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1 Devices in the MC9S08LL64 Series

Table 1 summarizes the feature set available in the MC9S08LL64 series of MCU .

Table 1. MC9S08LL64 Series Features by MCU and Package

Feature MC9S08LL64 MC9S08LL36
80-pin 64-pin 80-pin 64-pin
Package LQFP LQFP LQFP LQFP
FLASH 64 KB 36 KB
(32,768 and 32,768 Arrays) (24,576 and 12,288 Arrays)
RAM 4000 4000
ACMP yes yes
ADC 10-ch 8-ch 10-ch 8-ch
lc yes yes
IRQ yes yes
KBI 8 8
SCH yes yes
SCI2 yes yes
SPI yes yes
TPM1 2-ch 2-ch
TPM2 2-ch 2-ch
TOD yes yes
LCD 8x36 8x24 8x36 8x24
4x40 4x28 4x40 4x28
VREFO1 yes no yes no
VREFO2 no yes no yes
/0 pins’ 39 37 39 37

' The 39 110 pins include two output-only pins and 18 LCD GPIO.

The block diagram in Figure 1 shows the structure of the MC9S08LL64 series MCU.
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2 Pin Assignments

This section shows the pin assignments for the This section shows the pin assignments for the
MC9S08LL64 series devices.
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Figure 2. 64-Pin LQFP
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Table 2. Pin Availability by Package Pin-Count (continued)

<-- Lowest Priority --> Highest
80 64 Port Pin Alt 1 Alt 2 Alt3 Alt4
44 36 PTC5 TPM2CH1
45 37 PTC6 ACMPO BKGD MS
46 38 PTC7 IRQ TCLK
47 39 PTAO KBIPO SS ADP4
48 40 PTA1 KBIP1 SPSCK ADP5
49 41 PTA2 KBIP2 SDA MISO ADP6
50 42 PTA3 KBIP3 SCL MOSI ADP7
51 43 PTA4 KBIP4 ADPS8 LCD43
52 44 PTA5 KBIP5 ADP9 LCD42
53 45 LCD41
54 46 LCD40
55 47 LCD39
56 48 LCD38
57 LCD37
58 LCD36
59 LCD35
60 LCD34
61 LCD33
62 LCD32
63 LCD31
64 49 LCD30
65 50 LCD29
66 51 LCD28
67 52 LCD27
68 53 LCD26
69 54 LCD25
70 55 LCD24
71 56 LCD23
72 57 LCD22
73 58 LCD21
74 59 PTE7 LCD20
75 60 PTEG6 LCD19
76 61 PTES LCD18
77 62 PTE4 LCD17
78 63 PTES LCD16
79 64 PTE2 LCD15
80 1 PTE1 LCD14
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Thermal Characteristics

Table 4. Absolute Maximum Ratings

Rating Symbol Value Unit
Supply voltage Vb —0.3t0 +3.8 \
Maximum current into Vpp Ibb 120 mA
Digital input voltage Vin -0.3to Vpp + 0.3 \
Instantaneous maximum current Ip 25 mA
Single pin limit (applies to all port pins)’- 23
Storage temperature range Tstg -55to 150 °C

T 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.

All functional non-supply pins, except for PTB2 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).

3.4 Thermal Characteristics

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

Table 5. Thermal Characteristics

Rating Symbol Value Unit
Operating temperature range T T toTH oc
(packaged) A —40t0 85
Maximum junction temperature T, 95 °C
Thermal resistance
Single-layer board
80-pin LQFP 55
, 04a °C/W
64-pin LQFP 73
Thermal resistance
Four-layer board
80-pin LQFP 42
, 04a °C/W
64-pin LQFP 54

The average chip-junction temperature (Tj) in °C can be obtained from:

MC9S08LL64 Series MCU Data Sheet, Rev. 7
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DC Characteristics

Table 6. ESD and Latch-up Test Conditions (continued)

Model Description Symbol Value Unit
Minimum input voltage limit -25 Vv
Latch-up
Maximum input voltage limit 7.5 \
Table 7. ESD and Latch-Up Protection Characteristics
No. Rating’ Symbol Max Unit
1 Human body model (HBM) Vuem +2000 — \Y
2 Charge device model (CDM) Veom 500 — \Y%
3 Latch-up current at T, = 85°C I aT +100 — mA

' Parameter is achieved by design characterization on a small sample size from typical devices

under typical conditions unless otherwise noted.

