EXFL

Freescale Semiconductor - MK20DX64VMC7 Datasheet

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Details
Product Status Active

Core Processor ARM® Cortex®-M4

Core Size 32-Bit Single-Core

Speed 72MHz

Connectivity CANbus, EBI/EMI, I2C, IrDA, SPI, UART/USART, USB, USB OTG
Peripherals DMA, IS, LVD, POR, PWM, WDT

Number of I/O 70

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

64KB (64K x 8)

FLASH

2Kx 8

16K x 8

1.71V ~ 3.6V

A/D 35x16b; D/A 1x12b
Internal

-40°C ~ 105°C (TA)
Surface Mount
121-LFBGA
121-MAPBGA (8x8)
https://www.e-xfl.com/pro/item?MUrl=&PartUrl=mk20dx64vmc7

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/mk20dx64vmc7-4382916
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

General
5.2.1 Voltage and current operating requirements
Table 1. Voltage and current operating requirements
Symbol Description Min. Max. Unit Notes
Vop Supply voltage 1.71 3.6 \'%
Vbpa Analog supply voltage 1.71 3.6 \
Vpp — Vppa | Vpp-to-Vppa differential voltage -0.1 0.1 \'%
Vgs — Vssa |Vss-to-Vssa differential voltage -0.1 0.1 \
Veat RTC battery supply voltage 1.71 3.6 Vv
ViH Input high voltage
* 27V<=sVpp=s36V 0.7 x Vpp — Vv
e 1.7V<Vpp<27V 0.75 x Vpp — Vv
ViL Input low voltage
e 27V<=sVpp=s36V — 0.35 x Vpp Vv
e 1.7V<sVpp=s27V — 0.3 x Vpp Vv
Vuys Input hysteresis 0.06 x Vpp — \
licoio Digital pin negative DC injection current — single pin 1
e Vjy < Vgg-0.3V N - mA
licaio Analog?, EXTAL, and XTAL pin DC injection current — 3
single pin mA
* V|n < Vss-0.3V (Negative current injection) -5 —
¢ Vv > Vpp+0.3V (Positive current injection) — +5
liccont Contiguous pin DC injection current —regional limit,
includes sum of negative injection currents or sum of
positive injection currents of 16 contiguous pins
* Negative current injection 25 o mA
* Positive current injection o 25
VRam Vpp voltage required to retain RAM 1.2 — \'%
VgrrveaT | Veat voltage required to retain the VBAT register file VPOR_VBAT — \'

1. Al 5V tolerant digital I/O pins are internally clamped to Vgg through a ESD protection diode. There is no diode connection
to Vpp. If V| greater than Vpio_min (=Vss-0.3V) is observed, then there is no need to provide current limiting resistors at
the pads. If this limit cannot be observed then a current limiting resistor is required. The negative DC injection current
limiting resistor is calculated as R=(Vpjo_min-ViN)/Ilicl-

2. Analog pins are defined as pins that do not have an associated general purpose 1/O port function.

3. All analog pins are internally clamped to Vgg and Vpp through ESD protection diodes. If V|y is greater than Va0 min
(=Vss-0.3V) and V) is less than Va0 max(=Vpp+0.3V) is observed, then there is no need to provide current limiting
resistors at the pads. If these limits cannot be observed then a current limiting resistor is required. The negative DC
injection current limiting resistor is calculated as R=(Vai0_min-Vin)/llicl. The positive injection current limiting resistor is
calculated as R=(V|y-Vaio_max)/llicl. Select the larger of these two calculated resistances.
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General
5.2.3 Voltage and current operating behaviors
Table 4. Voltage and current operating behaviors
Symbol | Description Min. Max. Unit Notes
VoH Output high voltage — high drive strength
e 27V <=Vpp=s3.6V,loy=-9MmA Vpp - 0.5 — Vv
* 1.71V<=sVpp=s2.7V,loy=-3mA Vpp — 0.5 — \Y
Output high voltage — low drive strength
e 27V < VDD <36V, IOH =-2mA VDD -05 — \
e 1.71V< VDD <27V, IOH =-0.6mA VDD -05 — Y
loHT Output high current total for all ports — 100 mA
VoL Output low voltage — high drive strength
e 27V< VDD <36V, |o|_ =9mA — 0.5 \Y
e 1.71V<Vpp=<27V,lg.=3mA — 0.5
Output low voltage — low drive strength
¢ 27V <=Vpp<3.6V,lo.=2mA — 0.5 \Y
* 1.71V<sVpp=s2.7V,lo =0.6mA — 0.5 Vv
loLt Output low current total for all ports — 100 mA
Iin Input leakage current (per pin) for full temperature — 1 A 1
range
N Input leakage current (per pin) at 25°C — 0.025 A 1
loz Hi-Z (off-state) leakage current (per pin) — 1 A
Rpu Internal pullup resistors 20 50 kQ
Rpp Internal pulldown resistors 20 50 kQ

