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What will | get out of this session?

Purpose: Part numbers mentioned:
— Gatedriver Fundamentals - Ucc2r2s2
— UCC27710
— Common issues, solutions and — UCC27284-Q1
design practices on: — UCC27201
_ — UCC27524
1. Bias/bootstrap supply
2. Open functional pins or Relevant applications:
conne.c_t with Hi-Z _ Motor drive
3. Parasitics — Switch mode power supplies
4. dv/dt noise — Solar inverters

5. Variance
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Where are gate drivers used?

Li-ion battery Adaptors and
portables chargers Server/telecom/UPS

Electric vehicles
class D audio

®T
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Fundamental Component in Power Electronics

Switch-Mode

Input (Vin, Iy Piy) =3 Power Converter

——2  Output (Vour lour, Pour)

AC-DC (or) DC-DC (or) DC-AC

Power Switches control flow of current in power MOSFET C|GD o i D

electronic circuits by operating in 2 states (ON/OFF)

- ¢ ON  OFF
/ MOSFET @ G8T I3
_ A :

GATE (G) terminal controls ON/OFF status of switch

Si > GaNand SiC

To turn ON: Apply a positive voltage, VGS > Threshold level
To turn OFF: VGS < Threshold level
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#1 What Is wrong with VCC?

Bias supply
[ ””’”""D‘?’g”‘”’""“ 48V Battery Causes 1

- Low capacitance on V¢

— Capacitor placement/layout
- Biased capacitance (C vs. V)
- Temperature (C vs. temp)

- Capacitance aging

PO Consequences ST E
¥ Driver malfunction VCC el
X UVLO tripping O T | T
X EMI noise i |
X X R W AT

@E 5.00vV |ch4[ 5.00V

A ma a1
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#1 VCC bias capacitor considerations

* Increase VCC bias capacitor
* Rule of Thumb: Cycc = 10 X Cpoot
» Place the VCC bhias capacitor very close to the VCC pin of the driver

Sizing VCC bypass capacitor
O AVyg = Vee- Vor - Vsl

0 Cgoot = Qrotar / AVip
D CBias >> CBoot

Q High freq. filter capacitor
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What is wrong with HO waveform? Bias supply

1

R \ mae Causes:
Bootstrap Diode -
capacitance
V”D G - Low Ry .
— H| HO MW - - LOW FSW
— 1T s - Large D 0
T .
Vs 0 M— Consequences
g X Hot MOSFET
HO

X Output ripple

Drskew
000ns

X HO drooping /
Bootstrap leakage
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#2 bootstrap capacitor considerations

* Increase Choot
* Increase Rgs
* Place the boot capacitor very close to the HB-HS pins of the driver

Sizing bootstrap capacitor

*  Cgoot= Qrota/ AVip

*  Qrota = Qg * (lgs X Dmax/Fsw) * (Ius/Fsw)
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#2 What Is wrong with switch node waveform?
Bias supply

Design guidelines
* Reduce Rgo X HS waveform — inconsistent HS signal

* Minimum top switch ONtime X Very short LO duty cycle — partially charged Cg,
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#3 Is this waveform normal? Bias supply

Vmax ————— \ V
B Bootstrap Diode \ =
—— A—P—
|
|
VDD HB
| = HI H Wy C
<
—1, T 3
HS M ¥
J- —_— \ —
- -‘- N
VSS

Design guidelines

* |Increasebootresistor

* Increaseboot capacitor

LU A5G+

Noise and overcharglng of HB

200V MI100ms A Ch2 \\ -2.80V
Ch3 10,0V 1

X HS neg. ringing - overcharging the boot cap

X IEIaBSt HS slew rate = noise and oscillation on
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vee
INA —
PWM-AF—AAA 1

PWM-8 —AAN—]
uc

Analog
I

—Cin

DISABLE

O N =
Digital J R
RDIS

SW

DS
5 [
z
ot
!ﬂ
L]

High side boot supply is ready

Driver IC is enabled
PWM input HI&LI are ready
The low side LO is good

Bias supply
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#4 Why is there NO gate driver output’? - Plassupply

