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1 3 phase smart gate driver
5.5V to60V @erating supply voltage (recommended opeating condition)
1.5A sink/ 1.5A source peak gate driver currents
Programmable driving voltage (¥, 10V, 12V, 15V)
Independently programmablehigh sid€low sideslew rate control
Independently programmable dead time faurn on/off switching
Controlusing3PWM or 6PWM inputs to 200kHz

0 Built-in commutation tables forusing 1PWNNith or without Hall sensors
1 Integrated power supplies

o0 High efficiencysynchronousbuck converter with programmable switching frequency. Supplies
gate driver charge pumps, DVDD linear regulator and both internal and external components

0 Linear regulatorwith 300mAcurrent capability for MCland other componentssupply (DVDD)
o Dual charggpump for supplying gate driver even at low supply voltage
1 Threeintegrated current sense amplifiers
0 Adjustable gain and offset
0 Configurable lowside Rsonsensing
Three ntegrated Hallsensor omparators
Integrated ADC for signal monitoring
Locked rotordetection
3.3V/5V compatible digital interface
Programmable SPI digital interface
Protection features :
o External brake with programmable brakingesponse
OverCurrentProtection (OCP) on current sense amplifiers (programmable)
OverCurrentProtection (OP) for buckconverter andDVDDinear regulator(programmable
UnderVoltage LockoutgUVLOJor internal andexternal supplies
OverVoltage Faul{OVLO}eporting for buckconverterand DVDDinear regulator
OverTemperature varning andshutdown (OTW, OTS
Programmablewatchdog timer
0 Reporingthrough nFAULTand SPI registers
1 Thermallyenhanced 48pirVQFN package
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Battery powered powerdolsand gardening tools
Robotic lawn mowers

E-bikes

Robotics, RCays,consumerdrones andmulti-copters
Pumps andfans

Other 3 Phase BLDC and PMShtans
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" F> AF = GF @ERL7144s 2 yae Mriver IC for 3 phase BLDC or PMSM motor drive applications. It
provides three halfbridge drivers, each capable of driving a higide and lowside Ntype MOSFET.

The gate driver is also provided witprogrammable deadtime delaysfor preventing current shoot
through between HS and LS switches in normal operation.

Separate charge pumps for lownd highside gate drivers support 100% duty cycle and low voltaygply
operation. Supplies for the gate drivers are programmable to one of the following levels: 10V, 12V or
15V. Additionally, the slew rate of the driving signal can be programmeih fine granularity to reduce
EMI emissions.

An ntegrated synchronous buck converter provides an efficient supply of currenthiterest of the system.
However, power tool systems require high precisioarrent measuremats,involving a very precise ADC
reference voltageFor that purpose SEDL71411ses a lineawoltageregulator (up to 300mA)powered by

the buck converter to supply the MCU and other sensitive components in the system. With this advanced
power supply architecture, not onlyhe best possible signal qualitis achieved, but also the power
efficiency is optimized at any input and output condition.

6EDL7141Includes three current sense amplifiefsr accurate current measurements that support-bi
directional low sidecurrent sensing with programmable gain.oEbsensing is supported through internal
connection of the phase nodes to the current sense amplifiers inputs. Temperature compensation if
needed shall be provided by the user applicationu@uts of current sense amplifiers suppoktoth 3.3V
and 5Vallowing most commercial controllers to be compatibld_ow roise, low settling times and high
accuracy are the main features of the integrated op&omal amplifiers. An internalbuffer can beused to
offset the sense amplifier outputs for optimizing the dynamic range.

The device providesumerousprotection features for improving application robustness during adverse
conditions like monitoring of paver supply voltages as well as system parametérke failure behavior,
threshold voltages and filter times of the supervisions of the device are adjustable via SPI. Monitored
aspects includdnverter currents, gate drive voltages and currents, device teempture, and rotor locked.
When a fault occurs, the device stops driving and pulls nFAULT pin low, in order to preysteimdamage
or other possible malfunction This signal can be connected to a microcontroller to inform the processor
that a fault has happened. The microcontroller can request more information on the fault via SPI
commands.

The integrated SPI interface can be used to configGEeDL714for the application. The SPI provides both
detailed fault reporting and flexible parameter settings such as gafrthe current sense amplifies, slew
rate control of the gate drivers, various protection features or gate drivoltage.
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Figure 1shows a simplified system block diagram whefe- 2 ' 6&DL7141s used as a-phase gate
driver in a pGbased Halsensored BLDC motor control system. The integrated buck regulator provides the
power supply for both themicrocontroller unit (MCUgand the Hall sensors in the BLDC motor.

6EDL7141
Buck cgnverter h Battery

_ Linear Regulator I

Core

GD_A
. = 3-Phase
PWM > PWM Logic lverter

_______ @> 608 g

SPI> SPI :> Memory GD_C
Hall

Sensors

<°rotections notification | Protections

A

]
< Current measurement
OpAmp
Figure 1 Simplified System Block Diagram
9; C9?= "=K; JAHLAGF

+ - 2 ' 6&DL7141s integrated in a VQFN48 7mxuYmm package with an exposed padihedevice and
package information ishownin Table 1

Table 1 Device and package information
Part Number Package Body Size Lead Pitch
6EDL7141 PGVQFM878 |7.0mm 7.0 mm 0.5 mm
Datasheet 3 <Revision 1.20>
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In Figure 2 the pirout of + - 2 ' 6&DL7141s presented.
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Table 2describes the different characteristics and functionalities assigned to the different pieBDL7141

device.

I: Input, Ooutput, I10: Input and/or Output, D: Digital, A: Analog, AD: Analog and/or Digital, P: Power, G: Ground.

Table 2 Pin definition

Pin # Pin Name 10 Type Description

1 nSCS I D Chip Select for SPActive low

2 SCLK I D SPI clock signal

3 SDO @] D SPIdata output signal

4 SDI I D SPIdatainput signal

5 AFAULT o D \'\//Ivgzr; cI)(\)Nvg :rg;z‘ltis a fault has occurred; connect external pulto

6 INHA | D PWM input signal for channel A higide. Common PWM signal for
PWM mode IConnect toDGNDOf not used
PWM input signal for channel A Iside.

7 INLA I D .
Input of Hall sensor A itPWM mods. Connect taDGNDOf not used

8 INHB I D PWM input signal for channd@ highside.Connect toDGNDf not used

9 INLB | D PWM input signal for channé lowside.
Input of Hall sensoB in1PWM mods. Connect to DGND not used

10 INHC | 5 PWM.input signal for channé} highside.
DIR signal folPWM mods. Connect to DGNDnot used
PWM input signal for chann€l lowside.

11 INLC | D .
Input of Hall sensor C itPWM mods. Connect taDGNDf not used

CS GAIN/ Analog programming for the shunt amplifier gain.

12 A7 I A Dual functionasAuto-Zera input to control external Auto-Zero
function
Analog programming of DVDD output voltage durisigrt-up. Connect
a pull down resistor to select DVDD voltage:

13 VSENSE/ | AID R<;°,.3k\”(A DVDD3.3V

NBRAKE R>=10kY A DVDD5.0V

Afterstart-up, pin will be innBRAKE mode: used for motor braking.
Active low

14 DVDD ) p Supply br gxternal MCU, Hall sensgretc. \(oltage is generateq by
integrated linear voltage regulator and defined by VSENSEQquiSPI

15 PVDD - P Powersupply ofthe device

16 PH - P Buck phase node voltage. Connect to output inductor

17 PGND - G Powerground used for buck converter, charge pumps and gate drive

18 VDDB - P Buck output voltage. Connect capacitor between VDDB &@&ND.

19 CP1L - P Bottom connection of the charge pump flying capacitor 1

20 CP1H - P Top connection of the charge pumitying capacitor 1

21 CP2L - P Bottom connection of the charge pump flying capacitor 2

22 CP2H - P Top connection of the charge pump flying capacitor 2

Datasheet 8 <Revision 1.20>
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Pin Configuration

Pin # Pin Name 10 Type Description

23 VCCE ) p gétﬁg oflow side charge pump. Conneccapacitor fom VCCE to
Output of highside charge pump. Conneccapacitor from VCCSH to

24 | VCES ) P PVDpDor PGI%ID o PP P
High sde gate driving signal for phase ®ot connected or connected

25 GHC © A to gI]3VDD g not usedg ’ P
High sidesource connection (phase node) for phase C.

26 SHC 10 A Positive input of shunt amplifier C fordnsensing Not connected if
not used

27 N.C. - - Not connected

28 GLC @) A Lowside gate driving signal for phase. Glot connected if not used
Low sidesource connection for phase C.

29 SLC 10 A Postive input of shunt amplifier Cfor shunt sensing Short to PGND if
not used

30 CSNC | A gérlr\legtifssgtstfsaérgpliﬁer negative input for phase €hort to PGND or
Current sense amplifier negative input for phase 8hort to PGND or

sl CSNB ! A DGND if notised P ’ P P
Low sidesource connection for phase B.

32 SLB 10 A Positive input of shunt amplifieB for shunt sensingShort to PGND if
not used

33 GLB 0] A Low sidegate driving signal for phase.BNot connected if not used

34 N.C. - - Not connected
High sidesource connection (phase node) for phase B.

35 SHB 10 A Positive input of shunt amplifieB for Risonsensing Not connected if
not used

36 GHB 0 A ;igl;jhvicé)e%a;(e;tdl:isveir:jg signal for phase.BNot connected or connected

37 GHA o A ;igl;jhvicé)e%a;(e;tdl:isveir:jg signal for phase.Aot connected or connected
High sidesource connection (phase node) for phase A.

38 SHA 10 A Positive input of shunt amplifieAfor Rosonsensing Not connected if
not used

39 N.C. - - Not connected

40 GLA @] A Low sidegate driving signal for phase.Aot connected if not used
Low sidesource connection fophase A

41 SLA 10 A Posdtive input of shunt amplifier Aor shunt sensingShort to PGND if
not used

42 CSNA | A gérﬁlegﬁfssgfir;\gliﬁer negative input for phase AShort to PGND or

43 CSOA O A Current sense amplifier output for phase Mot connected if not used

44 CSOB O A Current sense amplifier output for phase Blot connected if not used

45 CsOC O A Current sense amplifier output for phasé Not connected if not used
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Pin Configuration

Pin # Pin Name 10 Type Description

Optional reference voltage input offsettinghe current sense (CS)
outputs with respect to DGNINot connected if not used

47 CE I A Chip EnableStarts up the device uponising edge
Enables the gate driver section and internal circuitry based on the

46 VREF

>

48 EN_DRV I D configuration. Can be configured awatchdog clock Internal pull
down
Ground Pad | - P Ground connectiorfor digital section Solder to PCB.
Datasheet 10 <Revision 1.20>
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Table 3shows the absolute maximum ratings for the device. Ratings are intended in the temperature rapge T
40C to T=150C. All voltages are referred to groutBGND for buck converter, charge pumps and gate driver
related parameters and DGND for the regpsitive currents are flowing into the pin (unless otherwise

specified).
Table 3 Absolute maximum ratings
Values . -
Parameter Symbol in Typ Mo Unit Condition
Supplyvoltage PVDD -0.3 70 Vv
Supplyvoltage slew 2 . Duringstart-u
PRYY g SRwvop chigl - g - P
rate 0.25 During active mode
CE pin vtiage \ece -0.3 7 \%
Power ground to
digital ground PGND3DGND |-0.3 0.3 Vv
voltage
Low side gtedriver g 0.3 16.5 V| Thisis same as PVCC
supply voltage
VCHSvoltage VCQEHS PVDD 86.5 \Y VCCHS BVDD PVCC
0.3
VCCHSknxvoltage VCCHSA 86.5
VCCHS/&hyvoltage VCCHS/orx 86.5 Vv
Source high side Vstix -8 70 DC voltage
voltage -10 70 500ns pulse max
Source low side Vsix -8 8 Vv DC voltage
voltage/Shunt
amplifier positive -10 8 500ns pulse max
input voltage
Gate high side Vohx -8 VCCHS+0.3|V DC voltage
voltage -10 VCCHS+0.3 500ns pulse max
Gatelow side voltage | Vo« -8 VCCLS+0.3 |V DC voltage
-10 VCCLS+0.3 500ns pulse max
Gate to Source high | Vorx Vshx -0.3 16 \% DC Tj=25C
side voltage -2 16 500ns pulse maxT, = 25
°C
Gate to Source low | Ve Vsix -0.3 16 \% DC Tj=25C
side voltage
-2 16 500ns pulsemax, T=25
°C
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General Product Characteristics

Values . -
Parameter Symbol in Typ Mo Unit Condition
Shunt amplifier
negative input Vesn -0.3 DVDD+0.3
voltage
Flying capacitor 1
o ag S Verur Veps, | -0.3 9 v
CP1L pin voltage \epul, -0.3 9 \%
CP1H pin voltage \epin, -0.3 16.5 \%
Flying capacitor 2
Vgl’tage P Veror-Vepz | 0.3 70 v
CP2L pin voltage \epaL -0.3 16.5 \%
CP2H pin voltage Vep2zh -0.3 86.5 Vv
Buckconverter VDDB 0.3 9 Vv
output voltage
-0.3 DC condition
Phase voltage A 70 Vv
-5 Less than 2@ispulse
DVvDDegulator DVDD 0.3 6 Vv
output voltage
\/INHX, VNLX;
Input/Output pin Vheauls Vscik 03 DVvDD vV
voltage Vascs Vépy Vépa ' +0.3
Vesox \ker
Maximumecurrent for
digital pins Ioiean eax . 1 mA
Analoginput pin Ven_ory Analog or analog and
W/SENSEBRAKE -0.3 7 \/ .. )
voltage digital pins
VCS_GAIN\Z
Maximum current for
analog hputs lan_wnx . 10 mA
Maximumsink
current for open- lob sink_max 7 mA
drain pins
VREF pin sink curren| lrer sink -50 50 ig]
Junction T, .40 150 oC
temperature
Storage temperature | Ts -55 150 °C
Casetemperature Tease 145 °C
Note: Stresses above the ones listed here may cause permanent damagedeuiceExposure to
absolutemaximum rating conditions for extended periaday affect device reliability. These are
stress ratings only which do not imply functional operation of the device at these or any other
conditions beyond those indicated undeecommended Operating Conditions
Note: Absolute Maximum Ratings are not subject to production test, specified by design.
Datasheet 12 <Revision 1.20>
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General Product Characteristics

2.2 O0=; GEE=F<=< -H=J9LAF? !/ GF<ALAGFK

Operating at k= 25°C.All voltages are referred to ground (PGND for buck converter, chargegsuand gate
driver related parameters and DGND for the rest), positive currents are flowing into the pin (unless otherwise
specified).

Table 4 Recommended operating conditions
Values . .
Parameter Symbol Nin Typ | Max Unit Condition
Supply voltage PVDD 55 60 \%
Suool " | we| SR 2 45 Duringstart-up
u voltage slew rate
PPY g P 0.25 During active mode
CE pin voltage range Vee 0 6 \%
External supply voltage Configurable via VIWSE pin
regulator output voltage DVDD 3.3 55 v or SPI (OTP write)
Buck phasevoltage y -0.3 60 v DC condition
. PH
continuous -5 Less than 2@is pulse
Inverter phase voltage | Vsix -8 60
High sidegate driver VCCHS 03 75 Vv
supplyvoltage
Gatedriver supply VCA.§ 7 15 Vv Programmable viaSPI. This
voltage (PVCC) VCAHSPVDD value is equal to PVCC
Gatedriver maximum
operating frequency fum_co 200 | kHz
\/INHX1 VNLX; \AFAULT
Digital pin 1/O voltage Ves_camz VEN_DRY 03 DVDD | v Whe-n.CS_.GAIN/AZ pin works
range Vscik Miscs oy as digital input
Vspo
Shunt amplifier input Sense amplifier configured for
voltage range Voux Vs 0.3 03 |V shunt resistor sensing
Analod pins voltage Vesox WhenCS_GAIN/AZ and
i eg P g Wsensesracs 0 DVDD|V | VSENSEMNBRAKE pins work a
g Ves_camz analog pins
VREF input voltage Vker DVDD/ DVDD VREF is configured as input
range 4 2
Junction temperature T, .40 125 °C
range
Datasheet 13 <Revision 1.20>
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2.3 #10G: MKL F=KK

ESDrobustnessrelated data is listed immable 5

Table 5 ESDrobustness data?
Values . -
Parameter Symbol i Typ Max Unit Condition
ESDrobustness all | | Vegp i 2000 \Y; HBMW
pins
ESD robustness all | | Vesp conl 500 \Y; CDW
pins
ESDrobustness | Veso com_corndr 750 V CDM for corner pins only
(corner pins)

1) Not subject to production test, specified by design
re #1-° JG: MKLF=KKJ] &ME9F G<Q +G<=D 0& +06 9;; GIJ<AF? LG , 1" 3#1
3) ESD robustness, Charge Device Model (CDM) accordig S&/ESDA/JEDEC-082

2.4 2@=JE9D O0O=KAKL9F; =

Note: This thermal data was generated in accordance with JEDEC JESD51 standards. For more information, go
to www.jedec.org

Table 6 Thermal resistance parameters
Values . .

Parameter Symbol in Typ Max Unit Condition
Junction-to-ambient Rz Ta =25 °C, FR4 PCB, size:
thermal resistance 41.2 °aw 60.03 40.03 1.5mm?3, stack

2P
Junctlon—to—_case (top) | R 1 oLcH o5 55 W Ta=25°C
thermal resistance
Junction-to-case Riz 1 6: oL Ta=25°C
(bottom) thermal 6.73 W
resistance
2.5 #D=:; LJA; 9D ! @9J9;: L=JAKLA; K

PVDD =.51t060V, k= 25°C, unless specified under test conditiél voltages are referred to ground (PGND for
buck converter, charge pumps and gate driver related parameters and DGND for the rest), positive currents are
flowing into the pin (unless otherwise specified).

