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STM32F401xB STM32F401xC

Description

2.1 Compatibility with STM32F4 series

The STM32F401xB/STM32F401xC are fully software and feature compatible with the
STM32F4 series (STM32F42x, STM32F43x, STM32F41x, STM32F405 and STM32F407)

The STM32F401xB/STM32F401xC can be used as drop-in replacement of the other
STM32F4 products but some slight changes have to be done on the PCB board.

Figure 1. Compatible board design for LQFP100 package
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Pinouts and pin description

STM32F401xB STM32F401xC

Table 7. Legend/abbreviations used in the pinout table

Name Abbreviation Definition
. Unless otherwise specified in brackets below the pin name, the pin function during and after
Pin name : .
reset is the same as the actual pin name
S Supply pin
Pin type | Input only pin
I/0 Input/ output pin
FT 5V tolerant /0
B Dedicated BOOTO pin
I/O structure
NRST Bidirectional reset pin with embedded weak pull-up resistor
Notes Unless otherwise specified by a note, all I/Os are set as floating inputs during and after reset
Alterpate Functions selected through GPIOx_AFR registers
functions
Addltl_onal Functions directly selected/enabled through peripheral registers
functions
Table 8. STM32F401xB/STM32F401xC pin definitions
Pin Number o
= Pin name 8 5 n
o 5 "
S|y |3 ‘8_ 2 (function 2|3 % Alternate functions Additional
Zlola|lag | < ml el gl 2 functions
Lo |w | ¢ | after reset) T
AR A e
= 4|35 =
SPI4_SCK, TRACECLK,
- - - 1 B2 PE2 /O | FT - EVENTOUT -
- - - 2 | A1 PE3 /O |FT - TRACEDO, EVENTOUT -
SPI4_NSS, TRACED1,
- - - 3 | B1 PE4 /0 |FT - EVENTOUT -
SPI14_MISO, TIM9_CHf1,
o I R B I PES VO IFTI - | TRACED2, EVENTOUT i
SPI4_MOSI, TIM9_CH?2,
o I R I PE6 VO IFT1 - |TRACED3, EVENTOUT i
- - - - | D3 VSS S | - - - -
- - - - | C4 VDD S | - - - -
1 |B7| 1 6 | E2 VBAT S | - - - -
@) (3) RTC_TAMP1,
2 |D5| 2|7 |C1 PC13 /O | FT EVENTOUT, RTC_OUT, RTC_TS

37/135
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Table 9. Alternate function mapping (continued)

AF00 AF01 AF02 AF03 AF04 AF05 AF06 AF07 AF08 AF09 AF10 | AF11 | AF12 | AF13 |AF14| AF15
Port
svs_ar | Tmmz | TS | qg, | 12euizeal| poyepg | SPR2szl | GRRRN | (oarre | 1262 | orgy ps spio
TIM11 12S3/SP14 USART2
PEO - - TIM4_ETR - - - - - , _ _ _ _ B i EXE#T
PE1 - TIM1_CH2N . ; - ) . . ) i i i . i i EgILEJI_\II_T
PE2 TRAEECL ; ; ; ; SPI4_SCK ; ; ) ; ; ) ) . . EgLE#T
PE3 | TRACEDO - - - . . . i . i i i i i i EXILEJI;I_T
PE4 | TRACED1 - - - - SPI4_NSS - - - . i . i i i Eglf#T
PE5 | TRACED2 - - TIM9_CH1 - SPI4_MISO - - - _ _ _ _ _ ; EXE':T
PE6 | TRACED3 ; ; TIM9_CH2 ; SPI4_MOSI ; ; ; ; ; ; ; ; ; EXE#T
w| PE7 - TIM1_ETR . - - . . . . i i i i i i EgILEJI_\II_T
5
% pes ; TIM1_CH1N ; ) ) ] ) ) ) . . ) ) ) ) EgILEJI_\lI_T
PE9 - TIM1_CH1 . ; . ) . . ) . i i ) i i EXEI:T
PE10 - TIM1_CH2N . ; - ) . . ) i i i ) i i EXILE#T
PE11 - TIM1_CH2 - - - SPI4_NSS - - ) . i . ) i i EXEI_\II_T
PE12 - TIM1_CH3N - - - SPI4_SCK - - - - ; _ . _ i EXE'#T
PE13 - TIM1_CH3 - - - SPI4_MISO - . . . i . i i i EgILEJI_\II_T
PE14 - TIM1_CH4 - - - SPI4_MOSI - - - - B } N B . EgLE#T
PE15 - TIM1_BKIN . - - . . . i . i i i i i EXEI:T

