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Description

STM32F469xx

TFBGAZ216 package

114

Figure 4. TFBGA216 port-to-terminal assignment differences
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1. The highlighted pins are substituted with dedicated DSI 10 pins on STM32F469xx/479xx devices.
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STM32F469xx Pinouts and pin description
Figure 19. STM32F46x LQFP208 pinout
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1. The above figure shows the package top view.
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STM32F469xx Pinouts and pin description
Table 9. 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/10 Input / output pin
FT 5V tolerant /0
TTa 3.3 V tolerant I/O directly connected to analog parts
I/O structure
B Dedicated BOOTO pin
RST Bidirectional reset pin with weak pull-up resistor
Notes Unless otherwise specified by a note, all I/Os are set as floating inputs during and after reset
Alterr_wate Functions selected through GPIOx_AFR registers
functions
Addltl'onal Functions directly selected/enabled through peripheral registers
functions

3
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STM32F469xx Electrical characteristics
Table 17. General operating conditions (continued)
Symbol Parameter Conditions® Min | Typ | Max | Unit
Power Scale 3 ((VOS[1:0] bits in
PWR_CR register = 0x01), 120 MHz 1.08 {1.14] 1.20
HCLK max frequency
Power Scale 2 ((VOS[1:0] bits in
. . PWR_CR register = 0x10), 144 MHz
scj?aUIZtg;(\)/N' 1'2/\\; |nterna:ns HCLK max frequency with over-drive OFF 1.20 11.26| 1.32
9 CAP_t/VeaP_ 2 PINS | o 168 MHZ with over-drive ON
Viz Power Scale 1 ((VOS[1:0] bits in v
PWR_CR register = 0x11), 168 MHz
HCLK max frequency with over-drive OFF 126 |1.32) 1.40
or 180 MHz with over-drive ON
Regulator OFF: 1.2 V external | Max frequency 120 MHz 1.10 | 1.14] 1.20
voltage must be supplied from Max frequency 144 MHz 1.20 |1.26| 1.32
external regulator on
Veap 1/Veap 2 pins® Max frequency 168 MHz 1.26 | 1.32| 1.38
Input voltage on RST and FT |2V <Vpp 3.6 V -03| - | 55
a7
pins(”) Vpp <2V -03] - | 52
\Y, \Y,
N Input voltage on TTa pins - ~03| - |Vooa
+0.3
Input voltage on BOOTO pin - 0 - 9
LQFP100 - - 465
LQFP144 - - 500
WLCSP168 - - 645
Power dissipation UFBGA169 _ _ 385
Pp at Ty = 85 °C for suffix 6 mwW
or T, = 105 °C for suffix 7(¢) LQFP176 ) ) 526
UFBGA176 - - 513
LQFP208 - - 1053
TFBGA216 - - 690
Ambient temperature for 6 Maximum power dissipation -40 | - 85
T suffix version Low power dissipation(®) -40 | - 105
A
Ambient temperature for 7 Maximum power dissipation -40 | - 105 oo
suffix version Low power dissipation(®) -40 | - 125
6 suffix version -40 | - 105
Ty Junction temperature range
7 suffix version -40 - 125

The over-drive mode is not supported at the voltage ranges from 1.7 to 2.1 V.

Vpp/Vppa minimum value of 1.7 V is obtained with the use of an external power supply supervisor (refer to Section 2.19.2).

If VRer+ pin is present, it must respect the following condition: Vppa-Vrgg+ < 1.2 V.

1
2
3. When the ADC is used, refer to Table 76.
4
5

It is recommended to power Vpp and Vppa from the same source. A maximum difference of 300 mV between Vpp and

Vppa can be tolerated during power-up and power-down operation.

