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Functional overview

Figure 1. Ultra-low-power STM32L151xD and STM32L152xD block diagram

ITRACECK, TRACEDO, TRACED1, TRACED2, TRACED4

O

JTAG & SW

pbus

PC[15:0] <:
PD[15:0] <:
PE[15:0] <:
PH[2:0] <:
PF[15:0] <:
PG[15:0] <:

115 AF

MOSI, MISO,
SCK, NSS as AF

RX, TX, CTS, RTS,
SmartCard as AF

40 AF
VDDREF_ADC*

VSSREF_ADC*

D(7:0)
CMD

&
2 channels <:
<&
<&

1 channel

1 channel

GPIO PORT F

EXT.IT
om <>
USART1 <:::>

@VDDA

3

12bit ADC

Temp sensor

General purpose
timers

TIMERS
TIMER10
TIMER11

<—

111

|

Trace Controller ETM

@ VDD 33
POWER

Voo core ]

AHB: Fmax =32 MHz

WinWATCHDOG

APB2: Fmax = 32 MHz

USB SRAM 5128 ﬁ

APB1: Fmax = 32 MHz

VpD33=1.65V to 3.6V

@VDD33

=
[ [
e K
e K
(D e [
[ e K
[ e K
= <
= <
[ [
L |

[ ke
S
e 1
=l
e

Vico

USART4

USARTS

@VDDA
<:> 12bit DACH
IF
<:> 12bit DAC2

NJTRST Vss
JTo! m = EEPROMG4bit |
JTCK / SWCLK AN
JTMS / SWDAT ) N— "+ 8 384 KB PROGRAM Vref
JTDO :> Fmax: 32 MHz z 8 12 KB DATA —
AP " <"::> % 8KB BOOT Supply monitoring
m © L £ DUAL BANK -RWW
— “ E m "
3
VG E SRAM 48K PDR *
g
H
]
GP DMA 7 channels <:> @ VDD33 0OSC_IN
A250) XTAL 0SC
y | osc_our
a0 GP DMA2 5 channels <:> @VDDA 1-24 MHz
OEN AHBPCLK ﬁ J
WEN APBPCLK PLL&
WAITN HCLk #—|  Clock
EBAR(2:0) Mgmt
LBAR Fok 49T WDG 32K
BLN(1:0)
Standby
| RC HSI | interface
vooa/ | N
RCMSI 0SC32_IN
vssh | [ rows ] | AT _{ 1
o Ly it s 0SC32_0UT
+ RTC_OUT
Cap. sens E ] RTC V2
AWY Backup - g TAMPER
COMPX_INx [ > GP Comp - Reg 128 ‘
PU/PD @VoDA Backup interface

VLeD =25V to 3.6V

4 channels

4 channels
4 channels

4 channels

RX, TX, CTS, RTS,
SmartCard as AF

RX, TX, CTS, RTS,
SmartCard as AF

RX, TX as AF
RX, TX as AF

MOSI, MISO, SCK,NSS,WS, CK
MCK, SD as AF

MOSI, MISO, SCK,NSS,WS, CK
MCK, SD as AF

SCL, SDA
As AF

=S
=S
=
=
=N
=
=
=
=
>
=

SCL, SDA, SMBus, PMBus
As AF

$ USB_DP
USB_DM
:> Px
SEGx
? COMx
DAC_OUT1 as AF

> DAC_OUT2 as AF

OPAMP1
OPAMP2
OPAMP3
EA A
VINP VINP VINP
VINM VINM VINM
VouT VouT VouT

MSv35916V1

3

DoclD022027 Rev 11

15/154




Functional overview

STM32L151xD STM32L152xD

operate. This acquisition is managed directly by the GPIOs, timers and analog 1/0O groups
(see Section 3.15: System configuration controller and routing interface).

Reliable touch sensing functionality can be quickly and easily implemented using the free
STM32L1xx STMTouch touch sensing firmware library.

