MLX83203-MLX83202 Automotive 3-Phase BLDC Pre-Driver

Datasheet

1. Features and Benefits

= 3-phase BLDC gate driver = Integrated current sense amplifier
U Level shifting between MCU PWM U Low offset and low offset drift
outputs and 3 external half-bridges U Fast settling time < 1us
U Compatible with 3.3V-5V microcontrollers U Programmable gain: 8x-48x
= Supporting different driver strength = Extensive diagnostics
U MLX83203: 1.00A gate drivers U Under/over voltage detection
U MLX83202: 0.33A gate drivers U Over temperature warning

U Programmable Vps monitoring

= Supported supply voltage range o
U Vgs monitoring

U Absolute maximum rating: 45V
U Operating range: 4.5V-28V

O 12V-28V Battery systems U Configurable diagnostics
U Automotive qualified for 12V O Full diagnostic feedback
U Sleep mode with current <30pA

= Serial, PWM diagnostics interface

= Customer configurable EEPROM

= Two charge pump configuration modes for O Driver configuration

U Low voltage operation U Diagnostics configuration

U Reverse polarity N-FET protection = Small package

U 32-pin QFN-EP, AEC-Q100 grade 1
U Integrated 12V voltage regulator qualification (T,=150°C)

U Supports 6x 350nC N-FETs at 20kHz PWM O Wettable flanks

U Supports 100% PWM operation

= High-side gate drivers with bootstrap circuits

2. Application Examples

= Automotive 12V BLDC applications = |Industrial BLDC motor drivers up to 28V
U Water pump / Oil pump / Fuel pump O Pumps
U Engine Cooling fan O Fans
U HVAC blower / compressor U Blowers / compressors

3. Ordering Information

MLX83203 K (-40°Cto 125°C) LW (QFN32-EP 5x5mm wettable flanks) DBA-000 RE (Reel)
MLX83202  K(-40°Cto 125°C) LW (QFN32-EP 5x5mm wettable flanks) DBA-000 RE (Reel)

Ordering Example: “MLX83203KLW-DBA-000-RE”.
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5. General Description

The MLX83203-2 is a three phase pre-driver (also called ‘bridge’ or ‘gate’ driver) IC with integrated current
sense amplifier. This device is used to drive brushless DC motors in combination with a microcontroller and
six discrete power N-FETs.

For the high power applications the MLX83203 provides powerful gate drivers of 1A typical. The MLX83202
has reduced gate drive strength of 300mA and targets mid power applications.

Both devices are able to control six external N-FETs in the supply range from 4.5V to 28V, by means of the
integrated charge pump. The high side gate drivers are supplied via bootstrap circuits. The trickle charge
pump allows 100% PWM operation despite the use of bootstrap capacitors. The bootstrap voltage regulator
is optimized for gate charges up to 350nC per FET at 20 kHz PWM.

The device comprises various monitoring and protection functions, including under voltage and over voltage
detection at multiple internal voltage nodes, over temperature detection, drain-source and gate-source
voltage monitoring of the external N-FETs. In case of fault detection, the ICOM diagnostics interface will
inform the microcontroller with a PWM signal, whose duty cycle indicates the nature of the error.

An integrated fast, high-bandwidth, low offset current sense amplifier allows for precise torque control, with
programmable gain selection.

The MLX83203-2 provides an EEPROM for configurability, avoiding the need for a high pin-count package.
The configuration allows the customer to optimize the pre-driver’s operation for different applications.
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7.1. Pin Configuration
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7.2. Pin Definition
IBM Current sense amplifier negative input
IBP Current sense amplifier positive input
ISENSE Current sense amplifier output
4 FETB1 Low-side FET1 PWM control input (active low)
MISO output for SPI
5 FETB? LowTS|de FET2 PWM control input (active low)
CLK input for SPI
6 FETB3 Low—S|.de FET3 PWM control input (active low)
MOSI input for SPI
Bidirectional, serial diagnostics interface
/ ICOM CSB input for SPI
EN Enable input for gate driver outputs (active high)
PHASE2 Motor phase 2
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
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26
27
28
29
30
31
32
33
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GATET2
CP2
PHASE1
GATET1
CP1
PHASE3
GATET3
CP3
VBOOST
VREG
GATEB2
GATEB3
GATEB1
DGND
CcpP
VSUP
VBATF
AGND
FETT2
FETT1
FETT3
VDD
VREF
PAD

High-side FET2 gate driver output

High-side FET2 bootstrap capacitor

Motor phase 1

High-side FET1 gate driver output

High-side FET1 bootstrap capacitor

Motor phase 3

High-side FET3 gate driver output

High-side FET3 bootstrap capacitor

Charge pump boosted supply output

Driver supply output for bootstrap capacitors
Low-side FET2 gate driver output

Low-side FET3 gate driver output

Low-side FET1 gate driver output

Driver ground

Charge pump floating capacitor

Power supply input (Battery input)

Battery voltage connection for VDS-monitoring
Analog ground

High-side FET2 PWM control input (active high)
High-side FET1 PWM control input (active high)
High-side FET3 PWM control input (active high)
Digital supply for 10’s and current sense amplifier
Current sense amplifier reference input

Exposed pad

Melexis
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MLX83203-MLX83202 Automotive 3-Phase BLDC Pre-Driver
Datasheet

8. Absolute Maximum Ratings
m-mm

Power supply voltage Vvsup, Veate -0.3 t < 500ms (during load dump)

Power supply voltage Vysup, Veate -0.3 - 28 Vv Permanent (functional)

Negative input current lvsup -15 - - mA

Negative input current lveaTr -10 - - mA Defin_es with max. reverse
polarity voltage the Rygarr

Digital supply voltage Vvop -0.3 - 5.5 Vv

Analog input voltage Vvrer, Viem, Visr  -0.3 - Vpp+0.3 Vv

Analog output voltage Visense -0.3 - Vppt+0.3 Vv

Digital input voltage xZ:BX' Veerm g3 - Vpp+0.3 Y%

Digital input current -10 - 10 mA

Digital output voltage Vicom -0.3 - Vpp+0.3 Vv

Output voltage Veatesx, VreG -0.3 - 17 \Y

Output voltage VeaTeTx -0.3 - Vregt35 \Y,

Input voltage on CPx pins Vepyx -0.3 - Vrest35 V

Input voltage on PHASEX pins Vppasex -0.7 - 45 \

peedtonsh PR T S i S

ESD capability ESD -2 - +2 kv Human Body Model

Storage temperature Tsig -55 - 150 °C

Junction temperature T -40 - 150 °’C

Thermal resistance SOIC-16  Riya - 37 - K/W I(TEfSEE allgzcz)r; R (RO

Thermal resistance SOIC-16  Ri.ic - 10 - K/W  Referring center of exposed pac

Table 8-1 Absolute maximum ratings

Exceeding the absolute maximum ratings may cause permanent damage. Exposure to absolute maximum-
rated conditions for extended periods may affect device reliability.

