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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,
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range of applications.

Applications of "Embedded -
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Active
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180MHz

CANbus, EBI/EMI, Ethernet, I2C, IrDA, LINbus, SPI, UART/USART, USB OTG
Brown-out Detect/Reset, DMA, IS, LCD, POR, PWM, WDT
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FLASH

256K x 8

1.8V ~ 3.6V

A/D 16x12b; D/A 2x12b

Internal
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STM32F437xx and STM32F439xx Introduction

1 Introduction

This datasheet provides the description of the STM32F437xx and STM32F439xx line of
microcontrollers. For more details on the whole STMicroelectronics STM32 family, please
refer to Section 2.1: Full compatibility throughout the family.

The STM32F437xx and STM32F439xx datasheet should be read in conjunction with the
STM32F4xx reference manual.

For information on the Cortex®-M4 core, please refer to the Cortex®-M4 programming
manual (PM0214), available from www.st.com.
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STM32F437xx and STM32F439xx Functional overview

3.21

Note:

3.22

3

VgaT Operation

The Vgat pin allows to power the device Vgat domain from an external battery, an external
supercapacitor, or from Vpp when no external battery and an external supercapacitor are
present.

VpgaT Operation is activated when Vpp is not present.
The Vgat pin supplies the RTC, the backup registers and the backup SRAM.

When the microcontroller is supplied from Vg, external interrupts and RTC alarm/events
do not exit it from Vg,r operation.

When PDR_ON pin is not connected to Vpp (Internal Reset OFF), the Vgat functionality is
no more available and Vgar pin should be connected to VDD.

Timers and watchdogs

The devices include two advanced-control timers, eight general-purpose timers, two basic
timers and two watchdog timers.

All timer counters can be frozen in debug mode.

Table 6 compares the features of the advanced-control, general-purpose and basic timers.
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STM32F437xx and STM32F439xx Functional overview

3.42

3.43

3

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.

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
STM32F43x 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.

DoclD024244 Rev 10 43/240




Pinouts and pin description STM32F437xx and STM32F439xx

Table 10. STM32F437xx and STM32F439xx pin and ball definitions (continued)

Pin number
o
Pin name g | 2
(o2} o (2] o o [¢] N e
ﬂ. -

§ S 2 < E S § o | (function after 2 § % Alternate functions Addltl_onal

2l | < < | g |2 |8 < 51 £ v |2 functions

i o o Ll | & ) reset) & o

g|og| @ | @ |cg|8|c|@ =

| - S S | ; - o —_—

49 | 71 | N9 | M10| 81 | N2 | 92 | L11 Veap 1 S| - |- - -

- - - - - | H2 |93 | K9 Vgs S| - |- - -

50 | 72 | F8 | N10| 82 | J6 | 94 | L10 Vbb S| - |- - -
- - - - - - |1 95| M14 PJ5 /0| - | - | LCD_R6, EVENTOUT -
12C2_SMBA,
SPI5_SCK,
TIM12_CHT1,
- - | N10 | M11 | 83 - | 96 | P13 PH6 I/O| FT | - ETH._MIi_ RXD2, -
FMC_SDNE1,
DCMI_D8, EVENTOUT
I2C3_SCL,SPI5_MISO,
ETH_MII_RXD3,

- - |M10| N12 | 84 - | 97 | N13 PH7 IIO| FT | - FMC_SDCKET, -
DCMI_D9, EVENTOUT
12C3_SDA, FMC_D16,

- - | L10 | M12 | 85 - |98 | P14 PH8 /O | FT | - DCMI_HSYNC, -
LCD_R2, EVENTOUT

[2C3_SMBA,
TIM12_CH2,

- - | K10 | M13 | 86 - 199 | N14 PH9 I/O| FT | - FMC_D17, DCMI_DO, -
LCD_R3, EVENTOUT
TIM5_CH1, FMC_D18,

- - | N11| L13 | 87 - |100]| P15 PH10 IIO| FT | - DCMI_D1, LCD_R4, -

EVENTOUT
TIM5_CH2, FMC_D19,
- - |M11| L12 | 88 - |[101| N15 PH11 I/O| FT | - DCMI_D2, LCD_RS, -
EVENTOUT
TIM5_CH3, FMC_D20,
- - | L11| K12 | 89 - [102| M15 PH12 IIO| FT | - DCMI_D3, LCD_R®, -
EVENTOUT
- - E7 | H12 | 90 - - | K10 Vss S| - |- - -
- - H8 | J12 | 91 - 103 ] K11 Vbp S| - |- - -
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Pinouts and pin description

