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5 Pin Configuration and Functions

D Package
8-Pin SOIC NGT Package
TOp View 8-Pin WSON
Top View
Vo1~ sl _ms 7
* Voo {1 8 |—HB
HI—]2 7 |—Ho
HI—]2 7 |—HoO
L—13 6 |— Hs
L—13 6 |— Hs
Ves 14 5110
Vss 4 5} —LO
Pin Functions
Pin #
a NAME DESCRIPTION APPLICATION INFORMATION
soiIc | wsoN®
- . Locally decouple to Vgg using low ESR/ESL capacitor located as
1 1 Vpp Positive gate drive supply close to IC as possible.
. . . The HI input is compatible with TTL input thresholds. Unused HI input
2 2 HI High side control input should be tied to ground and not left open
. . The LI input is compatible with TTL input thresholds. Unused LI input
3 3 L Low side control input should be tied to ground and not left open.
Vss Ground reference All signals are referenced to this ground.
LO Low side gate driver output Connect to the gate of the low-side N- MOS device.
. . . Connect to the negative terminal of the bootstrap capacitor and to the
6 6 HS High side source connection source of the high-side N-MOS device.
7 7 HO High side gate driver output Connect to the gate of the high-side N-MOS device.
. . . . Connect the positive terminal of the bootstrap capacitor to HB and
8 8 HB High S|de_ gate driver positive the negative terminal of the bootstrap capacitor to HS. The bootstrap
supply rail . .
capacitor should be placed as close to IC as possible.

(1) For WSON package it is recommended that the exposed pad on the bottom of the package be soldered to ground plane on the PCB
and the ground plane should extend out from underneath the package to improve heat dissipation.

6 Specifications

6.1 Absolute Maximum Ratings

See DO
MIN MAX UNIT

Vpp t0 Vsg -0.3 18 \
HB to HS -0.3 18 \
LI or HI to Vss -0.3 Vpp + 0.3 \
LO to Vsg -0.3 Vpp + 0.3 \
HO to Vsg Vps — 0.3 Vg + 0.3 \
HS to Vgg® -5 90 v
HB to Vss 108 \
Junction Temperature —-40 150 °C
Storage Temperature Range -55 150 °C

(1) Absolute Maximum Ratings indicate limits beyond which damage to the component may occur. Operating Ratings are conditions under
which operation of the device is specified. Operating Ratings do not imply performance limits. For performance limits and associated test
conditions, see the Electrical Characteristics.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/Distributors for availability and
specifications.

(3) In the application the HS node is clamped by the body diode of the external lower N-MOSFET, therefore the HS voltage will generally
not exceed —1V. However in some applications, board resistance and inductance may result in the HS node exceeding this stated
voltage transiently. If negative transients occur on HS, the HS voltage must never be more negative than Vpp — 15V. For example, if

Vpp = 10V, the negative transients at HS must not exceed -5V.

Copyright © 2006-2016, Texas Instruments Incorporated
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6.2 ESD Ratings
VALUE UNIT
Vespy  Electrostatic discharge | Human-body model (HBM) +1500 \Y

(1) The human body model is a 100 pF capacitor discharged through a 1.5kQ resistor into each pin.

6.3 Recommended Operating Conditions

MIN NOM MAX UNIT
Voo 8 14 \Y;
HS® -1 90 v
HB Vys + 8 Vs + 14 \Y%
HS Slew Rate <50 Vins
Junction Temperature -40 125 °C

(1) In the application the HS node is clamped by the body diode of the external lower N-MOSFET, therefore the HS voltage will generally
not exceed —1V. However in some applications, board resistance and inductance may result in the HS node exceeding this stated
voltage transiently. If negative transients occur on HS, the HS voltage must never be more negative than Vpp — 15V. For example, if
Vpp = 10V, the negative transients at HS must not exceed -5V.

6.4 Thermal Information

LM5109A
THERMAL METRIC® D (SOIC) NGT (WSON) UNIT
8 PINS 8 PINS
Reaa Junction-to-ambient thermal resistance 117.6 42.3 °C/IW
Roactop) Junction-to-case (top) thermal resistance 64.9 34 °C/IW
Reis Junction-to-board thermal resistance 58.1 19.3 °C/IW
Vot Junction-to-top characterization parameter 17.4 0.4 °C/IW
LAL] Junction-to-board characterization parameter 57.6 195 °C/IW
Roac ot Junction-to-case (bottom) thermal resistance - 8.1 °C/IW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

6.5 Electrical Characteristics

Unless otherwise specified, Vpp = Vg = 12V, Vss = Vs = 0V, No Load on LO or HO®. Typical limits are for T; = 25°C, and
minimum and maximum limits apply over the operating junction temperature range (—40°C to 125°C).

