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General

1.4 Voltage and current operating ratings
Table 4. Voltage and current operating ratings

Symbol Description Min. Max. Unit

Vb Digital supply voltage -0.3 3.8 \Y

Ibp Digital supply current — 120 mA

Vio 10 pin input voltage -0.3 Vpp + 0.3 \'
Ip Instantaneous maximum current single pin limit (applies to -25 25 mA

all port pins)
Vppa Analog supply voltage Vpp—0.3 Vpp + 0.3 \'
2 General

2.1 AC electrical characteristics

Unless otherwise specified, propagation delays are measured from the 50% to the 50%
point, and rise and fall times are measured at the 20% and 80% points, as shown in the

following figure.
L >‘< High
Vi ow ZZL

Input Signal Midpoint1

v
Fall Time —> F— E—— Rise Time

The midpointis Vi + (Viu - Vi) / 2
Figure 1. Input signal measurement reference

All digital I/O switching characteristics, unless otherwise specified, assume that the
output pins have the following characteristics.

* C; =30 pF loads

* Slew rate disabled

* Normal drive strength

2.2 Nonswitching electrical specifications

6 Kinetis KL33 Microcontroller, Rev.2, 03/2015.
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General

Table 9. Power consumption operating behaviors (continued)

Symbol | Description Min. Typ. Max. Unit Notes

clock disable, 2 MHz core / 0.5 MHz flash, Vpp
=3.0V
* at25°C

Ipp_vipr |Very-low-power run mode current— 2 MHz
LIRC mode, While(1) loop in flash all peripheral
clock disable, 125 kHz core / 31.25 kHz flash,
Vpp=3.0V — 41 89.39 A
e at25°C

Ipp_vipr |Very-low-power run mode current— 8 MHz
LIRC mode, While(1) loop in flash all peripheral
clock disable, 4 MHz core / 1 MHz flash, Vpp =
3.0V — 277 360.1 pA
e at25°C

Ipp_vipr |Very-low-power run mode current— 8 MHz
LIRC mode, While(1) loop in flash all peripheral
clock enable, 4 MHz core / 1 MHz flash, Vpp =
3.0V — 343 425.32 MA
e at25°C

Ipp_vipr |Very-low-power run mode current— 8 MHz
LIRC mode, While(1) loop in SRAM in all
peripheral clock disable, 4 MHz core / 1 MHz
flash, Vpp =3.0 V — 375 450 pA
e at25°C

Ipp_vipr |Very-low-power run mode current— 8 MHz
LIRC mode, While(1) loop in SRAM all
peripheral clock enable, 4 MHz core / 1 MHz
flash, Vpp =3.0 V — 441 529.2 pA
e at25°C

Iop_vipr |Very-low-power run mode current—2 MHz LIRC
mode, While(1) loop in SRAM all peripheral
clock disable, 125 kHz core / 31.25 kHz flash,
Vpp=3.0V — 45 103.5 pA
* at25°C

Ipp_wair | Wait mode current—core disabled, 48 MHz
system/24 MHz bus, flash disabled (flash doze
enabled), all peripheral clocks disabled,
MCG_Lite under HIRC mode, Vpp =3.0 V — 2.14 2.50 mA
e at25°C

Ibp_wair | Wait mode current—core disabled, 24 MHz
system/12 MHz bus, flash disabled (flash doze
enabled), all peripheral clocks disabled,
MCG_Lite under HIRC mode, Vpp =3.0V — 1.41 1.62 mA
e at25°C

Ipp_vipw | Very-low-power wait mode current, core
disabled, 4 MHz system/ 1 MHz bus and flash,
all peripheral clocks disabled, Vpp = 3.0 V

e at25°C — 193 239.023 pA

— 119 178.5 HA

Table continues on the next page...
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General

