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MCU Block Diagram

1 MCU Block Diagram

The block diagram, Figure 1, shows the structure of the MC9S08QA4 MCU.
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Port pins are software configurable with pullup device if input port.

Port pins are software configurable for output drive strength.

Port pins are software configurable for output slew rate control.

IRQ contains a software configurable (IRQPDD) pullup device if PTA5 enabled as IRQ pin function (IRQPE = 1).
RESET contains integrated pullup device if PTA5 enabled as reset pin function (RSTPE = 1).

PTA4 contains integrated pullup device if BKGD enabled (BKGDPE = 1).

When pin functions as KBI (KBIPEn = 1) and associated pin is configured to enable the pullup device, KBEDGn can
be used to reconfigure the pullup as a pulldown device.

N o o M~ 0N

Figure 1. MC9S08QAA4 Series Block Diagram

2 Pin Assignments

This section shows the pin assignments in the packages available for the MC9S08QA4 series.
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Electrical Characteristics

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 4. ESD and Latch-up Test Conditions

Model Description Symbol Value Unit
Series resistance R1 1500 Q
H;g?j?,n 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 -2.5
Latch-up
Maximum input voltage limit 7.5
Table 5. ESD and Latch-Up Protection Characteristics
No. Rating’ Symbol Min Max Unit
1 Human body model (HBM) Vuem +2000 — \Y
2 Machine model (MM) Vum +200 — \Y
3 Charge device model (CDM) Veom +500 — \Y
4 Latch-up current at T = 85°C ILaT +100 — mA

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

under typical conditions unless otherwise noted.

3.5 DC Characteristics

This section includes information about power supply requirements and I/O pin characteristics.

Table 6. DC Characteristics (Temperature Range = —40 to 85°C Ambient)

Parameter Symbol Min Typical Max Unit

Supply voltage (run, wait, and stop modes)

(VDD falllng) VDD 1.8 —_— 3.6 v

(Vpp rising) VivoL . 36

(rising) ’

Minimum RAM retention supply voltage applied to Vpp VRAM Vpor' 2 — — %
Low-voltage detection threshold

(Vpp falling) Vivb 1.80 1.82 1.91

\

(Vpp rising) 1.88 1.90 1.99
Low-voltage warning threshold Vv

(Vpp falling) Lvw 2.08 2.1 2.2 v
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Electrical Characteristics

Table 6. DC Characteristics (Temperature Range = —40 to 85°C Ambient) (continued)

Parameter Symbol Min Typical Max Unit
(Vpp rising) 2.16 2.19 2.27
Power on reset (POR) re-arm voltage Voor — 1.4 —
Bandgap voltage reference Veg 1.18 1.20 1.21
Input high voltage (Vpp > 2.3 V) (all digital inputs) 0.70 x Vpp — —
ViH \'
Input high voltage (1.8 V < Vpp <2.3 V) (all digital inputs) 0.85 x Vpp — —
Input low voltage (Vpp > 2.3 V) (all digital inputs) — — 0.35 x Vpp
ViL Vv
Input low voltage (1.8 V < Vpp <2.3 V) (all digital inputs) — — 0.30 x Vpp
Input hysteresis (all digital inputs) Vhys 0.06 x Vpp — — \
Input leakage current (per pin) .

Vin = Vpp or Vgs, all input-only pins lin! 0.025 1.0 KA
High impedance (off-state) leakage current (per pin) .

