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Half-Bridge Gate Driver
1200 V 2.5 A Source/3.4 A Sink

FAD8253MX-1

Description

The FAD8253 is a monolithic half-bridge gate driver IC designed
for driving high voltage, high speed and high power IGBTs up to
+1200 V. The FADS8253 employs ON’s high—voltage process and
common-mode noise canceling technique to provide stable operation
of high-side driver under high dv/dt noise circumstances. The gate
driver includes UVLO circuits tailored to IGBT threshold for both
high side and low side outputs to prevent malfunction when Vpp and
Vgs are lower than the specified threshold voltage.

The FADS8253 offers a built—in low—side current detection circuitry
with an additional provision for soft shutdown (for low side) during
overcurrent or short—circuit conditions. The driver can provide
adequate protection during short—circuits by turning off its outputs
while simultaneously generating a fault output for fault reporting
purposes. The driver also provides additional flexibility by providing
a shutdown pin to disable driver outputs externally.

Features

® Floating Channel for Bootstrap Operation to +1200 V

® Peak Output Current Capability of 2.5 A Source/3.4 A Sink

® Allowable Negative Vg Transient Swing of up to -15 V at

Vps=15V

Built-in Common Mode dv/dt Noise Canceling Circuit

Separate Power and Signal Ground for Enhanced dl/dt Immunity

Matched Propagation Delay < 50 ns

3.3 Vand 5 V Input Logic Compatible

Built in Shoot-through Prevention Logic with 120 ns (Typ) Dead

Time

® Built-in UVLO Functions for both High and Low Side with
Thresholds Optimized for IGBTs

® Built-in Low Side Short—circuit Protection with Soft Shutdown

In SOIC14NB with Non Connected Pins for High Voltage

Creepage and Clearance Requirements

Fault Reporting during Overcurrent or Short—circuit Condition
External Shutdown Pin to Enable or Disable Driver Outputs
AEC-Q100 Qualified and PPAP Capable

Pb—Free Devices

Typical Applications

® High Voltage Auxiliary Motor Drive

® Generic Half-Bridge and Full-Bridge Driver
® On-Board Chargers & DC/DC Converters

® Traction Inverters
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FAD8253MX = Specific Device Code
A = Assembly Location
WL = Wafer Lot

Y = Year

wWw = Work Week

PIN ASSIGNMENT

vss 1 oo [O T 14 VB
LIN 2 o T 13 HO
SD 3 T 12 VS
HIN 4 oo T 11 NC
FO 5 oo T 10 NC
CSC 6 O D9 LO
VDD 7 18 COM

ORDERING INFORMATION

Device Package Shipping’
FAD8253MX-1| SOIC-14 NB 2,500/
(Pb-Free) Tape & Reel

TFor information on tape and reel specifications,
including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specification
Brochure, BRD8011/D.

Publication Order Number:
FAD8253/D




Voc OO

Vee O
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APPLICATION DIAGRAMS
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Figure 1. 3-Phase Motor Drive Application
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Figure 2. DC Motor Drive Application
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FAD8253MX-1

BLOCK DIAGRAM
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PIN FUNCTION DESCRIPTION

Figure 3. Block Diagram

PIN DESCRIPTION

Pin No. Name Description
1 VSS Logic Ground
2 LIN Logic Input for Low-Side Gate Driver Output
3 SD Shutdown Control Input with Active Low
4 HIN Logic Input for High-Side Gate Driver Output
5 FO Fault Output with Open Drain (Low True)
6 CSC Short-Circuit Current Detection Input
7 VDD Low-Side and Logic Power Supply Voltage
8 COM Low-side Driver Return
9 LO Low-Side Driver Output
12 VS High-Side Floating Supply Return
13 HO High-Side Driver Output
14 VB High-Side Floating Supply

10, 11 NC No Connect
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FAD8253MX-1

SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS (T, = 25°C, unless otherwise specified.)

Symbol Rating Value Unit
Vs High-side Offset Voltage Vg (Vg - 25) to (Vg + 0.3) \Y
Vg High-side Floating Supply Voltage Vg -0.3 to 1225

Vo High-side Floating Output Voltage (Vg —0.3) to (Vg + 0.3) \Y
Vbb Low-side and Logic-fixed Supply Voltage -0.3t0 25 \
VIN Logic Input Voltage (HIN, LIN, SD) -0.3to (Vpp + 0.3) \Y
Vesc Current Sense Input Voltage -0.3to (Vpp + 0.3) \Y
dVg/dt Allowable Offset Voltage Slew Rate 50 V/ns
Pp Power Dissipation (SO14NB) (Note 1) 0.8 W
0JA Thermal Resistance, Junction-to—Ambient (SO14NB) 156 °C/wW
Ty(max) Junction Temperature +150 °C
TSTG Storage Temperature -55to +150 °C
ESDHBM ESD, Human Body Model (Note 3) 2500 \Y
ESDCDM ESD, Charged Device Model (Note 3) 750 \Y

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality

should not be assumed, damage may occur and reliability may be affected.

