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Power Semiconductor Families
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Vertical MOSFET Cross Sections & Symbol
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IGBT Cross Section, Equivalent Circuit & Output Characteristics

Collector
Drift region ‘jj

Emitter

Epitaxial
drift region
N

~+ k__l

P-f—

él Collector

4 PUBLIC

Gate

O—ll—
-+
l_

Parasitic
Transistor

Vae-Va=? v

6V

SV

4V

v

Collector current [arbatrary unit)
12 L X

TV

Collector-Emitter voltage [V]

Body region
Emitter



Effect of IGBT Technology Trends
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Figure from: “Fuji IGBT Modules Application Manual”
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IGBT and MOSFET Comparison Summary
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- IGBTs and MOSFETSs are “isolated gate” controlled and behave similarly.

- IGBT uses minority (vs. majority) carriers to conduct current

- Stored charge creates turn off tail (and losses)

- IGBT switching behavior changes with junction temperature

- Minority carriers improve (increase) current density

- IGBT is more prone to latch-up due to 4 layer structure; may have additional SOA

restrictions

- gfs (gain) is higher, increasing short circuit current for a given gate voltage

- Power density is greater during a short circuit fault

- Isolated gate allows predicting gate drive power

- IGBTs lack an integrated body diode — except for new “reverse conduction” IGBTs
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Key IGBT Characteristics Curves and Specifications

- Output characteristics

- Transfer (or transconductance) characteristics

- Gate charge characteristics

- Safe Operating Area curves

- Package inductance, especially “common emitter inductance”
- Switching losses vs. gate resistance

- Diode on-voltage and reverse recovery characteristics
- Internal gate resistance
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IGBT Output Characteristics Curves
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Collector current vs. Collector-Emitter voltage (typ.)
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IGBT Transfer Characteristics Curves
(estimated from outputs characteristics curves)
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IGBT Gate Charge Curves
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Emitter voltage: Vce [200V/div]

Collector
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20 800
>
S
o, 15 , 600—,
é Vae
g L Vg turn-on
2 10 - 400 headroom
S A )
o \ (\
=
E 5 N 200
. Ver V,. plateau voltage
- at a given |,
O 0 S N R S 0
0 250 500 750 1000 ,
Ve during
Gate charge: Qg [nC] switcb\img

Figure from: “Fuji IGBT Modules Application Manual”
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IGBT Gate Charge Curves (cont)
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Emitter voltage: Vce [200V/div]
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Dynamic gate charge (typ.)
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Figure from: “Fuji IGBT Modules Application Manual”
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Input and Output Capacitances

Capacitance vs. Collector-Emitter voltage (typ.)
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Input and Output Capacitances

Capacitance vs. Collector-Emitter voltage (typ.)
Vee=0V, f= 1IMHz, Tj=25°C
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Safe Operating Areas
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Collector current: Ic [A]

Reverse bias safe operating area (max.)
+Vee=15V,-VcE <= 15V, Rc >=1.6Q ,Tj <= 125°C
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Figure from: “Fuji IGBT Modules Application Manual”

Short Circuit SOA (SCSOA)
or a single pulse energy
specification may also be
provided.
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IGBT Module Inductances

- Inductance specifications vary widely

- Emitter & collector inductances greatly affect
switching behavior and peak V., at the terminals
and the die.

- “Common emitter inductance” greatly affects
switching speed

- Gate inductances create noise and degrade &
complicate gate-emitter monitoring and control

- Inductances vary from die-to-die for paralleled

die
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Effect of “Common Emitter Inductance”

- L, conducts gate current and collector current

- Induced V. polarity detracts from the desire change Iin Ve,

VLe: Le * AIC/ At
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slowing turn on and turn off

Forexample:1nH*1A/ns—> 1V
Target di/dt may be >5 A/ ns

h

P



Advances in D2PAK Internal Wirebonding

- Efforts to maximize source current capacity also tend to minimize source inductance

- The same practices are applicable to PCB layout, i.e., you should minimize common source/emitter
inductance

Multiple source wirebonds Topside copper clip
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Half Bridge Connection to Motor
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#1 Assume Q2 is on at t.
Then, at Q2 turn-off, its
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Half Bridge Connection to Motor (cont)
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#1 Assume Q2 is on at t.
Then, at Q2 turn-off, its
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Turn on at Cold Temperature (Tested at Fuji)
T\car = “40°C, 450V/800A