M 1.60ms

» High side boot supply is ready

= DriverIC is enabled
» PWM input HI&LI are ready

» The low side LO is good

0ol _C467
Zoom Factor; 160 X

X There is NO high side output

VDD_ON

O UVLO delay: 5us to 100us depends
on the driver
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Design guidelines

 Turn-onlow sideto pre-
charge boot capacitor
« SynchronizeHland LI

INA
(High side)

INB
(Low side)

Bias supply

100us~500us

VDDB!{

/ UVLO VDDA

Synchronization LI and HI after bias supplies are both ready
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#5 What is wrong with the waveform? PinwiHi-2

VBUS

UEC212|20 Tk =~ £
| L
veol I — . .
1 A : i | W
— pC . ‘S‘_{ }_‘_S o
: Sl V]
& 1
L |- ‘
GND— il : w-i

v Normal input
20N ) @ 00V @ sooa )

Design guidelines:

 Input filter to improve overall system performance

» Decrease loop inductance in PCB layout

Copyright @ 2018, Texas Instrumenis Incorporated GND™—
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#6 What causes glitches in PSFB at full load?

Pin w/Hi-Z
l_;_ l_;_ ® O

r Y r Y

Vas

L
T

S (7400 2501
o O @ =ov 2 1M

X Voltage waveform “VAB” has intermittent failure and glitches
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#6 What causes glitches in PSFB at full load?

| @E 5.00vV_ ch4[ 2.00V

Z/1.00us| A Chi

X Output Ais being delayed by 1.2us (which should be <50ns)

Pin w/Hi-Z

7 4.00ps 250N
M p
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Root cause Pin w/ Hi-Z

—
< |aavemii [ [
- 1wl L
01 2 . : -
=S ot Design guidelines
1 8 outa z in i I I
. ne [ — - ] » DT pin is left open and noise is
¢ A veel (i Mli o Py COUpIEd into the driver
W oos  DisasLE P T T — T S i For dead time Sett|ng, bypaSS with
1 . . me ........................................... 222nF C|OSG tO DT p|n
1] o oe P DT(inns)= 10xRDT (inkQ)

For overlapping or no DT, tie DT pin to
T VCCI

}——1

d Do NOT leave functional pins open
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Parasitics In gate driver sub-system Parasitics

SW-Node

Driver

PWM
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#7 What Is wrong when HO turns off? Parasitics

Bootstrap Diode

VDD

HB

HI HO

LI HS

VSS

LO

High voltage and IGBT applications X High dv/dt and dl/dt causes D-G

Series gate and gate to source resistor capacitor to charge and develop voltage
Driver with Miller clamp

X Voltage may be higher than Vg

Wi» TEXAS INSTRUMENTS



#8 Why IS the gate drlve waveform oscillating?

Diode reverse

| recovery Parasitics
I : -
I
I
|V e ~
I
” \\ X Increase turn-on loss
R ”
Vbs 100V/div ! X Higher di/dt, EMI
Iy oS | Vas Turn-onw/ J
204/ div | Qrr .
R 1 v X Device overshoot
I VTH.{ >
80ns /div | R : ; :
J} | Vos X Gate drive oscillation
® g;—'lq' | | X (over/under shoot)
_COD:: —> I I ID pk"""","‘ \
25 SW=—""—0 - ; / Qrr
T2 .4 AR
T q} Parasitic u /
A I \ >
diode bbbty B4
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#8 Why IS the gate drive waveform oscillating?

Parasitics
« Slow down body diode reverse recovery
 FET with robust and low Qg body diode
« Soft switching - ZVS

Ferrite

Driver IC

H-bridge

Parasitic
diode

gate dri
B
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Minimize high current gate drive loops

Turn Off Vi

'O - .

Input HB
UL} | | ke
* Q1| [l 0 Tow
~ ~o
R .'1 Vv LO i
| L
er Stage ,‘ 2 di

W ! COM

Cl - Driver IC GND

Gate driver outputs carry high currents and therefore minimize the output loop
If totem pole bufferis used, then place it as close to the power MOSFET as

possible
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Examples

GOOD
RBOOT

DBOOT

LI

HI
= upD

L  GND,COM
CUDD

DD L &

GND-COM

EQHIJ D['-_:"I] UCcC27712

cHr oL 3 o HO
0 HS
00 LO

FET Source

» Bypasscapacitor needsto be as close to gate driver IC as possible

u Vcc, VDD’ inputfilter, DT, EN, DIS

» Value and package of the capacitor do matter
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dv/dt

#9 What is wrong with my HO output?

