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Functional overview

ARM® Cortex®-M4 core with FPU, embedded Flash and
SRAM

The ARM® Cortex®-M4 processor with FPU is the latest generation of ARM processors for
embedded systems. It was developed to provide a low-cost platform that meets the needs of
MCU implementation, with a reduced pin count and low-power consumption, while

delivering outstanding computational performance and an advanced response to interrupts.

The ARM® Cortex®-M4 32-bit RISC processor with FPU features exceptional code-
efficiency, delivering the high-performance expected from an ARM core in the memory size
usually associated with 8- and 16-bit devices.

The processor supports a set of DSP instructions which allow efficient signal processing and
complex algorithm execution. Its single-precision FPU speeds up software development by
using metalanguage development tools while avoiding saturation.

With its embedded ARM core, the STM32F318x8 family is compatible with all ARM tools
and software.

Figure 1 shows the general block diagram of the STM32F318x8 family devices.

Memories

Embedded Flash memory

All STM32F318x8 devices feature 64 Kbyte of embedded Flash memory available for
storing programs and data. The Flash memory access time is adjusted to the CPU clock
frequency (0 wait state from 0 to 24 MHz, 1 wait state from 24 to 48 MHz and 2 wait states
above).

Embedded SRAM
STM32F318x8 devices feature 16 Kbyte of embedded SRAM.

Boot modes

At startup, BOOTO pin and BOOT1 option bit are used to select one of three boot options:
e  Boot from user Flash

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 (PA9/PA10) or USART2 (PA2/Pa3) or 12C1 (PB6/PB7) or 12C3 (PA8, PB5).

3
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3.5.3 Low-power modes

The STM32F318x8 supports three low-power modes to achieve the best compromise
between low power consumption, short startup time and available wakeup sources:

e Sleep mode

In Sleep mode, only the CPU is stopped. All peripherals continue to operate and can
wake up the CPU when an interrupt/event occurs.

e  Stop mode

Stop mode achieves the lowest power consumption while retaining the content of
SRAM and registers. All clocks in the 1.8 V domain are stopped, the PLL, the HSI RC
and the HSE crystal oscillators are disabled.

The device can be woken up from Stop mode by any of the EXTI line. The EXTI line
source can be one of the 16 external lines, the PVD output, the RTC alarm, COMPX,

12C or USARTX.
Note: The RTC, the IWDG, and the corresponding clock sources are not stopped by entering Stop.
3.6 Interconnect matrix

Several peripherals have direct connections between them. This allows autonomous
communication between peripherals, saving CPU resources thus power supply
consumption. In addition, these hardware connections allow fast and predictable latency.

Table 3. STM32F318x8 peripheral interconnect matrix

Interconnect .
Interconnect source S Interconnect action
destination

TIMx Timers synchronization or chaining

ADCT Conversion triggers
TIMx DACT 9

DMA Memory to memory transfer trigger

Compx Comparator output blanking
COMPx TIMx Timer input: OCREF_CLR input, input capture
ADCA1 TIM1 Timer triggered by analog watchdog
GPIO
RTCCLK TIM16 Clock source used as input channel for HSI and
HSE/32 LSI calibration
MCO
CSSs
CPU (hard fault
COMI(Dxar i TiM1 Timer break

TIM15, 16, 17
PVD 5. 16,
GPIO

14/125
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3.11.3 Vgt battery voltage monitoring

This embedded hardware feature allows the application to measure the Vg1 battery voltage
using the internal ADC channel ADC1_IN17. As the Vgat voltage may be higher than Vppa,
and thus outside the ADC input range, the Vgt pin is internally connected to a bridge
divider by 2. As a consequence, the converted digital value is half the Vgt voltage.

3.12 Digital-to-analog converter (DAC)

One 12-bit buffered DAC channel (DAC1_OUT1) can be used to convert digital signals into
analog voltage signal outputs. The chosen design structure is composed of integrated
resistor strings and an amplifier in inverting configuration.