Rgon/off
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Key Requirements of an Ideal Gate Drive IC

- Most gate drive IC features affect multiple system requirements

Minimize

o Minimize noise
switching losses

Reduce Protect IGBT

System Cost

Diagnose/Manage/Report
faults occurring in
IGBT/GDIC/Controller
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Primary Considerations
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#1 — Minimizing system cost, where possible, but especially IGBT’s cost

The focus is on reducing cost of the highest cost system components, if at all possible. Since the GD3100 controls the (expensive)
IGBT, there are several ways it can reduce the IGBT’s cost. Having high speed protection for the emerging generation of IGBTs is
especially important. The GD3100 also affects complexity of the required safing circuitry, overall inverter efficiency, gate drive power
supply components, PCB area, heat generated in the IGBTSs, etc. All these contribute to system cost.

#2 — Meet ISO 26262 ASIL-D safety metrics

This is an emerging standard that will likely be required by most systems. Compliance enhances the IC even when ISO 26262 is not
required.

#3 — Minimize required PCB area

As the IGBT modules size decreases and the diagnostic and safety requirements increase, the gate drive board area allotted to the
drive circuit is reduced.

#4 - Minimize power dissipation on the gate drive board PCB

#5 — Design Flexibility and Reuse

In order to reduce engineering costs, the GD3100 was designed to be compatible with IGBTs that have (or do not have) a current
sense pin, a collector voltage sense pin, on-die temperature sensing, etc. The GD3100 is has extensive programmability of the
protection and diagnostics features.

\r
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Minimizing System Cost

- To minimize the cost of the IGBT module, the IGBT die size and the IGBT module size must be reduced.
Consequently, current density in the IGBT die increases with each new generation. Transconductance of
the newer IGBTs is also increasing. This increases fault current magnitude, further increasing SOA stress
during a short circuit fault. This mandates that the gate drive’s short circuit protection be improved with
each new generation to allow the use of the new IGBT die technology. The GD3100 monitors the
ISENSE pin of current sense IGBTSs to improve the SC response. Two Level Turn Off is used to reduce
V. during a fault and thereby reduce peak fault current. Soft shutdown can be used to gently turn off the
gate once the fault is validated.

- Monitoring the IGBT’s die temperature provides a more accurate sensing than using a temperature sensor
in the coolant or on the IGBT’s baseplate. The more accurate temperature reading may allow safely
extending the inverter power output during high power or high temperature conditions.

- Integrating the gate driver transistors not only saves component cost and PCB area, it also provides direct
and independent control of the charging and discharging paths. Protection delay times are minimized; the
gate voltage is more closely monitored. Rail-to-rail control more accurately determines the on-state
voltage, and the off state voltage is pulled to the negative supply (and not a diode drop above it).

h
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Minimizing System Cost (cont.)

- VCCREG post regulator minimizes the variation of on-state gate voltage. This also minimizes the peak collector current during a short
circuit (for each 1 V increase in the gate voltage, the short circuit fault current can be hundreds of amperes greater).

- Active Miller Clamp feature minimizes system cost in several ways. It improves the IGBT’s immunity to dv/dt induced turn on. A
dedicated AMC pin (with no external series resistance to the IGBT gate) often allows designers to omit the negative gate drive supply
that is otherwise often needed. Omitting the supply saves PCB area and eliminates a few components, but more importantly it saves
the gate drive losses associated with a negative supply. The extra gate power is about 30% when a negative supply is used. This
increases heat on the gate drive board and requires a larger gate drive power supply.

- The AMUXIN pin, working with the AOUT pin, provides a duty cycle encoded signal representing the IGBT temperature, the gate
supply voltage, or the voltage at the AMUXIN pin. These features can eliminate the component cost and board area otherwise need to
provide feedback from the HV domain.

- The failsafe pins, FSENB and FSSTATE integrate some of the failsafe control circuitry.
- The PWMALT pin integrates protection circuitry otherwise required for deadtime enforcement and cross conduction protection.

