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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"

Active

ARM® Cortex®-M4

32-Bit Single-Core

180MHz

CANbus, EBI/EMI, Ethernet, I2C, IrDA, LINbus, SAl, SDIO, SPI, UART/USART, USB, USB OTG
Brown-out Detect/Reset, DMA, IS, LCD, POR, PWM, WDT
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512KB (512K x 8)

FLASH

384K x 8

1.7V ~ 3.6V

A/D 24x12b; D/A 2x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

169-UFBGA

169-UFBGA (7x7)
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Description

UFBGAL176 package

113

Figure 3. UFBGA176 port-to-terminal assignment differences
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1. The highlighted pins are substituted with dedicated DSI 10 pins on STM32F469xx/479xx devices.
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STM32F469xx Functional overview

2

2.1

Note:

2.2

2.3

3

Functional overview

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

The ARM® Cortex®-M4 with FPU processor 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 with FPU core is a 32-bit RISC processor that 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 STM32F46x line is compatible with all ARM tools and software.
Figure 5 shows the general block diagram of the STM32F46x line.

Cortex®-M4 with FPU core is binary compatible with the Cortex®-M3 core.

Adaptive real-time memory accelerator (ART Accelerator™)

The ART Accelerator™ is a memory accelerator 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 require
the processor to wait for the Flash memory at higher frequencies.

To release the processor full 225 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 180 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.
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Functional overview STM32F469xx

communicate at speeds of up to 11.25 Mbit/s. The other available interfaces communicate
at up to 5.62 bit/s.

USART1, USART2, USART3 and USART®6 also provide hardware management of the CTS
and RTS signals, Smart Card mode (ISO 7816 compliant) and SPI-like communication
capability. All interfaces can be served by the DMA controller.

Table 8. USART feature comparison(l)

Name

Max. baud rate in Mbit/s

Standard Modem SPI Smartcard APB

LIN irDA

features | (RTS/CTS) master (ISO 7816) | Oversampling | Oversampling | mapping

by 16 by 8

USART1

APB2
X X X | X X X 5.62 11.25 (max.
90 MHz)

USART2

APB1
X X X | X X X 2.81 5.62 (max.
45 MHz)

USART3

APB1
X X X X X X 2.81 5.62 (max.
45 MHz)

UART4

APB1
X - X - X - 2.81 5.62 (max.
45 MHz)

UARTS

APB1
X - X - X - 2.81 5.62 (max.
45 MHz)

USART6

APB2
X X X | X X X 5.62 11.25 (max.
90 MHz)

UART7

APB1
X - X - X - 2.81 5.62 (max.
45 MHz)

UARTS

APB1
X - X - X - 2.81 5.62 (max.
45 MHz)

1. X =feature supported.

2.27

40/217

Serial peripheral interface (SPI)

The devices feature up to six SPIs in slave and master modes in full-duplex and simplex
communication modes. SPI1, SPI4, SPI5, and SPI6 can communicate at up to 45 Mbits/s,
SPI2 and SPI3 can communicate at up to 22.5 Mbit/s. The 3-bit prescaler gives 8 master
mode frequencies and the frame is configurable to 8 bits or 16 bits. The hardware CRC
generation/verification supports basic SD Card/MMC modes. All SPIs can be served by the
DMA controller.

The SPI interface can be configured to operate in TI mode for communications in master
mode and slave mode.
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Pinouts and pin description

STM32F469xx

Figure 17. STM32F46x UFBGA176 ballout
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The above figure shows the package top view.
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STM32F469xx

Pinouts and pin description

Table 10. STM32F469xx pin and ball definitions (continued)

