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life.augmented

Datasheet

SR5 E1 line of Stellar electrification MCUs — 32-bit Arm® Cortex®-M7
automotive MCU 2x cores, 300 MHz, 2 MB flash, rich analog,
104 ps 24-ch high-resolution timer, HSM, and ASIL D

Features

. AEC-Q100 automotive qualification on going g
<TQFP100 . SR5 high-performance analog MCUs offering:

(14 x 14 x 1.0 mm) - Digital and analog r_migh-frgquency gontrol requgsted_by new wide-
bandgap technologies (silicon carbide and gallium nitride)

- Superior real-time and functional safety performance (ASIL-D capability)

- Built-in fast and cost-optimized OTA (over-the-air) reprogramming
capability (with built-in dual-image storage)
- High-speed security cryptographic services (HSM)

eTQFP144
(20 x 20 x 1.0 mm)

Cores

«  2x 32-bit Arm® Cortex®-M7 with double-precision FPU, L1 cache and DSP
instructions running at up to 300 MHz to reach 1284 DMIPS/2.14 DMIPS/MHz/
Core (Dhrystone 2.1)

- Split-lock configuration, allowing either 2 cores in parallel or 1 core in
lockstep configuration

. 2 DMA engines in lockstep configuration
o~ i
Memories

. Up to 2 MB on-chip flash memory with read while write support

- 1920 KB code flash memory split in two banks allowing 960 KB OTA
reprogramming support

- 160 KB HSM dedicated code flash memory

96 KB data flash memory (64 KB + 32 KB dedicated to HSM)

488 KB on-chip general-purpose SRAM:

- - 2x 32 KB instruction TCM + 2x 64 KB data TCM
- 256 KB system RAM
~ 40KB HSM dedicated system RAM

eLQFP176
(24 x 24 x 1.4 mm)

SR5E1E3 eTQFP100
SR5E1E5 cTQFP144 Security: hardware security module (HSM)
SR5E1E7 eLQFP176 . On-chip high-performance security module with EVITA medium support with
dedicated RAM and flash memory
. Based on Cortex®-M0+ core running at up to 150 MHz
. Hardware accelerator for symmetric cryptography

DS13808 - Rev 6 - December 2023 www.st.com

For further information contact your local STMicroelectronics sales office.


https://www.st.com/en/product/sr5e1e3?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS13808
https://www.st.com/en/product/sr5e1e5?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS13808
https://www.st.com/en/product/sr5e1e7?ecmp=tt9470_gl_link_feb2019&rt=ds&id=DS13808

<71 SR5E1E3, SR5E1E5, SRSE1E7
> /4

Safety: comprehensive new generation ASIL-D safety concept

. State of the art safety measures at all level of the architecture for most efficient implementation of
1ISO26262 ASIL-D functionalities

. FCCU for collection and reaction to failure notifications with enhanced configurability

. Memory error management unit (MEMU) for collection and reporting of error events in memories

. Cyclic redundancy check (CRC) unit

Enhanced peripherals for fast control loop capability

. 12 Timers:

- 2x HRTIM (high-resolution and complex waveform builder): 12x 16-bit counters, up to 102 ps
resolution, 24 PWM in total

- 2x 16-bit 6-channel advanced control timers, with up to 12x PWM, in total

- 2x 32-bit general purpose timers, with up to 8x IC/OC/PWM or pulse counter and quadrature
encoder input in total

- 4x 16-bit general purpose timers, with up to 11x PWM, 2 of which paired, in total
- 2x 16-bit basic timers
. Enhanced analog-to-digital converter system with:

- 5 separate 12-bit SAR analog converters, 8 channels each. Sampling rate up to 2.5 MSPS in single
mode, 5 MSPS in dual mode

- 2 separate 16-bit sigma-delta analog converters
. 12-bit digital-to-analog converters (DAC)

- 2 buffered external channels 1 MSPS

- 8 unbuffered internal channels 15 MSPS
. 8 rail-to-rail analog comparators, 50 ns propagation delay
. Hardware accelerator

- 1x CORDIC for trigonometric functions acceleration

Communication interfaces

. 4 modular controller area network (MCAN) modules, all supporting flexible data rate (ISO CAN-FD)
3 UART modules with LIN functionality

. 4 serial peripheral interface (SPI) modules, 2 multiplexed with IS interfaces

. 2 12C modules

Advanced debug and trace for high-performance automotive application development

. Built around Arm® CoreSight™-600

. Debug interface: Arm® CoreSight™ JTAG (IEEE 1149.1) or SWD
. 4 KB embedded trace FIFO for both on- and off-chip tracing

. Trace port for off-chip tracing: parallel trace port configurable from 1 to 8 data lines

Others

. Power efficiency management, through separate power modes for any selected cores, peripherals or
memories

. Boot assist flash (BAF) supports factory programming using a serial loader through CAN or UART
. Junction temperature range -40 °C to 150 °C
. Integrated power supply scheme:

- Integrated internal SMPS regulator

- 3.3 V supply & GPIOs
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Introduction

1.1 Document overview

This document provides electrical specifications, pin assignments, and package diagrams for the SR5E1E3,
SR5E1ES5, SR5E1E7 microcontroller units (MCUs). For functional characteristics, refer to the device reference
manual. This device is a preliminary and superset implementation of family devices. Contact your local
STMicroelectronics sales or marketing representative to receive the information on feature removal, improvement
or addition, versus upcoming SR6 family devices.

Note: For information on the Cortex®-M7 and Cortex®-M0+ cores, refer to the technical reference manuals, available
from the www.arm.com website.
Note: Arm is a registered trademark of Arm Limited (or its subsidiaries) in the US and/or elsewhere.
arm
1.2 Description

The SR5E1E3, SR5E1E5, SR5E1E7 MCU family has been designed to meet the enhanced digital control and
high-performance analog requested by the new wide bandgap power technologies, silicon carbide and GAN, from
power conversion applications such as on-board charger and DC/DC converters as well as advanced motor
control like traction inverter applications.

SR5E1E3, SR5E1E5, SR5E1E7 also offer superior real-time and safe performance with the highest ASIL-D
capability, security cryptographic services (HSM) and high efficiency OTA reprogramming capability.

1.3 Device features

The following table lists a summary of major features for the SRSE1E3, SR5E1E5, SR5E1E7. A detailed
description of the functionality provided by each on-chip module is given later in this document.

Table 1. Features list

Cores/memories

Cortex®-M7
Number of cores/checker cores

Nominal frequency

Tightly coupled memory (TCM)
Floating-point unit

Cache

System memories

On-chip code flash memory

On-chip data flash memory

Built-in memory replication for OTA reprogramming
System RAM

Others

Multichannel eDMA (paired in lockstep)

Interrupt broadcasting system in lockstep

Watchdogs

2 decoupled cores in split mode / 1 core with checker core in lock mode
300 MHz

2x 32 KB instruction in split mode or 1x 64 KB instruction in lock mode
2x 64 KB data in split mode or 1x 128 KB data in lock mode

Single and double precision
8 KB instruction (2 ways) for each core

16 KB data (4 ways) for each core

2 MB

64 KB

Up to 960 KB flash available

2x 128 KB (not including HSM dedicated RAM - see HSM)

2 DMA engines, 8 streams each
Up to 190 sources

2 independent and 2 window watchdogs
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Description

Security: hardware security module (HSM)

Core Cortex®-M0 @ 150 MHz, as half device frequency.
Symmetric:

C3 cryptography engine . AES-128/256, ECB, CBC, CMAC, GCM
. TRNG

Dedicated flash memory 160 KB

Dedicated system RAM 40 KB

Dedicated data flash 32 KB

Peripheral, 10s

Timer modules

2 modules, 6x 16-bit channels each, up to 102 ps resolution
High-resolution timer
Up to 24x PWM signals (or 12x paired)

2 modules, 16-bit timer
Advance control timer
Up to 8 input capture, 12 output compare (8 of which paired)
2 modules, 32-bit timer. Up to 8 input capture/output compare
General purpose timer
4 modules, 16-bit timer. Up to 11 input capture/output compare (2 of which paired)
Basic timer 2 modules, 16-bit timer
Enhanced analog-to-digital converter system

5 modules, 8 channels each
12-bit SAR analog converters
Fast conversion, up to 2.5 MSPS in single mode, 5 MSPS in dual mode

2 modules, 2 channels each (available only in eLQFP176 and eTQFP144 packages)

16-bit sigma-delta analog converters
Output conversion rate of 333 ksps (OSR = 24)
12-bit analog comparators 8 modules, rail-to-rail, 50 ns propagation delay

2 buffered external channels, 1 MSPS

12-bit digital-to-analog convertors

8 unbuffered internal digital-to-analog channels, 15 MSPS
Hardware accelerator
CORDIC (for trigonometric functions acceleration) 1 module

Communication interfaces

UART modules (with LIN function) 3
MCAN supporting CAN-FD according to ISO 11898-1 4
2015 CAN shared message RAM: 4 KB / MCAN (16 KB in total)
Serial peripheral interface (SPI) 4
12C 2

Software development/emulation features

- CoreSight™-600 libs for trace links, trace sink, and control components
Arm® CoreSight™-600 libs .
CoreSight "-400 libs for debug and trace source components

Arm® CoreSight™-600 compliant

Debug interfaces
. Debug port (JTAG+SWD)

Trace types Cortex®-M?7 instruction and data trace

Arm® CoreSight™ parallel trace port (1 to 8 data lines, shared with user pins, not

Off-chip trace available in eTQFP100 package)

Advance cross-trigger and performance measurement | CoreSight™-600 CTI & CTM
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Timestamp distribution Arm® CoreSight™ timestamp generator
] Arm® CoreSight™ authentication
Security
Password challenge with HSM
External tool-host CPU mailbox
Debug controller Host-based debugging

Debug-under-reset

Clock gating management for selected cores, peripherals, and/or memories
Low power mode
Smart wake-up mechanisms through events or interrupts

Temperature sensor Yes

Self-test controller Yes

PLL 2 individual PLLs: 1 with a stable clock source for peripherals and 1 supporting
frequency modulation for cores

Power supply Single internal SMPS regulator for 3.3 V supply and GPIOs

Supports factory programming using a serial loader through the asynchronous CAN

Boot assist flash (BAF) or UART

CRC channel(s) 1
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Table 2. SR5E1E3, SR5E1E5, SR5E1E7 product selector

Cortex®-M7 cores 2 cores, either decoupled or in lockstep
Nominal frequency in MHz 300

Floating-point unit Single and double precision

Cache (instruction/data) per core in Kbyte 8/16
Code flash in Mbyte Overall included HSM in Mbyte 2
User code flash in Kbyte 1920
HSM code NVM in Kbyte 160
Code flash built-in memory replication for %}I’A reprogramming (not supported by HSM) in Up to 2x 960
yte
Overall included HSM 96
Data flash in Kbyte User data flash 64
HSM data flash 32
Overall 488
TCM (instruction / data) 64 /128
RAM in Kbyte
User system RAM 256
HSM system RAM 40
Hardware security module (HSM) Yes
Engine 2
DMA engines (number of channels)
Channel 2% 8
Low power mode and smart wake-up schemes Yes
LIN and UART 3
CAN (with CAN-FD) 4
SPI 4
Advanced control 2 (16-bit)
High-resolution 2 (16-bit)
Timers 2 (32-bit)
General purpose 4 (16-bi)
Basic 2 (16-bit)
12-bit SAR analog converters 5
16-bit sigma-delta analog converters 2
12-bit analog comparators (with internal DAC) 8
12-bit external DAC 2
Main debug port (JTAG+SWD) Yes
Debug port
Secondary debug port (SWD) No
Max temperature (target) Ambient temperature 125°C
Junction temperature 150 °C
eTQFP100 X
Packages eTQFP144 X
eLQFP176 X
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1.4

Block diagram
The figure below shows the top-level block diagram.

Dashed Core is implemented as Split/Lock

configuration

Figure 1. Block diagram

All shadowed modules are in delay
Lockstep configuration

AF Mux + 10s Ring

FLASH Bank2
960 KB

16 KB
[D-Cache
HSM
AHB
E2E ECC GASKET l T T T T EEEcCoasker E2E ECC GASKET
Protocol Adapter e _Pf?lﬁdlw_r 1 Protocol Adapter
AXI M AXIM AXI M AXI_M AXI M AXIM AXI M AXIM AXI M AXI M
NIC (AXI - 64 bit) — 306.7 MHz
SMPU AXI_S [«—
AXLS AXLS AXLS AXLS AXLS AXI S AXL S AXI_S AXI_S
.-‘—' B — E2E ECC GASKET E2E ECC GASKET E2E ECC GASKET
Protocol Adapter PFLASHC1 N PFLASHC2 SRAMCI SRAMC?2 Protocol Adapter Protocol Adapter Protocol Adapter
EAC EJEECC E2EECC E2EECC
ottt Sy 306.7 MHz 306.7 MHz
SRAM SRAM
Array 1 Array 2
128 KB 128 KB
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The figure below shows the peripheral block diagram.

)

Figure 2. Peripheral allocation
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2 Package pinouts and signal descriptions

Refer to the SR5E1E3, SR5E1E5, SR5E1E7 |0 definition technical note.

. Package pinouts

. Pin descriptions:
- Power supply and reference voltage pins
- System pins
- Generic pins
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3 Electrical characteristics

3.1 Introduction

The present document contains the target electrical specification for the 40 nm family 32-bit MCU SR5E1E3,
SR5E1ES5, SR5E1E7 products. Refer to the device reference manual for the details.

Note: This document provides target electrical specifications, based on previous designs, design simulations, or initial
evaluation. Target electrical specification may not be guaranteed at this early stage of the product life cycle,
however they are built to provide enough margin, ensuring production silicon meets customer requirements.

Finalized specifications are published after completion of device characterization and device qualifications.

Parts described in this document are not yet qualified and therefore not approved for use in production. ST is not
responsible for any consequences resulting from such use. In no event will ST be liable for the customer using
any of these engineering samples in production. ST’s Quality department must be contacted prior to any
decision to use these engineering samples to run a qualification activity.

In the tables where the device logic provides signals with their respective timing characteristics, the symbol “CC”
(controller characteristics) is included in the “Symbol” column.

In the tables where the external system must provide signals with their respective timing characteristics to the
device, the symbol “SR” (system requirement) is included in the “Symbol” column.

The electrical parameters shown in this document are classified by various methods. To give the customer a
better understanding, the classifications listed in the table below are used and the parameters are tagged
accordingly in the tables where appropriate.

Table 3. Parameter classifications

Classification tag Tag description

P Those parameters are tested in production on each individual device.

Those parameters are achieved by the design characterization by measuring a statistically

C . o
relevant sample size across process variations.

Those parameters are achieved by design characterization on a small sample size from
T typical devices under typical conditions unless otherwise noted. All values shown in the typical
column are within this category.

D Those parameters are derived mainly from simulations.
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Absolute maximum ratings

The table below describes the maximum ratings for the device. Absolute maximum ratings are stress ratings only,

and functional operation at the maxima is not guaranteed. Stress beyond the listed maxima may affect device

reliability or cause permanent damage to the device.

Vss

Vbp_Lv
Vss Hv_osc

Vbb_Hv_osc
Vbp_Hv_I0
VDD_HV_FLA
VDD_Hv_SAR

VDD_HV_SD_DAC_COMP

HV_REFL_SD
HV_REFH_SD

HV_REFL_SD - Vgg

HV_REFL_SAR
HV_REFH_SAR

HV_REFL_SAR - Vg

HV_REFL_DAC_COMP

HV_REFH_DAC_COMP

HV_REFL_DAC_COMP - Vgg

VIN

TTRIN

IiNg

TstG

TSTORAGE

Tspr

MSL
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SR

cC
SR
SR

SR

SR
SR

SR

SR D
SR D

SR

SR

SR

SR

SR

SR

SR
SR

SR

SR

SR

SR

SR

Table 4. Absolute maximum ratings

Parameter

Ground supply for the device. This is
covering both VSS_LV and VSS_HV for
the exposed pad device, unless specific

notations.

Core voltage operating life range!")
Ground supply for oscillator
High voltage power supply for oscillator

I/0 supply voltage and high voltage
power supply for internal power
management unit(®)

High voltage power supply for flash
SAR ADC supply voltage

High voltage power supply for SD ADC,
DAC and comparator

SD ADC ground reference
SD ADC voltage reference

SD ADC ground reference differential
voltage

SAR ADC ground reference and SAR
ADC analog ground

SAR ADC voltage reference

SAR ADC ground reference differential
voltage

Ground reference for DAC and
comparator

Voltage reference for DAC and
comparator

DAC and comparator ground reference
differential voltage

I/0 input voltage range®®
Digital input pad transition time(®)

Maximum DC injection current for each
analog/digital PAD®)

Maximum non-operating Storage
temperature range

Maximum storage time, assembled part
programmed in ECU

Maximum solder temperature Pb-free
packaged”)

Moisture sensitivity level®)

Conditions

Reference to Vss v osc

Reference to Vgg

Reference to HV_REFL_SD

Reference to HV_REFL_SAR

Reference to
HV_REFL_DAC_COMP

Relative to Vg

No supply; storage temperature in
range -40 °C to 60 °C

-0.3
-0.3
-0.3

0.3 Y
145 V
0.3
3.6 \%
3.8 Y
3.8
3.8 \%
3.8 \Y
0.3
3.8 \%
0.3 \%
0.3 Y
3.8 Y
0.3 Y
0.3 \Y
3.8 \Y
0.3 \%
3.8 \Y
TBD ms
5 mA
125 | °C
20 vyears
260 °C
3 —
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Value
Symbol Parameter Conditions
mm

Typical range for X-rays source
Txray dose SR T Maximum cumulated XRAY dose during inspection:80 - 130 KV; 20  — | — 1 gray
- 50 pA

1. Vpp_rv: allowed 1.36 V - 1.45 V for 60 seconds cumulative time at the given temperature profile. Remaining time allowed 1.345 V - 1.36 V
for 10 hours cumulative time at the given temperature profile. Remaining time as defined in Section 3.3: Operating conditions.

2. Vpp Hv jo: allowed 3.45 V - 3.8 V for 60 seconds cumulative time at the given temperature profile, for 10 hours cumulative time with the
device in reset at the given temperature profile. Remaining time as defined in Section 3.3: Operating conditions.

3. The maximum input voltage on an I/O pin tracks with the associated I/O supply maximum. For the injection current condition on a pin, the
voltage is equal to the supply plus the voltage drop across the internal ESD diode from I/O pin to supply. The diode voltage varies greatly
across process and temperature, but a value of 0.3 V can be used for nominal calculations.

4. Relative value can be exceeded if design measures are taken to ensure injection current limitation (parameter INJ).

5. This limitation applies to pads with digital input buffer enabled. If the digital input buffer is disabled, there are no maximum limits to the
transition time.

6. The limits for the sum of all normal and injected currents on all pads within the same supply segment can be found in Section 3.8.3: I/0 pad
current specifications.

7. Solder profile per IPC/JEDEC J-STD-020D.
8. Moisture sensitivity per JDEC test method A112.

Related links
3.3 Operating conditions on page 12

3.8.3 I/0 pad current specifications on page 24

3.8.1 1/O input DC characteristics on page 18

3.12.1 ADC input description on page 35

3.12.2 SARADC 12-bit electrical specification on page 36

3.3 Operating conditions
The table below describes the operating conditions for the device, and for which all the specifications in the data

sheet are valid, except where explicitly noted. The device operating conditions must not be exceeded or the
functionality of the device is not guaranteed.