6. The over-drive mode is not supported when the internal regulator is OFF.

S74
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STM32F469xx Electrical characteristics

Table 32. Switching output I/O current consumption(l) (continued)

1/0 toggling
Symbol Parameter Conditions frequency Typ Unit
(fsw)
2 MHz 0.18
8 MHz 0.67
VDD =33V 25 MHz 209
Cext = 10 pF 50 MHz 3.6
C=Cnr+Cext*Cs| 60 MHz 45
84 MHz 7.8
90 MHz 9.8
I/0 switching 2 MHz 0.26
Iooio Current 8 MH 1.01 mA
VDD =33V z .
Cext =22 pF 25 MHz 3.14
C=Cinr*Cext*Cs| 50 MHz 6.39
60 MHz 10.68
2 MHz 0.33
c\;/DD = z; VF 8 MHz 1.29
EXT=99P
C = Cyyr + Cext + Cg 25 MHz 4.23
50 MHz 11.02

1. Cgis the PCB board capacitance including the pad pin. Cg = 7 pF (estimated value).
2. This test is performed by cutting the LQFP176 package pin (pad removal).

On-chip peripheral current consumption

The MCU is placed under the following conditions:

e At startup, all I/O pins are in analog input configuration.

e All peripherals are disabled unless otherwise mentioned.

e |/O compensation cell enabled.

e  The ART accelerator is ON.

e Scale 1 mode selected, internal digital voltage V12 = 1.32 V.

e HCLK s the system clock. fpc k1 = fHcLk/4, and fpeLk2 = fHoLk/2.
The given value is calculated by measuring the difference of current consumption
— with all peripherals clocked off
— with only one peripheral clocked on

—  fhcLk = 180 MHz (Scale1 + over-drive ON), fyc k = 144 MHz (Scale 2),
fHCLK =120 MHz (Scale 3)

e  Ambient operating temperature is 25 °C and Vpp=3.3 V.

3
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STM32F469xx Electrical characteristics

5.3.8 Wakeup time from low-power modes

The wakeup times given in Table 34 are measured starting from the wakeup event trigger up
to the first instruction executed by the CPU:

e  For Stop or Sleep modes: the wakeup event is WFE.
e  WKUP (PAO) pin is used to wakeup from Standby, Stop and Sleep modes.

All timings are derived from tests performed under ambient temperature and Vpp=3.3 V.

Table 34. Low-power mode wakeup timings

Symbol Parameter Conditions Typ® | Max® Unit
CPU clock
tWUSLEEP(z) Wakeup from Sleep - 5 6 cycles
Main regulator is ON 129 | 15.0

Main regulator is ON and Flash

. 105 120
memory in Deep power down mode
Wakeup from Stop mode
twustop'? | with MR/LP regulator in
normal mode Low power regulator is ON 22 28
Low power regulator is ON and Flash 114 130 us

memory in Deep power down mode

Main regulator in under-drive mode
(Flash memory in Deep power-down | 107 114

Wakeup from Stop mode mode)
twusTop® | with MR/LP regulator in ) )
Under-drive mode Low power regulator in under-drive
mode (Flash memory in Deep 115 121

power-down mode)

twustpey 2@ | Wakeup from Standby mode - 318 | 371

1. Based on test during characterization.
2. The wakeup times are measured from the wakeup event to the point in which the application code reads the first

3. twustpey Mmaximum value is given at —40 °C.

3
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Electrical characteristics STM32F469xx

5.3.10 Internal clock source characteristics

The parameters given in Table 39 and Table 40 are derived from tests performed under
ambient temperature and Vpp supply voltage conditions summarized in Table 17.

High-speed internal (HSI) RC oscillator

Table 39. HSI oscillator characteristics )

Symbol Parameter Conditions Min | Typ | Max | Unit
fusi Frequency - - 16 - | MHz
HSI user trimming step® - - - 1 %
To=-40t0105°C® | -8 | - | 45| %
ACCHSI . o(3)
HSI oscillator accuracy Tp=-101t085°C -4 - 4 %
Tp=25°C*) -1 - 1 %
tsu(HSD(z) HSI oscillator startup time - - 22| 4 us
IDD(HS|)(2) HSI oscillator power consumption - - 60 | 80 | pA

Vpp = 3.3V, Ty =40 to 105 °C unless otherwise specified.
Guaranteed by design

Based on test during characterization.

L A

Factory calibrated, parts not soldered.

Figure 33. ACCHSI vs. temperature
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1. Based on test during characterization.