Table 7 Electrical characteristics
Val
Parameter Symbol , alues Unit Condition
Min ‘ Typ ‘ Max
Main Power Supply (PVDD)
Supply voltage PVDD 55 60 \%
PVDD current, active Ven_prv® VEN bRV THVCE™ Vee 1 r, PVDD
IpvbpACTIVE 20 50 mA | _ X N
mode = 40V typical application run
PVDD current | 3 8 mA Ven orR N prv THVEE™> Ve THR, PVDD
standby mode PVDD_STANDBY - 40V
Datasheet 14 <Revision 1.20>
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Values . .
Parameter Symbol in Typ Mo Unit Condition
PVDD current, OFF VEN_DR\ﬁ \éN_DRV_THVCE< V:E_ﬂiR PVDD =
mode lpvop_oFF 25 40 HA 40V
Gate Driver
Lowside gate driver ngerated from charge pumpGate
VCCLS 7 15 \% driver supply voltage programmable
supply voltagetarget .
via SPI
o : Generated from charge pumpGate
SHulghIS Id\,%ﬁzteeglrvz VCCHS 10.8 74.3 |V driver supply voltage programmable
PRy getarg via SPI according to VCCLS
High side gate driver VCCLS - .
output VorxVsHx 07 \Y, More details in sectior2.6
Low sidegate driver - .
VorxVsix VCCLYV More details in sectior2.6
output
Pgak spurce current Current flowing from pin Gate driver
(hlgh side and low leb srcpeAK 1.5 A .
: . current programmablevia SPI
side driverg
I(Dheiarljssl%ic:r:;egt W | 15 A Current into the pin Gate driver
gn s CD-SNK_PEAK ' current programmablevia SPI
sidedrivers)
250 Low side gate driver
Hold gate curren? lhoLp mA — :
50 High side gate driver
With respect to gate driver current
Source and sink | 20 20 o mean value. Mean valu®r the
current accuracy CPACBRACY ° | different programmed settingscan
deviate from target value
Charge pump clock ¢ 190 1600 | kHz | Programmable via SPI
frequency
Charge pump clock 0
accuracy fep cik_ace 5 5 Yo
Charge pump clock
frequency spread fep oLk ss 0 30 %
spectrum®)
60 .4 opexagan
High side gate driver Wor
lep_veeHs mA
average current _
30 PVDD < 9.9 operation
60 . 4" " \joperatpn
Low side gate driver
lep_veets mA
average current 30 PVDD < 9.8 operation
Datasheet 15 <Revision 1.20>
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Values . .
Parameter Symbol in Typ Mo Unit Condition
Cerx= 220nF, Geos1fM $ BadJ's R
411 @ pTl10MBepends" '
250 |ps .
on capacitance values and features
Charge pump ramp like charge pump precharge
) tcp sTarT _ _

up time Cerx= 220nF, Geas1f $ BudS'F P

PVCC = 12 V. PVDIDY. Depends

1 ms .
on capacitance values and features
like charge pump precharge

Gate driver PWM

frequency? frwm_cp 200 kHz
Applies to INHx and INLx pins. Pre

Input pin pulse width | tinpw 80 ns | chargecurrent disabled, current
setting to 1.5A
This is the minimum dead time value
possible If input signals have dead

. toT_RISE time lower than this, this value
1) _

Deadtime toT_FaLL 120 ns applies otherwise inputPWM signal
dead time is used. Value is
programmable via SPI.

Gate to Source

passive weak pull Rss po weak | 70 100 |130 |C? |Always active

down resistor

Gate to Source active Pull-down resistor enabled when

i Ik 025 |1 5 co EN_DRYV or PVDD are off angaMs,y

S rqng pulFdown Ras_pp_strong O. y r 4K GL@ @A? @

resistor :
drivers

Propagation delay i 80 250 ns Dead time not consideredFrom 50%

INHX to GHXx PROP_HS input to 50% output

Propagation delay i 80 250 ns Dead time not consideredFrom 50%

INLX to GLx PROPLS input to 50% output

Propagation delay

matching hlgh-lOW tPROP_MATCH_H 0 25 ns

side!

Channetto-channel

propagation delay trrop maTcH cf O 10 ns

matching®

Channetto-channel

dead time matching tor_matcr cn | O 10 ns
Threshold voltage referred to:

Gate to source For pull down GHxSHx (resp. GL:x

comparator Ves_cpm_TH 250 mV | SLx for low side driver).

threshold For pull up VCCHSGHXx (resp. VCCL:
- GLx for low side driver)
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General Product Characteristics

Values . .
Parameter Symbol in Typ Mo Unit Condition
Gateto source i
comparator deglitch | °>-MF-PECH 500 ns
time? e
Synchronous BuckConverter
LAV a1 #2. A0 Ntk
6.5
0A
Buckconverter LAV A1 H2. 20" A RIK
output target voltage VDDRow 7.0 Viol-oa
LA n1#H2. 20" AR R
8.0
=0A
LAV al#2. 20 App Nl
f K fPVDD¥8V
4.6 6.5 |[665 Buck with fixed duty cycle. VDDB
dependent on {pps Min value
definedat lvope= 200mAcondition
LAl pl#2. 20 ApPJ
Buck regulator f Ky fPVDD¥85V
output voltage at low | VDDRowm v | 4.6 7.0 715 |V Buck with fixed dutycycle. VDDB
input voltage (PVDD) depends on JopeMin value defined at
lvoog= 200mMA
LAl pl#2. 20 ARPJ
FKfPWDY95V
4.6 8.0 |821 Buck with fixed duty cycle. VDDB
depends on\pps Min value defined at
lvooe= 200mMA
PVDD > VDR&s+ 2.5V, loos
transient from 60mA to 540mA (10%
-10 9 % )
to 90% load transient), {eps= 47uF,
Buck converter - L = 224H, fuck sve 500kHZ
output voltage load |R 4 " [bap
regulation? PVDD>VDDRow+ 2.5V, {oos
95 5 o transient from 60mA to 540mA (10%
| 0 to 90% load transient)G,ppe=47uF, L
= 10}.J.H, fBUCKfSW_- 100kHz
. 4" "\ VDRBupplies charge
600 mA | pumps, DVDD linear regulator and
Buck converter VDDB pin
maximum average | lvoos max PVDD at low input voltage range
current 200 | ma |(VDDBouw). VDDB suppliesharge
pumps, DVDD linear regulator and
VDDB pin
Buck converter
. DGuck_max 95 %
maximum duty cycle
Datasheet 17 <Revision 1.20>
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Values . .
Parameter Symbol , Unit Condition
Min Typ Max

Buck converter high ]
side switch Rson Roson_suck_ng 0.7 1.4 2.2 a

Buck converter low v
side switch Reon R)SON_BUCK_LS 0.3 0.45 1.0 (of

Configurable via OTP write. May var
during load steps.

450 500 |59 Valid for the recommended
component valued syck= 22uHand

Buck switching Gauck= 47uF SeeTable 22
) fauck_sw kHz . ) .
frequency! Configurable via OTP write. May van

during load steps.

850 1000 | 1150 Valid for the recommended
component valued suck= 10puHand
Gauck= 47 SeeTable 22

Buck converter soft i 1500 | us Actual value depends on buck
start timing? VDDB_SFT_STAR HS 1 output filter

Linear Regulator DVDD

Programmable via SPI or external
3.3 pull down resistor on VSENSE pin

Regulator target R<=3.2 & DVDD=3.¥

DVDD \% .
output voltage Programmable via SPI or external
5 pull down resistor on VSENSE pin

R>=10C & DVDD=5.t¢

Output voltage DVDDec 25 25 %

accuracy

Loadcurrent lovop 300 |mA

Static ineregulation |R " 4 ['ne 10 mV | VDDB=6.5V...8 Wd=300 mA

Static load egulation [R " 4 ['oab 40 my | YDDB=DVDD+IS boo= 1ImA to
300mAstep

Analog programming |, 25 us | Each VSENSE and/or CS_GAIN

pins period”

Programmable via SPI. Delay
DVDDOurn on delay’ | tovop Ton pLy | 200 800 |us |between VDDB UVLO until DVDD
ramp up start

Datasheet 18 <Revision 1.20>
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Values . .
Parameter Symbol , Unit Condition
Min Typ Max

Configurable via SPCurrent
limited by bvoo__umlf due to larger

DVDD soft start tovop_sFT_ Govoovalues, programmed timing
timing START 100 1600 | Us |5 not achievablestart-up time is

defined byo

Current Sense Amplifier

Configured either via external

Closed loop gain Ges 4 64 VIV resistor or SPI
Gainerror? Gcs_ErrOR -1 1 % Measured aSLxCSNK=0.025v
Offset input referred | Vcs_os -600 | 200 |600 |pV |Gain=32, inputs shorted
Offset temperature | R 4s_od 4
o 5
drift? R 2 oC
Current sense .
blanking time" tes_sLank 0 8 Ms | Programmable via SPI

Time from input signal step to 1%
600 of final output voltage. Input
voltage step of 0.%/. Gain 4 to 24

Amplifier output

settling time ? tcso_seTTunG ns | Settling time from input signal

step to 1% of final output voltage.

1000 Input voltage stepof 0.2V. Gain 32
to 64
Unity gain
bandwidth? GBW R MHz
Common mode CMRR |60 |80 dB | Gain=8, fswfrom OHz to 8CkHz
rejection ratioV
Power suopl 60 Gain=8f<1 MHz
Wer supby PSRR dB
rejection ratio* 40 Gain=8, f<10MHz
Input biascurrent lesn 50 ig] Current drawn into pin
Common mode input
range? Ves_om -0.3 0.3 \
plﬁerentlal mode Ves o 03 03 Vv
input range
DVvDD
Current sense otput Veso 03 Vv
voltage range 03
Datasheet 19 <Revision 1.20>
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Values . .
Parameter Symbol in Typ Mo Unit Condition
Output voltage dew 4 Gain=8, R470? J1,.=3B0pF.Vs.=
- 10 )
rate? SReso 10 491 ) 250mv
Propagation delay 130 CSAMP in shunt mode
from gate driver (Gxy) t
transition to CSOx COAMPEROP ns :
L 400 CSAMP indzonmode
activation?
Z?é?g;iaerg(’s;f\éggage \ 1/4* 1/2* Vv Depending on DVDD selected
CSREF DVDD DVDD value: DVDD=3.3 V / DVDD=5 V
VREF
f;?é?:;gglzigf:et}é v 2 5 % CSAMP internal offset voltage
C8-REFACC error. DVDD error excluded
VREFaccuracy’
ﬁ)r::tpm short circuit lcs sc 20 mA | Pin CSOx shorted to ground
Auto-Zero active 1.7 Normal mode
time? tauto_zero )
2 Rdson sensing mode
100 If GHx is switchin
Auto-Zero cycle tauto_zero us ?
ime? . o
fime ~CYeLe 200 If GH is not switching
CS_GAIN/AZ external
Auto-Zero signal faz cp cik orr| 5 100 kHz
frequency’
CS_GAIN/AZ external
Auto-Zero signal taz ExT Pw 0.1 3.5 us
pulse width"
Current Sense Amplifier OverCurrent Protection Comparator and DAC
Current sense er-
currentcomparator | Vcs_oc_mvst 5 mV
hysteresis
Overcurrent
comparator input VCSfOCPfOFFSE 12 12 mv VCSfOCPfTH‘I; 200chsﬁocijE-
T 200mvV
offset
Qver;current deglitch | tes_oce oeaur ) 8 Us | Programmable via SPI
time? cH
Currentsenseinput
referred OCP .
threshold positive Ves_ocp e | 20 300 |mV |Programmablevia SPI
targetlevel
Current Sense Input .
referred OCP Ves oce_tin | -300 -20 mV | Programmable via SPI
Datasheet 20 <Revision 1.20>
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Values
P t Symbol - Unit Conditi
arameter ymbo i Ty Mo ni ondition
threshold negative
target level
Overcurrent t 0 10 s | Programmable via SPI
blanking time” OCP_BLANK H 9

Analog to Digital Converter (ADC)

ADC resolution ADGes 7 bits
ADC gain error Capcean err | -1.05 1.05 |%
ADC offset error Caoc_oFFs Err| -2 2 LSB
ADC conversion time | tcony 1.28 us

Digital Inputs (INHx, INLx, SCLK, nSCS)

DVDD = 3.3V. Applies also to nBRAI

Input logic low v 0.8 v function in VSENSE/NnBRAKE pin.
voltage PO 18 DVDD = 5V. Applies also to nBRAKE
' function in VSENSE/nBRAKE pin.
18 DVDD = 3.3V. Applies also to nBRAI
Input logic high v ' v function in VSENSE/nBRAKE pin
voltage NPT 30 DVDD = 5V. Applies also to nBRAKE
' function in VSENSE/nBRAKE pin
Internal pull-down . .
resistor to GND Reb pic 200 C ? | Applies to INHX, INLx and SCLK pins
Internal pull-up
resistor to DVDD Reu_nscs 200 c?
Digital Inputs (CE, EN_DRYV)
Internal pull-down R 350 625 | 850 o |\ 2v
resistor to GNICE B-CcF cF
Internal pull-down
resistor to GND Reb EN bRV 500 c?
EN_DRV
CE threshold voltage |\, 2.7 V| Ta=-40 to 125C
rising
CE. threshold voltage Vee THF 0.6 \% Ta=-40 to 125C
falling
CEpin sink current lce_snk 10 HA | Current flowing into CE pin
EN_DRVYhreshold y 0.5% v
VOItage EN_DRV_TH DVDD
Datasheet 21 <Revision 1.20>
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Values . .

Parameter Symbol in Typ Mo Unit Condition
EN_DRWatchdog y .
function threshold EN-DRV_WD_TH %SDD v
voltage high .
EN_DRWatchdog y i
signal threshold EN-DRV_WD_TH %DD Y,
voltagelow g
EN_DRYhreshold VEN_DRV_TH_HY 4 % Applies toVen_prv_tHVEN_brv_wo_tHAN
voltage hysteresis s Ven_prv_wo_thhresholds

Digital Output - NFAULT

Output logic low Vo, 06 Vv l0=5mA
voltage
NFAULT internal pull :
up resistor toDVDD Reu_nFauLt 200 C ? | Pull up resistor for nNFAULT

Digital Output - SDO
Output logic low v 0.7 v DVDD = 3.3V, lo=5mA
voltage o 0.9 DVDD = 5V, lo=5mA
Output logic high v 24 v DVDD = 3.3V, lo=bmA
voltage o 41 DVDD = 5V, lo=5mA
SDO internapull-
down resistor to Rep_spo 200 C ? | When nSCS is high
DGND

OTP Programming
OTP programming PVDRe pr 13 Vv Below this value an OTP blocking wi
supply voltagé’ oG occur
OTP programming R Above this value an OTiBocking will

Tote_proG 150 C
temperature? occur
Watchdog
Watchdog timer Applies to buck converter input
period for buck two_suck_T 15 ms | selection only. Not configurable
converter input value
WatCthg EN_DRV tWD_EN_DRV_FR 450 500 550 Hz
frequency’ Q
Overload Protections Gate Driver
PVDD UVLO thresholly = o r 495 |51 |525 |v
rising
PV_DD UVLO threshol Vevoo vio ¢ | 4.85 | 5.0 515 |V
falling
VCCHS UVLO
threshold rising Wsvor | 5.6 58 160 |V
Datasheet 22 <Revision 1.20>

<2024-03-22>



+- 2 GEDL7141 .
Datasheet I n fl n eon

General Product Charactaistics

Values . .
Parameter Symbol in Typ Mo Unit Condition
VCCHS UVLO
threshold falling Wsomee 143145 14TV
VCCL®VLO
threshold rising Msvor 6.1 6.4 |67 |V
VCCL®VLO
threshold falling Msowor 143 145 147 |V
Overload Protections Power Supply System

VDDB UVLO rising
threshold Wooe wo r | 4.2 4.3 4.4 \Y
VDDB UVLf(alling
threshold Woosuwo F | 4.1 4.2 4.3 \Y,
VDDB OVLO rising 0
threshold Wopsowo r | 105 108 | 111 % Percentage of target output value
VDDB OVLO falling 0
threshold Wopsovio F | 101 105 | 107 %0 Percentage of target output value
Buck OCP (inductor | 1.0 A feuck_sv#500kHz
current) threshold BUCKoCPTH 13 favek siF LIMHZ
Buck OCHRysteresis | lsuck_ocrivs 50 mA
DVDD UVLO rising 0
threshold Vbvob_uo_r 85 %0 Percentage of targebutput value
DVDD UVLO falling 0
threshold Vbvbp_ o F 75 % Percentage of targebutput value
DVDDOVLO rising 0
threshold Vbvop_ovo_r 110 %0 Percentage of targebutput value
DVDD OVLO falling 0
threshold Vovoo_avo 105 %
DVDDarget output ' .
current limit lovoo_i_Lim 50 450 | mA | Configurable via SPI

T,=-40°C to 123C, limit setting to
DVDD target output -30 10 % |coma J
current limit IDVDDﬁIfACC o ..
accuracy 18 10 % TJ—-'40 C to 128C, for other limit

settings

Over-Temperature Protection
Overtemperature o
shut-down threshold | © 1" 150 C
OTS Hysteresis OTSws 10 °C
Over—_temperature OTW, 125 °C | Measured via internal ADC
warning threshold
Over—_temperature_ OTWire 10 oC
warning hysteresis
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Values . .
Parameter Symbol in ‘ Typ ‘ Mo Unit Condition

Locked Rotor Protection
ITOCkl?d rotor detect tLock 1 8 S Programmable via SPI
time

SPI Timing Requirements’

Clockperiod tek 77 ns
Clock high time toikn 20 ns
Clock low time tewke 20 ns
SDI input data setup | tser soi 10 ns
time
SDI input data hold | tup_spi 10 ns
time
SDO output data toLy spo 0 20 ns | SCLK high to SDO valid
delay time
SDO rise anfall time | tre_spo 10 ns
nSCS enable time tennscs 50 ns nSCS low to SDO transition
nSCS disable time, | toisnscs 50 NS 1 hSCS high to SDO high impedance
nSCS hold time tHp_nscs 50 ns Falling SCLK to rising nSCS
nSCS setup time tseT_nscs 50 ns | Falling nSCS to rising SCLK
nSCS sequential tseq nscs 450 ns | Rising nSCS to falling nSCS
delay time

1. Not subject to production test

Datasheet 24 <Revision 1.20>
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nsSCS tser nscs two_nscs  tseq_nscs
b ? Ll Y » ) Ll
yr4
/7
L tok o
SCLK < toik o g toiy: |
undefined
tset_soii | thp_soi
SDI «—> <« > )74
N\\Y/4 W/ /. A\\V//A A\\
undefined MSB ; LSB undefined
""" \\ 7//A\N /A //A\\ J//A\N
77
Y
SDO ) /A \\Y// \\V/A /7 /A N\ Hiah 7
__HighZ ndefine MSB LSB 9
...... o
\ J//A\ [/ \\\ /5/ \\\ [ﬂ
ten n t
s n!SCS — —> tRe_so <« tois_nscs
Figure 3 SPI timing diagram during active mode
Datasheet 25

<Revision 1.20>
<2024-03-22>



+- 2 GEDL7141 infineon

Datasheet
General Product Characteristics

2.6 #D=; LJA; 9D ! @9J9; L=JAKLA; %IJ9H@K

Following graphs provide information othe behavior of the device at different conditions. This data is not
subject to production test.Ta= 25°C, unlesstherwisespecified.All voltages are referred to ground (PGND for
buck converter, charge pumps and gate driver related parameters and DGXEhé res).

