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Find the most current versions of all documents at: http://www.freescale.com.

Reference Manual —MC9S08MM128RM

Contains extensive product information including modes of operation, memory,
resets and interrupts, register definition, port pins, CPU, and all module
information.
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Devices in the MC9S08MM128 series

A complete description of the modules included on each device is provided in the following table.

Table 2. Versions of On-Chip Modules

Module

Version

Analog-to-Digital Converter (ADC16)

[EnY

General Purpose Operational Amplifier (OPAMP)

Trans-Impedance Operational Amplifier (TRIAMP)

Digital to Analog Converter (DAC)

Programmable Delay Block

Inter-Integrated Circuit (IIC)

Central Processing Unit (CPU)

On-Chip In-Circuit Debug/Emulator (DBG)

Multi-Purpose Clock Generator (MCG)

Low Power Oscillator (XOSCVLP)

Carrier Modulator Timer (CMT)

Programable Analog Comparator (PRACMP)

Serial Communications Interface (SCI)

Serial Peripheral Interface (SPI)

Time of Day (TOD)

Universal Serial Bus (USB)*

Timer Pulse-Width Modulator (TPM)

System Integration Module (SIM)

Cyclic Redundancy Check (CRC)

Keyboard Interrupt (KBI)

Voltage Reference (VREF)

Voltage Regulator (VREG)

Interrupt Request (IRQ)

Flash Wrapper

GPIO

Port Control

RIN|R[lW| RPN (P W|R[RO|MN|R|R[PIW|W|O|W|[R|R|R|F

1 UsB Module not available on MC9S08MM32A devices.

The block diagram in Figure 1 shows the structure of the MC9S08MM128 series MCU.
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Devices in the MC9S08MM128 series

1.1 Pin Assignments
This section shows the pin assignments for the MC9S08MM128 series devices.

111 64-Pin LQFP

The following two figures show the 64-pin LQFP pinout configuration. The first illustrates the pinout configuration for

MC9S08MM128, MC9S08MM64, and MCIS08MM32 devices.
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PTD5/SCL/TPM1CH3
PTD4/SDA/TPM1CH2
PTD3/TPM1CH1
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Figure 2. 64-Pin LQFP for MC9S08MM128, MC9S08MM64, and MC9S08MM32 devices

For MC9S08MM32A devices, pins 56, 57, 58, and 59 are no connects (NC) as illustrated in the following figure.
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Devices in the MC9S08MM128 series
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Figure 3. 64-Pin LQFP for MC9S08MM32A devices
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Devices in the MC9S08MM128 series

1.1.3 81-Pin MAPBGA
The following figure shows the 81-pin MAPBGA pinout configuration.

1 2 3 4 5 6 7 8 9
A IRO PTGO PTF6 USB_DP VBUS VUSB33 PTF4 PTF3 PTE4
B PTF7 PTAO PTG1 USB_DM PTF5 PTE7 PTF1 PTFO PTE3
C PTA4 PTAS PTAG6 PTAL PTF2 PTE6 PTES PTE2 PTE1
D INP1- PTA7 PTBO PTB1 PTA2 PTA3 PTD5 PTD7 PTEO
E OuUT1 VINN1 0ouT2 VDD2 VDD3 VDD1 PTD2 PTD3 PTD6
F VINP1 TRIOUT1 INP2- VSS2 VSS3 VSS1 PTB7 PTC7 PTD4
G DADPO DACO TRIOUT2 VINN2 VREFO PTB6 PTCO PTC1 PTC2
H DADMO DADM1 DADP1 VINP2 PTC3 PTC4 PTDO PTC5 PTC6
J VSSA VREFL VREFH VDDA PTB2 PTB3 PTD1 PTB4 PTB5

Figure 5. 81-Pin MAPBGA
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Electrical Characteristics
2 Electrical Characteristics

This section contains electrical specification tables and reference timing diagrams for the MC9S08MM128/64/32/32A
microcontroller, including detailed information on power considerations, DC/AC electrical characteristics, and AC timing
specifications.

The electrical specifications are preliminary and are from previous designs or design simulations. These specifications may not
be fully tested or guaranteed at this early stage of the product life cycle. These specifications will, however, be met for
production silicon. Finalized specifications will be published after complete characterization and device qualifications have
been completed.

NOTE

The parameters specified in this data sheet supersede any values found in the module
specifications.

