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O - Vpp and Vgg pins are each internally connected to two pads in 32-pin package

Figure 1. MC9S08QE128 Series Block Diagram
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Pin Assignments
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Figure 4. Pin Assignments in 48-Pin QFN Package
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Electrical Characteristics

3 Electrical Characteristics

3.1 Introduction

This section contains electrical and timing specifications for the MC9S08QE128 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 3. Parameter Classifications

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

c 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 4 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) or the programmable pull-up resistor associated with the pin is enabled.

Table 4. Absolute Maximum Ratings

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

1 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.

2 All functional non-supply pins are internally clamped to Vgg and Vpp.

MC9S08QE128 Series Data Sheet, Rev. 7
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Electrical Characteristics

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

Pp =K =+ (T, + 273°C) Eqn. 2

Solving Equation 1 and Equation 2 for K gives:

K=Pp x (Ta +273°C) + 0, x (Pp)? Eqn. 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 Py and T; can be obtained by solving Equation 1 and Equation 2 iteratively
for any value of T,.

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 used 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 specified otherwise in the device specification.

Table 6. ESD and Latch-up Test Conditions

Model Description Symbol Value Unit
Series resistance R1 1500 Q
HBu(r;:jz;n Storage capacitance Cc 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 \
Latch-up
Maximum input voltage limit 7.5 \%
Table 7. ESD and Latch-Up Protection Characteristics
No. Rating1 Symbol Min Max Unit
1 Human body model (HBM) Vusm +2000 — \
2 Machine model (MM) Vum +200 — \Y
3 Charge device model (CDM) Veom +500 — \Y,
4 Latch-up current at Ty = 85°C AT +100 — mA

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

under typical conditions unless otherwise noted.

MC9S08QE128 Series Data Sheet, Rev. 7
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Table 8. DC Characteristics (continued)

resistance values for positive and negative clamp voltages, then use the larger of the two values.

(S}

Power supply must maintain regulation within operating Vpp range during instantaneous and operating maximum current

Num Characteristic Symbol Condition Min Typ Max Unit
18 Low-voltage detection threshold — Vv Vpp falling 1.80 1.82 1.91 Vv
low range’ LVDL Vpp rising 1.86 1.90 1.99
19 Low-voltage warning threshold — Vv Vpp falling 2.36 2.46 2.56 Vv
high range’ LVWH Vpp rising 2.36 2.46 2.56
20 Low-voltage warning threshold — Vv Vpp falling 21 2.16 2.22 Vv
low range’ Lvwi Vpp rising 2.16 2.21 2.27
Low-voltage inhibit reset/recover
21 hysteresis’ Vhys - 50 - mv
22 Bandgap Voltage Reference® Vgg 1.15 117 1.18 \Y,
1 Typical values are measured at 25°C. Characterized, not tested
2 Asthe supply voltage rises, the LVD circuit will hold the MCU in reset until the supply has risen above V|, .
3 All functional non-supply pins are internally clamped to Vgs and Vpp.
4

Input must be current limited to the value specified. To determine the value of the required current-limiting resistor, calculate

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
clock rate is very low (which would reduce overall power consumption).

© o N O

40

N
o

Maximum is highest voltage that POR is guaranteed.

Low voltage detection and warning limits measured at 1 MHz bus frequency.
Run at 1 MHz bus frequency

Factory trimmed at Vpp = 3.0 V, Temp = 25°C
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3.8 External Oscillator (XOSC) Characteristics

Reference Figure 13 and Figure 14 for crystal or resonator circuits.
Table 11. XOSC and ICS Specifications (Temperature Range = —40 to 85°C Ambient)