1. Measured at VDD=3.6V
2. Measured at Vpp supply voltage = Vpp min and Vinput = Vgg
3. Measured at Vpp supply voltage = Vpp min and Vinput = Vpp

5.2.4 Power mode transition operating behaviors

All specifications except tpor, and VLLSx—RUN recovery times in the following table
assume this clock configuration:

* CPU and system clocks = 72 MHz
* Bus clock =36 MHz

e FlexBus clock = 36 MHz

e Flash clock = 24 MHz
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General
Table 5. Power mode transition operating behaviors
Symbol | Description Min. Max. Unit Notes
troR After a POR event, amount of time from the point Vpp — 300 us 1

reaches 1.71 V to execution of the first instruction

across the operating temperature range of the chip.
¢ VLLS1 > RUN - 12 Hs
« VLLS2 > RUN - 74 us
« VLLS3 > RUN - 73 us
« LLS > RUN - 5.9 Hs
« VLPS - RUN - 58 us
« STOP > RUN - 4.2 Hs

1. Normal boot (FTFL_OPT[LPBOQOT]=1)

5.2.5 Power consumption operating behaviors
Table 6. Power consumption operating behaviors

Symbol | Description Min. Typ. Max. Unit Notes
Ippa Analog supply current — — See note mA 1
Ipb_run | Run mode current — all peripheral clocks 2
disabled, code executing from flash
Telsv — 21.5 25 mA
T @sov — 215 30 mA
Ipp_run | Run mode current — all peripheral clocks 3,4
enabled, code executing from flash
T ensv — 31 34 mA
* @ 3.0V
T @25 — 31 34 mA
@125 — 32 39 mA
Ippo_warr | Wait mode high frequency current at 3.0 V —all — 12.5 — mA 2
peripheral clocks disabled
Ipp_wair | Wait mode reduced frequency current at 3.0 V — — 7.2 — mA 5
all peripheral clocks disabled
Ipp_vipr | Very-low-power run mode current at 3.0 V — all — 0.996 — mA 6
peripheral clocks disabled
Ipb_vipr | Very-low-power run mode current at 3.0 V — all — 1.46 — mA 7
peripheral clocks enabled

Table continues on the next page...
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General

5.4.2 Thermal attributes

Board type Symbol Description 121 100 LQFP Unit Notes
MAPBGA

Single-layer Reua Thermall 74 52 °C/W 1,2
(1s) resistance,
junction to
ambient (natural
convection)

Four-layer Reua Thermal 42 40 °C/W 1,3
(2s2p) resistance,
junction to
ambient (natural
convection)

Single-layer Reuma Thermal 62 42 °C/W 1,3
(1s) resistance,
junction to
ambient (200 ft./
min. air speed)

Four-layer Reyma Thermal 38 34 °C/W 1,3
(2s2p) resistance,
junction to
ambient (200 ft./
min. air speed)

— ReJs Thermal 23 25 °C/W 4
resistance,
junction to
board

— ReJc Thermal 19 12 °C/W 5
resistance,
junction to case

— Y Thermal 4 2 °C/W 6
characterization
parameter,
junction to
package top
outside center
(natural
convection)

1. Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site
(board) temperature, ambient temperature, air flow, power dissipation of other components on the board, and board
thermal resistance.

2. Determined according to JEDEC Standard JESD51-2, Integrated Circuits Thermal Test Method Environmental
Conditions — Natural Convection (Still Air) with the single layer board horizontal. For the LQFP, the board meets the
JESD51-3 specification. For the MAPBGA, the board meets the JESD51-9 specification.

3. Determined according to JEDEC Standard JESD51-6, Integrated Circuits Thermal Test Method Environmental
Conditions— Forced Convection (Moving Air) with the board horizontal. For the LQFP, the board meets the JESD51-7
specification.

4, Determined according to JEDEC Standard JESD51-8, Integrated Circuit Thermal Test Method Environmental

Conditions —dJunction-to-Board. Board temperature is measured on the top surface of the board near the package.
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Peripheral operating requirements and behaviors

6.3.1 MCG specifications
Table 14. MCG specifications

Symbol | Description Min. Typ. Max. Unit Notes
fints_ft Internal reference frequency (slow clock) — — 32.768 — kHz
factory trimmed at nominal VDD and 25 °C
fints_t Internal reference frequency (slow clock) — user 31.25 — 39.0625 kHz
trimmed
Dvtgco_res_t | Resolution of trimmed average DCO output — +0.3 +0.6 Y%fdco 1

frequency at fixed voltage and temperature —
using SCTRIM and SCFTRIM

Afyeo_res t | Resolution of trimmed average DCO output — +0.2 +0.5 Yofgco 1
frequency at fixed voltage and temperature —
using SCTRIM only

