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1 MCU Block Diagram

The block diagram shows the structure of the MC9S08QB8 MCU.
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Figure 1. MC9S08QB8 Series Block Diagram
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Pin Assignments

2 Pin Assignments

This chapter shows the pin assignments for the MC9S08QBS series devices.
Table 1. Pin Availability by Package Pin-Count

Pin Number <-- Lowest Priority --> Highest

28 | 24 | 16 | Port Pin Alt1 Alt 2 Alt 3 Alt 4
1| —| — |PTC5

2| —| — |PTC4

3| 23| 1 |PTA5 IRQ TCLK RESET

4 | 24| 2 |PTA4 ACMPO BKGD MS

5 | 1 3 Vob

6 | 2| — Vopa/VREFH
7| 3| — Vssa/VRerL
8| 4| 4 Vss

9| 5| 5 |PTB7 EXTAL
10| 6 | 6 |PTB6 XTAL
11| 7| 7 |PTB5 TPMCHo'

12| 8 | 8 |PTB4

13| — | — |PTC3

14| — | — |PTC2

15| 9 | — |PTCH

16 | 10 | — |PTCO

17| 11| 9 |PTB3 KBIP7 ADP7

18 | 12| 10 | PTB2 KBIP6 ADP6

19 | 13| 11 | PTB1 KBIP5 XD ADP5

20 | 14 | 12 |PTBO KBIP4 RxD ADP4

21| 15| — |PTA7

22| 16 | — |PTA6

23| 17 | 13 |PTA3 KBIP3 ADP3

24 | 18| 14 | PTA2 KBIP2 ADP2

25| 19 | 15 | PTA1 KBIP1 ADP12 ACMP-2
26 | 20 | 16 | PTAO KBIPO TPMCHO | ADP0? ACMP+2
27| 21| — |PTC7

28 | 22| — |PTC6

' TPMCHO pin can be repositioned using at PTB5 TPMCHOPS in SOPT2, default
reset location is PTAO.

If ADC and ACMP are enabled, both modules will have access to the pin.
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Pin Assignments
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Pins shown in bold type are lost in the next lower pin count package.

Figure 3. MC9S08QBS8 Series in 24-Pin QFN Packages
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Figure 4. MC9S08QBS8 Series in 16-Pin TSSOP Package
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Electrical Characteristics

3 Electrical Characteristics

3.1 Introduction

This chapter contains electrical and timing specifications for the MC9S08QBS series of microcontrollers
available at the time of publication.

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 2. 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.

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

T 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 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 Vppy) or the programmable
pull-up resistor associated with the pin is enabled.

MC9S08QB8 Series MCU Data Sheet, Rev. 3
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Electrical Characteristics

T4 = Ambient temperature, °C

0;4 = Package thermal resistance, junction-to-ambient, °C/W

Pp =Pine+ Pro

Pt = Ipp x Vpp, Watts — chip internal power

Py/o = Power dissipation on input and output pins — user determined

For most applications, Py << P;,; and can be neglected. An approximate relationship between P, and T
(if Py 1s neglected) is:

Pp = K = (T, + 273°C) Eqgn. 2

Solving Equation 1 and Equation 2 for K gives:

K =Pp x (Tp +273°C) + 0,5 x (Pp)? Egn. 3

where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring
Pp (at equilibrium) for a known T,. 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 T4.

3.5 ESD Protection and Latch-Up Immunity

Although damage from electrostatic discharge (ESD) is much less common on these devices than on early
CMOS circuits, normal handling precautions should be taken 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 AEC-Q100 Stress Test Qualification for Automotive Grade
Integrated Circuits. During the device qualification, ESD stresses were performed for the human body
model (HBM), the machine model (MM) and the charge device model (CDM).

A device is defined as a failure if after exposure to ESD pulses the device no longer meets the device
specification. Complete DC parametric and functional testing is performed per the applicable device
specification at room temperature followed by hot temperature, unless instructed otherwise in the device
specification.

