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STM32F415xx, STM32F417xx Description

2.21

Note:

2.2.2

2.2.3

224

ARM® Cortex®-M4 core with FPU and embedded Flash and SRAM

The ARM Cortex-M4 processor with FPU is the latest generation of ARM processors for
embedded systems. It was developed to provide a low-cost platform that meets the needs of
MCU implementation, with a reduced pin count and low-power consumption, while
delivering outstanding computational performance and an advanced response to interrupts.

The ARM Cortex-M4 32-bit RISC processor with FPU features exceptional code-efficiency,
delivering the high-performance expected from an ARM core in the memory size usually
associated with 8- and 16-bit devices.

The processor supports a set of DSP instructions which allow efficient signal processing and
complex algorithm execution.

Its single precision FPU (floating point unit) speeds up software development by using
metalanguage development tools, while avoiding saturation.

The STM32F415xx and STM32F417xx family is compatible with all ARM tools and software.
Figure 5 shows the general block diagram of the STM32F41xxx family.
Cortex-M4 with FPU is binary compatible with Cortex-M3.

Adaptive real-time memory accelerator (ART Accelerator™)

The ART Accelerator™ is a memory accelerator which is optimized for STM32 industry-
standard ARM® Cortex®-M4 with FPU processors. It balances the inherent performance
advantage of the ARM Cortex-M4 with FPU over Flash memory technologies, which
normally requires the processor to wait for the Flash memory at higher frequencies.

To release the processor full 210 DMIPS performance at this frequency, the accelerator
implements an instruction prefetch queue and branch cache, which increases program
execution speed from the 128-bit Flash memory. Based on CoreMark benchmark, the
performance achieved thanks to the ART accelerator is equivalent to 0 wait state program
execution from Flash memory at a CPU frequency up to 168 MHz.

Memory protection unit

The memory protection unit (MPU) is used to manage the CPU accesses to memory to
prevent one task to accidentally corrupt the memory or resources used by any other active
task. This memory area is organized into up to 8 protected areas that can in turn be divided
up into 8 subareas. The protection area sizes are between 32 bytes and the whole 4
gigabytes of addressable memory.

The MPU is especially helpful for applications where some critical or certified code has to be
protected against the misbehavior of other tasks. It is usually managed by an RTOS (real-
time operating system). If a program accesses a memory location that is prohibited by the
MPU, the RTOS can detect it and take action. In an RTOS environment, the kernel can
dynamically update the MPU area setting, based on the process to be executed.

The MPU is optional and can be bypassed for applications that do not need it.

Embedded Flash memory

The STM32F41xxx devices embed a Flash memory of 512 Kbytes or 1 Mbytes available for
storing programs and data.

DocID022063 Rev 8 21/206




Description

STM32F415xx, STM32F417xx

Note:
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The following conditions must be respected:

e Vpp should always be higher than Vcap 1 and Vcap o to avoid current injection
between power domains.

e Ifthetime for Vcap 1and Vcap oto reach V4o minimum value is faster than the time for
Vpp to reach 1.8 V, then PAO should be kept low to cover both conditions: until Vcap 1
and Vcap o reach Vi, minimum value and until Vpp reaches 1.8 V (see Figure 10).

e  Otherwise, if the time for Vcap 1 and Veap 5 to reach V4, minimum value is slower
than the time for Vpp to reach 1.8 V, then PAO could be asserted low externally (see
Figure 11).

e IfVcap 1and Veap 2 go below Vi, minimum value and Vpp is higher than 1.8 V, then
a reset must be asserted on PAQ pin.

The minimum value of V1, depends on the maximum frequency targeted in the application
(see Table 14: General operating conditions).

Figure 10. Startup in regulator OFF mode: slow Vpp slope
- power-down reset risen after Voap 1/Voap 2 Stabilization

A

VDD

PDR=1.7Vor1.8Vv®

Vi
Min V12

Vear_1/Veap_2

» time ai18491e

1. This figure is valid both whatever the internal reset mode (ON or OFF).
2. PDR =1.7 V for reduced temperature range; PDR = 1.8 V for all temperature ranges.

