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Chapter 2 Pins and Connections

Figure 2-2 shows the 64-pin package assignments for the MC9S08AC128 Series devices.
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Figure 2-2. MC9S08AC128 Series in 64-Pin QFP Package
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Chapter 2 Pins and Connections

Figure 2-1 shows the 48-pin package assignments for the MC9S08AC128 Series devices.
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Figure 2-1. MC9S08AC128 Series in 48-Pin QFN Package
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Chapter 2 Pins and Connections

Table 2-4. Pin Availability by Package Pin-Count (continued)

Pin Number Lowest <-- Priority --> Highest
80 | 64 | 48 | 44 | PortPin Alt 1 Alt 2
183 — | — | — PTJO
14| — | — | — PTJ1
15 —| — | — PTJ2
16| —| — | — PTJ3
17 13 9 8 PTEO TxD1
18 14 10 9 PTE1 RxD1
19 | 15| 11| 10 PTE2 TPM1CHO
20 16 12 11 PTE3 TPM1CHA1
21| 17| 13| 12 PTE4 SS1
22 | 18 | 14| 13 PTE5 MISO1
23 19 15 14 PTE6 MOSI1
24 | 20 16 15 PTE7 SPSCK1
25| 21| 17| 16 Vss
26 | 22| 18| 17 Vbb
27| — | — | — PTJ4
28| — | — | — PTJ5
29| —| —| — PTJ6
30| —| —| — PTJ7
31| 23| 19| 18 PTGO KBI1PO
32| 24| 20 19 PTG1 KBI1P1
33| 25| 21| 20 PTG2 KBI1P2
34| 26| 22 | 21 PTAO
35| 27| 23| 22 PTA1
36| 28| 24 | — PTA2
371 29| — | — PTA3
38| 30| — | — PTA4
39| 31| — | — PTA5
40 | 32| — | — PTA6
41| 33| 25| — PTA7
2| —| — | — PTHO TPM2CH2
43| — | — | — PTHA TPM2CH3
4 | — | — | — PTH2 TPM2CH4
45| — | — | — PTH3 TPM2CH5
46 | 34 | 26 | 23 PTBO TPM3CHO| AD1PO
47 | 35| 27 | 24 PTB1 TPM3CH]1 AD1P1
48 | 36 | 28 | 25 PTB2 AD1P2
49 | 37| 29| 26 PTB3 AD1P3
50| 38| — | — PTB4 AD1P4
51| 39| — | — PTB5 AD1P5
52 | 40 | — | — PTB6 AD1P6
53 | 41| — | — PTB7 AD1P7

MC9S08AC128 MCU Series Data Sheet, Rev. 4

Freescale Semiconductor



Chapter 3
Electrical Characteristics and Timing Specifications

3.1 Introduction

This section contains electrical and timing specifications.

3.2 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 3-1. Parameter Classifications

Those parameters are guaranteed during production testing on each individual device.

Cc Those parameters are achieved by the design characterization by measuring a statistically relevant
sample size across process variations.

T Those parameters are achieved by design characterization on a small sample size from typical devices
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.

3.3 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 Table 3-2 may affect device reliability or cause permanent damage to the device. For functional operating
conditions, refer to the remaining tables in this section.

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).

MC9S08AC128 Series Data Sheet, Rev. 4
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Chapter 3 Electrical Characteristics and Timing Specifications

