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Table 92. LQFP64 — 64-pin 10 x 10 mm low-profile quad flat package
mechanical data (continued)

millimeters inches(!
Symbol
Min Typ Max Min Typ Max

E3 - 7.500 - - 0.2953 -

- 0.500 - - 0.0197 -

K 0° 3.5° 7° 0° 3.5° 7°
L 0.450 0.600 0.750 0.0177 0.0236 0.0295

L1 - 1.000 - - 0.0394 -
cce - - 0.080 - - 0.0031

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

Figure 79. LQFP64 — 64-pin, 10 x 10 mm low-profile quad flat package
recommended footprint
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1. Drawing is not to scale.

2. Dimensions are in millimeters.
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Device marking for LQFP64

The following figure gives an example of topside marking and pin 1 position identifier

location.

Figure 80. LPQF64 marking example (package top view)

Revision code

R

Product identification(1)

Y

STM32F405

RGThE

Y |Ww

Date code

./ Pin tidentifier "_l @

MSv36121V1

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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6.3 LQPF100 package information
Figure 81. LQFP100 - 100-pin, 14 x 14 mm low-profile quad flat package outline
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1. Drawing is not to scale.
Table 93. LQPF100 — 100-pin, 14 x 14 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 15.800 16.000 16.200 0.6220 0.6299 0.6378
D1 13.800 14.000 14.200 0.5433 0.5512 0.5591
D3 - 12.000 - - 0.4724 -
E 15.80 16.000 16.200 0.6220 0.6299 0.6378
"l DoclD022152 Rev 7 169/201
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Table 93. LQPF100 — 100-pin, 14 x 14 mm low-profile quad flat package

mechanical datal") (continued)

millimeters inches
Symbol
Min Typ Max Min Typ Max
E1 13.800 14.000 14.200 0.5433 0.5512 0.5591
E3 - 12.000 - - 0.4724 -
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° 3.5° 7°
cce - - 0.080 - - 0.0031
1. Values in inches are converted from mm and rounded to 4 decimal digits.
Figure 82. LQFP100 - 100-pin, 14 x 14 mm low-profile quad flat
recommended footprint
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1. Drawing is not to scale.
2. Dimensions are expressed in millimeters.
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Device marking for LFP100

The following figure gives an example of topside marking and pin 1 position identifier

location.
Figure 83. LQFP100 marking example (package top view)
Product
identification(1)

STM3I2Fu05 | Revision

i:l code
VGeTL R /f/

Date code

Y W W

Kys O
. @

Pin 1 identifier

MSv36122V1

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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6.4 LQFP144 package information

Figure 84. LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat package outline
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1. Drawing is not to scale.
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Table 94. LQFP144 - 144-pin, 20 x 20 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 21.800 22.000 22.200 0.8583 0.8661 0.874
D1 19.800 20.000 20.200 0.7795 0.7874 0.7953
D3 - 17.500 - - 0.689 -

E 21.800 22.000 22.200 0.8583 0.8661 0.8740
E1 19.800 20.000 20.200 0.7795 0.7874 0.7953
E3 - 17.500 - - 0.6890 -

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° 3.5° 7°
cce - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 85. LQFP144 - 144-pin,20 x 20 mm low-profile quad flat package
recommended footprint
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1. Drawing is not to scale.
2. Dimensions are in millimeters.
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Device marking for LQPF144

The following figure gives an example of topside marking and pin 1 position identifier

location.

Figure 86. LQFP144 marking example (package top view)

Optional ejector hole

Product identification(1)

Pin 1 identifier ~

Revision code

K’l O R |
M STM32F4D07?Z6TL

A |

R

Optional

/ ejector hole

MSv36123V1

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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6.5

176/201

UFBGA176+25 package information

Figure 87. UFBGA176+25 - 201-ball, 10 x 10 mm, 0.65 mm pitch, ultra fine pitch
ball grid array package outline
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1. Drawing is not to scale.

Table 95. UFBGA176+25 - 201-ball, 10 x 10 x 0.65 mm pitch, ultra thin fine pitch
ball grid array mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A - - 0.600 - - 0.0236
A1 - - 0.110 - - 0.0043
A2 - 0.450 - - 0.0177 -
A3 - 0.130 - - 0.0051 0.0094
A4 - 0.320 - - 0.0126 -
0.240 0.290 0.340 0.0094 0.0114 0.0134
D 9.850 10.000 10.150 0.3878 0.3937 0.3996
D1 - 9.100 - - 0.3583 -
E 9.850 10.000 10.150 0.3878 0.3937 0.3996
E1 - 9.100 - - 0.3583 -
e - 0.650 - - 0.0256 -
z - 0.450 - - 0.0177 -
ddd - - 0.080 - - 0.0031
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Table 95. UFBGA176+25 - 201-ball, 10 x 10 x 0.65 mm pitch, ultra thin fine pitch

ball grid array mechanical data (continued)

millimeters inches("
Symbol
Min Typ Max Min Typ Max
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 88. UFBGA176+25 - 201-ball, 10 x 10 mm, 0.65 mm pitch, ultra fine pitch
ball grid array recommended footprint

