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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®-M7

32-Bit Single-Core

216MHz

CANbus, EBI/EMI, 12C, IrDA, LINbus, MMC/SD/SDIO, QSPI, SAIl, SPDIF, SPI, UART/USART, USB OTG
Brown-out Detect/Reset, DMA, IS, LCD, POR, PWM, WDT
129

2MB (2M x 8)

FLASH

512K x 8

1.7V ~ 3.6V

A/D 24x12b; D/A 2x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

180-UFBGA, WLCSP

180-WLCSP (5.5x6)
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Description

The STM32F777xx, STM32F778Ax and STM32F779xx devices are based on the high-
performance ARM® Cortex®-M7 32-bit RISC core operating at up to 216 MHz frequency.
The Cortex®-M7 core features a floating point unit (FPU) which supports ARM® double-
precision and single-precision data-processing instructions and data types. It also
implements a full set of DSP instructions and a memory protection unit (MPU) which
enhances the application security.

The STM32F777xx, STM32F778Ax and STM32F779xx devices incorporate high-speed
embedded memories with a Flash memory up to 2 Mbytes, 512 Kbytes of SRAM (including
128 Kbytes of Data TCM RAM for critical real-time data), 16 Kbytes of instruction TCM RAM
(for critical real-time routines), 4 Kbytes of backup SRAM available in the lowest power
modes, and an extensive range of enhanced I/Os and peripherals connected to two APB
buses, two AHB buses, a 32-bit multi-AHB bus matrix and a multi layer AXI interconnect
supporting internal and external memories access.

All the devices offer three 12-bit ADCs, two DACs, a low-power RTC, twelve general-
purpose 16-bit timers including two PWM timers for motor control, two general-purpose 32-
bit timers, a true random number generator (RNG), and a cryptographic acceleration cell.
They also feature standard and advanced communication interfaces.

e Uptofour 1°Cs

e Six SPIs, three I2Ss in half-duplex mode. To achieve audio class accuracy, the 12s
peripherals can be clocked via a dedicated internal audio PLL or via an external clock
to allow synchronization.

e  Four USARTSs plus four UARTs

e AnUSB OTG full-speed and a USB OTG high-speed with full-speed capability (with the
ULPI)

e Three CANs

e  Two SAl serial audio interfaces

e Two SDMMC host interfaces

e  Ethernet and camera interfaces

e LCD-TFT display controller

e  Chrom-ART Accelerator™

e SPDIFRX interface

e HDMI-CEC

Advanced peripherals include two SDMMC interfaces, a flexible memory control (FMC)
interface, a Quad-SPI Flash memory interface, a camera interface for CMOS sensors and a
cryptographic acceleration cell. Refer to Table 2: STM32F777xx, STM32F778Ax and

STM32F779xx features and peripheral counts for the list of peripherals available on each
part number.

The STM32F777xx, STM32F778Ax and STM32F779xx devices operate in the —40 to
+105 °C temperature range from a 1.7 to 3.6 V power supply. Dedicated supply inputs for
USB (OTG_FS and OTG_HS) and SDMMC2 (clock, command and 4-bit data) are available
on all the packages except LQFP100 for a greater power supply choice.
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Pinouts and pin description

Figure 12. STM32F77xxx LQFP144 pinout
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1. The above figure shows the package top view.
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Table 10. STM32F777xx, STM32F778Ax and STM32F779xx pin and
ball definitions (continued)

