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MC9S08LL16 £FIhiyiks&

11/0 does not include two output-only port pins.

The block diagram in Figure 1 shows the structure of the MC9S08LL16 series MCU.
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20 17

VDDA
21 18 PTBO EXTAL
22 19 PTB1 XTAL
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24 21 V e T
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26 — PTB3
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Electrical Characteristics
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44 34 PTAS5 KBIP5 ADP5 LCD30
45 35 Res 29
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48 38 TR TR ES 26
49 39 en ErEs 25
50 40 LCD24
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54 — im 20
55 LCD19
56 TR EoREs 18
57 LCD17
58 TR T oRES 16
59 41 PTE7 LCD15
60 42 PTE6 RemEres 14
61 43 PTE5 T EoREs 13
MC9S08LL16 Series MCU Data Sheet, Rev. 7
10 Freescale Semiconductor

NXP
www . soustar.com.cn, 13632858587



~a

Electrical Characteristics
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Electrical Characteristics
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H
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2|nput 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 (Vss) clamp voltages,
then use the larger of the two resistance values.

3 All functional non-supply pins, except for PTB2 are internally clamped to Vss and Vpp.

4 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).
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Electrical Characteristics
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273°C) SKfi# J72 3-1 f1 552 3-2 W K 454 - 2
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K=Pq x (T mozems—isg+273°C) + “ja x (P g 3

HAPKZ2SRESIHRINEE - KATLUETNEP MHE 3 FHECRTH CEHr) sosg
f— e o EFAKAVEME > PRVE I T g4 gspsempy T RABERDKIRIRGG J7HE 3-1 /1 U514 3-2
B T A wosmrys— e

3.5 ESD RIFFIHBIEZE

BEIRFFEEICE (ESD) AUHIAEX S L ELE R HIRY CMOS FEREg FE/IMEZ » {H RN SREUEF Y

SAPRTTGHE I > DA S0 SR FE T A H I o HHTERIINR > AR SR S e R 2 & /KSR A
R - A SZEHEA A A ERER -

B ESD MR E0 5 &5 B LR FEE Y AEC-Q100 K7 7R BEkE o FES A IEHAE] - S A AR
(HBM) ~ #2518 (MM ) FIFEHEI&& R (CDM) #4717 ESD N JJ -

WRZFET ESD koG o RS AN ERT ST » &R IE OEE « BRIFEEIE S E S
o NIRRT SIS R T T2 BN ERSEFIIEEN > A EEE

%< 6 - ESD FIFBIASH:
o #HE Hafir

WS 13

r%’

PN B E R1 1500 Q
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Electrical Characteristics

el FiC 100 oF
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g | FHEEE FHRC 200 pF
ij:é{ —
BB COREL — 3
B/ N AR PR -25 v
A A PR 75 v
% 7 - ESD fIF9URIFEHE
X o w5y ° pis S35l O5agr | #fir
1 ANESR (HBM) VHBM +2000 — v
2 FLHE&ERS (CDM) VCDM +500 — v
3 TN R s mms = e LAT +100 _ 1,
85 °FH C

3.6 DCHiE
ATTEFEA R EIRECRA VO SR ERIE S -

%8 - DC it
2 RHE Rt R Panii A OTEHT | Bfr
-
BHE|C
1 TAFHE 1.8 36 v
. PTA[0:3] - PTA[6:7] »
PTB[O7] ’ V 4 )>1.8V I it v
PTCIO:7P - {&41 =06 % W T -
_ 05
BI5EE
2 HHEE Vi v v
P PTA[0:3] > PTA[6:7] - T V- | — —
PTB[0:7] - e 05
T PTCIO:7]2 » &35 V)15 1.8V ke
G B= 3% Voyl- — —
C 05
5 Parameter is achieved by design characterization on a small sample size from typical devices under
typical conditions unless otherwise noted.
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Electrical Characteristics

= PTA[4:5] » PTD[0:7] »
PTE[0:7] - VeV Vsl _
C (EIRENERE e 05
e \" > H
SR ; 21> 2.7V Ik ~ .
3| P PTA4:5] > PTD[O:7]) | V" =3 A Yol Y
— PTE[0:7] » 05
o R VeV
=1y Vo~ —
C 05
AR HR B R EE | ks i A
4 q Ji Hij( ;o*( i) Tﬂ:ﬁﬁﬁ il ?j?‘ OHT . 100 ﬁ%
N PTA[0:3] » PTA[6:7] »
PTBI0:7] - V 4)L>1.8V ik
PTC[0:7] - {&4K 06 e — 0.5
EhEE
i nt(aM==E Vs
S p|™ PTA[0:3] s PTAI6:7] > | V- wmzr B o5 v
PTB[0:7] - il
¥ PTCI[0:7] » =IRz) V 41> 1.8V fite
iy sit= 3 % — 0.5
C
= PTA[4:5] » PTD[0:7] »
PTE[0:7] » V 41> 1.8V 1 ek . 05
C (EIR N HEosEE
A v >2.7VIfitH
EiEHRE L 8 _
6 | P M PTA[4:5] > PTDO:7]» | " =3 05 Y
= PTE[0:7] -
¥ R Vo)l> 1.8V ik
= ISR . _ 05
c
AR BAREEL low WA .
7 |d Fot — 100 i
P | AR AT A Vo >27V | 0.70 xv 4| —
8 VIH Vo> 1.8fK | 0.85 xv 4 —
C
P |Hi AMEHE AR Vo 327V — 0.35x V|
9 i Vi Vo> 1.8k — 0.30x V1
c
F\WAE FrE A
10 v B 0.06 xV 4| — 2R
C

