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FLASH
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2V ~ 3.6V
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higher than the Vpyp threshold. The interrupt service routine can then generate a warning
message and/or put the MCU into a safe state. The PVD is enabled by software.

Voltage regulator

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

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

This regulator is always enabled after reset. It is disabled in Standby mode, providing high
impedance output.

Low-power modes

The STM32F100xx value line 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 voltage regulator can also be put
either in normal or in low power mode.

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 or the RTC alarm.

e Standby mode

The Standby mode is used to achieve the lowest power consumption. The internal
voltage regulator is switched off so that the entire 1.8 V domain is powered off. The
PLL, the HSI RC and the HSE crystal oscillators are also switched off. After entering
Standby mode, SRAM and register contents are lost except for registers in the Backup
domain and Standby circuitry.

The device exits Standby mode when an external reset (NRST pin), a IWDG reset, a
rising edge on the WKUP pin, or an RTC alarm occurs.

The RTC, the IWDG, and the corresponding clock sources are not stopped by entering Stop
or Standby mode.

DMA

The flexible 7-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.

3

DoclD16455 Rev 9




STM32F100x4, STM32F100x6, STM32F100x8, STM32F100xB Description

2.2.23

2.2.24

2.2.25

3

DAC (digital-to-analog converter)

The two 12-bit buffered DAC channels can be used to convert two digital signals into two
analog voltage signal outputs. The chosen design structure is composed of integrated
resistor strings and an amplifier in noninverting configuration.

This dual digital Interface supports the following features:

e two DAC converters: one for each output channel

e up to 10-bit output

e left or right data alignment in 12-bit mode

e synchronized update capability

e noise-wave generation

e triangular-wave generation

e dual DAC channels’ independent or simultaneous conversions

e  DMA capability for each channel

e external triggers for conversion

e input voltage reference Vrgg+

Eight DAC trigger inputs are used in the STM32F100xx. The DAC channels are triggered
through the timer update outputs that are also connected to different DMA channels.

Temperature sensor

The temperature sensor has to generate a voltage that varies linearly with temperature. The
conversion range is between 2 V < Vppp < 3.6 V. The temperature sensor is internally
connected to the ADC1_IN16 input channel which is used to convert the sensor output
voltage into a digital value.

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.
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Pinouts and pin description
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Figure 4. STM32F100xx value line LQFP64 pinout
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Pinouts and pin description
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Figure 6. STM32F100xx value line TFBGAG64 ballout
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Table 4. Low & medium-density STM32F100xx pin definitions

Pins

LQFP100
LQFP64
TFBGA64

LQFP48

Pin name

1/0 level®

Alternate functions(®4

Main
function®
(after reset)

Default

Remap

PE2

-n
—

PE2

TRACECLK

PE3

110

PE3

TRACEDO

PE4

110

FT

PE4

TRACED1

PE5

110

FT

PE5

TRACED2

PE6

1’0

FT

PEG6

TRACED3

1 |B2

\IN

VBar

PC13-TAMPER-RTC®

1’0

PC13©®

TAMPER-RTC

| N[Ol W|DN
1
1

PC14-0SC32_IN®)

1’0

PC14(©)

0SC32_IN
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5.1

5.1.1

5.1.2

5.1.3

514

5.1.5
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Electrical characteristics

Parameter conditions

Unless otherwise specified, all voltages are referenced to Vgg.

Minimum and maximum values

Unless otherwise specified the minimum and maximum values are guaranteed in the worst
conditions of ambient temperature, supply voltage and frequencies by tests in production on
100% of the devices with an ambient temperature at Ty = 25 °C and Tp = Tymax (given by
the selected temperature range).

Data based on characterization results, design simulation and/or technology characteristics
are indicated in the table footnotes and are not tested in production. Based on
characterization, the minimum and maximum values refer to sample tests and represent the
mean value plus or minus three times the standard deviation (meanz3%).

Typical values

Unless otherwise specified, typical data are based on Ty = 25 °C, Vpp = 3.3 V (for the
2V <Vpp £3.6 V voltage range). They are given only as design guidelines and are not
tested.