uonduosap uid pue sinould

OXLOVd4ZEINLS axLOvd4ZEINLS



Electrical characteristics STM32F401xB STM32F401xC

6.3 Operating conditions

6.3.1 General operating conditions

Table 14. General operating conditions

Symbol Parameter Conditions Min | Typ | Max | Unit
Power Scale3: Regulator ON, 0 60
VOSI[1:0] bits in PWR_CR register = 0x01
fucLk | Internal AHB clock frequency
Power Scale2: Regulator ON, 0 84
VOS[1:0] bits in PWR_CR register = 0x10 MHz
fecLk1 | Internal APB1 clock frequency 0 - 42
fecLk2 | Internal APB2 clock frequency 0 - 84
Vpp | Standard operating voltage 1.7 | - 3.6
Analog operating voltage 170 i 04
Vv (ADC limited to 1.2 M samples) . 4
a8 Must be the same potential as Vpp®
Analog operating voltage 24 36
(ADC limited to 2.4 M samples) ' '
Vgar | Backup operating voltage 1.65 - 3.6
VOSI[1:0] bits in PWR_CR register = 0x01 1080|114 1200
Regulator ON: 1.2 V internal Max frequency 60 MHz v

voltage on Vcap_1/Veap_2PiNS | vOS[1:0] bits in PWR_CR register = 0x10

Max frequency 84 MHz

Regulator OFF: 1.2 V external | Max. frequency 60 MHz. 11 1114 1.2
V1o voltage must be supplied on

1.200)] 1.26 | 1.3209

Veap 1/Vcap 2 pins Max. frequency 84 MHz. 1.2 (126 1.32
Input voltage on RSTand FT |2V <Vpp<36V 03 | - 0.5
vy |Pins® Vpp <2V 03| - | 52
Input voltage on BOOTO pin 0 - 9
UFQFPN48 - - 625
Maximum allowed package WLCSP49 . _ 385
Pp Z%W;E?c;issipation for suffix 6 LQFP64 - - 313 | mw
LQFP100 - - 465
UFBGA100 - - 323
59/135 DoclD024738 Rev 6 "_l




STM32F401xB STM32F401xC

Electrical characteristics

6.3.4

Note:

6.3.5

3

Operating conditions at power-up / power-down (regulator OFF)

Subject to general operating conditions for Tx.

Table 18. Operating conditions at power-up / power-down (regulator OFF)“)

Symbol Parameter Conditions Min | Max | Unit
Vpp rise time rate Power-up 20 oo
tvop ,
Vpp fall time rate Power-down 20 oo
ps/V
Veap 1and Vepp prise time rate | Power-up 20 oo
voap Veap 1 a@nd Veap o fall time rate | Power-down 20 oo
1. Iooge\s/et the internal logic at power-down, a reset must be applied on pin PAO when Vpp reach below
This feature is only available for UFBGA 100 package.
Embedded reset and power control block characteristics
The parameters given in Table 19 are derived from tests performed under ambient
temperature and Vpp supply voltage @ 3.3V.
Table 19. Embedded reset and power control block characteristics
Symbol Parameter Conditions Min | Typ | Max | Unit
PLS[2:0]=000 (rising edge) 2.09 | 214 | 219
PLS[2:0]=000 (falling edge) | 1.98 | 2.04 | 2.08
PLS[2:0]=001 (rising edge) 223 | 230 | 2.37
PLS[2:0]=001 (falling edge) | 2.13 | 2.19 | 2.25
PLS[2:0]=010 (rising edge) 239 | 2.45 | 2.51
PLS[2:0]=010 (falling edge) | 2.29 | 2.35 | 2.39
PLS[2:0]=011 (rising edge) 254 | 260 | 2.65
Voo | Programmable voltage PLS[2:01=011 (falling edge) | 244 | 251 | 2.56 |
detector level selection | p| 5[2:0]1=100 (rising edge) | 2.70 | 2.76 | 2.82
PLS[2:0]=100 (falling edge) | 2.59 | 2.66 | 2.71
PLS[2:0]=101 (rising edge) 286 | 2.93 | 2.99
PLS[2:0]=101 (falling edge) | 2.65 | 2.84 | 2.92
PLS[2:0]=110 (rising edge) 296 | 3.03 | 3.10
PLS[2:0]=110 (falling edge) | 2.85 | 2.93 | 2.99
PLS[2:0]=111 (rising edge) 3.07 | 3.14 | 3.21
PLS[2:0]=111 (falling edge) 2.95 | 3.03 | 3.09
Vpyphyst?) | PVD hysteresis - 100 | - | mVv
VeoRPoR Power-on/power-down | Falling edge 1.60(1| 1.68 | 1.76 v
reset threshold Rising edge 1.64 | 1.72 | 1.80
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Electrical characteristics STM32F401xB STM32F401xC