000000000000000
000000000000000 .
000000000000000 [P
000000000000000 | ™"
0000 000
0000 00000 0000
0000 00000 0000
0000 00000 0000
0000 00000 0000
0000 O0000 0000
0000 0000
0000000000000 00
000000000000000
0000000000000 00
0000000000000 00

AOE7_FP_V1

Table 96. UFBGA176+2 recommended PCB design rules (0.65 mm pitch BGA)

Dimension Recommended values
Pitch 0.65
Dpad 0.300 mm
Dsm 0.400 mm typ. (depends on the soldermask

registration tolerance)

Note: Non solder mask defined (NSMD) pads are recommended.
4 to 6 mils solder paste screen printing process.
Stencil opening is 0.300 mm.
Stencil thickness is between 0.100 mm and 0.125 mm.
Pad trace width is 0.100 mm.
67 DoclD022152 Rev 7 177/201
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178/201

Device marking for UFBGA176+25

The following figure gives an example of topside marking and ball A 1 position identifier
location.

Figure 89. UFBGA176+25 marking example (package top view)

Revision code
o R
Product identification(1)
[ AlsTM32
\4 FuUuo/IGHLEL
Ball Date code
A1lidentifier

o &7

MSv36124V1

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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6.6 LQFP176 package information
Figure 90. LQFP176 - 176-pin, 24 x 24 mm low profile quad flat package outline
Seating plane
¢ 7\
> 3
= 0.25 mm
gauge plane
!E xk
At 1
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PIN 1 « D > X
IDENTIFICATION
. |
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7% 77777 e HE
| = |
. |
RAARRAITIT ‘ il
7D —» L’ — bl
b
1T_ME_V2
1. Drawing is not to scale.
Table 97. LQFP176 - 176-pin, 24 x 24 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 - 1.450 0.0531 - 0.0571
b 0.170 - 0.270 0.0067 - 0.0106
0.090 - 0.200 0.0035 - 0.0079
D 23.900 - 24.100 0.9409 - 0.9488
HD 25.900 - 26.100 1.0197 - 1.0276
"l DoclD022152 Rev 7 179/201
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Table 97. LQFP176 - 176-pin, 24 x 24 mm low profile quad flat package
mechanical data (continued)

millimeters inches(")
Symbol
Min Typ Max Min Typ Max
ZD - 1.250 - - 0.0492 -

E 23.900 - 24.100 0.9409 - 0.9488
HE 25.900 - 26.100 1.0197 - 1.0276
ZE - 1.250 - - 0.0492 -

e - 0.500 - - 0.0197 -
L) 0.450 - 0.750 0.0177 - 0.0295
L1 - 1.000 - - 0.0394 -

k 0° - 7° 0° - 7°
cce - - 0.080 - - 0.0031

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

2. L dimension is measured at gauge plane at 0.25 mm above the seating plane.

3
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Figure 91. LQFP176 - 176-pin, 24 x 24 mm low profile quad flat recommended

footprint
A RE
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1. Dimensions are expressed in millimeters.
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Device marking for LQFP176

The following figure gives an example of topside marking and pin 1 position identifier
location.

Figure 92. LQFP176 marking example (package top view)

Product identification(1)
[ s STM32F40716TE |
L JC 1 |
Revision code ~_ | | | | |Y |llj U | - Date code
Pin tidentifier ~_| ,l
e @
MSv36125V1

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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6.7 Thermal characteristics

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

Ty max =Ty max + (Pp max x ©,)
Where:

P|;,o max represents the maximum power dissipation on output pins where:
Pio max =X (VoL % lor) * Z((Vpp — Von) * lon).

Tp max is the maximum ambient temperature in °C,
0,5 is the package junction-to-ambient thermal resistance, in °C/W,
Pp max is the sum of Py max and P, max (Pp max = Pyt max + P ,omax),

P\nT max is the product of Ipp and Vpp, expressed in Watts. This is the maximum chip
internal power.

taking into account the actual Vg / I and Vgy / Ioy of the 1/Os at low and high level in the

application.
Table 98. Package thermal characteristics

Symbol Parameter Value Unit
Thermal resistance junction-ambient 46
LQFP64 - 10 x 10 mm / 0.5 mm pitch
Thermal resistance junction-ambient 43
LQFP100 - 14 x 14 mm / 0.5 mm pitch
Thermal resistance junction-ambient 40
LQFP144 - 20 x 20 mm / 0.5 mm pitch

CIN °C/W

Thermal resistance junction-ambient 38
LQFP176 - 24 x 24 mm / 0.5 mm pitch
Thermal resistance junction-ambient 39
UFBGA176 - 10x 10 mm / 0.65 mm pitch
Thermal resistance junction-ambient 38.1

WLCSP90 - 0.400 mm pitch

Reference document

JESDS51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural

Convection (Still Air). Available from www.jedec.org.

