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1256+16+4KB RAM, USB OTG HS/FS, 18 TIMs, 3 ADCs, 21 com IF

Features

April 2018

Core: Arm® 32-bit Cortex®-M7 CPU with FPU,
adaptive real-time accelerator (ART
Accelerator™) and L1-cache: 8 Kbytes of data
cache and 8 Kbytes of instruction cache,
allowing O-wait state execution from embedded
Flash memory and external memories,
frequency up to 216 MHz, MPU,

462 DMIPS/2.14 DMIPS/MHz (Dhrystone 2.1)
and DSP instructions.

Memories

— Up to 512 Kbytes of Flash memory with
protection mechanisms (read and write
protections, proprietary code readout
protection (PCROP))

— 528 bytes of OTP memory

— SRAM: 256 Kbytes (including 64 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)

— Flexible external memory controller with up
to 32-bit data bus: SRAM, PSRAM,
SDRAM/LPSDR SDRAM, NOR/NAND
memories

Dual mode Quad-SPI

Clock, reset and supply management

— 1.7 V to 3.6 V application supply and I/Os
— POR, PDR, PVD and BOR

— Dedicated USB power

— 4-to-26 MHz crystal oscillator

— Internal 16 MHz factory-trimmed RC (1%
accuracy)

— 32 kHz oscillator for RTC with calibration
— Internal 32 kHz RC with calibration

Low-power
— Sleep, Stop and Standby modes

Datasheet - production data

LQFP64 (10 x 10 mm)  UFBGA144 (7 x 7 mm)
LQFP100 (14 x 14 mm)

LQFP144 (20 x 20 mm)
LQFP176 (24 x 24 mm)

-

S|

WLCSP100
0.4 mm pitch)

UFBGA176 (10 x 10 mm)

— Vpat supply for RTC, 32x32 bit backup
registers + 4 Kbytes of backup SRAM

3x12-bit, 2.4 MSPS ADC: up to 24 channels
and 7.2 MSPS in triple interleaved mode

2x12-bit D/A converters

Up to 18 timers: up to thirteen 16-bit (1x low-
power 16-bit timer available in Stop mode) and
two 32-bit timers, each with up to 4
IC/OC/PWNMs or pulse counter and quadrature
(incremental) encoder inputs. All 15 timers
running up to 216 MHz. 2x watchdogs, SysTick
timer

General-purpose DMA: 16-stream DMA
controller with FIFOs and burst support
Debug mode

— SWD & JTAG interfaces

— Cortex®-M7 Trace Macrocell™

Up to 140 1/O ports with interrupt capability
— Up to 136 fast 1/0Os up to 108 MHz
— Upto 138 5 V-tolerant I/0Os

Up to 21 communication interfaces

— Upto 3x 12C interfaces (SMBus/PMBus)

— Up to 4 USARTs/4 UARTSs (27 Mbit/s,
ISO7816 interface, LIN, IrDA, modem
control)

— Upto 5 SPIs (up to 54 Mbit/s), 3 with
muxed simplex 12Ss for audio class
accuracy via internal audio PLL or external
clock

— 2 x SAls (serial audio interface)
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— 1 x CAN (2.0B active) o AES: 128/256-bit key encryption hardware

— 2xSDMMCs accelerator

True random number generator
e Advanced connectivity * g

— USB 2.0 full-speed device/host/OTG * CRC calculation unit
controller with on-chip PHY e RTC: subsecond accuracy, hardware calendar
— USB 2.0 high-speed/full-speed e 96-bit unique ID

device/host/OTG controller with dedicated
DMA, on-chip full-speed PHY and on-chip
Hi-speed PHY or ULPI depending on the

part number
Table 1. Device summary
Reference Part number
STM32F732xx STM32F732IE, STM32F732ZE, STM32F732VE, STM32F732RE
STM32F733xx STM32F733IE, STM32F733ZE, STM32F733VE
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1 Introduction

This datasheet provides the ordering information and mechanical device characteristics of
the STM32F722xx and STM32F723xx microcontrollers.

This document should be ready in conjunction with the STM32F72xxx and STM32F73xxx
advanced Arm®-based 32-bit MCUs reference manual (RM0431). The reference manual is
available from the STMicroelectronics website www.st.com.

For information on the Arm®@) Cortex®-M7 core, refer to the Cortex®-M7 technical
reference manual available from the http://www.arm.com website.

