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Version |Revision | Effective e
Number Date Date Author Description of Changes
22 Jul 22 Jul Mentioned "S12 LRAE" bootloader in Flash section
V01.15 y Y Section Document References: corrected S12 CPU document
2003 2003
reference
VO1.16 24 Feb. 24 Feb. Added 3L86D maskset with corresponding Part ID
' 2004 2004 Table Oscillator Characteristics: Added more details for EXTAL pin
21 May 21 May Addeql 41.86D maskset with corresponding Part".ID
VO01.17 Table "MC9S12DJ64 Memory Map out of Reset": corrected $1000 -
2004 2004 o . . ;
$3fff memory in single chip modes to "unimplemented".
13 July 13 July
V01.18 2004 2004 Added MC9S12D32 and MC9S12A32
2 Sept 2 Sept Appendix, Table "Oscillator Characteristics": changed
V01.19 2002 ’ 200'2 ’ item 13 VIH,EXTAL min value from 0.7*VDDPLL to 0.75*VDDPLL
item 14 VIL,EXTAL max value from 0.3*VDDPLL to 0.25*VDDPLL
Table "Assigned Part ID Numbers": added mask set number
\VO1.20 6 April 6 April 0M89C
) 2005 2005 Table "NVM Reliability Characteristics": added footnote concerning
data retention
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1.4 Block Diagram

Figure 1-1 shows a block diagram of the MC9S12DJ64 device.
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$0040 - $007F

Address
$0063

$0064

$0065

$0066

$0067

$0068

$0069

$006A

$006B

$006C

$006D

$006E

$006F

$0070

$0071

$0072

$0073

$0074

$0075

$0076

$0077

$0078

$0079

$007A

$007B
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Name

PACN2 (lo)

PACN1 (hi)

PACNO (lo)
MCCTL
MCFLG
ICPAR
DLYCT
ICOVW
ICSYS

Reserved

TIMTST
Test Only

Reserved
Reserved
PBCTL
PBFLG
PA3H
PA2H
PA1H
PAOH
MCCNT (hi)
MCCNT (lo)
TCOH (hi)
TCOH (lo)
TC1H (hi)

TC1H (lo)

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:
Read:
Write:
Read:
Write:
Read:
Write:
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ECT (Enhanced Capture Timer 16 Bit 8 Channels)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit0
Bit 7 6 5 4 3 2 1 Bit0
Bit 7 6 5 4 3 2 1 Bit0
MCZl | MODMC | RDMCL 0 0 MCEN | MCPR1 | MCPRO
ICLAT FLMC
MCZE 0 0 0 POLF3 | POLF2 | POLF1 | POLFO
0 0 0 0 PA3EN | PA2EN | PA1EN | PAOEN
0 0 0 0 0 0 DLY1 DLYO
NOVW7 | NOVW6 | NOVW5 | NOVW4 | NOVW3 | NOVW2 | NOVW1 | NOVWO
SH37 SH26 SH15 SHO04 | TFMOD | PACMX | BUFEN LATQ
0 0 0 0 0 0 TCBYP 0
0 PBEN 0 0 0 0 PBOVI 0
0 0 0 0 0 0 PBOVE 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
35
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40

$00DO - $00D7

Address Name

$00D5 SCI1SR2
$00D6 SCI1DRH
$00D7 SCI1DRL

$00D8 - $00DF

Address Name
$00D8 SPIOCR1
$00D9 SPIOCR2
$00DA SPIOBR
$00DB SPIOSR
$00DC Reserved
$00DD SPIODR
$00ODE Reserved
$OODF Reserved

$00EO - $00E7

Address Name
$00EO IBAD
$00E1 IBFD
$00E2 IBCR
$00E3 IBSR
$00E4 IBDR
$00ES5 Reserved
$OOE6 Reserved
$00E7 Reserved

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:

SCI1 (Asynchronous Serial Interface)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 BRK13 | TXDIR [
R8 T8 0 0 0 0 0 0
R7 R6 R5 R4 R3 R2 R1 RO
T7 T6 T5 T4 T3 T2 T1 TO

