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STM32F101x4, STM32F101x6 Introduction

1 Introduction

This datasheet provides the ordering information and mechanical device characteristics of
the STM32F101x4 and STM32F101x6 low-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 Low-density STM32F 101xx datasheet should be read in conjunction with the low-,
medium- and high-density 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.
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Description STM32F101x4, STM32F101x6

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 1. STM32F101xx Low-density access line block diagram
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1. AF = alternate function on I/O port pin.
2. Tp=-40 °C to +85 °C (junction temperature up to 105 °C).
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Pinouts and pin description

3

3

Pinouts and pin description

Figure 3. STM32F101xx Low-density access line LQFP64 pinout
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Figure 4. STM32F101xx Low-density access line

LQFP48 pinout
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Memory mapping

4 Memory mapping

The memory map is shown in Figure 7.

Figure 7. Memory map
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Typical current consumption

The MCU is placed under the following conditions:
e Al /O pins are in input mode with a static value at Vpp or Vgg (no load)
e All peripherals are disabled except if it is explicitly mentioned

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

e 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

The parameters given in Table 16 are derived from tests performed under the ambient
temperature and Vpp supply voltage conditions summarized in Table 8.

Table 16. Typical current consumption in Run mode, code with data processing
running from Flash

Typ() Typ()
Symbol | Parameter | Conditions frewk All peripherals | Al peripherals | Unit
enabled® disabled
36 MHz 17.2 13.8
24 MHz 11.2 8.9
16 MHz 8.1 6.6
8 MHz 5 4.2
External
C|OCK(3) 4 MHz 3 2.6
2 MHz 2 1.8
1 MHz 15 1.4
500 kHz 1.2 1.2
Supply 125 kHz 1.05 1
Iop current in mA
Run mode 36 MHZ 165 131
24 MHz 10.5 8.2
Running on
16 MH 7.4 5.9
high speed z
internal RC 8 MHz 4.3 3.6
(HSI), AHB 4 MHz 2.4 2
prescaler
used to 2 MHz 1.5 1.3
reduce the
frequency 1 MHz 1 0.9
500 kHz 0.7 0.65
125 kHz 0.5 0.45

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).

3. External clock is 8 MHz and PLL is on when fyc « > 8 MHz.

3
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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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Figure 18. High-speed external clock source AC timing diagram
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Figure 19. Low-speed external clock source AC timing diagram
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High-speed external clock generated from a crystal/ceramic resonator

The high-speed external (HSE) clock can be supplied with a 4 to 16 MHz crystal/ceramic
resonator oscillator. All the information given in this paragraph are based on
characterization results obtained with typical external components specified in Table 21. 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
time. Refer to the crystal resonator manufacturer for more details on the resonator
characteristics (frequency, package, accuracy).

3
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Electrical characteristics

5.3.13 /0 port characteristics
General input/output characteristics
Unless otherwise specified, the parameters given in Table 33 are derived from tests
performed under the conditions summarized in Table 8. All I/Os are CMOS and TTL
compliant.
Table 33. I/O static characteristics
Symbol Parameter Conditions Min Typ Max Unit
Standard 10 input low 03 - | 0.28*(Vpp-2 V)+0.8 v
level voltage
Y= input low )
0.3 - 10.32%(Vpp-2 V)+0.75 V(1)
level voltage
. . \Y
Standard 10 input high ) . 3 |
level voltage 0.41*(Vpp-2 V)+1.3V Vpp+0.3
ViH
(2) ; ; Vpp>2V 5.5
10 FT'“ input high DD 0.42"(Vpp-2 V)+1 vin | -
level voltage Vpp <2V 5.2
Standard 10 Schmitt
trigger voltage - 200 - -
Vhys hysteresis(3) mv
10 FT Schmitt trigger ) o @) ) )
voltage hysteresis(®) 5% Voo
Vss <ViNSVpp ) ) #
| Input leakage current | Standard I/Os uA
5
Ikg ( ) V|N =5 \Y _ _ 3
I/OFT
Weak pull-up B
Reu equivalent resistor(®) ViN=Vss 30 40 50 )
Q
Weak pull-down 3
Rep equivalent resistor(®) Vin=VoD 30 40 50
Cio | /O pin capacitance - - 5 - pF

N =

disabled.