Table 10. Low power mode peripheral adders — typical value

Symbol Description Temperature (°C) Unit
-40 25 50 70 85 105

liRC8MHzZ 8 MHz internal reference clock (IRC) 85 87 88 88 89 90 pA
adder. Measured by entering STOP or
VLPS mode with 8 MHz IRC enabled,
MCG_SC[FCRDIV]=000b,
MCG_MCILIRC_DIV2]=000b.

liRCoMHZ 2 MHz internal reference clock (IRC) 28 28 28 28 28 28 pA
adder. Measured by entering STOP
mode with the 2 MHz IRC enabled,
MCG_SC[FCRDIV]=000b,
MCG_MCILIRC_DIV2]=000b.

|EREFSTEN4MHZ External 4 MHz crystal clock adder. 206 224 230 238 | 245 253 pA
Measured by entering STOP or VLPS
mode with the crystal enabled.

|EREFSTEN32KHzZ External 32 kHz crystal clock adder by
means of setting the
OSCO_CR[EREFSTEN and
EREFSTEN] bits to 1 and
SIM_SOPT1[OSC§2KSEL] to 01. . 440 490 540 560 | 570 580
Measured by entering all modes with
the crystal enabled. 440 490 540 560 | 570 580
e VLLSH
. VLLS3 490 490 540 560 | 570 680
e LLS 510 560 560 560 | 610 680 nA
° VLPS 510 | 560 | 560 | 560 | 610 | 680
e STOP
ILPTVR LPTMR peripheral adder measured by
placing the device in VLLS1 mode with
LPTMR enabled using LPO.

30 30 30 85 100 200

nA

lcmp CMP peripheral adder measured by 16 16 16 16 16 16 A
placing the device in VLLS1 mode with
CMP enabled using the 6-bit DAC and a
single external input for compare.
Includes 6-bit DAC power consumption.

IrTC RTC peripheral adder measured by 582 627 638 662 | 682 760 nA
placing the device in VLLS1 mode with
external 32 kHz crystal enabled by
means of the RTC_CR[OSCE] bit and
the RTC ALARM set for 1 minute.
Includes ERCLK32K (32 kHz external
crystal) power consumption.

lUART UART peripheral adder measured by
placing the device in STOP or VLPS
mode with selected clock source waiting
for RX data at 115200 baud rate.

Table continues on the next page...
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Table 10.

General

Low power mode peripheral adders — typical value (continued)

Symbol

Description

Temperature (°C)

Unit

25

50

70

85

105

Includes selected clock source power
consumption.
¢ |RC8M (8 MHz internal reference
clock)
* IRC2M (2 MHz internal reference
clock)

105
34

110
34

110
34

111
34

112
34

114
34

A

Irpm

TPM peripheral adder measured by
placing the device in STOP or VLPS
mode with selected clock source
configured for output compare
generating 100 Hz clock signal. No load
is placed on the 1/0O generating the clock
signal. Includes selected clock source
and I/O switching currents.
* |IRC8M (8 MHz internal reference
clock)
¢ IRC2M (2 MHz internal reference
clock)

130
40

130
40

130
40

130
40

130
40

130
40

A

Bandgap adder when BGEN bit is set
and device is placed in VLPx or VLLSx
mode.

45

45

45

45

45

45

A

lanc

ADC peripheral adder combining the
measured values at Vpp and Vppa by
placing the device in STOP or VLPS
mode. ADC is configured for low power
mode using the internal clock and
continuous conversions.

320

320

320

320

320

320

HA

I.co

LCD peripheral adder measured by
placing the device in VLLS1 mode with
external 32 kHz crystal enabled by
means of the OSCO_CR[EREFSTEN,
EREFSTEN] bits. VIREG disabled,
resistor bias network enabled, 1/8 duty
cycle, 8 x 36 configuration for driving
288 Segments, 32 Hz frame rate, no
LCD glass connected. Includes
ERCLK32K (32 kHz external crystal)
power consumption.