IPVDD vs. PVDD during STOP state (CE = low)

80
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2 50
=
o 40 g Temp 125C
2 =
B 55 - Temp 25C

Temp -40C

20

10

0

55, 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68
PVDD (V)
Figure 4 Current consumption on PVDD pirvs PVDDvoltage during STOP state-both CE and EN_DRV

are below active thresholds

IPVDD vs. PVDD during STANDBY state (CE = high, EN_DRV = low)
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Z
E = Temp 125C -
Q
> 6 = Temp 25C
e

Temp -40C-

4

2

0

55 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68
PVDD (V)
Figure 5 Current consumption on PVDDys PVDD voltagaeduring STANDBY state CE is above active

threshold and EN_DRYV is below
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IPVDD vs. PVDD during ACTIVE mode (CE = high and EN_DRV = high)
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Temp -40C -
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PVDD (V)
Figure 6 Current consumption on PVDDvs PVDD voltageduring ACTIVEstate in a typical

configuration -both CE and EN_DRYV at®th above active thresholds

VCCLS vs. VCCLS load at Temp 25C and PVDD 18V

10

s

.;, . ——PVCC 15V

g —a&—PVCC 12V

= 6 PVCC 10V

PVCC 7V
0
0 20 40 60
VCCLS load (mA)

Figure 7 VCCL%verage voltage vs VCCLS3oad for different PVCC configurations at PVDD 18VTypical

configuration with Cepyz) = 220nF and Gecs= 1uk VCCHS load 20mA
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VCCLS vs. VCCLS load over at Temp 25C and PVDD 10V
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12 = ——
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- PVCC 15V

(%]
g 8 —8— PVCC 12V
= PVCC 10V

o PVCC 7V

4

2

0

0 20 40 60
VCCLS load (mA)
Figure 8 VCCLS average voltage vs VCCLS load for different PVCC configurations at PVDD-I9pical

configuration with Ccpyz) = 220nF and Geais= 1uF. VCCHS load 20mA

VCCLS vs. VCCLS load over at Temp 25C and PVDD 5.5V

=== PVCC 15V

3 8 e 8 —S—PVCCL2V
o
> PVCC 10V
- PVCC 7V
4
2
0
0 10 20 30
VCCLS load (mA)
Figure 9 VCCLS average voltage vs VCCldad for different PVCCconfigurations at PVDD 5.5V.

Typical configuration with Ccpyz = 220nF and Gecs= 1uF. VCCHS load 20mA
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(VCCHS - PVDD) vs VCCHS load at Temp 25C and PVDD 18V
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) \\\-‘

B—
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é 1 —+— PVCC 15V
2 % —=—PVCC 12V
2' PVCC 10V
§ 6 PVCC 7V

VCCHSload (mA)

Figure 10 High side gate driver supply (VCCHSPVDD)average voltage vs VCCH3oad for different
PVCC configurations at PVDD 18Wypical configuration with Cceyz) = 220nF and CGeais= 1UFR
VCCLS load 20mA

(VCCHS-PVDD) vs. VCCHS load at Temp 25C and PVDD 10V
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14
) \\\

> —

§ 0 ——PVCC 15V
& g —=—PVCC 12V
‘::'l’ PVCC 10V
§ 6 PVCC 7V

VCCHS load (mA)

Figure 11 High side gate driver supply (VCCH3?VDD) average voltage vs VCCHS lo&at different
PVCC configurations at PVDD 10V. Typicabnfiguration with Ccpy2 = 220nF and Geais= 1UF.
VCCLS load 20mA
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VCCHS - PVDD (V)
=]

(VCCHS-PVDD) vs. VCCHS load at Temp 25C and PVDD 5.5V

——PVCC 15V
B ) —=—PVCC 12V
- —_— PVCC 10V

PVCC 7V

VCCHSload (mA)

Figure 12 High side gate driver supply (VCCHS$?VDD) average voltage vs VCCHS lo&at different
PVCC configurations at PVDD 5.5V. Typicabnfiguration with Ccpy2 = 220nF and CGeais= 1UF.
VCCLS load 20mA
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DVDD 3.3V vs. DVDD load
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Figure 13 DVvDDB.3Voutput voltage vs DVDDoad at different temperat ures
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DVDD 5V vs. DVDD load
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a 5 1 25C
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Figure 14 DVDD 5.0V output voltage vs DVDD loaat different temperatures

Average VDDB vs. PVDD

8.5
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== PV/CC 12V

VDDB (V)

6.5
PVCC 10V

6 PVCC 7V
5.5
5

55 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68
PVDD (V)

Figure 15 Buck converter average output voltage (VDDB)vs PVDDroltage. Typical configuration, with
VDDB load 200mand DVDD load of 50mAbuck converter switching frequency 500kHz,
PVDD 18V
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Average VDDB vs VDDB load at Temp 25C and PVDD 18V
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Figure 16 Buck converter average output voltage (VDDB)vs VDDB load (IVDDB) for differenPVCC and
buck switching frequency operations. Typical configuration with PVDD 18V
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3.1 $MF; LAGFO9D DG; C "A9?J9E

Figure 17%shows a simplified block @digram including main building blocks. In following sections, each of this
building blocks and main device features will be introduced in greater detail.

= YW T30 T T:’F%PVDD

= -
EN_DRV CE VREF CsoC CSOB  CSOA CSNA SLA | GLA| N.C.  SHA |GHA
(23} 42 41 {40 38 {37
T T = 1 e =
e
i i CT1 CCLS VCCHS
! 1 LS HS
= :
> ! P | GD_A
1 A A
________________________ 1
A 4 PVDD
|Current Sense Controll DIGITAL CORE
nscs [1} >
SCLK [2 >
OTP ) ~
SPI Faults and - x
< Memor: :
SDO |3 [« Interface y Protections
Soi [4 > I~ Config_uration vy
~ 7| Registers
-
|
nFAULT \ 4 (BFQ:
[}
[}
PWM 1
INHA > Gen. R
INLA > Control Logic <—> FoTTomm
Sy » H
INHB > s
PWM o <c'
INLB » Logic |* ™ :
ol A L
INHC > < ~
INLC >
Y
Power Supply Control

A
l VCCHS
CS_GAIN/ l I VDD
AZ -
12> Sensing l Buck controller + Linear reg. | A
1
Res cail 5 ; l _LE —E_—r Charge pump 1 Charge pump 2
g T I
{13) {1415 {16) 19 0 23
DGND & XE?EEEE/ DVDD PVDD PH CP1L CP1H] vcel
EPAD
Cve
Covop f ::E (o o wcmt__[
Leuck = Cvooe
Figure 17 Functional block diagram
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3.2 .5+ +G6G<=K

+ - 2 ' 6&Du714dffers four different PWM modes and a subriant to address different MCU needs. The first
mode is 6PWM and drives the gate driver in a classic way by using 6 PWM signals from tieERICI141
implements additionaly three other modes, where it appliastelligenceto simplify the PWM generation on the
microcontroller side. That together with integrated protection features results in a highly robust and faster
development for drives applications. An intelligent dead time unit will ensure no shoot through hapreny
condition. A highly configurable braking mode provides safe reaction to moboisystemevents.

6EDL714%upportsfollowing PWM modes that can teelected via bitfield PWM_MODE:

6PWM

3PWM

1PWNMand commutation pattern

1PWM with Hall sensor commutation

1PWM mode with Hall sensor commutation and alternating recirculation

a bk~ w0 DdhPRE

Following subsections provide further details on each of the PWM maata$ submodes.

Note: It is possible to use only one or two phases insté#ltea3 phases, like for instance in a full bridge
configuration. In such case, it is recommended to keep INHx and INLx signals of the unused phase
shorted to DGND and the GHx, GLx, SHx and SLx signals open.

3.2.1 .5+ OAL@ b ' F<3B=%«x=FL ' FHMLK

When the FVM_MODEegister is set to b'0 the®EDL7141s confgured for 6 independent PWM ings. In this
mode the systenmmicrocontroller (MCUprovides 3 pairs of complementary PWM signafish dead time
between highsideand low side PWMAminimum dead time will be observed b§EDL714 1for safety reasons, in
order to avoidstrong shoot throughcondition.

VSENSE/ nBRAKE pamn be used for laking the motor in a contlled manner. Se@.2.6for more information
on braking modes.

Table 8shows the truth table for 6PWM mode whiigure 18shows a system diagram for this mode.

Table 8 Truth tab le for 6PWM mode.
INHXx INLx VSENSE/nBRAKE GHx GLx SHx
1 1 1 LOW LOW High-Z
1 0 1 HIGH LOW HIGH
0 1 1 LOW HIGH LOW
0 0 1 LOW LOW High-Z
X X 0 Brake cfg. Brake cfg. Brake cfg.
Note: X means any level
Note: Brake function can be configured to switch on all low side MOSFETS, all high side MOSFETS,

alternate between these two options or set all outputs to high Z
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MCU

PWM timer E

PWM timer E

PWM timer E

GPIO []

ADC []

Pos. sensing | ]

6PWM Mode
||||||||||EINHA g
TN e e
UL O ke i
time
VLU O N | insertion| X
TN § e '
| CJ VSENSE / nBRAKE

position sensor

1 88

|
——

Current |
sensing

Optional

Figure 18

3.2.2

5+

6PWM modescheme

OAL@ T

INLx signals are ignored in this mode

"F<3aH=%«x=FL '

+ - 2 '6&DL714tan be configured to 3PWM mode by settiBgvM_MODAitfield to value b'001. In such case,
only 1 PWM signal (high side) per phase is neces&&ipl 714 Wwill automatically generate the low side signals
according toTable 9and will insert a configurable dead time. Dead time is independemqttpgrammablefor

high to low(fall of phase node voltageand low to high(rise of phase voltaggtransitions through bitfields

DT RISEand DT FALL

FHML K

VSENSBBRAKE pican be used for kaking the motor. Seé.2.6for more information on braking modes.

Figure 19epicts a system diagram for this PWM mode.

Table 9 Truth table for 3PWM mode.
INHx INLx VSENSE/nBRAKE GHx GLx SHx
1 0 1 HIGH LOW HIGH
0 0 1 LOW HIGH LOW
X 1 1 LOW LOW High-Z
X X 0 Brake cfg. Brake cfg. Brake cfg.
Note: X means any level
Note: Brake function can be configured to switch on all low side MOSFETS, all high side MOSFETSs,
alternate between these two options or set all outputs to high Z
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MCU 3PWM Mode
Pt [ TR i e [ i
INLA GLA
. Dead
PWM timer | | | | | | | | | E INHB time EI; GHB
INLB insertion GLB
PWM timer [] |||||| | | Il[é:INHC EGHC I
INLC 3 GLC :
I
GPIO [1] | [] VSENSE / nBRAKE I
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ADC [Jr == == = o o o o o o o o o o o o o o - —— -
Optional
: position sensor
Pos. sensing E]

Figure 19 3PWM modescheme

323 .5+ OAL@ p

When thePWM_MODEegister is set to b'010 theBEDL7141s configured to 1PWM mode. In this case, the duty
cycle and frequency of signal INKis used to determine the duty cycle (or amplitude) and the frequency of the

"FHML 9F<3pl. GEEMLO9LAGF

PWM ouputs generated byY6EDL7141The rest of inputs are captured to decide the commutation pattern or
state of the outputsINHC signal can be used to implement 12 step blockrapezoidalcommutation or
trapezoidal. Dead time is automatically inserted according to programmed values in bitfields RTISEand

DT FALL

Figure 2Gshows a schematic diagram of 1IPWM mode

1PWM Mode
PWM timer LU & INHA Pwm Ny —] L 5 EGHA )
GLA
INLA (STATEDO)
Gpio 0 | | | |
Dead
cPio 00 _| L |___C]INHB(STATE1) | time | E GHB
i insertion GLB
| | | | INLB (STATE2)
GPIO i :
i GHC :|J> I
optional |
INLC (not used) :
GPIO 1 VSENSE / nBRAKE Current |
sensing |
ADC === e e e e e et e e == e —————— -
Optional
Pos. sensing position sensor
Figure 20 1PWMmode scheme
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Additionally, the user has the option to select between two main commutation schemes programmable via
registerbitfield PWM_FREEW_CFG

1 Diode freewheeling 8 bitfield PWM_FREEW_CEGAip this case, the freewheeling current will flow through
the lowside MOSFEBody diodes. The truth table for this mode is shownTable 10

1 Active freewheeling 8 bitfield PWM_FREEW_CEG :AnRhis case the low side MBETs will be switched
synchronously to reduce conduction losses on the body diode conductibhe truth table for this mode is
shown inTable 11Note:

12 StepTrapezoidal or Block Commutation

Input INHC can be optionally used tareate a 12 stefrapezoidal commutation This method energizes up to

two phases at the same time in contrast Gstep, where only one is active at any time. In 12 steypezoidal
commutation, torque ripple is improved and the angle created between stator and rotor flux vectors can be
controlled within 30degree accuracy instead of 60degree in 6 dt@pezoidalcommutation. This method
improves motor efficiency and torque ripple, however requires additional position information. This information
can be processed by a microcontroller to produce signals INHA, INLA, INHB, INLB and INHC accordinig tO

or Table 11 As can be seen, from a system perspective, the INHC signal must tagglery 30degree rotation
(electrical).

In case the INHC signal is not toggled, the device will apply the commutation as shownTiakie 10or Table 11
As an example, if INHC is left low, a classic 6 stpezoidalcommutation pattern will be produced. In case

INHC is puld high, the patern will show a 30 degree advanced with respect tstandard6 steptrapezoidal
commutation. The user can use this variants or toggle the INHC pin every 30 degree of rotation to create a 12
step commutation pattern.

VSENSE/ nBRAKE pémn be used for braking the motor. S&2.6for more information on braking modes.
Here is a summary of inputs and output functionalities:

INHA- PWM input, define PWM output duty cycle and frequency

INLA, INHB, INLBProvide timing for modulationpattern changes

INHCS Signalizes 12 step stateMust toggle every electrical 30degree
INLC3 This input is ignored in this mode. Recommended pull down.
VSENSHIBRAKEignald When activeEDL714Wwill force the motor to brake.
GHA, GLB, GHB, GLB, GHC &&dmplementary PWM Output signals

=A =4 =4 4 A -4

Table 10shows the possible states for this PWM mode using diode freewheeling wiibtde 11does it for active
freewheeling.

Table 10 Truth table for LPWMmode with diode freewheeling.

INPTUS OUTPUTS
State IIII\\III:Q', INHC VSENSE GHA | GLA | GHB GLB GHC GLC SHA | SHB SHC
INLB, nBRAKH

AB 011 0 1 PWM | LOW | LOW | HIGH | LOW | LOW | HIGH | LOW -
AB_CB| 010 1 1 PWM | LOW | LOW | HIGH | PWM | LOW | HIGH | LOW | HIGH

CB 010 0 1 LOW | LOW | LOW | HIGH | PWM | LOW - LOW | HIGH
CB_CA| 110 1 1 LOW | HIGH | LOW | HIGH | PWM | LOW | LOW | LOW | HIGH

CA 110 0 1 LOW | HIGH | LOW | LOW | PWM | LOW | LOW - HIGH
CA_BA| 100 1 1 LOW | HIGH | PWM | LOW | PWM | LOW | LOW | HIGH | HIGH

Datasheet 37 <Revision 1.20>

<2024-03-22>



+- 2 GENL7141 infineon

Datasheet
Product Features

INPTUS OUTPUTS
INLA,
State | INHB, | INHC VSENSE GHA | GLA | GHB | GLB | GHC GLC SHA | SHB | SHC
NnBRAKE
INLB,
BA 100 0 1 LOW | HIGH | PWM | LOW | LOW | LOW | LOW | HIGH -
BA_BC| 101 1 1 LOW | HIGH | PWM | LOW | LOW | HIGH | LOW | HIGH | LOW
BC 101 0 1 LOW | LOW | PWM | LOW | LOW | HIGH - HIGH | LOW
BC_AC| 001 1 1 PWM | LOW | PWM | LOW | LOW | HIGH | HIGH | HIGH | LOW
AC 001 0 1 PWM | LOW | LOW | LOW | LOW | HIGH | HIGH - LOwW
AC_AB| 011 1 1 PWM | LOW | LOW | HIGH | LOW | HIGH | HIGH | LOW | LOW
Align 111 X 1 PWM | LOW | LOW | HIGH | LOW | HIGH | HIGH | LOW | LOW
Stop 000 X 1 LOW | LOW | LOW | LOW | LOW LOW - - -
Brake | XXxx X 0 Brake | Brake | Brake | Brake | Brake | Brake |Brake |Brake |Brake
cfg. cfg. cfg. cfg. cfg. cfg. cfg. cfg. cfg.
Note: X means any level
Note: SHx when HIGH means that SHx pin is swittdgitvygeen GND and the DC bus voltage or battery

voltageaccording to PWM sign&@dadpresentdloating state, meaning both high side and low side
MOSFETs are OFF

Note: Brake function can be configured to switch on all low side MOSFETS, all high side MOSFETSs,
alternate between these two options or set all outputs to high Z

Table 11 Truth table for 1IPWM mode with active freewheeling.

