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A4915

3-Phase MOSFET Driver

Features and Benefits

* 5 to 50 V supply voltage

* Latched TSD with fault output

* Drives six N-channel high current MOSFETs

* Internally controlled synchronous rectification

* Speed voltage input enables internal PWM duty cycle
control of full bridge

* Center aligned PWM

* Internal UVLO and crossover current protection

» Hall switch inputs

* Adjustable dead time protection

* Low power sleep mode for battery-powered applications

@ o

28-contact QFN
Smm % 5 mm x 0.90 mm
(ET package)

Packages:

28-pin TSSOP
with exposed thermal pad
(LP package)

Not to scale

Description

The A4915 is designed for pulse width modulated (PWM)
current control of 3-phase brushless DC motors. The A4915
is capable of high current gate drive for 6 all N-channel power
MOSFETs. An internal charge pump ensures gate drive down
to 7 V supply and provides limited gate drive downto 5 V. A
bootstrap capacitor is used to generate a supply voltage greater
than the source voltage of the high side MOSFET, required
for N-channel MOSFETs.

Internal synchronous rectification control circuitry is provided
to improve power dissipation in the external MOSFETs during
PWM operation. Internal circuit protection includes latched
thermal shutdown, dead time protection, and undervoltage
lockout. Special power up sequencing is not required.

The A4915 is supplied in a 28-pin TSSOP with an exposed
thermal pad (suffix LP) and a 28-contact 5 X 5 mm QFN with
an exposed thermal pad (suffix ET). These packages are lead
(Pb) free, with 100% matte-tin leadframe plating.

Functional Block Diagram
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A4915

3-Phase MOSFET Driver

Selection Guide

Part Number Package Packing*

A4915METTR-T 28-contact QFN with 1500 pieces
exposed thermal pad per 7-in. reel

A4915MLPTR-T 28-pin TSSOP with 4000 pieces
exposed thermal pad per 13-in. reel

Absolute Maximum Ratings

Characteristic Symbol Notes Rating Unit
Load Supply Voltage Vgg -0.3to 50 \%
Logic Supply Voltage Vpp -0.3t0 6 \%
VREG Pin VReG -0.3t0 16 \Y
CP1 Pin Vepq -0.3t0 16 Vv
. Vep1— 0.3 to
CP2 Pin VCPZ VREG +03 \Y
Logic Inputs V, -0.3t06 \%
Hall Inputs Vix -0.3t0 6 \%
Logic Outputs Vo -0.3t06 V
SPEED Input VSPEED -0.3to6 \Y
. -0.3to
CA, CB, and CC Pins Ve Ve + 50 \Y
. Vex— 16 to
GHA, GHB, and GHC Pins VHx Vi +0.3 V
. Veyx— 16 to
SA, SB, and SC Pins Vsx Vi, + 0.3 \Y
GLA, GLB, GLC Pins Vaix VReg — 16 to 18 \
LSS Pin VLSS VREG —-16t0 18 \Y
Maximum Continuous Junction T,(max) 150 c
Temperature
Storage Temperature Range Tstg -55to 150 °C
Operating Ambient Temperature T, _20t0 105 c
Range
Thermal Characteristics may require derating at maximum conditions, see application information
Characteristic Symbol Test Conditions* Value | Unit

Package ET, on 4-layer PCB based on JEDEC standard 32 °C/W
Package Thermal Resistance Roja

Package LP, on 4-layer PCB based on JEDEC standard 28 °C/W
*Additional thermal information available on the Allegro website.
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A4915