*® 8 HRmE (80
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Electrical Characteristics

E=s)
T
kR

RHIE PR R Panid REIS | Ovgy | Bfr

o g 4

B LCD 5[ (LCD 16-29 ) v =V 2l — 0.025 1
b FrA AT [

B> | BFBENHAEZ

V=V gukes BE — 0.025 1

11 | P |EAHIREAR | T4

> | BFHENHAEZ

v #=V )L — 100 150

{Z LCD 5[l (LCD 16-29)

A | BFENAEZ

V=V g — 0.025 1

BFEHAHAEZ

6 Typical values are measured at 25 °C. Characterized, not tested 2

All I/O pins except for LCD pins in open drain mode.
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Electrical Characteristics

"

=

Hi-Z (FEIR FiA i A M

) MR (=5) Z

QJ

=

“

| VEI =V LRV g HJ

12 | P || g — 0.025 1 0
n

¥

UM R ERR 789 FTA 5 IR SOt R ERR — M

10 [ass]

A7

QJ

=

“

. v =V LBV gk 1

n

¥

75 PR 417~ PTA[0:3] - PTA[6:7] - -
P\ Fireape PTB[0:7] - PTC[0:7] ReL . 52.5
14 PTA[4:5] - PTD[0:7] - | S+ R - 7.5 - KO
P PTE[0:7] iz 69.5
ERETRRA v v -0.2 — 0.2 15
7 7 N V< V ghlgs TZE >

15 | o [soa e M EMCUmR AR | R |y, i
5 B AT -5 - > X

7 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.

8 All functional non-supply pins, except for PTB2 are internally clamped to Vss and Vpp.

9 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.

10 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).

MC9S08LL16 Series MCU Data Sheet, Rev. 7
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Electrical Characteristics

16 | F|WAREE > FrASIH FEECy — — 8 pF
C
17 | F|RAM [REFHE VAE — 06 1.0 v
C
18 | F|POR Efr3EHE " VPOR 0.9 1.4 2.0 v
C
19 | d |POR E#m BT (A T 10 — — M
TPOR Z
EB
¥
i}
p
+
Ju
™
Vo 1.80 1.84 1.88
20 | P [{EEAINE{E VLVD BV 4 1.88 1.92 1.96 v
}LJ:%
\ 29
21 | P [IEEEEHEE VLVW BV 4 2.08 2.14 22 v
}LJ:%
22 | P [EIEHIHIE /R E S v Bl — 80 — =k
23 | P |iifRHEESE 2 VBG 1.15 1.17 1.18 v

1 POR will occur below the minimum voltage.

2 Factory trimmed at Vpp = 3.0 V, Temp = 25 °C.

MC9S08LL16 Series MCU Data Sheet, Rev. 7

18 Freescale Semiconductor

NXP
www . soustar.com.cn, 13632858587



A
Electrical Characteristics
PULLUP RESISTOR TYPICALS - Non LCD Pins
40.0 85°C
——70°C
— —a—50°C
§38-0 — —-25°C
o ---- -40°C
23‘3-0‘ H"‘x B
& \u R e e o -
o )\\ﬁ' S~
34.0 s
5 S S e .
| — | ey
= 32.0 ————= |
n_ —-—._._,_____‘_‘_‘_D
30.0
1.8 2 242 24 2.6 28 3 2 34 3.6
Voo (V)
PULLDOWN RESISTOR TYPICALS - Non LCD Pins
40.0 ——85°C
—_— —e—70°C
9 —&—50"C
~38.0 ——=25i
no: -----40°C
I_ Samm
%36.0 - i T
m T - = —
o 4 Pt o e LT L P e
§340 x§:‘ —
o) ~ e | T T ——-
(@] "‘"‘—"-——-b__b-—_____‘
=320 EER— s SEEES S
=
o
30.0
1.8 2 2.2 24 26 28 3 32 34 3.6
Voo (V)
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Electrical Characteristics

&4 - JELCD 5[f /O Efrfn FH SRR (V 4)1=3.0V)
PULLUP/PULLDOWN RESISTOR TYPICALS - LCD Pins

120

BSC
—e—70°C
110 = RO'C
N — —25°C
S [y 40°C
100 B
90 P\
a0 \
70 3
\‘Qn
50
510
40
30
18 2 22 24 25 28 3 3.2 3.4 36
Voo (V)
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] 5 - LCD/GPIO S [fHl /O L1/ T i 7Y e fH {E

