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STM32F446xC/E Introduction

1 Introduction

This document provides the description of the STM32F446xC/E products.

The STM32F446xC/E document 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 the www.st.com.
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STM32F446xC/E Functional overview

There are three power modes configured by software when the regulator is ON:
¢ MR mode used in Run/sleep modes or in Stop modes
— In Run/Sleep mode

The MR mode is used either in the normal mode (default mode) or the over-drive
mode (enabled by software). Different voltages scaling are provided to reach the

best compromise between maximum frequency and dynamic power consumption.
The over-drive mode allows operating at a higher frequency than the normal mode
for a given voltage scaling.

— In Stop modes
The MR can be configured in two ways during stop mode:
MR operates in normal mode (default mode of MR in stop mode)
MR operates in under-drive mode (reduced leakage mode).
e LPRis used in the Stop modes:
The LP regulator mode is configured by software when entering Stop mode.
Like the MR mode, the LPR can be configured in two ways during stop mode:
—  LPR operates in normal mode (default mode when LPR is ON)
— LPR operates in under-drive mode (reduced leakage mode).
e Power-down is used in Standby mode.

The Power-down mode is activated only when entering in Standby mode. The regulator
output is in high impedance and the kernel circuitry is powered down, inducing zero
consumption. The contents of the registers and SRAM are lost.

Refer to Table 3 for a summary of voltage regulator modes versus device operating modes.
Two external ceramic capacitors should be connected on Vgap 1 and Veap o pin.

All packages have the regulator ON feature.

Table 3. Voltage regulator configuration mode versus device operating mode(!)

Voltage regulator

. . Run mode Sleep mode Stop mode Standby mode
configuration

Normal mode MR MR MR or LPR -

Over-drive
mode@

Under-drive mode - - MR or LPR -

MR MR - -

Power-down

mode ) ) ) Yes

1. ‘~ means that the corresponding configuration is not available.

2. The over-drive mode is not available when Vpp = 1.7 t0 2.1 V.

3.17.2 Regulator OFF

This feature is available only on packages featuring the BYPASS_REG pin. The regulator is
disabled by holding BYPASS_REG high. The regulator OFF mode allows to supply
externally a V4, voltage source through Vcap 1 and Veap 5 pins.

3
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Functional overview STM32F446xC/E

3.23 Universal synchronous/asynchronous receiver transmitters
(USART)

The devices embed four universal synchronous/asynchronous receiver transmitters
(USART1, USART2, USART3 and USART®6) and four universal asynchronous receiver
transmitters (UART4, and UARTS).

These six interfaces provide asynchronous communication, IrDA SIR ENDEC support,
multiprocessor communication mode, single-wire half-duplex communication mode and
have LIN Master/Slave capability. The USART1 and USART®6 interfaces are able to
communicate at speeds of up to 11.25 Mbit/s. The other available interfaces communicate
at up to 5.62 bit/s.

USART1, USART2, USART3 and USART®6 also provide hardware management of the CTS
and RTS signals, Smart Card mode (ISO 7816 compliant) and SPI-like communication
capability. All interfaces can be served by the DMA controller.

Table 8. USART feature comparison“)

SPI Max. baud Max. baud

USART |Standard | Modem LIN | maste irD | Smartcard | rate in Mbit/s | rate in Mbit/s APB

name features | (RTS/CTS) r A | (ISO 7816) | (oversamplin | (oversamplin | mapping
g by 16) g by 8)

APB2

USART1 X X X X X X 5.62 11.25 (max.
90 MHz)

APB1

USART2 X X X X X X 2.81 5.62 (max.
45 MHz)

APB1

USART3 X X X X X X 2.81 5.62 (max.
45 MHz)

APB1

UART4 X X X - X - 2.81 5.62 (max.
45 MHz)

APB1

UART5 X X X - X - 2.81 5.62 (max.
45 MHz)

APB2

USART6 X X X X X X 5.62 11.25 (max.
90 MHz)

1. X =feature supported.

3.24 Serial peripheral interface (SPI)

The devices feature up to four SPIs in slave and master modes in full-duplex and simplex
communication modes. SPI1, and SPI4 can communicate at up to 45 Mbits/s, SPI2 and
SPI3 can communicate at up to 22.5 Mbit/s. The 3-bit prescaler gives 8 master mode
frequencies and the frame is configurable to 8 bits or 16 bits. The hardware CRC
generation/verification supports basic SD Card/MMC modes. All SPIs can be served by the
DMA controller.
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Table 11. Alternate function (continued)

AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SPI2/3/
Port TIms/of 12C1/2/3 | SPI1/2/3/ | SPI2/3/4/ USART1/ USSAII\?I{rSI Ttl:l\?‘lr‘?/{]%/ QUSAA[IJZSIPU FmC/
SYS TIM1/2 TIM3/4/5 10/11/ J4ICEC 4 SAM 2/3/[UART UART4/5/ 14/ OTG2 HS/ OTG1_FS SDIO/ DCMI - SYS
CEC 5/SPDIFR 5 — OTG2_FS
X SPDIFRX | QUADSPI | OTG1_FS —
0c0 ] ] ] ] ] ] SAI_ ] ] ] OTG_HS_ ] FMC_ ] ] EVENT
MCLK B ULPI_STP SDNWE ouT
ocr ) ) ) ) . |sPmosi| san_ | SPI2MOS ) ) ) ) ) ) | Event
1283.8D | SDA | 1us sp ouT
OTG_HS_ FMC_ EVENT
PC2 ° ° ° ° ° SPI2_MISO ° ° ° ° ULPI_DIR ° SDNEO - ° ouT
bC3 ) ) ) ) ) SPi2_MOS! ) ) ) ) OTG_HS_ ) FMC_ ) ) EVENT
1253 5D ULPI_NXT SDCKEO ouT
SPDIF_ FMC_ EVENT
PC4 - - - - - 1281_MCK - - RX2 - - - SDNEO - - ouT
oCs ] ] ] ] ] _ ] USART3_ | SPDIF_ ] ] ] FMC_ ] ] EVENT
RX RX3 SDCKEO ouT
FMPI2C1 USART6_T EVENT
PC6 ; ; TiMa_cH1 | Tive_cH1 | PMEECT | i2s2 mek ; ; N ; ; ; SDIO_D6 | DCMI_DO ; ooy
FMPI2C1 | SPI2_SCK/ SPDIF_ | USART6_R EVENT
e PC7 ; ; TiMa_cHz | Tive_chiz | FMEEET | SPESEE iasa mek | SER! N ; ; ; SDIO_D7 | DCMI_D1 ; g
TRACE UART5_ | USART6_C EVENT
Pcg | RN ; TIM3_CH3 | TIM8_CH3 ; ; ; Rl ) ; ; ; SDIO_DO | DCMI_D2 ; oo
12C3_ UARTS_ QUADSPI_ EVENT
PCO | Mco2 . TIM3_CHa | TIMB_CHa | 255~ | 125_CKIN ; patk ; Bt 100 ; ; SDIO_D1 | DCMI_D3 ; i
SPI3_SCK
pc10 | - ; ; ; ; ; 7 USARTS. | uarTa_Tx | GRAP0F- ; ; SDIO_D2 | DCMI_D8 ; BT
1283 CK -
SPI3_ | USART3_ QUADSPI_ EVENT
PC11 ; ; ; ; ; ; e R - | uarTa_Rx | SUAREEC ; ; SDIO_D3 | DCMI_D4 ; g
12C2 SPIS_ | ysART3 EVENT
pci2 | - . ; . - ; MOSI/ — | UART5_TX . ; ; SDIO_CK | DCMI_D9 ;
SDA e CcK — . _ ouT
EVENT
pc13 | - . ; . ; ; ; . ; . ; ; ; . ; e
EVENT
pC14 | - ; ; ; ; ; ; ; ; ; ; ; ; ; ; g
EVENT
pC15 | - . ; . ; ; ; . ; . ; ; ; . ; e

3/0X9vy4CEINLS
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Electrical characteristics STM32F446xC/E

6.1.7 Current consumption measurement

Figure 19. Current consumption measurement scheme
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6.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 13: Voltage characteristics,
Table 14: Current characteristics, and Table 15: Thermal characteristics may cause
permanent damage to the device. These are stress ratings only and functional operation of
the device at these conditions is not implied. Exposure to maximum rating conditions for
extended periods may affect device reliability.