Table 5. ESD and Latch-up Test Conditions

Model Description Symbol Value Unit
Series resistance R1 1500 Q
Human .
Body Storage capacitance C 100 pF
Number of pulses per pin — 3
Series resistance R1 0 Q
Machine | Storage capacitance C 200 pF
Number of pulses per pin — 3
Minimum input voltage limit 25 \Y
Latch-up
Maximum input voltage limit 7.5

MC9S08QB8 Series MCU Data Sheet, Rev. 3
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Electrical Characteristics

Table 8. Supply Current Characteristics

Num | C Parameter Symbol FBrléz \23;3 Typical' | Max | Unit 'I'((Eg)p
1 i Egrr:zzglyacl:lurzgghles on Ripp 19 Mz 3 o ° mA | —401085°C
T ’ 1 MHz 0.80 —
2 ! Eér;zzzlya?lur:gghles off Ripp 10 Mz 3 - — mA | —401085°C
T ’ 1 MHz 0.75 —
T Run supply current 16 kHz 165 .
3 LPRS=0, all modules off Rlop FBILP 3 WA | 4010 85°C
T 16 kHz 105 .
FBELP
o | 7| e o | fofE | o | 7P| [ [0
T | Wait mode supply current 10 MHz 3 570 —
5 4| FEI mode, all modules off Wipp - 290 — WA | 4010 85°C
o | 7 [ aigrode syl en woo | 28212 [T = | [onese
P — 0.25 0.65 —40to 25°C
C — 3 0.5 0.8 70°C
P — 1 2 85°C
7 C Stop2 mode supply current S21,, — 02 05 pA A0t 25°C
C — 2 0.3 0.6 70°C
C — 0.7 1.6 85°C
P — 0.45 0.80 —40to 25°C
C — 3 1 1.8 70°C
g |© | Stop3mode supply current sal — 3 5.8 WA 85°C
C | no clocks active DD — 0.3 0.6 —40 to 25°C
C — 2 0.8 1.5 70°C
C — 25 5.0 85°C
" Data in Typical column was characterized at 3.0 V, 25 °C or is typical recommended value.
Table 9. Stop Mode Adders
Temperature
Num C Parameter Condition Units
-40°C 25°C 70°C 85°C
1 T |LPO — 50 75 100 150 nA
2 ERREFSTEN |RANGE=HGO =0 1000 1000 1100 1500 nA
3 IREFSTEN' — 63 70 77 81 LA

MC9S08QB8 Series MCU Data Sheet, Rev. 3
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Table 9. Stop Mode Adders (continued)

Electrical Characteristics

Temperature
Num C Parameter Condition Units
—40°C 25°C 70°C 85°C
4 T |RTC Does not include clock source 50 75 100 150 nA
current
5 T D! LVDSE =1 90 100 110 115 pA
6 ACMP? Not using the bandgap (BGBE = 0) 18 20 22 23 pA
7 ADC' ADLPC = ADLSMP =1 95 106 114 120 pA
Not using the bandgap (BGBE = 0)
' Not available in stop2 mode.
3.8 External Oscillator (XOSC) Characteristics
Reference Figure 10 and Figure 11 for crystal or resonator circuits.
Table 10. 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)
1 c Low range (RANGE = 0) fio 32 — 38.4 kHz
High range (RANGE = 1), high gain (HGO = 1) fhi 1 — 16 MHz
High range (RANGE = 1), low power (HGO = 0) fhi 1 — 8 MHz
Load capacitors
Low range (RANGE=0), low power (HGO=0) See Note 2
2 D ; . CiCs
Other oscillator settings ’ See Note 3
Feedback resistor
Low range, low power (RANGE = 0, HGO = 0)? — — —
3 D ! . Rk 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)? — — —
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 tosTL — 600 —
5 C Low range, high gain — 400 —
. t ms
High range, low power CSTH — 5 —
High range, high gain — 15 —
Square wave input clock frequency (EREFS = 0, ERCLKEN = 1)
6 D FEE mode fextar | 0.03125 — 20 MHz
FBE or FBELP mode 0 - 20

MC9S08QB8 Series MCU Data Sheet,

Rev. 3

Freescale Semiconductor
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Electrical Characteristics

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

Load capacitors (C, C,), feedback resistor (Rg) and series resistor (Rg) are incorporated internally when RANGE = HGO = 0.
See crystal or resonator manufacturer's recommendation.