3.17 Timers and watchdogs
The ultra-low-power STM32L151xD and STM32L152xD devices include seven general-
purpose timers, two basic timers, and two watchdog timers.
Table 6 compares the features of the general-purpose and basic timers.
Table 6. Timer feature comparison
Counter DMA Capture/compare | Complementa
Timer . Counter type Prescaler factor request P P P ry
resolution . channels outputs
generation
TIM2, .
T | e | Spdown | A essriaeen | e : o
TIM4 P
. Up, down, Any integer between
TIMS | 32-bit up/down 1 and 65536 ves 4 No
. Up, down, Any integer between
TIM9 | 16-bit up/down 1 and 65536 No 2 No
TIM10, . Any integer between
TiM11 | 16D Up 1and 65536 No 1 No
TIMG, . Any integer between
Tim7 | 16bit Up 1 and 65536 Yes 0 No
3171 General-purpose timers (TIM2, TIM3, TIM4, TIMS, TIM9, TIM10 and
TIM11)
There are seven synchronizable general-purpose timers embedded in the STM32L151xD
and STM32L152xD devices (see Table 6 for differences).
TIM2, TIM3, TIM4, TIM5
TIM2, TIM3, TIM4 are based on 16-bit auto-reload up/down counter. TIM5 is based on a 32-
bit auto-reload up/down counter. They include a 16-bit prescaler. They feature four
independent channels each for input capture/output compare, PWM or one-pulse mode
output. This gives up to 16 input captures/output compares/PWMs on the largest packages.
TIM2, TIM3, TIM4, TIM5 general-purpose timers can work together or with the TIM10,
TIM11 and TIM9 general-purpose timers 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.
TIM2, TIM3, TIM4, TIM5 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.
30/154 DoclD022027 Rev 11 Kys
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Pin descriptions

Figure 5. STM32L15xVD LQFP100 pinout
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1. This figure shows the package top view.
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Table 8. STM32L151xD and STM32L152xD pin definitions (continued)

Pins Pin functions
g
£ | 3 Mai
N < | O ain
328|328 Pinname | 5| 2 | function® "
o g a2l '; Iz (after reset) Alternate functions Additional
a .
5 E |.6 g 3 & 9 functions
4|5 |4 = -
14 | F3 - - - PF4 10| FT PF4 FSMC_A4 -
15 | F4 - - - PF5 10| FT PF5 FSMC_A5 -
1 6 F2 1 0 - - VSS_5 S - VSS_5 - -
17 G2 1 - - VDD_5 S - VDD_5 - -
18 | G3 - - - PF6 /10| FT PF6 TIM5_CH1/TIM5_ETR ADC_IN27
ADC_IN28/
19 | G4 - - - PF7 /10| FT PF7 TIM5_CH2 COMP1_INP
ADC_IN29/
20 | H4 - - - PF8 /10| FT PF8 TIM5_CH3 COMP1_INP
ADC_IN30/
21 (6| - | -] - PF9 /0| FT PF9 TIM5_CH4 COMP1_INP
ADC_IN31/
2| - | - ]-]- PF10 o | FT PF10 - COMP1_INP
23| F1 125 |p8| . PHO o |lwo|Tc| PHO ; 0SC_IN
0SC_IN®) -
24| 61]13]6|o7| M- ol Tc|  PH ; 0SC_ouT
osc_ouT® -
25 | H2 |14 | 7 |C7 NRST /O | RST NRST - -
ADC_IN10/
26 | H1 [ 15| 8 |E8 PCO /o | FT PCO LCD_SEG18 COMP1_INP
ADC_IN11/
27 | J2 |16 | 9 | F8 PC1 /1O | FT PC1 LCD_SEG19 COMP1_INP
OPAMP3_VINP
ADC_IN12/
28 - 17 | 10 | D6 PC2 /1O| FT PC2 LCD_SEG20 COMP1_INP
OPAMP3_VINM
ADC_IN12/
- J3 - - - PC2 10| FT PC2 LCD_SEG20 COMP1_INP
i KA ) ) _ OPAMP3_VI | ) OPAMP3 ) )
NM _VINM
ADC_IN13/
29 | K2 | 18 | 11 | F7 PC3 /10| TC PC3 LCD_SEG21 COMP1_INP/
OPAMP3_VOUT
30 | J1 |19 [12|E7 Vssa S| - Vssa - -
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6.1.6 Power supply scheme
Figure 11. Power supply scheme
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Table 13. General operating conditions (continued)

Symbol Parameter Conditions Min Max Unit
6 suffix version —40 105
TJ Junction temperature range °C
7 suffix version —40 110

When the ADC is used, refer to Table 64: ADC characteristics.