Table 21. Typical and maximum current consumption, code with data processing (ART
accelerator disabled) running from SRAM

Max(?)
' chLK .
Symbol Parameter Conditions (MHz) Typ Unit
Tpo=25°C | Tp=85°C | Tp=105°C
84 20.2 21 22 23
External clock, 60 14.7 15 16 18
all peripherals
Supply current 20 5.7 6 7 8
'op in Run mode mA
84 11.2 12 13 14
External clock, 60 8.2 9 10 11
all peripherals
disabled® 40 | 61 ! 8 °
20 3.4 4 5 6

1. Guaranteed by characterization, unless otherwise specified.

2. When analog peripheral blocks such as ADC, HSE, LSE, HSI, or LS| are ON, an additional power consumption has to be
considered.

3. When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of 1.6 mA for the
analog part.

Table 22. Typical and maximum current consumption in run mode, code with data processing
(ART accelerator enabled except prefetch) running from Flash memory- Vpp =1.8 V

Max(1)
ags fHCLK .
Symbol Parameter Conditions (MHz2) Typ T = Tp = Tp = Unit
25°C | 85°C [ 105°C
84 22.2 23 24 25
60 14.5 15 16 17
External clock,
all peripherals enabled@() 40 107 M 12 3
30 8.6 9 10 1
| Supply current 20 7.0 8 9 10 mA
PO lin Run mode 84 115 12 13 14
60 7.7 8 9 10
External clock,
all peripherals disabled® 40 56 6 !
30 4.5 5 6
20 3.8 5 6

Guaranteed by characterization, unless otherwise specified.

2. Add an additional power consumption of 1.6 mA per ADC for the analog part. In applications, this consumption occurs only
while the ADC is ON (ADON bit is set in the ADC_CR2 register).

3. When the ADC is ON (ADON bit set in the ADC_CR2), add an additional power consumption of 1.6mA per ADC for the
analog part.

65/135 DoclD024738 Rev 6 ‘Yl




STM32F401xB STM32F401xC Electrical characteristics

3

Figure 23. Low-speed external clock source AC timing diagram
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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 37. 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 37. HSE 4-26 MHz oscillator characteristics(1

Symbol Parameter Conditions Min | Typ | Max | Unit
fosc iIn | Oscillator frequency 4 - 26 | MHz
Rg Feedback resistor - 200 - kQ
VDD=3'3 V,
ESR=30Q - 450 -
C_.=5 pF @25 MHz
Ibp HSE current consumption MA
VDD=3'3 V,
ESR=30Q - 530 -
C_ =10 pF @25 MHz
Gm_crit_max | Maximum critical crystal gp, Startup - - 1 mA/N
tSU(HSE)(z) Startup time VDD is stabilized - 2 - ms

1. Guaranteed by design.

2. tgypsk) is the startup time measured from the moment it is enabled (by software) to a stabilized 8 MHz
oscillation is reached. This value is measured for a standard crystal resonator and it can vary significantly
with the crystal manufacturer

For C_ 4 and C|», it is recommended to use high-quality external ceramic capacitors in the
5 pF to 25 pF range (typ.), designed for high-frequency applications, and selected to match
the requirements of the crystal or resonator (see Figure 24). C, 4 and C| 5, are usually the
same size. The crystal manufacturer typically specifies a load capacitance which is the

DocID024738 Rev 6 76/135
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Note:

Note:

77/135

series combination of C| 1 and C|,. PCB and MCU pin capacitance must be included (10 pF
can be used as a rough estimate of the combined pin and board capacitance) when sizing
C|_1 and C|_2.

