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Electrical Characteristics

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 chapter.

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, Vg or Vpp) or the programmable pull-up
resistor associated with the pin is enabled.

Table 3. Absolute Maximum Ratings

Rating Symbol Value Unit
Supply voltage Vb -0.3t05.8 \Y
Maximum current into Vpp Ibp 120 mA
Digital input voltage Vin -0.3to Vpp+ 0.3 \
Instantaneous maximum current
Single pin limit (applies to all port pins)™ 2.3 o 25 mA
Storage temperature range Tstg -551t0 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 except the RESET/Vpp pin which is internally
clamped to Vgg only.

3 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 VDD 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. In order to take Py, into account in power calculations, determine the difference between
actual pin voltage and Vgg or Vpp 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 4. Thermal Characteristics

Rating Symbol Value Unit
Operating temperature range (packaged) T, T toTH oc
—40to 85
Maximum junction temperature Tymax 105 °C
Thermal resistance 16-pin PDIP 0,a 80 °C/W
Thermal resistance 16-pin SOIC 04a 112 °C/W
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Electrical Characteristics

Table 4. Thermal Characteristics (continued)

Rating Symbol Value Unit
Thermal resistance 16-pin TSSOP 04a 75 °C/W
Thermal resistance 20-pin PDIP CIT 75 °C/W
Thermal resistance 20-pin SOIC 0,a 96 °C/W

The average chip-junction temperature (TJ) in °C can be obtained from:
Ty=Ta+ (Ppx6ya) Egn. 1
where:
T4 = Ambient temperature, °C
0,4 = Package thermal resistance, junction-to-ambient, °C /W
Pp = Pine+Pro
P, = Ipp x Vpp, Watts chip internal power
Py = Power dissipation on input and output pins user determined

For most applications, P}, << P;,; and can be neglected. An approximate relationship between PD and TJ

(if Py)o 1s neglected) is:
Pp = K = (T, + 273°C) Egn. 2

Solving Equation 1 and Equation 2 for K gives:

K = Pp x (Ta + 273°C) + 6,5 x (PD)? 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 Ty. Using this value of K, the values of P and Tj can be obtained by
solving equations 1 and 2 iteratively for any value of Ty.

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 must 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.
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Electrical Characteristics

Table 7. DC Characteristics (Temperature Range = —40 to 85°C Ambient) (continued)

Parameter Symbol Min Typical Max Unit
Input high voltage (Vpp > 2.3V) (all digital inputs) Viy 0.70 x Vpp — — \
Input high voltage (1.8 V < Vpp <2.3 V) (all digital inputs) V4 0.85 x Vpp — — \
Input low voltage (Vpp > 2.3 V) (all digital inputs) Vi — — 0.30 x Vpp \'
Input low voltage (1.8 V <Vpp<2.3V) . .
(all digital inputs) Vi 030xVpp| V
Input hysteresis (all digital inputs) Vhys' 0.06 x Vpp — — \
Input leakage current (per pin) .
Vi, = Vpp or Vgg, all input only pins Hin 0.025 1.0 HA
High impedance (off-state) leakage current (per pin) .
Vin = Vpp Or Vsg, all input/output llozl 0.025 1.0 HA
Internal pullup resistors2(all port pins) Rpy 20 45 65 kQ
Internal pulldown resistors?(all port pins except PTA5) Rpep 20 45 65 kQ
PTAS5 Internal pulldown resistor — 45 — 95 kQ
Output high voltage — Low Drive (PTxDSn = 0)
5 V, ILoad =2mA —_— —
3 V, ILoad =1mA VDD -0.8 — —
1.8 V, ILoad =0.5mA — —_—
Output high voltage — High Drive (PTxDSn = 1) Vv \%
5V, I gaq = 10 MA OH — —
5 V, ILoad =5mA VDD -0.8 — —_—
3 V, ILoad =3 mA — —
1.8V, I gag =2 MA — —
Maximum total loH for all port pins louTl — — 40 mA
Output low voltage — Low Drive (PTxDSn = 0)
5 V, ILoad =2mA —_— —_—
3 V, ILoad =1mA — — 0.8
1.8V, I gag=0.5mA — —
Output low voltage — High Drive (PTxDSn = 1) VoL \
5V, ILoad= 10 mA — —
5V, ILoad=5mA - — 08
3 V, ILoad =3 mA . _ .
1.8V, I gag =2 MA — —
Maximum total loL for all port pins loLT — — 40 mA
DC injection current® 4 2.8
Vin<Vss, Vin>Vpp
Single pin limit — — 0.2 mA
Total MCU limit, includes sum of all stressed pins — — 0.8
Input capacitance (all non-supply pins) Cin — — 7 pF

This parameter is characterized and not tested on each device.
Measurement condition for pull resistors: V|, = Vgg for pullup and V, = Vpp for pulldown.