2. ltis recommended to power Vpp and Vppp from the same source. A maximum difference of 300 mV between Vpp and
Vppa can be tolerated during power-up .

To sustain a voltage higher than VDD+0.3V, the internal pull-up/pull-down resistors must be disabled.

If Ty is lower, higher Pp values are allowed as long as T, does not exceed T; max (see Table 80: Thermal characteristics
on page 145).

5. Inlow-power dissipation state, Ty can be extended to -40°C to 105°C temperature range as long as T does not exceed T
max (see Table 80: Thermal characteristics on page 145).

6.3.2 Embedded reset and power control block characteristics

The parameters given in the following table are derived from the tests performed under the
conditions summarized in Table 13.

Table 14. Embedded reset and power control block characteristics

Symbol Parameter Conditions Min Typ Max | Unit
BOR detector enabled 0 - 0o
Vpp rise time rate
) BOR detector disabled 0 - 1000
tvop Hs/V
BOR detector enabled 20 - o0
Vpp fall time rate
BOR detector disabled 0 - 1000
T ™ |r Vpp rising, BOR enabled - 2 3.3
RSTTEMPO eset temporization ms
Vpp rising, BOR disabled® | 0.4 0.7 1.6
v Power on/power down reset Falling edge 1 1.5 1.65
PORIFDR | threshold Rising edge 13 | 15 | 165
Falling edge 1.67 1.7 1.74
VBoRro Brown-out reset threshold 0
Rising edge 1.69 1.76 1.8 v
Falling edge 1.87 1.93 1.97
VBoR1 Brown-out reset threshold 1
Rising edge 1.96 2.03 2.07
Falling edge 2.22 2.30 2.35
VBoRr2 Brown-out reset threshold 2
Rising edge 2.31 2.41 2.44
IS73 DoclD022027 Rev 11 63/154
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Electrical characteristics

6.3.3 Embedded internal reference voltage
The parameters given in Table 16 are based on characterization results, unless otherwise
specified.
Table 15. Embedded internal reference voltage calibration values
Calibration value name Description Memory address
Raw data acquired at
VREFINT_CAL temperature of 30 °C 5 °C 0x1FF8 00F8 - Ox1FF8 00F9
VDDA= 3V 10 mV
Table 16. Embedded internal reference voltage
Symbol Parameter Conditions Min | Typ Max Unit
VrerinTout (" | Internal reference voltage —40°C<Ty<+110°C [ 1.202 | 1.224 | 1.242 v
Internal reference current
REFINT consumption ) ) 14 23 WA
TVREFINT Internal reference startup time - - 2 3 ms
Vppa and Vggg+ voltage during )
VVREF_MEAS VRepinT factory measure 299 | 3 3.01 v
Including uncertainties
AVREF MEAS Accur(gg;y of factory-measured VReg due to ADC and ) ) 45 my
— value
VDDA/VREF+ values
3) - o o ppm/°
Tcoeff Temperature coefficient —-40°C<Ty;<+110°C - 25 100 C
Acoei®) Long-term stability 1000 hours, T= 25 °C - - 1000 | ppm
Vopcoefs) | Voltage coefficient 3.0V<Vppa<36V - - 2000 | ppm/V
T NG ADC sampling time when reading ) 4 ) ) s
S_vrefint the internal reference voltage H
@) (4) |Startup time of reference voltage ) ) )
Tapc_puF buffer for ADC 10 HS
3) Consumption of reference voltage _ _
lsuF_apc buffer for ADC 1351 25 WA
lvrer out® | VREF_OUT output current - - - 1 A
Cvrer out’® | VREF_OUT output load - - - 50 pF
3) Consumption of reference voltage ) )
lpeUF buffer for VREF_OUT and COMP 730 | 1200 | nA
VREFINT D|V1(3) 1/4 reference voltage - 24 25 26 %
- (o]
VREF|NT_D|V2(3) 1/2 reference Voltage - 49 50 51 VREF|N
VREF|NT_D|V3(3) 3/4 reference voltage - 74 75 76 T
1. Guaranteed by test in production.
2. The internal Vggg value is individually measured in production and stored in dedicated EEPROM bytes.
3. Guaranteed by characterization results.
4. Shortest sampling time can be determined in the application by multiple iterations.
1S7 DoclD022027 Rev 11 65/154
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2. Oscillator bypassed (HSEBYP = 1 in RCC_CR register)