3-Phase MOSFET Driver

Pin-out Diagrams

2 <
4 < < I tss [l O 28] He
:u>>: :::: : :N: GLC 27] B
NN GHC 126] HA
VBB [} s TTTTTTTTTTTTTTTR GLA sC ____ |28 BRAKEN
- 1
SPEED [Z3 ! | cB cc ! I [24 DR
| ! I
TDEAD ! | sB GcB 6] I | [23] ENABLE
i i I PAD |
VDD [4) ! PAD GHB GHB | [P FauLT
FAULT [5) | 1oLB sB | | [z voo
ENABLE [ 6 | 1 cc cefo] | ! [20] ToEAD
orf7y {sc GLA ! i [19] sPEED
- GHA[E ____ ) [f@Eves
i SA [17] GND
Q CA [76] cP1
© VREG [75] cP2
ET Package LP Package
Terminal List Table
. Number . Number
Name Function Name Function
ET | LP ET | LP
VBB Supply voltage 1 18 SC High-side source connection 15 4
SPEED | Reference voltage input 2 19 CcC Bootstrap output phase C 16 5
TDEAD | Terminal for dead time setting 3 20 GLB Low-side gate drive 17 6
VDD Logic supply input 4 21 GHB High-side gate drive 18 7
FAULT | Fault output 5 22 SB High-side source connection 19 8
ENABLE | Logic input, PWM control 6 23 CB Bootstrap output phase B 20 9
DIR Logic input, motor direction 7 24 GLA Low-side gate drive 21 10
BRAKEnN | Logic input, motor brake (active low) 8 25 GHA High-side gate drive 22 11
HA Hall input phase A 9 26 SA High-side source connection 23 12
HB Hall input phase B 10 27 CA Bootstrap output phase a 24 13
HC Hall input phase C 1" 28 VREG Gate drive supply output 25 14
LSS Sense input 12 CP2 Charge pump capacitor terminal 26 15
GLC Low-side gate drive 13 2 CP1 Charge pump capacitor terminal 27 16
GHC High-side gate drive 14 GND Ground 28 17
PAD Exposed pad for enhanced thermal dissipation - -
Allegro MicroSystems, LLC 3
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A4915 3-Phase MOSFET Driver

ELECTRICAL CHARACTERISTICS Valid at Ty = 25°C, Vgg = 24 V; unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Unit
Supply and Reference
Operating Voltage Range Vgp Operating, outputs active 5.0 - 50 \%
feng = 30 kHz, C opp = 10 NF - 10 20 mA
Motor Supply Current os fowm = 20 kHz, C oap = 10 nF - 12 24 mA
Vgeg = 13V, outputs disabled - 3 3.5 mA
Sleep mode - - 1 MA
) Ip =10 mA 0.4 0.7 1.0 \
Bootstrap Diode Forward Voltage VisooT
Ip =100 mA 1.5 22 2.8 \Y
Bootstrap Diode Current Limit VpeooT 250 500 750 mA
VDD Input Voltage Vop 3 - 5.5 \%
VDD Input Current Ioba ENABLE = high, outputs disabled - 6 10 mA
Ibbs Sleep mode - - 10 MA
ENABLE Input Current Sleep Mode IENB(SLP) ggé‘gg'z:h:gn’ for longer than ts, eep. - - 1 LA
SPEED Input Current Sleep Mode IspeED(SLP) EEQEIISE:IOT/Q%r longer than te, gep - - 1 pA
BRAKEnN Input Current Sleep Mode Israke(sLp) | ENABLE = low for longer than tg; ggp - - 1 MA
DIR Input Current Sleep Mode Ipirspy | ENABLE = low for longer than tg ggp - - 1 pA
ENABLE Input Frequency Range fens Vspeep = Vop 1 - 100 kHz
Internal PWM Frequency fowm VenagLe = Vob 14 20 26 kHz
SPEED Input Voltage Range VspeeD 0 - Vbp Vv
SPEED Disable Voltage Vspeep(p) | Measured as Vgpeep / Vpp, duty cycle = 0% 10 15 20 %
SPEED Enable Voltage* Vspeep() | Measured as Vgpeep / Vpp, duty cycle = 100% 79 82 86 %
SPEED Bias Current IspeeD(bias) | Vspeep = Vop= 5 V -25 0 25 MA
Vgg =9V 11.8 13 13.75 \Y
Vgg=7.5V 1.5 13 13.75 \Y
VREG Output Voltage VRec Vg =6V 32\5{'3\'/3 ~ ~ v
Vgg =5.5V 8.0 9.5 - \
Protection
Thermal Shutdown Temperature Ttsp FAULT rising 155 170 185 °C
VREG Undervoltage Vrecon_| Vreg fsing 70 78 86 v
Vrecorr | Vreg falling 6.39 71 7.81 \Y
VREG Undervoltage Hysteresis VREGhys - 700 - mV

Continued on the next page...
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A4915

