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High Side Gate Driver
130V,2.0A/3.0A

NCV51313

NCV51313 isa 130V high side driver with 2.0 A source and 3.0 A
sink drive capability for DC-DC power supplies and inverters.
NCV51313 offers best in class propagation delay, low quiescent current
and low switching current at high frequencies of operation. This device
is tailored for highly efficient power supplies operating at high
frequencies. NCV51313 is offered in three versions, NCV51313A/B/C.
NCV51313A and NCV51313C have atypica 50 ns propagation delay,
while NCV51313B has a typical propagation delay of 20 ns.
NCV51313 comesin DFNW6 3 x 3 or standard SO8 package.

Features

* AEC-Q100 Qualified and PPAP Capable

¢ High Voltage Range: Up to 130 V

* NCV51313A/C: Typica 50 ns Propagation Delay

* NCV51313B: Typica 20 ns Propagation Delay

¢ NCV51313C: Improved Maximum Propagation Delay, Delay
Matching, and Output Resistance Compared to NCV51313A

* Very Low Quiescent and Operating Currents

* Typ 11 nsRise/ 10 nsFal Time under 1 nF Load

e 2.0 A Source/ 3.0 A Sink Currents

¢ Under-Voltage Lockout for Vcc and Vg

¢ 3.3V and5V Input Logic Compatible

¢ High dv/dt Immunity up to 50 V/ns

* High Negative Transient Immunity on Bridge Pin

* DFNW6 Package Offers Both PCB Space Saving and Exposed Pad
for Better Thermal Capability

* These are Pb-Free Devices

Applications

¢ DC-DC Converters

¢ Common Rail Injection System
¢ Motor Controls
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ORDERING INFORMATION
Input
Device Filter | Package | Shipping™
NCV51313AMNWTWG| Yes | DFNW6 | 3000/
3x3 Tape &
(Pb-Free) Reel
NCV51313BMNWTWG| No | DFNW6 | 3000/
(on demand) 3x3 Tape &
(Pb-Free) Reel
NCV51313CMNWTWG| Yes | DFNW6 | 3000/
3x3 Tape &
(Pb-Free) Reel
NCV51313ADR2G Yes | SOIC8 3000/
(Pb-Free) | Tape &
Reel
NCV51313BDR2G No SOIC8 3000/
(on demand) (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 Specifications
Brochure, BRD8011/D.

Publication Order Number:
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NCV51313

Table 1. PIN DESCRIPTION DFNW6 AND SO8 PACKAGE

Pin Out DFNW6 Pin Out SO8 Name Function
1 1 VCC Logic supply
2 2 IN Input
3 NC Not connected
3 4 GND Ground reference
5 NC Not connected
4 6 HB High side supply return
5 7 HO High side output
6 8 VB High side voltage supply
EP EP Connect EP flag to GND
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Figure 1. Pinouts
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Figure 2. Typical Application Schematic
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Figure 3. Internal Block Diagram for NCV51313
Table 2. ABSOLUTE MAXIMUM RATINGS (All voltages are referenced to GND pin)
Symbol Rating Value Unit
Vee Input Voltage Range -0.3t0 20 \Y,
Vg High Side Boot Pin Voltage -0.3to0 150 \Y,
Vg-Vue | High Side Floating Voltage -0.3t0 20 \%
Vus High Side Bridge Pin Voltage Vg -20toVg+0.3 \%
Vho High Side Drive Output Voltage Vg —0.3t0 Vg + 0.3 \%
dVyg/dt | Allowable HB Slew Rate 50 V/ins
VN Drive Input Voltage -5t0 Ve + 0.3 \%
Tymax) | Junction Temperature 150 °C
Tstg Storage Temperature Range -551to 150 °C
ESD Capability (Note 1)
HBM Model 2000 \
CDM Model 1000 \
Lead Temperature Soldering 260 °C
Reflow, Pb-Free Versions (Note 2)

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. This device series incorporates ESD protection and is tested by the following methods.
ESD Human Body Model tested per AEC-Q100-002 (EIA/JJESD22-A114)
ESD Charged Device Model tested per AEC-Q100-11 (EIA/JJESD22-C101E)
Latchup Current Maximum Rating: <100 mA per JEDEC standard: JESD78E
2. For information, please refer to our Soldering and Mounting Techniques Reference Manual, SOLDERRM/D

Table 3. THERMAL CHARACTERSTICS

Symbol Rating Value Unit
Rpia Thermal Resistance, Junction to Air DFNW6 49 °C/W
Wit Junction to Top Characterization Parameter DFNW6 3.2 °C/W
W¥; g Junction to Bottom (leads) Characterization Parameter DFNW6 (Note 3) 37 °C/W
W¥; g Junction to Bottom (EP) Characterization Parameter DFNW6 (Note 3) 7.2 °C/W
Roia Thermal Resistance, Junction to Air SO8 130 °C/W
Wit Junction to Top Characterization Parameter SO8 4.8 °CIW
¥ g Junction to Bottom (Leads) Characterization Parameter SO8 (Note 4) 63 °CIW

3. Device mounted on single side PCB with two buried planes, no vias to buried planes, 1.6 mm, FR4, board size 80 x 80 mm, trace and plane
thickness 35 um, power dissipation 54 mW, cooling done by traces (6 lines 25 x 0.4 mm) and 900 mm? polygon connected to EP. Ambient
temperature 25 °C.