2
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7 Part numbering

Table 99. Ordering information scheme

Example: STM32 F 405R E T 6 xxx

Device family
STM32 = ARM-based 32-bit microcontroller

Product type
F = general-purpose

Device subfamily
405 = STM32F40xxx, connectivity
407= STM32F40xxx, connectivity, camera interface, Ethernet

Pin count
R =64 pins
0O =90 pins
V =100 pins
Z =144 pins
| =176 pins

Flash memory size

E = 512 Kbytes of Flash memory
G = 1024 Kbytes of Flash memory

Package
T=LQFP
H = UFBGA
Y = WLCSP

Temperature range

6 = Industrial temperature range, —40 to 85 °C.
7 = Industrial temperature range, —40 to 105 °C.

Options

XXX = programmed parts
TR = tape and reel

For a list of available options (speed, package, etc.) or for further information on any aspect
of this device, please contact your nearest ST sales office.

3
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Appendix A  Application block diagrams

A1 USB OTG full speed (FS) interface solutions

Figure 93. USB controller configured as peripheral-only and used
in Full speed mode

Voo
5V to Vpp
Volatge regulator (1)
STM32F4xx
VBUS 5
°
@
//PB14 ™ &
PA11 S
J__ OSC_IN bP ;
PA12/PB15 |« s
o 7]
[_Josc_our L—VSS 2
! n
-
MS19000V5

1. External voltage regulator only needed when building a Vg powered device.

2. 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.

Figure 94. USB controller configured as host-only and used in full speed mode

Vob
GPIO EN
PI o
Current Il'mlteq 5V Pur
Overcurrent power switch
GPIO+IRQ
STM32F4xx
VBUS 5
3
DM <
0OSC_IN PA11//PB14 :
[ DP] <
o PA12/PB15 :
Vss | @
OSC_OuT ;
S

MS19001V4

1. 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.

2. 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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Figure 95. USB controller configured in dual mode and used in full speed mode

Voo
5V to Vpp
voltage regulatorm
T
EN
GPIO »
Current limiter |5V Pwr |
GPIO+IRQ Overcurrent power switch
STM32F4xx -
vBus | ©
PA9/PB13 4 S
ov| €
PA11/PB14 §
OSC_IN
L1 PA12/PB15 ool o
= el o
S I
PA10/PB12 5
—I—— OSC_OuT g
Vss %
L 15
= MS19002V3

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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A.2 USB OTG high speed (HS) interface solutions

Figure 96. USB controller configured as peripheral, host, or dual-mode
and used in high speed mode

STM32F4xx
1 pp
< N FS PHY not connected
usB Hs \—1] 1 PM
OTG Ctrl —
DP
ULPI_CLK o
ULPI_D[7:0] B
> ID
ULPI_DIR USB
ULPI :ULPI STP Vaus connector
L > — > v
ULPI_NXT SS
High speed
OTG PHY —
S e N B i .
' <— PLL '
! []24 or 26 MHz XT™ !
' MCO1 or MCO2 XI :

--------------------------------------------- MS19005V2

1. ltis possible to use MCO1 or MCO2 to save a crystal. It is however not mandatory to clock the
STM32F40xxx with a 24 or 26 MHz crystal when using USB HS. The above figure only shows an example
of a possible connection.

2. The ID pin is required in dual role only.
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A3 Ethernet interface solutions
Figure 97. MIl mode using a 25 MHz crystal
STM32
MII_TX_CLK
MCU < == [\
Ethernet MIL_TX_EN ) Ethernet
MAC 10/100 MIl_TXD[3:0] PHY 10/100
MII_CRS MIl
MIl_COL =15 pins
1
HCLK(h—» . |mi_Rx_cik Ml + MDC
_ [MI_RXD[3:0] =17 pins
. IEEE1588 PTP MII_RX_DV
Timer MII_RX_ER
{n_put — < |/
rigger|Timestam
TIM2L 4 comparatgr mgl(? > )
PPS_OUT(2)
XTAL L] -PLL HCLK
25 MHZE OISC MCO1MCO2 _[PHY_CLK25 MHz |
MS19968V1
1. fhcLk must be greater than 25 MHz.
2. Pulse per second when using IEEE1588 PTP optional signal.
Figure 98. RMII with a 50 MHz oscillator
TM32
S 8 Ethernet
PHY 10/100
MCU RMII_TX_EN
Ethernet
W RMII_RXD[1:0 RMII
HCLK(1)— 1. =7 pins
< RMII_CRX_DV RMII + MDC
RMII_REF_CLK =9 pins
IEEE1588 PTP B
Tim(—i\r MDIO >
inpu
; - MDC
trigger|Timestam
TIM2] 4 comparatgr /
< /20r/20 |g
2.5 or 25 MHz synchronous| 50 MHz
0SC o] PLL HCLK
50 MHz
PHY_CLK 150 MHz| XT1 50 MHz
MS19969V1
1. fycLk must be greater than 25 MHz.
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Figure 99. RMIl with a 25 MHz crystal and PHY with PLL
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25 MH%

