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1.3 Features

MCF51AG128 Family Configurations

Table 2 describes the functional units of the MCF51AG128 series.
Table 2. MCF51AG128 Series Functional Units

Functional Unit

Function

CF1Core (V1 ColdFire core)

Executes programs and interrupt handlers

BDM (background debug module)

Provides single pin debugging interface (part of the V1 ColdFire core)

DBG (debug)

Provides debugging and emulation capabilities (part of the V1 ColdFire core)

VBUS (debug visibility bus)

Allows for real-time program traces (part of the V1 ColdFire core)

SIM (system integration module)

Controls resets and chip level interfaces between modules

Flash (flash memory)

Provides storage for program code, constants, and variables

RAM (random-access memory)

Provides storage for program variables

RGPIO (rapid general-purpose input/output)

Allows for 1/0 port access at CPU clock speeds

VREG (voltage regulator)

Controls power management across the device

LVD (low-voltage detect)

Monitors internal and external supply voltage levels, and generates a reset or
interrupt when the voltages are too low

CF1_INTC (interrupt controller)

Controls and prioritizes all device interrupts

ADC (analog-to-digital converter)

Measures analog voltages at up to 12 bits of resolution

FTM1, FTM2 (flexible timer/pulse-width
modulators)

Provide a variety of timing-based features

TPMS3 (timer/pulse-width modulator)

Provides a variety of timing-based features

CRC (cyclic redundancy check)

Accelerates computation of CRC values for ranges of memory

HSCMP1, HSCMP2 (analog comparators)

Compare two analog inputs

DAC1, DAC2 (digital-to-analog converter)

Provide programmable voltage reference for HSCMPx

lIC (inter-integrated circuit)

Supports standard 1IC communications protocol

ICS (internal clock source)

Provides clocking options for the device, including a frequency-locked loop
(FLL) for multiplying slower reference clock sources

OSC (crystal oscillator)

Allows a crystal or ceramic resonator to be used as the system clock source
or reference clock for the FLL

SCI1, SCI2 (serial communications
interfaces)

Serial communications UARTs capable of supporting RS-232 and LIN
protocols

SPI1, SPI2 (8/16-bit serial peripheral
interfaces)

Provide 8/16-bit 4-pin synchronous serial interface

DMA Provides the means to directly transfer data between system memory and I/O
peripherals
iEvent Highly programmable module for creating combinational boolean outputs for

use as interrupt requests, DMA transfer requests, or hardware triggers

EWM (External Watchdog Monitor)

Additional watchdog system to help reset external circuits
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MCF51AG128 Family Configurations

Figure 3 shows the pinout of the 64-pin LQFP and QFP.
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Figure 3. 64-Pin QFP and LQFP

PTG3/ADP4
PTD3/ADP5

PTD2/ADP6/CMP10UT

PTD7/ADP7
PTC2/ADP8

PTD1/ADP9/C1IN3
PTDO/ADP10/C1IN2

PTB7/ADP11
PTB6/ADP12
PTB5/ADP13
PTB4/ADP14
PTB3/ADP15
PTB2/ADP16

PTB1/ADP17/TPM3CH1
PTBO/ADP18/TPM3CHO

PTA7/ADP23

MCF51AG128 ColdFire Microcontroller, Rev. 5

10

Freescale Semiconductor



4
MCF51AG128 Family Configurations

Figure 4 shows the pinout of the 48-pin LQFP.
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Figure 4. 48-Pin LQFP
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Preliminary Electrical Characteristics

Table 5. Absolute Maximum Ratings

Rating Symbol Value Unit
Supply voltage Vbp -0.3t05.8 \'
Input voltage Vin -0.3to Vpp + 0.3 \'%

Instantaneous maximum current

Single pin limit (applies to all port pins)’-2 3 o +25 mA
Maximum current into Vpp Ibp 120 mA
Storage temperature Tstg —-5510 150 °C

1 Input must be current limited to the value specified. To determine the value of the required
current-limiting resistor, calculate resistance values for positive (Vpp) and negative (Vgg) clamp
voltages, then use the larger of the two resistance values.

2 All functional non-supply pins are internally clamped to Vgg and Vpp.

3 Power supply must maintain regulation within operating Vpp range during instantaneous and
operating maximum current conditions. If positive injection current (V|, > Vpp) is greater than
Ipp, the injection current may flow out of Vpp and could result in external power supply going
out of regulation. Ensure external Vpp load will shunt current greater than maximum injection
current. This will be the greatest risk when the MCU is not consuming power. Examples are: if
no system clock is present, or if the clock rate is very low which would reduce overall power
consumption.