Afyeo t | Total deviation of trimmed average DCO output — +0.5/-0.7 — Yofdco 1
frequency over voltage and temperature

Afgeo + | Total deviation of trimmed average DCO output — +0.3 +0.3 Yofdco 1
frequency over fixed voltage and temperature
range of 0-70°C

fintf_tt Internal reference frequency (fast clock) — — 4 — MHz
factory trimmed at nominal VDD and 25°C

fintf_t Internal reference frequency (fast clock) — user 3 — 5 MHz
trimmed at nominal VDD and 25 °C
floc_low | LOss of external clock minimum frequency — (3/5) x — — kHz
RANGE = 00 fints_t
fioc_nigh | Loss of external clock minimum frequency — (16/5) x — — kHz
RANGE = 01, 10, or 11 fints_t
FLL
fl_ret FLL reference frequency range 31.25 — 39.0625 kHz
fdco DCO output Low range (DRS=00) 20 20.97 25 MHz 2,3
frequency range 640 X Ty ref
Mid range (DRS=01) 40 41.94 50 MHz
1280 x f|_ref
Mid-high range (DRS=10) 60 62.91 75 MHz
1920 x fyy_ret
High range (DRS=11) 80 83.89 100 MHz
2560 x fy_ref
faco_t_DMx32 | DCO output Low range (DRS=00) — 23.99 — MHz 4,5
frequency 732 x fy e
Mid range (DRS=01) — 47.97 — MHz
1464 x fyy_ret
Mid-high range (DRS=10) — 71.99 — MHz
2197 x fy_ret
High range (DRS=11) — 95.98 — MHz
2929 x fy ref

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

Table 14. MCG specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes
Jeye_fi FLL period jitter . 180 . ps
i fVCO =48 MHz _ _
hd fVCO =98 MHz 150
ti_acquire | FLL target frequency acquisition time — — 1 ms 6
PLL
fuco VCO operating frequency 48.0 — 100 MHz
Lo PLL operating current - 1060 - uA 7

e PLL @ 96 MHz (foscfhij =8 MHZ, prLref =
2 MHz, VDIV multiplier = 48)

o PLL operating current 7

e PLL @ 48 MHz (foso i 1 = 8 MHZ, foy et = - 600 - HA
2 MHz, VDIV multiplier = 24)
foll_ref PLL reference frequency range 2.0 — 4.0 MHz
Jeye_pn | PLL period jitter (RMS) 8
* fuco = 48 MHz — 120 — ps
* fyeo = 100 MHz — 50 — ps
Jace_pil | PLL accumulated jitter over 1pys (RMS) 8
* fueo = 48 MHz — 1350 — ps
* fyeo = 100 MHz — 600 — ps
Diock Lock entry frequency tolerance +1.49 — +2.98 %
Duni Lock exit frequency tolerance +4.47 — +5.97 %
toi_lock | Lock detector detection time — — 150 x 1076 s 9
+1075(1/

fpII_ref)

oo

N

This parameter is measured with the internal reference (slow clock) being used as a reference to the FLL (FEI clock
mode).

These typical values listed are with the slow internal reference clock (FEI) using factory trim and DMX32=0.

The resulting system clock frequencies should not exceed their maximum specified values. The DCO frequency deviation
(Afgco_t) Over voltage and temperature should be considered.

These typical values listed are with the slow internal reference clock (FEI) using factory trim and DMX32=1.

The resulting clock frequency must not exceed the maximum specified clock frequency of the device.

This specification applies to any time the FLL reference source or reference divider is changed, trim value is changed,
DMX®32 bit is changed, DRS bits are changed, or changing from FLL disabled (BLPE, BLPI) to FLL enabled (FEI, FEE,
FBE, FBI). If a crystal/resonator is being used as the reference, this specification assumes it is already running.

Excludes any oscillator currents that are also consuming power while PLL is in operation.

This specification was obtained using a Freescale developed PCB. PLL jitter is dependent on the noise characteristics of
each PCB and results will vary.

This specification applies to any time the PLL VCO divider or reference divider is changed, or changing from PLL disabled
(BLPE, BLPI) to PLL enabled (PBE, PEE). If a crystal/resonator is being used as the reference, this specification assumes
it is already running.

6.3.2 Oscillator electrical specifications

This section provides the electrical characteristics of the module.
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Peripheral operating requirements and behaviors

Table 15. Oscillator DC electrical specifications (continued)

Symbol

Description

Min.

Typ.

Max.