4. Device mounted on single side PCB with two buried planes, no vias to buried planes, 1.6 mm, FR4, board size 80 x 80 mm, trace and plane
thickness 35 um, power dissipation 54 mW, cooling done only by traces (8 lines 25 x 0.6 mm), no additional polygon. Ambient temperature 25 °C.

www.onsemi.com
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Table 4. RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Max Unit
Vee Input Voltage Range 8 19 \Y,
Vg-Vug | High Side Floating Voltage 8 19
Vus High Side Bridge Pin Voltage -2 110 \Y,
Vho High Side Output Voltage Vus Vg \Y
VN Input Voltage IN Pin -3 Vce \Y
Ty Operating Junction Temperature Range -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.

Table 5. ELECTRICAL CHARACTERISTICS (-40 °C < T3< 125 °C, Vcc = Vg = 12V, Vg = GND, output is loaded with 1 nF, all
voltages are referenced to GND, unless otherwise noted, Typical values are at T; =25 °C.)

Symbol Parameter Test Condition | Min | Typ | Max | Unit I
SUPPLY SECTION

lcc Ve Switching Current Consumption fsw = 100 kHz - 100 150 UA
g1 Vg Switching Current Consumption fsw = 100 kHz - 1.6 2.3 mA
IB1 noload | VB Switching Current Consumption fsw = 100 kHz, C poap = 0 nF - 0.2 0.5 mA
lcc2 V¢ Quiescent Current Consumption fsw =0kHz, V=0V - 100 150 uA
Ig2 Vg Quiescent Current Consumption fsw =0kHz, V=0V - 85 150 uA
v LEak | Leakage Current on High Voltage Pins to GND Vyg = VHo = Vg =130 V - 2 5 uA
INPUT SECTION
VINL Input Falling Threshold 0.8 1.0 1.3 \Y
VINH Input Rising Threshold 1.0 17 2.3 \Y

VINHYS Input Voltage Hysteresis 0.2 0.7 - \%
RN Input Pulldown Resistance ViN=5V 100 175 250 ke
I+ Logic H Input Bias Current ViN=5V - 30 50 nA
IiN- Logic L Input Bias Current Vin=0V - - 2 UA

UVLO SECTION

Veeon Ve UVLO Start_Up Voltage Threshold Vcc Rising 5.8 6.4 7.0 \%

Vecoff Ve UVLO Shut_Down Voltage Threshold V¢ Falling 5.3 5.9 6.5 \Y,

Veehyst | Vec Hysteresis 0.2 0.5 - \Y,
VBon Vg UVLO Start_Up Voltage Threshold VBon = VB - Vug, Vg Rising 5.8 6.4 7.0 \Y,
VBoft Vg UVLO Shut_Down Voltage Threshold VBoff = Vg - Vug, Vg Falling 5.3 5.9 6.5 \Y,

VBhyst Vg Hysteresis 0.2 0.5 - \Y

tstartup High Side Start-up Time Time between Vg > Vggp & 15t - - 10 us

HO Pulse
OUTPUT SECTION NCV51313A/B
IHosource | Output High Short Circuit Pulsed Current Vho =0V, PW =300 ns - 2.0 - A
(Note 5)

IHOsink Output Low Short Circuit Pulsed Current (Note 5) | Vyo = Vg, PW =300 ns - 3.0 - A
RoH Output Resistance Source IHo =30 mA - 2.0 7.0 Q
RoL Output Resistance Sink IHo = 30 mA - 1.0 5.0 Q

VHOH High Level Output Voltage Vgias - VHo @ lyo =20 mA - 0.06 0.25 vV

VHoL Low Level Output Voltage Vo @ lyo =20 mA - 0.04 0.15 \%

OUTPUT SECTION NCV51313C
lHOsource E,)\lutputS;—ligh Short Circuit Pulsed Current VHho =0V, PW =300 ns - 2.0 - A
ote

www.onsemi.com
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Table 5. ELECTRICAL CHARACTERISTICS (-40 °C < T3< 125 °C, Vcc = Vg = 12V, Vg = GND, output is loaded with 1 nF, all
voltages are referenced to GND, unless otherwise noted, Typical values are at T; =25 °C.)