9. Operating Range
m-mm

Power supply voltage range  Vysup \Y Full functionality

Digital supply voltage range  Vypp 3 - 5.5 \Y CP discharged, power FETs off
Ambient temperature Ta -40 - 125 °’C

Junction temperature T, -40 - 150 °C

Table 9-1 Operating range
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MLX83203-MLX83202 Automotive 3-Phase BLDC Pre-Driver

Datasheet

10. General Electrical Specifications

| Jparameter ________[symbol_fondition | M| T | M | bt

Power Supply VSUP

No.l Supply voltage range

No.2 Supply voltage
extended range low

Supply voltage
extended range high

No.3
No.4 Quiescent current from Vsyp
No.5 Operating current from Vgyp

No.6 Supply over voltage high

No.7 Supply over voltage low

Supply over voltage
hysteresis

No.8

No.O Supply over. voltage
debounce time

No.10 Supply under voltage high
No.11 Supply under voltage low

Supply under voltage
hysteresis

No.12

No.13 Supply under voltage

debounce time

No.14 Power on reset level

VVBATF
No.15 Leakage from Vgarr to GND

Temperature Warning

No.16 Over temperature high

No.17 Over temperature low

On-Chip Oscillator

No.18 Oscillator frequency

REVISION 5.1 -DECEMBER 13, 2016

Vsue
Vsup ert
Vsup_eru
Isup_steep
lsup_inT

Vsup_ovk

Vsup ovt

VSUP_OVHV

Vsup ov pes

Vsup_uve

Vsup_uwt

VSUP_UVHY

Vsup_uv_pes

VPOR

Rveatr Leak

OVTy
OovT,

fOSC

* Functional

' Functional w. decreased
gate drive voltage

' Vpp = Low

' Pre-driver operation
25kHz PWM, no load

* Warning on ICOM
1 |COM released

' ICOM released
" Warning on ICOM

' Reset released on rising
edge Vsyp Wwhen Vpp=high

' Pre-driver not in sleep

" Warning on ICOM
" ICOM released

' Internal Oscillator

45

18

0.2

6.8

Melexis
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18 \Y
7 Vv
28 \Y
30 HA
5 mA
35 \Y
- \Y
1 Vv
2 5
6
05 \Y
10 s
45 Vv
30 HA
- T
- T
92 MH
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MLX83203-MLX83202 Automotive 3-Phase BLDC Pre-Driver

Datasheet

No.19 Output slew rate

No.20 Charge pump frequency

Reverse polarity N-FET gate-

No.21
source voltage (Vsoos-Vsup)

No.22 Resistive load from Vgoost to
GND

N0.23 Vgq0sr under voltage high

No.24 VBOOST under V0|tage low

N0.25 Vgqosr discharge stop

NO0.26 Vg5t discharge current

REVISION 5.1 -DECEMBER 13, 2016

VGS_RPFET

RBOOST_LEAK

VBOOST_UVH

VBOOST_UVL

VBOOST_DISST
opP

lsoosT pIs

170
CP Mode 1
Vsup > 7V 5
lreg < 20mA

Rryp at room temperature
Rmin at 150°C T, 6
(excl. Ryres_Leax)

COM released
CP Mode 0 (VioosT) 61
CP Mode 1 (Vgoost-Vsup)

Narning on ICOM
CP Mode 0 (VgoosT) 56
CP Mode 1 (VgoostVsup)
CP Mode 1 (Vgoost-Vsup)
Discharge activated by

Vgp-0.2
Vsup ovand topped by P
VBoosT_pis_stop
CP Mode 1 (VgoostVsup) 25

From Vggost to DGND

100
200

12

Melexis

. Vs
230 (34
13 \Y

- MOm
72 \Y
6.7 \Y
Vgp+0.8 Vv
90 mA
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MLX83203-MLX83202 Automotive 3-Phase BLDC Pre-Driver

Datasheet

No.27 Load current on Vg

No.28 Output voltage Vgeg

NO.29 Internal resistive load from

Vies to GND
No.30 Ve over voltage high
No.31 Vg6 over voltage low
No.32 Ve over voltage hysteresis
No.33 Vges under voltage high
No.34 Vg under voltage low

No.35 Vges under voltage hysteresis

No.36 Vpp operating current

No.37 Vp pull down resistance
No.38 Vpp input voltage

No.39 V,;, under voltage high
No.40 Vpp, under voltage low

No.41 V,, under voltage hysteresis
No.42 vy, sleep voltage high

No.43 Vp, sleep voltage low

No.44 vy, sleep voltage hysteresis

REVISION 5.1 -DECEMBER 13, 2016

|REG_CPMODEO

IREG_CPMODEl

VREG

VREG_LEAK

Vrec_ove
Vres_owt
VRec_ovhy
VReG_uvH
VRes_uvt

VREG_UVHY

IDD

Vop_red
Vop
Vop_uvH
Voo uw
Voo _uvhy
Vbo_steepH
Voo steept

Vop_steepHy

Vags > 11V

CP Mode 0, EN_CP =1

Vieg > 11V

CP Mode 1, EN_CP =1
CP Mode 0, EN_CP =1

Vsyp > 8V
lreg < 40mA

CP Mode 0, EN_CP =1

7V< Vgyp < 8V
lree < 40mMA

CP Mode 1,EN_CP=1

Ireg < 20mA

R1yp at room temperature

Rmin at 150°C T,
Warning on ICOM
ICOM released

ICOM released
Warning on ICOM

Incl. ICOM current
sourcing

Vpp =3.3Vor5V
ICOM released
Warning on ICOM

Out of sleep

Go to sleep

11

10

11

03

142
135

065
72
69

03

200

255
245
008
21
16
045

12

12

04

300

Melexis

20 mA

13 Vv

13 \

13 \Y

165
158
15
81
78

< < < < < <

0.7

370
55
295
285
0.14
27
21
080

<<<<<<<§ 3
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MLX83203-MLX83202 Automotive 3-Phase BLDC Pre-Driver

Datasheet

No.45 Rise time
No.46 Fall time

Pull-up ON resistance

low-side pre-driver
No.47

Pull-up ON resistance

high-side pre-driver

Pull-down ON resistance

low-side pre-driver
No.48

Pull-down ON resistance

high-side pre-driver

Turn-on gate drive
peak current (sourcing)

No.49

NO.50 Turn-off gate d.rive.
peak current (sinking)

No.51 Propagation delay

No.52 Propagation delay matching

Programmable dead time :
asynchronous internal delay

No.53 between high-side and low-
side pre-driver of one half
bridge

Dead time matching
between different channels

No.54

REVISION 5.1 -DECEMBER 13, 2016

te

Ron_up

Ron_on

IGON

lcorr

tPDDRV

tPDDRVM

tDEAD

tDEAD_TOL

Cioap = 1nF, 20% to 80%
Croap = 1nF, 80% to 20%
Vsup > 7V

-10mA, T,=-40°C
-10mA, T, = 150°C

(for MLX83202)

Vsup > 7V

10mA, T, = -40°C

10mA, T, = 150°C

(for MLX83202)

VGS = OV, VSUP >7V
(for MLX83202)

VGS = 12V, VSUP > 7V
(for MLX83202)

From logic input
threshold to 2V Vg drive
output at no load

Transitions at the
different phases at no
load condition

DEAD_TIME [2:0] = 000
001
010
011
100
101
110
111

4

24
(10)

20
(15)

15
(10)

20
(15)

20

-25%

000
051
080
110
167
230
340
690

Melexis

15
15

70
(30)

92
(30)

57
(30)

92
(30)
(045)
16
(045)

120

20

+25%

15

3 § § § a3

%
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MLX83203-MLX83202 Automotive 3-Phase BLDC Pre-Driver MeleXiS

