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2 Description

The STM32F101x4 and STM32F101x6 Low-density access line family incorporates the
high-performance ARM Cortex®-M3 32-bit RISC core operating at a 36 MHz frequency,
high-speed embedded memories (Flash memory of 16 to 32 Kbytes and SRAM of 4 to 6
Kbytes), and an extensive range of enhanced peripherals and 1/Os connected to two APB
buses. All devices offer standard communication interfaces (one 1°C, one SPI, and two
USARTSs), one 12-bit ADC and up to two general-purpose 16-bit timers.

The STM32F101xx Low-density access line family operates in the —40 to +85 °C
temperature range, from a 2.0 to 3.6 V power supply. A comprehensive set of power-saving
mode allows the design of low-power applications.

The STM32F101xx Low-density access line family includes devices in three different
packages ranging from 36 pins to 64 pins. Depending on the device chosen, different sets of
peripherals are included, the description below gives an overview of the complete range of
peripherals proposed in this family.

These features make the STM32F101xx Low-density access line microcontroller family
suitable for a wide range of applications such as application control and user interface,
medical and handheld equipment, PC peripherals, gaming and GPS platforms, industrial
applications, PLCs, inverters, printers, scanners, alarm systems, Video intercoms, and
HVACs.

3
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Figure 2. Clock tree
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ai15174

1. When the HSI is used as a PLL clock input, the maximum system clock frequency that can be achieved is

36 MHz.

2. To have an ADC conversion time of 1 us, APB2 must be at 14 MHz or 28 MHz.
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2.3.19

2.3.20

2.3.21

2.3.22

2.3.23

3

output compare, PWM or one pulse mode output. This gives up to 12 input captures / output
compares / PWMs on the largest packages.

The general-purpose timers can work together via the Timer Link feature for synchronization
or event chaining. Their counter can be frozen in debug mode. Any of the general-purpose
timers can be used to generate PWM outputs. They all have independent DMA request
generation.

These timers are capable of handling quadrature (incremental) encoder signals and the
digital outputs from 1 to 3 hall-effect sensors.

I'C bus

The I?C bus interface can operate in multimaster and slave modes. It can support standard
and fast modes.

It supports dual slave addressing (7-bit only) and both 7/10-bit addressing in master mode.
A hardware CRC generation/verification is embedded.
The interface can be served by DMA and it supports SM Bus 2.0/PM Bus.

Universal synchronous/asynchronous receiver transmitter (USART)

The available USART interfaces communicate at up to 2.25 Mbit/s. They provide hardware
management of the CTS and RTS signals, support IrDA SIR ENDEC, are ISO 7816
compliant and have LIN Master/Slave capability.

The USART interfaces can be served by the DMA controller.

Serial peripheral interface (SPI)

The SPI interface is able to communicate up to 18 Mbit/s in slave and master modes in full-
duplex and simplex communication modes. The 3-bit prescaler gives 8 master mode
frequencies and the frame is configurable to 8 bits or 16 bits. The hardware CRC
generation/verification supports basic SD Card/MMC modes.

The SPI interface can be served by the DMA controller.

GPIOs (general-purpose inputs/outputs)

Each of the GPIO pins can be configured by software as output (push-pull or open-drain), as
input (with or without pull-up or pull-down) or as peripheral alternate function. Most of the
GPIO pins are shared with digital or analog alternate functions. All GPIOs are high current-
capable.

The 1/Os alternate function configuration can be locked if needed following a specific
sequence in order to avoid spurious writing to the 1/Os registers.

ADC (analog to digital converter)

The 12-bit analog to digital converter has up to 16 external channels and performs
conversions in single-shot or scan modes. In scan mode, automatic conversion is performed
on a selected group of analog inputs.

The ADC can be served by the DMA controller.

