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STM32F401xD STM32F401xE Description
Table 2. STM32F401xD/xE features and peripheral counts
Peripherals STM32F401xD STM32F401xE

Flash memory in Kbytes 384 512
SRAM in Kbytes System 96

General- 7

purpose
Timers

Advanced- 1

control

2 4/2 (full 4/2 (full

SPI/ 1S 3/2 (full duplex) duplex) 3/2 (full duplex) duplex)
Communication 12c 3
interfaces

USART 3

SDIO - ‘ 1 ‘ - ‘ 1
USB OTG FS 1
GPIOs 36 ‘ 50 ‘ 81 ‘ 36 ‘ 50 ‘ 81
12-bit ADC 1
Number of channels 10 ‘ 16 ‘ 10 ‘ 16
Maximum CPU frequency 84 MHz
Operating voltage 1.7t03.6V

Operating temperatures

Ambient temperatures: —40 to +85 °C/—40 to +105 °C

Junction temperature: —40 to + 125 °C

WLCSP49 UFBGA100 | WLCSP49 UFBGA100
Pack LQFP64 LQFP64

ackage UFQFPN4s | -2 LQFP100 | UFQFPN4s | @ LQFP100
‘Yl DoclD025644 Rev 3 11/135




Description STM32F401xD STM32F401xE

2.1 Compatibility with STM32F4 series

The STM32F401xD/xE are fully software and feature compatible with the STM32F4 series
(STM32F42x, STM32F43x, STM32F41x, STM32F405 and STM32F407)

The STM32F401xD/xE 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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. |
STM32F429/STM32F439 line 55 PD8 PB11 not available anymore 55 b PD8
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Pinouts and pin description

STM32F401xD STM32F401xE

Table 8. STM32F401xD/xE pin definitions (continued)

Pin Number o

w | @ o |g | Pinname | & | & o Additional

S|la|l3|S|= (function 2|3 5 Alternate functions .

Zlola|lag | < ml el gl 2 functions

Lo |x | ¢ | after reset) =

gl o c m Q

S| 3|23 L:L =
USART6_CK, TIM3_CHS3,

- - 39|65 |E10 PC8 /0 |FT - SDIO_DO, EVENTOUT -
12S_CKIN, 12C3_SDA,

- - |40 | 66 | D12 PC9 /O |FT - TIM3_CH4, SDIO_D1, -
MCO_2, EVENTOUT
12C3_SCL, USART1_CK,

29 | D1 |41 | 67 | D11 PA8 /O |FT - TIM1_CH1, OTG_FS_SOF, -
MCO_1, EVENTOUT
12C3_SMBA, USART1_TX,

30| D2 |42 | 68 | D10 PA9 /0 |FT - TIM1_CH2, EVENTOUT OTG_FS_VBUS
USART1_RX, TIM1_CHS3,

311C2|43| 69 |C12 PA10 /0 |FT - OTG_FS_ID, EVENTOUT -
USART1_CTS, USART6_TX,

32 |C1|44 | 70 |B12 PA11 /0 |FT - TIM1_CH4, OTG_FS_DM, -
EVENTOUT
USART1_RTS, USART6_RX,

33|C3|45| 71 |A12 PA12 /O | FT - TIM1_ETR, OTG_FS_DP, -
EVENTOUT

PA13 (JTMS-

34 |B3 |46 | 72 | A1 SWDIO) /O |FT - JTMS-SWDIO, EVENTOUT -

- - - | 73 | C11 VCAP2 S | - - - -

35 |B1|47 | 74 | F11 VSS S | - - - -

36| - |48 | 75 | G11 VDD S | - - - -

- |B2| - - - VDD S | - - - -

PA14 (JTCK-

37 | A1 49| 76 | A10 SWCLK) /O |FT - JTCK-SWCLK, EVENTOUT -
JTDI, SPI1_NSS,
SPI3_NSS/I12S3_WS,

38| A2 | 50| 77 | A9 | PA15(JTDI) | I/O |FT - TIMZ_CH1/TIMZ_ETR, JTDI, -
EVENTOUT
SPI3_SCK/I12S3_CK,

- - | 51|78 |B11 PC10 /0 |FT - SDIO_ D2, EVENTOUT -
12S3ext_SD, SPI3_MISO,

- - |52|79 |C10 PC11 /O |FT - SDIO_D3, EVENTOUT -
SPI3_MOSI/I12S3_SD,

- - | 53| 80 | B10 PC12 /10 |FT - SDIO_CK, EVENTOUT -

- - - |81 ] C9 PDO /0 |FT - EVENTOUT -

42/135 DoclD025644 Rev 3 ‘Yl
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Table 9. Alternate function mapping (continued)

