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Serial memory interface (SMI)

The Serial Memory interface is directly able to access up to 4 serial FLASH devices. It can
be used to access data, execute code directly or boot the application from external memory.
The memory is addressed as 4 banks of up to 16 Mbytes each.

Clocks and start-up

After RESET or when exiting from Low Power Mode, the CPU is clocked immediately by an
internal RC oscillator (FREEOSC) at a frequency centered around 5 MHz, so the application
code can start executing without delay. In parallel, the 4/8 MHz Oscillator is enabled and its
stabilization time is monitored using a dedicated counter.

An oscillator failure detection is implemented: when the clock disappears on the XT1 pin, the
circuit automatically switches to the FREEOSC oscillator and an interrupt is generated.

In Run mode, the AHB and APB clock speeds can be set at a large number of different
frequencies thanks to the PLL and various prescalers: up to 60 MHz for AHB and up to 32
MHz for APB when fetching from Flash (64 MHz and 32 MHz when fetching from SRAM).

In SLOW mode, the AHB clock can be significantly decreased to reduce power
consumption.

The built-in Clock Controller also provides the 48 MHz USB clock directly without any extra
oscillators or PLL. For instance, starting from the 4 MHz crystal source, it is possible to
obtain in parallel 60 MHz for the AHB clock, 48 MHz for the USB clock and 30 MHz for the
APB peripherals.

Boot modes

At start-up, boot pins are used to select one of five boot options:

® Boot from internal flash

® Boot from external serial Flash memory

@ Boot from internal boot loader

® Boot from internal SRAM

Booting from SMI memory allows booting from a serial flash. This way, a specific boot

monitor can be implemented. Alternatively, the STR750F can boot from the internal boot
loader that implements a boot from UART.

Power supply schemes

You can connect the device in any of the following ways depending on your application.

® Power Scheme 1: Single external 3.3V power source. In this configuration the
VcoRe supply required for the internal logic is generated internally by the main voltage
regulator and the Vgackup supply is generated internally by the low power voltage
regulator. This scheme has the advantage of requiring only one 3.3V power source.

® Power Scheme 2: Dual external 3.3V and 1.8V power sources. In this configuration,
the internal voltage regulators are switched off by forcing the VREG_DIS pin to high
level. VooRe is provided externally through the Vg and V4grgg power pins and
Veackup through the V45 gkp pin. This scheme is intended to save power consumption
for applications which already provide an 1.8V power supply.

® Power Scheme 3: Single external 5.0V power source. In this configuration the
Vcore supply required for the internal logic is generated internally by the main voltage
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Caution:

Caution:

regulator and the Vgackup supply is generated internally by the low power voltage
regulator. This scheme has the advantage of requiring only one 5.0V power source.

e Power Scheme 4: Dual external 5.0V and 1.8V power sources. In this configuration,
the internal voltage regulators are switched off, by forcing the VREG_DIS pin to high
level. VcoRge is provided externally through the Vg and Vgrgg power pins and
Veackup through the Vg gkp pin. This scheme is intended to provide 5V I/O capability.

When powered by 5.0V, the USB peripheral cannot operate.

Low power modes

The STR750F supports 5 low power modes, SLOW, PCG, WFI, STOP and STANDBY.

® SLOW MODE: the system clock speed is reduced. Alternatively, the PLL and the main
oscillator can be stopped and the device is driven by a low power clock (fgrc)- The
clock is either an external 32.768 kHz oscillator or the internal low power RC oscillator.

® PCG MODE (Peripheral Clock Gating MODE): When the peripherals are not used, their
APB clocks are gated to optimize the power consumption.

® WFI MODE (Wait For Interrupts): only the CPU clock is stopped, all peripherals
continue to work and can wake-up the CPU when IRQs occur.