Unit

Notes

5
VPP

Peak-to-peak amplitude of oscillation (oscillator
mode) — low-frequency, low-power mode
(HGO=0)

0.6

\

Peak-to-peak amplitude of oscillation (oscillator
mode) — low-frequency, high-gain mode
(HGO=1)

Vbp

Peak-to-peak amplitude of oscillation (oscillator
mode) — high-frequency, low-power mode
(HGO=0)

0.6

Peak-to-peak amplitude of oscillation (oscillator
mode) — high-frequency, high-gain mode
(HGO=1)

Vbp

akrwh=

Vpp=3.3 V, Temperature =25 °C

See crystal or resonator manufacturer's recommendation
C,,Cy can be provided by using either the integrated capacitors or by using external components.

When low power mode is selected, Rg is integrated and must not be attached externally.

The EXTAL and XTAL pins should only be connected to required oscillator components and must not be connected to any

other devices.

6.3.2.2 Oscillator frequency specifications

Table 16. Oscillator frequency specifications

Symbol

Description

Min.

Typ.

Max.

Unit

Notes

fosc_lo

Oscillator crystal or resonator frequency — low
frequency mode (MCG_C2[RANGE]=00)

32

40

kHz

fosc_hi_1

Oscillator crystal or resonator frequency — high
frequency mode (low range)
(MCG_C2[RANGE]=01)

MHz

foscfhifz

Oscillator crystal or resonator frequency — high
frequency mode (high range)
(MCG_C2[RANGE]=1x)

32

MHz

fecﬁextal

Input clock frequency (external clock mode)

50

MHz

1,2

tdcﬁextal

Input clock duty cycle (external clock mode)

50

60

%

test

Crystal startup time — 32 kHz low-frequency,
low-power mode (HGO=0)

750

ms

Crystal startup time — 32 kHz low-frequency,
high-gain mode (HGO=1)

250

ms

Crystal startup time — 8 MHz high-frequency
(MCG_C2[RANGE]=01), low-power mode
(HGO=0)

0.6

ms

Crystal startup time — 8 MHz high-frequency
(MCG_C2[RANGE]=01), high-gain mode
(HGO=1)

ms

3,4

—

Other frequency limits may apply when external clock is being used as a reference for the FLL or PLL.

2. When transitioning from FBE to FEI mode, restrict the frequency of the input clock so that, when it is divided by FRDIV, it

remains within the limits of the DCO input clock frequency.

3. Proper PC board layout procedures must be followed to achieve specifications.
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Peripheral operating requirements and behaviors

Table 20. Flash command timing specifications (continued)

Symbol | Description Min. Typ. Max. Unit Notes

tuykey | Verify Backdoor Access Key execution time — — 30 ys 1

Swap Control execution time

tswapxo1 ¢ control code 0x01 — 200 — ps
tswapxo2 e control code 0x02 — 70 150 us
tswapxo4 e control code 0x04 — 70 150 us
tswapxos ¢ control code 0x08 — — 30 [VE

Program Partition for EEPROM execution time
tpgmpart32k e 32 KB FlexNVM J— 70 _ ms

Set FlexRAM Function execution time:

tsetramif ¢ Control Code OxFF — 50 _ us
tsetramsk * 8 KB EEPROM backup — 0.3 0.5 ms
tsetramazk * 32 KB EEPROM backup — 0.7 1.0 ms

Byte-write to FlexRAM for EEPROM operation

teewrsbers | Byte-write to erased FlexRAM location execution — 175 260 us 3
time

Byte-write to FlexRAM execution time:

teewrabsk * 8 KB EEPROM backup — 340 1700 ps
teewrbiek * 16 KB EEPROM backup — 385 1800 s
teewrabazk * 32 KB EEPROM backup — 475 2000 Hs

Word-write to FlexRAM for EEPROM operation

teewriepers | Word-write to erased FlexRAM location — 175 260 ys
execution time

Word-write to FlexRAM execution time:

teewr16bsk ¢ 8 KB EEPROM backup — 340 1700 us
teewr16b16k * 16 KB EEPROM backup J— 385 1800 us
teewr16b3azk e 32 KB EEPROM backup — 475 2000 us

Longword-write to FlexRAM for EEPROM operation

teewrsopers | LONgword-write to erased FlexRAM location — 360 540 us
execution time

Longword-write to FlexRAM execution time:

toewrazbsk + 8 KB EEPROM backup — 545 1950 ps
toewraobisk | 16 KB EEPROM backup — 630 2050 us
teewrazbazk | * 32 KB EEPROM backup — 810 2250 us

1. Assumes 25 MHz flash clock frequency.
2. Maximum times for erase parameters based on expectations at cycling end-of-life.
3. For byte-writes to an erased FlexRAM location, the aligned word containing the byte must be erased.
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Peripheral operating requirements and behaviors

6.4.1.3 Flash high voltage current behaviors
Table 21. Flash high voltage current behaviors

Symbol Description Min. Typ. Max. Unit

Ipb_PeMm Average current adder during high voltage — 25 6.0 mA
flash programming operation

Ibb_ERS Average current adder during high voltage — 15 4.0 mA
flash erase operation