Symbol Parameter | Test Condition | Min | Typ | Max | Unit |
OUTPUT SECTION NCV51313C
IHOsink Output Low Short Circuit Pulsed Current (Note 5) | Vyo = Vg, PW =300 ns - 3.0 - A
Ron Output Resistance Source lno = 30 mA - 2.0 3.4 Q
RoL Output Resistance Sink lHo =30 mA - 1.0 1.8 Q
VHOH High Level Output Voltage Vaias - Vio @ lyo =20 mA - 0.06 0.25 \%
VoL Low Level Output Voltage Vho @ lho =20 mA - 0.04 0.15 \%
OUTPUT RISE AND FALL TIME
tr Output Voltage Rise Time (from 10% to 90%) ViNn=3V - 11 30 ns
t¢ Output Voltage Fall Time (from 90% to 10%) ViN=0V - 10 25 ns
PROPAGATION DELAY NCV51313A
ton Turn On Propagation Delay HB=0V,50Vor130V, - 50 100 ns
Cload =0 NF, Viy =3V
torr Turn Off Propagation Delay HB=0V,50Vor130V, - 50 100 ns
Cioad =0 nF
trLT Minimum Input Filter Time Vin=3V 20 30 - ns
PROPAGATION DELAY NCV51313C
ton Turn On Propagation Delay HB=0V,50Vor130V, - 50 71 ns
Cload =0nF, V=3V
torr Turn Off Propagation Delay HB=0V,50Vor130V, - 50 71 ns
Cioag =0 nF
trLT Minimum Input Filter Time ViN=3V 20 30 - ns
PROPAGATION DELAY NCV51313B
ton Turn On Propagation Delay HB=0V,50V or130V, - 20 40 ns
Cioad =0nNF V|N=3V
torr Turn Off Propagation Delay HB=0V,50Vori130V, - 20 40 ns
Cioad = 0 nF
OUTPUT PULSE WIDTH MATCHING NCV51313A
[ Pm [ output Mismatching |vin=3V,1uspuisewidth | - [ o [ 20 [ ns |
OUTPUT PULSE WIDTH MATCHING NCV51313C
| PM | Output Mismatching | Vin =3V, 1 us pulse width | - | 0 | 13 | ns |
OUTPUT PULSE WIDTH MATCHING NCV51313B
| PM | Output Mismatching | Vin =3V, 1 us pulse width | - | 0 | 10 | ns |

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.

5. Parameter guaranteed by design.

www.onsemi.com
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PM = DPW|N - PWOUTD

Figure 4. Propagation Delay, Rise and Fall Times, PM
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GENERAL

For some popul ar topologies high-side drivers are needed
which perform the function of both buffer and level shifter.
These devices can drive the gate of the topside MOSFETs
whosesourcenodeisadynamically changing node. Thebias
for the high side driver in these devicesis usually provided
through a bootstrap circuit.

In a bid to make modern power supplies more compact
and efficient, power supply designers are increasingly
opting for high frequency operations. High frequency
operation causes higher lossesin thedrivers, hencereducing
the efficiency of the power supply.

NCV51313isal30 V high sidedriver for DC-DC power
supplies and inverters. NCV51313 offers best in class
propagation delay, low quiescent current and low switching
current at high frequencies of operation. This device thus

900
800 — —
-
700 — —
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< 600 — Ib100 kHz ]|
\% 500 lcc 500 kHz _|
S —— lcc 100 kHz
S 400
jun
O 300 —t
200 |——| ——
100 }—
0
7 8 9 10 11 12 13 14 15 16 17 18 19 20
Voltage (V)
Figure 24. Current Consumption vs. Voltage,
Cload =0 pF
DESCRIPTION
enables highly efficient power supplies operating at high
frequencies.
NCV51313 is offered in three versions,

NCV51313A/B/C. NCV51313A/C have a typica 50 ns
propagation delay, while NCV51313B has propagation
delay of 20 ns.

NCV51313 has one input pin IN compatible with both
CMOSand TTL logic alowing it to be used in avariety of
applications. This device also includes features wherein, in
case of floating input, the logic is still defined. NCV51313
has under voltage lock out feature which ensures operation
at correct Ve and Vg voltage levels. The output stage of
NCV51313 has 2.0 A sourcing and 3.0 A sinking current
which can effectively charge a 1 nF load in 11 ns and
discharge a1l nFload in 10 nstypically.

www.onsemi.com
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FEATURES

Input Stage

NCV51313 has one input pin IN. The input stages of
NCV51313 are TTL and CMOS compatible. This ensures
that theinput of NCV51313 can bedrivenwith3.3V or 5V
logic signals from analog or digital PWM controllers or
logic gates.

