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STM32F101xF, STM32F101xG Introduction

1 Introduction

This datasheet provides the ordering information and mechanical device characteristics of
the STM32F101xF and STM32F101xG XL-density access line microcontrollers. For more
details on the whole STMicroelectronics STM32F101xx family, please refer to Section 2.2:
Full compatibility throughout the family.

The XL-density STM32F101xx datasheet should be read in conjunction with the
STM32F10xxx reference manual.

For information on programming, erasing and protection of the internal Flash memory
please refer to the STM32F10xxx Flash programming manual.

The reference and Flash programming manuals are both available from the
STMicroelectronics website www.st.com.

For information on the Cortex®-M3 core please refer to the Cortex®-M3 Technical Reference
Manual, available from the www.arm.com website.

Cortex

Intelligent Processors by ARM®
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STM32F101xF, STM32F101xG Description

2.3.10

2.3.11

2.3.12

2.3.13

3

Clocks and startup

System clock selection is performed on startup, however the internal RC 8 MHz oscillator is
selected as default CPU clock on reset. An external 4-16 MHz clock can be selected, in
which case it is monitored for failure. If failure is detected, the system automatically switches
back to the internal RC oscillator. A software interrupt is generated if enabled. Similarly, full
interrupt management of the PLL clock is available when necessary (for example with
failure of an indirectly used external oscillator).

Several prescalers are used to configure the AHB frequency, the high-speed APB (APB2)
domain and the low-speed APB (APB1) domain. The maximum frequency of the AHB and
APB domains is 36 MHz. See Figure 2 for details on the clock tree.

Boot modes

At startup, boot pins are used to select one of three boot options:

e  Boot from user Flash: you have an option to boot from any of two memory banks. By
default, boot from Flash memory bank 1 is selected. You can choose to boot from Flash
memory bank 2 by setting a bit in the option bytes.

e  Boot from system memory

. Boot from embedded SRAM

The bootloader is located in system memory. It is used to reprogram the Flash memory by
using USART1.

Power supply schemes

e Vpp=2.0to 3.6 V: external power supply for I/Os and the internal regulator.
Provided externally through Vpp pins.

e Vgsa, Vppa = 2.0 to 3.6 V: external analog power supplies for ADC, DAC, Reset
blocks, RCs and PLL (minimum voltage to be applied to Vppa is 2.4 V when the ADC or
DAC is used). Vppa and Vggp must be connected to Vpp and Vgg, respectively.

e Vpar= 1.8 t0 3.6 V: power supply for RTC, external clock 32 kHz oscillator and backup
registers (through power switch) when Vpp is not present.

For more details on how to connect power pins, refer to Figure 9: Power supply scheme.

Power supply supervisor

The device has an integrated power-on reset (POR)/power-down reset (PDR) circuitry. It is
always active, and ensures proper operation starting from/down to 2 V. The device remains
in reset mode when Vpp is below a specified threshold, Vpor/ppr, Without the need for an
external reset circuit.

The device features an embedded programmable voltage detector (PVD) that monitors the
Vpp/Vppa power supply and compares it to the Vpyp threshold. An interrupt can be
generated when Vpp/Vppa drops below the Vpyp threshold and/or when Vpp/Vppa is
higher than the Vpyp threshold. The interrupt service routine can then generate a warning
message and/or put the MCU into a safe state. The PVD is enabled by software. Refer to
Table 12: Embedded reset and power control block characteristics for the values of

Vpor/pDR and Vpyp.
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STM32F101xF, STM32F101xG

Electrical characteristics

5.1.7

5.2

3

Current consumption measurement

Figure 10. Current consumption measurement scheme
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Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 7: Voltage characteristics,
Table 8: Current characteristics, and Table 9: Thermal characteristics may cause permanent
damage to the device. These are stress ratings only and functional operation of the device
at these conditions is not implied. Exposure to maximum rating conditions for extended
periods may affect device reliability.