VOL (V)

VOL (V)

Typical VOL vs 10OL at VDD = 3V
Low Drive (PTxDSN = 0) - Non LCD Pins

Electrical Characteristics

1.20 =
——85°C
1.00 1 ——70°C
——50°C
0.80 H— —-25°C
---- -40°C
0.60
0.40
0.20 ;
0.00
0.0 2.0 4.0 6.0 8.0 12.0 14.0
IOL (mA)
Typical VOL vs VDD
Low Drive (PTxDSN = 0) - Non LCD Pins
0.12
0.10 >
N\
0.08 N
\\
nag ~
e "“\
0.06 T e S ———
0.04 {——35°C, lol = 0.6mA R
——70°C, lol = 0.6mA
0.02 {——50°C, lol = 0.6mA
— —-25°C, lol = 0.6mA
0.00 4~ -40°C, lol = 0.6mA
1 2 3 4
VDD (V)
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Electrical Characteristics

& 6 - MAREMAENEE K8 fiE (FELCD5[#) —{EHz) (PTxDSn=0)

Typical VOL vs IOL at VDD = 3V
High Drive (PTxDSN = 1) - Non LCD Pins

1.20 .
—385°C
1.00 4 PEe
——50°C /
— —.25°C /’
0807 .... 40°C 7’ 4
g /—"// -
a 0.60 L 014 —
> C-T ]
0.40 ——
0.20
0.00
0.0 5.0 10.0 15.0 20.0 25.0 30.0
IOL (mA)
Typical VOL vs VDD
High Drive (PTxDSN = 1) - Non LCD Pins
0.40 :
—285°C
——70°C
—s—50°C
0.30 {— —.25°C \‘\'\“‘ [OL =10 mA
-----40°C G\f%\.
g \ - -M T =
_| -t - =
2 0.20 S —— e
= e
0.10 =
T----IOL=3mA
0.00
1 2 3 4
VDD (V)
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Electrical Characteristics

Typical VDD - VOH VS |IOH at VDD = 3.0V

Low Drive (PTxDSN = 0) - Non LCD Pins

1.20 a5°C ,"
—e—70°C I ‘,"
1.00 {——50°C ,fj =
== 260 "// o
r =
—_ cocl i e ot 5 v -
S 0.80 40°C //”, iE
T =
Q g 7 LT
3:" 0.60 - ri
s Y
= 0.40 i T
0.20 o
0.00
0.0 -2.0 -4.0 -6.0 -8.0
IOH (mA)
Typical VDD - VOH vs VDD at Spec IOH
Low Drive (PTxDSN = 0) - Non LCD Pins
0.16 ——285°C, loh = 0.6mA
——70°C, loh = 0.6mA
0.14 50°C, loh = 0.6mA
— —-25°C, loh = 0.6mA
0.12 -----40°C, loh = 0.6mA
< 0.10
T
O
> 0.08
a
= 0.06
0.04
0.02
0.00

Figure 8. Typical High-Side (Source) Characteristics (Non-LCD Pins) — Low Drive (PTxDSn = 0)

VOH (V)
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Electrical Characteristics

VDD - VOH (V)

TYPICAL VDD - VOH VS IOH at VDD = 3.0V
High Drive (PTxDSN = 1) - Non LCD Pins

1.20

——85°C

—e—70°C
1.00 1 ——50°C
0.80 4---- -40°C /
0.60 -
0.40
0.20
0.00

0.0 -5.0 -10.0 -15.0 -20.0 -25.0
IOH (mA)

-30.0

Figure 9. Typical High-Side (Source) Characteristics(Non-LCD Pins) — High Drive (PTxDSn = 1)
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|70 A SR
50°C P
——-25°C L7 .-
{---- -40°C N A -
” el
Yy
- o
- e
]
- -
/ J, i 1
/'l_-‘ }
/,,-“
o
Z "
£71
0.0 1.0 2.0 3.0 4.0 5.0
IOL (mA)

MC9S08LL16 Series MCU Data Sheet, Rev. 7

6.0

20

NXP
www . soustar.com.cn, 13632858587

Freescale Semiconductor



VOL (mA)

Figure 10. Typical Low-Side Driver (Sink) Characteristics (LCD/GPIO Pins) — Low Drive (PTxDSn = 0)
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Electrical Characteristics

Low Drive (PTxDSN = 0) - LCD/GPIO pins
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Electrical Characteristics

TYPICAL VOL VS VDD

High Drive (PTxDSN = 1) - LCD/GPIO pins

0.30 A 35°C

——70°C

0.25 1——50°C

N

[,
e e
> Ny
1 SN
O ] —.
= Ty =
=2 mA
0.05 TOL=TmA
0.00
1 2 3
VDD (V)

Figure 11. Typical Low-Side Driver (Sink) Characteristics(LCD/GPIO Pins) — High Drive (PTxDSn = 1)

VDD - VOH VS IOH at VDD = 3.0V
Low Drive (PTxDSN = 0) - LCD/GPIO pins
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——70°C / S
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0.40