Num| C Characteristic Symbol| Min Typ1 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 2
2 D Low range (RANGE=0), low power (HGO=0) C1Co See Note3
Other oscillator settings See Note
Feedback resistor
3 D Low range, low power (RANGE=0, HGO=0)2 R — — — MO
Low range, High Gain (RANGE=0, HGO=1) F — 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) — 0 —
4 D High range, low power (RANGE = 1, HGO = 0) Rs — 100 — KO
High range, high gain (RANGE =1, HGO = 1)
> 8 MHz — 0 0
4 MHz — 0 10
1 MHz — 0 20
Crystal start-up time *
Low range, low power tesTL — 200 —
5 Cc Low range, high power — 400 —
. t ms
High range, low power CSTH — 5 —
High range, high power — 15 —
Square wave input clock frequency (EREFS = 0, ERCLKEN = 1)
6 D FEE or FBE mode foxtar |0.03125| — 40.0 MHz
FBELP mode 0 — 50.33 | MHz

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

Load capacitors (C4,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.

A WN -

MC9S08QE128 Series Data Sheet, Rev. 7
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Figure 13. Typical Crystal or Resonator Circ_uit: High Range and Low Range/High Gain
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Figure 14. Typical Crystal or Resonator Circuit: Low Range/Low Gain

3.9 Internal Clock Source (ICS) Characteristics
Table 12. ICS Frequency Specifications (Temperature Range = —40 to 85°C Ambient)

Num| C Characteristic Symbol Min Typ1 Max Unit
Average internal reference frequency — factory trimmed f . .
TP at Vpp = 3.6 V and temperature = 25°C int_ft 32.768 kHz
2 P [Internal reference frequency — user trimmed fint_ut 31.25 — 39.06 kHz
3 T |Internal reference start-up time tirRsT — 60 100 us
P Low range (DRS=00) 16 — 20
DCO output frequency range — -
4 P | . 5 Mid range (DRS=01) faco u 32 — 40 MHz
trimmed -
P High range (DRS=10) 48 — 60
Reference = 32768 Hz ; — _ _
5 P f Mid range (DRS=01) fdco DMX32 39.85 MHz
an -
P DMX32 =1 High range (DRS=10) — 59.77 —
Resolution of trimmed DCO output frequency at fixed voltage and Af . %f
6 1¢ temperature (using FTRIM) dco_res_t £0.1 | £0.2 | %lgeo
Resolution of trimmed DCO output frequency at fixed voltage and Af . of
[ temperature (not using FTRIM) doo_res_t £02 | £04 | %luco
MC9S08QE128 Series Data Sheet, Rev. 7
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3.11  Analog Comparator (ACMP) Electricals

Table 16. Analog Comparator Electrical Specifications

C Characteristic Symbol Min Typical Max Unit
D |Supply voltage Vop 1.80 — 3.6 \Y
C |Supply current (active) Ibpac — 20 35 pA
D |Analog input voltage VaIN Vgg—0.3 — Vpp \Y
C |Analog input offset voltage Vaio 20 40 mV
C |Analog comparator hysteresis Vy 3.0 9.0 15.0 mV
P |Analog input leakage current laLkG — — 1.0 pA
C |Analog comparator initialization delay taNIT — — 1.0 us

3.12 ADC Characteristics
Table 17. 12-bit ADC Operating Conditions

C | Characteristic Conditions Symb Min Typ Max Unit Comment
Supply voltage |Absolute Vbbap 1.8 — 3.6 \
D
Delta to VDD (VDD_VDDAD)Z AVDDAD -100 0 +100 mV
D |Ground voltage | Deltato Vgg (Vss-Vssap)® | AVssap -100 0 +100 mV
D |Ref Voltage ngh VREFH 1.8 VDDAD VDDAD Vv
D |Ref Voltage Low VREFL VSSAD VSSAD VSSAD Vv
D |Input Voltage VADlN VREFL — VREFH \%
Input CADIN — 4.5 55
C Capacitance PF
C |Input Resistance RapIN — 5 7 kQ
Analog Source |12 bit mode Ras External to MCU
Resistance fapck > 4MHz — — 2
fADCK <4MHz —_— —_— 5
C 10 bit mode kQ
fADCK > 4MHz —_ —_ 5
fADCK <4MHz — —_— 10
8 bit mode (all valid fapck) — — 10
ADC Conversion |High Speed (ADLPC=0) fADCK 0.4 — 8.0
D |Clock Freq. MHz
Low Power (ADLPC=1) 0.4 — 4.0

Typical values assume Vppap = 3.0V, Temp = 25°C, fapck=1.0MHz unless otherwise stated. Typical values are for reference
only and are not tested in production.