Typical ADC accuracy values are determined by characterization of a batch of samples from
a standard diffusion lot over the full temperature range, where 95% of the devices have an
error less than or equal to the value indicated (mean+2X%).

Typical curves

Unless otherwise specified, all typical curves are given only as design guidelines and are
not tested.

Loading capacitor

The loading conditions used for pin parameter measurement are shown in Figure 8.

Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 9.
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Electrical characteristics

5.1.7

5.2

3

Current consumption measurement

Figure 11. Current consumption measurement scheme
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Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 5: Voltage characteristics,

Table 6: Current characteristics, and Table 7: 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 5. Voltage characteristics

Symbol Ratings Min Max Unit
External main supply voltage (including
Vpp -V -0.3 4.0
DD 7SS | Vppaand Vpp)
v @ Input voltage on five volt tolerant pin Vgg-0.3 Vpp +4.0 v
IN
Input voltage on any other pin Vggs-0.3 4.0
[AVppy| | Variations between different Vpp power pins - 50
Variations between all the different ground mV
IVssx —Vssl | 9 - 50
pins
Electrostatic discharge voltage (human body see Sect/on 5'.3' 11:Abso/_ute
VEsD(HBM) model) maximum ratings (electrical -
sensitivity)

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

2. V,y maximum must always be respected. Refer to Table 6: Current characteristics for the maximum

allowed injected current values.
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Figure 12. Maximum current consumption in Run mode versus frequency (at 3.6 V) -
code with data processing running from RAM, peripherals enabled
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Figure 13. Maximum current consumption in Run mode versus frequency (at 3.6 V) -
code with data processing running from RAM, peripherals disabled
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Table 14. Maximum current consumption in Sleep mode, code running from Flash or

RAM
Max(")
Symbol Parameter Conditions fleoLk Unit
Tpo=85°C | T,=105°C
24 MHz 9.6 10
)
Extgrnal clock'<’ all 16 MHz 71 75
peripherals enabled
Supply current 8 MHz 4.5 4.8
IDD . mA
in Sleep mode 24 MHz 38 4
External clock®, all
peripherals disabled 16 MHz 33 35
8 MHz 27 3

1. Guaranteed by characterization, tested in production at Vpn max and fiyc k max with peripherals enabled.

2. External clock is 8 MHz and PLL is on when fyyc| k > 8 MHz.

3
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Electrical characteristics

Figure 15. Typical current consumption in Stop mode with regulator in Run mode
versus temperature at Vpp =3.3Vand 3.6 V
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Table 16. Typical current consumption in Run mode, code with data processing
running from Flash

Typical values(?)
Symbol | Parameter Conditions fHeoLk All peripherals | All peripherals Unit
enabled? disabled
24 MHz 12.8 9.3
16 MHz 9.3 6.6
8 MHz 5.1 3.9
Running on high-speed |4 MHz 3.2 25
external clock with an
1 MHz 1.55 1.4
500 kHz 1.3 1.2
Supply 125 kHz 1.1 1.05
Ibp current in mA
16 MHz 8.5 6
8 MHz 4.6 3.3
Running on high-speed 4 MHz 26 1.9
internal RC (HSI) 2 MHz 15 1.15
1 MHz 0.9 0.8
500 kHz 0.65 0.6
125 kHz 0.45 0.43

Typical values are measures at Ty = 25 °C, Vpp=3.3 V.

2. Add an additional power consumption of 0.8 mA for the ADC and of 0.5 mA for the DAC analog part. In
applications, this consumption occurs only while the ADC is on (ADON bit is set in the ADC_CR2 register).

3. An 8 MHz crystal is used as the external clock source. The AHB prescaler is used to reduce the frequency
when fHCLK <8 MHZ, the PLL is used when fHCLK > 8 MHz.

3
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Table 21. HSE 4-24 MHz oscillator characteristics(1(?

Symbol Parameter Conditions Min | Typ | Max | Unit
fosc in | Oscillator frequency - 4 8 24 MHz
Rr Feedback resistor - - 200 - kQ

C Recommended load capacitance
H versus equivalent serial Rg =30 Q - 30 - pF

@)
Crz resistance of the crystal (Rg)®
VDD =33V
in HSE driving current V|n = Vgg With 30 pF - - 1 mA
load
Im Oscillator transconductance Startup 25 - - mA/N
tSUggSE) Startup time Vpp is stabilized - 2 - ms

1. Resonator characteristics given by the crystal/ceramic resonator manufacturer.
Guaranteed by characterization results.