This digital interface supports the following features:

e  One DAC output channel

e  8-bit or 12-bit monotonic output

e Left or right data alignment in 12-bit mode

e  Synchronized update capability

e Noise-wave generation

e Triangular-wave generation

e  DMA capability

e  External triggers for conversion

3.13 Operational amplifier (OPAMP)

The STM32F318x8 devices embed one operational amplifier with external or internal
follower routing and PGA capability (or even amplifier and filter capability with external
components). When the operational amplifier is selected, an external ADC channel is used
to enable output measurement.

The operational amplifier features:

e 8.2 MHz bandwidth

e 0.5 mA output capability

e Rail-to-rail input/output

e In PGA mode, the gain can be programmed to be 2, 4, 8 or 16.

3
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Table 9. Capacitive sensing GPIOs available on STM32F318x8 devices

Group Capacitive sensing signal name Pin name
TSC_G1_101 PAO
TSC_G1_102 PA1
1 TSC_G1_103 PA2
TSC_G1_104 PA3
TSC_G2_101 PA4
TSC_G2_102 PA5
2 TSC_G2_103 PA6
TSC_G2_104 PA7
TSC_G3_102 PBO
° TSC_G3_103 PB1
TSC_G4_101 PA9
TSC_G4 102 PA10
4 TSC_G4_103 PA13
TSC_G4_104 PA14
TSC_G5_101 PB3
TSC_G5_102 PB4
° TSC_G5_103 PB6
TSC_G5_104 PB7
TSC_G6_|01 PB11
TSC_G6_102 PB12
° TSC_G6_103 PB13
TSC_G6_104 PB14

Table 10. No. of capacitive sensing channels available on

STM32F318x8 devices

Analog I/O group

Number of capacitive sensing channels

STM32F318C8 STM32F318K8
G1 3 3
G2 3 3
G3 2 1
G4 3 3
G5 3 3
G6 3 0
Number of capacitive sensing
channels 17 13
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3.21

3

Infrared transmitter

The STM32F318x8 devices provide an infrared transmitter solution. The solution is based
on internal connections between TIM16 and TIM17 as shown in the figure below.

TIM17 is used to provide the carrier frequency and TIM16 provides the main signal to be
sent. The infrared output signal is available on PB9 or PA13.

To generate the infrared remote control signals, TIM16 channel 1 and TIM17 channel 1 must
be properly configured to generate correct waveforms. All standard IR pulse modulation
modes can be obtained by programming the two timers output compare channels.

Figure 3. Infrared transmitter

TIMER 16 oc

(for envelop) PB9/PA13

TIMER 17 oc

(for carrier)

MS30365V1
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3.22

3.22.1
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Development support

Serial wire JTAG debug port (SWJ-DP)

The ARM SWJ-DP Interface is embedded, and is a combined JTAG and serial wire debug
port that enables either a serial wire debug or a JTAG probe to be connected to the target.

The JTAG TMS and TCK pins are shared respectively with SWDIO and SWCLK and a
specific sequence on the TMS pin is used to switch between JTAG-DP and SW-DP.

3
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5 Memory mapping

Figure 7. STM32F318x8 memory mapping

0x5000 O7FF
AHB3
Cortex-M4 Reserved
Wi
7 ith FPU
Internal 0x4800 1800
Peripherals AHB2
0xEO000 0000 0x4800 0000
6 Reserved
0x4002 43FF
AHB1

0xC000 0000

0x4002 0000
Reserved
5

0x4001 6C00

0xA000 0000 APB2
0x4001 0000
4 Reserved
0x4000 A000
APB1
0x8000 0000 0x4000 0000
3 Ox1FFF FFFF

Option bytes

0x6000 0000 O0x1FFF F800

System memory

2 Ox1FFF D800
Peripherals
0x4000 0000 Ip Reserved
1
0x0804 0000
0x2000 0000 SRAM Flash memory
0 0x0800 0000
CODE Reserved
0x0001 0000
0x0000 0000 Flash, system
memory or SRAM,
depending on BOOT
I:I Reserved 0x0000 0000 configuration

MSv30355V3

3
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6.1.6 Power supply scheme

Figure 10. Power supply scheme

Vear

° Backup circuitry

1.65-3.6V 4 g Power (LSE, RTC,
switch :
Wakeup logic,

Backup registers)

