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Input/Output

— Up to 57 GPIOs including one output-only pin

— Two 8-bit keyboard interrupt modules (KBI)

— Two true open-drain output pins

— Eight, ultra-high current sink pins supporting 20 mA source/sink current

Package options
64-pin LQFP; 64-pin QFP
48-pin LQFP
44-pin LQFP
32-pin LQFP
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Parameter Classification

Field

Description Values

Operating temperature range (°C) V =-401to0 105

CcC

QH = 64-pin QFP
LH = 64-pin LQFP
LF = 48-pin LQFP
LD = 44-pin LQFP
LC = 32-pin LQFP

Package designator

2.4 Example

This is an example part number:

MC9S08PA60VQH

3 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 1. Parameter Classifications

P Those parameters are guaranteed during production testing on each individual device.
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.
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L ______________________________________________________________________4
General

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) or the programmable pullup resistor
associated with the pin is enabled.

Symbol Description Min. Max. Unit
Vpp Supply voltage -0.3 6.0 \Y,
Ibp Maximum current into Vpp — 120 mA
Vbio Digital input voltage (except RESET, EXTAL, XTAL, or true -0.3 Vpp + 0.3 \%
open drain pin PTA2 and PTA3)
Digital input voltage (true open drain pin PTA2 and PTA3) -0.3 6 \
Vaio Analog', RESET, EXTAL, and XTAL input voltage -0.3 Vpp + 0.3 \%
Ip Instantaneous maximum current single pin limit (applies to all 25 25 mA
port pins)
Voba Analog supply voltage Vpp-0.3 Vpp + 0.3 \Y,

1. All digital I/O pins, except open-drain pin PTA2 and PTAS, are internally clamped to Vgg and Vpp. PTA2 and PTAS is only
clamped to Vgs.

5 General

5.1 Nonswitching electrical specifications

5.1.1 DC characteristics

This section includes information about power supply requirements and I/O pin
characteristics.

Table 2. DC characteristics

Symbol C Descriptions Min Typical’ Max Unit

— — Operating voltage — 2.7 — 5.5 \
VoH P Output high |All /O pins, standard-| 5V, ligag = Vpp-0.8 — — \

voltage drive strength -5 mA
C 3V, lipag = Vpp - 0.8 — — \Y

-2.5 mA
P High current drive 5V, ligad = Vpp - 0.8 — — \'

pins, high-drive -20 mA

2

C strength 3V, hosa= | Vop-08 — — v

-10 mA

Table continues on the next page...
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Nonswitching electrical specifications

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

Table 3. LVD and POR Specification

Symbol C Description Min Typ Max Unit
VpoRr D POR re-arm voltage' 2 1.5 1.75 2.0 v
V| vDH C Falling low-voltage detect 4.2 4.3 4.4 \

threshold - high range (LVDV
=1)3
VivwiH C Falling low- | Level 1 falling 4.3 4.4 4.5 \
voltage (LVWV = 00)
VivweH C h""a";'r:g Level 2 falling 4.5 4.5 4.6 Vv
threshold -1 ywyv = o1)
high range
Vi vw3H C Level 3 falling 4.6 4.6 4.7 Vv
(LVWV =10)
VLvwaH C Level 4 falllng 4.7 4.7 4.8 \Y,
(LVWV = 11)
VuvsH C High range low-voltage — 100 — mV
detect/warning hysteresis
VivpL C Falling low-voltage detect 2.56 2.61 2.66 \
threshold - low range (LVDV =
0)
VLvbwiL C Falling low- | Level 1 falling 2.62 2.7 2.78 \Y,
voltage (LVWV = 00)
VivowaL C warming 1 evel 2 falling 2.72 2.8 2.88 Vv
threshold - (LVWV = 01)
low range
VLVDW3L C Level 3 falllng 2.82 2.9 2.98 \Y
(LVWV =10)
VLVDW4L C Level 4 falllng 2.92 3.0 3.08 Vv
(LVWV = 11)

VHyspL C Low range low-voltage detect — 40 — mV

hysteresis

VhyswL C Low range low-voltage — 80 — mV

warning hysteresis
Vgag P Buffered bandgap output 4 1.14 1.16 1.18 Vv

Maximum is highest voltage that POR is guaranteed.

POR ramp time must be longer than 20us/V to get a stable startup.
Rising thresholds are falling threshold + hysteresis.