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. Ci 4 and C, , 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

icr;cluded é10 pF can be used as a rough estimate of the combined pin and board capacitance) when sizing
L1 and L2-

4. 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.

5. tgymsk) 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

Figure 20. Typical application with an 8 MHz crystal
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1. Rgxr value depends on the crystal characteristics.

3
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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 22. 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).

Note: For C; 4 and C » it is recommended to use high-quality ceramic capacitors in the 5 pF to
15 pF range selected to match the requirements of the crystal or resonator. C yand C; , are
usually the same size. The crystal manufacturer typically specifies a load capacitance which
is the series combination of C; ; and C, ,.

Load capacitance C, has the following formula: C = C 1 x C 2/ (C4 + C ) + Cgyrny, where
Cstray Is the pin capacitance and board or trace PCB-related capacitance. Typically, it is
between 2 pF and 7 pF.

For further details, refer to the application note AN2867 “Oscillator design guide for ST
microcontrollers” available from the ST website www.st.com.

Caution:  To avoid exceeding the maximum value of C, 4 and C, 5 (15 pF) it is strongly recommended
to use a resonator with a load capacitance C| <7 pF. Never use a resonator with a load
capacitance of 12.5 pF.

Example: if you choose a resonator with a load capacitance of C| = 6 pF, and Cgyr,y = 2 pF,
then C|_1 = CL2 =8 pF
Table 22. LSE oscillator characteristics (f_gg = 32.768 kHz)(")
Symbol Parameter Conditions Min | Typ | Max | Unit
Re Feedback resistor - - 5 - MQ
Recommended load capacitance
Crq CLZ( ) | versus equivalent serial Rgs =30 KQ - - 15 pF
resistance of the crystal (RS)(3)
I LSE driving current Vpp =3.3VV|y=Vss - - 1.4 MA
Im Oscillator transconductance - 5 - - WAN
Tpo=50°C - 15 -
To=25°C - 25 -
To=10°C - 4 -
; Tpa=0°C - 6 -
4) i VDD IS A
tsuwse) " | Startup time stabilized Ta=10°C T 0 1 - 1 °
Tp=-20°C - 17 -
Tp=-30°C - 32 -
Tp=-40°C - 60 -

w N

&

Guaranteed by characterization results.
Refer to the note and caution paragraphs above the table.

The oscillator selection can be optimized in terms of supply current using an high quality resonator with small Rg value for

example MSIV-TIN32.768 kHz. Refer to crystal manufacturer for more details

tsu(LsE) is the startup time measured from the moment it is enabled (by software) to a stabilized 32.768 kHz oscillation is

reached. This value is measured for a standard crystal and it can vary significantly with the crystal manufacturer

S74
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3

Low-speed internal (LSI) RC oscillator

Table 24. LSI oscillator characteristics (1)

Symbol Parameter Min Typ Max Unit
fLsi Frequency 30 40 60 kHz
Af sty | Temperature-related frequency drift®) -9 - 9 %
tsus)’® | LS! oscillator startup time - - 85 us
IDD(LS|)(3) LSI oscillator power consumption - 0.65 1.2 pA

1. Vpp =3V, Tp =—-40to 105 °C °C unless otherwise specified.
2. Guaranteed by characterization results.

3. Guaranteed by design.

Wakeup time from low-power mode

The wakeup times given in Table 25 are measured on a wakeup phase with an 8-MHz HSI
RC oscillator. The clock source used to wake up the device depends from the current
operating mode:

e  Stop or Standby mode: the clock source is the RC oscillator

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

All timings are derived from tests performed under the ambient temperature and Vpp supply
voltage conditions summarized in Table 8.