3.6

DC Characteristics

This section includes information about power supply requirements and I/O pin characteristics.
Table 8. DC Characteristics

1

Num| C Characteristic Symbol Condition Min Typ Max Unit
1 Operating Voltage 1.8 3.6 Vv
PTA[0:3], PTA[6:7],
c PTB[0:7], PTC[0:7]2, | VD'3>_10'86\r/n A |VoD-05| — —
low-drive strength Load =~
Output high
2 V Vpp>27V \Y
P |voltage PTA[0:3], PTA6:7],| O 5 E;Dz omA | Vop-05 | — —
PTB[0:7], PTC[0:7]%, o8
c high-drive strength IVDD > 158n\]’A Vpp-05| — —
Load = ™
PTA[4:5], PTD[0:7],
c PTE[0:7], | VDD_>_8'§ \r; A | Vop-05| — —
low-drive strength Load =~
Output high
3 V, Vpp>2.7V \Y
P |voltage PTA[4:5], PTD[0:7],| O 5 2'3: osmA | VoD=05 | — —
PTE[0:7], e
c high-drive strength IVDD > 1i8rr\1/A Vpp — 0.5 _ _
Load =~
Output high
4 | D current Max total gy for all ports|  lont — — 100 mA
PTA[0:3], PTA[6:7],
C PTB[0:7], PTC[0:7], | VDD_>3 'g r\n/ A — — 0.5
low-drive strength Load = ™
Output low
5 V, Vpp>27V Y
P |voltage PTA[0:3], PTA[6:7],| O I D:= 10 mA — — 05
PTBI[0:7], PTC[0:7], o8
C high-drive strength IVDD > :3'8 X — — 0.5
Load =S M

MC9S08LL64 Series MCU Data Sheet, Rev. 7
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Table 8. DC Characteristics (continued)

DC Characteristics

Num| C Characteristic Symbol Condition Min Typ Max Unit
PTA[4:5], PTD[0:7],
c PTE[0:7], | VDD_>O1 '58n\]’A — — 0.5
low-drive strength Load = ™
Output low
6 V Vpp > 2.7V Vv
P |voltage PTA[4:5], PTD[0:7],| - L e mA — — 0.5
) Load =° M
PTE[0:7],
C high-drive strength Vpp > 1.8V — — 0.5
|Load =1mA
7 | D [QUPUtIoW v\ total o for all ports| | — — 100 | mA
current oL P oLT
P i Vpp>27V 0.70x V — —
8 INPUthigh o Gigital inputs Vi bb bD
C |voltage Vpp>1.8V 0.85xVpp| — — v
P Vpp>27V — — 0.35xV
9 Inputlow . Gigital inputs Vi bb bD
C |voltage Vpp>1.8V — — ]0.30x Vpp
Input o
10 | C hysteresis all digital inputs Vhys 0.06 xVpp| — — mV
all input only pins except for Vin=Vpp — 0.025 1 pA
LCD only pins (LCD 8-12,
Input 21-41) Vin = Vss — 0.025 1 nA
11 | P |leakage !
current ) Vin=Vpp — 100 150 pA
LCD only pins (LCD 8-12,
21-41) Vin=Vss — 0.025 1 pA
Hi-Z
(off-state) all input/output _ i
12 P leakage (per pln) ||oz| V|n = VDD or VSS 0.025 1 pA
current
Total
13 | P |leakage Total leakage current for.aII ol V;,, = Vpp or Vs i i 3 uA
3 pins
current
Pullup, all non-LCD pins when| R
14 | P |Pulidown P PU, 17.5 — 52.5 kQ
. enabled| Rpp
resistors
Pullup, .
15 | P |Pulldown LCD/GPIO pins when| - Rey, 35 — 77 kQ
. enabled| Rpp
resistors
DCinjection Single pin limit -0.2 — 0.2 mA
16 | D |current® ® Total MCU limit, includes hc |ViN<Vss Vin>Vpp
6 - -5 — 5 mA
sum of all stressed pins
17 | C |Input Capacitance, all pins Cin — — 8 pF
18 | C |RAM retention voltage VRam — 0.6 1.0 \"
19 | C |POR re-arm voltage’ VpoR 0.9 1.4 2.0 Vv
20 | D |POR re-arm time tPoR 10 — — us
§ . Vpp falling 1.80 1.84 1.88
21 | P |Low-voltage detection threshold Vivp Vpp, rising 1.88 192 196 \Y,