2.3 Thermal Characteristics

This section provides information about operating temperature range, power dissipation, and package thermal resistance. Power
dissipation on 1/0 pins is usually small compared to the power dissipation in on-chip logic and it is user-determined rather than
being controlled by the MCU design. To take P,,q into account in power calculations, determine the difference between actual
pin voltage and Vg or Vpp and multiply by the pin current for each 1/0 pin. Except in cases of unusually high pin current
(heavy loads), the difference between pin voltage and Vgg or Vpp is very small.

Table 6. Thermal Characteristics

Rating Symbol Value Unit
Operating temperature range (packaged) Ta -401to 105 °C
Maximum junction temperature T, 150 °C
Thermal resistance 234
80-pin LQFP
1s 56
2s2p 45
64-pin QFP
1s 54 o
2s2p Oun 41 cw
64-pin LQFP
1s 67
2s2p 49
48-pin LQFP
1s 69
2s2p 51
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Preliminary Electrical Characteristics

Junction temperature is a function of die size, on-chip power dissipation, package thermal
resistance, mounting site (board) temperature, ambient temperature, air flow, power dissipation
of other components on the board, and board thermal resistance.

Junction to Ambient Natural Convection
1s — Single layer board, one signal layer
2s2p — Four layer board, 2 signal and 2 power layers

The average chip-junction temperature (T;) in °C can be obtained from:
Ty=Ta+ (Pp x64a) Eqn. 1

where:
Ta = Ambient temperature, °C
0;a = Package thermal resistance, junction-to-ambient, °C/W
Pp = Pint+ Piio
Pint = lpp x Vpp, Watts — chip internal power
P1/o = Power dissipation on input and output pins — user determined

For most applications, P|,o << Pj,t and can be neglected. An approximate relationship between Pp and T, (if Py, is neglected)
is:

Pp =K+ (T, + 273 °C) Egn. 2

Solving Equation 1 and Equation 2 for K gives:

K =Pp x (T +273°C) + 6, x (Pp)? Egn. 3

where K is a constant pertaining to the particular part. K can be determined from Equation 3 by measuring P, (at equilibrium)
for a known Tp. Using this value of K the values of P and T; can be obtained by solving Equation 1 and Equation 2 iteratively
for any value of Tx.

2.4  Electrostatic Discharge (ESD) Protection Characteristics

Although damage from static discharge is much less common on these devices than on early CMOS circuits, normal handling
precautions should be used to avoid exposure to static discharge. Qualification tests are performed to ensure that these devices
can withstand exposure to reasonable levels of static without suffering any permanent damage.

All ESD testing is in conformity with CDF-AEC-QO00 Stress Test Qualification for Automotive Grade Integrated Circuits.
(http://www.aecouncil.com/) This device was qualified to AEC-Q100 Rev E.

A device is considered to have failed if, after exposure to ESD pulses, the device no longer meets the device specification
requirements. Complete dc parametric and functional testing is performed per the applicable device specification at room
temperature followed by hot temperature, unless specified otherwise in the device specification.

Table 7. ESD and Latch-up Test Conditions

Model Description Symbol Value Unit
Human Body Series Resistance R1 1500 Q
Storage Capacitance C 100 pF
Number of Pulse per pin — 3 —

MCF51AG128 ColdFire Microcontroller, Rev. 5
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Preliminary Electrical Characteristics

Table 7. ESD and Latch-up Test Conditions (continued)

Model Description Symbol Value Unit
Latch-up Minimum input voltage limit — 2.5 V
Maximum input voltage limit — 7.5 \

Table 8. ESD and Latch-Up Protection Characteristics

Num Rating Symbol Min Max Unit
1 | Human Body Model (HBM) Vuem +2000 — \
2 | Charge Device Model (CDM) Veoum +500 — \
3 |Latch-up Current at T = 85°C I AT +100 — mA

2.5 DC Characteristics

This section includes information about power supply requirements, 1/0 pin characteristics, and power supply current in various
operating modes.