Table 25. Low-power mode wakeup timings

Symbol Parameter Typ Unit
twusLeep'! Wakeup from Sleep mode 1.8 ps
Wakeup from Stop mode (regulator in run mode) 3.6
twusTor" Hs
Wakeup from Stop mode (regulator in low-power mode) 5.4
tWUSTDBY(1) Wakeup from Standby mode 50 us

1. The wakeup times are measured from the wakeup event to the point at which the user application code
reads the first instruction.
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5.3.9 Memory characteristics

Flash memory

The characteristics are given at Ty = —40 to 105 °C unless otherwise specified.

Table 27. Flash memory characteristics

Symbol Parameter Conditions Min(" Typ Max(" | Unit
torog 16-bit programming time Tp=—-40to +105°C 40 52.5 70 ps
terase | Page (1 KB) erase time Tp=-40to +105 °C 20 - 40 ms
tme Mass erase time Ta=-40to +105°C 20 - 40 ms
Read mode ) ) 20 mA

fHCLK =24 MHZ, VDD =33V

| Supoly current Write / Erase modes ) ) 5 mA
DD PRl froLk = 24 MHz, Vpp = 3.3V

Power-down mode / Halt,

Vpp =3.0t03.6V - ) S0 | A
Vorog Programming voltage - 2 - 3.6 \Y,
1. Guaranteed by design.
Table 28. Flash memory endurance and data retention
Value
Symbol Parameter Conditions Unit
Min(" Typ | Max
Tp = —40 to +85 °C (6 suffix versions)
Nenp | Endurance ' 4010 +105 °C (7 suffix versions)| 10 | T~ | - |keyeles
1 keycle® at Ty = 85 °C 30 - -
tReT Data retention | 1 kcycle® at T, = 105 °C 10 - - | Years
10 keycles® at T, = 55 °C 20 - -

1. Based on characterization not tested in production.

2. Cycling performed over the whole temperature range.

3
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5.3.10

54/96

EMC characteristics

Susceptibility tests are performed on a sample basis during device characterization.

Functional EMS (Electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports).
the device is stressed by two electromagnetic events until a failure occurs. The failure is
indicated by the LEDs:

e Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until
a functional disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.

e FTB: A Burst of Fast Transient voltage (positive and negative) is applied to Vpp and
Vgg through a 100 pF capacitor, until a functional disturbance occurs. This test is
compliant with the IEC 61000-4-4 standard.

A device reset allows normal operations to be resumed.

The test results are given in Table 29. They are based on the EMS levels and classes
defined in application note AN1709.

Table 29. EMS characteristics

Symbol Parameter Conditions Level/Class

Vpp=3.3V, Ty=+25 °C,
Voltage limits to be applied on any I/O pin to | fycLk =24 MHz, LQFP100

VFESD  |induce a functional disturbance package, conforms to 2B
IEC 61000-4-2
Fast transient voltage burst limits to be ]YDD :—3.2?:1\|<}II.-II-§ :ngFSP 1%’0
Verre | applied through 100 pF on Vpp and Vgg pins | HCLK™ ’ 4A

package, conforms to

to induce a functional disturbance IEC 61000-4-4

Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical
application environment and simplified MCU software. It should be noted that good EMC
performance is highly dependent on the user application and the software in particular.

Therefore it is recommended that the user applies EMC software optimization and pre
qualification tests in relation with the EMC level requested for his application.

Software recommendations

The software flowchart must include the management of runaway conditions such as:
e  Corrupted program counter

e  Unexpected reset

e  Critical Data corruption (control registers...)

Prequalification trials

Most of the common failures (unexpected reset and program counter corruption) can be
reproduced by manually forcing a low state on the NRST pin or the Oscillator pins for 1
second. To complete these trials, ESD stress can be applied directly on the device, over the
range of specification values. When unexpected behavior is detected, the software can be
hardened to prevent unrecoverable errors occurring (see application note AN1015).
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Electrical characteristics