VDSMON([2:0] = 000 Disabled
o001 040 050 0.60
I .7 )
Programmable drain-source 010 g:g 20(5) 22(5)
No.55 voltage for monitoring of Vubs_mon (1)(1)(1) 1'05 1'25 1' e v
external N-FETs 101 1'25 1'50 1'75
110 150 175 200
111 170 200 230
Programmable drain-source /DS_BLANK_TIME[1:0] = 00 060 020 100
monitor blanking time: Delay 01 18 170 513
No.56 between gate high and typs sl 10 2'55 3'40 4'25 LS
enabling corresponding Vps ’ ) ’
monitor 11 510 6.80 850
Internal resistance
between FET gate-source
No.57 Sleep gate discharge resistor Rsgd pins to switch-off FET. - - 1 KOhm
Vpp = 0V (sleep mode)
VGS =0.5V
Vsyp > 12V
PHASEX = VSUP
No.58 T”Ck'be?lf:tharge pump current CPx = PHASEX + 6.5V 160 : 25 A
capabili
Penity I1comax @150C T,
ITCP,min @'40C TJ
No.59 \r:;ggshunder voltage threshold Vs s ICOM released 0 i 0 e
No.60 ?ge\;lunder voltage threshold Ves ot Warning on ICOM 6 ) & "
No.61 PWM frequency for_pwim - 20 100 K

Rryp at room temperature

No.62 Leakage from CPx - PHASEx R 05 1 - MOhm
8 CP_LEAK Ruin at 150°C T,

Activated by Vsup_ovh

No.63 V¢, discharge current lsoosT pis event 8 - 40 mA
From Vepy 10 Vppasex

No.64 Digital input high voltage ViN_pi6_H Min. voltage logical high 80 - ; %Wy
No.65 Digital input low voltage Vin_pi6_L Max. voltage logical low - - 20 %Wy,
No.66 Input pull-up resistance Rin_piG_pu FETBx ) - 410 Kohm
No.67 Input pull-down resistance Rin_piG_pp FETTx 90 - 410 KOhm

REVISION 5.1 -DECEMBER 13, 2016 Page 12 of 42



MLX83203-MLX83202 Automotive 3-Phase BLDC Pre-Driver

Datasheet

No.68 Input pull-down resistance

Bridge disable propagation
delay

No.69

No.70 Pull-up current

No.71 Pull-down current

No.72 ICOM PWM frequency fast
No.73 ICOM PWM frequency slow

SPI start-up pulse duration
on ICOM to enter SPI mode

No.74

No.75 SPI initial setup time
No.76 SPI clock frequency
No.77 Rise/fall times

No.78 CSB setup time
No.79 CSB high time

No.80 Clock high time
No.81 Clock low time
No.82 Data in setup time
No.83 Data in hold time
No.84 Data out ready delay
No.85 EEPROM read delay
No.86 EEPROM write delay

Temperature for EEPROM
read

Temperature for EEPROM
write

No.87

No.88

REVISION 5.1 -DECEMBER 13, 2016

R en_pp

ENpr_peL

ICOMpy
ICOMpp

fICOMF

fICOMS

Tspi su

tspiisu
fopy
tspi re
tese_su
tese n
tew
tow L
toi su
ton
too r
tee_rD

tee wr

T, ke ro

Ty ee wr

EN

From bridge disable
EN<0.2Vppto Vs < 0.5V,
CLOAD = 1nF

Vicom = OV

Vicom = Vop

EN = Low
FETTx = Low, FETBx =
High

CLK, CSB, MISO, MOSI

CLOAD at FETB1 < 50pF
EE_RD =1
EE_WR=1

Junction temperature

Junction temperature

Melexis

0] - 410 KOm
- - 1 |~5
22 - 50 mA
50 2 26 mA
85 100 115 K
106 125 144 K
2048/ 4096/
- S
fosc fosc
2 - - 13
- - 500 K
- - 200 s
1 - - 13
2 - - 13
1 - - 13
1 - - 5
1 - - 13
500 - s
- 500 - s
6 - s
12 - - ms
40 - 150 T
40 - 150 T
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MLX83203-MLX83202 Automotive 3-Phase BLDC Pre-Driver MeleXiS

No.89 Input offset voltage Vis 10 76 - 76 mv
N0.90 Input offset voltage

thermal drift Vis_io_ToriFT -10 - 10 Yae
No.91 Input .commc.Jn mode IScumr o Input differential voltage 60 . . B
rejection ratio DC - within £100mV
Input common mode
No.92 Common mode [-0.5, 1.0] . _
rejection ratio 1IMHz ISemre_ac vV 40 &
Input power supply rejection
ratio DC for Vpp supply 'Sesee_oc 60 =
Input power supply rejection
ratio 1MHz for Vpp supply ISpsrn_ac 40 B
Current sense gain = 000 80
001 103
010 133
. 011 172
No.95 -39 0
Closed loop gain IScan - 3% 27 +3%
101 287
110 370
111 478
Amplified output to 99%
No.96 Output settling time ISser of final value after input - - 10 s
change
No.97 Qutput voltage range high Visense max ' ISENSE output max level  Vy;-002 = Voo Vv
No.98 Output voltage range low Visense v ISENSE output min level GND . GN[;*O'O
Output short circuit current Output current saturation
No.99 | - 14 -
to ground e level mA
No.10 Gain bandwidth (GBW) IScaw 6 - - VH
No.10 Qutput slew rate [Scr = 8 - Vs
‘ ) CM spike = £1.5V,
No.10.CM spike recovery IScwm_rec t=250ns - - 730 s
No.10 VREF voltage input Vrer 0 - 50 %y
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10.1. MLX83203 Typical Performance Graphs

Vgeg VS. Vsyp
14V

12V

1oV

8V

Bt

6V

ov 5V 0V 15V 20V
Supply voltage VSUP [V]

=] 50°C -no load
----- 150°C - 1kQ load

25V 30V

Regulated voltage VREG [V]

e -40°C - no load
----- -40°C - 1kQ load

e 75°C - nO load
----- 25°C- 1kQ load

Ve VS- Vsup

14V

12v

1oV

4V 6V 8V mwov

Supply voltage VSUP [V]

s 150°C -no load
esese 150°C - 1kQ) load

12V

Regulated voltage VREG [V]

o -40°C - N0 l0ad === 25°C - no load
eeeee40°C-1kQ load «<«««25°C- 1kQ load

Figure 10-1 MLX83203 Regulated output voltage vs.
supply voltage

Figure 10-2 MLX83203 Regulated output voltage vs.
supply voltage

MLX83203 - Ron_HS

12Q

100

80 ~

NG
60 \\
\S

RDS [Ohm]

40

20

0Q T T T T T 1
oV 5V v 15V 20V 25V 30V
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Figure 10-5 MLX83203 Low-side driver FET Roy
resistance vs. supply voltage
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10.2. MLX83202 Typical Performance Graphs
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Figure 10-8 MLX83202 Regulated output voltage vs.
supply voltage
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Figure 10-9 MLX83202 High-side driver FET Roy
resistance vs. supply voltage

Figure 10-10 MLX83202 High-side driver FET Roge
resistance vs. supply voltage
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12. Functional Description

12.1. Supply System

The MLX83203-2 is supplied via pins VSUP and VDD. The power supply VSUP supplies the internal operation
of the pre-driver, the charge pump and the voltage regulator used for the bootstrap based architecture. The
digital supply VDD supplies the 10’s and the current sense amplifier.

e S —

v v v v
33v VBG POR cP
) \ v
EEPROM RCO Diagnostics

Figure 12-1 Principle organization of the supply system

12.1.1. Power Supply - VSUP

The internal operation of the pre-driver is supplied from the power supply input pin VSUP. It supplies the
bandgap reference, power-on-reset system and internal 3.3V regulator. This 3.3V regulator in turn supplies
the EEPROM, RC-oscillator and diagnostics. For safety reasons the pre-driver provides integrated under
voltage and over voltage detection on VSUP.