Voltage factory trimmed at Vpp = 5.0 V, Temp =25 °C

rPOD =~
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nounswitching electrical specifications
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Figure 1. Typical oy Vs. Vpp-VoH (standard drive strength) (Vpp =5 V)
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Figure 2. Typical loy Vs. Vpp-VoH (standard drive strength) (Vpp =3 V)
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nounswitching electrical specifications
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Figure 5. Typical lg_ Vs. VoL (standard drive strength) (Vpp =5 V)
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Figure 6. Typical lg_ Vs. Vo (standard drive strength) (Vpp =3 V)
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Nonswitching electrical specifications
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Figure 7. Typical lg_ Vs. Vg, (high drive strength) (Vpp =5 V)
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Figure 8. Typical lg_ Vs. Vo (high drive strength) (Vpp =3 V)
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nounswitching electrical specifications

5.1.2 Supply current characteristics
This section includes information about power supply current in various operating modes.

Table 4. Supply current characteristics

Num | C Parameter Symbol | BusFreq | Vpp (V) | Typical Max Unit Temp
1 C | Run supply current FEI Rlpp 20 MHz 5 12.6 — mA | -40to 105 °C
c mode, all modules on; run 10 MHz 75 —
from flash i
1 MHz 2.4 —
C 20 MHz 3 9.6 —
C 10 MHz 6.1 —
1 MHz 2.1 —
2 C | Run supply current FEI Rlpp 20 MHz 5 10.5 — mA | -40to 105 °C
c mode, all modules off & 10 MHz 6.0 —
gated; run from flash :
1 MHz 2.3 —
C 20 MHz 3 7.4 —
C 10 MHz 5.0 —
1 MHz 2.0 —
3 P | Run supply current FBE Rlpp 20 MHz 5 121 14.8 mA | -40to 105 °C
mode, all modules on; run
’ ’ 10 MH 6. —
C from RAM z 5
1 MHz 1.8 —
P 20 MHz 3 9.1 11.8
C 10 MHz 5.5 —
1 MHz 1.5 —
4 P | Run supply current FBE Rlpp 20 MHz 5 9.8 12.3 mA | -40to 105 °C
c mode, all modules off & 10 MH 5.4 —
gated; run from RAM z
1 MHz 1.6 —
P 20 MHz 3 6.9 9.2
C 10 MHz 4.4 —
1 MHz 1.4 —
5 C | Wait mode current FEI Wipp 20 MHz 5 7.8 — mA | -40to 105 °C
c mode, all modules on 10 MHz 45 —
1 MHz 1.3 —
C 20 MHz 3 5.1 —
10 MHz 3.5 —
1 MHz 1.2 —
6 C Stop3 mode supply S3lpp — 5 3.8 — MA | -40to 105 °C
c current no clocks active — 3 3 — 40 to 105 °C
(except 1 kHz LPO °
clock)% 3
7 C ADC adder to stop3 — — 5 44 — MA | -40to 105 °C

Table continues on the next page...
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swiching specifications

5.2.3 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 8. FTM input timing

No. C Function Symbol Min Max Unit
1 D External clock frok 0 feus/4 Hz
frequency
2 D External clock trok 4 — teye
period
3 D External clock toikh 1.5 — teye
high time
4 D External clock tei 1.5 — toye
low time
5 D Input capture ticpw 1.5 — teye
pulse width
- troik »

<«— tokh —>»

TCLK /

Figure 13. Timer external clock

tewi

~«—tcpw —]
4 AL

FTMCHn /
FTMCHn /

~— 7
~<«—ticpw —>

Figure 14. Timer input capture pulse

MC9S08PAG60 Series Data Sheet, Rev. 3, 06/2015
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renpheral operating requirements and behaviors

Table 13. 5V 12-bit ADC operating conditions (continued)

Characteri Conditions Symb Min Typ' Max Unit Comment
stic
10-bit mode . . 5
i fADCK >4 MHz
y fabck < 4 MHz — — 10
8-bit mode — — 10
(aII valid fADCK)
ADC High speed (ADLPC=0) fapck 0.4 — 8.0 MHz —
conversion Low power (ADLPC=1) 0.4 — 4.0
clock
frequency

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.
2. DC potential difference.