4.9

4.9

4.9

4.9

4.9

4.9

A

2.2.5.1 Diagram: Typical IDD_RUN operating behavior
The following data was measured under these conditions:

e MCG-Lite in HIRC for run mode, and LIRC for VLPR mode

* No GPIOs toggled
e Code execution from flash

* For the ALLOFF curve, all peripheral clocks are disabled except FTFA

Kinetis KL33 Microcontroller, Rev.2, 03/2015.
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General

Run Mode Current vs Core Frequency

Temperature =25 VDD=3 MCG Mode=IRC48M, while lcop located in RAM
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General

* AN1259: System Design and Layout Techniques for Noise Reduction in MCU-
Based Systems
* KL-QRUG (Kinetis L-series Quick Reference).

2.2.7 Capacitance attributes
Table 11. Capacitance attributes

Symbol Description Min. Max. Unit

Cin Input capacitance — 7 pF

2.3 Switching specifications

2.3.1 Device clock specifications
Table 12. Device clock specifications

Symbol | Description | Min. Max. Unit
Normal run mode
fsys System and core clock — 48 MHz
feus Bus clock — 24 MHz
frLASH Flash clock — 24 MHz
fLPTMR LPTMR clock — 24 MHz
VLPR and VLPS modes’
fsys System and core clock — 4 MHz
feus Bus clock — 1 MHz
fELASH Flash clock — 1 MHz
fLPTMR LPTMR clock? — 24 MHz
fLetMr_ERcLk |LPTMR external reference clock — 16 MHz
fosc_hi_2 Oscillator crystal or resonator frequency — high frequency — 16 MHz
mode (high range) (MCG_C2[RANGE]=1x)
frem TPM asynchronous clock — 8 MHz
fLpuarTor  |LPUARTO/1 asynchronous clock — 8 MHz

1. The frequency limitations in VLPR and VLPS modes here override any frequency specification listed in the timing
specification for any other module. These same frequency limits apply to VLPS, whether VLPS was entered from RUN
or from VLPR.

2. The LPTMR can be clocked at this speed in VLPR or VLPS only when the source is an external pin.

Kinetis KL33 Microcontroller, Rev.2, 03/2015. 21
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Peripheral operating requirements and behaviors

3.4 Memories and memory interfaces

3.4.1 Flash electrical specifications

This section describes the electrical characteristics of the flash memory module.

3.4.1.1 Flash timing specifications — program and erase

The following specifications represent the amount of time the internal charge pumps are
active and do not include command overhead.

Table 21. NVM program/erase timing specifications

Symbol | Description Min. Typ. Max. Unit Notes
thypgms | LONgword Program high-voltage time — 7.5 18 us —
thversser | Sector Erase high-voltage time — 13 113 ms 1
thversal | Erase All high-voltage time — 52 452 ms 1

1. Maximum time based on expectations at cycling end-of-life.

3.4.1.2 Flash timing specifications — commands
Table 22. Flash command timing specifications

Symbol | Description Min. Typ. Max. Unit Notes
ta1secik | Read 1s Section execution time (flash sector) — — 60 us 1
togmenk | Program Check execution time — — 45 us 1
trdrsre Read Resource execution time — — 30 us 1
togma Program Longword execution time — 65 145 ps —
tersser Erase Flash Sector execution time — 14 114 ms 2
trg1all Read 1s All Blocks execution time — — 0.9 ms 1
tdonce | Read Once execution time — — 25 ys 1
togmonce | Program Once execution time — 65 — ys —
tersall Erase All Blocks execution time — 70 575 ms 2
tviykey | Verify Backdoor Access Key execution time — — 30 ys 1
tersallu Erase All Blocks Unsecure execution time — 70 575 ms 2

1. Assumes 25 MHz flash clock frequency.
2. Maximum times for erase parameters based on expectations at cycling end-of-life.