Table 7. Voltage characteristics

Symbol Ratings Min Max Unit
External main supply voltage (including
Vpp -V -0.3 4.0
PD7YSS 1 vppaand Vpp)
V@ Input voltage on five volt tolerant pin Vgs-0.3 Vpp +4.0 v
IN
Input voltage on any other pin Vgg-0.3 4.0
[AVppyl Variations between different Vpp power pins - 50
v Vgl Variations between all the different ground ) 50 mV
SSXTYSS! | pins including VRe.
Electrostatic discharge voltage (human body see Sect/on 5'.3' 12.'Abso{ute
VESD(HBM) model) maximum ratings (electrical -
sensitivity)

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

2. Vy maximum must always be respected. Refer to Table 8: Current characteristics for the maximum

allowed injected current values.
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STM32F101xF, STM32F101xG

Electrical characteristics
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Figure 11. Typical current consumption in Run mode versus frequency (at 3.6 V) -

code with data processing running from RAM, peripherals enabled

35

30 A

25 4

20

15 4

Consumption (mA)

10 4

. —t
— 8 MHz
—a— 16 MHz
24 MHz
——36 MHz
I —a
-—
-45 25 70 85
Temperature (°C)

Figure 12. Typical current consumption in Run mode versus frequency (at 3.6 V) -

code with data processing running from RAM, peripherals disabled
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Electrical characteristics STM32F101xF, STM32F101xG
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Typical current consumption

The MCU is placed under the following conditions:

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

The Flash access time is adjusted to fyc k frequency (0 wait state from 0 to 24 MHz, 1
wait state from 24 to 36 MHz)

Prefetch is on (reminder: this bit must be set before clock setting and bus prescaling)

When the peripherals are enabled fPCLK'] = fHCLK/4’ fPCLKZ = fHCLK/Z! fADCCLK =
fcLko/4

When the peripherals are enabled fPCLK1 = fHCLK’ fPCLKZ = fHCLK’ fADCCLK = fPCLK2/2

The parameters given in Table 18 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 10.

Table 18. Typical current consumption in Run mode, code with data processing
running from Flash

Typ" Typ"
Symbol | Parameter | Conditions fHeoLk All peripherals | All peripherals Unit
enabled? disabled
36 MHz 28.5 18.7
24 MHz 241 12.8
16 MHz 14 9.2
8 MHz 7.7 5.4
External
clock® 4 MHz 4.6 3.4
2 MHz 3 2.3
1 MHz 2.2 1.8
500 kHz 1.7 1.5
Supply 125 kHz 1.4 1.3
Ipp current in mA
24 MHz 18.9 11.6
Running on 16 MHz 12.2 8.2
high speed
internal RC 8 MHz 7.2 4.8
(HSI), AHB 4 MHz 4 2.7
prescaler :
used to 2 MHz 2.3 1.7
reduce the
frequency 1 MHz 1.5 1.2
500 kHz 1.1 0.9
125 kHz 0.75 0.7
1. Typical values are measures at Ty = 25 °C, Vpp = 3.3 V.
2. Add an additional power consumption of 0.8 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).
External clock is 8 MHz and PLL is on when fc > 8 MHz.

3
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Electrical characteristics STM32F101xF, STM32F101xG

Table 21. High-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max Unit
User external clock source
fHSE_ext frequency(!) 1 8 25 | MHz
OSC_IN input pin high level
VHSEH | yoltage PP 0.7Vpp | - Voo
\Y
OSC_IN input pin low level
VhHseL voltage PP - Vss - | 0.3Vpp
tw(HSE) OSC_IN high or low time(") 5 - -
tw(HsE)
ns
t(HSE) OSC_IN rise or fall time(") - - 20
tiHsE)
CinHsg) | OSC_IN input capacitance(") - - 5 - pF
DuCy(nsg) |Duty cycle - 45 - 55 %
I OSC_IN Input leakage current | Vgg<V|N<Vpp - - 11 MA

1. Guaranteed by design.

Low-speed external user clock generated from an external source

The characteristics given in Table 22 result from tests performed using an low-speed
external clock source, and under ambient temperature and supply voltage conditions
summarized in Table 10.

Table 22. Low-speed user external clock characteristics

Symbol Parameter Conditions Min Typ Max Unit
User external clock source
fise_ext | fraquoncy™ - - 32.768 | 1000 | kHz
OSC32_IN input pin high
VLSEH | joyel voltage 0-7Vop Voo v
OSC32_IN input pin low level
VLSEL | yoltage PP - Vss - 0.3Vbp
tw(LsE) OSC32_IN high or low time(") - 450 - -
tw(LsE)
ns
tWLSE) | 0sC32 IN rise or fall time(™ - ; ; 50
tiLsE)
OSC32_IN input
Cin(LsE) capacitance(") - - 5 - pF
DuCy(LSE) Duty cycle - 30 - 70 %
OSC32_IN Input leakage
TR e P 9 Vss < Vin< Vip - - +1 LA

1. Guaranteed by design.

3
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5.3.8

5.3.9

56/117

PLL characteristics

The parameters given in Table 28 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 10.