Vin=Vpp 0r Vsg, all input/output lloz 0.025 10 WA
Internal pullup resistors34 Rpy 17.5 — 52.5 kQ
Internal pulldown resistor (KBI) Rpp 17.5 — 52.5 kQ
Output high voltage — low drive (PTxDSn = 0) v

loy=—2mA (Vpp>1.8V pp ~ 05 o o

OH mA (Vpp 2 1.8 V)

Output high voltage — high drive (PTxDSn = 1) VoH \j
|OH =-10 mA (VDD >2.7 V) — —

|OH =—6 mA (VDD >2.3 V) VDD -0.5 — —

lon=-3mA (Vpp=>1.8V) — —

Maximum total Iy for all port pins lNonT! — — 60 mA
Output low voltage — low drive (PTxDSn = 0)
loL=2.0mA (Vpp=1.8V) — — 0.5
\'
Output low voltage — high drive (PTxDSn = 1) VoL

loL=10.0 mA (Vpp =22.7 V) — — 0.5

loL=6mA (Vpp=2.3V) — — 0.5

loL=3mA (Vpp=1.8V) — — 0.5
Maximum total Ig_ for all port pins lout — — 60 mA
DC injection current > 5 6.7

Vin<Vss: Vin> VoD |
Single pin limit IC -0.2 — 0.2 mA
Total MCU limit, includes sum of all stressed pins -5 — 5 mA
Input capacitance (all non-supply pins) Cin — — 7 pF

RAM will retain data down to POR voltage. RAM data not guaranteed to be valid following a POR.
This parameter is characterized and not tested on each device.
Measurement condition for pull resistors: V|, = Vgg for pullup and V,,, = Vpp for pulldown.

PTAS5/IRQ/TCLK/RESET pullup resistor may not pull up to the specified minimum V. However, all ports are functionally tested
to guarantee that a logic 1 will be read on any port input when the pullup is enabled and no DC load is present on the pin.

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

AW N =
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Electrical Characteristics

TYPICAL Vpp - Vo VS loy AT Vpp=3.0 V
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Figure 6. Typical High-Side (Source) Characteristics — Low Drive (PTxDSn = 0)
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Figure 7. Typical High-Side (Source) Characteristics — High Drive (PTxDSn = 1)
3.6  Supply Current Characteristics
This section includes information about power supply current in various operating modes.
Table 7. Supply Current Characteristics
Parameter Symbol | Vpp(V)! | Typical? Max T (°C)
Run supply current® measured in FBE mode at 3 3.5 mA 5 mA 85
fous = 8 MH Rlpp
Bus z 2 2.6 mA — 85
Run supply current® measured in FBE mode at 3 490 pA 1mA 85
faus =1 MH Ripp
Bus 4 2 370 },LA —_— 85
Wait mode supply current* measured in FBE at 8 MHz Wipp 3 1mA 1.5 mA 85
Stop1 mode supply current sl 3 475 nA 1.2 pA 85
DD 2 470 nA — 85
Stop2 mode supply current Sol 3 600 nA 2 pA 85
oD 2 550 nA — 85
Stop3 mode supply current S3l 3 750 nA 6 nA 85
oD 2 680 nA — 85
RTI adder to stop1, stop2, or stop34 3 300 nA — 85
2 300 nA — 85
LVD adder to stop3 (LVDE = LVDSE = 1)* 3 70 uA — 85
2 60 pA — 85

MC9S08QA4 Series MCU Data Sheet, Rev. 3
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1 3V values are 100% tested; 2 V values are characterized but not tested.

2 Typicals are measured at 25 °C.
3 Does not include any DC loads on port pins.

Electrical Characteristics

4 Most customers are expected to find that auto-wakeup from a stop mode can be used instead of the higher current wait mode.

3.7 Internal Clock Source (ICS) Characteristics

Table 8. ICS Specifications (Temperature Range = —40 to 85°C Ambient)