® STOP MODE: all clocks/peripherals are disabled. It is also possible to disable the
oscillators and the Main Voltage Regulator (In this case the VgoRe is entirely powered
by V45 gkp)- This mode is intended to achieve the lowest power consumption with
SRAM and registers contents retained. The system can be woken up by any of the
external interrupts / wake-up lines or by the RTC timer which can optionally be kept
running. The RTC can be clocked either by the 32.768 kHz Crystal or the Low Power
RC Oscillator.
Alternatively, STOP mode gives flexibility to keep the either main oscillator, or the Flash
or the Main Voltage Regulator enabled when a fast start after wake-up is preferred (at
the cost of some extra power consumption).

e STANDBY MODE: This mode (only available in single supply power schemes) is
intended to achieve the lowest power consumption even when the temperature is
increasing. The digital power supply (VcoRe) is completely removed (no leakage even
at high ambient temperature). SRAM and all register contents are lost. Only the RTC
remains powered by V45 gkp The STR750F can be switched back from STANDBY to
RUN mode by a trigger event on the WKP_STDBY pin or an alarm timeout on the RTC
counter.

It is important to bear in mind that it is forbidden to remove power from the Vpp o power
supply in any of the Low Power Modes (even in STANDBY MODE).

DMA

The flexible 4-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.

The DMA can be used with the main peripherals: UARTO, SSPO, Motor control PWM timer
(PWM), standard timer TIMO and ADC.

RTC (real-time clock)

The real-time clock provides a set of continuously running counters which can be used with
suitable software to provide a clock calendar function, and provides an alarm interrupt and a
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periodic interrupt. It is clocked by an external 32.768 kHz oscillator or the internal low power
RC oscillator. The RC has a typical frequency of 300 kHz and can be calibrated.

WDG (watchdog timer)

The watchdog timer is based on a 16-bit downcounter and 8-bit prescaler. It can be used as
watchdog to reset the device when a problem occurs, or as free running timer for application
time out management.

Timebase timer (TB)

The timebase timer is based on a 16-bit auto-reload counter and not connected to the 1/0
pins. It can be used for software triggering, or to implement the scheduler of a real-time
operating system.

Synchronizable standard timers (TIM2:0)

The three standard timers are based on a 16-bit auto-reload counter and feature up to 2
input captures and 2 output compares (for external triggering or time base / time out
management). They can work together with the PWM timer via the Timer Link feature for
synchronization or event chaining. In reset state, timer Alternate Function I/Os are
connected to the same

I/O ports in both 64-pin and 100-pin devices. To optimize timer functions in 64-pin devices,
timer Alternate Function 1/Os can be connected, or “remapped”, to other I/O ports as
summarized in Table 3 and detailed in Table 6. This remapping is done by the application via
a control register.

Table 3. Standard timer alternate function I/Os

Number of alternate function I/Os

Standard timer functions 100-pin 64-pin package
package | pefault mapping Remapped
Input Capture 2 1 2
TIMO
Output Compare/PWM 2 1 2
Input Capture 2 1 1
TIM 1
Output Compare/PWM 2 1 1
Input Capture 2 2 2
TIM 2 P P
Output Compare/PWM 2 1 2

Any of the standard timers can be used to generate PWM outputs. One timer (TIMO) is
mapped to a DMA channel.

Motor control PWM timer (PWM)

The Motor Control PWM Timer (PWM) can be seen as a three-phase PWM multiplexed on 6
channels. The 16-bit PWM generator has full modulation capability (0...100%), edge or
centre-aligned patterns and supports dead-time insertion. It has many features in common
with the standard TIM timers which has the same architecture and it can work together with
the TIM timers via the Timer Link feature for synchronization or event chaining.The PWM
timer is mapped to a DMA channel.

574
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GPIOs (general purpose input/output)

Each of the 72 GPIO pins (38 GPIOs in 64-pin devices) can be configured by software as
output (push-pull or open-drain), as input (with or without pull-up or pull-down) or as
Peripheral Alternate Function. Port 1.15 is an exception, it can be used as general-purpose
input only or wake-up from STANDBY mode (WKP_STDBY). Most of the GPIO pins are
shared with digital or analog alternate functions.