3-Phase MOSFET Driver

ELECTRICAL CHARACTERISTICS (continued) Valid at Ty = 25°C, Vgg = 24 V; unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
Protection (continued)
Bootstrap Undervoltage Vgootuv | Measured as a percentage of Vgeg 55 - 65 %
Bootstrap Undervoltage Hysteresis VBootuvhys| Measured as a percentage of Vgeg - 20 - %
Vpp rising - 2.75 2.95 \
VDD Undervoltage Vopuy -
Vpp falling 245 2.6 - \Y
VDD Undervoltage Hysteresis Vbbuvhys 50 100 150 mV
Sleep Wake-up Delay twake - - 3 ms
Gate Drive
C fully charged, C =10nF Ve — 0.2 - - \
High-Side Gate Drive Output Vori BooT Y CHATGec, “1oAp &
Ighx < 10 A - - Vg +0.3 \Y
Veeg =13V, C =10 nF Vgeg — 0.2 - - \Y
Low-Side Gate Drive Output Vol REG LOAD REG
IgLx < 10 pA - - 0.3 \Y
) ) T, =25°C, Igpy =—150 mA 6 9 12 Q
Gate Drive Pull-Up Resistance RaHxonjup
T,;=125°C, gy, = —150 mA - 17 - Q
. ) T,;=25°C, Ig , =—150 mA 24 35 4.6 Q
Gate Drive Pull-Down Resistance RaLx(onypN
T,=125°C, Ig =—-150 mA - 5 - Q
GHx Passive Pull-Down RGHX(PPD) VGHX - VSX <03V - 5000 - Q
GLx Passive Pull-Down RGLX(PPD) VGLX - VLSS <03V - 5000 - Q
t 20% to 80%, C =10nF - 200 - ns
Output Switching Time rex > > ~LOAD
tiex 80% to 20%, C oap = 10 nF - 150 - ns
TDEAD tied to GND 10 - - ns
, Time delay measured | Rrpeap = 12 kQ - 150 - ns
Dead Time tbEAD
from turn-off to turn-on | R\ = 64 kQ 800 925 1050 ns
Rtpeap = 220 kQ - 2.9 - us
Logic /0
) Vi) . 0.7 x Vpp - - v
Logic Input Voltage BRAKER, DIR, ENABLE, HA, HB, and HC pins
Vinw) - - 0.3 x Vpp \Y;
I Vn = high - 10 - A
Logic Input Current N N g H
Iing Vn = low, ENABLE = low -1 1 pA
FAULT Output Voltage Veaurr | No fault present, gk = TmA - - 0.2 \%
) ENABLE = low, SPEED = high 1 ms
ENABLE and SPEED Sleep Timer ts EEp
ENABLE = high, SPEED = low 1 ms

Continued on the next page...
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A4915 3-Phase MOSFET Driver

ELECTRICAL CHARACTERISTICS (continued) Valid at Ty = 25°C, Vgg = 24 V; unless otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
Logic /0 (continued)
SPEED Sleep Threshold Vspeepsieth | SPEED = low for longer than tg gep - - 295 mV
Fault Latch Reset Voltage Vgreser | Fault is present, outputs latched — — 0.8 \%
Fault Latch Reset Pulse Time traULT Fault is present, outputs latched 12 - - us
Hall Input Pull-Up Resistor Ruxpuy | Hx pins, Viy=0V - 100 - kQ
Hall Input Current lhaLL Hx pins, V|y =5V - 0 1 pA
Logic Input Pull-Down Resistor Rinepy | ENABLE, DIR, BRAKEN, Viy =5V - 50 - kQ
Login Input Current Sleep Mode Instpy | ENABLE, DIR, BRAKEN - - 1 MA
8IR orlBI(:){A};En input to output change, _ _ 1200 ns
tpd(on) Loap =Un
) ENABLE input to output change, C gap = 0 nF - - 900 ns
Propagation Delay -
DIR or BRAKER input to output change,
c =0nF - - 1200 ns
tod(off) oap =Yn
ENABLE input to output change, C, gap = 0 nF - - 900 ns
ENABLE - - 900 ns
Input Pin Glitch Reject tgiitch
DIR, BRAKEN - - 1000 ns

*Output duty cycle limited by tpgap-
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A4915

3-Phase MOSFET Driver

Functional Description

Basic Operation

The A4915 is a 3-phase MOSFET driver intended to drive high
current MOSFETs. It is designed for use in battery operated
equipment where low-voltage operation is critical. The A4915
also features a low current sleep mode which disables the device
and draws minimum supply current. The A4915 is capable of
driving 6 N-channel MOSFETs. Commutation logic includes
Enable, Direction, and Brake modes for external PWM control.