MC9S08LL64 Series MCU Data Sheet, Rev. 7
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DC Characteristics

Table 8. DC Characteristics (continued)

Num| C Characteristic Symbol Condition Min Typ' Max Unit
22 | P |Low-voltage warning threshold Vivw Voo fgll!ng 2.08 2.14 2.2 \'%
Vpp rising
o3 | p Low-voltgge inhibit reset/recover Vive . 80 . mv
hysteresis Y
24 | P |Bandgap Voltage Reference® Vea 1.15 1.17 1.18 \

Typical values are measured at 25°C. Characterized, not tested
All 1/O pins except for LCD pins in Open Drain mode.

3 Total leakage current is the sum value for all GPIO pins. This leakage current is not distributed evenly across all pins but

characterization data shows that individual pin leakage current maximums are less than 250 nA.

4 All functional non-supply pins, except for PTB2 are internally clamped to Vgg and Vpp.
5 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.

Power supply must maintain regulation within operating Vpp range during instantaneous and operating maximum current
conditions. If the 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 that 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).

7 POR will occur below the minimum voltage.
8 Factory trimmed at Vpp = 3.0 V, Temp = 25 °C

PULLUP RESISTOR TYPICALS - Non LCD pins
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Figure 4. Non LCD pins I/O Pullup Typical Resistor Values
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DC Characteristics

Typical VOL vs |IOL at VDD = 3V

Low Drive (PTxDSN = 0) - Non LCD Pins
1.20 o
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Figure 6. Typical Low-Side Driver (Sink) Characteristics(Non LCD Pins) — High Drive (PTxDSn = 1)
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DC Characteristics

Typical VOL vs |IOL at VDD = 3V
Low Drive (PTxDSN = 0) - Non LCD Pins

1.20 o :
—85C /’ 7
1.00 __“_?OQC s / /J
—+—50°C D
0.80 4—-25C
S -40°C
= 060
=
0.40 :
=
0.20 =
0.00
0.0 5.0 10.0 15.0
IOL (mA)
Typical VDD - VOH vs VDD at Spec IOH
Low Drive (PTxDSN = 0) - Non LCD Pins
0.16
—85°C, loh = 0.6mA
0.14 —+—70°C, Ioh = 0.6mA
0.12 % —s—50°C, loh = 0.6mA
> §\\ — —25°C, loh = 0.6mA
T 0.10 AN -40°C, Ioh = 0.6mA
> 0.08
2 0.05
0.04
0.02
0.00
1 2 voH(v) *® 4

Figure 7. Typical High-Side (Source) Characteristics (Non LCD Pins)— Low Drive (PTxDSn = 0)
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DC Characteristics

VOL VS IOL at VDD = 3.0V
High Drive (PTxDSN = 1) - LCD/GPIO pins
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Figure 10. Typical Low-Side Driver (Sink) Characteristics (LCD/GPIO Pins) — High Drive (PTxDSn = 1)
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DC Characteristics

VDD - VOH VS IOH at VDD = 3.0V
High Drive (PTxDSN = 1) - LCD/GPIO pins
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Figure 12. Typical High-Side (Source) Characteristics (LCD/GPIO Pins) — High Drive (PTxDSn = 1)
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External Oscillator (XOSCVLP) Characteristics

3.8 External Oscillator (XOSCVLP) Characteristics

Reference Figure 14 and Figure 15 for crystal or resonator circuits.

