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Functional overview STM32F765xx STM32F767xx STM32F768Ax STM32F769xx

2.6 AXI-AHB bus matrix

The STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx system architecture
is based on 2 sub-systems:

e An AXI to multi AHB bridge converting AXI4 protocol to AHB-Lite protocol:

—  3x AXI to 32-bit AHB bridges connected to AHB bus matrix

— 1x AXl to 64-bit AHB bridge connected to the embedded Flash memory
e A multi-AHB Bus-Matrix

—  The 32-bit multi-AHB bus matrix interconnects all the masters (CPU, DMAs,
Ethernet, USB HS, LCD-TFT, and DMA2D) and the slaves (Flash memory, RAM,
FMC, Quad-SPI, AHB and APB peripherals) and ensures a seamless and efficient
operation even when several high-speed peripherals work simultaneously.

Figure 3. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx AXI-AHB
bus matrix architecture("
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1. The above figure has large wires for 64-bits bus and thin wires for 32-bits bus.
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2.33

2.34

2.35

46/255

Controller area network (bxCAN)

The three CANs are compliant with the 2.0A and B (active) specifications with a bit rate up
to 1 Mbit/s. They can receive and transmit standard frames with 11-bit identifiers as well as
extended frames with 29-bit identifiers. Each CAN has three transmit mailboxes, two receive
FIFOS with 3 stages and 28 shared scalable filter banks (all of them can be used even if one
CAN is used). 256 bytes of SRAM are allocated for CAN1 and CAN2. 512 bytes of SRAM
are dedicated for CANS.

Universal serial bus on-the-go full-speed (OTG_FS)

The devices embed an USB OTG full-speed device/host/OTG peripheral with integrated
transceivers. The USB OTG FS peripheral is compliant with the USB 2.0 specification and
with the OTG 2.0 specification. It has software-configurable endpoint setting and supports
suspend/resume. The USB OTG controller requires a dedicated 48 MHz clock that is
generated by a PLL connected to the HSE oscillator.

The maijor features are:

e Combined Rx and Tx FIFO size of 1.28 Kbytes with dynamic FIFO sizing

e  Supports the session request protocol (SRP) and host negotiation protocol (HNP)

e 1 bidirectional control endpoint + 5 IN endpoints + 5 OUT endpoints

e 12 host channels with periodic OUT support

e  Software configurable to OTG1.3 and OTG2.0 modes of operation

e USB 2.0 LPM (Link Power Management) support

e Battery Charging Specification Revision 1.2 support

e Internal FS OTG PHY support

e  HNP/SNP/IP inside (no need for any external resistor)

For the OTG/Host modes, a power switch is needed in case bus-powered devices are
connected

Universal serial bus on-the-go high-speed (OTG_HS)

The devices embed a USB OTG high-speed (up to 480 Mbit/s) device/host/OTG peripheral.
The USB OTG HS supports both full-speed and high-speed operations. It integrates the
transceivers for full-speed operation (12 Mbit/s) and features a UTMI low-pin interface
(ULPI) for high-speed operation (480 Mbit/s). When using the USB OTG HS in HS mode, an
external PHY device connected to the ULPI is required.

The USB OTG HS peripheral is compliant with the USB 2.0 specification and with the OTG
2.0 specification. It has software-configurable endpoint setting and supports
suspend/resume. The USB OTG controller requires a dedicated 48 MHz clock that is
generated by a PLL connected to the HSE oscillator.

The maijor features are:

e Combined Rx and Tx FIFO size of 4 Kbytes with dynamic FIFO sizing

Supports the session request protocol (SRP) and host negotiation protocol (HNP)

8 bidirectional endpoints

16 host channels with periodic OUT support
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2.44

2.45

2.46

)

Digital-to-analog converter (DAC)

The two 12-bit buffered DAC channels can be used to convert two digital signals into two
analog voltage signal outputs.

This dual digital Interface supports the following features:

e Two DAC converters: one for each output channel

e  8-bit or 12-bit monotonic output

e Left or right data alignment in 12-bit mode

e  Synchronized update capability

e Noise-wave generation

e Triangular-wave generation

e Dual DAC channel independent or simultaneous conversions
e  DMA capability for each channel

e  External triggers for conversion

e Input voltage reference Vrgf+

Eight DAC trigger inputs are used in the device. The DAC channels are triggered through
the timer update outputs that are also connected to different DMA streams.