Table 3-6. DC Characteristics

Num|C Parameter Symbol Min Typ1 Max Unit
— |Operating Voltage Vb 2.7 — 5.5 \'%
2 | P [Output high voltage — Low Drive (PTxDSn = 0)
5V, |Load =-2mA VDD -1.5 —_— —_
3 V, ILoad =-0.6 mA VDD -15 —_— —
5 V, ILoad =-0.4mA VDD -0.8 —_— —
3 V, ILoad =-0.24 mA VDD -0.8 —_— —
P [Output high voltage — High Drive (PTxDSn =1) | VOH v
5V, lLoad=_10 mA VDD— 1.5 —_— —
3 V, |Load =-3mA VDD -15 —_— —
5 V, |Load =-2mA VDD -0.8 —_— —
3 V, |Load =-0.4 mA VDD -0.8 — —
3 | P |Output low voltage — Low Drive (PTxDSn = 0)
5 V, ILoad =2mA —_— —_— 1.5
3 V, ILoad =0.6 mA —_— —_— 1.5
5V, I gag=0.4 mA — — 0.8
3V, I gag=0.24 mA — — 0.8
P |Output low voltage — High Drive (PTxDSn = 1) VoL v
5V, ILoad=10 mA —_— — 15
3V, l gag=3mA — — 1.5
5V, I gag=2mA — — 0.8
3V, I oag=0.4mA — — 0.8
4 | P [Output high current — Max total Iy for all ports
5V| lont — — 100 mA
3V — — 60
5 | P |Output low current — Max total Ig_ for all ports
5V lOLT —_— —_— 100 mA
3V — — 60
6 P Input hlgh 2.7v< VDD 4.5v V|H 0.70XVDD — —_—
voltage; all Viy 0.65xVpp | — — \
digital inputs 4.5v <Vpp <5.5v
7 | P |Input low voltage; all digital inputs Vi — — 10.35x Vpp
8 | P |Input hysteresis; all digital inputs Vhys | 0.06 x Vpp mV
9 | P |Input leakage current; input only pins2 ! — 0.1 1 A
10 | P [High Impedance (off-state) leakage current? ozl — 0.1 1 pA
11 [ P [Internal pullup resistors® Rpu 20 45 65 kQ
12 | P [Internal pulldown resistors* Rpp 20 45 65 kQ
13 | C |Input Capacitance; all non-supply pins Cin — — 8 pF
14 | D |RAM retention voltage Veam — 0.6 1.0 \
15 | P |POR rearm voltage VpoR 0.9 1.4 2.0 \Y
16 | D |POR rearm time tpoR 10 — — us
17 | P |Low-voltage detection threshold — high range
VDD falllng VLVDH 4.2 4.3 4.4 \%
Vpp rising 4.3 4.4 4.5
Low-voltage detection threshold — low range
18 P VDD falllng VLVDL 2.48 2.56 2.64 Y
Vpp rising 2.54 2.62 2.7

MC9S08AC128 MCU Series Data Sheet, Rev. 4
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Chapter 3 Electrical Characteristics and Timing Specifications

3.7  Supply Current Characteristics
Table 3-7. Supply Current Characteristics

Num | C Parameter Symbol Voo Typ' Max Unit Temp
V) (°C)
Run suppl Current2 measured at 5 11 1.4°
1 C PPY Ribp mA | —40to 125°C
(CPU clock = 2 MHz, fg,g = 1 MHz) 3 1.0 1.2
Run supply ¢ rrent4 measured at 5 6.7 8.0°
2 | c | unsuppy ey ! Rlpp mA | —40to0 125°C
(CPU clock = 16 MHz, fg,s = 8 MH2) 3 6 7.5
Stop2 mode supply current 5 25 uA —40 to 85°C
3 o 1.0 160 —40to 125°C
23 —40 to 85°C
S2ly, 3 | os 150 | M | _40t0125°C
5 27 uA —40 to 85°C
4 c | Stop3 mode supply current 1.2 180° —-40to 125°C
S3lyp 3 25 A | —401085°C
1.0 170 HA 1 _40t0 125°C
500 —-40 to 85°C
s | ] 5 1 300 1 500 | M | _40t0125°C
RTI adder to stop2 or stop3
P P 823|DDFm 3 300 500 nA —40 to 85°C
500 —40to 125°C
180 —40 to 85°C
5 | MO 1 ygo | MA | 40t0125°C
6 C | LVD adder to stop3 (LVDE = LVDSE = 1) s3l
DDLVD 3 90 160 A —40 to 85°C
160 HA 1 _40t0 125°C
7 c | Adder to stop3 for oscillator enabled’ 53 5 8 pA | —401085°C
(OSCSTEN =1) S3l5p0sc ’ 8 pA | —40to 125°C

-y

Typical values are based on characterization data at 25°C unless otherwise stated. See Figure 3-5 through Figure 3-7 for
typical curves across voltage/temperature.

All modules except ADC active, ICG configured for FBE, and does not include any dc loads on port pins

Every unit tested to this parameter. All other values in the Max column are guaranteed by characterization.

All modules except ADC active, ICG configured for FBE, and does not include any dc loads on port pins

Every unit tested to this parameter. All other values in the Max column are guaranteed by characterization.

Most customers are expected to find that auto-wakeup from stop2 or stop3 can be used instead of the higher current wait
mode. Wait mode typical is 560 pA at 3 V with fg ;s = 1 MHz.