Vssa r

ouT | _
2
GPIOs [ S[1/0 Iogic
2 Kernel logic
3 (CPU,
digital
& memories)
Regulator
4 x 100 nF
+1x4.7 uF
Vopa
p. Voor >
L_f
VRer+ >
10 nF ADC/DAC Analog: RCs, PLL,
+1uF T Veer o comparators, OPAMP, ....
=

MS34995V1

Caution:  Each power supply pair (for example Vpp/Vss, Vppa/Vssa) must be decoupled with filtering
ceramic capacitors as shown above. These capacitors must be placed as close as possible
to, or below the appropriate pins on the underside of the PCB to ensure the good

functionality of the device.

3
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6.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 17: Voltage characteristics,

Table 18: Current characteristics, and Table 19: 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 17. Voltage characteristics(®)

Symbol Ratings Min Max Unit
Vpo-Vss \E/:LeTr)nal main supply voltage (including Vpp and 03 1.95 Vv
Vppa—Vss External main supply voltage -0.3 4.0 \Y
Voo—Vbba Allowed voltage difference for Vpp > Vppa - 0.4 \Y
Input voltage on FT and FTf pins Vgg—0.3 Vpp + 4.0
Input voltage on TTa and TT pins Vgg— 0.3 4.0
Vin@ Input voltage on POR pin Vgs - 0.3 Vppa + 4.0 %
Input voltage on any other pin Vgs—0.3 4.0
Input voltage on Boot0 pin 0 9
|[AVppyl Variations between different Vpp power pins - 50
[Vssx—Vsg| | Variations between all the different ground pins - 50 mv
Veso Electrostatic discharge voltage (human body see St_ac_:tion 6.3.11: Elgctrical Vv
(HBM) model) sensitivity characteristics

1. All main power (Vpp, Vppa) and ground (Vgg, Vgsa) pins must always be connected to the external power supply, in the
permitted range. The following relationship must be respected between Vppa and Vpp:
Vppa must power on before or at the same time as Vpp in the power up sequence.
Vppa Must be greater than or equal to Vpp.

2. V)N maximum must always be respected. Refer to Table 18: Current characteristics for the maximum allowed injected
current values.

3
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Figure 16. Typical application with a 32.768 kHz crystal

Resonator with integrated
capacitors
. Cui
"" I ... ]OSC—IN | > fuse
I * 32,768 kHz Drive
—rn L | resonator programmable
L amplifier
osc_ouT
MS30253V1
Note: An external resistor is not required between OSC32_IN and OSC32_OUT and it is forbidden
to add one.
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Figure 22. SPI timing diagram - slave mode and CPHA =0

SCK Input

NSS input \

s

tsu(ss) L ! to(SCK) —— th(NSS) +a—»!!
1 1 ! -- 1 N
1 | !
8Egﬁf8 : ! 1 ! I\_)I \I :
- ' tw(SCKH) 1 . : ! : |
CPHA=0 | twsckL) ! " ' o ! !
CPOL=1 . ! | ! ' .
1 ) |
1 I 1 - 1 .
: 1 tv(so) +e— th(SO) tepi i I(SCK) {d5(50) ‘4
ta(SO) ~&—» || : | - 1f(SCK)
[ - 1
M'SO—( ' MSBOUT X BIT6 OUT X LSB OUT
OUTPUT \ : SB OU 6 -OU | SB OU
tsu(Sl) -r—d-
MOSI i .
INPUT X | wmsenw X BIT1 N X tsein X
1

ai14134c

Figure 23. SPI timing diagram - slave mode and CPHA = 1M

NSS input \

—

1
th(NSS) ¢—!

tSUNSS) e re—— tc(SCK) —

1 1 1 . | 1 1

5 | cPHA=1 D ' ' / \ :
_ I 1 -- 1

i CPOL=0 =ty scrm), | " ' \ ! " X
O |CPHA=1  tyscky) ! ' o \ ! | ¥ !
% | cPoL= w - ! !