28 Kinetis KL33 Microcontroller, Rev.2, 03/2015.
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Peripheral operating requirements and behaviors

Typical values assume Vppa = 3.0 V, Temp = 25 °C, fapck = 2.0 MHz unless otherwise stated. Typical values are for
reference only and are not tested in production.
The ADC supply current depends on the ADC conversion clock speed, conversion rate and ADC_CFG1[ADLPC] (low
power). For lowest power operation, ADC_CFG1[ADLPC] must be set, the ADC_CFG2[ADHSC] bit must be clear with
1 MHz ADC conversion clock speed.

1 LSB = (VRerH - Vreru)/2N

ADC conversion clock < 16 MHz, Max hardware averaging (AVGE = %1, AVGS = %11)
Input data is 100 Hz sine wave. ADC conversion clock < 12 MHz.

Input data is 1 kHz sine wave. ADC conversion clock < 12 MHz.

ADC conversion clock < 3 MHz

ENOB

ENOB

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

15.00
14.70
14.40 — ———
14.10 — ——
——— —_— ]
13.80 ]
13.50
13.20
12.90
12.60
Hardware Averaging Disabled
12.30 —— Averaging of 4 samples
’ —— Averaging of 8 samples
12.00 —— Averaging of 32 samples

1 2 3 4 5 6 7 8 9 10 11 12
ADC Clock Frequency (MHz)

Figure 7. Typical ENOB vs. ADC_CLK for 16-bit differential mode

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
12.50

12.25
12.00

11.75

11.50

11.25 —— Averaging of 4 samples

—— Averaging of 32 samples

1 2 3 4 5 6 7 8 9 10 11 12
ADC Clock Frequency (MHz)

11.00

Figure 8. Typical ENOB vs. ADC_CLK for 16-bit single-ended mode

Kinetis KL33 Microcontroller, Rev.2, 03/2015.
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Peripheral operating requirements and behaviors

DAC12 INL (LSB)
o

2

-4

6

-8

0 500 1000 1500 2000 2500 3000 3500 4000
Digital Code
Figure 11. Typical INL error vs. digital code
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Communication interfaces
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Figure 16. SPI slave mode timing (CPHA = 1)

52 I2C

5.2.1 Inter-Integrated Circuit Interface (12C) timing
Table 38. 12C timing

Characteristic Symbol Standard Mode Fast Mode Unit
Minimum | Maximum | Minimum | Maximum
SCL Clock Frequency fscL 0 100 0 400! kHz
Hold time (repeated) START condition. | typ; STA 4 — 0.6 — V&
After this period, the first clock pulse is
generated.
LOW period of the SCL clock tLow 4.7 — 1.25 — ps
HIGH period of the SCL clock thigH 4 — 0.6 — us
Set-up time for a repeated START tsy; STA 4.7 — 0.6 — ps
condition
Data hold time for I12C bus devices typ; DAT 02 3.458 04 0.92 us
Data set-up time tgy; DAT 2505 — 1008, 6 — ns
Rise time of SDA and SCL signals tr — 1000 20 +0.1C,’7 300 ns
Fall time of SDA and SCL signals t — 300 20 +0.1C,° 300 ns
Set-up time for STOP condition tsy; STO 4 — 0.6 — ps
Bus free time between STOP and taur 4.7 — 1.3 — us
START condition
Pulse width of spikes that must be tsp N/A N/A 0 50 ns
suppressed by the input filter

Kinetis KL33 Microcontroller, Rev.2, 03/2015. 45
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Design considerations

SDA |

< <tow > <t > P =tup;sTa > [=tsp &

> - tsu; stA > S<R ' tsu. sTo > ! -
tHp; DAT thicH 'SR

scL

Figure 17. Timing definition for devices on the I2C bus

5.3 UART

See General switching specifications.

6 Design considerations

6.1 Hardware design considerations

This device contains protective circuitry to guard against damage due to high static
voltage or electric fields. However, take normal precautions to avoid application of
any voltages higher than maximum-rated voltages to this high-impedance circuit.