CERTIFIED arm

a. Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.
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Description

The STM32F732xx and STM32F733xx 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 single floating point unit (SFPU) precision which supports Arm® 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 STM32F732xx and STM32F733xx devices incorporate high-speed embedded
memories with a Flash memory up to 512 Kbytes, 256 Kbytes of SRAM (including

64 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 1/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, thirteen general-
purpose 16-bit timers including two PWM timers for motor control, two general-purpose 32-
bit timers, a true random number generator (RNG). They also feature standard and
advanced communication interfaces.

e Uptothree I°Cs

e Five SPIs, three I2Ss in half duplex mode. To achieve the 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 in the STM32F732xx devices and with the integrated HS PHY in the
STM32F733xx devices)

e One CAN

e  Two SAl serial audio interfaces

e  Two SDMMC host interfaces

Advanced peripherals include two SDMMC interfaces, a flexible memory control (FMC)
interface, a Quad-SPI Flash memory interface.

The STM32F732xx and STM32F733xx devices operate in the —40 to +105 °C temperature
range from a 1.7 to 3.6 V power supply. Dedicated supply inputs for the USB (OTG_FS and
OTG_HS) and the SDMMC2 (clock, command and 4-bit data) are available on all the
packages except LQFP100 and LQFP64 for a greater power supply choice.

The supply voltage can drop to 1.7 V with the use of an external power supply supervisor. A
comprehensive set of power-saving mode allows the design of low-power applications.

The STM32F732xx and STM32F733xx devices offer devices in 7 packages ranging from 64
pins to 176 pins. The set of included peripherals changes with the device chosen.

3
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These features make the STM32F732xx and STM32F733xx microcontrollers suitable for a
wide range of applications:

e  Motor drive and application control,

e Medical equipment,

e Industrial applications: PLC, inverters, circuit breakers,
e  Printers, and scanners,
e Alarm systems, video intercom, and HVAC,
e Home audio appliances,
¢ Mobile applications, Internet of Things,
e Wearable devices: smartwatches.

The following table lists the peripherals available on each part number.

Table 2. STM32F732xx and STM32F733xx features and peripheral counts

Peripherals STM32F73xRx STM32F73xVx STM32F73xZx STM32F73xIx
Flash memory in Kbytes 256 512 256 512 256 512 256 512
System 256(176+16+64)
SRAM in Kbytes Instruction 16
Backup 4
FMC memory controller No Yes(")
Quad-SPI Yes
General-purpose 10
Advanced-control 2
Timers
Basic 2
Low-power No ‘ 1
Random number generator Yes
SPI/12S 3/3 (simplex)® ‘ 4/3 (simplex)(®) 5/3 (simplex)®
1’C 3
USART/UART 4/2 ‘ 4/4
USB OTG FS Yes
USB OTG HS® Yes
Qommunication
interfaces goSrErocl)ﬂe—(r;(Egl\B(PHHSYC) No Yes(0
CAN 1
SAI 2
SDMMC1 Yes
SDMMC2 No Yes®)6)
AES Yes
GPIOs 50 82 !n STM32F732xx | 114 @n STM32F732xx | 140 @n STM32F732xx
79 in STM32F733xx | 112in STM32F733xx | 138 in STM32F733xx
12-bit ADC 3
Number of channels 16 24
12-bit DAC Yes
Number of channels 2

S74
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Table 2. STM32F732xx and STM32F733xx features and peripheral counts (continued)

Peripherals STM32F73xRx STM32F73xVx STM32F73xZx STM32F73xIx
Maximum CPU frequency 216 MHz(")
Operating voltage 1.7t03.6 V®
Ambient temperatures: —40 to +85 °C /—40 to +105 °C
Operating temperatures
Junction temperature: —40 to + 125 °C
LQFP100®)
©) (10) LQFP144 UFBGA176
Package LQFP64 WLCSP100 UFBGA144(10) LQFP176

8.
9.

For the LQFP100 package, only FMC Bank1 is available. Bank1 can only support a multiplexed NOR/PSRAM memory
using the NE1 Chip Select.

On the STM32F733xx device packages, except the 176-pin ones, the TIM12 is not available, so there are 9 general-
purpose timers.

The SPI1, SPI2 and SPI3 interfaces give the flexibility to work in an exclusive way in either the SPI mode or the 12S audio
mode.