5.3.13 /0 port characteristics
General input/output characteristics
Unless otherwise specified, the parameters given in Table 34 are derived from tests
performed under the conditions summarized in Table 8. All I/Os are CMOS and TTL
compliant.
Table 34. I/O static characteristics
Symbol Parameter Conditions Min Typ Max Unit
Standard /O input low 03 ) 0.28*(Vpp—-2 V)+0.8 V
level voltage
IL 0 FTO input tow
bu - -03 - | 0.32*(Vpp=2 V)+0.75 V
level voltage
. \Y
Standard 1/O input .
high level voltage 0.41*(Vpp—2 V) +13V | - Vppt+0.3
ViH
(1) i VDD >2V 55
I/O FT'" input high 0.42*(Vpp=2)+1 V )
level voltage Vpp <2 V 592
Standard 1/0O Schmitt
trigger voltage 200 - - mV
Vhys hysteresis(2) _
I/O FT Schmitt trigger o 3) ) )
voltage hysteresis(®) 5% Voo mV
Vss<Vin<Vpp ) ) #
Input leakage Standard 1/Os B
"o | current HA
V|N =5V _ _ 3
I/OFT
Weak pull-up _
Rpu equivalent resistor(®) ViN=Vss 30 40 50 kQ2
Weak pull-down _
Rpp equivalent resistor(®) Vin="Vop 30 40 50 kQ2
Cio |1/O pin capacitance - - 5 - pF
1. FT =5V tolerant. To sustain a voltage higher than Vpp+0.3 the internal pull-up/pull-down resistors must be disabled.
2. Hysteresis voltage between Schmitt trigger switching levels. Guaranteed by design.
3.  With a minimum of 100 mV.
4. Leakage could be higher than max. 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

PMOS/NMOS contribution to the series resistance is minimum (~10% order).

All' I/Os are CMOS and TTL compliant (no software configuration required). Their

characteristics cover more than the strict CMOS-technology or TTL parameters. The
coverage of these requirements is shown in Figure 22 and Figure 23 for standard 1/Os, and
in Figure 24 and Figure 25 for 5V tolerant I/Os.

3
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Table 42. ADC characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vppa | Power supply - 24 - 3.6 \Y
Vgrer+ | Positive reference voltage - 24 - Vppa \Y
rer F(;‘iLrJ]rrent on the Vg input . - 160(" | 220" HA

fapc | ADC clock frequency - 0.6 - 12 MHz
fg®) | Sampling rate - 0.05 - 1 MHz
fapc = 12 MHz - - 705 kHz
fTR|G(2) External trigger frequency
- - - 17 1fapc
Van® | Conversion voltage range - 0 (Vssatied to - VREF+ v

ground)

2) : ; See Equation 1 and ) i
RAIN External input impedance Table 43 for details 50 KQ

RADC(z) Sampling switch resistance - - - 1 KO
@) |Internal sample and hold ) ) )
Canc capacitor 8 PF
fADC =12 MHz 6.9 us
tCAL(2) Calibration time
- 83 1/fADC
{(2) |Injection trigger conversion fanc = 12 MHz - - 0.25 us
lat latency i _ - 3D | Ao
¢ (2 |Regular trigger conversion fapc = 12 MHz - - 0.166 Hs
latr Iatency _ _ _ 2(4) 1/fADC
0.125 - 20.0 ps
ts® | Sampling time fapc = 12 MHz
1.5 - 239.5 1fapc
tSTAB(z) Power-up time - 0 0 1 us
fapc = 12 MHz 1.17 - 21 gs

t CONV(z) Total cgnversion_timg '
(including sampling time) 14 to 252 (tg for sampling +12.5 for

) successive approximation) Wioc

1. Based on characterization results, not tested in production.
Guaranteed by design.

VRer+ €an be internally connected to Vppp and Vreg. can be internally connected to Vgga, depending on the package.
ReFer to Table 4: Low & medium-density STM32F100xx pin definitions and Figure 6 for further details.

4. For external triggers, a delay of 1/fpc| ko must be added to the latency specified in Table 42.

Equation 1: Ry)y max formula:
s

Rain < N3~ Raoc

fapc X Capc x In(2 )

The above formula (Equation 1) is used to determine the maximum external impedance allowed for an
error below 1/4 of LSB. Here N = 12 (from 12-bit resolution).