6.1.1 Printed circuit board recommendations

* Place connectors or cables on one edge of the board and do not place digital
circuits between connectors.

* Drivers and filters for I/O functions should be placed as close to the connectors as
possible. Connect TVS devices at the connector to a good ground. Connect filter
capacitors at the connector to a good ground.

* Physically isolate analog circuits from digital circuits if possible.

* Place input filter capacitors as close to the MCU as possible.

* For best EMC performance, route signals as transmission lines; use a ground
plane directly under LQFP packages; and solder the exposed pad (EP) to ground
directly under QFN packages.

Kinetis KL33 Microcontroller, Rev.2, 03/2015. 47
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Design considerations

VDD MCU

10k

NMI_b

Figure 22. NMI pin biasing
* Debug interface

This MCU uses the standard ARM SWD interface protocol as shown in the
following figure. While pull-up or pull-down resistors are not required
(SWD_DIO has an internal pull-up and SWD_CLK has an internal pull-down),
external 10k() pull resistors are recommended for system robustness. Please note
the RESET_b pin recommendations mentioned above.

VDD

10k

<
o
o

o

SWD_DIO
SWD_CLK

O[O0 W=
—|0o|O AN

0.1uF 0 RESET_b

2 |1__|

HDR_5X2

10k

Figure 23. SWD debug interface
* Low leakage stop mode wakeup

Select low leakage wakeup pins (LLWU_Px) to wake the MCU from one of the
low leakage stop modes (LLS/VLLSXx). Please refer to the signal multiplexing
table for pin selection.

e Unused pin

Unused GPIO pins should be left floating (no electrical connections) with the
MUX field of the pin’s PORTx_PCRn register equal to 0:0:0. This disables the
digital input path to the MCU.

Kinetis KL33 Microcontroller, Rev.2, 03/2015. 51
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Pinouts and Packaging