USB OTG HS with the ULPI in the STM32F732xx devices and with integrated HS PHY in the STM32F733xx devices.

The SDMMC2 supports a dedicated power rail for clock, command and data 0..4 lines, feature available starting from 144
pin package.

The SDMMC?2 is not available on the STM32F733Vx devices.

216 MHz maximum frequency for - 40°C to + 85°C ambient temperature range (200 MHz maximum frequency for - 40°C to
+ 105°C ambient temperature range).

Vpp/Vppa minimum value of 1.7 V is obtained when the internal reset is OFF (refer to Section 3.15.2: Internal reset OFF).

Available only on the STM32F732xx devices.

10. Available only on the STM32F733xx devices.

16/227
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2.1

3

Full compatibility throughout the family

The STM32F732xx devices are fully pin-to-pin, compatible with the STM32F7x5xx,
STM32F7x6xx, STM32F7x7xx devices.

The STM32F732xx devices are fully pin-to-pin, compatible with the STM32F4xxxx devices,
allowing the user to try different peripherals, and reaching higher performances (higher
frequency) for a greater degree of freedom during the development cycle.

Figure 1 and Figure 2 give compatible board designs between the STM32F732xx and
STM32F4xx families.

Figure 1. Compatible board design for LQFP100 package

STM32F427xx /| STM32F437xx
STM32F429xx / STM32F439xx
STM32F415xx / STM32F417xx
PC3 {18 STM32F405xx / STM32F407xx
vDD 19
VSSA []20
VREF+ [ 21
VDDA [ 22
PAO-WKUP 23
PA1 24
PA2 25
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
UUHUUUUUUUUUUUUUUHHHHHUUU
[ ] T © © N X O T 0N o oo - =« 23 © 2 - g oa
< » QO [as] —
T2SirideRRER YRR ERE P ERGS
PC3 18 STM32F73xxx
VSSA 19
VREF+ ] 20
VDDA O} 21
PAO-WKUP & 22 [ Pins 19 to 49 are not compatible
PA1 23
PA2 24
PA3 25
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
00000 oroooDooor0o o oooDoooDoOoDoOouO
mﬂﬁ'm@,\vmorwr\wme\‘zﬁﬁf—rﬁex‘:gmn
» Qo
?gE(EEEEEEEEEEEEEEEEEEEEE§>>
MSv41002V2
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Figure 2. Compatible board design for LQFP64 package

Sr-rfwes Nr-Qwy
PEEEE PREEE
53 52 51 50
VDD VDD VDD VDD
VCAP_2 Vss
PA13 PA13
PA12 PA12
PA11 PA11
PA10 PA10
B e 7 =
STM32F405/
. PC9 STM32F4x1 PC9
STM32F415 line o8 390 pPc8
PC7 380 PC7
pce PB11 not availabl 371 Pee
PB15 not available anymore 36 PB15
PB14 Replaced by Vcap 1 350 PB14
PB13 340 PB13
PB12 33H PB12
282930 3132
NS «~ TN NS ~»mAa
me .8 o 138
RRes eRx>>
Q o
> >
Vcap increased to 4.7 pf
ESR 1 ohm or below 1 ohm\;
VvsSS VDD
VSS VDD
© < © N N T ow <«
Sooe s
PERRERaRE A
oo aQmn
57 56 55 54 53 52 51 50 49
48 VDD VDD
47 A VSS
46 [ PA13
45 [ PA12
44 1 PA1I1
43 |3 PA10
42 pPag VSS
STM32F732xx 41 [A PA8
40 B PCO
39 [ PC8
38 [ PC7
37 I PC6
PC5 not available anymore 36 [ PB15
Replaced by Vepp 1 35 [ PB14
34 @ PB13
33 @ PB12
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
mU)Dvmwy\"‘SEES:‘_IV’D
&22&&&&81&&55%‘99
o
7 Not compatible STM32F732xx pins with either
STM32F4x1 or STM32F405/F415 or both
Vcap increased to 4.7 pf
ESR between 0.1 ohm and 0.2 ohm
VSS VDD
MSv42019V1

The STM32F732xx LQFP144, UFBGA176 and LQFP176 packages are fully pin to pin
compatible with the STM32F4xx devices.
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2.2 STM32F733xx versus STM32F732xx LQFP144/LQFP176

packages:

Figure 3. Compatible board design for LQFP144 package

931 PG8
9201 PG7
910 PG6
901 PG5
8911 PG4
881 PG3
870 PG2
86[1 PD15
851 PD14
841 VDD
831 VsSs
821 PD13
811 PD12
801 PD11
STM32F732xx 790 PD10
78(1 PD9
770 PD8
761 PB15
751 PB14
740 PB13
730 PB12

STM32F733xx

1 Not compatible pins

PGS
PG5
PG4
PG3
PG2
PD15
PD14
VDD
vss
PD13
PD12
PD11
PD10
PD9
PD8
PB15
PB14
VDD120TGHS
OTG_HS_REXT
PB13
PB12

PG6, PG7 removed on the STM32F733xx

MSv42021V1

Figure 4. Compatible board design for LQFP176 package

112 A PG8 112 1 pGs
111 0 PG7 111 O PG5
1100 PG6 110 [0 PG4
1091 PG5 109 11 PG3
1081 PG4 108 1 PG2
1070 PG3 107 [0 PD15
1061 PG2 106 1 PD14
1051 PD15 105 0 vDD
104 [0 PD14 104 0 vss
10330 vDD 103 1 PD13
1020 vSS 102 1 PD12
1010 PD13 101 0 PD11
1001 PD12 100 0 PD10
9901 PD11 9911 PD9
981 PD10 98 11 PD8
9701 PD9 971 PB15
961 PD8 961 PB14
STM32F732xx 95[1 PB15 STM32F733xx 951 VDD120TGHS
941 PB14 941 OTG_HS_REXT
930 PB13 930 PB13
o2h1 PB12 92[1 PB12
91A vDD 9111 VDD
901 vss 901 vss
891 PH12 89 PH12
88 88
—— ——
i % PG6, PG7 removed on the STM32F733xx
& [ Not compatible pins =
MSV42074V1
Figure 5 shows the general block diagram of the device family.
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Figure 5. STM32F732xx and STM32F733xx block diagram
JTRST, JTDI, JTAG &SW | MPU FPU
JTCK/SWCLK
ETM
JTDO/SWD, JTDQ l NVICDTC <[ DTCMRAMGIKE
TRACECK ARM CPU ICT™ ITCM RAM 16KB
TRACED[3:0) Cortex-M7 o aesias
I-Cache | AXIM ACCEL [y
FLASH 512KB
5 (o] s srera | -
216MHz | D-Cache| AHBPK— \Bd
¥ | ey 2]
— P
=R | o uss z C::)E& SDA, INT, ID, VBUS
2 <:>| SRAM?2 16KB | “| oters | » SDA,INT. ID.
@] oo 2] CLK, NE [3:0], A[23:0],
USB HS - EBZ 216 D[31:0], NOEN, NWEN,
x NBL(3:0], SDCLKE[1:0]
PHY BGR 4 EXT MEM CTL (FMC) s :
£ [<<>|  srRAM, SDRAM, NOR-Flash, NONELO] S, NL
= NAND-Flash, SDRAM NWAIT, INTN'
>| USBOTGHS & ;
DP, DM :> T DMA/ 2 <::>| Quad-SPI [cLK, cspi70)
ULPI:CK, D[7:0], DIR, STP, NXT @ FIFO |<——) 2 AHB1 216 MH @VDDA
SCL/SDA, INT, ID, VBU, < 2 POR, [ supPLY
resefy | SUPERVISION
POR/PDR
GPDMA2 (8 S"gfg"g% Int o BOR <::>|YDDA. VSSA
@voDA PVD NRESET
cpomA1  |® S"g,ﬂgg% — WKUP[4:0]
| S Voo, 20— | [VDDMMC33 = 301036
PAL15:0] —1f_Rrcts | %{B8gen VDDUSB33 =3.010 3.6 V
- GPIO PORTA |z VDD =1.8103.6V
PB[15:0] <__ > GPIO PORT B e
perso) <[ epioporTC @VDD33
[ xtacosc |] :‘/'\ OSC_IN
Po[15:0] <> GPIO PORT D ESC,OUT
0 S P ]
PENS0] GPIO PORTE Reset & control
pr15:0] <> GPIO PORT F T = / VBAT=1.8103.6V
Pa15:0] > GPIO PORT G MMEERE @VSW [ ESCSZ N
Sos<caa XTAL 32 kHz X
PHI15:0] "> GPIo PORTH P255d8 ke @ | ¥ 95Cs2.0UT
EEEES RTC RTC_TS
10l GPIO PORT | %) Backup register 218—85¥PX
- CRC =~ 4 KB BKPRAM -
168 AR > EXTIT.WKUP  [K=>
D[7:0] o] TIM2 32b 4 channels, ETR as AF
CMD, CK asA_Fl - SDMMC1 £ <=
1
D70} SDMMC2 E TIM3 6b 4 channels, ETR as AF
[T
