STMicroelectronics - STM32F103ZDT6 Datasheet

Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Details

Product Status Active
Core Processor ARM® Cortex®-M3
Core Size 32-Bit Single-Core
Speed 72MHz
Connectivity CANbus, I2C, IrDA, LINbus, SPI, UART/USART, USB
Peripherals DMA, Motor Control PWM, PDR, POR, PVD, PWM, Temp Sensor, WDT

Number of I/0 112

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

384KB (384K x 8)
FLASH

64K x 8

2V ~ 3.6V

A/D 21x12b; D/A 2x12b
Internal

-40°C ~ 85°C (TA)
Surface Mount
144-LQFP

144-LQFP (20x20)

https://www.e-xfl.com/product-detail/stmicroelectronics/stm32f103zdt6

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/stm32f103zdt6-4414294
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

STM32F103xC, STM32F103xD, STM32F103xE Contents

3

2.3.29  Serial wire JTAG debug port (SWJ-DP) . ... ... ... ... 24
2.3.30 Embedded Trace Macrocell™ .. ... ... .. ... . . . . . 24
Pinouts and pindescriptions .............. .. i 25
Memory mapping ........uuuiiinneeennerrrrrnnnnnnnnnnnnnns 40
Electrical characteristics .............. ... 41
5.1 Parameter conditions .. ...... ... ... ... 41
511 Minimum and maximumvalues . ......... ... ... . . . ... 41
51.2 Typicalvalues . . ... ... e 41
51.3 Typical CUIVES . ... . e 41
514 Loading capacitor . ........ .. 41
51.5 Pininputvoltage ......... .. . . . 41
51.6 Power supply scheme . ......... .. . . . . 42
51.7 Current consumption measurement .............. . ..., 42
5.2 Absolute maximumratings .. ........ ... 43
5.3  Operatingconditions . ........... .. .. 44
5.3.1 General operating conditions . .. .......... ... . .. . i 44
5.3.2 Operating conditions at power-up / power-down .................. 45
5.3.3 Embedded reset and power control block characteristics ........... 45
5.34 Embedded referencevoltage . .. ........ ... i 46
5.3.5 Supply current characteristics ............. . ... ... .. ... 46
5.3.6 External clock source characteristics . . ......................... 58
5.3.7 Internal clock source characteristics ............. ... ... .. .... 62
5.3.8 PLL characteristics . ..... ... ... i 64
5.3.9 Memory characteristics . ........... ... ... . . 64
5.83.10 FSMCcharacteristics . .. ....... .. 66
5.3.11 EMCcharacteristics . . ......... . e 87
5.3.12  Absolute maximum ratings (electrical sensitivity) ................. 88
5.3.13  I/O current injection characteristics ............................ 89
5.83.14 I/Oportcharacteristics .. ......... ... . . i 90
5.83.15 NRST pincharacteristics .......... ... . .. i i, 95
5.3.16  TIMtimer characteristics ......... ... ... . . . 96
5.3.17 Communications interfaces ......... ... .. ... .. ... . . i, 97
5.3.18 CAN (controller area network) interface . . . . .................... 107
5.3.19 12-bit ADC characteristics . ............c. ot 107

DoclD14611 Rev 12 3/144




Contents

STM32F103xC, STM32F103xD, STM32F103xE

4/144

5.3.20 DAC electrical specifications ........... ... ... . .. . ... 112

5.3.21 Temperature sensor characteristics . ................. ... .. .... 114
Package information ............. ... i i i i 115
6.1 LFBGA144 package information .............. .. ... . ... . . ... .. 115
6.2 LFBGA100 package information ............... ... . ... . ...... 118
6.3  WLCSP64 package information . ........... ... .. ... . ... . . ... .. 121
6.4 LQFP144 package information . .. ......... .. ... ... ... . .. 123
6.5 LQFP100 package information . ............. ... ... . .. 127
6.6 LQFP64 package information . . ....... ... .. ... . .. 130
6.7 Thermal characteristics . .......... ... 133

6.7.1 Reference document .. ... ... . .. .. . 133

6.7.2 Selecting the product temperaturerange . ... ................... 134
Partnumbering ..........cciiiiiiiiii ittt 136
Revision history .......... ...t i i 137

3

DoclD14611 Rev 12




Description STM32F103xC, STM32F103xD, STM32F103xE
Figure 1. STM32F103xC, STM32F103xD and STM32F103xE performance line block
diagram
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1.

temperature up to 105 °C or 125 °C, respectively.

2. AF = alternate function on 1/O port pin.9
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STM32F103xC, STM32F103xD, STM32F103xE Description
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2.3.11
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3

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
e Boot from embedded SRAM

The boot loader 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 VDDA is 2.4 VV when the ADC
or DAC is used). Vppa and Vgga 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 12: 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.