INPTUS OUTPUTS
INLA, | INHC| VSENS
State | INHB, E/MBRA| GHA | GLA | GHB | GLB | GHC | GLC | SHA | SHB | SHC
INLB, KE

AB 011 0 1 PWM | IPWM | LOW | HIGH | LOW LOW | HIGH | LOW -
AB_CB| 010 1 1 PWM | IPWM | LOW | HIGH | PWM | IPWM | HIGH | LOW | HIGH
CB 010 0 1 LOW | LOW | LOW | HIGH | PWM | 'PWM - LOW | HIGH
CB_CA| 110 1 1 LOW | HIGH | LOW | HIGH | PWM | 'PWM | LOW | LOW | HIGH
CA 110 0 1 LOW | HIGH | LOW | LOW | PWM | 'PWM | LOW - HIGH
CA_BA| 100 1 1 LOW | HIGH | PWM | 'PWM | PWM | 'PWM | LOW | HIGH | HIGH
BA 100 0 1 LOW | HIGH | PWM | 'PWM | LOW LOW LOW | HIGH -
BA BC| 101 1 1 LOW | HIGH | PWM | IPWM | LOW | HIGH LOW | HIGH | LOW
BC 101 0 1 LOW | LOW | PWM | IPWM | LOW | HIGH - HIGH | LOW
BC_AC| 001 1 1 PWM | IPWM | PWM | IPWM | LOW | HIGH | HIGH | HIGH | LOW
AC 001 0 1 PWM | IPWM | LOW | LOW | LOW | HIGH | HIGH - LOW
AC_AB| 011 1 1 PWM | IPWM | LOW | HIGH | LOW | HIGH | HIGH | LOW | LOW
Align 111 X 1 PWM | 'IPWM | LOW | HIGH | LOW | HIGH | HIGH | LOW | LOW
Stop 000 X 1 LOW | LOW | LOW | LOW | LOW LOW - - -
arake | 00 | x| o |Bae [Bke oo B seke | B B (s o
Note: X means any level
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Note: SHx when HIGH means that SHx pin is switching between GND and the DC bus voltage or battery
Pl FN-EAC® ®BFI ; NCHA MN; N?¢ G?,; HCHA <I|I NB BCAB N

Note: Brake function can be configured to switch on all low side MOSFETS, all high side MOSFETS,
alternate between these two options or set all outputs to high Z

3.2.4 .5+ OAL@ p ' FHML 9F< ! GEEMLSSL AGF OGAI
&9DD 1=FKGJK

+ - 2 ' 6&DL714integratesthree Hall sensor comparators (sectioB.6.8 to detect pattern of movement in the
motor. This can be used for rotor locked detection but can also be utilized to drive the PWM contioruta

pattern automatically allowing simplified PWM pern in the MCU. This will ertale cost sensitive applications in
which a low end controller or some type of simple circuit is used to create basically a clock signal for INHA input.

To enable thiPWM_MODE bitfield needs to be configdite value b'011The truth table presented inTable 12
dictates the commutation patternin this mode 6EDL7141ogether with Hall sesorinputs decides the

switching pattern of the PWM output signals. The duty cycle and frequency of the output signals is determined
by INHA duty cycle and frequency.

Deadtime is inserted automatically according to programmed valugsDT RISEand DT_HALL

In a similar way as sectioB.2.3 the user has the option to select between two main commutation schemes
programmable viabitfield PWM_FREEW_CKR@®WM_CFG regjer: diode and active freewheeling. No truth table
AK K@GOF >GJ <AG<= EG<=§K 2@AK ; 9F Table12 GF Kal*J-M;Aly=< : |

Similarly to other PWM mode¥,SENSE/nBRAKE @ian be used for laking the motor. Se&.2.6for more
information on braking modes.

MCU or 1PWM Mode
simpler with Hall Sensors
circuitry
GHA
: INHA
PWM timer PWM IN)  —] "~ E :>
INLA (HA) GLA
Dead GHB
INHB | tme [ lé: ::>
insertion
INLB (HB) GLB
GHC
GPIO L INHC (DIR)  _| - E ) Hall
I'| Sensors
INLC (HC) GLC :
GPIO [ VSENSE / nBRAKE !
Current |
sensing |
ADC [ == = PNl e e e e e e e e e = ———{———— -
Figure 21 1PWM mode with hall sensors Self-controlled pattern switching
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Table 12 Truth table for 1 PWM mode with active freewheeling.
INPUTS OUTPUTS
INLx . VSENSE/
[AB.Q INHC-Dir NBRAKE GHA GLA GHB GLB GHC GLC SHA SHB SHC
101 1 1 PWM |IPWM |LOW |LOW |LOW |HIGH |HIGH |- LOW
100 1 1 LOW |LOW |PWM |!IPWM |LOW |HIGH |- HIGH | LOW
110 1 1 LOW |HIGH |PWM |!PWM |LOW |LOW |LOW |HIGH |-
010 1 1 LOW |HIGH |LOW |LOW |PWM |!PWM |LOW |- HIGH
011 1 1 LOW |LOW |LOW |HIGH |PWM |!IPWM |- LOW | HIGH
001 1 1 PWM |IPWM |LOW |HIGH |LOW |LOW |HIGH |LOW |-
101 0 1 LOW |HIGH |LOW |LOW |PWM |!PWM |LOW |- HIGH
100 0 1 LOW |LOW |LOW |HIGH |PWM |!IPWM |- LOW | HIGH
110 0 1 PWM |IPWM |LOW |HIGH |LOW |LOW |HIGH |LOW |-
010 0 1 PWM |IPWM |LOW |LOW |LOW |HIGH |HIGH |- LOW
011 0 1 LOW |LOW |PWM |!IPWM |LOW |HIGH |- HIGH | LOW
001 0 1 LOW |HIGH |PWM |!PWM |LOW |LOW |LOW |HIGH |-
Brake | Brake [Brake | Brake | Brake | Brake | Brake | Brake | Brake
XXX | X 0
cfg. cfg. cfg. cfg. cfg. cfg. cfg. cfg. cfg.
111 X 1 LOW |LOW |LOW |LOW |LOW |LOW |- - -
000 X 1 LOW |LOW |LOW |LOW |LOW |LOW |- - -
Note: X means anjevel. XXX means any other combination on inputs not shown
Note: Grey cells represent forbidden statesd should be avoided
Note: SHx when HIGH means that SHx pin is switching between GND and the DC bus voltage or battery
P | F N-repfesentffoating state, meamg both high side and low side MOSFETs are OFF
Note: &l L >Cl>? @L??2QB??FCHA GI >?2¢ MO<MNCNON? 3z07
Note: Brake function can be configured to switch on all low side MOSFETS, all high side MOSFETSs,

alternate between these two options or set all outputsiigh Z

These are the signals functionality for this mode:

1 INHA- PWM input defines duty cycle and frequency of PWM output signals

1 INLA, INLB, INLCHall Sensor Inputs (HA, HB, H@) define the PWM output pattern depending on motor
position.

> =2 =2 =

Datasheet

VSENSHIBRAKE signa@when active,6EDL714Will force a brake event.
INHC- Direction control.Provided by a microcontroller, will define direction of motor rotation.
GHA, GLA, GHB, GLB, GHC 8F\WM atput signals,high side and low sides.

schematic representation of the commutation states is presentedrigure 22
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Figure 22 6 states switching overview. Diode freewh eeling mode is represented here for
simplification. Single direction considered.

3.2.5 .5+ OAL@ p ' FHML 9F< !/ GEEMLO9LAGF OAI
DL=JF®&L AB? MPILAGCGOAL@ &9DDLEIFRGAIK ?
0O=; AJ; MD9LAGF

Thermal management in power toolsystems is a key factor for achieving higher power densities. A more
advance thermal management might allow satler heat sinkcomponentsor smaller PCB areal' his PWM mode
focuses on distributing the MOSFETressmore evenly between all MOSFETSs in thedrter. This concept
alternatesthe recirculation of the freewheeling current between high side and low side MOSFETSs. This is
achieved by extending the truth table shown iFable 12nto Table 13

On the first rotation (electrical), the inverter will recirculate the current through the high side MOSFETS (PWM
modulated MOSFBTand the low side MOSFET will be always ON. In the second electrical rotation, the low side
MOSFETSs will recirculate the freewheeling current (PWM modulated MOSFET), and therefore, the high side is the
one fully ON. This cycle repeats in further rotatiodsgraphical representation for the switching states is

presented inFigure 23 In this figure, states A to F represent high side modulation while states Gepresent

the low side modulation. The state machine will return to state A after state L, starting over again the cycle.

PWM_FREEW_CFG configures this mode as well either as diode or active freewheeling. No truth table is shown
for diode mode. Thiscanbe GFKLJM; L=< : Q KM: KLAL MabkE3®® &H.5+A ; =DL
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Table 13 Truth table for 1 PWM mode with active freewheeling and alternating recirculation
INPUTS OUTPUTS
[ANEI)')((:] XSEREE/ Fully ON GHA GLA GHB GLB GHC GLC SHA SHB SHC
INHC (Dir)=1
101 1 Low side | PWM | !IPWM | LOW LOW LOW HIGH |HIGH |- LOW
100 1 Low side | LOW LOW PWM | IPWM | LOW HIGH |- HIGH | LOW
110 1 Low side | LOW HIGH [PWM |IPWM |LOW LOW LOW HIGH | -
010 1 Low side | LOW HIGH [LOW LOW PWM | IPWM | LOW - HIGH
011 1 Low side | LOW LOW LOW HIGH |PWM |!PWM |- LOW HIGH
001 1 Low side | PWM | IPWM |LOW HIGH | LOW LOW HIGH | LOW -
101 1 High side | HIGH | LOW LOW LOW IPWM | PWM HIGH |- LOW
100 1 High side | LOW LOW HIGH | LOW IPWM | PWM |- HIGH | LOW
110 1 High side | '/PWM | PWM HIGH | LOW LOW LOW LOW HIGH | -
010 1 High side | 'PWM | PWM LOW LOW HIGH | LOW LOW - HIGH
011 1 High side | LOW LOW IPWM | PWM | HIGH |LOW - LOW HIGH
001 1 High side | HIGH | LOW IPWM | PWM | LOW LOW HIGH | LOW -
INHC (Dir)=0
101 1 Low side | LOW HIGH [LOW LOW PWM IPWM | LOW = HIGH
100 1 Low side | LOW LOW LOW HIGH | PWM IPWM | - LOW HIGH
110 1 Low side | PWM IPWM [ LOW HIGH | LOW LOW HIGH | LOW =
010 1 Low side | PWM IPWM [ LOW LOW LOW HIGH HIGH |- LOW
011 1 Low side | LOW LOW PWM | IPWM | LOW HIGH |- HIGH | LOW
001 1 Low side | LOW HIGH [PWM |IPWM |LOW LOW LOW HIGH | -
101 1 High side | '/PWM | PWM LOW LOW HIGH | LOW LOW - HIGH
100 1 High side | LOW LOW IPWM | PWM | HIGH |LOW - LOW HIGH
110 1 High side | HIGH | LOW IPWM | PWM | LOW LOW HIGH | LOW -
010 1 High side | HIGH | LOW LOW LOW IPWM | PWM HIGH |- LOW
011 1 High side | LOW LOW HIGH | LOW IPWM | PWM |- HIGH | LOW
001 1 High side | 'PWM | PWM HIGH |LOW LOW LOW LOW HIGH |-
XXX 0 X Brake | Brake |Brake |Brake |Brake |Brake |Brake |Brake |Brake
cfg. cfg. cfg. cfg. cfg. cfg. cfg. cfg. cfg.
111 1 1 LOW LOW LOW LOW LOW LOW - = =
000 1 1 LOW LOW LOW LOW LOW LOW = = =
Note: X means any levebrey cells represent forbidden statexl should be avoided
Note: SHx when HIGH means that SHx pin is switching between GND and the DC bus voltage or battery

P | F N-repfesentffoating state, meaning both high side and low side MOSFETSs are OFF
Note: &l L >Cl >? @L??QB??FCHA Gl >?2¢ MO<MNCNON? 3z07

Note: Brake function can be configured to switch on all low side MOSFETS, all high side MOSFETS,
alternate between these two options or set all outputs to high Z
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Figure 23 12 states switching overview for alternating recirculation. 6 new states are included (G to L)
compared to other 1PWM modes Diode clamping is represented here for simplification.
Single direction considered

3.2.6 . 5+ JOCAF? +G<=K

In all PWM modes presented previousiljie device can go inta controlled brakingmode. This braking mode
will drive PWM sigals in a way that the motogoes to a safe statm a controlled mannerThis is of critical
importance for some power tools applications where a suddenuncontrolled braking can destroy elements of
the tool or become a hazard to the user safeBpllowing events can trigger the braking action ®EDL7141

1 Pull downof pin VSENSEBRAKE
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f Overcurrent protection (OCP) fault on current sense amplifiggeogrammable
f Watchdog timer fauktprogrammable

From them pin VSENSE/nBRAKE is the only that can be actively used by, for example a microcontroller to start a
braking event All other 3 arghe reaction to a faulidetection.

Pin VSENSE/BRAKEhallbe high for normal operation of the motor. However, as soonedsw levelis detected
in it, the gate driver logic will activatéigh side MOSFETs or low side MOSFETSs therefore braking the motor
actively.

6EDL714braking circuitry can be configured allustrated in Figure 24n the following modesby programming
bitfield BRAKE_CFG in register PWM_CFG

! Low side MOSFEDraking: upon a braking event, all low side MOSFET wilabevated and all high side
MOSFET switched off.

1 High side MOSFEDraking : upon a braking event, all high side MOSFET will be activated and all low side
MOSFET switched off

1 Alternate braking mode : uponevery newbraking eventthe system alternates betwee high side MOSFET
braking and low side MOSFET brakiWgith alternate braking, stress on MOSFETSs is distributed equally,
therefore improving system robustness.

1 Non-power braking -highimpedance (highZ) outputs: upon a braking evenall switchesare forcedto high Z
mode. Currents present in motor windings will recirculate through MOSFET body diodes or athaitable
structures in the inverterThis mode is recommended if a MOSFET short occurs in the inverter.

The system microcontrolle(MCU)xan modify bake related bitfields during run time of the system taapt to
givenconditions.

v

High
Side

| ¢
L Braking o o_@ +__—E_ E;:(:‘::king s @
et A I | :

_@ _@ No Power
=+ Braking

F

Figure 24 System overview for the different braking modes supported

Before thebraking actionstarts, 6EDL714preparesthe inverteras fast as possibléor a safe brakingDepending
on the inverter state at the moment of the braking request, the device will needwdtch off some MOSFETs and
insert dead times. For example, if the braking signal arrives when phasehigis side switted-off and low side
switched-on, and assuming a high side braking configuration, th@BDL714 Will immediately switch off the low
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side MOSFET, insert the configured dead time and finally switch on the $iggnMOSFEGT phase Awith the rest
of high side MOSFETSs.

3.2.7 "=0AEZEK=JLAGF

The PWM unit iBEDL7141nserts automatically adeadtime between complementarysignals(GHxSGLY.
DT_RIShitfield defines the dead time periodor risingtransition (of phase node voltagpwhile DT_FALMdefines
independently the periodfor the falling transition. A minimum dead timgsee Electrical Characteristicable for
detailed values and conditionpwill always be observed tavoid strong shoot through condition

Figure 25hows a detailed signal diagram of a 1PWM mode dead time inseiticluding the timing definitions
A propagation time (#ror_n@nd terop 1} €lapses between the input signal and the actual gate drivatput
signals. These timing definitions are applickbto all other PWM modes.

Dead time and slew rate control features are desgghin a safe way so that a change in slew rate will update in a
synchronous manner to the PWM switching. This hinders any possible shoot through duringa$sibleupdate
of the slew rate during operatiordue to missalignment of timings.

Note: The applicatiorsoftware, must ensure that dead time is sufficient for the slew rate configuration
and the MOSFETSs selecti@nrrent sense amplifier OCP can be used to detect excessive ourrent
the system.

trroOP_HS

o4 o\ 1 bvop
INHx 0% ; BO% ? domain

>

tpRop_Hs ....................
High side gate to / 50% \ 50% PVCC
source signal T \ domain
(GHx-SHXx)

Low side gate 50%_5 50% [ PVCC

to source signal o “f |domain
(GLx-SLx)

< > >
»

tDT__RI SE 1:DT_FALL

Figure 25 PWM insertionideal timing diagram for 1PWM mode
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3.3 "FL=?J9L =< %®9@J= =" J. AAB=KI=

+ - 2 ' 6&Du7141hree phase integrated gate drives a floating driver capable of driving with configurable
slew rateand driving voltage a3 phase2 level inverter with up to 1.58f both sourcing and sinking peak
currents.

Programmable charge pumps supply the gate drig&nsuring 100% duty cycle and c@gurable driving voltage
for maximum optimization of the gate driver.

Numerous protections are included to ensure safe operation of tee driversystem under stress conditions
including improved phase node (M) tolerance to negative voltage spikesggsAbsolute Maximum Ratings
table).

Configurations and sttings areshared by althree half bridge driversThissection describathe following
features of the integrated three phase gate driver

1 Gate Driver Architecture

1 Slew Rate Control

1 Charge Pump Configurations
1 Protections

3.3.1 %9 L= "JAN=J J; @AL=; LMJ =

Three dentical pairs of high side and low side drivers are integratedgiand low side drivers are designed with
the same architecture. However, supply domains for both sections are developed differently. Precise charge
pumps are utilized to supply both drivey VCCLS to the low side gate drivers, and VCCHS to the high side gate
drivers. An overview of thegeneral architecture is shown iRigure 26

Thelow side sectiorof the gate driveris supplied by VCCLS. When the device is under normal operation, VCCLS
AK &.4!!" A NGDLK 9: GN= ?2JGMF<gKg 4! ! *1 NGDL 9 3integiatkd ? = F :
:M; C ; GFEN=JL=J GMLHML NG DLk required For the RHargelpbpio wark D QA F ? .
properly.

The high side section of the gate driver is supplied by VCCHS. A separated chargegpuenptesd . 4! | A NGL
abovePVDD for properly biasf the highsideMOS-ET driversSimilarly to low sidese LAGFJ] 9 a>DQAF
Ccrds necessary for proper operation of the charge pump. PVCC voltage is programmable via SPI registers and
defines the gate driving voltage of the inverter power MOSFETSs.

Additional decoupling capacitors c.and Gecngre required for VCCLS and VCCHS pins respectiese and
other required components recommended values are showriliable 22

The selection of those capaciterwill have an impact in different parameters in the charge pump including the
voltage ripple in VCCLS/HS, as well as the starttime or the maximum load that the gate driver can sustain.
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High Side Section
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Figure 26 Gate driver architecture overview

3.3.2 1D=0 09L= ! GFLJGD

Control of MOSFET¥rise and fall times is one of the most important parameters for optimizithgve systems,
affecting critical factors like:

1 Switching losses,
1 Dead time optimization,

1 \bsringing with possible avalanche event in MOSFETSs. Avalanche is a cféatal in MOSFETS that can lead
to device destruction or reliability issues

1 EMI design and optimizations
1 Control of negative spike in SHx pins
f Paossible snubber design (MOSFET snubbebridge bypass capacito)s

MOT6 J6EDL7141s capable of adjusting the slew rate of thdOSFET switching Y. Slew rate control
functionality controlsindependentlythe rise (low to high)andfall (high to low)slew rates of thalrain-to-source
voltageby adjusting the gate current applied to MOSFET gate

Note: R, resistors might be used, however, user must consider the voltage drop on the resistor when
driving the MOSFHRiith the constant current provided IEDL7141
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Usercanconfigurethe gate driver current and timings witfollowing parametersvia SPI accessible registers

Ius_srd bitfield IHS_SRC: gate driver current value for switch@iyhigh side MOSFETSs

Ius_sind bitfield IHS_SINK: gate driver current value for switchidgFhigh side MOSFETs

I.s_sr@ bitfield ILS_SRC: gate driver current value for switchidylow side MOSFETSs

I.s_ sinv® bitfield ILS_SINK: gate driver current value for svhilcg OFFlow side MOSFETSs

lere_sr® bitfield I_PRE_SR@re-charge gate driver current value foswitching ONboth high and low side

MOSFETNeeds to be enabled via bitfieldPRE_EN, otherwise preharge will be set to max current.