SPIO (Serial Peripheral Interface)

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

SPIE SPE | SPTIE | MSTR | CPOL | CPHA | SSOE | LSBFE
0 0 0 __MODFEN|BIDIROE —2— SPiswal| sPco
0 0

SPPR2 | SPPR1 | SPPRO SPR2 | SPR1 | SPRO

SPIF 0 SPTEF | MODF 0 0 0 0
0 0 0 0 0 0 0 0
Bit7 6 5 4 3 2 1 Bit0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

[IC (Inter IC Bus)

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

ADR7 | ADR6 | ADR5 | ADR4 | ADR3 | ADR2 | ADR1 0

IBC7 IBC6 IBC5 IBC4 IBC3 IBC2 IBC1 IBCO

IBEN IBIE | MS/SL | TX/RX | TXAK 0 0 IBSWAI

RSTA

TCF IAAS IBB BAL 0 SRW BIE RXAK
D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
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2.3.38 PM3/ TXCANO / SSO — Port M I/O Pin 3

PM3 is a general purpose input or output pin. It can be configured as the transmit pin TXCAN of the
Freescale Scalable Controller Area Network controller 0 (CANO). It can be configured as the slave select
pin SS of the Serial Peripheral Interface 0 (SPI0).

2.3.39 PM2/RXCANO / MISO0 — Port M I/O Pin 2

PM2 is a general purpose input or output pin. It can be configured as the receive pin RXCAN of the
Freescale Scalable Controller Area Network controller 0 (CANO). It can be configured as the master input
(during master mode) or slave output pin (during slave mode) Mi8@he Serial Peripheral Interface 0
(SPI0).

2.3.40 PM1/TXCANO/TXB — Port M I/O Pin 1

PM1 is a general purpose input or output pin. It can be configured as the transmit pin TXCAN of the
Freescale Scalable Controller Area Network controller 0 (CANO). It can be configured as the transmit pin
TXB of the BDLC.

2.3.41 PMO/RXCANO/RXB — Port M I/O Pin O

PMO is a general purpose input or output pin. It can be configured as the receive pin RXCAN of the
Freescale Scalable Controller Area Network controller 0 (CANO). It can be configured as the receive pin
RXB of the BDLC.

2.3.42 PP7/KWP7 /PWM7 — Port P I/O Pin 7

PP7 is ageneral purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 7 output.

2.3.43 PP6 / KWP6 / PWM6 — Port P I/O Pin 6

PP6 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 6 output.

2.3.44 PP5/KWP5 /PWM5 — Port P I/O Pin 5

PP5 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 5 output.

2.3.45 PP4/KWP4 /| PWM4 — Port P I/O Pin 4

PP4 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 4 output.
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Table 4-2 Clock Selection Based on PE7

PE7 = XCLKS Description
0 Pierce Oscillator/external clock selected

Table 4-3 Voltage Regulator VREGEN

VREGEN Description
1 Internal Voltage Regulator enabled

Internal Voltage Regulator disabled, VDD1,2 and
VDDPLL must be supplied externally with 2.5V

0

4.3 Security
The device will make available a security feature preventing the unauthorized read and write of the
memory contents. This feature allows:

» Protection of the contents of FLASH,

* Protection of the contents of EEPROM,

» Operation in single-chip mode,

» Operation from external memory with internal FLASH and EEPROM disabled.

The user must be reminded that part of the security must lie with the user’s code. An extreme example
would be user’s code that dumps the contents of the internal program. This code would defeat the purpose
of security. At the same time the user may also wish to put a back door in the user’s program. An example
of this is the user downloads a key through the SCI which allows access to a programming routine that
updates parameters stored in EEPROM.

4.3.1 Securing the Microcontroller
Once the user has programmed the FLASH and EEPROM (if desired), the part can be secured by

programming the security bits located in the FLASH module. These non-volatile bits will keep the part
secured through resetting the part and through powering down the part.

The security byte resides in a portion of the Flash array.