A Speed input is provided which allows an external source to
PWM the bridge at 30 kHz typical. The PWM duty cycle is
controlled by applying an analog voltage to the SPEED pin from
0VtoVpp.

Pin Descriptions

DIR The Direction pin is used to change the commutation direc-
tion of the 3 bridges. Refer to Table 1 for phase commutation
information.

ENABLE The ENABLE input terminal allows external PWM
control. Setting ENABLE high turns on the selected sink-source
pair, and setting it low switches off the appropriate drivers and
the load current decays. If external PWM is used, the SPEED pin
must be tied to VDD.

When the ENABLE input is held low for longer than tg; ggp the
A4915 turns off all internal circuitry and draws minimum current

Table 1: Commutation Table

from the supply. When coming out of sleep allow 3 ms for the
charge pump regulator to stabilize.

SPEED The duty cycle of the internally generated carrier fre-
quency is controlled by applying a DC voltage on the SPEED
input. A plot showing the relationship of Speed to duty cycle is
shown in Figure 1. When SPEED is pulled directly to VDD the
internal carrier is disabled and the Enable input can be used to
PWM the bridge. When Vgpggp < Vgpgep(p) the output is guar-
anteed to be 0%. When Vgpprp > Vspgp ) the output is guaran-
teed to be 100%.

BRAKERN Brake mode turns all three sink drivers on and effec-
tively shorts out the motor generated BEMF. The BRAKEn input
overrides the ENABLE and SPEED inputs except when in Sleep
mode. Refer to Table 2 for the logic truth table. In order to com-
ply with Failure Mode Effects and Analysis (FMEA), the brake
function is normally active (logic low). If the BRAKEn pin on
the device is open due to some failure of solder joint or micro-
processor failure, the device will automatically implement Brake
mode, preventing the motor from turning or pumping up the
supply. Applying logic high to the BRAKEn terminal deactivates
Brake mode and allows normal operation.

Care must be taken when applying the Brake command because
large currents can be generated. The user must ensure that the
maximum ratings of the MOSFETSs are not exceeded under worst

HA HB HC DIR GLA GLB GLC GHA GHB GHC SA SB SC

1 1 0 1 1 0 0 1 1 0 0 High - Low

2 1 0 0 1 0 0 1 0 1 0 - High Low
3 1 1 0 1 1 0 0 0 1 0 Low High -

4 0 1 0 1 1 0 0 0 0 1 Low - High

5 0 1 1 1 0 1 0 0 0 1 - Low High
6 0 0 1 1 0 1 0 1 0 0 High Low -

1 1 0 1 0 1 0 0 0 0 1 Low - High

2 1 0 0 0 0 1 0 0 0 1 - Low High
3 1 1 0 0 0 1 0 1 0 0 High Low -

4 0 1 0 0 0 0 1 1 0 0 High - Low

5 0 1 1 0 0 0 1 0 1 0 - High Low
6 0 0 1 0 1 0 0 0 1 0 Low High -
Hall Fault 1 1 1 X 0 0 0 0 0 0 - - -
Hall Fault 0 0 0 X 0 0 0 0 0 0 - - -
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A4915

3-Phase MOSFET Driver

case braking conditions. Maximum motor current during Brake
mode can be approximated by:

IgrakEn = Vemr / Ry,

where Vg is the voltage generated by the motor and Ry is the
resistance of the phase winding.

VREG A regulated voltage output that is used to supply the
low-side gate drivers and to charge the bootstrap capacitors.

FAULT The Fault output is active high. Under normal operation
the open drain output pulls the Fault output to ground. When

a fault occurs the open drain output is released, and the Fault
output is then pulled to a logic high through a connected external
passive pullup resistor. Fault conditions are shown in Table 3.