DC potential difference.

MC9S08QE128 Series Data Sheet, Rev. 7
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SIMPLIFIED
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Figure 25. ADC Input Impedance Equivalency Diagram
Table 18. 12-bit ADC Characteristics (VREFH = VDDAD; VREFL = VSSAD)
Characteristic Conditions C | Symb Min Typ1 Max Unit Comment
Supply Current T | lppap — 120 —
ADLPC=1 A
ADLSMP=1 H
ADCO=1
Supply Current T | lppap — 202 —
ADLPC=1 A
ADLSMP=0 H
ADCO=1
Supply Current T | lppap — 288 —
ADLPC=0 A
ADLSMP=1 H
ADCO=1
Supply Current D | Ippap — 0.532 1
ADLPC=0 mA
ADLSMP=0
ADCO=1
Supply Current |Stop, Reset, Module Off IbbaD — 0.007 0.8 pA
ADC ngh Speed (ADLPO=O) fADACK 2 3.3 5 tADACK = 1/fADACK
Asynchronous - MHz
Clock Source Low Power (ADLPC=1) 1.25 2 3.3

MC9S08QE128 Series Data Sheet, Rev. 7
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Table 18. 12-bit ADC Characteristics (VREFH = VDDAD! VREFL = VSSAD) (Continued)

Characteristic Conditions C | Symb Min Typ1 Max Unit Comment
Conversion Time |Short Sample (ADLSMP=0) P | tapc — 20 — ADCK See the ADC
Sample tme) | Long Sample (ADLSWP=1) | G = = 7% casoncerss
Sample Time | Short Sample (ADLSMP=0) | P | taps — 35 — | Abck gfi‘iﬁfgggg:ﬁfé

Long Sample (ADLSMP=1) C — 235 — cycles variances
Total Unadjusted |12 bit mode T | Etue — 3.0 — LSB? Includes
Error 10 bit mode P — i oY Quantization
8 bit mode T — 0.5 1.0
Differential 12 bit mode T DNL — +1.75 — LSB?
Non-Linearity 44 bit mode? P — 105 | +1.0
8 bit mode® T — +0.3 +0.5
Integral 12 bit mode T INL — +1.5 — LSB?
Non-Linearity 139 bit mode T — 105 | +1.0
8 bit mode T — 0.3 0.5
Zero-Scale Error |12 bit mode T Ezs — 1.5 — LSB? Vapin = Vssap
10 bit mode P — 0.5 +1.5
8 bit mode T — 0.5 0.5
Full-Scale Error |12 bit mode T Ers — 1.0 — LSB? VapiN = Vbpap
10 bit mode P — 0.5 +1
8 bit mode T — 0.5 0.5
Quantization 12 bit mode D Eq — -1t00 — LSB?
Error 10 bit mode — — 105
8 bit mode — — +0.5
Input Leakage |12 bit mode D EL — +2 — LSB? |Pad leakage* * Ras
Error 10 bit mode — 0.2 4
8 bit mode — 0.1 +1.2
Temp Sensor -40°C to 25°C D m — 1.646 — mV/°C
Slope 25°C to 85°C — | 1760 | —
Temp Sensor 25°C D (ViempP2s — 701.2 — mV
Voltage

T Typical values assume Vppap = 3.0V, Temp = 25°C, fapck=1.0MHz unless otherwise stated. Typical values are for reference
only and are not tested in production.