Serial wire JTAG debug port (SWJ-DP)

The ARM SWJ-DP interface is embedded, and is a combined JTAG and serial wire debug
port that enables either a serial wire debug or a JTAG probe to be connected to the target.

The debug is performed using 2 pins only instead of 5 required by the JTAG (JTAG pins
could be re-use as GPIO with alternate function): the JTAG TMS and TCK pins are shared
with SWDIO and SWCLK, respectively, and a specific sequence on the TMS pin is used to
switch between JTAG-DP and SW-DP.

Embedded Trace Macrocell™

The ARM Embedded Trace Macrocell provides a greater visibility of the instruction and data
flow inside the CPU core by streaming compressed data at a very high rate from the
STM32F76xxx through a small number of ETM pins to an external hardware trace port
analyzer (TPA) device. The TPA is connected to a host computer using USB, Ethernet, or
any other high-speed channel. Real-time instruction and data flow activity can be recorded
and then formatted for display on the host computer that runs the debugger software. TPA
hardware is commercially available from common development tool vendors.

The Embedded Trace Macrocell operates with third party debugger software tools.
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Pinouts and pin description

Table 10. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx pin and
ball definitions (continued)

Pin Number

STM32F765xx
STM32F767xx

STM32F768Ax
STM32F769xx

LQFP100

LQFP144

UFBGA176

LQFP176

LQFP208

TFBGA216

wLcspP1so(

LQFP176

LQFP208

TFBGA216

Pin name (function after reset

Pin type

1/0 structure

Notes

Alternate functions

Additional
functions

40

63

R9

73

84

R9

J6

73

84

R9

PE10

I/0

FT

TIM1_CH2N,
DFSDM1_DATIN4,
UART7_CTS,
QUADSPI_BK2_|03,
FMC_D7, EVENTOUT

41

64

P10

74

85

P10

K6

74

85

P10

PE11

110

FT

TIM1_CH2, SPI4_NSS,
DFSDM1_CKIN4,
SAI2_SD_B, FMC_D8,
LCD_G3, EVENTOUT

42

65

R10

75

86

R10

L6

75

86

R10

PE12

110

FT

TIM1_CH3N, SPI4_SCK,
DFSDM1_DATINS,
SAI2_SCK_B, FMC_D9,
LCD_B4, EVENTOUT

43

66

N11

76

87

R12

P6

76

87

R12

PE13

110

FT

TIM1_CH3, SPI4_MISO,
DFSDM1_CKINS5,
SAI2_FS_B, FMC_D10,
LCD_DE, EVENTOUT

44

67

P11

77

88

P11

N6

77

88

P11

PE14

110

FT

TIM1_CH4, SPI4_MOSI,
SAI2_MCLK_B, FMC_D11,
LCD_CLK, EVENTOUT

45

68

R11

78

89

R11

M6

78

89

R11

PE15

110

FT

TIM1_BKIN, FMC_D12,
LCD_R7, EVENTOUT

46

69

R12

79

90

P12

K5

79

90

P12

PB10

110

FT

TIM2_CH3, 12C2_SCL,
SPI2_SCK/I2S2_CK,
DFSDM1_DATIN?,
USART3_TX,
QUADSPI_BK1_NCS,
OTG_HS_ULPI_D3,
ETH_MI_RX_ER,
LCD_G4, EVENTOUT

3
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Table 10. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx pin and
ball definitions (continued)