Check the Flash Block User Guide for more details on the security configuration.
4.3.2 Operation of the Secured Microcontroller

4.3.2.1 Normal Single Chip Mode

This will be the most common usage of the secured part. Everything will appear the same as if the part was
not secured with the exception of BDM operation. The BDM operation will be blocked.
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4.3.2.2 Executing from External Memory

The user may wish to execute from external space with a secured microcontroller. This is accomplished
by resetting directly into expanded mode. The internal FLASH and EEPROM will be disabled. BDM
operations will be blocked.

4.3.3 Unsecuring the Microcontroller

In order to unsecure the microcontroller, the internal FLASH and EEPROM must be erased. This can be
done through an external program in expanded mode or via a sequence of BDM commands. Unsecurin
is also possible via the Backdoor Key Access. Refer to Flash Block Guide for details.

Once the user has erased the FLASH and EEPROM, the part can be reset into special single chip mode
This invokes a program that verifies the erasure of the internal FLASH and EEPROM. Once this program
completes, the user can erase and program the FLASH security bits to the unsecured state. This is generall
done through the BDM, but the user could also change to expanded mode (by writing the mode bits
through the BDM) and jumping to an external program (again through BDM commands). Note that if the
part goes through a reset before the security bits are reprogrammed to the unsecure state, the part will |
secured again.

4.4 Low Power Modes

The microcontroller features three main low power modes. Consult the respective Block User Guide for
information on the module behavior in Stop, Pseudo Stop, and Wait Mode. An important source of
information about the clock system is the Clock and Reset Generator User Guide (CRG).

4.4.1 Stop

Executing the CPU STOP instruction stops all clocks and the oscillator thus putting the chip in fully static
mode. Wake up from this mode can be done via reset or external interrupts.

4.4.2 Pseudo Stop

This mode is entered by executing the CPU STOP instruction. In this mode the oscillator is still running
and the Real Time Interrupt (RTI) or Watchdog (COP) sub module can stay active. Other peripherals are
turned off. This mode consumes more current than the full STOP mode, but the wake up time from this
mode is significantly shorter.

4.4.3 Wait
This mode is entered by executing the CPU WAL instruction. In this mode the CPU will not execute

instructions. The internal CPU signals (address and data bus) will be fully static. All peripherals stay
active. For further power consumption the peripherals can individually turn off their local clocks.
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4.4.4 Run

Although this is not a low power mode, unused peripheral modules should not be enabled in order to save
power.
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Figure 22-1 Recommended PCB Layout 112LQFP Colpitts Oscillator

Q00000000000

82 @ MOTOROLA



MC9S12DJ64 Device User Guide — V01.20

Figure 22-2 Recommended PCB Layout for 80QFP Colpitts Oscillator
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NOTE: Please refer to the temperature rating of the device (C, V, M) with regards to the
ambient temperatureland the junction temperature.TFor power dissipation
calculations refer t&Gection A.1.8 Power Dissipation and Thermal
Characteristics

Table A-4 Operating Conditions

Rating Symbol Min Typ Max Unit
1/0, Regulator and Analog Supply Voltage Vpps 4.5 5 5.25 \%
Digital Logic Supply Voltage * Vbb 2.35 25 2.75 Y
PLL Supply Voltage * VbppLL 2.35 25 2.75 Y
Voltage Difference VDDX to VDDR and VDDA DAvppx -0.1 0 0.1 \%
Voltage Difference VSSX to VSSR and VSSA Dyssx -0.1 0 0.1 \%
Oscillator fosc 0.5 - 16 MHz
Bus Frequency fous 0.252 - 25 MHz
MC9S12DJ64C
Operating Junction Temperature Range TJ -40 - 100 °C
Operating Ambient Temperature Range 3 Ta -40 27 85 °C
MC9S12DJ64V
Operating Junction Temperature Range TJ -40 - 120 °C
Operating Ambient Temperature Range 3 Ta -40 27 105 °C
MC9S12DJ64M
Operating Junction Temperature Range TJ -40 - 140 °C
Operating Ambient Temperature Range 3 Ta -40 27 125 °C
NOTES:

1. The device contains an internal voltage regulator to generate the logic and PLL supply out of the /O supply. The
given operating range applies when this regulator is disabled and the device is powered from an external source.