The presence of an invalid Hall combination is referred to as a
Hall Fault. Invalid Hall combinations are documented in Table 1.
When a Hall Fault is present, the outputs are disabled. Invalid
Hall Faults are not latched, and do not affect the state of the
FAULT pin. Latched faults that result in disabled outputs can be
reset in a number of ways:

* AUVLO on VDD will serve as a reset
« If the device is put into sleep mode the latch is reset

* A microprocessor can create a reset on the FAULT pin directly
by forcing Vpggrt on the FAULT pin when a fault is active for
longer than tgayr 1 (that is, when the outputs are latched)

LSS The LSS terminal is the low-side drain connection for the
MOSFET. If an external PWM current control loop is used, a low

Table 2: Input Logic Truth Table
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Figure 1: Speed in Relation to Duty Cycle

Table 3: Fault Conditions

Event Fault Pin Outputs Latched
TSD High Disabled Yes
SLEEP High Disabled No
UVLO VREG/VDD High Disabled No
Invalid Hall Low Disabled No

Inputs
Mode of Operation
ENABLE SPEED BRAKEN

Low High High PWM chop slow decay synchronous rectification (center aligned)

Low High Low Brake mode — All low-side gates on

High High High Selected drivers onP

High High Low Brake mode — All low-side gates on

High Voo * Vspeep(e) 10 High PWM chop slow decay synchronous rectification (center aligned)c

Vpp * Vspeep(p)

High > Vpp % Vspeep() High Selected drivers onb

High < Vpp * Vspeep (D) High PWM chop slow decay synchronous rectification (center aligned)
Low longer than tg ggp High Xa Sleep mode — coast

High Low longer than tg gep Xa Sleep mode — coast

axX =don’t care.

bMaximum and minium duty cycle limited by boot capacitor charge management.

CInternal PWM active.
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A4915

3-Phase MOSFET Driver

value sense resistor can be placed from LSS to ground for current
sensing purposes. The resistor should be chosen so that the DC
voltage across the sense resistor is between 200 mV and

500 mV. If a sense resistor is not used then LSS should be con-
nected directly to power ground.

CA, CB, CC High-side connections for the bootstrap capacitors
(CBOOTX) and positive supply for high-side gate drive.

GHA, GHB, GHC High-side gate drive outputs for N-channel
MOSFETs.

SA, SB, SC Motor phase connections, serve as the negative sup-
plies for the high-side gate drive.

GLA, GLB, GLC Low-side gate drive outputs for N-channel
MOSFETs.

CP1, CP2 Connections for the charge pump switching capacitor.
Typical capacitance should be 0.47 pF.

HA, HB, HC Hall input connections from Hall switches at the
motor.

Thermal Shutdown

If the die temperature exceeds Trgp, the FAULT output is
turned off and the outputs are disabled. Thermal shutdown is a
latched fault.

Dead Time

To prevent cross-conduction (shoot through) in any phase of the
bridge, it is necessary to have a dead time, tpgsp, between a
high- or low-side turn-oft and the next complementary turn-on
event. The dead time for all three phases is set by a single dead

time resistor (Rpgpap) between the TDEAD pin and ground.

For Rpgap values between 12 and 220 kQ, at 25°C the nominal
value of tpgap in ns can be approximated by:

tDEAD =40+ (128 X 1072 X RDEAD)

Current, I ap, can be calculated by:

Ipgap = 1.2/ Rpgap

As values for R increase, current offsets and resistor mismatch
cause the error terms to increase. Figure 2 shows the typical
expected error for a given Rppap value.

Sleep Mode

The A4915 has a low-current Sleep mode to limit current draw on
the battery. When in low-current Sleep mode (when ENABLE =
low for longer than tg; ppp and SPEED = high), current into VBB
and VDD is less than 1 pA.

When ENABLE is held low for longer than tg; ggp and the
SPEED input is held high, the pull-up resistors on the Hall inputs
and the pull-down resistor on the BRAKEn pin are open-circuited
to minimize current draw into logic input terminals. Only the
condition where SPEED = high and ENABLE = low for longer
than tg; pgp results in low current on logic input terminals.

Center Aligned PWM

The A4915 features center aligned PWM, which improves
power dissipation and helps reduce EMI. During an off-time
triggered by either an internal PWM or by an external Enable
chop command, current recirculation will be in either the high-
side FETs or the low-side FETs, depending on the state of an
internal latch. On each bridge Enable command, the latch is reset

4000 ‘
3500
Maximum

3000 } //Typical —
— _— ‘
2 2500 L |
° " Minimum
£ 2000 /é o
B
4 1500 ]

—
1000 4,//
—
500 /
0
10 30 50 70 90 110 130 150 170 190 210 230 250
Rpeap (kQ)
Figure 2: Rpgap versus Dead Time Error
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A4915

3-Phase MOSFET Driver

and the current recirculation shifts from high-side recirculation to
low-side recirculation.

