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within electronic devices to control various functions,
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Active
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STM32L162xE

Functional overview

3.7

3.8

3

Memories
The STM32L162xE devices have the following features:

80 Kbytes of embedded RAM accessed (read/write) at CPU clock speed with 0 wait
states. With the enhanced bus matrix, operating the RAM does not lead to any
performance penalty during accesses to the system bus (AHB and APB buses).

The non-volatile memory is divided into three arrays:

— 512 Kbytes of embedded Flash program memory

— 16 Kbytes of data EEPROM

—  Options bytes

Flash program and data EEPROM are divided into two banks, this enables writing in
one bank while running code or reading data in the other bank.

The options bytes are used to write-protect or read-out protect the memory (with 4
Kbytes granularity) and/or readout-protect the whole memory with the following
options:

—  Level 0: no readout protection

—  Level 1: memory readout protection, the Flash memory cannot be read from or
written to if either debug features are connected or boot in RAM is selected

—  Level 2: chip readout protection, debug features (ARM Cortex-M3 JTAG and serial
wire) and boot in RAM selection disabled (JTAG fuse)

The whole non-volatile memory embeds the error correction code (ECC) feature.

DMA (direct memory access)

The flexible 12-channel, general-purpose DMA is able to manage memory-to-memory,
peripheral-to-memory and memory-to-peripheral transfers. The DMA controller supports
circular buffer management, avoiding the generation of interrupts when the controller
reaches the end of the buffer.

Each channel is connected to dedicated hardware DMA requests, with software trigger
support for each channel. Configuration is done by software and transfer sizes between
source and destination are independent.

The DMA can be used with the main peripherals: AES, SPI, 1°C, USART, general-purpose
timers, DAC and ADC.
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3.13

3.14

3.15

3.16
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Ultra-low-power comparators and reference voltage

The STM32L162xE devices embed two comparators sharing the same current bias and
reference voltage. The reference voltage can be internal or external (coming from an I/O).

e  One comparator with fixed threshold
e One comparator with rail-to-rail inputs, fast or slow mode. The threshold can be one of
the following:
—  DAC output
—  External I/O
— Internal reference voltage (VregnT) OF @ sub-multiple (1/4, 1/2, 3/4)

Both comparators can wake up from Stop mode, and be combined into a window
comparator.

The internal reference voltage is available externally via a low-power / low-current output
buffer (driving current capability of 1 pA typical).

System configuration controller and routing interface

The system configuration controller provides the capability to remap some alternate
functions on different 1/O ports.

The highly flexible routing interface allows the application firmware to control the routing of
different 1/0Os to the TIM2, TIM3 and TIM4 timer input captures. It also controls the routing of
internal analog signals to ADC1, COMP1 and COMP2 and the internal reference voltage

VREFINT-

Touch sensing

The STM32L162xE devices provide a simple solution for adding capacitive sensing
functionality to any application. These devices offer up to 34 capacitive sensing channels
distributed over 11 analog I/O groups. Both software and timer capacitive sensing
acquisition modes are supported.

Capacitive sensing technology is able to detect the presence of a finger near a sensor which
is protected from direct touch by a dielectric (glass, plastic...). The capacitive variation
introduced by the finger (or any conductive object) is measured using a proven
implementation based on a surface charge transfer acquisition principle. It consists of
charging the sensor capacitance and then transferring a part of the accumulated charges
into a sampling capacitor until the voltage across this capacitor has reached a specific
threshold. The capacitive sensing acquisition only requires few external components to
operate. This acquisition is managed directly by the GPIOs, timers and analog 1/O groups
(see Section 3.14: 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.

AES
The AES Hardware Accelerator can be used to encrypt and decrypt data using the AES
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algorithm (compatible with FIPS PUB 197, 2001 Nov 26).

e  Key scheduler

e  Key derivation for decryption

e  128-bit data block processed

e 128-bit key length

e 213 clock cycles to encrypt/decrypt one 128-bit block

e Electronic codebook (ECB), cypher block chaining (CBC), and counter mode (CTR)
supported by hardware.