3
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Electrical characteristics STM32F469xx

5.3.12 PLL spread spectrum clock generation (SSCG) characteristics

The spread spectrum clock generation (SSCG) feature allows to reduce electromagnetic
interferences (see Table 54). It is available only on the main PLL.

Table 44. SSCG parameters constraint

Symbol Parameter Min Typ Max® Unit

fMod Modulation frequency - - 10 KHz
md Peak modulation depth 0.25 - 2 %
MODEPER * INCSTEP - - - 219 -1 -

1. Guaranteed by design.

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

MODEPER = round[fp | |/ (4X fyoq)]

foLL v @nd fyoq must be expressed in Hz.
As an example:

If foL_in =1 MHz, and fyiop = 1 kHz, the modulation depth (MODEPER) is given by
equation 1:

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

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

INCSTEP = round[((2*° =1)x md x 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 5 x 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:

md % = (MODEPER x INCSTEP x 100x 5)/ ((2*°=1)x PLLN)

quantized

As a result:

md 4% = (250 126 x 100x 5)/ ((2'°—1)x 240) = 2.002%(peak)

quantize

3
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Electrical characteristics

STM32F469xx

Output voltage levels

Unless otherwise specified, the parameters given in Table 59 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in

Table 17. All I/Os are CMOS and TTL compliant.

Table 59. Output voltage characteristics

Symbol Parameter Conditions Min Max | Unit
VOL(1) Output low level voltage for an I/O pin CMOS port(z) - 0.4
Vou® | Output high level voltage for an 1/0 pin 2 7II\(/)<=V+8 ZAG v | Vop —04 -

7V <Vpp 8.

VoL O Output low level voltage for an I/O pin TTL port(z) - 0.4

Vou @) | Output high level voltage for an I/O pin 27 I\I/O:; 82?6 v 24 -

7V <Vpp 3.

VoM | Output low level voltage for an 1/O pin lio = +20 mA - 134 | Vv
Vou® | Output high level voltage for an I/0 pin | 2.7V <Vpp 3.6V |vn-1.3#| -

VOL(1) Output low level voltage for an I/O pin lio = +6 mA - 0.44)
Vou® | Output high level voltage for an I/0 pin | 1.8V <Vpp 8.6V |v-04@4)| -

VOL“) Output low level voltage for an I/O pin lio = +4 mA - 0.4
Vou® | Output high level voltage for an I/0 pin | 1.7V <Vpp 3.6V |v5-040)| -

1. The ljg current sunk by the device must always respect the absolute maximum rating specified in Table 15.
and the sum of |, (/O ports and control pins) must not exceed lygs.

2. TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.

The |, current sourced by the device must always respect the absolute maximum rating specified in

Table 15 and the sum of I, (/O ports and control pins) must not exceed lypp.

4. Based on characterization data.

Guaranteed by design.

Input/output AC characteristics

The definition and values of input/output AC characteristics are given in Figure 40 and
Table 60, respectively.

Unless otherwise specified, the parameters given in Table 60 are derived from tests
performed under the ambient temperature and Vpp supply voltage conditions summarized
in Table 17.

136/217
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STM32F469xx Electrical characteristics

Table 73. Dynamics characteristics: Ethernet MAC signals for SMI(D)

Symbol Parameter Min Typ Max Unit
twoc | MDC cycle time(2.38 MHz) 400 400 403

Td(MDIO) Write data valid time THCLK -1 THCLK THCLK +15 ns

tsumpio) | Read data setup time 12,5 - -

th(MDlO) Read data hold time 0 - -

1. Guaranteed based on test during characterization.

Table 74 gives the list of Ethernet MAC signals for the RMII and Figure 52 shows the
corresponding timing diagram.