: 1 ) : 1 :

t ' o tv(sO) —>:—:<— th(SO) 4a—> tr(SCK)#-h— tdis(SO) +a—!
a(SO) —»—re 1" X : tf(SCK) :
MISO ! -
MSE OUT ! BIT T
OUTPUT 4CX X X 60U X LSB OUT )._
tsu(sl) —4—— le— th(sl) —
! |
MOSI -t
INPUT X MSB IN X BIT 1IN X LSB IN X
ai14135b
1. Measurement points are done at 0.5Vpp and with external C|_ = 30 pF.
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Table 58. 12S characteristics® (continued)

Symbol | Parameter Conditions Min Max Unit
tyws) WS valid time Master mode - 20
thws) WS hold time Master mode 2 -
tsuows) WS setup time Slave mode 0 -
thws) WS hold time Slave mode 4 -
tsu(sp_MR Master receiver 1 .
Su(SD_MR) Data input setup time
tSU(SD_SR) Slave receiver 1 -
{ Master receiver 8 -
h(SD_MR) Data input hold time ns
th(sp_sR) Slave receiver 25 -
tysp_sT) Slave transmitter (after enable edge) - 50
¢ Data output valid time Master transmitter (after enable 2
V(SD_MT) edge) -
thisp_sT) Slave transmitter (after enable edge) 8 -

Data output hold time Master transmitter (after enable
th(sp_m) 1 .

edge)

1. Data based on characterization results, not tested in production.

2. 256xFs maximum is 36 MHz (APB1 Maximum frequency)

Note:

3

Refer to RM0366 Reference Manual I2S Section for more details about the sampling

frequency (Fs), fMCK, fCK, DCK values reflect only the digital peripheral behavior, source
clock precision might slightly change the values DCK depends mainly on ODD bit value.
Digital contribution leads to a min of (I2SDIV/(2*12SDIV+0ODD) and a max

(12SDIV+0ODD)/(2*12SDIV+0DD) and Fs max supported for each mode/condition.
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Table 60. Maximum ADC Ry @

Sampling Sampling Ran max (k)
Resolution C%CII\/?H€ tirr;g E\;I]Ii]z@ Fast Slow Other
channels® channels channels®
1.5 20.83 0.018 NA NA
25 34.72 0.150 NA 0.022
4.5 62.50 0.470 0.220 0.180
12 bits 7.5 104.17 0.820 0.560 0.470
19.5 270.83 2.70 1.80 1.50
61.5 854.17 8.20 6.80 4.70
181.5 2520.83 22.0 18.0 15.0
601.5 8354.17 82.0 68.0 47.0
1.5 20.83 0.082 NA NA
25 34.72 0.270 0.082 0.100
4.5 62.50 0.560 0.390 0.330
10 bits 7.5 104.17 1.20 0.82 0.68
19.5 270.83 3.30 2.70 2.20
61.5 854.17 10.0 8.2 6.8
181.5 2520.83 33.0 27.0 22.0
601.5 8354.17 100.0 82.0 68.0
1.5 20.83 0.150 NA 0.039
2.5 34.72 0.390 0.180 0.180
4.5 62.50 0.820 0.560 0.470
8 bits 7.5 104.17 1.50 1.20 1.00
19.5 270.83 3.90 3.30 2.70
61.5 854.17 12.00 12.00 8.20
181.5 2520.83 39.00 33.00 27.00
601.5 8354.17 100.00 100.00 82.00
1.5 20.83 0.270 0.100 0.150
25 34.72 0.560 0.390 0.330
4.5 62.50 1.200 0.820 0.820
6 bits 7.5 104.17 2.20 1.80 1.50
19.5 270.83 5.60 4.70 3.90
61.5 854.17 18.0 15.0 12.0
181.5 2520.83 56.0 47.0 39.0
601.5 8354.17 100.00 100.0 100.0
1. Data based on characterization results, not tested in production.
2. All fast channels, expect channel on PA6.
"_l DoclD026294 Rev 5 95/125
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Table 66. Operational amplifier characteristics(?) (continued)