3
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STM32F415xx, STM32F417xx Description
Figure 11. Startup in regulator OFF mode: fast Vpp slope
- power-down reset risen before Voap 1/Vcap 2 stabilization
A Voo
PDR=17Vor1.8V® p---— /
v E VCAP_1 / VCAP_2
E E E » time
; NRST i
i i » time ai18492d

2.2.17

2.2.18

2

1. This figure is valid both whatever the internal reset mode (ON or OFF).
2. PDR=1.7V for a reduced temperature range; PDR = 1.8 V for all temperature ranges.

Regulator ON/OFF and internal reset ON/OFF availability

Table 3. Regulator ON/OFF and internal reset ON/OFF availability

Regulator ON Regulator OFF | Internal reset ON Intergz;l:lFreset
LQFP64
Y N
LQFP100 Yes No es ©
LQFP144 Yes
Yes PDR_ON
WLCSP90 Yes Yes PDR_ON set to connected to an
UFBGA176 BYPASS_REGset | BYPASS_REG set Voo external power
LQFP176 to Vss to Vpp supply supervisor

Real-time clock (RTC), backup SRAM and backup registers

The backup domain of the STM32F415xx and STM32F417xx includes:
e  The real-time clock (RTC)
e 4 Kbytes of backup SRAM
e 20 backup registers

The real-time clock (RTC) is an independent BCD timer/counter. Dedicated registers contain
the second, minute, hour (in 12/24 hour), week day, date, month, year, in BCD (binary-
coded decimal) format. Correction for 28, 29 (leap year), 30, and 31 day of the month are
performed automatically. The RTC provides a programmable alarm and programmable
periodic interrupts with wakeup from Stop and Standby modes. The sub-seconds value is

also available in binary format.

Itis clocked by a 32.768 kHz external crystal, resonator or oscillator, the internal low-power
RC oscillator or the high-speed external clock divided by 128. The internal low-speed RC
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Pinouts and pin description

Figure 13. STM32F41xxx LQFP100 pinout
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1. The above figure shows the package top view.

3
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Pinouts and pin description

Figure 15. STM32F41xxx LQFP176 pinout
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1. The above figure shows the package top view.
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Pinouts and pin description

Figure 17. STM32F41xxx WLCSP90 ballout
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A VBAT | PC13 |PDR_ON| BOOTO| PB4 PD7 PD4 | Pc12 | PA14 VDD‘
B PC14 1 pc1s | vop PB7 PB3 PD6 PD2 PA15 PI1 VCAP_2
c PAO VsS PB9 PB6 PD5 PD1 PC11 PIO PA12 PA11
D | pce [BYEASS! ppg PB5 | PDO | PCto | PA13 | Pat0 | PA9 PA8
E PCO PC3 VSss S VDD VSS VDD PC9 PC8 PC7
F PHO PH1 PA1 vDD | PE10 PE14 | VCAP_1| PC6 | PD14 PD15
G NRST | VDDA | PA5 PBO PE7 PE13 | PE15 | PD10 | PD12 | PD11
H VSSA PA3 PA6 PB1 PES PE12 | PB10 | PD9 PD8 PB15
J PA2 PA4 PA7 PB2 PE9 PE11 | PB11 | PB12 | PB14 PB13

1. This figure shows the package bump view.

Table 6. Legend/abbreviations used in the pinout table

Name Abbreviation Definition
. Unless otherwise specified in brackets below the pin name, the pin function during and after
Pin name : .
reset is the same as the actual pin name
S Supply pin
Pin type | Input only pin
I/10 Input / output pin
FT 5V tolerant /0
TTa 3.3 V tolerant I/O directly connected to ADC
I/O structure
B Dedicated BOOTO pin
RST Bidirectional reset pin with embedded weak pull-up resistor
Notes Unless otherwise specified by a note, all I/Os are set as floating inputs during and after reset
Alterpate Functions selected through GPIOx_AFR registers
functions
Addltl'onal Functions directly selected/enabled through peripheral registers
functions

3
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Table 7. STM32F41xxx pin and ball definitions