Table 20. Current consumption in Low-power run mode

Symbol | Parameter Conditions Typ Max(!) Unit
Tp=-40°Cto 25°C 11 14
MSI clock, 65 kHz _ o
Al oLk = 32 kHz To=85°C 26 32
peripherals Ta =105 °C 53 72
OFF, code Ta=-40°Cto25°C 18 21
executed | MS clock, 65 kHz ;
from RAM, fuoLk = 65 kHz Tp=85°C 33 40
Flash Tp =105 °C 60 78
switched
OFF, Vpp Tp=-40 °C to 25 °C 36 41
from 1.65V —EE o
Tpo=55°C 39 44
to3.6V MSI ClOCk, 131 kHz A
fhclk =131kHz |1, =85°C 50 58
Supply -
lbpwp |currentin Tao=105°C 78 95
Run) LOW-DOC\jNer Tp =-40 °C to 25 °C 36 40.5
run mode MSI clock, 65 kHz o
o = 30 kHz To=85°C 53 60 uA
Al Tp =105 °C 81 100
peripherals Tp =-40°Cto 25°C 44 49
OFF, code | Ms| clock, 65 kHz ;
executed fucLk = 65 kHz Ta=85°C 61 67
from Flash, Tp =105 °C 89 107
Vpp from
1.65V to Tp=-40°Cto25°C 64 71
3.6V —EEo
MSI clock, 131 kHz |Ta=55°C 68 73
fuck = 131kHz |1 =85°C 80 88
Tpo=105°C 101 110
Max allowed
Ipp max | currentin | YoD from
DD 1.65V to - - - 200
(LP Run) | Low-power
36V
run mode

1. Guaranteed by characterization results, unless otherwise specified.

70/154
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Table 23. Typical and maximum current consumptions in Standby mode

Symbol Parameter Conditions Typ | Max(" | unit
Tp=-40°Cto25°C
Vpp = 1.8V 0.82 i
RTC clocked by LS| (no | |A= #40°Ct025°C | 115 19
independent watchdog) | Tp =55 °C 1.15 2.2
Tp=85°C 1.65 4
Iop Supply current in Ta=105°C 275 | 8.3@
(Standby | Standby mode with RTC . .
with RTC) | enabled Ta=-40°Ct025°C | | o ]
VDD =18V ’
RTC clocked by LSE [ "_ 40 °C to 25 °C 1.35 .
external quartz (no A . A
independent Tp=55°C 1.55 ; H
watchdog)(®) T.= 85 °C o1
A= : -
Tp=105°C 3.3 -
Independent watchdog — 0o R
and LS! enabled Tp=-40°Cto25°C 1 1.7
| Supply current in Tpo=-40°Cto25°C | 0.305 0.6
DD Standby mode (RTC S
(Standby) disabled) Independent watchdog | Ta =55 °C 0.365 0.9
and LSI OFF To=85°C 066 | 275
Tp=105°C 2 7@
Ipp Supply current during
(WU from |wakeup time from - Tp=-40°Cto25°C 1 - mA
Standby) | Standby mode

Guaranteed by characterization results, unless otherwise specified.

2. Guaranteed by test in production.

Based on characterization done with a 32.768 kHz crystal (MC306-G-06Q-32.768, manufacturer JFEVNY) with two 6.8pF
loading capacitors.