0.35
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VOH - VDD (V)
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0.20

TYPICAL VDD - VOH VS VDD at SPEC IOH
Low Drive (PTxDSN = 0) - LCD Pins

——285°C, loh = 0.5mA
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—s—50°C, loh = 0.5mA
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Electrical Characteristics

Figure 12. Typical High-Side (Source) Characteristics (LCD/GPIO Pins) — Low Drive (PTxDSn = 0)
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Electrical Characteristics

VOH - VDD VS VDD at SPEC IOH
High Drive (PTxDSN = 1) - LCD Pins

045 g 85nC
040 {——70°C
——50°C N
035 1_ _.25¢ e e
2 e (ol -~ Simemn T~ —- |OH=-3mA
S 0.30 40°C e
§ 025 ——
= e lofi=-2mA
4 0.20
@]
2 05 s
12 IOH =-1mA
0.10
0.05
0.00
1 2 3 4

VDD (V)

Figure 13. Typical High-Side (Source) Characteristics(LCD/GPIO pins) — High Drive (PTxDSn =1)
3.7 Supply Current Characteristics

This section includes information about power supply current in various operating modes.
Table 9. Supply Current Characteristics

Parameter Bus VbD . Temp
Num | C Symbol Freq V) Typ! Max Unit (°C)
P 8 MHz 42 57 mA
1 Run supply currert RIDD _40t085°C
T mode, all modules on 1 MHz 3 1 152
T 10 MHz 3.60 —
2 EEI” S“gp'y ‘l’lu"egt os of RIDD mA | —40to 85°C
T moae, all moqaules O 1 MHz 3 0.50 J—
16 kHz
T FBILP 165 —
Run supply current o
3 LPRS=0, all modules off Ro e |2 bA | —401085°C
T FBELP 105 —
16 kHz
4 T | Run supply current RIpD FBILP 3 77 — MA | -40t085°C
MC9S08LL16 Series MCU Data Sheet, Rev. 7
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Electrical Characteristics

LPRS=1, all modules off; running 16 kHz
from Flash FBELP 21 —
16 kHz 77
Run supply current FBILP o
5 LPRS=1, all modules off; running RIpp 3 MA —40to 85 °C
from RAM 16 kHz
FBELP 7.3 -
8 MHz 14 3.5
Wait mode supply current o
6 FEI mOde, all modules off WlDD 1 MHz 3 0.8 115 mA —40t085°C
Wait mode supply current Wilpp 16 kHz 3 1.3 — HA —40 to 85 °C
7 LPRS = 1, all modules off FBELP
350 930 —-40to 25°C
1000 — 50 °C
n/a 3
2500 4000 70 °C
8 Stop2 mode supply current SZIDD 5100 — nA 85°C
250 — —40to 25°C
n/a 2 2000 —_— 70 OC
4000 — 85°C
400 1030 —-40to 25°C
1300 — 50 °C
n/a 3
4000 6000 70 °C
9 Stop3 mode s.upply current S3| 8000 _ nA 85 °C
No clocks active DD
350 — —-40to 25°C
n/a 2 3000 - 70°C
6000 — 85°C
Table 9. Supply Current Characteristics (continued)
Parameter Bus Vbbp Temp
Num Symbol Freq v) Typ! Max Unit (°C)
Application Stop3 mode supply
10 current2 ApS3|DD n/a 3 6.1 — |JA 25 °C
Application Stop3 mode supply
1 current2 ApS3|DD n/a 3 75 —_— |JA 50 °C
MC9S08LL16 Series MCU Data Sheet, Rev. 7
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Electrical Characteristics

1 Typical values are measured at 25 °C. Characterized, not tested.

2 32 kHz crystal enabled in low power mode. TOD module enabled. V|reg enabled for 3 V LCD glass 500pf 8x24 LCD glass
at

32 Hz frame rate with LCD Charge pump clock set to low setting and every other segment “on.”

Table 10. Stop Mode Adders

Temperature (°C)
Num C Parameter Condition Units
-40 25 70 85

1 T |LPO 100 100 150 175 nA
2 T |ERREFSTEN RANGE = HGO =0 250 360 400 460 nA
3 T |IREFSTEN! 63 70 77 81 HA
4 T |TOD Does not include clock source current 50 50 75 100 nA
5 T |LVD? LVDSE =1 110 110 112 115 HA
6 T |ACMP! Not using the bandgap (BGBE = 0) 12 12 20 23 HA

ADLPC = ADLSMP =1
7 T |ADC! Not using the bandgap (BGBE = 0) 95 95 101 120 HA

VIREG enabled for Contrast control,
1/8 Duty cycle, 8x24 configuration for
8 T |LCD driving 192 Segments, 32Hz frame 1 1 4.2 12 HA
rate, No LCD glass connected.

