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Devices in the MC9S08MM128 series

1 Devices in the MC9S08MM128 series

The following table summarizes the feature set available in the MC9S08MM128 series of MCUSs.

Table 1. MC9S08MM128 series Features by MCU and Package

Feature MC9S08MM128 MC9S08MM64 | MC9S08MM32 | MC9S08MM32A

Pin quantity 81 | 80 | 64 64 64 64
FLASH size (bytes) 131072 65535 32768 32768
RAM size (bytes) 12K 12K 4K 2K
Programmable Analog Comparator (PRACMP) yes yes yes yes
Debug Module (DBG) yes yes yes yes
Multipurpose Clock Generator (MCG) yes yes yes yes
Inter-Integrated Communication (1IC) yes yes yes yes
Interrupt Request Pin (IRQ) yes yes yes yes
Keyboard Interrupt (KBI) 16 16 6 6 6 6
Port 1/0* 47 46 33 33 33 33
Dedicated Analog Input Pins 12 12 12 12
Power and Ground Pins 8 8 8 8
Time Of Day (TOD) yes yes yes yes
Serial Communications (SCI1) yes yes yes yes
Serial Communications (SCI2) yes yes yes yes
Serial Peripheral Interface 1 (SPI1 (FIFO)) yes yes yes yes
Serial Peripheral Interface 2 (SPI2) yes yes yes yes
Carrier Modulator Timer pin (IRO) yes yes yes yes
TPM input clock pin (TPMCLK) yes yes yes yes
TPM1 channels 4 4 4 4
TPM2 channels 4 | 4 | 2 2 2 2
XOSC1 yes yes yes yes
X0OSC2 yes yes yes yes
USB yes yes yes no
Programmable Delay Block (PDB) yes yes yes yes
SAR ADC differential channels? 4 4 3 3 3 3
SAR ADC single-ended channels 8 8 6 6 6 6
DAC ouput pin (DACO) yes yes yes yes
Voltage reference output pin (VREFO) yes yes yes yes
General Purpose OPAMP (OPAMP) yes yes yes yes
Trans-Impedance Amplifier (TRIAMP) yes yes yes yes

1 Port I/0 count does not include two (2) output-only and one (1) input-only pins.
2 Each differential channel is comprised of 2 pin inputs.
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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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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.

Freescale Semiconductor

Freescale reserves the right to change the detail specifications as may be required to permit improvements in the design of its products.



A
Devices in the MC9S08MM128 series

1.1.2  80-Pin LQFP

The following figure shows the 80-pin LQFP pinout configuration.
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Figure 4. 80-Pin LQFP
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Devices in the MC9S08MM128 series

Table 3. Package Pin Assignments

(Continued)

Package

5 Default
g lg (& : ALT1 ALT2 ALT3 Composite Pin Name
o o e} Function
< - -
= o <
— o0 ©
o0}
F5 | 61 | 50 VSS3 — — — VSS3
E5 | 62 | 51 VDD3 — — — VDD3
C7 | 63 | 52 PTE5 TX2 — — PTES/TX2
C6 | 64 | 53 PTE6 RX2 — — PTE6/RX2
B6 | 65 | — PTE7 TPM2CH3 — — PTE7/TPM2CH3
BS | 66 | — PTFO TPM2CH2 — — PTFO/TPM2CH2
B7 | 67 | 54 PTF1 RX2 TPM2CH1 — PTF1/RX2/TPM2CH1
C5 | 68 | 55 PTF2 TX2 TPM2CHO — PTF2/TX2/TPM2CHO
A8 | 69 | — PTF3 SCL — — PTF3/SCL
A7 | 70 | — PTF4 SDA — — PTF4/SDA
B5 | 71 | — PTF5 KBI2P7 — — PTF5/KBI2P7
A6 | 72 | 56 | vusB33?! — — — VUSB33
B4 | 73 | 57 | USB_DM?2 — — — USB_DM
A4 | 74 | 58 | USB_DP3 — — — USB_DP
A5 | 75 | 59 | VBUS* — — — VBUS
F6 | 76 | 60 VSS1 — — — VSS1
E6 | 77 | 61 VDD1 — — — VvDD1
A3 | 78 | 62 PTF6 MOSI1 — — PTF6/MOSI1
Bl1 | 79 | 63 PTF7 MISO1 — — PTF7/MISO1
A2 | 80 | 64 PTGO SPSCK1 — — PTGO/SPSCK1
B3 | — | — PTG1 — — — PTG1

1 NC on MC9S08MM32A devices.

2 NC on MC9S08MM32A devices.

3 NC on MC9S08MM32A devices.

4

NC on MC9S08MM32A devices.
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Electrical Characteristics

For most applications, P|,g << Pj,: and can be neglected. An approximate relationship between Py 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) + 03, x (Pp)? Eqgn. 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 Tx. 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 Tp.