74/154

On-chip peripheral current consumption

The current consumption of the on-chip peripherals is given in the following table. The MCU
is placed under the following conditions:

e all l/O pins are in input mode with a static value at Vpp or Vgg (no load)

e all peripherals are disabled unless otherwise mentioned
e the given value is calculated by measuring the current consumption
— with all peripherals clocked off

—  with only one peripheral clocked on

DoclD022027 Rev 11
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Table 28. HSE oscillator characteristics(1(2)

Symbol Parameter Conditions Min | Typ Max Unit
fosc N Oscillator frequency - 1 24 MHz
Rr Feedback resistor - - | 200 - kQ
Recommended load
capacitance versus
C equivalent serial Rg=30Q - 20 - pF
resistance of the crystal
(Re)®
VDD= 3.3 V,
luse HSE driving current ViN = VggWith 30 pF | - - 3 mA
load
C =20 pF _ i 2.5 (startup)
HSE oscillator power fosc = 16 MHz 0.7 (stabilized)
IbD(HSE) : mA
consumption C=10pF 2.5 (startup)
fosc = 16 MHz 0.46 (stabilized)
Oscillator
9m transconductance Startup 351 - ) mA N
tSU(HSE)(4) Startup time Vpp is stabilized - 1 - ms

Resonator characteristics given by the crystal/ceramic resonator manufacturer.

2. Guaranteed by characterization results.

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. tsynsk) 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.

3

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 16). C; 4 and C| 5 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.

DoclD022027 Rev 11 81/154
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Figure 16. HSE oscillator circuit diagram
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1. Rgxr 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 29. 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).

Table 29. LSE oscillator characteristics (f_gg = 32.768 kHz)(")

Symbol Parameter Conditions Min Typ Max | Unit
flse ]Ic_r(;\évus:;iid external oscillator ) ) 32,768 ) KkHz
Rg Feedback resistor - - 1.2 - MQ
Recommended load capacitance
c® versus equivalent serial Rg =30 kQ - 8 - pF
resistance of the crystal (RS)(3)
ILse LSE driving current Vpp=3.3V,V|y=Vss| - - 1.1 MA
Vpp=1.8V - 450 -
lob (LsE) tffsssqc;l:;tr?r current Vpp = 3.0V _ 600 _ nA
Vpp = 3.6V - 750 -
Im Oscillator transconductance - 3 - - HAV
tSU(LSE)(4) Startup time Vpp is stabilized - 1 - s

1. Guaranteed by characterization results.

2. Refer to the note and caution paragraphs below the table, and to the application note AN2867 “Oscillator
design guide for ST microcontrollers”.

3. The oscillator selection can be optimized in terms of supply current using an high quality resonator with
small Rg value for example MSIV-TIN32.768kHz. Refer to crystal manufacturer for more details.
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Table 39. Asynchronous multiplexed PSRAM/NOR read timings("

Symbol Parameter Min Max Unit
tw(NE) FSMC_NE low time 3*Thelk - 15| 3*Thok + 1 ns
tynoe NE) | FSMC_NEX low to FSMC_NOE low 2*THek - 1 2*THeLK ns
tw(NOE) FSMC_NOE low time Thek-05 | THek 105 | ns
thnve_NoE) | FSMC_NOE high to FSMC_NE high hold time 0 - ns
tya_NE) FSMC_NEXx low to FSMC_A valid - 5 ns
tynabv Ny | FSMC_NEXx low to FSMC_NADV low 1.5 2 ns
tw(NADV) FSMC_NADV low time Thelk - 0.5 Thelk ns

FSMC_AD(address) valid hold time after

th(AD_NADV) FSMC_NADV high THolk - 6 - ns
th(A_NOE) Address hold time after FSMC_NOE high 2Theowk - 1 - ns
thBL_NOE) FSMC_BL time after FSMC_NOE high 1.5 - ns
ty(BL_NE) FSMC_NEXx low to FSMC_BL valid - 0 ns
tsuata NE) | Data to FSMC_NEX high setup time Thelk - ns
tsu(Data_NOE) | Data to FSMC_NOE high setup time Thelk - ns
thpata_nEy | Data hold time after FSMC_NEX high 0 - ns
th(Data_NoE) | Data hold time after FSMC_NOE high 0 - ns