Table 5. Operating conditions

Value

Symbol () (o3 Parameter Conditions _
| win | Typ | Max |

Operating system clock

Fsvs SR P frequency — — — 306.7 MHz
Ty SR P Operating Junction temperature High temperature range -40 — 150 °C
Ta SR P | Operating Ambient temperature — -40 — 125 °C
Vbp_Lv CC D  Core supply voltage®) — 1.225(4) 1 1.285 1.3450)
Vss_Hv_osc SR C  Ground supply for oscillator — -0.3 — 0.3
Vbb_Hv_osc SR ' C | High voltage supply for oscillator — 3.156)  — 3.45

10 supply voltage and high
Vbp_HV_I0 SR | P | voltage power supply for internal — 3.150) | — 3.45(7) Y,
power management unit

VDD_HV_SAR SR P SAR ADC supply voltage — 3.150) | — 3.45(7) Y,

High voltage power supply for . © | _ @
VDD_HV_SD_DAC_COMP SR P op ADC, DAC and comparator 3.15 3.45 \Y
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Value

Symbol () (o] Parameter Conditions _
| Min | Typ | Max |

High voltage power supply for

— (6) — (7)
VDD_HV_FLA SR P flash 3.15 3.45 \Y
HV_REFH_SD sr p SP ADC8 supply reference — 29— 3.45 Vv
- - voltage®)
HV_REFH_SD - SD ADC reference differential 0 (Not
SR D — — — mV
VDD_HV_SD_DAC_COMP voltage allowed)
HV_REFL_SD SR P SD ADC ground reference . . 0 . Y
voltage
HV_REFL_SD - Vgs SR D SD ADC ground differential . o5 . 25 mv
voltage
HV_REFH_SAR sr p SAR ADgc supply reference — 27 — 3.45 v
- - voltage'®)
HV_REFH_SAR - SAR ADC reference differential 0 (Not
SR D — — — mV
VDD_HV_SAR voltage allowed)
SAR ADC ground reference
HV_REFL_SAR SR P  voltage and SAR ADC analog — 0 — 0.1 Vv
ground
HV_REFL_SAR - Vsg SR D SAR ADC ground differential . _o5 . 25 mv
voltage
HV_REFL_DAC_COMP SR P Ground reference for DAC and . . 0 . v
comparator
Voltage reference for DAC and Reference to
HV_REFH_DAC_COMP SR P comparator HV_REFL_DAC_COMP 3.0 — 3.45 \Y
HV_REFL_DAC_COMP - SR D DAC and comparator ground . o5 . 25 mv
Vss reference differential voltage
VRAMP_HV SR D Slew rate on HV power supply — 33 — 100 V/ms

I/O input voltage range and high
ViN SR P voltage power supply for internal — 0 — Vpp_Hv_I10 Vv
power management unit

Injection current (per pin) without

lINg1 SR | T | performance degradation ('9('") | Digital pins and analog pins -3 — 3 mA
(12)

Dynamic injection current (per
ling2 SR D | pin) with performance Digital pins and analog pins | -10 — 10 mA
degradation(9)("%)

1. The ranges in this table are design targets and actual data may vary in the given range.

2. Maximum operating frequency is applicable to the cores and platform of the device. Refer to the device reference manual, Clocking chapter,
for more information on the clock limitations for the various IP blocks on the device.

3. Core voltage is measured on device pin to guarantee published silicon performance. This value is provided as information, but it is
controlled internally by PMU. External low voltage supply is not supported in functional mode.

4. Inthe range [1.265-1.225] V the device functionality and specifications are guaranteed, but this interval is to be considered as a transient, in
accordance with the mission profile, to guarantee the product reliability and to reduce the false LVD triggers recurrence. In the range
[1.225-1.19] V, the device functionality is granted and the device is expected to receive a flag by the internal LVD119 monitors to warn that
the regulator providing the VDD_LV supply, exited the expected operating conditions. If the internal LVD119 monitors are disabled by the
application, then an external voltage monitor with minimum threshold of Vpp ;(min) = 1.19 V measured at the device pad, has to be
implemented. Refer to Section 3.13.3: Voltage monitors for the list of available internal monitors and to the device reference manual for the
configurability of the monitors.

5. In the range [1.31-1.345] V the device functionality and specifications are guaranteed, but this interval is to be considered as a transient, in
accordance with the mission profile, to guarantee the product reliability and to reduce the false HVD triggers recurrence. In the range
[1.345-1.4] V the device functionality is granted and the device is expected to receive a flag by the internal HVD140 monitors to warn that
the regulator providing the Vpp v supply, exited the expected operating conditions. Refer to Section 3.13.3: Voltage monitors for the list of
available internal monitors and to the device reference manual for the configurability of the monitors. Possible permanent failure over 1.4 V.
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6. Inthe range [3.02-3.15] V, the device functionality and specifications are guaranteed, but this interval is to be considered as a transient, in
accordance with the mission profile, to guarantee the product reliability and to reduce the false LVD triggers recurrence. In the range
[3.012-2.898] the device functionality and specifications are granted and the device is expected to receive a flag by the internal LVD290
monitors . Refer to Section 3.13.3: Voltage monitors for the list of available internal monitors and to the Reference Manual for the
configurability of the monitors.

7. In the range [3.45-3.65]V, the device functionality and specifications are guaranteed, but this interval is to be considered as a transient, in
accordance with the mission profile, to guarantee the product reliability and to reduce the false UVD triggers recurrence. In the range
[3.651-3.799] the device functionality and specifications are granted and the device is expected to receive a flag by the internal UVD380
monitors . Refer to Section 3.13.3: Voltage monitors for the list of available internal monitors and to the Reference Manual for the
configurability of the monitors.

8. To be always ensured VDDﬁHVfSDfDACﬁCOMP =2 HV_REFH_SD.
To be always ensured Vpp nv sar 2 HV_REFH_SAR.

10. The limits for the sum of all normal and injected currents on all pads within the same supply segment can be found in Section 3.8.3: I/O pad
current specifications.

11. The I/O pins on the device are clamped to the I/O supply rails for ESD protection. When the voltage of the input pins is above the supply rail,
current is injected through the clamp diode to the supply rails. For external RC network calculation, assume typical 0.3 V drop across the
active diode. The diode voltage drop varies with temperature.

12. Full device lifetime. I/O and analog input specifications are only valid if the injection current on adjacent pins is within these limits. Refer to
Section 3.2: Absolute maximum ratings for maximum input current for reliability requirements.

13. Positive and negative dynamic current injection pulses are allowed up to this limit, with different specifications for I/O, ADC accuracy and
analog input. Refer to the dedicated chapters for the different specification limits. See the Table 4. Absolute maximum ratings for maximum
input current for reliability requirements. Refer to the following pulses definitions: Pulse1 (ISO 7637-2:2011), Pulse 2a(ISO 7637-2:2011
5.6.2), Pulse 3a (ISO 7637-2:2011 5.6.3), Pulse 3b (ISO 7637-2:2011 5.6.3).

Table 6. TCM wait states configuration

Value
Symbol Parameter Conditions
mm

Core ITCM waitstates CC | D ITCM access wait state from own core

Core DTCM waitstates CC D DTCM access wait state from own core — 0 WS

Table 7. PRAM wait states configuration

Symbol Parameter Conditions
mm

PRAMC MEMACC_WAIT System RAM read/write wait state 0 0 WS

— Related links
3.2 Absolute maximum ratings on page 11
3.8.3 I/0 pad current specifications on page 24
3.12.1 ADC input description on page 35
3.13.3 Voltage monitors on page 56
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3.31 Power domains and power up/down sequencing

The following table shows the constraints and relationships for the different power domains. Supply1 (on rows)
can exceed Supply2 (on columns), only if the cell at the given row and column is reporting ‘ok’. This limitation is
valid during power-up and power-down phases, as well as during normal device operation.

Table 8. Device supply relation during power-up/power-down sequence

Supply2

Vbb_Hv_SAR

VbD_HV_FLA

(5}
17}
o
>
T
[=)
o

>

HV_REFH_SAR

HV_REFH_SD

HV_REFH_DAC_COMP

Vbb_Hv_SD_DAC_comp

Vbp_Hv_ 10 OK OK OK OK OK OK OK
VbD_HV_0sC OK OK OK OK OK OK OK
VDD_HV_FLA OK OK OK OK OK OK OK
VDD_HV_SAR OK OK OK OK OK OK OK
v Not oK oK oK oK oK oK
Supply1 DD_HV_SD_DAC_COMP allowed
Not
HV_REFH_SAR OK OK OK OK OK OK
allowed
HV_REFH_SD Not oK oK oK Not oK oK
allowed allowed
HV_REFH_DAC_COMP OK OK OK OK Not OK OK
allowed
During power-up, all functional terminals are maintained in a known state as described in the device pinout Excel
file attached to the SR5E1E3, SR5E1E5, SR5E1E7 10 definition technical note.
3.4 Electrostatic discharge (ESD)
The following table describes the ESD ratings of the device.
Table 9. ESD ratings
Value
Symbol Parameter (12 Conditions
| Min [ Typ | Max |
ESD_HBM | SR T ESD for human body model (HBM)® All pins —_ — 2000 \%
SR T All terminals — — 500
ESD_CDM ESD for field induced charged device model (CDM)*)
SR T Corner terminals — — 750

1. Device failure is defined as: “If after exposure to ESD pulses, the device does not meet the device specification requirements, which
includes the complete DC parametric and functional testing at room temperature and hot temperature. Maximum DC parametrics variation
within 10% of maximum specification”.

2. All ESD testing is in conformity with CDF-AEC-Q100 stress test qualification for automotive grade integrated circuits.
3. This parameter tested in conformity with ANSI/ESD STM5.1-2007 electrostatic discharge sensitivity testing.
4. This parameter tested in conformity with ANSI/ESD STM5.3-1990 charged device model - component level.
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3.5 Electromagnetic emission characteristics
EMC measurements at integrated circuit level IEC standards can be requested to STMicroelectronics.

300 MHz nominal frequency is not suggested as operative frequency due to possible EMC emission in the GNSS
band. Suggested operative (max) frequency is 306.7 MHz, refer to Reference Manual "Clock tree" and PLLs
divider registers (PLLODV and PLL1DV).

3.6 Temperature profile
The device is qualified in accordance to AEC-Q100 Grade1 and customers’ requirements.

3.7 Device consumption

The total device consumption seen from the HV domain is the sum of the total dynamic current on the high
voltage supply and the leakage current seen on the high voltage domain (from LV domain through SMPS) for the
selected temperature. So, itis: ltot = lpp_Hv * Ibb_HV_SMPs_LKG-

The following table reports each single contributor factor to the device consumption.
Refer to Figure 3. Device consumption measurement to see where each contributor is measured.

Table 10. Device consumption

Value
Symbol(" C | Parameter Conditions
WW

High voltage domain (Vpp_Hv)

Motor control application profile(®)

105 150 mA
Total dynamic current on a high voltage supply Freq = 300 MHz
Ibp_Hv ccC (Vop 1v) .
- Full case profile
— 1 2 A
Freq = 300 MHz 501205 | m
oo Hy swps Lk | CC C  Leakage current is seen on the high voltage domain Tamb =25 °C — 10 40 A
- — p  (from LV domain through SMPS) Tamb = 125 °C — 105 430
Motor control application profile(®)
P Freq = 300 MHz 90 | 145 | mA
Ipb Hv smps  CC Dynamic current on external MOSFETs
T ile®)
p Full case profile — 125 190 mA

Freq = 300 MHz

Low voltage domain (Vpp_Lv)

Tamb =25 °C — 21 80
Ipp Lkg?®  CC Leakage current on digital supply (Vpp Lv) mA
- P B Tamb =125 °C — 170 750

Motor control application profile(®)

Freq = 300 MHz 205| 240 | mA

Ipp_v® cc Dynamic current on digital supply (Vpp_Lv)

Full case profile*)
T — 27 1 A
Freq = 300 MHz 01310 m

Motor control application based(®

Freq = 300 MHz 42 | 48 | mA

Ipp_ mMAIN.m7 | CC | T | Main core dynamic current

ile”)
Ibb_MAIN_Csleep | CC ' T ' Dynamic current reduction with main core in CSleep F;:L:a_sz(?goaﬁz — 4 8 mA

IspiKE CC T Maximum short term current spike < 20 ps observation window —  — 100 mA

dl SR D | Current difference ratio to average current (dl/avg(l)) 20 ps observation window — — 20 %
Isr® CC D | Current variation during power up/down Refer to footnote(®) —  — 200 mA
IDDOFF CC T  Power-off current on high voltage supply rails!'%) Vpp v =25V 100 —  —  pA

1. The ranges in this table are design targets and actual data may vary in the given range.
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2. The leakage considered is the sum of core logic and RAM memories. The contribution of analog modules is not considered, and they are
computed in the dynamic Ipp v and Ipp v parameters.

3. Motor control application configured to drive single field-oriented control (FOC) 3-phase permanent magnet motors with ICS topology power
stage (in open-loop). Position sensors used are encoder and sensor-less algorithms. IPs involved: Single core, 2x ADC channels, 6x timer
channels (PWM generation), 2% timer channels (encoder), UART, DAC, CORDIC, GPIOs.

4. Full case profile - 2x M7 cores in lockstep. IPs involved: 5x SARADCs, 2x SDADCs, COMPs, 6x timer channels (PWM generation), 24
HRTIM channels (PWM generation), UART, DAC, CORDIC, 2x SPIs, CAN, GPIOs.

5. Ipp Lke (leakage current) and Ipp ;v (dynamic current) are reported as separate parameters, to give an indication of the consumption
contributors. The tests used in validation, characterization and production are verifying that the total consumption (leakage+dynamic) is
lower than or equal to the sum of the maximum values provided (Ipp (kG * Ipp_Lv)- The two parameters, measured separately, may exceed
the maximum reported for each, depending on the operative conditions and the software profile used.

6. Main core dynamic consumption contribution based on motor control profile. Dedicated I/D-caches and I/D-TCMs contribution are not
included.

7. Dynamic current reduction with the main core in CSleep, based on the full case profile.
8. This specification is the maximum value and is a boundary for the dl specification.

9. Condition 1: for power, on period from 0 V up to normal operation with reset asserted. Condition 2: from reset asserting until PLL running
free. Condition 3: increasing PLL from free frequency to full frequency. Condition 4: reverse order for power down to 0 V.

10. Ipporr is the minimum ensured consumption of the device during power-up.

Figure 3. Device consumption measurement

Voo_nv = 3V3

Ibp_ToT

(n)

HV_REFH_DAC_COMP

VbD_Hv_FLA

Vbb_Hv_SAR
VDD_HV._IO|

HV_REFL_DAC_COMP

VDD_HV_SD_DAC_COMP

lop_Hv_smps

HV_REFH_SD

HV_REFL_SD

Vbp_Hv_smps

| PMOS SMPS_PMOS

SMPS_VLX

HV_REFH_SAR

HV_REFL_SAR

@,
Z|
o

SMPS_NMOS

Vbp_Hv_osc

Vss_Hv_osc

loo_v

Voo_Lv
e

Vbb_Lv(n)
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3.8 I/0 pad specification

The following table describes the different pad type configurations.

Table 11. /0 pad specification descriptions

Provides a good compromise between transition time and low electromagnetic

Slow configuration S
emission.

Provides transition fast enough for the serial communication channels with

Medium configuration controlled current to reduce electromagnetic emission.
Fast configuration Provides fast transition speed; used for fast interface.

Provides maximum speed and controlled symmetric behavior for rise and fall
Very fast configuration transition.
Used for fast interface requiring fine control of rising/falling edge jitter.

Input only pads These low input leakage pads are associated with the ADC channels.

Note: Each I/0 pin on the device supports specific drive configurations. Refer to the signal description table in the
device reference manual for the available drive configurations for each I/O pin.

3.8.1 1/0 input DC characteristics
The following table provides input DC electrical characteristics, as described in the following figure.

Figure 4. 1/0 input electrical characteristics

N [ |
A
R T [ o gt m e [- - - -
Vi oo oo |- e T N - Foooooo
| [| Vhys
| N\ 4
VIL fmme e e oo I I F--n o
| | »
| | »
| |
VINTERNAL A | |
>

Table 12. /0O input electrical characteristics

Value
Symbol Parameter Conditions “-“ Unit

Vintw SR P Input high level TTL(" — 2 — Vop Hv 10+t 03 |V
Vil SR P Input low level TTL(" — -0.3 — 0.8 V
Vhysttt | CC | C Input hysteresis TTL( | — 0.3 — — \Y
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Value
Symbol Parameter Conditions “-“ Unit

Electrical characteristics

Automotive
Vinaut”) SR P Input high level AUTO Vpp Hv 10=3.3V 5% 0.75*Vpp v 10 —  Vop Hv i0+03 |V
Viiaut® 'SR P Input low level AUTO Vpp Hv_10=3.3V £5% -0.3 — 035*Vpp hv 10V
Vhysaut” | CC | C Input hysteresis AUTO Vpp Hv 10=3.3V 5% 0.11*Vpp v 10| — — \%
CMOS
Vinemos | SR P | Input high level CMOS() | — 065*Vpp Hv_io — Vbp Hvi0+t03 | V
Viemos | SR P Input low level CMOS() | — -0.3 — 035"Vpp Hv.i0 V
Vhysemos | CC | C | Input hysteresis CMOS() | — 0.10*Vpp Hv o — — \Y
Common

INPUT-ONLY pads, static leakage
characteristics

VDD Hv 10 = 3.3V £5% - - 200
Ty=150°C
FAST pads, static leakage characteristics
ke CC P Pad input leakage!") Vpp_Hv_ 10 =33V 5% — — 800 nA
Ty=150°C
VERY FAST pads, static leakage
characteristics
VDD_Hv 10 = 3.3V 5% - - 1000
=150 °C
Cp1 CC D Pad capacitance — — — 3.5 pF

In a 1 ms period, with a temperature

variation <30 °C -50 — +50 mv

Vgt | CC D | Input Vy/Vi, temperature drift

-

In case of current injection pulses on one pad under the conditions and limits described in I;y o parameter in Absolute maximum ratings,
other pads of the same supply segment have a drift of 4 % above the maximum Vj and 4 % below the minimum Viy, limits. Similarly Vs
parameter is decreased of 4 %.

2. Good approximation of the variation of the minimum value with supply is given by formula: 3.3 V range: Vipayt = 0.75 X Vpp v 10
Good approximation of the variation of the maximum value with supply is given by formula: 3.3 V range: Vi ayt = 0.35 * Vpp Hv j0
4. Good approximation of the variation of the minimum value with supply is given by formula: 3.3 V range: Viyysaut = 0.11 X Vpp nv 10

Table 13. 1/O pull-up/pull-down electrical characteristics

Symbol C Parameter Conditions
Min | Typ | Max |

T V|N=1.1 v — — 130

lwpy @ CC Weak pull-up current absolute value MA
P ViN=0.69* VbD_Hv_10 @ 15 — —

Rwpuy = CC | D Weak pull-up resistance Vpp_Hv_ 10 =33V 5% 24 — 45 KQ
T ViN=0.69* VDDfHVﬁIOm) — — 130

lwpp @ CC Weak pull-down current absolute value pA
P ViN=0.9V® 15 — —

Rwpp | CC | D  Weak pull-down resistance Vpp Hv 10 =33V 5% 20 | — 38 KQ

1.  Maximum current when forcing a change in the pin level opposite to the pull configuration.
2. Minimum current when keeping the same pin level state as the pull configuration.
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—— Related links

3.2 Absolute maximum ratings on page 11

3.12.1 ADC input description on page 35

3.8.2 1/0 output DC characteristics
The figure below describes the output DC electrical characteristics.

Figure 5. 1/0 output DC electrical characteristics definition

VINTERNAL

Vhys >
Vout tskewz20-80

90%
80%
20%
10%

| -

|

i
| ltR20-80 |

|

|

| < trR10-90 )
tTR(rnaX) = MAX(tR1 0-90> tF10-90) tTRzo_Bo(maX) = MAX(tRZO-SO; tFZO-SO)
tTR(min) = MIN(tR'l 0-90; tF10-90) tTRzo_go(min) = M|N(tR20_80; tho_go)

tskewz0-80 = [troo-80-tF20-80

The following tables provide DC characteristics for bidirectional pads.

— Related links
3.15.1.2 JTAG interface timing on page 63
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3.8.2.1 Slow I/0 output characteristics
The following table provides output driver characteristics for 1/0 pads when in slow configuration.

Table 14. Slow /O output characteristics

Value

Symbol (o3
Vs CC D Output low voltage for slow type loi = 0.5 mA 0.1*
o _ _
- pads Vbp_Hv 10 = 3.3V + 5% Vbp_Hv_I0
v Output high voltage for slow type lon = 0.5 mA 09~
ohs CC D d Vv — — \Y;
pads Vop_Hv 10 =3.3V +5% DD_HV_IO
VoL =0.1*Vpp hv 10
256 — 600
(static driver sink impedance)
Rs CC | P Output impedance for slow type pads Q
Von =0.9*Vpp_Hv 10
256 — 600
(static driver source impedance)
- 0, P
Fres CC T Maximum output frequency for slow Vop_Hv_1o = 3.3V 5% C =25 pF - - 2 MHz
max,
- type pads Vb, Hv 10 = 3.3V £ 5% C_= 50 pF — — 1 MHz
— 0, —
trs CC T Transition time output pin slow Vop_Hv_io =33V +5% C =25pF 23 - 83 ns
_ configuration, 10%-90% VbD_Hv 10 = 3.3V 5% C_= 50 pF 40 o 150 ns
[tskew sl CC | T Rise/fall skew (Tr-Tf)/ Max[Tr,Tf] — — — 30 %
Ipcmax_s CC D Maximum DC current Vpp_Hv 10 =3.3V 5% — — 05 mA
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3.8.2.2 Medium I/O output characteristics
The following table provides output driver characteristics for /0 pads when in medium configuration.