Figure 52. Ethernet RMII timing diagram

3

RMII_REF_CLK / \ / \
t4rxEN)
tyTxD)
RMII_TX_EN
RMII_TXD[L:0] X
tsu(RxD) tin(RXD)
tsucrs) tin(cRs)
RMII_RXD[1:0]
RMII_CRS_DV
ai15667
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Electrical characteristics STM32F469xx

Table 74. Dynamics characteristics: Ethernet MAC signals for RMII()

Symbol Parameter Min Typ Max Unit
tsurxp) | Receive data setup time 2.5 - -

tinrxp) | Receive data hold time 2.0 - -

tsucrs) | Carrier sense setup time 0.5 - - o
tincrs) | Carrier sense hold time 1.5 - -

tyrxen) | Transmit enable valid delay time 55 6.5 1

tyTxp) | Transmit data valid delay time 6.0 6.5 1

1. Guaranteed based on test during characterization.

Table 75 gives the list of Ethernet MAC signals for MIl and Figure 52 shows the
corresponding timing diagram.

Figure 53. Ethernet MIl timing diagram

MII_RX_CLK
tsu(RxD) tih(RxD)
:su(ER) :ih(ER)
DV ih(DV:
MIl_RXDI[3:0] —a2¥) hov
MII_RX_DV
MIl_RX_ER
MIl_TX_CLK
t4(TxEN)
t4rxD)
MII_TX_EN
MII_TXD[3:0] X
ail5668

Table 75. Dynamics characteristics: Ethernet MAC signals for VTS

Symbol Parameter Min Typ Max Unit
tsurxp) | Receive data setup time 1 - -

tinrxp) | Receive data hold time 3 - -

tsupv) |Data valid setup time 0 - -

tinpy) |Data valid hold time 25 - - o
tsuer) | Error setup time 0 - -

tiner) | Error hold time 2 - -

tyrxeny | Transmit enable valid delay time 0 7 13

tyrxpy | Transmit data valid delay time 0 7 13

1. Guaranteed based on test during characterization.

3
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STM32F469xx Electrical characteristics

Table 77. ADC static accuracy at fapc = 18 MHz(1)

Symbol Parameter Test conditions Typ Max @ Unit
ET Total unadjusted error +3 4
f =18 MHz
EO Offset error ADC 12 +3
VDDA= 1.7t03.6V LSB
EG Gain error Vrer=1.7t036V +1 +3
ED |Differential linearity error Vopba—Vrep< 1.2V +1 +2
EL Integral linearity error +2 +3
1. Better performance could be achieved in restricted Vpp, frequency and temperature ranges.
2. Based on test during characterization.
Table 78. ADC static accuracy at fopc = 30 MHz(®)
Symbol Parameter Test conditions Typ Max @ Unit
ET Total unadjusted error 12 5
fADC = 30 MHz, + +
EO Offset error Ru < 10 k& +1.5 +2.5
EG Gain error Vppa=2.41t03.6V, 1.5 13 LSB
. . . . VREF =1.7103.6 V,
ED Differential linearity error Vppa Vs < 1.2 V +1 +2
EL Integral linearity error +1.5 +3
1. Better performance could be achieved in restricted Vpp, frequency and temperature ranges.
2. Based on test during characterization.
Table 79. ADC static accuracy at fopc = 36 MHz(®)
Symbol Parameter Test conditions Typ Max® Unit
ET Total unadjusted error 4 7
EO |Offseterror v fanc =23f M';Z6 v +2 +3
=2.410 3.
DDA )
. LSB
EG Gain error Vrer = 1710 3.6 V +3 6
ED Differential linearity error Vopa—-Vrep< 1.2V 2 +3
EL Integral linearity error 13 16
1. Better performance could be achieved in restricted Vpp, frequency and temperature ranges.
2. Based on test during characterization.
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Table 97. Synchronous multiplexed PSRAM write timings®

