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STM32L100C6 STM32L100R8/RB Functional overview

Figure 2. Clock tree
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Functional overview STM32L100C6 STM32L100R8/RB

3.16

3.17
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CRC (cyclic redundancy check) calculation unit

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code from a 32-bit
data word and a fixed generator polynomial.

Among other applications, CRC-based techniques are used to verify data transmission or
storage integrity. In the scope of the EN/IEC 60335-1 standard, they offer a means of
verifying the Flash memory integrity. The CRC calculation unit helps compute a signature of
the software during runtime, to be compared with a reference signature generated at link-
time and stored at a given memory location.

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 JTMS and JTCK pins are shared with SWDAT and SWCLK, respectively, and a
specific sequence on the JTMS pin is used to switch between JTAG-DP and SW-DP.

The JTAG port can be permanently disabled with a JTAG fuse.

3
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STM32L100C6 STM32L100R8/RB Pin descriptions

Table 6. Legend/abbreviations used in the pinout table

Name Abbreviation Definition
. Unless otherwise specified in brackets below the pin name, the pin function
Pin name . . h
during and after reset is the same as the actual pin name
S Supply pin
Pin type | Input only pin
I/10 Input / output pin
FT 5V tolerant I/O
TC Standard 3.3 V I/O
1/O structure
B Dedicated BOOTO pin
RST Bidirectional reset pin with embedded weak pull-up resistor
Unless otherwise specified by a note, all I/Os are set as floating inputs during
Notes
and after reset
Alterpate Functions selected through GPIOx_AFR registers
functions
Pin
functions i
Addlt'.onal Functions directly selected/enabled through peripheral registers
functions

3
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Table 8. Alternate function input/output (continued)

Digital alternate function number

AFIO0 AFIO1 AFI02 AFIO3 AFI04 AFIO5 AFOI6 AFI107 AéFBI t\)l;l AFI1011 A::;O A::;O AFIO14 AFIO15
Port name
Alternate function
SYSTEM TIM2 TIM3/4 TIM9/10/11 12C1/2 SPI1/2 N/A Uf,’:gr N/A | N/A LCD N/A | N/A RI SYSTEM
PB4 NJTRST - TIM3_CH1 - - SPI1_MISO - - - - | [SEG8] - - - EVENTOUT
PB5 - - TIM3_CH2 - |32|\C/|:|137.\ SPI1_MOSI - - - - | [SEGY] - - - EVENTOUT
PB6 - - TIM4_CH1 - 12C1_SCL - - USART1_TX - - - - - - EVENTOUT
PB7 - - TIM4_CH2 - 12C1_SDA - - USART1_RX - - - - - - EVENTOUT
PB8 - - TIM4_CH3 | TIM10_CH1* |12C1_SCL - - - - - | SEG16 - - - EVENTOUT
PB9 - - TIM4_CH4 | TIM11_CH1* |12C1_SDA - - - - - | [COM3] - - - EVENTOUT
PB10 - TIM2_CH3 - - 12C2_SCL - - USART3_TX - - | SEG10 - - - EVENTOUT
PB11 - TIM2_CH4 - - 12C2_SDA - - USART3_RX - - | SEG11 - - - EVENTOUT
PB12 - - - TIM10_CH1 IS2|\C/|:|§7.\ SPI2_NSS - USART3_CK - - | SEG12 - - - EVENTOUT
PB13 - - - TIM9_CH1 - SPI2_SCK - USART3_CTS | - - | SEG13 - - - EVENTOUT
PB14 - - - TIM9_CH2 - SPI2_MISO - USART3_RTS - - | SEG14 - - - EVENTOUT
PB15 - - - TIM11_CHA1 - SPI2_MOSI - - - - | SEG15 - - - EVENTOUT
PCO - - - - - - - - - - | SEG18 - - TIMx_IC1 | EVENTOUT
PC1 - - - - - - - - - - | SEG19 - - TIMx_IC2 | EVENTOUT
PC2 - - - - - - - - - - | SEG20 - - TIMx_IC3 | EVENTOUT
PC3 - - - - - - - - - - | SEG21 - - TIMx_IC4 | EVENTOUT
PC4 - - - - - - - - - - | SEG22 - - TIMx_IC1 | EVENTOUT
PC5 - - - - - - - - - - | SEG23 - - TIMx_IC2 | EVENTOUT
PC6 - - TIM3_CH1 - - - - - - - | SEG24 - - TIMx_IC3 | EVENTOUT
PC7 - - TIM3_CH2 - - - - - - - | SEG25 - - TIMx_IC4 | EVENTOUT
PC8 - - TIM3_CH3 - - - - - - - | SEG26 - - TIMx_IC1 | EVENTOUT
PC9 - - TIM3_CH4 - - - - - - - | SEG27 - - TIMx_IC2 | EVENTOUT
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Table 8. Alternate function input/output (continued)