STM32F437xx and STM32F439xx
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Table 11. FMC pin definition (continued)

Pin name CF No'g;z;AM’ NORI(APUSXRAM NAND16 SDRAM
PE11 D8 D8 DA8 D8 D8
PE12 D9 D9 DA9 D9 D9
PE13 D10 D10 DA10 D10 D10
PE14 D11 D11 DA11 D11 D11
PE15 D12 D12 DA12 D12 D12
PD8 D13 D13 DA13 D13 D13
PD9 D14 D14 DA14 D14 D14
PD10 D15 D15 DA15 D15 D15
PH8 D16 D16
PH9 D17 D17
PH10 D18 D18
PH11 D19 D19
PH12 D20 D20
PH13 D21 D21
PH14 D22 D22
PH15 D23 D23
PIO D24 D24
PI1 D25 D25
PI2 D26 D26
PI3 D27 D27
PI6 D28 D28
PI7 D29 D29
PI9 D30 D30
PI10 D31 D31
PD7 NE1 NE1 NCE2
PGY NE2 NE2 NCE3
PG10 NCE4_1 NE3 NE3
PG11 NCE4 2
PG12 NE4 NE4
PD3 CLK CLK
PD4 NOE NOE NOE NOE
PD5 NWE NWE NWE NWE
PD6 NWAIT NWAIT NWAIT NWAIT
PB7 NL(NADV) NL(NADV)
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STM32F437xx and STM32F439xx

Memory mapping

Table 13. STM32F437xx and STM32F439xx register boundary addresses (continued)

Bus Boundary address Peripheral

0x4008 0000- Ox4FFF FFFF Reserved
0x4004 0000 - 0x4007 FFFF USB OTG HS
0x4002 BCOO0- 0x4003 FFFF Reserved
0x4002 BOOO - 0x4002 BBFF DMA2D
0x4002 9400 - 0x4002 AFFF Reserved
0x4002 9000 - 0x4002 93FF
0x4002 8C00 - 0x4002 8FFF
0x4002 8800 - 0x4002 8BFF ETHERNET MAC
0x4002 8400 - 0x4002 87FF
0x4002 8000 - 0x4002 83FF
0x4002 6800 - 0x4002 7FFF Reserved
0x4002 6400 - 0x4002 67FF DMA2
0x4002 6000 - 0x4002 63FF DMA1
0X4002 5000 - 0X4002 5FFF Reserved
0x4002 4000 - 0x4002 4FFF BKPSRAM

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

0x4002 3800 - 0x4002 3BFF

RCC

0X4002 3400 - 0X4002 37FF Reserved
0x4002 3000 - 0x4002 33FF CRC
0x4002 2C00 - 0x4002 2FFF Reserved
0x4002 2800 - 0x4002 2BFF GPIOK
0x4002 2400 - 0x4002 27FF GPIOJ
0x4002 2000 - 0x4002 23FF GPIOI
0x4002 1C00 - 0x4002 1FFF GPIOH
0x4002 1800 - 0x4002 1BFF GPIOG
0x4002 1400 - 0x4002 17FF GPIOF
0x4002 1000 - 0x4002 13FF GPIOE
0X4002 0CO00 - 0x4002 OFFF GPIOD
0x4002 0800 - 0x4002 OBFF GPIOC
0x4002 0400 - 0x4002 07FF GPIOB
0x4002 0000 - 0x4002 03FF GPIOA

3
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Electrical characteristics