1 lere_snidbitfield | PRE_SNHKare-discharge gate driver current value foswitching OFFboth high and low
side MOSFET.9eeds to be enabled via bitfield PRE_EN, otherwise prdischarge will be set to max current.

1 Torved bitfield TDRIVE: amount of time thatere srdS applied.Shared configuration betweemigh and low
side drives

1 Torved bitfield TDRIVE amount of time thatlus sr@nd Ls sr@re applied. Shared configuration betweetigh
and lowside drives

1 Torved bitfield TDRIVE: amount of timethat Iere snind iS applied.Shared configuration betweeiigh and low
sidedrivers

T Torvea bitfield TDRIVE amount of time thatlus_sink anbs_sinkna are applied. Shared configuration between

high side and low side driver

=A =4 =4 =4 =4

A possible configuradbn is graphicallypresentedin Figure 27 This represents a 6PWM mode in which the
microcontroller inserts a specific dead time between INHx and INLx signals dfiweng scheme is applicable to
other PWM modes. Propagation delays are not depicted for simplification of the diagramHigeee 25for
details on propagation delay).

Once the gate is commanded to apply a change to the outpbg gate driver will apply a constant current
defined by the useprogrammablevalue lere_sréor a time defined by drives AfterTorveperiod, the MOSFET gate
voltage shouldideally have reached the threshold voltag&/sm)). After Torveithe gate driver applies next gate
current configuration for a period defined byckvezI' he current applied irthis period is decisive to detrmine

both dl/dt and dV/dt of the MOSFETS as it will charge thedthe MOSFET&Iser can alternatively decide to
reducethis period to covernly Qg portion, therefore controlling d/dt region with the Torveperiod for
independent control To ensure propr fine tuning,6EDL714bffers separate configuration registers for the high
side and low sidelfs sr@nd I s sreespectively)for this second period

Once Fruveperiod is elapsed, the gate drivapplies full current (1.50) to ensure fastest turn on of the MOSFET.
This will fully charge the MOSFET gated(® Q 8 Qsw 8 Qusan) till the programmed PVCC value.

A similar process takes place in the discharge of the MOSFET

Attention: Consider that slew ratevariation affects the actual dead timevalue. User must select dead
time accordingly

VGS Comparators

+ - 2 '6&DL7141 integrates gate to source comparators. These are used to detect whaidsignal is almost
at thetarget value PVCQe. \bxy . 4\sskew ngluring charging phase antlesY cséeu_téluring the
discharge phaseWhenany of thesehappen, the comparator trips and sets the gate current tg,bvalue. This is
to reduce power consumptiorand help reducingthe impact of the selturn-on effect, for example when the
high side MOSFET is turning on while the low side MOSFET is thic tase, the hold current in the low side
MOSFET will help tightening down the gate of that MOSFET to the seithd,opstrength. In Figure 27nownis
shown as dashed and depending ord¥alue will be applied sooner or latetn Figure 2&he thresholds for
activating hioccurrent are shown.
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The comparator integrates a deglitching stage that avoidgise to activate the comparator erroneoushjuring
noisy events The deglitching time islefined by tcs cvp pecLmcn

INHx

— |
INLXx e Jltwcu bt RisE tmcu ot FALL |

|

|

| | |

ls_src FuLL  — — ————— L I
|

|
lpre sRe 1 _ _ __
Ins_sre

IGHx
0A

Ins_sink
Ipre sk

[Hs_sNK FULL ~— —

ILs_sre FuLL

I Ipre srRe - — -
GLx

0A

ILs_src - —

Iis sk - — —

'lHOLD |4_, TDRIVE2

I DRIVE1

I PRE_SINK — —

ILs_ snk FULL - — — — — —

/e nt
Vbat

Figure 27 Slew rate control timing for a complete switching cycle on a 6PWM modedead time
inserted by MCU. Propagation delays (INxy Gxy) not considered for simplification.
Parameters on red refer to programmable values

Figure 2&hows a detail of the charging and discharging transitidios a high side MOSFET. Similar applies to a
low side MOSFET he differentgate charge areas of the MOSFEE ahown.Thanks to the flexible timing
structure and the highloriveresolution, user has full control of the gate current applied durimgitical charge
areas likeQswwhich is the keyparameter controlling the MOSFETE8lew rate. This at the same tiencan be
donewhile maintaining fast charging ofther areas like @ which typically is relatively large compared tos£

and therefore, as it does not affect neither dV/dt nor dl/dt, can be acceleddig increasing gate current.

Additionally, the pre-charge area@Qy), depending on the particular MOSFET, can benefit from a larger gate
current than the one applied to the Qregion where maximum control is required. Thanks to the prbarge
current configuration, higher gate currents can be seled for Qs reducing importantly the precharge timing,
which otherwise could have needed several hundreds of ns to reacti 4@,

The precharge current can be selected from 17 different values. 16 defineddyskcsnand additionally 1.5A
which is the maximunpeakcurrent capability of the gate driver. In case of large MOSFEg, during turn on
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or Qu during turn off, might benefit from using the whole gate driver capability. In order to enable the full
strength during the precharge are, register |_ PRE _EN has to be set in regiQ&IVE_PRE_CFG

Note: When transitioning from one current setting to another, user can experience some transition period
until new current value is up and stable. During this period, the current might becomehawer
programmed for a brief period before reaching the target value.

Note: When the gate to source voltage is getting close to the target voltage, either PVCC when charging ¢
PGNDQvhen discharging, the gate driver will not be able to fully maintain the taggeirient. This
effect deviates from the ideal behavior shown before and can follow similar behavior to the dashed
lines inFigure 28This is independent from thebvalues described before.

INHx
| |
IHS_SRC_FULL —_ — JI- _—— = - |
lpre sRe — — Py +lhoLp l
“._ Non-ideal
lahx lns_sre — — & | *pehavior
a bissmw —— {— - — —1— b — — — — — — — — + — — ", . >
2Hoo ) | Torivez | _Torives !
lere sk — — - F—"—""4 - — — — — — — — — - - Non-i
-~ T N *Non-ideal
IHs_sNK_FuLL — = : : Torives | behavior
| | I | I |
PUCE i — S BE— ﬂl : |
| | . | +}I;\?€ Car;}lvatlon at = \ | |
I I | .;, | ~VGS_CMP_TH I \ . I |
I [ \|
Vhiateau - s l——ﬁl_ A e e e N
Vg =7 7~ —— It ———————— === =\ -
l / | | | | | :v‘“ -Inowp activation at Ves_cup_TH
g t T T t t T .,‘|
I e——le—>1>
Qgs(th) Qsw Qo Qog Qsw Qgs(th)

Figure 28

Detail of MOSFET gate charge during the charging and discharging transitions

In cases wher&)ymis too small to apply a larger current than the one used for slew rate control, user can set
Torive to value 0. This will result in the gate driver start driving the MOSFETs Witz and once theperiod is
elapsed it will apply 1.54gnoring Torveconfiguration. This ensures optimal settings for both large and small

+-1$#2K 9F< JA?@L

> AL

>GJ < A>>g-0 $ ESmilasly; tr@FTSaR@&@/dk= K D,

Torve Can be set to 0 resulting in those configurations being skippBdjure 2%hows an example of this
behavior where Brive= 0 while other Frve Settings are different than zero.

Note: When driving with a single timing setting, it is recommendedlsie eitheflpriveOr Torveas driving
periodand make Brvedr Torvegqual to O The opposite is possible, however might result in
selected timing Torive®r Toriverbecoming slightly shorter than the programmed value due to
internal propagationdelays. User must decide which solution fits better to the application

Datasheet 50 <Revision 1.20>

<2024-03-22>



e LA (infineon

Product Features

INHXx
| |
| |
lhs_src FuLL @ — — 44 — — — — |
| |
| +lHoLo
IGHx lpre_ sre  —
0A ' 3
I BRI T S | e o
o —1 Torive +| ‘TDRIVEs _IHOZLD
lre_smx ~ —————— F—_—,——————————— — — . T
| | | I — <
HS_SNK_FULL | I =
: | | | |
| | |
e ’T_____}_fl N | |
VAT I I/ I \ I |
o | 1/ | W I
Vpiateau — + —/_k'y— Je e e v s e e e | _"*J.=s |
U,- T —— = b — e e e e e e ek iy
P L | BN
T 1 | T
> [
Qgs(th) Qsw Qod Qod st Qgs(th)

Figure 29 Detail of MOSFET gate charge during the charging and discharging transitionsTprive=0
example

3.3.3 %9L= "4LANSIPG?IO9EE9: ADALQ

Different drives systems might benefit from diffent MOSFET technologies. An example is the common usage of
logic level MOSFET vs standard or normal level MOSFETS, which show a higher threshold wltapé-6rthe
same gate to sourcgoltage, a logic level MOSFET presents lowssonvalue than anormal level MOSFET.

Increasing the driving voltage helps reducing thedByof the MOSFET channel during conduction and as a result
the conduction losses of the systenthis is shown ifrigure 30However, increasing the driving voltage

increases the rise switching times (rise and fall) leading eventually to higher switching loklsesmust choose

the right driving voltage depending on the system conditions.
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Figure 30 Typical Rosonvs Vsscharacteristic in MOSFETsHigher \ssvoltage reduces the Rysonof the
MOSFET
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6EDL714Allowsdesignersto adjustthe MOSFET driving voltagBPVYCC voltagersia SPI registers. The same wal
PVCC applies to both high and low side charge pumps with four possible values: 7V, 10V, 12¥jslis\done
via bitfield PVCC_SETPT.

;

Note: It is expected that the high side charge pump produces a slightly lower voltage due to internal
circuitry (diode)SeeElectrical Characteristic Graphs

Figure 31shows andeal example of how supply voltage of the driver and slew rate control can play a role
together in an ideal turn on of a low side MOSFE@&ctionAof the figure shows how to set the slew rate afsV
external MOSFET, by programming different current vaue this case d risp- Section B shows the case in
which, provided a fixed gate driver currentlsre PVCC is varied.

:)VCC set point ) A) PVCC set point B)
PVCC_SETPT register] . : .
Variable 'LS_SRC (PVCC_SETPT register) Fixed |LS_SRC
Fixed driver supply Variable driver supply
VGSLX A VGSI.x A
] B 15V -

12v - A2V

10V -- 10V --

7V -- 7V -

|
'

Increasingil;s spc value
'

A -
i

: P4 ot : =
i torop ! : i tis rise t Yprop

tLs_RisE_12v
P iyl pi STUSE < »>i< >

INLx I INLx I
Figure 31 Gate driver slew rate configurability in an ideal low side MOSFET switching: A) given a fixed
supply voltage (PVCC=12V), variale I.s riseB) Fixing the charging current, changes in PVCC

produce different rise times

3.4 l @9J?= . MEH ! GF>A?MJ9LAGF

User can adjustharge pumps operation i+ - 2 ' 6&DL714Hepending on the specific needs. Following
sections describe this configurations

34.1 ' @9J7?= . MEH ! DG; C $J=1 M=F; Q 1=D=; L*#

Charge pumps are based on switched capacitor circuits that work at a given switching frequency. 6EDL714 offers
the possibility to choose four different clock frequencies via SPI programming of bitfield CP_CLK_CFG in register
CP_CFG. The selection of chamenp capacitors both flying and tank capacitors must be chosen according to

this configuration and both affecstart-up time of VCCLS and VCCHS rails as well as possible voltage ripple in
those pins.

3.4.2 l @9J?= . MEH I DG; C 1HJ=9< 1H=; LJME ¥

When activatel, this featureintroduces artificially a frequency variation (seklectrical Characteristictable for
values) into the charge pump clock signal. The frequency atahithe charge pump operates will vary between
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those limits reducing the emission intensity on the target frequency value by distributing that energy over a
wider range of frequencies.

3.4.3 l@9J7?= .av@9iJ?3=>GJ 4! ! *1

Pre-charge of the charge pumps is a fiese that, if enablel via SPI register, preharges the VCCLS rail right
below the buck converter output voltage (VDDB) before the EN_DRYV pin is activetesiprecharge takes place
only the first time after a power up (CE cycle) sequence.

In this caseywhen EN_DRYV is activated to enable the driver stage, the charge pumps need to ramp up the voltage
in G.ccidrom the existing precharge voltage until the PVCC selected value, therefore reducing considerably the
start-up time for the charge pump when compared to the default situation in whiclt&deeds to charge the

whole PVCC voltage.

To enable the pre charge of VCCLS, bitfield PRECHARGE _iBNKegister SUPPLY_CFG must be set.

3.4.4 @93 ?=2MMBEHR?

Thestart-up time for the charge pumps, defined as the time that the VCCLS voltage requires to get to the target
programmed voltage (PVCC Set point), depends on several factors:

1 Target voltage programmed via PVCC_SETPT register: the higher the longstaitteip time

1 Chargepump clock frequency: higher clock frequency results in fasséairt-up time

1 Charge pump tank capacitors (Ec.sCicais): Using VCCLS as example, a smaller value,&f &iill result in:
o0 Higher VCCLS ripple
o Fasterstart-up time

1 Charge pump flying capaditrs (Gr1Ccrg: smaller capacitors lead to slowestart-up time

The selection of those parameters have an impact as well in the VCCLS and VCCHS voltagH fggpkart-up
time is not a design target, it is recommended to increase thedvalue 1 reduce ripple and to improve load
transients. For a givenJec yvalue, the selection of &will impact also the ripple in VCCLS astart-up time.

If start-up time needs to be optimizedgcharge pumppre-charge featureis recommended This is explaing in
section3.4.3

Thestart-up behavior of the charge pumpand rest of power supplys shown in detail in sectioeviceStart-
Up.

3.4.5 %9L= 9O9FANFTI®9J 23 GLMEHKAGFK
The gate driver includes following protections:

 VCCLS UVLO

 VCCHS UVLO

1 Floating Gate Driver Pull Down

1 Dead Time insertion This is explained in sectioB.2.7

3.45.1 411 *1 BBGEREI?2=MEGOL! ! *1 34*-90

The UVL@revents thegate driverfrom propagatingPWM signals if the drive voltagerist above the UVLO
threshold as specified in th&lectrical characteristicdable.
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Duringstart-up, the charge pump voltage VCCLS will ramp up until the UVLO rikmeghold is crossed releasing
the UVLO status, allowing then the PWM to propagate.

In case of overloadf VCCLS rail beyond the specified maximum load of the charge puhgVCCLS will drop.
Eventually, the VCCLS voltage can crossM@&CLYVLO fallig threshold leading to both the immediate stop of
the PWM signal being transmitted to the MOSFEBY setting the gate driver in HZ (high impedance) modand
also reporting a fault to the Fault handle€onsequently, he nFAULT piwill be pulled down sdhe
microcontroller in the system can decide how to proceed.

3.45.2 41 &1 3HEDBN 9 ?2=ME GQL!I4& - 6

Similarly to VCCLS, a UVLO mechanism is integrated for VCCHS voltage rail. The UVLO rising and falling
thresholds can be found in th&lectrical characteristicgable.

Duringstart-up, the charge pump voltage VCCHS will ramp up until the UVLO rising threshold is crossed
releasing the UVLO status,laving then the PWM to propagate.

In case of overload oVCCI3 rail beyond the specified maximum load of the charge pump, the VCCHS voltage
will start dropping. VCCHS$oltage canthen cross theVCCH®VLO falling threshold leading to both the
immediate configuration of the gate driver to HZ (high impedance modeand alsoto the reporting to the Fault
handler.As a result of th&/ CCH®VLO, the nFAULT pwill be pulled down so the microcontroller in the system
can decide how to proceed.

3.45.3 $DGO9LAFGF®BILMDIDLJ'" GOF

MOSFETSs in an inverter che exposedo non-zero gatevoltage levels when the controllersr gate driversare

off. Sometimes those voltages are enough to actig or partially activate the MOEETSs leading to system failure

or destruction iffor example, a high side MOSFET and a low side MOSFET in an inverter leg activate at the same
time. In order to prevent this behavior is common to assemble weak pulldo@& F L @= GJ<=J G>
between gate and source of the MOSFET to ensua tWhen thegate driveris off, the gate is pudd down to the
source avoiding any turn oor partial turn on As it is weak pull down, this does not have much impadten the

gate driver is activeand driving MOSFETs normally

Thesesix Rssresistorshowever require a good amount of PCB area amekd to be placed in fbcation where the
power layout needs to be optimized witho compromises.

In order to address thiSsEDL714bate driver integrates &loating gate Strong Pull Dowmechanismthat
includes botha passive and an active pull down:

1 Weak Rill Down: a weak pull down (R _rp wediS always connected between gate and source of each gate
driver output. This ensures a weak pull downs duristates where the gate driver is off, either because
EN DRV is turned off or because the device is fully off (CE™fismechanism issimilar tothe ones
described aboveR:s).

1 Strong Pull Downadditionally, during those gate driver off periodsf the external gate to source voltage
increasefor any reason as mentionedan extra pull down, much strongéRsp po_strondS activated ensuringa
tight pull down and hindering anyossible partial turn on.
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3.5 . GO=J 1MHHDQ 1QKL=E

The device embeds aadvancedpower supply system comprised of:

f Synchronous lick converterincluding both power switches

¢ DVDDOinear voltage regulatoprogrammable tooutput 5V or 3.3V
1 Charge pump for low side gate driver (described3i3)

1 Charge pump for high side gate driver (describied3.3)

+ - 2 ' 6&DL714has been designed for lowest Bill of Material (BOM). Theekyonous buck converter does not
require external components like diodes, voltage dividers or bootstrap capacitors yet at the same time reduces
the low side conduction losses as it utilizes a NMOS instead of a diode.