The input pin has Schmitt trigger to avoid noise induced
logic errors. The hysteresis on the input pin is typically
0.7 V. This high value ensures good noise immunity.

NCV51313 comes with an important feature wherein
output (HO) stayslow in casetheinput pinisfloating. At the
input pin thereisan internal pull down resistor to defineits

logicvalueincasethepinisleft openor NCV51313isdriven
by open drain signal.

NCV51313 input pin is also tolerant to negative voltage
below the GND pin level aslong asit iswithin the absolute
maximum ratings val ue (see Table 2). Thistolerance allows
the useof transformer asanisolation barrier for input pul ses.

NCV51313A/C feature a noise rejection function to
ensure that any pulse glitch shorter than 30 nstypically will
not change HO level. These features are well illustrated in
the Figure 25.

NCV51313B has no such filtersin the input stages. The
timing diagram of NCV51313B is Figure 26.

\ \
\ \
IN 15 ns 80 ns 50 ns \ 50 ns 50 ns 50 ns \
< g g
| |
| i ‘ 10 ns i
\ \ } \
\ \ \
\ \
The pulse \ \ The pulse
HO is fitered out \ 50 ns 80 ns | s0ns is fitered out 119 s
¢ ¢ g0 P
| | I
\ | \
Figure 25. Input Filter (NCV51313A/C)
\
IN 15ns 80 ns 20 ns | 50 ns 40 ns
L < re b‘L
\ 10 ns
\ \ \ }
\ \
| | |
HO ‘ \
\ 15 ns 20 ns 80 ns 20 ns 50 ns 40 ns
<+——>e ‘h > >
| I
\ \ \ 10 ns
\ \

Figure 26. No Input Filter (NCV51313B)
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Vecon |—— — - —f

Vecoff

Legend:
Let's assume, the driver is used in HB configuration.

1. Vcc crossed Vccon level. No action. A low side

MOSFET is (or has been) turned on, current flows from
Vcc to Choot via bootstrap diode.
2. Choot is not fully charged after first pulse. HO stays low.
3. Vb cross Vbon level. IN is in L, output stays in L. Vb and
Vcc are above Vxon levels, pulses can pass the driver.
4. Vccoff level is crossed, no pulses can pass the driver.

Vee

5. Vccon level crossed, Vbon has been crossed earlier,

VBon
VBoff

the current pulse is not transferred.
6. Vboff level is crossed while HO is H. HO is set to L
immediately.
7. Vbon level crossed. Current (ongoing) pulse is ignored.
8. Vcc and Vb voltage are above Vxon level, all pulses

Can pass the driver. Steady state conditions.
9. Vccoff level is crossed while HO is in H. HO is set to L

immediately. From now on, no pulse will pass the driver.

Figure 27. UVLO Timing Diagram

Under Voltage Lock-out

NCV51313 has under voltage lockout protection. The
function of the UV LO circuitsisto ensurethat thereisenough
supply voltages (V cc and V) to correctly biasdriver circuit.
Thisalso ensuresthat the gate of external MOSFET isdriven
at an optimum voltage.

If theV ccorVgisbeowtheVccUVLOvoltage, highside
driver output (HO) remainslow. BoththeVccand Vg UVLO

e —

-

circuits are provided with hysteresis feature. This hysteresis
feature avoidserrorsdueto ground noisein the power supply.
The hysteresis a so ensures continuous operation in case of a
small drop in the bias voltage. This drop in the bias can
happen when device starts switching MOSFET and the
operating current of the deviceincreases. The UVLO feature
of the deviceis explained in the Figure 27.

-

HB driver

//turn on

~
turn off \

)Voltage probes

Lbond

Qsource
VB \
Choot MOSFET
turnon  turn off —~
: . turnon turn off //CGD ‘\
I'turn on [ —T / X \\
RDSon / Ltrace A S| II" l_ \l
> ]M AN Y le—l—| |
R . /
Rpson HO : \ X /
\ Cos ‘./
turnon turn off \\ )
l_ lwoot (| T -
H4
o L trace k
Qsink :l NN N N NN N N
L bond HB L trace

All voltages are referred to HB pin

Figure 28. NCV51313 Turn ON-OFF Paths

www.onsemi.com



http://www.onsemi.com/

NCV51313

Output Stages

The NCV51313 is equipped with a floating driver. The
output stage of NCV51313 has 2.0 A source and 3.0 A sink
current capability which can effectively chargeal nFload in
11 nsand discharge a 1 nF load in 10 ns typically.