1. C_=30pF.

Figure 21. Asynchronous multiplexed PSRAM/NOR write waveforms

< tw(NE) >
FSMC_NEx :\ /_
FSMC_NOE _/
le— ty(NWE_ tw(NWE)y—>te »th(NE_NWE)
FSMC_NWE 1 /—
> ty(A_NE) th(A_NWE)
FSMC_A[25:16] Y Address
> ty(BL_NE) th(BL_NWE) 1
FSMC_NBL[1:0] NBL
»1<ty(A_NE) <->|—tv(Data_NADV) <—Ith(Data_NWE)
FSMC_AD[15:0] Address X Data
—>He ty(NADV_NE th(AD_NADV)
tw(NADW-»
FSMC_NADV /
ai14891B
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Table 43. Synchronous non-multiplexed NOR/PSRAM read timings“) (continued)

Symbol Parameter Min Max Unit
tsu(NWAITV—CLKH) FSMC_NWA'T valid before FSMC_CLK hlgh 6 - ns
th(CLKH-NWAITV) FSMC_NWA'T valid after FSMC_CLK hlgh 0 - ns

1.

C_ =30 pF.

Figure 25. Synchronous non-multiplexed PSRAM write timings

tW(CLK) -:<—>i<—>r tW(CLK)

FSMC_NEx

td(CLKL-NADVL) (CLKL-NADVH
FSMC_NADV '

FSMC_NWAIT

(WAITCFG = Ob, WAITPOL + 0b)

FSMC_NBL A

BUSTURN =0

&
o
[
xe-eod-]----

T (CLKL-AV) (LA
E E td(CLKLINWEH)

td(CLKL-Data) —H<= ! td(CLKL-Data)
; ; [ D1 p2 Y !

| | \ : ) : 0
tsu(NWAITV—CLKH) : i ld(CLKL-NBLH)

th(CLKHINWAITV)

k
td(CLKL-NWEL)

ai14993g
Table 44. Synchronous non-multiplexed PSRAM write timingsm
Symbol Parameter Min Max | Unit

twicLk) FSMC_CLK period 2"Tyok -3 - ns
t4(CLKL-NExL) FSMC_CLK low to FSMC_NEx low (x = 0...2) - 0 ns
td(CLKL-NExH) FSMC_CLK low to FSMC_NEXx high (x = 0...2) 1 - ns
td(CLKL-NADVL) FSMC_CLK low to FSMC_NADV low - 5 ns
td(CLKL-NADVH) FSMC_CLK low to FSMC_NADYV high 7 - ns
tacLkL-Av) FSMC_CLK low to FSMC_Ax valid (x = 16...25) - 0 ns
tacLkL-AIv) FSMC_CLK low to FSMC_Ax invalid (x = 16...25) Thok + 4 - ns
td(CLKL-NWEL) FSMC_CLK low to FSMC_NWE low - 2 ns
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Figure 29. SPI timing diagram - slave mode and CPHA =0

NSS input \ /.

tsuss) ! to(SCK) ———— th(NSS) +e—— |
! ! y—- I "
5 [cPHA=0 ! f, .\ /, .\ / \. I
£|CPOL=0 ! tw(SCKH) :: h : " : :
& [cPHA=0 ! tw(SCKL) 1 " | | \ .
@ [cPoL=1 , | ! | | |
| | \ ) 1
1 n , - | 1 n |
! N tV(SO) —e— th(SO) ~a—p  Pre NSCK) tdis(SO) —~—
ta(S0) ——>; : | ! X tf(SCK) T X
1 ) ! - l 1
MISO _( 'l MSB OUT X BIT6 OUT X LSB OUT )—
OUTPUT r . |
tsu(st) —>.—:<I—
1
MOSI ! -
INPUT X ! MSBIN X BIT1 N X LSBIN X

ai14134c

Figure 30. SPI timing diagram - slave mode and CPHA = 1

NSS input \ . {:

tSUNSSye— e to(sCK—> th(Nss) i

SCK Input
(@)
u
I
ﬂ\

MISO ; \ |
OUTPUT 4<:X MSE OUT X BIT6 OUT X LSB OUT )—

tsu(SI)—E<—>: — this—>

Mos! X MSB IN X BIT1 IN X LSB IN X
INPUT ' '

ai14135

1. Measurement points are done at CMOS levels: 0.3Vpp and 0.7Vpp,

3
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Figure 31. SPI timing diagram - master mode!")