STM32F Ethernet
PHY 10/100
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Ethernet ‘. :
MAC 10/100 RMII_TXD[1:0] ! !
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IEEE1588 PTP > 9 pins
Timer . MDIO - ! p
input MDC |
trigger| Timestam h
TIM2 comparatgr 7

»
>

< /2 or /20
2.5 or 25 MHz|synchronous| 50 MHz

——

0SG

PLL HCLK PLL
MCO1/MCQO2 PHY_CLK 25 MHz| XT1

MS19970V1

1. fhcLk must be greater than 25 MHz.
2. The 25 MHz (PHY_CLK) must be derived directly from the HSE oscillator, before the PLL block.
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Revision history

Table 100. Document revision history

Date

Revision

Changes

15-Sep-2011

1

Initial release.

24-Jan-2012

Added WLCSP90 package on cover page.

Renamed USART4 and USARTS5 into UART4 and UARTS5,
respectively.

Updated number of USB OTG HS and FS in Table 2: STM32F405xx
and STM32F407xx: features and peripheral counts.

Updated Figure 3: Compatible board design between
STM32F10xx/STM32F2/STM32F40xxx for LQFP144 package and
Figure 4: Compatible board design between STM32F2 and
STM32F40xxx for LQFP176 and BGA176 packages, and removed
note 1 and 2.

Updated Section 2.2.9: Flexible static memory controller (FSMC).
Modified I/Os used to reprogram the Flash memory for CAN2 and
USB OTG FS in Section 2.2.13: Boot modes.

Updated note in Section 2.2.14: Power supply schemes.

PDR_ON no more available on LQFP100 package. Updated

Section 2.2.16: Voltage regulator. Updated condition to obtain a
minimum supply voltage of 1.7 V in the whole document.

Renamed USART4/5 to UART4/5 and added LIN and IrDA feature for
UART4 and UARTS5 in Table 5: USART feature comparison.
Removed support of 12C for OTG PHY in Section 2.2.30: Universal
serial bus on-the-go full-speed (OTG_FS).

Added Table 6: Legend/abbreviations used in the pinout table.

Table 7: STM32F40xxx pin and ball definitions: replaced Vgg_3,
Vss_4, and Vgg_8 by Vgg; reformatted Table 7: STM32F40xxx pin and
ball definitions to better highlight I/O structure, and alternate functions
versus additional functions; signal corresponding to LQFP100 pin 99
changed from PDR_ON to Vgg; EVENTOUT added in the list of
alternate functions for all I/0s; ADC3_IN8 added as alternate function
for PF10; FSMC_CLE and FSMC_ALE added as alternate functions
for PD11 and PD12, respectively; PH10 alternate function
TIM15_CH1_ETR renamed TIM5_CH1; updated PA4 and PAS5 I/O
structure to TTa.

Removed OTG_HS_SCL, OTG_HS_SDA, OTG_FS_INTN in Table 7:
STM32F40xxx pin and ball definitions and Table 9: Alternate function
mapping.

Changed TCM data RAM to CCM data RAM in Figure 18:
STM32F40xxx memory map.

Added lypp and lygg maximum values in Table 12: Current
characteristics.

Added Note 1 related to fc g, updated Note 2 in Table 14: General
operating conditions, and added maximum power dissipation values.
Updated Table 15: Limitations depending on the operating power
supply range.
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Table 100. Document revision history (continued)

Date

Revision

Changes

24-Jan-2012

2
(continued)

Added V45 in Table 19: Embedded reset and power control block
characteristics.

Updated Table 21: Typical and maximum current consumption in Run
mode, code with data processing running from Flash memory (ART
accelerator disabled) and Table 20: Typical and maximum current
consumption in Run mode, code with data processing running from
Flash memory (ART accelerator enabled) or RAM. Added Figure
Figure 25, Figure 26, and Figure 27.

Updated Table 22: Typical and maximum current consumption in Sleep
mode and removed Note 1.

Updated Table 23: Typical and maximum current consumptions in Stop
mode and Table 24: Typical and maximum current consumptions in
Standby mode, Table 25: Typical and maximum current consumptions
in VBAT mode, and Table 27: Switching output I/O current
consumption.

Section : On-chip peripheral current consumption: modified conditions,
and updated Table 28: Peripheral current consumption and Note 2.
Changed fHSE_ext to 50 MHz and tr(HSE)/tf(HSE) maximum value in
Table 30: High-speed external user clock characteristics.

Added CiLsg)in Table 31: Low-speed external user clock
characteristics.

Updated maximum PLL input clock frequency, removed related note,
and deleted jitter for MCO for RMII Ethernet typical value in Table 36:
Main PLL characteristics. Updated maximum PLLI2S input clock
frequency and removed related note in Table 37: PLLI2S (audio PLL)
characteristics.