The overall goal of the buck conventés to support the rest of the power supply systelVith the help of an
external filter (LC)it supplies both (high side and low side) charge pumps and the integrated DVDD voltage
regulator. This architecture increases the efficiency of the device gygeatimpared to an only linear regulator
system, yet maintains a very compact system solution. Furthermore, allows working at high supply voltage
rating (PvVDD)

DVDD linear voltage regulator is integrated to provide accurate and stable voltage to otherredteomponents
either at 3.3V or 5V. Figure 33 a schematic diagram of the complete power converter architecture and
interconnections is showed

VCCLS
Sync. Buck (programmable) 4 Low side gate
pVDD[] Converter L driver supply
—qE} Charge Pump Charge Pump
jmm——— VDDB | Low Side High Side
ol ; Y VCCHS High side gate
. : LBUCKJ_ : ] driver supply
& i
— I
1 Cauck : :
1 I Linear Regulator
— ] o 1
l\ /l N ouT DVDD & MCU, Hall
S 4 sensors, etc
External
components GND
-+
LSBE | Extra LDO,
']] LED, others
Figure 33 Block diagram of power converter architecture

Designers can use VDDB pin to supply external components as long as the current limits of the buck converter
including charge pumps and linear regulatoare not exceeded. Nevertheless, oveurrent protections (OCP)

are implemented for both buck converter and the linear regulator, preventing any damage to the devien
overloading VDDB pirAdditional overtemperature protections (OTS, OTW) are integrated to ensure the device
is under correct thermal conditions any time.

351 1QF; @J GMGUMK! GFN=JL=J " =K; JAHLAGF

Although integrated in the same package, tlsgnchronousbuck converter is designed completely independent
of the rest of the gate driver circuitry. This makes thgpply systenrobust against gate drivefailures. As an
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example the buck converter and linear regulatowill still operateeven if a failure occurs in the gate driver
section(e.g. VCCLS UVL@&)suring right operation ot microcontroller and other circuitssupplied by the buck

converter or LDOntegrated for example

The control method utilized isAdaptive @nstantIONATime (ACOT). In contrast to a pure constant ON time
control method, ACOT allows for ON time variations during transitions to avaide frequency jumps. Together

with feedforward techniquesthe buck converter can operate with reducedstching frequency

Two different switching frequencies (500 kHz and 1 MHz) can be selected viaBRPFREQ bitfieldor the buck

converter. The recommended inductor and capacitor for each configuration is provided in se@i&n

Recommended values for the inductor arhpacitorare shown inTable 22

Note:

A detailed figure of bottsynchronousbuck converter and linear voltage regulator circuits is depictedrigure

It is recommended to only modify the buckweerter frequency via OTP

34.
(T EEEEEEEEEEEEEEEEEEEEEE - |
[ Synchronous Current sense - PVDD |
| Buck Converter and OCP O—_
| l—<]‘_<> T |
I l
[ | Sync.Buck | Py E} VDDB I I
[ Digital Core Controller BH |
[ * ——L I
I » DRV I I
| 1 ¥ 1 L :
[ UVLO/ ) - I
I ovLO :
VDDB
) N r )
Internal ref O
(analog-VSENSE- or i 0 MCU
digitally programmed) ~ DVDD VDD
% I GND
Linear
Regulator
|
Figure 34 Detail of integrated synchronous buck converter controller and linear regulator
3511 M; C ' GFN=JL=J - MLHML 4GDL9?= "=

An important feature of the buckonverter is the ability to automatically adjust VDDB tatgvalue depending on

H

PVCCitérget gate drivervoltage) configuredby uservia SPI commandsThis is done to optimize power losses in
the device For example, if the driving voltageVVCGs 7V, the target voltage of the buck converter is

automatically set to 6.5V.A this casethe charge pumpstill have enough room to rach PVC&7Von a

| <GM: D=JA .THe FelatidrisipibetiveAr3/BDB and PViE€Shownin Table 14
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Table 14 Buck converter output target volta gevs PVCC_SETP3etting

PVCC_SHEPThitfield PVCC target voltage(V) VDDB (Y
| 7 6.5
10 10 7
. @0 12 8
L 15 8

Another important factor to consider in the synchronous buck converter output targettage isPVDD osupply
voltage. IF6EDL7141s supplied with arelative low voltagethen VDDRowm vrating applies(seeElectrical
characteristicstable). In such situation the buck converter operates in open loop with the duty cycle saturation
limit given byDGuck wafseeElectrical characteristicsgable). If buck converter loading increas@s that situation

or PVDD voltage reduces furthafDDB voltage will drofOnthe lower end, VDDB UVLf@lling threshold protects
from lower limits.

Therefore, &pending onPVDDroltage, it ispossible that VDDB cannot reach the target voltagimiting as a
consequence the actual PVCC voltage, which even in a doubler configuration might not be suffithent.
approximate possible PVC@ltage € VCCLSN the doubler configurationis given by dllowing equation:

0 wd I ED 06" F01 0@ & ohZ @D 0 6 pw 2)
As an example, if PVDD = 7.5V, VBBBV(limited by low PVDD)f PVCC_SETPT targets 15V, the doubler on the

charge pump will be able to reach maximum of gximately 2 VDDB1Va 12V. If then PVDD rises to 12V, the
VCCLS will be able tegulate to15V as thivalue is belovlequal to the value =2* VDDB (8\ALV= 15V

See2.6for more details on relationship between VCCLS, VCCHS and PVDD.

3.5.1.2 1QF; @J GMGNMK! GFINGLI;=LJAGF K

Following protections are implemented to ensure correct operation of the buck converter:

T Output Under -Voltage Lock-Out (UMLO). seeElectrical Characteristictable for specific values

T Output Over-Voltage Lock-Out (OML.O). seeElectrical Characteristicsable for specific valueslf the value is
reachedthe buck converter will switch off both high side and low side MOSF&iEsrupting any further
energy transfer to the output.

1 Over-Current Protection (OCP)cycle by cycleGiven a situation in which the current increases till the OCP
level (seeElectrical Characteristictable for details),the buck convertercontroller will truncatethe high side
FETPWM signalintil next PWM period starThe bw side FET wilbe driven accordinghafter insertion of
deadtime.

Once theOCP event takes place,caunter will start counting for eacltonsecutiveperiod that the peak
current is reached. After 1eriods, theBuck OCP fault is triggered amdFAULT pin (se€able 17 will be set
low to inform the MCUhat can proceed with correctingictions. The Buck converter will continue operation
in current limitation to ensure the MCi$ supplied. If the OCP does not trigger for 3nsecutive PWM periods,
the counter will resetand will not trigger the Buck OCP faulf the Buck OCP fault is activated, the bitfield
BK_OCP_FLif register FAULTST will be set.

3.5.2 4"t *AF=9J 0=?MDO9LGJ

The integrated linear regulator generating canbe set to provide either 3.3V or 5V by means of an external
resistor Rens@s described iTable 7or alternatively via bitfield DVDD_SETPIhe selected DVDD ved can be
read via SPI in bitfield VDD ST in register FUNCT_ST.
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DVDD linear regulator can be used as well to proadeffset to the current sense amplifiers integrated,
allowing negative current measurements. S&6.4for more details.

The linear regulator is soft starteduring ramp up of the device as depicted Kigure 53&fter a delay time
tovoo_on puvafter the buck converter has reached it$VLO leveMopsuwo g and analog programming of

CS GAINAZ and VSENSE/NnBRAKE are finisAdw@DVDD ramp ufiming can be configured a SPI via bitfield
DVDD_SFTSTRT.

A schematic view of DVDD linear regulator and the interaction with the buck converter is presentedriguire
34.

DVDD voltage can be usedgsupplya microcontrdler (MCU or additional elements in the circuit likeHall
sensors, LEDs, etc. An OCP mechanism is provided.

3.5.21 4" *AF=9J3 0=?7MDO9LGJ -

DVDD OCP can be configured between 4 different levels by writing register DVDD_OCIPtHef®BCP for DVDD

is reacheda fault will be reported on pin nFAULThe DVDD OCP works in two differstages

1. Pre-warning mode at 66% ofselected OCP level nFAULT pin will be pulled down to signal the controller
that an OCP warning has occurred. If the currémtel reducesbefore reaching100% level, the operation will
continue normally releasing the nFAULT pin. The prarning allows some extra time for the microcontroller
to make a decision on how to react to the possible OCP event.

2. Current limiting mode at 100% of selected OCHevel: if current increases beyond the configured OCP level,
the DVDD regulator will start limiting the current provided. This will cause a DVDD voltage drop, eventually
resulting in a DVDD UVLO fault if DVDD UVLO threshold is cra$setks to this limiation, possible shorts
on DVDD railill not affectrest of the systenkeeping these other components safe

DVDD OCP Current Limiting
Programmed Fault Event Event
OCP level

66% of OCP

IDVDD

>
_DVDD : il DVDD UVLO
nFAULT Fault Event
~\BvoD UvLO
Figure 35 DVDD OCP behavior including pravarning and current limiting modes
Note: The OCP in DVDD is suppedssiring ramp up of the device to avoid that initial charge of DVDD

decoupling capacitorgeventually large capacitorgjiggers the OCP fault

Over-temperaturefaults (OTS, OTWjrovide an additional level of protection. These will trip if too high
temperature is developed in the device, for example when the DVDD linear regulator or the buck converter
demand excessive load current.
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3.6 ' MJ JI=#FHKEEHD A > A=J K

The device integratethree current sense amplifiers that can be used to measure the current inghaver
inverter via shunt resistors. Single, double or triple shunt measurement are supported as showigure 36

CS_EN bitfielegtnables each current sense amplifier individuallgain and offset are generated internally and are

programmable.
A LI

c%:% @ CSOA Cs0B

PHASE A —I PHASEB -I% PHASEC —Iﬁ
j} 1j 1F@

CSOA CSOB CS% @

Figure 36 Single (A), dual (B)and triple (C)shunt current sensingconfigurations are supported

PHASE A

Thecurrent senseamplifier block contains the following sulblocksexplained in detail this section

1 Current sense anplifier : connectedto external shunt resistor omternally to SHxand SLxpins for Roson
sensingconfiguration. This module amplifies the shunt voltage lmw side\bsvoltage toamore appropriate
voltage level for a microcontroller ADC. It allows as well blanking the signal synchronized totRAfgitions,
during periods where noise is disturbingné measurement.

T Output buffer: allows adding avariable offsetvoltage tothe sense amplifier output The offset amount can
be set to 4 different values either by programming the internally generated lerdly applying an external
voltage atVREF input ip. With this implementationnegative current in current shunts can be measured.
Additionally permits to optimizethe controller ADC dynamic rangaccording to system conditions.

1 Positive Over-Current comparator : used for detecting the ovecurrent condtion on motor winding for
positive shuntvoltage. This comparator can be used to apply PWM truncatiomlock or trapezoidal
commutation schemeslimiting the motor currentto the configured OCP threshold

1 Negative Over-Current comparator : used for detecing the overcurrent condition on motor winding for
negativeshunt currents

1 OCP Digitatto-Analog Converter (DAC) used for programming the threshold of the oveurrent
comparators One for positive level and a second one fagative level Programming of DAC levels is shared
amongall threedifferent OCP comparators

l MJJ=FL K=FK= 9EHDAHAZEIIGAGA RMAKMIAOHHI=AKI BDIQ AX? GH=
accuracy of measurements during lifetime of the devidgdditionally, 6EDL7141ncludes a current sense
amplifier usercalibration modethat can be used to calculate residual offset when shunt current is known to be
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zero, for example, because there is no PWM yet propagated ttMOSFETSs. A microcontrollérmware can
remove this initial residual value from future measurements to improve accuracy.

Figure 37%hows these blocks and their inteonnections.

Fault Handler Over Gurent

Gate Driver Protection
Module

Positive

/

—<J

l:] nFAULT - \
Negact)i(\:/: " Q

From supply
system Current Sense
? Amplifier x
Output buffer Vefteer/

[
L

and offset Vrer / , Blanking —o\o_ ?
_ICSOx y \ $ —o\c W - CSNx J_

X=AB,C

Figure 37 Current senseamplifier simplified block diagram
Note: It is recommended to disable current sense amplifiers that are not used

3.6.1 001.1=FKAFNK+G&G<®2 1@MFL +G<-=

Current sense amplifiers irt - 2 ' 6&DL714Tan beconfiguredas leg shunt oRssonsensingl O@=J = L @=
resistance of the MOSFETSs is used as shuntlivsales#neasurement approach.

In Rsonmode, 6EDL714tonnectsthe drain of the low side MOSFET to the positive input of the current sense
amplifier. Thenegative inputis connected to the source as shown Kigure 38 This isn contrastto the external
shunt configuration shown irFigure 39 where the positive input of the current sense amplifier is connected to
the source of the low side MOSFHternal series resistortelp filtering possible noise before the amplification
takes place Depending on the circuits and board designsmall filtering capacitorbetween SLx and CSNXx pins
can helpcleaning up the current signal.

Note: Rosonmode is only possible in 3 shunt mode (modeFyure 3

Note: In Rsonmnode, the CSAMP is forced tdi® MODE 0, meaning the current sense amplifiers are
only active when low side is ON (GL ON mifdleis bitfield is written with a valudifferent than
< ¢thegconfiguratiorwill be ignored by the internal logic.

Note: Temperature compensatiofor the Bsonmeasurementif required, must happen at MCU.
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Gain
CS_GAIN

CS_GAIN_ANA

Current Sense
Amplifier x

CS_EN

|

Blanking
—o\>—
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CS_MODE

CSNx

/

CS_BLANK

M1

L

Figure 38 System diagram of a low side Bsoncurrent sensing configuration utilizing integrated
current sense amplifiers
&
1
|
|
I
I
I
I
1
I
Gain CurrentSense | 07777 1
CS_GAIN Amplifier x eSLMODE. |
CS_GAIN_ANA l : I
1
CS_EN ‘ :
l 1
Blanking
/ (K —o0 o
? ‘!
\ T —o\c M | P
CS_BLANK
Figure 39 System diagram of an external shunt current sensing configuration utilizing integrated
current sense amplifiers
3.6.2 ' MJJ=FL 1@MFL EHDA>A=J 2AEAF? +GK<

Often in drives applications, the current is sampled via leg shuntghis case, the voltage in the simt that

needsto be amplified appears only when the low side MOSFET is turned on. In other cases, it might be useful to

propagate the signal continuously6EDL714%upportsfour different modes of operation of the auent sense
amplifiers regarding when the outpupin CSOxs connected to the amplifiestage Thesdour modes are:
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1 Always OFF current sense amplifier output disabled. This is achieved by disabling the amplifier in register
CSAMP_CFG via bitfield CS_EN.

1 GL ONin this mode, CSOx pin is connected to the amplifier only whenghme leg or phas&Lx signal is
9; LAN=y 'F KAF?D= K@MFL EG<=J] !'!'1-P OADD := ; GFF=;
If two orthree amplifiersare enabledthen the signals for enabling C&vill be dedicated to that GLx signal.
This mode is forced if dg3onsensing is selected to avoid possible overvoltage damage in the internal circuitry.
In order to enable this mode, the amplifier must be enabled via CSbEf¢ld in CSAMP_CFG register and the
timing mode selected via write to CS_TMODE bitfield in SENSOR_CFG.

1 GH OFFsimilarly to GL ON, this mode®nnectsthe CSOxoutputs duringGL ON periodut extends that
connection tothe dead times both rising and falling. This is same than GH OFF. In some cases like during
diode recirculation current, the diode might carry current that can be useful especially in cases where the
PWM pulses are very narrow. Same as GL ON, single shilldgic OR the GLx activations and three shunt
modes will activate according to each GLx signal oityorder to enable this mode, the amplifier must be
enabled via CS_EN bitfield in CSAMP_CFG register and the timing mode selected via write to C& TMOD
bitfield in SENSOR_CFG.

1 Always ON this mode connects continuously thactivated amplifierCSOx signalto the amplifier

independently of PWM signals. In order to enable this mode, the amplifier must be enabled via CS_EN bitfield
in CSAMP_CFG registerd the mode selected via write to CS_TMODE bitfield in SENSOR_CFG.

Figure 4(cases 1 and Zhows acomparison of the current sense amplifier workirig both modes GL ON and
GH OFF.
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e.g. Half Bridge
Configuration GHA \A:t:;f::m S —
3-Shunts
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= Low side diode
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0 ......... e esbesecccs ; cedenscccccs
/ L
Vshunt = =
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4 y,
Figure 40 Current sense amplifier ideal timing mode example. Mode GL ON and GH OFF operation in a

half bridge example with leg shunt current sense configuration -3 active amplifiers. GH OFF
can potentially propagate current information when th e diode recirculates current. Auto
Zero injected on GHx rising

3.6.3 I'MJJ=FL 1@MFL EHDA>A= DOFCAF? 2AI

A programmable blankingperiod can be configured in the current sense amplifiefithe goal of adding some
blanking time is toavoid propagating a distortel signalto the microcontroller ADCduring MOSFE$witching
transitions. Since both, phase nodeoltage SHx andSLxpins (CSNyhpre subject to ringing due to the switching
activity, the blanking moduledisconnecs the inputs for a configurable time (CS_BLANK). This action ceaur
synchronicity with GHsignal(risingand fallingedges) driving the external MOSFETSs
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During the blanking time, ;jn CSQwill show Vsiise VOltage until the programmed blanking time peiod expires
and inputs are connected again to the aamt sense amplifier. Two examples are showrFigure 41ExampleA)
represents a@rapezoidalcommutation scheme with 1 shunt similar to the one ifrigure 62 In such case the high
side of one phasephaseB) isswitching, whilethe low side of another phasgbaseA) isalways ONallowing the
current to flow through the motor windingsAs the low side MOSFET of phase @Ndor 120 degree of rotation,
the current sense amplifier is amplifying the shunt voltage continuously except blanking recirculation
periods. Thes blanking periods corresponds to both high sidising and fallingedges (ORintp all phases
applied). In this case the voltage across the shunt is positive.

Theexamplein B) corresponds to a generic half bridge configurati(ag. synchronous buck comvter). In this
case, when high side is turned on, the currentthe inductor increase, while.n the complementary cycle when
the high side switchesff and the low side turn®n after dead time, the current flows through the low side and
starts decreasng. During the low side conduction, the current sense amplifier generates the shown output
proportional to the voltage across the shunt, in this case negative.

A) Block Commutation __|—|_—|_
1- Shunt GHB |
GLB | | | |

GLA

high

Blanking CS_BLANK M “I
signal —| — —l
CSOA
__Voffset
0

B) Half Bridge m
Configuration GHA
3- Shunts GLA —| —l

Blanking |—|CS_BLANK T —l |—
signal d b L

—<f Vshunt
= Nowat oo ) W 00 W
CSOA / \/
0 /
Figure 41 Timing diagram of a current measurement utilizing blanking time feature for suppressing

current spikes during MOSFET switching A) Trapezoidal commutation with 1 shunt
configuration. B) Generic half bridge configuration.
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364 ! MJJ=FL 1=F-K=>K =EIHDRFA=II9RONEG EGUR'H*B O
H AF

+ - 2 ' 6&Du7141ntegrates an internal linear voltage regulator (DVDD) that can be used for offset generation in
all integrated current sense amplifiers. The generated DVDD voltage can be scaled down to different
programmable values to adjust the desired offset voltagevél.Bitfield CS_REF_CFRg®ntrols this scaling factor.