% 1LSB = (Vrern - VrerL)2
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.

MC9S08QE128 Series Data Sheet, Rev. 7
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3.13 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 of the MC9SO8QE 128 Reference Manual.

Table 19. Flash Characteristics

C Characteristic Symbol Min Typical Max Unit
D 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 \%
D |Internal FCLK frequency’ froLk 150 200 kHz
D |Internal FCLK period (1/FCLK) treyc 5 6.67 us
P |Byte program time (random location)®@ torog 9 treye
P |Byte program time (burst mode)®? taurst 4 treye
P |Page erase time? tpage 4000 treye
P |Mass erase time®® tmass 20,000 troye
Byte program current® Rippep — 4 — mA
Page erase current Ripppe — 6 — mA
Program/erase endurance®
C T to Ty =—40°C to + 85°C 10,000 — — cycles
T=25°C — 100,000 —
C |Data retention® tD ret 15 100 — years

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

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.

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

Typical endurance for flash was evaluated for this product family on the HC9S12Dx64. For additional information on
how Freescale defines typical endurance, please refer to Engineering Bulletin EB619, 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 defines typical data retention,
please refer to Engineering Bulletin EB618, Typical Data Retention for Nonvolatile Memory.
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CALE SEMICONDUC TOR. MECHANICAL OUTLINE PRINT VERSION NOT TO SCALE
TITLE: 64D LQFP DOCUMENT NO: 98ASS23234W REV: D
10 X 10 X 1.4 PKG, CASE NUMBER: 840F —-02 06 APR 2005
0.5 PITCH, CASE OUTLINE STANDARD: JEDEC MS-026 BCD

Figure 28. 64-pin LQFP Package Drawing (Case 840F, Doc #98ASS23234W), Sheet 2 of 3
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NOTES:
1. DIMENSIONS ARE IN MILLIMETERS.
2. DIMENSTIONING AND TOLERANCING PER ASME Y14.5M-1994.

DATUMS A, B AND D TO BE DETERMINED AT DATUM PLANE H.

THIS DIMENSION DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE DAMBAR
PROTRUSTON SHALL NOT CAUSE THE LEAD WIDTH TO EXCEED THE UPPER LIMIT
BY MORE THAN 0. 08 mm AT MAXIMUM MATERIAL CONDITION. DAMBAR CANNOT BE
LOCATED ON THE LOWER RADIUS OR THE FOOT. MINIMUM SPACE BETWEEN
PROTRUSION AND ADJACENT LEAD SHALL NOT BE LESS THAN 0. 07 mm.

3
DIMENSIONS TO BE DETERMINED AT SEATING PLANE C.

& THIS DIMENSION DOES NOT INCLUDE MOLD PROTRUSION. ALLOWABLE
PROTRUSION IS 0.25 mm PER SIDE. THIS DIMENSION IS MAXIMUM PLASTIC BODY
SIZE DIMENSION INCLUDING MOLD MISMATCH.

EXACT SHAPE OF EACH CORNER IS OPTIONAL.

> [>

THESE DIMENSIONS APPLY TO THE FLAT SECTION OF THE LEAD BETWEEN 0.1 mm
AND 0. 25 mm FROM THE LEAD TIP.

© FREESCALE SEMICONDLCIOR, — INC. MECHANICAL OUTLINE PRINT VERSION NOT TO SCALE
TITLE: 641D LQFP, DOCUMENT NO: 98ASS23234W REV: D
10 X 10 X 1.4 PKG, CASE NUMBER: 840F-02 06 APR 2005
0.5 PITCH, CASE OUTLINE STANDARD: JEDEC MS-026 BCD

Figure 29. 64-pin LQFP Package Drawing (Case 840F, Doc #98ASS23234W), Sheet 3 of 3