STM32F437xx and STM32F439xx

6.3 Operating conditions
6.3.1 General operating conditions
Table 17. General operating conditions
Symbol Parameter Conditions(") Min | Typ | Max | Unit
Power Scale 3 (VOS[1:0] bits in
PWR_CR register = 0x01), Regulator 0 - 120
ON, over-drive OFF
Over-
Power Scale 2 (VOS[1:0] bits | grive OFF - 144
in PWR_CR register = 0x10), 0
fucLk | Internal AHB clock frequency Regulator ON Over-
g X - 168
drive ON
Over-
Power Scale 1 (VOS[1:0] bits | grive OFF - | 168 |MHz
in PWR_CR register= 0x11), 0
Regulator ON Over- - 180
drive ON
; | | APBA clock f Over-drive OFF 0 - 42
nterna clock frequency
PeLKT Over-drive ON 0 - 45
; | | APB2 clock f Over-drive OFF 0 - 84
nterna clock frequency
PoLkz Over-drive ON 0 - 90
Vpp | Standard operating voltage 170 - 3.6
Analog operating voltage 17@] 24
vV, (ADC limited to 1.2 M samples)
i) Must be the same potential as Vpp(®) v
Analog operating voltage 24 36
(ADC limited to 2.4 M samples) ' '
Vear | Backup operating voltage 1.65 - 3.6
Power Scale 3 ((VOS[1:0] bits in
PWR_CR register = 0x01), 120 MHz 1.08 |1.14| 1.20
HCLK max frequency
Power Scale 2 ((VOSI[1:0] bits in
Regulator ON: 1.2 Vinternal | T WR_CR register = 0x10), 144 MHz 1.20 | 1.26| 1.32
voltage on V N ins HCLK max frequency with over-drive
9 cap_1/¥eap_ 2P OFF or 168 MHz with over-drive ON
Viz Power Scale 1 ((VOS[1:0] bits in v
PWR_CR register = 0x11), 168 MHz
HCLK max frequency with over-drive 1.26 11321 1.40
OFF or 180 MHz with over-drive ON
Regulator OFF: 1.2 V external | Max frequency 120 MHz 110 (114 | 1.20
voltage must be supplied from - "o ency 144 MHz 1.20 | 1.26| 1.32
external regulator on
Veap 1/Veap 2 pins®) Max frequency 168 MHz 1.26 [1.32| 1.38
94/240 DoclD024244 Rev 10 Kys




STM32F437xx and STM32F439xx Electrical characteristics

Table 26. Typical and maximum current consumption in Sleep mode

Max(!)
Symbol Parameter | Conditions | fyc Lk (MHz) Typ Tp = Tp= Tp= Unit
25°C | 85°C | 105°C
180 78 89 110 1300
168 66 750) 93 110(3)
150 56 61 80 96
144 54 58 78 94
120 40 44 59 72
Al 90 32 34 46 56
Peripherals 60 22 23 31 38
enabled® 30 10 16 30 43
25 9 14 28 40
16 5 12 25 40
8 3 8 22 35
4 3 7 21 34
Supply 2 2 6.5 20 33
oo Sf:;;err:o'ze 180 21 260) 54 76(3) mA
168 16 200 41 580)
150 14 17 36 52
144 13 16.5 35 51
120 10 14 28 41
Al 90 8 13 26 37
Peripherals 60 6 9 17 25
disabled 30 5 8 22 35
25 3 7 21 34
16 3 7 21 34
8 2 6 20 33
4 2 6 20 33
2 2 6 20 33

Guaranteed by characterization 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.

3. Based on characterization, tested in production.

3
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Electrical characteristics STM32F437xx and STM32F439xx

Figure 28. Low-speed external clock source AC timing diagram
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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 39. 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 39. 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
ACCpse® | HSE accuracy - 500 - 500 | ppm
G,_crit_max | Maximum critical crystal g, Startup - - 1 mA/V
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. tsu(sk) is the startup time measured from the moment it is enabled (by software) to a stabilized 8 MHz

oscillation is reached. This value is based on characterization and not tested in production. It is measured
for a standard crystal resonator and it can vary significantly with the crystal manufacturer.
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Electrical characteristics

STM32F437xx and STM32F439xx

Figure 32. ACC, g, versus temperature
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6.3.11

PLL characteristics

The parameters given in Table 43 and Table 44 are derived from tests performed under
temperature and Vpp supply voltage conditions summarized in Table 17.

Table 43. Main PLL characteristics

Symbol Parameter Conditions Min Typ Max Unit
foLL IN PLL input clock(") 0.95(2) 1 210 | MHz
frLL ouT PLL multiplier output clock 24 - 180 MHz

48 MHz PLL multiplier output
fpLias oUT | gock P P - 48 75 MHz
fVCO_OUT PLL VCO output 100 - 432 MHz
VCO freq = 100 MHz 75 - 200
t ock PLL lock time us
VCO freq = 432 MHz 100 - 300
124/240 DoclD024244 Rev 10 Kys




STM32F437xx and STM32F439xx

Electrical characteristics

Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 36 and
Table 58, respectively.