Pin number
o
Pin name 0| 2
o © Q| © 7] i
S E § § = E (function after 2 § % Alternate functions Addltl_onal
oo oala | S| & ) £l v |2 functions
LI O ||l |9 | reset) & o
g/ 2 |gjg | @ g =
g | A d |5 |4 -
TRACECLK/ FSMC_A23 /
-l - A2 PE2 /o| FT | - ETH_MII_TXD3/ -
EVENTOUT
TRACEDO/FSMC_A19 /
-l - 22| A1 2 PE3 I/o| FT | - EVENTOUT -
TRACED1/FSMC_A20 /
3% B3 PE4 Vo FT | - DCMI_D4/ EVENTOUT )
TRACED2 / FSMC_A21/
-| - |4 4 |B2]| 4 PE5 /O| FT | - | TIM9_CH1/DCMI_D6/ -
EVENTOUT
TRACED3/ FSMC_A22 /
-| - |5|5|B3|5 PE6 /0| FT | - | TIM9_CH2/DCMI_D7/ -
EVENTOUT
1/A10| 6| 6 |C1| 6 VAT s| - | - - -
@)X RTC_TAMP1,
-l - |-|-|D2|7 PI8 /0| FT | 3 EVENTOUT RTC_TAMP2,
RTC_TS
) RTC_OUT,
2|A9 |7 |7 |D1]| 8 PC13 0| FT | (3 EVENTOUT RTC_TAMP1,
RTC_TS
PC14/0SC32_IN @)
3|/B10|8| 8 |E1| 9 —|UO| FT | 3 EVENTOUT 0SC32_IN@¥
(PC14)
4|(B9|9| 9 |F1|10| OSC32_0UT |l/O| FT | 3 EVENTOUT 0SC32_ouT®¥W
(PC15)
- - |- - | D31 PI9 /0| FT | - | CAN1_RX /EVENTOUT -
ETH_MII_RX_ER/
-l - |-|-|E3|12 PI10 /ol FT | - EVENTOUT -
OTG_HS_ULPI_DIR/
-l - |-|-|E4]|13 PI11 /ol FT | - EVENTOUT -
-l - -] - |F2]|14 Vss s| - | - - -
-l - |-|-|F3|15 Vbb - - - -
FSMC_AO0/12C2_SDA/
-l - |-|10]|E2]| 16 PFO /ol FT | - EVENTOUT -
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4

Memory mapping

The memory map is shown in Figure 18.

Figure 18. STM32F41xxx memory map

OXFFFF FFFF

0xE000 0000

512-Mbyte
block 7

Cortex-M4's
internal

peripherals

OXDFFF FFFF

0xC000 0000

512-Mbyte
block 6
Not used

OXBFFF FFFF

0xAQ00 0000
OXOFFF FFFF

0x8000 0000
OX7FFF FFFF

0x6000 0000

512-Mbyte
block 5
FSMC registers

512-Mbyte
block 4
FSMC bank 3
& bank4

512-Mbyte
block 3
FSMC bank1
& bank2

OX5FFF FFFF

0x4000 0000
OX3FFF FFFF

0x2000 0000
Ox1FFF FFFF

512-Mbyte
block 2
Peripherals

512-Mbyte
block 1
SRAM

Reserved

512-Mbyte
block 0
Code

0x0000 0000

SRAM (16 KB aliased
by bit-banding)

SRAM (112 KB aliased
by bit-banding)

Reserved

Reserved

CORTEX-M4 internal peripherals

Reserved

AHB3

Reserved

AHB2

Reserved

AHB1

Reserved

0x2002 0000 - 0x3FFF FFFF

APB2

Reserved

0x2001 C000 - 0x2001 FFFF

0x2000 0000 - 0x2001 BFFF

0x1FFF C008 - Ox1FFF FFFF

Option Bytes

0x1FFF C000 - 0x1FFF C007

Reserved

Ox1FFF 7A10 - Ox1FFF 7FFF

System memory + OTP

JFFF 0000 - Ox1FFF 7AOF

Reserved

0x10Q1 0000 - 0x1FFE FFFF

CCM data RAM
(64 KB data SRAM)