Values given under the following conditions: low range operation (RANGE = 0) with a 32.768kHz crystal, low power mode
(HGO = 0), clock monitor disabled (LOCD = 1).

o o~ W N
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Chapter 3 Electrical Characteristics and Timing Specifications

16 20 MHz, ADC off, FEE, 25°C

<«——+ 20 MHz, ADC off, FBE, 25°C

10 /

8 ——— 8 MHz, ADC off, FEE, 25°C

— 8 MHz, ADC off, FBE, 25°C
. e z 0

6

4 ///_ <1 MHz, ADC off, FEE, 25°C

) <«—— 1 MHz, ADC off, FBE, 25°C

0 I I | | I I I

2.2 2.6 3.0 3.4 3.8 4.2 4.6 5.0 5.4

Vbp

Note: External clock is square wave supplied by function generator. For FEE mode, external reference frequency is 4 MHz
Figure 3-5. Typical Run Ipp for FBE and FEE Modes, Ipp vs. Vpp
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Chapter 3 Electrical Characteristics and Timing Specifications
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Chapter 3 Electrical Characteristics and Timing Specifications

3.8 ADC Characteristics
Table 3-8. 5 Volt 10-bit ADC Operating Conditions
Characteristic Conditions Symb Min Typ' Max Unit
Absolute VDDAD 2.7 — 5.5 \
Supply voltage
Delta to VDD (VDD_VDDAD)2 AVDDAD -100 0 +100 mV
Ground voltage Delta to Vgg (Vss—Vssap)? AVggap | —100 0 +100 mvV
Ref voltage high VREFH 2.7 Vopoap | Vobabp \Y
Ref voltage low VRerL | Vssap | Vssab | Vssap v
Supply current Stop, reset, module off IopbAD — 0.011 1 pA
Input voltage Vapin | VRerL — VREFH v
Input capacitance CapIN — 4.5 5.5 pF
Input resistance RapiN — 3 5 kQ
10-bit mode
Analog source resistance fapck > 4MHz R - - 5 KO
External to MCU fapck < 4MHz AS — — 10
8-bit mode (all valid fopck) — — 10
High speed (ADLPC = 0) 0.4 — 8.0
ADC conversion clock frequency faDck MHz
Low power (ADLPC = 1) 0.4 — 4.0
Temp Sensor —40°C to 25°C - 3.266 — mV/°
Slope 25°C to 125°C T | 3638 | — c
Temp Sensor 25°C Viewpos | — 1.396 — Vv

Voltage

! Typical values assume Vppap = 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.
2 dc potential difference.
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Table 3-9. 5 Volt 10-bit ADC Characteristics (VREFH = VDDAD’ VREFL = VSSAD)

Chapter 3 Electrical Characteristics and Timing Specifications

Characteristic Conditions C Symb Min Typ' Max Unit
Supply current T IbpAD — 133 — pA
ADLPC =1
ADLSMP = 1
ADCO =1
Supply current T IppaD — 218 — pA
ADLPC = 1
ADLSMP =0
ADCO =1
Supply current T IbbaD — 327 — pA
ADLPC =0
ADLSMP = 1
ADCO =1
Supply current T IbpAD — 582 — pA
ADLPC =0 b ] A
ADLSMP =0 - - m
Vv 55V
ADCO = 1 DDAD =
ADC asynchronous clock source High speed (ADLPC = 0) P faDACK 2 3.3 5 MHz
tapack = 1/fapack Low power (ADLPC = 1) 1.25 2 3.3
Conversion time Short sample (ADLSMP =0) | P tanc — 20 — ADCK
(Including sample time) cycles
Long sample (ADLSMP = 1) — 40 —
Sample time Short sample (ADLSMP =0) | P taps — 3.5 — AD|CK
cycles
Long sample (ADLSMP = 1) — 23.5 — y
; 2
Total unadjusted error 10-bit mode P Etue — +1 2.5 LSB
Includes quantization 8-bit mode _ 0.5 +1.0
10-bit mode P DNL — +0.5 1.0 LSB?
Differential non-linearity 8-bit mode — +0.3 0.5
Monotonicity and no-missing-codes guaranteed
10-bit mode C INL — +0.5 +1.0 | LSB?
Integral non-linearity
8-bit mode — +0.3 0.5
; 2
Zero-scale error 10-bit mode p Ezs — +0.5 1.5 LSB
Vapin = Vssa 8-bit mode — +05 | 05
; 2
Full-scale error 10-bit mode p Ers — +0.5 1.5 LSB
Vapin = Vbpa 8-bit mode — 0.5 +0.5
10-bit mode D Eq — — +0.5 | LSB?
Quantization error
8-bit mode — — 0.5

MC9S08AC128 MCU Series Data Sheet, Rev. 4
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3.9.1

Chapter 3 Electrical Characteristics and Timing Specifications

ICG Frequency Specifications

Table 3-11. ICG Frequency Specifications

(Vopa = Vppa (min) to Vppa (Mmax), Temperature Range = —40 to 125°C Ambient)