2.1 Parameter Classification

The electrical parameters shown in this supplement are guaranteed by various methods. To give the customer a better
understanding, the following classification is used and the parameters are tagged accordingly in the tables where appropriate:

Table 4. Parameter Classifications

P Those parameters are guaranteed during production testing on each individual device.
c Those parameters are achieved by the design characterization by measuring a statistically relevant
sample size across process variations.
Those parameters are achieved by design characterization on a small sample size from typical devices
T under typical conditions unless otherwise noted. All values shown in the typical column are within this
category.
D Those parameters are derived mainly from simulations.
NOTE
The classification is shown in the column labeled “C” in the parameter tables where
appropriate.
Freescale Semiconductor 13
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Electrical Characteristics

2.2 Absolute Maximum Ratings

Absolute maximum ratings are stress ratings only, and functional operation at the maxima is not guaranteed. Stress beyond the
limits specified in the following table may affect device reliability or cause permanent damage to the device. For functional
operating conditions, refer to the remaining tables in this section.

Table 5. Absolute Maximum Ratings

# Rating Symbol Value Unit

1 Supply voltage Vop -0.3t0 +3.8 \%

2 Maximum current into Vpp Ibp 120 mA

3 Digital input voltage Vin -0.3t0 Vpp+ 0.3 \Y

4 Instgntanepu; njaximu_m current VI Ip +25 mA
Single pin limit (applies to all port pins)™

5 Storage temperature range Tstg -551t0 150 °C

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.
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).

This device contains circuitry protecting against damage due to high static voltage or electrical fields; however, it is advised
that normal precautions be taken to avoid application of any voltages higher than maximum-rated voltages to this
high-impedance circuit. Reliability of operation is enhanced if unused inputs are tied to an appropriate logic voltage level (for
instance, either Vgg or Vpp).

14
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Electrical Characteristics

Table 9. DC Characteristics (Continued)

Num | Symbol Characteristic Condition Min Typ? Max Unit C
7 V,_ |Input low voltage all digital inputs
all digital inputs, — — 0.35 x \Y P
VDD >2.7V VDD
all digital inputs, — — 0.30 x \%
2.7>VDDZ 1.8 VDD P
Vv
8 Vhys |Input hysteresis  all digital inputs — 0.06 x Vpp — — mvV C
[l |Input leakage all input only |V, =Vpp or Vgg — — 0.5 pA
9 current pins P
(Per pin)
lloz |Hi-Z (off-state) all digital| V|, = Vpp or Vgg — 0.003 0.5 pA
10 leakage current® input/output P
(per pin)
11 Rpy |Pull-up resistors — 17.5 — 52.5 kQ P
Rpp |Internal 17.5 — 52.5 kQ
12 pull-down — P
resistors®
lic |DC injection Single pin limit
13 current > 6.7
VSS > V|N > VDD -0.2 ‘ — ‘ 0.2 ’ mA ‘ D
Total MCU limit, includes sum of all stressed pins
Vss > Vin> Voo -5 — 5 mA D
14 Cin |Input Capacitance, all pins — — — 8 pF C
15 | Vgam |RAM retention voltage — — 0.6 1.0 \Y C
16 | Vpor |POR re-arm voltage® — 0.9 1.4 1.79 v C
17 tpor |POR re-arm time — 10 — — us D
Vivor® |Low-voltage Vpp falling
18 detection
threshold —
high range
— ‘ 2.11 | 2.16 ‘ 2.22 | v | P
Vpp rising
— ‘ 2.16 ‘ 2.23 ‘ 2.27 ’ Vv ’ P
VivpL |Low-voltage Vpp falling
19 detection
threshold —
low range®
— ‘ 1.80 | 1.84 ‘ 1.88 | Vv | P
Vpp rising
— ‘ 1.88 ‘ 1.93 ‘ 1.96 ‘ v ‘ P
18 Freescale Semiconductor
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Electrical Characteristics

Table 15. 16-Bit ADC Operating Conditions (Continued)

# Symb | Characteristic Conditions Min Typ1 Max Unit C Comment
10 fapck |ADC Conversion Clock
Frequency
ADLPC=0, ADHSC=1 1.0 — 8.0 MHz D
ADLPC=0, ADHSC=0 1.0 — 5.0
MHz D
ADLPC=1, ADHSC=0 1.0 — 25
MHz D

1 Typical values assume Vppa = 3.0 V, Temp = 25 °C, fapck=1.0 MHz unless otherwise stated. Typical values are for
reference only and are not tested in production.