Updated Section : Flash memory to specify that the devices are
shipped to customers with the Flash memory erased. Updated

Table 39: Flash memory characteristics, and added tyg in Table 40:
Flash memory programming.

Updated Table 43: EMS characteristics, and Table 44: EMI
characteristics.

Updated Table 56: 12S dynamic characteristics

Updated Figure 45: ULPI timing diagram and Table 62: ULPI timing.
Added tcounTer @nd tvax counT in Table 52: Characteristics of TIMx
connected to the APB1 domain and Table 53: Characteristics of TIMx
connected to the APB2 domain. Updated Table 65: Dynamic
characteristics: Ethernet MAC signals for RMII.

Removed USB-IF certification in Section : USB OTG FS
characteristics.
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Table 100. Document revision history (continued)

Date

Revision

Changes

24-Jan-2012

2
(continued)

Updated Table 61: USB HS clock timing parameters

Updated Table 67: ADC characteristics.

Updated Table 68: ADC accuracy at fADC = 30 MHz.

Updated Note 1 in Table 74: DAC characteristics.

Section 5.3.26: FSMC characteristics: updated Table 75 toTable 86,
changed C; value to 30 pF, and modified FSMC configuration for
asynchronous timings and waveforms. Updated Figure 59:
Synchronous multiplexed PSRAM write timings.

Updated Table 98: Package thermal characteristics.

Appendix A.1: USB OTG full speed (FS) interface solutions: modified
Figure 93: USB controller configured as peripheral-only and used in
Full speed mode added Note 2, updated Figure 94: USB controller
configured as host-only and used in full speed mode and added
Note 2, changed Figure 95: USB controller configured in dual mode
and used in full speed mode and added Note 3.

Appendix A.2: USB OTG high speed (HS) interface solutions: removed
figures USB OTG HS device-only connection in FS mode and USB
OTG HS host-only connection in FS mode, and updated Figure 96:
USB controller configured as peripheral, host, or dual-mode and used
in high speed mode and added Note 2.

Added Appendix A.3: Ethernet interface solutions.
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Table 100. Document revision history (continued)

Date

Revision

Changes

31-May-2012

Updated Figure 5: STM32F40xxx block diagram and Figure 7: Power
supply supervisor interconnection with internal reset OFF

Added SDIO, added notes related to FSMC and SPI/12S in Table 2:
STM32F405xx and STM32F407xx: features and peripheral counts.
Starting from Silicon revision Z, USB OTG full-speed interface is now
available for all STM32F405xx devices.

Added full information on WLCSP90 package together with
corresponding part numbers.

Changed number of AHB buses to 3.

Modified available Flash memory sizes in Section 2.2.4: Embedded
Flash memory.

Modified number of maskable interrupt channels in Section 2.2.10:
Nested vectored interrupt controller (NVIC).

Updated case of Regulator ON/internal reset ON, Regulator
ON/internal reset OFF, and Regulator OFF/internal reset ON in
Section 2.2.16: Voltage regulator.

Updated standby mode description in Section 2.2.19: Low-power
modes.

Added Note 1 below Figure 16: STM32F40xxx UFBGA176 ballout.
Added Note 1 below Figure 17: STM32F40xxx WLCSP90 ballout.
Updated Table 7: STM32F40xxx pin and ball definitions.

Added Table 8: FSMC pin definition.

Removed OTG_HS_INTN alternate function in Table 7: STM32F40xxx
pin and ball definitions and Table 9: Alternate function mapping.
Removed 12S2_WS on PB6/AF5 in Table 9: Alternate function
mapping.

Replaced JTRST by NJTRST, removed ETH_RMII _TX_CLK, and
modified 12S3ext_SD on PC11 in Table 9: Alternate function mapping.
Added Table 10: register boundary addresses.

Updated Figure 18: STM32F40xxx memory map.

Updated Vppa and Vreg+ decoupling capacitor in Figure 21: Power
supply scheme.

Added power dissipation maximum value for WLCSP90 in Table 14:
General operating conditions.

Updated Vppgr/pprin Table 19: Embedded reset and power control
block characteristics.

Updated notes in Table 21: Typical and maximum current consumption
in Run mode, code with data processing running from Flash memory
(ART accelerator disabled), Table 20: Typical and maximum current
consumption in Run mode, code with data processing running from
Flash memory (ART accelerator enabled) or RAM, and Table 22:
Typical and maximum current consumption in Sleep mode.

Updated maximum current consumption at T = 25 °n Table 23:
Typical and maximum current consumptions in Stop mode.
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Table 100. Document revision history (continued)

Date

Revision

Changes

31-May-2012

3
(continued)

Removed fysg ext typical value in Table 30: High-speed external user
clock characteristics. Updated Table 32: HSE 4-26 MHz oscillator
characteristics and Table 33: LSE oscillator characteristics (fLSE =
32.768 kHz).

Added fp | 48 oyt Maximum value in Table 36: Main PLL
characteristics.