SIMPLIFIED
INPUT PIN EQUIVALENT
CIRCUIT Z rom
Pad ~ ~ 1 r=> SIMPLIFIED
Zns leakage CHANNEL SELECT
< - ‘due to CIRCUIT ADC SAR

o 5
§'o
? S
o
=
o:

‘ [
‘ [
| | |
R as | ‘ | ‘ 'R aom | ENGINE
* i o ] «Mﬁo/o—*—é—b
I | |
[ | V aoi | | : : ‘
- |
—C | | |
V as s | | | : ‘ |
\ | | -> \
‘ [
— e I — | — — |
- - \ - - \ ! !
<= - Z--—--- I'R aoi \
X L0~ O
‘ [
INPUT PIN | |
| R ADIN |
X -0~ o9
INPUT PIN ! \
I R apin |
X L A0 Ot
| — — — _ _
INPUT PIN L con

Figure 16. ADC input impedance equivalency diagram

Table 14. 12-bit ADC Characteristics (VREFH = Vppas VREFL = VSSA)

Characteristic Conditions C Symb Min Typ' Max Unit
Supply current T lopa — 133 — A
ADLPC =1

ADLSMP = 1

ADCO =1

Supply current T lopa — 218 — A

Table continues on the next page...
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4
Peripheral operating requirements and behaviors
Table 14. 12-bit ADC Characteristics (VRern = Vbpas VRerL = Vssa) (continued)
Characteristic Conditions C Symb Min Typ! Max Unit
ADLPC =1
ADLSMP =0
ADCO =1
Supply current T Ibpa — 327 — A
ADLPC =0
ADLSMP =1
ADCO =1
Supply current T IbpAD — 582 990 A
ADLPC =0
ADLSMP =0
ADCO =1
Supply current Stop, reset, module T lopa — 0.011 1 A
off
ADC asynchronous |High speed (ADLPC P faDACK 2 3.3 5 MHz
clock source =0)
Low power (ADLPC 1.25 2 3.3
=1)
Conversion time Short sample T tapc — 20 — ADCK
(including sample (ADLSMP = 0) cycles
time) Long sample — 40 —
(ADLSMP = 1)
Sample time Short sample T taps — 3.5 — ADCK
(ADLSMP = 0) cycles
Long sample — 23.5 —
(ADLSMP = 1)
Total unadjusted 12-bit mode T Etue — +5.0 — LSB3
Error? 10-bit mode P — 15
8-bit mode P — +0.7 +
Differential Non- 12-bit mode T DNL — +1.0 — LSBs
Linearity 10-bit mode* P — £0.25 0.5
8-bit mode* P — +0.15 +0.25
Integral Non-Linearity | 12-bit mode T INL — +1.0 — LSBs
10-bit mode T — +0.3 +0.5
8-bit mode T — +0.15 +0.25
Zero-scale error® 12-bit mode C Ezs — +2.0 — LsB?
10-bit mode P — +0.25
8-bit mode P — +0.65 +1.0
Full-scale error® 12-bit mode T Ers — 25 — LSB3
10-bit mode T — +0.5 1.0
8-bit mode T — +0.5
Quantization error <12 bit modes D Eq — — + LSBs

Table continues on the next page...
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4
Peripheral operating requirements and behaviors

communicating with slower peripheral devices. All timing is shown with respect to 20%
Vpp and 70% Vpp, unless noted, and 100 pF load on all SPI pins. All timing assumes

high drive strength is enabled for SPI output pins.

Table 16. SPI master mode timing

Nu Symbol | Description Min. Max. Unit Comment
m.
1 fop Frequency of operation faus/2048 fBus/2 Hz fgus is the bus
clock
2 tspsck SPSCK period 2X tBus 2048 x tBus ns teus = 1/fBus
3 tLead Enable lead time 1/2 — tspsck —
4 tLag Enable lag time 1/2 — tspsck —
5 twspsck | Clock (SPSCK) high or low time tgus - 30 1024 x tgys ns —
6 tsu Data setup time (inputs) 15 — ns —
7 th Data hold time (inputs) 0 — ns —
8 ty Data valid (after SPSCK edge) — 25 ns —
9 tho Data hold time (outputs) 0 — ns —
10 tri Rise time input — taus - 25 ns —
e Fall time input
11 tro Rise time output — 25 ns —
tro Fall time output
ss'
(OUTPUT) '\l /
<« (3)yrle—(2)—> > (1) |fet{a)
SPSCK | : b —
(CPOL=0) / \ [ /
(OUTPUT) 1 le (:) »| T 1 F X
< > <—@
SPSCK S — b A
(CPOL=1) \ / \ \
(OUTPUT) (S T 71

s, —{ e

MOSI 5 N
(OUTPUT) MSB OUT { BIT6... ’1\j LSB OUT

1. If configured as an output.
2. LSBF = 0. For LSBF = 1, bit order is LSB, bit 1, ..., bit 6, MSB.

Figure 17. SPI master mode timing (CPHA=0)
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rimout