For information on selecting the crystal, refer to the application note AN2867 “Oscillator
design guide for ST microcontrollers” available from the ST website www.st.com.

Figure 24. Typical application with an 8 MHz crystal

Resonator with
integrated capacitors

’\‘ Gy

. I - 0SC_IN fHSE

R - ° : _”_> >
) Bias

3 8 MHz RE | controlled
gain

STM32F

ai17530

1. Rgxt value depends on the crystal characteristics.
Low-speed external clock generated from a crystal/ceramic resonator

The low-speed external (LSE) clock can be supplied with a 32.768 kHz crystal/ceramic
resonator oscillator. All the information given in this paragraph are based on
characterization results obtained with typical external components specified in Table 38. 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 38. LSE oscillator characteristics (f_sg = 32.768 kHz) ()

Symbol Parameter Conditions Min | Typ | Max | Unit
Rg Feedback resistor - 18.4 - MQ
Ibp LSE current consumption - - 1 MA
Gp,_crit_max | Maximum critical crystal g, Startup - - 0.56 | yAIV
tsurse)? | startup time Vpp is stabilized - 2 - s

1. Guaranteed by design.

2. tgy(sk) is the startup time measured from the moment it is enabled (by software) to a stabilized
32.768 kHz oscillation is reached. This value is guaranteed by characterization. It is measured for a
standard crystal resonator and it can vary significantly with the crystal manufacturer.

For information on selecting the crystal, refer to the application note AN2867 “Oscillator
design guide for ST microcontrollers” available from the ST website www.st.com.

3
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Figure 26. ACChg, versus temperature
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1. Guaranteed by characterization.
Low-speed internal (LSI) RC oscillator
Table 40. LSI oscillator characteristics (1)
Symbol Parameter Min Typ Max Unit
fLg® Frequency 17 32 47 kHz
tsu<|_s|)<3) LS| oscillator startup time - 15 40 ps
|DD(LSI)(3) LSl oscillator power consumption - 0.4 0.6 MA

1. Vpp =3V, Tp =40 to 105 °C unless otherwise specified.
Guaranteed by characterization.

Guaranteed by design.

79/135 DoclD024738 Rev 6
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Table 41. Main PLL characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
VCO freq = 192 MHz 0.15 0.40
[ “) PLL ti VDD -
DD(PLL) power consumption on VCO freq = 432 MHz 0.45 0.75 .
m
| @) PLL power consumption on VCO freq = 192 MHz 0.30 i 0.40
DDA(PLL) VDDA VCO freq = 432 MHz 0.55 0.85

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.

2. Guaranteed by design.

The use of 2 PLLs in parallel could degraded the Jitter up to +30%.

4. Guaranteed by characterization.

Table 42. PLLI2S (audio PLL) characteristics

Symbol Parameter Conditions Min Typ Max Unit
foLi2s IN PLLI2S input clock(") 0.95() 1 2.10
fPLL|2S_OUT PLLI2S multlpller OUtpUt clock - - 216 MHz
fvco_out PLLI2S VCO output 192 - 432

VCO freq = 192 MHz 75 - 200
tLock PLLI2S lock time Ms
VCO freq = 432 MHz 100 - 300
Cycle to cycle at RMS B 90 B
12.288 MH; on peak
;1:18 ;{(35122 Igerél_)od, to - 4280 -
Taos, R= eak
Master 12S clock jitter P
L (3) Average frequency of
Jitter 12.288 MHz os
N=432,R=5 i 9% i
on 1000 samples
le t le at 48 KH
WS 128 clock jtter Cycle to cycle a z ; 400 ]
on 1000 samples
) | PLLI2S power consumption on VCO freq = 192 MHz 0.15 0.40
Ipp(PLLI2S) Vv _ -
DD VCO freq = 432 MHz 0.45 0.75 A
m
| 4) | PLLI2S power consumption on | VCO freq = 192 MHz 0.30 i 0.40
DDAPLLIZS) | Vppa 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.