Pin Number
STM32F778Ax 2
STM32F777xx STM32F779xx 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
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Table 12. STM32F777xx, STM32F778Ax and STM32F779xx 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 SPI/12S zsl'g'gl”ﬁlsz 2/SPI3/12 f,ﬁ'gf%' CAN1/2/T | ADSPIIS UART7/
Port 12C4/UA e | 12cii3) | 1ispianz | 25PI3I2 | syspier | ZUSART | iM12113/ | DMMC2D | 12c4/CAN | FMCISD | o
svs | RTsmM | Timziars | TILPTM | qusarT | saispizy | SYSAMT | usarTy | SUARTA 14quaD | Fspmtio | somm | mmcim | 2SMIL e | 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 /LCD
TIM4_C 12C1_SD DFSDM1 | USART1 12S4_SD DCMI_V EVEN
PB7 - - H2 - A - CKIN5 | _RX - - - A FMC_NL | "synG - TOUT
bas ~ |rcasc| TMac | Timto_c | 12c1_sc | DFsDM1 | UART5_ ] CAN1_R | SDMMC2 | ETH MIL_ | SDMMC | DCMID | | o gg | EVEN
L H3 H1 L CKIN7 | RX X D4 TXD3 D4 6 86 | TouT
o8o _ |i2sasp| TMa_c | Tmt1_cH | 12c1_sD | 12N | DFsDM1 [uARTs T| CAN1_T | SDMMC2 | 12C4_SM | SDMMC | DCMID | | ) g7 | EVEN
A H4 1 A 2% | _pATIN | X X D5 BA D5 7 -B7 | TouTt
SPI2_SC -
o810 ) TIM2_C ) ) 12c2_sC | SH12-5C | DFsDM1 | UsART3 ) QUADSP | OTG_HS_| ETH.MIL_| = | Lep oa | EVEN
H3 C 2R>~ | DATIN7 |~ _TX | BK1 N | ULP.D3 | RX_ER G4 TouT
cs
ETH_MIl_
TIM2_C 12C2_SD DFSDM1 | USART3 OTG_HS_ | TX_ENE EVEN
PB11 - H4 - - A - CKIN? RX - - ULPL_D4 | TH_RMII - DSI_TE | LCD_G5 | roy7
Port B - - _ _RMIL
TX_EN
SPI2_NS ETH_MIL_
oB12 ) TIM1_B ) ) 12c2_sM | S 12-0S | DFSDM1 | USART3 | UART5_ | CAN2_R | OTG_HS_| TXDOET |OTG HS| ) EVEN
KIN BA — | DATINT|  _cK RX X ULPLD5 |H RMILT| _ID TOUT
WS
XDO
SPI2_SC ETH_MIL_
PB13 ) TIM1_C ) ) ) S los>C | DFSDM1 | USARTS | UARTS_T | CAN2_T |OTG HS_ | TXD1/ET ) ) ) EVEN
HIN — | ckiNt | _cTs X X ULPL D6 | H_RMILT TOuT
cK |- - _ _RMIL
XD1
oB14 ] TIM1_C | TiMs_cH | USART1_ | sPi2_MI | DFSDM1 | USART3 | UART4_ | TIM12_C | SDMMC2 ] oTG_Hs| ] EVEN
H2N 2N X SO | DATIN2| _RTS RTS H1 DO DM TOUT
bgqs | RTC_RE | TIM1_C .| v _cH | usarri_ | SEIZM ToFspm ] UART4_ | TIM12_C | SDMMC2 ) oTG_Hs| ) EVEN
FIN H3N 3N RX 1252 _cKiNz CcTS H2 D1 P TOUT
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Table 12. STM32F777xx, STM32F778Ax and STM32F779xx 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
PG ) ) ~ |orsomi_| .| sPi3wi | usaRT3 | vaARTa_ | FUEDST ) ) SDMMC | DCMID | EVEN
DATAINS e “RX rRx | BEZ D3 4 TOUT
SPI3_M
pcip | TRACED | ) ) ) o Sast | usaRTs |uARTS T| ) ) SDMMC | DCMID | EVEN
3 e _CK X CK 9 TOUT
PoCl e | ] ] ] ] ] ] ] ] ] ] ] ] ] | Even
TOUT
EVEN
PC14 ; ; ; ; ; ; ; - ; ; ; ; ; ; S
EVEN
PC15 ; ; ; ; ; ; ; . ; ; ; ; ; ; S
DFSDM1
DFSDM1_ UART4_ | CAN1_R EVEN
PDO ; ; ; vl ; - |oATAN| - R M ; ; FMC D2| - - | EeEN
DFSDM1_ DFSDM1 UART4 T | CAN1_T EVEN
PD1 - - - DATAING - - " CKIN7 - X X - - FMC D3| - - TOUT
ppy |TRACED|  |TIM3_ET ] ] ] ] ] UARTS_ ] ] ] SDMMC | DCMILD | EVEN
2 R RX _CMD 11 TOUT
P03 ) ) _ |oesomi_|  |SEISC|DESDM | usarT2 | ) ) . |FmcoL|pemiD || oy o7 | EVEN
CKOUT - - CTs K 5 -G7 | touT
Port D
PD4 ] ] ] ] ] | DFsDM1 | UsART2 ] ] ] ] FMC_N ] ] EVEN
CKINO | _RTS OE TOUT
PD5 ] ] ] ] ] ] ] USART2 ] ] ] ] FMC_N ] ] EVEN
X WE TOUT
SPI3_M
P0G ) ) _ |orsomi_| [ SEEN IsAin_sD| usART2 ) . |DFsDM1_| sDMmC2 | FMC_N [ DEMID | | oo 5, | EVEN
CKIN4 A A “RX DATAINT | _CK | WAIT 10 B2 | out
SPI_M
oD7 ) ) . |orsomr_| | SEVSM I DFSDM1| USART2 | SPDIF R | ) SDMMC2 [FMC_NE| ) EVEN
DATAING 0251 ZckiNt | ek X0 “CMD 1 TOUT
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Table 12. STM32F777xx, STM32F778Ax and STM32F779xx alternate

