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Functional overview

STM32F765xx STM32F767xx STM32F768Ax STM32F769xx

Figure 9. Startup in regulator OFF: slow Vpp slope
- power-down reset risen after Voap 1,Vcap 2 stabilization
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1. This figure is valid whatever the internal reset mode (ON or OFF).
Figure 10. Startup in regulator OFF mode: fast Vpp slope
- power-down reset risen before Voap 1,Vcap 2 Stabilization
A Voo
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1. This figure is valid whatever the internal reset mode (ON or OFF).
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STM32F765xx STM32F767xx STM32F768Ax STM32F769xx Functional overview

2.24 Inter-integrated circuit interface (I2C)

The devices embed 4 12C. Refer to table Table 7: 12C implementation for the features
implementation.

The I2C bus interface handles communications between the microcontroller and the serial
12C bus. It controls all 1°C bus-specific sequencing, protocol, arbitration and timing.
The 12C peripheral supports:
e  [2C-bus specification and user manual rev. 5 compatibility:
—  Slave and master modes, multimaster capability
—  Standard-mode (Sm), with a bitrate up to 100 kbit/s
—  Fast-mode (Fm), with a bitrate up to 400 kbit/s
— Fast-mode Plus (Fm+), with a bitrate up to 1 Mbit/s and 20 mA output drive 1/Os
—  7-bit and 10-bit addressing mode, multiple 7-bit slave addresses
—  Programmable setup and hold times
—  Optional clock stretching
e System Management Bus (SMBus) specification rev 2.0 compatibility:

— Hardware PEC (Packet Error Checking) generation and verification with ACK
control

— Address resolution protocol (ARP) support
— SMBus alert
e Power System Management Protocol (PMBus ™) specification rev 1.1 compatibility

e Independent clock: a choice of independent clock sources allowing the 12C
communication speed to be independent from the PCLK reprogramming.

e Programmable analog and digital noise filters
e 1-byte buffer with DMA capability

Table 7. 12C implementation

12C features(! 12¢c1 12C2 12Cc3 12c4

Standard-mode (up to 100 kbit/s) X X X X
Fast-mode (up to 400 kbit/s)

Fast-mode Plus with 20 mA output drive 1/Os (up to 1 Mbit/s)