DoclD15058 Rev 6 19/87
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Table 4. Low-density STM32F101xx pin definitions (continued)

Pins Alternate functions(®®
)
© = ] Main

IT| 2 Pin name @ | & | function®

& & & e o (after reset) Default Remap
19 ¢ =

>

17 | 23 | 14 PA7 I/0 - PA7 SPI—“_I{I%S:BliZSZD(%—IN7/ -

- 24 | - PC4 110 - PC4 ADC_IN14 -

- 25| - PC5 110 - PC5 ADC_IN15 -
18 | 26 | 15 PBO o | - PBO ADC_IN8/TIM3_CH3(™ -
19 | 27 | 16 PB1 o | - PB1 ADC_IN9/TIM3_CH4(™ -
20 | 28 | 17 PB2 I/0 FT | PB2/BOOT1 - -
21 |29 ] - PB10 110 FT PB10 - TIM2_CH3
22 | 30| - PB11 110 FT PB11 - TIM2_CH4
23 | 31|18 Vss 1 s | - Vss 1 - -
24 | 32|19 Vpp,_1 s | - Vpp, 1 - -
25 | 33| - PB12 I/O FT PB12 - -
26 | 34| - PB13 I/0 FT PB13 - -
27 | 35| - PB14 I/0 FT PB14 - -
28 |36 | - PB15 I/0 FT PB15 - -

- 37 | - PC6 I/0 FT PC6 - TIM3_CH1

- 38 | - PC7 I/0 FT PC7 - TIM3_CH2

- 39 | - PC8 I/0 FT PC8 - TIM3_CH3

- 40 | - PC9 I/0 FT PC9 - TIM3_CH4
29 (4120 PA8 I/0 FT PA8 USART1_CK/MCO -
30 | 42 | 21 PA9 /0 | FT PA9 USART1_TX(7) -
31 | 43 | 22 PA10 I/O FT PA10 USART1_RX(7) -
32 | 44 |23 PA11 110 FT PA11 USART1_CTS -
33 | 45|24 PA12 I/O FT PA12 USART1_RTS -
34 | 46 | 25 PA13 I/0 FT éj\-/rvl\g?o - PA13
35 |47 |26 Vss 2 s - Vss 2 - -
36 | 48 |27 Vpp_2 s | - Vpp_2 - -

24/87 DoclD15058 Rev 6 ‘Yl
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6. Main function after the first backup domain power-up. Later on, it depends on the contents of the Backup registers even
after reset (because these registers are not reset by the main reset). For details on how to manage these 10s, refer to the
Battery backup domain and BKP register description sections in the STM32F 10xxx reference manual, available from the
STMicroelectronics website: www.st.com.

7. This alternate function can be remapped by software to some other port pins (if available on the used package). For more
details, refer to the Alternate function I/O and debug configuration section in the STM32F 10xxx reference manual, available
from the STMicroelectronics website: www.st.com.

8. The pins number 2 and 3 in the VFQFPN36 package, and 5 and 6 in the LQFP48 and LQFP64 packages are configured as
OSC_IN/OSC_OUT after reset, however the functionality of PD0O and PD1 can be remapped by software on these pins. For
more details, refer to the Alternate function I/O and debug configuration section in the STM32F 10xxx reference manual.

3
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Memory mapping

4 Memory mapping

The memory map is shown in Figure 7.

Figure 7. Memory map

OXFFFF FFFF
7
0xE010 0000
X Cortex-M3 internal
0xE000 0000 _MM]
6
0xC000 0000
5
0xA000 0000
4 0x1FFF FFFF|
reserved
Ox1FFF F80F
0x8000 0000 Option Bytes
Ox1FFF F800
3 System memory
0x1FFF FOOO
0x6000 0000
2
Perioheral reserved
0x4000 0000 | orPnerals
1
0x2000 0000 SRAM
0x0801 FFFF
0 Flash memory
0x0800 0000
0x0000 0000 Aliased to Flash or
system memory
depending on
0x0000 0000| BOOT pins
l:] Reserved

