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Overview

* Integrated MOSFET drivers vs gate drivers

* Importance of thermals in motor driver systems
» Relationship between power and thermals

* RMS current vs peak current

 Final junction temperature

* Major sources of power loss

» Applying total power loss to thermal calculation

» Major mechanisms of thermal dissipation
— Ways to improve thermal dissipation

» Estimating thermal performance
— Example calculation
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Gate driver vs. integrated MOSFET drivers

« Gate driver: MOSFETS placed a3
outside the package IEn
« Integrated driver: MOSFETS ’ ] osFeTs .
placed within the IC it ] 2
5 e os e _
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Advantages Disadvantages [ within ICRRESSEES e S
« Less « More thermal = 2 T
: : : BLEE
expensive considerations -~ ;{Iji
« Smaller board <+ Limited power -
space capability
|NBapea ROVBIO SFE TS
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Importance of thermals

User-experience Device reliability
« High-heat » Hot device operation
accumulation affects leads to accelerated
usability wear and tear
 Heat leads to  Heat leads to
discomfort inconsistent
performance

| BEamEREE o

Power efficiency
» Decrease in battery
life

* Increased electrical
expense due to
energy loss

{0
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Introduction to power

 Power = energy/time

* Power losses release energy which
generates heat (thermal considerations)

» Heat results in thermal issues

» Power loss depends on features of the
device, commutation mode, physical

.y Current going through
characteristics etc. going g

sistive load

* Energy rate depends on electrical P=2*R
signals from current and voltage

P=V?/R
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lus calculation from I for trapezoidal vs FOC

« Current is constantly changing in a motor driver
application, so we use RMS current to approximate

this in power calculations

 RMS current is dependent upon commutation type

(trap, sine, FOC)

Motor Phase Current Waveform
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Irms(Foc) =

Ippak(Foo)

V2

IPEAK(FOC)
IRMS(FOC)

Trapezoidal

FOC
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Peak vs. RMS Current
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https://training.ti.com/zh-tw/peak-vs-rms-current

Factors determining the final junction temperature

The total combined
power loss of all
components inside the
driver and on the PCB

Power loss

Junction to air thermal

resistance
Ambient . Average temperature of
C the environment where
temperature

the device is being used

Semiconductor and IC Package Thermal Metrics Wi TEXAS INSTRUMENTS



https://www.ti.com/lit/an/spra953c/spra953c

Power loss sources

 In a motor driver application, some

power losses you may encounter are:

— MOSFET losses
« Conduction
 Switching
* Diode
— Active demagnetization
— Other losses

* Integrated regulator (LDOs and
Bucks)

« Standby
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Conduction losses

« MOSFET losses when the current is
conducting from drain to source through
the MOSFET's on state resistance, Ry ,, Drain

Current, |

J i
Commutation Type Gate

Res|stance, Ry on

TfapeZOida| IDCON =27 (IPK(trap))2 * Rds, on(TA)*

Source

FOC Pcon=3" (IRMS(FOC))2 * Rys, on(Ta)
*TA: ambient
temperature
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Switching losses

 The loss associated with MOSFET
turn on and turn off slew rate.

« Switching losses are affected by the
PWM frequency.

T : Psw = lekarap) * Ve(rap) * tisestan
rapezoidal P P
fowm
FOC Psw = 3 * lrmsroc) * VekFoc) *

*
trise/fall fPWM

Vi

rise/fall

—_

v

pwm
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Body diode losses

« The power loss happening across the A ——
body diode of the MOSFET.

» Typically occurring during coasting
and deadtime

Trapezoidal Piode = 2 * lpkirap) * Ve(diode)”
toeaomive * frwm

FOC I:)diode =6 IRMS(FSC) * VF(diode)* tDEADT||V|E
tDEADTIME 1:PWM
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Active demagnetization

» This is a special consideration for
trapezoidal commutation

» The benefit of this technique is to
reduce diode losses by redirecting the
current through the active channel of
the MOSFET instead of the diode

{Ta Digital)

{Ta Digital)
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Active demagnetization equations -

i Epnasepk) = Ke_pn X fote
Feature Equat|0n phase(pk) = Ke pncpiey X fer
Ke pn(pky = Phase BEMF constant (V/Hz)