Unless otherwise specified, the parameters given in Table 58 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized
in Table 17.

Table 58. 1/0 AC characteristics(1(2)

OSPEEDRy
[1:0] bit Symbol Parameter Conditions Min | Typ | Max | Unit
value(!
C_=50pF, Vppz 2.7V - - 4
C_=50pF, Vpp21.7V - - 2
fmax(i0)out | Maximum frequency(®) C_.=10pF, Vpp227V - - 8 MHz
00 CL=1O pF,VDDZ1.8V - - 4
CL=10pF,VDDZ1.7V - - 3
Output high to low level fall _ _
tt‘c('o)"”t/ time and output low to high g'é_\/SO PF.Vpp=1.7Vio | - 100 | ns
r(I0)out  |level rise time '
C_=50pF, Vpp=2.7V - - 25
C_=50pF, Vppz 1.8V - - 125
C_=50pF, Vppz 1.7V - - 10
fmax(oyout |Maximum frequency(®) L op MHz
C|_= 10 pF, VDD22.7V - - 50
01 CL =10 pF, VDDZ 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
tt‘c('o)"”t/ time and output low to high = Bo ns
rI0)out  ||evel rise time C_=50pF, Vpp21.7V - - 20
C|_=10pF,VDDZ1.7V - - 10
C_=40pF, Vppz 2.7V - - | 504
C_L=10pF, Vpp22.7V - - | 100®
fmax(oyout |Maximum frequency(®) C_=40pF, Vpp21.7V - - 25 | MHz
C_ =10pF, Vpp218V - - 50
10 C_=10pF, Vpp21.7V - - 425
CL =40 pF, VDD 227V - - 6
Output high to low level fall C_ =10 pF, Vpp22.7V - - 4
ttf('o)m‘t/ time and output low to high L Bo ns
r(I0)out  ||evel rise time C_L=40pF, Vppz1.7V - - 10
C . =10pF, Vpp21.7V - - 6
1S7 DoclD024244 Rev 10 139/240




Electrical characteristics STM32F437xx and STM32F439xx

Table 70. Dynamic characteristics: USB ULPI(")

Symbol Parameter Conditions Min. | Typ. | Max. |Unit
tsc Control in (ULPI_DIR, ULPI_NXT) setup time 2 - -
the Control in (ULPI_DIR, ULPI_NXT) hold time 0.5 - -
tsp Data in setup time 1.5 - -
tHp Data in hold time 2 - -
27V <Vpp<36YV,
C_=15pF and - 9 9.5
OSPEEDRYy[1:0] = 11 ns
27V <Vpp<3.6YV,
tpc/top | Data/control output delay C_ =20 pF and -
OSPEEDRYy[1:0] = 10
12 15
1.7V <Vpp<3.6YV,
C_=15pF and -
OSPEEDRYy[1:0] = 11

1. Guaranteed by characterization results.

3
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STM32F437xx and STM32F439xx Electrical characteristics

Note: ADC accuracy vs. negative injection current: injecting a negative current on any analog
input pins should be avoided as this significantly reduces the accuracy of the conversion
being performed on another analog input. It is recommended to add a Schottky diode (pin to
ground) to analog pins which may potentially inject negative currents.

Any positive injection current within the limits specified for Iiyypiny and Zlinyeiny in
Section 6.3.17 does not affect the ADC accuracy.

Figure 50. ADC accuracy characteristics

VREF+ , . VDDA
[1LSB = (or ——— depending on package)]
IDEAL™ 006 4096
A
LT T |
I
4094 — |
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/ I
= ;
|
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|
6 n 1
5 - 1
4 1
3 - |
2 |
1 - I
| // | I | I | % (| >
0 // 4093 4094 4095 4096
Vs VD
ai14395¢

See also Table 76.

Example of an actual transfer curve.
Ideal transfer curve.

End point correlation line.

o K 0N =

E1 = Total Unadjusted Error: maximum deviation between the actual and the ideal transfer curves.
EO = Offset Error: deviation between the first actual transition and the first ideal one.

EG = Gain Error: deviation between the last ideal transition and the last actual one.