3.8 External Oscillator (XOSCVLP) Characteristics

Refer to 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)
Low range (RANGE = 0)

1 C High range (RANGE = 1), high gain (HGO = 1) 2:) 3;2 : 318é4 l\l;::izz
High range (RANGE = 1), low power (HGO = 0) o 1 _ 8 | MHz

1 Not available in stop2 mode.
2 Data in Typical column was characterized at 3.0 V, 25°C or is typical recommended value.
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Electrical Characteristics

Load capacitors

Low range (RANGE=0), low power (HGO=0) See Note !
2 D i i C1,C2
Other oscillator settings See Note 2
Feedback resistor
Low range, low power (RANGE=0, HGO=0)?2 . . .
3 | D | Lowrange, high gain (RANGE=0, HGO=1) Re _ 10 _ MQ
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 .
High range, low power (RANGE = 1, HGO = 0) . 0 _
4 D : : ; _ _ Rs kQ
High range, high gain (RANGE =1, HGO = 1)
> 8 MHz — 0 0
4 MHz — 0 10
1 MHz — 0 20
Crystal start-up time 3
Low range, low power . - 600 .
5 C L(?w range, high gain csTL _ 400 _
High range, low power - 5 .
; ; ; t
High range, high gain csTH _ 15 _ ms
Square wave input clock frequency (EREFS =0, ERCLKEN = 1)
FEE mode
6 D fextal
FBE or FBELP mode 003125 | — 20| MHz
0 — 20 MHz
XOSCVLP
EXTAL XTAL
Re é Rs
b YAYAY
Crystal or Resonator
c; L 4
== T o

T
Figure 14. Typical Crystal or Resonator Circuit: High Range and Low Range/High Gain

1 Load capacitors (C4C,), feedback resistor (R¢) and series resistor (Rs) are incorporated internally when RANGE=HGO=0.
2 See crystal or resonator manufacturer’'s recommendation.

3 Proper PC board layout procedures must be followed to achieve specifications.
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Electrical Characteristics

Crystal or Resonator

Figure 15. Typical Crystal or Resonator Circuit: Low Range/Low Power
3.9 Internal Clock Source (ICS) Characteristics

Table 12. ICS Frequency Specifications (Temperature Range = —40 to 85°C Ambient)

Num| C Characteristic Symbol Min Typ! Max Unit

Average internal reference frequency — factory trimmed at

T | P |vDD = 3.6 V and temperature = 25 °C fint_f - 32.763 - kHz

2 P |Average internal reference frequency - trimmed fint_t 31.25 — 39.063 | kHz

3 | T |Internal reference start-up time tiRST — — 6 us

4 P |DCO output frequency range - untrimmed fdco_ut 12.8 16.8 2133 | MHz

5 P |DCO output frequency range - trimmed fdco_t 16 — 20 MHz
Resolution of trimmed DCO output frequency at fixed ;

6 | C |voltage and temperature (using FTRIM) Aldco_res_t | — +0.1 £0.2 | %fdco
Resolution of trimmed DCO output frequency at fixed ‘

7 | C |voltage and temperature (not using FTRIM) Aldco_res t | — 0.2 104 | %fdco
Total deviation from trimmed DCO output frequency over ; +0.5-

8 c voltage and temperature A'deo_t - 1.0 +2 Yofdco

MC9S08LL16 Series MCU Data Sheet, Rev. 7
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Electrical Characteristics

Table 12. ICS Frequency Specifications (Temperature Range = -40 to 85°C Ambient) (continued)

Num| C Characteristic Symbol Min Typ! Max Unit
Total deviation from trimmed DCO output frequency over ¢
0,
9 | C |fixed voltage and temperature range of 0°C to 70 °C A'deo_t - £0.5 £1 Yofdco
10 | C |FLL acquisition time 2 tAcquire — — 1 ms
Long term jitter of DCO output clock (averaged over 2-ms
11 | C [interval) 3 Clitter — 0.02 0.2 | %fdco

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

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

3 Jitter is the average deviation from the programmed frequency measured over the specified interval at maximum fgys.
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 Vss and variation in the crystal oscillator frequency increase the C jiyer
percentage for a given interval.

Deviation of DCO OQutput from Trimmed Frequency

1.50%

1.00% N

0.50%

>

Deviation (%)

0.00%

-0.50%

'1 000/0 T T T T T T T
-60 -40 -20 0 20 40 60 80 100

Temperature (oC)

Figure 16. Deviation of DCO Output from Trimmed Frequency (20 MHz, 3.0 V)
3.10 AC Characteristics