Digital alternate function number

AFI

AFI

AFIO

AFIO

AFIO0 AFIO1 AFI102 AFIO3 AFIO4 AFIO5 AFOI6 AFIO7 08 | 09 AFIO11 12 13 AFIO14 AFIO15
Port name
Alternate function
SYSTEM TIM2 TIM3/4 TIM9/10/11 12C1/2 SPI1/2 N/A Uf,’;‘gr N/A | N/A LCD N/A N/A RI SYSTEM

COM4 /

PC10 - - - - - - - USART3_TX - - | SEG28/ - - TIMx_IC3 | EVENTOUT
SEG40
COM5 /

PC11 - - - - - - - USART3_RX - - | SEG29/ - - TIMx_IC4 | EVENTOUT
SEG41
COM®6 /

PC12 - - - - - - - USART3_CK - - | SEG30/ - - TIMx_IC1 | EVENTOUT
SEG42

PC13-

WKUP2 - - - - - - - - - - - - - TIMx_IC2 | EVENTOUT

PC14-

0SC32_IN - - - - - - - - - - - - - TIMx_IC3 | EVENTOUT

PC15-

0SC32_0oUT - - - - - - - - - - - - - TIMx_IC4 | EVENTOUT
COM7 /

PD2 - - TIM3_ETR - - - - - - - | SEG31/ - - TIMx_IC3 | EVENTOUT
SEG43

PHO- ) } ) } } ) ) ) ) } } : } ) :

OSC_IN

PH1- ) } ) } } ) ) ) ) ) ) ) ) ) )

OSC_OuT
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STM32L100C6 STM32L100R8/RB Electrical characteristics

6.3.3 Embedded internal reference voltage

The parameters given in the following table are based on characterization results, unless
otherwise specified.

Table 14. 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 0078-0x1FF8 0079
VDDA= 3V+10 mV

Table 15. Embedded internal reference voltage

Symbol Parameter Conditions Min | Typ | Max Unit
VrerinT out ) | Internal reference voltage —40°C<Ty<+85°C [1.202 |1.224 | 1.242 %
Internal reference current
IREFINT consumption ) ) 14| 23 HA
TVREFINT Internal reference startup time - - 2 3 ms
V voltage during V facto
VVREF_MEAS m%?agure 8 9 VREFINT i - 299 | 3 | 3.01 \Y

Accuracy of factory-measured Vygp Including uncertainties

AVREF MEAS value @ due to ADC and Vppa - - 15 mV
values
TCoeﬁ(3) Temperature coefficient —-40°C<Ty;<+105°C - 25 100 ppm/°C
Acoer) Long-term stability 1000 hours, T= 25 °C - - 1000 ppm
Vppcoer ™) | Voltage coefficient 30V<Vpppa<36V | - - | 2000 | ppm/v

ADC sampling time when reading the

(3) - ) ’
Ts_vrefint internal reference voltage ¢ "

@) |Startup time of reference voltage

3 - - -
Tapc_suF buffer for ADC 10 HS
@3) | Consumption of reference voltage ) _
lsuF_ADC buffer for ADC 135 | 25 HA
lvrer_out®® | VREF_OUT output current(®) - - - 1 WA
Cvrer_out | VREF_OUT output load - - - 50 pF
@) Consumption of reference voltage ) )
lpBUF buffer for VREF_OUT and COMP 730 | 1200 | nA
VREFINT_DIV1 (3) | 1/4 reference voltage - 24 25 26
Vrerint piv2®) | 1/2 reference voltage - 49 | 50 | 51 |% VreeinT
VREF|NT_D|V3(3) 3/4 reference voltage - 74 75 76

Guaranteed by test in production.

