parameter only applies in STOP or Pseudo STOP mode.

A.1.10 Supply Currents

This section describes the current consumption characteristics of the device as well as the conditions for
the measurements.
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LSB I 10-Bit Absolute Error Boundary
A V. Vi A
i-1 i
- - _/’_ -
- L Z
- - |
$3FD A I \
$3FC === L -y — e m SFF
s iy
1 V | ,
$3FA | r‘ | a
$3F9 | A N ///
1 s
$3F8 | -— —I—7’—————$FE
I l,7
$3F7 s
I e
$3F6 I 7
7
$3F5 L I
5 s3ra ——:—,—’/———:— ————— - $D§
= // =
3 $3r3 1 | =
3 | | 3
[0 , | | o
o | Ideat Transfer Curve | 0
O sfF——— <« d a4 -2 o
— | I I
7 I _ I I
. .~ IN10-Bit Transfer Curve |
X I | I I
° | | | |
I -t - = =T = = = — 7 -1
| L’ | | |
| ,-"I" 8-Bit Transfér Curve | |
I d I I | |
R | | |
I L7 | I | | I | | | | | | | | | | |
0 45

-
5055 5060 5065 5070 5075 5080 5085 5090 5095 5100 5105 5110 5115 5120 Vin

mvV

Figure A-1 ATD Accuracy Definitions

NOTE:

Figure A-1 shows only definitions, for specification values refer to Table A-10.
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A.3.2 NVM Reliability

Thereliability of the NVM blocks is guaranteed by stress test during qualification, constant process

monitors and burn-in to screen early life failures.

The program/erase cycle count on the sector isincremented every time a sector or mass erase event is

executed
Table A-12 NVM Reliability Characteristics?!

Conditions are shown in Table A-4 unless otherwise noted

Num |C Rating Symbol Min Typ Max Unit
Flash Reliability Characteristics
Data retention after 10,000 program/erase cycles at
1 |cC I 15 1007 —
an average junction temperature of T ;4 < 85°C
, , trLRET Years
Data retention with <100 program/erase cycles at an
2 |C o 20 1007 —
average junction temperature T jayq <85°C
3 |c Number of program/erase cycles 10.000
(-40°C < T;<0°C) ' - -
NEL Cycles
4 lc Number of program/erase cycles 10.000 3
(0°C £ T; < 140°C) , 100,000 —
EEPROM Reliability Characteristics
Data retention after up to 100,000 program/erase
5 | C |cycles at an average junction temperature of 15 1002 —
TJan S 85°C tEEPRET Years
Data retention with <100 program/erase cycles at an
6 |C I 20 1007 —
average junction temperature T jayq <85°C
2 e Number of program/erase cycles 10.000
(-40°C £ T,;<0°C) ' - -
Neep Cycles
s lc Number of program/erase cycles 100.000 3
(0°C < Ty < 140°C) , 300,000 —
NOTES:

1. T34y Will Nnot exeed 85°C considering a typical temperature profile over the lifetime of a consumer, industrial or automotive

application.

2. Typical data retention values are based on intrinsic capability of the technology measured at high temperature and de-rated
to 25°C using the Arrhenius equation. For additional information on how Freescale defines Typical Data Retention, please

refer to Engineering Bulletin EB618.

3. Spec table quotes typical endurance evaluated at 25°C for this product family, typical endurance at various temperature can
be estimated using the graph below. For additional information on how Freescale defines Typical Endurance, please refer

to Engineering Bulletin EB619.
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A.5.1.5 Pseudo Stop and Wait Recovery

Therecovery from Pseudo STOP and Wait are essentially the same since the oscillator was not stopped in
both modes. The controller can be woken up by internal or external interrupts. After t,,,s the CPU starts
fetching the interrupt vector.

A.5.2 Oscillator

The devicefeatures an internal Colpittsand Pierce oscillator. The selection of Colpitts oscillator or Pierce
oscillator/external clock depends on the XCLKS signal which is sampled during reset. Pierce
oscillator/external clock mode allows the input of a square wave. Before asserting the oscillator to the
internal system clocks the quality of the oscillation is checked for each start from either power-on, STOP
or oscillator fail. tcooyT Specifies the maximum time before switching to theinternal self clock mode after
POR or STOP if aproper oscillation is not detected. The quality check also determines the minimum
oscillator start-up time typogc - The device also features a clock monitor. A Clock Monitor Failureis
asserted if the frequency of the incoming clock signal is below the Assert Frequency fomea