2 DC potential difference.
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Figure 7. ADC Input Impedance Equivalency Diagram
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Electrical Characteristics

Table 16. 16-Bit SAR ADC Characteristics full operating range

(VREFH = VDDA! > 18, VREFL = VSSA <8 MHZ, -40 to 85 OC)

Characteristic Conditions?® Symb Min Typ2 Max Unit C Comment
Supply Current | ADLPC=1, ADHSC=0 — 215 —
ADLSMP
ADLPC=0, ADHSC=0 IoDAD — 470 — WA T -0
ADLPC=0, ADHSC=1 — 610 — ABCO=1
Supply Current | Stop, Reset, Module Off IbDAD — 0.01 — pA T
ADC ADLPC=1, ADHSC=0 — 24 —
Asynchronous C
ClOCk Source ADLPCzO' ADHSC:O fADACK - 52 - MHz tADACK =
ADLPC=0, ADHSC=1 — | 62 — iapack
Sample Time See Reference Manual for sample times
Conversion See Reference Manual for conversion times
Time
Total 16-bit differential mode TUE — +16 +48/ -40 LsB3 T 32x
Unadjusted 16-bit single-ended mode — +20 +56/ -28 Hardware
Error Averaging
(AVGE =
%1
AVGS =
%11)
13-bit differential mode — +1.5 +3.0 T
12-bit single-ended mode — +1.75 +3.5
11-bit differential mode — +0.7 +1.5 T
10-bit single-ended mode — +0.8 +1.5
9-bit differential mode — +0.5 +1.0 T
8-bit single-ended mode — +0.5 +1.0
Differential 16-bit differential mode DNL — +2.5 +5/-3 LSB2 T
Non-Linearity 16-bit single-ended mode — +2.5 +5/-3
13-bit differential mode — +0.7 +1 T
12-bit single-ended mode — +0.7 +1
11-bit differential mode — +0.5 +0.75 T
10-bit single-ended mode — +0.5 +0.75
9-bit differential mode — +0.2 +0.5 T
8-bit single-ended mode — +0.2 +0.5

28
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2.10 MCG and External Oscillator (XOSC) Characteristics

Electrical Characteristics

Table 18. MCG (Temperature Range = —40 to 105°C Ambient)

# Rating Symbol Min Typical Max Unit
Internal reference startup time tirefst — 55 100 us
factory trimmed at
) VDD=3.0 V and — 31.25 —
2 |Average internal reference frequency temp=25°C fint_ft kHz
user trimmed 31.25 — 39.0625
Low rfnge 16 . 20
DCO output frequency range — (DRS=00) f
3 tri d - dco_t MHz
rimme Mid range - 32 . 40
(DRS=01)
High range?®
(DRS=10) 40 - 60
4 Resolution of trimmed DCO output fre- with FTRIM Af — A 2 o%f
uency at fixed voltage and tempera- 0
?ure y g p without FTRIM dco_res_t — n n dco
?ver voltflge and . +1.0 192
Total deviation of trimmed DCO output emperature
5 |frequency over voltage and tempera-  over fixed voltage Afgco t %fyco
ture and temp range — +0.5 +1
of 0—70°C
2 .
6 |Acquisition time FLL ti_acquire - — 1 ms
3
PLL tpll_acquire - - 1
7 h]czgrgvgel)rm Jitter of DCO output clock (averaged over 2mS Cjitter _ 0.02 0.2 %fqco
VCO operating frequency fyeo 7.0 — 55.0 MHz
PLL reference frequency range fp||_ref 1.0 — 2.0 MHz
Jitter of PLL output clock measured ~ Long term foil_jitter_625 4 0
10 | over 625ns 5 P ns - 0.566 - ol
Entry® Diock +1.49 — +2.98
11 |Lock frequency tolerance — %
Exit Duni +4.47 — +5.97
FLL ¢ tfII_acquire+
fll_lock - - £
1075(1/'int_t)
12 [Lock time PLL tpll_acquire+ S
Loil_tock — — | 10751/fpi_re
f)
Loss of external clock minimum frequency - RANGE =0 3/5) X
13 foctow | GO | — — |z
int_t
Loss of external clock minimum frequency - RANGE =1 (16/5) x
14 floc_high fint . — —_— kHz

1 This should not exceed the maximum CPU frequency for this device which is 48 MHz.

2 This specification applies to any time the FLL reference source or reference divider is changed, trim value is changed,
DMX32 bit is changed, DRS bit is changed, or changing from FLL disabled (BLPE, BLPI) to FLL enabled (FEI, FEE,
FBE, FBI). If a crystal/resonator is being used as the reference, this specification assumes it is already running.

Freescale Semiconductor
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Electrical Characteristics

3 This specification applies to any time the PLL VCO divider or reference divider is changed, or changing from PLL
disabled (BLPE, BLPI) to PLL enabled (PBE, PEE). If a crystal/resonator is being used as the reference, this
specification assumes it is already running.