AF00 AFO1 AF02 AF03 AF04 AF05 AF06 AFO7 | AF08 | AF09 AF10 | AF11 | AF12 | AF13 | AF14| AF15
Port
svs_ar | Tmmz | TS | qwg, | 12euizeal| poyepg | P22zl | GGRRN | oarre | 1262 | orgy ps spio
TIM11 12S3/SPI4 USART2

PBO - | TIM1_CH2N | TIM3_CH3 - - - - - - - - - - -l | REYT
PB1 - | TIM1_CH3N | TIM3_CH4 - - - - - - - - - - - BT
PB2 - - - - - - - - - - - - - -l BT
PB3 | no | TIM2_CH2 - - - spi_sck | SoS5ok - - |icaspa| - - - - - (R
PB4 | JTRST - TIM3_CH1 - - Sis | sPmiso | 2999451 lpca spa| - - - - - [REYT
| | weoe| | B | o e | | | ] e
PB6 - - TIM4_CH1 : 12C1_SCL - - USART . - - - - - |REYT
g PB7 - - TIM4_CH2 - 12C1_SDA - - veee - - - - - - - BT
PBS - - TIM4_CH3 | TIM10_CH1 | 12C1_SCL - - - - - - SO | - |EYENT
PBY - - TIM4_CH4 | TIM11_CH1 | 1201_5DA | SO NS - - - - - - S2O- | - |RENT
PB10 - TIM2_CH3 - . e - - - - - - - - - [REYT
PB12 - TIM1_BKIN - - aon | e - - - - - - - e
PB13 - |TM1_cHIN - . - ez oK - - - - - - - -l - | REYT
PB14 - TIM1_CH2N - - - SPI2_MISO | 12S2ext_SD - - - B, - - B ) EgE’#T
| B o] - | - | - P - | - || - | - |-

3XLOV4ZEINLS AXLOVHAZEINLS
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STM32F401xD STM32F401xE

Memory mapping

5

3

Memory mapping

The memory map is shown in Figure 15.

Figure 15.

Memory map

OXFFFF FFFF

0xE000 0000
OXDFFF FFFF

0xC000 0000
OxBFFF FFFF

0x6000 0000
OX5FFF FFFF

0x4000 0000
0x3FFF FFFF

0x2000 0000
Ox1FFF FFFF

0x0000 0000

512-Mbyte
block 7

Cortex-M4's
internal

peripherals

512-Mbyte
block 6
Not used

Reserved

512-Mbyte
block 2
Peripherals

512-Mbyte
block 1
SRAM

Reserved

512-Mbyte
block 0
Code

SRAM (96 KB aliased
by bit-banding)

Reserved

Option bytes

Reserved

System memory

Reserved

0x2001 8000 - Ox3FFF FFFF
0x2000 0000 - 0x2001 7FFF
0x1FFF C008 - 0x1FFF FFFF

0x1FFF C000 - Ox1FFF C007
0x1FFF 7A10 - 0Ox1FFF BFFF
Ox1FFF 0000 - 0x1FFF 7A0F
0x0808 0000 - 0x1FFE FFFF

Flash memory

Reserved

Aliased to Flash, system
memory or SRAM depending
on the BOOT pins

0800 0000 - 0x0807 FFFF
0x0088 0000 - 0x07FF FFFF

0x0000 0008 0x0007 FFFF

Reserved

Cortex-M4 internal
peripherals

Reserved

AHB2

Reserved

AHB1

Reserved

0xE010 0000 - OxFFFF FFFF

0XE000 0000 - OXEOOF FFFF
OXDFFF FFFF

0x5004 0000
0x5003 FFFF

0x5000 0000
0x4002 6800 - 0x4FFF FFFF
0x4002 67FF

0x4002 0000
0x4001 4C00 - 0x4001 FFFF

APB2

0x4001 4BFF

0x4001 0000

Reserved

0x4000 7400 - 0x4000 FFFF

APB1

0x4000 73FF

0x4000 0000

MS31970V1
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Electrical characteristics STM32F401xD STM32F401xE

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_ 1Vcap 2 Pins Max. frequency 84 MHz. 1.2 [1.26| 1.32
Input voltage on RSTand FT |2V < Vpp< 3.6V -03 | - 55
Viy [pins” Vpp< 2V 03| - | 52
Input voltage on BOOTO pin 0 - 9
UFQFPN48 - - 625
WLCSP49 - - 392
o | Mo slousd pecege . [Larpos e |
LQFP100 - - 465
UFBGA100 - - 323
60/135 "_l




STM32F401xD STM32F401xE Electrical characteristics

6.3.3 Operating conditions at power-up/power-down (regulator ON)

Subject to general operating conditions for Tx.