The internal Vrgg value is individually measured in production and stored in dedicated EEPROM bytes.

1

2

3. Guaranteed by characterization results.

4. Shortest sampling time can be determined in the application by multiple interactions.
5

To guarantee less than 1% VREF_OUT deviation.
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STM32L100C6 STM32L100R8/RB

Electrical characteristics

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

Max(?
Symbol | Parameter Conditions fueoLk Typ Unit
55°C | 85°C
1 MHz 270 400 400
Range 3, VCORE=1 2
V VOS[1:0] = 11 2 MHz 470 600 600 MA
4 MHz 890 | 1025 | 1025
fuse = frok
up to 16 MHz, 4 MHz 1 1.3 1.3
included Range 2, Vcore=1.5
fuse = fucLk/2 above |V VOS[1:0] = 10 8MHz | 2 | 25 | 25
16 MHz @ 16 MHz | 3.9 5 5
Supply (PLL ON)
current in 8MHz | 2.16 3 3
Ipp (Ren | Run mode, Range 1, Voore=18 "y Mz | 48 | 55 | 55
from Flash) code V VOS[1:0] = 01
executed 32 MHz 9.6 1" 1"
mA
from Flash Range 2, Veore=1.5 16 Mz . 5 5
HSI clock source (16 |V VOS[1:0] =10
MHz) Range 1, V, =1.8
» VCORE= -
V VOS[1:0] = 01 32MHz | 94 11 11
MSI clock, 65 kHz 65 kHz | 0.05 | 0.085 | 0.09
Range 3, Vcore=1.2
MSI clock, 524 kHz V VOS[1:0] = 11 524 kHz | 0.15 | 0.185 | 0.19
MSI clock, 4.2 MHz 42MHz | 0.9 1 1
1. Guaranteed by characterization results, unless otherwise specified.
2. Oscillator bypassed (HSEBYP = 1 in RCC_CR register).
1S7 DoclD024295 Rev 5 49/103




Electrical characteristics STM32L100C6 STM32L100R8/RB

Table 17. Current consumption in Run mode, code with data processing running from RAM

Max (")
Symbol Parameter Conditions fucLk Typ Unit
105 °C
Range 3, 1 MHz 200 300
Veore=1.2V 2 MHz 380 | 500 | pA
VOS[1:0] =11 4 MHz 720 | 860
fuse = fhelk
up to 16 MHz, Range 2 4 MHz 0.9 1
included Veore=1.5 V 8 MHz 1.65 2
fHSE = fHCLK/2 above VOS[1 O] =10
16 MHz @ ’ 16 MHz 3.2 3.7
PLL ON
( ON) 8 MHz 2 2.5
Supply current in Range 1,
| Run mode, code Vcore=1.8 V 16 MHz 4 4.5
DD (Run executed from VOS[1 O] =01 32 MHz 7.7 8.5 mA
from RAM) RAM, Flash
switched off Range 2,
VCORE=1 5V 16 MHz 3.3 3.8
HSI clock source VOS[1:0] = 10
(16 MHz) Range 1,
Vcore=1.8 V 32MHz | 7.8 9.2
VOS[1:0] = 01
MSI clock, 65 kHz 65 kHz 40 80
Range 3,
MSI clock, 524 kHz | Veore=1.2 V 524 kHz | 110 160 | pA
MSI clock, 4.2 MHz | Y OSI1:01=11 42MHz | 700 820

1. Guaranteed by characterization results, unless otherwise specified.
2. Oscillator bypassed (HSEBYP = 1 in RCC_CR register).