This section describes timing characteristics for each peripheral system.
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3.10.1 Control Timing
Table 13. Control Timing
Num Rating Symbol Min Typ! Max | Unit
1 Bus frequency (tc,c = 1/faus) fBus dc — 10 MHz
2 Internal low power oscillator period tLPO 700 — 1300 us
3 External reset pulse width?2 textrst 100 — — ns
4 Reset low drive trstdrv 34 X toye — — ns
BKGD/MS setup time after issuing background debug 500
5 force reset to enter user or BDM modes tMssu - - ns
BKGD/MS hold time after issuing background debug 100
6 force reset to enter user or BDM modes 3 tMSH - — s
IRQ pulse width
7 Asynchronous path? tiLm, GhiL 100 _ _ ns
Synchronous path* 1.5 X toye _ _
Keyboard interrupt pulse width
8 Asynchronous path? tiLm, GhiL 100 _ _ ns
Synchronous path* 1.5 % toye _ _
Port rise and fall time — Non-LCD Pins
Low output drive (PTxDS = 0) (load = 50 pF)> ¢ t
; _ tRise’ “Fall ns
Slew rate control disabled (PTxSE = 0) — 16 -
Slew rate control enabled (PTxSE = 1) _ 23 —
9
Port rise and fall time — Non-LCD Pins
High output drive (PTxDS = 1) (load = 50 pF)5 ¢ t
; _ tRise’ “Fall ns
Slew rate control disabled (PTxSE = 0) _ 5 —
Slew rate control enabled (PTxSE = 1) _ 9 _
10 Voltage Regulator Recovery time tvRR — 6 10 us

1 Typical values are based on characterization data at Vpp = 3.0 V, 25 °C unless otherwise stated.

2 This is the shortest pulse that is guaranteed to be recognized as a reset pin request.

3 To enter BDM mode following a POR, BKGD/MS should be held low during the power-up and for a hold time of tysy after Vpp
rises above V| \p.

4 This is the minimum pulse width that is guaranteed to pass through the pin synchronization circuitry. Shorter pulses may or

may not be recognized. In stop mode, the synchronizer is bypassed so shorter pulses can be recognized.

5 Timing is shown with respect to 20% Vpp and 80% Vpp levels. Temperature range —40 °C to 85 °C.
6 Except for LCD pins in Open Drain mode.
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A

textrs,t

‘—‘é
RESET PIN \ /

Figure 17. Reset Timing

- ty —

IRQ/KBIPx /
IRQ/KBIPx \
N~ 7

-ty

Figure 18. IRQ/KBIPx Timing

3.10.2 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 14. TP Input Timing

No. C Function Symbol Min Max Unit
1 D External clock frequpquare 19. Timer! Exté?ﬁél Clock 0 fBus/4 Hz
2 D | External clock period ~—ticPv 4 — toyc

— —
3 D | External clodiMfightime tolk 15 — toye
4 D External clock low time telki 1.5 — teye
5 D Input capturdpdbe width \r tlggﬁ/ 15 — teye
~<r—tigpy— LK >
TCLK /
MC9S08LL16 Series MCU Data Sheet, Rev. 7
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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
g/laster fop fgus/2048 fBus/2 Hz
lave 0 faus/4
SPSCK period
1 Master tsPSCK 2 2048 toye
Slave 4 t
— cyc
Enable lead time
@ Master tLead 1/2 — tsPsck
Slave 1 t
— cyc
Enable lag time
@ Master tLag 1/2 — tsPscK
Slave
1 — teye
Clock (SPSCK) high or low time
@ l\Slllz\s/Ler twspPsck toye — 30 toye 1024 te,c ns
-30 — ns
Data setup time (inputs)
@ I\S/Iaster tsu 15 — ns
lave 15 — ns
Data hold time (inputs)
@ g/llaster tHI 0 . ns
ave 25 — ns
@ Slave access time ta — 1 teye
Slave MISO disable time tdis — 1 teyc
Data valid (after SPSCK edge)
@ I\S/IIaster tv . 25 ns
ave — 25 ns
Table 15. SPI Timing (continued)
No. Function Symbol Min Max Unit
Data hold time (outputs)
1@ Master tHO 0 — ns
Slave 0 _ ns
MC9S08LL16 Series MCU Data Sheet, Rev. 7
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Rise time
1@ D Input tRI — teye— 25 ns
Output RO - 25 ns
Fall time
12) | D Input tFi — toye— 25 ns
Output tFo — 25 ns

(OUTPE_?; _\i p / \
PRl

S /V%WXJ‘\ y
(OUTPUT) ._®_> K X

SPSCK
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(QUTPUT)
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P

NOTES:

1. SS output mode (DDS7 = 1, SSOE = 1).
2.LSBF = 0. For LSBF = 1, bit order is LSB, bit 1, ..., bit 6, MSB.

Figure 21. SPI Master Timing (CPHA = 0)
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2. LSBF = 0. For LSBF =1, bit order is LSB, bit 1, ..., bit 6, MSB.
Figure 22. SPI Master Timing (CPHA =1)
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1. Not defined but normally MSB of character just received. Figure 23.
SPI Slave Timing (CPHA = 0)
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Figure 24. SPI Slave Timing (CPHA = 1)