1

Num Characteristic Symbol Min Typ Max Unit
Oscillator crystal or resonator (REFS = 1)
(Fundamental mode crystal or ceramic resonator)
Low range flo 32 — 100 kHz
1 High range
High Gain, FBE (HGO = 1,CLKS = 10) fhi_byp 1 — 16 MHz
High Gain, FEE (HGO = 1,CLKS = 11) fhi_eng 2 — 10 MHz
Low Power, FBE (HGO = 0, CLKS = 10) flp_byp 1 8 MHz
Low Power, FEE (HGO =0, CLKS = 11) flp_eng 2 8 MHz
Input clock frequency (CLKS = 11, REFS = 0)
2 Low range fio 32 — 100 kHz
High range fhi_eng 2 — 10 MHz
3 Input clock frequency (CLKS = 10, REFS = 0) fextal 0 — 40 MHz
4 Internal reference frequency (untrimmed) ficgIRcLK 182.25 243 303.75 kHz
5 Duty cycle of input clock (REFS = 0) tac 40 — 60 %
Output clock ICGOUT frequency _ e ia) (MaX)
6 CLKS = 10, REFS =0 f|CGOUT fExtaI (mln) — ¢ ( MHz
All other cases fio (Min) — | /CGDCLKmax
max)
Minimum DCO clock (ICGDCLK) frequency ficaDeLKmin 3 — MHz
Maximum DCO clock (ICGDCLK) frequency flcaDCLKmax — 40 MHz
Self-clock mode (ICGOUT) frequency 2 fself ficaDcLKmin ficaDcLKmax | MHz
10 Self-clock mode reset (ICGOUT) frequency fSelf reset 55 8 10.5 MHz
Loss of reference frequency 8
11 Low range fLor 5 25 KHz
High range 50 500
12 Loss of DCO frequency 4 fLob 0.5 1.5 MHz
Crystal start-up time > © t
CSTL
13 Low range ¢ — 430 — ms
High range CSTH — 4 —
FLL lock time + t
14 Low range t"°°kl — 2 ms
High range Lockh _ 5
15 FLL frequency unlock range NUnlock —4*N 4*N counts
16 FLL frequency lock range N ock —2*N 2*N counts
17 ICGOUT period jitter, - ® measured at ficgout Max oy
Long term jitter (averaged over 2 ms interval) Jitter — 0.2 % fica
Internal oscillator deviation from trimmed
18 frequency® . +0.5 o
Vpp = 2.7 — 5.5V, (constant temperature) ACCi . +0.5 ;2 %
Vpp =5.0 V £10%, —40° C to 125°C -
! Typical values are based on characterization data at Vpp = 5.0V, 25°C unless otherwise stated.
2 Self-clocked mode frequency is the frequency that the DCO generates when the FLL is open-loop.
MC9S08AC128 MCU Series Data Sheet, Rev. 4
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Chapter 3 Electrical Characteristics and Timing Specifications

BKGD/MS

RESET

Figure 3-11. Active Background Debug Mode Latch Timing
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3.10.2 Timer/PWM (TPM) 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 3-13. TPM Input Timing

Figure 3-12. IRQ/KBIPx Timing

- tMSH

T

N
—

Function Symbol Min Max Unit
External clock frequency frPMext dc faus/4 MHz
External clock period trPMext 4 - teye
External clock high time teikh 1.5 — teye
External clock low time te 1.5 — teye
Input capture pulse width ticpw 1.5 — teye

MC9S08AC128 Series Data Sheet, Rev. 4
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Chapter 3 Electrical Characteristics and Timing Specifications
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Figure 3-13. Timer External Clock
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Figure 3-14. Timer Input Capture Pulse
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Chapter 3 Electrical Characteristics and Timing Specifications

3.12 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.

Table 3-15. Flash Characteristics

Num | C Characteristic Symbol Min Typ' Max Unit
1 P | Supply voltage for program/erase Vorog/erase 2.7 5.5 \Y
2 P | Supply voltage for read operation VRead 2.7 5.5 \Y%
3 P | Internal FCLK frequency? froLk 150 200 kHz
4 P | Internal FCLK period (1/FCLK) treyc 5 6.67 us
5 P | Byte program time (random location)® torog 9 treye
6 C | Byte program time (burst mode)®@ tBurst 4 treye
7 P | Page erase time® tpage 4000 troye
8 P | Mass erase time® tMass 20,000 treye

Program/erase endurance*
9 C T to Ty =-40°C to + 125°C 10,000 — — cycles
T2 050G — 100,000 | —

10 C | Data retention® tD_ret 15 100 — years

Typical values are based on characterization data at Vpp = 5.0 V, 25°C unless otherwise stated.