This method of recirculation shifts 50% of the power to the
high-side drivers during the off-time, reducing the power dissipa-
tion in the sink drivers. Reducing the overall temperature of the
output drivers by sharing power between the 6 FETs improves
system efficiency and battery life.

Internal/External PWM

The A4915 can be pulse width modulated (PWM) to control cur-
rent. There are two methods by which PWM can be applied to the
device.

» External PWM. This method requires a PWM signal be applied
to the ENABLE pin. When the SPEED pin is tied directly to
VDD, the ENABLE pin can be chopped from 0 to 100%. If the
ENABLE input is held low for more than sleep timer, tg; ggp,
the device enters low current sleep mode.

¢ Internal PWM. This method uses the internally generated PWM,
which is controlled by applying a DC voltage to the SPEED pin.
When the ENABLE pin is tied directly to VDD, the speed can
be controlled from 0 to 100%. See the SPEED pin description
for further information.

For complete description of all operating conditions, see Table 2.

Synchronous Rectification

When a PWM off-time cycle is triggered by an ENABLE chop
command or by an internal PWM off-time, load current recircu-
lates. The A4915 synchronous rectification feature will turn on
the appropriate MOSFETs during the off-time and effectively
short out the body diodes with the low Rgp ) driver. This will
lower power dissipation significantly and eliminates the need for
external Schottky diodes.

Charge Pump Regulator

The gate drives for the low-side MOSFETs and the bootstrap
charge for the high-side drivers is accomplished by the charge
pump regulator. For Vg above 16 V, the regulator acts as a linear
regulator. Below 16 V, the regulated supply is maintained by

a charge pump boost converter that requires a pump capacitor
between CP1 and CP2.

The regulated voltage VREG is decoupled on the VREG termi-
nal. The decoupling capacitance is based on the bootstrap capaci-
tor which is dependent on the MOSFET selection. Refer to the
Application Information section for details on correct sizing of
VREG and bootstrap capacitors.

Gate Drive and RGATE

The gate drive for the external MOSFETs is capable of providing
the large current transients needed to quickly charge and dis-
charge the gate capacitance to maintain fast switching speeds and
minimal power dissipation. The low-side driver current is sourced
by the capacitor on the VREG terminal. The high-side gate drive
current is supplied by the respective bootstrap capacitance con-
nected between the Cx and Sx terminals. The charge and dis-
charge of the gate can be controlled by using an external resistor
(Rgatr) in series with the gate.

Bootstrap Charge Management

In order to protect the external MOSFETs from insufficient gate
drive, it is important that the bootstrap capacitor voltage be moni-
tored. Before a high-side switch is allowed to turn on, it must
have sufficient charge on the bootstrap capacitor. If the voltage
on the bootstrap capacitor is below the turn-on voltage limit, the
A4915 will attempt to charge the bootstrap capacitor by turning
on the associated low-side driver. The bootstrap monitor stays
active during the duration of the switch on-time. If the voltage
falls out of compliance at any time when the high-side driver is
enabled, the driver is disabled and the low-side switch is acti-
vated to charge the bootstrap capacitor.

During normal operation and in conditions where the PWM

duty cycle creates short off-times, the low-side switch may be
activated more often to keep sufficient charge on the bootstrap
capacitor. Proper sizing of the bootstrap and VREG capacitors is
critical to being able to maintain effective gate drive. Refer to the
Application Information section for details on correct sizing of
VREG and bootstrap capacitors.
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A4915

3-Phase MOSFET Driver

Application Information

Bootstrap Capacitor Selection

In order to properly size the capacitor CBOOT, the total gate
charge must be known. Too large a bootstrap capacitor and the
charge time will be long, resulting in maximum duty cycle limita-
tion. Too small a capacitor and the voltage ripple will be large
when charging the gate.

Size the CBOOT capacitor such that the charge, Qoo is 20
times larger than the required charge for the gate of the MOSFET,

QgaTE:

Cgoot = (Dgatk * 20) / Vgoor

where Voo is the voltage across the bootstrap capacitor. The
voltage drop across the bootstrap capacitor as the MOSFET gate
is being charged, AV, can be approximated by:

AV = 0gare/ Cpoor

For the bootstrap capacitor, a ceramic type rated at 16 V or larger
should be used.