Table 15. Medium I/O output characteristics

Value
i o “-“ i
loi = 2.0 mA
Voim | CC D Output low voltage for medium type pads — — 0.1"Vpp hvio V
- VDDﬁHVfIO =33V+5% -7
loh=2.0 mMA
Von M | CC D Output high voltage for medium type pads 0.9"Vpp_Hv 0 — — \Y
- Vbp_Hv_ 10 =33V 5% -
VoL =0.1"Vpp_Hv_ 10
64 — 150
(static driver sink impedance)
R m CC | P Output impedance for medium type pads Q
Von =0.9*Vpp hv 10
64 — 150
(static driver source impedance)
Vpp Hv 10=3.3V 5%
- — — 12 MHz
E M CC T Maximum output frequency for medium CL=25pF
max,
- type pads Vpp Hv 10=3.3V 5%
- — — 6 MHz
C|_ =50 pF
Vpp Hv 10=3.3V 5%
T 6 — 20 ns
o . . C_ =25 pF
t cc T Transition time output pin medium
TRM configuration, 10%-90% v 33V 59
PDHVIO === B 220 1 — 40 ns
C_ =50 pF
[tskew ml CC T Rise/fall skew (Tr-Tf) / Max[Tr,Tf] — — — 30 %
Iocmax_ M | CC | D Maximum DC current Vpp_Hv 10 =3.3V 5% — — 2 mA
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3.8.2.3 Fast I/O output characteristics
The following table provides output driver characteristics for I/0 pads when in fast configuration.

Table 16. Fast I/0 output characteristics

Value

Vo F | CC D Output low voltage for fast type pads | loi=5.7 MAVpp Hy 10=3.3V +5% 0.15*Vpp Hv 10 V
Voh_F CC D S:;gm high voltage for fast type loh = 5.7 mA VDD_HV_IO =33V+5% 0-85*VDD_HV_IO — — V
VoL =0.15* Vpp Hv 10
28 — 66
(static driver sink impedance)
R F CC P Output impedance for fast type pads Q
Von =0.85* Vpp Hv 10
28 — 66
(static driver source impedance)
Vpp Hv 10=3.3V 5%
T — — 50 MHz
Maximum output frequency for fast CL=25pF
Fmax_F CC'T t d
ype pads Vpp Hv 10=3.3V 5%
o — — 25 MHz
C_ =50 pF
Vpp Hv 10=3.3V £5%
T 2.5 — 7
Transition time output pin, fast CL=25pF
frRF - CC T Configuration, 10%-90% ns
confriguration, (o (] VoD Hv 10 = 3.3V +5%
- 4 — 10
C_ =50 pF
[tskew FI CC T | Rise/fall skew (Tr-Tf)/ Max[Tr,Tf] = — — — 30 %
Ipcmax_F ' CC | D Maximum DC current — — — 57 mA
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3.8.24 Very fast I/O output characteristics
The following table provides output driver characteristics for 1/0 pads when in very fast configuration.

Table 17. Very fast 1/0 output characteristics

Value
Symbol (o3 Parameter Conditions “-“ Unit

lor =10 mA
Vgl v cc D Output low voltage for very fast type . — 015Vpp v 1oV
- pads Vpp_Hv_10 =3.3V £5% o
; loh = 10 mA
Voh v cc b Output high voltage for very fast type 0.85*Vpp v 10 — . v
- d ! !
pads Vbp_Hv_ 10 =33V 5%
VoL =0.15*Vpp hv 10
o o 16 — 38
Ry cc p Outputimpedance for very fast type (static driver sink impedance) o
N pads Von =0.85* Vpp Hv 10
16 — 38
(static driver source impedance)
Vpp Hv 10=3.3V 5%
T — — 50 MHz
Maximum output frequency for very CuL=25pF
Fmacv  CCOT gty d
ast type pads VDD HV IO~ 3.3V+5%
T — — 25 MHz
C|_ =50 pF
Vpp Hv 10=3.3V 5%
o 1.3 — 4

CL = 25pF

10-90% threshold transition time
fTRv ce T output pin very fast configuration Vop_Hv_lo = 3.3V £ 5% ns

Tx line with Td = 0.6 ns 1.0 — 6.5
CL=10pF
Vbp_Hv_10 = 3.3V £ 5%,
20-80% threshold transition time o _ Tr+ Tf<9Tr
tTR20-v_20 80 CC ' T output pin very fast configuration Txline with Td = 0.6 ns 05 | Tf=45ns e
C|_ =10 pF
IpcmMax v | CC | D Maximum DC current Vop_Hv 10 =3.3V 5% — — 10 mA
3.8.3 1/0 pad current specifications

The 1/0O pads are distributed across the 1/0 supply segment. Each 1/O supply segment is associated to a Vpp/Vsg
supply pair as described in the Excel file attached to the SR5E1E3, SR5E1E5, SR5E1E7 10 definition technical
note.

The table below provides I/0O consumption figures.

To ensure the device reliability, the average current of the I/O on a single segment should remain below the
IRMsSEG Mmaximum value.

To ensure the device functionality, the sum of the dynamic and static current of the 1/0 on a single segment
should remain below the Ipynseg maximum value.

Pad mapping on each segment can be optimized using the pad usage information provided on the I/O signal
description table.
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Table 18. 1/0 consumption

Average consumption(?

IrRMsseg | SR | D | Sum of all the DC I/O current within a supply segment(®) — — | — 120 mA
VDD_HV_IO =33V+5%
C| =25 pF, 2 MHz

IrRMs s  CC D RMS I/O current for Slow configuration mA
VDD_HV_IO =33V+5%
C_ =50 pF, 1 MHz
VDD_HV_IO =3.3V+5%
C_ =25 pF, 12 MHz

IrRMs M | CC D RMS I/O current for Medium configuration mA
VDD_HV_IO =33V+5%
CL =50 pF, 6 MHz
VDD_HV_IO =33V+5%
C_ = 25 pF, 50 MHz

IrRMs F | CC D RMS I/O current for Fast configuration mA
VDD_HV_IO =33V+5%
CL =50 pF, 25 MHz
VDD_HV_IO =33V+5%
C_ = 25 pF, 50 MHz

IrRms v | CC D RMS I/O current for Very Fast configuration mA
VDD_HV_IO =33V+5%

CL = 10 pF, 25 MHz

Dynamic consumption®®

— — 8

IpynN_sec | SR D Sum of all the dynamic and DC I/O current within a supply segment Vop Hv 10=33V£5% —  — 360 mA
Vpp Hv 10=3.3V 5%
T —  — 66
CL=25pF
Ipbyn.s | CC D  Dynamic I/O current for Slow configuration mA
Vpp Hv 10=3.3V 5%
o —  — 66
CL =50 pF
Vpp Hv 10=33V 5%
o — | — | 15
CL=25pF
Ipoyn. M | CC | D Dynamic I/O current for Medium configuration mA
Vpp Hv 10=3.3V 5%
T —  — 16
CL =50 pF
Vpp Hv 10=33V 5%
o — — 34
CL=25pF
Ipoyn F | CC D Dynamic I/O current for Fast configuration mA
Vpp Hv 10=3.3V 5%
o — — 36
CL =50 pF
Vpp Hv 10=3.3V 5%
o —  — 60
CL=25pF
Ipyn.v | CC | D | Dynamic I/O current for Very Fast configuration mA
Vpp Hv 10=3.3V 5%
o —  — 48
CL=10pF

1. Average consumption in one pad toggling cycle.
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2. The I0s supply are well distributed around the device to sustain the different drive capability of each pad. The only limitation is related (for
all packages) to the Very Fast configuration for the segment including JTAG pads till PAD_PG[5..12] pads: PAD_PG[5..12] can be
configured in Very Fast mode, toggling in the same time, but JTAG pads to be not used, or vice versa.

3. Stated maximum values represent peak consumption that lasts only a few ns during I/O transition. When possible (timed output) it is
recommended to delay transition between pads by few cycles to reduce noise and consumption.

—— Related links

3.2 Absolute maximum ratings on page 11

3.3 Operating conditions on page 12

3.9 Reset pad (RESETn) electrical characteristics
The device implements a reset pin pad: RESETn is configured as Reset Input/Output.

Configuration is read during the boot initialization process as described in the device reference manual, Reset
and boot chapter. When samples are delivered, in the default configuration, RESETn pin does not require active
control.

The following figure describes RESETn behavior during the power-up sequence.

Figure 6. RESETn behavior during power-up sequence

Power-On reset DCF register read
v threshold crossing for reset pin configuration
DD
4

|
|
1
|

VDDMIN |-eoeoeeeeeeeceeee e
|
|
I

VDD_POR |-+ 20

RESETn
A

ViH

RESETn undriven | RESETn driven low (strong pull-down) | RESETn configuration as for DCF registers
the device is reset by } device boot sequence until DCF registers | (bidirectional)
internal power-on reset containing reset configuration are read !

[

The RESETn pin implements an input filtering mechanism. The following figure describes the possible conditions:
1. Low pulse has too low amplitude: it is filtered by input buffer hysteresis. The device remains in current state.
2. Low pulse has too short duration: it is filtered by low pass filter. The device remains in current state.
3. Low pulse is generating a reset:

a. Signal is low but initially filtered during at least WgrgT. The device remains initially in current state.

b. Signal potentially filtered until WygrsT- The device state is unknown. It may be under reset or still be in the

previous mode depending on extra condition (temperature, voltage, device).
c. Signal asserted for longer than WngrsT. The device is under reset.
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Figure 7. Input reset filter
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Table 19. Reset pad electrical characteristics

Value

Symbol (o3 Parameter Conditions _
L R
2 —

ViHrRes SR P Input high level TTL Vop Hv 10 =3.3V £5% Vpp_Hv_10+0.3 \%
Vilress SR P Input low level TTL Vpop v 10=33V£5%  -03 — 0.8 \
Vhysres  CC | C Input hysteresis TTL Vop Hv 10=33V£5% | 03 | — — %
Vppb por  CC D Minimum supply for strong pull-down activation Vpp_Hv 10 =33V 5% — — 1.6 \
lo,.R ' CC P Strong pull-down current(!) Vbp_Hv_10 = 3.3V £5% 3 | — — mA
VlN =1.1Vv®@
lwpu CC P Weak pull-up current absolute value 15 — 130 uA
VDD_HV_IO =33Vt5%
VN = 0.9 V)
lwpp CC P Weak pull-down current absolute value 15 — 130 uA
VDD_HV_IO =33V+5%
Wgrst CC | P Input filtered pulse Vpp Hv 10 =33V 5% — — 500 ns
WNrrsT | CC | P Input not filtered pulse Vop Hv 10=3.3V£5% | 2000 — — ns

1. lo,_r applies to RESETn: strong pull-down is active until the DCF containing the RESETn configuration is read. Refer to the device
reference manual, Reset and boot chapter.

2. Maximum current when forcing a change in the pin level opposite to the pull configuration.
3. Minimum current when keeping the same pin level state as the pull configuration.
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Table 20. RESETn settings

Input conditions Behavior (set at power-on)

DCF RESET_CFG

[RESN_PDOWN_EN] From power on till Any non-power on r_'eset phase_(elther
destructive or functional) after internal

Descri[:;tion : REiIIETn pull- DCFs are read RESETOUT release
own enable

Life cycle

ST production, Bidirectional with weak pull-up

i NOT programmed Strong pull-down
customer delivery Pad level as forced from outside
ion. in- Bidirectional with weak pull-down
SIIEdep.rr)ductlor}, n NOT programmed Strong pull-down )
leld, Tallure analysis Pad level as forced from outside
Bidirectional with weak pull-down
Don’t care Programmed to 0 Strong pull-down

Pad level as forced from outside

When the reset pin is configured as reset bidirectional with weak pull-down capability, it is possible to drive the pin
with an external pull-up to ensure correct reset exit sequence. Recommended value is 4.7 KQ.
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3.10 PLLs
Two phase-locked loop (PLL) modules are implemented to generate system and auxiliary clocks on the device.
The figure below depicts the integration of the two PLLs. Refer to device reference manual for more detailed

schematic.
Figure 8. PLLs integration
XTALIN
PLLO:PHI
[ XOSC XOSCCLK PHI
4-40MHz PLLO
XTALOUT
PLLO:PHI1
IRCOSCCLK PHI1
IRCOSC -
16MHz to IWDGx, FCCU
PLL1 PHI PLL1:PHI
— (SSCG) '
XOSCCLK
EE—
Legend:

5 IRCOSCCLK
__ p XOSCCLK
— » PLLO:PHI
s PLL1:PHI

DS13808 - Rev 6 page 29/97



‘_ SR5E1E3, SR5E1E5, SR5E1E7
’l Electrical characteristics

3.10.1 PLLO

Table 21. PLLO electrical characteristics

Value

Symbol C Parameter Conditions
[ Wi |
8 —

fpLLOIN SR — PLLO input clock(") — 562 MHz
ApiLoN SR | — PLLO input clock duty cycle(" — 40 — 60 | %
fiNEIN SR C PLLO PFD (phase frequency detector) input clock 8 — 20 MHz
frequency
fpLLovco CC | P | PLLO VCO frequency — 600  — | 1400 MHz
fpLLOPHIO CC D PLLO output frequency — 47620 — | 700 <MHz
fPLLOPHI CC | D PLLO output clock PHI1 — 20 — 1753 MHz
tLioLock | CC | P PLLO lock time — —  — 100 ps
PLLO_PHI single period jitter fpLLOPHI = 16 MHz,
|ApLiopHIsPYl | CC | T _ — | — 435  ps
fpLLOIN = 8 MHZ (resonator) 6-sigma pk-pk
PLLO_PHI1 single period jitter fpLLoPHI1 = 40 MHz,
[ApLLopHitsPYl CC | T —  — 210 | ps
fpLLOIN = 8 MHZ (resonator) 6-sigma pk-pk

PLL tput | t jitt
0 outputlong term jitter long term jitter (< 1 MHz

DpLLoLTy CC T fpLLoiN =8 MHz (resonator) equivalent frequency), 6-sigma — — 500 @ ps
VCO frequency = 640 MHz pk-pk)

lpLLo CC | T PLLO consumption FINE LOCK state — — 54 mA

1. PLLOIN clock retrieved directly from either internal IRCOSC or external XOSC clock. Input characteristics are granted when using internal
oscillator or external oscillator is used in functional mode.

2. Since XOSC max frequency is 40 MHz, the 40-56 MHz range can only be reached with external reference clock (XOSC bypass).

3. Ifthe PLLO_PHI1 is used as an input for PLL1, then the PLLO_PHI1 frequency obeys to the maximum input frequency limit set for PLL1
(refer to fpy 1y in Table 22. PLL1 electrical characteristics).

Related links
3.10.2 PLL1 on page 31
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3.10.2 PLL1
PLL1 is a frequency modulated PLL with spread spectrum clock generation (SSCG) support.

Table 22. PLL1 electrical characteristics

Value
Symbol C Parameter Conditions Unit
| Min | Typ | Max
fRLL1IN SR — PLL1 input clock!") — 375 — 875 MHz
ApL N | SR —  PLL1 input clock duty cycle!!) — 3%  — | 65 %
fINFIN SR C fPLL1 PFD (phase frequency detector) input clock . 375 87.5 MHz
requency
feLLivco | CC | P PLL1 VCO frequency — 600 — 1400 MHz
fPLL1PHI CC D PLL1 output clock PHI — 4762 — 700 MHz
tpLLiLock | CC | P | PLL1 lock time — —  — 50 | ps
feLLimop CC - T PLL1 modulation frequency — — — 250  kHz
Center spread?) 025 — | 2 %
[dpLL1iMopl | CC | T | PLL1 modulation depth (when enabled)
Down spread 05 — 4 %
PLL1_PHI single period peak to peak jitter with modulation | fp L 1pHI = 300 MHz, 6-sigma . o
IApcitpHispal CC T o e (md = + 2%) ok-pk 250 | ps
IpLL1 CC | T PLL1 consumption FINE LOCK state — — 625 mA

1. PLL1IN clock retrieved directly from either internal PLLO or external FXOSC clock. Input characteristics are granted when using internal
PPLO or external oscillator is used in functional mode.

2. The device maximum operating frequency Fsys (max) includes the frequency modulation. If center modulation is selected, the FSYS must
be below the maximum by MD (modulation depth percentage), such that FSYS(max) = FSYS(1 + MD %) . Refer to the device reference
manual for the PLL programming details.

Related links
3.10.1 PLLO on page 30
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3.11 Oscillators

31141 Low speed internal RC oscillator (LSI)

Table 23. 1024 kHz internal RC oscillator electrical characteristics

Value
Symbol (o Parameter Conditions
MW

Fsirc cC T Slow internal RC oscillator frequency 1024 kHz
dfyar T CC P Frequency variation across temperature —-40°C<T<150°C -9 — +9 %
dfyar v CC P Frequency variation across voltage — -5 — +5 %

Isirc CC D Slow internal RC oscillator current T=55°C — — 6 WA

Tsirc CC D Start up time, after switching ON the internal regulator. — — — 12 uS

3.11.2 External crystal oscillator 40 MHz (XOSC)

Table 24. External 40 MHz oscillator electrical specifications

Value

eymbol | parameter Conditions [ wme ]
IR 7 =

XOSC_freq_sel[1:0]= 00 4 — 10
XOSC_freq_sel[1:0]= 01 10 — 20

fxtaL | CC | D | Crystal frequency range!" (@) MHz
XOSC_freq_sel[1:0]= 10 20 — 30
XOSC_freq_sel[1:0]= 11 30 — 40

fextaL SR T | External frequency range (bypass) — — — 100 MHz
4MHz-10MHz — — 12
D 10MHz-20MHz — — 7.5

test cC Crystal startup time(*)®) ms
20MHz-30MHz — — 6
T 30MHz-40MHz — — 5

trec CC D Crystal recovery time® — — — asstartup time | ms

EXTAL input high voltage (external Vpp_Hv_osc -
V, — _HV_| — _
Hext  CC D reference)”) 0.6 v

EXTAL input low voltage (external
Vv — — —
ext | CC D reference)’) 06 v

Total on-chip stray capacitance on

Cs extaL CC D EXTAL pin® Cpar = C_IPinternal + C_lOs 5.6 7 8.4 pF
Cs xtaL  CC D Jotalon-chipstray capacitance on o . _ o pinternal + C_IOs 56 7 8.4 pF
— XTAL pin®)
P 1Té Ml_-l4z(,) xcc:)ts(,)(:i??eqie,zl([?é]=%o 2.73 - 9.77
Ty=-40°Cto 150 °C
D fyraL = 10 - 20 MHz 5.70 — 20.50
Im CcC Oscillator transconductance XOSC_freq_sel[1:0]= 01 mA/N

T;=-40°Cto 150 °C
D fXTAL =20-30 MHz 9.73 — 34.50
XOSC_freq_sel[1:0]= 10
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Symbol C Parameter Conditions
I =

Ty=-40°Cto 150 °C
Im CC | p Oscillator transconductance fxtaL = 30 - 40 MHz 12.70 — 46.15 mA/V

XOSC_freq_sel[1:0]= 11

Oscillation amplitude on the XTAL | Ty =—40 °C to 150 °C, pk-pk

Vv
xtaL CCI T o after startup® @40MHz

0.5 — | VpD_Hv_osc \%

The range is selectable by UTEST miscellaneous DCF clients XOSC_FREQUENCY [1:0].

Refer to Table 25. Crystal parameters and load conditions for supported crystal parameters and load conditions.

The XTAL frequency, if used to feed the PLLO (or PLL1), has to obey the minimum input frequency limit set for PLLO (or PLL1).

Proper PC board layout procedures must be followed to achieve these specifications.

This value is determined by the crystal manufacturer and board design.

Crystal recovery time is the time for the oscillator to settle to the correct frequency after adjustment of the integrated load capacitor value.
Applies to an external clock input and not to crystal mode.

See the crystal manufacturer’s specification for recommended load capacitor (C;) values. Total capacitance on XTAL net must be 2*C;. On-
chip stray capacitance (CS_EXTAL/CS_XTAL) and PCB capacitance must be accounted when selecting a load capacitor value. External
capacitance or integrated load capacitor value can be used. Integrated load capacitance can be selected via software to match the crystal
manufacturer’s specification. The stray capacitance (Cpar) on chip value here reported, takes into account the sum of total parasitic
capacitance inside the SOC (IP, routing inside SOC, |0 pad) + package.

9. Amplitude on the XTAL pin after startup is determined by the automatic level control circuit (ALC) block. The function of the ALC is to
provide high drive current during oscillator startup, but reduce current after oscillation to reduce power, distortion, and RFI, and to avoid over
driving the crystal. The operating point of the ALC is dependent on the crystal value and loading conditions.

© N O oA DN~

Figure 9. Equivalent mode of crystal

—F =

CRYSTAL Ca Cq
Y Cg — _g_ _g_
. Cy is the shunt or static capacitance of the crystal. The parameter equals the sum of capacitance

measured from pin to pin, including the electrode and the mounting structure. This capacitance is usually
specified as a maximum value, for example, 2 pF maximum.

. Lm, Rm, and Cy, are in the motional arm of the crystal. Their circuit affects only exist when the crystal is
oscillating.
- Lm, the motional inductance, is determined by the mechanical mass of quartz in motion.
- Cn, is determined by the stiffness of the quartz (constant), the area of the electrode, and the
thickness and shape of the quartz wafer. C, is dependent on the specified frequency of the crystal.
Cn is usually less than 0.02 pF.