- The CLAMP pin reduces the size and cost of the collector-to-gate zener (if used). It also reduces the variation of the clamp voltage
and thereby reduces the peak voltage at the IGBT’s collector. Again, this affects an IGBT feature: maximum voltage rating.

h
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|ISO 26262 Features
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ISO 26262 is an emerging standard that will likely be required in most systems. Compliance enhances the IC even when ISO 26262 is not required.

Features included for compliance:

FSENB and FSSTATE pins to interface with Safing Logic (Torque Security)
HV domain failsafe input

Safe SPI Configuration Mode

Framing error detection and 8-bit CRC to ensure error free SPI communications
Ability to read all programmed SPI registers

All key safety functions tested on demand

BIST (analog and logic) checks on demand

IGBT on/off state validation

Integrated deadtime enforcement via the PWMALT pin

Continuous monitoring of die to die communications link

Continuous monitoring of power supplies

Monitoring CRC of programmed registers

Uninterrupted gate control during power up/down

Rapid short circuit shutdown to minimize IGBT stress

Input logic pins tolerant to 18 V

Redundant LV & HV grounds and VEE pins

Design and documentation process meets 1SO26262 requirements

PUBLIC

h

P



Minimize Required PCB area

Reducing the PCB area needed for the gate drive IC is mandatory due to decreasing IGBT module dimensions.

The GD3100 reduces the required area by:
Eliminating the requirement for the negative gate drive supply
Integrating the Galvanic isolation
Integrating the gate drive transistors
Integrating the deadtime enforcement, cross conduction protection, and failsafe logic

Post regulating the gate power supply. This feature allows combining power supply outputs onto fewer transformer cores (the post
regulator can reduce the output-to-output voltage variation. This not only reduces PCB area, it reduces the number of components

that span the galvanic isolation barrier.

If the ISENSE pin is available, the need for Vce active clamping is reduced (because the peak fault current can be lower). Eliminating
the active clamping zeners and associated diodes saves significant area and cost.

h
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Minimize power dissipation on the gate drive board PCB

The primary source of power dissipation on the gate drive board is associated with
charging/discharging the IGBT’s gate and the power supplies providing the power.

- Because the GD3100 can help eliminate/reduce the negative gate drive voltage,
the gate drive losses can be reduced. The lower power requirement reduces the
size of the gate drive power supplies.

h
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Design Flexibility and Reuse

- The type/generation/size/pinout/features of IGBTs varies widely. Often the response of the gate drive

must be tuned to optimize performance of a given IGBT. Having a flexible and configurable gate driver
allows optimizing IGBT performance, regardless of the IGBT chosen.

- LV domain can be powered by VBATT or a 5V supply. The power supply architecture may change with

the safing strategy (how or if the GD3100 is powered during a loss of battery, for example.

- Use of the HV domain post regulator is optional

- The GD3100 has the features needed to control IGBTs with or without an ISENSE pin.

- PMW deadtime, operating modes and fault masks, Vce desaturation thresholds and filter times, Ic short

29

circuit and over current thresholds and filter times, VCC under voltage threshold, IGBT over temperature
and over temperature warning thresholds, two level turn off voltage, soft shut down current, etc. are
programmable.

- The GD3100 is compatible with failsafe management from the LV or HV domain.
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Differentiation:

R

“ 7N -,

D3100 Overview

Advanced gate driver for high voltage power IGBTs with integrated high voltage isolator. New current sense features

minimize short circuit stress & reduce IGBT die size.

SPI interface for ASIL D monitor and reporting, device programmability and flexibility

Fast short circuit protection via direct feedback through i-sense IGBTs

High speed over current protection with soft shutdown

Integrated temperature sense for system warning and ultimately soft shutdown for system
protection

Integrated galvanic signal isolation between the low-voltage drive electronics and the high-
voltage power electronics in single package to reduce PCB area

Features:

Integrated high voltage electrical isolation between the low-voltage drive electronics and the
high-voltage power electronics in a single package; for bidirectional signal transmission
Compliant with ASIL D functional safety requirements (ISO 26262).