2.4 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 —
Machine Series Resistance R1 0 Q
Storage Capacitance C 200 pF
Number of Pulse per pin — 3
Latch-up Minimum input voltage limit — -2.5 \%
Maximum input voltage limit — 7.5 \%

Table 8. ESD and Latch-Up Protection Characteristics

# Rating Symbol Min Max Unit C
1 |Human Body Model (HBM) VHEM +2000 — \Y T
2 | Machine Model (MM) Vum +200 — \Y T
3 | Charge Device Model (CDM) Veom +500 — \Y T
4 | Latch-up Current at Ty = 125°C ILaT +100 — mA T
16 Freescale Semiconductor
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Table 10. Supply Current Characteristics (Continued)

Electrical Characteristics

Bus 1 . Temp
# Symbol Parameter Freq Vpp (V) Typ Max Unit °C) C
Wi Waitmode  FEI mode, all modules OFF3
5 DD |supply current
3 —40to
24 MHz 6.7 — mA 105 C
3 —40 to
20 MHz 5.6 — mA | 105 T
3 —40 to
8 MHz 2.4 — mA 105 T
3 —40 to
1 MHz 1 — mA 105 T
Low-Power
6 LPWIpp | Wait mode
supply current
3 —40to
16 KHz 10 40 pA | Tos T
Stop2 mode
7 S2Ipp  |supply cur-
rent*
N/A 3 03 | 08 | pa |7HO p
25
N/A 3 2.4 4.5 MA 70 C
N/A 3 7 11 HA 85
N/A 3 16 22 HA 105 P
N/A 2 0.2 045 | pa | OO ¢
25
N/A 2 2 3.8 LA 70 C
N/A 2 8 12 HA 85 c
N/A 2 10 20 HA 105 C

Freescale Semiconductor
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Table 11. Typical Stop Mode Adders (Continued)

Electrical Characteristics

Temperature (°C)
# Parameter Condition Units | C
-40 25 70 85 105
DAC?! High-Power mode; no load on 369 377 377 390 410 HA T
7 DACO
Low-Power mode 50 51 51 52 60 MA T
OPAMP1 High-Power mode 453 538 538 540 540 HA T
8 Low-Power mode 56 67 67 68 70 HA T
TRIAMP? High-Power mode 430 432 433 438 478 A T
° Low-Power mode 52 52 52 55 60 HA T
1 Not available in stop2 mode.
2.7 PRACMP Electricals
Table 12. PRACMP Electrical Specifications
# Characteristic Symbol Min Typical Max Unit C
1 |Supply voltage Vpwr 1.8 — 3.6 \% P
2 |Supply current (active) (PRG enabled) IbpACT1 — — 80 pA D
3 |Supply current (active) (PRG disabled) IbpacT2 — — 40 A D
4 S_upply current (ACMP and PRG all Ibpbpis — — 2 nA D
disabled)
5 |Analog input voltage VAIN Vgs—0.3 — Vpp \% D
6 |Analog input offset voltage VAIO — 5 40 mV D
7 |Analog comparator hysteresis Vy 3.0 — 20.0 mV D
8 |Analog input leakage current laALKG — — 1 nA D
9 |Analog comparator initialization delay tAINIT — — 1.0 us D
10 |Programmable reference generator inputs | Vin2 (Vppos) 1.8 — 2.75 \% D
11 Programmable reference generator setup tPrRGST — 1 — Hs D
delay
12 P_rogrammable reference generator step Vstep 0.75 1 1.25 LSB D
size
13 Programmable reference generator voltage Vprgout V /32 — Vin \% P
range

Freescale Semiconductor
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Electrical Characteristics