- Rm is the equivalent series resistance when oscillating. It is a function of mechanical losses during

vibration. Low resistance indicates low mechanical losses. The lower the resistance is, the more
easily the crystal oscillates. Ry, is usually specified as a maximum value, for example, 50 maximum.

Internal trimmable capacitance

Two capacitance blocks are connected between A and AGND and ZO and AGND inside the oscillator. For the
internal capacitance array to be selected, ext_cload_en should be low.

Capacitance is implemented using metal fringe.
The capacitance offered by this array is decided by load_cap_sel[4:0].
The formula to calculate the capacitance offered is C_var = n.Cu
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Where,
. Cu = unit capacitance (for a typical corner, Cu = 0.48 pF. Across the process, the variation is + 10%)
. n = load_cap_sel[4] x 24 + load_cap_sel[3] x 23 + load_cap_sel[2] x 22 + load_cap_sel[1] x 21 +

load_cap_sel[0] x 20
For example:
. For load_cap_sel[4:0]=00000, C_var = 0 pF at A & ZO each.
. For load_cap_sel[4:0]=10000, C_var = 7.68 pF at A & ZO each.
. For load_cap_sel[4:0]=11111, C_var = 14.88 pF at A & ZO each.

Refer to the UTEST miscellaneous DCF client described in the device reference manual (chapter Device
configuration format DCF records).

Table 25. Crystal parameters and load conditions

Crystal frequency range Maximum crystal ESR Co (max) Cr (min) C. (max) Drive level (max)

(MHz)™M supported (Q)?@ g))(? (pF)@ (pF)@ (MW)

4-10 220 2 5 10 100

10-20 120 2 5 10 200

5 6 200

20-30 80 2 7 8 250

9 10 300

5 5 200

30-40 50 2 6 7 250

8 8 300

1. Crystal frequency range values are related to Fxta, defined by freq_sel[1:0] settings (refer to Table 24. External 40 MHz
oscillator electrical specifications)

2. Where:

Co 2
. ESRZRmX(1+C—L)

. C, is the load capacitance.
. Cy is the shunt capacitance.
° Cp=Cg=2xCy.
3. Ca, Cg, and Cy include the parasitic capacitance due to the crystal, PCB board traces, package parasitics etc.

3.11.3 Internal RC 16 MHz oscillator (IRCOSC)
Table 26. Internal RC oscillator electrical specifications
Value
Symbol C Parameter Conditions
[Min | Typ | Max |
frarget | CC | D | IRC target frequency — — 16 — MHz
Sfvar noT | CC | P | IRC frequency variation without temperature compensation | T < 150 °C 50— 5 %
8fvar T  CC T  IRC frequency variation with temperature compensation T<150°C 3 — 3 %
&fvar sw = — T | IRC software trimming accuracy Trimming temperature -0.5 +0.3 0.5 %
Tstart_noT | CC | T | Startup time to reach within fyar not Factory trimming already applied =— | — 5 us
Tstart T | CC | T Startup time to reach within 5, 1 Factory trimming already applied — — 120 | ps
Irrc | CC | T Current consumption on analog power supply!") After Tstart T —  — 1600 pA
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1. The additional contribution of the core logic clocked by the RCOSC16M affects the RCOSC16M consumption. This core logic cannot be
turned off during the measurement at device level.

In any case, the design specifies the parameter at 1200 LA.

3.12 Analog subsystem
The SR5E1E3, SR5E1E5, SR5E1E7 analog subsystem contains:
. 5 SARADC modules with up to eight channels coming from pads,
. 2 SDADC modules,
. 8 Fast-DACs,

. 8 analog comparators,
. 2 buffered-DACs that is with buffer to bring analog output on pads,
. 1 temperature sensor,
. 1 ADCBIAS_COMP module to generate 4 reference voltages for runtime diagnosis of comparators,
. 1 ADCBIAS_SAR module to generate 4 reference voltages for runtime diagnosis of SAR_ADCs in single
ended mode.
3.121 ADC input description

The figure below shows the input equivalent circuit for SARn channels.

Figure 10. Input equivalent circuit (Fast SARn channels)

INTERNAL CIRCUIT SCHEME

Vbp
Channel s i
Selection ampling
N
Rsw1 Rap

Cp1 I % CPZI Cs—
Remsw |:| Common mode
switch

Rswi1: Channel Selection Switch Impedance

Rap: Sampling Switch Impedance

Cp: Pin Capacitance (two contributions, Cp4 and Cpy)
Cg: Sampling Capacitance

) Vem
Reumsw: Common mode switch
Vem: Common mode voltage (~0.5 Vpp)
The above figure can be used as approximation circuitry for external filtering definition.
Note: . For input leakage current, refer to || kg in Section 3.8.1: /O input DC characteristics,
. For injection current 1, refer to I 4 in Section 3.3: Operating conditions,
. For pad capacitance 1, refer to Cp4 in Section 3.8.1: 1/O input DC characteristics.

DS13808 - Rev 6 page 35/97



Electrical characteristics

G SR5E1E3, SR5E1E5, SRSE1E7
> /4

Table 27. ADC pin specification

Symbol () Parameter Conditions _
Min  Typ [ Max|
—  — 700

Cp2 CC | D Internal routing capacitance SARn 12-bit channels fF
Cs CC | D SAR ADC sampling capacitance SARnN 12-bit —_ - 2 pF
Rsw1 | CC D Analog switches resistance SARn 12-bit channels 0 — 3 kaQ
RaD CC | D ADC input analog switches resistance SARnN 12-bit —  — 12 kQ
Rcmsw | CC D Common mode switch resistance Sum of the two resistances —  — 1 kQ
Rsarepp  CC | D Discharge resistance for ADC input-only pins (strong pull-down for Vop_Hv 10 = 3.3V £ 5% — _ 3 ko

safety)

1. All specifications in this table valid for the full input voltage range for the analog inputs.

— Related links
3.2 Absolute maximum ratings on page 11
3.3 Operating conditions on page 12
3.8.1 I/O input DC characteristics on page 18
3.12.2 SARADC 12-bit electrical specification on page 36

3.13.1 Power management integration on page 52

3.12.2 SARADC 12-bit electrical specification

The SARn ADCs are 12-bit successive approximation register analog-to-digital converters with full capacitive
DAC. The SARn architecture allows input channel multiplexing.

Table 28. SARn ADC electrical specification

Symbol () Parameter Conditions
_wn | e [ M

Single ended HV_REFL_SAR HV_REFH_SAR v
ViN SR D Full scale input Vo
range Differential ended 2*(HV_REFH_SAR — HV_REFL_SAR)
DIFF
Inout sianal onlv in differential [HV_REFH_SAR + [HV_REFH_SAR [HV_REFH_SAR +
Vincom SR D Compmon gmo o moge HV_REFL_SAR/2] + HV_REFL SAR/2] V
-10% HV_REFL_SAR/2] +10%
fapck SR P Clock frequency  —@ — — 40 MHz
taDcINIT CC D Setting time — — _ 4 us
taoceiasinim || CC D | Bias setting time | — — — 4 us
Dis-charge voltage °
AVerecH SR|D precision Ty<150°C 0 - TBD v
T Fast channels 3.5/fapck® —
T Slow channels 12.5/fapck —
tabcsavpLe | SR ADC sample time'®) 640.5/fApck us
Conversion of BIAS
D test channels through 67/faADCK —
20 kQ input.
From enadc=L,
tabcvre_stup  CC | D regul:l)aio\:'oslizgfup enido=L to enadc=L, — — 10 us
— ti enldo=H (LDO start-
ime
up Tup_ldo)
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Value

symbot®  |c|  parametr s | ww ]
e e ]

12-bit configuration 12.5/fApck
tADCEVAL(S) SR ADC evaluation time HS
D 10-bit configuration 10.5/fapck — -
p . Zgnc;node (for each . _ 046
laov.8 cc DD_HV_SAR power mA
supply current  power down mode N _ 0.01
(for each ADC) '
Total unadjusted o
TUE ) CC P error in 12-bit Ty< 150 Cinal -7 — 7 LS8
configuration(”) conditions (120)
Total unadjusted .
; ) Ty<150 °Cin all LSB
TUE 19 10-bit - —
UE1o CC D error in i conditions 4 4 (10b)

configuration'”)

TUE degradation
addition, due to
current injection in

See Table 4. Absolute
maximum ratings, +10 LSB
ling2 parameter.

TUE|Ny2 CC T

IINJ2 range(s)
DNL() cc P lefe.rentle.al non- Inall Vpp_Hv_sar 1 _ 2 LSB
linearity voltage range. (12b)

1. Functional operating conditions are given in the DC electrical specifications. Absolute maximum ratings are stress ratings only, and
functional operation at the maxima is not guaranteed. Stress beyond the listed maxima may affect device reliability or cause permanent
damage to the device. All specifications in this table are valid for one ADC operating at a time.

2. Max frequency can be reached under specific device clocks configuration. Refer to the device reference manual, Clocking chapter for
details.

3. Minimum ADC sample times are dependent on adequate charge transfer from the external driving circuit to the internal sample capacitor.
The time constant of the entire circuit must allow the sampling capacitor to charge within 1/2 LSB within the sampling window. Refer to
Figure 10. Input equivalent circuit (Fast SARn channels) for models of the internal ADC circuit, and the values to use in external RC sizing
and calculating the sampling window duration.

4. The minimum sampling time of 2.5 ADC clock cycles requires the setting of the ADC_SMPR1.SMPPLUS bit to 1. The overal minimum
sampling time is 3.5/fapck LS.

5. It is referring to the "successive approximation time (Tsar)" defined in the device reference manual, ADC timing chapter.

6. After calibration.

7. TUE and DNL are granted with injection current within the range defined in Table 27. ADC pin specification for parameters classified as T
and D.

8. All channels of all SARADC12bit are impacted with same degradation, independently from the ADC and the channel subject to current
injection.

—— Related links
3.2 Absolute maximum ratings on page 11

3.12.1 ADC input description on page 35
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3.12.3 SDADC electrical specification
The SDn ADCs are sigma delta 16-bit analog-to-digital converters with up to 300 Ksps output rate.
Note: The SDADCs are not available in the e TQFP100 package.

Table 29. SDn ADC electrical specification

Value

- parameter Conditions -
B0 T B

Single ended

D ° = Vop_Hv_sp_pac_comp/GAIN
ViNm = Vss
Single ended

D Vinm = 0.5*HV_REFH_SD +0.5*HV_REFH_SD

Input range peak to peak GAIN =1

V| @2 SR Vv
IN-Prape Vin_pk2pk = ViNe' = VM Single ended
D Vinm = 0.5*HV_REFH_SD +HV_REFH_SD/GAIN
GAIN=2,4,8,16
Differential,
D +HV_REFH_SD/GAIN
0<VIN<VDD Hv IO - -
focow SR P o rieeninet T)<150°C 144 — 16 MHz
fin SR P | Input signal frequency — 0.01 _ 750) KHz

Default filter mode!”) . . 333
effective OSR = 24

fabco_s SR | D  Output conversion rate ksps
Bypass FIR Mode!”)

effective OSR = 24 o o 333
Internal modulator 24 — 256 —
— CC D  Oversampling ratio
External modulator — — 256 —
RESOLUTION CC D  S/D register resolution 2’s complement notation 16 bit
Defined via ADC_SD[PGA]
GAIN SR D ADC gain register. Only integer powers of 2 1 — 16 —
are valid gain values.
Before calibration (applies to gain o
C - — 1 %o
setting = 1)
Absolute value of the ADC After calibration,
[N cc : (8)(10)
T gain error AHV_REFH_SD < 10% 8 v
AVpp _Hv_sp_pac_comp < 10% o m
-40°C<Ty<150°C
Before calibration . .
P GAIN = 1 — 9*(1+1/gain) 20
mV
Before calibration
T — 10*(1+1/gain 20
Vorrser | CC Conversion offset(®(©)(10) GAIN=2,4,8,16 (1+1/gain)

After calibration,
D AHV_REFH_SD < 10% — — 5 mV
—-40°C<Ty<150°C

Inall Vpp_nHv_spb_pac_comp

supply range.
Signal to noise ratio in HV REFH SD
SNRpire150 | CC P | differential mode 150 ksps = VDD HY SD DAC COMP 800" — — dBFS
output rate GAIN = 1
Ty<150°C
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Symbol

SNRpirr150 | CC

SNRpirr3z3  CC C

DS13808 - Rev 6 page 39/97

Parameter

Signal to noise ratio in
differential mode 150 ksps
output rate

Signal to noise ratio in
differential mode 333 ksps
output rate

Conditions

Inall Vpp_nv_spb_pac_comp
supply range.
HV_REFH_SD
=VDD_HV_SD_DAC_COMP
GAIN =2

T, <150 °C

Inall Vpp_nHv_spb_pac_comp
supply range.
HV_REFH_SD

= VDD_HV_SD_DAC_COMP
GAIN =4

T, <150 °C

Inall Vpp_nHv_spb_pac_comp
supply range.
HV_REFH_SD

= VDD_HV_SD_DAC_COMP
GAIN =8

T,< 150 °C

Inall Vpp_Hv_sp_bac_comp
supply range.
HV_REFH_SD

= VDD_HV_SD_DAC_COMP
GAIN =16

T, <150 °C

In all Vpp_Hv_sp_bac_comp
supply range.
HV_REFH_SD

= VDD_HV_SD_DAC_COMP
GAIN =1

T, <150 °C

Inall Vpp_Hv_sp_bac_comp
supply range.
HV_REFH_SD

= VDD_HV_SD_DAC_COMP
GAIN =2

T, <150 °C

Inall Vpp_Hv_sp_bac_comp
supply range.
HV_REFH_SD
=VDD_HV_SD_DAC_COMP
GAIN =4

T, <150 °C

Inall Vpp_Hv_sp_bac_comp
supply range.
HV_REFH_SD
=VDD_HV_SD_DAC_COMP
GAIN = 8

T, <150 °C

Inall Vpp_Hv_sp_bAc_comp
supply range.
HV_REFH_SD
=VDD_HV_SD_DAC_COMP
GAIN = 16

T, <150 °C

Value

[ wmw ]
L R

77

74

71

68

71(11)

68

65

62

60

dBFS

— dBFS
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Symbol

SNRse3s3 CC C

SNRsg150 CcC
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Parameter

Signal to noise ratio in single
ended mode 333 ksps output
rate

Signal to noise ratio in single
ended mode 150 ksps output
rate

Conditions

Inall Vpp_nv_spb_pac_comp
supply range.
HV_REFH_SD
=VDD_HV_SD_DAC_COMP
GAIN =1

T, <150 °C

Inall Vpp_nHv_spb_pac_comp
supply range.
HV_REFH_SD

= VDD_HV_SD_DAC_COMP
GAIN =2

T, <150 °C

Inall Vpp_nHv_spb_pac_comp
supply range.
HV_REFH_SD

= VDD_HV_SD_DAC_COMP
GAIN =4

T,< 150 °C

Inall Vpp_Hv_sp_bac_comp
supply range.
HV_REFH_SD

= VDD_HV_SD_DAC_COMP
GAIN =8

T, <150 °C

In all Vpp_Hv_sp_bac_comp
supply range.
HV_REFH_SD

= VDD_HV_SD_DAC_COMP
GAIN = 16

T, <150 °C

Inall Vpp_Hv_sp_bac_comp
supply range.
HV_REFH_SD

= VDD_HV_SD_DAC_COMP
GAIN =1

T, <150 °C

Inall Vpp_Hv_sp_bac_comp
supply range.
HV_REFH_SD
=VDD_HV_SD_DAC_COMP
GAIN =2

T, <150 °C

Inall Vpp_Hv_sp_bac_comp
supply range.
HV_REFH_SD
=VDD_HV_SD_DAC_COMP
GAIN =4

T, <150 °C

Inall Vpp_Hv_sp_bAc_comp
supply range.
HV_REFH_SD
=VDD_HV_SD_DAC_COMP
GAIN = 8

T, <150 °C

Value

[ wmw ]
L R

65(11)

62

59

56

54

740

71

68

65

— dBFS

dBFS
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Electrical characteristics

Value

- parameter Conditions [ wmw ]
Y R =

Inall Vpp_nv_spb_pac_comp

. ) o supply range.
Signal to noise ratio in single HV REFH SD
SNRsg150 | CC D | ended mode 150 ksps output = _ '\~ - 62 — — dBFS
rate = VDD_HV_SD_DAC_COMP
GAIN =16
Ty<150°C
SNR degradation addition, .
AsNRIN2 CC T due to current injection in Set'\.e Tablle 4. Absomtf rﬂa;))(lmum — — TBD dBFS
IINJ2 range. ratings, ling2 parameter
P GAIN =1 60 — —
C GAIN =2 60 — —
SFDR CC | C  Spurious free dynamic range # GAIN =4 60 — — dBc
C GAIN =8 60 — —
D GAIN =16 60 — —
D GAIN =1 360 450 540
D GAIN =2 224 280 336
7 cc b Differential input impedance GAIN = 4 128 160 192 KO
DIFF (fabcp_m = 8 MHz)
D GAIN =8 65 85 105
D GAIN =16 65 85 105
D GAIN =1 450 560 670
D ) GAIN =2 340 430 520
Common mode input
Zcm CC D impedance (fapcp m =8 GAIN =4 250 310 370 kQ
D MHz) GAIN =8 170 210 250
D GAIN =16 170 210 250
Reias CC D Bias resistance — 120 160 200 kQ
Rpias positive/negative
ARpjas CC D terminal impedance — -5 — +5 %
mismatch
\Y
Viias CC D Bias voltage - o (Vbp_Hv_Sb_bAc_comp o Vv

—Vss)/2

Common mode input (Vbb_Hv_sb_DbAc_comp

J— —_ 0,
AVintewm cc\b reference voltage 12 + Vgg)/2 12 A
8VBias CC D Bias voltage accuracy — -2.5 — +2.5 %
Vemrr cc T gct)ir:mon mode rejection 50 . . dB
SR | D External series resistance — — 20 kQ
Rcaaf Anti-aliasing filter
CC D Filter capacitances 180 — — pF
Default filter mode . 0.333*
Bypass FIR mode fabcp_s
Modified bandwidth mode — f0'166
ADCD_S
feasseaND | CC D Pass band(®) 0.01 R kHz
External filter mode (OSR = 75) — f0'066
ADCD_S
External filter mode (All OSR, . 0.083 *
expect 75) fapcp_s
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Electrical characteristics

Value

6ymbol e arameter Sonditions v
win | Typ | Max |
1 — 1

SriPPLE | CC D | Pass band ripple('*) 0.333 * fapco_s %
[0.5* fapcp_s, 1.0 * fapcp_sl 1 - —
[1.0* fapco_s. 1.5 * fapco_sl 40 - -
Frolioff CC D Szzlﬁ?zge?t::x:}:;n [1.5* fapcp_s 2.0 * fapcp_s] 47 — - dB
[2.0* fapcp_s: 2.5 * fapco_sl 54 - -
[2.5* fapcp_ss fabco_m/2] 64 - -
[0.25 * fapcp_s, 0.5 * fapcp,_s] 40 - -
[0.5* fapcp_s, 0.75 * fapcp_s] 55 - -
[1.0* fapcp_s: 1-25 * fapcp_s] 109 - -
[1.25 * fapcp_s, fapco_m/2] 99 - -
[0.5* fapcp_s, 1.0 * fapcp sl 2 - -
[1.0 " fapcp_s, 1.5 * fapco_s] " - -
a0 0 SIS emsied 0 = -
[2.0*fapcp_s: 2.5 * fapcp_sl 44 - -
[2.5* fapcp_s. fabco_m/2] 39 - -
[0.5* fapcp_s, 1.0 * fapcp _sl 3 - -
[1.0 " fapcp_s, 1.5 * fapcp_sl 15 - —
20 SOOI t0d 0 = a
[2.0 * fapcp_s, 2.5 * fapcp _sl 59 - -
[2.5* fapcp_s: fabco_m/2] 52 - -

Within pass band — Tclk is time
period of fapcp_m/2 freq. = 2/ — — — _

fADcD_M
OSR =24 — — 197.9
OSR =28 — — 230
OSR =32 — — 262.1
OSR = 36 — — 294.2
OSR =40 — — 326.3
OSR =44 — — 358.4
oo (G0 0 S g S
OSR =56 — — 454.6 Telk
OSR =64 — — 518.8
OSR =72 — — 582.9
OSR =80 — — 647.1
OSR =88 — — 711.3
OSR =96 — — 775.4
OSR =112 — — 903.8
OSR =128 — — 10321
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Electrical characteristics