Pin Number
STM32F765xx STM32F768Ax ‘6
STM32F767xx STM32F769xx o
.
£
® e
s |8 €|
= ] . Additional
= k3] 2 3 % Alternate functions fdd tt_o 2
ol | R l|lo|lw |2 B |vw|lw|® S | E|®|l=z2 unctions
S|t | = | N|lo|lNa|® |~ | & e o
.o lg |8 (0| 5| (8|8 45 ) =
Llw B 0 | L | W £
g|lg| |9 |C m|o|o|(Q|@ ©
e R I '-|_'- [ a | a '-|_'- c
=
£
o
TIM2_CH4, 12C2_SDA,
DFSDM1_CKIN7,
USART3_RX,
47 1 70 |R13 | 80 [ 91 |[R13| L5 | 80 | 91 |R13 PB11 /O |FT| - OTG_HS_ULPI_D4, -
ETH_MII_TX_EN/ETH_RM
II_TX_EN, DSI_TE,
LCD_G5, EVENTOUT
48 | 71 |M10| 81 92 |L11| P5 | 81 92 | L11 | VCAP_1 | S - - - -
49 | - - - 93 | K9 [ N5 - 93 | K9 VSS S - - - -
50| 72 |N10| 82 | 94 |L10| P4 | 82 | 94 | L10 VDD S - - - -
M1 M1
- - - - 95 4 NC - 95 4 PJ5 IO | FT| - LCD_R6, EVENTOUT -
[2C2_SMBA, SPI5_SCK,
TIM12_CH1,
- - |M11] 83 | 96 |P13| NC | 83 | 96 | P13 PH6 IO | FT| - ETH_MII_RXD2, -
FMC_SDNE1, DCMI_D8,
EVENTOUT
12C3_SCL, SPI5_MISO,
ETH_MII_RXD3,
- - |N12| 84 | 97 |N13| NC | 84 | 97 |N13 PH7 IO | FT| - FMC_SDCKE1, DCMI_D9, -
EVENTOUT
12C3_SDA, FMC_D16,
- - |M12| 85 | 98 | P14 | M5 - 98 | P14 PH8 IO | FT| - DCMI_HSYNC, LCD_R2, -
EVENTOUT
12C3_SMBA, TIM12_CH?2,
- - |M13] 86 | 99 |N14| K4 - 99 |N14 PH9 IO | FT| - FMC_D17, DCMI_DO, -
LCD_RS3, EVENTOUT
TIM5_CH1, 12C4_SMBA,
- - | L13| 87 | 100 |P15| L4 - 100 | P15 PH10 IO | FT| - FMC_D18, DCMI_D1, -
LCD_R4, EVENTOUT
TIM5_CH2, 12C4_SCL,
- - | L12| 88 | 101 |N15| M4 - 101 | N15 PH11 IO | FT| - FMC_D19, DCMI_D2, -
LCD_R5, EVENTOUT

3
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Table 10. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx pin and
ball definitions (continued)

Pin Number
STM32F765xx STM32F768Ax 'a'S
STM32F767xx STM32F769xx o
-
£
© o
R E
= e . Additional
= k3] 2 3 % Alternate functions fddt_o 2
ol | R|lo|lo|2 B |o|x |8 S Sl oz unctions
S|t |« | M| |N|® |~ | N 3 o
.o lg |8 (0| 5| (8|8 45 o =
Llw B 0 | L | £
c|lg|@loc|jg|@lo|lc|c|@ ®
e R I '-|_'- o I I Y '-|_'- c
=
£
o
FMC_A14/FMC_BAO,
- | 89 [ K14 | 108 [ 131 | N12| G1 [ 112 | 131 | N12 PG4 /O |FT| - EVENTOUT -
FMC_A15/FMC_BAT1,
- 190 [ K13 [109 | 132 [N11| G2 | 113 [ 132 | N11 PG5 /O |FT| - EVENTOUT -
FMC_NE3, DCMI_D12,
-1 91]J15| 110|133 | J15| G3 | 114 | 133 | J15 PG6 IO|FT| - LCD_R7, EVENTOUT -
SAI1_MCLK_A,
USART6_CK, FMC_INT,
- [ 92 [J14 | 111 [ 134 | J14 | G4 [ 115|134 | J14 PG7 /O |FT| - DCMI_D13, LCD_CLK, -
EVENTOUT
SPI6_NSS, SPDIF_RX2,
USART6_RTS,
- | 93 |H14 | 112 | 135 |H14| G5 | 116 | 135 | H14 PG8 /O | FT| - ETH_PPS_OUT, -
FMC_SDCLK, LCD_G7,
EVENTOUT
- 194 (G112 (113 | 136 |G10| F1 | 117 | 136 | G10 VSS S - - -
- |95 [H13| 114 (137 | G11| F2 [ 118 | 137 | G11 | VDDUSB | S - - -
TIM3_CH1, TIM8_CH1,
12S2_MCK,
DFSDM1_CKINS,
USART6_TX,
63| 96 [H15 | 115|138 [H15| G6 | 119 [ 138 | H15 PC6 /O |FT| - FMC_NWAIT, -
SDMMC2_D6,
SDMMC1_D6, DCMI_DO,
LCD_HSYNC, EVENTOUT
TIM3_CH2, TIM8_CH2,
12S3_MCK,
DFSDM1_DATIN3,
64 | 97 [G15( 116 | 139 [G15| F3 | 120 [ 139 |G15 PC7 /O |FT| - USART6_RX, FMC_NE1, -
SDMMC2_D7,
SDMMC1_D7, DCMI_D1,
LCD_G6, EVENTOUT