PARAMETER TEST CONDITIONS [ MIN TYP | MAX | UNIT
SUPPLY CURRENTS
Ibb Vpp quiescent current LI =HI =0V 0.3 0.6 mA
Ibbo Vpp operating current f =500 kHz 1.8 2.9 mA
lhs Total HB quiescent current LI =HI =0V 0.06 0.2 mA
lhBo Total HB operating current f =500 kHz 14 2.8 mA
lugs HB to Vgg current, quiescent Vhs = Vg = 90V 0.1 10 HA
IhBso HB to Vsg current, operating f =500 kHz 0.5 mA
INPUT PINS LI and HI
Vi Low-level input voltage threshold 0.8 1.8 \Y
Viy High-level input voltage threshold 1.8 2.2 \%
R Input pulldown resistance 100 200 500 kQ
UNDER-VOLTAGE PROTECTION
VppR Vpp rising threshold Vppr = Vop — Vss 6.0 6.7 7.4 \%
VppH Vpp threshold hysteresis 0.5 \%
Vusr HB rising threshold Vugr = Vg — Vhs 5.7 6.6 7.1 \%

(1) Minimum and maximum limits are 100% production tested at 25°C. Limits over the operating temperature range are specified through
correlation using Statistical Quality Control (SQC) methods. Limits are used to calculate Average Outgoing Quality Level (AOQL).

4 Copyright © 2006-2016, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Unless otherwise specified, Vpp = Vg = 12V, Vss = Vs = 0V, No Load on LO or HO®W, Typical limits are for T; = 25°C, and
minimum and maximum limits apply over the operating junction temperature range (—40°C to 125°C).

PARAMETER TEST CONDITIONS MIN ‘ TYP ‘ MAX UNIT

VHBH HB threshold hysteresis 0.4 \%
LO GATE DRIVER

VoL Low-level output voltage ILo = 100 mA, VouL = Vo — Vss 0.38 0.65 \%
VoHL High-level output voltage lLo = =100 mA, VoL = Vop — Vio 0.72 1.20 \%
loHL Peak pullup current Vo =0V 1.0 A
loLL Peak pulldown current Vo =12V 1.0 A
HO GATE DRIVER

VoLH Low-level output voltage Iho = 100 mA, VorH = VHo — Vhs 0.38 0.65 \%
VoHH High-level output voltage Iho = =100 mA, Voun = Vue — Vo 0.72 1.20 \%
loHH Peak pullup current Vho = 0V 1.0 A
loLH Peak pulldown current Vo = 12V 1.0 A

6.6 Switching Characteristics

Unless otherwise specified, Vpp = Vg = 12V, Vgg = Vs = 0V, No Load on LO or HO. Typical limits are for T; = 25°C, and
minimum and maximum limits apply over the operating junction temperature range (—40°C to 125°C).

PARAMETER TEST CONDITIONS MIN ‘ TYP | MAX UNIT

tLPHL Lower turn-off propagation delay

(Ll falling to LO falling) 30 5| ns
tHPHL Upper turn-off propagation delay

(HI falling to HO falling) 30 56| ns
tLPLH Lower turn-on propagation delay

(LI rising to LO rising) 32 56 ns
tHPLH Upper turn-on propagation delay

(HI rising to HO rising) 32 56 ns
tMon Delay matching: lower turn-on and upper

turn-off 2 15 ns
tMOFF Delay matching: lower turn-off and upper 5 15 ns

turn-on
tres tre Either output rise or fall time C, = 1000 pF 15 - ns
tpw Minimum input pulse width that changes 50 ns

the output

Figure 1. Timing Diagram

Copyright © 2006-2016, Texas Instruments Incorporated 5
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6.7 Typical Performance Characteristics

Ippo (MA)

100

10

0.1

FREQUENCY (kHz)

