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« Input/Output
— Up to 55 GPIOs including one output-only pin
— Two 8-bit keyboard interrupt modules (KBI)
— Two true open-drain output pins
— Eight, ultra-high current sink pins supporting 20 mA source/sink current

« Package options
— 64-pin LQFP
— 48-pin LQFP
— 32-pin LQFP
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vruering parts

1 Ordering parts

1.1 Determining valid orderable parts

Valid orderable part numbers are provided on the web. To determine the orderable part
numbers for this device, go to www.freescale.com and perform a part number search for
the following device numbers: RN60, RN48 and RN32.

2 Part identification

2.1 Description

Part numbers for the chip have fields that identify the specific part. You can use the
values of these fields to determine the specific part you have received.

2.2 Format

Part numbers for this device have the following format:

S 9 S08 RN AA F1 B CC

2.3 Fields

This table lists the possible values for each field in the part number (not all combinations
are valid):

Field Description Values
S Qualification status e S = fully qualified, general market flow
9 Memory ¢ 9 =flash based
S08 Core * S08 = 8-bit CPU
RN Device family * RN
AA Approximate flash size in KB * 60 =60 KB
* 48 =48 KB
e 32=32KB
F1 Fab and mask set identifier e W1
B Temperature range (°C) e M=-40to 125

Table continues on the next page...
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2. Determined according to IPC/JEDEC Standard J-STD-020, Moisture/Reflow Sensitivity Classification for Nonhermetic
Solid State Surface Mount Devices.

4.2 Moisture handling ratings

Symbol | Description Min. Max. Unit Notes

MSL Moisture sensitivity level — 3 — 1

1. Determined according to IPC/JEDEC Standard J-STD-020, Moisture/Reflow Sensitivity Classification for Nonhermetic
Solid State Surface Mount Devices.

4.3 ESD handling ratings

Symbol | Description Min. Max. Unit Notes
Vusm Electrostatic discharge voltage, human body model -6000 +6000 \
Veom Electrostatic discharge voltage, charged-device model -500 +500 Vv 2
ILaT Latch-up current at ambient temperature of 125°C -100 +100 mA

1. Determined according to JEDEC Standard JESD22-A114, Electrostatic Discharge (ESD) Sensitivity Testing Human Body
Model (HBM).

2. Determined according to JEDEC Standard JESD22-C101, Field-Induced Charged-Device Model Test Method for
Electrostatic-Discharge-Withstand Thresholds of Microelectronic Components.

4.4 Voltage and current operating ratings

Absolute maximum ratings are stress ratings only, and functional operation at the
maxima is not guaranteed. Stress beyond the limits specified in below table may affect
device reliability or cause permanent damage to the device. For functional operating
conditions, refer to the remaining tables in this document.

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 pullup resistor
associated with the pin is enabled.

Symbol Description Min. Max. Unit
Vop Supply voltage -0.3 5.8 \Y,
Ibp Maximum current into Vpp — 120 mA

Table continues on the next page...
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Nonswitching electrical specifications

Table 3. LVD and POR Specification (continued)

Symbol C Description Min Typ Max Unit
V| vDH C Falling low-voltage detect 4.2 4.3 4.4 \
threshold - high range (LVDV
=1)3
Vi vwiH C Falling low- | Level 1 falling 4.3 4.4 4.5 \
voltage (LVWV = 00)
VivweH C h""arﬂ'r}g Level 2 falling 4.5 4.5 4.6 Vv
threshold - 1 ywv = o1)
high range
Vi vw3H C Level 3 falling 4.6 4.6 4.7 \
(LVWV =10)
VivwaH C Level 4 falllng 4.7 4.7 4.8 V
(LVWV = 11)
VuvsH C High range low-voltage — 100 — mV
detect/warning hysteresis
VivpL C Falling low-voltage detect 2.56 2.61 2.66 \
threshold - low range (LVDV =
0)
VLvbwiL C Falling low- | Level 1 falling 2.62 2.7 2.78 \Y,
voltage (LVWV = 00)
VivoweaL C warming 1 evel 2 falling 2.72 2.8 2.88 Vv
threshold - (LVWV = 01)
low range
VLVDW3L C Level 3 falllng 2.82 2.9 2.98 \Y
(LVWV =10)
VLVDW4L C Level 4 falllng 2.92 3.0 3.08 Vv
(LVWV = 11)
VHyspL C Low range low-voltage detect — 40 — mV
hysteresis
VhvswL C Low range low-voltage — 80 — mV
warning hysteresis
Vgag P Buffered bandgap output 4 1.14 1.16 1.18 \Y,