AES data flow can be served by 2ch (D\/Dgyr) of the DMA2 controller

3.17 Timers and watchdogs
The ultra-low-power STM32L162xE 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
i Up, down, Any integer between
TIM5 32-bit up/down 1 and 65536 Yes 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 1.and 65536 No 1 No
TIMG, . Any integer between
Tim7 | 16bit Up 1 and 65536 ves 0 No
3171 General-purpose timers (TIM2, TIM3, TIM4, TIMS, TIM9, TIM10 and

3

TIM11)

There are seven synchronizable general-purpose timers embedded in the STM32L162xE
devices (see Table 6 for differences).

TIM2, TIM3, TIM4, TIMS

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
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3.17.2

3.17.3

3.17.4

3.17.5

3.18

3.18.1

28/129

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.

TIM10, TIM11 and TIM9

TIM10 and TIM11 are based on a 16-bit auto-reload upcounter. TIM9 is based on a 16-bit
auto-reload up/down counter. They include a 16-bit prescaler. TIM10 and TIM11 feature one
independent channel, whereas TIM9 has two independent channels for input capture/output
compare, PWM or one-pulse mode output. They can be synchronized with the TIM2, TIM3,
TIM4, TIM5 full-featured general-purpose timers.

They can also be used as simple time bases and be clocked by the LSE clock source
(32.768 kHz) to provide time bases independent from the main CPU clock.

Basic timers (TIM6 and TIM7)

These timers are mainly used for DAC trigger generation. They can also be used as generic
16-bit time bases.

SysTick timer

This timer is dedicated to the OS, but could also be used as a standard downcounter. It is
based on a 24-bit downcounter with autoreload capability and a programmable clock
source. It features a maskable system interrupt generation when the counter reaches 0.

Independent watchdog (IWDG)

The independent watchdog is based on a 12-bit downcounter and 8-bit prescaler. It is
clocked from an independent 37 kHz internal RC and, as it operates independently of the
main clock, it can operate in Stop and Standby modes. It can be used either as a watchdog
to reset the device when a problem occurs, or as a free-running timer for application timeout
management. It is hardware- or software-configurable through the option bytes. The counter
can be frozen in debug mode.

Window watchdog (WWDG)

The window watchdog is based on a 7-bit downcounter that can be set as free-running. It
can be used as a watchdog to reset the device when a problem occurs. It is clocked from
the main clock. It has an early warning interrupt capability and the counter can be frozen in
debug mode.

Communication interfaces

I2C bus

Up to two I?C bus interfaces can operate in multimaster and slave modes. They can support
standard and fast modes.
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6.2 Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 10: Voltage characteristics,
Table 11: Current characteristics, and Table 12: 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 10. Voltage characteristics

Symbol Ratings Min Max Unit
VoorVss | nctucing Voo and Voe) 1 03 40
V|N(2) Input voltage on five-volt tolerant pin Vgs—0.3 Vpp+4.0 v
Input voltage on any other pin Vgg —0.3 4.0
|[AVppyl Variations between different Vpp power pins - 50
[Vssx —Vss| | Variations between all different ground pins(®) - 50 m
Vrer+—Vppa | Allowed voltage difference for Vgggs > Vppa - 0.4 \
VESD(HBM) (E:ﬁf:aonsféigydrisgzz)ge voltage see Section 6.3.11
1. égrm?tigg?:%re(.vm' Vppa) and ground (Vss, Vssa) pins must always be connected to the external power supply, in the
2. VN maximum must always be respected. Refer to Table 11 for maximum allowed injected current values.
Include VRgg. pin.
Table 11. Current characteristics
Symbol Ratings Max. Unit
lvpp(s) Total current into sum of all Vpp , power lines (source)) 100
IVSS(Z)(z) Total current out of sum of all Vgg 4 ground lines (sink)(") 100
lvooeiny Maximum current into each Vpp , power pin (source)) 70
lvss(PIN) Maximum current out of each VSS_x ground pin (sink)(") -70
Output current sunk by any I/O and control pin 25
o Output current sourced by any 1/O and control pin -25 mA
Total output current sunk by sum of all 10s and control pins(z) 60
ZIIO(PIN) Total output current sourced by sum of all I0s and control pins(z) -60
| 3) Injected current on five-volt tolerant /0¥, RST and B pins -5/+0
INJ(PIN) Injected current on any other pin ®) +5
ZlingPIN Total injected current (sum of all /O and control pins)(®) 25