12-Bit DAC Electricals

2.8

Table 13. DAC 12LV Operating Requirements

# Characteristic Symbol Min Max Unit C Notes
1 | Supply voltage Vppa 1.8 3.6 \Y P
2 | Reference voltage Vbacr 1.15 3.6 \% c
3 | Temperature Ta —-40 105 °C C
Output load capacitance C_ A small load capacitance
4 o 100 = c (47 pF) can improve the
p bandwidth performance
of the DAC.
5 | Output load current I — 1 mA c
Table 14. DAC 12-Bit Operating Behaviors
# Characteristic Symbol Min Typ Max Unit C Notes
1 Resolution N 12 — 12 bit T
2 Supply current low-power mode IppA_pacte | — 50 100 HA T
3 Supply current high-power mode | Ippa pacHp | — 345 500 PA T
Full-scale Settling time TSgsLP * Vppa=3V
(1 LSB) or 2.2V
4 | (0x080 to OXF7F or OXF7F to — — 200 us T * VeerseL =1
0x080) * Temperature
low-power mode =25°C
Full-scale Settling time TsggHP * Vpopa=3V
(x1LSB) or 22V
5 | (0x080 to OXF7F or OXF7F to _ _ 30 us T * VrerseL=1
0x080) * Temperature
. =25°C
high-power mode
Code-to-code Settling time Tsc.cLP * Vppa=3V
(1 LSB) or 2.2V
6 | (OxBF8to 0xC08 or 0xCO08 to _ _ 5 us T * VererseL =1
O0xBF8) » Temperature
=25°C
low-power mode
Code-to-code Settling time Tsc.cHP * Vppa=3V
(1 LSB) or 22V
(OxBF8 to 0xCO08 or 0xCO08 to * VRerseL =1
7 OXBFS8) — 1 — s T « Temperature
high-power mode (3 V at Room =25°C
Temperature)
DAC output voltage range low Vgacoutl
(high-power mode, no load, DAC . .
8 set to 0) (3 V at Room 100 mv T
Temperature)

24
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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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Electrical Characteristics

2.11 AC Characteristics

This section describes ac timing characteristics for each peripheral system.

2.11.1 Control Timing

Table 20. Control Timing

# Symbol Parameter Min Typical® Max C Unit
1 faus Bus frequency (tcyc = 1/fgys) MHz
Vpp=18V dc — 10 D
Vpp >2.1V dc — 20 D
VDD >24V dc — D
24
2 tLpo Internal low-power oscillator 700 1000 1300 P us
period
3 texirst External reset pulse width? 100 — — D ns
(tcyc =1/ fSelf_reset)
4 trstdrv Reset low drive 66 x teye — — D ns
5 tvssu Active background debug 500 — — D ns
mode latch setup time
6 tvsH Active background debug 100 — — D ns
mode latch hold time
IRQ pulse width D
7 | tumtwe |+ Asynchronous path? 100 — — ns
«  Synchronous path® 1.5 X toye
KBIPx pulse width D
8 Y, Yl «  Asynchronous path? 100 — — ns
«  Synchronous path® 1.5 X teye
36 Freescale Semiconductor

Freescale reserves the right to change the detail specifications as may be required to permit improvements in the design of its products.



2.12 SPI Characteristics

Table 22 and Figure 12 through Figure 15 describe the timing requirements for the SP1 system.

Table 22. SPI Timing

Electrical Characteristics

No.! Characteristic? Symbol Min Max Unit
Operating frequency fop
1 Master faus/2048 feus/2 Hz
Slave 0 feus/4 Hz
SPSCK period tspsck
2 Master 2 2048 teye
Slave 4 — teye
Enable lead time {Lead
3 Master 1/2 — tSPSCK
Slave 1 — toye
Enable lag time tiag
4 Master 12 — tspsck
Slave 1 — teye
Clock (SPSCK) high or low time twspsck
5 Master teye — 30 1024 teyc ns
Slave teye — — ns
Data setup time (inputs) tsu
6 Master tsu 15 — ns
Slave 15 — ns
Data hold time (inputs) th
7 Master th 0 — ns
Slave 25 — ns
8 |Slave access time® t, — 1 teye
9  |Slave MISO disable time* tais — 1 teye
Data valid (after SPSCK edge) ty
10 Master — 25 ns
Slave — 25 ns
Data hold time (outputs) tho
11 Master 0 — ns
Slave 0 — ns
Rise time
12 Input tri — teye— 25 ns
Output tro — 25 ns
Fall time
13 Input e — toyc— 25 ns
Output tro — 25 ns

1 Numbers in this column identify elements in Figure 12 through Figure 15.

2 Al timing is shown with respect to 20% Vpp and 70% Vpp, unless noted; 100 pF load on all SPI pins. All timing

assumes slew rate control disabled and high drive strength enabled for SPI output pins.
3 Time to data active from high-impedance state.
4 Hold time to high-impedance state.