VREG Capacitor Selection

VREG is responsible for providing all the gate charge for the low
side MOSFETs and for providing all the charge current for the
three bootstrap capacitors. For these purposes, the VREG capaci-
tor, Crgg, should be 20 times the value of Cgport

Creg =20 % Cgoor

Layout Recommendations

Careful consideration must be given to PCB layout when design-
ing high frequency, fast-switching, high-current circuits (refer to
Figures 3 and 4):

» The A4915 ground, GND, and the high-current return of the ex-
ternal MOSFETs should return separately to the negative side of

.

the motor supply filtering capacitor. This minimizes the effect
of switching noise on the A4915.

The exposed thermal pad should be connected to GND.

Minimize stray inductance by using short, wide copper traces
at the drain and source terminals of all power MOSFETs. This
includes motor lead connections, the input power bus, and the
common source of the low-side power MOSFETs. This mini-
mizes voltages induced by fast switching of large load currents.

Consider the use of small (100 nF) ceramic decoupling capaci-
tors across the source and drain of the power MOSFETSs, to limit
fast transient voltage spikes caused by inductance in the traces.

Keep the gate discharge return connections Sx and LSS as short
as possible. Any inductance on these traces causes negative
transitions on the corresponding A4915 terminals, which may
exceed the Absolute Maximum Ratings. If this is likely, con-
sider the use of clamping diodes to limit the negative excursion
on these terminals with respect to GND.

Supply decoupling for VBB, VREG, and VDD should be con-
nected independently, close to the GND terminal. The decou-
pling capacitors should also be connected as close as possible to
the relevant supply terminal.

Gate charge drive paths and gate discharge return paths may
carry large transient current pulses. Therefore the traces from
GHx, GLx, Sx (x =A, B, or C) and LSS should be as short as
possible to reduce the inductance of the trace.

Provide an independent connection from LSS to the common
point of the power bridge. This can be the negative side of the
motor supply filtering capacitor or one end of a sense resistor. It
is not recommended to connect LSS directly to the GND termi-
nal, as this may increase the noise at the digital inputs.
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3-Phase MOSFET Driver
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Figure 3: Typical Application Information for ET Package
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3-Phase MOSFET Driver
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A4915 3-Phase MOSFET Driver

Input / Output Structures

VBB VDD VREG FAULT cP1 cP2 VDD

BRAKE 2kQ
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Figure 5: Supplies Figure 6: Figure 7: Charge Pump Figure 8: Logic Inputs with Pull-down:
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Figure 9: Hall inputs with pull-up: = Figure 10: Gate Drive Outputs Figure 11: Speed Input
HA, HB, HC
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A4915 3-Phase MOSFET Driver

Package ET, 28-Pin QFN
with Exposed Thermal Pad
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-| 315 Exposed thermal pad (reference only, terminal #1
identifier appearance at supplier discretion)

- $ \i & Reference land pattern layout (reference IPC7351
YAANNNN QFN50P500X500X100-29V1M);
All pads a minimum of 0.20 mm from all adjacent pads; adjust as
necessary to meet application process requirements and PCB layout
3.15 tolerances; when mounting on a multilayer PCB, thermal vias at the
exposed thermal pad land can improve thermal dissipation (reference
EIA/JEDEC Standard JESD51-5)

A Coplanarity includes exposed thermal pad and terminals
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A4915

3-Phase MOSFET Driver
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Package LP, 28-Pin TSSOP
with Exposed Thermal Pad
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ATerminal #1 mark area
& Exposed thermal pad (bottom surface)
A Reference land pattern layout (reference IPC7351
SOP65P640X120-29CM);
All pads a minimum of 0.20 mm from all adjacent pads; adjust as
necessary to meet application process requirements and PCB layout
tolerances; when mounting on a multilayer PCB, thermal vias at the
exposed thermal pad land can improve thermal dissipation (reference
EIA/JEDEC Standard JESD51-5)
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A4915

3-Phase MOSFET Driver

Revision History

Revision Re\fi::igﬁnl;ate Description of Revision
1 April 1, 2013 Update EC table parameters
2 March 6, 2014 Update Absolute Maximum Ratings table and content on page 9
3 April 25, 2014 Revised Schematics on pp. 12 and 13
4 March 10, 2015 Changed Dead Time equation on page 9.
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