10/84 Kﬁ
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Figure 12. Power consumption measurements in power scheme 1 (regulators

enabled)
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Figure 13. Power consumption measurements in power scheme 2 (regulators

disabled)
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Figure 16. Power consumption in STOP mode Figure 17. Power consumption in STOP mode
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Subject to general operating conditions for Vpp |0, and Ty

Table 15. Single supply typical power consumption in Run, WFI, Slow and Slow-WFI modes
- 3.3V | 5V .
Symbol Para meter Conditions typ™M | typ@ Unit
Clocked by OSC4M with PLL multiplication, all peripherals
enabled in the MRCC_PLCKEN register:
fHCLK=60 MHZ, fPCLK=30 MHz 80 82
fHCLK=56 MHZ, fPCLK=28 MHz 75 77 mA
fHCLK=48 MHZ, fPCLK=24 MHz 65 67
fHCLK=32 MHZ, fPCLK=32 MHz 59 61
fHCLK=16 MHZ, fPCLK=16 MHz 34 37
Supply current in | foLk=8 MHZ, fpci k=8 MHz 20 | 22
4
RUN mode”  [Glocked by OSC4M with PLL multiplication, only EXTIT
peripheral enabled in the MRCC_PLCKEN register:
fHCLK=60 MHZ, fPCLK=30 MHz 65 67
fHCLK=56 MHZ, fPCLK=28 MHz 60 62 mA
fHCLK=48 MHZ, fPCLK=24 MHz 54 55
fHCLK=32 MHZ, fPCLK=32 MHz 42 44
fHCLK=16 MHZ, fPCLK=16 MHz 22 24
fHCLK=8 MHZ, fPCLK=8 MHz 16 18
(3)
oo Clocked by OSC4M with PLL multiplication, only EXTIT
peripheral enabled in the MRCC_PLCKEN register:
fuoLk=60 MHz, fpc k=30 MHz(® 62 | 63
Supply current in | fyc k=56 MHz, fpg k=28 MHz() 59 60 mA
WFI mode) fuoLk=48 MHz, fpc k=24 MHZz(®) 53 | 54
fioLk=32 MHz, fpc k=32 MHz(®) 22 | 23
fuoLk=16 MHz, fpc k= 16 MHz ) 13 | 15
fucLk= 8 MHz, foc k= 8 MHZz(®) 10 | 11
Clocked by FREEOSC: fHCLKZfPCLK=~5 MHz, 9 10
Supply currentin | Clocked by OSC4M: fic k=fpcLk=4 MHz 8 9 mA
SLOW mode(® | Clocked by LPOSC: fyc k=fpcLx=~300 kHz 365 | 3.9
Clocked by OSC32K: fHCLKszCLK=32'768 kHz 3.5 4.2
. Clocked by FREEOSC: fHCLK=fPCLK=~5 MHz 3.5 4.0
gtg‘:}&’_s\;‘gem M| Clocked by OSCAM: fo, kefpoL k=4 MHZ 31 | 875 |
mode(4)(7) Clocked by LPOSC: fHCLKszCLK=N3OO kHz 1.15 1.65
Clocked by OSC32K: fHCLKszCLK=32'768 kHz 0.98 1.5
1. Typical data based on Tp=25° C and Vpp |0=3.3V.
2. Typical data based on Tp=25° C and Vpp 0=5.0V.
3. The conditions for these consumption measurements are described at the beginning of Section 6.3.4 on page 36.
4. Single supply scheme see Figure 14.
5. Parameter setting BURST=1, WFI_FLASHEN=1
6. Parameter setting BURST=0, WFI_FLASHEN=0
7. Parameter setting WFI_FLASHEN=0, OSC4MOFF=1
40/84 1574
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Memory characteristics

Flash memory

Subject to general operating conditions for Vpp |0 and Vg, Tp = -40 to 105 °C unless
otherwise specified.