rPOd =

S9S08RN60 Series Data Sheet Data Sheet, Rev. 1, 01/2014.

Maximum is highest voltage that POR is guaranteed.
POR ramp time must be longer than 20us/V to get a stable startup.
Rising thresholds are falling threshold + hysteresis.

Voltage factory trimmed at Vpp = 5.0 V, Temp = 125 °C

Freescale Semiconductor, Inc.




b -

Nonswitching electrical specifications
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Figure 3. Typical loy Vs. Vpp-Von (high drive strength) (Vpp =5 V)
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Figure 4. Typical loy Vs. Vpp-Vopu (high drive strength) (Vpp =3 V)
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Figure 5. Typical lg. Vs. Vg (standard drive strength) (Vpp =5 V)
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Figure 6. Typical lg_ Vs. Vo (standard drive strength) (Vpp =3 V)
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Nonswitching electrical specifications
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Figure 8. Typical lg_ Vs. Vo (high drive strength) (Vpp =3 V)
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Switching specifications

5.2.2 Debug trace timing specifications
Table 6. Debug trace operating behaviors

Symbol Description Min. | Max. Unit
teye Clock period Frequency dependent MHz
twi Low pulse width 2 — ns
twh High pulse width 2 — ns

t, Clock and data rise time — 3 ns
t Clock and data fall time — 3 ns
ts Data setup 3 — ns
th Data hold 2 — ns
TRACECLK | : a
—»ieT, Ti—»iiia—
+ Twn > e Tw >
-+ Teye >

Figure 11. TRACE_CLKOUT specifications
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Figure 12. Trace data specifications

5.2.3 FTM 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 7. FTM input timing

No. C Function Symbol Min Max Unit
1 D External clock frok 0 feus/4 Hz
frequency

Table continues on the next page...
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Table 7. FTM input timing (continued)

No. C Function Symbol Min Max Unit
2 D External clock trok 4 — teye
period
3 D External clock teikh 1.5 — teye
high time
4 D External clock tei 1.5 — toye
low time
5 D Input capture ticpw 1.5 — teye
pulse width
-« treik >

<«— tokh —»

TCLK /
tei

Figure 13. Timer external clock

—
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~— 7
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Figure 14. Timer input capture pulse

5.3 Thermal specifications

5.3.1 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. 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 Vg5 or Vpp will be very
small.

S9S08RN60 Series Data Sheet Data Sheet, Rev. 1, 01/2014.
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renpheral operating requirements and behaviors

6.1 External oscillator (XOSC) and ICS characteristics
Table 9. XOSC and ICS specifications (temperature range = -40 to 125 °C ambient)

Num| C Characteristic Symbol Min Typical' Max Unit
1 C Oscillator Low range (RANGE = 0) fio 32 — 40 kHz
c crystal or High range (RANGE = 1) o 4 —_ 20 MHz
resonator FEE or FBE mode? 2
C High range (RANGE = 1), fhi 4 — 20 MHz
high gain (HGO = 1),
FBELP mode
C High range (RANGE = 1), fi 4 — 20 MHz
low power (HGO = 0),
FBELP mode
D Load capacitors C1,C2 See Note®
D Feedback Low Frequency, Low-Power Re — — — MQ
resistor Mode* 4
Low Frequency, High-Gain — 10 — MQ
Mode
High Frequency, Low- — 1 — MQ
Power Mode
High Frequency, High-Gain — 1 — MQ
Mode
4 D | Series resistor - Low-Power Mode 4 Rs — — — kQ
Low Frequency High-Gain Mode — 200 — kQ
5 D | Series resistor - Low-Power Mode* Rs — — — kQ
High Frequency
D | Series resistor - 4 MHz — 0 — kQ
D High 8 MHz — 0 — kQ
Frequency,
D |High-Gain Mode 16 MHz — 0 — kQ
6 C | Crystal start-up Low range, low power tesTL — 1000 — ms
C thseg'IE)oGVégaan; Low range, high power — 800 — ms
C crystal; High High range, low power tcsTH — 3 — ms
C |range =20 MHz| High range, high power — 15 — ms
crystal® 5, 6
T Internal reference start-up time tirsT — 20 50 us
D Square wave FEE or FBE mode? foxtal 0.03125 — 5 MHz
p | [mputclock FBELP mode 0 — 20 MHz
frequency
9 P Average internal reference frequency - fint_t — 39.0625 — kHz
trimmed
10 P DCO output frequency range - trimmed faco_t 16 — 20 MHz