EVpD = Vi = 12V
[ Vss=VHs =0V ] 7
CL = 1000 pF| A4
|
/ /1
U
CL = 2200 pFHLZ=X ez
[l \\\ ,I 1
|_C\ = 4400 pF. / 4
L (A 7 A
/ 1’/ /: 4Vq
\ .
i l\ CL =0 pF[]
CL = 470 pF
L
10 100 1000

Figure 2. Vpp Operating Current vs Frequency
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Figure 6. Quiescent Current vs Voltage

Figure 7. Propagation Delay vs Temperature
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Typical Performance Characteristics (continued)
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Figure 9. LO and HO Low Level Output Voltage vs

Figure 8. LO and HO High Level Output Voltage vs Temperature
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Figure 10. Undervoltage Rising Thresholds vs Temperature
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Figure 12. Input Thresholds vs Temperature
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7 Detailed Description

7.1 Overview

The LM5109A is a cost-effective, high-voltage gate driver designed to drive both the high-side and the low-side
N-channel FETs in a synchronous buck or a half-bridge configuration. The outputs are independently controlled
with TTL compatible input thresholds. The floating high-side driver is capable of working with HB voltage up to
108 V. An external high-voltage diode must be provided to charge high-side gate drive bootstrap capacitor. A
robust level shifter operates at high speed while consuming low power and providing clean level transitions from
the control logic to the high-side gate driver. Undervoltage lockout (UVLO) is provided on both the low-side and
the high-side power rails.

7.2 Functional Block Diagram

HO |

13T

HS

amb )

T4T

= Lo
DRIVER

Copyright © 2016, Texas Instruments Incorporated

7.3 Feature Description

7.3.1 Start-Up and UVLO

Both top and bottom drivers include UVLO protection circuitry which monitors the supply voltage (Vpp) and
bootstrap capacitor voltage (Vyg_ns) independently. The UVLO circuit inhibits the output until sufficient supply
voltage is available to turn on the external MOSFETs, and the built-in UVLO hysteresis prevents chattering
during supply voltage variations. When the supply voltage is applied to the VDD pin of the LM5109A, the top and
bottom gates are held low until Vpp exceeds the UVLO threshold, typically about 6.7 V. Any UVLO condition on
the bootstrap capacitor (Vyg_ns) Will only disable the high-side output (HO).

7.3.2 Level Shift

The level shift circuit is the interface from the high-side input to the high-side driver stage which is referenced to
the switch node (HS). The level shift allows control of the HO output which is referenced to the HS pin and
provides excellent delay matching with the low-side driver.

8 Copyright © 2006-2016, Texas Instruments Incorporated
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Feature Description (continued)

7.3.3 Output Stages

The output stages are the interface to the power MOSFETSs in the power train. High slew rate, low resistance,
and high-peak current capability of both outputs allow for efficient switching of the power MOSFETSs. The low-
side output stage is referenced to VSS and the high-side is referenced to HS.

7.4 Device Functional Modes

The device operates in normal mode and UVLO mode. See Start-Up and UVLO for more information on UVLO
operation mode. In normal mode when the Vpp and Vg are above UVLO threshold, the output stage is
dependent on the states of the HI and LI pins. The output HO and LO will be low if input state is floating.

Table 1. INPUT and OUTPUT Logic Table

HI LI HOW LO®

L L L L

L H L H

H L H L

H H H H
Floating Floating L L

(1) HO is measured with respect to the HS.
(2) LO is measured with respect to the VSS.

Copyright © 2006-2016, Texas Instruments Incorporated 9



http://www.ti.com/product/lm5109a?qgpn=lm5109a
http://www.ti.com

13 TEXAS
INSTRUMENTS
LM5109A

JAJSC52C —APRIL 2006—REVISED SEPTEMBER 2016 www.ti.com

8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

To operate power MOSFETS at high switching frequencies and to reduce associated switching losses, a powerful
gate driver is employed between the PWM output of controller and the gates of the power semiconductor
devices. Also, gate drivers are indispensable when it is impossible for the PWM controller to directly drive the
gates of the switching devices. With the advent of digital power, this situation is often encountered because the
PWM signal from the digital controller is often a 3.3-V logic signal which cannot effectively turn on a power
switch. Level shift circuit is needed to boost the 3.3-V signal to the gate-drive voltage (such as 12 V) to fully turn
on the power device and minimize conduction losses. Traditional buffer drive circuits based on NPN and PNP
bipolar transistors in totem-pole arrangement prove inadequate with digital power because they lack level-shifting
capability. Gate drivers effectively combine both the level-shifting and buffer-drive functions. Gate drivers also
find other needs such as minimizing the effect of high-frequency switching noise (by placing the high-current
driver IC physically close to the power switch), driving gate-drive transformers and controlling floating power-
device gates, reducing power dissipation and thermal stress in controllers by moving gate charge power losses
from the controller into the driver.