With a minimum of 100 mV.

Data based on design simulation.

Leakage could be higher than max. if negative current is injected on adjacent pins.

PMOS/NMOS contribution to the series resistance is minimum (~10% order).

3
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FT = Five-volt tolerant. In order to sustain a voltage higher than Vpp+0.3 the internal pull-up/pull-down resistors must be

Hysteresis voltage between Schmitt trigger switching levels. Based on characterization, not tested in production.

Pull-up and pull-down resistors are designed with a true resistance in series with a switchable PMOS/NMOS. This
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Figure 24. 5 V tolerant I/O input characteristics - CMOS port

VIR/VIL (V) Area not
A determined

Vy=0-42(Vpp 21!
Based on des

- 1 V\L=O.32(VDD 2)
13]-=-- -y, ey £ B ——d Based on des

Vi =0.35VpD,

dard requirme
CMOSI stan

ign simulations

. +0.75'
ign simulations

.

1
| 075 , ' : '
o7 ested in production X . ] :
1 1 1 ! 1
1 1 1 : 1
X : : : : > VDD (V)
2 2.7 3 3.3 3.6
VDD
ai17279¢c
Figure 25. 5 V tolerant I/O input characteristics - TTL port
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Figure 27. Recommended NRST pin protection
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The reset network protects the device against parasitic resets.

1.
2. The user must ensure that the level on the NRST pin can go below the V| (yrsT) max level specified in
Table 36. Otherwise the reset will not be taken into account by the device.

3
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5.3.15

5.3.16
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TIM timer characteristics

The parameters given in Table 37 are guaranteed by design.

Refer to Section 5.3.12: I/O current injection characteristics for details on the input/output
alternate function characteristics (output compare, input capture, external clock, PWM
output).

Table 37. TIMx{") characteristics

Symbol Parameter Conditions Min Max Unit
. o - 1 - trimxcLk
tres(tivy | Timer resolution time
leMXCLK =36 MHz | 27.8 - ns
¢ Timer external clock 0 frimxcLk/2 MHz
EXT
frequency on CH1 to CH4 frivxcLK = 36 MHz 0 18 MHz
Rest | Timer resolution - - 16 bit
16-bit counter clock period - 1 65536 triMxCLK
tcounTer | when internal clock is
selected fT|MXCLK =36 MHz | 0.0278 1820 us

- - 65536 x 65536 | trMxcLK
frimxcLk =36 MHz | - 1192 °

tMAx counT | Maximum possible count

1. TIMx is used as a general term to refer to the TIM2, TIM3 and TIM4 timers.

Communications interfaces

I2C interface characteristics

The STM32F101xx Low-density access line 1°C interface meets the requirements of the
standard 12C communication protocol with the following restrictions: the 1/0O pins SDA and
SCL are mapped to are not “true” open-drain. When configured as open-drain, the PMOS
connected between the I/O pin and Vpp is disabled, but is still present.

The I2C characteristics are described in Table 38. Refer also to Section 5.3.12: I/O current
injection characteristics for more details on the input/output alternate function characteristics
(SDA and SCL).

3
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Figure 28. I2C bus AC waveforms and measurement circuit(!)
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1. Measurement points are done at CMOS levels: 0.3Vpp and 0.7Vpp.
2. Rs = Series protection resistors, Rp = Pull-up resistors, VDD ioc = 12C bus supply.

Table 39. SCL frequency (fpci k1= MHz, Vpp o¢ = 3.3 V)(1)(2)

12C_CCR value
fscL (kHz) ATk
p= 4. Q

400 0x801E

300 0x8028

200 0x803C

100 0x00B4

50 0x0168

20 0x0384

Rp = External pull-up resistance, fgg| = I°C speed,

2. For speeds around 200 kHz, the tolerance on the achieved speed is of £5%. For other speed ranges, the

tolerance on the achieved speed £2%. These variations depend on the accuracy of the external
components used to design the application.
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Equation 1: Ry max formula:

s
Ran <

— — Rapc
fapc X Capc X In(2"*?)