Pin number

1]
[0}
n —
o 0 © © Pin name o =1 0 .
o < © © ~ © [ee) o o
S |3 1212|258 § (function after | = | S | & Alternate functions ?ddm_onal
& & Q 1% (O] & & [O) reset)(l) < n zZ unctions
m O m m o
clo|lea|S|2|lo|lo|la o
I2C2_SDA, FMC_AO,
9 F3 |G10| E2 16 16 | D2 PFO 110 | FT EVENTOUT -
12C2_SCL, FMC_A1,
- 10 | G3 |H10| H3 | 17 17 | E2 PF1 /10| FT EVENTOUT -
12C2_SMBA, FMC_A2,
- 1" G5 |G12| H2 | 18 | 18 | G2 PF2 /10 | FT EVENTOUT -
- - - - - - 19 | E3 PI12 110 | FT LCD_HSYNC, EVENTOUT -
- - - - - - 20 | G3 PI13 110 | FT LCD_VSYNC, EVENTOUT -
- - - - - - 21 H3 P14 10| FT LCD_CLK, EVENTOUT -
- 12 | H4 | H11 | J2 19 | 22 | H2 PF3 o | FT |® FMC_AS3, EVENTOUT ADC3_IN9
- 13 L4 {J10 | J3 20 | 23 | J2 PF4 o | FT |® FMC_A4, EVENTOUT ADC3_IN14
- 14 | H3 |H12| K3 | 21 24 | K3 PF5 o | FT [® FMC_AS5, EVENTOUT ADC3_IN15
7 15 | G7 |J11 | G2 | 22 | 25 | H6 VSS S - - - -
8 16 | G8 | J12 | G3 | 23 | 26 | H5 VDD S - - - -
TIM10_CHA1, SPI5_NSS,
] (5)| SAI_SD_B, UART7_Rx,
K2 | 24 | 27 | K2 PF6 /10 | FT QUADSPI_BK1_I03, ADC3_IN4
EVENTOUT
TIM11_CH1, SPI5_SCK,
R 5) | SAI1_MCLK_B, UART7_Tx,
K1 25 | 28 | K1 PF7 /10 | FT QUADSPI_BK1_I02, ADC3_IN5
EVENTOUT
SPI5_MISO, SAI1_SCK_B,
) ) ) ) (5) TIM13_CHA1,
L3 | 26 | 29 L3 PF8 10| FT QUADSPI_BK1_I00, ADC3_IN6
EVENTOUT
SPI5_MOSI, SAI1_FS_B,
- - _ - (5) TIM14_CH1,
L2 | 27 | 30 L2 PF9 /10 | FT QUADSPI_BK1_IO1, ADC3_IN7
EVENTOUT
QUADSPI_CLK,
- 17 | H1 | K10 | L1 28 | 31 L1 PF10 o | FT |® DCMI_D11, LCD_DE, ADC3_IN8
EVENTOUT
9 18 | G2 | K11 | G1 | 29 | 32 | G1 PHO(_POHSOC):—IN 110 | FT - EVENTOUT OSC_IN
10|19 | 61 | k12| H1 | 30 | 33 | H1 PH1'(%?4%OUT o | FT | - EVENTOUT 0SC_OUT
" 20 | H2 | H9 | U1 31 34 | U1 NRST /0 | RST | -
OTG_HS_ULPI_STP, ADC123
12 | 21 M1 J9 | M2 | 32 | 35 | M2 PCO o | FT |® FMC_SDNWE, LCD_RS, IN10 -
EVENTOUT
‘Yl DoclD028196 Rev 4 57/217