All functional non-supply pins are internally clamped to Vgg and Vpp except the RESET/Vpp which is internally clamped
to Vggonly.

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.

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.

This parameter is characterized and not tested on each device.
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IOH \'A] VDD'VOH (ngh Drive) at vDD =55V

- ——85C
T —m—25C
I -40C
Ke]
0.1 02 04 06 08 1 12 14 16 18 2
Vbp-VoH (V)
Figure 4. Typical lgy vs. Vpp—Vou
Vpp = 5.5 V (High Drive)
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Figure 5. Typical gy vs. Vpp—Vou
Vpp = 5.5 V (Low Drive)
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lo vs Vo (High Drive) at Vpp = 1.8 V
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Figure 15. Typical Ig,_ vs. Vpp—VoL
Vpp = 1.8 V (Low Drive)
3.7  Supply Current Characteristics
Table 8. Supply Current Characteristics
Parameter Symbol | Vpp(V) | Typical Max? Temp. (°C)
25
5 2.4 mA 5 mA 85
Run supply current® measured at . 25
(fous = 10 MH2) Ribp1o 3 24 mA 85
25
1.80 1.7 mA — 85
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Freescale Semiconductor 15



Electrical Characteristics

5 Most customers are expected to find that auto-wakeup from stop can be used instead of the higher current wait
mode. Wait mode typical is 1.3 mA at 3V and 1 mA at 2 V with fg s = 1 MHz.

Run Ipp vs Vpp at FEI mode

—— 10 MHz
—m—4 MHz
1.25 MHz

e,

5.5 5.0 3.3 3.0 2.7 2.0 1.8 1.7
Run Ipp (mA)

Figure 16. Typical Run Ipp vs. Vpp for FEI Mode
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Electrical Characteristics

3.8 External Oscillator (XOSC) Characteristics

Table 9. Oscillator Electrical Specifications (Temperature Range = —40 to 125°C Ambient)

Num| C Rating Symbol Min | Typical' | Max | Unit
Oscillator crystal or resonator (EREFS = 1, ERCLKEN = 1)
Low range (RANGE = 0) fio 32 — 38.4 | kHz
1 C High range (RANGE = 1) FEE or FBE mode 2 foi 1 — 5 |MHz
High range (RANGE = 1, HGO = 1) FBELP mode fhi-hgo 1 — 16 | MHz
High range (RANGE = 1, HGO = 0) FBELP mode fhizip 1 — 8 |MHz
See crystal or resonator
2 | D |Load capacitors Cq1,Co manufacturer’s
recommendation.
Feedback resistor
3 D Low range (32 kHz to 100 kHz) Re — 10 — | MQ
High range (1 MHz to 16 MHz) — 1 —
Series resistor
Low range, low gain (RANGE = 0, HGO = 0) — 0 —
Low range, high gain (RANGE =0, HGO = 1) — 100 —
High range, low gain (RANGE = 1, HGO = 0) — 0 —
4 | D Hi s : - ~ Rs kQ
igh 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 gain (RANGE = 0, HGO = 0) tesTLLP — 200 —
5 C Low range, high gain (RANGE =0, HGO = 1) tesTL-HGO — 400 — | ms
High range, low gain (RANGE = 1, HGO = 0)* CSTH-LP — 5 —
High range, high gain (RANGE = 1, HGO = 1)* ! oSTH-HGO — 20 —
Square wave input clock frequency (EREFS = 0, ERCLKEN = 1)
6 | D FEE or FBE mode 2 foxtal 0.03125 — 5 |MHz
FBELP mode 0 — 40

Typical data was characterized at 5.0 V, 25 °C or is recommended value.
The input clock source must be divided using RDIV to within the range of 31.25 kHz to 39.0625 kHz.

3 This parameter is characterized and not tested on each device. Proper PC board layout procedures must be followed to
achieve specifications.

4 4 MHz crystal.

MCuU
EXTAL XTAL
Re Rs
[
Il
C; T Crystal or Resonator — G
A

3.9 AC Characteristics

This section describes AC timing characteristics for each peripheral system.