Symbol Cc Parameter Conditions
winl T | Max |

OSR =144 1160.4
OSR =160 — — 1288.8
OSR =176 — — 1417 1
G del OSR =192 — — 1545.4
Seroup  CC oupcey ok
Default filter mode OSR = 224 _ _ 1802.1
OSR = 256 — — 2058.8
OSR =512 — — 41121
OSR =1024 — — 8218.7
Within pass band — Tclk is time
period of fapcp_m /2 freq. =2/ — — — —
faDcD_M
OSR =24 — — 217.3
OSR =28 — — 252
OSR =32 — — 286.6
OSR =36 — — 321.3
OSR =40 — — 355.9
OSR =44 — — 390.6
OSR =48 — — 4253
OSR = 56 — — 494.6
OSR =64 — — 563.9
OSR =72 — — 633.3
5 ce Group delay
GROUP Modified bandwidth mode('9 A OSR =80 — — 702.6
OSR =88 — — 771.9 Telk
OSR =96 — — 841.3
OSR =112 — — 979.9
OSR =128 — — 1118.6
OSR =144 — — 1257.3
OSR =160 — — 1395.9
OSR =176 — — 1534.6
OSR =192 — — 1673.2
OSR =224 — — 1950.6
OSR = 256 — — 2227.9
OSR =512 — — 4446.5
OSR = 1024 — — 8883.7
Within pass band — Tclk is time
period of fapcp_m /2 freq. = 2/ — — — —
fabcD_M
Group delay OSR =24 — — 73.7
Seroup  CC D o EIR mode('5)
ypass FiR mode OSR =28 — — 85.2
Telk
OSR =32 — — 96.8
OSR = 36 — — 108.4
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Electrical characteristics

Symbol Cc Parameter Conditions
winl T | Max |

OSR =40 119.9
OSR =44 — — 131.5
OSR =48 — — 1431
OSR =56 — — 166.2
OSR =64 — — 189.3
OSR =72 — — 212.4
OSR =80 — — 235.6
OSR =88 — — 258.7
OSR =96 — — 281.8

Seroup  CC S;Z:stlillaRymo dolt9 OSR = 112 — — 3281 | Tek
OSR =128 — — 374.4
OSR = 144 — — 420.6
OSR = 160 — — 466.9
OSR =176 — — 513.1
OSR =192 — — 559.4
OSR =224 — — 651.9
OSR = 256 — — 744.4
OSR =512 — — 1484.6
OSR =1024 — — 2964
Within pass band — Tclk is time
period of fapcp_m /2 freq. = 2/ — — — —
fabcp M
OSR=24 — — 31.25
OSR =28 — — 36.25
OSR =32 — — 41.25
OSR =36 — — 46.25
OSR =40 — — 51.25
OSR =44 — — 56.25
OSR =48 — — 61.25

G ol OSR =56 — — 71.25
roup dela

BerouP ce ExterFr)\aI filtir mode!'®) OSR=64 - - 81.25
OSR =72 — — 91.25 Telk
OSR =80 — — 101.25
OSR =88 — — 111.25
OSR =96 — — 121.25
OSR =112 — — 141.25
OSR =128 — — 161.25
OSR =144 — — 181.25
OSR =160 — — 201.25
OSR =176 — — 221.25
OSR =192 — — 241.25
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Electrical characteristics

Symbol

dGroupP

fHiGH

tsTARTUP

tLATENCY

tSETTLING

tobRECOVERY

Cs b

IADV_BIAS

labv D

IADR_BIAS

IADR_SD

cC

cC

ccC

cC

cc

cc

cc

CC D

CcC

cc
cC

C
C

Parameter

Group delay
External filter mode('®)

High pass filter 3dB
frequency

Start-up time from power
down state

Latency between input data
and converted data (input
mux not changed)!'®)

Settling time after mux
change

Overdrive recovery time

SDADC sampling
capacitance after sampling
switch('7)

Bias consumption

VDD_HV_SD_DAC_COMP
Power supply current (each
ADC)

BIAS module current('®)

Single SD reference current

Conditions

OSR =224
OSR = 256
OSR =512
OSR = 1024

Enabled

HPF = ON

HPF = OFF

Analog inputs are muxed
HPF = ON

HPF = OFF

After input comes within range
from saturation
HPF = ON

HPF = OFF

GAIN=1,2,4,8

GAIN =16
At least 1 SDADC enabled

SDADC enabled

[ wmw ]
L R

Value

281.25

321.25
Telk

641.25
1281.25

16e-5*T5
DCD_S

100 us

dGRroup
+2/ —
fabcp_s

SGrouP
1 =
fapcp_s
2*d
GRoOUP *
3*1/
fabcp_s
2*0
GRoOUP *
2*1/
fapcp_s
25
GRouUP *
2/
fapcp_s
25
GRoOUP *
2/
fabcp_s

160*GAl
N

1280 fF

fF

1 mA

25 mA

4 HA
2 uA

1. Functional operating conditions are given in the DC electrical specifications. Absolute maximum ratings are stress ratings only, and
functional operation at the maxima is not guaranteed. Stress beyond the listed maxima may affect device reliability or cause permanent
damage to the device.

2. For input voltage above the maximum and below the clamp voltage of the input pad, there is no latch-up concern, and the signal is only

‘clipped.

S o A ®

till 75 kHz (as T parameter).
7. Configured oversampling rate: SDADC_MCR[PDR] = 24.
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V)np is the input voltage applied to the positive terminal of the SDADC.
Vinm is the input voltage applied to the negative terminal of the SDADC.
Sampling is generated internally fsampLing = fapcp_m/2-

Maximum input of 166.67 KHz supported with reduced accuracy. See SNR specifications. Tested in production till 20 kHz, covered at bench



Electrical characteristics

<71 SR5E1E3, SR5E1ES5, SRSE1E7
> /4

8. Calibration of gain is possible when gain = 1. Offset calibration should be done with respect to 0.5*"HV_REFH_SD for "differential mode" and
"single ended mode with negative input = 0.5*HV_REFH_SD". Offset calibration should be done with respect to 0 for "single ended mode
with negative input = 0". Both offset and gain calibration is ensured for +10% variation of HV_REFH_SD, +10% variation of
Vbp_Hv_sb_pAc_comp, on all operating temperature ranges.

9. Conversion offset error must be divided by the applied gain factor (1, 2, 4, 8, or 16) to obtain the actual input referred offset error.
10. Offset and gain error due to temperature drift can occur in either direction () for each of the SDADCs on the device.

11. This value is tested in production on each individual device to ensure a correct screening with a tolerance of ~2 dBFS, due to the noise. This
value (without tolerance) is however ensured by the measurement carried out on a small number of samples in the analog validation
environment. Therefore, the performance is specified by bench, while the screening is specified by tester.

12. All channels of all SDADCs are impacted with same degradation, independently from the ADC and the channel subject to current injection.

13. SNR value ensured only if external noise on the ADC input pin is attenuated by the required SNR value in the frequency range of fapcp m -
fapco_sto fapcp_m + fapco_s, where fapcp w is the input sampling frequency, and fapcp_s is the output sample frequency. A proper
external input filter must be used to remove any interfering signals in this frequency range.

14. The £1% passband ripple specification is equivalent to 20 * log1¢ (0.99) = 0.087 dB.
15. For details, refer to Section 3.12.4: SDADC filter modes.

16. Propagation of the information from the pin to the register COR[CDATA] and flags SFR[DFEF], SFR[DFFF] is given by the different modules
that need to be crossed: delta/sigma filters, high pass filter, fifo module, clock domain synchronizers. The time elapsed between data
availability at pin and internal S/D module registers is given by the below formula: REGISTER LATENCY =ty atency * 0.5/fapcp s + 2
(~+1)/fapco_m+ 2(~+1)fperiDGEX_cLK Where fapcp_s is the frequency of the sampling clock, fapcp wm is the frequency of the modulator, and
fPBRIDGEX_CLK IS the frequency of the peripheral bridge clock feeds to the SDADC module. The (~+1) symbol refers to the number of clock
cycles uncertainty (from 0 to 1 clock cycle) to be added due to resynchronization of the signal during clock domain crossing. Some further
latency may be added by the target module (core, DMA, interrupt) controller to process the data received from the SDADC module.

17. This capacitance does not include pin capacitance, that can be considered together with external capacitance, before sampling switch.
18. Single bias module providing reference to 2 S/D.

Figure 11. S/D impedance generic model
Modulator input

selector
INP (=AIN[0]) Y

Rbias_bare

2 AAAA

SD_CLK

Zpr I‘?L
\ Bias select
Veias ViNT
(VDD_HV_SAR +VSS)12 (VDD_HV_SAR + VSS)/2 '> _T VICM

i Bias select

x
o
Z [
DIFF a
n
INM (=AIN[1])
Iivp = JINP—VINM | Viem = ViNT _ ViNe —Viem , Viem —VINT 1)
INP 2ZDIFF Zcm ZDIFF Zcm
Iiow = YINMZVINP | Viem ZVinT _ Vinm—Viem | Viem —ViNT 2)
INM 2ZpIFF Zcm ZpIFF Zcm
— Related links

3.12.4 SDADC filter modes on page 47
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Electrical characteristics

3.124 SDADC filter modes

The following table describes the 4 SDADC filter modes which are controlled by bits BANDSEL, FSEL and
EXTFILTER of the module configuration register (MCR).

Gain calibration should be done using the same OSR configuration, FIR filter selection mode and output data rate
band selection as the target application, since full-scale values may vary slightly with these settings (normal mode
and bypass FIR mode). Refer to Table 31. Digital output codes in full scale for full-scale values (with
MCR[GECEN] = 1) with different OSR settings, both for normal and bypass FIR modes.

Table 30. Filter modes

BANDSEL(") FSEL EXTFILTER Filter mode
0 0 0

Normal/default mode

1 0 0 Modified bandwidth mode
X 1 0 Bypass FIR mode
X X 1 External filter mode

1. For details, refer to the device reference manual.

In normal/default mode, modified bandwidth mode and bypass FIR mode, the output values are not normalized by
hardware. To apply normalization by software the following table lists the digital output codes in these modes
when input signal is full range.

Table 31. Digital output codes in full scale

— MCR[FSEL] = 0 MCR[FSEL] = 0
MCRIGECEN] = 1 MCR[BANDSEL] = 0 MCR[BANDSEL] = 1
MCR[GECEN] = 1 MCR[GECEN] = 1
24 29160 31081 31095
28 29157 31077 31092
32 29158 31079 31093
36 29155 31075 31090
40 29109 31026 31042
44 29121 31040 31054
48 29160 31081 31095
56 29157 31077 31092
64 29158 31079 31093
72 29155 31075 31090
75 29064 31128 31143
80 29109 31026 31042
88 29121 31040 31054
96 29160 31081 31095
112 29157 31078 31092
128 29158 31079 31093
144 29155 31076 31089
160 29109 31026 31042
176 29121 31040 31054
192 29160 31081 31095
224 29157 31078 31092
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MCR[FSEL] = 0 MCR[FSEL] = 0
MCR[FSEL] =1
MCR[BANDSEL] = 0 MCR[BANDSEL] =1
MCR[GECEN] = 1

MCR[GECEN] = 1 MCR[GECEN] = 1
256 29158 31079 31093
512 29158 31079 31093
1024 29158 31079 31093

—— Related links

3.12.3 SDADC electrical specification on page 38

3.12.5 Temperature sensor
The following table describes the temperature sensor electrical characteristics.

Table 32. Temperature sensor electrical characteristics

Value
Symbol C Parameter Conditions
EN R =

— CC — Temperature monitoring range — -40 — 150 °C
ATacc CC | P | Temperature monitor accuracy -40°C < Ty <150°C 3°C 0 — | +3°C | °C
ltemp_sens | CC | C  Power (Vpp Hv_sar power supply current) — — — 900 HA
Thagmao CC T -40°C temperature flag threshold — -45 — -37 °C
Thag150 CC T 150°C temperature flag threshold — 143 — 155 °C
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3.12.6 Fast-DAC

This block is a 12-bit digital to analog converter (DAC) and is used to drive internal SoC cells. It can drive
capacitive load at high speed. The input digital word is latched at the rising edge of the clock signal.

Table 33. Fast-DAC electrical specification

Symbol C Parameter Conditions

RESOLUTION CC D DAC register resolution

DACoutput rate | CC | D | Output data rate — —  — 15  Msps
DNL CC C Differential non-linearity!") — 25 — 2 LSB
INL CC | C  Integral non-linearity®) — -4 — 4 LSB
TUE CC C Total unadjusted error®) — -6 — 6 LSB
Gain_err CC C | Gain error® — —  — 05 %
Zout CC | T DAC output impedance — — 1800 — Q

Normal mode (DACMOD_V12=<011>)
Capacitive load on DAC output: C =500 fF

Normal mode (DACMOD_V12=<011>)

' inq ti 5 —
Tsetting CC D Settling time (Full scale)® Capacitive load on DAC output: C_=2 pF 55 65 ns

Normal mode (DACMOD_V12=<011>)

Capacitive load on DAC output: C =5 pF — | 100 | 125
Tupdate CC D Update rate® Capacitance load: C, =2 pF — | 40 55  ns
Twakeup CC D  Wakeup time” Capacitance load: C =2 pF — | 0,6 1 us
Tsamp cc D ii’gg(';?g time in sample and hold DACMOD_V12=<111> - — 12 s
Voltage decay rate in sample and hold
Vdrift_hold CC D  mode, during hold phase (dV/dt during | — —  — 45 mV/ms
hold phase)
lon CC | T  Current consumption Normal mode (DACMOD_V12 = <011>) — | — 955 MA
loff CC | D Current consumption In power down mode — | — 0,15 pA

1. Difference between two consecutive codes - 1 LSB. These values are related to Fast-DAC with 12-bit resolution (for 11-bit resolutions, a /2
factor to be considered). There are no limitations at system level due to these values because of the lower resolution of the comparator
modules, which use the output of Fast-DAC modules.

2. Difference between measured value at code "i" and the value at code "i" on a line drawn between code 0 and last code 4095. Offset error is
included. Parameter specified by design on entire temperature range and measured at cold temperature by design characterization.

njn

3. Difference between expected value and measured value at code "i". Parameter specified by design on entire temperature range and

measured at cold temperature by design characterization.
4. Difference between ideal slope of the transfer function and measured slope computed from code 0 to code 4095.

5. Full scale: 12-bit code transition between the lowest and the highest input codes (from code 0 to code 4095) when DAC output reaches final
value.

6. Time taken for 0.5 LSB settling (code: 2047 to 2048).
7. Wakeup time from off state (setting the ENXx bit in the DAC Control register) until final value +1 LSB taken on DAC output.
8. Code transition between the lowest input code and the highest input code when DAC output reaches final value +1 LSB.
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3.12.7 Buffered-DAC
This block is a 12-bit resistive ladder based on digital-to-analog converter (DAC) to drive resistive load up to 5 kQ

and capacitive load up to 50 pF. The input digital word is latched at the rising edge of the clock signal.
Table 34. Buffered-DAC electrical specification

Value

symbot |c|  parameter Conditions [ mm ]
e =
12 b

RESOLUTION CC D DAC register resolution @ — it

DACoutput rate | CC | T ' Output data rate — — | —= 1 Msps
D Resistive load to DAC output buffer ON, with 5 . .
ground DACMOD_v12=000,001
Rp SR KQ

DAC output buffer ON, with

D Resistive load to supply DACMOD v12=000 001

Without Sample&Hold:
DACMOD_V12<2>=0

CL SR Capacitive load
With Sample&Hold: For
b DACMOD_V12<2>=1 - - 100 nF

With Buffer ON: DACMOD_V12=X00,

T X01 02 — —
L DA T
DACOUtput_min cC Onver cou . \
T |Voraee With Buffer OFF: DACMOD_V12=X10, 0 | — _
X11
T With Buffer ON: DACMOD_V12=X00, __ | __ | HV_REFH_DAC_COMP -
; X01 0.2
Higher DACOUT
DACoutput_max CcC Vcl)?taZ; . ffer OFE: CMO 12=X10 v
T \)’(\/1”1“ Buffer OFF: DACMOD_V12=X10. " _ " _ ' v REFH_DAC_coOMP
Differential non-
DNL CC C . o DACMOD_V12 = 000,001 -1 — 25 LSB
linearity!")
INL CC | C  Integral nonlinearity” | DACMOD_V12 = 000,001 -4 — 4 LSB
TUE CC P  Total unadjusted error®  DACMOD_V12 = 000,001 -20 — +20 LSB
Gain_err CC C | Gain error® DACMOD_V12 = 000,001 — | - +1 %
Offset_err cal CC C Oﬁ§et error after Difference petween Vref/2 and actual | 5 LSB
calibration output at middle code
DACMOD_V12=<000>, <001>
D Capacitive load on DAC output: C_ < 50 — 17 3
Settling time with Buffer = PF
Tsettling_buff cc s
Sering_bu ON (Full scale)®) DACMOD_V12=V12=<100>, <101> g
D Capacitive load on DAC output: C. <100  — TBD —
nF
DACMOD_V12=<010>, <011>
D Capacitive load on DAC output: C < 10 — - 2
Settling time with Buffer = PF
T .
seting unbuft | CC 1 OFF (Fullscale)” | pACMOD_v12=v12=<110> "
D Capacitive load on DAC output: C. <100  — TBD —

nF

Capacitance load: C|_ <50 pF;
T ©) _ _
update CC | D | Update rate DACMOD_V12=<000>, <001> ! Hs

. Capacitance load: C|_ <50 pF;
T - @) — —
wakeup CC D Wake-up time DACMOD._V12=<000>, <001> 7.5 Us
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Value

Symbot |c|  Parameter Conditions [ wm ]
e m

Sampling time in
Tsamp — D | sample and hold DACMOD_V12=<101> — - 100 us
mode'®)

Voltage decay rate in
sample and hold mode,

Varift_hold CC | D  during hold phase — —_ - 12 mV/ms
(dV/dt during hold
phase)
PSRR cC D f;;"’g supply rejection & 100kHz — 25 — dB
SNR CC C Signal to noise ratio® | — — | 69 — dB
THD cc ¢ Total harmonic . _ &7 . db

distortion (©)

. In normal operation mode
lon — T | Current consumption DACMOD_V12=<011> - | — 1200 MA

loff — D | Current consumption In power down mode — | — 0.5 MA

1. Difference between two consecutive codes - 1 LSB.

2. Difference between the measured value at code ‘i’ and the value at code i’ on a line drawn between code 0 and last code 4095. Offset error
is included.

3. Difference between expected value and measured value at code 7’
Difference between ideal slope of the transfer function and measured slope computed from code 0 to code 4095.

Full scale: 12-bit code transition between the lowest and the highest input codes (from code 0 to code 4095) when DAC output reaches final
value.

SIS

6. Time taken for +0.5LSB settling (code: 2047 to 2048).

7. Wake-up time from off state (setting the ENx bit in the DAC control register) until final value +1 LSB taken on DAC output.
8. Code transition between the lowest input code and the highest input code when DAC output reaches final value +1LSB.
9. To be measured at 1 kHz.

3.12.8 Comparator

This block is a reconfigurable rail to rail comparator. This takes input from DAC.

Table 35. Comparator electrical specification

Value

Symbol |C Parameter Conditions _
M“

Vi SR D Comparator input

Rail to rail — V V
voltage range DD_HV_SD_DAC_COMP

Supply voltage = 3.3 V and typical
cc ¢ temperature (25 °C) — | — +10

Comparator offset TRIMOFF<3:0> = 1010; 3 sigma

VorrF it mV
voliage Full supply voltage range, full temperature
cc c range — | = +12
TRIMOFF<3:0> = 1010; 3 sigma
In power down mode (temperature = 150
D : o —_ — 1
| cc Static current C) A
DDA consumption H
T In functional mode (temperature = 150 °C) — — 920
c HYST[2:0] = 0 5 0 5
Vhys cc C Comparator HYST[2:0] = 1 2 10 20 mv
hysteresis'")
C HYST[2:0] =2 8 19 40
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Value

Symbol |C Parameter Conditions Unit
[ T =N
12 28 60

C HYST[2:0] =3
C HYST[2:0] = 4 16 38 80
Comparator
Vhys CC ¢ hysteresis(") HYST[2:0] =5 20 47 100 mV
C HYST[2:0] =6 25 57 120
C HYST[2:0]=7 30 67 142
Step response, with 200 mV step with
Tp | CC D Propagation delay® 100 mV overdrive, rising time for 1 ns — 20 50 ns
slope
Tstart CC D Qomparator startup Comparqtor startup tlmg.to r.each | 5 us
time propagation delay specification

1. Hysteresis voltage defined when COMPOUT goes from high to low state, threshold voltage at INP = INM-VHYST.
2. With full supply voltage range (Vpp nv_sp pac_comp = 31t0 3.45 V).

3.13 Power management

The power management module monitors the different power supplies as well as it generates the required internal
supplies. The regulator is based on an internal switching mode power supply (SMPS) regulator, using external
MOSFETs to generate the low voltage supply (Vpp_Lv for core logic).