Table 9. DC Characteristics

Num| C Parameter Symbol Min Typical’ Max Unit
1 |—|Operating voltage 2.7 — 5.5 \
Output high voltage — Low Drive (PTxDSn = 0)
5YV, |Load =-5mA VDD -1.5 —_— —_
3 V, ILoad =-1.5mA VDD -0.8 —_— —
5V, I gag = —3 MA, PTCO and PTC1 Vpp - 0.4 — —
3V, ||_0ad =-1.5 mA, PTCO and PTC1 vV VDD -04 —_— —
Output high voltage — High Drive (PTxDSn = 1) OH
5 V, lLoad =-20mA VDD -1.5 —_— —
2 P 3 V, |Load =-8mA VDD -0.8 —_— —_— \Y
5V, ILoad =-12 mA, PTCO and PTC1 VDD -04 —_— —
3V, I gag =—8 MA, PTCO and PTC1 Vpp — 0.4 — —
Output low voltage — Low Drive (PTxDSn = 0)
5 V, ILoad =5mA —_— —_— 1.5
3 V, ILoad =1.5mA —_— —_— 0.8
5V, I paqg = 3 MA, PTCO and PTC1 — — 0.4
3V, I pag = 1.5 mA, PTCO and PTCH1 v — — 0.4
Output low voltage — High Drive (PTxDSn = 1) oL
5 V, |Load =20 mA —_— —_— 15
3 |P 3V, I gaq =8 MA — — 0.8 v
5V, I paqg = 12 mA, PTCO and PTC1 — — 0.4
3V, I oaq = 8 MA, PTCO and PTC1 — — 0.4
Output high current — Max total oy for all ports
4 |C 5V| lont — — 100 mA
3V — — 60
Output low current — Max total I, for all ports
5 C 5V lOLT —_— —_— 100 mA
3V — — 60
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Measured with V|n = VDD or Vss.
Measured with V|, = Vgg.
Measured with V|, = Vpp.

a B~ W N

Preliminary Electrical Characteristics

Typical values are based on characterization data at 25°C unless otherwise stated.

Power supply must maintain regulation within operating Vpp range during instantaneous and operating

maximum current conditions. If positive injection current (V,, > Vpp) is greater than Ipp, the injection current may
flow out of Vpp and could result in external power supply going out of regulation. Ensure external Vpp load will
shunt current greater than maximum injection current. This will be the greatest risk when the MCU is not

consuming power. Examples are: if no system clock is present, or if clock rate is very low (which would reduce
overall power consumption).

o

All functional non-supply pins are internally clamped to Vgg and Vpp.
Input must be current limited to the value specified. To determine the value of the required current-limiting

resistor, calculate resistance values for positive and negative clamp voltages, then use the larger of the two
values.

The RESET pin does not have a clamp diode to Vpp. Do not drive this pin above Vpp.
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Figure 6. Typical lgy vs. Vpp — Vou (High Drive, PTxDSn = 1)
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Preliminary Electrical Characteristics

Typical Vo vs. lo. AT Vo= 5V Typical VoL Vs. lo AT Vpp =3V
1.40
Hot (105°C) 0.80

120 4 -——-. Room (25°C) ——— Hot (105°C)

100 Cold (-40°C) 060 ———— Room (25°C)
< oo = | Cold (-40°C)
- = 040 -
< 060 9 -

0.40 - 0.20 4

0.20 -

0.00
0.00 0 1 )
0 1 2 3 5
lor (MA)
lor (MA)
Figure 7. Typical Ig, vs. Vg, (Low Drive, PTxDSn = 0)
Typical Vg vs. o AT Vpp =5V Typical Vo vs. lop AT Vpp =3V
1.40 ~
Hot (105°C)
120 {————- Room (25°C) 080 Hot (105°C)
-------- Cold (-40°C

1.00 ¢ ) 0604 ————- Room (25°C)
S 080 4 -7 = | Cold (-40°C) P
L o060 ;3' 040 1

0.40 = 0.20 |

0.20

000 0.00 ‘

N O o o 1 2 3 4 5 6 7 8
lo. (MA)
lor (MA)

Figure 8. Typical Ig,_ vs. Vg, (High Drive, PTxDSn = 1)

MCF51AG128 ColdFire Microcontroller, Rev. 5

20

Freescale Semiconductor



Preliminary Electrical Characteristics

Table 13. 5 V 12-bit ADC Characteristics (VgRern = Vppa: VRerL = Vssa) (continued)

Num C | Characteristic Conditions Symb Min | Typical Max Unit Comment

6 P ADC ngh Speed fADACK 2 3.3 5 MHz tADACK =
Asynchronous (ADLPC =0) 1/fapack
Clock Source

Low Power 1.25 2 3.3
(ADLPC =1)