Figure 28 showsthe output stage structure and the charging
and discharging path of the external power MOSFET and the
bias supply Vg, the energy to charge the gate capacitance
Cas When alogic high isreceived from input stage, Qsource
turns on and VB dtarts to charge Cgs through Rg. Once the
Cgsis charged the external power MOSFET is conductive.

When alogic low signal is received from the input stage,
Qsource turns off and Qgnk turns on providing discharge path
for gate terminal. As seen in the figure, there are parasitic
inductancesin charging and discharging path of the Cgs. This
canresultinalittledipinthebiasvoltage V. If the Vg drops
below UVLO the power supply can shut down the device.

Short Propagation Delay
NCV51313 boasts of industry best propagation delay
between input and output. NCV51313A/C have atypical of

220 yF

| VCC

J-I_ GND

50 nspropagation delay. Thebest in class propagation delay
in NCV51313 makes it suitable for high frequency
operation.

Since NCV51313B doesn't havetheinput filter included,
the propagation delay is even shorter. NCV51313B offers
20 ns propagation delay between input and output.

The device alows 100 % duty cycle operation. The HO
can be continuously in H or L state. In such case it is
necessary to have afloating sourceto supply floating driver
when using the driver under 100% DC.

Negative Transient Immunity (NTI) Operating Conditions

In any HB switching applications the HB node is often
pulled under the ground during the switching operation
because of parasitic inductances and inductive load. These
negative spikes may lead to malfunction or damage of the
circuit.

The capability of NCV51313 to operate under negative
voltage conditionsisreported in NTI graph using below test
Set up.

BAT54
|
— <<
— ZS 20V
9V
470 nF

HO

probe

probe L}

Figure 29. NTI Test Set Up

\
\
HO |
\
WnTi U
\
-
\
VB - HB ;
\
VB
)/

Figure 30. Timing Diagram

www.onsemi.com



http://www.onsemi.com/

NCV51313

NCV51313robustnessagainst negativespikesisshownin voltage level for specific pulse width under which driver

Figure 31. The result is a curve which shows negative could still operate properly.
-20
-30
[—
-40
-50 — |
. -60
S 70
% /
£  -80
S /
-100 /
-110 /
-120
-130
0 50 100 150 200 250 300
Time (ns)
Figure 31. Indicative Negative Transient Immunity
IMPORTANT NOTE: it removes or at least always limit the negative transient
Even though above figure shows that NCV51313 isable voltage on VB pin as much as possible via careful PCB
to handle negative transient voltage conditions, it is highly layout and proper component selection.

recommended that the application circuit designis such that
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COMPONENT SELECTION

Choot Capacitor Value Calculation
NCV51313 has one floating driver for driving high side
external MOSFET. The bias for the high side driver is

usualy provided through a bootstrap circuit. A typical
bootstrap circuit is shown in the Figure 32.

Startup Circuit

Reoor  Door ] VHV
VCC AA | ‘
[ ] yvy |
|
|
|
S |
vee | . v | vB I
), .
)
1 N . : I
— N I: :| HO —
| :
f ]
GND |! J' | HB Dsnk _ Rsnk
“eccea-
I Vour

Figure 32. Bootstrap with Startup Circuit

The high side driver is biased by the Cgpoot (bootstrap
capacitor). Ascan be seen inthecircuit, Cgoot Will charge
only when HB goesto GND level. Low value of CgpoT Can
result in alittle dip in the bias voltages V. If the Vg drops
below UVLO level the power supply can shut down the
driver. Therefore choosing the right value of Cpoqt IS very
important for arobust design.

In the beginning of the operation, HO cannot response if
Cgoort is not charged above Vpgg, level, referenced to
voltage between VB and HB pin.

Therefore, if thereisnoinitial charing switch onlow side,
an additional start-up circuit should be considered for high
side driver to ensure starting of the operation.

The start-up circuit, asshownin the Figure 32, consists of
astartup resistor (RsrarT), astartup diode (DsrarT), and a
Zener diode (Dz). In this startup circuit, startup diode
DsrarTservesasasecond bootstrap diode used for charging
the bootstrap capacitor (CgooT) a power up. Bootstrap
capacitor (Cgoor) is charged to the Zener diode of Dz,
which is supposed to be higher than the driver's supply
voltage (V cc) during normal operation. The charge current
of the bootstrap capacitor and the Zener current are limited
by the startup resistor. For best efficiency, the value of
startup resistor should be selected to limit the current to a
low value, sincethe bootstrap path through the startup diode
is permanently in the circuit.