STM32F469xx Pinouts and pin description
Table 10. STM32F469xx pin and ball definitions (continued)
Pin number 0
(%] 8
o ® © © Pin name o 2 | o i
o < © © ~ <] [e0] o o
S |3 1212|258 § (function after | = | S | £ Alternate functions Additional
a | o %} o | o ) c s |2 functions
Lo Q21819 | |w|o reset) £ @
co|lo|lg|la|lp|lojo| & 1o
- — =) ; =) — - = =
TIM1_CH2, SPI4_NSS,
36 | 58 | K7 | N6 |P10| 74 | 85 | P10 PE11 /o | FT | - FMC_D8, LCD_G3, -
EVENTOUT
TIM1_CH3N, SPI4_SCK,
37 | 59 | L7 | M6 |R10| 75 | 86 | R10 PE12 /o | FT | - FMC_D9, LCD_B4, -
EVENTOUT
TIM1_CH3, SPI4_MISO,
38 |60 | J8 | L6 |N11| 76 | 87 |R12 PE13 /o | FT | - FMC_D10, LCD_DE, -
EVENTOUT
TIM1_CH4, SPI4_MOSI,
39 | 61 | K8 | J5 |P11| 77 | 88 | P11 PE14 /o | FT | - FMC_D11, LCD_CLK, -
EVENTOUT
TIM1_BKIN, FMC_D12,
40 | 62 | L8 | P5 |[R11| 78 | 89 | RN PE15 /o | FT | - LCD_R7, EVENTOUT -
TIM2_CH3, 12C2_SCL,
SPI2_SCK/I2S2_CK,
USART3_TX,
41 | 63 | M8 | N5 [R12| 79 | 90 | P12 PB10 /o | FT | - QUADSPI_BK1_NCS, -
OTG_HS_ULPI_D3,
ETH_MII_RX_ER,LCD_G4,
EVENTOUT
TIM2_CH4, 12C2_SDA,
USART3_RX,
OTG_HS_ULPI_D4,
42 | 64 | N8 | K5 [R13| 80 | 91 |R13 PB11 /o | FT | - ETH. MII_ TX_EN/ETH_RMI -
I_TX_EN, DSIHOST_TE,
LCD_G5, EVENTOUT
43 | 65 | N9 | N4 [M10| 81 | 92 | L11 VCAP1 s | - |- - -
44 | - | M9 | P4 | - - | 93 | K9 VSS - - - -
45 | 66 | L9 | P3 [N10| 82 | 94 | L10 VDD s | - |- - -
- - - - - - | 95 |M14 PJ5 /o | FT | - LCD_R6, EVENTOUT -
[2C2_SMBA, SPI5_SCK,
TIM12_CH1,
- - - - |M11| 83 | 96 | P13 PH6 /o | FT | - ETH_MII_RXD2, -
FMC_SDNE1, DCMI_D8,
EVENTOUT
12C3_SCL, SPI5_MISO,
ETH_MII_RXD3,
- - - - |N12| 84 | 97 |N13 PH7 /o | FT | - FMC_SDCKET, DCMI_ DS, -
EVENTOUT
[2C3_SDA, FMC_D16,
- - | H8 | M5 | - - | 98 | P14 PH8 I/0 | FT | - | DCMI_HSYNC, LCD_R2, -
EVENTOUT
[2C3_SMBA, TIM12_CH?2,
- - |H9 | L5 | - - | 99 [N14 PH9 /O | FT | - FMC_D17, DCMI_DO, -
LCD_R3, EVENTOUT
IS73 DoclD028196 Rev 4 61/217
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Table 12. Alternate function (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
USAR | CAN1/2/ | QUAD EMC/
Port ovs | Timap | TIM3AY | TIMBISY | o | SPIV2I3 | SPI2/3/ ng{%’ UTAGFéT T1|3',\7115// 2‘2"3; ETH sbio/ Dggl”’ P
5 10/11 1415/6 SAIl — OTG2_
1213 | 4/5/71 | QUAD | /OTG1 Fs HOST
8 SPI/LCD _FS
PHO . - . - - - - - . - - . - - - EglEJ#T
PHA1 - - - - - - - - - - - - - - e
PH2 - - - - - - - - - QBUQ?ISOP(')— - ETH_MI_CRs | FMCSPC - teo_ro | EUEYT
PH3 - - - - - - - - - Q;é'ilsg - - ETH_Mi_cor | FMC 3PN - teo Rt | BT
PH4 - - - - 1262_SCL - - - - LCD_G5 ?J S:TES - - - teo_ca | FYSNT
XT
PH5 - - - - 12G2_SDA | SPI5_NSS - - - - - - MGE - - T
PHE } ) : . 12C2_SMBA | SPI5_SCK . - - | TIM12_cH - ETHMILRXD | FMC_SDN - - e
port | PH7 - - - - 12C3_SCL | SPI5_MISO - - - - - ETHMILRXD | FMCSPC | pomi_pe - FUNT
" PH8 : . : . 12C3_SDA § . § . . § . FMC_D16 DCmEHS LCD_R2 EgﬁﬁT
PHO - - - - 12C3_SMBA - - - - | Tm12_cH2 - FMC_D17 | DeMi_Do | LcpR3 | EYENT
PH10 - - TIM5_CH1 - - - - - - - - - FMC_D18 | DCMID1 | LCDR4 | SUENT
PH11 - - TIM5_CH2 . : . : FMC_D19 | DCMI_D2 | LcpRs | EYSNT
PH12 : . TIM5_CH3 . . . . . . . . . FMC_D20 | DCMI_D3 | LCD_R6 EgﬁﬁT
PHI3 | - - - TIM8 CH1 - - - - - CAN1_TX - - FMC_D21 - teo_c2 | FYSNT
PH14 . . . T'MSNCHZ : : . : : . : : FMC_D22 | DCMI_D4 | LCD_G3 EgﬁﬁT
PH15 . - . T'Msﬁcm - - . - . . - . FMC_D23 | DCMI_D11 | LCD_Gé4 E‘\(/)E’ter

uondiiosap uid pue sinould
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STM32F469xx