Table 13. Voltage characteristics

Symbol Ratings Min Max Unit
Vpo-Vss \E/);tDeljgzlar?]ziCl::Tp)m/ voltage (including Vppa, Vpp, 03 4.0
Input voltage on FT & FTf pins(?) Vgs—0.3 | Vpp+4.0
Input voltage on TTa pins Vgs—0.3 4.0 v
vin Input voltage on any other pin Vgs—0.3 4.0
Input voltage on BOOTO pin Vss 9.0
[AVppyl Variations between different Vpp power pins - 50
|[Vssx Vss| | Variations between all the different ground pins - 50 m

see Section 6.3.15:
C Absolute maximum
VEespnHem) | Electrostatic discharge voltage (human body model) ratings (electrical -

sensitivity)

1. All main power (Vpp, Vppa) and ground (Vgs, Vssa) pins must always be connected to the external power
supply, in the permitted range.

2. V)N maximum value must always be respected. Refer to Table 14 for the values of the maximum allowed
injected current.

74/202 DoclD027107 Rev 6 ‘Yl




STM32F446xC/E Electrical characteristics

Table 21. reset and power control block characteristics (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
InRush current on
(1) |voltage regulator power- | )
lrusH on (POR or wakeup 160 | 200 | mA

from Standby)

InRush energy on
E (1) |voltage regulator power- | Vpp = 1.7 V, Tp = 105 °C, ) ) 54 c

RUSH' " | on (POR or wakeup IrusH = 171 mA for 31 ps A
from Standby)

1. Guaranteed based on test during characterization.

2. The reset temporization is measured from the power-on (POR reset or wakeup from Vgat) to the instant
when first instruction is read by the user application code.

6.3.6 Over-drive switching characteristics

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

The over-drive switching characteristics are given in Table 22. They are sbject to general
operating conditions for Ta.

Table 22. Over-drive switching characteristics(!)

Symbol Parameter Conditions Min Typ Max Unit
HSI - 45 -
. . HSE max for 4 MHz
Tod_swen |Over-driveswitch |y i tor 26 MHz 45 . 100
- enable time
External HSE
50 MHz ) 40 )
us
HSI - 20 -
. . HSE max for 4 MHz
Tod_swdis O.ver_drllve switch and min for 26 MHz. 20 . 80
- disable time
External HSE ) 15 )
50 MHz

1. Guaranteed based on test during characterization.

6.3.7 Supply current characteristics

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

The current consumption is measured as described in Figure 19: Current consumption
measurement scheme.

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

3
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Electrical characteristics STM32F446xC/E
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Typical and maximum current consumption

The MCU is placed under the following conditions:

All /O pins are in input mode with a static value at Vpp or Vgg (no load).
All peripherals are disabled except if it is explicitly mentioned.

The Flash memory access time is adjusted both to fyc k frequency and Vpp range
(see Table 17: Limitations depending on the operating power supply range).

Regulator ON

The voltage scaling and over-drive mode are adjusted to f ¢ k frequency as follows:
—  Scale 3 for fyc k <120 MHz

—  Scale 2 for 120 MHz < fyg k £144 MHz

—  Scale 1 for 144 MHz < fc k £180 MHz. The over-drive is only ON at 180 MHz.

The system clock is HCLK, fpc k1 = fhcLk/4, and fpei ko = faoLk/2.

External clock frequency is 8 MHz and PLL is ON when fyc  is higher than 16 MHz.
Flash is enabled except if explicitly mentioned as disable.

The maximum values are obtained for Vpp = 3.6 V and a maximum ambient
temperature (Tp), and the typical values for Ty= 25 °C and Vpp = 3.3 V unless
otherwise specified.

3
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STM32F446xC/E

Electrical characteristics

Table 30. Typical current consumption in Run mode, code with data processing

running from Flash memory or RAM, regulator ON

(ART accelerator enabled except prefetch), VDD=1.7 V(1)

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

168 65.11 70.0 79.7 90.0

150 58.31 62.8 73.4 79.9

144 53.14 | 57.1 69.9 75.3

All Peripherals 120 39.58 | 472 60.7 71.4
enabled 90 2999 | 3470 | 4523 | 49.34

60 2037 | 252 35.2 38.2

30 11.37 12.9 28.4 33.2

Supply currentin 25 9.65 10.9 17.8 24.3

Ipp Run mode from mA

Vo supply 168 2074 | 3243 | 424 485

150 2581 | 2912 | 394 43.8

144 2457 | 26.61 36.0 41.9

All Peripherals 120 17.69 | 22.09 | 329 40.8

disabled 90 1358 | 1592 | 30.0 36.5

60 9.41 11.05 | 24.4 30.2

30 5.44 6.64 15.0 22.0

25 473 5.72 12.57 | 19.06

1. When peripherals are enabled, the power consumption corresponding to the analog part of the peripherals (such as ADC,

or DAC) is not included.