APB memory space

OXFFFF FFFF e
0xE010 0000
0x6000 0000 TCHEREY
X4002 3400 osoed
0x4002 3000 CRC
0x4002 2400 reserved
0x4002 2000 | _Flash interface
0x4002 1400 reserved
0x4002 1000 RCC
0x4002 0400 reserved
0x4002 0000 DMA
0x4001 3C00 TR
0x4001 3800 USART1
0x4001 3400 reserved
0x4001 3000 SPI
0x4001 2c00]___"eserved
0x4001 2800 reserved
0x4001 2400 ADC
0x4001 1800 reserved
0x4001 1400 Port D
0x4001 1000 Port C
0x4001 0C00 Port B
0x4001 0800 PortA
0x4001 0400 EXTI
0x4001 0000 AFIO
0x4000 7400 reserved
0x4000 7000 PWR
04000 6C00 BkP
0x4000 6800 e
0x4000 6400 T
0x4000 6000 reserved
0x4000 5800 reserved
0x4000 5400 12C
0x4000 4800 reserved
0x4000 4400 USART2
0x4000 3400 eseiled
0x4000 3000 IWDG
0x4000 2C00 WWDG
0x4000 2800 RTC
0x4000 0800 reserved
0x4000 0400 TIM3
0x4000 0000 TIM2
ai15175b
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5.3

5.3.1

3

Table 6. Current characteristics

Symbol Ratings Max. Unit
lvbp Total current into Vpp/Vppa power lines (source)(") 150
lyss Total current out of Vgg ground lines (sink)(") 150
Output current sunk by any I/O and control pin 25
o Output current source by any I/Os and control pin -25 mA
Injected current on five volt tolerant pins(®) -5/+0
||NJ(PIN)(2) Iniected t ther pin® +5
jected current on any other pin +
ZInyPIN) Total injected current (sum of all /O and control pins)®) +25

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

Negative injection disturbs the analog performance of the device. See note in Section 5.3.17: 12-bit ADC
characteristics.

Positive injection is not possible on these 1/Os. A negative injection is induced by Viy<Vss. lingpiny Must
never be exceeded. Refer to Table 5: Voltage characteristics for the maximum allowed input vo(ltage
values.

A positive injection is induced by V|\>Vpp While a negative injection is induced by V|y<Vss. liy,piny must
never be exceeded. Refer to Table 5: Voltage characteristics for the maximum allowed input voltage
values.

When several inputs are submitted to a current injection, the maximum Zljyypiny is the absolute sum of the
positive and negative injected currents (instantaneous values).

Table 7. Thermal characteristics

Symbol Ratings Value Unit
Tste Storage temperature range —65 to +150 °C
T, Maximum junction temperature 150 °C

Operating conditions

General operating conditions

Table 8. General operating conditions

Symbol Parameter Conditions Min Max Unit
fucuk | Internal AHB clock frequency - 0 36
focLkt | Internal APB1 clock frequency - 0 36 MHz
focLkz2 | Internal APB2 clock frequency - 0 36
Vpp Standard operating voltage - 2 3.6
Analog operating voltage
AD 2 3.6
1) (ADC not used) Must be the same potential
Vbpa , as Vo @ v
Analog operating voltage DD o4 36
(ADC used) ’ ’
VAT Backup operating voltage - 1.8 3.6
DoclD15058 Rev 6 31/87
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Electrical characteristics