function mapping (continued)

AF0 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 oy | 12612131 | 1isPi2nz | 23R8I | s3yspier | S1USERT | IM12113/ | DMMC2/D | 12C4/CAN | FMCISD | o

svs | RT5TM | Tm3iass | 11T | aiusaRT | sispis | S50 | usarTy | §DARTY | 14/quAD | Fspmiio | 3somm | mmcim | 2SI | cp | svs

112 eea | 1ICEC | 1283/sPI | 'FEMER | 2r3uART | STISIOL | SPUFMCY | TG2_HS/ | C2/ETH | DIOS/OT

aisie | RISDF | sipFspm | G- LCD | OTG1_FS G2_FS

1/SPDIF /LCD

12C2_SD EVEN
PFO ; ; ; ; % ; ; . ; ; ; ; FMC A0 | - S R
12C2_SC EVEN
PF1 ; ; ; ; 5 ; ; . ; ; ; ; FMC_AT ; - | oot
12C2_SM EVEN
PF2 ; ; ; ; 2 ; ; - ; ; ; ; FMC A2 | - N G
EVEN
PF3 - - - - - - - - - - - - FMC_A3| - S S
EVEN
PF4 ; ; ; ; ; ; ; - ; ; ; ; FMC A4 | - S R
EVEN
PF5 ; ; ; ; ; ; ; . ; ; ; - FMC A5 | - S R
PotF | ore ) ) | Tm10_c _ |sPisNS|SAI_sD| uART7_ | JUADSE ) ] ) ) | Bven
H1 s B R | BRI TOUT
bF7 ) ) | Tm11_cH ) SPI5_SC | SA_M _ |uarrr_| BURDSE ) ) ) ) ) EVEN
1 K CLK B X B TOUT
oFs ] ] ] ] ] SsPI5_MI [SAl_SC| UART7_ | TIM13_C | QUADSPI ] ] ] ] EVEN
SO KB RTS H1_ | _BK1_100 TOUT
oFo ] ] ] ] ] SPI5_M [SAI1FS| UART7_ | TIM14_C | QUADSPI ] ] ] ] EVEN
oS B cTS H1~ | _BK1 101 TOUT
QUADSP DCMI_D EVEN
PF10 - - - - - - - - - I_CLK - - - 11~ | LCDDE | 1507
PE11 ] ] ] ] ] SPI5_M ] ] ] ~ |smzsp | FMC_SD [DCMID | EVEN
osI B NRAS 12 TOUT
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Table 12. STM32F777xx, STM32F778Ax and STM32F779xx 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 SPI/12S g';'gl"ﬁlsz 2/SPI3/12 f,ﬁ'gf%' CAN1/2/T | ADSPIIS UART7/
Port 12C4/UA e | 12cii3) | 1ispianz | 25PI3I2 | syspier | ZUSART | iM12113/ | DMMC2D | 12c4/CAN | FMCISD | o
svs | RTsmM | Timziars | TILPTM | qusarT | saispizy | SYSAMT | usarTy | SUARTA 14quaD | Fspmtio | somm | mmcim | 2SMIL e | 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 /LCD
EVEN
PF12 ; ; ; ; ; ; ; - ; ; ; ; FMC_ A6 | - S
DFSDMH1
12C4_SM EVEN
PF13 ; ; ; ; o - |-oATAN| - ; ; ; ; FMC A7 | - - | 5N
Port F
12c4_SC DFSDMH1 EVEN
PF14 - - - - L - _CKING - - - - - FMC_A8| - - TOUT
12C4_SD EVEN
PF15 ; ; ; ; N ; ; . ; ; ; ; FMC A9 | - S
FMC_A1 EVEN
PGO - - - - - - - - - - - - 0 - - | Tout
FMC_A1 EVEN
PG1 - - - - - - - - - - - - 1 - - | Tout
FMC_A1 EVEN
PG2 - - - - - - - - - - - - 2 - - | Tout
FMC_A1 EVEN
PG3 - - - - - - - - - - - - 3 - - | TouT
Port G FMC_A1
PG4 ; ; ; ; ; ; ; - ; ; ; ; 4IFNIC_ ; ; EVEN
BAO
FMC_A1
PG5 ; ; ; ; ; ; ; . ; ; ; ; 5FMC_ | - S
BA1
FMC_NE | DCMI_D EVEN
PG6 ; ; ; ; ; ; ; i ; ; ; ; 5 WP | eo_rr | SYEN