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

IO ORI

XOSCVLP
EXTAL XTAL
Re Rs
[l |l
LT
Crystal or Resonator
G L f—
C,

T
Figure 10. Typical Crystal or Resonator Circ;uit: High Range and Low Range/High Gain

XOSCVLP
EXTAL XTAL

L]l

Crystal or Resonator

Figure 11. Typical Crystal or Resonator Circuit: Low Range/Low Power

3.9 Internal Clock Source (ICS) Characteristics
Table 11. ICS Frequency Specifications (Temperature Range = —40 to 85°C Ambient)

Num| C Characteristic Symbol Min. Typical1 Max. | Unit
Average internal reference frequency — factory trimmed f o L
TP a Vpp = 3.6 V and temperature = 25 °C int_t 32.768 kHz
2 P |Internal reference frequency — user trimmed fint_ut 31.25 — 39.06 | kHz
3 T |Internal reference start-up time tiRsT — 60 100 us
4 P DQO out2putfrequency range — |Low range (DRS = 00) foco 1 16 — 20 MHz
trimmed -
DCO output frequency2
5 P f — 19.92 — MHz
Reference = 32768 Hz and DMX32 = 1 deo_DMX32
Resolution of trimmed DCO output frequency at fixed voltage
Af — %f,
6 | C land temperature (using FTRIM) doo_res_t 01 02| %faco

MC9S08QB8 Series MCU Data Sheet, Rev. 3
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Electrical Characteristics

3.10 AC Characteristics

This section describes timing characteristics for each peripheral system.

3.10.1 Control Timing
Table 12. Control Timing
Num | C Rating Symbol Min Typical’ Max Unit
1 D | Bus frequency (toyc = 1/fgus) fBus DC — 10 MHz
2 D | Internal low power oscillator period tLro 700 — 1300 us
3 D | External reset pulse width? toxtrst 100 — — ns
4 D | Reset low drive trstdry 34 X toye — — ns
BKGD/MS setup time after issuing background
t — .
5 D debug force reset to enter user or BDM modes MSSU 500 ns
BKGD/MS hold time after issuing background debug . .
6 D force reset to enter user or BDM modes 3 tmsH 100 HS
IRQ pulse width
7 D | Asynchronous path? tiLiH, tHIL 100 — — ns
Synchronous path* 1.5 X toye — —
8 D | Keyboard interrupt pulse width
Asynchronous path? tiiH, L 100 — — ns
Synchronous path* 1.5 X toye — —
Port rise and fall time —
Low output drive (PTxDS = 0) (load = 50 pF)® o t ns
Slew rate control disabled (PTxSE = 0) Rise: TFall — 16 —
5 Slew rate control enabled (PTxSE = 1) — 23 —
9
Port rise and fall time —
High output drive (PTxDS = 1) (load = 50 pF)> tricen teall ns
Slew rate control disabled (PTxSE = 0) °e e — 5 —
Slew rate control enabled (PTxSE = 1) — 9 —
10 D | Voltage regulator recovery time tvRR — 4 — us

rises above Vyp.

-

A

RESET PIN \

textrst

’

/

Figure 13. Reset Timing

MC9S08QB8 Series MCU Data Sheet, Rev. 3

Typical values are based on characterization data at Vpp = 3.0 V, 25 °C unless otherwise stated.
This is the shortest pulse that is guaranteed to be recognized as a reset pin request.
To enter BDM mode following a POR, BKGD/MS should be held low during the power-up and for a hold time of t\ g after Vpp

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.