Symbol Parameter Condition Min Typ Max Unit
- 2 -
- 4 -
PGA gain Non inverting gain value - 5 -
- 16 -
Gain=2 - 5.4/5.4 -
R R2/R1 internal resistance values in Gain=4 - 16.2/5.4 - KO
network | PGA mode ? Gain=8 ~ | 37854 | -
Gain=16 - 40.5/2.7 -
PGA gain error | PGA gain error - -1% - 1% %
Ipias OPAMP input bias current - - - +0.203) pA
PGA Gain =2,
Cload = 50pF, - 4 -
Rload = 4 KQ
PGA Gain =4,
Cload = 50pF, - 2 -
i i Rload = 4 KQ
PGA BW PGA pandwldth for different non MHz
inverting gain PGA Gain = 8,
Cload = 50pF, - 1 -
Rload = 4 KQ
PGA Gain = 16,
Cload = 50pF, - 0.5 -
Rload = 4 KQ
@ 1KHz, Output
loaded with - 109 -
4 KQ
Vi Voltage noise density nv
@ 10KHz, JHz
Output loaded - 43 -
with 4 KQ
1. Guaranteed by design, not tested in production.
2. R2is the internal resistance between OPAMP output and OPAMP inverting input.
R1 is the internal resistance between OPAMP inverting input and ground.
The PGA gain =1+R2/R1
3. Mostly TTa I/O leakage, when used in analog mode.
Kys DoclD026294 Rev 5 105/125
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Figure 32. OPAMP Voltage Noise versus Frequency

Noise [nv(vHz)]
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100 1000 10000
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6.3.22

6.3.23

3

Temperature sensor characteristics

Table 67. TS characteristics

Symbol Parameter Min Typ Max Unit
.M Vsense linearity with temperature - +1 +2 °C
Avg_SIope“) Average slope 4.0 4.3 4.6 mV/°C
Vog Voltage at 25 °C 1.34 1.43 1.52 \
tstart' ") | Startup time 4 - 10 us
TS_temp“)(Z) f;l?n(;sraarzjr;gng time when reading the 29 ) ) us

1. Guaranteed by design, not tested in production.

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

Table 68. Temperature sensor calibration values

Calibration value name

Description

Memory address

TS ADC raw data acquired at

Ox1FFF F7B8 - Ox1FFF F7B9

TS_CAL1 temperature of 30 °C,
VDDA= 3.3V
TS ADC raw data acquired at
TS_CAL2 temperature of 110 °C
VDDA= 33V

Ox1FFF F7C2 - Ox1FFF F7C3

VgaTr Monitoring characteristics

Table 69. Vg1 monitoring characteristics

Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgar - 50 - KQ
Q Ratio on Vgar measurement - 2 -
Er() Error on Q -1 - +1 %
ADC sampling time when reading the Vgat
T (@) 22 - - s
S_vbat 1mV accuracy H

1. Guaranteed by design, not tested in production.

2. Shortest sampling time can be determined in the application by multiple iterations.
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7.1

3

WLCSP49 package information

Figure 33. WLCSP49 - 49-pin, 3.417 x 3.151 mm, 0.4 mm pitch wafer level chip scale
package outline

e //10t0] 2]
- F A1 ball location ) A1
i} | 1T
1 */ / — \
] /
——10000p003 | )
\
6 0000000 N B
OQO0O0POOO D e
00000002 ¢ —-—-B—
e OO0O0OPOOO D
1 0000000 D
—©00d000 | 1
el »f = ! — A
D — A2
Bottom view
A3 Bump side a2 Side view
' | 4
T |
\WAWAW) U U _T _
T_¢b /// \\\
Bum / \
Front view / \\
\
| [ A’I‘
i \ !
X l \ < - A //
| _
| taox) —> \\<-~,/// %I
| Eﬂ
L [$ddd®[Z] .
_— + - E Note 2 Detail A Seatlng plane
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1. Drawing is not to scale.
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3

Table 72. 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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Package information STM32F318C8 STM32F318K38

7.3 UFQFPN32 package information

Figure 39. UFQFPN32 - 32-pin, 5x5 mm, 0.5 mm pitch ultra thin fine pitch quad flat
package outline
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1. Drawing is not to scale.
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