SPI for configurability and for providing detailed fault & status data for integrated protection
and programmability

High speed over current protection with soft shutdown

Isolated AMUX for monitoring key circuit voltages and currents

Gate-emitter clamp eliminates the need for negative gate supply voltage

Integrated gate drive power stage capable of 10A source and sink

Compatible with 200V to 1700V IGBTSs, power range >125kW

S 7
32-Pin
el sOlCWB PART # SAMPLES | RELEASE
MC33HB3100EK  SOICWB32 NOW Q118
(Pass 0.3)
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Block diagram and pinout
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High Voltage Inverter Schematic
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Power Supply Architecture
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Features Related to Power Supply Architecture
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— M P—-{] MISO AMUXIN [}-o
FS6500 5V Mo E SCLK GH J—ARG/\H/\ﬁ
INTHOF M1 INTB AMC J——
PWMH M NM——TP P —1{] PWM VEE
ox P ——{ PWMALT GL )
,,,,,,,,,,,,,, TIMER_INHOF""T—T""P"T""—1 AOUT VEE
o ! "1—Nc13 ISENSE
bl Lo vce_LU L[] FSSTATE DESAT
} I L } 2 N N2 N2 N2 2 N [ FSENB CLAMP
| | ! MPC5744P, I GND1 GND2[] i
| | 10 GND2_LU MPC5777C ' GND2_ HU
[}
: | : VCC_LV ' vcC_LU PHASEU
| 1 . VSUP
S | Flexible supply o~ [{vsup @ozh < oono2
2|l e eNbe by VDD, [ivop TSENSEA [0 T VWA
i I : VCC_LW csB M- p——{] CSB FSISO [}o AN — P
.l 1 1|—] eND1 vce %PH
.l ! MOSI v MOSI VCCREG [} }T
r o GND2_LW MISO N L——[MIsO AMUXIN A= o .
} ! SCLK ——{] SCLK GH \Ar = TSENSEA |
I — ] INTB AMC : TSENSERT T |
Single flyback powers all 3 Temp Sense [ PWM VEE :
low side gate drives. - 45 PWMALT GL |
High side supplies are TIMER_INL [ AouT VEE SR
similarly created. “Hr: IT;:'?'ATE 'E‘;‘;ii
These are powered by GND1 L L
VBATT or the backup . . (I FSENB CLAMP
power Supp|y when HS/LS Fallsafe pInS rq GND1 GND2 oc Lik

' GND2_LU
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Reduces or eliminates
negative gate supply
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negative gate supply
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Gate Voltage During Commutation

C +dv/dt generated between C
« and E causes charging current
\/ Cres ‘*-.,_: e tol {ﬂgw through C,
G
O -VGE

Principles of dv/dt malfunctioning

dV/dt VCE

- VGE
-Rg X igg

Waveforms during reverse recovery

AMC pin's ability to clamp gate-to-VEE
helps reduce E,, losses and negative gate

supply voltage.

38 PUBLIC Figure from: “Fuji IGBT Modules Application Manual”
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Non-Faulted Turn-off

DC Link =400 V, I, =400 A, R4 = 0.6 Q (internal IGBT R, ~ 0.5 Q)

v

2 Vidiv] ; |

"LSIGBT I,
' [100 A/div]

(@ 5.00v ® 100V € 100mv
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@ 118ns 192mv |
(] 93.0ns 324mv
A25.0ns A132mV

. LSV : .
~1oovdiv 0
500 V peak

I‘200ns . . EH2-SIIJIGSJ’SE || .EJ'. 140\/‘
ll+v 202.000ns M 10K points

19 May 2016

I__'FTIIT'III‘IQ Resolution: 2.00ns | ‘-'19
[12:30:10
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Turn on at Cold Temperature (Tested at Fuji)
T car = “40°C, 450V/800A

R

40
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gonioft = 7-4Q/1.2 Q, C,e= 0.015pF, VEE = 0V

Vge:10V/div
i
J’/'""‘N_-.,/ ;"
oV Vekld0Ovidiv
Vce:rlOOV/div----»~--------5{-}Jf'"\:«vwv— -
1 Ice: 200A/div
*..- S RN \‘/VW\/\/\AW —
| 200ns/div




Turn on at Hot Temperature (Tested at Fuji)
T,ear = 175°C, 450V/800A

Ry

41

onioff = 7-4Q/1.2 Q, C .= 0.015puF, VEE = 0V

Vg: 10V/div

-

L

Ice: 200A/div

Vce: 100V/div

200ns/div
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Turn off at Cold Temperature (Tested at Fuji)