. ] ] ] ] ] ] SAI1_M ] USART6 ] ] ] FMC_IN | DcMI D | LcD_cL | EVEN
CLK A K T 13 K | TouT

uonduosap uid pue synouid
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Electrical characteristics
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Figure 25. STM32F767xx/STM32F777xx power supply scheme
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To connect BYPASS_REG and PDR_ON pins, refer to Section 2.18: Power supply supervisor and

Section 2.19: Voltage regulator.

The two 2.2 yF ceramic capacitors should be replaced by two 100 nF decoupling capacitors when the

voltage regulator is OFF.

The 4.7 yF ceramic capacitor must be connected to one of the Vpp pin.

Vppa=Vpp and Vssa=Vss.

DoclD028294 Rev 4
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Electrical characteristics

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_CR?2 register), add an additional power consumption of 1.73 mA per ADC

for the analog part.

4. Guaranteed by test in production.

Table 25. Typical and maximum current consumption in Run mode, code with data processing
running from Flash memory (Single bank mode, ART ON except prefetch / L1-cache ON)
or SRAM on AXI (L1-cache ON), regulator ON

Max(")
Symbol| Parameter Conditions fhoLk (MHz) Typ Unit
Tpo=25°C|Tp=85°C|Tp=105°C

216 190 219 255 -
200 177 205 241 268
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 56

should be considered.

for the analog part.

3

Guaranteed by characterization results.

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

DoclD028294 Rev 4

When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of 1.73 mA per ADC
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Figure 29. Low-speed external clock source AC timing diagram

f
External LSE_ext |
clock source OSC32_IN L

S = STM32F

ai17529

High-speed external clock generated from a crystal/ceramic resonator

The high-speed external (HSE) clock can be supplied with a 4 to 26 MHz crystal/ceramic
resonator oscillator. All the information given in this paragraph are based on
characterization results obtained with typical external components specified in Table 43. In
the application, the resonator and the load capacitors have to be placed as close as
possible to the oscillator pins in order to minimize output distortion and startup stabilization
time. Refer to the crystal resonator manufacturer for more details on the resonator
characteristics (frequency, package, accuracy).