Modified equation 1 and 2 in Section 5.3.11: PLL spread spectrum
clock generation (SSCG) characteristics.

Updated Table 39: Flash memory characteristics, Table 40: Flash
memory programming, and Table 41: Flash memory programming with
VPP.

Updated Section : Output driving current.

Table 56: I°C characteristics: Note 4 updated and applied to thispa) in
Fast mode, and removed note 4 related to t, gpa) Minimum value.
Updated Table 67: ADC characteristics. Updated note concerning ADC
accuracy vs. negative injection current below Table 68: ADC accuracy
at fADC = 30 MHz.

Added WLCSP90 thermal resistance in Table 98: Package thermal
characteristics.

Updated Table 90: WLCSP90 - 4.223 x 3.969 mm, 0.400 mm pitch
wafer level chip scale package mechanical data.

Updated Figure 87: UFBGA176+25 - 201-ball, 10 x 10 mm, 0.65 mm
pitch, ultra fine pitch ball grid array package outline and Table 95:
UFBGA176+25 - 201-ball, 10 x 10 x 0.65 mm pitch, ultra thin fine pitch
ball grid array mechanical data.

Added Figure 91: LQFP176 - 176-pin, 24 x 24 mm low profile quad flat
recommended footprint.

Removed 256 and 768 Kbyte Flash memory density from Table 99:
Ordering information scheme.

)
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Table 100. Document revision history (continued)

Date

Revision

Changes

04-Jun-2013

Modified Note 1 below Table 2: STM32F405xx and STM32F407xx:
features and peripheral counts.

Updated Figure 4 title.
Updated Note 3 below Figure 21: Power supply scheme.

Changed simplex mode into half-duplex mode in Section 2.2.25: Inter-
integrated sound (12S).

Replaced DAC1_OUT and DAC2_OUT by DAC_OUT1 and
DAC_OUT2, respectively.

Updated pin 36 signal in Figure 15: STM32F40xxx LQFP176 pinout.

Changed pin number from F8 to D4 for PA13 pin in Table 7:
STM32F40xxx pin and ball definitions.

Replaced TIM2_CH1/TIM2_ETR by TIM2_CH1_ETR for PAO and PA5
pins in Table 9: Alternate function mapping.

Changed system memory into System memory + OTP in Figure 18:
STM32F40xxx memory map.

Added Note 1 below Table 16: VCAP_1/VCAP_2 operating conditions.
Updated Ippa description in Table 74: DAC characteristics.

Removed PA9/PB13 connection to VBUS in Figure 93: USB controller
configured as peripheral-only and used in Full speed mode and
Figure 94: USB controller configured as host-only and used in full
speed mode.

Updated SPI throughput on front page and Section 2.2.24: Serial
peripheral interface (SPI)

Updated operating voltages in Table 2: STM32F405xx and
STM32F407xx: features and peripheral counts

Updated note in Section 2.2.14: Power supply schemes
Updated Section 2.2.15: Power supply supervisor

Updated “Regulator ON” paragraph in Section 2.2.16: Voltage
regulator

Removed note in Section 2.2.19: Low-power modes

Corrected wrong reference manual in Section 2.2.28: Ethernet MAC
interface with dedicated DMA and IEEE 1588 support

Updated Table 15: Limitations depending on the operating power
supply range

Updated Table 24: Typical and maximum current consumptions in
Standby mode

Updated Table 25: Typical and maximum current consumptions in
VBAT mode

Updated Table 37: PLLI2S (audio PLL) characteristics
Updated Table 44: EMI characteristics

Updated Table 49: Output voltage characteristics
Updated Table 51: NRST pin characteristics

Updated Table 55: SPI dynamic characteristics
Updated Table 56: 12S dynamic characteristics
Deleted Table 59

Updated Table 62: ULPI timing

Updated Figure 46: Ethernet SMI timing diagram

DoclD022152 Rev 7 195/201




Revision history

STM32F405xx, STM32F407xx

196/201

Table 100. Document revision history (continued)

Date

Revision

Changes

04-Jun-2013

4
(continued)

Updated Figure 87: UFBGA176+25 - 201-ball, 10 x 10 mm, 0.65 mm
pitch, ultra fine pitch ball grid array package outline

Updated Table 95: UFBGA176+25 - 201-ball, 10 x 10 x 0.65 mm pitch,
ultra thin fine pitch ball grid array mechanical data

Updated Figure 5: STM32F40xxx block diagram
Updated Section 2: Description

Updated footnote @) in Table 2: STM32F405xx and STM32F407xx:
features and peripheral counts

Updated Figure 3: Compatible board design between
STM32F10xx/STM32F2/STM32F40xxx for LQFP144 package

Updated Figure 4: Compatible board design between STM32F2 and
STM32F40xxx for LQFP176 and BGA176 packages

Updated Section 2.2.14: Power supply schemes

Updated Section 2.2.15: Power supply supervisor

Updated Section 2.2.16: Voltage regulator, including figures.