3

Table 10. Embedded reset and power control block characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
PLS[2:0]=000 (rising edge) 21 |2.18 |2.26
PLS[2:0]=000 (falling edge) 2 |2.08 |2.16
PLS[2:0]=001 (rising edge) 219 |2.28 |2.37
PLS[2:0]=001 (falling edge) 2.09 (2.18 |2.27
PLS[2:0]=010 (rising edge) 2.28 |2.38 |2.48
PLS[2:0]=010 (falling edge) 218 |2.28 |2.38
PLS[2:0]=011 (rising edge) 2.38 |2.48 |2.58
Vous Programmable voltage PLS[2:0]=011 (falling edge) 2.28 |2.38 |2.48 v
detector level selection | p| 5[2:01=100 (rising edge) 247 |2.58 [2.69
PLS[2:0]=100 (falling edge) 2.37 |2.48 |2.59
PLS[2:0]=101 (rising edge) 257 |2.68 |2.79
PLS[2:0]=101 (falling edge) 247 |2.58 |2.69
PLS[2:0]=110 (rising edge) 266 |2.78 2.9
PLS[2:0]=110 (falling edge) 256 |2.68 |2.8
PLS[2:0]=111 (rising edge) 2.76 |2.88 |3
PLS[2:0]=111 (falling edge) 266 |2.78 |2.9
Vpyphyst? | PVD hysteresis - - 100 - | mv
Voompon | POWET oN/power down Falling edge 1.8(1) |1.88 |1.96 y
reset threshold Rising edge 1.84 [1.92 |2.0
Vpprhyst? | PDR hysteresis - - |40 - | mv
tRSTTEMpo(Z) Reset temporization - 1.5 |25 |45 ms
1. The product behavior is guaranteed by design down to the minimum Vpog/ppr Value.
2. Guaranteed by design, not tested in production.
DoclD15058 Rev 6 33/87
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Table 18. Peripheral current consumption

Peripheral Typical consumption at 25 °C Unit
DMA1 15.97
AHB (up to 36 MHz) |CRC 1.67
BusMatrix(") 8.33
APB1-Bridge 7.22
TIM2 33.33
TIM3 33.61
USART2 12.78
APB1 (up to 18 MHz) |I2C1 10.83
WWDG 3.33
PWR 1.94
BKP 2.78 HAMHz
IWDG 1.39
APB2-Bridge 3.33
GPIO A 7.50
GPIO B 6.81
GPIOC 7.22
APB2 (up to 36 MHz)
GPIO D 6.94
SPI1 4.86
USART1 12.78
ADC1() 15.54

1. The BusMatrix is automatically active when at least one master is ON. (CPU, DMA1).

2. Specific conditions for measuring ADC current consumption: fyc) k = 28 MHz, fapg1 = fucLk fape2 = fucLk
fapccLk = fape2/ 2. When ADON bit in the ADC_CR?2 register is set to 1, a current consumption of analog
part equal to 0.7 mA must be added.

5.3.6 External clock source characteristics

High-speed external user clock generated from an external source

The characteristics given in Table 19 result from tests performed using an high-speed
external clock source, and under the ambient temperature and supply voltage conditions
summarized in Table 8.

3
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Table 21. HSE 4-16 MHz oscillator characteristics(1(?

Symbol Parameter Conditions Min | Typ | Max | Unit
fosc in | Oscillator frequency - 4 8 16 | MHz
Rg Feedback resistor - - 200 - kQ
Recommended load capacitance
C versus equivalent serial Rg =30 Q - 30 - pF
resistance of the crystal (RS)(3)
i HSE driving current X?tﬁ ;g:FVIo\a/Igl =Vss| - 1 mA
Im Oscillator transconductance Startup 25 - - mA/N
tsuse) | Startup time Vpp is stabilized - 2 - ms

3

1. Resonator characteristics given by the crystal/ceramic resonator manufacturer.
Based on characterization, not tested in production.

The relatively low value of the RF resistor offers a good protection against issues resulting from use in a
humid environment, due to the induced leakage and the bias condition change. However, it is
recommended to take this point into account if the MCU is used in tough humidity conditions.

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

For C_ 4 and C|», it is recommended to use high-quality external ceramic capacitors in the
5 pF to 25 pF range (typ.), designed for high-frequency applications, and selected to match
the requirements of the crystal or resonator (see Figure 20). C| 4 and C| , are usually the
same size. The crystal manufacturer typically specifies a load capacitance which is the
series combination of C 4 and C| ,. PCB and MCU pin capacitance must be included (10 pF
can be used as a rough estimate of the combined pin and board capacitance) when sizing
C_1 and C| . Refer to the application note AN2867 “Oscillator design guide for ST
microcontrollers” available from the ST website www.st.com.