MC9S08QE128 Series Data Sheet, Rev. 7

Freescale Semiconductor 39



Package Information

~ (2.73)
(457
N\
I N\
48X 0.100 (0.25)
0.015
DETAIL N DETAIL M
PREFERRED CORNER CONFIGURATION PREFERED PIN 1 BACKSIDE IDENTIFIER
//To.[c

1.0
0.8 1.00

0.75

| | I—ig 0.05]c] /a\

SEATING PLANE
DETAIL G
VIEW ROTATED 90" CW
© FREESCALE SEMICONDUCTOR, ~ INC. MECHANICAL OUTLINE PRINT VERSION NOT TO SCALE
TITLE: THERMALLY ENHANCED QUAD DOCUMENT NO: 98ARH99048A REV: F
FLAT NON—LEADED PACKAGE (QFN) | CASE NUMBER: 1314-05 05 DEC 2005
48 TERMINAL, 0.5 PITCH (7 X 7 X 1) STANDARD: JEDEC—-M0—220 VKKD—2

Figure 31. 48-pin QFN Package Drawing (Case 1314, Doc #98ARH99048A), Sheet 2 of 3
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ALL RIGHTS RESERVED.

MECHANICAL OUTLINE

PRINT VERSION NOT TO SCALE

TITLE:
44 LD LQFP,

10 X 10 PKG, 0.8 PITCH,

DOCUMENT NO: 98ASS23225W

1.4 THICK

CASE NUMBER: 824D-02

REV:D

26 FEB 2007

STANDARD: JEDEC MS-026-BCB

Figure 33. 44-pin LQFP Package Drawing (Case 824D, Doc #98ASS23225W), Sheet 1 of 3
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NOTES:

1. DIMENSIONS AND TOLERANCING PER ASME Y14.5M—-1994.

2. CONTROLLING DIMENSION: MILLIMETER

3. DATUM PLANE H IS LOCATED AT BOTTOM OF LEAD AND IS COINCIDENT WITH THE
LEAD WHERE THE LEAD EXITS THE PLASTIC BODY AT THE BOTTOM OF THE PARTING
LINE.

4. DATUMS L, M AND N TO BE DETERMINED AT DATUM PLANE H.

@D\MENS\ONS TO BE DETERMINED AT SEATING PLANE T,

D\MENS\ONS DO NOT INCLUDE MOLD PROTRUSION. ALLOWABLE PROTRUSION IS 0.25 PER
SIDE. DIMENSIONS DO INCLUDE MOLD MISMATCH AND ARE DETERMINED AT DATUM
PLANE H.

AD\MENS\ON DOES NOT INCLUDE DAMBAR PROTRUSION. DAMBAR PROTRUSION SHALL NOT

CAUSE THE DIMENSION TO EXCEED 0.53. MINIMUM SPACE BETWEEN PROTRUSION AND
ADJACENT LEAD OR PROTRUSION 0.07.

© FREESCALE SEMICONDUCTOR, INC.
CALE SEMTCONDUCTOR, MECHANICAL OUTLINE PRINT VERSION NOT TO SCALE
TITLE: DOCUMENT NO: 98ASS23225W REV: D
44 LD LQFP,
10 X 10 PKG, 0.8 PITCH, 1.4 THICK CASE NUMBER: 824D-02 26 FEB 2007
STANDARD: JEDEC MS-026 BCB

Figure 35. 44-pin LQFP Package Drawing (Case 824D, Doc #98ASS23225W), Sheet 3 of 3
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TITLE:

DOCUMENT N@O: 98ASH70023A REV: D

LOW PROFILE QUAD FLAT PACK (LQFP)

CASE NUMBER: 873A-03 19 MAY 2005

32 LEAD, 0.8 PITCH (7 X 7 X 1.4)

STANDARD: JEDEC MS-026 BBA

Figure 36. 32-pin LQFP Package Drawing (Case 873A, Doc #98ASH70029A), Sheet 1 of 3
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Figure 37. 32-pin LQFP Package Drawing (Case 873A, Doc #98ASH70029A), Sheet 2 of 3
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