The LM5109A is the high-voltage gate drivers designed to drive both the high-side and low-side N-channel
MOSFETSs in a half-bridge configuration, full-bridge configuration, or in a synchronous buck circuit. The floating
high-side driver is capable of operating with supply voltages up to 90 V. This allows for N-channel MOSFETSs
control in half-bridge, full-bridge, push-pull, two-switch forward and active clamp topologies. The outputs are
independently controlled. Each channel is controlled by its respective input pins (HI and LI), allowing full and
independent flexibility to control ON and OFF-time of the output.

8.1.1 HS Transient Voltages Below Ground

The HS node will always be clamped by the body diode of the lower external FET. In some situations, board
resistances and inductances can cause the HS node to transiently swing several volts below ground. The HS
node can swing below ground provided:

1. HS must always be at a lower potential than HO. Pulling HO more than —-0.3V below HS can activate
parasitic transistors resulting in excessive current flow from the HB supply, possibly resulting in damage to
the IC. The same relationship is true with LO and VSS. If necessary, a Schottky diode can be placed
externally between HO and HS or LO and GND to protect the IC from this type of transient. The diode must
be placed as close to the IC pins as possible in order to be effective.

2. HB to HS operating voltage should be 15V or less. Hence, if the HS pin transient voltage is -5V, VDD should
be ideally limited to 10V to keep HB to HS below 15V.

3. Low ESR bypass capacitors from HB to HS and from VDD to VSS are essential for proper operation. The
capacitor should be located at the leads of the IC to minimize series inductance. The peak currents from LO
and HO can be quite large. Any series inductances with the bypass capacitor will cause voltage ringing at the
leads of the IC which must be avoided for reliable operation.

10 Copyright © 2006-2016, Texas Instruments Incorporated
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8.2 Typical Application

8.2.1 Design Requirements

— \A—P

RBooT DgooTt

vDD | VDD

|
' IL

outt | HI
|
| 1

ouT2 | LI

1.0 uF =<

HB

LM5109

VSS

HO

HS

LO

Anti-parallel Diode

VIN

T 0.1 pF

(Optional) Secondary
Side Circuit
wl g
I—
CgooTt

_N_

RGATE

T1

=k
—]

}Q:

Table 2 lists the design parameters of the LM5109A.

Table 2. Design Example

\Y%

Figure 14. LM5109A Driving MOSFETSs in a Half-Bridge Converter

PARAMETER VALUE
Gate Driver LM5109A
MOSFET CSD19534KCS
Vpb 10V
Qg 17 nC
fsw 500 kHz

8.2.2 Detailed Design Procedure

8.2.2.1 Select Bootstrap and VDD Capacitor

The bootstrap capacitor must maintain the Vyg.ps voltage above the UVLO threshold for normal operation.
Calculate the maximum allowable drop across the bootstrap capacitor with Equation 1.

where

Vpp = Supply voltage of the gate drive IC
Vpy = Bootstrap diode forward voltage drop

d VHBL = VHBRmax - VHBHI HB fa"lng threshold (1)
Then, the total charge needed per switching cycle is estimated by Equation 2.
D I . .2mA
Qrotal = Qs +lyps x & 4+ HB_ _17nC+10 pAx 095 0O =17.5nC
sw  fsw 500 kHz 500 kHz
where
* Qg = Total MOSFET gate charge
Copyright © 2006-2016, Texas Instruments Incorporated 11
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* lyss = HB to VSS Leakage current
¢ Dyax = Converter maximum duty cycle
e lys = HB Quiescent current (2)
Therefore, the minimum Cg,o; Mmust be:
17.5nC
Cooot = 20 =7.6nF

In practice, the value of the Cg,, Capacitor must be greater than calculated to allow for situations where the
power stage may skip pulse due to load transients. Tl recommends having enough margins and place the
bootstrap capacitor as close to the HB and HS pins as possible.