6.4.1.4 Reliability specifications
Table 22. NVM reliability specifications

Symbol | Description | Min. | Typ.! | Max. Unit Notes
Program Flash
tvmretptok | Data retention after up to 10 K cycles 5 50 — years
tvmretpik | Data retention after up to 1 K cycles 20 100 — years
Nnvmeyep | Cycling endurance 10K 50 K — cycles 2
Data Flash
thmretdiok | Data retention after up to 10 K cycles 5 50 — years
twmretdik | Data retention after up to 1 K cycles 20 100 — years
Nnvmeyed | Cycling endurance 10K 50 K — cycles 2
FlexRAM as EEPROM
thwmretee100 | Data retention up to 100% of write endurance 5 50 — years
thmretee1o |Data retention up to 10% of write endurance 20 100 — years
Write endurance 3
Nnvmwree16 e EEPROM backup to FlexRAM ratio = 16 35K 175 K — writes
Nnvmwree128 ¢ EEPROM backup to FlexRAM ratio = 128 315K 1.6 M — writes
Nnvmwree512 * EEPROM backup to FlexRAM ratio = 512 1.27 M 6.4 M — writes
Nnvmwree4k e EEPROM backup to FlexRAM ratio = 4096 10M 50 M — writes
Nnvmwreesk ¢ EEPROM backup to FlexRAM ratio = 8192 20 M 100 M — writes

1. Typical data retention values are based on measured response accelerated at high temperature and derated to a constant
25°C use profile. Engineering Bulletin EB618 does not apply to this technology. Typical endurance defined in Engineering
Bulletin EB619.

2. Cycling endurance represents number of program/erase cycles at -40°C < T; < 125°C.

3. Write endurance represents the number of writes to each FlexRAM location at -40°C <Tj < 125°C influenced by the cycling
endurance of the FlexNVM (same value as data flash) and the allocated EEPROM backup per subsystem. Minimum and
typical values assume all byte-writes to FlexRAM.

6.4.1.5 Write endurance to FlexRAM for EEPROM

When the FlexXNVM partition code is not set to full data flash, the EEPROM data set size
can be set to any of several non-zero values.
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Figure 12. FlexBus read timing diagram
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Peripheral operating requirements and behaviors

6.6.1 ADC electrical specifications

The 16-bit accuracy specifications listed in Table 26 and Table 27 are achievable on the
differential pins ADCx_DP0O, ADCx_DMO.

The ADCx_DP2 and ADCx_DM?2 ADC inputs are connected to the PGA outputs and are
not direct device pins. Accuracy specifications for these pins are defined in Table 28 and

Table 29.
All other ADC channels meet the 13-bit differential/12-bit single-ended accuracy
specifications.
6.6.1.1 16-bit ADC operating conditions
Table 26. 16-bit ADC operating conditions
Symbol | Description Conditions Min. Typ.! Max. Unit Notes
Vppa Supply voltage Absolute 1.71 — 3.6 \"
AVppa | Supply voltage Delta to Vpp (Vpp - Vbpa) -100 0 +100 mV
AVgsa |Ground voltage |Delta to Vgg (Vss- Vssa) -100 0 +100 mV
Vgern |ADC reference 1.13 Vbpa Vbpa Vv
voltage high
Vger. |ADC reference Vssa Vssa Vssa \Y
voltage low
VaDIN Input voltage ¢ 16-bit differential mode VREFL — 31/32* \'%
VREFH
¢ All other modes VREFL — VREEH
CaDpIN Input capacitance ¢ 16-bit mode — 10 pF
* 8-/10-/12-bit modes — 5
Rapin Input resistance — 2 5 kQ
Ras Analog source 13-/12-bit modes 3
resistance fapcK < 4 MHZ . . 5 KO
faDck ADC conversion |< 13-bit mode 1.0 — 18.0 MHz 4
clock frequency
fapck | ADC conversion |16-bit mode 2.0 — 12.0 MHz 4
clock frequency
Crate ADC conversion |< 13 bit modes 5
rate No ADC hardware averaging | 20.000 — 818.330 Ksps

Continuous conversions
enabled, subsequent
conversion time

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

Typical ADC 16-bit Single-Ended ENOB vs ADC Clock
100Hz, 90% FS Sine Input

14.00
13.75
13.50
13.25 \
13.00
12.75
9
= 12.50 \
L
12.25
12.00
11.75
11.50
11.25 Averaging of 4 Samples
Averaging of 32 Samples
11.00
1 2 3 4 5 B 7 8 9 10 11 12
ADC Clock Frequency (MHz)
Figure 16. Typical ENOB vs. ADC_CLK for 16-bit single-ended mode
6.6.1.3 16-bit ADC with PGA operating conditions
Table 28. 16-bit ADC with PGA operating conditions
Symbol | Description Conditions Min. Typ.! Max. Unit Notes
Vbpa Supply voltage Absolute 1.71 — 3.6 \'%
Vrerpga |PGA ref voltage VREF_OU | VREF_OU | VREF_OU \Y 2,3
T T T
VaDIN Input voltage Vssa - Vbba v
Vewum Input Common Vssa — Vbba \Y,
Mode range
Rpgap |Differential input |Gain=1,2,4,8 — 128 — kQ IN+ to IN-4
impedance Gain = 16, 32 — 64 —
Gain = 64 — 32 —
Ras Analog source — 100 — Q 5
resistance
Ts ADC sampling 1.25 — — ps 6
time
Table continues on the next page...
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Peripheral operating requirements and behaviors