Voltage regulator

The regulator has three operation modes: main (MR), low-power (LPR) and power down.
e MR is used in the nominal regulation mode (Run)
e LPRis used in the Stop modes.

e Power down is used in Standby mode: the regulator output is in high impedance: the
kernel circuitry is powered down, inducing zero consumption (but the contents of the
registers and SRAM are lost)

This regulator is always enabled after reset. It is disabled in Standby mode.

DoclD14611 Rev 12 17/144




Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

5.3.6 External clock source characteristics

High-speed external user clock generated from an external source

The characteristics given in Table 21 result from tests performed using an high-speed
external clock source, and under ambient temperature and supply voltage conditions
summarized in Table 10.

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
Viusen | OSC_IN input pin high level voltage 0.7Vpp - Vop v
Vuser | OSC_IN input pin low level voltage ) Vss - 10.3Vpp
bw(HSE) OSC_IN high or low time(") 5 - -
tw(HSE)
ns
trHsE) OSC_IN rise or fall time(") - - 20
tiHsE)
Cinnse) | OSC_IN input capacitance(!) - - 5 - pF
DuCy(HSE) Duty cycle - 45 - 55 %
I OSC_IN Input leakage current Vss <ViNSVpp - - +1 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 external user clock characteristics
Symbol Parameter Conditions Min Typ Max Unit
User External clock source
fLSE ext frequency') - 32.768 | 1000 | kHz
OSC32_IN input pin high level
VLSEH  |yoltage PAtPIN TS 0.7Vpp | - Vop
\%
OSC32_IN input pin low level
ViseL voltage putp - Vss - 0.3Vpp
bw(LsE) 0SC32_IN high or low time(!) 450 - -
tw(LsE)
ns
tLSE) | 0sC32 IN rise or fall time(™ ; - 50
tiLsE)
Cin(Lsey | ©OSC32_IN input capacitance(!) - - 5 - pF
DuCy(sk) | Duty cycle - 30 - 70 %
I OSCB32_IN Input leakage current | Vgg <V|y<Vpp - - 1 MA

1. Guaranteed by design.

3
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STM32F103xC, STM32F103xD, STM32F103xE Electrical characteristics

Figure 20. High-speed external clock source AC timing diagram
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Figure 21. Low-speed external clock source AC timing diagram
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Electrical characteristics
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Low-speed internal (LSI) RC oscillator

Table 26. LSI oscillator characteristics (1)

Symbol Parameter Min Typ Max Unit

fLg® Frequency 30 40 60 kHz
tsuws)® | LS! oscillator startup time - - 85 us
IDD(LS|)(3) LSI oscillator power consumption - 0.65 1.2 MA

1.

Vpp =3V, T =-40 to 105 °C unless otherwise specified.

2. Guaranteed by characterization results.

3. Guaranteed by design.

Wakeup time from low-power mode

The wakeup times given in Table 27 is measured on a wakeup phase with a 8-MHz HSI RC
oscillator. The clock source used to wake up the device depends from the current operating
mode:

Stop or Standby mode: the clock source is the RC oscillator
Sleep mode: the clock source is the clock that was set before entering Sleep mode.

All timings are derived from tests performed under ambient temperature and Vpp supply
voltage conditions summarized in Table 10.

Table 27. Low-power mode wakeup timings

Symbol Parameter Typ Unit
twusLeep' ! | Wakeup from Sleep mode 1.8 Ms
Wakeup from Stop mode (regulator in run mode) 3.6
twusTop" ; s
Wakeup from Stop mode (regulator in low-power mode) 5.4
twusToey' " | Wakeup from Standby mode 50 us

1.

The wakeup times are measured from the wakeup event to the point in which the user application code
reads the first instruction.

DoclD14611 Rev 12
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Table 35. Synchronous multiplexed NOR/PSRAM read timings("(?)

Symbol Parameter Min Max Unit
twcLk) FSMC_CLK period 27.7 - ns
td(CLKL-NExL) FSMC_CLK low to FSMC_NEXx low (x = 0...2) - 1.5 ns
td(CLKL-NEXH) FSMC_CLK low to FSMC_NEXx high (x = 0...2) 2 - ns
tacke-napbve) | FSMC_CLK low to FSMC_NADV low - 4 ns
tacLke-NapvH) | FSMC_CLK low to FSMC_NADYV high 5 - ns
tacLKL-AV) FSMC_CLK low to FSMC_Ax valid (x = 16...25) - 0 ns
ta(cLKL-AIV) FSMC_CLK low to FSMC_Ax invalid (x = 16...25) 2 - ns
td(CLKL-NOEL) FSMC_CLK low to FSMC_NOE low - 1 ns
td(CLKL-NOEH) FSMC_CLK low to FSMC_NOE high 1.5 - ns
td(cLKL-ADV) FSMC_CLK low to FSMC_AD[15:0] valid - 12 ns
ty(cLKL-ADIV) FSMC_CLK low to FSMC_AD[15:0] invalid 0 - ns
tau(ADV-CLKH) ESI;I/IC_A/DUS:O] valid data before FSMC_CLK 6 ) ns
th(CLKH-ADV) FSMC_A/D[15:0] valid data after FSMC_CLK high 0 - ns
tsunwAITv-cLKH) | FSMC_NWAIT valid before FSMC_CLK high 8 - ns
th(cLkH-NwAITv) | FSMC_NWAIT valid after FSMC_CLK high 2 - ns
1. C_=15pF.