Ryonoft = 7-4Q/1.2 Q, C,.= 0.015pF, VEE = 0V

Vge: 10V/div

o

Vak: 100V/div

Ice: 200A/div

I LN\I{VV\MN

|

-~ Vce:100V/div

200ns/div
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Turn off at Hot Temperature (Tested at Fuji)
T,ear = 175°C, 450V/800A

Rgon,oﬁ =7.40/1.2Q, Cge: 0.015pF, VEE =0V
RS RE
e Vg: 10V/div
’ N vt ey i e Sl ettt P A e s N
Vce: 100V/div Ice: 200A/div
200ns/div
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Programmable Protection Features

PWM
deadtime

Operating
mode and
enabled
features

Maskable
faults
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Power

INTB/
VGEMON

2 Level Turn
off voltage,
time

vsup m Management 1
|
| Bandgap,
| References, |
il
VDD D U\gcs)c\I/L%?restc, :
| |
GND1 D—‘ !
2 pins) | |
(2 pins) | y !
: Logic Block 1 :
Config, DT Control, pwmMm |
NC2 $ Cross Conduction, :
FIt Management,
NC13 D Safing I]
| |
|
FSSTATE }—» Safing :
FSENB [ | Lodc |
| DATA_IN |
i |
— I
PWM l_'—_k Deadtime 4’—’]3§|
Control : |
Serial
PWMALT QH Serial :
: DATA_ouT
SCLK QH —
csB[ H—» RX }:
SPI |
MOSI EH |
! AMUXed !
MISO [ J¢—— ) |
, signals ,
| |
Duty Cycle |
AUTL F<H |
| INT !

Power 4—;!—E] VCC
Management 2 |
VCCHV, *‘ :
dgap,
RBe?:re%?;s, LB VCCREG
Oscillators T
UV/OVLO, etc. VREE
Il BV, 1%,
GND2 : 20 mA)
v |
A |
Y Gate Drive |
Lw(:k 2 Control I
Fault ) | LAMP
Management, | lq Agl';’r?“\)/ce '—m C
Conf. ' i
Registers, Desat | &—] | DESAT
fault registers,
Gate control . Charge and 4>E:| GH
logic, Discharge
ASIL test Control 4& GL
control 0
<< Active Miller
i Clamp | * I AMC
Serial T |
Comm - Current 4—[:] ISENSE
Sense |
|
|
|
| IGBT Temp |,
<+ Tsense =L TSENSEA
|
A ‘ :
Q FSISO
|
TEMP IGBT |
| AMUX & [«
|| 10t :ﬂ AMUXIN
- "ADC TEMP IC
«— VCC |

Faults and Vg,

monitoring

GND2
| (2 pins)

[]VEE

JI (2 pins)

Gate Supply
UV Shutdown
threshold

Desaturation
threshold &
current
source

SC & OC
thresholds
and filters

OTW & OTSD
thresholds

Use of
negative
supply
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Short Circuit Response
DC Link = 400 V (SCFILT = 400 ns, 2LTOV = 8.8V, lgsp = 400 MA)

-

e P

HS'IGBT =on

.100.V/div
560 V peak

. LS IGBT\ :

- Current \ ;
- [500 A/div-] \

. Ipeak~ ~1900 A

(@D 5.00V 100 V € soomv |‘400ns ‘ 2.50G575 H S 2.40 v‘
: W+~ 1.60000us [ 10k points
'D15-D0
| == Timing Resolution: 2.00ns | (16 May 2016 |
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GD3100 with M6+ IGBT (Tested at Fuji)

Short Circuit at 175°C, VPN = 450V
HS on; LS turned on

a7

PUBLIC

Vg:10V/div

Vce: 100V/div

Vsense: 1V/div

Ice: 1000A/div

2us/div
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Gate Charge Characterization

16

- Indicates turn-on and turn off m=16v/300nc |
energy dissipated by gate drive » Ces=206nC /"
resistances 7 |

- Indicates total gate drive power bl Q1 ) !

interval '

. . . . I |
Indicates input capacitance L , / |

. I 10 } L/ j
If Vc%wave_form Is shown, C_, 7. o
can be estimated /L > Q3 |

8 ; Q2 interval
/ interval
6

1/

Gate-emitter Voltage, Ve [V]