CMD, CK as A GPDMA2 j L GPDMAT TIM4  16b 4 channels, ETR as AF
4 compl. chan. (TIM1_CH1[1:4]N),
4 chan. (TIM1_CH1[1:4JETR, BKIN as AFS—)) TIM1/PWM 16 <= AHBIAPB2 ﬁggq TIM5  32b 4 channels
4 compl. chan.(TIM8_CH1[1:4]N,
4 chan. (TIMB. CH1[1-4], ETR, BKIN as AN— TIM8/PWM 160 |<—> Mz 160 2 channels as AF
2 channels as AF TIM9 16b |<=> < >
TIMI3  16b 1 channel as AF
1 channel as AF TIM10 16b [ cnannelas
1 channel as AF TIM11 16b <:::>¥ TIM14 16b 1 channel as AF
£
RX, TX, SCK, smcard N smcard RX, TX, SCK
CTS, RTS as AF DA USART <:>§ USART2 irpa CTS, RTS as AF
RX, TX, SCK, 'smcard o WWDG <> smcard RX, TX, SCK
CTS, RTS as AF DA USARTE <= = USARTS ipa CTS, RTS as AF
MOSI, MISO, S K= UART4 RX, TX as AF
SCK, NSS as AF % LPTIM1 16b [y = UART5 RX, TX as AF
MOSI, MISO, =
SCK, NSS as AF é K= UART7 RX, TX as AF
MOSI, MISO, \,j<:=:> UARTS RX, TX as AF
SCK, NSS as AF - Tive  1eb [|Z SPI252 MOSI, MISO, SCK
SD, SCK, FS, MCLK as AF SAI1 |<—1 K| 3 NSS as AF
5 TIM7 16b — K= SPI3/1283 MOSI, MISO, SCK
SD, SCK, FS, MCLK as AF SAI2 Z|<=] o — NSS as AF
LK=Y  cusmBUS | SCL, SDA, SMBAL as AF
ULPI:CK, D[7:0], DIR, STP, NXT OTG Hs PHY () K= 12c2/sMBUS g SCL, SDA, SMBAL as AF
SCL, SDA, INT, ID, VBUS CONTROLLER k= casweus |2 SCL, SDA, SMBAL as AF
VDDA
VDDREF_ADC Temperature sensor bxCAN1 2 X, RX
8 analog inputs common L :
o the 3 ADCs ADC1 <=1 @VDDA
8 analog inputs common ADC2 DACH1
to the ADC1 & 2 IF <=
8 analog inputs for ADC3 ADC3 <=1 DAC2
v v
DAC1 DAC2
asAF asAF
MSv41003V3

1.

The timers connected to APB2 are clocked from TIMxCLK up to 216 MHz, while the timers connected to APB1 are clocked

from TIMxCLK either up to 108 MHz or 216 MHz depending on TIMPRE bit configuration in the RCC_DCKCFGR register.
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2. Available only on the STM32F733xx devices.

3.1

Note:

3.2

3

Functional overview

Arm® Cortex®-M7 with FPU

The Arm® Cortex®-M7 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 low interrupt latency.
The Cortex®-M7 processor is a highly efficient high-performance featuring:

—  Six-stage dual-issue pipeline

—  Dynamic branch prediction

— Harvard caches (8 Kbytes of I-cache and 8 Kbytes of D-cache)

—  64-bit AX14 interface

—  64-bit ITCM interface

—  2x32-bit DTCM interfaces

The processor supports the following memory interfaces:

e  Tightly Coupled Memory (TCM) interface.

e Harvard instruction and data caches and AXI master (AXIM) interface.
e Dedicated low-latency AHB-Lite peripheral (AHBP) interface.

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

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

Figure 5 shows the general block diagram of the STM32F732xx and STM32F733xx family.
Cortex®-M7 with FPU core is binary compatible with the Cortex®-M4 core.

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 