Expected voltage on CgooT pin in steady state condition
isdepicted in Figure 33.
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oV

Legend:
HO - high side driver
HB — bridge pin

\ \
\ \
HO \ \
| \
\ \

HB

oV

Vemax — maximum Cpgqt Voltage

Vemin — minimum Cpgot Voltage

tcharge — charging period

tgischarge — discharging period

tgsib — discharging by Ig current

tgsom — discharging by transcer a charge

\

\

| .

| Voot — boot strap capacitor voltage
|

\

Vemax —|

Veboot

Vcmin

to a MOSFET

Vchoot

|
|
R A t

tdsib

tcharge tdsib EdsQ;ﬂ

Figure 33. Boot Strap Capacitor Charging and Discharging

The curves are valid for ZV'S (Zero Voltage Switching)
observedinLL Capplications. For hard switchthecurvesare
dightly different, but from charge on Cpggt point of view
morefavorable. Under the hard switch conditionsthe energy
to charge Qq (from zero voltage to Vi, of the MOSFET) is
taken from V¢ capacitor (through an external boot strap
diode) so the voltage drop on Cpogt is smaller. For the
calculation of Cpget Value the ZVS conditions are taken
account.

Theswitching cycleisdivided into two parts, the charging
(tcharge) and the discharging (tgischarge) Of the Cpoot
capacitor. The discharging can be divided even more to
discharging by floating driver current consumption Ig»
(tggn), and to discharging by transfering energy from Cpgot
to gate terminal of the MOSFET (tysom) and discharging by
leakage current of the bootstrap diode (not taken account).
Discharging by 152 becoming more dominant when driver
runs at lower frequencies and/or during skip mode
operation. To calculate Cpggt Value, follow these steps:

1. For example, let'shaveaM OSFET withQg=49 nC,
Vee=10V.

2. Charge stored in Cpgot Necessary to cover the period
the Cpoot IS not supplied from V¢ line (which is
basically the period the high side MOSFET isturned
on). Let'ssay the applicationisswitching at 100 kHz,
50 % duty cycle, which meansthe upper MOSFET is
conductivefor 5 ps. It meansthe Choot is discharged
by Ig> current (100 uA typ) for 5us, so the charge
consumed by floating driver is:

Qp = lgz - tdischarge =10u-5u =500pC (eq. 1)

3. Total charge loss during one switching cycleissum
of charge to supply the high side driver and
MOSFET's gate charge:

Qut = Qg+ Q, =49n + 500p = 49.5nC (eq. 2)

4. Let's determine acceptable voltage ripple on Cboot
to 1 % of nominal value, whichis100 mV. To cover
charge losses from Equation 2.

Qiot 49.5n
Choot = —— = ——— = 495 nF
Vripple 01 (eq. 3)
Qg is equivalent gate charge of the MOSFET
Igo  istheboot quiescent current

tgischarge IS the on time for HO
Viipple isthe alowed ripple voltage in the bootstrap
capacitor
It isrecommended to use alarger value so asto cover any
variations in the gate charge and voltage with temperature.

Rpoot Resistor Value Calculation

To keep the application running properly, it is necessary
to charge the Cpoot again. This is done by external diode
from Ve lineto VB pin. In seria with the diode aresistor
is placed to reduce the current peaks from V¢ line. The
resistor value selection is critical for proper function of the
high side driver. If too small high current peaks are drown
from V¢ lineg, if too high the capacitor will not be charged
to appropriate level and the high side driver can be disabled
by internal UVLO protection.
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First of all keep in mind the capacitor is charged through
the external bootstrap diode, so it can be charged to a
maximum voltage level of V¢ - Vi. Theresistor valueis
calculated using this equation:

C

charge

R =
boot
Vmax = Vemin
Choot * In

Vimax — Vemax

Su
= =46Q

9.4 — 9.25
lu-In[——
9.4 — 935

(eq. 4)

Where:

tcharge time period the Choot is being charged, usually the
period the low side MOSFET isturned on,

Cpoot boot strap capacitor value

Vmax Mmaximum voltage the Cpoqt Capacitor can be
theoretically charged to. Usually theVcc— Vs . The
Vs isforward voltage of used diode

Vcmin the voltage level the capacitor is charge from

Vcmax the voltage level the capacitor is charged to. It is
necessary to determine the target voltage for
charging, because in theory, when a capacitor is
charged from a voltage source through aresistor,
the capacitor can never reach the voltage of the
source. In this particular case a50 mV difference
(between the voltage behind the diode and V cmax)
isused.

The resistor value obtained from Equation 4 does not
count with the quiescent current 1g, of the high side driver.
This current will create another voltage drop of:

BIB2_dr0p = Rpygot * Igo = 4.6 - 100 u = 460 uv (eq. 5)

The current consumed by high side driver will be higher,
because the g5 is valid when the device is not switching.
While switching, losses by charging and discharging
internal transistorsaswell asthelevel shifterswill be added.
This current will increase with frequency.