Memory mapping

Table 13. STM32F469xx register boundary addresses(? (continued)

0x4002 3800 - 0x4002 3BFF

Bus Boundary address Peripheral

- 0x4008 0000- Ox4FFF FFFF Reserved
0x4004 0000 - 0x4007 FFFF USB OTG HS
0x4002 BCOO0- 0x4003 FFFF Reserved
0x4002 BOOO - 0x4002 BBFF Chrom (DMA2D)
0x4002 9400 - 0x4002 AFFF Reserved
0x4002 9000 - 0x4002 93FF
0x4002 8C00 - 0x4002 8FFF
0x4002 8800 - 0x4002 8BFF ETHERNET MAC
0x4002 8400 - 0x4002 87FF
0x4002 8000 - 0x4002 83FF
0x4002 6800 - 0x4002 7FFF Reserved
0x4002 6400 - 0x4002 67FF DMA2
0x4002 6000 - 0x4002 63FF DMA1
0x4002 5000 - 0x4002 5FFF Reserved
0x4002 4000 - 0x4002 4FFF BKPSRAM

AHB1 0x4002 3C00 - 0x4002 3FFF Flash interface register

RCC

0x4002 3400 - 0x4002 37FF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2C00 - 0x4002 2FFF Reserved
0x4002 2800 - 0x4002 2BFF GPIOK
0x4002 2400 - 0x4002 27FF GPIOJ
0x4002 2000 - 0x4002 23FF GPIOI
0x4002 1C00 - 0x4002 1FFF GPIOH
0x4002 1800 - 0x4002 1BFF GPIOG
0x4002 1400 - 0x4002 17FF GPIOF
0x4002 1000 - 0x4002 13FF GPIOE
0x4002 0C00 - 0x4002 OFFF GPIOD
0x4002 0800 - 0x4002 OBFF GPIOC
0x4002 0400 - 0x4002 07FF GPIOB
0x4002 0000 - 0x4002 03FF GPIOA

3
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Electrical characteristics STM32F469xx

5.1.7 Current consumption measurement

Figure 25. Current consumption measurement scheme
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5.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 14, Table 15, and Table 16
may cause permanent damage to the device. These are stress ratings only and functional
operation of the device at these conditions is not implied. Exposure to maximum rating
conditions for extended periods may affect device reliability.

Table 14. Voltage characteristics

Symbol Ratings Min Max Unit
VooVss ('?:li:g?r:gm\?;”Di’SFE’:;’,‘(7;;3:8, Voppsi and Vear)!) ~03 40
Input voltage on FT pins(z) Vgs—0.3| Vpp+4.0
Input voltage on TTa pins Vgg— 0.3 4.0 v
vin Input voltage on any other pin Vgg— 0.3 4.0
Input voltage on BOOT pin Vss 9.0
[AVppxl Variations between different Vpp power pins - 50
[Vssx Vss| | Variations between all the different ground pins(®) - 50 m
Vespnewm) | Electrostatic discharge voltage (human body model) | see Section 5.3.18

1. All main power (Vpp, Vppa, Vppuss: Ypoppsi) and ground (Vgs, Vssa) pins must always be connected to
the external power supply, in the permitted range.