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

2. This current consumption must be correctly distributed over all I/Os and control pins. The total output current must not be
sunk/sourced between two consecutive power supply pins referring to high pin count LQFP packages.

3. Negative injection disturbs the analog performance of the device. See note in Section 6.3.17.
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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 55: 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 70: Thermal characteristics
on page 124).

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 70: Thermal characteristics on page 124).

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
Vpp rising, BOR enabled - 2 3.3
TRSTTEMPO(1) Reset 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
58/129 DoclD025882 Rev 6 Kys
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Table 14. Embedded reset and power control block characteristics (continued)

Symbol Parameter Conditions Min Typ Max | Unit
Falling edge 2.45 2.55 2.6
VBOR3 Brown-out reset threshold 3
Rising edge 2.54 2.66 27
Falling edge 2.68 2.8 2.85
VBoR4 Brown-out reset threshold 4
Rising edge 2.78 29 2.95
v Programmable voltage detector | Falling edge 18 | 185 | 1.88
PVBO | threshold 0 Rising edge 188 | 194 | 1.99
Falling edge 1.98 2.04 2.09
VPVD1 PVD threshold 1
Rising edge 2.08 214 218
Falling edge 2.20 2.24 2.28
VPVD2 PVD threshold 2 \%
Rising edge 2.28 2.34 2.38
Falling edge 2.39 244 2.48
VPVD3 PVD threshold 3
Rising edge 247 2.54 2.58
Falling edge 2.57 2.64 2.69
VPVD4 PVD threshold 4
Rising edge 2.68 2.74 2.79
Falling edge 277 2.83 2.88
VpyDs PVD threshold 5
Rising edge 2.87 2.94 2.99
Falling edge 2.97 3.05 3.09
VPVDG PVD threshold 6
Rising edge 3.08 3.15 3.20
BORO threshold - 40 -
Vhyst Hysteresis voltage All BOR and PVD 100 mV

thresholds excepting BORO

1. Guaranteed by characterization results.

2. Valid for device version without BOR at power up. Please see option “D” in Ordering information scheme for more details.

3
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Table 22. Typical and maximum current consumptions in Stop mode