3
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STM32F100x4, STM32F100x6, STM32F100x8, STM32F100xB

Table 43. Ry max for fapc = 12 MHz(")

T (cycles) ts (us) Rain max (k)

1.5 0.125 0.4

7.5 0.625 5.9

13.5 1.125 1.4

28.5 2.375 252

415 3.45 37.2

55.5 4.625 50

715 5.96 NA

239.5 20 NA

1. Guaranteed by design.

Table 44. ADC accuracy - limited test conditions(1(2)

Symbol Parameter Test conditions Typ Max Unit

ET Total unadjusted error fecLk2 = 24 MHz, 1.3 2.2

EO Offset error fapc =12 MHz, Ra < 10 kO +1 1.5
VDDA =3Vto36V

EG |Gain error Vrers = Vboa +0.5 1.5 LSB

ED Differential linearity error Tpo=25°C 0.7 +1
Measurements made after

EL Integral linearity error ADC calibration +0.8 1.5

1. ADC DC accuracy values are measured after internal calibration.
2. Guaranteed by characterization results.
Table 45. ADC accuracy() (2) (3)
Symbol Parameter Test conditions Typ Max Unit
i + +

ET Total unadjusted error focLia = 24 MHz, +2 5

EO |Offset error fapc =12 MHz, Ryy < 10kQ | 415 +2.5
Vv =24Vto36V

EG Gain error DDA , 1.5 13 LSB
Ta = Full operating range

ED Differential linearity error Measurements made after +1 *2

EL |Integral linearity error ADC calibration 1.5 +3

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

Better performance could be achieved in restricted Vpp, frequency, Vgegr and temperature ranges.

Guaranteed by characterization results.

Note:

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 I;nypiny and Zlinyeiny in

Section 5.3.12 does not affect the ADC accuracy.
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Electrical characteristics

5.3.19 Temperature sensor characteristics

Table 47. TS characteristics

Symbol Parameter Min Typ Max Unit
M Vsense linearity with temperature - + 2 °C
Avg_SIope“) Average slope 4.0 4.3 4.6 mV/°C
V5! Voltage at 25°C 1.32 1.41 1.50 Y%
tsTaRT ) Startup time 4 - 10 us
TS_temp(3)(2) ADC sampling time when reading the temperature - - 171 us

1. Guaranteed by characterization results.

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

3
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Table 52. LQFP48 - 48-pin, 7 x 7 mm low-profile quad flat package

millimeters inches(")
Symbol
Min Typ Max Min Typ Max
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.
Figure 47. LQFP48 - 48-pin, 7 x 7 mm low-profile quad flat package
recommended footprint
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1. Dimensions are expressed in millimeters.
1S7 DoclD16455 Rev 9 87/96

mechanical data (continued)
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6.5 Thermal characteristics

The maximum chip junction temperature (T jmax) must never exceed the values given in
Table 8: General operating conditions on page 34.

The maximum chip-junction temperature, T ; max, in degrees Celsius, may be calculated
using the following equation:
T, max = Ty max + (Pp max x 0j,)
Where:
e  Tp maxis the maximum ambient temperature in °C,
e Oy, is the package junction-to-ambient thermal resistance, in ° C/W,
e  Pp max is the sum of P\t max and Pj,o max (Pp max = Pyt max + P;,gmax),

e  Pny7 maxis the product of Ipp and Vpp, expressed in Watts. This is the maximum chip
internal power.

P;o max represents the maximum power dissipation on output pins where:
Pio max =X (VoL * lor) + Z((Vpp — Von) * lon);
taking into account the actual Vg / I and Vgy / Ioy of the 1/Os at low and high level in the

application.
Table 53. Package thermal characteristics
Symbol Parameter Value Unit
Thermal resistance junction-ambi.ent 46
LQFP 100 - 14 x 14 mm / 0.5 mm pitch
Thermal resistance junction-ambient 45

LQFP 64 - 10 x 10 mm / 0.5 mm pitch
T °CIW
Thermal resistance junction-ambient 65
TFBGAG4 - 5 x 5 mm / 0.5 mm pitch

Thermal resistance junction-ambient

LQFP 48 -7 x 7 mm / 0.5 mm pitch 55

6.5.1 Reference document

JESD51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural
Convection (Still Air). Available from www.jedec.org.
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