0x1000 08QO - 0x1000 FFFF

Reserved

Flash

Reserved

Aliased to Flash, system
memory or SRAM depending

0x0000 0000 - 0x000F FF

on the BOOT pins

APB1

0XE010 0000 - OXFFFF FFFF
0XE000 0000 - 0XEOOF FFFF

0xA000 1000 - OXDFFF FFFF
0xA000 OFFF

0x6000 0000
0x5006 0CO0 - OX5FFF FFFF
0x5006 OBFF

0x5000 0000
0x4008 0000 - 0x4FFF FFFF
0x4007 FFFF

0x4002 000
0x4001 5800 - 0x4001 FFFF
0x4001 57FF

0x4001 0000
0x4000 7800 - 0x4000 FFFF
0x4000 7FFF

0x4000 0000

ai18513f
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Memory mapping

Table 10. STM32F41x register boundary addresses (continued)

Bus Boundary address Peripheral
0x4001 4C00 - 0x4001 57FF Reserved
0x4001 4800 - 0x4001 4BFF TIM11
0x4001 4400 - 0x4001 47FF TIM10
0x4001 4000 - 0x4001 43FF TIM9
0x4001 3C00 - 0x4001 3FFF EXTI
0x4001 3800 - 0x4001 3BFF SYSCFG
0x4001 3400 - 0x4001 37FF Reserved
0x4001 3000 - 0x4001 33FF SPI1

APB2 0x4001 2C00 - 0x4001 2FFF SDIO
0x4001 2400 - 0x4001 2BFF Reserved

0x4001 2000 - 0x4001 23FF

ADC1 - ADC2 - ADC3

0x4001 1800 - 0x4001 1FFF Reserved
0x4001 1400 - 0x4001 17FF USART6
0x4001 1000 - 0x4001 13FF USART1
0x4001 0800 - 0x4001 OFFF Reserved
0x4001 0400 - 0x4001 O7FF TIM8
0x4001 0000 - 0x4001 03FF TIMA1
0x4000 7800- 0x4000 FFFF Reserved

3
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5.3.6

2

Table 19. Embedded reset and power control block characteristics (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
v Brownout level 2 Falling edge 244 | 250 | 2.56 \
BOR2 | threshold Rising edge 253 | 259 | 263 | V
v Brownout level 3 Falling edge 275 | 2.83 | 2.88 \%
BOR3
threshold Rising edge 285 | 292|297 | V
Veornyst? | BOR hysteresis - - 100 |- mV
TRSTTEMPO(1)(2) Reset temporization - 0.5 1.5 3.0 ms

InRush current on

) voltage regulator

Irush'! - - 160 | 200 | mA

power-on (POR or
wakeup from Standby)
InRush energy on
E ™ voltage regulator Vpp =1.8V, Tp =105 °C, ) ) 54 c
Ao power-on (POR or lrusH = 171 mA for 31 us H

wakeup from Standby)

1. Guaranteed by design.

2. The reset temporization is measured from the power-on (POR reset or wakeup from Vgar) to the instant
when first instruction is read by the user application code.

Supply current characteristics

The current consumption is a function of several parameters and factors such as the
operating voltage, ambient temperature, I/O pin loading, device software configuration,
operating frequencies, I/O pin switching rate, program location in memory and executed
binary code.

The current consumption is measured as described in Figure 22: Current consumption
measurement scheme.

All Run mode current consumption measurements given in this section are performed using
a CoreMark-compliant code.