3
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STM32F446xC/E Electrical characteristics
Table 35. Peripheral current consumption
Ipp(Typ Appli)
Peripheral gc::g:iv: Scale 2 Scale 3 Unit
GPIOA 2.29 2.14 1.89
GPIOB 2.29 2.13 1.89
GPIOC 2.33 217 1.93
GPIOD 2.34 2.19 1.94
GPIOE 2.39 219 1.93
GPIOF 2.31 2.14 1.91
AHB1 GPIOG 2.36 219 1.94 WA/MHz
GPIOH 213 1.98 1.75
CRC 0.53 0.51 0.46
BKPSRAM 0.76 0.72 0.65
DMA1(™M 2.39N +4.13 2.23N+3.56 1.97N+3.51
DMA2(" 2.39N + 4.45 2.19N+3.72 2.00N+3.66
OTG_HS+ULPI 45.45 42.08 37.28
DCMI 3.74 3.42 3.01
AHB2 WA/MHz
OTGFS 30.04 27.88 24.69
FMC 16.15 15.01 13.33
AHB3 WA/MHz
QSPI 16.78 15.60 13.84
"_l DoclD027107 Rev 6 99/202
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Table 35. Peripheral current consumption (continued)

Ipp(Typ Appli)

Peripheral g‘(;::en:w: Seale 2 Scale 3 Unit
TIM2 18.18 16.92 15.07
TIM3 14.49 13.47 12.00
TIM4 15.18 14.11 12.50
TIM5 16.91 15.69 14.07
TIM6 2.69 2.47 2.20
TIM7 2.56 2.44 217

TIM12 7.07 6.56 5.83
TIM13 4.96 4.64 4.07
TIM14 5.09 4.72 4.27
WWDG 1.07 1.00 0.93
SPI12(2) 1.89 1.78 157
SPI3(2) 1.93 1.81 1.67

APB1 SPDIFRX 6.91 6.44 5.80 UA/MHz

USART2 4.20 3.83 3.40
USART3 4.22 3.94 3.50
UART4 413 3.89 3.40
UART5 4.04 3.78 3.33
12C1 3.98 3.69 3.33
12C2 3.91 3.61 3.17
12C3 3.76 3.53 3.13
FMPI2C1 5.51 5.19 457
CAN1 6.58 6.14 5.43
CAN2 5.91 5.56 4.90
CEC 0.71 0.69 0.60
DAC 2.96 272 2.40
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3

The I%C characteristics are described in Table 61. Refer also to Section 6.3.17: /O port
characteristics for more details on the input/output alternate function characteristics (SDA

and SCL).
Table 61. I2C characteristics
Sta"lgg{ﬂé‘)”de Fast mode 12C(1)2)
Symbol Parameter Unit
Min Max Min Max
twscLy) | SCL clock low time 4.7 - 1.3 - s
tW(SCLH) SCL clock hlgh time 4.0 - 0.6 -
tsu(SDA) SDA setup time 250 - 100 -
thspa) | SDA data hold time - 34500) - 900
tV(SDA, ACK) Data, ACK valid time - 3.45 - 0.9
ns
t(SDA) | SDA and SCL rise time - 1000 - 300
trscu)
SDA) | SDA and SCL fall time . 300 . 300
tiscL)
th(sTA) Start condition hold time 4.0 - 0.6 -
Repeated Start condition s
lsu(sTA) setup time a7 i 0.6 i
tsusTo) | Stop condition setup time 4.0 - 0.6 - ps
Stop to Start condition time
bw(STO:STA) | (bus free) 47 - 1.3 - us
Pulse width of the spikes
that are suppressed by the ) ) (5)
tsp analog filter for standard and 0.05 0.09 HS
fast mode
C ICi)naepacmve load for each bus ) 400 ) 400 oF

Guaranteed based on test during characterization.

focLi Must be at least 2 MHz to achieve standard mode 12C frequencies. It must be at least 4 MHz to

achieve fast mode [4C frequencies, and a multiple of 10 MHz to reach the 400 kHz maximum I2C fast mode

clock.