Symbol Parameter Conditions Typ | Max(") | Unit
Ta=-40°C1025°C | .o ]
VDD =18V
LCD Ty =-40°C to 25°C 14 4
OFF |Tp=55°C 3.02 6
Tp=85°C 7.44 11
RTC clocked by LSI _ o
Tp =105°C 15.5 27
or LSE external clock A
(32.768kHz), LcD Ty =-40°C to 25°C 15 6
regulator in LP mode, _ rro
HSland HSEOFF | ON |Ta=55°C 465 | 7
(no independent d(S:a;'(g) Ta= 85°C 9.07 13
tchd uty
watchdog) Tp=105°C 156 | 31
Ty =-40°C to 25°C 3.9 10
LCD |1,=55C 5.19 11
ON (1/8
duty)® | Ta=85°C 9.8 17
Tp = 105°C 18.4 48
Ty =-40°C to 25°C 1.65 -
Iop (Sto Supply current in .
DD SOP | stop mode with RTC LcD |Ta=55°C 3.32 - | A
with RTC) |
enabled OFF Tp= 85°C 783 ]
Tp = 105°C 16 -
Tp=-40°Ct025°C | 1.75 -
LCD
ON |Ta=55°C 4.9 .
RTC clocked by LSE d(S:a;i(g) Ta= 85°C 9.41 -
external quartz uty PP
(32.768kH2), Tp = 105°C 15.8 -
regulator in LP mode, Tp =-40°C to 25°C 4.1 -
HSI and HSE OFF
LCD = 55° -
(no independent Ta=55°C 553
o ON (1/8
watchdog duty)(3) Tp=85°C 10 -
T = 105°C 18,5 -
Ty =-40°C to 25°C
Vpp = 1.8V 1.33 )
LCD [T, =-40°Cto25°C 162 )
OFF |Vpp = 3.0V '
Tp = -40°C to 25°C
Vpp = 3.6V 187 i
1S7 DoclD025882 Rev 6 67/129
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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 0.865 -
RTC clocked by LSI (no Tp=-40°Cto25°C 1.1 1.9
independent watchdog) | Tp =55 °C 1.72 2.2
Tp=85°C 2.12 4
Iop Supply current in Ta=105°C 254 | 83@
(Standby | Standby mode with RTC . .
with RTC) | enabled Ta=-40°Ct025°C | (47 ]
VDD =18V ’
RTC clocked by LSE Tp = -40 °C t0 25 °C 1.28 .
external quartz (no A
independent Tp=55°C 2.01 ; H
watchdog)(®) N
9) To=85°C 25 -
Tpo=105°C 2.98 -
Independent watchdog — 0o R
and LS! enabled Tp=-40°Cto25°C 1 1.7
| Supply current in Tp=-40°Cto25°C 0.29 1
DD Standby mode (RTC S
(Standby) disabled) Independent watchdog | TA =55 °C 0.96 1.3
and LS| OFF To=85°C 1.38 3
Tp=105°C 1.98 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.

3

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

DocID025882 Rev 6
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Table 25. Low-power mode wakeup timings
Symbol Parameter Conditions Typ Max(!) | Unit
tWuUsLEEP Wakeup from Sleep mode fholk = 32 MHz 0.4 -
fHCLK =262 kHz 46 _
¢ Wakeup from Low-power sleep Flash enabled
WUSLEEP_LP | mode, frycLk = 262 kHz fuoLk = 262 kHz 46 ]
Flash switched OFF
Wakeup from Stop mode,
regulator in Run mode fuck = fus) = 4.2 MHz 8.2 -
ULP bit =1 and FWU bit = 1
ficLk = fusi = 4.2 MHz
Voltage range 1 and 2 7 8.9
fHCLK = fMS| =4.2 MHz 8.2 131 us
Voltage range 3
t
WUSTOP Wakeup from Stop mode, fhoLk = fusi = 2.1 MHz 102 | 134
regulator in low-power mode fucLk = fus) = 1.05 MHz 16 20
ULP bit = 1 and FWU bit = 1
fHCLK = fMSI =524 kHz 31 37
fHCLK = fMSI =262 kHz 57 66
fHCLK = fMSl =131 kHz 112 123
fucLk = MSI = 65 kHz 221 236
Wakeup from Standby mode _ _
ULP bit = 1 and FWU bit = 1 fhok =MSI=2.1MHz | 58 | 104
twusTDBY
Wakeup from Standby mode _ _
FWU bit = 0 fucLk = MSI = 2.1 MHz 26 | 325 | ms

6.3.6

3

1. Guaranteed by characterization, unless otherwise specified

External clock source characteristics

High-speed external user clock generated from an external source

In bypass mode the HSE oscillator is switched off and the input pin is a standard GP1O.The
external clock signal has to respect the I/O characteristics in Section 6.3.12. However, the
recommended clock input waveform is shown in Figure 13.

Table 26. High-speed external user clock characteristics(?)