Typical and maximum current consumption

The MCU is placed under the following conditions:
e At startup, all I/O pins are configured as analog inputs by firmware.
e All peripherals are disabled except if it is explicitly mentioned.

e The Flash memory access time is adjusted to fc| k frequency (0 wait state from 0 to
30 MHz, 1 wait state from 30 to 60 MHz, 2 wait states from 60 to 90 MHz, 3 wait states
from 90 to 120 MHz, 4 wait states from 120 to 150 MHz, and 5 wait states from 150 to
168 MHz).

e  When the peripherals are enabled HCLK is the system clock, fpc| k1 = fHcLk/4, and
fpcLk2 = fHcLk/2, except is explicitly mentioned.

e  The maximum values are obtained for Vpp = 3.6 V and maximum ambient temperature
(Ta), and the typical values for Ty= 25 °C and Vpp = 3.3 V unless otherwise specified.
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Table 20. Typical and maximum current consumption in Run mode, code with data processing
running from Flash memory (ART accelerator enabled) or RAM (1)

Typ Max(?)
Symbol Parameter Conditions fucLk Tp= Tp= Tp= Unit
25°C 85°C | 105°C

168 MHz 87 102 109

144 MHz 67 80 86

120 MHz 56 69 75

90 MHz 44 56 62

. 60 MHz 30 42 49
Cremal o e | s | 16 | 2 | %
25 MHz 12 24 31

16 MHz(®) 9 20 28

8 MHz 5 17 24

4 MHz 3 15 22

Iop :tdgprlzlo%uerrent in 2 MHz 2 14 21 A

168 MHz 40 54 61

144 MHz 31 43 50

120 MHz 26 38 45

90 MHz 20 32 39

3 60 MHz 14 26 33

E::ii)r:gll'acl!so grsat’)lzlclj(“)@ 30 MHz 8 20 27
25 MHz 6 18 25

16 MHz(®) 5 16 24

8 MHz 3 15 22

4 MHz 2 14 21

2 MHz 2 14 21

Code and data processing running from SRAM1 using boot pins.
Guaranteed by characterization, tested in production at Vpp max and f,c x max with peripherals enabled.
External clock is 4 MHz and PLL is on when fyc k > 25 MHz.

When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of 1.6 mA per ADC for
the analog part.

E

5. When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LS| are ON, an additional power consumption
should be considered.

6. In this case HCLK = system clock/2.

3
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5.3.18

124/206

TIM timer characteristics

The parameters given in Table 52 and Table 53 are guaranteed by design.

Refer to Section 5.3.16: I/O port characteristics for details on the input/output alternate
function characteristics (output compare, input capture, external clock, PWM output).

Table 52. Characteristics of TIMx connected to the APB1 domain(")

Symbol Parameter Conditions Min Max Unit
AHB/APB1 1 - triMxcLK
prescaler distinct
from 1, frimxclk = | 11.9 - ns

tres(rivy | Timer resolution time 84 MHz
AHB/APB1 1 - triMxcLK
prescaler =1,
frimcLk = 42 MHz | 238 i ns

¢ Timer external clock 0 frimxcLr/2 MHz
EXT frequency on CH1 to CH4 0 42 MHz
ResTim Timer resolution - 16/32 bit
16-bit counter clock 1 65536 tTIMxCLK
period when internal clock —
tcOUNTER APB1= 42 MHz
32-bit counter clock 1 - tTIMxCLK
period when internal clock
is selected 0.0119 51130563 V&
- 65536 x 65536 tTlMXCLK
tmax_counT | Maximum possible count 511 s

1. TIMx is used as a general term to refer to the TIM2, TIM3, TIM4, TIM5, TIM6, TIM7, and TIM12 timers.

3
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Ethernet characteristics

Unless otherwise specified, the parameters given in Table 64, Table 65 and Table 66 for
SMI, RMII and MII are derived from tests performed under the ambient temperature, fyc
frequency summarized in Table 14 and VDD supply voltage conditions summarized in
Table 63, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 10
e Capacitive load C = 30 pF
e  Measurement points are done at CMOS levels: 0.5Vpp.

Refer to Section 5.3.16: I/O port characteristics for more details on the input/output
characteristics.

Table 63. Ethernet DC electrical characteristics

Symbol

Parameter

Min.("

Max.("

Unit

Input level

Vbp

Ethernet operating voltage

27

3.6

1. All the voltages are measured from the local ground potential.

Table 64 gives the list of Ethernet MAC signals for the SMI (station management interface)
and Figure 46 shows the corresponding timing diagram.