To find a package drawing, go to freescale.com and perform a keyword search for the
drawing’s document number:

If you want the drawing for this package Then use this document number
32-pin LQFP 98ASH70029A
44-pin LQFP 98ASS23225W
48-pin LQFP 98ASHO00962A
64-pin QFP 98ASB42844B
64-pin LQFP 98ASS23234W
8 Pinout

8.1 Signal multiplexing and pin assignments

The following table shows the signals available on each pin and the locations of these
pins on the devices supported by this document. The Port Control Module is responsible
for selecting which ALT functionality is available on each pin.

Table 18. Pin availability by package pin-count

Pin Number Lowest Priority <-- --> Highest
64-LQFP
48-LQFP | 44-LQFP | 32-LQFP Port Pin Alt 1 Alt 2 Alt 3 Alt 4
64-QFP

1 1 PTD1? KBI1P1 FTM2CH3 MOSIH —
2 2 2 2 PTDO' KBI1PO FTM2CH2 SPSCK1 —
3 — — — PTH7 — — — —
4 — — — PTH6 — — — —
5 3 3 — PTE7 — TCLK2 — —
6 4 4 — PTH2 — BUSOUT — —
7 5 5 3 — — — — Voo
8 6 6 4 — — — Vopa VREFH
9 7 7 5 — — — Vssa VRerL
10 8 8 6 — — — — Vss
11 9 9 7 PTB7 — SCL — EXTAL
12 10 10 8 PTB6 — SDA — XTAL
13 11 11 — — — — — Vss
14 — — — PTH1" — FTM2CH1 — —
15 — — — PTHO' — FTM2CHO — —
16 12 — — PTE6 — — — —

Table continues on the next page...
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Pinout
Table 18. Pin availability by package pin-count (continued)
Pin Number Lowest Priority <-- --> Highest
64-LQFP
48-LQFP | 44-LQFP | 32-LQFP Port Pin Alt 1 Alt 2 Alt 3 Alt4
64-QFP
17 13 — — PTES5 — — — —
18 14 12 9 PTBS' FTM2CH5 SS0 — —
19 15 13 10 PTB4! FTM2CH4 MISOO0 — —
20 16 14 11 PTC3 FTM2CH3 — ADP11 —
21 17 15 12 PTC2 FTM2CH2 — ADP10 —
22 18 16 — PTD7 KBI1P7 TXD2 — —
23 19 17 — PTD6 KBI1P6 RXD2 — —
24 20 18 — PTD5 KBI1P5 — — —
25 21 19 13 PTC1 — FTM2CH1 ADP9 —
26 22 20 14 PTCO — FTM2CHO ADP8 —
27 — — — PTF7 — — ADP15 —
28 — — — PTF6 — — ADP14 —
29 — — — PTF5 — — ADP13 —
30 — — — PTF4 — — ADP12 —
31 23 21 15 PTB3 KBIOP7 MOSIO0 ADP7 —
32 24 22 16 PTB2 KBIOP6 SPSCKO ADP6 —
33 25 23 17 PTB1 KBIOP5 TXDO ADP5 —
34 26 24 18 PTBO KBIOP4 RXDO ADP4 —
35 — — — PTF3 — — — —
36 — — — PTF2 — — — —
37 27 25 19 PTA7 FTM2FAULT2 — ADP3 —
38 28 26 20 PTA6 FTM2FAULT1 — ADP2 —
39 29 — — PTE4 — — — —
40 30 27 — — — — — Vss
41 31 28 — — — — — Vob
42 — — — PTF1 — — — —
43 — — — PTFO — — — —
44 32 29 — PTD4 KBI1P4 — — —
45 33 30 21 PTD3 KBI1P3 SS1 — —
46 34 31 22 PTD2 KBI1P2 MISO1 — —
47 35 32 23 PTA3? KBIOP3 TXDO SCL —
48 36 33 24 PTA22 KBIOP2 RXDO SDA —
49 37 34 25 PTA1 KBIOP1 FTMOCH1 ACMP1 ADP1
50 38 35 26 PTAO KBIOPO FTMOCHO ACMPO ADPO
51 39 36 27 PTC7 — TxD1 — —
52 40 37 28 PTC6 — RxD1 — —
53 41 — — PTE3 — SS0 — —
Table continues on the next page...
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Table 18. Pin availability by package pin-count (continued)
Pin Number Lowest Priority <-- --> Highest
64-LQFP
48-LQFP | 44-LQFP | 32-LQFP Port Pin Alt 1 Alt 2 Alt 3 Alt4