MC9RS08KAS8 Series MCU Data Sheet, Rev. 4

18 Freescale Semiconductor



Electrical Characteristics

3.9.2 TPM/MTIM 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 11. TPM Input Timing

Num C Rating Symbol Min Max Unit

1 D External clock frequency frPMext DC faus4 MHz

2 D External clock period rPMext 4 — toye

3 D External clock high time toikh 1.5 — teye

4 D External clock low time toi 15 — toye

5 D Input capture pulse width ticpw 1.5 — toye
- treik >

<«— tokh —>»

TCLK /

Figure 19. Timer External Clock

teii

~—Lticpw —
J—

TPMCHn / _\
TPMCHn /

N~ 7
~<—ticpy —>

Figure 20. Timer Input Capture Pulse

3.10 Analog Comparator (ACMP) Electrical

Table 12. Analog Comparator Electrical Specifications

Num Cc Characteristic Symbol Min Typical Max Unit
1 D | Supply voltage Vpp 1.80 — 55 \%
2 P | Supply current (active) Ibpbac — 20 35 pA
3 D |Analog input voltage' VaIN Vgg—0.3 — Vpp Vv
4 P |Analog input offset voltage' Vaio — 20 40 mV
5 C | Analog Comparator hysteresis1 Vy 3.0 9.0 15.0 mV
6 C | Analog source impedance’ Ras — — 10 kQ
7 P | Analog input leakage current IaLkG — — 1.0 pA
8 C | Analog Comparator initialization delay tAINIT — — 1.0 us

MC9RS08KAS8 Series MCU Data Sheet, Rev. 4
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Electrical Characteristics

Table 12. Analog Comparator Electrical Specifications (continued)

Num C Characteristic Symbol Min Typical Max Unit

Analog Comparator bandgap reference

9 P voltage Ve

1.1 1.208 1.3 Vv

' These data are characterized but not production tested.

3.11 Internal Clock Source Characteristics

Table 13. Internal Clock Source Specifications

Num | C Characteristic Symbol Min Typical Max Unit
1 C | Average internal reference frequency — untrimmed fint_ut 25 31.25 41.66 kHz
2 P | Average internal reference frequency — trimmed fint_t 31.25 39.06 | 39.0625 | kHz
3 C | DCO output frequency range — untrimmed fdco_ut 12.8 16 21.33 MHz
4 P | DCO output frequency range — trimmed fdco_t 16 20 20 MHz
5 | C Resolution of trimmed DCO output frequency Mago o 1 . . 0.2 %foco
at fixed voltage and temperature - =

6 C | Total deviation of trimmed DCO output frequency Afgeo o o 2 %fdco
over voltage and temperature -

7 | C |FLL acquisition time?3 tacquire — — 1 ms

c Stop recovery time (FLL wakeup to previous acquired

frequency) t wakeup _ . us
IREFSTEN =0 100
IREFSTEN =1 86

1
2
3

Data in typical column was characterized at 3.0 V and 5.0 V, 25 °C or is typical recommended value.
This parameter is characterized and not tested on each device.

This specification applies to any time the FLL reference source or reference divider is changed, trim value changed or
changing from FLL disabled (FBILP) to FLL enabled (FEI, FBI).

3.12 ADC Characteristics
Table 14. 5 Volt 10-bit ADC Operating Conditions

C Characteristic Conditions Symb Min. Typical Max. Unit
D Input voltage — VaDIN Vss — Vbp Vv
C Accuracy Vpp=2V — — 8 bit — —
C Input capacitance — CapIN — 4.5 5.5 pF
Cc Input resistance — Rapin — 3 5 kQ
10 bit frnode
; > 4MHz — — 5
c ::tzlrc:% Ist%ulz;(e: LrJesnstance fﬁggi = AMHz Ras _ _ 10 KO
8 bit mode (all valid fapck) — — 10

MC9RS08KAS8 Series MCU Data Sheet, Rev. 4
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Table 15. 10-bit ADC Characteristics (continued)

Electrical Characteristics

Characteristic Conditions C Symb Min Typical’ Max Unit
Supply current Stop, reset, module off T IbbaAD — 0.011 1 pA
ADC asynchronous clock High speed (ADLPC = 0) ‘ - 3.3 -
source T ADACK MHz

Low power (ADLPC = 1) — 2 —
Conversion time (including Short sample (ADLSMP=0) P i - 20 - ADCK
; ADC
sample time) Long sample (ADLSMP=1) — 40 — | cycles
_ Short sample (ADLSMP=0) — 3.5 — ADCK
Sample time P taDs |
Long sample (ADLSMP=1) — 23.5 — cycles
10 bit mode — +1 +2.5
Total unadjusted error C Etue LSB?
8 bit mode — +0.5 +1.0
10 bit mode P — 0.5 1.0
DNL LsSB?
Differential non-linearity 8 bit mode T — +0.3 +0.5
Monotonicity and No-Missing-Codes guaranteed
10 bit mode — +0.5 +1.0
Integral non-linearity C INL LSB?
8 bit mode — +0.3 +0.5
10 bit mode P — +0.5 +1.5
Zero-scale error Ezs LSB?
8 bit mode T — 0.5 0.5
Full-Scale error 10 bit mode P e — 0.5 1.5 s
- FS
VADIN = VDDA 8 bit mode T — +0.5 +0.5
10 bit mode — — +0.5
Quantization error D Eq LSB?
8 bit mode — — +0.5
Input leakage error 10 bit mode 5 . — +0.2 +2.5 L SB?
pad leakage® " Ras 8 bit mode " — +0.1 +1

! Typical values assume Temp = 25 °C, fapck = 1.0 MHz unless otherwise stated. Typical values are for reference only and are

not tested in production.