The frequency of this clock is controlled by a software setting.

3 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 9512Dx64. For additional information on
how Freescale Semiconductor defines typical endurance, please refer to Engineering Bulletin EB619/D, 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 Semiconductor defines
typical data retention, please refer to Engineering Bulletin EB618/D, Typical Data Retention for Nonvolatile Memory.
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Chapter 3 Electrical Characteristics and Timing Specifications

3.13 EMC Performance

Electromagnetic compatibility (EMC) performance is highly dependant on the environment in which the MCU resides. Board
design and layout, circuit topology choices, location and characteristics of external components as well as MCU software
operation all play a significant role in EMC performance. The system designer should consult Freescale applications notes such
as AN2321, AN1050, AN1263, AN2764, and AN1259 for advice and guidance specifically targeted at optimizing EMC
performance.

3.13.1 Radiated Emissions

Microcontroller radiated RF emissions are measured from 150 kHz to 1 GHz using the TEM/GTEM Cell method in accordance
with the IEC 61967-2 and SAE J1752/3 standards. The measurement is performed with the microcontroller installed on a
custom EMC evaluation board while running specialized EMC test software. The radiated emissions from the microcontroller
are measured in a TEM cell in two package orientations (North and East). For more detailed information concerning the
evaluation results, conditions and setup, please refer to the EMC Evaluation Report for this device.

The maximum radiated RF emissions of the tested configuration in all orientations are less than or equal to the reported
emissions levels.

Table 3-16. Radiated Emissions

1
Parameter Symbol Conditions Frequency fosc/feus IZITII‘::(I) Unit
VRE TEM Vpp=5.0V 0.15-50 MHz 32kHz crystal 30 dBuVv
Ta=+25°C 20MHz Bus
package type 50 — 150 MHz 32
LQFP
Radiated emissions, soLQ 150 — 500 MHz 19
electric field and magnetic field 500 — 1000 MHz -
IEC Level 12 —
SAE Level 12 —

' Data based on laboratory test results.
2 |EC and SAE Level Maximums: I=36 dBuV.
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Chapter 4
Ordering Information and Mechanical Drawings

4.1 Ordering Information

This section contains ordering numbers for MC9S08AC128 Series devices. See below for an example of the device numbering

system.

Table 4-1. Device Numbering System

Memory Available Packages'
Device Number
FLASH RAM Type
MC9S08AC128 128K 8K 80 LQFP, 64 QFP, 48-QFN, 44-LQFP
MC9S08AC96 96K 6K 80 LQFP, 64 QFP, 48-QFN, 44-LQFP

! See Table 4-2 for package information.

4.2 Orderable Part Numbering System
MC 9 S08 AC 128 C XX E

Status | | —I—— Pb free indicator
Package designator (See Table 4-2)

(MC = Fully Qualified)

Memory Tem
B perature range
(9 = FLASH-based) (C =-40°C to 85°C)
Core (M =-40°C to 125°C)
Family Approximate memory size (in KB)

4.3 Mechanical Drawings

Table 4-2 provides the available package types and their document numbers. The latest package outline/mechanical drawings

are available on the MC9S08AC128 Series Product Summary pages at http://www.freescale.com.

To view the latest drawing, either:

*  Click on the appropriate link in Table 4-2, or

*  Open a browser to the Freescale® website (http://www.freescale.com), and enter the appropriate document number (from

Table 4-2) in the “Enter Keyword” search box at the top of the page.

Table 4-2. Package Information

Pin Count Type Designator Document No.
80 LQFP LK 98ASS23237W
64 QFP FU 98ASB42844B
48 QFN FT 98ARH99048A
44 LQFP FG 98ASS23225W
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Chapter 5

Revision History

To provide the most up-to-date information, the version of our documents on the World Wide Web will be
the most current. Your printed copy may be an earlier revision. To verify you have the latest information
available, refer to:

http://freescale.com/

The following revision history table summarizes changes contained in this document.

Revision Revision -
Nuvr:ﬂcI)er [‘)’;t; Description of Changes
Initial release of a separate data sheet and reference manual. Removed PTH7,
clarified SPI as one full and one master-only, added missing RoHS logo, updated
1 9/2008 . .
back cover addresses, and incorporated general release edits and updates.
Added some finalized electrical characteristics.
Added the parameter “Bandgap Voltage Reference” in Table 3-6
2 6/2009 Updated Section 3.13, “EMC Performance” and corrected Table 3-16.
Updated disclaimer page.
3 9/2010 Added 48-pin QFN package information.
4 8/2011 Updated the tgT, in the Table 3-12.

Updated the Rlpp in the Table 3-7.
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