3
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Table 10. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx pin and
ball definitions (continued)

Pin Number
STM32F765xx STM32F768Ax 2
STM32F767xx STM32F769xx o
=
£
© e
5 &2
= e . Additional
© = k3] 2 3 % Alternate functions fdd tt_o 2
o|l2 (R |0 | |8 | |w|lw|¥ S | E|®|l=z2 unctions
S| < | « N~ | o | & © ~ | O | & = o
el ||| ||l |2|2|g o =
Ll | 2| 0| L | o £
g|g|lgf|<e|C E O (0| QO E ®
e O = T I e B e i e B c
= c
=
DFSDM1_CKINSG,
DFSDM1_DATIN7,
81 (114 | B12 | 142 (164 | B12| A4 | 142 | 164 | B12 PDO /O |FT| - UART4_RX, CAN1_RX, -
FMC_D2, EVENTOUT
DFSDM1_DATING,
DFSDM1_CKIN7,
82 |115(C12 | 143|165 [C12| D5 | 143 | 165 | C12 PD1 /O |FT| - UART4_TX, CAN1_TX, --
FMC_D3, EVENTOUT
TRACED2, TIM3_ETR,
UARTS5_RX,
83 (116 | D12 | 144 | 166 | D12 | D6 | 144 | 166 | D12 PD2 /O |FT| - SDMMC1_CMD, -
DCMI_D11, EVENTOUT
DFSDM1_CKOUT,
SPI2_SCK/12S82_CK,
DFSDM1_DATINO,
84 | 117 | D11 [ 145|167 [ C11| B5 | 145 | 167 | C11 PD3 /O |FT| - USART2_CTS, FMC_CLK, -
DCMI_D5, LCD_G7,
EVENTOUT
DFSDM1_CKINO,
85 (118 | D10 | 146 [ 168 [ D11 | A5 | 146 | 168 | D11 PD4 I/O|FT | - | USART2_RTS,FMC_NOE, -
EVENTOUT
USART2_TX, FMC_NWE,
86 [119| C11 | 147 [ 169 | C10| C5 [ 147 | 169 | C10 PD5 /O |FT| - EVENTOUT -
- (120 D8 | 148 (170 | F8 | B6 [ 148|170 | F8 VSS S| - - - -
- (121 C8 | 149 (171 | E9 | A6 [ 149|171 | E9 VD:\DA?:DM S| - - - -
DFSDM1_CKIN4,
SPI3_MOSI/12S3_SD,
SAI1_SD_A, USART2_RX,
87 (122 B11 | 150 (172 | B11| E6 | 150 | 172 | B11 PD6 /O |FT| - DFSDM1_DATIN1, -
SDMMC2_CK,
FMC_NWAIT, DCMI_D10,
LCD_B2, EVENTOUT

3
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Pinouts and pin description

Table 10. STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx pin and
ball definitions (continued)

Pin Number

STM32F765xx
STM32F767xx

STM32F768Ax
STM32F769xx

LQFP100

LQFP144

UFBGA176

LQFP176

LQFP208

TFBGA216

wLcspP1so(

LQFP176

LQFP208

TFBGA216

Pin name (function after reset

Pin type

1/0 structure

Notes

Alternate functions

Additional
functions

91

135

A6

163

194

A8

A9

163

194

A8

PB5

110

FT

UART5_RX, TIM3_CH2,
12C1_SMBA,
SPI1_MOSI/12S1_SD,
SPI3_MOSI/12S3_SD,
SPI6_MOSI, CAN2_RX,
OTG_HS_ULPI_D7,
ETH_PPS_OUT,
FMC_SDCKET,
DCMI_D10, LCD_G7,
EVENTOUT

92

136

B6

164

195

B6

B9

164

195

B6

PB6

110

FT

UART5_TX, TIM4_CH1,
HDMI_CEC, 12C1_SCL,
DFSDM1_DATINS,
USART1_TX, CAN2_TX,
QUADSPI_BK1_NCS,
12C4_SCL, FMC_SDNE1,
DCMI_D5, EVENTOUT