High
NSS input
e to(sCK—>
-— - 1
2| cPHA=0 f, \ ] \' /. \
3| cPoL=0 f\ ' ! el
o _ Nl ! ) ! 1"
¥ | CPHA=0 | ! . ! n
3| crPoL=1 W - "
— i
| A : |
I ! : ! "
I| 1 I 1
3 [[cPHa=1 { ! "
5| cPOL=0 \ X . ' .
(@] 1 ) | ! 1
x | CPHA=1 o | | ! "
3| cpoL=1 ' . - | y
D s S e S
1! t 1 H
1 tw(SCKH) ! i i t(sck)
tsu(MmI) ; |: tw(SCKL) : ! e t(SCK)
MISO T T = I
INPUT X  wssn: X BiteIN 1+ X tsein X
| 1 1 =
r— th(m)—> |
MOSI T = —
OUTPUT X MSB OUT X BIT10UT X LSB OUT X
ty(MO) +e—m1 th(MO) e
ai14136¢
1. Measurement points are done at CMOS levels: 0.3Vpp and 0.7Vpp,
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Table 68. Operational amplifier characteristics (continued)

Symbol Parameter Condition(") Min@ | Typ | Max® | uUnit
Normal mode - -85 -
PSRR Power supply DC dB
rejection ratio Low-power mode - -90 -
Normal mode 400 1000 3000
VDD>2.4 V
Low-power mode 150 300 800
GBW Bandwidth kHZ
Normal mode 200 500 2200
Vpp<2.4V
Low-power mode 70 150 800
Vpp>2.4V
Normal mode (between 0.1 V and - 700 -
Vpp-0.1V)
SR Slew rate Low-power mode |Vpp>2.4 V - 100 - Vims
Normal mode - 300 -
Vpp<2.4V
Low-power mode - 50 -
Normal mode 55 100 -
AO Open loop gain dB
Low-power mode 65 110 -
Normal mode 4 - _
R Resistive load Vpp<2.4V kQ
Low-power mode 20 - -
C_ Capacitive load - - - 50 pF
Vbp-
High saturation Normal mode 100 i i
VOHgaT
voltage _
Low-power mode ::EOA_\Dn:inmaX or Vpp-50 - - mv
L=
VOL Low saturation Normal mode - - 100
SAT
voltage Low-power mode - - 50
om Phase margin - - 60 - °
GM Gain margin - - -12 - dB
Offset trim time: during calibration,
torrTRIM | Minimum time needed between two - - 1 - ms
steps to have 1 mV accuracy
C_ 50 pf,
- Normal mode R, >4 kQ - 10 -
tWAKEUP akeup time us
Low-power mode | CL D9 PF - 30 -
P R, > 20 kQ

1. Operating conditions are limited to junction temperature (0 °C to 105 °C) when Vpp is below 2 V. Otherwise to the full

ambient temperature range (-40 °C to 85 °C, -40 °C to 105 °C).

2. Guaranteed by characterization results.
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6.3.22 Temperature sensor characteristics
Table 69. Temperature sensor calibration values
Calibration value name Description Memory address
TS ADC raw data acquired at
TS_CAL1 temperature of 30 °C 15 °C 0x1FF8 00FA - 0Ox1FF8 00FB
VDDA= 3VH0 mV
TS ADC raw data acquired at
TS _CAL2 temperature of 110 °C 45 °C 0x1FF8 O0FE - 0x1FF8 00FF
VDDA= 3VH0O mV
Table 70. Temperature sensor characteristics
Symbol Parameter Min Typ Max Unit
.M Vsense linearity with temperature - # 2 °C
Avg_Slope(V | Average slope 1.48 1.61 1.75 mV/°C
V1o Voltage at 110°C +5°C(2) 612 626.8 641.5 mV
Ippareme)® Current consumption - 3.4 6 MA
tSTART(s) Startup time - - 10
T 3) ADC sampling time when reading the 4 i i HS
S_temp temperature
1. Guaranteed by characterization results.
Measured at Vpp =3 V #10 mV. V110 ADC conversion result is stored in the TS_CAL2 byte.
Guaranteed by design.
6.3.23 Comparator
Table 71. Comparator 1 characteristics
Symbol Parameter Conditions | Min(") Typ Max(1) Unit
Vppa Analog supply voltage - 1.65 3.6 Vv
R R value - - 400 -
400K 400K KO
R1OK R']OK value - - 10 -
Comparator 1 input
ViN voltage range ) 0.6 ) VoDA v
tstart | Comparator startup time - - 7 10
us
td Propagation delay(?) - - 3 10
Voffset | Comparator offset - - 13 +10 mV
Comparator offset xDDA_zos\'/(s v
dyofiset/dt | variation in worst voltage |, ,N* ~ 0 1.5 10 mV/1000 h
stress conditions VIN- = VREFINT
Tpa=25°C
lcomp1 | Current consumption(®) - - 160 260 nA
1S7 DoclD022027 Rev 11 127/154
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Figure 55. Thermal resistance suffix 6