1. Do not exceed PD under any circumstances.

2. Mounted on 76.2 x 114.3 x 1.6 mm PCB (FR-4 glass epoxy material). Refer to the following standards:
- JESD51-2: Integral circuits thermal test method environmental conditions — natural convection
- JESD51-3: Low effective thermal conductivity test board for leaded surface mount packages

3. This device series incorporates ESD protection and is tested by the following methods:

- ESD Human Body Model tested per ANSI/ESDA/JEDEC JS-001-2012
- ESD Charged Device Model tested per JESD22-C101

RECOMMENDED OPERATING RANGES (Parameters are referenced to Vgg)

Symbol Rating Min Max Unit
Vpp Supply Voltage Range 4.5 18.0 \%
Vs High-Side Vg Floating Supply Offset Voltage (Note 4) 5-Vgs 1200
VBs High-side Vg Bootstrap Voltage VBsSuv+ 22 \Y
Vo High-Side Output Voltage Vs Vg \Y
Vpp Low-Side and Logic Supply Voltage Vppuv+ 22 \Y
Vio Low-Side Output Voltage COM Vpp \Y
VIN Logic Input Voltage (IN, SD) Vss Vpp \Y
COM Power Ground Vpp - 22 Vpp \Y
Ta Ambient Temperature (Note 5) -40 125 °C

Functional operation above the stresses listed in the Recommended Operating Ranges is not implied. Extended exposure to stresses beyond
the Recommended Operating Ranges limits may affect device reliability.
4. Recommended based on min 5 V on Vg, for proper operation of the level shifter circuit and ensure proper propagation of the signal from the

input to the output.
5. Power and thermal impedance should be determined with care so that T; does not exceed 150°C.
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FAD8253MX-1

ELECTRICAL CHARACTERISTICS
(Veias (Vpp, VBs) = 15V, Ta = -40°C to 125°C unless otherwise specified. The V|y and |y parameters are referenced to Vss. The Vg
and lp parameters are referenced to Vg and COM and are applicable to the respective outputs HO and LO.)

Symbol Parameter Test Conditions | Min | Typ | Max | Unit |
LOW SIDE POWER SUPPLY SECTION
lapp Quiescent Vpp Supply Current Vyn=0Vor5V 50 280 400 uA
lpDD Operating Vpp Supply Current CL =1nF, fin = 20 kHz, 400 660 800 uA
rms value
Vppuvs Vpp Supply Under-Voltage Positive-going Vpp = Rising 11 12 12.9 \Y
Threshold
Vppuv- Vpp Supply Under-voltage Negative going Vpp = Falling 10.5 1.4 12.4 \Y
Threshold
VppHys | Vop Supply Under-voltage Lockout Hysteresis - 0.6 - \%

BOOSTRAPPED POWER SUPPLY SECTION

laBs Quiescent Vgg Supply Current Vyn=0Vor5V - 25 45 uA
IpBS Operating Vgs Supply Current CL =1 nF, fy = 20 kHz, - 430 550 uA
rms value
Ik Offset Supply Leakage Current Vg =Vg=1200V - - 120 uA
VBsuv+ Vs Supply Under-Voltage Positive-going Vgs = Rising 10.6 1.7 12.5 \%
Threshold
Vasuv- Vgg Supply Under-voltage Negative Going Vpgg = Falling 10.1 11.1 1.9 \%
Threshold
VBSHYS Vgg Supply Under-voltage Lockout Hysteresis - 0.6 - \%
GATE DRIVER OUTPUT SECTION
VoH High-level Output Voltage, Vgias—-Vo lo =0 mA (No Load) - - 50 mV
VoL Low-level Output Voltage, Vo lo = 0 mA (No Load) - - 50 mV
los Output HIGH Short-circuit Pulsed Current Vo =0V, V|y=5V with 1200 | 2700 - mA
PW < 10 us
lo- Output LOW Short-circuit Pulsed Current Vo =15V, VN =0V with 1200 | 4200 - mA
PW <10 us
Vs Allowable Negative Vg Pin Voltage, with Signal Vs =15V -10.0 - - \
Propagation Capability from HIN to HO
Vs Allowable Transient Negative Vg Pin Voltage, Vs =15V -15.0 - - \
(Note 6) No Signal Propagation Capability from HIN to HO
COM-Vgg | Allowable COM-Vgg Power/Signal Grounds Offset [Vpp=15V,Vgg=0V -7.0 - - \Y
LOGIC INPUT SECTION (HIN, LIN, SD)
VIH Logic “1” Input Voltage Threshold - - 2.5 \%
ViL Logic “0” Input Voltage Threshold 1.2 - - \%
VINHYS Logic Input Hysteresis Voltage - 0.5 - \%
liNg Logic “1” Input Bias Current (HIN, LIN) ViN=5V - 23 - uA
IiN= Logic “0” Input Bias Current (HIN, LIN) Vin=0V - - 2.0 uA
Isp+ Logic “1” Input Bias Current (SD) Vgp=5V - 15.7 - uA
Isp- Logic “0” Input Bias Current (SD) Vgp=0V - - 2.0 uA