93

137

B5

165

196

B5

C8

165

196

B5

PB7

110

FT

TIM4_CH2, 12C1_SDA,
DFSDM1_CKINS5,
USART1_RX, I12C4_SDA,
FMC_NL, DCMI_VSYNC,
EVENTOUT

94

138

D6

166

197

E6

A10

166

197

E6

BOOTO

VPP

95

139

A5

167

198

A7

E9

167

198

A7

PB8

110

FT

12C4_SCL, TIM4_CH3,
TIM10_CH1, 12C1_SCL,
DFSDM1_CKIN?,
UART5_RX, CAN1_RX,
SDMMC2_D4,
ETH_MII_TXD3,
SDMMC1_D4, DCMI_D8,
LCD_B6, EVENTOUT

3
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Table 12.

STM32F765xx, STM32F767xx, STM32F768Ax and STM32F769xx alternate

function mapping (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 | AF12 | AF13 | AF14 | AF15
SPI2/12S SAI2/QU
A sPiizs | SR 2125 | 2ispi3i2 | SPSSA | CAN1/2IT | ADSPIS UART7/
Port 12C4/UA e | 12cii3) | 1ispianz | 25PI3I2 | syspier | ZUSART | iM12113/ | DMMC2D | 12c4/CAN | FMCISD | o
svs | RT5TM | Tm3iass | 11T | aiusaRT | sispis | S50 | usarTy | §DARTY | 14/quAD | Fspmiio | 3somm | mmcim | 2SI | cp | svs
112 oeea" | cEC | 12s3/spi | 2CHUR | 23uaRT | JTOOT | SPUFMCY | TG2_HS/ | C2/ETH | DIOS/OT
aisis | ROIDF | sipFsom | S-S/ LCD | OTGI_FS G2_FS
1/SPDIF /LCD
TRACED SPI4_NS | SAI1_FS DFSDM1_ FMC_A2 | DCMI_D EVEN
PE4 1 - - - - S A - - - DATAIN3 - 0 4 | LCDBO | 1507
TRACED TIM9_CH SPI4_MI | SAI1_SC DFSDM1_ FMC_A2 | DCMI_D EVEN
PES 2 - - 1 - 39 KA - - - CKIN3 - 1 6 | CP-C0 | 1oyt
peg | TRACED | TIM1 B | Time_cH ] SPI4_M [SAIM_SD| ] ] SAI2_MC ] FMC_A2 | DCMID | | oy oy | EVEN
3 KIN2 2 oS A KB 2 7 -G | touT
DFSDM1
TIM1_ET UART7 QUADSPI EVEN
PE7 - R - - - T PAANE Rx © | BK2_100 - FMC D41 - - | Tout
TIM1_C DFSDM1 UART7 T QUADSPI EVEN
PES - HIN - - - - " CKIN2 - X © | Bk2_I01 - FMCD5| - - TOUT
TIM1_C DFSDM1 UART7_ QUADSPI EVEN
PE9 - H1 - - - - | ckouT| - RTS - | BK2 102 - FMCD6| - - TOUT
Port E
DFSDM1
TIM1_C UART7_ QUADSPI EVEN
PE10 - HeN - - - B e - cTS © | _BK2_103 - FMC_D7 | - - TOUT
TIM1_C SPI4_NS | DFSDM1 SAI2_SD_ EVEN
PE11 ; . ; ; ; s |k - ; ; 5 ; FMcD8| - | Lcp_e3 | SYEN
DFSDM1
TIM1_C SPI4_SC SAI2_SC EVEN
PE12 ; e ; ; ; 7| DATAN | - ; ; b ; FMcD9| - |Lcosa| SN
TIM1_C SPI4_MI | DFSDM1 SAI2_FS_ FMC_D1 EVEN
PE13 - H3 - - - SO | _CKIN5 - - - B - 0 - |LCDDE | 1oyt
oE14 ] TIM1_C ] ] ] SPI4_M ] ] ] ] SAI2_MC ] FMC_D1| _  |LCD_CL | EVEN
H4 oS KB 1 K | TouT
TIM1_B FMC_D1 EVEN
PE15 ; W ; ; ; ; ; - ; ; ; ; 7 - |reorr | EVEN

uonduosap uid pue synouid
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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.

5.3.6 Over-drive switching characteristics

When the over-drive mode switches from enabled to disabled or disabled to enabled, the
system clock is stalled during the internal voltage set-up.

The over-drive switching characteristics are given in Table 23. They are subject to general
operating conditions for Tx.