Cgoot = 100 nF 4)

As a general rule the local Vpp bypass capacitor must be 10 times greater than the value of Cgy, @s shown in
Equation 5.

Cvop = 1 pF (%)

The bootstrap and bias capacitors must be ceramic types with X7R dielectric. The voltage rating must be twice
that of the maximum Vpp considering capacitance tolerances once the devices have a DC bias voltage across
them and to ensure long-term reliability.

8.2.2.2 Select External Bootstrap Diode and Its Series Resistor

The bootstrap capacitor is charged by the Vpp through the external bootstrap diode every cycle when low-side
MOSFET turns on. The charging of the capacitor involves high peak currents, and therefore transient power
dissipation in the bootstrap diode may be significant and the conduction loss also depends on its forward voltage
drop. Both the diode conduction losses and reverse recovery losses contribute to the total losses in the gate
driver circuit.

For the selection of external bootstrap diodes, see AN-1317 Selection of External Bootstrap Diode for LM510X
Devices (SNVSA083). Bootstrap resistor Rggot IS selected to reduce the inrush current in Dgoor and limit the
ramp up slew rate of voltage of Vyg.ps during each switching cycle, especially when HS pin have excessive
negative transient voltage. Rgoot recommended value is between 2 Q and 10 Q depending on diode selection. A
current limiting resistor of 2.2 Q is selected to limit inrush current of bootstrap diode, and the estimated peak
current on the Dg, is shown in Equation 6.

Vop ~ Vo 10V -1V

IpBoot(pk) = ~4A
P Reoot 220
where
e Vpy is the bootstrap diode forward voltage drop (6)

8.2.2.3 Selecting External Gate Driver Resistor

The external gate driver resistor, Rgate, IS Sized to reduce ringing caused by parasitic inductances and
capacitances and also to limit the current coming out of the gate driver.
Peak HO pullup current are calculated in Equation 7.
Voo — Vou _ 10Vv-1Vv
Ruon *Reate *Rerer it 1.2V/100MA+4.7Q+2.2Q

lonn = =0.48 A
where

* loyy = Peak pullup current

e Vpy = Bootstrap diode forward voltage drop

* Ryon = Gate driver internal HO pullup resistance, provide by driver data sheet directly or estimated from the
testing conditions, that is Ryon = Voun / ho

*  Rgae = External gate drive resistance
*  Rgrer e = MOSFET internal gate resistance, provided by transistor data sheet @)

Similarly, Peak HO pulldown current is shown in Equation 8.

12 Copyright © 2006-2016, Texas Instruments Incorporated
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oLy = Vob — VoH
RuoL +Raate + RereT_int
where
¢ Ryo is the HO pulldown resistance (8)
Peak LO pullup current is shown in Equation 9.
lowL = Yo
Rion + Raate ¥ RareT_int
where
* Ry op is the LO pullup resistance 9)
Peak LO pulldown current is shown in Equation 10.
loLL = Yoo
RioL +Raate + RreT int
where
*  Ryo is the LO pulldown resistance (10)

For some scenarios, if the applications require fast turnoff, an anti-paralleled diode on Rgae could be used to
bypass the external gate drive resistor and speed up turnoff transition.

8.2.2.4 Estimate the Driver Power Loss

The total driver IC power dissipation can be estimated through the following components.
1. Static power losses, Pqc, due to quiescent current — Ipp and Iyg

Pac = Voo X Ipp + (Vop = Vi) X lyg (11)
2. Level-shifter losses, P)gs, due high-side leakage current — lyygg

Pies = Vg % lugs * D

where
« D is the high-side switch duty cycle (12)
3. Dynamic losses, Pggig2, due to the FETs gate charge — Qg

Rep r

P =2%xVpp X X X
QG182 oo * Qe > fsw Rep r T Raate + RereT int
where

* Qg = Total FETs gate charge

o fsw = Switching frequency

* Rgp_r = Average value of pullup and pulldown resistor

*  Rgae = External gate drive resistor

*  Rgrer it = Internal FETs gate resistor (13)

4. Level-shifter dynamic losses, P,s, during high-side switching due to required level-shifter charge on each
switching cycle — Qp