Table 17. Operating conditions at power-up / power-down (regulator ON)

Symbol Parameter Min Max Unit
Vpp rise time rate 20 oo
tvbp , us/V
Vpp fall time rate 20 oo
6.3.4 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
tvbp
Vpp fall time rate Power-down 20 0o
us/V
Veap 1 and Vepap o rise time rate | Power-up 20 oo
tvcap = =
Vcap_1a@nd Vepp o fall time rate | Power-down 20 oo
1. To reset the internal logic at power-down, a reset must be applied on pin PAO when Vpp reach below
1.08 V.
Note: This feature is only available for UFBGA100 package.

3
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STM32F401xD STM32F401xE

Electrical characteristics

6.3.13

3

Table 46. Flash memory programming with Vpp voltage (continued)

Symbol Parameter Conditions Min® | Typ | Max(™ | Unit
Vorog Programming voltage 2.7 - 3.6 \Y
Vpp Vpp voltage range 7 - 9 \Y
Minimum current sunk on
lpp the Vpp pin 10 ) i mA
3) Cumulative time during ) )
tvpp which Vpp is applied 1 | hour
1. Guaranteed by design, not tested in production.
2. The maximum programming time is measured after 100K erase operations.
3. Vpp should only be connected during programming/erasing.
Table 47. Flash memory endurance and data retention
Value
Symbol Parameter Conditions Unit
Min(")
Tp = —40 to +85 °C (6 suffix versions)
N Endurance kcycles
END T =—40 to +105 °C (7 suffix versions) 10 4
1 keycle® at T, = 85 °C 30
treT | Data retention |1 kcycle® at Tpa=105°C 10 Years
10 keycles® at Ty = 55 °C 20

1. Guaranteed by characterization, not tested in production.

2. Cycling performed over the whole temperature range.

EMC characteristics

Susceptibility tests are performed on a sample basis during device characterization.

Functional EMS (electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports).
the device is stressed by two electromagnetic events until a failure occurs. The failure is
indicated by the LEDs:
o Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until

a functional disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.

e FTB: A burst of fast transient voltage (positive and negative) is applied to Vpp and Vgg
through a 100 pF capacitor, until a functional disturbance occurs. This test is compliant
with the IEC 61000-4-4 standard.

A device reset allows normal operations to be resumed.

The test results are given in Table 48. They are based on the EMS levels and classes

defined in

application note AN1709.

DoclD025644 Rev 3
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STM32F401xD STM32F401xE Electrical characteristics

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
8/84 MHz
0.1 to 30 MHz -4
= =95 © 0 30 to 130 MHz -4 dBpVv
Sem Peak level Vpp = 3.6V, Tp =25 °C, conforming to
IEC61967-2 130 MHz to 1 GHz -2
SAE EMI Level 1.5 -
Table 50. EMI characteristics for LQFP100
Max vs.
Symbol | Parameter Conditions Monitored [fuseffepul Unit
frequency band
8/84 MHz
0.1 to 30 MHz 19
= X ; 30 to 130 MHz 19 dBpVv
Sem Peak level YEDD 13.6 \; T =25 °C, conforming to
C61967- 130 MHz to 1 GHz 11
SAE EMI Level 35 -
6.3.14 Absolute maximum ratings (electrical sensitivity)

3

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.

DoclD025644 Rev 3 89/135




STM32F401xD STM32F401xE Electrical characteristics

USB OTG full speed (FS) characteristics
This interface is present in USB OTG FS controller.