Table 11. XOSCVLP and ICS Specifications (Temperature Range = —40 to 85°C Ambient)

Num| C Characteristic Symbol Min Typ' Max Unit
Oscillator crystal or resonator (EREFS = 1, ERCLKEN = 1)
; | o | Lowrange (RANGE =0) fio 32 — 384 | kHz
High range (RANGE = 1), high gain (HGO = 1) fhi 1 — 16 MHz
High range (RANGE = 1), low power (HGO = 0) fii 1 — 8 MHz
Load capacitors 2
2 | D| Low range (RANGE=0), low power (HGO=0) Cy Co See Note ©
Other oscillator settings See Note
Feedback resistor
Low range, low power (RANGE=0, HGO=0)? — — —
3 D . . Rg MQ
Low range, high gain (RANGE=0, HGO=1) — 10 —
High range (RANGE=1, HGO=X) — 1 —
Series resistor —
Low range, low power (RANGE = 0, HGO = 0)2 — — —
Low range, high gain (RANGE =0, HGO = 1) — 100 —
4 D High range, low power (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 *
Low range, low power t — 600 —
5 | C Low range, high gain CsTL — 400 —
- ms
High range, low power t — 5 _
High range, high gain CSTH — 15 —
Square wave input clock frequency (EREFS = 0, ERCLKEN = 1)
6 D FEE mode foxtar | 0.03125 — 20 MHz
FBE or FBELP mode 0 - 20 | MHz
' Data in Typical column was characterized at 3.0 V, 25 °C or is typical recommended value.
2 Load capacitors (C4 C,), feedback resistor (Rg) and series resistor (Rg) are incorporated internally when RANGE = HGO = 0.
3 See crystal or resonator manufacturer's recommendation.
4

Proper PC board layout procedures must be followed to achieve specifications.
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AC Characteristics
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Figure 20. Timer Input Capture Pulse

3.10.3 SPI Timing

Table 15 and Figure 21 through Figure 24 describe the timing requirements for the SPI system.
Table 15. SPI Timing

No. Function Symbol Min Max Unit
Operating frequency
— Master fop fgus/2048 feus/2 Hz
Slave 0 faus/4
SPSCK period
@ Master tspsck 2 2048 teye
Slave 4 — teye
Enable lead time
@ Master tLead 1/2 — tSPSCK
Slave 1 — teye
Enable lag time
Master tLag 172 — tspsck
@ Slave 1 — teye
Clock (SPSCK) high or low time
@ Master twspPsck teyc —30 1024 teye ns
Slave teye — 30 — ns
Data setup time (inputs)
@ Master tsy 15 — ns
Slave 15 — ns
Data hold time (inputs)
@ Master th 0 — ns
Slave 25 — ns
@ Slave access time ta — 1 teye
Slave MISO disable time tais — 1 teye
Data valid (after SPSCK edge)
@ Master ty — 25 ns
Slave — 25 ns

MC9S08LL64 Series MCU Data Sheet, Rev. 7
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ADC Characteristics

Table 17. 12-Bit ADC Operating Conditions (continued)

No. Characteristic Conditions Symb Min Typ' Max Unit
2 | Ground voltage R/e;;a_t‘i/\égi)z AVsga ~100 0 100 mv
3 Reference voltage high — VREFH 1.8 Vppa Vbpa \
4 Reference voltage low — VREFL Vssa Vssa Vssa Vv
5 Input voltage — VADIN VREFL — VREFH Vv
6 Input capacitance 8/10/12-bit modes CaDIN — 4 5 pF
7 Input resistance — RapIN — 5 7 kQ

' 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.