12.1.2. Charge Pump - VBOOST

The IC comprises a charge pump, supplied from VSUP, which allows full device operation down to 4.5V. The
charge pump boosted output voltage is available on VBOOST. This boosted voltage powers the voltage
regulator VREG used to supply the low-side drivers directly, and high-side drivers via the bootstrap
architecture. See Error! Reference source not found.Figure 4-1 for the standard charge pump configuration
here VBOOST is regulated relative to ground. The charge pump will not be switching when Vsyp > Vgee + 2xV5,

diode-

An alternative mode of operation for the charge pump supports the use of an external low drop N-FET for
reverse polarity protection. In this mode the charge pump boosts the output voltage relative to the supply
voltage instead of relative to ground, see application diagram in Figure 4-2. The disadvantage is an
additional amount of dissipation inside the driver to regulate VREG.

The charge pump architecture is a supply voltage doubler with feedback loop for stable output voltage
generation, as shown in Figure 12-2. It can be configured in EEPROM to either regulate the boosted output
voltage VBOOST relative to ground or relative to the supply voltage, see Figure 12-3 for the typical output
voltage. Furthermore the EEPROM configuration allows disabling the charge pump for applications not
requiring the low voltage operation, in order to reduce the overall power consumption.
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For safety reasons the pre-driver provides integrated under voltage detection on VBOOST. In addition the
charge pump comprises a discharge switch in order to keep VBOOST output voltage in a safe operating area
in case of over voltage on the supply input pin. The discharge switch is activated as soon as the supply
voltage VSUP exceeds the Vsyp ovn threshold level and is deactivated when it drops below the Vsyp ow
threshold. At the same time the charge pump is deactivated.

EN_CP m Charge pump configuration

0 X Charge pump disabled

Charge pump configured to regulate VBOOST relative to ground, to support

1 0 )
low voltage operation

Charge pump configured to regulate VBOOST relative to the supply, to
support the use of a reverse polarity N-FET

Table 12-1 Charge pump configuration options

CPMODE

g g

T
TP VBOOSTT

VSUP

VSUP
EN_CP i
) Leveilﬂs]hlft _.1

Control » dead time

CP_FB & ~ :] CP_DSCHG
> slope __"37 _|_<\ | CPMODE VELP | <=
D $
COMP] “

OPA
VBOOST_UV
COMP
H

Figure 12-2 Charge pump principle schematic
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Charge Pump and Voltage Regulator Output vs Power Supply Input

23V ~_— =—CP Mode 0-VBOOST

18V
15V _— —CP Mode 1 - VBOOST

oV —— —VREG

CPx-GATETx

4.0V 6.0V 8.0V 10.0V 12.0V
VSUP [V]

Figure 12-3 Charge pump output and driver supply

12.1.3. Voltage Regulator - VREG

The voltage regulator regulates the power supply down to 12V, in order to supply the low-side gate drivers
and switch the external low-side N-FETs without gate-source over voltage at high battery voltages. The
regulated output voltage VREG further provides the bootstrap voltage for driving the high-side N-FETs.

For safety reasons the pre-driver provides integrated under voltage and over voltage detection on VREG.
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12v 1
regulator VvREG [ L
T * T
VBATF
Trickle CPx | 3
Charge Pump {1
I x I GATETx | 3 T Copx
Top Driver % | ||:
ﬁ,74, |
A
PHASEXx | 3 m<
Bottom || GATEBx | 3
Driver T ”:

E] Rshunt

Figure 12-4 Voltage regulator for driver supply — VREG

12.1.4. Digital Supply - VDD

The MLX83203-2 comprises a current sense amplifier. The current sense amplifier and I0’s are supplied from
the digital supply VDD.

For safety reasons the pre-driver provides integrated under voltage detection on VDD.
Note:

When supplying VDD with a limited output impedance (e.g. from a microcontroller 10) the performance of
the amplifier may be affected.

12.1.5. Sleep Mode

Sleep mode is activated when the digital supply input VDD is pulled below “VVDD sleep voltage
threshold low”. In sleep mode the charge pump is disabled and the current consumption on VSUP is
reduced. All gate drivers are switched off via sleep gate discharge resistors Rsgp. The pre-driver will wake-up
as soon as the voltage level on VDD rises above “VVDD sleep voltage threshold high”.
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m State in sleep mode
cp The charge pump is disabled.
Since the charge pump is disabled VBOOST is pulled to the supply voltage via the external
VBOOST .
charge pump diodes.
In sleep mode, gate-discharge resistors (Rsgp) between GATEBx and DGND are activated,
GATEBx ) : ; .
ensuring all low-side gate drivers are switched off
In sleep mode, gate-discharge resistors (Rsgp) between GATETx and PHASEXx are activated,
GATETX . . . . .
ensuring all high-side gate drivers are switched off
PHASEXx Phases are kept low with GATETx through the internal body diode of the pre-driver
VREG Voltage regulator is disabled
CPx Any charge that remains after VREG is disabled will leak to ground
ISENSE Current sense amplifier is supplied from VDD, and thus not active

FETBx, FETTx

EN, ICOM All'10’s are supplied from VDD, and thus not active

Table 12-2 Drivers in Sleep Mode
Notes:

1. In case any of the digital input pins are externally pulled high while VDD is low, current will flow into
VDD via internal ESD protection diodes. This condition is not allowed.

2. When VDD is pulled low, also ICOM will go low. This should not be interpreted as a diagnostic
interrupt.

CPx

GATETX | E}

PHASEX

il

RSGD _I

E _|

Figure 13-1-5 Drivers in Sleep Mode

! r
L

1|
IﬁLL

VREG

GATEBx |
|

Il__D_ﬂ"
|
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12.2. Gate Drivers

12.2.1. PWM Input Control Logic — FETBx & FETTx

Each of the 6 external N-FETs can be controlled independently via the 6 digital PWM input pins: FETBx and
FETTx. However, the digital logic provides the option to control the 3 external half bridges with only 3
control signals, by shorting high-side and low-side PWM input pins for each half bridge.

The IC provides internal shoot through protection since the digital logic prevents simultaneous activation of
both high-side and low-side driver of one half bridge. A configurable dead time ensures the high-side (low-
side) N-FET is fully switched off, before switching on the complementary low-side (high-side) N-FET.

For safety reasons the pre-driver provides integrated drain-source and gate-source monitoring for each of
the 6 external N-FETs.

=

FETTXL1 E _I_)_M_o\% 4 GATETX ”:}

— — PHASEX
ENC} 5

FETBX[} E {>c Dead Time h—o\L: L GATEBX ”:}

=

Figure 12-5 Input control logic of the driver stage

12.2.2. Enable Input EN

The enable input pin EN enables the gate driver outputs when set high. When reset, all gate driver outputs
are switched to the low state, switching off all external N-FETs. This is performed by pulling all gate drivers
to ground via the pull-down on-resistances. The enable pin can be used by the microcontroller to disable all
drivers in case of any fault detection.

While EN is low, the programming of the EEPROM via SPI can be initiated by pulling ICOM low for the SPI
start-up time specified by tsp <.