Table 29. 16-bit ADC with PGA characteristics (continued)

Symbol | Description Conditions Min. Typ.! Max. Unit Notes
SFDR  |Spurious free e Gain=1 85 105 — dB 16-bit
dynamic range . Gain=64 53 88 . 4B differential
mode,
Average=32,
fin=100Hz
ENOB |Effective number * Gain=1, Average=4 11.6 13.4 — bits 16-bit
of bits . . differential
Gain=64, Average=4 7.2 9.6 — bits mode.f,,=100Hz
* Gain=1, Average=32 12.8 14.5 — bits
¢ Gain=2, Average=32 11.0 14.3 — bits
* Gain=4, Average=32 7.9 13.8 — bits
* Gain=8, Average=32 7.3 13.1 — bits
¢ Gain=16, Average=32 6.8 12.5 — bits
* Gain=32, Average=32 6.8 115 — bits
* Gain=64, Average=32 7.5 10.6 — bits
SINAD |[Signal-to-noise See ENOB 6.02 x ENOB + 1.76 dB
plus distortion
ratio

—

Typical values assume Vppa =3.0V, Temp=25°C, fapck=6MHz unless otherwise stated.

2. This current is a PGA module adder, in addition to ADC conversion currents.

3. Between IN+ and IN-. The PGA draws a DC current from the input terminals. The magnitude of the DC current is a strong
function of input common mode voltage (Vcy) and the PGA gain.

Gain = 2PGAG

After changing the PGA gain setting, a minimum of 2 ADC+PGA conversions should be ignored.

6. Limit the input signal swing so that the PGA does not saturate during operation. Input signal swing is dependent on the
PGA reference voltage and gain setting.

o s

6.6.2 CMP and 6-bit DAC electrical specifications

Table 30. Comparator and 6-bit DAC electrical specifications

Symbol | Description Min. Typ. Max. Unit
Vop Supply voltage 1.71 — 3.6 \Y
IbbHs Supply current, High-speed mode (EN=1, PMODE=1) — — 200 A
IbpLs Supply current, low-speed mode (EN=1, PMODE=0) — — 20 A
Vain Analog input voltage Vgs—0.3 — Vpp Vv
Vaio Analog input offset voltage — — 20 mV
Vy Analog comparator hysteresis’

e CRO[HYSTCTR] = 00 — 5 — mV

e CRO[HYSTCTR] = 01 — 10 — mV

e CRO[HYSTCTR] =10 — 20 — mV

e CRO[HYSTCTR] = 11 — 30 — mV

Table continues on the next page...
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1 DS5 i
“_’ ' DS6
DSPI_SOUT X First data Xj’ Data X Last data X

Figure 21. DSPI classic SPI timing — master mode

Table 40. Slave mode DSPI timing (limited voltage range)

Num Description Min. Max. Unit
Operating voltage 2.7 3.6 \
Frequency of operation 125 MHz

DS9 DSPI_SCK input cycle time 4 x tgys — ns

DS10 DSPI_SCK input high/low time (tsck/2) — 2 (tsck/2) + 2 ns

DS11 DSPI_SCK to DSPI_SOUT valid — 10 ns

DS12 DSPI_SCK to DSPI_SOUT invalid 0 — ns

DS13 DSPI_SIN to DSPI_SCK input setup 2 — ns

DS14 DSPI_SCK to DSPI_SIN input hold 7 — ns

DS15 DSPI_SS active to DSPI_SOUT driven — 14 ns

DS16 DSPI_SS inactive to DSPI_SOUT not driven — 14 ns

bsPiss \ i a

DSPI_SCK / : 3_\—/—\—

(CPOL=0) EDSIS : E :!—H Dsi2 :  DS11 DS16 H

DSPI_SOUT )—( ! First data X Data \\ X Lastdaa X:}—
DS13 4" : DS14 ‘

DSPI_SIN >—< First data X Datagg X Last data >7

Figure 22. DSPI classic SPI timing — slave mode
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12S_MCLK (output)

12S_TX_BCLK/

I12S_TX_FS/
12S_RX_FS (output)