Table 23. Over-drive switching characteristics(!)

Symbol Parameter Conditions Min Typ Max Unit
HSI - 45 -
. . HSE max for 4 MHz
Tod_swen Over_drive switch | 4 i for 26 MHz 45 ) 100
enable time
External HSE
50 MHz ) 40 i
ys
HSI - 20 -
. . HSE max for 4 MHz
Tod_swdis | Over-driveswitch | . i for 26 MHz. 20 ) 80
- disable time
External HSE ) 15 )
50 MHz
1. Guaranteed by design.
5.3.7 Supply current characteristics

The current consumption is a function of several parameters and factors such as the
operating voltage, ambient temperature, 1/0 pin loading, device software configuration,
operating frequencies, /O pin switching rate, program location in memory and executed
binary code.

The current consumption is measured as described in Figure 26: Current consumption
measurement scheme.

All the run-mode current consumption measurements given in this section are performed
with a reduced code that gives a consumption equivalent to CoreMark code.

3
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Electrical characteristics

Table 34. Typical and maximum current consumption in Sleep mode, regulator OFF

Max("
£ Typ Unit
Symbol | Parameter | Conditions (||\-II|(|:'I|_ZK) TA=25°C TA= 85 °C TA=105 °C
IDD12 | IDD |IDD12| IDD |IDD12| IDD |IDD12| IDD
180 102 1 114 2 148 2 168 2
Al 168 91 1 101 2 132 2 152 2
Peripherals | 144 71 1 78 2 105 2 122 2
Suppl Enabled(®
upply 60 32 1 37 2 64 2 81 2
current in
IDD12/ | RUN mode 25 16 1 20 2 46 2 64 2 A
IDD from V12 180 | 13 1 18 2 | 53 2 73 2
and VDD
supply Al 168 12 1 16 2 47 2 67 2
Peripherals | 144 9 1 13 2 39 2 56 2
Disabled 60 | 5 1 9 | 2 |3 | 2 | 52 | 2
25 3 1 7 2 33 2 50 2
1. Guaranteed by characterization results, unless otherwise specified.
2. When analog peripheral blocks such as ADCs, DACs, HSE, LSE, HSI, or LS| are ON, an additional power consumption
should be considered.
Table 35. Typical and maximum current consumptions in Stop mode
Max(?
Typ
Symbol Parameter Conditions Vop=3.6V Unit
TA = TA = TA = TA =
25°C | 25°C | 85°C [105°C
Flash memory in Stop mode,
i 0.55 3 18 27
Supply cu!'rent In StOP all oscillators OFF, no IWDG
mode, main regulator in
Run mode Flash memory in Deep power
down mode, all oscillators OFF 0.5 3 18 27
lbp_sToOP_NM ,
(normal mode) Flas_h memory in Stop mode, all 042 25 15 24
mode, main regulatorin |Fjash memory in Deep power
Low-power mode down mode, all oscillators OFF, no| 0.37 2.5 15 24
IWDG mA
Regulator in Run mode, Flash
memory in Dgep power down 018 192 6 10
| Supply current in Stop [Mode, all oscillators OFF, no
'?5522?2}?\/[;“" mode, main regulator in |[|WDG
mode) LQW voltage and under- Regulator in Low-power mode,
drive modes Flash memory in Deep power 013 11 6 10
down mode, all oscillators OFF, no ' '
IWDG

1.

574

Data based on characterization, tested in production.
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5.3.9

140/255

External clock source characteristics

High-speed external user clock generated from an external source

In bypass mode the HSE oscillator is switched off and the input pin is a standard 1/O. The
external clock signal has to respect the Table 65: I/O static characteristics. However, the
recommended clock input waveform is shown in Figure 28.

The characteristics given in Table 41 result from tests performed using an high-speed
external clock source, and under ambient temperature and supply voltage conditions
summarized in Table 17.

Table 41. High-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max | Unit
External user clock source
fHsE_ext frequency") 1 - 50 | MHz
Vusen | OSC_IN input pin high level voltage 0.7Vpp - Vbp v
Vuser | OSC_IN input pin low level voltage ) Vss - 0.3Vpp
bw(HSE) OSC_IN high or low time(") 5 - -
tw(HsE)
ns
trHsE) OSC_|IN rise or fall time(") - - 10
tiHsE)
Cinsg) | OSC_IN input capacitance(" - - 5 - pF
DUCy(HSE) Duty cycle - 45 - 55 %
I OSC_IN Input leakage current Vss<ViN<Vpp - - +1 MA

1. Guaranteed by design.

Low-speed external user clock generated from an external source

In bypass mode the LSE oscillator is switched off and the input pin is a standard 1/O. The
external clock signal has to respect the Table 65: I/O static characteristics. However, the
recommended clock input waveform is shown in Figure 29.