3
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Electrical characteristics

6.3.11 PLL spread spectrum clock generation (SSCG) characteristics
The spread spectrum clock generation (SSCG) feature allows to reduce electromagnetic
interferences (see Table 49: EMI characteristics for WLCSP49). It is available only on the
main PLL.
Table 43. SSCG parameters constraint

Symbol Parameter Min Typ Max(" Unit
fMod Modulation frequency - - 10 KHz

md Peak modulation depth 0.25 - 2 %

MODEPER * INCSTEP - - 2151 -

1.

3

Guaranteed by design.

Equation 1
The frequency modulation period (MODEPER) is given by the equation below:

MODEPER = round[fp | v/ (4% fyeq)]

feLL N @and fyog Must be expressed in Hz.
As an example:

If foL (v =1 MHz, and fyyop = 1 kHz, the modulation depth (MODEPER) is given by
equation 1:

MODEPER = round[10%/ (4x 10%)] = 250

Equation 2
Equation 2 allows to calculate the increment step (INCSTEP):

INCSTEP = round[((2"° = 1)x mdx PLLN)/ (100 x 5x MODEPER)]
fyco_out must be expressed in MHz.
With a modulation depth (md) = £2 % (4 % peak to peak), and PLLN = 240 (in MHz):

INCSTEP = round[((2"°=1)x 2x 240)/ (100 x 5x 250)] = 126md(quantitazed)%

An amplitude quantization error may be generated because the linear modulation profile is
obtained by taking the quantized values (rounded to the nearest integer) of MODPER and
INCSTEP. As a result, the achieved modulation depth is quantized. The percentage
quantized modulation depth is given by the following formula:

Mdgyantizea% = (MODEPER x INCSTEP x 100x 5)/ ((2'°~1)x PLLN)

As a result:

Mdquantized% = (250 % 126x 100x 5)/ ((2'°~1)x 240) = 2.002%(peak)
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Table 45. Flash memory programming

Symbol Parameter Conditions Min® | Typ |Max(!| Unit
S Program/erase parallelism ) @)
torog Word programming time (PSIZE) = x 8/16/32 16 | 100 us
Program/erase parallelism
(PSIZE) = x 8 - | 400 | 800
terasE16Kks | Sector (16 KB) erase time gg?ég‘/: e;afg parallelism | 1 350 | 600 | ms
Program/erase parallelism
(PSIZE) = x 32 - | 290 | 00
Program/erase parallelism
(PSIZE) = x 8 - 1200 | 2400
terasEsaks | Sector (64 KB) erase time gg?ég‘/: e;afg parallelism | 1 760 | 1400 | ms
Program/erase parallelism
(PSIZE) =x 32 ) 550 | 1100
Program/erase parallelism ) 2 4
(PSIZE)=x 8
terase128kB | Sector (128 KB) erase time fprg?;%r;/:e;a?g parallelism - 1.3 2.6 s
Program/erase parallelism ) 1 2
(PSIZE) =x 32
Program/erase parallelism ) 4 8
(PSIZE)=x 8
. Program/erase parallelism
tme Mass erase time (PSIZE) = x 16 - 2.75 5.5 S
Program/erase parallelism ) 2 4
(PSIZE) =x 32
32-bit program operation 2.7 - 3.6 \%
Vorog Programming voltage 16-bit program operation 2.1 - 3.6 \%
8-bit program operation 1.7 - 3.6 \%
1. Guaranteed by characterization.
2. The maximum programming time is measured after 100K erase operations.
Table 46. Flash memory programming with Vpp voltage
Symbol Parameter Conditions Min® | Typ | Max( | Unit
torog Double word programming - 16 100 us
terase1eke | Sector (16 KB) erase time Tp = 0to +40 °C - 230 -
tERASE64KB Sector (64 KB) erase time VDD =33V - 490 - ms
terasE128KB | Sector (128 KB) erase time Vep =85V - 875 -
tvEe Mass erase time - 1.750 - S
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Electromagnetic Interference (EMI)

The electromagnetic field emitted by the device are monitored while a simple application,
executing EEMBC code, is running. This emission test is compliant with SAE IEC61967-2
standard which specifies the test board and the pin loading.