12.2.3. Gate Driver Supply and Bootstrap Architecture — VREG & CPx

The voltage regulator regulates the power supply voltage down to 12V. The regulated voltage is used to
directly supply the low-side drivers. To provide sufficient supply voltage for the high-side drivers a bootstrap
architecture is used. When the low-side N-FET is switched on, the phase voltage will be pulled low and the
bootstrap capacitor is charged from the VREG buffer capacitor through the bootstrap diode. Afterwards, if
the low-side N-FET is switched off and the high-side N-FET is switched on, the charge of the bootstrap
capacitor is used to supply sufficient gate drive voltage to the high-side N-FET. The integrated trickle charge
pump assures the bootstrap capacitor will not be discharged, and allows 100% PWM operation.
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12.3. Integrated Current Sense Amplifier

The IC comprises an integrated fast, high-bandwidth, low offset current sense amplifier.

The current sense amplifier is supplied from the digital supply. It senses the voltage over the low-side shunt,
amplifies it with the and adds the offset provided on VREF. The output of the

amplifier is available on ISENSE.

ISENSE = Current X Shunt X GainEEpROM + VVREF

VREF

1 1
| )
ISENSE [1 oPA <0PA
IBM
— —_ 1— \— T +—
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12.4. Protection and Diagnostic Functions

12.4.1. Power Supply Over Voltage Shutdown (VSUP_OV)

The pre-driver has an integrated VSUP over voltage shut down to prevent destruction of the IC at high
supply voltages.

12.4.2. Power Supply Under Voltage Warning (VSUP_UV)

The pre-driver has an integrated VSUP under voltage detection. The diagnostics interface will give a warning
to the microcontroller. It is the responsibility of the microcontroller to take action in order to ensure reliable
operation.

12.4.3. Digital Supply Under Voltage Warning (VDD_UV)

The pre-driver has an integrated VDD under voltage detection. The diagnostics interface will give a warning
to the microcontroller. It is the responsibility of the microcontroller to take action in order to ensure reliable
communication between microcontroller and pre-driver.

12.4.4. VBOOST Under Voltage Warning (VBOOST_UV)

The integrated charge pump boosts the supply voltage in low voltage operation on the VBOOST output.
There is an under voltage detection on VBOOST to warn the microcontroller the charge pump is not ready. It
is the responsibility of the microcontroller to take action in order to ensure reliable motor operation.

12.4.5. Gate Driver Supply Over Voltage Warning/Shutdown (VREG_OV)

The MLX83203-2 comprises an integrated VREG over voltage detection. The reaction of the pre-driver on
this VREG_OV event depends on the status of the Bridge Feedback bit in EEPROM. If this VREG_OV_BF_EN
bit is set the pre-driver will disable all gate drivers, switching off all external N-FETs. If the bit is reset it will
just give a warning to the microcontroller.

VREG_OV_BF_EN Pre-driver reaction VREG_OV event

0 VREG_OQV is reported on ICOM, but the drivers remain active

1 VREG_OV is reported on ICOM and the drivers are disabled

Table 12-3 EEPROM Configuration for VREG over voltage detection

12.4.6. Gate Driver Supply Under Voltage Warning (VREG_UV)

The pre-driver detects when the regulated voltage drops below the under voltage threshold. The diagnostics
interface will give a warning to the microcontroller. It is the responsibility of the microcontroller to take
action in order to ensure reliable switching of the external N-FETs, since the VREG voltage directly supplies
the low-side gate drivers.
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12.4.7. Gate Source Voltage Monitoring Warning (VGS_UV)

In order to ensure reliable switching of the high-side N-FETs, the MLX83203-2 comprises gate-source
monitors for each of the high-side N-FETs. In case of an under voltage, the diagnostics interface will give a
warning to the microcontroller, if the gate-source comparators are enabled in EEPROM. It is the
responsibility of the microcontroller to take action in order to ensure reliable switching of the high-side gate
drivers.

12.4.8. Over Temperature Warning (OVT)

If the junction temperature exceeds the specified threshold, a warning will be communicated to the
microcontroller. The pre-driver will continue in normal operation. It is the responsibility of the
microcontroller to protect the IC against over temperature destruction.

12.4.9. Shoot Through Protection and Dead Time

The pre-drivers’ internal implementation guarantees that low-side and high-side N-FET of the same external
half bridge cannot be conducting at the same time, preventing a short between the supply and ground. In
addition the pre-driver provides a programmable dead time in EEPROM. The dead time sets the delay
between the moment when the high-side (low-side) N-FET is switched off, and the moment when the
complementary low-side (high-side) N-FET can be switched on.

12.4.10. Drain-Source Voltage Monitoring Warning/Shutdown (VDS_ERR)

The MLX83203-2 provides a drain-source voltage monitoring feature for each external N-FET to protect
against short circuits to ground or supply. For the high-sides the drain-source voltage are sensed via the
VBATF —and PHASEx-pins. For the low-sides the PHASEx —and IBP-pins are used. The drain-source voltage
comparator can be enabled or disabled in EEPROM.

The drain-source voltage monitor for a certain external N-FET is activated when the corresponding input is
switched on and the dead time has passed. An additional blanking time can be programmed in EEPROM. If
the drain-source voltage remains higher than the VDS monitor threshold voltage, the VDS error is raised. The
threshold voltage is configurable in EEPROM.

The reaction of the pre-driver on a VDS error can be configured in EEPROM with the Bridge Feedback bit. If
this bit is set the pre-driver automatically disables the drivers when a VDS error is detected. If the bit is
reset, the drivers remain active. In both cases the VDS error will be reported to the microcontroller.

VDS_COMP_EN VDS_BF_EN Pre-driver reaction on VDS-error event

0 X Any VDS error is ignored and no error is reported on ICOM
1 0 VDS_ERR is reported on ICOM, but the drivers remain active
1 1 VDS_ERR is reported on ICOM and the drivers are disabled

Table 12-4 EEPROM Configuration for drain-source error detection
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12.4.11. EEPROM Error Warning (EEP_ERR)

To ensure reliable communication with EEPROM the pre-driver provides an automatic single bit error
correction and double error detection. If two bits in the addressed word are bad the EEPROM gives the
EEP_ERR warning, indicating a double error was detected.

12.4.12. Diagnostics Interface — ICOM

All diagnostic events described above are reported to the microcontroller via a single pin, ICOM. In normal
operation, when no error is detected, ICOM is default high.

The ICOM interface acts as a serial interface that feeds back detailed diagnostics information. If an error is
detected, ICOM goes from default high to communicating a2 PWM-signal. The speed of this PWM signal
depends on the EEPROM configuration of bit PWINM SPEED. Each error corresponds to a duty cycle with a 5-
bit resolution. Thus the microcontroller can distinguish different errors by reading the duty cycle, see Table
12-7.

T

0 Slow mode: for slow microcontrollers

1 Fast mode : for fastest response of microcontroller

Table 12-5 EEPROM Configuration for diagnostics communication speed

The duty cycle is transmitted until the microcontroller sends the acknowledgement. This is done by pulling
ICOM low for more than a PWM-period, tac > ticom. At each ICOM falling edge the pre-driver checks the
actual voltage on ICOM in order to detect an acknowledgement. After acknowledgement the duty cycle of
the next error is transmitted, if multiple errors were detected. All errors have been reported when the end-
of-frame duty cycle is send. When all errors are physically removed, and the end-of-frame message is
acknowledged by the microcontroller, ICOM returns to its default high state.