PLs = Ve X Qp % fow (14)
In this example, the estimated gate driver loss in LM5109A is shown in Equation 15.
Pims100a =10 Vx0.6 MA +9 V x0.2MA +72 V x10 pA x 0.95 + 2x 10 x17 nC x 500 KHzx —— 22 72\x0.5nCx500 kHz = 0.134 W

1204704220
(15)

For a given ambient temperature, the maximum allowable power loss of the IC can be defined as shown in
Equation 16.
T3-Ta

RGJA

PLvs100a =

where
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http://www.ti.com/product/lm5109a?qgpn=lm5109a
http://www.ti.com

13 TEXAS

INSTRUMENTS
LM5109A
JAJSC52C —APRIL 2006—REVISED SEPTEMBER 2016 www.ti.com
e P_usi00s = The total power dissipation of the driver
e T, =Junction temperature
e T, = Ambient temperature
* Ry;a = Junction-to-ambient thermal resistance (16)

The thermal metrics for the driver package is summarized in the Thermal Information table of the data sheet. For
detailed information regarding the thermal information table, please refer to the Semiconductor and IC Package
Thermal Metrics (SPRA953).

8.2.3 Application Curves

Figure 15 and Figure 16 shows the rising and falling time as well as turnon and turnoff propagation delay testing
waveform in room temperature, and waveform measurement data (see the bottom part of the waveform). Each
channel (HI, LI, HO, and LO) is labeled and displayed on the left hand of the waveforms.

The testing condition: load capacitance is 1 nF, Vpp = 12 V, fgy = 500 kHz.

HI and LI share one same input from function generator, therefore, besides the propagation delay and rising and
falling time, the difference of the propagation delay between HO and LO gives the propagation delay matching
data.

B (] T—y

[owsermismmadrammanamtestir! B AT

oL Lo -+
Lo i by

_E 5.00V 2 — !M:‘nnv mx- :Sx:;lx)ev )[zn ons. ]?n?»?l:n/l;ls [ - s 760V _E 5.00V ]?n?»?l:n/l;ls [ @\ 760V
@ Rise Time 21.40n  19.88n  23.04n  877.2p - e\
- /s 32.31n  31.28n  32.96n 545.9p 12 Nov 2015 @ Fall Time 12 Nov 2015
- 2/ 33.73ns _33.90n _33.32n _34.70n __321.4p 11:02:07 - @\ 11:09:05

CL =1nF VDD =12V fSW =500 kHz CL =1nF VDD =12V fSW =500 kHz
Figure 15. Rising Time and Turnon Propagation Delay Figure 16. Falling Time and Turnoff Propagation Delay
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9 Power Supply Recommendations

The recommended bias supply voltage range for LM5109A is from 8 V to 14 V. The lower end of this range is
governed by the internal undervoltage lockout (UVLO) protection feature of the Vpp supply circuit blocks. The
upper end of this range is driven by the 18-V absolute maximum voltage rating of the Vpp. Tl recommends
keeping a 4-V margin to allow for transient voltage spikes.

The UVLO protection feature also involves a hysteresis function. This means that once the device is operating in
normal mode, if the Vpp voltage drops, the device continues to operate in normal mode as long as the voltage
drop does not exceed the hysteresis specification, Vppy. If the voltage drop is more than hysteresis specification,
the device shuts down. Therefore, while operating at or near the 8-V range, the voltage ripple on the auxiliary
power supply output must be smaller than the hysteresis specification of LM5109A to avoid triggering device-
shutdown.

A local bypass capacitor must be placed between the VDD and GND pins. And this capacitor must be located as
close to the device as possible. A low-ESR, ceramic surface mount capacitor is recommended. TI recommends
using 2 capacitors across VDD and GND: a 100-nF, ceramic surface-mount capacitor for high-frequency filtering
placed very close to VDD and GND pin, and another surface-mount capacitor, 220-nF to 10-pF, for IC bias
requirements. In a similar manner, the current pulses delivered by the HO pin are sourced from the HB pin.
Therefore a 22-nF to 220-nF local decoupling capacitor is recommended between the HB and HS pins.

Copyright © 2006-2016, Texas Instruments Incorporated 15
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10 Layout

10.1 Layout Guidelines

Optimum performance of high and low-side gate drivers cannot be achieved without taking due considerations
during circuit board layout. The following points are emphasized:

1. Low ESR / ESL capacitors must be connected close to the IC between VDD and VSS pins and between HB
and HS pins to support high peak currents being drawn from VDD and HB during the turn-on of the external
MOSFETSs.