Analog Comparator (ACMP) Electricals

Table 16. Analog Comparator Electrical Specifications
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C Characteristic Symbol Min Typical Max Unit
D |Supply voltage VDD 1.8 — 3.6 \Y
C | Supply current (active) IDDAC — 20 35 HA
D |Analog input voltage VAN Vgs—0.3 — VDD \Y,
P | Analog input offset voltage VAo 20 40 mV
C | Analog comparator hysteresis Vy 3.0 9.0 15.0 mV
P | Analog input leakage current IALKG — — 1.0 HA
C | Analog comparator initialization delay tAINIT — — 1.0 us
3.12 ADC Characteristics
Table 17. 12-bit ADC Operating Conditions
Characteristic Conditions Symb Min Typ! Max Unit Comment
Absolute VbDA 18 — 36 v
Supply voltage R
Delta to VDD (VDD_VDDA) AVDDA ~100 0 100 mv
) 2
Ground Delta to Vss (Vss VSSA) AVSSA ~100 0 100 mv
voltage
Table 17. 12-bit ADC Operating Conditions
Characteristic Conditions Symb Min Typ! Max Unit Comment
R.ef Voltage VREFH 1.8 VDDA VDDA V
High
Input Voltage VADIN VREFL . VREFH Vv
Input
Capacitance CADIN — 45 55 pF
Inpqt RADIN — 5 7 kQ
Resistance
12-bit mode fapck >
4MHz fADCK <
4MHz - - g
gna!ott;] Source RaAs kQ External to MCU
esistance 10-bit mode fapck >
4MHz fADCK <
AMHz - - 5
— — 10
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8-bit mode (all valid fapck) . . 10
ADC High speed (ADLPC = 0) 04 — 8.0
Conversion MHz
Clock Freq. Low power (ADLPC = 1) ; 0.4 — 4.0
ADCK

1 Typical values assume Vppa = 3.0V, 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 240N
Ty 7 © ™ SIMPLIFIED
Zas | Tage % [ GHANNEL SELECT
<0 | dueto (I _ ClRouIT ADG SAR
Ras | | I[;]rF())Ithl;clion | | r mc/ B ENGINE
* l o
ANA
l + | | | | |
| Vaoin | | | J
Vas = Cas | | A | | | |
l | | LRy |
S U | R
|E : \?E/I\I\i—O/()—Il b
INPUT PIN | R 1
ADIN
% i M'
INPUT PIN I |
ADIN
< L w00
L _ _ _ 1
INPUT PIN S G
1

Figure 25. ADC Input Impedance Equivalency Diagram
Table 18. 12-bit ADC Characteristics (VRerH = Vbpa, VREFL = Vssa)

C Characteristic Conditions Symb Min Typ! Max Unit Comment

Supply Current
ADLPC=1
T | AbLsMP=1 - 120 1 = HA

ADCO=1 DDA

Supply Current
ADLPC=1
T ADLSMP=0 IDDA — 200 — HA

ADCO=1
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Supply Current
ADLPC=0
ADLSMP=1 o 290 - bA
ADCO=1 IDDA
Supply Current
ADLPC=0
ADLSMP=0 - 0-53 ! mA
ADCO=1 IDDA
ADC High Speed (ADLPC=0) 2 3.3 5 tapack =
Asynchronous MHz 1Fapac
= ADACK
Clock Source Low Power (ADLPC=1) fADACK 1.25 2 3.3
Conversion -
Short Sample (ADLSMP=0 — 20 —
Time ple ( ) ADCK hSeetz Apc;‘h
. chapterin the
(Including Long Sample (ADLSMP=1) — 40 _ | cycles LL16
sample time) tanc
Reference
Short Sample (ADLSMP=0) — 35 — c Manual for
Sample Time ADl K conversion
Long Sample (ADLSMP=1) - — 235 — CyCleS | time variances
12-bit mode, . 1103 2510
3.6>VDDA>2.7V 55
12-bit mode, . 1103 -3.0to
2.7>VDDA>1.8V 6.0
Total
Unadjusted Includes
Error ETuE LSB? quantization
10-bit mode — +1 25
8-bit mode — +0.5 +1.0
12-bit mode — +1 "12'i‘)t°
Differential 5
Non-Linearity 10-bit mode?® DNL — +0.5 +1.0 LSB
8-bit mode? — +0.3 +0.5
12-bit mode — £15 _21'50t°
Integral 5
Non-Linearity 10-bit mode INL — +0.5 +1.0 LSB
8-bit mode — +0.3 +0.5
Table 18. 12-bit ADC Characteristics (VRerH = VDDA, VREFL = Vssa) (continued)
Characteristic Conditions Symb Min Typ? Max Unit Comment
12-bit mode — +1.5 2.5
Zero-Scale 10-bit mode Ezs — £05 | +15 | LSB? | vao = Vssa
Error
8-bit mode — +0.5 +0.5

MC9S08LL16 Series MCU Data Sheet, Rev. 7

Freescale Semiconductor

NXP

www . soustar.com.cn, 13632858587

37




Electrical Characteristics

T 12-bit mode — +1 "31'?0
Full-Scale : 2 =V
P Error 10-bit mode EFs — +0.5 +1 LSB VADIN DDA
T 8-bit mode — +0.5 +0.5
12-bit mode — -1t00 —
p | Quantization 10-bit mode Eq — — +05 | LSB?
Error
8-bit mode — — +0.5
12-bit mode — +2 —
Pad leakage* *
p | Inputleakage | 444 moge EL — £0.2 4 | LSB? 9
Error Ras
8-bit mode — +0.1 +1.2
—-40°Cto25°C — 1.646 —
D 'Sl'jamp Sensor m mV/eC
ope 25 °C to 85 °C — 1.769 —
p | JempSensor | ,q.q VTEMP2s | — 701.2 — mv
Voltage

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 1 LSB = (VREFH — VREFL)/2N
3 Monotonicity and No-Missing-Codes guaranteed in 10-bit and 8-bit modes 4 Based on input pad leakage current. Refer to

pad electricals.