Symbol Parameter Conditions Min Typ | Max | Unit
CSsSs is on or 1 8 32 MHz
; User external clock source PLL is used
HSE_ext | frequency :
CSSis off, PLL 0 8 32 MHz
not used
DoclD025882 Rev 6 73/129
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6.3.13 /0 port characteristics
General input/output characteristics
Unless otherwise specified, the parameters given in Table 48 are derived from tests
performed under the conditions summarized in Table 13. All I/Os are CMOS and TTL
compliant.
Table 42. I/O static characteristics
Symbol Parameter Conditions Min Typ Max Unit
TC and FT I/O - - 0.3 Vpp"®@
Vi Input low level voltage
BOOTO - - 0.14 Vpp®
TC1/0 0.45 Vpp+0.38() - -
Viy | Input high level voltage FT 110 0.39 Vpp+0.59(2) - - %
BOOTO 0.15 Vpp+0.56(2) - -
3
Vv I/O Schmitt trigger voltage TCand FTI/O - 10% Vpp® -
hys | hysteresis! BOOTO - 0.01 -
Vss <ViN<Vbp i i
1/Os with LCD +50
Vss<ViN<Vpp
I/Os with analog - - +50
switches
Vss<ViN<Vpp nA
I/0Os with analog - - 50
g |Input leakage current () switches and LCD
Vss <ViNsVpp ) )
1/Os with USB +250
Vss<ViN<Vpp ) )
TC and FT 1/Os +50
FTI
/0 - - +10 MA
VDD SV|N <5V
Weak pull-up equivalent
Rpy resistor®)(1) Vin=Vss 30 45 60 kQ
Weak pull-down equivalent B
Rpp resistor®) Vin=Vpp 30 45 60 kQ
Cio I/O pin capacitance - - 5 - pF
1. Guaranteed by test in production
2. Guaranteed by design.
3. With a minimum of 200 mV.
4. The max. value may be exceeded if negative current is injected on adjacent pins.
5. Pull-up and pull-down resistors are designed with a true resistance in series with a switchable PMOS/NMOS. This
MOS/NMOS contribution to the series resistance is minimum (~10% order).
1S7 DoclD025882 Rev 6 87/129
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Figure 17. /0 AC characteristics definition

EXTERNAL
OUTPUT
ON 50pF

Maximum frequency is achieved if (t, + t;) < 2/3)T and if the duty cycle is (45-55%)

t(10)out

90% 10%

1
> 0)out

Yy

- T

when loaded by 50pF

ai14131c

6.3.14 NRST pin characteristics
The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up
resistor, Rpy (see Table 45)
Unless otherwise specified, the parameters given in Table 45 are derived from tests
performed under the conditions summarized in Table 13.
Table 45. NRST pin characteristics
Symbol Parameter Conditions Min Typ Max Unit
NRST input low level
Vitrs)” voltage P - - - 0.3 Vop
(1) | NRST input high ) ) i
VIH(NRST) level voltage 0.39Vpp*0.59
\%
loL=2mA ) )
Vounrst)" NRST Sutbutlow Ak 0.4
level voltage loL = 1.5 mA ) )
1.65V < Vpp <2.7V
(1) |NRST Schmitt trigger ) ) o @) )
Vhys(NRST) voltage hysteresis 10%Vbp mv
Weak pull-up _
Rpu equivalent resistor(®) Vin=Vss 30 45 60 kQ
NRST input filtered
VF(NRST)(1) pu|se P - - - 50 ns
(3) NRST input not _ _ _
VNF(NRST) filtered pulse 350 ns

Guaranteed by design.
With a minimum of 200 mV.

The pull-up is designed with a true resistance in series with a switchable PMOS. This PMOS contribution to the series

resistance is around 10%.

90/129
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Figure 20. 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 21. SPI timing diagram - slave mode and CPHA = 1(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 22. SPI timing diagram - master mode!")