Somemicrocontrollers generate internally the reference for an integrated ADC out of the supply voltage. In this
way the microcontroller can accurately measure irraio-metric way the output of thecurrent senseamplifiers
increasing noise immunityFigure 42hows a block diagram representing this implementation.

The currentsenseamplifiers offset voltagecan alternatively beprovided viaan externally generated voltage
through VREF pin. BitfiedREFINSELselects between scaled DVDD (internally generated) or VREF input pin as
source for the offset voltage applied to all 3 current sense amplifiers.

VDDB
F
D\éZgDu:';tn;rar Microcontroller
o pvDD L L, VDD
» L. g
VREF_INSEL
\ 4
CS_REF_CFG——| Scaling o—o o~o— ] VREF v
(ext. offset) I:}
CS Amplifier ADC
\ > —
PL| Current sense
/ | buffer
Figure 42 Current sense amplifier offset generation block diagram
3.6.5 -N=J; MJJ=FL ! GEH9U BL GE¥3FKAKEMHD A"> Al= IXKG J

Twoovercurrent comparatos are implemented for monitoring the currenin both positive and negative
direction with an extensive level of progmmability. Figure 43hows a schematicdiagram of this
implementation. Both comparators monitor the current flowing through the shuntsThe triggeringlevelis
independent from the gain setting of the shunt amplifieend is defined ashe voltage across thehunt. The
comparator features a hysteresis (specified ¥s:_nvsy for consistent operation.

Positive and negativertggering leves for the comparatorare set with two independentDigital to Analog
Converters DAQ. These DACs are programmed via bitfields CS_OCP_RirhpRsitive overcurrent protection
and CS_OCP_NTHRBr negativeovercurrent protection. For possiblehresholdlevels see theegisters
desaiption in section8.

The output of the comparators can be deglitchdry programming register CS_OCP_DEGLTv&éfdre reaching
the Fault handlerwhere the fault wil be processed (See sectid@) and eventually will pull down nFAULT pin
reporting a fault to the microcontroller or other circuitry

Alternatively, the comparatoroutput propagates to the PWM moduleBWM truncatiorcan ke enabledvia
bitfield CS_TRUNK_DI8 PWM truncation is activated, the PWM modmtenediately interrupts the PWM signal
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without having to wait for the microcontroller to make such decisiovhen the OCP level is reachehis
ensures fastest possible retion time to the OCP event. Truncation is detailed in secti®®.5.4

PWM 0 GLx/
Module L1 GHx

|
o
<— CS_TRUNC_DIS

Over Current
CS_OCP_PTHR Protection

DAC
Positive Deglitch Positive OCP
OCP (—O\b filter
T Current shunt ) r1SLx
i L curen
DEGLITCH i = shunt
l J Blanking CSNx<
Negative Deglitch - .
b _—
ocp [€° filter 4 COMP DAC
3 Negati
gative OCP
T CS_NEG_OCP_DIS

CS_OCP_LATCH
CS_OCP_NTHR

Figure 43 Current sense amplifier protections schematic block diagram

3.6.5.1 -1, 3K= 19K=K

The reaction toan OCP event is programmable via SPI. Following scenarios might be useful for different
applications:

1 Apply PWM truncationimmediately after OCP everand report on nFAULTpin after OCP eventdeglitching
is disabled if truncation is enabledlhis is usail in trapezoidal control schemes.

1 Disablereporting and keeptruncation of PWM. This can be useful during events where the reporting
function to the microcontroller might not be necessaryhis is useful in trapezoidal control schemes.

f Trigger a configurable brake action upon OCP eventlf truncation is not desired, the brake event can be
configured toe.g.brake the motor by shorting allow side MOSFETBY using the deglitcunction, the
possible noise in the analog signal can besfil out to avoidfalse trip of the OCP. This configuration can be
useful for FOC (Field Oriented Control) schemes given the flexibility. Brakiegplained in more detail in
sections3.2.6and 6.

1 Disable OCP protection,both nFAULT reporting and truncation of PWM.such case, OCP is ignored. This
might be useful for trangdion states or stop procedureas well

These configurations can be adjusted also during ACTIVE state of the detigaldopossible to select whether

the OCPrault trips on a single event or more and whethirlatched or not via bitfield CS_OCP_LAIC

3.6.5.2 -, $09-=MDQJ L AF?

OCP fault came reported to the MCU via nFAULT pirhis will then result imFAULT pull down therefore
informing the MCU that a fault occurred.

CS_OCPFLT_CHtegister CSAMP_CFG allows the user to set a target number of comseewvents (PWM
cycles with current above OCP threshold) that will activate OCP fault. This means the user can configure the
device to wait for several PWM periods before declaring a fault and therefore be more conservitnes

options are possible: ndault, trigger immediately (i.e. trigger on all events) or trigger on a number of counts (8
or 16).The logicfor the couning mode works as follows:
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1. Every time that an OCP event occurs, a counter incremeAisthree phases have dedicated counters.

2. Ifanycounter (ORingyeaches thetarget value configured ilCS_OCPFLT_CRen thefault is asserted and
NFAULT pin is pulled low

3. If before reaching the target value, the OCP event does not occur for 3 consecutive PWM cycles, the counter i
reset to value0, starting over next time mOCP event takes place

3.6.5.3 -1, $9MDL *9L; @QAF?

The OCP fault can be configured as latched or datthed. This defines how the fault is cleared via register
write. If configured as latched:

T and in counting mode (8 or 16): fault oaot be cleared until there is one whole PWM period without fault
! and in immediate or on all events mode: fault can be cleared only after the fault condition is released.

If not latched, the fault can be cleared any time. If conditions is still presdtgraclear, the fault will be set again
after the clear event

Independently of the latch configurationthe status register will show that the fault happened.

3.6.5.4 .5+ 2JMF; 9LAGF

PWM truncation is a method to intrinsically limit the currefibwing into the notor by switching off the PWM
signal immediately after @P detection. In this way, theHxsignak (all three) arepulled downautomatically
when the configured peakurrent level is reachedLow side remains unaffectedntil the PWM resets, increasing
current in the motor againThis happens in #WNMcycle by cycle baséAn example of how PWM truncation
works, is depicted in detail ifrigure 44

Note: Truncation occurglways on high side except for LPWM mode with alternate recirculation, where
the truncation occurs in low side during high side recirculation periods and on high side during low
side recirculation periods.

If PWM truncation is active, PWM truncation takgace upon OCP event in all phases. For example, if the
protection is triggered in current sense amplifier A, then PWM signals in phases A, B and C will be truncated. This
will enable single shunt systems to utilize any of the current seasaplifiers.

Blanking is applied to truncatioriogic on both rising andfalling edge of high sides described irFigure 41 see
register CS_BLANK for blanking times. Blankingnirall phases9 J = - 0 A=< 9 F < -triggerinyofthe. 9 F
PWM truncation during the blanking time selected by the user.

If truncation is enabled, the deglitching filter is automatically disabled. This means, if truncation is enabled, the
NFAULT pin ginalizessimply that a PWM truncation has occurred.

Attention: Depending on the PWM modulation utilized, PWM truncation might nptovide the desired
results. In modulation schemes where it is possible more than one phase are energizing the
motor at a given time like SVMFOQ(Space Vector Modulated Field Oriented Controlf is
recommended to disable truncationand use OCP fault instead.
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Positive OCP and Blanking Iy without truncation  /~_
. iod 7o
PWM Truncation N —— a
. . Positive , 7/ ~ { : /
e.g. High side modulated ocPinpuil X~ """ AT e S 47, G
block commutation
' IM with
| truncation
SHB w /0 ;
GHA —I i i ! ! a i} a4 !
0 — P — —— — »
Im>0 | | : /'\ : u’\ 2
-— ] \\ (/ 1 1 \\
e.g. GHB o i h i
oLa = 18 ian
i SHC  egos | | R | L i
t f 5 5
I I i ol
Vshunt - ! it || T ,I high
= T e.g.GLA b LE 13
- T T t
Vshunt proportional to IM. v nl ‘M
Shunt sees current while GLx OCP(C))(L)J:;E?rator — \!—l,’ — :
is high (CS_TMODE = GL ON) No truncation:  Trunéation Truncation

detection at the applied to all*  applied to all*
end of PWM GHx signals GHx signals

*: Truncation signal is OR’ed to all GHx signals if only one shunt amplifier is enabled, otherwise,
applied to the corresponding GHx signal. GLx signals remain unaffected during truncation

Figure 44 Positive OCP PWNruncation detail. lvrefers to motor current

3.6.6 ' MJ JI=#+HKEHDA>A=J %9 AF 1=D=; LAGF

Gain of the shunt amplifiers can be programmed digitally via bitfi€& GAIN to one of the following value$; 8,
12, 1620, 24, 32and 64. Alternatively, the gain can be selected by connecting an external resistes £k from
pin CS_GAIN tground. In order to enable analog programming of the current sense amplifier via external
resistor, the user must ensure thditfield CS_GAINANAis set accordingly. The value ofsRnis evaluated during
startup of the device (see sectid®110.9. Table 15rovidesthe resistor values and register settings for gain

selection inboth analog and digital modes.

Table 15 Programming of current sense amplifier. Gain vs resistor size
Digital programming Analog programming
Gain Value —
CS_GAIN (hex) Res cal®C? 0
4 0x0 0
8 0x1 15
12 0x2 3.0
16 0x3 4.7
20 0x4 6.2
24 0x5 7.5
32 0x6 9.1
64 0x7 11
Note: For analog programming, resistors are recommended to be 1%tolerance or lower

The actual value of the current sense amplifier gain can be read in FUNCT_ST register vid GiSieGAIN_ST.
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3.6.7 'MJJ=FL 1=FK= EHDA>A=J " '9DA: J9 L

+ - 2 ' 6&DL714%eatures a calibration method for th current sense amplifiers. This helptiminate any
unwanted offset in the output of the operational amplifiers before startimgotor operation for example

The activation of the DC calibration modenly during ACTIVE stateN_DRV highja register CS_EN_DCCAL
programming,will short the inputs of the amplifiers. Once the DC calibration is enabled, the output on CSOx pins
can then bemeasured by precise ADC channels in an MCiétord any possible offset in theperational

amplifiers. Any excess voltage in CSOx pin from VREF vottaigbe subtracted in the MCU from any future
measurements, for example by software meatisis recomnended to perform DC calibration before the PWM is
started, when the current in the shunts, is known to be zero.

-F; = L@= G>>K=L N9DM= AK ; 9HLMJ=<J]] L@= +! 3 K@GMD< |
calibration processand reconnect the opration amplifier to the input pins Then the PWM signals catart-up.

Note: During calibration mode, if Autdero is enable it will be executed every 100us instead of 200us.
3.6.8 MBGJG ! GEHG* KOMAGLFFL 1=FK-= EHDA>A

Current sense amplifiers tend taccumulate offset during operation if they are not corrected. This dandue to
temperature or agingeffects The AuteZero featureof the current sense amplifierprovides an automatic way of
compensating any possible drifts in the amplifiers. Internattye amplifier shorts the inputs to correct any
possibleoffset excesgor a taurozeroperiod of time.CSOx pin will hold the voltage before the Ad®ro start
during Auto-Zero period.

The AuteZero feature can be as well disabled via register bitfield AZ_DIS in reg&S3&MP_CFEG

3.6.8.1 "FL=JF8BJGMLG

If configured as internally triggered or synchronized (by writing register bitfield CS_AZ Cik&GSAuteZero
period starts with GHsignalrising edge after at least 10@ec from last AuteZero period (X depends on the
activated current sense amplifier, A, B or C). Byachronizedstart of AutoZero period is choseto interfere
minimum possible with the shunt current sensin@etails of gjnals behavior example can be seenkigure 40
or inFigure 45

Internally sync. - CSAMP_CFG2.CS_AZ_CFG =b00

o [ ] ] [ B
100us /pi /102&

tmer |} e e
Auto-Zero
internal signal —| ---------- I_l
—»! e tauto_zero
Figure 45 Auto-Zero operating modes. Internally synchronized with GHx signals. Auto-Zero occurs
upon next GHXx rising elge after timer has reached 100us
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Duringstart-up, the AuteZero function automatically activates to ensure that the amplifiers are optimized
before the ACIVE stte is entered. This happens during charge pursiart-up, this isfrom EN_DRV turn on until
charge pump UVLO is reached

If noGHXx risingedge happens for a given timea(kozero_cvc)e fOr example if the low side is fully turned on for a
long period in a 6step commutation, then an internal watchdog will force an Autdero compensationAuto-
Zero continuous during STANDBY state.

Note: When the Autdero period finishes and the CSOx reconnects to the amplifier, it is expected to see a
minor voltage gkch. This can be blanked or filtered out for example before the signal is provided to
an ADC.

3.6.8.2 #PL=JF&8D3>JGMU®F; GVAGF AAROLWL GF, 3 8 . AF

User can enableexternal synchronization of the Aut@ero functionby writing register bitfield CS_AZ CHG.
such case, thénternal synchronization with GHx signals is disabled and ta#ing edge of pin CS_GAIN/AZ
becomesthe trigger for Auto-Zero correction periodThis is depicted irFigure 46

If externally triggered the microcontroller in the system can decide according to the particular current sense
method when to execute the AotZero correction. Thankso this feature the AuteZero effect can be movedor
example, far from the ADC sampling in the microcontroller so benefitting from the corrections but still being able
to samplewithout the interference of the Aute&Zero process

Externally sync. - CSAMP_CFG2.CS_AZ_CFG = b10

CS_GAIN/AZ |

Auto-Zero —| —I—

internal signal

—> ie—tauTo_zerO

Figure 46 Auto-Zero functionality with external synchronization. CS_GAIN/AZ pin falling edge will
trigger the Auto -Zero correction period

3.6.8.3 #PL=JF&8D>JGMUL®F; GVAF AIRIONL GF, BF @9 F AF<
1=FKAF?

+ - 2 ' 6&DL714Allows tostop the clock (clock gating) dhe charge pump modulesiccording to CS_GAIN/AZ

pin state. If this feature is activated, the charge pumps clock will be gafeain the rising edge of CS_GAIN/AZ

pin until end of AuteZero period that starts after falling edge of same pin. The effect of the clock gating is the
reduction of possible switching noise that can couple into PCB sensitive signals like CSOx or other ADC measurec
voltagesby the system MCU or other sampling circuits

Attention: During clock gating period, the charge pump stops operation. As a result, VCCLS and VCCHS
rails stops regulation and can drop their regulated voltages. In most cases, VCCLS and VCCHS
capacitors will maintain enough voltage to keep driving efficiently the MOSFETs. User must
check thatRecommended Operating Conditionand Electrical Characteristicsare respected.
UVLO protections on both VCCLS and VCCHS are present in case amotdin takes place,
protecting the inverter.

The operation of thecharge pump clock gatingnode isshown inFigure 47
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Externally sync. + high precision sampling - CSAMP_CFG2.CS_AZ_CFG =b11

1/ faz_cp_cik_orr

Y

<

‘tAZ_EXT_PW‘
CS_GAIN/AZ -
Auto-Zero
internal signal — < tyy70 7tr0

Charge pump clock
gating signal L

Charge pume 1 LU AL ]

gated clock

Recommended ADC
sampling period

Figure 47 Signal diagram for the enhanced sensingmode using external synchronization of Auto-Zero
function. The charge pump clock is gated to reduce switching noise coupling during periods
where sensitive measurements are performed in the system like the ADC in a MCU

3.7 &9DD ! GEH9J9LGJK

The Hall sensor inpts on+ - 2 ' 6&DL714%4re capable of interfacing with digital Hall sensors with op€enain
outputs. The device supports three identical channels. Each Hall sensor shbalconnected to one of the INLx
digital pins. Hall comparators are designed to be used in 1PWM mode with Hall sensors, described in section
3.24aswellasfot DG; C=< JGLGJA <=L=; LASRF >MF; LAGF9DALQ <=K;

The Hall inputs araligitally deglitched. That means those inputignore any extra Hall transitions for a
configurable period of time. This is selected in bitfield HALL _DEGLITCH that can be accessed via SPI commands
This prevents PWM noise from being coupled into the Hall inputs, which can result in erroneous commutation.

Thepolarity of the Hall sensor inputs can be read at any titmgea MCUn register FUNCT_ST, bitfield HALLIN_ST.

DVDD linear voltage regulat@an be used to supplHall sensors either with 3.3V or 5V according
programming. In case Hall sensors are rmwered from DVDD rail (i.e. other power supply) dddDDBsupplyis
disabledfor any reasondue to IDLE or OFF mode (CHgy), the Hall inputs should not be driven by external
voltages. In addition, they should be powereap beforestarting the motor, oran invalid Hall state may cause
malfunction in themotor operation.

3.8 59L; @< GK 2AE=1

+ - 2 ' 6&DL714integrates three independentvatchdogtimersthat are SPIconfigurable. Theseare
protection features used to ensure the correct functionality afifferent modules inside and outside the device,
e.g.to ensure that a microcontroller is having correct behaviour by servord C A ; 6EBLF 2 #atchdog. To
configure watchdogtimersin 6EDL714,1two registers are available: WD_CFG and WD_CH®2Zhree
independent watchdog timers are:
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f Buck converter watchdog:
1 General purposavatchdog
1 Rotor locked watchdog

Eachwatchdog timer core uniincludesa digitaltimer (watchdog timer). A source signal is connectedthat
timer which reseswhenever a toggt occurs on the signal. Otherwise the timer keeps counting up. If the
watchdogtimer limit is reached without areset input,then a fault takes place andction will be performed
according toTable 17

The reaction to a watchdog fault is progmmable to followingactions:

1 Reporting to status register only.

1 Reporting to status register andFAULT pin.

1 Trigger a configurable braking event.

1 Select whether watchdog fault is latched or not.

An example of watchdog operation is presentedrigure 48 ' F L @AK =P9EHD=/ 9 ?2=F-=.
resetting the counter periodically (for example when reading the status register or toggling EN_DRYV at the

proper frequency). If the input signal stops toggling, the watchdog timer expires after the watchdog period
resulting in a watchdog fault.

WD Input | | |

| |

i |

l |

|

WD Counter Reset | | | | h [
[

WD Counter Expiration

|
WD Fault : : |
| |
L tWD_TIMER_T ‘:
I~ i
Figure 48 Watchdog operation diagram
3.8.1 M; C ; GFN=JL=J O09L; @<G?