2. Some blocks e.g. ATD (conversion) and NVMs (program/erase) require higher bus frequencies for proper oper-
ation.

3. Please refer to Section A.1.8 Power Dissipation and Thermal Characteristics for more details about the rela-
tion between ambient temperature T, and device junction temperature Tj.

A.1.8 Power Dissipation and Thermal Characteristics

Power dissipation and thermal characteristics are closely related. The user must assure that the maximur
operating junction temperature is not exceeded. The average chip-junction tempergturé{Tcan be
obtained from:

TJ = TA+(PD°®JA)

TJ = Junction Temperature, [°C]
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NOTES:

1. PLL off
2. At those low power dissipation levels T; = T, can be assumed
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A.3 NVM, Flash and EEPROM

NOTE: Unless otherwise noted the abbreviation NVM (Non Volatile Memory) is used for
both Flash and EEPROM.

A.3.1 NVM timing

The time base for all NVM program or erase operations is derived from the oscillator. A minimum
oscillator frequencypymoscis required for performing program or erase operations. The NVM modules
do not have any means to monitor the frequency and will not prevent program or erase operation at
frequencies above or below the specified minimum. Attempting to program or erase the NVM modules at
a lower frequency a full program or erase transition is not assured.

The Flash and EEPROM program and erase operations are timed using a clock derived from the oscillator
using the FCLKDIV and ECLKDIV registers respectively. The frequency of this clock must be set within
the limits specified as\f;mop-

The minimum program and erase times shownhable A-11 are calculated for maximurgfyop and
maximum f,s The maximum times are calculated for minimypiop and a f,sof 2MHz.

A.3.1.1 Single Word Programming

The programming time for single word programming is dependant on the bus frequency as a well as on
the frequencypynvop and can be calculated according to the following formula.

t =9 +25 Eif—
Swpgm NVMOP

A.3.1.2 Row Programming

This applies only to the Flash where up to 32 words in a row can be programmed consecutively by keeping
the command pipeline filled. The time to program a consecutive word can be calculated as:

t =4 +9 h
b
wpgm NVMOP

The time to program a whole row is:

tbrpgm = tswpgm +31 |:tbwpgm

Row programming is more than 2 times faster than single word programming.
A.3.1.3 Sector Erase

Erasing a 512 byte Flash sector or a 4 byte EEPROM sector takes:
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NOTES:

1. Depending on the crystal a damping series resistor might be necessary
2. fose = 4MHz, C = 22pF.

3. Maximum value is for extreme cases using high Q, low frequency crystals
4. Only valid if Pierce oscillator/external clock mode is selected

A.5.3 Phase Locked Loop

The oscillator provides the reference clock for the PLL. The PLL s Voltage Controlled Oscillator (VCO)
is also the system clock source in self clock mode.

A.5.3.1 XFC Component Selection

This section describes the selection of the XFC components to achieve a good filter characteristics.

p
| .
VDDPLL
Cs R XFC Pin
Phase VCO
fosc > 1 fref >@ K ® K fuco
refdv+1 ® v ——>
Detector
cmp
Loop Divider
1 - L -
synr+1 2

Figure A-2 Basic PLL functional diagram
The following procedure can be used to calculate the resistance and capacitance values using typical
values for K, f; and {y, from Table A-16.

The grey boxes show the calculation fQeg = 50MHz and fs = 1MHz. E.g., these frequencies are used
for fogc= 4MHz and a 25MHz bus clock.

The VCO Gain at the desired VCO frequency is approximated by:
(fl - fvco) (60 — 50)