Figure 46. Ethernet SMI timing diagram

tMDC———
ETH_MDC —\
td(MDIO)
ETH_MDIO(O) ><
tsu(MDIO) th(MDIO)
ETH_MDIO(I) 1 W

MS31384V1

Table 64. Dynamic characteristics: Eternity MAC signals for SMI(")

Symbol Parameter Min Typ Max Unit
tmpe MDC cycle time(2.38 MHz) 411 420 425
Tympioy | Write data valid time 6 10 13 s
tsumpio) | Read data setup time 12 - -
th(MDIO) Read data hold time 0 - -

1. Guaranteed by characterization.

Table 65 gives the list of Ethernet MAC signals for the RMII and Figure 47 shows the

corresponding timing diagram.

2
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5.3.23 Vgar monitoring characteristics
Table 71. Vgar monitoring characteristics
Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgar - 50 - KQ
Q Ratio on Vgar measurement - 2 -
Er(") Error on Q -1 - +1 %
2)(2) ADC sampling time when reading the Vgat ) )
Ts_voat 1 mV accuracy 5 HS
1. Guaranteed by design.
2. Shortest sampling time can be determined in the application by multiple iterations.
5.3.24 Embedded reference voltage
The parameters given in Table 72 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 14.
Table 72. Embedded internal reference voltage
Symbol Parameter Conditions Min | Typ | Max Unit
Vrerint | Internal reference voltage —40°C<Tp<+105°C| 1.18 | 1.21 | 1.24 \
T (1) |ADC sampling time when reading the ) 10 ) ) s
S_vrefint * | internal reference voltage H
(2) | Internal reference voltage spread over the _ )
VRERINT_s temperature range Vop =3V 3 5 mv
TCoeﬁ(z) Temperature coefficient - - 30 50 |ppm/°C
tSTART(z) Startup time - - 6 10 us

1. Shortest sampling time can be determined in the application by multiple iterations.

2. Guaranteed by design.

Table 73. Internal reference voltage calibration values

Symbol Parameter Memory address
VREFIN_CAL Raw data acquired at temperature of 30 °C, Vppa=3.3 V Ox1FFF 7A2A - Ox1FFF 7A2B
5.3.25 DAC electrical characteristics

Table 74. DAC characteristics
Symbol Parameter Min | Typ Max Unit Comments

Vppa Analog supply voltage 1.8M] - 3.6 \Y

VREF+ Reference supply voltage 1.8 - 3.6 V| Vrer+ Vpopa

Vssa Ground 0 - 0 \Y

3
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Figure 56. Asynchronous multiplexed PSRAM/NOR read waveforms
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ai14892b
Table 77. Asynchronous multiplexed PSRAM/NOR read timings“)(z)
Symbol Parameter Min Max Unit
tw(NE) FSMC_NE low time 3Thok=1 3Thekt1 ns
tynoe_Ng) | FSMC_NEx low to FSMC_NOE low 2Theok—0.5 | 2Ty k*0.5 ns
tw(NOE) FSMC_NOE low time Thelk—1 Thekt1 ns
thve_NoE) | FSMC_NOE high to FSMC_NE high hold time 0 - ns
tya NE) FSMC_NEXx low to FSMC_A valid - 3 ns
tynabv NE) | FSMC_NEX low to FSMC_NADV low 1 2 ns
twnapv) | FSMC_NADV low time Theolk— 2 Thokt1 ns
thiap_NADv) | FSMC_AD(adress) valid hold time after FSMC_NADV high) Thelk - ns
thia NoE) | Address hold time after FSMC_NOE high Thelk—1 - ns
th@L_NoE) | FSMC_BL time after FSMC_NOE high 0 - ns
tyeL_ Ny | FSMC_NEx low to FSMC_BL valid - 2 ns
tsuata NE) | Data to FSMC_NEX high setup time Thelkt4 - ns
tsu(Data_NOE) | Data to FSMC_NOE high setup time Theolkt4 - ns
thpata_NE) | Data hold time after FSMC_NEX high 0 - ns
th(Data_NoE) | Data hold time after FSMC_NOE high 0 - ns
1. C_=30pF.
2. Guaranteed by characterization.
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Figure 61. Synchronous non-multiplexed PSRAM write timings
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Table 82. Synchronous non-multiplexed PSRAM write timings(!(2)
Symbol Parameter Min Max | Unit
twcLk) FSMC_CLK period 2THek - ns
td(CLKL-NEXL) | FSMC_CLK low to FSMC_NEXx low (x=0..2) - 1 ns
tacLkLnexH) | FSMC_CLK low to FSMC_NEXx high (x=0...2) 1 - ns
tycLk-NapvL) | FSMC_CLK low to FSMC_NADV low - 7 ns
tycLkL-NADVH) | FSMC_CLK low to FSMC_NADV high 6 - ns
tacLKL-AV) FSMC_CLK low to FSMC_Ax valid (x=16...25) - 0 ns
ty(CLKL-AIV) FSMC_CLK low to FSMC_Ax invalid (x=16...25) 6 - ns
tacikinwer) | FSMC_CLK low to FSMC_NWE low - 1 ns
tycLke-nweH) | FSMC_CLK low to FSMC_NWE high 2 - ns
ty(CLKL-Data) FSMC_D[15:0] valid data after FSMC_CLK low - 3 ns
tycLkL-nBLH) | FSMC_CLK low to FSMC_NBL high 3 - ns
tsuNnwaIT-cLkH) | FSMC_NWAIT valid before FSMC_CLK high 4 - ns
thcLkH-nwaimy | FSMC_NWAIT valid after FSMC_CLK high 0 - ns
1. C_=30pF.
2. Guaranteed by characterization.
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5.3.27