SIMPLIFIED
INPUT PIN EQUIVALENT
CIRCUIT ZDIN
"o T SIMPLFIED
| CHANNEL SELECT
CIRCUIT

ADC SAR

Zas | leakage
< | due to
input r T
Ras | Protection iﬁ?/ltlr—o/ :ENGINE

| %
. | , |
o | | |
| VaoiN | |
- o | |
Vas wo | | |
l | | s |
< _ L - — — — J R
ADIN
E : '\/\/v—o/o+0
INPUT PIN
oo
X | '
INPUT PIN . |
ADIN
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Figure 25. ADC Input Impedance Equivalency Diagram
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ADC Characteristics

Table 18. 12-Bit ADC Characteristics (VREFH = VDDA’ VREFL = VSSA)

# Characteristic

Conditions

Cc

Symb

Min

Typ!

Max

Unit

Comment

1 Supply current

ADLPC =1
ADHSC =0
ADLSMP =0
ADCO =1

IppaA

200

pA

2 Supply current

ADLPC =1
ADHSC =1
ADLSMP =0
ADCO =1

Ipba

280

pA

3 Supply current

ADLPC =0
ADHSC =0
ADLSMP =0
ADCO =1

Ipba

370

A

4 Supply current

ADLPC =0
ADHSC =1
ADLSMP =0
ADCO =1

Ippa

0.61

mA

5 Supply current

Stop, reset, module
off

IppaA

0.01

0.8

pA

ADC
6 asynchronous
clock source

High speed
(ADLPC =0)

Low power
(ADLPC =1)

fapack

3.3

1.25

3.3

MHz

tapack =
1/fapack

7 Sample time

Single/first
continuous
ADLSMP =0

ADHSC =0
ADLSMP =0
ADLSTS = XX

ts

ADCK

ADHSC =1
ADLSMP =0
ADLSTS = XX

ts

10

8 Sample time

Subsequent
continuous
ADLSMP =0

ADHSC =0
ADLSMP =0
ADLSTS = XX

ts

ADCK

ADHSC =1
ADLSMP =0
ADLSTS = XX

ts

MC9S08LL64 Series MCU Data Sheet, Rev. 7

Freescale Semiconductor

35




Table 18. 12-Bit ADC Characteristics (VRern = Vbpas VRerL = Vssa) (continued)

ADC Characteristics

# Characteristic Conditions C Symb Min Typ' Max Unit Comment
. -1.5t0
" | 12-bit mode T — 205 +2.75
ntegra 2
12 non-linearity 10-bit mode T INL — +0.5 +1.0 LSB
8-bit mode T — +0.3 +0.5
12-bit mode T — | 128
2 | to 1
ero-scale 2 _
13| error 10-bit mode T Ezs — +0.5 +1 LSB Vapin = Vssa
8-bit mode T — +0.5 0.5
. -3.510
12-bit mode T — +1.0 505
- 2 =
14 Full-scale error 10-bit mode T Ers . +0.5 +1 LSB Vapin = Vbbpa
8-bit mode T — +0.5 +0.5
12-bit mode — -1t00 —
15 | Quantization o i mode D Eq — — 05 | LSB2
error
8-bit mode — — +0.5
12-bit mode — 2 —
4
16 | Inputleakage |46 1 mode D EiL — 0.2 +4 Lsg2 | Padleakage
error Ras
8-bit mode — +0.1 1.2
—40°C-25°C — 1.646 —
17 T;emp sensor D m mV/°C
slope 25 °C~ 125 °C — 1.769 —
1g | Tempsensor | ygq D | Vigwpos | — 701.2 — mv

voltage

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.

1LSB = (VRern — Vrer)/2"
Monotonicity and No-Missing-Codes guaranteed in 10-bit and 8-bit modes.
Based on input pad leakage current. Refer to pad electricals.
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