3. The device must internally provide a hold time of at least 300 ns for the SDA signal in order to bridge the
undefined region of the falling edge of SCL.

signal.

The maximum data hold time has only to be met if the interface does not stretch the low period of SCL

5. The minimum width of the spikes filtered by the analog filter is above tgp(max).

DoclD027107 Rev 6
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Electrical characteristics

FMPI2C characteristics

The FMPI2C characteristics are described in Table 62.

Refer also to Section 6.3.17: I/O port characteristics for more details on the input/output
alternate function characteristics (SDA and SCL).

Table 62. FMPI2C characteristics(!

Standard mode Fast mode Fast+ mode
- Parameter Unit
Min Max Min Max Min Max
17
fempizce | Fupizcelk frequency 2 - 8 - 16 -
twscLL) | SCL clock low time 4.7 - 1.3 - 0.5 -
tW(SCLH) SCL clock hlgh time 4.0 - 0.6 - 0.26 -
tsuspa) | SDA setup time 0.25 - 0.10 - 0.05 -
tH(SDA) SDA data hold time 0 - 0 - 0 -
tV(SDA,ACK) Data, ACK valid time - 3.45 - 0.9 - 0.45
t
"SDA) | SDA and SCL rise time - 0.100 - 0.30 - 0.12
trscL)
t,
f(SDA) | SDA and SCL fall time - 0.30 - 0.30 - 012 | us
tiscy)
thsTa) | Start condition hold time 4 - 0.6 - 0.26 -
Repeated Start condition
tsu(sTA) setup time 4.7 - 0.6 - 0.26 -
tsuisTo) | Stop condition setup time 4 - 0.6 - 0.26 -
tw(sTo:sTA) | Stop to Start condition time 47 ) 13 ) 05 )
(bus free) ' ’ ’
Pulse width of the spikes that
are suppressed by the ) )
tsp analog filter for standard and 0.05 0.09 0.05 0.09
fast mode
c Capacitive load for each bus ) 400 ) 400 ) 550(3) F
b Line P
1. Guaranteed based on test during characterization.
2. When tr(SDA,SCL)<=110ns.
Can be limited. Maximum supported value can be retrieved by referring to the following formulas:
tspasscL) = 0.8473 X Ry X Cjoag
p(min) = (VDD -YoL(max)) / loL(max)
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Electrical characteristics

Table 65. QSPI dynamic characteristics in DDR Mode(") (continued)

Symbol Parameter Conditions Min Typ Max Unit
MWCKH) | 01 clock high and low ] Tew/2)-2) - Tiew /2
twckL) Tcky/ 2 - (Teky/ 2) +2
tsany Data input setup time - 0 - -
than) Data input hold time - 5.5 - - ns
2.7V <VDD< 3.6V - 55 6.5
tyout) |Data output valid time 171V <VDD< 3.6V - 5 o5
thour) | Data output hold time - 3.5 - -

1. Guaranteed based on test during characterization.

I2S interface characteristics

Unless otherwise specified, the parameters given in Table 66 for the 1S interface are
derived from tests performed under the ambient temperature, foc| kx frequency and Vpp
supply voltage conditions summarized in Table 16, with the following configuration:

e  Output speed is set to OSPEEDRy[1:0] = 10

e Capacitive load C = 30 pF
e Measurement points are done at CMOS levels: 0.5Vpp

Refer to Section 6.3.17: /O port characteristics for more details on the input/output alternate
function characteristics (CK, SD, WS).