During startup of the device, this watchdogionitors VDDBJVLGsignal. When UVLO of VDDB is asserted, the
watchdog is clearedIf UVLO of VDDB is not asserted within the watchdog pefftigsl suck ); the system will stop
(STOP state in the state machine is described in secbpand stay disable until a power cycle takes plac&his
watchdogcan be used for safstart-up debugging. To enable thiseature WD_CFG2, bitfield WD_BK_Dé&gas

to be accessed.

3.8.2 %=F=JMIDHGK= 59L; @<G?

This watchdog timer can be configud2o use different general purpose inpui@imer reset signalyia register
WD_INSEL Possible inputs are:

1 EN_DR\bcoded in EN_DRYV, a clock signal can be utilized as watchdog timer clock input. Thadeatc
measure that the frequency and duty cycle of this signal are correct. The proper frequency works as a
09 L ; @< G8eed. 9o ReqUirds enabling the watchaty via WD_EN and input selection via WD_INSEL.
After fault occurs, clearing of the fault must be done only after 2 periods (%)0Watchdog period
programmedin WD_TIMER_T.
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1 DVDD startup: during startup, if this input is selected, the watchdog will liéeared upon DVDD UVIsi@gnal
assertion.If DVDD has not reached the correct value before the watchdog period, the DVDD regulator will
retry to start. The number of attempts to rstart DVDD regulator when statp fails, can be configured in
WD_DVDD _RSTHAIT. Additionally, the time between restarts attempts is set in bitfield
WD_DVDD_RSTRT_DLY

1 Charge pumps start-up: similarly, the startup time of the charge pumps (both) can be monitored. The UVLO
signal of both VCCHS and VCCLS will clear the watchdbgyetse, a fault will be reported. To select this
input, bitfield in WD_INSEL has to be set accordingly.

1 Status register SPI read action in this configuration, the watchdogesets every time the FAULT_ST status
register is read via a SPI commarnid.thisway, it checlsthat the MCU is active and that the SPI
communication is workingadequately.

The general purpose watchdog timer needs to be enabled via WD_EN bitfield. Watchdog period programmed din
WD_TIMER_T.

Brake on General Purpose Watchdog Fault

The general purpose watchdog timer can be configured to trigger a brake event when the comparator trips. This

is activated in bitfield WD_BRAWIEd is only possible to the conditions, when eithE#N_DRXbr |Status register
readfare chosen as inputThe brakesvent can be configured to either brake the motor by shorting all high side
MOSFETSs, all low side MOSFETS, alternate between those options or set all MOSFETSs to high Z. This is explaine
in more detail in section$.2.6and 6. This is configured in bitfields BRAKE_CFG in PWM_CFG register.

3.8.3 *G;, @6KGI) . IBQE; QGAGE 2AE=J

+ - 2 ' 6&DL714providesa locked or salled rotor protection function by integrating a dedicatedatchdog
timer. The rotor locked watchdog timeinputs are the3 Hall sensorsignals (INLA, INLB anlNLC) Therefore, this
protection is only possible when using Hall sensor based control schepresPWM modes

Locked or stalled rotor can occur in the event of a mechaniralfunction or excessive load torgel that causes
the motor to stop rotating while enabledThe locked rotor functiorcanbe enabled by setting thebitfield
WD_RLOCK_EN: AP

A locked rotor condition is detected if the Hadhttern is maintainedfor t.ockegoeriod. The tockedime is
configured via SPIHjtfield WD RLOCK T).

In order to increase robustness, an especial case of rotor locked detection is implemented. In some cases, the
motor stalls in a position in which the Hall sensors can still provide a cyclic or repeated togdhirspme cases
vibration or bending of the motor can cause this effect, in other cases, the Hall sensors get stalled close to the
magnets.6EDL714Hetects this condition as rotor locked. An exampleaésuchHall sensor inputssequence

that would report a fault is the following

100,101,100, 101,100 101y K K

As soon ashe locked rotor condition is detected, the device sehitfieldsWD_FLT an&LOCK_FLaf the
FAULT_ST register t0'01. Upon detection of locked rotor condition the device entesgh impedance state

(high Z) Additionally, nFAULTpin will be pulled down. An MCU can read this signal and request a status update
to the device or execute other corrective actions

Hall Sensor Malfunction

In caseof Hall sensor failurgthe rotor locked protection can help to bringhe motor to a safe stateThe
malfunction of 2 or 3 Hall sensors will cause a rotor lock faulEDL714,Lhowever,asingle Hall sensor failure
cannot be detected as malfunction and does not triggerfault.
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The rotor locked condition can be reset by toggling EN_DRYV (switch off and on again).

Hall Comparators when PWM Signals are on Hold

If the PWM input signalgenerated by the controller stop switching while the rotor locked protectioneisabled,
6EDL714will recognize this as failure and it will trigger the rotor locked protectioafter t.ockegperiod. In cag

this behavior is not desired, the user code in the controller that stopped the PWM switching must be preceded by
acommand (SPI) to disable the rotor locked protection

3.9 + MRIMA ; LAGF . AFK

3.9.1 #, mn" 04 . AF

The pin EN_DRYV has two different functionalitihst can worksimultaneously.

1. Tostart the charge pump operation and finally enabtgte drivers and current sense amplifievghen pulled
high: EN_DRWN prv Ti{SEEElEctrical Characteristictable)

2. Aswatchdogclock input. This clock signatan begenerated by thamicrocontroller in the system and permits
+ - 2 ' 6&DL71410 detect whether themicrocontroller is generating the correct signal, and therefore to
detect if the controller isvorking properly or not(e.g. software failure)increasing robustness of the whole
system. In case the clock signal is noggent or the period of this clock is outside of 10% of the expected
value (seeElectrical Characteristictable), the watchdog o6EDL714 Will implement a preprogrammed
action (More details in sectio.6.8.3.

In case botHunctions are used simultaneously hte microcontroller canuse 2 GPIOs, one for EN_DRYV (GPIO) and
one for the clock generation (GPIO or PWM signal for example). The analog summation of those two signals is
decoded insideSEDL7141Figure 43describes the connections and electrical signals in such configuration.

MCU
EN_DRV
B EN EN_DRV Decoder Slona| >
{1 e Watchdog Frequency Digital Logic
e EN_DRV >
J_U_U_LCLK $ WD Clock
EN_DRV
VEN_DRV_WD_THH --=====seqdesmmnmcnsmmcadinoenccancccnac Joceenn L ----- J ------------------------------------------
LSV R E—— feeneee r ------------ , ------ 1 --------- r ------ f ----------------------------------
VEN_DRV_WD_THL ==nemmeedmemmeemmmee oL
Decoded I_ J
WD Clock
Decoded
EN_DRV

Figure 49 Usage of EN_DRYV pin for both enabling driver stage and decoding of watchdog clock signal
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3.9.2 4%, 1#0F .AF) #
Pin VSENSEBRAKE supports 2 different functionalities:

1. During start-up, 6EDL714Xeads the resistor value connected tpin VSENSE/nBRAKBepending on the
reading,6EDL714%elecisthe DVDD set poirtb either 3.3V or 5\After the value is read, the device wétart-
up DVDD with the target DVDD set point.

2. During normal operation (after UVLO DVBDeleased, the pinis an input (inverted logic) that can bpulled
down (e.g) by the MCU tanitiate a brake event, bringing the motor to a standstill in a controlled way. If the
pin is set high, the PWM sigisgdropagate normally to the outputs.

3.9.3 11 %2'8,AF
CS_GAIMZpin implementstwo different functionalities:

1. Duringstart-up, the resistor connected to this piis readleading to the configuratiorof the current sense
amplifier gain. This is explained in detail in secti8r6.6

2. Simultaneously, duringhormal operation, the pincan be used aan input toenable theexternal Auto-Zero
functionality described in3.6.8

In order to avoid affecting the analog programmirgj the current sense amplifiers gain via an extermasistor,
the MCUs recommended tde connected to the CS_GAIN pin with a series diddehis way when DVDD is still
not at the final target valuethe MCU output circuitry Wl not load the CS_GAIN pleading to a wrong
HIG?J9EEAF? G> LT@sproposad Dirduit i8 shdwh iBiguPeB @ F

If digital programmingof the current sense amplifier gain is desired;sRais not needed and the diode can be
excluded from the circuit as well.

CS_GAIN analog and AutoZero trigger

Mcu DVDD
T ! < DVDD r] Rcs_gain
T i 4 read circuit
R -internal Alternatively
pull up ::;}: ext. pull up

AZ logic:

Pin driver ]—'N_ <} - Charge Pump Clock
AZ CS_GAIN/ f Disable
AZ - AZ phase

Figure 50 CS_GAINAZmultifunction pin usage example : one as CSAMP gain setting via resistor
reading during start -up, two as external Auto-Zero function where MCU decides when to
Auto-Zero CSAMP.

Note: The internal pull up in the MCU sapends on the specific microcontroller. Some microcontrollers
might not ofer enough pull up capability and an external pull up resistor might be reqaged
shown
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3.10 1+ 6<AMDB-G? LG "A?AL9D !' GEN=JL=1

+ - 2 ' 6&DL714integratesan ADC based oBARarchitecture with 7 bits resolution This ADC can be used to
do redundant measurements to those executed in the MCU or to measure gate driver related volfEge$iCU
can request the results of these internal measurements via SPI reads of AD€giSter.The ALcanmeasure
following inputs during ACTIVE mode

1 Automatically in ADC conversion sequence
0 On dietemperature sensor (see.10.29
o PVDD supply voltage
o VCCLSIlow side gate driver supply
o VCCHShigh side gate driver supply
T Other (o0 demand conversion inputsselected via bitfieldADC_OD_INSEL
0 Iniera: devicedigital sectioncurrent consumption
o DVDDlinear regulator output voltage
o VDDB buck converter output voltage

Those ADC inputs are continuously converted in sequerfdéer eachconversion is finished, the resutif the
conversioncan be processed through integrad digital filters. These are moving average filters with
configurable number of samples. PVRBes a dedicated filte(ADC_FILT_CFGVBD while the rest share a
second filter (ADC_FILT_CFG). The complete architecture of the ADC module is depi€Etgdrin51

ADC_FILT_CFG_PVDD
Result Registers
Tenipeittim —»{ PVDD fiter |-+ PVDD_VAL |
PVDD (— 7 bits BN »| VCCLS_VAL
VCCLS O— ADC S i »| VCCHS_VAL
Filter
VCCHS &O— > »| TEMP_VAL
> »! ADC_OD_VAL
IDigital T
DVDD T ADC_FILT_CFG
VDDB ADC_OD_REQ ADC_EN_FILT Y
SPI module
ADC_OD_INSEL ‘ ‘
SPI unit
MCU

Figure 51 ADC module block diagram

Table 16summarizes the ADC inputs characteristic including the scaling factors. These scaling factors can be
used by a MCU to calculate back the real analog valuaeslts, amperes or degree Celsius
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Table 16 ADC measurements overview
Measurement On demand Bitfield Filter - register Scaling factor
conversion

ADC_FILT_CH 5 .
PVDD N P\DD_VAL G_R/DD ™ YPL wO Ld Cw
Temperature | N TEMP_VAL gDC—FILT—CF Cz"'YOO 0o 0 w13
VCCLS N VCCLS_VAL gDC—F”‘T—CF 06 8 Wy @p_c(p(;z
VCCHS N veeHs_vaL | APCFILTCF 06 6 @ 8L 0

CX

Device current v ADC_OD_VAL ADC _FILT_CH & 7O 08 00d i b
(lvoD G ’ ‘
DVDD Y ADC_OD_VAL ADC_FILICF 0 0d Owo @—O w00 W

G PCX
VDDB Y ADC_OD_VAL gDC—FILT—CF 00d Owo @% w

For example, if DVDD voltage is the desired parameter, the MCU will read via SPI register ADC_OD_VAL. For

=P9EHD= D=LAK 9KKME= "4"" AK K=L LG := rgr4o3hE< L@
user reading for example via a Gldan cdculate following:
06006 0@ 00d B pcr>— op pap @

3.10.1 "1+ =9 KMIFM=FLRAHE?- F " GCENEJI KAGF

In ACTIVE state, the ADC conveeigeatedlyin loopthe following sequence 06 measurements
1. PVDD

Temperaturesensor

PVDD

VCCLS

PVDD

6. VCCHS

a b~ wbn

This is shown ifFigure 52Results of those conversions will be placed in the dedicatedultregisters thatcan
be read via SPI bhhe MCUPVDD result is reported in SUPPLY_ST register, VCCLS and VCCHS are reported in
register CP_ST and the temperature measurement is reported in register TEMP_ST.

Additional to the standard sequence, the user can select to hatleer signals convertecon demand Any of this
&on demandiconversion inputs can be injected once in the standard sequen@éis is done bgelecting the
signal to be converted in bitfield ADC_OD_INSEL, and settig/the request bitfield ADC_OD_REQ.

Note: The write oADC_ CFKitfields must happen in a sing&Plwrite. A write to a single bitfield will
overwrite the rest téhe default value so the full desired register value must be givensimgle

write or via readmodify-write sequence.

If anon demandconversion is regested, the ADC waits to finigkEnd Of Conversiorgny running conversion.
Then the requestedn demandconversion is startedWhen the on demand conversion is finished, bitfield
ADC_OD_RDY is set. The MCU can poll this bitfield to make sure the rgstireontainsnewestvalue of the
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requested conversionThe result of the on demandonversion is located ititfield ADC_OD_VAind the
sequence continuous right ware it was interruptedafter the EOC of the on demand conversidrhis is
illustrated in Figure 52

Standard sequence : PVDD | Temp | PVDD |VCCLS| PVDD RpY%ele:EN PVDD | Temp E
Sequence interrupted i | oypp | temp | PvpD [VeeLs| pvop Velem) PVDD | Temp
with extended conversion :
Ext.
conversion
request
time -
! ol
Figure 52 ADC sequencing and interruption by extended conversion requestof VDDB signal

3102 " AZ=EH=J 2 EMKGJ

An especially useful ADC measurement is the teengture of the die+ - 2 ' 6&DL7141Integrates a

temperature sensothat is sampled by the integrated ADChe temperature of the device can be read via SPI by
accessim bitfield TEMPVALN TEMP_ST register. The value is measured withsalution of 2 degrees Celsius.
Additionally, overtemperature warning and faults are implemented. In registsENSORCFG (OTS_DIS), the
over-temperature shut downprotection can bedisabled. The threshold values are provided ifable 7 The
occurrence of thesdaults can bedetected byreading bitfields OTW FLTand OTSFLT According toTable 16 an
example reading of Ox4A = 74 wouldnvert into:

"YQA R QI OSYOII®O dcd wtd) x7cd widl v 16d ©)
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4 " =NA L S8HL
The devicestart-up can be divided in two main periods:

T Power supply start -up: initiated by CE>, < \te_tw_deads toramp upof VDDB and DVDD rails.
1 Gate Driver and CSAMBtart -up: begins with EN_DRYV rise and results in charge purap® upand current
sense amplifers activation

4.1 . GO=J 1MHHBQ 1L9JL

Given a steady battery supply voltage (PVDD), the input pin CE will control thegpaof the power supply
system.Figure 53hows graphically the ramp up of buck converter voltage once CE voltage goes algevg r
value. If external filter capacitor is too largthe ramp up timemight be exceeding the values provided Trable 7
(tvoos_st_stark. The integrated watchdog can be enabled to monitor and debug the stgrtof VDDB, DVDD or
charge pumps.

Soft-start for the buck converteis automatically implemented usingn integratedDAC for generating the target
reference.Once VDDB has reached its UVLO voliagalog programming starts. This initiates a period af t
duration in which the external resistors in CS_GA\Xand VSENSEBRAKEins are readnternally. The analog
programming of hesetwo functionscan be disabledy uservia OTP programming, therefore reducing tis¢éart-
uptime.

After these analog programming period(s) have elapsed, another OTP programmable (@D TON_DELAY)
is inserted(tovoo_ton_phoefore theDVDD voltage stasramping up. Longer delays allow the buck converter
voltage to stabilize before the DVDD starts charging. Iféastart-up time is required, the delay can be
shortened taking into consideration the buck output voltage and the external components used+lGucy.
DVDD will ramp up in eonfigurable time (DVDD_SFTSTARTing of this value can help ensuring propstart-

up.

4.2 %9 L= "JAN=ALEBEL ! 1 +.

Once DVDD is up and stable, the microcontrotanenable the gate driverEN_DRYV pin needs to be set above
\en_prv TValue to enable the driver sectioBefore this, no PWM signal will transfer to the gate of the MOSFETSs.
Once EN_DRYV is set abo¥@ prv tboth low side and high side charge pumps ramp up to the target value PVCC
This time will depend on the different configurations (capacitors, chamemp frequency, PVCC voltage) as
explained in3.4.

The high side charge pump will start after enough voltage islbim the low side charge pumpAfter both high
side and low side charge pumps UVLOs are reached, the PWM path is activated and the gate driver can output
signals to the power MOSFET.

Note: Depending on timingpf PWM send to inpusd charge pump capacitor values, the gate driver
could start driving the MOSFETSs while the charge pumps are not fully at target violkege WM
signal is activated earlyJser can delay thgtart of PWM signals until charge pumps are fully
charged ifthis is required.
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V A
PVDD (battery voltage)

PVCC = VCCLS (programmable)

' VCCHS-PVDD
. =PVCC

PVCC

VCCLS UVLO/
VCCHS UVLO

DVDD target |-
VDDB UVLO |y

: : : : tcp_sTarT depends on charge
DVDD UVLO _ ....... pumps external capacitors

: :DVDD TON DEI] : : loading and clock frequency
: > :

JeEseEy | P e
; ; Optional CS_GAIN and/or
i VSENSE analog sensing :

tan T— -
AN_T—P €— I

A

PWM input signals (INHx, INLx)

MOSFET Gate signals (GHx, GLx) | ” || ” || ” ” ” || ” .....

PWM does not propagate to outputs until :

Figure 53 Start-up behavior of supply voltages at steady PVDD supply. EN_DRV and CE_EN
functionality. DVDD_SFTSTRT im&Plprogrammable parameter

If CE igieneratedfrom PVDDfor examplevia a voltage divideas shown irFigure 62the start-up behaviorwill

follow approximatelythe onein Figure 54or similar. In sich case, it is important to notice that the device will not
start 8i.e. thebuck converter will not start switchinguntil both PVDD UVLO is released and the CE rising voltage
thresholds (V= t+_g are crossedas can be seen ifowchart in Figure 55The order of CE and PVDD can swap

with similar results.
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Figure 54 Start-up behavior detail when PVDD is ramping upand CE is created with a voltage divider
from PVDD Device will only turn on after events 1 and 2 occur, starting up the buck
converter controller
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