Characteristic Symbol Min Typical Max Unit
Internal reference start-up time tirsT — 60 100 us
Average internal reference frequency — untrimmed fint_ut 25 32.7 41.66 kHz
Average internal reference frequency — trimmed fim_t 31.25 — 39.06 kHz
DCO output frequency range — untrimmed faco_ut 12.8 16.8 21.33 MHz
DCO output frequency range — trimmed faco_t 16 — 20 MHz
Resolution of trimmed DCO output frequency at fixed voltage and
2 P a y g Mfgco_res_t — 0.1 0.2 %ofaco
temperature
Total deviation of DCO output from trimmed frequency2
At 8 MHz over full voltage and temperature range Afgeo_t — -1.0t00.5 +2 Yofdco
At 8 MHz and 3.6 V from 0 to 70 °C 0.5 +1
FLL acquisition time 23 tacquire — — 1.5 ms
Long term jitter of DCO output clock (averaged over 2 ms interval) Cuitter — 0.02 0.2 Yofaco
1 Datain Typical column was characterized at 3.0 V, 25 °C, or is typical recommended value.
2 This parameter is characterized and not tested on each device.
3 This specification applies to any time the FLL reference source or reference divider is changed, trim value changed.
MC9S08QA4 Series MCU Data Sheet, Rev. 3
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Electrical Characteristics
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Figure 8. Deviation of DCO Output from Trimmed Frequency (8 MHz, 25 °C)

3.8 AC Characteristics

This section describes timing characteristics for each peripheral system.
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3.8.1 Control Timing

Table 9. Control Timing

Electrical Characteristics

Parameter Symbol Min Typical1 Max Unit
Bus frequency (tyc = 1/fgys) TBus 0 — 10 MHz
Real-time interrupt internal oscillator period (see Table 9) tRTI 700 1000 1300 us
External reset pulse width? textrst 100 — — ns
IRQ pulse width
Asynchronous path?® tiun 100 — — ns
Synchronous path3 1.5 toye
KBIPx pulse width
Asynchronous path® |ty i 100 — — ns
Synchronous path® 1.5 tgyc
Port rise and fall time (load = 50 pF)*
Slew rate control disabled (PTXSE =0) | tgise, tFail — 3 — ns
Slew rate control enabled (PTxSE = 1) — 30 —
BKGD/MS setup time after issuing background debug force tmssu 500 — — ns
reset to enter user or BDM modes
BKGD/MS hold time after issuing background debug force t 100 . . s
reset to enter user or BDM modes® MSH K

Data in Typical column was characterized at 3.0 V, 25°C.

This is the shortest pulse that is guaranteed to be recognized.

3 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 in that case.
Timing is shown with respect to 20% Vpp and 80% Vpp levels. Temperature range —40°C to 85°C.
To enter BDM mode following a POR, BKGD/MS should be held low during the power-up and for a hold time of ty,g after Vpp

rises above V| p.
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Figure 9. Typical RTI Clock Period vs. Temperature
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Electrical Characteristics
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Figure 10. Reset Timing
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Figure 11. IRQ/KBIPx Timing

3.8.2 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 10. TPM/MTIM Input Timing

Function Symbol Min Max Unit
External clock frequency frok 0 faus4 Hz
External clock period trowk 4 — teye
External clock high time tolkh 1.5 — teye
External clock low time toikd 1.5 — teye
Input capture pulse width ticpw 1.5 — teye
- treik >

< tokn —»

R
TCLK /

Lo
Figure 12. Timer External Clock
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Electrical Characteristics
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Figure 13. Timer Input Capture Pulse

Analog Comparator (ACMP) Electricals

Table 11. Analog Comparator Electrical Specifications

Characteristic Symbol Min Typical Max Unit
Supply voltage Vbp 1.80 — 3.60 Vv
Supply current (active) Ippac — 20 — pA
Analog input voltage VaIN Vgg—0.3 — Vbp \'%
Analog input offset voltage Valo — 20 40 mV
Analog comparator hysteresis VH 3.0 9.0 15.0 mV
Analog input leakage current laLkG — — 1.0 pA
Analog comparator initialization delay tAINIT — — 1.0 s
3.10 ADC Characteristics
Table 12. 3 V 10-Bit ADC Operating Conditions
Characteristic Conditions Symbol Min Typical’ Max Unit Comment
Supply voltage Absolute Vbp 1.8 — 3.6 \Y
Input voltage VaDIN Vss — Vbop \
Input capacitance CapIN — 4.5 5.5 pF
Input resistance Rapin — 5 7 kQ
Analog source 10 bit mode
resistance fapck > 4 MHz — — 5 Externalto
fapck < 4 MHz Ras — — 10 kQ MCU
8 bit mode (all valid fopck) — — 10
ADC conversion High Speed (ADLPC=0) 0.4 — 8.0
clock frequency faDck MHz
Low Power (ADLPC=1) 0.4 — 4.0

1

only and are not tested in production.