« Case 1: output is shorter
than input

HI (5V/div),

BW=1GHzZ [ rawessiniim—

HO (10V/div),
BW=200MHz

¥ HO 80ns glitches at Hi=high
* Double pulse on HI
* Ll pulled downw/ 4.7kQ

Missing
pulse

. (5A/div)
(BW=120MHz)

){2.00us | |"'2.50c.srs

i 19.20 % 20M pointg
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#9 What is wrong with my HO output? dv/dt

« Case 2: output is longer

than input HI (5V/div),
BW=1GHz

HO (10V/div),

X HO stretched for 4us more BW=250MHz iz

» Double pulse on HI
* Ll pulled downw/ 4.7kQ

L (5Adiv)

(@ 5.00v @ 100V
(BW=120MHz) |

T vawe  Men  Min Max  StdDev | 2.00us H"E.SOGS{S | ‘ (1]
Low resolution U 10.90% 20M points J{
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#9 What Is wrong with my output?

« Case 3: output on and off

intermittent while HI is ON HI (5V/div),
BW=250MHz

X HO turns off intermittent

Double pulse on HI
LI pulled downw/ 4.7kQ

HS (40V/div),
BW=500MHz

I, (5A/div)
(BW=120MHz)
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The switc dvrdt

N w\rI‘M\w/\\,nIJ;ﬁguEAﬁ.umf“lvf‘bm_ ~ Slow down reverserecovery
| FET w/low Qgg B-diode
Soft switching - ZVS

Driver IC

Rl
/

SW
(500MHz)

L L |
B 5.0Vidiv By:250M m n’,BWTH |ﬂ'—'jzzv
@ 40.0v/div By:500M «» 224V L 2 T
7D 5.0V/div 1MQ By:20.0M T A 200V ] C M T I=
7D 1.0Vidiv 500 By:500M Caviat | ™ | -285. 7147 ‘

- =
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dv/dt

Layout: ground plane and switch node (SW)

Minimize or avoid overlapping switch node plane and ground plane

Could create issues when switching frequencies are high
As HS slew rates are high, overlap of ground plane and switch node plane might inject

noise in other circuits on the board
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#10 Would this waveform create any system

problems? Variance
| |
0.45 i i i 36 T
_J 2.00v/ _| 2.00v/ _] 200v/ 5 -18928 20008/ fmik % 040 o=l =100mA L Vo = Vi =12V l
> 035 $
VDD=VHB =16V
2 | . 30
g 03 | e 2 /'
Vmax . > VDD=VHB =12V >( > 2 7
g '8 — //) 3 2 A
/,/‘/R‘- Z i VDD=VHB =8V \/ ) * : N
{ [e) . o = [ -
=T B~ M
/ S o5 = /r/:jr/ é z 'TDLRR\ y
v 4 /ﬁﬁ \ & 2 | i"»/
) 9 o010 g’ B
f ¥ *
. 18 ) .
| 0.05 g TDHFF
/ VDD =VHB=20V 16 d
S S S I g\ 0.0 L 1| | TR
—— . ’ |
—T T 50 25 0 25 50 75 100 125 150 "
T, Temperature - 50 25 0 25 50 75 100 125 150
- .

= T, - Temperature - °C

X HO/LO might cross conduct
X Shoot-through current
X Excessive power dissipation

Account for propagation delay and delay matching
variation across temperature/voltage

o Account for drive strength variation across
X False overcurrent tripping temperature/bias voltage
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Summary

Various issues encountered while designing switch-mode power supplies were
discussedfrom the gate driver IC point of view and their resolutions were clearly
identified

Proper bypassing of the gate driver IC (as with many other ICs) is extremely
critical to its performance

When gate driver IC is used in half-bridge configuration, switch node slew rate
plays an important role in the performance of the gate driver IC

PCB layout plays important role in satisfactory performance of the gate driver IC
and thus the whole system
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