2. V)y maximum value must always be respected. Refer to Table 15 for the values of the maximum allowed
injected current.

3. Including Vggg. pin

3
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Electrical characteristics STM32F469xx

5.3 Operating conditions

5.3.1 General operating conditions

Table 17. General operating conditions

Symbol Parameter Conditions® Min | Typ | Max | Unit
Power Scale 3 (VOS[1:0] bits in PWR_CR
register = 0x01), 0 - 120
Regulator ON, over-drive OFF
Over-drive
Power Scale 2 (VOS[1:0] bits OFF - 144
in PWR_CR register = 0x10), 0
fucLk | Internal AHB clock frequency | Requlator ON Over-drive
9 ON - 168
Over-drive
Power Scale 1 (VOS[1:0] bits |  OFF - | 168 |MHz
in PWR_CR register= 0x11), : 0
Regulator ON Over-drive - | 180
ON
; | | APBA clock f Over-drive OFF 0 - 42
nterna clock frequency
PCLKT Over-drive ON 0 - 45
; | | APB2 clock f Over-drive OFF 0 - 84
nterna clock frequency
PeLK2 Over-drive ON 0 - 90
Vpp | Standard operating voltage - 1.7@| - | 36
Anal ti It
na oq opera ing voltage 17| . o4
(ADC limited to 1.2 M samples)
VDDA(S)(A') Must be the same potential as VDD(S)
Analog operating voltage 24 36
(ADC limited to 2.4 M samples) v
USB supply voltage USB not used 1.7 | 3.3 3.6
Vppuse | (supply voltage for PA11, PA12,
PB14 and PB15 pins) USB used 3.0 - 3.6
Vpppsi | DSI system operating voltage - 1.7 ] - 3.6
Vgar | Backup operating voltage - 165 | - 3.6
92/217 DoclD028196 Rev 4 Kys




STM32F469xx Electrical characteristics

Table 32. Switching output I/O current consumption(l) (continued)

1/0 toggling
Symbol Parameter Conditions frequency Typ Unit
(fsw)
2 MHz 0.18
8 MHz 0.67
VDD =33V 25 MHz 209
Cext = 10 pF 50 MHz 3.6
C=Cnr+Cext*Cs| 60 MHz 45
84 MHz 7.8
90 MHz 9.8
I/0 switching 2 MHz 0.26
Iooio Current 8 MH 1.01 mA
VDD =33V z .
Cext =22 pF 25 MHz 3.14
C=Cinr*Cext*Cs| 50 MHz 6.39
60 MHz 10.68
2 MHz 0.33
c\;/DD = z; VF 8 MHz 1.29
EXT=99P
C = Cyyr + Cext + Cg 25 MHz 4.23
50 MHz 11.02

1. Cgis the PCB board capacitance including the pad pin. Cg = 7 pF (estimated value).
2. This test is performed by cutting the LQFP176 package pin (pad removal).

On-chip peripheral current consumption

The MCU is placed under the following conditions:

e At startup, all I/O pins are in analog input configuration.

e All peripherals are disabled unless otherwise mentioned.

e |/O compensation cell enabled.

e  The ART accelerator is ON.

e Scale 1 mode selected, internal digital voltage V12 = 1.32 V.

e HCLK s the system clock. fpc k1 = fHcLk/4, and fpeLk2 = fHoLk/2.
The given value is calculated by measuring the difference of current consumption
— with all peripherals clocked off
— with only one peripheral clocked on

—  fhcLk = 180 MHz (Scale1 + over-drive ON), fyc k = 144 MHz (Scale 2),
fHCLK =120 MHz (Scale 3)

e  Ambient operating temperature is 25 °C and Vpp=3.3 V.

3
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5.3.12 PLL spread spectrum clock generation (SSCG) characteristics

The spread spectrum clock generation (SSCG) feature allows to reduce electromagnetic
interferences (see Table 54). It is available only on the main PLL.

Table 44. SSCG parameters constraint

Symbol Parameter Min Typ Max® Unit

fMod Modulation frequency - - 10 KHz
md Peak modulation depth 0.25 - 2 %
MODEPER * INCSTEP - - - 219 -1 -

1. Guaranteed by design.

Equation 1
The frequency modulation period (MODEPER) is given by the equation below:

MODEPER = round[fp | |/ (4X fyoq)]

foLL v @nd fyoq must be expressed in Hz.
As an example:

If foL_in =1 MHz, and fyiop = 1 kHz, the modulation depth (MODEPER) is given by
equation 1:

MODEPER = round[10%/ (4 x 10%)] = 250

Equation 2
Equation 2 allows to calculate the increment step (INCSTEP):