Table continues on the next page...
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Peripheral operating requirements and behaviors

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.

6.3 Analog

6.3.1 ADC characteristics
Table 11. 5V 12-bit ADC operating conditions

Characteri Conditions Symb Min Typ! Max Unit Comment
stic
Supply Absolute Vppa 2.7 — 5.5 \" —
voltage
Delta to Vpp (Vpp-Vopap) AVppa -100 0 +100 mV
Ground Delta to VSS (VSS'VSSA)2 AVSSA -100 0 +100 mV
voltage
Input VapiN VREFL — VREFH \
voltage
Input CADIN — 4.5 5.5 pF
capacitance
Input RADlN _— 3 5 kQ —_—
resistance
Analog 12-bit mode Ras - . 5 kQ External to
source . fapck > 4 MHz MCU
resistance . fapck < 4 MHz — — 5
10-bit mode . . 5
. fADCK >4 MHz
d fADCK <4 MHz — — 10
8-bit mode — — 10
(all valid fADCK)
ADC High speed (ADLPC=0) fapck 0.4 — 8.0 MHz —
conversion Low power (ADLPC=1) 0.4 — 4.0
clock
frequency

1. Typical values assume Vppa = 5.0 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.

S9S08RN60 Series Data Sheet Data Sheet, Rev. 1, 01/2014.
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Peripheral operating requirements and behaviors

Table 12. 12-bit ADC Characteristics (VREFH = Vppa, VREFL = VSSA) (continued)

Characteristic Conditions Cc Symb Min Typ! Max Unit
ADC asynchronous |High speed (ADLPC P faDACK 2 3.3 5 MHz
clock source =0)
Low power (ADLPC 1.25 2 3.3
=1)
Conversion time Short sample T tapc — 20 — ADCK
(including sample (ADLSMP = 0) cycles
time) Long sample — 40 —
(ADLSMP = 1)
Sample time Short sample T taDs — 3.5 — ADCK
(ADLSMP = 0) cycles
Long sample — 23.5 —
(ADLSMP = 1)
Total unadjusted 12-bit mode T Etue — +5.0 — LSB3 3
Error? 2 10-bit mode P — 15
8-bit mode P — +0.7 +1.0
Differential Non- 12-bit mode T DNL — +1.0 — LSB3
Linearity 10-bit mode* * P — +0.25 +0.5
8-bit mode* P — +0.15 +0.25
Integral Non-Linearity | 12-bit mode T INL — +1.0 — LSBS
10-bit mode T — +0.3 +0.5
8-bit mode T — +0.15 +0.25
Zero-scale error>5  [12-bit mode C Ezs — 2.0 — LsB?
10-bit mode P — +0.25 +1.0
8-bit mode P — +0.65 +1.0
Full-scale error® 12-bit mode T Ers — 25 — LSBs
10-bit mode T — +0.5
8-bit mode T — +0.5
Quantization error <12 bit modes D Eq — — +0.5 LsB®
Input leakage error” |all modes D E.L lin * Ras mV
Temp sensor slope  [-40°C— 25°C D m — 3.266 — mV/°C
25°C-125°C — 3.638 —
Temp sensor voltage |25°C D VTEMP25 — 1.396 — \

—_

Typical values assume Vppa = 5.0 V, Temp = 25°C, fapck=1.0 MHz unless otherwise stated. Typical values are for
reference only and are not tested in production.