Programmable analog and digital noise filters

SMBus/PMBus hardware support

X | X| X[ X
X[ X[ X]| X]| X
X | X[ X]| X
X[ X[ X]| X]| X

Independent clock

1. X: supported.
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Pinouts and pin description

STM32F765xx STM32F767xx STM32F768Ax STM32F769xx

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

Pin Number
STM32F765xx STM32F768Ax =
STM32F767xx STM32F769xx @
-
£
© <
5 8l 2] o
= ° . Additional
= k3] 2 3 % Alternate functions fdd tt_o 2
o|ld | L |lo |0l |D|vw|w|f S | E|®|l=z2 unctions
S| < | « ~ o | & ) ~ o | & = o
ool |2 ||| (e |B|g o =
Lk 2w | L | e =
c|lg|@loc|jg|@lo|lc|c|@ ©
e R I '-|_'- [ a | a '-|_'- c
2 c
=
DFSDM1_CKIN1,
DF:gﬁTM(IZ?(%UT ADC1_IN12,
17128 | M4 | 34 | 37 [ M4 | NC | 34 | 37 | M4 PC2 IO | FT| - - ’ ADC2_IN12,
OTG_HS_ULPI_DIR, ADC3 IN12
ETH_MII_TXD2, -
FMC_SDNEO, EVENTOUT
DFSDM1_DATIN1,
SPENOSIESD. | pooy s
18129 | M5 | 35 [ 38 | L4 | NC | 35 | 38 | L4 PC3 IO | FT| - - = ’ ADC2_IN13,
ETH_MII_TX_CLK, ADC3 IN13
FMC_SDCKEQ, ~
EVENTOUT
- 30 - 36 | 39 | J5 - 36 | 39 | J5 VDD S - - - -
-l - - -] -1J6] - -1-1]1JI6] vss |s|-]|- - -
19131 | M1 |37 |40 | M1 (M11| 37 | 40 | M1 VSSA S - - - -
-l - Nt - - Nt | - | -] - |N| VREF- | S| - | - - -
20| 32 | P1 38 | 41 P1 - 38 | 41 P1 VREF+ S - - - -
21| 33 | R1 39 | 42 | R1 [M12| 39 | 42 | R1 VDDA S - - - -
TIM2_CH1/TIM2_ETR,
TIM5_CH1, TIM8_ETR, ADC1_INO,
PAO- o USART2_CTS, ADC2_INO,
22|34 | N3 | 40 | 43 | N3 |M13| 40 | 43 | N3 | o \p |VO|FT UART4, TX, SAI2 SD_B. | ADG3 INO,
ETH_MII_CRS, WKUP1
EVENTOUT
TIM2_CH2, TIM5_CH2,
USART2_RTS,
QUAUDg'I?D-:—“IgEi(’ 103 ADCT_INT,
231 35| N2 | 41 44 | N2 | J11 | 41 44 | N2 PA1 IIO|FT| - — - ADC2_IN1,
SAI2_MCLK_B, ADC3 IN1
ETH_MII_RX_CLK/ETH_R -
MIl_REF_CLK, LCD_R2,
EVENTOUT
68/255 DoclD029041 Rev 4 ‘y_l
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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/I2S SAI2/QU
A SPI/12S zsl'g'gl”;lsz 2/SPI3/12 zslfj'gf;‘T' CAN1/2/T | ADSPIIS 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 | OTG1_FS G2_FS
1/SPDIF /ILCD
PCo ) ) | oFsomi_ ) | DFsDwm1 ] SAI2_FS ) %TL(;I_HSST_ ) FMC_SD| LcD Rs | EVEN
CKINO _DATIN4 B o NWE _R5 | Tout
SPI2_M
pcq |TRACED | | oFsomi_ ) el |sansp| ) ) DFSDM1_| ETH_MD | MDIOS_ | ) EVEN
0 DATAING 2 A CKIN4 c MDC TOUT
. ] ] | orspmi1_ ] SPI2_MI | DFSDM1 ] ] ] OTG_HS_|ETH_MIL_[FMC_SD| ] EVEN
CKIN1 SO | _ckouT ULPLDIR | TXD2 NEO TOUT
bC3 ) ) | oFsomi_ ) Osgl'ﬁz—g'z ) ] ) ) %T_f,l—':\lsx— ETH MI_|[FMC_SD| ) EVEN
DATAIN{ 2 N TXCLK | ckEo TOUT
ETH_MIl_
pCa ) ) | oFsomi_ ) 12S1_M ) ] SPDIF_R ) ) RXDO/ET | FMC_SD| ) EVEN
CKIN2 cK X2 H RMI_ | NEO TOUT
RXDO
ETH_MIl_
PortC | beos ) ) | oFspmi_ ) ) ) ) SPDIF R ) ) RXDI/ET |FMC_SD| ) EVEN
DATAINZ X3 H_RMI_ | CKEO TOUT
RXD1
oC6 ] ] TIM3_C | TIM8_CH ] 1282 M ] DFSDM1 | USART6 | FMC_NW | SDMMC2 ] SDMMC | DCMI_D | LCD_HS | EVEN
H1 1 CcK CKIN3 | _TX AT D6 D6 0 YNC | TOUT
DFSDM1
. ) ) TIM3.C | TIM8_ ) ) 1253 M | PESOMY | USARTS | FMC_NE | SDMMC2 ) SDMMC | DCMID | | o5 g | EVEN
H2 CHZ ek |[-PA “RX 1 D7 D7 1 _G6 | touT
FMC_NE
pcg |TRACED [ TIM3.C | TIM8_ ) ) ) UART5_ | UsART | PMCNE ) ) SDMMC | DCMI_D ) EVEN
1 H3 CH3 RTS CK e DO 2 TOUT
QUADSP
TIM3.C | TiMe_ | 12¢3.SD | 12S_CKI UART5_ SDMMC | DCMI_D EVEN
Pco | Mco2 ; e e Fy y ; palk ; I_BK01_IO LCD_G3 - g W0 ep sz | SOEY
6C10 ) ) ) DFSDM1_ ) ) sK|/3||§§§C USART3 | UART4_ T IQEQ?SK'; ) ) SDMMC | DCMLD | | oy &, | EVEN
CKIN5 - | X X BRI D2 8 -R2| Tout