7 P | Conversion Short Sample tapc — 20 — ADCK | See Table 10 for
Time (Including | (ADLSMP = 0) cycles | conversiontime
sample time) variances

Long Sample — 40 —
(ADLSMP = 1)

8 T | Sample Time Short Sample taDs — 3.5 — ADCK
(ADLSMP = 0) cycles
Long Sample — 23.5 —
(ADLSMP = 1)

9 T | Total 12 bit mode ETue — +3.0 — LSB? Includes
Unadjusted - quantization

P | Error 10 bit mode — +1 +2.5
T 8 bit mode — +0.5 +1.0

10 T | Differential 12 bit mode DNL — +1.75 — LSB? —

Non-Linearity
P 10 bit mode® — +0.5 +1.0
T 8 bit mode® — +0.3 +0.5

11 T | Integral 12 bit mode INL — +1.5 — LSB? —

Non-Linearity
P 10 bit mode — +0.5 +1.0
T 8 bit mode — +0.3 +0.5
12 T Zero-Scale 12 bit mode EZS — +1.5 — LSB2 VADIN = VSSAD
Error
P 10 bit mode — 0.5 +1.5
T 8 bit mode — +0.5 +0.5
13 T | Full-Scale Error | 12 bit mode Erg — +1 — LsB? VapiN = Vbpap
P 10 bit mode — +0.5 +1
T 8 bit mode — +0.5 +0.5
14 D | Quantization 12 bit mode Eq — -1t00 — LSB? —
Error
10 bit mode — — +0.5
8 bit mode — — +0.5

15 D | Input Leakage | 12 bit mode EL — +1 — LSB? | Pad leakage* *

Error Ras
10 bit mode — +0.2 +2.5
8 bit mode — 0.1 +1
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Preliminary Electrical Characteristics

Table 13. 5 V 12-bit ADC Characteristics (VgRern = Vppa: VRerL = Vssa) (continued)

Num C | Characteristic Conditions Symb Min | Typical Max Unit Comment
16 D | Temp Sensor 25°C V1EMP25 — 1.396 — mV —
Voltage
17 D | Temp Sensor —40 °C — 25 °C m — 3.266 — mV/°C —
Slope
25°C —85°C — 3.638 —

1 Typical values assume Vppa = 5.0 V, Temp = 25 °C, fapck = 1.0 MHz unless otherwise stated. Typical values are for reference
only and are not tested in production.

# 1LSB = (Vagr - Vrerl)/2"

3 Monotonicity and No-Missing-Codes guaranteed in 10 bit and 8 bit modes

4 Based on input pad leakage current. Refer to pad electricals.

2.10 External Oscillator (XOSC) Characteristics

Table 14. Oscillator Electrical Specifications (Temperature Range = —40 to 105 °C Ambient)

Num| C Rating Symbol Min | Typical Max Unit
Oscillator crystal or resonator (EREFS = 1, ERCLKEN = 1)
Low range (RANGE = 0) fio 32 — 38.4 kHz
1 C High range (RANGE = 1) FEE or FBE mode 2 fhi 1 — 16 MHz
High range (RANGE = 1, HGO = 1) FBELP mode |  fyi.ngo 1 — 16 MHz
High range (RANGE = 1, HGO = 0) FBELP mode fhi-ip 1 — 8 MHz
2 | — | Load capacitors C4 See crys’tal or resonator _
Co manufacturer’'s recommendation.
Feedback resistor
3 | — Low range (32 kHz to 100 kHz) Re 10 — MO
High range (1 MHz to 16 MHz) 1
Series resistor
Low range, low gain (RANGE = 0, HGO = 0) — 0 —
Low range, high gain (RANGE =0, HGO = 1) — 100 —
4 | — High range, low gain (RANGE =1, HGO = 0) R — 0 — KO
High range, high gain (RANGE = 1, HGO = 1) S
> 8 MHz — 0 0
4 MHz — 0 10
1 MHz — 0 20
Crystal start-up time 3
Low range, low gain (RANGE =0, HGO = 0) | ‘csri-1p — 1500 —
5 | T Low range, high gain (RANGE = 0, HGO = 1) | ‘csTL-HGO — 2000 — ms
High range, low gain (RANGE = 1, HGO = 0)*| sgth.Lp — 3 —
High range, high gain (RANGE = 1, HGO = 1)3|'cstH-HG0 — 7 —
Square wave input clock frequency (EREFS = 0, ERCLKEN =
1)
6 | T FEEmode 2| foqq |0.03125| 50.33 | MHz
FBE mode? 0 _ 50.33
FBELP mode 0 50.33

Data in Typical column was characterized at 5.0 V, 25 °C or is typical recommended value.