Table 43. HSE 4-26 MHz oscillator characteristics(!

Symbol Parameter Conditions Min | Typ | Max | Unit
fosc IN Oscillator frequency 4 - 26 | MHz
Rg Feedback resistor - 200 - kQ
VDD=3.3 V,
ESR= 30 Q, - 450 -
C_ =5 pF@25 MHz
Ibp HSE current consumption MA
VDD=3'3 V,
ESR= 30 Q, - 530 -
C_ =10 pF@25 MHz
ACChge®@ | HSE accuracy -500| - 500 | ppm
G,,_crit_max | Maximum critical crystal g, Startup - - 1 mA/N
tSU(HSE(3) Startup time Vpp is stabilized - 2 - ms

Guaranteed by design.

2. This parameter depends on the crystal used in the application. The minimum and maximum values must
be respected to comply with USB standard specifications.

3. tsy(Hsk) is the startup time measured from the moment it is enabled (by software) to a stabilized 8 MHz

oscillation is reached. This value is guaranteed by characterization results. It is measured for a standard
crystal resonator and it can vary significantly with the crystal manufacturer.
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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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Table 48. PLLI2S characteristics

Symbol Parameter Conditions Min Typ Max Unit
foLLi2s IN PLLI2S input clock(") - 0.95() 1 2.10
f PLLI2S multiplier output clock for ) ) ) 216
PLLI2SP_OUT SPDIFRX
PLLI2S multiplier output clock for
feLLizsQ_ouT |gp) P P - - - 216 MHz
PLLI2S multiplier output clock for
feLLI2SR ouT - - - 216
12S
fVCO_OUT PLLI2S VCO output - 100 - 432
VCO freq = 192 MHz 75 - 200
tLock PLLI2S lock time ps
VCO freq = 432 MHz 100 - 300
Cycle to cycle at RMS B 90 B
12.288 MHz on peak
48KHz period, to _ +280 _ ps
N=432, R=5 peak
Master 12S clock jitter
L (3) Average frequency of
Jitter 12.288 MHz
N=432,R=5 ) 9 ) ps
on 1000 samples
.. Cycle to cycle at 48 KHz
WS 128 clock jitter - 400 - S
I on 1000 samples P
4) |PLLI2S power consumption on VCO freq = 192 MHz 0.15 0.40
IbD(PLLI2S) Vv _ - mA
DD VCO freq = 432 MHz 0.45 0.75
4) | PLLI2S power consumption on VCO freq = 192 MHz 0.30 0.40
IbpAPLLIZS) |y _ - mA
DDA VCO freq = 432 MHz 0.55 0.85
1. Take care of using the appropriate division factor M to have the specified PLL input clock values.
2. Guaranteed by design.
3. Value given with main PLL running.
4. Guaranteed by characterization results.
Table 49. PLLISAI characteristics
Symbol Parameter Conditions Min Typ Max Unit
feLLSAL IN PLLSAI input clock(") - 0.95() 1 2.10
PLLSAI multiplier output clock
fRLLSAIP_OUT |for 48 MHzZ - - 48 75
PLLSAI multiplier output clock
fPLLSAIQ_OUT |for SA P P - - - 216 | MHz
" PLLSAI multiplier output clock ) ) ) 216
PLLSAIR_OUT for LCD-TFT
fyco_out PLLSAI VCO output - 100 - 432
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Figure 36. MIPI D-PHY HS/LP clock lane transition timing diagram
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Figure 37. MIPI D-PHY HS/LP data lane transition timing diagram
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MIPI D-PHY PLL characteristics

The parameters given in Table 53 are derived from tests performed under temperature and
Vpp supply voltage conditions summarized in Table 17.

Table 53. DSI-PLL characteristics(?)