3
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Electrical characteristics

STM32L100C6 STM32L100R8/RB

Table 19. Current consumption in Low power run mode

Symbol | Parameter Conditions Typ N(I1a)x Unit
Al MSI clock, 65 kHz | Ta=-40°Ct025°C 9 12
peripherals |, =32 kHz T.=85° 175 24
OFF, code | A=857C '
executed MSI clock, 65 kHz Tp=-40°Cto25°C 14 17
from RAM, 1 .10, = 65 kHz Tp=85°C 22 29
Flash
switched Tp=-40°Cto25°C 37 42
OFF, V MSI clock, 131 kH
o 108 Z [Ta=55°C 37 42
Supply ‘ fhoLk = 131 kHz
lbpp |currentin 3.6V Ta=85°C 37 42
Run) Low power MSI clock, 65 kHz | Ta=-40 °C to 25 °C 24 32
run mode All
. fhoLk = 32 kHz To=85°C 33 42 A
peripherals
OFF, code | MSI clock, 65 kHz Tp=-40°Cto25°C 31 40
executed £ =65 kHz or o
from Flash, HCLK Tp=85°C 40 48
Vpp from Tp=-40°Cto25°C 48 58
1.8Vto MSI clock, 131 kHz
Tp=55° 4
3.6V fucLk = 131 kHz A=55°C ° 63
Tpo=85°C 56 65
Ipp Max g?feiltl?:ved Vpp from
(LP Low power 1.8V to - - - 200
Run)® P 3.6V
run mode

1. Guaranteed by characterization results, unless otherwise specified.

2. This limitation is related to the consumption of the CPU core and the peripherals that are powered by the regulator.

Consumption of the 1/Os is not included in this limitation.

52/103
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STM32L100C6 STM32L100R8/RB

Electrical characteristics

3

Table 20. Current consumption in Low power sleep mode

Symbol | Parameter Conditions Typ IV(I1a)x Unit
MSI clock, 65 kHz
fucLk = 32 kHz Tpo=-40°Cto25°C| 4.4 -
Flash OFF
MSI clock, 65 kHz |Tp=-40°Ct0o25°C|17.5| 25
Al fcLk = 32 kHz R
peripherals | Flash ON TA=85°C 22 27
OFF, Vpp — 5 "
from 1.8 V MSI clock, 65 kHz |Tp=-40°Cto25°C| 18 | 26
f = 65 kHz,
036V | oON Ta=85°C 23 | 28
Supply
lop (LP | Surrentin MS! clock, 131 kHz | 1A= 40°C1025°C) 22 | 30
DD Low power _ Z55°C
Sleep) S|eep fHCLK =131 kHz, TA =55 24 32
mode Flash ON Tpo=85°C 26 34
MSI clock, 65 kHz |Ta=-40°Ct025°C|17.5| 25 | MA
TIM9 and | fHoLk = 32 kHz Tpo=85°C 22 | 27
USART1 . S
enabled. | MSIclock, 65 kHz | Ta=-40°Ct025°C| 18 | 26
Flash ON, |fHcLk =65 kHz Tpo=85°C 23 | 28
Vpp f
2o Ta=-40°Ct025°C| 22 | 30
36V MSI clock, 131 kHz TA=55°C o 32
fHCLK =131 kHz
Tp=85°C 26 34
Max
aIIowed_ Vpp from
Ipp Max currentin
1.8V to - - - 200
(LP Sleep) | Low power
3.6V
Sleep
mode
1. Guaranteed by characterization results, unless otherwise specified.
DoclD024295 Rev 5 53/103




STM32L100C6 STM32L100R8/RB

Electrical characteristics

Table 23. Peripheral current consumption“) (continued)