Figure 20. Typical application with an 8 MHz crystal

Resonator with
integrated capacitors

L -Crtl

> fHSE
Bias 'l>

Rg | controlled
gain

= 8 MHz
resonator

'
—@
v
.
—_
= N

STM32F 10xxx

~
.

o  Rext)

ai14128b

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

The low-speed external (LSE) clock can be supplied with a 32.768 kHz crystal/ceramic
resonator oscillator. All the information given in this paragraph are based on
characterization results obtained with typical external components specified in Table 22. In
the application, the resonator and the load capacitors have to be placed as close as
possible to the oscillator pins in order to minimize output distortion and startup stabilization

DoclD15058 Rev 6 45/87
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5.3.11

5.3.12

3

Absolute maximum ratings (electrical sensitivity)

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.

Table 30. ESD absolute maximum ratings

Symbol Ratings Conditions Class Mamm(tign Unit
value
vV Electrostatic discharge Tp=+25°C 2 2000
ESD(HBM) | yoltage (human body model) | conforming to JESD22-A114
_ ° \%
Vv Electrostatic discharge TA_f +25 C "
ESD(CDM) | yoltage (charge device model) | €Tormng 0 500
ANSI/ESD STM5.3.1
1. Based on characterization results, not tested in production.
Static latch-up
Two complementary static tests are required on six parts to assess the latch-up
performance:
e A supply overvoltage is applied to each power supply pin
e A current injection is applied to each input, output and configurable 1/0O pin
These tests are compliant with EIA/JESD 78 IC latch-up standard.
Table 31. Electrical sensitivities
Symbol Parameter Conditions Class
LU Static latch-up class Tp= 485 °C conforming to JESD78A II'level A

I/0 current injection characteristics

As a general rule, current injection to the I/O pins, due to external voltage below Vgg or
above Vpp (for standard, 3 V-capable 1/O pins) should be avoided during normal product
operation. However, in order to give an indication of the robustness of the microcontroller in
cases when abnormal injection accidentally happens, susceptibility tests are performed on a
sample basis during device characterization.

Functional susceptibilty to I/O current injection

While a simple application is executed on the device, the device is stressed by injecting
current into the 1/O pins programmed in floating input mode. While current is injected into
the 1/O pin, one at a time, the device is checked for functional failures.

DoclD15058 Rev 6 51/87
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The failure is indicated by an out of range parameter: ADC error above a certain limit (>5
LSB TUE), out of spec current injection on adjacent pins or other functional failure (for
example reset, oscillator frequency deviation).

The test results are given in Table 32

Table 32. 1/0 current injection susceptibility

Functional susceptibility

Symbol Description Negative Positive Unit
injection injection
Injected current on OSC_IN32, 0 +0
OSC_O0UT32, PA4, PA5, PC13
N Injected current on all FT pins -5 +0 mA
Injected current on any other pin -5 +5

DoclD15058 Rev 6
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SPIl interface characteristics

Unless otherwise specified, the parameters given in Table 40 are derived from tests
performed under the ambient temperature, fpc| kx frequency and Vpp supply voltage

conditions summarized in Table 8.

Refer to Section 5.3.12: 1/O current injection characteristics for more details on the
input/output alternate function characteristics (NSS, SCK, MOSI, MISO).

Table 40. SPI characteristics

the data in Hi-Z

DoclD15058 Rev 6

Symbol Parameter Conditions Min Max Unit
Master mode 0 18
fsck SPI clock frequency MHz
1esck) Slave mode 0 18
tysck) | SPlclockrise andfall | 0,0, itive load: € = 30 pF 8
tf(SCK) time
tsu(NSS)“) NSS setup time Slave mode 4 tpcLk -
t (1) INSS hold time Slave mode 73 -
h(NSS)
t SCKH ™M . . Master mode, fPCLK =36 MHZ,
ta((sm))“) SCK high and low time oresc = 4 50 60
(1) |Data input setup time )
fsuq) Master mode SPI L
¢ (1) |Data input setup time ) 1 )
su(sh) Slave mode
(1) |Data input hold time )
v Master mode SPI 1
G Data input hold time i 3 )
h(s) Slave mode
Slave mode, fpc k = 36 MHz, 0 55 ns
tysor @ | Data output time | Presc =4
a(S0) put access time
Slave mode, fPCLK =24 MHz 0 4 tPCLK
tdis(so)(1)(3) Data output disable time | Slave mode 10
ty(so) M | Dpata output valid time Slave mode (after enable edge) - 25
1 _— Master mode (after enable
tV(MO)( ) | Data output valid time edge) - 3
th(so)“) Slave mode (after enable edge) 25 -
1) Data output hold time | pmaster mode (after enable
thmo) 4 -
edge)
1. Based on characterization, not tested in production.
2. Min time is for the minimum time to drive the output and the max time is for the maximum time to validate
the data.
3. Min time is for the minimum time to invalidate the output and the max time is for the maximum time to put
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Table 44. ADC accuracy(!) (2 @)