The characteristics given in Table 42 result from tests performed using an low-speed
external clock source, and under ambient temperature and supply voltage conditions
summarized in Table 17.

3
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5.3.11 PLL characteristics
The parameters given in Table 47 and Table 48 are derived from tests performed under
temperature and Vpp supply voltage conditions summarized in Table 17.
Table 47. Main PLL characteristics
Symbol Parameter Conditions Min Typ Max Unit
foLL N PLL input clock(") - 0.95@) 1 2.10
feLL ouT PLL multiplier output clock - 24 - 216
48 MHz PLL multiplier output MHz
fpLLas oUT | ok P P - - 48 75
fVCO_OUT PLL VCO output - 100 - 432
VCO freq = 192 MHz 75 - 200
tLock PLL lock time us
VCO freq = 432 MHz 100 - 300
RMS - 25 -
Cycle-to-cycle jitter peak
to - +150 -
System clock peak
216 MHz RMS - 15 -
Period Jitter peak
- + -
Jitter®) tpoeak 200 ps
Main clock output (MCO) for Cycle to cycle at 50 MHz ) 32 )
RMII Ethernet on 1000 samples
Main clock output (MCO) for MIl | Cycle to cycle at 25 MHz ) 40 )
Ethernet on 1000 samples
Bit Time CAN jitter Cycle tocycle at 1 MHz | 330 ;
on 1000 samples
. VCO freq = 192 MHz 0.15 0.40
IDD(pLL)(4) PLL power consumption on Vpp VCO freq = 432 MHz 0.45 - 0.75 mA
, VCO freq = 192 MHz 0.30 0.40
| ) |PLL Y% - A
DDA(PLL) power consumption o Vooa |\ freq = 432 MHz 0.55 08 | ™

1. Take care of using the appropriate division factor M to obtain the specified PLL input clock values. The M factor is shared
between PLL and PLLI2S.

Guaranteed by design.

3. The use of 2 PLLs in parallel could degraded the Jitter up to +30%.

Guaranteed by characterization results.

3
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Figure 45. 12-bit buffered /non-buffered DAC

Buffered/Non-buffered DAC

Buffer(1)
—— - RL
12-bit DAC_OUTx
digital o I I /\/\/\/\/
analog I I T 'j
converter | —
I _ _ | CL

ai17157Vv3

1. The DAC integrates an output buffer that can be used to reduce the output impedance and to drive external loads directly
without the use of an external operational amplifier. The buffer can be bypassed by configuring the BOFFx bit in the
DAC_CR register.

5.3.29

178/255

Communications interfaces

I2C interface characteristics

The I°C interface meets the timings requirements of the 1°C-bus specification and user
manual rev. 03 for:

e Standard-mode (Sm): with a bit rate up to 100 kbit/s

e  Fast-mode (Fm): with a bit rate up to 400 kbit/s.

e Fast-mode Plus (Fm+): with a bit rate up to 1Mbit/s.

The I°C timings requirements are guaranteed by design when the 12C peripheral is properly

configured (refer to RM0410 reference manual) and when the I2CCLK frequency is greater
than the minimum shown in the table below:

Table 83. Minimum I2CCLK frequency in all 12C modes

Symbol Parameter Condition Min Unit
Standard-mode >
Analog filter ON 8
DNF=0
Fast-mode
I2CCLK Analog filter OFF 9
f(1I2CCLK) frequency ey -
Analog filter ON 6
DNF=0
Fast-mode Plus
Analog filter OFF 6
DNF=1

3
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5.3.31

3

Table 117. LPSDR SDRAM write timings(")

Symbol Parameter Min Max Unit
tw(sbcLk) FMC_SDCLK period 2Theik = 0.5 | 2Thok + 0.5
t4(SDCLKL Data) Data output valid time - 25
th(SDCLKL _Data) Data output hold time 0 .
ty(sDCLKL Add) Address valid time - 25
t4(SDCLKL-SDNWE) SDNWE valid time - 25
th(SDCLKL-SDNWE) SDNWE hold time 0 - -
t4(SDCLKL- SDNE) Chip select valid time - 05
th(SDCLKL- SDNE) Chip select hold time 0 .
td(SDCLKL-SDNRAS) SDNRAS valid time - 15
th(SDCLKL-SDNRAS) SDNRAS hold time 0 -
t4(SDCLKL-SDNCAS) SDNCAS valid time - 1.5
td(SDCLKL-SDNCAS) SDNCAS hold time 0 .