Timing is shown with respect to 20% Vpp and 80% Vpp levels. Temperature range —40°C to 85°C.
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Electrical Characteristics

3.11 Analog Comparator (ACMP) Electricals

Table 14. Analog Comparator Electrical Specifications

Cc Characteristic Symbol Min Typical Max Unit
D | Supply voltage VewR 1.8 — 3.6 \
D |Supply current (active) Ippac — 20 35 pA
D |Analog input voltage VaIN Vggs—0.3 — Vbp \Y
P | Analog input offset voltage Vaio — 20 40 mV
C | Analog comparator hysteresis VH 3.0 9.0 15.0 mV
P | Analog input leakage current laLkG — — 1.0 pA
C | Analog comparator initialization delay taNT — — 1.0 ps

3.12 ADC Characteristics
Table 15. 12-Bit ADC Operating Conditions

Characteristic Conditions Symbol Min Typical' Max Unit Comment
Absolute Vopa 1.8 — 3.6 Vv
Supply voltage _ 2
Deltato Voo (Voo =Voow)™ | xyyp, | -100 0 100 | mv
Ground voltage | Delta to Vg (Vs — Vssa)® AVssa -100 0 100 mV
Supply Current | Stop, Reset, Module Off IbDAD — 0.007 0.8 pA
Input Voltage Vaoin | VRerL — VREFH v
Input
Capacitance Capin o 45 55 PF
Input R — 5 7 kQ
Resistance ADIN
12 bit mode
fADCK > 4MHz — —_— 2
fADCK < 4MHz — —_— 5
ggz:ggfggme 10 bit mode Ras kQ External to MCU
fADCK > 4MHz — —_— 5
fADCK < 4MHz —_— — 10
8 bit mode (all valid fopck) — — 10
ADC High Speed (ADLPC = 0) 0.4 — 8.0
Conversion faDCK MHz
Clock Freq. Low Power (ADLPC = 1) 0.4 — 4.0

! 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.

MC9S08QB8 Series MCU Data Sheet, Rev. 3
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Electrical Characteristics

Table 16. 12-Bit ADC Characteristics (Vgern = Vpbpa: VRerL = Vssa) (continued)

Characteristic Conditions C Symbol Min Typical’ Max Unit Comment
12-bit mode T — 1.5 —

Integral 14 0.pit mode INL — 0.5 — | Lsm?

Non-Linearity c
8-bit mode — +0.3 —
12-bit mode C — +1.5 — For 28-pin and

Zero-Scale 10-bit mode P | Eg — 105 | #15 | LSB? 24-pin

Error packages only.
8-bit mode T — +0.5 +0.5 VapIN = Vssa
10-bit mode P — +1.5 +2.1 For 16-pin

Zero-Scale 2

Error _ Ezs LSB package only.
8-bit mode T — +0.5 +0.7 Vapin = Vssa
12-bit mode T — *1 - For 28-pin and

Full-Scale 10-bit mode P | Ex — +0.5 +1 | LsB? 24-pin

Error packages only.
8-bit mode T — +0.5 +0.5 VapiN = Vbpa
10-bit mode T — +1 +1.5 For 16-pin

El:rI(I)rScale Ers LSB? | package only.
8-bit mode T — +0.5 +0.5 Vapin = Vopa
12-bit mode — -1t00 —

Quantization |4 b mode D Eq — — 105 | LSB?

Error
8-bit mode — — +0.5
12-bit mode — +1 —

Input Leakage 10-bit mode D E 0 10.2 4 LSR2 Pad leakage® *

Error I — - Ras
8-bit mode 0 0.1 +1.2

Temp Sensor —-40°C- 25°C 5 - — 1.646 — VG

Slope 25°C— 85°C — 1.769 —

Temp Sensor o

Voltage 25°C D VTEMP25 —_— 701.2 —_ mV

' 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"
3 Based on input pad leakage current. Refer to pad electricals.

3.13 Flash Specifications

This section provides details about program/erase times and program-erase endurance for the flash
memory.

MC9S08QB8 Series MCU Data Sheet, Rev. 3
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4 Ordering Information

This section contains ordering information for the device numbering system.