3.131 Power management integration
Use the integration scheme provided here after to ensure the proper device function.

Place capacitances on the board as near as possible to the associated pins and limit the serial inductance of the
board to less than 5 nH.
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Figure 12. SMPS regulator mode

Refer to the device pinout IO definition excel file for the list of available PMU control pins for each device and package.
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Table 36. External components integration

Symbol C Parameter Conditions
ol e [v=4

Common components

Internal voltage regulator decoupling external

Cuvn SR D capacitance!!®) Each Vpp_1v/Vss pair — 47 — | nF
Rivn SR D Stability capacitor equivalent serial resistance — —_ - 50 mQ
Cav SR D | Bulk capacitance for HV supply®®) — — 47 — | WF
CHvn SR D Decoupling capacitance for 1/0s(®)*)®) E:i(;h Voo_v_iolVss 100 —  nF
CrLA SR | D | Decoupling capacitance for flash supply®) — — 1000 — | nF
Csar SR D ADC_SAR supply external capacitance!?)()(®) — — 10 — | yF
Cspc SR D ADC_SD, DAC, COMP supply external capacitance?® — — 10 — | WF
Crer_pac_comp SR D DAC, COMP reference external capacitance?)(® — — 1 — | WF
CRrEF_sD SR D ADC_SD reference external capacitance®(®) — — 1 — | WF
CReF_sAR SR D ADC_SAR reference external capacitance?)®) — — 1 — | uF
Cosc SR D  Oscillator supply external capacitance?)©)©) — — 10 — | uF

SMPS regulator mode

PMPB100XPEAX!'” SR D  Recommended PMOS transistor for SMPS mode!'")(1?) — — | = = | =
PMPB55XNEAX("® | SR D Recommended NMOS transistor for SMPS mode('") — — | =] = | =
Cs1 SR D | SMPS external capacitance on LV supply®)(7)©)©) — -50% 20 +30% WF
Cgp!'115) SR | D | SMPS external capacitance on HV supply“)(7)(#)©) — -50% 47 +35% WF

Ls SR D SMPS external inductance — -30% 10 +30% uH

1 VDD_HV_IO =33V+5%, T;=-40/150 °C.

2. For noise filtering, add a high frequency bypass capacitance of 10 nF, as close as possible to the terminal.
3. Recommended X7R capacitors.
4

For optimal EMC performance, the addition of a 10 nF has to be considered on every supply rail. The intention is to have a decoupling
scheme covering the wider possible frequency range.

5. To sustain the HV of the SMPS external Mos, add a 10 uF on Vpp nv o

6. For noise filtering, add a high frequency bypass capacitance of 47 nF as close as possible to the terminal.

7. External capacitance is required both in internal and external (test) requlator mode.

8. For noise filtering, add a high frequency bypass capacitance of 100 nF as close as possible to the terminal.

9. For noise filtering, add a high frequency bypass capacitance of 1 nF as close as possible to the terminal.

10. Alternative PMOS transistor for SMPS is BUK4D110-20P.

11. Device mounted on an FR4 PCB, single-sided copper, tin-plated, mounting pad for drain 6 cm?

12. Recommended Schottky diode PMEG3030EP on NMOS transistor to reduce the emission.

13. The alternative NMOS transistor for SMPS is BUK4D60-30.

14. Recommended X7R or X5R ceramic —50% / +35% variation across process, temperature, voltage and after aging.

15. The value of the capacitance on the HV supply reported in the datasheet is a general recommendation. The application can select a
different number, based on the external requlator and EMC requirements.

—— Related links
3.12.1 ADC input description on page 35
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3.13.2 Voltage regulators

Table 37. SMPS regulator specifications

Symbol C Parameter Conditions
LIRS

Vpp_Hv 10 SR P | SMPS regulator supply voltage (') — 313 — 347 V
Vsvwps | CC P SMPS regulator output voltage After trimming, max load | 1.225 1.285 1.35 V
Fsmps | CC T SMPS regulator switching frequency — -8% | 750 | +8% @ kHz

IDDsmps | CC | T SMPS regulator current provided to Vpp v domain — — — 1000  mA

SMPS regulator rush current sinked from Vpp_py_jo0 domain

IDD
ctawe CC D during Vpp_ry domain loading

Power-up condition — — TBD | mA

AIDDgpyps CC | T SMPS regulator current variation 20 us observation window -100 = — | 100 mA

1. SMPS regulator is functional with an undershoot/overshoot of 40 mV max, but at a reduced efficiency.
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3.13.3 Voltage monitors

The monitors and their associated levels for the device are given in Table 38. Voltage monitor electrical
characteristics. The following figure illustrates the workings of voltage monitoring threshold.

Figure 13. Voltage monitor threshold definition
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Table 38. Voltage monitor electrical characteristics

(o3 Parameter Conditions m-
yp | Max

Minimum voltage detectors (LV supplies)

PORO031_C
CC P Low voltage supply power-on reset voltage monitor — 0.290 0.600 0.900 V
Vbp_Lv
MVD102T_C
CC P LV supply core minimum voltage detector — 1.005 1.030 1.055  V
Vpp_Lv
MVD114_C
CcC P LV supply core low range minimum voltage detector — 1133 1.150 1.167 V
Vbp_Lv
MVD114_FL
CC P LV supply flash minimum voltage detector — 1133 1.150 1.167 V
Vbp_LV_FLA

Vbp_Lv
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Value
Symbol Cc Parameter Conditions
[ [ e

Low voltage detectors (LV supplies)

LvD119_C
CC P LV supply core low voltage detector — 1.188 1.205 1222 V
Vbp_Lv

LVD119_FL

CcC P LV supply flash low voltage detector — 1.188 1.205 1222 V
Vbp_Lv_FLA
LVD119_PLLO

CC P LV supply PLLO low voltage detector — 1.188 1.205 1222 V
Vpp_Lv_PLLO

LVD119_PLL1
CC P LV supply PLL1 low voltage detector —_ 1.188 | 1.205  1.222 \Y
VbD_LV_PLL1

LvVD119_DD
cCcC P LV supply DLL & DelayLanes low voltage detector — 1.188 1.205 1222 V
Vpp_Lv_ DD

LVD119_RC
CC P LV supply RCOSC low voltage detector — 1.188 1205 1222 V
Vbp_Lv

High and upper voltage detectors (LV supplies)

HVD140_C
CC P LV supply core high voltage detector — 1361 138 1399 V
Vbp_Lv
uvD145_C
Vbp_Lv CC P LV supply core upper voltage detector — 1411 1430 1449 V
Vbp_Lv
UVD145_RC
CC P LV supply RCOSC upper voltage detector — 1411 | 1430 1.449 V
Vpp_Lv

Minimum and low voltage detectors (HV supplies)

POR200_C
CC P High voltage supply power-on reset voltage monitor — 1.760 1960 2.160 V
VbD_Hv_PMU

MVD240T_C
CC P HV supply core minimum voltage monitor — 2456 2525 2594 V
VbD_HV_PMU

MVD240_SMPS
CC P HV supply core minimum voltage monitor — 2456 2525 259 V
VDD_HV_SMPS

VDD_HV_IO MVD270_C
cCcC P HV supply core minimum voltage monitor — 2794 2850 2906 V

VbDp_Hv_PMU

LVD290_C
CcC P HV supply core low voltage monitor — 2.898 2955 3.012 V

VbD_Hv_PMU

LVD290_101

CC P HV supply 1/O low voltage monitor — 2.898 2955 3.012 V
Vbp_Hv_|01 segment

Vpp_Lv

cC P LVD290_l00 — 2898 2955 3.012 V
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Value

Symbol C Parameter Conditions
| Min | Typ | Max |

HV supply I/0 low voltage monitor
Vbp_Hv_loo segment

MVD270_FL
CC P HV supply flash minimum voltage monitor — 2794 2850 2906 V
VDD_HV_FLA

LVD290_FL
CC P HV supply flash low voltage monitor — 2.898 2955 3.012 V
VDD_Hv_FLA

LVD290_AD
CcC P HV supply SD-ADC low voltage monitor — 2.898 2955 3.012 V
VbD_HV_SD

LVD290_DACCMP
CC P HV supply DAC & COMP low voltage monitor — 2.898 2955 3.012 V
Vbb_Hv_DAC

LVD290_AS
VDD_HV SAR cc P HV supply SAR-ADC low voltage monitor — 2.898 2955 3012 V
VDD_HV_SAR

LvD290_0OSC
Vbb_Hv_osc CcC P HV supply OSC low voltage monitor — 2.898 2955 3.012 V
Vbb_Hv_osc

Upper voltage detectors (HV supplies)

uVvD380_C
CC P HV supply core upper voltage monitor — 3.651 | 3.725 3.799 V
VbD_HV_PMU

UvD380_l00
CC P HV supply I/O upper voltage monitor — 3.651 3.725 3799 V
Vbp_Hv_loo segment
UVvD380_FL
VDD_HV_FLA cC P HV supply flash upper voltage monitor — 3.651 3.725 3.799 V
VDD_HV_FLA
UVD380_AS
VbD_HV_SAR cC P HV supply SAR-ADC upper voltage monitor — 3.651 3.7256 3.799 V
VDD_HV_SAR
UVvD380_DACCMP
VDDfHVﬁSDﬁDACiCOMP CcCC P HV supply DAC & COMP upper voltage monitor — 3.651  3.725 | 3.799 \%
Vbb_Hv_DAC

VbD_Hv_I10

VDD_HV_FLA

VDD_HV_SD_DAC_COMP

VbD_Hv_I0

TVMFILTER CC D Voltage monitor filter?) — 3 20 us

1. The values are trimmed during boot process.

2. See Figure 13. Voltage monitor threshold definition. Transitions shorter than minimum are filtered. Transitions longer than maximum are not
filtered, and are delayed by TygiLTER time. Transitions between minimum and maximum can be filtered or not filtered, according to
temperature, process and voltage variations.

—— Related links
3.3 Operating conditions on page 12

DS13808 - Rev 6 page 58/97



r SR5E1E3, SR5E1ES5, SR5E1E7

Electrical characteristics

3.14 Embedded flash memory

The following table shows the wait state configuration.

Table 39. Wait state configuration

APC RWSC Core frequency (MHz)

<1 f<34
f<68
f<136
f<170
000"
f<204
f<238
f<273
f<307
f<34
f<68

o N o a W N

IA
N

f<136
f<170
100
f<204
f<238
f<273
f<307
55<f<120
55<f<160
0013 55 <f<200
55 <f<233

55 <f<267

o N O g b~ W 00 N O g b~ O N

55 <f<307

1. No pipeline.
2. No pipeline with 1 Tclk access delay.
3. Pipeline.

Table 40. Flash memory program and erase specifications

Value
Characteristics(1? m Typical Lifetime max(5)
Typ® | C end of 2 < (o
25°CE | Alltemp™ | C | jife 1K SIS
cycles cycles

Double word (64 bits) program time

tawprogram (partition 0 & 3) 140
toprogram Page (256 bits) program time 72 | C 240 — — 240 1000 C s
Page (256 bits) program time (partition
toprogrameep | &93)( ) prog (P 83 C 264 - — o 1000 C us
tgprogram Quad page (1024 bits) program time 220 ' C 1040 1200 P 850 2000 C s
Quad page (1024 bits) program time
tqprogrameep (partition 0 & 3) 245 C 1140 1320 P 978 2000 C s
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Value
. 5
Characteristics()? m Typical Culind max( )
Typ® | C end of 2 < c
25°CO | All temp” | C life® 1 ¢ LS
cycles cycles

16 KB block pre-program and erase

t6kpperase0 time (partition 0) 300 -
t32kpperase0 ﬁig?pg'rt"i‘;';ﬁrg)'program and erase 345 C 700 825 P 400 1000 —  C ms
toakpperase0 g;z?pZﬁzzsrg)-program and erase 530 C 910 1150 P 600 1600 — C ms
teakpperase | 64 KB pre-program and erase time 460 C 700 750 P 420 1200 — C ms
tosskpperase | o0 0 DIOCK Pre-programand erase 4149 | ¢ 2000 | 2600 P 1300 2800 —  C ms
t16kprogramo | 16 KB block program time (partition 0) 30 C 52 58 P 40 100 — C ms
t32kprogramo | 32 KB block program time (partition 0) 60 C 105 120 P 75 200 — C ms
teakprogramo | 64 KB block program time (partition 0) 120 C 200 250 P 150 400 — C ms
teakprogram | 64 KB block program time 102 ' C 175 200 P 150 400 — C ms
tos6kprogram | 256 KB block program time 410 C 700 800 P 590 1000 — C ms
P 16 KB flash - EEPROM
L 3? data flas OM " 30 ¢ 52 58 P 64 200 C ms
tekeraseeep (E‘::ftﬁlgf ?'f)B dataflash-EEPROM ' 530 ¢ 495 = 55 P 400 1000 C ms
P 16 KB HSM data flash -
pr——b (partition 3) ataflas 30 C 52 58 P 64 200 C ms
Hekerasshoop | Croe (;?A'((Ealjtﬁignd??;a flash - 230 C 495 550 P 400 1000 cC ms
tir Program rate(® 17 C 28 3.40 c 2.4 — C s/MB
tor Erase rate® 48 C 72 9.6 C 6.4 — C s/MB
tiprfm Program rate factory mode(®) 112 C | 14 1.6 C — — C s/MB
terfm Erase rate factory mode®) 40 C 52 5.8 C — — C s/MB
tprogram Full flash programming time(®) 34 C 50 6.0 P 3.8 — — C s
tiferase Full flash erasing time®) 99 C | 17.0 20.0 P 11.0 — — C s
teSRT Erase suspend request rate!'%) 200 T — — — — — —  us
tpsrT Program suspend request rate('%) 30 T — — — — — — s
Array integrity check - margin read - . . - . .
tAMRT suspend request rate 15T HS
tpsus Program suspend latency('") - - = — — — 15 T s
tesus Erase suspend latency!'" — =] — — — — 30 T s
Array integrity check (1920 KB,
t _ — — _ _ — —
AICOS sequential)('2) "3 T ms
Array integrity check (256 KB,
t _ _ _ _ _ _ _
AIC256KS sequential)'? 15 T ms
Array integrity check (1920 KB,
t — — — — — — —
AICOP proprietary)('?) 40 1T s
tmRros Margin read (1920 KB, sequential)('?) 3 T — — — — — — — ms
tMR256KS Margin read (256 KB, sequential)('?) 40 T — — — — — — — ms
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Value
. 5
Characteristics()(? m Typical Lifetime max( )
Typ® | C end of 2 < (o
25°CO | All temp” | C life® 1 ¢ LS
cycles cycles

taaBT Array integrity check abort latency — =] = — — _

tmaBT Margin read abort latency — |— — — — — 10 T s

Actual hardware operation times; this does not include software overhead.
Characteristics are valid both for data flash and code flash, unless specified in the characteristics column.
Typical program and erase times assume nominal supply values and operation at 25 °C.

Typical end of life program and erase times represent the median performance and assume nominal supply values. Typical end of life
program and erase values may be used for throughput calculations. These values are characteristic, but not tested.

AL~

Sy

Lifetime maximum program and erase times apply across the voltages and temperatures and occur after the specified number of program/
erase cycles. These maximum values are characterized but not tested or guaranteed.

6. Initial factory condition: < 100 program/erase cycles, 25 °C typical junction temperature and nominal (+5%) supply voltages.

7. Initial maximum “All temp” program and erase times provide guidance for time-out limits used in the factory and apply for less than or equal
to 100 program or erase cycles, —40 °C < T; < 150 °C junction temperature and nominal (+5%) supply voltages.

8. Rate computed based on 256 KB sectors.

9. Only code sectors, not including EEPROM, neither UTEST and BAF.

10. Time between suspend resume and next suspend. Value stated actually represents min value specification.
11. Timings specified by design.

12. AIC is done using system clock, thus all timing is dependent on system frequency and number of wait states. Timing in the table is
calculated at max frequency.

All the flash operations require the presence of the system clock for internal synchronization. About 50
synchronization cycles are needed: this means that the timings of the previous table can be longer if a low
frequency system clock is used.

Table 41. Flash memory life specification

Symbol Characteristics("?
Nceriek | 16 KB code flash endurance 100 — | Kcycles
Ncers2k | 32 KB code flash endurance 10 | — 100 — Kocycles
NceEresk 64 KB code flash endurance 10 — 100 — Kcycles
256 KB code flash endurance 1 — 100 — | Kcycles
NcER256K
256 KB code flash endurance®) 10 — 100 — | Kcycles
Nperisk | 16 KB data EEPROM flash endurance 250 — | — —  Kcycles
Nperiek | 16 KB HSM data EEPROM flash endurance 100 —  — | —  Kcycles
tbr1k Minimum data retention blocks with 0 - 1 000 P/E cycles 25 — | — — | Years
tbR10k Minimum data retention blocks with 1 001 - 10 000 P/E cycles 20 —| — — | Years
tbr100k Minimum data retention blocks with 10 001 - 100 000 P/E cycles %5 — —  —  Years
tprosok | Minimum data retention blocks with 100 001 - 250 000 P/E cycles M0 — — | —  Years

1. Itis recommended that the application enables the core cache memory.
2. Program and erase cycles supported across specified temperature specifications.
3. 10 Kcycles on 4-256 KB blocks are not intended for production. Reduced reliability and degraded erase time are possible.

DS13808 - Rev 6 page 61/97



<71 SR5E1E3, SR5E1ES5, SRSE1E7
> /4

Electrical characteristics

3.15 AC specifications
All AC timing specifications are valid up to 150 °C.

3.15.1 Debug and calibration interface timing

3.15.1.1 SWD interface timing

Table 42. SWD timings and delay adjustment

Characteristics Condition
Clock (SWCLK)
fswelktck CC D SWCLKTCK frequency — — | _— | 25 | MHz 1
tswelktck CC D SWCLKTCK period — 40 @ @ — @ — ns 2
Input (SWDIOTMS)
tisu CC D SWDIOTMS input setup time — 15 — — ns 3
tin CC D  SWDIOTMS input hold time — 3 — — ns |4
Output (SWDIOTMS)
tobLy CC D SWDIOTMS output delay time during data transfer CL =25 pF — — 30 ns 5
Tosu CC D SWDIOTMS output setup time CL =25 pF 5 — — ns 6
toH CC D | SWDIOTMS output hold time CL =25 pF 1 — — ns 7
tRISE CC D SWDIOTMS output rise time CL =25 pF 2.2 — — ns 8
traLL CC D  SWDIOTMS output fall time CL =25 pF 22 | — — ns 9
tskew TRaN | CC |D  SWDIOTMS output SKEW CL =25 pF 1 — — ns 10

Figure 14. SWD timings

Tswelk

50% VDD

SWCLKTCK 50% VDD

|t | |
| tisu |<—>| |
1 ‘ ’ | I .
Input I X >( | f = — min Vi
Data | Invalid Data |
(SWDIOTMS) . | I | - — — max (Vi)
| toowy I tosu | ton |
K—><—>|<—)|
output - — — min (Von)
(SWDIOTMS) Data ! Data '
- — —max (Vou)
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3.15.1.2 JTAG interface timing

Table 43. JTAG pin test and debug timings

Value
Symbol MR (¢ Characteristics Condition
ticye CC D TCKcycle time _
tinc CC ' T | TCKclock pulse width — 40  — 60 % 2
trckrise | CC D | TCKrise and fall times (40%-70%) — — | = 3 ns 3
trmss, ttois | CC | D | TMS, TDI data setup time — 15 — — ns 4
trmsH, ttoH | CC | D | TMS, TDI data hold time — 3 _ _ ns 5
troov CC D TCKlow to TDO data valid — _ — 150 ns 6
trool CC D TCKlow to TDO data invalid — 1 — — ns |7
tTpoHz CC D TCKlow to TDO high impedance — — | = 15 ns 8
ticmvppw  CC | D | JCOMP assertion time — 40  — - ns | 9
ticmps CC D JCOMP setup time to TCK low — 40  — — ns 10
tsspv CC | D TCKfalling edge to output valid — — | — | 600% | ns 11
tsspvz CC D TCKfalling edge to output valid out of high impedance — — — 600 ns 12
tBsDHZ CC D TCKfalling edge to output high impedance — — — 600 ns 13
tspsT CC D Boundary scan input valid to TCK rising edge — 15 | — — ns 14
tespHT CC D TCKrrising edge to boundary scan input invalid — 15 — — ns 15

These specifications apply to JTAG boundary scan only.

JTAG timing specified at Vpp py jo = 3.15 to 3.45 V and maximum loading per pad type as specified in the I/O section of the datasheet.
Timing includes TCK pad delay, clock tree delay, logic delay and TDO output pad delay.

Applies to all pins, limited by pad slew rate. Refer to Section 3.8.2: I/O output DC characteristics and add 20 ns for JTAG delay.

AL D~

Figure 15. JTAG test clock input timing
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Figure 16. JTAG test access port timing
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Figure 18. JTAG boundary scan timing
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—— Related links

3.8.2 I/0 output DC characteristics on page 20

3.15.2 Extended interrupt and event controller input (EXTI)

The pulse on the interrupt input must have a minimal length in order to guarantee that it is detected by the event
controller.