XX69L4ZEINLS XV89L4ZEINLS XXL9L4ZEINLS XXG9.L4ZEINLS

uonduosap uid pue sjnould
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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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Electrical characteristics STM32F765xx STM32F767xx STM32F768Ax STM32F769xx

Table 26. Typical and maximum current consumption in Run mode, code with data processing
running from Flash memory (Dual bank mode, ART ON except prefetch / L1-cache ON),
regulator ON

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

216 190 219 255 -
200 177 204 242 268
180 157 173 208 228

All peripherals

enabled@®) 168 139 153 185 204
144 107 117 144 161

60 48 54 81 98

Supply 25 23 28 54 71 mA
Ibp current in

RUN mode 216 92 104 150 -
200 86 97 143 170
180 76 85 119 140

All peripherals

disabled® 168 67 75 107 126

144 52 58 84 101

60 23 28 54 71

25 11 15 42 59

Guaranteed by characterization results.

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

3. When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of 1.73 mA per ADC
for the analog part.

3
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STM32F765xx STM32F767xx STM32F768Ax STM32F769xx

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.

DoclD029041 Rev 4
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Electrical characteristics STM32F765xx STM32F767xx STM32F768Ax STM32F769xx

Table 36. Typical and maximum current consumptions in Standby mode

Typ(1) Max(z)
Ta=25°C Ta= | Ta= | Ta®
Symbol | Parameter Conditions A 25°C | 85°C [ 105°C | Unit
Vop =| Vbp= | Vbp = =
1.7V | 24V |33V Vop =33V
Backup SRAM OFF, RTC and 3) 3) (3)
LSE OFF 1.1 1.9 24 5 18 38
Backup SRAM ON, RTC and 3) (3) 3)
LSE OFF 1.9 2.7 3.2 6 23 48
Backup SRAM OFF, RTC ON
and LSE in low drive mode 17 27 3.5 / 26 55
Backup SRAM OFF, RTC ON
and LSE in medium low drive | 1.7 2.7 3.5 7 26 56
mode
Backup SRAM OFF, RTC ON
and LSE in medium high drive | 1.8 2.8 3.6 8 28 57
Supply current |iy0de
Ipp sTBY |in Standby MA
- mode Backup SRAM OFF, RTC ON
and LSE in high drive mode 1.9 29 3.7 8 28 59
Backup SRAM ON, RTC ON
and LSE in low drive mode 2.4 3.4 43 8 31 65
Backup SRAM ON, RTC ON
and LSE in Medium low drive | 2.4 3.5 4.3 8 31 65
mode
Backup SRAM ON, RTC ON
and LSE in Medium high drive | 2.6 3.7 4.5 8 33 68
mode
Backup SRAM ON, RTC ON
and LSE in High drive mode 26 3.7 4.5 9 33 68

1. The typical current consumption values are given with PDR OFF (internal reset OFF). When the PDR is OFF (internal reset
OFF), the typical current consumption is reduced by additional 1.2 pA.

Guaranteed by characterization results, unless otherwise specified.

Guaranteed by test in production.

3
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STM32F765xx STM32F767xx STM32F768Ax STM32F769xx Electrical characteristics

Table 39. Peripheral current consumption (continued)