Table 28. PLL characteristics

Value
Symbol Parameter Unit
Min(" Typ Max(1)
) PLL input clock® 1 8.0 25 MHz
PLL_IN

- PLL input clock duty cycle 40 - 60 %

fpLL ouT PLL multiplier output clock 16 - 36 MHz
t ock PLL lock time - - 200 us
Jitter Cycle-to-cycle jitter - - 300 ps

1. Guaranteed by characterization results.

2. Take care of using the appropriate multiplier factors so as to have PLL input clock values compatible with
the range defined by fp; | ouT

Memory characteristics

Flash memory

The characteristics are given at Ty = —40 to 85 °C unless otherwise specified.

Table 29. Flash memory characteristics

Symbol Parameter Conditions Min Typ | Max( | unit
torog 16-bit programming time Tp=-401o +85 °C 40 52.5 70 gs
terase | Page (2 KB) erase time Tpo=-40to +85°C 20 - 40 ms
tve Mass erase time Tpo=-40to +85°C 20 - 40 ms
Read mode
facLk = 36 MHz with 1 - - 28 mA
wait state, Vpp = 3.3V
Write mode
fHCLK =36 MHZ, VDD = - - 7 mA
Ibp Supply current 33V
Erase mode
fHCLK =36 MHZ, VDD = - - 5 mA
33V
Power-down mode / Halt,
Vpp=3.0t03.6V ) ) 50 | pA
Vorog Programming voltage - 2 - 3.6 V

1. Guaranteed by design.

3
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STM32F101xF, STM32F101xG Electrical characteristics

Table 31. Asynchronous non-multiplexed SRAM/PSRAM/NOR read timings(1) 2

Symbol Parameter Min Max Unit
th(pata_NE) | Data hold time after FSMC_NEx high 0 - ns
tynabv Ny | FSMC_NEXx low to FSMC_NADV low - 0 ns

twnaby) | FSMC_NADV low time - thoLk + 2 ns

1. C_=15pF.

2. Guaranteed by characterization results.

Figure 20. Asynchronous non-multiplexed SRAM/PSRAM/NOR write waveforms
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l«—tv(Data_NEY— th(Data_ NWE)
FSMC_D[15:0] Data
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ai14990

1. Mode 2/B, C and D only. In Mode 1, FSMC_NADV is not used.

Table 32. Asynchronous non-multiplexed SRAM/PSRAM/NOR write timings(1(2)

3

Symbol Parameter Min Max Unit
tw(NE) FSMC_NE low time 3tyok + 0.5 | Btk +1.5 | ns
tynwe_Ng) | FSMC_NEx low to FSMC_NWE low thelk + 0.5 | thok + 1.5 ns
twnwe) FSMC_NWE low time thoLk — 0.5 thoLk + 1 ns
thve_Nwe) | FSMC_NWE high to FSMC_NE high hold time | tyc k- 0.5 - ns
tya Nne)y | FSMC_NEx low to FSMC_A valid - 0 ns
tha_NWE) Address hold time after FSMC_NWE high thelk - ns
tyeL NEy | FSMC_NEXx low to FSMC_BL valid - 15 ns
th(BL_NWE) FSMC_BL hold time after FSMC_NWE high thok — 1.5 - ns
ty(Data_NE) FSMC_NEXx low to Data valid - thoLk ns

DoclD16553 Rev 5
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Electrical characteristics STM32F101xF, STM32F101xG

Figure 30. PC Card/CompactFlash controller waveforms for attribute memory write
access
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1. Only data bits 0...7 are driven (bits 8...15 remains HiZ).
Figure 31. PC Card/CompactFlash controller waveforms for I/O space read access
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Electrical characteristics STM32F101xF, STM32F101xG

Figure 36. NAND controller waveforms for common memory write access
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Table 41. Switching characteristics for NAND Flash write cycles(!)