The additional 460 uV drop will be added to VCmax
value. Theadditional 460 uV drop can be either accepted or
the Rpoot Value can be recalculated to eliminate this
additional drop.

Theresistor Rygot calculated in Equation 4 isvalid under
steady state conditions. During start and/or skip operation
the starting point voltage value is different (lower) and it
takesmoretimeto chargetheboot strap capacitor. Moreover
it is not counted with temperature and voltage variability
during normal operation or the dynamic resistance of the
boot strap diode (approximately 0.34 Q for MURA160).
From these reasons the resistor value should be decreased
especially with respect to skip operation.

Boot strap resistor loss calculation.

Prboot = Quot * Vmax * f = 49.5n - 9.4 - 100k = 46.3 mW
(eq. 6)

Boot strap diode loss calculation.

-V f=495n-06-100k = 3mw

Pbboot = Qot (eq. 7)

Please keep in mind the value is temperature and voltage
dependent. Especially Cpoot VOltage can be higher than
calculated value. Also keep in mind, the Boot strap resistor
power dissipation calculated in Equation 6 is valid for
steady state conditions. For first Cboot charging, the power
loss (the current) is much higher.

Cvee = Voboot ~ VCboot
Irboot = R =
boot
10-06-0
=——=2A
4.6 (eq. 8)
PRboot = (CVcc ~ Vbboot ~ VCboot) " Irpoot =
=(10-06-0)-2=188W (eq.9)

The Boot strap resistor must be designed to accept the
current from Equation 8 and power lossfrom Equation 9for
awhile.

Ve Capacitor Selection

V ¢ capacitor value should be selected at least ten times
the value of Cpgat. In this case thus
Cvec> 10 uk

IN Pin Input Filter
For PWM connection onthelN pin of the NCV 51313, an
RC filter can help to filter out high frequency input noise.
Thisfilter isparticularly important in case of NCV51313B
where no interna filter isincluded.
The recommended value for RN and C are as below.
R|N =100 Q
Cin=120 pF

Rgate Selection

The Rgate are selectedto limit the peak gate current during
charging and discharging of the gate capacitance. This
resistance al so helpsto damp theringing dueto the parasitic
inductances, reduce dV/dt on HB pin to safe level and
attenuate EM| radiation. If high dV/dt (during rise/fall edge
and/or ringing after switching) is applied on HB pin, it can
cause unexpected behavior of the driver.

On the other hand, too high resistor will increase power
loss on MOSFETS, which leads to lower efficiency. It is
recommended to start evaluation with a high resistor value
and decrease the value if behavior is safe under all
conditions. We recommend to have at least a4.7 Q resistor
between NCV 51313 outputs and MOSFET's gate.

The resistors also help to decrease power dissipation of
the driver, because part of the energy from charging and
discharging Cgsisradiated ontheresistors Rgate (and on Renk
if they are used) outside the driver see Figure 32. The gate
resistor selection is tricky task. It depends on application,
topology, on used MOSFETS, layout etc.

For examplefor Ryge value of 4.7 Q, the peak source and
sink currents would be limited to the following values.
RGATE =47Q
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| = L = E = 1 3 A
HO_Source Rgale + ROH + Rg 7.7 ' (eq. 10)
\ 10
IHO Sink = —B =——=15A
- Rgate + I:QOL + Rg 6.7 (eq. 11)
Where:
RoH Rpson of internal source MOSFET (see parametric

table Roy parameter)

RoL  Rpson of internal sink MOSFET (see parametric
table RpoL parameter)
Ryg internal gate resistance of external MOSFET (see

appropriate DS), inthiscase 1 Q.

In some applications it is desired/advantageous to use
separated current pathsfor charging and dischargingthegate
capacitance. For this purpose externa MOSFET gate
connection must be extended (see Figure 32). Two
components Rgnk and Dgnk can be added in parallel to Rygte
resistor. The charging path is now only through Rgge
resistor, while discharging path is through Renk and Rggte in
parallel combination. Consider both resistors are the same
value 10Q. The source current is caculated using
Equation 10. The current is 769 mA.

Vg Ve = Vipsnk
+ =

Rsnk + (ROL + Rg) 2

| =
HOg,
™ Rgge + (RoL + Rg) - 2

- 22,88 150
12 12

(eq. 12)
Total Power Dissipation

Total power dissipation of NCV51313 is sum of partial
dissipations which can be calculated as follows (for more
details, please refer to AND90004/D).

1. Power loss of device (except drivers) while
switching at appropriate frequency is calculated
from current consumption at given voltage for
specific frequency. The current can be estimated
from Figure 24, or it could be cal cul ated using these
formulas:

I -572 -107% -V -f+514-1073 -f+

CCnoload ~

+3.98 - V + 40.96 (eq. 13)

I =258-10"3-V-f+0.866-f+593-V+

Bnoload

+ 2251 (eq. 14)

Where:

f  isfrequency inkHz,

V isvoltageinV,

Calculated current will bein pA.