Table A-15 Oscillator Characteristics

Conditions are shown in Table A-4 unless otherwise noted

Num | C Rating Symbol Min Typ Max Unit
la | C|Crystal oscillator range (Colpitts) fosc 0.5 - 16 MHz
1b | C|Crystal oscillator range (Pierce) * fosc 0.5 - 40 MHz
2 | P |Startup Current iosc 100 - - UA
3 C | Oscillator start-up time (Colpitts) tuposc - 82 1003 ms
4 D [ Clock Quality check time-out tcoouT 0.45 - 2.5 S
5 P | Clock Monitor Failure Assert Frequency femea 50 100 200 KHz
6 | P | External square wave input frequency * fext 0.5 - 50 MHz
7 | D | External square wave pulse width low # texTL 9.5 - - ns
8 | D |External square wave pulse width high 4 texTH 9.5 - - ns
9 | D |External square wave rise time texTr - - 1 ns
10 | D |External square wave fall time 4 texTr - - 1 ns
11 | D | Input Capacitance (EXTAL, XTAL pins) Cin - 7 - pF
12 lc E)C(:Tiﬁepr?r:ing Bias in Colpitts Configuration on VpeBias ) 11 i v
13 | P |EXTAL Pin Input High Voltage * VinextaL |0-75*VpppLL - - \Y

T | EXTAL Pin Input High Voltage * ViH,EXTAL - - VoppLL +0.3|  V
14 | P |EXTAL Pin Input Low Voltage * VL EXTAL - - 0.25Vggpi |V

T | EXTAL Pin Input Low Voltage * ViLextaL | VsspLL - 0.3 - - \Y
15 | C |EXTAL Pin Input Hysteresis * VHys, EXTAL - 250 - mv
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1.If configured as output
2. LSBF = 0. For LSBF = 1, bit order is LSB, bit 1, ..., bit 6, MSB.
Figure A-7 SPI Master Timing (CPHA=1)
In Table A-19 the timing characteristics for master mode are listed.
Table A-19 SPI Master Mode Timing Characteristics
Num Characteristic Symbol - Unit
Min Typ Max
1 SCK Frequency fsck 1/2048 — 1/2 fous
1 SCK Period tsck 2 — 2048 thus
2 Enable Lead Time tiead — 1/2 — tsek
3 Enable Lag Time Yag — 1/2 — tsck
4 Clock (SCK) High or Low Time twsck — 1/2 — tsck
5 Data Setup Time (Inputs) tsy 8 — — ns
6 Data Hold Time (Inputs) thi 8 — — ns
9 Data Valid after SCK Edge tysck — — 30 ns
10 |Data Valid after SS fall (CPHA=0) tyss — — 15 ns
11 | Data Hold Time (Outputs) tho 20 — — ns
12 Rise and Fall Time Inputs i — — 8 ns
13 Rise and Fall Time Outputs o — — 8 ns
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A.7.2 Slave Mode

In Figure A-8 the timing diagram for slave mode with transmission format CPHA=0 is depicted.

(INPL% _\ \ ¥ \_
SCK ~—O— @~ <O
. A Y A } /
SCK N s Y @_> g <_®
‘CW?NLPER \ S NV [ S (I \

MISO
(OUTPUT)

> @—» |
N\ | |
stavemss| X[ BIT6... 1 SLAVE LSB OUT SEE
| . £

\
(|N'\£8%' —<¥ MSB‘II\IQS)’;L—< BIT6...1  )»——<  LSBIN )

NOTE: Not defined!

:

Figure A-8 SPI Slave Timing (CPHA=0)

In Figure A-9 the timing diagram for slave mode with transmission format CPHA=1 is depicted.
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SCK iy O /4—\:. @ ;_ _’_;_@ :
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(INPUT) \ d —]
M £ \
(OUTPS’% —H note X[ SLAVE| | msBOUT >< BIT6...1 >< SLAVELSBOUT ] -
MOSI > [
R
(INPUT) MSBIN ) BIT6...1 LSBIN {
NOTE: Not defined!
Figure A-9 SPI Slave Timing (CPHA=1)
In Table A-20 the timing characteristics for lave mode are listed.
Table A-20 SPI Slave Mode Timing Characteristics
Num Characteristic Symbol . Unit
Min Typ Max
1 SCK Frequency fsck DC — 1/4 fous
1 |SCK Period tsck 4 — oo thus
2 Enable Lead Time tiead 4 — — thus
3 |Enable Lag Time tiag 4 — — thus
4 Clock (SCK) High or Low Time twsck 4 — — tous
5 Data Setup Time (Inputs) tsy 8 — — ns
6 Data Hold Time (Inputs) thi 8 — — ns
7 Slave Access Time (time to data active) ta — — 20 ns
8 Slave MISO Disable Time tyis — — 22 ns
9 |Data Valid after SCK Edge tusck — — 30 + toys ns
10 |Data Valid after SS fall tyss — — 30 + g ns
11 |Data Hold Time (Outputs) tho 20 — — ns
12 Rise and Fall Time Inputs tefi — — 8 ns
13 Rise and Fall Time Outputs tro — — 8 ns

NOTES:

1. t,s added due to internal synchronization delay
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Appendix B Package Information

B.1 General

This section provides the physical dimensions of the MC9S12DP512 packages.
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User Guide End Sheet
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