Symbol Parameter Min Max Unit
tw(NWE) FSMC_NWE low width 3thelk 3thelk ns
tynwe-p) | FSMC_NWE low to FSMC_D[15:0] valid - 0 ns
tanwe-p) | FSMC_NWE high to FSMC_D[15:0] invalid 2thok + 2 - ns
tyaLe-nwe) | FSMC_ALE valid before FSMC_NWE low - Sthok + 1.5 | ns
th(nwe-ALE) | FSMC_NWE high to FSMC_ALE invalid 3thok + 8 - ns
tyaLe-NoE) | FSMC_ALE valid before FSMC_NOE low - 2thok ns
thnoE-ALE) | FSMC_NWE high to FSMC_ALE invalid 2thcLk - ns

1. C_=15pF.

5.3.11 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:

e 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
Vgs 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.

3
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Electrical characteristics STM32F101xF, STM32F101xG

Figure 39. 5V tolerant I/O input characteristics - CMOS port
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2 2.16 3.

Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to +8 mA, and sink or
source up to £ 20 mA (with a relaxedV g, /Vgp) except PC13, PC14 and PC15 which can
sink or source up to £3 mA. When using the GPIOs PC13 to PC15 in output mode, the
speed should not exceed 2 MHz with a maximum load of 30 pF.

In the user application, the number of 1/0O pins which can drive current must be limited to
respect the absolute maximum rating specified in Section 5.2;

e  The sum of the currents sourced by all the I/Os on Vpp plus the maximum Run
consumption of the MCU sourced on Vpp cannot exceed the absolute maximum rating
lvpp (see Table 8).

e  The sum of the currents sunk by all the 1/0Os on Vgg plus the maximum Run
consumption of the MCU sunk on Vgg cannot exceed the absolute maximum rating
lyss (see Table 8).

3
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STM32F101xF, STM32F101xG Electrical characteristics

Output voltage levels

Unless otherwise specified, the parameters given in Table 48 are derived from tests
performed under ambient temperature and Vpp supply voltage conditions summarized in
Table 10. All I/Os are CMOS and TTL compliant.

Table 48. Output voltage characteristics

Symbol Parameter Conditions Min Max | Unit
A) Output Low level voltage for an 1/O pin )
VoL when 8 pins are sunk at the same time CMOS port?), 0.4
- . lio=+8 mA, \Y
E) Output H!gh level voltage for an 1/O pin 27V <Vpp<36V |v,,-0.4 )
OH when 8 pins are sourced at the same time
(1) |Output low level voltage for an I/O pin @) )
Vo when 8 pins are sunk at the same time TTL port 0.4
o - ; 10 oi I|O =+8 mA \
3) utput high level voltage for an I/O pin 27V <Van <36V )
VoH when 8 pins are sourced at the same time DD 24
Ve (D Output low level voltage for an I/O pin ) 13
oL when 8 pins are sunk at the same time lio = +20 mA®) ’ v
3) | Output high level voltage for an /0 pin | 2.7V <Vpp <3.6V
Vo @ . . Vpp-1.3| -
OH when 8 pins are sourced at the same time
1y | Output low level voltage for an 1/O pin
Vo (! . : - 0.4
OL" " |when 8 pins are sunk at the same time lio = +6 MA@ v
3) | Output high level voltage for an 1/O pin 2V<Vpp<27V
Vou® . . Vpp-0.4 | -
OH when 8 pins are sourced at the same time

1. The ||g current sunk by the device must always respect the absolute maximum rating specified in Table 8
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.

3. The l,g current sourced by the device must always respect the absolute maximum rating specified in
Table 8 and the sum of |, (I/O ports and control pins) must not exceed |ypp.

4. Guaranteed by characterization results.

3
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Figure 44. SPI timing diagram - slave mode and CPHA=0
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Figure 45. SPI timing diagram - slave mode and CPHA=1()

NSS input \

SCK input

X " tv(s0) Pr— th(SO) re— tr(sCk)

ta(SO) »—< n ! 1 1f(SCK)

tSUNSS) e —— to(sck) —» th(NSS) +&———;,

1
1
! |
P 1dis(SO) -e—
1
1

1 -
MISO .
ourhs? 4<:X S8 ouT X BIT6 OUT X

LSB OUT )I-

tsu(Sl) —e——>; [«— this) —»
1

3

MOSI -
INPUT X MSB IN X BIT1IN X LSBIN X
ai14135b
Measurement points are done at CMOS levels: 0.3Vpp and 0.7Vpp.
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Electrical characteristics STM32F101xF, STM32F101xG

Table 60. DAC characteristics (continued)

Symbol Parameter Conditions Min | Typ | Max(") | Unit Comments
DAC_OUT Lower DA,C—OUT It gives the maximum output
min(@) voltage with buffer 02 | - - V' lexcursion of the DAC.