Includes quantization.

1LSB = (VRerH - VrerL)/2\

Monotonicity and no-missing-codes guaranteed in 10-bit and 8-bit modes

VapiN = Vssa

VapiN = Vbpa

lin = leakage current (refer to DC characteristics)

Nookrwh

S9S08RN60 Series Data Sheet Data Sheet, Rev. 1, 01/2014.
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renpheral operating requirements and behaviors
6.3.2 Analog comparator (ACMP) electricals
Table 13. Comparator electrical specifications

C Characteristic Symbol Min Typical Max Unit
D Supply voltage Vppa 2.7 — 5.5 \
T Supply current (Operation mode) Iopa — 10 20 pA
D Analog input voltage VN Vgs - 0.3 — Vppa \
P Analog input offset voltage Vaio — — 40 mV
C Analog comparator hysteresis (HYST=0) Vy — 15 20 mV
C Analog comparator hysteresis (HYST=1) Vy — 20 30 mV
T Supply current (Off mode) IbDAOFF — 60 — nA
C Propagation Delay [} — 0.4 1 us

6.4 Communication interfaces

6.4.1 SPI switching specifications

The serial peripheral interface (SPI) provides a synchronous serial bus with master and
slave operations. Many of the transfer attributes are programmable. The following tables
provide timing characteristics for classic SPI timing modes. Refer to the SPI chapter of
the chip's reference manual for information about the modified transfer formats used for
communicating with slower peripheral devices. All timing is shown with respect to 20%
Vpp and 70% Vpp, unless noted, and 100 pF load on all SPI pins. All timing assumes
slew rate control is disabled and high drive strength is enabled for SPI output pins.

Table 14. SPI master mode timing

Nu Symbol | Description Min. Max. Unit Comment

m.

1 fop Frequency of operation faus/2048 fBus/2 Hz fgus is the bus
clock

2 tspsck | SPSCK period 2 X tgys 2048 x tgyg ns teus = 1/fus

3 tLead Enable lead time 1/2 — tspsck —

4 tLag Enable lag time 1/2 — tspsck —

5 twspsck | Clock (SPSCK) high or low time tgus - 30 1024 x tgys ns —

6 tsu Data setup time (inputs) 15 — ns —

7 thi Data hold time (inputs) 0 — ns —

8 ty Data valid (after SPSCK edge) — 25 ns —

9 tho Data hold time (outputs) 0 — ns —

Table continues on the next page...
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Dimensions
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NOTE: Not defined
Figure 20. SPI slave mode timing (CPHA=1)
6.5 Human-machine interfaces (HMI)
6.5.1 TSI electrical specifications
Table 16. TSI electrical specifications
Symbol Description Min. Type Max Unit
TSI_RUNF Fixed power consumption in run mode — 100 — HA
TSI_RUNV Variable power consumption in run mode 1.0 — 128 A
(depends on oscillator's current selection)
TSI_EN Power consumption in enable mode — 100 — HA
TSI_DIS Power consumption in disable mode — 1.2 — A
TSI_TEN TSI analog enable time — 66 — ps
TSI_CREF TSI reference capacitor — 1.0 — pF
TSI_DVOLT Voltage variation of VP & VM around nominal -10 — 10 %
values
7 Dimensions
7.1 Obtaining package dimensions
Package dimensions are provided in package drawings.
S9S08RN60 Series Data Sheet Data Sheet, Rev. 1, 01/2014.
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To find a package drawing, go to freescale.com and perform a keyword search for the
drawing’s document number:

If you want the drawing for this package Then use this document number
32-pin LQFP 98ASH70029A
48-pin LQFP 98ASHO00962A
64-pin LQFP 98ASS23234W
8 Pinout

8.1 Signal multiplexing and pin assignments

The following table shows the signals available on each pin and the locations of these
pins on the devices supported by this document. The Port Control Module is responsible
for selecting which ALT functionality is available on each pin.