Table 44. External interrupt timing

Symbol Parameter Conditions _
mm

ticye IRQ edge to edge time (!

1. Applies when IRQ pins are configured for rising edge or falling edge events, but not both.
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3.15.3 SPI timing

3.15.3.1 SPI — Single ended operation

Table 45. SPI single-ended mode AC specifications — Very Fast 10 output characteristics

Symbol (o Parameter Conditions (MRG)4)(5)(6)
| min | T | Max
CC D Master mode SPI1, SPI4 — — 50
fsck CC D  SPI clock frequency”) | Master mode SPI2, SPI3 — — 375 | MHz
CC D Slave receiver mode SPI1, SPI2, SPI3, SPI4 — — 50
tsuNss) CC D  NSS setup time Slave mode 2ns+2*TpoLk | — — ns
th(nss) CC D NSS hold time Slave mode 3 _ _ ns
tw(sckH)twisckr)  CC | D | SCK high and low time = Master mode TpoLk-2 Tpcik  Tpck*2 | ns
tsu(viy CC D Master mode 2 — _ ns
Data input setup time
tsu(si) CC D Slave mode 2 — _ ns
thom) CC D Master mode 4 — — ns
Data input hold time
th(si CC D Slave mode 3 — — ns
(sh
ty(so) CC D Master mode — — 15 ns
Data output valid time
tymo) cC D Slave mode — — 4 ns
th(so) CC D Master mode 4 _ _ ns
Data output hold time
th(mo) CC D Slave mode -2 — — ns

All timing values for output signals in this table are measured to 50% of the output voltage.

All output timing is the worst case and includes the mismatching of rise and fall times of the output pads.

All timing values are valid for Vpp py j0 = 3.3 V.

Input timing assumes an input slew rate of 1 ns (10% — 90%) and uses TTL / automotive voltage thresholds.
Very Fast 10 output characteristics

Capacitive Load C; = 25pF

N O O WDN

Max frequency can be reached under specific device clocks configuration. Refer to the device reference manual, Clocking chapter for
details.
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Figure 19. SPI timing diagram — slave mode and CPHA =1
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3.15.4 I2S timing

The instances SPI2 and SPI3 support the inter-IC sound (12S) protocol.

Table 46. I2S dynamic characteristics

Value

e | Max |

fmek CC D | 128 main clock output — 256x8K = — | 256Fg) | MHz

fex CC D 125 clock frequency Master data - - 64Fs  MHz
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fek CC D | 128 clock frequency Slave data 64Fg MHz
tyws) CC D WS valid time Master mode — — 4 ns
thws) CC D WS hold time Master mode -3 — _ ns
tsuws) CC D WS setup time Slave mode 2 — — ns
thows) CC D WS hold time Slave mode 3 — — ns
tsusbMr)  CC D Master receiver 2 — — ns
Data input setup time
tsusb_sry  CC D Slave receiver 3 — — ns
thsp Mr)  CC D Master receiver 4 — — ns
Data input hold time
thepsr) | CC D Slave receiver 3 — _ ns
tysp_sT) CC D Slave transmitter (after enable edge) — — 15 ns
Data output valid time
tysp_wm) CC D Master transmitter (after enable edge) — — 4 ns
thsp_st)  CC D Slave transmitter (after enable edge) 4 — — ns
Data output hold time
th(sp_mm) CC D Master transmitter (after enable edge) -2 — — ns

All timing values for output signals in this table are measured to 50% of the output voltage.

All output timing is the worst case and includes the mismatching of rise and fall times of the output pads.

All timing values are valid for Vpp py j0 = 3.3 V.

Input timing assumes an input slew rate of 1 ns (10% — 90%) and uses TTL / automotive voltage thresholds.
Very Fast |0 output characteristics.

Capacitive Load C; = 25 pF.

N S O R DN

Fs is the audio sampling frequency.

Figure 21. I?S slave timing diagram
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Figure 22. I2S master timing diagram
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3.15.5 CAN timing
The following table describes the CAN timing.

Table 47. CAN timing

CC D Fast type pads C_ = 25 pF
tpRX:TX) CAN controller propagation delay time standard pads ns
D Very Fast type pads C| = 25 pF — | — 60
3.15.6 UART timing

UART channel frequency support is shown in the following table.

Table 48. UART frequency support

UART_CLK Max usable frequency

6.25
8 12.5
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3.15.7 I*C timing
The 12C AC timing specifications are provided in the following tables.

Table 49. I>C input timing specifications — SCL and SDA

Value
Symbol M | C Parameter Condition
mm

tscHt | CC D | Start condition hold time — PER_CLK Cycle!? | 1
tctr  CC D | Clock low time — 8  —  — PER_CLK Cycle |2
tsrr | CC | D  Bus free time between Start and Stop condition — 47 @ —  — Ms 3
tont  CC | D | Data hold time — 00 — — ns 4
tcHt | CC | D | Clock high time — 4 - — PER_CLK Cycle |5
tpst | CC D | Data setup time — 00 — — ns 6
tstarT | CC | D | Start condition setup time (for repeated start condition only) — 2 — | — PER_CLK Cycle 7
tstop £ CC D | Stop condition setup time — 2 — | — PER_CLK Cycle 8

1. I?C input timing is valid for automotive and TTL inputs levels, hysteresis enabled, and an input edge rate no slower than 1 ns (10% - 90%).

2. PER_CLK is the SoC peripheral clock, which drives the I?C BIU and module clock inputs. Refer to the device reference manual, Clocking
chapter for more details.

Table 50. I*C output timing specifications — SCL and SDA

Value
Symbol |[C Parameters (12@)) Condition
]

tscHt £ CC D | Start condition hold time — PER_CLK Cycle®

tcetr  CC D | Clock low time — 10 —  — PER_CLK Cycle |2
tgsrr | CC | D Bus free time between start and stop condition — 47 @ —  — ps 3
tont  CC | D | Data hold time — 7 - — PER_CLK Cycle |4
tcht | CC | D | Clock high time — 10 —  — PER_CLK Cycle |5
tost | CC D | Data setup time — 2 — | — PER_CLK Cycle 6
tstart | CC | D | Start condition setup time (for repeated start condition only) —_ 20 —  — PER_CLK Cycle 7
tstop | CC D  Stop condition setup time — 10 — — PER_CLK Cycle |8

1. Programming the 12C_TIMINGR register (I°C bus frequency divider) with the maximum frequency results in the minimum output timings
listed. The IC interface is designed to scale the data transition time, moving it to the middle of the SCL low period. The actual position is
affected by the pre-scale and division values programmed in the 12C_TIMINGR register.

2. Timing is specified to same drive capabilities for all signals, mixing of pad drives may reduce operating speeds and may cause incorrect
operation.

3. Output parameters are valid for CL = 25 pF, where CL is the external load to the device (lumped). The internal package capacitance is
accounted for, and does not need to be subtracted from the 25 pF value.

4. All output timing is the worst case and includes the mismatching of rise and fall times of the output pads.

5. PER_CLK is the SoC peripheral clock, which drives the 12C BIU and module clock inputs. Refer to the device reference manual, Clocking
chapter for more details.
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Figure 23. 12C input/output timing
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3.15.8 DLL block

DLL block is used to calibrate digital code for 1 period delay, which will be used by the HRTimer to provide the
appropriate code for the required delay from any DELAY block.

Table 51. DLL electrical specifications

Value
Symbol Parameter Conditions
mm
FhrTiIM | CC | D | Input clock frequency (DLL_CK) — 306.7
THrTIM | CC D Input clock frequency (DLL_CK) — 326 — 5 ns
High-resolution step size
TRES CC D FHRTIM = 306.7MHz — 102 — ps
Tperiod/32
Trr CC | D | Input clock rise/fall time (DLL_CK) — — — 0.1 ns
ApLL_ck | CC | D Input clock duty cycle (DLL_CK) — 40 50 60 %
TLock | CC D Lock time In term of input clock cycles — — 650 | Input clock cycles
lavc_caL | CC D | Current consumption during calibration phase Calibration mode — 81 106 mA
lavg_pon | CC | D | Current consumption in power mode Power down — 3.8 1100 PA
lave_TM? | CC | D | Current consumption in test mode Test mode — 781 123 mA

1. Typical power consumption is at the Typical Process, Typical Temperature (25C) and Typical Voltage (1.26V).

2. Test mode power consumption is based on the testing at the mid-code of the calibration delay line (TEST_CMD_IN<10:0> = 111010 0000;
Natural code = 704) and assuming that both delay lines are being tested at the same time. TEST_DELAY EN=H,
TEST_MODE _DELAY 0=H and TEST_MODE_DELAY CMD=H.
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3.15.9 Delay block
Delay block is used to generate the desired pulse width modulation. When the command which allowed to lock
the DLL is applied, the global duration of this delay block is 1 clock period. The HRTimer calculates from this
value the command to be applied to obtain a delay equal to a fraction (1/32 to 31/32) of the clock period. One
delay block is used for one PWM output.

Table 52. Delay electrical specifications

Value
Symbol C Parameter Conditions
mm

High-resolution step size

TRrES cCC D FurTiM = 306.7MHZ — 102 — ps
Tperiod/32

lave CC D | Current consumption Normal mode — | 940 | 1125 pA

Iave_pon” | CC | D | Current consumption in power mode Power down — 07" 130 pA

lave_TM® | CC | D | Current consumption in test mode Test mode — 1.1 1.9 mA

CL CC D | Capactive load Output drive for DELAY_OUT. — — 20 fF

1. Typical power consumption is at the Typical Process, Typical Temperature (25C) and Typical Voltage (1.26V).
2. Power down mode power consumption mentioned is for DELAY IN=L, TEST_MODE=L.

3. Test mode power consumption is at the mid-code of the delay line (DLL_CMD<10:0> = 111010 0000; Natural code = 704). DELAY IN=H
and TEST_MODE_DELAY=H.
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4 Package information

In order to meet environmental requirements, ST offers these devices in different grades of ECOPACK packages,
depending on their level of environmental compliance. ECOPACK specifications, grade definitions and product
status are available at: www.st.com. ECOPACK is an ST trademark.

The following table lists the case numbers for SR5E1E3, SR5E1ES5, SR5E1E7.

Table 53. Package case humbers

Package type JEDEC reference specification

eTQFP100 JEDEC standard MS-026-D: MS-026-AED-HD
eTQFP144 JEDEC standard: MS-026-AFB-HD
eLQFP176 JEDEC standard MS-026-D: MS-026-BGA-HD
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4.1 eTQPF100 package information

Refer to eTQFP100 package mechanical drawings and data information for the full description of the below
figures and table notes.

Figure 24. eTQPF100 package outline
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2.The Top package body size may be smaller than the bottom package size by as much as 0.15 mm.

3.Datums A-B and D to be determined at datum plane H.

4. To be determined at seating datum plane C.

5. Dimensions D1 and E1 do not include mold flash or protrusions. Allowable mold flash or protrusions is “0.25 mm” per side. D1 and E1 are maximum plastic body size dimensions
including mold mismatch.

6. Details of pin 1 identifier are optional but must be located within the zone indicated.

10. The exact shape of each corner is optional.

12. A1 is defined as the distance from the seating plane to the lowest point on the package body.

13. Dimensions D2 and E2 show the maximum exposed metal area on the package surface where the exposed pad is located (if present). It includes all metal protrusions from the
exposed pad itself. The type of exposed pad is variable depending on leadframe pad design (T1, T2, T3), as shown in the figure below. The end user has to verify D2 and E2
dimensions according to the specific device application.

14. Dimensions D3 and E3 show the minimum solderable area, defined as the portion of the exposed pad, which is guaranteed to be free from resin flashes/bleeds, bordered by an
internal edge of the inner groove.

15. The optional exposed pad is generally coincident with the top or bottom side of the package and not allowed to protrude beyond that surface.

16. “N” is the number of terminal positions for the specified body size.

22. Notch may be present in this area (max 2.0 mm square) if center top gate molding technology is applied. Resin gate residual not protruding out of package top surface.
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Figure 25. eTQPF100 section A-A

2. The Top package body size may be smaller than the bottom package size by as much as 0.15 mm.
11. These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.

Figure 26. eTQPF100 section B-B
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9. Dimension “b” does not include a dambar protrusion. Allowable dambar protrusion does not cause the lead width to exceed the maximum “b” dimension by more than 0.08 mm.
Dambar cannot be located on the lower radius or the foot. The minimum space between the protrusion and an adjacent lead is 0.07 mm for 0.4 mm and 0.5 mm pitch packages.
11. These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.
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Table 54. eTQPF100 package mechanical data

Dimensions(1)

e we e

] 0° 3.5° 7°
o1 0° — —
02 100 120 14°
o3 100 120 14°
AG) — — 1.20
A1 0.05 — 0.15
A20) 0.95 1.00 1.05
p®)IE)T7) 0.17 0.22 0.27
b1 0.17 0.20 0.23
e 0.09 — 0.20
c1™ 0.09 — 0.16
D®) 16.00 BSC
D1(9)(10) 14.00 BSC
D2(11) — — 6.77
D312) 5.10 — —
e 0.50 BSC
E®) 16.00 BSC
E1(9)(10) 14.00 BSC
E2(11) — — 6.77
E3(?) 5.10 — —
L 0.45 0.60 0.75
L1 1.00 REF
N(13) 100
R1 0.08 — —
R2 0.08 — 0.20
S 0.20 — —
aaa4(1%) 0.20
bbb(14)(19) 0.20
cec!'19) 0.08
ddd4)(s) 0.08

1. All Dimensions are in millimeters.
2. Critical dimensions: a. Stand-off, b. Overall width, c. Lead coplanarity.

3. The optional exposed pad is generally coincident with the top or bottom side of the package and not allowed to protrude
beyond that surface.

4. A1 is defined as the distance from the seating plane to the lowest point on the package body.
5. No intrusion is allowed inwards the leads.

6. Dimension “b” does not include a dambar protrusion. Allowable dambar protrusion does not cause the lead width to exceed
the maximum “b” dimension by more than 0.08 mm. Dambar cannot be located on the lower radius or the foot. The
minimum space between the protrusion and an adjacent lead is 0.07 mm for 0.4 mm and 0.5 mm pitch packages.

7. These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.
To be determined at seating datum plane C.
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9. The Top package body size may be smaller than the bottom package size by as much as 0.15 mm.

10. Dimensions D1 and E1 do not include mold flash or protrusions. Allowable mold flash or protrusions is “0.25 mm” per side.
D1 and E1 are maximum plastic body size dimensions including mold mismatch.

11. Dimensions D2 and E2 show the maximum exposed metal area on the package surface where the exposed pad is located
(if present). It includes all metal protrusions from the exposed pad itself. The type of exposed pad is variable depending on
leadframe pad design (T1, T2, T3), as shown in the figure below. The end user has to verify D2 and E2 dimensions
according to the specific device application.

12. Dimensions D3 and E3 show the minimum solderable area, defined as the portion of the exposed pad, which is guaranteed
to be free from resin flashes/bleeds, bordered by an internal edge of the inner groove.

13. “N”is the number of terminal positions for the specified body size.
14. Dimensioning and tolerancing schemes conform to ASME Y14.5M-1994.
15. For Symbols, recommended values and tolerances see "Package symbol definition" table.

Figure 27. eTQPF100 leadframe pad design

AN

Table 55. eTQPF100 symbol definitions

The tolerance that controls the position of the

terminal pattern with respect to datum A and B. The For flange-molded packages, this tolerance also

applies for basic dimensions D1 and E1. For

aaa center of the tolerance zone for each terminal is ackages tooled with intentional terminal ti
defined by a basic dimension e as related to Datum p 9 P .
AandB. protrusions, aaa does not apply to those protrusions.

The bilateral profile tolerance that controls the
bbb position of the plastic body sides. The centers of the .
profile zones are defined by the basic dimensions D

and E.

The unilateral tolerance located above the seating
cce plane where in the bottom surface of all terminals
must be located.

This tolerance is commonly known as the
“coplanarity” of the package terminals.

The tolerance that controls the position of the
ddd terminals to each other. The centers of the profile
zones are defined by basic dimension e.

This tolerance is normally compounded with a
tolerance zone defined by “b”.
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Figure 28. eLQFP144 package outline
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2.The Top package body size may be smaller than the bottom package size by as much as 0.15 mm.

3.Datums A-B and D to be determined at datum plane H.

4. To be determined at seating datum plane C.

5. Dimensions D1 and E1 do not include mold flash or protrusions. Allowable mold flash or protrusions is “0.25 mm” per side. D1 and E1 are maximum plastic body size dimensions
including mold mismatch.

6. Details of pin 1 identifier are optional but must be located within the zone indicated.

10. The exact shape of each corner is optional.

12. A1 is defined as the distance from the seating plane to the lowest point on the package body.

13. Dimensions D2 and E2 show the maximum exposed metal area on the package surface where the exposed pad is located (if present). It includes all metal protrusions from the
exposed pad itself. The type of exposed pad is variable depending on leadframe pad design (T1, T2, T3), as shown in the figure below. The end user has to verify D2 and E2
dimensions according to the specific device application.

14. Dimensions D3 and E3 show the minimum solderable area, defined as the portion of the exposed pad, which is guaranteed to be free from resin flashes/bleeds, bordered by an
internal edge of the inner groove.

15. The optional exposed pad is generally coincident with the top or bottom side of the package and not allowed to protrude beyond that surface.

16. “N” is the number of terminal positions for the specified body size.

22. Notch may be present in this area (max 2.0 mm square) if center top gate molding technology is applied. Resin gate residual not protruding out of package top surface.
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Figure 29. eLQFP144 section A-A (not to scale)

2. The Top package body size may be smaller than the bottom package size by as much as 0.15 mm.
11. These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.

Figure 30. eLQFP144 section B-B (not to scale)
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9. Dimension “b” does not include a dambar protrusion. Allowable dambar protrusion does not cause the lead width to exceed the maximum “b” dimension by more than 0.08 mm.
Dambar cannot be located on the lower radius or the foot. The minimum space between the protrusion and an adjacent lead is 0.07 mm for 0.4 mm and 0.5 mm pitch packages.
11. These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.

DS13808 - Rev 6 page 79/97



‘_ SR5E1E3, SR5E1ES5, SR5E1E7
’l Package information

Table 56. eLQFP144 package mechanical data

Dimensions(1)

[ ] e o]

q 0.0° 3.5° 7.0°
q1 0.0° — —
q2 10.0° 12.0° 14.0°
q3 10.0° 12.0° 14.0°
AG) _ — 1.20

A1 0.05 — 0.15
A20) 0.95 1.00 1.05
QIO 0.17 0.22 0.27
b1 0.17 0.20 0.23
¢ 0.09 — 0.20
c1) 0.09 — 0.16
D® 22.00 BSC
D1(9)(10) 20.00 BSC
D201 6.76
D3(12) 5.1
e 0.50 BSC
E®) 22.00 BSC
E1©)(10) 20.00 BSC
E201) 6.76
E3(12) 5.1

L 0.45 0.60 0.75
L1 — 1.00 REF —
N(13) 144
R1 0.08 — —
R2 0.08 — 0.20

S 0.20 — —

aaa1101%) 0.20
bbb(14)15) 0.20
cec!14(19) 0.08
ddd14s) 0.08

1. All Dimensions are in millimeters.
2. Critical dimensions: a. Stand-off, b. Overall width, c. Lead coplanarity.

3. The optional exposed pad is generally coincident with the top or bottom side of the package and not allowed to protrude beyond that
surface.

4. A1 is defined as the distance from the seating plane to the lowest point on the package body.
5. No intrusion is allowed inwards the leads.

6. Dimension “b” does not include a dambar protrusion. Allowable dambar protrusion does not cause the lead width to exceed the maximum
“b” dimension by more than 0.08 mm. Dambar cannot be located on the lower radius or the foot. The minimum space between the
protrusion and an adjacent lead is 0.07 mm for 0.4 mm and 0.5 mm pitch packages.

7. These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.
8. To be determined at seating datum plane C.
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11.

12.

13.
14.
15.
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The Top package body size may be smaller than the bottom package size by as much as 0.15 mm.

Dimensions D1 and E1 do not include mold flash or protrusions. Allowable mold flash or protrusions is “0.25 mm” per side. D1 and E1 are
maximum plastic body size dimensions including mold mismatch.

Dimensions D2 and E2 show the maximum exposed metal area on the package surface where the exposed pad is located (if present). It
includes all metal protrusions from the exposed pad itself. The type of exposed pad is variable depending on leadframe pad design (T1, T2,
T3), as shown in the figure below. The end user has to verify D2 and E2 dimensions according to the specific device application.

Dimensions D3 and E3 show the minimum solderable area, defined as the portion of the exposed pad, which is guaranteed to be free from
resin flashes/bleeds, bordered by an internal edge of the inner groove.