Z 1 LSB = (Vrern — VRer)/2"
3 Based on input pad leakage current. Refer to pad electrical.

3.13 Flash Specifications

This section provides details about program/erase times and program-erase endurance for the flash
memory. For detailed information about program/erase operations, see the reference manual.

Table 16. Flash Characteristics

Characteristic Symbol Min Typical Max Unit
Supply voltage for program/erase Vbp 27 — 5.5 \
MC9RS08KAS8 Series MCU Data Sheet, Rev. 4
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Table 16. Flash Characteristics (continued)

Characteristic Symbol Min Typical Max Unit
Program/Erase voltage Vpp 11.8 12 12.2 \
VPP current
Program IvPP_prog — — 200 pA
Mass erase lvPp_erase — — 100 pA
gipgi\fl:gg& |flozr read operation Viead 18 . 55 Vv
Byte program time torog 20 — 40 us
Mass erase time tme 500 — — ms
Cumulative program HV time® thy — — 8 ms
Total cumulative HV t?me . ¢ . . 2 hours
(total of tme & thv applied to device) hv_total
HVEN to program setup time togs 10 — — us
PGM/MASS to HVEN setup time thvs 5 — — us
HVEN hold time for PGM thvh 5 — — us
HVEN hold time for MASS thvhi 100 — — us
Vpp to PGM/MASS setup time tups 20 — — ns
HVEN to Vpp hold time tvph 20 — — ns
Vpp rise time® trs 200 — — ns
Recovery time troy 1 — — us
s — | o [ = [ = [oe
Data retention tp ret 15 — — years

1
2

Typicals are measured at 25 °C.

thy is the cumulative high voltage programming time to the same row before next erase. Same address can not be
programmed more than twice before next erase.

Fast Vpp rise time may potentially trigger the ESD protection structure, which may result in over current flowing into the pad
and cause permanent damage to the pad. External filtering for the Vpp power source is recommended. An example Vpp
filter is shown in Figure 22.

100 Q2

V Vv

Figure 22. Example Vpp Filtering
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NOTES:

1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M, 1994

2. CONTROLLING DIMENSION:

INCH.

@D\MENS\ON TO CENTER OF LEADS WHEN FORMED PARALLEL.

D\MENS\ONS DOES NOT INCLUDE MOLD FLASH.

5. ROUNDED CORNERS OPTIONAL.

6. 648—-01 THRU —08 OBSOLETE, NEW STANDARD 648—-09.

MILLIMETERS INCHES MILLIMETERS INCHES
DIM MIN MAX MIN MAX DIM MIN MAX MIN MAX
A 18.80 19.55 0.740 0.770
B 6.35 6.85 0.250 0.270
C 3.69 4.44 0.145 0.175
D 0.39 0.53 0.015 0.021
F 1.02 1.77 0.040 0.070
G 2.54 BSC 0.100 BSC
H 1.27 BSC 0.050 BSC
J 0.21 0.38 0.008 0.015
K 2.80 3.30 0.110 0.130
L 7.50 7.74 0.295 0.305
M o 10 0’ 10°
S 0.51 1.01 0.020 0.040
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DIMENSIONS ARE IN MILLIMETERS.
DIMENSIONING AND TOLERANCING PER ASME Y14.5M—1994.

DATUMS A AND B TO BE DETERMINED AT THE PLANE WHERE THE BOTTOM OF THE LEADS
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NOTES:
1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M 1994.
2. CONTROLLING DIMENSION:  INCH.
5. DIMENSION L TO CENTER OF LEAD WHEN FORMED PARALLEL.
4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
DIM MILLIMETERS DIM INCHES DIM MILLIMETERS DIM INCHES
MIN MAX MIN MAX MIN MAX MIN MAX
A 24.39 24.99 0.960 0.984
B 6.96 7.49 0.274 0.295
C 3.56 5.08 0.140 0.200
D 0.38 0.56 0.015 0.022
E 1.27 BSC 0.050 BSC
F 1.14 1.52 0.045 0.060
G 2.54 BSC 0.100 BSC
J 0.20 0.38 0.008 0.015
K 2.79 3.76 0.110 0.148
L 7.62 BSC 0.300 BSC
M o’ 15° 0} 15°
N 0.50 1.01 0.020 0.040
R | ...... .29 | | ... 0.051
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