Table 17. Pin availability by package pin-count

Pin Number Lowest Priority <-- --> Highest

64-LQFP 48-LQFP 32-LQFP Port Pin Alt 1 Alt 2 Alt 3 Alt 4
1 1 1 PTD1"1 KBI1P1 FTM2CH3 MOSIH —
2 2 2 PTDO' KBI1PO FTM2CH2 SPSCK1 —
3 — — PTH7 — — — —
4 — — PTH6 — — — —
5 3 — PTE7 — TCLK2 — —
6 4 — PTH2 — BUSOUT — —
7 5 3 — — — — Vob
8 6 4 — — — Vbba VREFH
9 7 5 — — — Vssa VRerL
10 8 6 — — — — Vss
11 9 7 PTB7 — SCL — EXTAL
12 10 8 PTB6 — SDA — XTAL
13 11 — — — — — Vss
14 — — PTH1' — FTM2CH1 — —
15 — — PTHO' — FTM2CHO — —
16 12 — PTE6 — — — —
17 13 — PTE5 — — — —
18 14 9 PTB5' FTM2CH5 SS0 — —
19 15 10 PTB4! FTM2CH4 MISO0 — —

Table continues on the next page...
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Pinout
Table 17. Pin availability by package pin-count (continued)
Pin Number Lowest Priority <-- --> Highest

64-LQFP | 48-LQFP | 32-LQFP Port Pin Alt 1 Alt 2 Alt3 Alt 4
20 16 11 PTC3 FTM2CH3 — ADP11 —
21 17 12 PTC2 FTM2CH2 — ADP10 —
22 18 — PTD7 KBI1P7 TXD2 — —
23 19 — PTD6 KBI1P6 RXD2 — —
24 20 — PTD5 KBI1P5 — — —
25 21 13 PTC1 — FTM2CH1 ADP9 TSI7
26 22 14 PTCO — FTM2CHO ADPS8 TSl6
27 — — PTF7 — — ADP15 —
28 — — PTF6 — — ADP14 —
29 — — PTF5 — — ADP13 —
30 — — PTF4 — — ADP12 —
31 23 15 PTB3 KBIOP7 MOSIO ADP7 TSI5
32 24 16 PTB2 KBIOP6 SPSCKO ADP6 TSl4
33 25 17 PTB1 KBIOP5 TXDO ADP5 TSI3
34 26 18 PTBO KBIOP4 RXDO ADP4 TSI2
35 — — PTF3 — — — TSI15
36 — — PTF2 — — — TSH4
37 27 19 PTA7 FTM2FAULT2 — ADP3 TSI
38 28 20 PTA6 FTM2FAULT1 — ADP2 TSIO
39 29 — PTE4 — — — —
40 30 — — — — — Vss
41 31 — — — — — Vpb
42 — — PTF1 — — — TSI3
43 — — PTFO — — — TSI12
44 32 — PTD4 KBI1P4 — — —
45 33 21 PTD3 KBI1P3 SS1 — TSI11
46 34 22 PTD2 KBI1P2 MISO1 — TS0
47 35 23 PTA32 2 KBIOP3 TXDO SCL -
48 36 24 PTA22 KBIOP2 RXDO SDA —
49 37 25 PTA1 KBIOP1 FTMOCH1 ACMP1 ADP1
50 38 26 PTAO KBIOPO FTMOCHO ACMPO ADPO
51 39 27 PTC7 — TxD1 — TSI9
52 40 28 PTC6 — RxD1 — TSl8
53 41 — PTES — S50 — —
54 42 — PTE2 — MISO0 — -
55 — — PTG3 — — — —
56 — — PTG2 — — — —
57 — — PTG1 — — — —

Table continues on the next page...
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Table 17. Pin availability by package pin-count (continued)
Pin Number Lowest Priority <-- --> Highest
64-LQFP 48-LQFP 32-LQFP Port Pin Alt 1 Alt 2 Alt 3 Alt 4
58 — — PTGO — — — —
59 43 — PTE1! — MOSIO0 — —
60 44 — PTEOQ' — SPSCKO TCLK1 —
61 45 29 PTC5 — FTM1CH1 — —
62 46 30 PTC4 — FTM1CHO RTCO —
63 47 31 — — — — RESET
64 48 32 — — — BKGD MS