MC9S08QA4 Series MCU Data Sheet, Rev. 3
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Electrical Characteristics
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Figure 14. ADC Input Impedance Equivalency Diagram

Table 13. 3 V 10-Bit ADC Characteristics

Characteristic Conditions Symbol Min Typical' Max Unit Comment

Supply current
ADLPC =1
ADLSMP =1
ADCO =1

IbbaD — 120 - HA

Supply current
ADLPC =1 |
ADLSMP =0 DDAD
ADCO =1

— 202 — nA

Supply current
ADLPC =0
ADLSMP =1
ADCO =1

IbpAD — 288 — A

Supply current
ADLPC =0
ADLSMP =0
ADCO =1

IDDAD —_— 532 646 MA

ADC asynchronous High speed (ADLPC=0) 2 3.3 5

t =
clock source fADACK MHz 1P}fDACK
Low power (ADLPC=1) 1.25 2 3.3 ADACK

MC9S08QA4 Series MCU Data Sheet, Rev. 3

16 Freescale Semiconductor




Table 13. 3 V 10-Bit ADC Characteristics (continued)

Electrical Characteristics

Characteristic Conditions Symbol Min Typical' Max Unit Comment
Conversion time Short sample (ADLSMP=0) — 20 — ADCK See
(including sample tapc | MC9S08QA4
time) Long sample (ADLSMP=1) — 40 — cycles Series

Reference
Short sample (ADLSMP=0) — 3.5 — ADCK Manual for
Sample time taps cycles conversion
Long sample (ADLSMP=1) — 235 — time variances
10-bit mode — +1.5 +3.5 Includes
Total unadjusted error Etue LSB? quantization
8-bit mode — +0.7 +1.5
10-bit mode — +0.5 +1.0 Monotonicity
lefer.entlall DNL LSB2 . gnd no
non-linearity 8-bit mode _ 40.3 405 missing codes
- - guaranteed
10-bit mode — +0.5 +1.0
Integral non-linearity INL LSB?
8-bit mode — +0.3 +0.5
10-bit mode — +1.5 +2.1 v -V
Zero-scale error Ezg LSB? ADIN = Y88
8-bit mode — +0.5 +0.7
10-bit mode 0 +1.0 +1.5
Full-scale error Ers LSB2 Vapin = Vbp
8-bit mode 0 +0.5 +0.5
10-bit mode — — +0.5
Quantization error Eq LSB?
8-bit mode — — +0.5
10-bit mode 0 +0.2 +4 3x
Input leakage error = Lsg2 | Pad IeF::kage
8-bit mode 0 0.1 +1.2 AS
—40°C - 25°C — 1.646 —
T:emp sensor m mV/°C
siope 25°C - 85°C — 1.769 —
Temp sensor o . .
voltage 25°C VTEMP25 701.2 mV

! Typical values assume Vpp = 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.

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

3.11

Flash Specifications

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

Table 15. Device Numbering System

Ordering Information

This section contains ordering numbers for MC9S08QA4 series devices. See below for an example of the device numbering
system.