2 m=9.5V/600nC
Cies =63 nC
0
0 500 1000 1500 2000 2500 3000 3500

Gate charge, Qq4 [nC]
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Gate Charge Loss Comparison, Vg = OV vs. 8V

16

Lo_sses are 2.1X greater when y m=16V/3300nc
using a -8V negative gate Cies = 206 NC |
supply voltage. b ] '
Gate drive supplies must | / |
provide the extra power 10 / if |
. I I |
Gate drive board must s 8 a > mtg,f,m
. = I Q3 l
dissipate the extra power 2 | intorva
- 6 f
] m = 9.5V /600 nC / !
3 . Cies =63 nC !
> ;
E /! 465 mW @ 10 KHz
E 2 f
g |
O 0 t
o f] e
2 I interval - interval
A / !
4 7 524 mW @ 10 KHz
I
o1 / (989 mW total)
2
-8 :/ Vge(off)
-1500 °-1000 -500 0 500 1000 1500 2000 2500 3000 3500

Gate charge, Qq [nC]
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System Simplification & Savings

VS?LUP VDiD
Backup Power Isolaton + DC Link
N G 1 Ll —
: VCC_HU
VBATT2 —Pt— h 4 VSuP GND2 —0 GND2_HU
(opy por— MC33GD3100 \per -
9709 TSENSEA o
Redundant FSSTATEH FSISO [}-o
5V Supply FSSTATEL vce
FSENB ]]ﬂ VCCREG [}
AMUXIN [J-o
o - weh e _ Integrates a
Safely extends inverter [° s | 9 Iat
2X operating range WMALT oL [Py regulator
,,,,,,,,,,,, rrrerr~—rrerET ‘ AOUT VEE
B | - | ‘ NC13 ISENSE imi
O o vee_LU LWW FSSTATE DESAT Eliminates a gate
o €L g Fsene CLAMP drive transformer
1 | 1 MPC5744P, <f] eND1 GND2[1
i | ﬁ:—o GND2_LU MPC5777C ' GNDZ_HUL
| | ] .
[ o vee_ L ' vee_Lu PHASEU Integrates drive
2 - | VSUP GND2 ]—ﬁ%m GND2_LU —° stage
} I } NC2 MC33GD3100 VREF |3 }74”7 P
| Z - |
! w . - . VDD TSENSEA VAP
al | Simplifies deadtime - csB et Ty Elimi
Hl | oNDL veeh 1| ] Iminates
| == | control management | [~ J S < > )
ml : MOSI VCCREG Hﬁ% negative gate
r o GND2_ LW MISO [T —— MISO AMUXIN n
! ! N SCLKP M SCLK GH [3=—Aa— TSENSEA[ | | Supply
I I INTI — INTB AMC [} lTSENSEK I % I
Single flyback powers all 3 Provi IGBT <] PWM VEE L I
low side gate drives. des IG PWMALT GL RAN 4'—{ . : Reduces IGBT
High side supplies are temperature sense | ‘ f] Aout VEE[ = SOA stress
similarly created. K 4}] Nete ISENSE [+
These are powered by feedpaqk ‘ L EEEL/;TE (I?LEASICI_\;
VBATT or the backup u -
power supply when Simplifies safing FDGNDl 7 GNDZ"Hl 9 ‘ '
52  PUBLIC VBATTislost logic L : oND2_L Reduces size of 4 A

zener clamps
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Gate Drive Power Dissipation and Junction Temperature Calculator

- The calculator’s purpose is to provide a quick means to predict the magnitude of the losses in the gate drive circuit
and indicate where the losses appear.

- “User Input” cells are highlighted in yellow. System level values should be entered in the first worksheet.
- Only the losses of the gate drive circuit are estimated, not the IGBT losses.

- The workbook is set up for use with a specific IGBT. If another IGBT is used, its gate charge curve should be used to
adjust the gate voltage and gate charge values in the “input” section.

- If the VCCREG post regulator is not used, set VCCREG and VCC to the same value.

- Populate |,zge With its external load current, if any.

- If the temperature sense circuitry is used, set Die 2 Tempsense current = 1 mA.

- Worksheets for -5 and -8 V provide comparisons with systems using negative gate supplies.