1. This is a high current drive pin when operated as output.
2. This is a true open-drain pin when operated as output.

Note

When an alternative function is first enabled, it is possible to
get a spurious edge to the module. User software must clear any
associated flags before interrupts are enabled. The table above
illustrates the priority if multiple modules are enabled. The
highest priority module will have control over the pin. Selecting
a higher priority pin function with a lower priority function
already enabled can cause spurious edges to the lower priority
module. Disable all modules that share a pin before enabling
another module.

S9S08RN60 Series Data Sheet Data Sheet, Rev. 1, 01/2014.
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8.2 Device pin assignment

PTD1/KBI1P1/FTM2CH3/MOSI1
PTDO/KBI1PO/FTM2CH2/SPSCK1 !
PTH7
PTH6
PTE7/TCLK2
PTH2/BUSOUT
Vbp
VDDA VRerH
VssA NVperL
Vss
PTB7/SCL/EXTAL
PTB6/SDA/XTAL
Vss
PTH1/FTM2CH1'
PTHO/FTM2CHo'
PTE6

[ L] R W]

Pins in bold are not available on less pin-count packages.

1. High source/sink current pins
2. True open drain pins
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PTA2/KBIOP2/RxD0/SDA2
PTA3/KBIOP3/TxD0/SCL2
PTD2/KBI1P2/MISO1/TSI10
PTD3/KBI1P3/SS1/TSI11
PTD4/KBI1P4

PTFO/TSI12

PTF1/TSI13

Vbp

Vss

PTE4
PTA6/FTM2FAULT1/ADP2/TSIO
PTA7/FTM2FAULT2/ADP3/TSI1
PTF2/TSI14

PTF3/TSI15
PTB0/KBIOP4/RxD0/ADP4/TSI2
PTB1/KBIOP5/TxD0O/ADP5/TSI3

Figure 21. S9S08RN60 64-pin LQFP package
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26 PTAO/KBIOPO/FTMOCHO/ACMPO/ADPO
25 PTA1/KBIOP1/FTMOCH1/ACMP1/ADP1

30 PTC4/FTM1CHO/RTCO

29 PTC5/FTM1CH1
28 PTC6/RxD1/TSI8
27 ] PTC7/TxD1/TSI9

32 ] BKGD/MS

31 RESET

PTA2/KBIOP2/RxD0/SDA?
PTA3/KBIOP3/TxD0/SCL2
PTD2/KBI1P2/MISO1/TSI10
PTD3/KBI1P3/SS1/TSI11
PTA6/FTM2FAULT1/ADP2/TSIO
PTA7/FTM2FAULT2/ADP3/TSI1
PTBO0/KBIOP4/RxD0/ADP4/TSI2
PTB1/KBIOP5/TxD0/ADP5/TSI3

PTD1/KBI1P1/FTM2CH3/MOSI1"
PTDO/KBI1PO/FTM2CH2/SPSCK11
Vop

VDDA /VReFH

VssA NVperL

Vss

PTB7/SCL/EXTAL
PTB6/SDA/XTAL

LT

H]N|R|R[NIN{RN

17

1
2
3
4
5

ss5' o
)

PTB5/FTM2CH5/SS0"
PTB4/FTM2CH4/MISO0"
PTC3/FTM2CH3/ADP11
PTC2/FTM2CH2/ADP10 [_|

PTC1/FTM2CH1/ADP9/TSI7
PTCO/FTM2CHO/ADP8/TSI6

PTB3/KBIOP7/MOSIO/ADP7/TSI5
PTB2/KBIOP6/SPSCKO/ADP6/TSI4 16

1. High source/sink current pins
2. True open drain pins

Figure 23. S9S08RN60 32-pin LQFP package

9 Revision history

The following table provides a revision history for this document.

Table 18. Revision history

Rev. No. Date Substantial Changes
1 01/2014 Initial Release
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