2. Guaranteed by characterization results.
DoclD14611 Rev 12 73/144




Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

Figure 29. Synchronous multiplexed PSRAM write timings

BUSTURN =0

tw(CLK) <—n<—> tw(CLK)

/)

FSMC_CLK %

Y

" Dalta latency 40

[y
4 tg(CLKL-NEXL)
FSMC_NEx
d(CLKL-NADVL) —»*
FSMC_NADV ‘

IKL -AV)

td(CLKL-NEx

LKL-NADVH

FSMC_A[25:16]

CLkL NWEL)
FSMC_NWE

CLKLADIV > t

(CLKL-Data)

A

td(CLKL-ADV) > ¢ ! td(CLKL-Datay

74/144

FSMC_AD[15:0]

D1

—.—< AD[15:0]

FSMC_NWAIT

(WAITCFG = Ob, WAITPOL + Ob)

tSU(NWAITV-CLKH)

FSMC_NBL

\

o

th(CLKH:NWAITV)
td{CLKL-NBLI

ai14992g

Do

cID14611 Rev 12

3




Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

78/144

PC Card/CompactFlash controller waveforms and timings

Figure 32 through Figure 37 represent synchronous waveforms and Table 39 provides the
corresponding timings. The results shown in this table are obtained with the following FSMC
configuration:

e COM.FSMC_SetupTime = 0x04;

e COM.FSMC_WaitSetupTime = 0x07;
e COM.FSMC_HoldSetupTime = 0x04;
e COM.FSMC_HiZSetupTime = 0x00;
e ATT.FSMC_SetupTime = 0x04;

e ATT.FSMC_WaitSetupTime = 0x07;
e ATT.FSMC_HoldSetupTime = 0x04;
e ATT.FSMC_HiZSetupTime = 0x00;

e |O.FSMC_SetupTime = 0x04;

e |O.FSMC_WaitSetupTime = 0x07;

e |O.FSMC_HoldSetupTime = 0x04;

e |O.FSMC_HiZSetupTime = 0x00;

e TCLRSetupTime = 0;

e TARSetupTime = 0;

Figure 32. PC Card/CompactFlash controller waveforms for common memory read
access
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1. FSMC_NCE4_2 remains high (inactive during 8-bit access.
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Figure 33. PC Card/CompactFlash controller waveforms for common memory write
access
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Figure 34. PC Card/CompactFlash controller waveforms for attribute memory read

access
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1. Only data bits 0...7 are read (bits 8...15 are disregarded).

3
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Table 44. Electrical sensitivities

Symbol

Parameter

Conditions

Class

LU

Static latch-up class

Tp= +105 °C conforming to JESD78A

Il 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 I/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.

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 45

Table 45. 1/0 current injection susceptibility

Functional susceptibility
Symbol Description Negative Positive Unit
injection injection
Injected current on OSC_IN32, 0 +0
OSC_0OUT32, PA4, PA5, PC13
hing Injected current on all FT pins -5 +0 mA
Injected current on any other pin -5 +5
DoclD14611 Rev 12 89/144
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Table 54. IS characteristics

Symbol Parameter Conditions Min Max Unit
DuCy(SCK) 12S slave input clock duty cycle | Slave mode 30 70 %
Master mode (data: 16 bits
. ’ 1.522 1.525
2(3{( 125 clock frequency Audio frequency = 48 kHz) Vi
o(CK Slave mode 0 6.5
IF(CK) IS clock rise and fall time Capacitive load C| = 50 pF - 8
f(CK)
tyws) U WS valid time Master mode 3 -
1282 2 -
thws) (1) WS hold time Master mode
1283 0 -
tsuws) WS setup time Slave mode 4 -
thows) WS hold time Slave mode 0 -
t o - i 312.5 -
W(CKH) " CK high and low time ][\:':StZLfCPCEK‘leH'\fHZ' audio
tW(CKL) qu y = 345 -
1282 2 -
tsu(sb_MR) (1) | Data input setup time Master receiver
- 1283 6.5 - ns
tsu(sb_sR) () | Data input setup time Slave receiver 1.5 -
thsp MR)(1)(2) Master receiver 0 -
= Data input hold time
th(sb_sR) (1)(2) Slave receiver 0.5 -
tysp_sT) @ | Data output valid time S(Ijzvee) transmitter (after enable - 18
thsp_sT) M Data output hold time S‘Ijz\f) transmitter (after enable 11 -
tyso_MT) (@ | Data output valid time Z/Idagset()er transmitter (after enable ) 3
th(sp_m) M Data output hold time (l\eﬂdags;()ar transmitter (after enable 0 -