INCSTEP = round[((2*° =1)x md x PLLN)/ (100 x 5x MODEPER)]

fyco_out must be expressed in MHz.
With a modulation depth (md) = £2 % (4 % peak to peak), and PLLN = 240 (in MHz):

INCSTEP = round[((2%° =1)x 2x 240)/ (100 x 5 x 250)] = 126md(quantitazed)%

An amplitude quantization error may be generated because the linear modulation profile is
obtained by taking the quantized values (rounded to the nearest integer) of MODPER and
INCSTEP. As a result, the achieved modulation depth is quantized. The percentage
quantized modulation depth is given by the following formula:

md % = (MODEPER x INCSTEP x 100x 5)/ ((2*°=1)x PLLN)

quantized

As a result:

md 4% = (250 126 x 100x 5)/ ((2'°—1)x 240) = 2.002%(peak)

quantize

3
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Table 57. I/0 current injection susceptibility™®

Functional susceptibility
Symbol Description Negative Positive Unit
injection injection
Injected current on BOOTO and NRST pins -0 NA
Injected current on DSIHOST_DOP,
DSIHOST_DON, DSIHOST_D1P, DSIHOST_DON, -0 0
DSIHOST_CKP, DSIHOST_CKN pins
IINJ mA
Injected current on PAO and PCO pins -0 NA
Injected current on any other FT pin -5 NA
Injected current on any other pin -5 +5
1. NA = not applicable.
Note: It is recommended to add a Schottky diode (pin to ground) to analog pins which may

potentially inject negative currents.

5.3.20 I/O port characteristics

General input/output characteristics

Unless otherwise specified, the parameters given in Table 58 are derived from tests
performed under the conditions summarized in Table 17. All I/Os are CMOS and TTL

compliant.
Table 58. 1/O static characteristics
Symbol Parameter Conditions Min Typ Max Unit
1
FT, TTaand NRST VO inputlow | -\ ooy ] _|0-35Vpp-0.041V
level voltage T 0.3Vpp®
Vi, 1.75 V<Vpp <3.6 V, ] ]
BOOTO /0 input low level —40 °C<Ta<105°C 04V 40 1)
voltage 1.7 VVpp <36V, ] ] o°
0 °C<T, <105 °C y
.
FT, TTa and NRST I/O input V36V 045vpp+031) | ]
high level voltage(® 0 YETDDE 0.7Vpp?
Vi 1.75 V<Vpp <3.6 V,
BOOTO I/O input high level TAOTCSTAI0S7C | 07 | )
voltage 1.7 VVpp 3.6V, PP
0 °C<T, <105 °C
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1521217

Table 72. Dynamic characteristics: USB uLpI®

Symbol Parameter Conditions Min. | Typ. | Max. | Unit
Control in (ULPI_DIR, ULPI_NXT)
tsc . - 2.0 - -
setup time
t Control in (ULPI_DIR, ULPI_NXT) ) 15 ) )
HC  Thold time '
tsp | Data in setup time - 1.0 - -
thp | Datain hold time - 1.0 - -
27V <Vpp<3.6V, ns
C_ =20 pF - 7.5 9.0
27V <Vpp<3.6YV,
tpc/tpp | Data/control output delay _i'(-) =< jr5<p::2%r:g i 75 120
1.7V <Vpp<36YV,
C_ =15pF and - 7.5 1.5
-40<T<90°C

1. Guaranteed based on test during characterization.

Ethernet characteristics

Unless otherwise specified, the parameters given in Table 73, Table 74 and Table 75 for
SMI, RMII and MiII are derived from tests performed under the ambient temperature, fyc k
frequency and Vpp supply voltage conditions summarized in Table 17, with the following
configuration:

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

Refer to Section 5.3.20 for more details on the input/output characteristics.

Table 73 gives the list of Ethernet MAC signals for the SMI (station management interface)
and Figure 51 shows the corresponding timing diagram.