The power dissipation of device (without drivers) is
equal to.

Piogic = Pus ¥ Pis =
= (Vboot : anoIoad) + (Vcc ’ ICCnoIoad) =
=(9.4-189-107% + (10 - 86 - 107%) =
= 2.6 mW (eq. 15)
2. Power loss of driver
Pariver = (Qg ’ VB) f=

= (49 - 10792 - 9.4) - 100 - 10° = 46 mW
(eg. 16)

Qg istota gate charge of the used MOSFET.
3. Level shifter power loss

Puishit = (Viy + Vg) - T - (Qs + QR) =

= (100 + 9.4) - 100 - 103 -

- (166 + 166) - 10712 = 3.6 mW (eq. 17)
Where:
Vhv isDC link voltage, here 100V,
Vg is boot strap voltage, here 9.6 V,

f is switching frequency, here 100 kHz,

Qs, Qr  isenergy needed to transfer information
from LS part to HS part of the driver. The
worst caseis ZVS mode. In hard switch
mode is QS very small, as the set pulse
comes when HB pinison low voltage.

4. HS leakage power loss

Preak = Thv o - (Vv + Vg) - DC =

=2-107%- (100 + 9.4) - 0.5 = 0.1 mW
(eq. 18)
Where:
Vyyv isDClink voltage, here 100 V,
Vg isboot strap voltage, here 9.4V,
DC isduty cycle, here 50%.
5. Total Power Loss (Hard Switching)

P * Paiver T Puuishit T Pleak =

total PIogic

= (26 +46 + 3.6 + 0.1) - 1073 = 523 mW
(eq. 19)
Increasing Junctiontemperature(tj) compared to Ambient
temperature (t) is

tj = Rya " Pro = 49+ 0.052 = 255K (eq. 20)

The temperature calculated in Equation 20 is the value
which has to be added to ambient temperature. In case the
ambient temperature is 30°C, the junction temperature will
be 32.6°C. The valueisvalid for DFN package.

total
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PIN1. EMITTER
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COLLECTOR
EMITTER
EMITTER
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EMITTER

PNOarOP

STYLE 5:
PIN 1. DRAIN
DRAIN
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PN RGN

STYLE 9:
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COLLECTOR, DIE #1
COLLECTOR, DIE #2
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BASE, DIE #1
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eNOO RGN

STYLE 13:
PIN1. N.C.

2. SOURCE
3. SOURCE
4. GATE

5. DRAIN

6. DRAIN

7. DRAIN

8. DRAIN

STYLE 17:

PIN1. VCC
2. V20UT
3. ViouT
4. TXE
5. RXE
6. VEE
7. GND
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STYLE 21:

PIN 1. CATHODE 1
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CATHODE 5
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PNOOrOP
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PIN1. VIN
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5. IOUT
6. IOUT
7. 1OUT
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PIN 1. BASE, DIE #1
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PNOO RGN
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STYLE 6: STYLE 7
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7. GATE 7. SECOND STAGE Vd
8. SOURCE 8. FIRST STAGE Vd
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STYLE 18: STYLE 19:
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8. CATHODE 8. MIRROR 1
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2. COMMON CATHODE/NCC 2. COMMON ANODE/GND
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STYLE 26: STYLE 27
PIN1. GND PIN1. ILIMIT
2. dv/dt 2. OVLO
3. ENABLE 3. UVLO
4. 1LMIT 4. INPUT+
5. SOURCE 5. SOURCE
6. SOURCE 6. SOURCE
7. SOURCE 7. SOURCE
8. VCC 8. DRAIN
STYLE 30:
PIN1. DRAIN 1
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3. GATE2

4. SOURCE 2

5. SOURCE 1/DRAIN 2
6. SOURCE 1/DRAIN 2
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8. GATE1

DATE 16 FEB 2011

STYLE 4:

PIN 1.

PNOO PO

ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
ANODE
COMMON CATHODE

STYLE 8:

PIN 1.

eNOOrGN

COLLECTOR, DIE #1
BASE, #1

BASE, #2
COLLECTOR, #2
COLLECTOR, #2
EMITTER, #2
EMITTER, #1
COLLECTOR, #1

STYLE 12:
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DRAIN
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PNOO PP

SOURCE (N
GATE (N)
SOURCE (P)
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DRAIN
DRAIN
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EMITTER
COLLECTOR/ANODE
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CATHODE
COLLECTOR/ANODE
COLLECTOR/ANODE
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3
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6
7
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