Table 63. USB OTG FS startup time

Symbol Parameter Max Unit

tSTARTUp(1) USB OTG FS transceiver startup time 1 us

1. Guaranteed by design, not tested in production.

Table 64. USB OTG FS DC electrical characteristics

Symbol Parameter Conditions Min.( Typ. Max.( | Unit
Voo USB OTG FS operating 30@ ) 36 Vv
voltage
| Vp,® | Differential input sensitivity | I(USB_FS_DP/DM) 0.2 - -
nput : -
levels (3) | Differential common mode )
Vem range Includes Vp, range 0.8 25 Vv
3) | Single ended receiver i
VsE™ | threshold 13 2.0
Output| VoL |Static output level low R of 1.5kQto 3.6 V| - - | 03 v
levels | v, |Static output level high R of15kQtoVes® | 28 | - | 36
PA11, PA12
’ 17 21 24
Rpp (USB_FS_DM/DP) Vin = Vob
PA9 (OTG_FS_VBUS) 065 | 11 2.0 .
Q
PA11, PA12 _
Roy (USB_FS_DM/DP) VN = Vss 1.5 1.8 21
PA9 (OTG_FS_VBUS) VN = Vss 0.25 [ 0.37| 0.55
1. All the voltages are measured from the local ground potential.
2. The USB OTG FS functionality is ensured down to 2.7 V but not the full USB full speed electrical
characteristics which are degraded in the 2.7-to-3.0 V Vpp voltage range.
Guaranteed by design, not tested in production.
R_ is the load connected on the USB OTG FS drivers.
Note: When VBUS sensing feature is enabled, PA9 should be left at their default state (floating

input), not as alternate function. A typical 200 uA current consumption of the embedded
sensing block (current to voltage conversion to determine the different sessions) can be
observed on PA9 when the feature is enabled.

3
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Electrical characteristics

STM32F401xD STM32F401xE

Figure 39. USB OTG FS timings: definition of data signal rise and fall time

Crossover
points
Differen tial
Data Lines
\/CRS ------- X/ \\X X K
v .
SS tf 1 1 tr U :
ai14137
Table 65. USB OTG FS electrical characteristics(?)
Driver characteristics
Symbol Parameter Conditions Min Max Unit
t, Rise time(®) C_ =50 pF 4 20 ns
t Fall time(®) C_ =50 pF 4 20 ns
trim Rise/ fall time matching t /s 90 110 %
Vcrs Output signal crossover voltage 1.3 20 \Y,

1. Guaranteed by design, not tested in production.

2. Measured from 10% to 90% of the data signal. For more detailed informations, please refer to USB
Specification - Chapter 7 (version 2.0).

6.3.20 12-bit ADC characteristics
Unless otherwise specified, the parameters given in Table 66 are derived from tests
performed under the ambient temperature, fpc| ko frequency and Vppa supply voltage
conditions summarized in Table 14.
Table 66. ADC characteristics
Symbol Parameter Conditions Min Typ Max Unit
Vppa | Power supply 1.7(D - 3.6 \
” Vbpa — VRer+ < 1.2V 3
Vgrer+ | Positive reference voltage 1.7() - Vppa Vv
Vppa=1.7Mt0 2.4V 0.6 15 18 MHz
fanc | ADC clock frequency
Vppa=24103.6V 0.6 30 36 MHz
fADC =30 MHZ,
. . - - 1764 kHz
frric® | External trigger frequency 12-bit resolution
- - 17 1fapc
' ®) 0 (VssaOr VRer- )
Van | Conversion voltage range tied to ground) VREF+ \
@) . . See Equation 1 for ) )
RAIN External input impedance details 50 kQ
RADC(Z)(4) Sampling switch resistance - - 6 kQ
(2) |Internal sample and hold )
Canc capacitor 4 7 PF

106/135
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STM32F401xD STM32F401xE

Electrical characteristics

Table 66. ADC characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
. (@ |Injection trigger conversion fapc = 30 MHz - - 0.100 Hs
lat latency - - 30 | 1fape
.. @ |Regular trigger conversion fapc =30 MHz - - 0.067 Hs
latr latency - - 20) | 1ffape
f = 30 MHz 0.100 - 16 us
ts(z) Sampling time ADC
3 - 480 1fapc
tSTAB(z) Power-up time - 2 3 ps
fADC =30 MHz
0.50 - 16.40
12-bit resolution Hs
fADC =30 MHz
0.43 - 16.34
10-bit resolution Hs
Total conversion time (including f = 30 MHz
tcony® A ADC 0.37 - 16.27 s
CONVE™ | sampling time) 8-bit resolution H
fADC =30 MHz
0.30 - 16.20 s
6-bit resolution H
9 to 492 (tg for sampling +n-bit resolution for successive
cVs 1fanc
approximation)
12-bit resolution
- - 2 Msps
Single ADC P
Sampling rate 12-bit resolution
fs(z) (fapc = 30 MHz, and Interlea\r;eogsal ADC - - 3.75 Msps
ts = 3 ADC cycles)
12-bit resolution
Interleave Triple ADC - - 6 Msps
mode
ADC Vggrg DC current
IVREF+(2) consumption in conversion - 300 500 MA
mode
ADC Vppa DC current
lvopa® | consumption in conversion - 1.6 1.8 mA
mode
1. Vppa minimum value of 1.7 V is possible with the use of an external power supply supervisor (refer to Section 3.14.2:
Internal reset OFF).
2. Guaranteed by characterization, not tested in production.
3. VRer+ is internally connected to Vppa and Veg. is internally connected to Vgga.
4. Rapc maximum value is given for Vpp=1.7 V, and minimum value for Vpp=3.3 V.
5. For external triggers, a delay of 1/fpc k2 must be added to the latency specified in Table 66.
Equation 1: Ry max formula
— (k - 015)
Ran = N+2 -Rapc
fapc X Capc X In(2 )
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Figure 45. SD default mode
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Table 77. Dynamic characteristics: SD / MMC characteristics(1)(2)