Table 26. Flash memory characteristics
Value
Symbol Parameter Test Conditions Unit
Typ | Max("
tpw | Word Program 35 us
tppw | Double Word Program 60 us
Single Word programming of @
tpgg | Bank O Program (256K) a checker-board pattern 2 4.9 s
Single Word programming of @
tpp1 Bank 1 Program (16K) a checker-board pattern 125 224 ms
Not preprogrammed (all 1) 154 | 2.94)
t Sector Erase (64K s
ES (64K) Preprogrammed (all 0) 1.176 | 2.38@
Not preprogrammed (all 1) 392 | 5601
t Sector Erase (8K ms
ES (8K) Preprogrammed (all 0) 343 | 5320
Not preprogrammed (all 1) 8.0 13.7
t Bank 0 Erase (256K s
ES ( ) Preprogrammed (all 0) 6.6 11.2
Not preprogrammed (all 1) 0.9 1.5
t Bank 1 Erase (16K S
ES (16K) Preprogrammed (all 0) 0.8 1.3
trpp | Recovery when disabled 20 us
tpg. | Program Suspend Latency 10 us
tes. | Erase Suspend Latency 300 us
1. Data based on characterisation not tested in production
2. 10K program/erase cycles.
Table 27. Flash memory endurance and data retention
Value
Symbol Parameter Conditions Unit
Min" | Typ | Max
Nenp_po | Endurance (Bank 0 sectors) 10 kcycles
Nenp_ g1 | Endurance (Bank 1 sectors) 100 kcycles
Yget |Data Retention Tp=85°C 20 Years
Min time from Erase
tesr | Erase Suspend Rate Resume to next Erase 20 ms
Suspend

1. Data based on characterisation not tested in production.
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Table 33. Output driving current

1/0 Output drive characteristics for
VDD_IO =3.0to 3.6 V and EN33 bit =1
or VDDJO =4.510 5.5 V and EN33 bit =0
Vo Symbol Parameter Conditions Min Max | Unit
Type
Output low level voltage for a standard
VOL“) I/0 pin when 8 pins are sunk at same | l,g=+2 mA 0.4
02 time
@ | Output high level voltage for an 1/O pin _ i
Vor™ | when 4 pins are sourced at same time ho=-2 mA Voo_i0-0-8
Output low level voltage for a standard
Vo " | 1/O pin when 8 pins are sunk at same | l;o=+4 mA 0.4
04 time
@ | Output high level voltage for an 1/O pin . i
VoH™ | when 4 pins are sourced at same time | 10="4 MA Vop_ 10708 Vv
Output low level voltage for a standard
I/O pin when 8 pins are sunk at same | ljo=+8 mA 0.4
time
Vo lio=+20 MA,
Output low level voltage for a high sink | T,<g85°C 1.3
o8 : i A= 15
/O pin when 4 pins are sunk at same | T,>85°C :
time
lio=+8 mA 0.4
@ | Output high level voltage for an 1/O pin _ i
Vor™ | when 4 pins are sourced at same time ho=-8 mA Vop_i0-0-8

1. The l|g current sunk must always respect the absolute maximum rating specified in Section 6.2.2 and the
sum of | (I/O ports and control pins) must not exceed lygg o

2. The | g current sourced must always respect the absolute maximum rating specified in Section 6.2.2 and
the sum of |, (/O ports and control pins) must not exceed lypp |o-

56/84 Ky_’
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TB and TIM timer characteristics

Subject to general operating conditions for Vpp |0, fck_sys, and Ty unless otherwise

specified.

Refer to Section 6.3.8: I/O port pin characteristics on page 54 for more details on the
input/output alternate function characteristics (output compare, input capture, external clock,
PWM output...).

Table 36. TB and TIM timers

60 MHz

Symbol | Parameter Conditions Min | Typ Max Unit
tw(cAP)in Lnuﬁ:;?ﬁ;ure TIMO,1,2 2 tok_TIm
fok_Timmax) = fek_svs 1 tok_Tiv
Timer " gCOKK}I-w; foK_svs = 16.6(") ns
tres(Tiv)  |resolution
time(") fok_TiMmax) =fek sys | 1 tok_Tim
TIMO,1,2 f6C0K|\7|1|-||’\£ =fok sys = 16,6 ns
Timer fok_Timmax)=fck sys | O fok_Tiv/4 | MHz
fexr ?r);tc?l:r;?c(;%%k TIMO, 1.2 ¢, i = fox_svs = 0 15 MHz
T or TI2 60 MHz
Restim rTeirsno?LrJtion 16 bit
16-bit 1 65536 | tck Tim
Sgﬁgﬂﬁgﬁ" ™ LCOKMTQ"; feksys= 100166 1092 us
‘oounTER :gt:::gtglgck 1 65536 tck_TIm
I(Jrz-stggler) o2 ok T =lok svs= 0 0166 1092 s
65536x65536 | tck Tim
Maximum " gCOde; fox_svs = 71.58 s
fax_count|Possible 65536x65536 | ok T
TIMO1.2 oy 7im = fox_svs = 71.58 s