Figure 51. Ethernet SMI timing diagram

N
X

tsu(MDIO) th(MDIO)
ETH_MDIO(l) 1 i

tMDC————

ETH_MDC

ETH_MDIO(O)

MS31384V1
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Table 74. Dynamics characteristics: Ethernet MAC signals for RMII()

Symbol Parameter Min Typ Max Unit
tsurxp) | Receive data setup time 2.5 - -

tinrxp) | Receive data hold time 2.0 - -

tsucrs) | Carrier sense setup time 0.5 - - o
tincrs) | Carrier sense hold time 1.5 - -

tyrxen) | Transmit enable valid delay time 55 6.5 1

tyTxp) | Transmit data valid delay time 6.0 6.5 1

1. Guaranteed based on test during characterization.

Table 75 gives the list of Ethernet MAC signals for MIl and Figure 52 shows the
corresponding timing diagram.

Figure 53. Ethernet MIl timing diagram

MII_RX_CLK
tsu(RxD) tih(RxD)
:su(ER) :ih(ER)
DV ih(DV:
MIl_RXDI[3:0] —a2¥) hov
MII_RX_DV
MIl_RX_ER
MIl_TX_CLK
t4(TxEN)
t4rxD)
MII_TX_EN
MII_TXD[3:0] X
ail5668

Table 75. Dynamics characteristics: Ethernet MAC signals for VTS

Symbol Parameter Min Typ Max Unit
tsurxp) | Receive data setup time 1 - -

tinrxp) | Receive data hold time 3 - -

tsupv) |Data valid setup time 0 - -

tinpy) |Data valid hold time 25 - - o
tsuer) | Error setup time 0 - -

tiner) | Error hold time 2 - -

tyrxeny | Transmit enable valid delay time 0 7 13

tyrxpy | Transmit data valid delay time 0 7 13

1. Guaranteed based on test during characterization.

3
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Figure 90. LQFP176 recommended footprint
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Figure 95. LQFP208 recommended footprint
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1. Dimensions are expressed in millimeters.
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TFBGA216 package information

Figure 97. TFBGA216 - thin fine pitch ball grid array 13 x 13 x 0.8mm, package outline

Seating plane
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1. Drawing is not to scale.
Table 121. TFBGAZ216 - thin fine pitch ball grid array 13 x 13 x 0.8mm
package mechanical data
millimeters inches®
Symbol
Min Typ Max Min Typ Max
A - - 1.100 - - 0.0433
A1 0.150 - - 0.0059 - -
A2 - 0.760 - - 0.0299 -
A4 - 0.210 - - 0.0083 -
b 0.350 0.400 0.450 0.0138 0.0157 0.0177
D 12.850 13.000 13.150 0.5118 0.5118 0.5177
D1 - 11.200 - - 0.4409 -
E 12.850 13.000 13.150 0.5118 0.5118 0.5177
E1 - 11.200 - - 0.4409 -
e - 0.800 - - 0.0315 -
F - 0.900 - - 0.0354 -
ddd - - 0.080 - - 0.0031
1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Thermal characteristics

The maximum chip-junction temperature, T; max, in degrees Celsius, may be calculated
using the following equation:

Ty max = Ty max + (Pp max x ©y,)
Where:

P;,0 max represents the maximum power dissipation on output pins where:
Pio max =X (VoL % loL) + Z((Vpp — Von) * lon):

Tp max is the maximum ambient temperature in °C,
O, is the package junction-to-ambient thermal resistance, in ° C/W,
Pp max is the sum of Py max and P, max (Pp max = Pyt max + P,omax),

P \nT max is the product of Ipp and Vpp, expressed in Watts. This is the maximum chip
internal power.

taking into account the actual Vg / I and Vgy / Ioy of the 1/Os at low and high level in the

application.
Table 122. Package thermal characteristics
Symbol Parameter Value Unit
Thermal resistance junction-ambient 43
LQFP100
Thermal resistance junction-ambient 40
LQFP144
Thermal resistance junction-ambient 31
WLCSP168
Thermal resistance junction-ambient 38
LQFP176 - 24 x 24 mm / 0.5 mm pitch
A °CIW
Thermal resistance junction-ambient 19
LQFP208 - 28 x 28 mm / 0.5 mm pitch
Thermal resistance junction-ambient 52
UFBGA169 - 7 x 7mm / 0.5 mm pitch
Thermal resistance junction-ambient 39
UFBGA176 - 10 x 10 mm / 0.5 mm pitch
Thermal resistance junction-ambient 29

TFBGA216 - 13 x 13 mm / 0.8 mm pitch

Reference document

JESDS51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural

Convection (Still Air). Available from www.jedec.org.
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