12S_TX_FS/
12S_RX_FS (input) |

12S_TXD

trh ks et
NERERERERERE RN ERERERERERERERE .
% S3 >\
| \‘ 4’ { /
I2S_RX_BCLK (output) % - / ”\ :
N s s
_ | I T
A e ¢ : b1 4
T %sgf | L P
= A ] >
— P>

12S_RXD

Figure 25. 12S/SAl timing — master modes

(full voltage range)

Table 44. 12S/SAl slave mode timing in Normal Run, Wait and Stop modes

Num. Characteristic Min. Max. Unit

Operating voltage 1.71 3.6 \Y

S11 12S_TX_BCLK/12S_RX_BCLK cycle time (input) 80 — ns

S12 12S_TX_BCLK/I2S_RX_BCLK pulse width high/low 45% 55% MCLK period
(input)

S13 12S_TX_FS/I12S_RX_FS input setup before 5.8 — ns
12S_TX_BCLK/I12S_RX_BCLK

S14 12S_TX_FS/I2S_RX_FS input hold after 2 — ns
12S_TX_BCLK/12S_RX_BCLK

S16 12S_TX_BCLK to I12S_TXD/I2S_TX_FS output invalid |0 — ns

S17 12S_RXD setup before 12S_RX_BCLK 5.8 — ns

S18 I12S_RXD hold after I2S_RX_BCLK — ns

S19 I2S_TX_FS input assertion to 12S_TXD output valid'  |— 25 ns

1. Applies to first bit in each frame and only if the TCR4[FSE] bit is clear
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Figure 26. 12S/SAIl timing — slave modes

6.8.9.2 VLPR, VLPW, and VLPS mode performance over the full operating

voltage range

This section provides the operating performance over the full operating voltage for the
device in VLPR, VLPW, and VLPS modes.

(full voltage range)

Table 45. 12S/SAl master mode timing in VLPR, VLPW, and VLPS modes

Num. Characteristic Min. Max. Unit

Operating voltage 1.71 3.6 \Y

S1 12S_MCLK cycle time 62.5 — ns

S2 I12S_MCLK pulse width high/low 45% 55% MCLK period

S3 12S_TX_BCLK/I2S_RX_BCLK cycle time (output) 250 — ns

S4 12S_TX_BCLK/I2S_RX_BCLK pulse width high/low 45% 55% BCLK period

S5 12S_TX_BCLK/I2S_RX_BCLK to I12S_TX_FS/ — 45 ns
12S_RX_FS output valid

S6 12S_TX_BCLK/I2S_RX_BCLK to I12S_TX_FS/ 0 — ns
12S_RX_FS output invalid

S7 12S_TX_BCLK to 12S_TXD valid — 45 ns

S8 12S_TX_BCLK to I12S_TXD invalid 0 — ns

S9 12S_RXD/I12S_RX_FS input setup before 53 — ns
12S_RX_BCLK

S10 12S_RXD/I12S_RX_FS input hold after 2S_RX_BCLK |0 — ns
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Pinout
121 | 100 | PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALTE ALT? EzPort
AP | LGFP
BGA
08 | 72 | PTC2 ADCO_SE4b/ | ADCO_SE4b/ | PTC2 SPI0_PCS2 | UART1_CTS_ | FTM0_CH1 | FB_AD12 250_TX_FS
CMP1_INO/ | CMP1_INO/ b
TSI0_CH15 | TSI0_CH15
B8 | 73 | PTCY CMP1_IN1 | CMP1_INt | PTCY/ SPI0_PCSt | UARTI_RX | FTM0_CH2 | CLKOUT 1250_TX_
LLWU_P7 LLWU_P7 BCLK
— | 74 |VSS V8s VS
— | 75 | VDD VDD VDD
A8 | 76 | PTC4 DISABLED PTC4/ SPI0_PCS0 | UART1_TX | FTMO_CH3 | FB_AD11 CMP1_OUT
LLWU_P8 LLWU_P8
D7 | 77 | PTCH DISABLED PTCs/ SPI_SCK | LPTMRO_ | [280_RXDO | FB_AD10 CMPO_OUT
LLWU_P9 LLWU_PS ALT2
C7 | 78 | PTC8/ CMPO_INO | CMPO_INO | PTCE/ SPI0_SOUT | PDBO_EXTRG | 1280_.RX_ | FB_AD9 [250_MCLK
LLWU_P10 LLWU_P10 BCLK
B7 | 79 | PTC7 CMPO_IN1 | CMPO_INt | PTC7 SPI0_SIN USB_SOF_ | I280_RX_FS | FB_ADS
out
A7 | 80 | PTC8 ADC1_SE4b/ | ADC1_SE4b/ | PTC8 [250_MCLK | FB_AD7
CMPO_IN2 | CMPO_IN2
D6 | 81 | PTCY ADC1_SESb/ | ADC1_SESb/ | PTC9 [250.RX_ | FB_AD6 FTM2_FLTO
CMPO_IN3 | CMPO_IN3 BCLK
06 | 8 | PTCI0 ADC1_SE6b | ADC1_SE6b | PTC10 2C1_SCL 250_RX_FS | FB_AD5
05 | 8 | PTCI/ ADC1_SE7b | ADC1_SE7b | PTC1/ 2C1_SDA 250_RXDT | FB_RW.b
LLWU_P11 LLWU_P11
B6 | 8 | PTCI2 DISABLED PTC12 UART4_RTS_ FB_AD27
b
A6 | 85 | PTC13 DISABLED PTC13 UART4_CTS_ FB_AD26
b
A5 | 8 | PTC14 DISABLED PTC14 UART4_RX FB_AD25
B5 | 87 | PTCI5 DISABLED PTC15 UART4_TX FB_AD24
— | 8 |VSS IEY VS
— | 8 |VDD VDD DD
D5 | 90 | PTC16 DISABLED PTC16 UART3_RX FB_CS5_b/
FB_TSIZ1/
FB_BE23_16_
b
C4 | 91 | PTCI7 DISABLED PTC17 UART3_TX FB_CS4_b/
FB_TSIZ0/
FB_BE31_24_
b
B4 | 92 | PTCI8 DISABLED PTC18 UART3_RTS_ FB_TBST_b/
b FB_CS2_b/
FB_BE15.8.b
A | — | PTC19 DISABLED PTC19 UART3_CTS_ FB_CS3b/ | FB_TAD
b FB BE7 0b
D4 | 93 | PTDO/ DISABLED PTDO/ SPI0_PCS0 | UART2_RTS_ FB_ALE/
LLWU_P12 LLWU_P12 b FB_CS1_b/
FB_TS b
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PTD4/