3.13 LCD Specifications

Table 19. LCD Electricals, 3 V Glass

Cc Characteristic Symbol Min Typ Max Unit
D |LCD Supply Voltage
V Y
Lo 0.9 15 18
D |LCD Frame Frequency fFrame 28 30 58 Hz
D |LCD Charge Pump Capacitance CLcp 100 100 nF
D |LCD Bypass Capacitance CByLCcD 100 100 nF
D |LCD Glass Capacitance Cglass 2000 8000 pF
D | VIREG HRefSel = 0 VIREG .89 1.00 1.15
HRefSel = 1 1.49 1.67 1.85' v
D |Vigree TRIM Resolution ARTRIM 15 %
VIREG
D | Vires Ripple HRefSel =0 0.1
\Y
HRefSel = 1 0.15
MC9S08LL16 Series MCU Data Sheet, Rev. 7
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D

V| cp Buffered Adder?

IBuff

WA

1 V|reg Max can not exceed Vpp —0.15V
2 VSUPPLY =10, BYPASS =0

3.14 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 section.
Table 20. Flash Characteristics
C Characteristic Symbol Min Typical Max Unit
b Supply voltage for program/erase
-40°C to 85°C Vproglerase 1.8 3.6 \
D Supply voltage for read operation VRead 1.8 3.6 \Y,
D Internal FCLK frequency’ frCLK 150 200 kHz
D Internal FCLK period (1/FCLK) tFeyc 5 6.67 us
P Byte program time (random location)? tprog 9 tFeyc
P Byte program time (burst mode)? tBurst 4 tFeyc
P Page erase time?2 tPage 4000 tFeyc
P Mass erase time2 tMass 20,000 tFeyc
D Byte program current? RlIpbsp — 4 — mA
D Page erase current? RIpbPE — 6 — mA
Program/erase endurance*
C T_to Ty =—-40°Cto + 85°C 10,000 _ _ cycles
T=25C 100,000 —
C Data retention® tD_ret 15 100 — years

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

2 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.
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3 The program and erase currents are additional to the standard run Ipp. These values are measured at room
temperatures with Vpp = 3.0 V, bus frequency = 4.0 MHz.

4 Typical endurance for FLASH was evaluated for this product family on the 9512Dx64. For additional information on

how Freescale defines typical endurance, please refer to Engineering Bulletin EB619, Typical Endurance for Nonvolatile
Memory.

5 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.

3.15 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.

3.15.1 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).
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The maximum radiated RF emissions of the tested configuration in all orientations are less than or equal
to the reported emissions levels.

Table 21. Radiated Emissions, Electric Field

1
Parameter Symbol Conditions Frequency fOSCIfBUS I&‘:il) Unit
VRE_TEM Vpp=3.3V 0.15 - 50 MHz 32 kHz crystal -7 dBpv
Ta=25°C 10 MHz bus
package type 50 — 150 MHz -9
64-pinLAFP 1 150 _ 500 MHz 5
Radiated emissions,
electric field 500 — 1000 MHz -6
IEC Level N —
SAE Level 1 —

1 Data based on qualification test results.

4 Ordering Information

This section contains the ordering information and the device numbering system for the MC9SO8LL16
Series.

4.1 Device Numbering System

Example of the device numbering system:

MCQ S08 LL 16 C XX

‘ Status (MC =
Fully Qualified)Package designator
(see Table 22)
MemoryTemperature range
(9 = Flash- based)(C =—40 °C to 85 °C)
Core
MC9S08LL16 Series MCU Data Sheet, Rev. 7
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Information and Mechanical Drawings

Table 22 provides the available package types and their document numbers. The latest package
outline/mechanical drawings are available on the MC9S0O8LL16 Series Product Summary pages at
http://www.freescale.com.

To view the latest drawing, either:

* Click on the appropriate link in Table 22, or

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

document number (from Table 22) in the “Enter Keyword” search box at the top of the page.
Package Information and Mechanical Drawings

Table 22. Package Descriptions

Pin Count Package Type Abbreviation Designator Case No. Document No.
64 Low Quad Flat Package LQFP LH 840F 98ASS23234W
48 Low Quad Flat Package LQFP LF 932 98ASHO0962A
48 Quad Flat No-Leads QFN GT 1314 98ARH99048A
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Package Information and Mechanical
Drawings
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