1. Take into account the frequency limitation due to the I/O speed capability when outputting the PWM to 1/0
pin, described in : Output speed on page 57.
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Figure 28. SPI configuration - master mode, single transfer
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Figure 29. SPI configuration - master mode, continuous transfer, CPHA=0
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Figure 30. SPI configuration - master mode, continuous transfer, CPHA=1
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Figure 31. TI configuration - master mode, single transfer
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Figure 32. TI configuration - master mode, continuous transfer
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6.3.11

70/84

USB characteristics

The USB interface is USB-IF certified (Full Speed).

Table 42. USB startup time
Symbol Parameter Conditions Max Unit
tsTaRTUP USB transceiver startup time 1 ps
Table 43. USB characteristics
USB DC Electrical Characteristics
Symbol Parameter Conditions Min.(D@ | Max.(V@ | unit
Input Levels
Vpi Differential Input Sensitivity I(DP, DM) 0.2
Differential Common Mode
Vem Range Includes Vp, range 0.8 25 Y
Single Ended Receiver
Vse Threshold 13 2.0
Output Levels
VoL Static Output Level Low R, of 1.5 kQ to 3.6V® 0.3
\Y
VoH Static Output Level High R, of 15 kQ to Vgg® 2.8 3.6

1. All the voltages are measured from the local ground potential.

2. ltis important to be aware that the DP/DM pins are not 5 V tolerant. As a consequence, in case of a a
shortcut with Vbus (typ: 5.0V), the protection diodes of the DP/DM pins will be direct biased . This will not
damage the device if not more than 50 mA is sunk for longer than 24 hours but the reliability may be
affected.

3. R is the load connected on the USB drivers

Figure 41. USB: data signal rise and fall time
—, /
Differential
Data Lines Crossover
Vers - points ~a
_ N 7
Vss
- tf L tr
Table 44. USB: Full speed electrical characteristics
Symbol Parameter Conditions Min Max Unit
Driver characteristics:
t, Rise time(") C_=50 pF 4 20 ns
t; Fall Time") C.=50 pF 4 20 ns
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General PCB design guidelines

To obtain best results, some general design and layout rules should be followed when
designing the application PCB to shield the noise-sensitive, analog physical interface from
noise-generating CMOS logic signals.

® Use separate digital and analog planes. The analog ground plane should be connected
to the digital ground plane via a single point on the PCB.

@ Filter power to the analog power planes. It is recommended to connect capacitors, with
good high frequency characteristics, between the power and ground lines, placing
0.1 yF and optionally, if needed 10 pF capacitors as close as possible to the STR7
power supply pins and a 1 to 10 puF capacitor close to the power source (see
Figure 43).

® The analog and digital power supplies should be connected in a star network. Do not
use a resistor, as Vppa apc is used as a reference voltage by the A/D converter and
any resistance would cause a voltage drop and a loss of accuracy.

® Properly place components and route the signal traces on the PCB to shield the analog
inputs. Analog signals paths should run over the analog ground plane and be as short
as possible. Isolate analog signals from digital signals that may switch while the analog
inputs are being sampled by the A/D converter. Do not toggle digital outputs near the
A/D input being converted.

Software filtering of spurious conversion results

For EMC performance reasons, it is recommended to filter A/D conversion outliers using
software filtering techniques.