Table 66. I2S dynamic characteristics(")

Symbol Parameter Conditions Min Max Unit
fuck | 12S Main clock output - 256 x 8K | 256 x Fs?) | MHz
Master data - 64 x Fs
fek 12S clock frequency MHz
Slave data - 64 x Fs
Dck 12S clock frequency duty cycle | Slave receiver 30 70 %
Kys DoclD027107 Rev 6 133/202
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General PCB design guidelines

Power supply decoupling should be performed as shown in Figure 47 or Figure 48,
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 47. Power supply and reference decoupling (Vgrgg+ not connected to Vppa)

STM32F
¥ 1 vrer: O
\ 4 ' L:l
1
1
1
1
1
1
1
1
1
1 uF // 10 nF 1
1
—.—[:l VDDA
1uF//10nF ___
L 3 L [:l Vssa/VRers+'"
ai17535b

1. VRer+ and Vgeg_inputs are both available on UFBGA144. Vgeg. is also available on LQFP100, LQFP 144,
and WLCSP81. When VRgg+ and Vrgg_ are not available, they are internally connected to Vppa and Vgga.
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Table 89. Asynchronous non-multiplexed SRAM/PSRAM/NOR write -
NWAIT timings(1(2)

Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 8Thek - 0.5 8Thek + 1
tW(NWE) FMC_NWE low time 6THCLK -05 6THCLK +1 ns

tSU(NWAlT_NE) FMC_NWA'T valid before FMC_NEX hlgh 6THCLK -0.5 -

FMC_NEXx hold time after FMC_NWAIT
th(NE_NWAIT) | invali 4Thelk + 2 -

1. C_=30pF.

2. Guaranteed based on test during characterization.

Figure 52. Asynchronous multiplexed PSRAM/NOR read waveforms

tw(NE}
FMC_ NE \ /'
l«— tv(NOE_NE) th(NE_NOE)-»
FMC_NOE /-
tw(NOE) —>
FMC_NWE [ \
»He ty(A_NE) th(A_NOE) -1+
FMC_ A[25:16] X Address *
> e ty(BL_NE) th(BL_NOE)
FMC_ NBL[1:0] NBL *
>« th(Data_NE)
le—— tsu(Data_NE—1>
< ty(A_NE) «— fsu(Data_NGE—>i« th(Data_NOE)
FMC_ AD[15:0] Address )—( Data *
tv(NADV_NE) > th(AD_NADV)
> tw(NADV)
FMC_NADV \. /
FMC_NWAIT
th(NE_NWAIT) -
tsu(NWAIT_NE)——»
MS32755V1
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6.3.28

3

Figure 64. DCMI timing diagram
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DCMI_VSYNC \ | § /X
‘ tsu(pATA‘ | thDATA) ‘

DATA:13] X X X X X X

MS32414V2

SD/SDIO MMC card host interface (SDIO) characteristics

Unless otherwise specified, the parameters given in Table 105 for the SDIO are derived
from tests performed under the ambient temperature, fpoc| k2 frequency and Vpp supply
voltage conditions summarized in Table 16, with the following configuration:

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

Refer to Section 6.3.17: I/O port characteristics for more details on the input/output
characteristics.

Figure 65. SDIO high-speed mode

tW(CKH) > f tW(CKL)
tov—> toH
D, CMD
(output) ><

tisy—> tH
D, CMD X

(input)

A

ai14887
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Package information

Table 111. UFBGA144 - 144-pin, 7 x 7 mm, 0.50 mm pitch, ultra fine pitch ball

grid array package mechanical data (continued)

millimeters inches(")
Symbol
Min. Typ. Max. Min. Typ. Max.
ddd - - 0.100 - - 0.0039
eee - - 0.150 - - 0.0059
fff - - 0.050 - - 0.0020

1. Values in inches are converted from mm and rounded to 4 decimal digits.

Figure 77. UFBGA144 - 144-ball, 7 x 7 mm, 0.50 mm pitch, ultra fine pitch ball

grid array package recommended footprint
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000000000000
000000000000
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000000000000
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000000000000
000000000000

AOAS_FP_V1

Table 112. UFBGA144 recommended PCB design rules (0.50 mm pitch BGA)

Dimension Recommended values
Pitch 0.50 mm
Dpad 0.280 mm
Dsm 0.370 mm typ. (depends on the soldermask

registration tolerance)

Stencil opening

0.280 mm

Stencil thickness

Between 0.100 mm and 0.125 mm

Pad trace width

0.120 mm

3
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Device marking for UFBGA144 7 x 7 mm package

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

location.

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

Figure 78. UQFP144 7 x 7 mm marking example (package top view)

Product
identification("

Ball A1
indentifier

STM32F

UUGLZEHL

I ¥S7;

Date code
YiwWww
A

Additional
—information

MSv37953V1

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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