Updated Table 14: General operating conditions, including footnote @),
Updated Table 15: Limitations depending on the operating power
supply range, including footnote @),

Updated footnote (in Table 67: ADC characteristics.

Updated footnote @) in Table 68: ADC accuracy at fADC = 30 MHz.
Updated footnote (in Table 74: DAC characteristics.

Updated Figure 9: Regulator OFF.

Updated Figure 7: Power supply supervisor interconnection with
internal reset OFF.

Added Section 2.2.17: Regulator ON/OFF and internal reset ON/OFF
availability.

Updated footnote @) of Figure 21: Power supply scheme.

Replaced respectively “12S3S_WS" by "I12S3_WS”, “12S3S_CK” by
“12S83_CK” and “FSMC_BLN1” by “FSMC_NBL1” in Table 9: Alternate
function mapping.

Added “EVENTOUT” as alternate function “AF15” for pin PC13, PC14,
PC15, PHO, PH1, PI8 in Table 9: Alternate function mapping
Replaced “DCMI_12” by “DCMI_D12” in Table 7: STM32F40xxx pin
and ball definitions.

Removed the following sentence from Section : 12C interface

characteristics: "Unless otherwise specified, the parameters

given in Table 56 are derived from tests performed under the

ambient temperature, fpc k1 frequency and Vpp supply voltage

conditions summarized in Table 14.”.

In Table 7: STM32F40xxx pin and ball definitions on page 46:

— For pin PC13, replaced “RTC_AF1” by “RTC_OUT, RTC_TAMP1,
RTC_TS”

— for pin PI8, replaced “RTC_AF2” by “RTC_TAMP1, RTC_TAMP2,
RTC_TS”.

— for pin PB15, added RTC_REFIN in Alternate functions column.

In Table 9: Alternate function mapping on page 61, for port
PB15, replaced “RTC_50Hz” by “RTC_REFIN”.
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Table 100. Document revision history (continued)

Date

Revision

Changes

04-Jun-2013

4
(continued)

Updated Figure 6: Multi-AHB matrix.

Updated Figure 7: Power supply supervisor interconnection with
internal reset OFF

Changed 1.2 V to V45 in Section : Regulator OFF
Updated LQFP176 pin 48.

Updated Section 1: Introduction.

Updated Section 2: Description.

Updated operating voltage in Table 2: STM32F405xx and
STM32F407xx: features and peripheral counts.

Updated Note 1.

Updated Section 2.2.15: Power supply supervisor.

Updated Section 2.2.16: Voltage regulator.

Updated Figure 9: Regulator OFF.

Updated Table 3: Regulator ON/OFF and internal reset ON/OFF
availability.

Updated Section 2.2.19: Low-power modes.

Updated Section 2.2.20: VBAT operation.

Updated Section 2.2.22: Inter-integrated circuit interface (1°C) .
Updated pin 48 in Figure 15: STM32F40xxx LQFP176 pinout.
Updated Table 6: Legend/abbreviations used in the pinout table.
Updated Table 7: STM32F40xxx pin and ball definitions.
Updated Table 14: General operating conditions.

Updated Table 15: Limitations depending on the operating power
supply range.

Updated Section 5.3.7: Wakeup time from low-power mode.
Updated Table 34: HSI oscillator characteristics.

Updated Section 5.3.15: I/O current injection characteristics.
Updated Table 48: I/O static characteristics.

Updated Table 51: NRST pin characteristics.

Updated Table 56: I°C characteristics.

Updated Figure 39: I2C bus AC waveforms and measurement circuit.
Updated Section 5.3.19: Communications interfaces.

Updated Table 67: ADC characteristics.

Added Table 70: Temperature sensor calibration values.

Added Table 73: Internal reference voltage calibration values.
Updated Section 5.3.26: FSMC characteristics.

Updated Section 5.3.28: SD/SDIO MMC card host interface (SDIO)
characteristics.

Updated Table 23: Typical and maximum current consumptions in Stop
mode.

Updated Section : SPI interface characteristics included Table 55.
Updated Section : I12S interface characteristics included Table 56.
Updated Table 64: Dynamic characteristics: Eternity MAC signals for
SMI.

Updated Table 66: Dynamic characteristics: Ethernet MAC signals for
Mil.
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Date

Revision

Changes

04-Jun-2013

4
(continued)

Updated Table 64: Dynamic characteristics: Eternity MAC signals for
SMi.

Updated Table 66: Dynamic characteristics: Ethernet MAC signals for
Mil.

Updated Table 79: Synchronous multiplexed NOR/PSRAM read
timings.

Updated Table 80: Synchronous multiplexed PSRAM write timings.
Updated Table 81: Synchronous non-multiplexed NOR/PSRAM read
timings.

Updated Table 82: Synchronous non-multiplexed PSRAM write
timings.

Updated Section 5.3.27: Camera interface (DCMI) timing specifications
including Table 87: DCMI characteristics and addition of Figure 72:
DCMI timing diagram.