SHORT-CIRCUIT PROTECTION

Vcscrer | Short—circuit detector reference voltage 0.45 | 0.50 0.6 \Y
Rcscin Input Pull Down Short Circuit Resistance - 210 - kQ
lcscin Short-Circuit Input Current Vescin=5V 15 235 | 375 uA
IsoFT Soft Turn—off Source Current Vpp=15V,Lp=75V 70 110 140 mA

www.onsemi.com
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FAD8253MX-1

ELECTRICAL CHARACTERISTICS (continued)
(VBias (Vpp, VBs) = 15V, Ta = -40°C to 125°C unless otherwise specified. The V|y and Iy parameters are referenced to Vss. The Vg
and Ig parameters are referenced to Vg and COM and are applicable to the respective outputs HO and LO.)

Symbol Parameter Test Conditions | Min | Typ | Max | Unit |

FAULT DETECTION SECTION

VEOH Fault Output High Level Voltage Vesc =0V, RpyrL-up = 4.7 kQ 4.7 - - \%

VEoL Fault Output Low Level Voltage Vesc=1V, ko =2mA - - 0.8 \Y
DYNAMIC OUTPUT SECTION

(Veias (Vpp, VBs) = 15.0V, Tp = -40°C to 125°C, Vg = Vgs, C| oap = 1000 pF unless otherwise specified.)

ton Turn-on Propagation Delay (Note 7) Vg=0V 65 100 145 ns

toff Turn-off Propagation Delay Vg=0Vor1200V 65 90 145 ns

tSDOFF_LO SD to Low-side Propagation Delay 25 45 70 ns

tsporr_Ho | SD to How-side Propagation Delay 65 95 145 ns

t Turn-on Rise Time - 13 25 ns

t Turn-off Fall Time - 15 26 ns

Mton Delay Matching HO and LO Turn-On - - 25 ns

Mtorr Delay Matching HO and LO Turn-Off - - 25 ns

DT Dead-time (Note 8) 70 120 200 ns

tuveLT Under-voltage Filtering Time (Note 6) - 10 - us

tcSCFLT CSC Pin Filtering Time (Note 6) - 300 - ns

tcscro Time from CSC Triggering to FO - 530 | 1250 ns

tro Fault Output Pulse Width 24 65 140 us

tcscLo Time from CSC Triggering to Low-side and From Vgsc = 1V to starting gate - 600 | 1350 ns

High-side Gate Output turn—off

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

6. Parameter guaranteed by design.

7. The turn—on propagation delay does not includes the dead time.

8. The dead time includes the turn on propagation time.

www.onsemi.com
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FAD8253MX-1

TYPICAL CHARACTERISTICS
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Figure 8. Vpp Quiescent Current vs. Temperature

Vgs UVLO - (V) Vpp UVLO - (V)

Quiescent Vgg Supply

Current (uA)

12,5
12.0
1.5
11.0
105}——
| ——Min — Typ --- Max |
10.0 [ [ [ [ [
-50  -25 0 25 50 75 100 125
Temperature (°C)
Figure 5. Vpp UVLO (-) vs. Temperature
12.0
M5fp— "= === mm a2 == g ---1--"1
11.0
105 B i St
| ——Min — Typ --- Max |
10.0 \ \ \ \ \
-50 -25 0 25 50 75 100 125
Temperature (°C)
Figure 7. Vgg UVLO (-) vs. Temperature
45
40 e
35f—=-71"""
30
25 |
20
ts|-{ — Typ --- Max |
w0 | [ [ ]
-50  -25 0 25 50 75 100 125

Temperature (°C)

Figure 9. Vgg Quiescent Current vs. Temperature

www.onsemi.com




Operating Vpp Supply

Soft Turn-off Source

900

850

800

750

700

650

Current (uA)