P = 6 * (l) * (I )2 * R » EB (Or EphaSE) [V]A fete = Electrical frequency (Hz)
Enabled AET 3 PK(trap) ds, on(TA)

N~ Eo'ase:p%

*
tcomm 1:ele

Disabled Paiode =6 * 0.5 * Ip(trap) * Vediode)” fete”

tcomm
Back - EMF Eg = K¢ * fae *Note:
K. = motor Back — EMF constant (D/S)
— * * * e
e teomm = lekrap) * 3 ™ Limotor/ (VM + (2 Eg)) *  Fge = motor electrical frequency (D/S)
Delta Leomm = IPK(trap) * Linotor/ (VM + Eg) * Limowr = motor inductance (D/S)
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Integrated regulators

Linear-dropout regulator (LDO) Buck regulator
» Lower efficiency » Higher efficiency
« Low current output capability » Higher current output capability

Ploo = (VM - Vaop) * lavop: If power sequencing = off

PLoo = (Vek - Vavop) * lavops if power sequencing = on *certain devices offer a feature
called power sequencing in which
the LDO input volt comes from VBK

Buck Pgc = 0.1 * VBK * IBK (assuming ngx = 90%) rather than VM to decrease the
power losses

LDO*
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Standby power loss

» Power consumed by the device in IDLE mode

Standby Power F)Standby =VM* IVM_TA m:F i

i
e |
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Applying power loss to thermal calculation

« Combine total power loss of the system
within the integrated MOSFET driver
package

 Reference the 0,, of the driver package o o o
IA ) J [TJ[ C] =|PLossIWI [ 6;4[°C/W] + T4 C]]

in the thermal equation to calculate the
final junction temperature

Total power loss I:)Loss; = I:)CON + I:)SW-" I:)diode + I:)LDO + I:)BK + I:)Standby
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Improving thermal performance
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Improving thermal performance

Improving layout
» Wide copper pours
« Stitching vias
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https://www.ti.com/lit/an/slva959b/slva959b

Improving thermal performance

. . PowerPAD™
Encapsulated Material Die Bond Wira Pad-o-Board

Solder Area

PCB specifications
* More layers
» Thicker layers

» Larger board area el Copper Plaes Theams Vi A

Orientation

Overlay

Signal Copper

Dielectric Prepreg

Signal Copper y Not Allowed
Dielectric Core

Signal Copper ‘ Not Allowed
Dielectric Prepreg FR-4
Signal Copper Bottom

der I rfa Solder Re

om Over... Overlay

High
Temperatung
‘
A ERL
Temparature
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Estimating thermal performance

* Integrated MOSFET thermal calculator
— Pre-built equations
— Device specific
— Enter your own test condition values for better accuracy
— For devices such as: DRV8316, MCT8316, MCF8316, DRV8311

|||||||||||||||||
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- E I _ppakroc)

us RMS(FI -

G0 S(FoC) vz
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B Specification Ipeakiroc)
B A i SCii Nl TP
4 "
Top/Bottom Layers Cu Thickness (if PCB mare than 2 layers, internal 2 oz
PCB Area 16 om? / v \
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Example calculation

Input Output

Processing

» Total losses
(Thermal calculator)

« Junction temperature

» Electrical parameters
« PCB specifications

DRV8316 Field-Oriented Control (FOC) Thermal Calculator Directions - Fill in
Electrical Parameters L
DC Input Voltage [Vy,] ; HI LO
Motor Winding RMS Current [l pmgroq) 82.1 26.2
PWM Modulation
PWM Frequency [f..]

Estimated Results Value Unit
Total Losses w -
Junction Temperature 83.93 C —_—

PCB Layers
Top/Bottom Layers Cu Thickness (if PCB more than 2 layers,

PCB Area
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For more information

* Motor drives website: ti.com/motordrivers

e Excel calculator: ti.com/lit/zip/slvrbi8
 Thermal considerations for PCB: ti.com/lit/an/slva938a/slva938a.pdf

» Delay and dead time: ti.com/lit/an/slvaf84/slvaf84.pdf
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https://www.ti.com/motor-drivers/overview.html
https://www.ti.com/lit/zip/slvrbi8
https://www.ti.com/lit/an/slva938a/slva938a.pdf
https://www.ti.com/lit/an/slvaf84/slvaf84.pdf