1. Guaranteed by design and/or characterization results.

2. Depends on fpc k. For example, if fpc k=8 MHz, then Tpc k = 1/fpLcLk =125 ns.

102/144
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Electrical characteristics STM32F103xC, STM32F103xD, STM32F103xE

Figure 58. Typical connection diagram using the ADC

VpD STM32F
Sample and hold ADC
(Yg v converter
1 .
RAIN( ) AINX . RADC(1) 12.bit

L] L converter

() S =
0.6V
parasitic | Capc(1)
IL¥1

ai17534

1. Refer to Table 59 for the values of Ry, Rapc @and Cppc-

2. Cparasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the
pad capacitance (roughly 7 pF). A high Cparasmc value will downgrade conversion accuracy. To remedy
this, fapc should be reduced.

General PCB design guidelines

Power supply decoupling should be performed as shown in Figure 59 or Figure 60,
depending on whether Vggp. is connected to Vppa or not. The 10 nF capacitors should be
ceramic (good quality). They should be placed them as close as possible to the chip.

Figure 59. Power supply and reference decoupling (Vrgg+ not connected to Vppp)

STM32F103xx
VREF+
4 [ ] (see note 1)

1WF /10 nF Z— Vopa

@--------=-=-==
1
|
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1. VRger+ and VRgp_ inputs are available only on 100-pin packages.
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Package information STM32F103xC, STM32F103xD, STM32F103xE

Device marking for LFBGA100 package

The following figure gives an example of topside marking orientation versus ball A1 identifier

location.
Figure 67. LFBGA100 marking example (package top view)
" I X < Additional
_ information
Product identification'"«— STM32F 103

—
\‘ V&HE

Date code

Y (WWw

BallA — | O
indentifier

MSv39408V1

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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Table 71. 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 0.8740
D1 19.800 20.000 20.200 0.7795 0.7874 0.7953
D3 - 17.500 - - 0.6890 -

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°
ccc - - 0.080 - - 0.0031

1.

Values in inches are converted from mm and rounded to 4 decimal digits.
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Figure 71. LQFP144 - 144-pin,20 x 20 mm low-profile quad flat package

recommended footprint
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1. Dimensions are expressed in millimeters.
DoclD14611 Rev 12 125/144




Package information STM32F103xC, STM32F103xD, STM32F103xE

132/144

Device marking for LQFP64 package

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

Figure 78. LQFP64 marking example (package top view)
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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.

3

DoclD14611 Rev 12




Revision history

STM32F103xC, STM32F103xD, STM32F103xE

138/144

Table 76.Document revision history

Date

Revision

Changes

21-Jul-2008

Document status promoted from Preliminary Data to full datasheet.
FSMC (flexible static memory controller) on page 22 modified.

Number of complementary channels corrected in Figure 1:
STM32F103xF, STM32F103xD and STM32F103xGSTM32F103xF and
STM32F103xG performance line block diagram.

Power supply supervisor on page 23 modified and Vppa added to
Table 14: General operating conditions on page 59.

Table notes revised in Section 5: Electrical characteristics.
Capacitance modified in Figure 12: Power supply scheme on page 57.
Table 60: SCL frequency (fpci k1= 36 MHz.,Vpp = 3.3 V) updated.

Table 61: SPI characteristics modified, tnss) modified in Figure 49:
SPI timing diagram - slave mode and CPHA = 0 on page 123.

Minimum SDA and SCL fall time value for Fast mode removed from
Table 59: I2C characteristics on page 120, note 1 modified.

Ipp_vear Values and some Ipp values with regulator in run mode added
to Table 21: Typical and maximum current consumptions in Stop and
Standby modes on page 68.

Table 34: Flash memory endurance and data retention on page 87
updated.

tsu(nss) modified in Table 61: SPI characteristics on page 122.

EO corrected in Table 70: ADC accuracy on page 132. Figure 58:
Typical connection diagram using the ADC on page 133 and note below
corrected.

Typical Tg_temp Value removed from Table 72: TS characteristics on
page 137.

Section 6.1: Package mechanical data on page 138 updated.
Small text changes.
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