Symbol Parameter Conditions Min | Typ | Max | Unit
fpL N | PLL input clock - 4 - 100
fPLL INFIN PFD input clock - 4 - 25
= MHz
prL_OUT PLL multiplier output clock - 31.25 - 500
fyco_out | PLL VCO output - 500 - | 1000
tLOCK PLL lock time - - - 200 us
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Table 64. I/O current injection susceptibilitym

Functional susceptibility
Symbol Description Negative Positive Unit
injection injection
Injected current on BOOTO, DSI_DOP, DSI_DON, DSI_D1P, o 0
DSI_D1N, DSI_CKP, DSI_CKN pin
Injected current on NRST pin -0 NA
hing Injected current on PCO, PC2, PH1_OSCOUT pins -0 NA mA
Injected current on any other FT pin -5 NA
Injected current on any other pins -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/0 port characteristics

General input/output characteristics

Unless otherwise specified, the parameters given in Table 65: I/O static characteristics are
derived from tests performed under the conditions summarized in Table 17. All I/Os are
CMOS and TTL compliant.

Table 65. 1/0 static characteristics

Symbol Parameter Conditions Min Typ Max Unit
i 0.35Vpp=0.04("
FT, TTa and NRST 1/O input 1.7 V< Vpp< 3.6 V ) ) DD
low level voltage 0.3Vpp?
Vi 1.75 V< Vpp 3.6 V- ) ) Vv
BOOT 1/O input low level 40°C<Tp<105°C 0.4V t0.4(
voltage 17 V<Vpp<36V, ] ] R
0°C<To<105°C
i 0.45Vpp+0.3()
Figh love voltage® | 17VsVops3Y — Bt - -
g g 0.7Vpp
Vi 1.75 \és Vpp <3.6 V,— Vv
i ; 40 °C<Tp<105°C
BOOT I/O input high level A 0-17VDD+0-7(1) _ _
voltage 1.7 V<Vpp<3.6V,
0°C<To<105°C
FT, TTa and NRST /O input o 3) _ _
hysteresis 1.7 V<Vpp< 3.6 V 10%Vpp
v 1.75 V< Vpp <3.6 V,— v
HYS 40 °C<Tp<105°C
BOOT I/O input hysteresis 0.1 - -
1.7 V<Vpp<3.6V,
0°C<To<105°C
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General PCB design guidelines

Power supply decoupling should be performed as shown in Figure 43 or Figure 44,
depending on whether Vreg, is connected to Vppp or not. The 10 nF capacitors should be
ceramic (good quality). They should be placed them as close as possible to the chip.

Figure 43. Power supply and reference decoupling (Vggg+ not connected to Vppp)

STM32F
t ] vrer: @
4 ' L:l *
1
1
1
1
1
1
1
1
—— 1
1 uF// 10 nF —_— '
1
—.—[:l VDDA
1 uF // 10 nF
@ L [:l Vssa/Vrer+

ai17535b

1. Vger+ inputis available on all package whereas the Vggg_ s available only on UFBGA176 and TFBGA216.
When Vggg. is not available, it isinternally connected to Vppp and Vgga.

Figure 44. Power supply and reference decoupling (Vggg+ connected to Vppa)
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1. VReg+ input is available on all package whereas the Vggg_ s available only on UFBGA176 and TFBGA216.
When Vggg. is not available, it isinternally connected to Vppp and Vgga.