Ko =K EEKJHV —100 _
\V 1 = -100 [e = -90.48MHz/V
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120

jJ
)
H,,

|
fFlt— p»««— 66— >« 16 »l«— 10 — >
Jle» «— 15— " » —>1]
Addr/Data ty / ' / Uy
(read) ata : addr : data :
PA PB 1 7 ‘ 1 ‘ 1 7
! | » 7 |
| | 8 |
| | |
| | |
: 12 - 14 . 13
Addr/Data ' ' '
(write) ata : addr : data :
PA, PB : : :
| | |
| | |
f¢ 17 18 19
Non-Multiplexed | ! !
Addresses : : :
PK5:0 , , \
| | |
| | |
a3 20 21 » 22 23
t | |
ECS ! ! !
| | |
PK7 | | |
| t t
| | |
| | |
f¢ 24 25 26
R/W | ; ;
| | |
PE2 | | |
| \ \
| | |
< 27 28 > : 29
LSTRB : : :
PE3 | | |
| | |
| | |
| | |
| | |
< 30 31 > 32
NOACC : : :
PE7 | | |
| | |
| | |
< 33 34 »€ 35 36 |
IPIPOO i i i
IPIPO1, PE6,5 | | |
Figure A-9 General External Bus Timing
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Table A-20 Expanded Bus Timing Characteristics

Conditions are shown in Table A-4 unless otherwise noted, C oap = 50pF

Num [C Rating Symbol Min Typ Max Unit
32 | D |NOACC hold time tNOH 2 ns
33 | D |IPIPOJ[1:0] delay time tpoD 2 7 ns
34 | D [IPIPO[1:0] valid time to E rise (PWg —tpgp) tpov 11 ns
35 | D |IPIPO[1:0] delay time® (PWgp-tp1y) tp1p 2 25 ns
36 | D |IPIPOJ[1:0] valid time to E fall tpyv 11 ns
NOTES:

1. Affected by clock stretch: add N x t¢,c where N=0,1,2 or 3, depending on the number of clock stretches.
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B.2 112-pin LQFP package

[ L-M m 4X 28 TIPS

PIN 1
IDENT

/

q:] -
1 e —T ] =F
==
= }
= = 1— -
= ol
= 108X X=L, MOR N
—
= VIEW Y
l=:
w
= |
—
= }
= J AA
= Y
= f
==
==
28 = L_ F _,I BASE
P / Y METAL
I:II:II:II:II:II:II:II:II:II:II:II:RI:II:III:I/I:N:II:II:II:II:II:II:II:II:II:II:II:I e— D —>
29 :“ % [@]013 @[] LM[N]
- SECTION J1-J1
Al ROTATED 90 ° COUNTERCLOCKWISE
11
Iil NOTES:
1. DIMENSIONING AND TOLERANCING PER
! El ASME Y14.5M, 1994.
2. DIMENSIONS IN MILLIMETERS.
3. DATUMS L, M AND N TO BE DETERMINED AT

SEATING PLANE, DATUM T.

. DIMENSIONS S AND V TO BE DETERMINED AT
SEATING PLANE, DATUMT.

. DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION. ALLOWABLE
PROTRUSION IS 0.25 PER SIDE. DIMENSIONS
A AND B INCLUDE MOLD MISMATCH.

. DIMENSION D DOES NOT INCLUDE DAMBAR

C2 VIEW AB
PROTRUSION. ALLOWABLE DAMBAR
C —i 17 : 62 PROTRUSION SHALL NOT CAUSE THE D
PRIES E 112X DIMENSION TO EXCEED 0.4.

SEATING

PLANE MILLIMETERS
DIM] MIN MAX

A 20.000 BSC

Al 10.000 BSC

B 20.000 BSC

[N

o

Bl | 10.000BSC
c — | 1.600
c1] 0050 | 0150
c2 | 1.350 | 1.450
0 —~— D | 0270 | 0370
E | 0450 | 0.750
F | 0270 | 0330
G o.es(i BSC
J | 00%0 | 0170
—RR2 K 0.500 REF
P 0.325 BSC
\ R1| 0100 | 0.200
\ R R1 0.25 R2 | 0100 | 0.200
s | 22000BSC
i _____ AE — & GAGE PLANE S1 11.000 BSC
v | 22000BSC
vi| 11000BSC

AA | 0.090 | 0.160
S S

Le \l:m WA ——

E 9 0 8
— (Y e1| 3°] 7°
) 92| 11°]13°
—(2) 03] 11°] 13°
VIEW AB

Figure B-1 112-pin LQFP mechanical dimensions (case no. 987)
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