Table 49. EMI characteristics for WLCSP49

Max vs.
Symbol | Parameter Conditions Monitored [fuseffepul Unit
frequency band
25/84 MHz
0.1 to 30 MHz -6
= =95 © 0 30 to 130 MHz -6 dBpVv
Sem Peak level Vpp = 3.3V, Tp =25 °C, conforming to
IEC61967-2 130 MHz to 1 GHz -10
SAE EMI Level 1.5 -
Table 50. EMI characteristics for LQFP100
Max vs.
Symbol | Parameter Conditions Monitored [fuseffepul Unit
frequency band
25/84 MHz
0.1 to 30 MHz 18
= = 95 © ; 30 to 130 MHz 23 dBpVv
Sem Peak level YEDD 13.3 \; Ta =25 °C, conforming to
C61967- 130 MHz to 1 GHz 12
SAE EMI Level 35 -
6.3.14 Absolute maximum ratings (electrical sensitivity)

87/135

Based on three different tests (ESD, LU) using specific measurement methods, the device is
stressed in order to determine its performance in terms of electrical sensitivity.

Electrostatic discharge (ESD)

Electrostatic discharges (a positive then a negative pulse separated by 1 second) are
applied to the pins of each sample according to each pin combination. The sample size
depends on the number of supply pins in the device (3 parts x (n+1) supply pins). This test
conforms to the JESD22-A114/C101 standard.

3
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I2S interface characteristics

Unless otherwise specified, the parameters given in Table 62 for the 1S interface are
derived from tests performed under the ambient temperature, fpc| kx frequency and Vpp
supply voltage conditions summarized in Table 14, with the following configuration:

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

Refer to Section 6.3.16: I/O port characteristics for more details on the input/output alternate
function characteristics (CK, SD, WS).

Table 62. I2S dynamic characteristics(!)

Symbol Parameter Conditions Min Max Unit
fack 12S Main clock output - 256x8K | 256xFs® | MHz
Master data: 32 bits - 64xFs
fek 12S clock frequency MHz
Slave data: 32 bits - 64xFs
Dck 12S clock frequency duty cycle | Slave receiver 30 70 %
tyws) WS valid time Master mode 0 6
thews) WS hold time Master mode 0 -
tsuws) WS setup time Slave mode 1 -
thows) WS hold time Slave mode 0 -
tsu(sb_MR) Data input setup fime Master receiver 7.5 -
tsu(sb_sRr) Slave receiver 2 - ns
tn(sD_MR) Data input hold time Master receiver 0 -
th(sb_sR) Slave receiver 0 -
tv(sD_sT) Slave transmitter (after enable edge) - 27
thsp_sT) Data output valid time
tysp_mT) Master transmitter (after enable edge) - 20
thisp_mT) Data output hold time Master transmitter (after enable edge) 2.5 -

1. Guaranteed by characterization.

2. The maximum value of 256xFs is 42 MHz (APB1 maximum frequency).

Note:

101/135

Refer to the 12S section of the reference manual for more details on the sampling frequency
(Fs)-

fuck fck, and Dok values reflect only the digital peripheral behavior. The values of these
parameters might be slightly impacted by the source clock precision. Dk depends mainly
on the value of ODD bit. The digital contribution leads to a minimum value of
(12SDIV/(2*12SDIV+0DD) and a maximum value of (I2SDIV+0ODD)/(2*12SDIV+0DD). Fg
maximum value is supported for each mode/condition.
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6.3.22 Vgar monitoring characteristics

Table 74. Vgar monitoring characteristics

Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgat - 50 - KQ
Q Ratio on Vgat measurement - 4 -
Er(") Erroron Q -1 - +1 %
2)2) ADC sampling time when reading the Vgat ) )
Ts_voat 1 mV accuracy 5 HS

1. Guaranteed by design.

2. Shortest sampling time can be determined in the application by multiple iterations.

6.3.23 Embedded reference voltage

The parameters given in Table 75 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 14.