Symbol Parameter Conditions Min Typ Max Unit
fep Clock frequency in data transfer mode 0 - 48 MHz
- SDIO_CK/fPCLK2 frequency ratio - - 8/3 -
tyy(ckL) Clock low time fop = 48MHz 8.5 9 - s
tyw(CkH) Clock high time fpp = 48MHz 8.3 10 -
CMD, D inputs (referenced to CK) in MMC and SD HS mode
tisu Input setup time HS fpp = 48MHz 3.5 - -
tiH Input hold time HS fpp = 48MHz 0 - - ne
CMD, D outputs (referenced to CK) in MMC and SD HS mode
tov Output valid time HS fpp = 48MHz - 4.5 7
ton Output hold time HS fpp = 48MHz 3 - - "
CMD, D inputs (referenced to CK) in SD default mode
tisup Input setup time SD fop = 24MHz 1.5 - -
tiup Input hold time SD fop = 24MHz 0.5 - - "
CMD, D outputs (referenced to CK) in SD default mode
tovb Output valid default time SD fpp =24MHz - 4.5 6.5
toHD Output hold default time SD fop =24MHz 3.5 - - e
1. Data based on characterization results, not tested in production.
2. Vpp=27t03.6V.
6.3.25 RTC characteristics
Table 78. RTC characteristics
Symbol Parameter Conditions Min Max
- fpcLk1/RTCCLK frequency ratio ﬁgr{l;teo agawgtTecorpleiasgrn 4 -
114/135 m
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STM32F401xD STM32F401xE

Table 81. UFQFPN48, 7 x 7 mm, 0.5 mm pitch, package mechanical data (continued)

millimeters inches(!)
Symbol
Min. Typ. Max. Min. Typ. Max.
T - 0.152 - - 0.0060 -
b 0.200 0.250 0.300 0.0079 0.0098 0.0118
e - 0.500 - - 0.0197 -
1. Values in inches are converted from mm and rounded to 4 decimal digits.
Figure 50. UFQFPN48 recommended footprint
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< 6.20 >
£ MO000000000
A D = i
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7.30 =3 o _ - 5.80
620 [ (- -
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1 , (-
v ‘A \ v
v 400000000008
o ||« 050 075
- « 580 > AOB9_FP_V2
1. Dimensions are in millimeters.
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71.3 LQFP64, 10 x 10 mm, 64-pin low-profile quad flat package

Figure 52. LQFP64, 10 x 10 mm, 64-pin low-profile quad flat package outline
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1. Drawing is not to scale.
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Device marking

Figure 54. Example of LQFP64 marking (top view)

Revision code

K

STM32Fu0L

Product identification(”

4

RDTbL

Date code

Y iwWww

Pin 1

.‘/indentifier ﬁ Q

MSv36198V1

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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Figure 56. LQFP100 recommended footprint
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1. Dimensions are in millimeters.

Device marking

Figure 57. Example of LQPF100 marking (top view)

Product identification'" i V\\

NI—ES32Fuldl Optional gate mark
\ VDTh R <+—— | | Revisioncode
Date code
Y ww

Ly7 O
./ indentifier

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.

MSv36199V1
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7.2 Thermal characteristics

The maximum chip junction temperature (T jmax) must never exceed the values given in
Table 14: General operating conditions on page 60.

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

Ty max = Ty max + (PD max x ©,,)

Where:

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

e 0, is the package junction-to-ambient thermal resistance, in °C/W,

e PD max s 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 % lor) * Z((Vpp — Von) * lon).
taking into account the actual Vg / I and Vgy / Ioy of the 1/0s at low and high level in the

application.
Table 85. Package thermal characteristics
Symbol Parameter Value Unit
Thermal resistance junction-ambient 32
UFQFPN48
Thermal resistance junction-ambient 51
WLCSP49
Thermal resistance junction-ambient o
©m  |LaFpPes 50 cw
Thermal resistance junction-ambient 42
LQFP100
Thermal resistance junction-ambient 56
UFBGA100
7.21 Reference document

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