64-QFP
54 42 38 — PTE2 — MISO0 — —
55 — — — PTG3 — — — —
56 — — — PTG2 — — — —
57 — — — PTG1 — — — —
58 — — — PTGO — — — —
59 43 39 — PTE1! — MOSI0 — —
60 44 40 — PTEOQ! — SPSCKO TCLK1 —
61 45 41 29 PTC5 — FTM1CH1 — —
62 46 42 30 PTC4 — FTM1CHO RTCO —
63 47 43 31 PTA5 IRQ TCLKO — RESET
64 48 44 32 PTA4 — ACMPO BKGD MS

1. This is a high current drive pin when operated as output.
2. This is a true open-drain pin when operated as output.

Note

When an alternative function is first enabled, it is possible to
get a spurious edge to the module. User software must clear any
associated flags before interrupts are enabled. The table above
illustrates the priority if multiple modules are enabled. The
highest priority module will have control over the pin. Selecting
a higher priority pin function with a lower priority function
already enabled can cause spurious edges to the lower priority
module. Disable all modules that share a pin before enabling
another module.

8.2 Device pin assignment
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Pins in bold are na available on less pin-count packages.
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1. High source/sink current pins
2. True open drain pins

Figure 23. MC9S08PA60 44-pin LQFP package
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31 PTA5/IRQ/TCLKO/RESET
30 PTC4/FTM1CHO/RTCO
29 PTC5/FTM1CH1

28] | PTC6/RxD1
27 ] PTC7/TxD1

26 PTA0/KBIOPO/FTMOCHO/ACMPO/ADPO
25 PTA1/KBIOP1/FTMOCH1/ACMP1/ADP1

32 PTA4/ACMPO/BKGD/MS

24 PTA2/KBIOP2/RxD0/SDA2
PTA3/KBIOP3/TxD0/SCL2
PTD2/KBI1P2/MISO1
PTD3/KBI1P3/SST
PTA6/FTM2FAULT1/ADP2
PTA7/FTM2FAULT2/ADP3
PTBO/KBIOP4/RxD0/ADP4

PTB1/KBIOP5/TxD0/ADP5

PTD1/KBI1P1/FTM2CH3/MOSI1 !
PTDO/KBI1PO/FTM2CH2/SPSCK11
Vbp

VDDA /VRerH

VssA VgerL
Vss

PTB7/SCL/EXTAL
PTB6/SDA/XTAL
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PTB5/FTM2CH5/SS0"
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PTB3/KBIOP7/MOSIO/ADP7
PTB2/KBIOP6/SPSCKO/ADP6 16

PTC2/FTM2CH2/ADP10
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1. High source/sink current pins
2. True open drain pins

Figure 24. MC9S08PA60 32-pin LQFP package

9 Revision history
The following table provides a revision history for this document.

Table 19. Revision history

Rev. No. Date Substantial Changes
1 10/2012 Initial public release
2 09/2014 e Updated Vpu and Vg, in DC characteristics

» footnote on the S3lpp in Supply current characteristics

* Added EMC radiated emissions operating behaviors

* Updated the typical of fiy; { to 31.25 kHz and updated footnote to
tacquire in External oscillator (XOSC) and ICS characteristics

» Updated the assumption for all the timing values in SPI switching
specifications

Table continues on the next page...
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Table 19. Revision history (continued)

Rev. No.

Date

Substantial Changes

* Updated the rating descriptions for tgise and tgg) in Control timing
¢ Updated the part number format to add new field for new part
numbers in Fields

06/2015

* Corrected the Min. of the teyyst in Control timing
* Added new section of Thermal operating requirements, Updated
Thermal characteristics to remove redundant information.
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