Figure 43. Power supply filtering

STR75XX
1to 10uF 01uF | Vs
° Pl
STR7
DIGITAL NOISE
T FILTERING T vV,
0 DD_IO
Voo
I
POWER
SUPPLY
SOURCE 0.1uF r]VDDA,ADc
(3.3V or 5.0V) L
EXTERNAL
NOISE
FILTERING
- Vssa_ADC
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Electrical parameters

Table 47. ADC accuracy
ADC accuracy with fCK_SYS =20 MHz, fADC=8 MHz, RAlN <10 kQ
This assumes that the ADC is calibrated(!)
Symbol Parameter Conditions Typ Max Unit
Vopa Apc=3.3 V 1 1.2
IEfl | Total unadjusted error () (3) -ADC
Vooa apc=33V | 045 | 05
IEgl | Offset error® () =
Vooa abc=50V | 015 | 05
V =3.3V -0.8 -0.2
Es |Gain Error@ @ DDA_ADC LSB
Vooa apc=50V | -08 | -0.2
Vopa apc=33V | 0.7 0.9
IEpl |Differential linearity error(® () -ADC
Vooa apc=33V | 0.6 0.8
IE, Integral linearity error 2 (3) =
Vooa apc=50V | 06 0.8

1. Calibration is needed once after each power-up.

Refer to ADC accuracy vs. negative injection current on page 73

ADC Accuracy vs. MCO (Main Clock Output): the ADC accuracy can be significantly degraded when
activating the MCO on pin P0.01 while converting an analog channel (especially those which are close to
the MCO pin). To avoid this, when an ADC conversion is launched, it is strongly recommended to disable

the MCO.

Figure 44. ADC accuracy characteristics
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(1) Example of an actual transfer curve
(2) The ideal transfer curve
(3) End point correlation line

Er=Total Unadjusted Error: maximum deviation
between the actual and the ideal transfer curves.

Eo=Offset Error: deviation between the first actual
transition and the first ideal 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.

E| =Integral Linearity Error: maximum deviation
between any actual transition and the end point
correlation line.
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7.2

7.2.1

Thermal characteristics

The maximum chip junction temperature (T j,ax) Must never exceed the values given in
Table 10: General operating conditions on page 34.

The maximum chip-junction temperature, T 4y, in degrees Celsius, may be calculated
using the following equation:

Tymax = Tamax + (Ppmax X ©ya)
Where:
—  Tamax is the maximum Ambient Temperature in °C,
— Oy, is the Package Junction-to-Ambient Thermal Resistance, in © C/W,

- Pbmax is the sum of Piytmax @and Pyyomax (Ppmax = PiNTmax + Pi/omax);

—  PiNTmax is the product of Ipp and Vpp, expressed in Watts. This is the maximum
chip internal power.

—  Pjomax represents the maximum Power Dissipation on Output Pins.
Where:
Piomax =2 (VoL"loL) + Z((Vpp-Vor)low).
taking into account the actual Vg, / lg and Vgu / Igy of the 1/Os at low and high
level in the application.

Table 48. Thermal characteristics(!

Symbol Parameter Value Unit

Thermal Resistance Junction-Ambient o
©ua LQFP 100 - 14 x 14 mm /0.5 mm pitch 46 cw

Thermal Resistance Junction-Ambient o
©ua LQFP 64 - 10 x 10 mm / 0.5 mm pitch 45 Cw

Thermal Resistance Junction-Ambient

©un LFBGA 64 - 8 x 8 x 1.7mm 58 CW

Thermal Resistance Junction-Ambient o
©Ja LFBGA 100 - 10 x 10 x 1.7mm 41 CW

1. Thermal resistances are based on JEDEC JESD51-2 with 4-layer PCB in a natural convection
environment.

Reference document

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

79/84




Order codes

STR750Fxx STR751Fxx STR752Fxx STR755Fxx

Table 49. Order codes (continued)
Flash Prog. Nominal
ord q Memory Pack CAN usB T R
raer code ackage emp. Range
(Bank 0) 9 Periph | Periph pT g
Kbytes (Ta)
STR755FV0T6 64
STR755FV1T6 128 LQFP100 14x14
STR755FV2T6 256
- - -40 to +85°C
STR755FVOH6 64
STR755FV1H6 128 LFBGA100 10x10
STR755FV2H6 256
82/84 17
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