600

550

500

Logic Input Current (uA)

140

— _
N W
o o

-
jury
o

Current (mA)
© o
o o

@®
o

FAD8253MX-1

TYPICAL CHARACTERISTICS (Continued)

600
{ { { {
575 % — Typ =--- Max I
>
s 550
S
— — » < 525 ——
S me JR I I O - -
= E 500
o 2
£ 5 475
®O
B
g 450
I o
| — Typ  --- Max | 425
I w00
-50  -25 0 25 50 75 100 125 -50  -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
Figure 10. Vpp Operating Current vs. Figure 11. Vgg Operating Current vs.
Temperature Temperature
[ [ [ [ _ W [ [ [ [
— — Typ - -- Max | 3 — Typ  --- Max |
~ 35
= |
P e -7 7T
S 5 30 o
- o |- -
e - 5 .-
e - L— g- 25 —
- = ——
/ 3 20 _—
S
5
S 15
L
n
10
-50  -25 0 25 50 75 100 125 -50  -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
Figure 12. Logic High Input Bias Current vs. Figure 13. Icscin vs. Temperature
Temperature
25
el 1 ] ] g 20 [—-—-o== ==
(]
£
E 15
[+]
2
(i
e 10
?
£
S 5
%—Typ --- Maxi -
— Typ --- Max |
0 [ [ [ [
-50  -25 0 25 50 75 100 125 -50 25 0 25 50 75 100 125

Temperature (°C)

Figure 14. Igoft vs. Temperature

Temperature (°C)

Figure 15. Turn-on Rising Time vs. Temperature

www.onsemi.com
8




Turn-off Fall Time (ns)

Turn-off Propagation Delay (ns)

ViL (V)

FAD8253MX-1

TYPICAL CHARACTERISTICS (Continued)
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FAD8253MX-1

TYPICAL CHARACTERISTICS (Continued)
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FAD8253MX-1

TYPICAL CHARACTERISTICS (Continued)
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FAD8253MX-1

TYPICAL CHARACTERISTICS (Continued)
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FAD8253MX-1

SWITCHING TIME DEFINITIONS

1
, tsporr

Figure 40. Switching Timing Waveforms Definition (Propagation Delay, Rise and Fall Time)
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Figure 41. Switching Timing Waveforms Definition (Matching Delay)
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FAD8253MX-1
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FAD8253MX-1

APPLICATIONS INFORMATION

Protection Function

Shutdown (SD) Function

The shutdown (SD) pin of FAD8253 is active low,
meaning that the driver outputs are enabled when SD pin is
pulled up and vice versa. If SD pin is pulled low for a time
equivalent to propagation delay, the outputs of both high and
low side driver stages are turned off. The outputs are
reactivated on the next rising edge of the input signal, once
the SD pin is pulled up.

Under—Voltage Lockout (UVLO)

The FADS8253 has an internal under—voltage lockout
(UVLO) protection circuitry for both high-side and
low-side driver stages, with a threshold optimized for
IGBTs. The UVLO independently monitors the supply
voltage (Vpp) and bootstrap capacitor voltage (Vgs) to
prevent malfunction if Vpp and Vs drop lower than the
specified threshold voltage in the manner explained below:
® [f Vg drops below its negative—going threshold voltage,

the output of the high side driver stage is pulled down (or

turned off).

® [f Vpp voltage drops below its negative—going threshold
voltage, the outputs of both the low side and high side
driver stages are pulled down (or turned off).

In either of the above cases, the outputs will resume their
normal operation once the Vgg/Vpp voltages have risen
back to the necessary positive going threshold, as shown in
Figure 44. Moreover, the UVLO hysteresis and the UV
filtering time prevent chattering during power supply
transitions. If the supply voltage (Vpp or Vps) maintains an
under—voltage condition for a duration longer than the
under—voltage filtering time, the high and low side driver
outputs are turned off. Note that an UVLO event has no
impact to the Fault Output flag.

LIN

-------------- - - - - UVLO+

Voo R RS AR UvLO-

WVFLT gt

LO

Figure 44. Waveforms for Under-Voltage Lockout

Shoot—Through Prevention Function
The FAD8253 has a shoot—through prevention circuitry
that monitors both the high—side and low—side inputs. It is

designed to prevent the outputs of the high—side and low—
side stages from turning on at the same time.