PTC4/

PTD7 PTDS | wuy pra| PTC19 PTC14 PTC13 PTC8 | \'wu Ps NC NC NC
PTD6/ PTC3/
NC | wu prs| PTD3 PTC18 PTC15 PTC12 PTC7 | wupr| PTCO PTB16 NC
PTD2/ PTC11/ PTC6/
NC NG |wu pia| PTC7 |Liwo p1e]| PTC10 [Liwu pio| PTC2 PTB19 PTB11 NC
PTDO/ PTCS5/ PTCA1/
NC NC PTD1 | wu pra| PTC16 PTCO | . 'wu Pe | LLwu P | PTB18 PTB10 PTB8
PTE2/ PTE1/
NC LLWU P1 | LLwu po| PTEO VDD VDD VDD PTB23 PTB17 PTB9 PTB7
USBO_DP | usBo_DM| PTE6 PTE3 VDDA VSSA vSs PTB22 PTB21 PTB20 PTB6
PTBO/
VOUT33 | VREGIN vss PTE5S VREFH | VREFL | vss PTB3 PTB2 PTB1
LLWU_P5
ADCO_DP1|ADCO_DM1|  NC NC PTE24 PTE26 PTE4/ PTA1 PTA3 PTA17 NC
- - LLWU_P2
ADC1_DP| ADC1_DM|  NC NC PTE25 PTAO PTA2 PTA4/ NC PTA16 | RESET b
- - LLWU_P3 -
PGAO_DP/ | PGAO_DM/ DACO_OUT,
ADCO_DPO/JADCO DMo{  NC NC  |CMP1_IN3/| VBAT PTA5 PTA12 PTA14 vss PTA19
ADC1_DP3|ADC1_DM3 JADCO_SE23
PGA1_DP/|PGA1_DM/|[VREF_OUT/ RTC ———
ADC1_DPO/JADC1_DMO{CMP1_INS/ - xTA1 32 | EXTAL32 vss  IwaKEUP_B| | wu pa| PTA15 VDD PTA18
ADCO_DP3|ADCO_DM3 E&F;Oégfg - .

3

Figure 30. K20 121 MAPBGA Pinout Diagram

9 Revision History

The following table provides a revision history for this document.

Table 48. Revision History

Revision History

Rev. No.

Date

Substantial Changes

1

3/2012

Initial public release

Table continues on the next page...
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Revision History

Table 48. Revision History (continued)

Rev. No.

Date

Substantial Changes

4/2012

Replaced TBDs throughout.

Updated "Power consumption operating behaviors" table.
Updated "ADC electrical specifications" section.

Updated "VREF full-range operating behaviors" table.
Updated "I12S/SAl Switching Specifications" section.
Updated "TSI electrical specifications" table.

11/2012

Updated orderable part numbers.

¢ Updated the maximum input voltage (Vapn) specification in the "16-bit ADC operating
conditions" section.

* Updated the maximum Ippgy,y Specification in the "USB VREG electrical specifications"

section.
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