MCF51AG128 ColdFire Microcontroller, Rev. 5
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2.12 AC Characteristics

This section describes ac timing characteristics for each peripheral system.

2.12.1 Control Timing
Table 16. Control Timing

Num | C Parameter Symbol Min Typ Max Unit
1 D | Bus frequency (toyc = 1/fgys) fBus dc — 24 MHz
D | Internal low-power oscillator period tLpo 800 — 1500 us
Cth2
3 D | External reset pulse width foret 100 . . ns
(tcyc =1/ fSelf_reset)
4 D | Reset low drive trstdry 66 X teye — — ns
5 D | Active background debug mode latch setup time tmssu 500 — — ns
6 D | Active background debug mode latch hold time tmsH 100 — — ns
7 D | IRQ pulse width
Asynchronous path? |ty i 100 — — ns
Synchronous path3 1.5 X toye
Port rise and fall time (load = 30 pF for SPI, rest 50 pF)*
Slew rate control disabled (PTxSE = 0) High drive 11
8 Slew rate control enabled (PTxSE = 1) High drive trises trall — 35 ns
Slew rate control disabled (PTxSE = 0) Low drive — 40
Slew rate control enabled (PTxSE = 1) Low drive 75

override reset requests from internal sources.

textrst

Typical values are based on characterization data at Vpp = 5.0 V, 25 °C unless otherwise stated.
This is the shortest pulse that is guaranteed to be recognized as a RESET pin request. Shorter pulses are not guaranteed to

A

RESET PIN \

LY

Figure 11. Reset Timing

MCF51AG128 ColdFire Microcontroller, Rev. 5

This is the minimum pulse width that is guaranteed to pass through the pin synchronization circuitry. Shorter pulses may or
may not be recognized. In stop mode, the synchronizer is bypassed so shorter pulses can be recognized in that case.

Timing is shown with respect to 20% Vpp and 80% Vpp levels. Temperature range —40°C to 105°C.
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<— tHiL—>]
e B

IRQ/KBIPx /
IRQ/KBIPx /

N~ 7
- tILIH—>

Figure 12. IRQ/KBIPx Timing

2.12.2 Timer (TPM/FTM) 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 17. TPM/FTM Input Timing

NUM C Function Symbol Min Max Unit
1 — External clock frequency frPMext DC faus/4 MHz
2 — External clock period trPMext 4 — teye
3 D External clock high time teikh 1.5 — teye
4 D External clock low time telki 1.5 — teye
5 D Input capture pulse width ticpw 1.5 — teye

<« tFPMext ————————

<«— tokh —>»

[
TPMxCLK /

Lol
Figure 13. Timer External Clock

~—ticpw —»
Y AL

TPMxCHn \
TPMxCHn /

I
~<«—tcpw —>
Figure 14. Timer Input Capture Pulse
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Figure 17. SPI Slave Timing (CPHA = 0)
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Figure 18. SPI Slave Timing (CPHA = 1)
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2.13 Flash Specifications

This section provides details about program/erase times and program-erase endurance for the Flash memory.

Program and erase operations do not require any special power sources other than the normal VVpp supply. For more detailed
information about program/erase operations, see MCF51AG128 Reference Manual.

MCF51AG128 ColdFire Microcontroller, Rev. 5
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5.1

Mechanical Outline Drawings

80-pin LQFP Package

Mechanical Outline Drawings
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6

Revision History

Table 22. Revision History

Rev. No. Date Description
1 11/2008 Initial Draft Release.
2 4/2009 Internal Release.
3 5/2009 Alpha Customer Release.
4 12/2009 ¢ Added 48-pin LQFP information;
* Updated Section 2.5/17 and 2.6/21.
* Provided the supply current in Section 2.7/23, and setup delay in Section 2.8/23.
5 6/2010 Updated Table 10.

Added Figure 9.

Corrected pin names of PTG6 and PTG5 in 48-pin LQFP.

Standardized Generation 2008 Watchdog to Watchdog.

In Table 9, updated Output high/low voltage — Low Drive (PTxDSn = 0) 3 V, I o5q Value.
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