DoclD028294 Rev 4 ‘Yl




STM32F777xx STM32F778Ax STM32F779xx Electrical characteristics

Table 103. Asynchronous non-multiplexed SRAM/PSRAM/NOR write - NWAIT

timingsm
Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 8Thek — 1 8Thek + 1
tW(NWE) FMC_NWE low time 6THek = 1.5 | 6THok + 0.5

ns
tSU(NWA|T_NE) FMC_NWA'T valid before FMC_NEX hlgh 6THCLK -1 -

FMC_NEx hold time after FMC_NWAIT
invalid

th(NE_NWAIT) AThok + 2 -

1. Guaranteed by characterization results.

Figure 63. Asynchronous multiplexed PSRAM/NOR read waveforms
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Figure 66. Synchronous multiplexed PSRAM write timings
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Table 111. Synchronous non-multiplexed PSRAM write timings“)

Symbol Parameter Min Max Unit
tcLk) FMC_CLK period 2Thek — 0.5 -
tycLkL-NExt) | FMC_CLK low to FMC_NEX low (x=0..2) - 2
tcLkH-NExH) | FMC_CLK high to FMC_NEx high (x=0...2) Thok + 0.5 -
tacLkL-NapvL) | FMC_CLK low to FMC_NADV low - 0.5
ty(cLkL-NADVH) | FMC_CLK low to FMC_NADV high 0 -
tayckr-av) | FMC_CLK low to FMC_Ax valid (x=16...25) - 25
tycLkn-alv) | FMC_CLK high to FMC_Ax invalid (x=16...25) Thelk - .
tacLkL-nweL) | FMC_CLK low to FMC_NWE low - 1.5
ta(cLkH-NweH) | FMC_CLK high to FMC_NWE high Thok + 1 -
tacLkL-Data) | FMC_D[15:0] valid data after FMC_CLK low - 3.5
tacLkL-nBLL) |FMC_CLK low to FMC_NBL low - 2
tycLkn-NBLH) | FMC_CLK high to FMC_NBL high Thok 1 -
tsu(nwaIT-cLKH) | FMC_NWAIT valid before FMC_CLK high 2 -
th(cLkH-NwaIT) | FMC_NWAIT valid after FMC_CLK high 3.5 -

1. Guaranteed by characterization results.

NAND controller waveforms and timings

Figure 69 through Figure 72 represent synchronous waveforms, and Table 112 and

Table 113 provide the corresponding timings. The results shown in this table are obtained
with the following FMC configuration:

e COM.FMC_SetupTime = 0x01;

e COM.FMC_WaitSetupTime = 0x03;

e COM.FMC_HoldSetupTime = 0x02;

e COM.FMC_HiZSetupTime = 0x01;

e ATT.FMC_SetupTime = 0x01;

e ATT.FMC_WaitSetupTime = 0x03;

e ATT.FMC_HoldSetupTime = 0x02;

e ATT.FMC_HiZSetupTime = 0x01;

e Bank =FMC_Bank_NAND;

e  MemoryDataWidth = FMC_MemoryDataWidth_16b;
e ECC=FMC_ECC_Enable;

e ECCPageSize = FMC_ECCPageSize 512Bytes;
e TCLRSetupTime = 0;

e TARSetupTime = 0.

In all timing tables, the Ty k is the HCLK clock period.
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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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7 Ordering information

Table 136. Ordering information scheme
Example: STM32 F 77x V. G T 6 xxx

Device family
STM32 = ARM-based 32-bit microcontroller

Product type

F = general-purpose

Device subfamily

777=STM32F777xx, USB OTG FS/HS, camera interface,

Ethernet, LCD-TFT, cryptographic acceleration

778 = STM32F778Ax, USB OTG FS/HS, camera interface,

DSI host, WLCSP with internal regulator OFF, cryptographic acceleration
779= STM32F779xx, USB OTG FS/HS, camera interface,

Ethernet, DSI host, cryptographic acceleration

Pin count
V =100 pins
Z =144 pins
| =176 pins
A =180 pins
B =208 pins
N =216 pins

Flash memory size
G = 1024 Kbytes of Flash memory
| = 2048 Kbytes of Flash memory

Package
T=LQFP
K= UFBGA
H=TFBGA
Y = WLCSP

Temperature range

6 = Industrial temperature range, —40 to 85 °C.
7 = Industrial temperature range, —40 to 105 °C.

Options

XXX = programmed parts

TR = tape and reel

For a list of available options (speed, package, etc.) or for further information on any aspect
of this device, please contact your nearest ST sales office.
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