Updated Section 5.3.28: SD/SDIO MMC card host interface (SDIO)
characteristics including Table 88.

Updated Chapter Figure 9.

)
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Table 100. Document revision history (continued)

Date

Revision

Changes

06-Mar-2015

Replace Cortex-M4F by Cortex-M4 with FPU throughout the
document.

Updated Section : Regulator OFF and Table 3: Regulator ON/OFF and
internal reset ON/OFF availability for LQFP176.

Updated Figure 15: STM32F40xxx LQFP176 pinout and Table 7:
STM32F40xxx pin and ball definitions.

Updated Figure 6: Multi-AHB matrix.

Added note 1 below Figure 12: STM32F40xxx LQFP64 pinout,

Figure 13: STM32F40xxx LQFP100 pinout, Figure 14: STM32F40xxx
LQFP144 pinout and Figure 15: STM32F40xxx LQFP176 pinout.
Updated lypp and lygg in Table 12: Current characteristics.

Updated PLS[2:0]=101 (falling edge) configuration in Table 19:
Embedded reset and power control block characteristics.

Added Section : Additional current consumption. Updated Section :
On-chip peripheral current consumption.

Updated Table 29: Low-power mode wakeup timings.

Updated Table 32: HSE 4-26 MHz oscillator characteristics and

Table 33: LSE oscillator characteristics (fLSE = 32.768 kHz).

Changed condition related to Vesp(cpm) in Table 45: ESD absolute
maximum ratings.

Updated Table 47: I/O current injection susceptibility, Table 48: I/O
static characteristics, Table 49: Output voltage characteristics
conditions, Table 50: I/0 AC characteristics and Figure 37: 1/0 AC
characteristics definition.

Updated Section : 12C interface characteristics.

Remove note 3 in Table 69: Temperature sensor characteristics.
Updated Figure 72: DCMI timing diagram.

Modified Figure 75: WLCSP90 - 4.223 x 3.969 mm, 0.400 mm pitch
wafer level chip scale package outline and Table 90: WLCSP90 - 4.223
x 3.969 mm, 0.400 mm pitch wafer level chip scale package
mechanical data. Added Figure 76: WLCSP90 - 4.223 x 3.969 mm,
0.400 mm pitch wafer level chip scale recommended footprint and
Table 91: WLCSP90 recommended PCB design rules. /

Modified Figure 78: LQFP64 — 64-pin, 10 x 10 mm low-profile quad flat
package outline and Table 92: LQFP64 — 64-pin 10 x 10 mm low-profile
quad flat package mechanical data.

Updated Figure 87: UFBGA176+25 - 201-ball, 10 x 10 mm, 0.65 mm
pitch, ultra fine pitch ball grid array package outline and Table 95:
UFBGA176+25 - 201-ball, 10 x 10 x 0.65 mm pitch, ultra thin fine pitch
ball grid array mechanical data. Added Figure 88: UFBGA176+25 -
201-ball, 10 x 10 mm, 0.65 mm pitch, ultra fine pitch ball grid array
recommended footprint and Table 96: UFBGA176+2 recommended
PCB design rules (0.65 mm pitch BGA).

Updated Figure 90: LQFP176 - 176-pin, 24 x 24 mm low profile quad
flat package outline.

Added Section : Device marking for WLCSP90, Section : Device
marking for LQFP64, Section : Device marking for LFP100, Section :
Device marking for LQPF144, Section : Device marking for
UFBGA176+25 and Section : Device marking for LQFP176.
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Date

Revision

Changes

22-Oct-2015

In the whole document, updated notes related to values guaranteed by
design or by characterization.

Updated Table 34: HSI oscillator characteristics.

Changed fyco oyt minimum value and VCO freq to 100 MHz in

Table 36: Main PLL characteristics and Table 37: PLLI2S (audio PLL)
characteristics.

Updated Figure 39: SPI timing diagram - slave mode and CPHA = 0.
Updated Figure 53: 12-bit buffered /non-buffered DAC.

Removed note 1 related to better performance using a restricted Vpp
range in Table 68: ADC accuracy at fADC = 30 MHz.

Upated Figure 84: LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat
package outline.

Updated Figure 87: UFBGA176+25 - 201-ball, 10 x 10 mm, 0.65 mm
pitch, ultra fine pitch ball grid array package outline and Table 95:
UFBGA176+25 - 201-ball, 10 x 10 x 0.65 mm pitch, ultra thin fine pitch
ball grid array mechanical data.

16-Mar-2016

Updated Figure 2: Compatible board design
STM32F10xx/STM32F2/STM32F40xxx for LQFP100 package.

Updated |Vssx—Vss| in Table 11: Voltage characteristics to add Vggr_.
Added Vger_in Table 67: ADC characteristics.

Updated Table 90: WLCSP90 - 4.223 x 3.969 mm, 0.400 mm pitch
wafer level chip scale package mechanical data.
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