Physical
Error

&——Default high: Error Informatior > End-of-Frame- &—Default high—>

»

MCU
Acknowledge

v

Figure 12-7 ICOM Diagnostics Communication
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Notes:

1. When VDD is pulled low to put the pre-driver in sleep mode, ICOM will go low as well. This should
not be interpreted as a diagnostic interrupt. As soon as VDD goes high, the pre-driver wakes-up and
ICOM will return to its default high state.

2. At POR it is possible that the voltages on VSUP and VREG were not above the under voltage
thresholds (e.g. due to charging of external capacitors). It is possible that ICOM reports these under
voltage errors after POR. This implies that the microcontroller has to acknowledge these errors
before ICOM will be in its default high state and the pre-driver is ready for normal operation.

The drivers are disabled when The drivers are enabled again as soon as

An error condition is detected for which the hardware
protection is activated

VSUP_OV The microcontroller acknowledges the error
VREG_OV

VDS_ERR

VDD = Low (sleep mode) VDD = High (wake-up)

EN =Llow EN =High

Table 12-6 Pre-Driver Output State Summary

Microcontroller H] l VDD& Pre-Driver

<5mA ICOM_OUT

Interrupt / Read duty cycle

Acknowledge J_
—| Cload <5mA
<100pF

Figure 12-8 ICOM Diagnostics Interface

-
Q
o}
<

1

-

ICOM_IN

In case multiple errors occur at the same time, the priority is as defined in Table 12-7. The highest priority is
0 and 16 is the lowest priority.
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ICOM_EOF
10 VDS_ERR
9 EEP_ERR
8 VDD_UV
7 VSUP_OV
6 VSUP_UV
5 ovT
4 VREG_UV
3 VGS_UV
2 VBOOST_UV
1 VREG_OV

93.5

82.5

55.0
49.5
44.0
38.5
33.0
27.5

22.0

16.5

11.0

2 us

n/a

8 us
2 us
8 us
2 us
16 ps

2 us

16 ps

2 us

End of frame
VDS Error =VDS_T1 | VDS_T2 | VDS_T3 |
VDS_B1 | VDS_B2 | VDS_B3

This event can be masked by setting
VDS_COMP_EN=0

To avoid erroneous triggering due to
switching there is a programmable
blanking time on top of the debounce
time: VDS_BLANK_TIME[1:0].

EEPROM dual error detected
VDD under voltage

VSUP over voltage

VSUP under voltage

OVT over temperature
VREG under voltage

VGS under voltage

This event can be masked by setting
VGS_UV_COMP_EN=0

VBOOST under voltage

VREG over voltage

This event can be masked by setting
VGS_UV_COMP_EN=0

Table 12-7 Overview Diagnostics over ICOM with Priority Definitions
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12.5. EEPROM Configuration

The MLX83203-2 provides an EEPROM for configuration of the IC, the current sense amplifier and over
current comparator, protection and diagnostic functions. This allows to optimize the pre-drivers’ operation
for the application requirements. The configuration can be done at customer production testing by using the
PTC-04, or by the microcontroller via a custom program interface.

The EEPROM features single error correction and double error detection.

12.5.1. Memory Map

The MLX83203-2 comprises 6 bytes of EEPROM for user configurability. The first two bytes are not used for
the internal configuration of the pre-driver, and can thus be used by the customer for traceability purposes.
The other 4 bytes are used for configuration of the current sense amplifier and configuration of the
diagnostics.

The pre-driver is programmed with default settings per table below.

s | o7 | ooe | s | e | s | e | x| om0
0 - - - - - - - Res.

0x00 0 0 0 0 0 0 0 0
1 - - - - - = = Res.
0x00 0 0 0 0 0 0 0 0
2 DEAD_TIME[2:0] VDSMONT[2:0] CPMODE Res.
0x7C 011 111 0 0
3 VDS_BLANK_TIME[1:0] PWM_SPEED - CUR_GAIN[2:0] Res.
0x86 10 0 0 011 0
S IO v N
OxF4 1 1 1 1 0 1 0 0
5(-6-7) SPI_EN Res. - - - - - Res.
0xCO 1 1 0 0 0 0 0 0

Table 12-8 EEPROM Memory Map and Default Configuration
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R N

Configuration of the IC

CPMODE Defines the mode of operation of the internal charge pump 0
1: VBOOST voltage is regulated relative to VSUP
for reverse polarity N-FET protection
0: VBOOST voltage is regulated relative to GND
for low voltage operation with minimal power consumption

EN CP Defines the status of the pre-drivers’ internal charge pump 1
1: Charge pump active
0: Charge pump not active

EN_TCP Defines the status of the pre-drivers’ trickle charge pump 0
1: Trickle charge pump active
0: Trickle charge pump not active

SPI_EN Defines the accessibility of EEPROM through the custom SPI interface 1
1: EEPROM accessible via the custom SPI interface
0: EEPROM not accessible via the custom SPI interface

Configuration of the Current Sense Amplifier and Over Current Comparator
CUR _GAIN[2:0 Defines the gain of the current sense amplifier 011
Configuration of the Protection and Diagnostic Functions

PWM SPEED Defines the diagnostics communication speed on ICOM 0
1: Fast mode for fastest response of microcontroller
0: Slow mode for low-end microcontrollers

VREG OV _BF EN Defines the pre-drivers’ reaction on a regulated supply over voltage: 1
1: Report VREG_OV on ICOM and disable gate drivers
0: Report VREG_OV on ICOM without effect on gate drivers

DEAD TIME[2:0] Defines the dead time between switching off high-side (low-side) N-FET 011
and switching on complementary low-side (high-side) N-FET

VDSMONJ2:0 Defines the threshold level for the VDS monitoring of the external N- 111
FETs

VDS BLANK TIME[1:0] Defines the duration of the VDS blanking time after switching on the N- 10
FET

VDS COMP_EN Defines the status of the pre-drivers’ drain-source monitoring 1

1: Drain-source comparators active
0: Drain-source comparators not active

VDS BF EN Defines the pre-drivers’ reaction on a drain-source fault: 1
1: Report VDS_ERR on ICOM and disable gate drivers
0: Report VDS_ERR on ICOM without effect on gate drivers

VGS UV_COMP_EN Defines the status of the pre-drivers’ gate-source monitoring 1
1: Drain-source comparators active
0: Drain-source comparators not active

Table 12-9 EEPROM Bit Description
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12.5.2. “SPI Program Mode”

The EEPROM memory can be accessed through a custom SPI interface. It allows the user to read/program
the EEPROM by the microcontroller in the application. This custom interface re-uses the low-side driver pins
for SPI communication.

Since the same pins are used for both reading/writing the EEPROM and for controlling the motor, the
EEPROM is only accessible when the motor is not running. Furthermore it is necessary to apply a certain
sequence of conditions before the pre-driver will enter the “SPl Program Mode”. Once in this mode, the
EEPROM can be accessed for reading and writing, until the IC enters “Normal Mode” again and motor
operation is possible.