Symbol Parameter Test conditions Typ Max(4) Unit
ET Total unadjusted error +2 5
fPCLK2 =28 MHZ,
EO |Offset error fapc = 14 MHz, Rapy < 10 kQ 1.5 2.5
EG Gain error Vppa=24Vto36V 1.5 *3 LSB
ED |Differential linearity error Measurements made after +1 +2
ADC calibration
EL Integral linearity error 1.5 +3

ADC DC accuracy values are measured after internal calibration.

Better performance could be achieved in restricted Vpp, frequency and temperature ranges.

ADC Accuracy vs. Negative Injection Current: Injecting negative current on any of the standard (non-
robust) analog input pins should be avoided as this significantly reduces the accuracy of the conversion
being performed on another analog input. It is recommended to add a Schottky diode (pin to ground) to

standard analog pins which may potentially inject negative current.

Any positive injection current within the limits specified for lypiny and Zliyyeiny in Section 5.3.12 does not
affect the ADC accuracy.

4. Based on characterization, not tested in production.
Figure 32. ADC accuracy characteristics
V

1LSBipgp, = —22A

[ IDEAL = 3006
2095 (1) Example of an actual transfer curve

(2) The ideal transfer curve

4094 (3) End point correlation line
4093

Er=Total unadjusted error: maximum deviation
between the actual and the ideal transfer curves.
Eo=Offset error: deviation between the first actual
transition and the first ideal one.

Eg=Gain error: deviation between the last ideal
transition and the last actual one.

Ep=Differential linearity error: maximum deviation
between actual steps and the ideal one.

E| =Integral linearity error: maximum deviation
between any actual transition and the end point
correlation line.

1 T 1
2 3 4 5 6 7 4093 4094 4095 4096
Vbpa
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Temperature sensor characteristics

Table 45. TS characteristics

Symbol Parameter Min Typ Max Unit
.M Vsense linearity with temperature - + 2 °C
Avg_SIope“) Average slope 4.0 4.3 4.6 mV/°C
Vo5 Voltage at 25°C 134 | 143 | 152 %
r—— Startup time 4 - 10 us
TS_temp(3)(2) gliq(r)):;rtr:ﬁing time when reading the ) ) 17 1 us

1. Guaranteed by characterization, not tested in production.

2. Guaranteed by design, not tested in production.
3. Shortest sampling time can be determined in the application by multiple iterations.
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Figure 36. VFQFPN36 - 36-pin, 6x6 mm, 0.5 mm pitch very thin profile fine pitch
quad flat package recommended footprint
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1. Dimensions are expressed in millimeters.
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6.4 LQFP48 package information

Figure 41. LQFP48 - 48-pin, 7 x 7 mm low-profile quad flat package outline
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1. Drawing is not to scale.
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Table 48. LQFP48 - 48-pin, 7 x 7 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 8.800 9.000 9.200 0.3465 0.3543 0.3622
D1 6.800 7.000 7.200 0.2677 0.2756 0.2835
D3 - 5.500 - - 0.2165 -

E 8.800 9.000 9.200 0.3465 0.3543 0.3622
E1 6.800 7.000 7.200 0.2677 0.2756 0.2835
E3 - 5.500 - - 0.2165 -

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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