Iop(Typ)(!
Peripheral Unit
Scale 1 Scale 2 Scale 3
TIM2 19.1 18.7 14.7
TIM3 14.6 14.0 10.6
TIM4 15.4 14.7 11.4
TIM5 18.1 17.6 13.6
TIM6 3.1 2.7 1.4
TIM7 3.0 2.7 1.1
TIM12 8.1 7.8 5.6
TIM13 5.4 5.1 3.1
TIM14 5.6 5.3 3.3
LPTIM1 9.8 9.6 6.9
WWDG 1.9 1.6 1,4
SPI12/1252G) 3.0 2.9 1.4
SPI13/1253G) 3.0 3.3 1.4
SPDIFRX 2.4 2.0 1.7
APB1 USART2 12.6 12.7 9.2
(upto uA/MHz
54 MHz) USART3 12.4 12.4 9.4
UART4 10.7 10.9 8.1
UART5 10.7 10.7 8.1
12C1 8.9 8.9 6.4
12C2 8.3 8.2 6.1
12C3 8.1 8.2 6.1
12C4 8.0 8.2 5.8
CAN1 6.3 6.4 4.4
CAN2 5.7 5.8 3.9
CAN3 7.4 7.1 5.6
HDMI-CEC 2.2 1.8 1.4
PWR 1.3 0.9 0.8
DACA) 4.8 4.2 3.6
UART7 10.4 10.4 7.8
UART8 11.1 11.3 8.3
lﬁ DoclD029041 Rev 4 137/255




STM32F765xx STM32F767xx STM32F768Ax STM32F769xx Electrical characteristics

5.3.10 Internal clock source characteristics

The parameters given in Table 45 and Table 46 are derived from tests performed under
ambient temperature and Vpp supply voltage conditions summarized in Table 17.

High-speed internal (HSI) RC oscillator

Table 45. HSI oscillator characteristics (1)

Symbol Parameter Conditions Min | Typ | Max | Unit
fusi Frequency - - 16 - MHz
HSI user trimming step® - - - 1 %
To=—-40t0105°C®)| -8 - 45 | %
ACCHsi Accuracy of the HSl oscillator | To=—-10t085°C® | -4 | - | 4 | %
A
Tp =25 °C*) -1 - 1 %
tsu(HS|)(2) HSI oscillator startup time - - 2.2 4 us
IDD(HS|)(2) HSI oscillator power consumption - - 60 80 MA

Vpp = 3.3V, Tp =40 to 105 °C unless otherwise specified.
Guaranteed by design.
Guaranteed by characterization results.

v n o~

Factory calibrated, parts not soldered.

Figure 32. ACCHSI versus temperature

ACCHSI(%)
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1. Guaranteed by characterization results.
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STM32F765xx STM32F767xx STM32F768Ax STM32F769xx

Electrical characteristics

Table 53. DSI-PLL characteristics!!) (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
fyco_out = 500 MHz - 0.55 | 0.70

lpppLLy | PLL power consumption on Vpp4s | fyco out = 600 MHz - 0.65 | 0.80 | mA
fvco out = 1000 MHz | - 0.95 | 1.20

1. Based on test during characterization.

5.3.15 MIPI D-PHY regulator characteristics
The parameters given in Table 54 are derived from tests performed under temperature and
Vpp supply voltage conditions summarized in Table 17.
Table 54. DSI regulator characteristics(?)
Symbol Parameter Conditions Min | Typ | Max | Unit
VDD12DS| 1.2 Vinternal Voltage on VDD12DS| - 1.15 1.20 1.30 \%
Cext External capacitor on Veapps - 11| 22 | 33 | pF
ESR External Serial Resistor - 0 25 | 600 | mQ
Ipppsirec | Regulator power consumption - 100 | 120 | 125 | pA
Ultra Low Power Mode
- 290 | 600
| DSI system (regulator, PLL and (Reg. ON + PLL OFF) A
DDDSI | D-PHY) current consumption on Vppps; Stop State H
(Reg. ON + PLL OFF) - | 290 | 600
10 MHz escape clock ) 43 | 50
| DSI system current consumption on (Reg. ON + PLL OFF) ' ' A
DDDSILP | v/ hg) in LP mode communication(?) 20 MHz escape clock 43 | 50
(Reg. ON + PLL OFF) ' '
300 Mbps - 1 data lane
(Reg. ON + PLL ON) i 80 | 88
300 Mbps - 2data lane
DSl system (regulator, PLL and (Reg. ON + PLL ON) ) .4 1125
D-PHY) current consumption on Vpppg
in HS mode communication( 500 Mbps - 1 data lane - 1135 147
lDDDSIHS (Reg ON + PLL ON) ' ’ mA
500 Mbps - 2data lane
(Reg. ON + PLL ON) - | 180 196
DSl system (regulator, PL!_ and 500 Mbps - 2data lane
D-PHY) current consumption on Vpppg (Reg. ON + PLL ON) - 214 | 233
in HS mode with CLK like payload 9
Cext=2.2 uF - 110 -
twakeup | Startup delay EXT Ms
CEXT =33 }.lF - - 160
IINRusH | Inrush current on Vpppg) External capacitor load at start - 60 | 200 | mA
1. Based on test during characterization.
2. Values based on an average traffic in LP Command Mode.
3. Values based on an average traffic (3/4 HS traffic & 1/4 LP) in Video Mode.
Kys DoclD029041 Rev 4 155/255