The formula above (Equation 1) is used to determine the maximum external impedance allowed for an
error below 1/4 of LSB. Here N = 12 (from 12-bit resolution).

Table 42. Ry, max for fopc = 14 MHz(")

Ts (cycles) ts (us) Rain max (k)
1.5 0.11 0.4
7.5 0.54 5.9
135 0.96 1.4
28.5 2.04 25.2
415 2.96 37.2
55.5 3.96 50
71.5 5.11 NA
239.5 17.1 NA

1. Guaranteed by design, not tested in production.

Table 43. ADC accuracy - limited test conditions(!) (2)

Symbol Parameter Test conditions Typ Max® | Unit

ET Total unadjusted error focLiz = 28 MHz, 1.3 12

EO |Offset error fapc = 14 MHz, Ry < 10 kQ | 41 +1.5
V =3Vto36V

EG |Gain error ppa =3 V10 3.6 105 | 15 | LSB
To=25°C

ED Differential linearity error Measurements made after 0.7 *1

EL |Integral linearity error ADC calibration +0.8 +15

ADC DC accuracy values are measured after internal calibration.

2. ADC Accuracy vs. Negative Injection Current: Injecting negative current on any 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 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.

3. Based on characterization, not tested in production.

3
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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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STM32F101x4, STM32F101x6 Package characteristics

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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6.3

3

LQFP64 package information

Figure 38. LQFP64 - 64-pin, 10 x 10 mm low-profile quad flat package outline
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1. Drawing is not to scale.
Table 47. LQFP64 - 64-pin, 10 x 10 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
c 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 -
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6.5.2

3

Evaluating the maximum junction temperature for an application

When ordering the microcontroller, the temperature range is specified in the ordering
information scheme shown in Table 50: Ordering information scheme.

Each temperature range suffix corresponds to a specific guaranteed ambient temperature at
maximum dissipation and, to a specific maximum junction temperature. Here, only
temperature range 6 is available (—40 to 85 °C).

The following example shows how to calculate the temperature range needed for a given
application, making it possible to check whether the required temperature range is
compatible with the STM32F101xx junction temperature range.

Example: high-performance application

Assuming the following application conditions:

Maximum ambient temperature Tp,4x = 82 °C (measured according to JESD51-2),
IpDmax = 50 MA, Vpp = 3.5V, maximum 20 |/Os used at the same time in output at low
level with I, =8 mA, Vo = 0.4 V and maximum 8 I/Os used at the same time in output
mode at low level with |5, =20 mA, Vg =13V

PiNTmax = 90 mA x 3.5 V=175 mW

Plomax=20 %8 MAx0.4V+8x20mAx 13V =272 mW
This gives: P\ytmax = 175 mW and Pigmax = 272 mW
Pbmax = 175 + 272 = 447 mW

Thus: Ppmax = 447 mW

Using the values obtained in Table 49 T j,, is calculated as follows:
— For LQFP64, 45 °C/W
Tymax = 82 °C + (45 °C/W x 447 mW) = 82 °C + 20.1 °C = 102.1 °C

This is within the junction temperature range of the STM32F101xx (—40 < T; < 105 °C).

Figure 44. LQFP64 Pp max vs. Tp
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7 Ordering information scheme

Table 50. Ordering information scheme
Example: STM32 F 101 C 4 T 6 A xxx

Device family

STM32 = ARM-based 32-bit microcontroller

Product type

F = general-purpose

Device subfamily

101 = access line

Pin count

T =36 pins
C =48 pins
R = 64 pins

Flash memory size

4 = 16 Kbytes of Flash memory
6 = 32 Kbytes of Flash memory

Package
T=LQFP
U =VFQFPN

Temperature range

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

Internal code

“A” or blank(")

Options

XXX = programmed parts
TR = tape and real
1. For STM32F101x6 devices with a blank internal code, please refer to the STM32F103x6/8/B datasheet

available from the ST website: www.st.com.

For a list of available options (speed, package, etc.) or for further information on any aspect
of this device, please contact the nearest ST sales office.
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IMPORTANT NOTICE — PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2015 STMicroelectronics — All rights reserved
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