4 Jitter is the average deviation from the programmed frequency measured over the specified interval at maximum faus-
Measurements are made with the device powered by filtered supplies and clocked by a stable external clock signal.
Noise injected into the FLL circuitry via Vpp and Vgg and variation in crystal oscillator frequency increase the Cjjger
percentage for a given interval.

5 625ns represents 5 time quanta for CAN applications, under worst-case conditions of 8 MHz CAN bus clock, 1 Mbps

CAN Bus speed, and 8 time quanta per bit for bit time settings. 5 time quanta is the minimum time between a
synchronization edge and the sample point of a bit using 8 time quanta per bit.

6 Below D)y minimum, the MCG is guaranteed to enter lock. Above Djye, maximum, the MCG will not enter lock. But

if the MCG is already in lock, then the MCG may stay in lock.

7 Below Dyn minimum, the MCG will not exit lock if already in lock. Above D,y maximum, the MCG is guaranteed to exit

lock.
Table 19. XOSC (Temperature Range = —40 to 105°C Ambient)

# Characteristic Symbol | Min Typ?! Max |Unit| C
Oscillator crystal or resonator * Low range (RANGE = 0) D
(EREFS = 1, ERCLKEN = 1) fio 32 — 38.4 kHz

» High range (RANGE = 1), Fhi-fi 1 — 5 MHz | D
« FEE or FBE mode 2
+ High range (RANGE = 1), fhi-pi 1 — 16 MHz | D
1 « PEE or PBE mode 3
+ High range (RANGE = 1), fhi-ngo 1 — 16 MHz | D
» High gain (HGO = 1),
* BLPE mode
* High range (RANGE = 1), fhi-ip 1 — 8 MHz | D
* Low power (HGO = 0),
* BLPE mode
2 Load capacitors Cy See crystal or resonator manufacturer's D
C, recommendation.
Feedback resistor » Low range R — — D
(32 kHz to 38.4 kHz) 10
3 MQ
* High range — — 1 — D
(1 MHz to 16 MHz)
Series resistor — Low range * Low Gain (HGO = 0) Rs — 0 — kQ D
4
 High Gain (HGO =1) — 100 — D
Series resistor — High range * Low Gain (HGO = 0) Rs — 0 — D
» High Gain (HGO =1) D
5 > 8 MHz — 0 0 kQ D
4 MHz — 0 10 D
1 MHz — 0 20 D
34 Freescale Semiconductor
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Electrical Characteristics

Table 19. XOSC (Temperature Range = —40 to 105°C Ambient)

# Characteristic Symbol | Min Typ?! Max |Unit| C
Crystal start-up time 4 » Lowrange, low gain (RANGE = — — D
0, HGO =0) ‘esTLLP 200
« Low range, high gain st | — 400 — D
(RANGE = 0, HGO = 1) o
6 * High range, low gain tesTH-LP — 5 — ms D
(RANGE = 1, HGO = 0)°
+ High range, high gain tcsTH-HG — 15 — D
(RANGE =1, HGO = 1)° o

Data in Typical column was characterized at 3.0 V, 25°C or is typical recommended value.

When MCG is configured for FEE or FBE mode, input clock source must be divisible using RDIV to within the range of 31.25 kHz
to 39.0625 kHz.

When MCG is configured for PEE or PBE mode, input clock source must be divisible using RDIV to within the range of 1 MHz to
2 MHz.

This parameter is characterized and not tested on each device. Proper PC board layout porcedures must be followed to achieve
specifications.

4 MHz crystal.

MCU
EXTAL XTAL
Re Rs
[ A",
1T 11
¢ 7 |:| r
S Crystal or Resonator C,
T _ I
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Electrical Characteristics

2.11.2 TPM 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 21. TPM Input Timing

# Cc Function Symbol Min Max Unit
1 — External clock frequency frPMext dc feus/4 | MHz
2 — External clock period trpMext 4 — teye
3 D External clock high time teikh 15 — teye
4 D External clock low time teii 15 — teye
5 D) Input capture pulse width ticpw 15 — teye

-——

< LpMext ————————»|

tolkh —

TPMxCLK /

telki

Figure 10. Timer External Clock

TPMxCHn /

TPMxCHn

~e—Licpw —

——— 7

~—ticpy —>

N
o

Figure 11. Timer Input Capture Pulse
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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 Vpp supply. For more detailed
information about program/erase operations, see the Memory chapter in the Reference Manual for this device
(MC9S08MM128RM).