ED = Differential Linearity Error: maximum deviation between actual steps and the ideal one.

EL = Integral Linearity Error: maximum deviation between any actual transition and the end point
correlation line.

3
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STM32F437xx and STM32F439xx Electrical characteristics

General PCB design guidelines

Power supply decoupling should be performed as shown in Figure 52 or Figure 53,
depending on whether Vrgg. is connected to Vppa or not. The 10 nF capacitors should be
ceramic (good quality). They should be placed them as close as possible to the chip.

Figure 52. Power supply and reference decoupling (Vgrgg+ not connected to Vppa)

STM32F

® ; [:l Vrer+ (!
1
1
1
1
1
1
1
1
—— 1
1TuF//10nF 1
1

—.—[:l VDDA
1uF//10nF _
@ @ [:l Vssa/Vrer+
ai17535b

1. Vger+ and Vgep_ inputs are both available on UFBGA176. Vggg. is also available on LQFP100, LQFP 144,
and LQFP176. When Vggg, and Vrgp_ are not available, they are internally connected to Vppa and Vgga.

3
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Package information STM32F437xx and STM32F439xx

7.3 LQFP144 package information

Figure 86. LQFP144-144-pin, 20 x 20 mm low-profile quad flat package outline
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1. Drawing is not to scale.

3
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STM32F437xx and STM32F439xx Package information

Device marking for LQFP144

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Other optional marking or inset/upset marks, which depends assembly location, are not
indicated below.

Figure 88. LQFP144 marking example (package top view)

Revision code
Kys o <

Product identification(1)

32F439ZTIThL

Date code =
L Year+Week

Pin 1 \.

MSv37235V2

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.

3
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STM32F437xx and STM32F439xx Package information

Device marking for LQFP176

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Other optional marking or inset/upset marks, which depends assembly location, are not
indicated below.

Figure 91. LQFP176 marking (package top view)

Product
identification(1)

SMSTM32Fu39IITh |

| | | | | | | Date code =

Revision code | | | | |Y|l.|.| W |// Year + week
(R O

Pin 1 identifier ‘ ’l

@

MSv37236V2

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.

3
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STM32F437xx and STM32F439xx Package information

Table 115. LQFP208 - 208-pin, 28 x 28 mm low-profile quad flat package
mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A - - 1.600 - - 0.0630
A1 0.050 - 0.150 0.0020 - 0.0059
A2 1.350 1.400 1.450 0.0531 0.0551 0.0571
b 0.170 0.220 0.270 0.0067 0.0087 0.0106
0.090 - 0.200 0.0035 - 0.0079
D 29.800 30.000 30.200 1.1732 1.1811 1.1890
D1 27.800 28.000 28.200 1.0945 1.1024 1.1102
D3 - 25.500 - - 1.0039 -
E 29.800 30.000 30.200 1.1732 1.1811 1.1890
E1 27.800 28.000 28.200 1.0945 1.1024 1.1102
E3 - 25.500 - - 1.0039 -
e - 0.500 - - 0.0197 -
L 0.450 0.600 0.750 0.0177 0.0236 0.0295
L1 - 1.000 - - 0.0394 -
k 0° 3.5° 7.0° 0° 3.5° 7.0°
ccc - - 0.080 - - 0.0031

1.

3

Values in inches are converted from mm and rounded to 4 decimal digits.
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Package information STM32F437xx and STM32F439xx

Figure 93. LQFP208 - 208-pin, 28 x 28 mm low-profile quad flat package
recommended footprint

208 157
_ L
15 I =156 §
= = o
= =
NP — =
of © — —
Al I — =
505 =105
LRENEENERENERRERENERENEn REERERnER R ——
10 1.2
25.8
I 1
30.7
UH_FP_V2
1. Dimensions are expressed in millimeters.
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Application block diagrams

STM32F437xx and STM32F439xx

230/240

Figure 105. USB controller configured in dual mode and used in full speed mode
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External voltage regulator only needed when building a Vgys powered device.

The current limiter is required only if the application has to support a Vgyg powered device. A basic power
switch can be used if 5 V are available on the application board.

The ID pin is required in dual role only.

The same application can be developed using the OTG HS in FS mode to achieve enhanced performance
thanks to the large Rx/Tx FIFO and to a dedicated DMA controller.
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