High
NSS input
e to(sCK—>
— - 1
5| cPoL=0 fi i ! W '
o Nl ! : ! 1"
% | cPHA=0 " ! ! | "
& | CPOL=1 —\:_/—\_/'— - X
— L
| A | |
! | : | i
_ h | 1 ! "
2 | CPHA=1 ! . ! !
5| CPOL=0 ' ! . : :
(@] ~ N ) | X 1
x | CPHA=1 n | . , "
3| cPoL=1 —\_/'—\:_/—-—\. !':
- 1 . | \
1! t 1 H
' W(SCKH) | ! tr(scK
Su(MI) 41! ty(sCKL) H———> ! o)
MISO | | ! o f(SCK)
] T 1
INPUT X  wssn: X BT6IN 1 X tsein X
| 1 1
—— th(M!)_N :
MOSI ] -—
OUTPUT X MSB OUT X BIT10OUT : X LSB OUT X
1 1 1
ty(MO) +&—» th(MO) T

ai14136¢

1. Measurement points are done at CMOS levels: 0.3Vpp and 0.7Vpp,
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Electrical characteristics STM32L162xE

Table 56. ADC accuracy(1(?)

Symbol Parameter Test conditions Min(®) Typ Max(® | Unit
ET Total unadjusted error - 2.5 4
EO | Offset error 24V <Vpppa<36V - 1 2
: 24V <VRgr+ <36V _
EG Gain error fanc = 8 MHz, Ry = 50 Q 15 3.5 LSB
ED Differential linearity error | Tp =-40t0105°C - 1 2
EL Integral linearity error - 22 3
ENOB | Effective number of bits 9.2 10 - bits
. . 24V <Vppp<3.6V
SINAD | Signal-to-noise and Vbpa = VREF+ 57.5 62 -
distortion ratio fapc = 16 MHz, Rajy = 50 Q
SNR | Signal-to-noise ratio Ta=-4010105°C 57.5 62 - dB
Finput=10kHz
THD | Total harmonic distortion - -70 -65
ENOB | Effective number of bits 9.2 10 - bits
- - 1.8V <Vppas24V
SINAD | Signal-to-noise and Vbpa = VREF+ 57.5 62 -
distortion ratio fapc = 8 MHz or 4 MHz, Ry = 50 @
SNR | Signal-to-noise ratio Ta=-40t0105°C 57.5 62 - dB
Finput=10kHz
THD | Total harmonic distortion - -70 -65
ET Total unadjusted error - 4 6.5
EO | Offset error 24V <Vppp<3.6V - 1.5 4
. 1.8V <VRgr+ <24V
EG Gain error fanc = 4 MHz, Ry = 50 @ - 3.5 6 LSB
ED Differential linearity error | Tp =-40to0 105°C - 1 2
EL Integral linearity error - 2.5 3
ET Total unadjusted error - 2 3
EO | Offset error 1.8V <Vppp<24V - 1 1.5
. 1.8V <VRgr+ <24V
EG Gain error fanc = 4 MHz, Ry = 50 @ - 15 2 LSB
ED Differential linearity error | Ta =-40t0 105°C - 1 2
EL Integral linearity error - 2.2 3

1. ADC DC accuracy values are measured after internal calibration.

2. ADC accuracy vs. negative injection current: Injecting a 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 currents.

Any positive injection current within the limits specified for liyypiny @nd Zlinypiny in Section 6.3.12 does not affect the ADC
accuracy.

3. Guaranteed by characterization results.

3
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Electrical characteristics

Figure 26. ADC accuracy characteristics

3
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ET = Total unadjusted Error: maximum deviation
between the actual and the ideal transfer curves.
Eo = Offset Error: deviation between the first actual
transition and the last actual 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.

EL = Integral Linearity Error: maximum deviation
between any actual transition and the end-point
correlation line.
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Figure 27. Typical connection diagram using the ADC
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1. Refer to Table 57: Maximum source impedance RAIN max for the value of Ry and Table 55: ADC
characteristics for the value of 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 Cpapasitic value will downgrade conversion accuracy. To remedy

this, fopc should be reduced.