Memory Package
Device Number
Flash RAM Type Designator Document No.
MC9S08QA4 4 KB 256 bytes 8 DFN FQ 98ARL10557D
8 PDIP PA 98ASB42420B
MC9S08QA2 2 KB 160 bytes 8 NB SOIC DN 98ASB42564B

MC9 SO8QA 4 C XX E

Status —— | "L RoHS compliance indicator (E = yes)
(MC = Fully qualified)
Memory

Package designator (see Table 15)
(9 = Flash-based)

Temperature range (C = —40°C to 85°C)
Core

Family Memory size (in KB)

5 Mechanical Drawings

The following pages contain mechanical specifications for MC9S08QA4 series package options.
*  8-pin DFN (plastic dual in-line pin)

8-pin NB SOIC (narrow body small outline integrated circuit)
»  8-pin PDIP (plastic dual in-line pin)

MC9S08QA4 Series MCU Data Sheet, Rev. 3
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STYLE 1: STYLE 2: STYLE 3:
PIN 1. EMITTER PIN 1. COLLECTOR, DIE #1 PIN 1. DRAIN, DIE #1
2. COLLECTOR 2. COLLECTOR; #1 2. DRAIN, #1
3. COLLECTOR 3. COLLECTOR, #2 3. DRAIN, #2
4. EMITTER 4. COLLECTOR, #2 4. DRAIN, #2
5. EMITTER 5. BASE, #2 5. GATE, #2
6. BASE 6. EMITTER, #2 6.  SOURCE, #2
7. BASE 7. BASE, #1 7. GATE, #1
8. EMITTER 8. EMITTER, #1 8. SOURCE, #1
STYLE 4: STYLE 5: STYLE 6:
PIN 1.  ANODE PIN 1. DRAIN PIN 1. SOURCE
2. ANODE 2. DRAIN 2. DRAIN
3. ANODE 3. DRAIN 3. DRAIN
4. ANODE 4. DRAIN 4. SOURCE
5. ANODE 5. GATE 5. SOURCE
6.  ANODE 6. GATE 6. GATE
7. ANODE 7. SOURCE 7. GATE
8. COMMON CATHODE 8.  SOURCE 8.  SOURCE
STYLE 7: STYLE 8: STYLE §:
PIN 1. INPUT PIN 1. COLLECTOR, DIE #1 PIN L. EMITTER,  COMMON
2. EXTERNAL BYPASS 2. BASE, #1 2. COLLECTOR, DIE #1
3. THIRD STAGE SOURCE 3. BASE, #2 3. COLLECTOR, DIE #2
4. GROUND 4. COLLECTOR, #2 4. EMITTER, ~ COMMON
5. DRAIN 5. COLLECTOR, #2 5. EMITTER,  COMMON
6. GATE 3 6. EMITTER, #2 6. BASE, DIE #2
7. SECOND STAGE Vd 7. EMITTER, #1 7. BASE, DIE #1
8. FIRST STAGE Vd 8. COLLECTOR, #1 8. EMITTER,  COMMON
STYLE 10: STYLE 11: STYLE 12:
PIN 1. GROUND PIN 1.  SOURCE 1 PIN 1.  SOURCE
2. BIAS 1 2. GATE 1 2. SOURCE
3. OUTPUT 3. SOURCE 2 3. SOURCE
4. GROUND 4. GATE 2 4. GATE
5. GROUND 5. DRAIN 2 5. DRAIN
6. BIAS 2 6. DRAIN 2 6. DRAIN
7. INPUT 7. DRAIN 1 7. DRAIN
8.  GROUND 8. DRAIN 1 8. DRAIN
STYLE 13: STYLE 14: STYLE 15:
PIN 1. N.C. PIN 1. N-SOURCE PIN 1.  ANODE 1
2. SOURCE 2. N-GATE 2. ANODE 1
3. SOURCE 3. P-SOURCE 3. ANODE 1
4. GATE 4. P-GATE 4. ANODE 1
5. DRAIN 5. P-DRAIN 5. CATHODE,  COMMON
6. DRAIN 6. P-DRAIN 6. CATHODE,  COMMON
7. DRAIN 7. N-DRAIN 7. CATHODE,  COMMON
8. DRAIN 8. N-DRAIN 8. CATHODE,  COMMON
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