Table 75. Embedded internal reference voltage

Symbol Parameter Conditions Min | Typ | Max Unit

Vrerint | Internal reference voltage —40°C<Tp<+105°C | 118 | 1.21 | 1.24 \

ADC sampling time when reading the

(1) - - -
Ts_vrefint ' |internal reference voltage 10 HS

(2) | Internal reference voltage spread over the a3y 4+ )
VRERINT_s temperature range Vpp = 3V £10mV 3 5 mV
TCOeff(z) Temperature coefficient - - 30 50 |ppm/°C
tstart? | Startup time - - 6 10 us

1. Shortest sampling time can be determined in the application by multiple iterations.
2. Guaranteed by design.

Table 76. Internal reference voltage calibration values

Symbol Parameter Memory address

Raw data acquired at temperature of

VREFIN_CAL 30 °C Vppp = 3.3 V Ox1FFF 7A2A - Ox1FFF 7A2B

6.3.24 SD/SDIO MMC card host interface (SDIO) characteristics

Unless otherwise specified, the parameters given in Table 77 for the SDIO/MMC interface
are derived from tests performed under the ambient temperature, fpc| ko frequency and Vpp
supply voltage conditions summarized in Table 14, 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

3
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7.2 UFQFPN48 package information
Figure 49. UFQFPN48 - 48-lead, 7 x 7 mm, 0.5 mm pitch, ultra thin fine pitch
quad flat package outline
Pin 1 identifier
laser marking area
4 D »
% A A \
4
A
E| E| 149
T ¢ O v VY Seating
o) ddCJ +A1 plane
v Y e b
Detail Y
d D -
- Y
/\
Exposed pad
area < D2 >
L
C 0.500x45°
pin1 corner R0.125 typ.
Detail Z
z
AOB9_ME_V3
. Drawing is not to scale.
2. All leads/pads should also be soldered to the PCB to improve the lead/pad solder joint life.
3. There is an exposed die pad on the underside of the UFQFPN package. It is recommended to connect and
solder this back-side pad to PCB ground.
Table 81. UFQFPN48 - 48-lead, 7 x 7 mm, 0.5 mm pitch, ultra thin fine pitch
quad flat package mechanical data
millimeters inches(!)
Symbol
Min. Typ. Max. Min. Typ. Max.
A 0.500 0.550 0.600 0.0197 0.0217 0.0236
A1 0.000 0.020 0.050 0.0000 0.0008 0.0020
6.900 7.000 7.100 0.2717 0.2756 0.2795
6.900 7.000 7.100 0.2717 0.2756 0.2795
D2 5.500 5.600 5.700 0.2165 0.2205 0.2244
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Table 84. UFBGA100 - 100-ball, 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 59. UFBGA100 - 100-ball, 7 x 7 mm, 0.50 mm pitch, ultra fine pitch ball grid

000000000000
000000000000
00000 ©O0O0O00O0
000 000
000 000
00 00

Dpad
00 00
000 000 | P5m
000 00
00000 ©0O000O0
000000000000
000000000000

AOC2_FP_V1

array
package recommended footprint

Table 85. UFBGA100 recommended PCB design rules (0.5 mm pitch BGA)

istration tolerance)

Dimension Recommended values
Pitch 0.5
Dpad 0.280 mm
Dsm 0.370 mm typ. (depends on the soldermask reg-

Stencil opening

0.280 mm

Stencil thickness

Between 0.100 mm and 0.125 mm
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7.6 Thermal characteristics

The maximum chip junction temperature (T jmax) must never exceed the values given in
Table 14: General operating conditions on page 59.

The maximum chip-junction temperature, T; max., in degrees Celsius, may be calculated
using the following equation:

T,y max = Ty max + (PD max x Q)

Where:

e T, maxis the maximum ambient temperature in °C,

e Oy, is the package junction-to-ambient thermal resistance, in ° C/W,

e PD max is the sum of Pyt max and P;;g max (PD max = P\t max + P;,gmax),

e  Pny7 maxis the product of Ipp and Vpp, expressed in Watts. This is the maximum chip
internal power.

P;,0 max represents the maximum power dissipation on output pins where:
Pio max =X (VoL % loL) + Z((Vpp — Von) * lon):
taking into account the actual Vg / I and Vgy / Ioy of the 1/Os at low and high level in the

application.
Table 86. Package thermal characteristics
Symbol Parameter Value Unit
Thermal resistance junction-ambient 32
UFQFPN48
Thermal resistance junction-ambient 52
WLCSP49
Thermal resistance junction-ambient o
O LQFP64 50 cw
Thermal resistance junction-ambient 42
LQFP100
Thermal resistance junction-ambient 56
UFBGA100
7.6.1 Reference document

JESD51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural
Convection (Still Air). Available from www.jedec.org.
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