- The estimates are based on gate charging and discharging and are therefore independent of actual switching speeds.

- “AMC Losses in the OFF State” estimates the AMC losses due to the opposing IGBT turning on and off, inducing
displacement current in the AMC transistor. The associated losses are based on the required C., charge and an
estimated rise/fall time. The formulae are shown in the final worksheet.

- Junction temperature is estimated based on board temperature or ambient temperature, using Ry,;.g Or Rij.a.

- Power dissipation per channel is estimated. This includes power in all gate resistors.

\r
4\
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GD3100 Power Budget Calculator

Calculator Inputs:

userinput:I

System Assumptions
VSuUP
VCC
VCCREG
Ve (off)
IVREF
PWM frequency
Roulkup (internal to IC)

Rpy_series (€Xternal discrete)
Rint_gate (internal to IGBT)
Rpp_series (€Xternal discrete)

Rpull-down (internal to IC)

IGBT Characteristics
Q1 (negative Vge)
Q2
Q3, Plateau Gate Charge
Q4 (to 15V)
Total Gate Charge
Plateau Voltage

Negative V,, Inflection

55  PUBLIC

14

17

15

I K| <<

10

KHz

0.5

3.0

0.5

1.0

0.5

ON RO RN FON o)

1100

700

1400

1000

4200

VGE(o

—

RPU_series

RPD_series

"

VGE(off)

n)
rjR

pull-up

Rpull-down

}7
—
}7

> VGE(off)

Ramc

IGBT Switch

RINT= RGl ” RGZ

Gate-emitter Voltage, V. [V]

16 /
14 m=16V /3300 nC /
Cuw =206 0C
12 ¢ /
10 }
8 | Q3 = Q4
Intecval ] interval
6 /
4
m»=95V/600nC
2 | C,, =63nC
0 ;
a1 / Qz
2 inerval Interval
A
4} /
//
-6 / 25C 450V, BOOA —
-8 . / V-”[.’l‘l I \
-1500 1000 -500 0 500 1000 1500 2000 2500 3000 3500

Gate charge, Q, [nC]
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GD3100 Power Budget Calculator

Gate Drive IC Q-current & Regulator Losses

Die 1

Die 1 General lygyp

Die 1 Logic Supply Losses
Die 2

Die 2 General lycc current
VCCREG Regulator Losses
VREF Losses

Die 2 Tempsense current
Die 2 Tsense Losses

Die2 Logic Supply Losses
IVEE

lyee Losses
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9.3

mA

130

mwW

13.2

mA

112

mwW

0

mwW

1

mA

17

mwW

224

mwW

mA

mwW

Charging/Discharging Losses

Q1 Interval
Q2 Interval
Q3 Interval
Q4 Interval

Total

QlInterval
Q2 Interval
Q3 Interval
Q4 Interval

Total

Turn-on (Charging) Losses Power per Resistor
Energy Power pull-up RPU_series Rint_gate RPD_series Rpull—down
22550|nJ 225.5\mW 28.2| 169.1 28.2 0.0 0.0|mwW
8400(nJ 84.0|mW 10.5 63.0 10.5 0.0 0.0|mwW
8400(nJ 84.0|mW 10.5 63.0 10.5 0.0 0.0|mwW
3000(nJ 30.0|mW 3.8 22.5 3.8 0.0 0.0|mwW
42350(nJ 423.5|mW 52.9| 317.6 52.9 0.0 0.0|mwW
Turn-off (Discharging) Losses Power per Resistor
Energy Power pull-up RPU_series Rint_gate RPD_series Rpull—down
2750|nJ 27.5|mW 0.0 0.0 6.9 13.8 6.9|mwW
7700(nJ 77.0|mW 0.0 0.0 19.3 38.5 19.3[mwW
23800|nJ 238.0|mwW 0.0 0.0 59.5| 119.0 59.5|mW
20000(|nJ 200.0{mw 0.0 0.0 50.0) 100.0 50.0|mW
54250|nJ 542.5[mW 0.0 0.0 135.6] 271.3 135.6|mW
Total Charging/Discharging Losses
96600/n) | 966.0mw | 529 317.6] 188.6] 271.3] 135.6|mw
34.3[mw |