As shown in Figure 45, if the low—side input (LIN) signal
is provided to the driver while the high—side input (HIN)
signal is already present, the high side output (HO) is turned
off immediately while the low-side output (LO) is kept
turned off. In addition, both driver outputs are kept turned
off for as long as both HIN and LIN are present. This
prevents the shoot—through of the high—side and low-side
devices in an application. Similarly, as shown in Figure 46,
if HIN signal is provided to the driver while LIN signal is
already present, LO is turned off immediately while HO is
kept turned off.

HIN
) )
) )
) )
LIN X X
1 1
) )
[ U ' [
1 [ ] 1
1 [ ] 1
l "y ] ]
HO Shoot-through ! ' le After DT
Prevention <:\ X
A o
] " ' ]
1 L) ) ]
] ' ]
LO I o | AfterDT|
) ) 1
1 1 I —
Figure 45. Example Waveforms for
Shoot-through Prevention
LIN

Shoot—'through

HIN Prevention ‘:
' 1 I} : '

LO

HO

Figure 46. Example waveforms for
Shoot-through Prevention
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Please note that the driver resumes normal operation with
a built-in dead time of 120 ns (typ.) between HO and LO,
only when LIN and HIN signals are not provided at the same
time.

Over—Current/Short—Circuit Protection Function

The FADS8253 has a low side over—current detection
circuitry that monitors the voltage across the low side
current sensing resistor (Rcsr) through the short—circuit
current detection input (CSC) pin.

The input stage of the over current circuitry is depicted in
Figure 47. The principle of overcurrent/short—circuit
detection feature is to monitor the voltage at point A (which
appears due to the phase current flowing into Rcsr). If the
sensed voltage exceeds the short—circuit detector reference
voltage Vcscrer (typ. 0.5 V), this indicates an over—current
condition and the driver outputs are turned off.

For example, if Rcsc= 1 m€, the driver will activate the
short circuit protection for a phase current exceeding 500 A
(1 mQ x 500 A =0.5V 2 VcSCRER)-

FAD8253
IpHASE
CSC| B A
+ -
_ | Poson = 200ke Rescext
05V Recsr

VCSCre\I

Figure 47. Input Circuit of the
Overcurrent/Short-circuit Protection Block
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'
|l tro I

—
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Operation .
-+ =+ tcscLo

o [

Short-circuit Detection Point

=

Figure 48. Waveforms for Short Circuit Protection

It is recommended to place a series resistance RcgcpxT to
limit the input current that may flow into the driver during
transient conditions. Note that RcscpxT and Resen form

a voltage divider that could lower the voltage at the CSC pin
(at point B in Figure 47). To minimize the voltage
difference, a value of 1 kQ2 is recommended for RcscgxT-
As a result, the voltage at point B (or CSC pin) will be
Rescexr / (Rescext + Resen) = 200 k€2 /(200 kQ +
1 k€2), which is only 0.5% lower than at point A.

An over—current condition must last for a minimum
duration of tcscpr (typ. 300 ns) to trigger the short— circuit
protection. This duration has been defined to provide
adequate noise filtering against high frequency noises
during IGBT switching. If this time is not sufficient, an
additional capacitor can be placed at the input of the CSC pin
to further extend the filtering time.

Upon detection of a short circuit through the CSC pin:
® the high side output turns off immediately;

® the low side driver output initiates a soft shutdown to turn
off the low side IGBT slowly to prevent it from entering
the avalanche mode;

® the Fault Output (FO) pin generates a fault signal for
a duration of tgg (typ. 60 us).

Please note that once the FO is triggered, the driver
outputs can be reactivated on the next rising edge of input
signal only after the duration of trg has passed.

Layout Considerations
For optimum performance, considerations must be taken
during printed circuit board (PCB) layout.

Power Supply Bypass Capacitors

The implementation of bypass capacitors is essential to
optimal operation of gate drivers like FAD8253 and so,
special attention is required.

The local bypass capacitor between Vpp and Vgg needs
to provide pulsed currents for the low side driver output. At
the same time, if a high—side bootstrap circuit is employed,
it has to rapidly charge the bootstrap capacitor as well.

A typical criterion for choosing the value of bypass
capacitor is to keep the ripple voltage on the supply pin to
<5%. Typically, two capacitors in parallel are
recommended. Often, a capacitor of smaller value is placed
very close to the Vpp pin in parallel with another capacitor
of higher value to reduce impedance. For sizing of the
bootstrap capacitor please refer to application note
AN-6076.

Gate—Drive Loop

Current loops behave like antennae, able to receive and
transmit noise. To reduce the noise coupling/emission and
improve the power switch turn—on and off performance,
gate—drive loops must be reduced as much as possible.

Ground Plane
To minimize noise coupling, the ground plane should not
be placed under or near the high voltage floating side.

www.onsemi.com
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