80 | 64 | 48 | 64 | PinName Default ALTO ALTH ALT2 ALT3 ALT4 ALT5 ALT6 ALT7
LQFP| LQFP| QFN | MAP
BGA
5 | # — | D6 | PTB18 LCD_P14 LCD_P14 PTB18 TPM2_CHO LCD_P14
54 | 4 | — | C7 | PTB19 LCD_P15 LCD_P15 PTB19 TPM2_CH1 LCD_P15
55 | 43 | 3 D8 | PTCO LCD_P20/ | LCD_P20/ | PTCO EXTRG_IN CMPQ_OUT LCD_P20
ADCO_SE14 | ADCO_SE14
5 | 44 | 32 | C6 | PTCY/ LCD_P21/ | LCD_P21/ | PTC1/ [2C1_SCL TPMO0_CHO LCD_P21
LLWU_P6/ | ADCO_SE15 | ADCO_SE15 | LLWU_Pe/
RTC_CLKIN RTC_CLKIN
57 | 45| 33 | B7 |PTC2 LCD_P22/ | LCD_P22/ | PTC2 [2C1_SDA TPMO_CH1 LCD_P22
ADCO_SE11 | ADCO_SET1
58 | 46 | 34 | C8 | PTCY LCD_P23 LCD_P23 PTC3/ SPI1_SCK | LPUART1_ | TPM0_CH2 | CLKOUT LCD_P23
LLWU_P7 LLWU_P7 RX
59 | 47 | 3 | E3 [ VSS VSS VSS
60 | 48 | 36 | C5 | VLL3 VLL3 VLL3
61 49 | 37 | A6 | VLL2 VLL2 VLLY/ PTC20 LCD_P4
LCD_P4
62 | 50 | 38 | B5 | VLL VLL1 VLLY/ PTC21 LCD_P5
LCD_P5
63 | 51 39 | B4 | VCAP2 VCAP2 VCAP2/ PTC22 LCD_P6
LCD_Ps6
64 | 52 | 40 | A5 | VCAP1 VCAP1 VCAP1/ PTC23 LCD_P39
LCD_P39
65 | 53 | 4 B8 | PTC4/ LCD_P24 LCD_P24 PTC4/ SPI0_PCSO | LPUART1_ | TPMO_CH3 | SPI1_PCSO LCD_P24
LLWU_P8 LLWU_P8 X
66 | 54 | 42 | A8 | PTCH LCD_P25 LCD_P25 PTCs/ SPI0_SCK | LPTMRO_ CMPO_OUT | LCD_P25
LLWU_P9 LLWU_P9 ALT2
67 | 55 | 43 | A7 | PTCe/ LCD_P26/ | LCD_P26/ | PTC6/ SPI0_MOSI | EXTRG_IN SPI0_MISO LCD_P26
LLWU_P10 | CMPO_INO | CMPO_INO | LLWU_P10
68 | 56 | 44 | B6 | PTC7 LCD_P27/ | LCD_P27/ | PTC7 SPI0_MISO SPI0_MOSI LCD_P27
CMPO_IN1 | CMPQ_IN1
6| —| — | — |PTC8 LCD_P28/ | LCD_P28/ | PTC8 [2C0_SCL | TPMO_CH4 LCD_P28
CMPO_IN2 | CMPO_IN2
00 —| = | — |PTCY LCD_P29/ | LCD_P29/ | PTC9 [2C0_SDA | TPM0_CH5 LCD_P29
CMPO_IN3 | CMPO_IN3
n — | — | = | PTCI0 LCD_P30 LCD_P30 PTC10 12C1_SCL LCD_P30
21 —| — | — |PTCH1 LCD_P31 LCD_P31 PTC11 [2C1_SDA LCD_P31
7| 5| = | C3 |PTDO LCD_P40 LCD_P40 PTDO SPI0_PCS0 TPMO_CHO FXI00_.D0 | LCD_P40
74| 58| — | A4 |PTD LCD_P41/ | LCD_P41/ | PTD1 SPI0_SCK TPMO_CH1 FXI00_.D1 | LCD_P41
ADCO_SE5b | ADCO_SE5b
B 59| — | C2 |PTD2 LCD_P42 LCD_P42 PTD2 SPI0_MOSI | UART2_RX | TPM0_CH2 | SPI0_MISO | FXI00_D2 | LCD_P42
7% | 60 | — | B3 [PTD3 LCD_P43 LCD_P43 PTD3 SPI0_MISO | UART2_TX | TPMO_CH3 | SPIO_MOSI | FXI00_D3 | LCD_P43
77 | 61 45 | A3 | PTD4/ LCD_P44 LCD_P44 PTD4 SPI1_PCSO | UART2_RX | TPMO_CH4 FXI00_D4 | LCD_P44
LLWU_P14 LLWU_P14
78| 62| 46 | Ct [ PTD5 LCD_P45/ | LCD_P45/ | PTD5 SPI1_SCK | UART2_TX | TPMO_CH5 FXI00_.D5 | LCD_P45
ADCO_SE6b | ADCO_SE6b
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Pinouts and Packaging

1 2 3 4 5 6 7 8
PTD4/ PTCe/ | PTCH/

A | pTEO PTO7 | i pia| PTO1 | voAPt vie [ B ek | A

B | PTET LLCVTUDS; | P8 | veapz | v PTC7 PTC2 PTC4 | B

S LLWU_P8

PTG/ .

c| pms PTD2 PTDO vss s fuwu per| prete || PR e
RTC_CLKIN -

p | PTE1? | PTE10 PTAO PTA1 pTA3 | PTB18 | PTBi7 | PTCO | D

E | prete | PTEIS vss VDD PTA2 | PTBI6 | PTB2 PTB3 | E

PTBO/
F | pre21 | prE2s | vssa | vopa PTAS PTBI | wops| PR | F
G | PrE2o | PTE22 | VREFL | VREFH/ | PTA4 PTA13 VDD pTAt9 | G
VREFO
H | Pre2o | pTEso | PTEst | PTE24 | PTE2s | PTAT2 vss PTA1E | H
1 2 3 4 5 6 7 8

Figure 30. 64 MAPBGA Pinout diagram

Figure below shows the 48 QFN pinouts:
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Part identification

11.1 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.