Symbol Parameter Min Max Unit
twicLk) FMC_CLK period, Vpp range= 2.7 to 3.6 V 2Theok -1 -
tacknext) | FMC_CLK low to FMC_NEX low (x=0...2) - 1.5
tacLkr-NExH) | FMC_CLK high to FMC_NEX high (x=0...2) Thelk -
tycLkL-NaDvL) | FMC_CLK low to FMC_NADV low - 0
ty(cLkL-NADVH) | FMC_CLK low to FMC_NADV high 0 -
tycikL-av) |FMC_CLK low to FMC_Ax valid (x=16...25) - 0
tacLkH-Alv) | FMC_CLK high to FMC_Ax invalid (x=16...25) Thek -
tycLk-nweL) | FMC_CLK low to FMC_NWE low - 0 o
tcLkH-nwer) | FMC_CLK high to FMC_NWE high Thek—0.5 -
tycLkL-apy) | FMC_CLK low to FMC_AD[15:0] valid - 3
tycLkL-apryy | FMC_CLK low to FMC_AD[15:0] invalid 0 -
tycLkL-DaTA) | FMC_A/D[15:0] valid data after FMC_CLK low - 3
tycLknsLL) | FMC_CLK low to FMC_NBL low 0 -
tacLkHnsLH) | FMC_CLK high to FMC_NBL high Thek—0.5 -
tsunwarT-cLkH) | FMC_NWAIT valid before FMC_CLK high 4 -
th(cLkH-NwAIT) | FMC_NWAIT valid after FMC_CLK high 0 -
1. Based on test during characterization.
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Table 111. Dynamic characteristics: SD / MMC characteristics, Vpp =1.71to 1.9 vih@)

Symbol Parameter Conditions Min Typ Max Unit
fop Clock frequency in data transfer mode - 0 - 50 MHz
- SDIO_CK/PCLK2 frequency ratio - - - 8/3 -
t Clock low time 9.5 10.5 -
e ., =50 MHz ns
tW(CKH) Clock high time 8.5 9.5 -

CMD, D inputs (referenced to CK) in eMMC mode

tisu Input setup time HS 0.5 - -
fop =50 MHz ns
tin Input hold time HS 3.5 - -

CMD, D outputs (referenced to CK) in eMMC mode

tov Output valid time HS - 13.5 14.5
fop =50 MHz ns
ton Output hold time HS 13.0 - -

1. Guaranteed based on test during characterization.
2. Cload =20 pF

5.3.34 RTC characteristics

Table 112. RTC characteristics

Symbol Parameter Conditions Min Max

- focLk1/RTCCLK frequency ratio | Any read/write operation from/to an RTC register 4 -

3

190/217 DoclD028196 Rev 4




Package information STM32F469xx

6.2 LQFP144 package information

Figure 83. LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat package outline
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6.5 LQFP176 package information

Figure 89. LQFP176, 24 x 24 mm, 176-pin low-profile quad flat package outline
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1. Drawing is not to scale.

Table 117. LQFP176, 24 x 24 mm, 176-pin 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 - 0.0060
b 0.170 - 0.270 0.0067 - 0.0106
C 0.090 - 0.200 0.0035 - 0.0079
D 23.900 - 24.100 0.9409 - 0.9488
E 23.900 - 24.100 0.9409 - 0.9488
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TFBGA216 package information

Figure 97. TFBGA216 - thin fine pitch ball grid array 13 x 13 x 0.8mm, package outline
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1. Drawing is not to scale.
Table 121. TFBGAZ216 - thin fine pitch ball grid array 13 x 13 x 0.8mm
package mechanical data
millimeters inches®
Symbol
Min Typ Max Min Typ Max
A - - 1.100 - - 0.0433
A1 0.150 - - 0.0059 - -
A2 - 0.760 - - 0.0299 -
A4 - 0.210 - - 0.0083 -
b 0.350 0.400 0.450 0.0138 0.0157 0.0177
D 12.850 13.000 13.150 0.5118 0.5118 0.5177
D1 - 11.200 - - 0.4409 -
E 12.850 13.000 13.150 0.5118 0.5118 0.5177
E1 - 11.200 - - 0.4409 -
e - 0.800 - - 0.0315 -
F - 0.900 - - 0.0354 -
ddd - - 0.080 - - 0.0031
1. Values in inches are converted from mm and rounded to 4 decimal digits.
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Device Marking for TFBGA216

The following figure gives an example of topside marking orientation versus ball A1 identifier
location. Other optional marking or inset/upset marks, which identify the parts throughout
supply chain operations, are not indicated below.

Figure 98. TFBGA216 marking example (package top view)
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Product identification("

N

ES32F

Revision code

™~
\479NIH6U /

Date code

Ball 1 Y WW

identifier

MSv36546V1

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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