Typical consumption, Vpp =3.0V, Tp =25 °C
Peripheral Range 1, Range 2, Range 3, Low power Unit
VCORE=1-_8 v Vc0RE=1-_5 v VCORE=1-_2 V | sleep and run
VOS[1:0] =01 | VOS[1:0] =10 | VOS[1:0] = 11
GPIOA 5 4.5 3.5 4
GPIOB 5 4.5 3.5 45
GPIOC 5 4.5 3.5 45
GPIOD 5 4.5 3.5 4.5
AHB GPIOH 4 4 3 35 UAMHZ
CRC 1 05 05 05 (feLk)
FLASH 13 11.5 9 18.5
DMA1 12 10 8 10.5
All enabled 166 138 106 130
Ibp (RTC) 0.47
Ibp (Lc) 3.1
Iop (anc)? 1450
Iop ac)™” 340
Ipb (comp1) 0.16 HA
Slow mode
'oD (comP2) Fast mode
Iop (PvD / BOR)"” 26
Ibb (wpg) 0.25

1. Data based on differential Ipp measurement between all peripherals OFF an one peripheral with clock enabled, in the
following conditions: fyc) k = 32 MHz (Range 1), fyc .k = 16 MHz (Range 2), fyck = 4 MHz (Range 3), fyc k = 64kHz
(Low power run/sleep), fA/pB»] = fhoks fape2 = fHeLk, default prescaler value for each peripheral. The CPU is in Sleep

mode in both cases. No |

O pins toggling.

HSI oscillator is OFF for this measure.

Data based on a differential Ibb measurement between ADC in reset configuration and continuous ADC conversion (HSI
consumption not included).

4. Data based on a differential Ibpo measurement between DAC in reset configuration and continuous DAC conversion of
Vpb/2. DAC is in buffered mode, output is left floating.

5. Including supply current of internal reference voltage.

6.3.5

Wakeup time from Low-power mode

The wakeup times given in the following table are measured with the MSI RC oscillator. The
clock source used to wake up the device depends on the current operating mode:

Sleep mode: the clock source is the clock that was set before entering Sleep mode

Stop mode: the clock source is the MSI oscillator in the range configured before
entering Stop mode

3

Standby mode: the clock source is the MSI oscillator running at 2.1 MHz

DocID024295 Rev 5
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Electrical characteristics STM32L100C6 STM32L100R8/RB

Figure 13. 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 12. 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 28. LSE oscillator characteristics (f_ge = 32.768 kHz)(")

Symbol Parameter Conditions Min | Typ | Max | Unit
floe If_rz\(/]vusép;]iid external oscillator ) - 132768 ) 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=33V,V|y=Vsgs| - - 1.1 MA
Vpp=1.8V - 450 -
Iob (LsE) tf:sjﬁchtl;tsr current Vpp = 3.0V _ 600 _ nA
Vpp = 3.6V - 750 -
Im Oscillator transconductance - 3 - - AV
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.

4. tsy(sk) is the startup time measured from the moment it is enabled (by software) to a stabilized
32.}68 Hz oscillation is reached. This value is measured for a standard crystal resonator and it can vary
significantly with the crystal manufacturer.
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6.3.16 Communication interfaces

I2C interface characteristics

The STM32L100C6 and STM32L100R8/RB product line I°C interface meets the
requirements of the standard I°C communication protocol with the following restrictions:
SDA and SCL are not “true” open-drain I/O pins. When configured as open-drain, the PMOS

connected between the I/O pin and Vpp is disabled, but is still present.

The I°C characteristics are described in Table 46. Refer also to Section 6.3.12: /O current
injection characteristics for more details on the input/output alternate function characteristics

(SDA and SCL).