“N” is the number of terminal positions for the specified body size.
Dimensioning and tolerancing schemes conform to ASME Y14.5M-1994.
For Symbols, recommended values and tolerances see "Package symbol definition" table.

aaa

bbb

ccc

ddd

Figure 31. eLQFP144 leadframe pad design

12

Table 57. eLQFP144 symbol definitions

The tolerance that controls the position of the
terminal pattern with respect to datum A and B. The
center of the tolerance zone for each terminal is
defined by a basic dimension e as related to Datum
A and B.

The bilateral profile tolerance that controls the
position of the plastic body sides. The centers of the
profile zones are defined by the basic dimensions D
and E.

The unilateral tolerance located above the seating
plane where in the bottom surface of all terminals
must be located.

The tolerance that controls the position of the
terminals to each other. The centers of the profile
zones are defined by basic dimension e.

For flange-molded packages, this tolerance also
applies for basic dimensions D1 and E1. For
packages tooled with intentional terminal tip
protrusions, aaa does not apply to those protrusions.

This tolerance is commonly known as the
“coplanarity” of the package terminals.

This tolerance is normally compounded with a
tolerance zone defined by “b”.



Lys

SR5E1E3, SR5E1ES, SR5E1E7

Package information

4.3

DS13808 - Rev 6

eLQFP176 package information

Figure 32. eLQFP176 package outline
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2.The Top package body size may be smaller than the bottom package size by as much as 0.15 mm.

3.Datums A-B and D to be determined at datum plane H.

4. To be determined at seating datum plane C.

5. Dimensions D1 and E1 do not include mold flash or protrusions. Allowable mold flash or protrusions is “0.25 mm” per side. D1 and E1 are maximum plastic body size dimensions
including mold mismatch.

6. Details of pin 1 identifier are optional but must be located within the zone indicated.

10. The exact shape of each corner is optional.

12. A1 is defined as the distance from the seating plane to the lowest point on the package body.

13. Dimensions D2 and E2 show the maximum exposed metal area on the package surface where the exposed pad is located (if present). It includes all metal protrusions from the
exposed pad itself. The type of exposed pad is variable depending on leadframe pad design (T1, T2, T3), as shown in the figure below. The end user has to verify D2 and E2
dimensions according to the specific device application.

14. Dimensions D3 and E3 show the minimum solderable area, defined as the portion of the exposed pad, which is guaranteed to be free from resin flashes/bleeds, bordered by an
internal edge of the inner groove.

15. The optional exposed pad is generally coincident with the top or bottom side of the package and not allowed to protrude beyond that surface.

16. “N” is the number of terminal positions for the specified body size.
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Figure 33. eLQFP176 section A-A

2. The Top package body size may be smaller than the bottom package size by as much as 0.15 mm.
11. These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.

Figure 34. eLQFP176 section B-B

WITH PLATING

oA\

BASE METAL

9. Dimension “b” does not include a dambar protrusion. Allowable dambar protrusion does not cause the lead width to exceed the maximum “b” dimension by more than 0.08 mm.
Dambar cannot be located on the lower radius or the foot. The minimum space between the protrusion and an adjacent lead is 0.07 mm for 0.4 mm and 0.5 mm pitch packages.
11. These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.
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Table 58. eLQFP176 package mechanical data

Dimensions(1)

o 0° 3.5° 7
o1 0° — —
e2 10° 12° 14°
es3 10° 12° 14°
AB) — — 1.60

A1) 0.05 — 0.15
A20) 1.35 1.40 1.45
b(5)E)(7) 0.17 0.22 0.27
b1(") 0.17 0.20 0.23
¢ 0.09 — 0.20
c1 0.09 — 0.16
D®) 26.00 BSC
D1(9)10) 24.00 BSC
D201 — — 7.77
D3(12) 6.10 — —
e 0.50 BSC
E® 26.00 BSC
E1(9)(10) 24.00 BSC
E2011) — — 7.77
E3(12) 6.10 — —
L 0.45 0.60 0.75
L1 1.00 REF
N(13) 176
R1 0.08 — —
R2 0.08 — 0.20
S 0.20 —

aaal4(1%) 0.20

bbb(14)(15) 0.20

cec!14)115) 0.08

ddd 419 0.08

All Dimensions are in millimeters.
2. Critical dimensions: a. Stand-off, b. Overall width, c. Lead coplanarity.

3. The optional exposed pad is generally coincident with the top or bottom side of the package and not allowed to protrude
beyond that surface.

4. Af1is defined as the distance from the seating plane to the lowest point on the package body.
5. No intrusion is allowed inwards the leads.

6. Dimension “b” does not include a dambar protrusion. Allowable dambar protrusion does not cause the lead width to exceed
the maximum “b” dimension by more than 0.08 mm. Dambar cannot be located on the lower radius or the foot. The
minimum space between the protrusion and an adjacent lead is 0.07 mm for 0.4 mm and 0.5 mm pitch packages.

7. These dimensions apply to the flat section of the lead between 0.10 mm and 0.25 mm from the lead tip.
To be determined at seating datum plane C.
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9. The Top package body size may be smaller than the bottom package size by as much as 0.15 mm.

10. Dimensions D1 and E1 do not include mold flash or protrusions. Allowable mold flash or protrusions is “0.25 mm” per side.
D1 and E1 are maximum plastic body size dimensions including mold mismatch.

11. Dimensions D2 and E2 show the maximum exposed metal area on the package surface where the exposed pad is located
(if present). It includes all metal protrusions from the exposed pad itself. The type of exposed pad is variable depending on
leadframe pad design (T1, T2, T3), as shown in the figure below. The end user has to verify D2 and E2 dimensions
according to the specific device application.

12. Dimensions D3 and E3 show the minimum solderable area, defined as the portion of the exposed pad, which is guaranteed
to be free from resin flashes/bleeds, bordered by an internal edge of the inner groove.

13. “N” is the number of terminal positions for the specified body size.
14. Dimensioning and tolerancing schemes conform to ASME Y14.5M-1994.
15. For Symbols, recommended values and tolerances see "Package symbol definition" table.

Figure 35. eLQFP176 leadframe pad design

Table 59. eLQFP176 symbol definitions

The tolerance that controls the position of the

terminal pattern with respect to datum A and B. The For flange-molded packages, this tolerance also

applies for basic dimensions D1 and E1. For

aaa center of the tolerance zone for each terminal is ackages tooled with intentional terminal ti
defined by a basic dimension e as related to Datum p 9 P .
A andB. protrusions, aaa does not apply to those protrusions.

The bilateral profile tolerance that controls the
bbb position of the plastic body sides. The centers of the .
profile zones are defined by the basic dimensions D

and E.

The unilateral tolerance located above the seating
cce plane where in the bottom surface of all terminals
must be located.

This tolerance is commonly known as the
“coplanarity” of the package terminals.

The tolerance that controls the position of the
ddd terminals to each other. The centers of the profile
zones are defined by basic dimension e.

This tolerance is normally compounded with a
tolerance zone defined by “b”.
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4.4 Package thermal characteristics
This section describes the thermal characteristics of the device.

The parameters in this chapter have been evaluated by considering the device consumption configuration
reported in the Section 3.7: Device consumption.

4.41 eTQFP100 thermal characteristics

Table 60. eTQPF100 thermal characteristics

Reua Junction-to-Ambient, Natural Convection® Four layer board (2s2p) 224 °C/W
Ress CC D Junction-to-board® — 7.5 °CIW
Reuctop cC D Junction-to-case top*) — 9.9 °C/W
Reucbottom cC D Junction-to-case bottom(®) — 1.6 °C/W
Wyt CC D Junction-to-package top'©) Natural convection 0.4 °C/W

1. Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site (board) temperature,
ambient temperature, power dissipation of other components on the board, and board thermal resistance.

2. Per JEDEC JESD51-6 with the board (JESD51-7) horizontal.

3. Thermal resistance between the die and the printed circuit board per JEDEC JESD51-8. Board temperature is measured on the top surface
of the board near the package.

4. Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883 Method 1012.1).
5. Thermal resistance between the die and the exposed pad ground on the bottom of the package based on simulation without any interface

resistance.

6. Thermal characterization parameter indicating the temperature difference between package top and the junction temperature per JEDEC
JESD51-2.

4.4.2 eTQFP144 thermal characteristics

Table 61. eLQFP144 thermal characteristics

A N N TN T

Resa Junction-to-ambient, natural convection Four layer board (2s2p) 21.9 °C/W
Ress cC D Junction-to-board®) — 8.6 °C/W
ReJctop cC D Junction-to-case top*) — 11.5 °C/W
ReJcbottom cCC D Junction-to-case bottom(®) — 1.6 °C/W
Yyt CC D Junction-to-package top(®) Natural convection 0.4 °C/W

1. Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site (board) temperature,
ambient temperature, air flow, power dissipation of other components on the board, and board thermal resistance.

2. Per JEDEC JESD51-6 with the board (JESD51-7) horizontal.

3. Thermal resistance between the die and the printed circuit board per JEDEC JESD51-8. Board temperature is measured on the top surface
of the board near the package.

4. Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883 Method 1012.1).

5. Thermal resistance between the die and the exposed pad ground on the bottom of the package based on simulation without any interface
resistance.

6. Thermal characterization parameter indicating the temperature difference between package top and the junction temperature per JEDEC
JESD51-2.
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4.4.3 eLQFP176 thermal characteristics

Table 62. eLQFP176 thermal characteristics

N L N N KTy AT

Reua Junction-to-Ambient, Natural Convection?) Four layer board (2s2p) 20.8 °C/W
Ress cCC D Junction-to-board®®) — 8.6 °CIW
Rayctop CC D Junction-to-case top® — 12.2 °CIW
Reucbottom cCC D Junction-to-case bottom(®) — 1.6 °C/W
Wyr CC D Junction-to-package top'©) Natural convection 0.5 °C/W

1. Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site (board) temperature,
ambient temperature, air flow, power dissipation of other components on the board, and board thermal resistance.

2. Per JEDEC JESD51-6 with the board (JESD51-7) horizontal.

3. Thermal resistance between the die and the printed circuit board per JEDEC JESD51-8. Board temperature is measured on the top surface
of the board near the package.

4. Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883 Method 1012.1).

5. Thermal resistance between the die and the exposed pad ground on the bottom of the package based on simulation without any interface
resistance.

6. Thermal characterization parameter indicating the temperature difference between package top and the junction temperature per JEDEC
JESD51-2.
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444 General notes for specifications at maximum junction temperature
An estimation of the chip junction temperature, T, can be obtained from the equation:
T;=Ts+ (Roja X Pp) (3)
Where:
. Ta = ambient temperature for the package (°C)
. Rgya = junction-to-ambient thermal resistance (°C/W)
. Pp = power dissipation in the package (W)

The thermal resistance values used are based on the JEDEC JESD51 series of standards to provide consistent
values for estimations and comparisons. The differences between the values determined for the single-layer (1s)
board compared to a four-layer board that has two signal layers, a power, and a ground plane (2s2p),
demonstrate that the effective thermal resistance is not a constant. The thermal resistance depends on the:

. Construction of the application board (number of planes)

. Effective size of the board, which cools the component

. Quality of the thermal and electrical connections to the planes
. Power dissipated by adjacent components

Connect all the ground and power balls to the respective planes with one via per ball. Using fewer vias to connect
the package to the planes reduces the thermal performance. Thinner planes also reduce the thermal
performance. When the clearance between the vias leaves the planes virtually disconnected, the thermal
performance is also greatly reduced.

As a general rule, the value obtained on a single-layer board is within the normal range for the tightly packed
printed circuit board. The value obtained on a board with the internal planes is usually within the normal range if
the application board has:

. One oz. (35 micron nominal thickness) internal planes
. Components are well separated
. Overall power dissipation on the board is less than 0.02 W/cm?2

The thermal performance of any component depends on the power dissipation of the surrounding components. In
addition, the ambient temperature varies widely within the application. Very often, for natural convection and
especially closed box applications, the board temperature at the perimeter (edge) of the package is approximately
the same as the local air temperature near the device. Specifying the local ambient conditions explicitly as the
board temperature provides a more precise description of the local ambient conditions that determine the
temperature of the device.

At a known board temperature, the junction temperature is estimated using the following equation:
T;=Tg+ (Rejp X Pp) (4)
Where:
. Tg = board temperature for the package perimeter (°C)
. Regyg= junction-to-board thermal resistance (°C/W) per JESD51-8
. Pp = power dissipation in the package (W)

When the heat loss from the package case to the air does not factor into the calculation, the junction temperature
is predictable if the application board is similar to the thermal test condition: with the component soldered to a
board with internal planes.

The thermal resistance is expressed as the sum of the junction-to-case thermal resistance plus the case-to-
ambient thermal resistance:

Rgja = Rojc + Roca (%)
Where:
. Rgya= junction-to-ambient thermal resistance (°C/W)
. Regyc= junction-to-case thermal resistance (°C/W)
. Rgca= case-to-ambient thermal resistance (°C/W)

DS13808 - Rev 6 page 88/97



<71 SR5E1E3, SR5E1ES5, SRSE1E7
> /4

Package information

Rgyc is device-related and is not affected by other factors. The thermal environment can be controlled to change
the case-to-ambient thermal resistance, Rgca. For example, change the air flow around the device, add a heat
sink, change the mounting arrangement on the printed circuit board, or change the thermal dissipation on the
printed circuit board surrounding the device. This description is most useful for packages with heat sinks where
90% of the heat flow is through the case to the heat sink to the ambient environment. For most packages, a better
model is required.

A more accurate two-resistor thermal model can be constructed from the junction-to-board thermal resistance and
the junction-to-case thermal resistance. The junction-to-case thermal resistance describes when a heat sink is
used or where a substantial amount of heat is dissipated from the top of the package. The junction-to-board
thermal resistance describes the thermal performance when most of the heat is conducted to the printed circuit
board. This model can be used to generate simple estimations and for computational fluid dynamics (CFD)
thermal models. More accurate compact Flotherm models can be generated upon request.

To determine the junction temperature of the device in the application on a prototype board, use the thermal
characterization parameter (¥ 7) to determine the junction temperature by measuring the temperature at the top
center of the package case using the following equation:

T;=Tr+ (Y)r x Pp) (6)
Where:
. Tt = thermocouple temperature on the top of the package (°C)
. Y, 7 = thermal characterization parameter (°C/W)

. Pp = power dissipation in the package (W)

The thermal characterization parameter is measured in compliance with the JESD51-2 specification using a 40-
gauge type T thermocouple epoxied to the top center of the package case. Position the thermocouple so that the
thermocouple junction rests on the package. Place a small amount of epoxy on the thermocouple junction and on
approximately 1 mm of wire extending from the junction. Place the thermocouple wire flat against the package
case to avoid measurement errors caused by the cooling effects of the thermocouple wire.

When the board temperature is perfectly defined below the device, it is possible to use the thermal
characterization parameter (¥ jpg) to determine the junction temperature by measuring the temperature at the
bottom center of the package case (exposed pad) using the following equation:

T;=Tg+ (¥;pp X Pp) (7)
Where:
. Tg = board temperature for the package perimeter (°C)
. Y, pg = junction temperature parameter (°C/W)

. Pp = power dissipation in the package (W)
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5 Ordering information

Figure 36. Ordering information scheme

SR5 E1 E7 70 C30FO0O 0 X

Product family Packing
SRS5: "Stellar” family 40nm (eflash) Y = Tray

X = Tape and reel (pin 1 on top right)
R = Tape and Reel

Serie / line

E1: E series, E1 line - Reserved

Device options

Package type + pin specifier Default: C30F0
E: eTQFP\ Other: Reserved for future use.
7: 176 pins|
5: 144 pins
3: 100 pins|

Memory size
70: 2 MB}
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Table 63. Document revision history

T

07-Apr-2022 1 Initial internal release.
02-Jan-2023 2 Second internal release.
02-Feb-2023 3 Third internal release.
24-Oct-2023 4 Fourth internal release.
. First public release
. Changed the confidentiality level of the document
. In the whole document:
- replaced SR5E1x with part numbers
- minor editorial changes
. Table 5. Operating conditions: ljng2, updated Min, Typ, and Max values
. Table 12. 1/O input electrical characteristics:
- I kG, updated the Max value of "INPUT-ONLY pads"
—  Cpq, updated the Max value
. Table 14. Slow /O output characteristics: Ipcmax_s, updated Max value
. Table 15. Medium I/O output characteristics: Ipcmax_m, updated Max value
. Table 16. Fast I/O output characteristics: Ipcmax_r, updated Max value
18-Dec-2023 5 . Table 17. Very fast I/O output characteristics: Ipcmax_v, updated Max value
. Table 27. ADC pin specification: Cpp, updated Max value
. Table 32. Temperature sensor electrical characteristics:
—  Temperature monitoring range, updated "C" column
- Tfagmao, updated "C" column
- Tflagm150, updated "C" column
. Table 34. Buffered-DAC electrical specification:
—  DNL, updated Max value
- TUE, updated Min and Max values. Removed the note
- GAIN_err, updated Max value
. Table 38. Voltage monitor electrical characteristics: Vpp v, updated Max value of parameter
"POR031_C"
19-Dec-2023 6 . Section 5: Ordering information: pin specifier, added the option “5: 144 pins”
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Glossary
AC Alternating current DC Direct current
ADC Analog-to-digital converter DCF Device configuration format
AEC Automotive Electronics Council. Also known as DMA Direct memory access
CDF-AEC for Chrysler-Delco-Ford Automotive
Electronics Council. Shortened to AEC. DNL Differential nonlinearity
AHB Advanced high-performance bus ECB Electronic code book
ALC Automatic level control ECC Error correction code
ANSI American National Standards Institute ECU Engine control unit
APB Advanced peripheral bus eDMA Enhanced direct memory access
ASIL Automotive safety integrity level EEPROM Electrically erasable programmable read-
It is a risk classification system defined by the 1ISO only memory
26262 standard for the functional safety of road
vehicles. There are four ASILs identified by ISO EMC Electromagnetic compatibility
26262—A, B, C, and D. ASIL A represents the lowest
degree and ASIL D represents the highest degree of ESD Electrostatic discharge

automotive hazard.

ESR Equivalent series resistance
AXI Advanced extensible interface

EVITA e-safety vehicle intrusion protected applications
CAN Controller area network

EXTAL External oscillator input
CAN FD® Controller area network flexible data rate

FCCU Fault collection and control unit
CBC Cipher block chaining

FIFO First in, first out
CDM Charged device model

FIR Finite-impulse response
CMAC Cipher-based message authentication code

FPU Floating-point unit
CMOS Complementary metal-oxide-semiconductor

GCM Galois/counter mode
CPHA Clock phase bit. Selects the clock phase.

GPIO General-purpose input/output
CPOL Clock polarity bit. Selects the clock polarity.

HBM Human body model
CPU Central processing unit
HSM Hardware security module
CTIl Arm® CoreSight™ cross-trigger interface
1/0 Input/output
CTM Cross-trigger matrix
IEC International Electrotechnical Commission
DAC Digital-to-analog converter
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IEEE Institute of Electrical and Electronics Engineers
IP Intellectual property

IPC Institute of Printed Circuits

IRCOSC Internal RC oscillator

IRQ Interrupt request

ISO International Organization for Standardization
I>)C Inter-integrated circuit

I’S Integrated interchip sound

JCOMP JTAG compliance (pin)

JEDEC Joint Electron Device Engineering Council
JTAG Joint Test Action Group

KB Kilobyte

LIN Local interconnect network

LSB Least significant byte

LV Low voltage

LVD Low-voltage detector

MB Mebabyte

MCR Module configuration register

MCU Microcontroller unit

MD Modulation depth

MEMU Memory error management unit

MISO Master input slave output

MOSFET Metal-oxide-semiconductor field-effect
transistor

MOSI Master output slave input

NMOS N-type metal-oxide—semiconductor

NVM Nonvolatile memory
OSR Oversampling ratio

OTA Over the air

PC Printed circuit

PCB Printed-circuit board

PHI PLL output clock

PLL Phase-locked loop

PWM Pulse-width modulation
RAM Random access memory
RC Resistor-capacitor

SAR Successive approximation register

SARADC Successive-approximation register analog-
to-digital converter

SAR SV SAR supervisor

SCK SPI clock (SPI and other SPI-related
specifications such as queued SPI)

SCL Serial clock line (I*C signal)

SD Secure digital

SDADC Sigma-delta analog-to-digital converter
SDIO Secure digital input/output

SoC System on chip

SPI Serial peripheral interface

SRAM Static random-access memory

SSCG Spread-spectrum clock generation

SWD Secondary debug port

TCK Test clock (JTAG standard)

TCM Tightly coupled memory
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TMS Test mode select

TRNG True random number generator

TTL Transistor-to-transistor logic

TUE Total unadjusted error

UART Universal asynchronous receiver/transmitter

UTEST User-programmed DCF records.

Some UTEST DCEF records are written at the factory
during production testing. Others are written by the end
user and programmed at the same time as the
application code.

UVD Maximum-voltage detector
VCO Voltage-controlled oscillator
WS Wait state

XOSC Crystal oscillator

XTAL External oscillator output
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IMPORTANT NOTICE — READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgment.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2023 STMicroelectronics — All rights reserved
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