ON It corresponds to 12-bit input

Higher DAC_OUT code (0Ox0EQ) to (0xF1C) at

DAC_OUT . _ _ VDDA - VREF+ =3.6Vand (OX155)
max® ‘(’)°,\'jtage with buffer 02 | V |and (OXEAB) at Vigrs = 2.4 V.
Lower DAC_OUT
an/iA;]((:z_)OUT voltage with buffer - 0.5 - mV
OFF It gives the maximum output
DAC OUT Higher DAC_OUT v ~ excursion of the DAC.
@ |voltage with buffer - - REF+ ™1 v
max OFF 1LSB
DAC DC current With no load, worst code
| consumption in ) ) 220 A (OxF1C) at VRgp+ = 3.6 Vin
DDVREF+ lquiescent mode HA lterms of DC consumption on
(Standby mode) the inputs.
) ) 380 uA With no load, middle code

(0x800) on the inputs.
DAC DC current
consumption in With no load, worst code

Ibpa .
quiescent mode® . . 480 | pa |@XF1C) at Vrer, = 3.6 Vin
terms of DC consumption on
the inputs.
Differential non . Given for the DAC in 10-bit
linearity Difference B B 0.5 |LSB configuration.
DNL™  |between two
consecutive code- ) ) +2 LSB Given for the DAC in 12-bit
1LSB) - configuration.
Integral non linearity ) ) +1 LSB Given for the DAC in 10-bit
(difference between - configuration.
measured value at
INLD Code i and the value
at Code i on a line ] w4 | Lsp [Given for the DAC in 12-bit
gr:nwc? It;it“(/:e:dneCOd e - configuration.
1023)
Offset error - - 10 mV |-
(difference between Given for the DAC in 10-bit at
Offset(1)  [measured value at - - 3 |LSB,, =36V
Code (0x800) and REF+
the ideal value = ) ) +12 |LsB Given for the DAC in 12-bit at
VREF+/2) VREF+ = 3.6 V.
Galnm Gain error ) ) 105 % legn for ’Fhe DAC in 12bit
error configuration.
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Electrical characteristics

STM32F101xF, STM32F101xG

5.3.20
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Temperature sensor characteristics

Table 61. TS characteristics

Symbol Parameter Min Typ Max Unit
.M Vsensk linearity with temperature - + 12 °C
Avg_SIope“) Average slope 4.0 4.3 4.6 mV/°C
Vos(M) Voltage at 25°C 1.34 1.43 1.52 Y%
tsTaRT ) Startup time 4 - 10 us
TS_temp(3)(2) tﬁélaq(;)es;rtr:ﬁing time when reading the ) ) 17 1 us

1. Preliminary values.
2. Guaranteed by design.

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

DoclD16553 Rev 5
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STM32F101xF, STM32F101xG Package information

6 Package information

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK® is an ST trademark.

6.1 LQFP144 package information

Figure 52. LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat package outline

SEATING
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1. Drawing is not to scale.
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Package information

3

Figure 53. LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat package
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1. Dimensions are expressed in millimeters.
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STM32F101xF, STM32F101xG Package information

Device marking for LQFP100

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

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

Figure 57. LQFP100 marking (package top view)

Product identification("

STT—>STM32F 1L0OL
\ VGThE R <+«——1 1 Revisioncode
Date code
Y | w

| &§7O
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.

MSv36148V2
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Package information

STM32F101xF, STM32F101xG

6.3 LQFP64 information
Figure 58. LQFP64 — 10 x 10 mm, 64 pin low-profile quad flat package outline
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1. Drawing is not to scale.
Table 64. LQFP64 — 10 x 10 mm, 64 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 1.400 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 - 12.000 - - 0.4724 -
D1 - 10.000 - - 0.3937 -
D3 - 7.500 - - 0.2953 -
E - 12.000 - - 0.4724 -
E1 - 10.000 - - 0.3937 -
E3 - 7.500 - - 0.2953 -
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