Example of the device numbering system:

MC9 so8 QB 8 C XX

Status ——l_ ‘
(MC = Fully Qualified) Package designator (see Table 18)

Temperature range
Memory € .
(9 = Flash-based) (C=-40°Ct085°C)
Core —8 8
Family Approximate flash size in KB

5 Package Information

Table 18. Package Descriptions

Pin Count Package Type Abbreviation Designator Case No. Document No.
28 Small Outline Integrated Circuit SOIC WL 751F 98ASB42345B
24 Quad Flat Non-Leaded QFN GK 1982-01 98ARL10608D
16 Thin Shrink Small Outline Package TSSOP TG 948F 98ASH70247A

5.1 Mechanical Drawings

The following pages are mechanical drawings for the packages described in Table 18.

MC9S08QB8 Series MCU Data Sheet, Rev. 3
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FLAT NON—LEADED PACKAGE (QFN) STANDARD: JEDEC—MO—220 VHHC—1

24 TERMINAL, 0.65 PITCH (5 X 5 X 1) [540aGE CODE: 6238 | SHEET: 3 OF 4
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NOTES.

1 CONTROLL ING DIMENSION:
7 DIMENSIONS AND TOLERANCES PER ANSI

MILLIMETER

Y14 .5M-1982 .

1i>>D\MENS\ON DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS OR GATE
BURRS MOLD FLASH OR GATE BURRS SHALL NOT EXCEED 0.15 PER SIDE

1f}>D\MENS\ON DOES NOT INCLUDE INTERLEAD FLASH OR PROTRUS ION
INTERLEAD FLASH OR PROTRUSION SHALL NOT EXCEED 0 25 PER SIDE

LﬁBXD\MENS\ON DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE

DAMBAR PROTRUSION SHALL BE 0 08 TOTAL
THE DIMENSION AT MAXIMUM MATERIAL CONDITION.

IN EXCESS OF

6 TERMINAL NUMBERS ARE SHOWN FOR REFERENCE ONLY
A DIMENSIONS ARE TO BE DETERMINED AT DATUM PLANE [“w-|

© FREESCALE SEMICONDUCTOR,
ALL RIGHTS RESERVED.
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Information in this document is provided solely to enable system and software
implementers to use Freescale Semiconductor products. There are no express or
implied copyright licenses granted hereunder to design or fabricate any integrated
circuits or integrated circuits based on the information in this document.

Freescale Semiconductor reserves the right to make changes without further notice to
any products herein. Freescale Semiconductor makes no warranty, representation or
guarantee regarding the suitability of its products for any particular purpose, nor does
Freescale Semiconductor assume any liability arising out of the application or use of any
product or circuit, and specifically disclaims any and all liability, including without
limitation consequential or incidental damages. “Typical” parameters that may be
provided in Freescale Semiconductor data sheets and/or specifications can and do vary
in different applications and actual performance may vary over time. All operating
parameters, including “Typicals”, must be validated for each customer application by
customer’s technical experts. Freescale Semiconductor does not convey any license
under its patent rights nor the rights of others. Freescale Semiconductor products are
not designed, intended, or authorized for use as components in systems intended for
surgical implant into the body, or other applications intended to support or sustain life,
or for any other application in which the failure of the Freescale Semiconductor product
could create a situation where personal injury or death may occur. Should Buyer
purchase or use Freescale Semiconductor products for any such unintended or
unauthorized application, Buyer shall indemnify and hold Freescale Semiconductor and
its officers, employees, subsidiaries, affiliates, and distributors harmless against all
claims, costs, damages, and expenses, and reasonable attorney fees arising out of,
directly or indirectly, any claim of personal injury or death associated with such
unintended or unauthorized use, even if such claim alleges that Freescale
Semiconductor was negligent regarding the design or manufacture of the part.

RoHS-compliant and/or Pb-free versions of Freescale products have the functionality
and electrical characteristics as their non-RoHS-compliant and/or non-Pb-free
counterparts. For further information, see http://www.freescale.com or contact your
Freescale sales representative.

For information on Freescale’s Environmental Products program, go to
http://www.freescale.com/epp.

Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc.
All other product or service names are the property of their respective owners.
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