Freescale Semiconductor
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Electrical Characteristics
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Electrical Characteristics

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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Figure 17. Typical VREF Output vs. Vpp
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2.17 OPAMP Electrical Parameters
Table 28. OPAMP Characteristics 1.8-3.6 V

Electrical Characteristics

# Characteristics® Symbol Min Typ? Max Unit
1 Operating Voltage Vpp 1.8 — 3.6 \%
2 Supply Current (Iloyt=0mA, CL=0 Low-Power IsuppLy — 67 80 A T

mode) H

Supply Current (Igyt=0mA, CL=0 High-Speed IsuppLy — 538 550 T
3 pA

mode)
4 | Input Offset Voltage Vos — +2 6 mvV T
5 | Input Offset Voltage Temperature Coefficient oos — 10 — pvic T
6 Input Offset Current (—40°C to 105°C) los — +2.5 +250 nA T
7 Input Offset Current (—40°C to 50°C) los — — 45 nA T
8 | Positive Input Bias Current (—40°C to 105°C) IgiAs — 0.8 35 nA T
9 | Positive Input Bias Current (—40°C to 50°C) Igias — — +2 nA T
10 | Negative Input Bias Current (—40°C to 105°C) Igias — 25 250 nA T
11 | Negative Input Bias Current (—40°C to 50°C) IgiAs — — 45 nA T
12 | Input Common Mode Voltage Low Vem 0.1 — — \ T
13 | Input Common Mode Voltage High VemH — — Vbp \ T
14 | Input Resistance Rin — 500 — MQ T
15 | Input Capacitances Cin — — 10 pF D

AC Input Impedance (fj\=100kHz Negative |X,N| — 52 — D
16 kQ

Channel)

AC Input Impedance (f,y=100kHz Positive [Xinl — 132 — D
17 kQ

Channel)
18 | Input Common Mode Rejection Ratio CMRR 55 65 — dB T
19 | Power Supply Rejection Ratio PSRR 60 65 — dB T
20 | Slew Rate (AV|y=100mV Low-Power mode) SR 0.1 — — Vius T
21 | Slew Rate (AV|\=100mV High-Speed mode) SR 1 — — Vl/us T
22 | Unity Gain Bandwidth (Low-Power mode) GBW 0.2 — — MHz T
23 | Unity Gain Bandwidth (High-Speed mode) GBW 1 — — MHz T
24 | DC Open Loop Voltage Gain Ay 80 90 — dB T
25 | Load Capacitance Driving Capability CL(max) — — 100 pF T

Output Impedance AC Open Loop (@100 kHz Rout — 4k — D
26 Q

Low-Power mode)

Output Impedance AC Open Loop (@100 kHz Rout — 220 — D
27 . Q

High-Speed mode)

Output Voltage Range VouTt 0.15 — Vpp—0.1 T
28 5 \Y
29 | Output Drive Capability louT +0.5 +1.0 — mA T
30 | Gain Margin GM 20 — — daB D
31 | Phase Margin PM 45 55 — deg T
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Table 28. OPAMP Characteristics 1.8-3.6 V (Continued)

# Characteristics? Symbol Min Typ? Max Unit C
GPAMP startup time (Low-Power mode) Tstartup — 4 —
32 | (Tolerance < 1%, Vin = 0.5 Vp—p, CL = 25 pF, uS
RL = 100K)
GPAMP startup time (Low-Power mode) Tstartup — 1 — T
33 | (Tolerance < 1%, Vin = 0.5 Vp—p, CL = 25 pF, us
RL = 100k)
34 | Input Voltage Noise Density f=1 kHz — 250 — nV/\/Hz T

1 All parameters are measured at 3.3 V, CL =4 7 pF across temperature —40 to + 105°C unless specified.
Data in Typical column was characterized at 3.0 V, 25°C or is typical recommended value.

3 Ordering Information
This appendix contains ordering information for the device numbering system. MC9S08MM128 and MC9S08MM®64 devices.

3.1 Device Numbering System

Example of the device numbering system:

MC9 S08 MM 128V XX

x

Status
(MC = Fully Qualified)

— Package designator (see Table 30)

Temperature range
(© = Flash-basec) (v = ~40°C 10 105°)
Core
Family Approximate Flash size in Kbytes
Table 29. Device Numbering System
Memory
Device Number?! Available Packages?
Flash RAM
131,072 12,288 64 LQFP
MC9S08MM128 131,072 12,288 80 LQFP
131,072 12,288 81 MAPBGA

MC9S08MM64 65,536 12,288 64 LQFP

MC9S08MM32 32768 4096 64 LQFP

MC9S08MM32A 32768 2048 64 LQFP

1 See Table 2 fora complete description of modules included on each device.
2 See Table 30 for package information.
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