FETBx

ICOM

Figure 12-9 Custom SPI interface

ICOM CSB SPI-frames are defined by CSB low

The MOSI (Master Out — Slave In) shift register is reading in
data on the rising edge of CLK

FETB2 CLK Clock input, each SPI-frame has to consist of 16 clock periods

The MISO (Master In — Slave Out) output is guaranteed to be
stable while the CLK is low

FETB3 MOSI

FETB1 MISO
Table 12-10 SPI Signals

12.5.2.1. Entering “SPI Program Mode”

The MLX83203-2 enters “SPI Program Mode” when all below conditions are satisfied:

= EN=0
=  FETTx = Low (High-side FET inputs off)
= FETBx = High (Low-side FET inputs off)
= ICOM
= Any pending errors have been removed and acknowledged, so ICOM is in default high state

= Alow level pulse is applied on ICOM for a time tsp .
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12.5.2.2. Exiting “SPI Program Mode”

The MLX83203-2 will exit the “SPI Program Mode” when the enable input EN is pulled high. Similar to when
the MLX83203-2 comes out of POR, after leaving the “SPI Program Mode” the pre-driver is blocked until the
data have been copied to the registers. Meaning that before entering “Normal Mode” the EEPROM write will
be completed and the EEPROM state machine will copy all EEPROM contents into registers. During this time
ICOM is kept low. When it returns to its default high state the pre-driver is ready for normal operation.

12.5.2.3. Protocol

Once the IC is in “SPI Program Mode” the microcontroller can read/write the EEPROM, following the
protocol depicted below.

EE_READY=1 EE_READY=1
READ INSTRUCTION Data in Data in
WRITE INSTRUCTION DATA latch DATA LATCH register
If COMM_ERR =0 Copy latched DATA into If comm_err = 0 (nofr"ep;’d'?:gg}eggﬁg QM,)
Start EE_RD MISO [10:4 Start EE_WR )
Latch data into - (1041 . into MISO [10:4]
MOSI register on >tEE > teg wWRr
CLK Rising edge <t —F‘E < - >
A \ 4 Yy Vv \ 4 A\ A 4
CSB
CLK
n
MOSI X
MISO X nio] X np1 X
v
Data on MISO stable MISO[10:4] contains DATA .
(valid) while CLK is requested in previous Read MlSO[MlOO'g]‘ [i%n;?\gi_?fvmus
LOw instruction

Figure 12-10 SPI Protocol (LSB first)

12.5.2.4. Registers Description

MOSI [15:0]

Bit [15] Bit [14] Bit [13] Bit [12] Bit [11] Bit [10] Bit [9] Bit [8]
MOSI_PAR X X CMD [1:0] MOSI_DATA [7:5]
Bit [7] Bit [6] Bit [5] Bit [4] Bit [3] Bit [2] Bit [1] Bit [0]
MOSI_DATA [4:1] X ADDRESS [2:0]

Table 12-11 MOSI frame description

Bit [15] Bit [14] Bit [13] Bit [12] Bit [11] Bit [10] Bit [9] Bit [8]
MISO_PAR COMM_ERR  EE_READY CMD [1:0] MISO_DATA [7:5]
Bit [7] Bit [6] Bit [5] Bit [4] Bit [3] Bit [2] Bit [1] Bit [0]
MISO_DATA [4:1] X ADDRESS [2:0]

Table 12-12 MISO frame description
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N
ADDRESS Address of the byte in EEPROM that needs to be read/written to.

In case of write command, the data that needs to be written. Don’t care for any read

MOSI_DATA[7:1]
command.

In case previous command was write instruction, it returns the data that was written. In

e IATAZE case of a read instruction, it returns the data read from EEPROM.

Read/Write command

00: EE_RD: Read command
CMD [1:0] 01: EE_WR: Write command

10: EE_RDAW1

11: EE_RDAW?2

Reading/writing the EEPROM takes a certain time, specified by t: «p and tee we
respectively. These times define the minimum time CSB (ICOM) has to remain high
between two SPI-frames in order to finish the read/ write action.

As soon as the read/write action starts, the EE_READY bit is reset. After completion of

EE_READY
e the read/write action the bit is set.

If the read/write delay between SPI-frames was long enough to execute the read/write
action, the EE_READY bit will thus be set, signaling the read/write action was finished. If
the time was too short, the bit will still be 0.
This bit indicates if the previous MOSI-frame was received correctly. If no
communication error occurred the bit will be reset, and the read/write action was
started as soon as CSB was pulled high.

COMM_ERR N . . .

- If a communication error occurred in the previous MOSI-frame the read/write command

was not executed. Possible communication errors are:
Odd parity bit was set incorrect
Number of clock periods was not equal to 16

MOSI_PAR, N

MISO_PAR Odd parity bit of the current MOSI/MISO frame.

Table 12-13 MOSI/MISO frames bit description
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MoSI M| X | X | cmD[Lo] MOSI_DATA[6:0] X ADDRESS[2:0]
L I

CLK COUNTER=16 v ¥

COMM

_ERR

v ¥ EEPROM
\A4

Latches = DATA[6:0] ﬂ—'\\ﬁ J

MISO | ‘oo | Conm | ressy | CMDIL] MISO_DATA[6:0] X ADDRESS[2:0]

Figure 12-11 MOSI/MISO registers and relation to internal data latches

12.5.2.5. Read Instruction

In order to read one of the EEPROM bytes, the microcontroller should compose the MOSI(N) frame
according to Table 12-11 with the address it wants to read, the read command and set the odd parity bit in a

correct way.

After transmission of this MOSI(N)-frame and when the CSB signal is pulled high, the pre-driver will start to
read the data at the specific address. If CSB is kept high long enough for the pre-driver to execute the read
action, it will transmit the read data on the next MISO(N+1)-frame.

The data in this MISO(N+1)-frame is valid only if

= COMM_ERR=0: no communication error was detected on the previous MOSI(N)-frame
= EE_READY=1: the read delay was long enough to finish the read
=  MISO_PAR = correct : the MISO(N+1)-frame has a correct odd parity bit
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12.5.2.6. Write Instruction

The MLX83203-2 provides different configuration options through the EEPROM programming. In order to
program one of the EEPROM bytes, the microcontroller should compose the MOSI(N) frame according to
Table 12-11 with the address and data it wants to write, the write command and set the odd parity bit in a
correct way.

After transmission of this MOSI(N)-frame and when the CSB signal is pulled high, the pre-driver will start to
write the data at the specific address. If CSB is kept high long enough the pre-driver will be able to complete
the write instruction.

In total three verification steps are possible in order to ensure successful writing of the EEPROM. On the first
MISO-frame after the write command, it can be checked if the write command is received correctly and the
correct address and data are used. In the next two MISO-frames the data written in EEPROM can be read in
order to guarantee the desired data has been written in EEPROM
= Verification Step 1: Correct receive of the write instruction using the MISO(N+1)-frame
= COMM_ERR=0: no communication error detected on MOSI(N)-write command
= EE_READY=1: the write delay was long enough to finish the write instruction

=  MISO_PAR = correct : the MISO(N+1)-frame has a correct odd parity bit
=  MISO_DATA(N+1) = MOSI_DATA(N) : the correct data was used for the write instruction

= Verification Step2: EE_RDAW1 using the MISO(N+2)-frame
= COMM_ERR=0: no communication error detected on MOSI(N+2)-RDAW1 command
= EE_READY=1: the read delay was long enough to finish the read instruction
=  MISO_PAR = correct : the MISO(N+2)-frame has a correct odd parity bit
=  MISO_DATA(N+2) = MOSI_DATA(N) : the correct data is written