11.2 Format
Part numbers for this device have the following format:

QKL# AFFFRTPPCCN

11.3 Fields

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

Table 42. Part number fields description

Field Description Values

Q Qualification status e M = Fully qualified, general market flow
¢ P = Prequalification

KL## Kinetis family e KL33

A Key attribute e Z = Cortex-MO+

FFF Program flash memory size e 32=32KB
* 64 =64 KB

R Silicon revision ¢ (Blank) = Main
* A = Revision after main

T Temperature range (°C) e V=-40t0 105

PP Package identifier FT =48 QFN (7 mm x 7 mm)’

LH = 64 LQFP (10 mm x 10 mm)
MP = 64 MAPBGA (5 mm x 5 mm)’
LK = 80 LQFP (12 mm x 12 mm)

CcC Maximum CPU frequency (MHz) 4 =48 MHz
N Packaging type * R =Tape and reel

1. This package for this product is not yet available. However, it is included in Package Your Way program for Kinetis
MCUs. Visit freescale.com/KPYW for more details.
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Terminology and guidelines

11.4 Example
This is an example part number:

MKL337Z32VLH4

12 Terminology and guidelines

12.1 Definition: Operating requirement

An operating requirement is a specified value or range of values for a technical
characteristic that you must guarantee during operation to avoid incorrect operation and
possibly decreasing the useful life of the chip.

12.1.1 Example

This is an example of an operating requirement:

Symbol Description Min. Max. Unit

Vpp 1.0 V core supply 0.9 1.1 \
voltage

12.2 Definition: Operating behavior

Unless otherwise specified, an operating behavior is a specified value or range of
values for a technical characteristic that are guaranteed during operation if you meet the
operating requirements and any other specified conditions.

12.2.1 Example

This is an example of an operating behavior:

Symbol Description Min. Max. Unit

—_

lwp Digital I/O weak pullup/
pulldown current

0 130 A
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12.8 Definition: Typical value

A typical value is a specified value for a technical characteristic that:
 Lies within the range of values specified by the operating behavior

Terminology and guidelines

* Given the typical manufacturing process, is representative of that characteristic
during operation when you meet the typical-value conditions or other specified

conditions

Typical values are provided as design guidelines and are neither tested nor guaranteed.

12.8.1

Example 1

This is an example of an operating behavior that includes a typical value:

Symbol

Description

Min.

Typ.

Max.

Unit

lwp

Digital /0 weak
pullup/pulldown
current

10

70

130

A

12.8.2 Example 2

This is an example of a chart that shows typical values for various voltage and
temperature conditions:
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Revision History

5000
4500 //.//0
4000
T
3500 .
/ & 150°C
g 3000
= A 105°C
S 2500
2 m 25°C
8 2000
X -40°C
1500
1000
A I — —h A A
500
— . = — —m
0 T T T T T
0.90 0.95 1.00 1.05 1.10
Vpp (V)

12.9 Typical value conditions

Typical values assume you meet the following conditions (or other conditions as
specified):

Table 43. Typical value conditions

Symbol Description Value Unit
Ta Ambient temperature 25 °C
Vb 3.3 V supply voltage 3.3 \Y

13 Revision History

The following table provides a revision history for this document.

Table 44. Revision History

Rev. No. Date Substantial Changes
1 01 February ¢ Added new topic "Electrical Design Considerations" as Section 6.
2015 * Added a note in Table 14 - Thermal operating requirements.
* Footnote 1 in Table 9 was moved in the beginning of the table as text.

Table continues on the next page...
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