Electrical characteristics
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Unless otherwise specified, the parameters given in Table 67 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized

in Table 17.
Table 67. I/O AC characteristics(1(2)
OSPEEDRy
[1:0] bit Symbol Parameter Conditions Min | Typ Max | Unit
value("
C_=50pF, Vpp= 2.7V - - 4
C_=50pF, Vpp21.7V - - 2
fmax(i0)out | Maximum frequency® C =10pF, Vpp227V - - 8 MHz
00 C_=10pF, Vpp21.8V - - 4
C|_=10pF,VDD21.7V - - 3
Output high to low level fall _ _
ttf(lo)out/ time and output low to high g%_vso PF.Vpp=17Vio| - 100 | ns
r(I0)out  jevel rise time '
C_=50pF, Vpp=2.7V - - 25
C_ =50 pF, Vpp= 1.8V - - 12.5
C_=50pF, Vpp= 1.7V - - 10
fmax(i0)out | Maximum frequency(® = Pp MHz
C_.=10pF, Vpp22.7V - - 50
o1 C_=10pF, Vpp= 1.8V - - 20
C_=10pF, Vpp= 1.7V - - 12.5
C_=50pF, Vpp22.7V - - 10
Output high to low level fall C_ =10 pF, Vpp22.7V - - 6
ttf('O)OUt/ time and output low to high = Pb ns
r(I0)out  level rise time CL=50pF,Vpp21.7V - - 20
C.=10pF,Vpp21.7V - - 10
C_ =40 pF, Vpp22.7V - - | 504
C_L=10pF, Vpp 227V - - | 100¥
fmax(i0)out | Maximum frequency® C =40pF, Vpp21.7V - - 25 | MHz
C_=10pF, Vpp=21.8V - - 50
10 C_ =10 pF, Vpp21.7V - - 425
CL =40 pF, VDD 227V - - 6
Output high to low level fall C, =10 pF, Vpp22.7V - - 4
ttf('O)OU‘/ time and output low to high = Pp ns
r(10)out level rise time C|_ =40 pF, Vpp21.7V - - 10
C_.=10pF, Vpp21.7V - - 6
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JATG/SWD characteristics

Unless otherwise specified, the parameters given in Table 87 for JTAG/SWD are derived
from tests performed under the ambient temperature, f ¢  frequency and VDD 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 performed at CMOS levels: 0.5Vpp

Refer to Section 5.3.20: /O port characteristics for more details on the input/output alternate
function characteristics (SCK,SD,WS).

Table 87. Dynamics characteristics: JTAG characteristics

Symbol Parameter Conditions Min Typ Max Unit
Fop 2.7V <VDD< 3.6V - - 40
MHz
TCK clock frequenc
1he(rek) Y - - 35

1.71 <VDD< 3.6V

tw(TCKH)
SCK high and low time - Tocik- 1| Teolk | Troik + 1
tw(rek)
tsuTms) TMS input setup time - 3 ) i
th(tms) TMS input hold time - 0 ) i
tsu(toi TDI input setup time - 0.5 - - ns
th(tDI) TDI input hold time - 2 i ]
2.7V <VDD< 3.6V - 9 11

tov (tpo) | TDO output valid time

1.71 <VDD< 3.6V

ton(TDO) TDO output hold time - 75 ) 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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Package information

6.3

3

LQFP176 24 x 24 mm, low-profile quad flat package

information

Figure 89. LQFP176, 24 x 24 mm, 176-pin low-profile quad flat package outline
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1. Drawing is not to scale.
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Package information

6.6

UFBGA176+25, 10 x 10, 0.65 mm ultra thin fine-pitch ball grid
array package information

Figure 98. UFBGA176+25, 10 x 10 x 0.65 mm ultra thin fine-pitch ball grid array
package outline
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1. Drawing is not to scale.