= Verification Step3: EE_RDAW?2 using the MISO(N+3)-frame
= COMM_ERR=0: no communication error detected on MOSI(N+3)-RDAW2 command
= EE_READY=1: the read delay was long enough to finish the read instruction
=  MISO_PAR = correct : the MISO(N+3)-frame has a correct odd parity bit
=  MISO_DATA(N+3) = MOSI_DATA(N) : the correct data is written
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VBATF VSUP CP VBOOSTL__I VREG VDD SUpp'y ESD Connections
55V_ 18.5V 8V
Z AGND
55V
DGND DGND _| DGND DGND DGND DGND
Gate Driver ESD Connections Digital 10 ESD Connections
CPx VREG VDD VDD VDD
GATETX GATEBXx
PHASEX FETBx FETTx ICOM EN
18.5V
DGND DGND DGND DGND DGND
Current Sense Amplifier ESD Connections
VDD
IBP
ISENSE
—a'BM VREF, OCIN

9V
DGND DGND

Note:

All pins are referenced to the driver ground DGND as depicted in the picture above, but only for the ESD

protection.
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14. Package Information

14.1. Package Marking
Product name: MLX83203-2
Lot number: 77777777 format free

Date code: YYWW year and week

MLX8320x
27777777
YYWW

Figure 14-1 Package marking

14.2. Package Data

| € ] 0 one me o v b o e w3 | e

(&)
s :
< 0.900£0.100
5.00040.075 8 ,, Oggo%o:.ow o 3:800::0:100 0.4000.050
/c\o uguuududuu
» -
) -
P ) (- 8
b= ) d ps
g + > T d &
o SIOE LEADS WITH — - 0.400 = T
e B =M
A ;
Q /\n o.47om> NANNNNNAMM
)
PIN 1 (LASER MARKED) 5200 oo PN
o 0.25040.050
§ ® 010MCAB
JOP VIEW d BOTTOM VIEW

Figure 14-2 Package drawing and mechanical dimensions
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15. Standard information regarding manufacturability
of Melexis products with different soldering processes

Our products are classified and qualified regarding soldering technology, solderability and moisture
sensitivity level according to following test methods:

Reflow Soldering SMD’s (Surface Mount Devices)

e |PC/JEDEC J-STD-020: Moisture/Reflow Sensitivity Classification for Nonhermetic Solid State Surface
Mount Devices (classification reflow profiles according to table 5-2)

e EIA/JEDEC JESD22-A113: Preconditioning of Nonhermetic Surface Mount Devices Prior to Reliability
Testing (reflow profiles according to table 2)

Wave Soldering SMD’s (Surface Mount Devices) and THD’s (Through Hole Devices)

e EN60749-20: Resistance of plastic- encapsulated SMD’s to combined effect of moisture and soldering
heat

e FEIA/JEDEC JESD22-B106 and EN60749-15: Resistance to soldering temperature for through-hole
mounted devices

Iron Soldering THD’s (Through Hole Devices)

e EN60749-15: Resistance to soldering temperature for through-hole mounted devices
Solderability SMD’s (Surface Mount Devices) and THD’s (Through Hole Devices)

e EIA/JEDEC JESD22-B102 and EN60749-21: Solderability

For all soldering technologies deviating from above mentioned standard conditions (regarding peak
temperature, temperature gradient, temperature profile etc) additional classification and qualification tests
have to be agreed upon with Melexis. The application of Wave Soldering for SMD’s is allowed only after
consulting Melexis regarding assurance of adhesive strength between device and board.

Melexis recommends reviewing on our web site the General Guidelines soldering recommendation
(http://www.melexis.com/Quality soldering.aspx) as well as trim&form recommendations
(http://www.melexis.com/Assets/Trim-and-form-recommendations-5565.aspx).

Melexis is contributing to global environmental conservation by promoting lead free solutions. For more
information on qualifications of RoHS compliant products (RoHS = European directive on the Restriction Of
the use of certain Hazardous Substances) please visit the quality page on our website:
http://www.melexis.com/quality.aspx

16. ESD Precautions

Electronic semiconductor products are sensitive to Electro Static Discharge (ESD). Always observe Electro
Static Discharge control procedures whenever handling semiconductor products.
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17. Revision History

Cowion | ot Jomoim

1.0 01-02-12 = Initial Draft version

1.1 01-03-12 = EE_RD meaning in SPI description corrected
= RDSon specification split up in ON/OFF
= Added RDSon for 83202 variant
= Added package marking

1.2 28-03-12 = TQFP48 pin out included

1.3 15-05-12 = Added appl. Schematics, Pin internal structures, updated block diagram
= Updated SPI enabling.
= Updated ICOM duty cycles
= Updated sleep mode
= Updated leakage spec on VBATF

= Max voltage on all pins

1.4 03-07-12 = Final package dimensions

1.5 28-11-12 = Parameters updated per test data
= Device description updated

1.6 21-12-12 = Information about DC variant of pre-driver moved to separate datasheet

1.7 15-01-13 = Protection and diagnostic functions updated
= Trickle Charge Pump included

2.0 26-02-13 = Customer release

2.1 06-05-13 * Max voltage on phase pins updated

2.2 04-12-13 = Entering SPI mode by disabling all 6x FET input signals
2.3 01-03-14 = Temperature codes for ordering information updated

= Abs. max. rating updated

= Driver stage specification for 83202 variant added

= Block diagram and application diagrams updated

= Changed ICOM duty cycle for VDS_ERR from 5.5% to 82.5%

3.0 09-05-14 * General update according to new template

3.1 24-07-14 = Drain-source monitor blanking
= Trickle charge pump current capability
= Largest dead time value
= |COM pull-up current

4.0 31-07-14 = Performance graphs added
4.1 02-11-15 = TQFP version cancelled
4.2 18-12-15 = Electrical specifications updated

= Operating current from Vgp (with PWM operation)
= VSUP under and over voltage hysteresis
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4.3
4.4

5.0

5.1

17-03-16

31-08-16

01-09-16

13-12-16

= Internal leakage from Vgarr to GND

= Vpp operating current

= Drivers resistance for MLX83202

= Discharge currents for Vgoost and Vpy, specified in case of Vsyp oy
Ordering information is updated

Package information updated

“Data in hold time” and “Data out ready delay” units corrected to ns

Default EEPROM configuration corrected for PWM_SPEED & EN_TCP
Minimum specification on input PWM frequency removed
Drain-source voltage monitoring description updated with pin-description

New Melexis template

No reduced gate drive voltage for higher extended supply range
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18. Disclaimer

Devices sold by Melexis are covered by the warranty and patent indemnification provisions appearing in its Term
of Sale. Melexis makes no warranty, express, statutory, implied, or by description regarding the information set
forth herein or regarding the freedom of the described devices from patent infringement. Melexis reserves the
right to change specifications and prices at any time and without notice. Therefore, prior to designing this product
into a system, it is necessary to check with Melexis for current information. This product is intended for use in
normal commercial applications. Applications requiring extended temperature range, unusual environmental
requirements, or high reliability applications, such as military, medical life-support or life-sustaining equipment
are specifically not recommended without additional processing by Melexis for each application. The information
furnished by Melexis is believed to be correct and accurate. However, Melexis shall not be liable to recipient or
any third party for any damages, including but not limited to personal injury, property damage, loss of profits, loss
of use, interrupt of business or indirect, special incidental or consequential damages, of any kind, in connection
with or arising out of the furnishing, performance or use of the technical data herein. No obligation or liability to
recipient or any third party shall arise or flow out of Melexis’ rendering of technical or other services.

© 2016 Melexis NV. All rights reserved.

www.melexis.com
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