DocID025882 Rev 6

103/129




Electrical characteristics STM32L162xE
Table 58. DAC characteristics (continued)
Symbol Parameter Conditions Min Typ Max Unit
Vppa = 3.3V
VRep+ = 3.0V ) )
Tp=0to50°C 20 10 0
4Offset/dT™ Offset error temperature | DAC output buffer OFF VG
coefficient (code 0xB00) [y 3 3v H
VRep+ = 3.0V
To=0t050°C 0 20 50
DAC output buffer ON
C_ <50 pF, R 25kQ o o
DAC output buffer ON - |+0.1/-0.2%| +0.2/-0.5%
Gain(" Gain error(?) c %
No RL’ L <50 pF . N o . o
DAC output buffer OFF *0/-0.2% *0/-04%
Vppa = 3.3V
VRep+ = 3.0V ) )
Tp=0to50°C 10 2 0
dGain/gT(" | Gain error temperature DAC output buffer OFF VG
coefficient Vppa = 3.3V H
VRep+ = 3.0V i )
To=0t050°C 40 8 0
DAC output buffer ON
C_ <50 pF, R 25kQ i 12 30
DAC output buffer ON
TUEM Total unadjusted error LSB
No RL’ C|_ <50 pF . 8 12
DAC output buffer OFF
Settling time (full scale:
for a 12-bit code
transition between the
tseTTLING lowest and the highest | C_ <50 pF, R =5 kQ - 7 12 us
input codes till
DAC_OUT reaches final
value +1LSB
Max frequency for a
correct DAC_OUT
change (95% of final
Update rate value) with 1 LSB C_ <50 pF, R 25 kQ - - 1 Msps
variation in the input
code
Wakeup time from off
state (setting the ENXx bit
tWAKEUP in the DAC Control CL <50 pF, RL >5kQ - 9 15 us
register)®)
Vppa supply rejection
PSRR+ ratio (static DC CL <50 pF, R 25 kQ - -60 -35 dB
measurement)

1. Data based on characterization results.

2. Connected between DAC_OUT and Vgga.

3. Difference between two consecutive codes - 1 LSB.
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STM32L162xE Electrical characteristics
6.3.20 Temperature sensor characteristics
Table 60. 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 61. 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.
6.3.21 Comparator
Table 62. 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 DoclD025882 Rev 6 109/129
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Package information

Table 65. LQFP144, 20 x 20 mm, 144-pin 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°
cce - - 0.080 - - 0.0031

1. Values in inches are converted from mm and rounded to 4 decimal digits.
DoclD025882 Rev 6 113/129
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Table 68. WLCSP104, 0.4 mm pitch wafer level chip scale package mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

A 0.525 0.555 0.585 0.0207 0.0219 0.023
A1 - 0.175 - - 0.0069 -
A2 - 0.38 - - 0.015 -

A3 - 0.025 - - 0.001 -

o b 0.22 0.25 0.28 0.0087 0.0098 0.011
D 4.06 4.095 413 0.1598 0.1612 0.1626
E 5.059 5.094 5.129 0.1992 0.2006 0.2019
e - 0.4 - - 0.0157 -
el - 3.2 - - 0.126 -
e2 - 4.4 - - 0.1732 -

F - 0.447 - - 0.0176 -

G - 0.347 - - 0.0137 -
aaa - - 0.1 - - 0.0039
bbb - - 0.1 - - 0.0039
cce - - 0.1 - - 0.0039
ddd - - 0.05 - - 0.002
eee - - 0.05 - - 0.002

1. Values in inches are converted from mm and rounded to 4 decimal digits.

2. Back side coating.

3. Dimension is measured at the maximum bump diameter parallel to primary datum Z.

Figure 40. WLCSP104, 0.4 mm pitch wafer level chip scale package recommended

footprint

Dpad

Dsm

MS18965V2
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