3000.00
2500.00
Forbidden areaTJ > TJ max
2000.00
PD (mW)
il LQFP64 10x10 mm / WLCSP64
1500.00 UFBGA132 7x7 mm
= LQFP144 20x20 mm
1000.00 wfe= LQFP 100 14x14 mm
500.00
0.00 - T T T T 1
100 75 50 25 0
Temperature (°C)
MS31407V4
Figure 56. Thermal resistance suffix 7
3000.00
2500.00 ’
Forbidden areaTJ > TJ max
2000.00
PD (mW)
== LQFP64 10x10 mm / WLCSP64
1500.00 UFBGA132 7x7 mm
g LQFP144 20x20 mm
1000.00 - e LQFP 100 14x14 mm
500.00
0.00 . ' ' ' .
105 75 50 25 0
Temperature (°C)
MSv34196V1
7.6.1 Reference document

JESDS51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural
Convection (Still Air). Available from www.jedec.org.
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Table 82. Document revision history (continued)

Date

Revision

Changes

18-Apr-2012

Added WLCSP64 package.

Section 3: Functional overview: changed ‘128 kHz' to ‘131 kHz’ in
section “Low power run mode”.

Section 3.17.1: General-purpose timers (TIM2, TIM3, TIM4, TIMS5,
TIM9, TIM10 and TIM11): changed ‘six’ to ‘seven’ synchronizable
general-purpose timers.

Table 14: STM32L15xxD pin definitions on page 52: updated name of
reference manual in footnote 5.

I12C updated: footnote 3. from Table 58
Note about 12C clock updated: footnote 2. from Table 58 modified.
Note [non-robust] updated: footnote 2. from Table 68 modified.

GPIOs high current capability updated: Section 3.6: GPIOs (general-
purpose inputs/outputs) ‘except for analog inputs’ was removed.

15-Jun-2012

Changed maximum number of touch sensing channels to 34, and
updated Table 4: Ultra-low-power STM32L15xxD device features and
peripheral counts.

Updated Section 3.10: ADC (analog-to-digital converter) to add
Section 3.10.1: Temperature sensor and Section 3.10.2: Internal
voltage reference (VREFINT).

Removed caution note below Figure 8: Power supply scheme.

Added note below Table 4: STM32L15xQD STM32L162QD
UFBGA132 ballout.

Modified Table 8: STM32L15xRDSTM32L162RD WLCSP64 ballout to
match top view.

Changed FSMC_LBAR into FSMC_NADV, and 12C1_SMBAI into
12C1_SMBA in Table 14: STM32L15xxD pin definitions.

Modified PB10/11/12 for AFIO4 ction, and replaced LBAR by NADV for
AFI1012 in Table 19: ction input/output.

Updated Table 22: Typical and maximum current consumptions in Stop
mode and added Note 6. Updated Table 23: Typical and maximum
current consumptions in Standby mode. Updated tyystop in Table :.
Updated Table 27: Peripheral current consumption.

Updated Table 60: SPI characteristics, added Note 1 and Note 3, and
applied Note 2 to tysck), tsck) twisckH) twisckL) tsumiy tsu(siy thoviy
and th(s|).

Updated Ipp maximum value in Table 38: Flash memory and data
EEPROM characteristics.
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