Table 131. UFBGA176+25, 10 x 10 x 0.65 mm ultra thin fine-pitch ball grid array
package mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

A 0.460 0.530 0.600 0.0181 0.0209 0.0236
A1 0.050 0.080 0.110 0.002 0.0031 0.0043
A2 0.400 0.450 0.500 0.0157 0.0177 0.0197
b 0.230 0.280 0.330 0.0091 0.0110 0.0130
D 9.950 10.000 10.050 0.3917 0.3937 0.3957
E 9.950 10.000 10.050 0.3917 0.3937 0.3957
e - 0.650 - - 0.0256 -

F 0.400 0.450 0.500 0.0157 0.0177 0.0197
ddd - - 0.080 - - 0.0031
eee - - 0.150 - - 0.0059
fff - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 99. UFBGA176+25, 10 x 10 mm x 0.65 mm, ultra fine-pitch ball grid array
package recommended footprint

000000000000000
000000000000000 .
000000000000000 %
0000000000000 00 sm
0000 000
0000 00000 0000
0000 00000 0000
0000 00000 0000
0000 00000 0000
0000 00000 0000
0000 0000
0000000000000 00
000000000000000
0000000000000 00
0000000000000 00 ACE7_FP V1

Table 132. UFBGA176+25 recommended PCB design rules (0.65 mm pitch BGA)

Dimension Recommended values
Pitch 0.65 mm
Dpad 0.300 mm
Dsm 9.409 mm typ. (depends on the soldermask reg-
istration tolerance)
Stencil opening 0.300 mm
Stencil thickness Between 0.100 mm and 0.125 mm
Pad trace width 0.100 mm
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TFBGA216 device marking

The following figure gives an example of topside marking orientation versus ball A1 identifier
location.

Other optional marking or inset/upset marks, which identify the parts throughout supply
chain operations, are not indicated below.

Figure 103. TFBGA216, 13 x 13 x 0.8 mm thin fine-pitch ball grid array
package top view example

Lys O

ASTM32F 7L 7

Product identification()

¥

NTHL Revision code

identifier Date code

YWw
o

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering
samples to run qualification activity.
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3

Recommendations when using internal reset
OFF

When the internal reset is OFF, the following integrated features are no longer supported:

The integrated power-on reset (POR) / power-down reset (PDR) circuitry is disabled
The brownout reset (BOR) circuitry must be disabled

The embedded programmable voltage detector (PVD) is disabled

Vgar functionality is no more available and VBAT pin should be connected to Vpp
The over-drive mode is not supported

Operating conditions

Table 137. Limitations depending on the operating power supply range

Maximum
Flash
Operating memory Maximum Flash Possible Flash
power ADC access memory access .
f - 1/0 operation memory
supply operation frequency frequency with operations
range with no wait | wait states (1(2) P
states
(fFIashmax)
_ Conversion 168 MHz with 8 8-bit erase and
\Z/E%DV_(;)] ©1 time up to 20 MHz wait states and |~ ’(:l:rr:/(gnsation program
’ 1.2 Msps over-drive OFF P operations only

Applicable only when the code is executed from Flash memory. When the code is executed from RAM, no
wait state is required.

Thanks to the ART accelerator on ITCM interface and L1-cache on AXl interface, the number of wait states
given here does not impact the execution speed from the Flash memory since the ART accelerator or L1-
cache allows to achieve a performance equivalent to 0-wait state program execution.

Vpp/Vppa Minimum value of 1.7 V, with the use of an external power supply supervisor (refer to

Section 2.18.1: Internal reset ON).
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