1. Guaranteed by characterization results.

Quad-SPI interface characteristics

Unless otherwise specified, the parameters given in Table 118 and Table 119 for Quad-SPI
are derived from tests performed under the ambient temperature, foyg frequency and Vpp
supply voltage conditions summarized in Table 17: General operating conditions, with the
following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 11

e  Capacitive load C = 20 pF

e  Measurement points are done at CMOS levels: 0.5 x Vpp

Refer to Section 5.3.20: /O port characteristics for more details on the input/output alternate
function characteristics.

Table 118. Quad-SPI characteristics in SDR mode(?

Symbol Parameter Conditions Min Typ Max Unit
2.7 V<Vpp<3.6 V
CL=20 F S R
Fok1/(CK) Quad-SPI clock MHz
frequency 1.71 V<Vpp<3.6 V 100
CL=15 pF i i
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5.3.34 Digital filter for Sigma-Delta Modulators (DFSDM) characteristics

Unless otherwise specified, the parameters given in Table 122 for DFSDM are derived from
tests performed under the ambient temperature, fpc k2 frequency and Vpp supply voltage
summarized in Table 17, with the following configuration:

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

Refer to Section 5.3.20: /O port characteristics for more details on the input/output alternate
function characteristics (DFSDM1_CKINx, DFSDM1_DATINx, DFSDM1_CKOUT for

DFSDM1).
Table 122. DFSDM measured timing 1.71-3.6V
Symbol Parameter Conditions Min Typ Max Unit
fDFSDMCLK DFSDM clock 1.71 < VDD <36V - - fSYSCLK
SPI mode (SITP[1:0]=0,1),
External clock mode ) ) 20
(SP'CKSEL[1 :0]=0), (fDFSDMCLK/4)
1.71<Vpp<3.6V
SPI mode (SITP[1:0]=0,1),
External clock mode ) ) 20
(SP'CKSEL[1 :0]=0), (fDFSDMCLK/4)
27<Vpp<36V
fokin Input clock SPI mode (SITP[1:0]=0,1),
(1/Tckin) frequency Internal clock mode 20 MHz

(SPICKSEL[1:0]20), (forspmcLk/4)
1.71<Vpp<3.6V

SPI mode (SITP[1:0]=0,1),
Internal clock mode 20
(SP'CKSEL[1 :0]?50), (fDFSDMCLK/4)

2.7<Vpp<36V

Output clock

fekout frequency 1.71<Vpp<3.6V - . 20
Output clock
DuCyckout| frequency duty 1.71<Vpp<36V 45 50 55 %
cycle
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5.3.35 DFSDM timing diagrams

Figure 80. Channel transceiver timing diagrams
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Package information

3

Figure 90. LQFP176, 24 x 24 mm, 176-pin low-profile quad flat package

recommended footprint
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6.7 TFBGA216, 13 x 13 x 0.8 mm thin fine-pitch ball grid
array package information
Figure 101. TFBGA216, 13 x 13 x 0.8 mm thin fine-pitch ball grid array
package outline
|Z]Seating plane
v v [2]ddd[ Z]
I ] Y
A2 Al A
<+ D1 ——» Alball A1 ball
ol leo E .l _lq identifier indexarea |« D >
A
Al 9900000000000 04 7y A
00000000000000O
000000000000000O0 G
000000000000000O0
00000000000000O0
00000000000000O
0000O0O 000O0OOO
000000 + 000000 E1 E
000000 000000
00000000000000O
00000000000000O
000000000000000O0 e
000000000000000O0 ¥
00000000000000%
R]| ooooooo0o00000Q004 7y v
15 1
BOTTOM VIEW @b (216 balls TOP VIEW
+|Deee@| Z[Y]X]
Yot @[z
AOL2_ME_V3
1. Drawing is not to scale.
Table 133. TFBGA216, 13 x 13 x 0.8 mm thin fine-pitch ball grid array
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 -
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 -
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