AMC Losses in OFF Statel
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GD3100 Power Budget Calculator

Total Losses in the Gate Drive IC

% of total
Total Charging/Discharging Losses in the Gate Drive IC|  222.9|mW 31% Total Losses on Gate Drive Board
Die 1 Logic Supply Losses 130|mw 18% Rpy & Rpp lOsses 589|mW
VCCREG Regulator Losses 112|mW 16% Die 1losses 130|mW
VREF Losses o|lmw 0% Die 2 losses 619|mW
Die 2 Tsense, DESAT Losses 17|mwW 2% Total channel losses 1338 mW
Die2 Logic Supply Losses 224|mW 31%
lyeg LOSses 8mwW 1%
Total IC Losses 715|mW
Junction Temperature Estimates
Junction-to-Board estimate Junction-to-Ambient estimate
J-Board thermal resistance 43 Cc/W J-Amb thermal resistance 65| C/W
Junction temperature rise 30.7 C Junction temperature rise 46.5 C
Board temperature 120 C Amb. temperature 100 C
Junction temperature 151 C Junction temperature 146 C
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Temperature Distribution — Package Top Surface

ANSYS

LR

ANSYS

==
=
7 -
=
=
—
-
=
=
==
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ANSYS

Units:

SERERRNRRRRRRRREE

Kelvin (K)
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GD3100 %2 Bridge Evaluation Board

Eﬁp MC33GD3100 w %
E VDD TSEMSEA :|
E CSB MNC2a ]
i [= = oo
dwmosi VICCRES [
gmisa AMUXIN [
fscLk GHp
OINTE AMC ]
P VEE ]
O PwmALT GLf
gAcuT VEEQD
[nNC13 ISENSE 0
[ FSSTATE DESAT [J
O FSEMB CLAMP O
O GND1 GNDZ []
AOUTL 1 2 VPWR =
CSBL 3 4 VDD o
PWML 5 6 INTBL =
MOSIL 7 8 SCLK* i
MISOL 9 10 DIS_PS 1
FSSTATEL 11 12 GND :
FSENB 13 14 MISOH
NC 15 16 MOSIH
NC 17 18 CSBH
NC 21 20 AOUTH
PWMH 21 22 FSSTATEH
GND 23 24 INTBH

Low Voltage Domain High Side Driver Domain
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GD3100 Prototype on %2 Bridge Evaluation Board

61
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 PWM_HS =5V
ROgowski coil ,
PEM Model CWT 30R

s
\,

Panasonic capacitor:
1400 pF, 550V, 17 nH

P

PWM LS voltage is monitored
at the PWM pulse generator
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GD3100 Three Phase Evaluation Board

!

ignifilhd = a1l ' ; SHTHHT (S RIS %Y e T i

LT ) P L - ' . p TEvisEn iy

AL
i W

'i VOLILOT JUHASE
JAS D518 -
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Layout Considerations

63

- Integrated drivers require high current connections to the GD3100. These include

GND, VEE, VCC, VCCREG, GH, GL and AMC.

- VCC, VCCREG and VEE capacitors should be close to the GD3100.

- High current paths to and from the gate should have minimized loop area.

- Gate resistors will dissipate most of the gate drive power.

- Omitting the negative gate drive supply will save significant gate drive power.

- A production version of the NXP ¥z bridge evaluation board will have significantly

less area allotted for each gate drive circuit.

- Mounting the GD3100 to the board’s topside is probably the best choice thermally.
- Use multiple vias and pins to conduct current from layer to layer.
- Refer to IEC60664 for creepage and clearance requirements.
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GD3100 EVB SPIGEN Features/Assessment
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REFERENCES

Fuji IGBT Module Application Manual
https:/AMww.fujielectric.com/products/semiconductor/model/igbt/application/box/doc/pdf/REH984c/REH984c. pdf

Available upon request:
MC33GD3100 specification
Training presentation
GD3100 Power Budget Assessment workbook
% Bridge or 3-Phase Bridge Evaluation Board
SPIGEN software
1ISO-26262 Documentation

CONTACTS:

Kim Gauen New Product Definer kim.gauen@nxp.com
Bruce Bohn Applications Engineering bruce.bohn@nxp.com
Tom Zemites  Product Line Manager tom.zemites@nxp.com
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