2

Table 86. Switching characteristics for NAND Flash write cycles(!)

Symbol Parameter Min Max Unit

tw(NWE) FSMC_NWE low width 4Thek=1 | 4Thokt 3 | ns

ty(NWE-D) FSMC_NWE low to FSMC_D[15-0] valid - 0 ns

th(NWE-D) FSMC_NWE high to FSMC_D[15-0] invalid 3Thelk =2 - ns

tao-NwE) FSMC_D[15-0] valid before FSMC_NWE high 5THeoLk—3 - ns
taALE-NWE) FSMC_ALE valid before FSMC_NWE low - 3THelk ns
thnwe-ALE) | FSMC_NWE high to FSMC_ALE invalid 3ThoLk—2 - ns

1. C_=30pF.

Camera interface (DCMI) timing specifications

Unless otherwise specified, the parameters given in Table 87 for DCMI are derived from
tests performed under the ambient temperature, fyc| k frequency and Vpp supply voltage

summarized in Table 13, with the following configuration:
e  PCK polarity: falling

e VSYNC and HSYNC polarity: high

e Data format: 14 bits

Figure 72. DCMI timing diagram

1/DCMI_PIXCLK
-

—>— ; tsu(HS:YNC)

—>—— tsu(vswz%NC)

pemiPixelk /N / N/ ./ LU/

DCMI_HSYNC \ | -/ \

th(HsYNG) ——a—

thHsyne) —P%—H—

DCMIVSYNC | | /T
. tsu(pATAzi thDATA) o
DATA[0:13] X XX X X X
‘ MS32414V2
Table 87. DCMI characteristics()
Symbol Parameter Min Max Unit
Frequency ratio DCMI_PIXCLK/fyck - 0.4
DCMI_PIXCLK Pixel clock input - 54 MHz
Dpixel Pixel clock input duty cycle 30 70 %
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Table 97. LQFP176 - 176-pin, 24 x 24 mm low profile quad flat package
mechanical data (continued)

millimeters inches(")
Symbol
Min Typ Max Min Typ Max
ZD - 1.250 - - 0.0492 -

E 23.900 - 24.100 0.9409 - 0.9488
HE 25.900 - 26.100 1.0197 - 1.0276
ZE - 1.250 - - 0.0492 -

e - 0.500 - - 0.0197 -
L@ 0.450 - 0.750 0.0177 - 0.0295
L1 - 1.000 - - 0.0394 -

k 0° - 7° 0° - 7°
cce - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.

2. L dimension is measured at gauge plane at 0.25 mm above the seating plane.

3
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