Table 46. I2C characteristics

Sta’:gg{f)'&‘)mde Fast mode 12C(1)2)
Symbol Parameter Unit
Min Max Min Max
twscLy) | SCL clock low time 4.7 - 1.3 -
ys
twscLH) | SCL clock high time 4.0 - 0.6 -
tsuspa) | SDA setup time 250 - 100 -
thspa) | SDA data hold time - 34500) - 900(®)
t(sDA) | SDA and SCL rise time - 1000 - 300 ns
tyscu)
sDA) | SpA and SCL fall time - 300 ; 300
tiscL)
thsTa) | Start condition hold time 4.0 - 0.6 -
Repeated Start condition Hs
lsu(sTA) setup time a7 ) 0.6 )
tsusTo) | Stop condition setup time 4.0 - 0.6 - us
Stop to Start condition time
tw(sTO:STA) (bug free) 4.7 - 1.3 - us
c Qapacmve load for each bus ) 400 ) 400 oF
b line
Pulse width of spikes that
t are suppressed by the 0 50(4) 0 50(4) ns
SP
analog filter

1. Guaranteed by design.

2. fpckys Must be at least 2 MHz to achieve standard mode [2C frequencies. It must be at least 4 MHz to

achieve fast mode I2C frequencies. It must be a multiple of 10 MHz to reach the 400 kHz maximum I2C fast

mode clock.

3. The maximum Data hold time has only to be met if the interface does not stretch the low period of SCL

signal.

4. The minimum width of the spikes filtered by the analog filter is above tgp(may)-
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Figure 17. I2C bus AC waveforms and measurement circuit
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Rg = series protection resistors
Rp = pull-up resistors

Vpp_j2¢c = 12C bus supply

El o R

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

Table 47. SCL frequency (fpci k1= 32 MHz, Vpp = Vpp jac = 3.3 V)(D(2)

12C_CCR value
fsc (kHz) Rp =4.7 kQ
400 0x801B
300 0x8024
200 0x8035
100 0x00A0
50 0x0140
20 0x0320

1. Rp = External pull-up resistance, fgc, = I°C speed.

2. For speeds around 200 kHz, the tolerance on the achieved speed is of #5%. For other speed ranges, the
tolerance on the achieved speed is 12%. These variations depend on the accuracy of the external

components used to design the application.
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Figure 18. SPI timing diagram - slave mode and CPHA =0
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Figure 19. SPI timing diagram - slave mode and CPHA = 1(1)
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1. Measurement points are done at CMOS levels: 0.3Vpp and 0.7Vpp
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LCD controller

The STM32L100C6 and STM32L100R8/RB devices embed a built-in step-up converter to
provide a constant LCD reference voltage independently from the Vpp voltage. An external
capacitor Cg,t must be connected to the V| ¢cp pin to decouple this converter.

Table 59. LCD controller characteristics

Symbol Parameter Min Typ Max Unit
Vicp LCD external voltage - - 3.6

Vi cpo LCD internal reference voltage 0 - 26 -

Vi cp1 LCD internal reference voltage 1 - 2.73 -

Vi cp2 LCD internal reference voltage 2 - 2.86 -

Vi cp3 LCD internal reference voltage 3 - 2.98 - \Y

V| cps4 LCD internal reference voltage 4 - 3.12 -

Vi cbps LCD internal reference voltage 5 - 3.26 -

V| cps LCD internal reference voltage 6 - 34 -

V| cp7 LCD internal reference voltage 7 - 3.55 -

Cext V| cp external capacitance 0.1 - 2 uF
|LCD(1) Supply current at Vpp =2.2V - 3.3 - uA
Supply current at Vpp = 3.0 V - 3.1 -

RHtot(Z) Low drive resistive network overall value 5.28 6.6 7.92 MQ
RL(z) High drive resistive network total value 192 240 288 kQ
V44 Segment/Common highest level voltage - - Vicp \Y

A Segment/Common 3/4 level voltage - 3/4 Vi cp -
Vo3 Segment/Common 2/3 level voltage - 213V cp -
Vi Segment/Common 1/2 level voltage - 12V cp -
Vi3 Segment/Common 1/3 level voltage - 13 Viep - Y
Vig Segment/Common 1/4 level voltage - 14V cp -
Vo Segment/Common lowest level voltage 0 - -
Segment/Common level voltage error
AVxx(2) TAg= 4010 85°C g - - +50 mV

1. LCD enabled with 3 V internal step-up active, 1/8 duty, 1/4 bias, division ratio= 64, all pixels active, no LCD

connected

2. Guaranteed by characterization results.
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