Table 23. Flash Characteristics

# Characteristic Symbol Min Typical Max Unit C

1 Supply voltage for program/erase . D
—40°C to 105°C Vproglerase 1.8 3.6 \Y

2 Supply voltage for read operation VRead 1.8 — 3.6 \% D

3 Internal FCLK frequency* fecLk 150 — 200 kHz D

4 Internal FCLK period (1/FCLK) treye 5 — 6.67 us D

5 |Byte program time (random location)? torog 9 treye P

6 |Byte program time (burst mode)? taurst 4 treyc P

7  |Page erase time? thage 4000 treye P

8 |Mass erase time? tmass 20,000 treye P
Program/erase endurance®

9 T, to Ty =—-40°C to + 105°C 10,000 — — cycles C

T=25°C — 100,000 —
10 |Data retention to ret 15 100 — years Cc

The frequency of this clock is controlled by a software setting.
These values are hardware state machine controlled. User code does not need to count cycles. This information supplied for

calculating approximate time to program and erase.

Typical endurance for flash was evaluated for this product family on the HC9S12Dx64. For additional information on how
Freescale defines typical endurance, please refer to Engineering Bulletin EB619, Typical Endurance for Nonvolatile Memory.
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, Typical Data Retention for Nonvolatile Memory.
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2.14 USB Electricals

The USB electricals for the USB On-the-Go module conform to the standards documented by the Universal Serial Bus
Implementers Forum. For the most up-to-date standards, visit http://www.usb.org.

If the Freescale USB On-the-Go implementation has electrical characteristics that deviate from the standard or require
additional information, this space would be used to communicate that information.

Table 24. Internal USB 3.3 V Voltage Regulator Characteristics

# Characteristic Symbol Min Typ Max Unit C

1 Regulator operating voltage Vregin 3.9 — 55 \% C

2 | VREG output Vregout 3 3.3 3.75 v P

3 \/_USB33 input with internal VREG Vusb33in 3 3.3 3.6 \Y C
disabled

4 | VREG Quiescent Current lvro — 0.5 — mA C

Freescale Semiconductor
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2.16 TRIAMP Electrical Parameters
Table 27. TRIAMP Characteristics 1.8-3.6 V, -40°C~105°C

# Characteristict Symbol Min Typ? Max Unit C
1 Operating Voltage Vbb 1.8 — 3.6 Y, C
2 E]lé%%ly Current (Ioyt=0mA, CL=0) Low-power lsuPPLY _ 52 60 WA T
3 ilé%%ly Current (Ioyt=0mA, CL=0) High-speed lsuPPLY _ 432 480 uA T
4 Input Offset Voltage Vos — +1 +5 mV T
5 Input Offset Voltage Temperature Drift ayos — 600 — uv T
6 Input Offset Current los — +120 500 pA T
7 Input Bias Current (0 ~ 50°C) Isias — < 350 < +500 pA T
8 Input Bias Current (=40 ~ 105°C) IglAS — 3 6.55 nA T
9 Input Common Mode Voltage Low Vemr 0 — — \% T
10 Input Common Mode Voltage High VemH — — Vpp—1.4 \% T
11 | Input Resistance Rin 500 — — MQ T
12 Input Capacitances Cin — — 5 pF D
13 AC Input Impedance (f;=100kHz) |X|N| — 1 — MQ D
14 Input Common Mode Rejection Ratio CMRR 60 70 — dB T
15 Power Supply Rejection Ration PSRR 60 70 — dB T
16 Slew Rate (AV,y=100mV) Low-power mode SR — 0.1 — Vius T
17 Slew Rate (AV,y=100mV) High-speed mode SR — 1 — Vius T
18 Unity Gain Bandwidth (Low-power mode) 50pF GBW 0.15 0.25 — MHz T
19 Unity Gain Bandwidth (High-speed mode) 50pF GBW — 1.6 — MHz T
20 | DC Open Loop Voltage Gain Ay — 80 — dB T
21 Load Capacitance Driving Capability CL(max) — — 100 pF T
29 (L)(:J\L?gg\llvmerr)(;?ggec)e AC Open Loop (@100 kHz Rout . 14 - KO D
23 Siugtﬁ_ustplerg%eg%rg:ee) AC Open Loop (@100 kHz Rout . 184 . o b
24 | Output Voltage Range triout 0.15 — \é)D,J[_)S_ \% T
25 Output Drive Capability louT — +1.0 — mA T
26 Gain Margin GM 20 — — dB D
27 | Phase Margin PM 45 55 — deg T
28 Input Voltage Noise Density f=1 kHz — 160 — nV/VHz T
1 All parameters are measured at 3.0 V, CL= 47 pF across temperature —40 to + 105 °C unless specified.
2 Datain Typical column was characterized at 3.0 V, 25°C or is typical recommended value.
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