2. To prevent large voltage transients at the drain of the top MOSFET, a low ESR electrolytic capacitor and a
good quality ceramic capacitor must be connected between the MOSFET drain and ground (VSS).

3. In order to avoid large negative transients on the switch node (HS) pin, the parasitic inductances between
the top MOSFET source and the of the bottom MOSFET drain (synchronous rectifier) must be minimized.

4. Grounding considerations:

— The first priority in designing grounding connections is to confine the high peak currents that charge and
discharge the MOSFET gates to a minimal physical area. This will decrease the loop inductance and
minimize noise issues on the gate terminals of the MOSFETSs. The gate driver should be placed as close
as possible to the MOSFETS.

— The second consideration is the high current path that includes the bootstrap capacitor, the bootstrap
diode, the local ground referenced bypass capacitor, and the low-side MOSFET body diode. The
bootstrap capacitor is recharged on a cycle-by-cycle basis through the bootstrap diode from the ground
referenced VDD bypass capacitor. The recharging occurs in a short time interval and involves high peak
current. Minimizing this loop length and area on the circuit board is important to ensure reliable operation.

10.2 Layout Example

Rgoot IN series with Dgg,
(Top Layer) ™~

Bootstrap Diode
A/(Bottom Layer)

Bypassing Cap

(Top Layer) —, Bypassing Cap

(Bottom Layer)

/

Vgs ground plane

(Bottom Layer)
T To High Side
Transistor
To Low Side
Transistor

LM5109

Figure 17. Layout Example
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11.1 FFaAYbFOYR—-F

11.1.1 BIEEH
FEMIEHICOWTIE, LR ESIRLTIEE N,
[AN-1317 LM510X 7 SA X DI 7 — A BT 7« A A — R D% (SNVA083)
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R 2 A RO HFNZ DOV TOBEZZ T AT, ti.comD T /S 2B 7 4 )L ZBINTL & W, B EOMICHAT 8
HZZ T D) 7 7 U OB T DE BRESNIZT R CORGFRICE T AP 2 ANl Z TR ES, ZED
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113 AZaz=7574-UVVY—2X

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.4 &

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

115 BESMEICE TS EIEEE

A INHDT ASARIL, PRERILESD (Fresffl) (REMAEZ N L COVET, PRIFIFFEIIEEIRO IR, MOSY —MIxt3 L H A4 1
hiad (T BTOIC VR LAY a— bERT <0, TAMAEEET +— ACANSLEDHYET,
11.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 AHAZhIb. Xybo—2, BIWEXER

BB DA —NTE, A= 8= S KOS DSBS COE T, SO, JEEO7 /S
LA LTRSS COB I DT — 4T, 207 — AT T/ ERSNBZEND, FFa A MRSETSND B
bBVET, KT —5 2 —bOT T PREE S OB B A1, BIEAAROBRAEZEEE,
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
LM5109AMA/NOPB LIFEBUY SOIC D 8 95 RoOHS & Green NIPDAU | SN Level-1-260C-UNLIM -40to 125 L5109
AMA
LM5109AMAX/NOPB ACTIVE SOIC D 8 2500 RoHS & Green NIPDAU | SN Level-1-260C-UNLIM -40to 125 L5109
AMA
LM5109ASD/NOPB ACTIVE WSON NGT 8 1000 ROHS & Green NIPDAU | SN Level-1-260C-UNLIM -40to 125 5109ASD
LM5109ASDX/NOPB ACTIVE WSON NGT 8 4500 ROHS & Green NIPDAU | SN Level-1-260C-UNLIM -40 to 125 5109ASD -

Samples

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
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continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO |4 P1—»]
Leg R g R A T
o| |e e Bo W
Rl |
L & Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ 1
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O OO 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins | SPQ Reel Reel AO BO KO P1 W Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
LM5109AMAX/NOPB SolIC D 2500 330.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1
LM5109ASD/NOPB WSON NGT 1000 178.0 12.4 4.3 4.3 1.3 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM5109AMAX/NOPB SoIC D 8 2500 367.0 367.0 35.0
LM5109ASD/NOPB WSON NGT 8 1000 208.0 191.0 35.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> width
v
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
LM5109AMA/NOPB D SOIC 8 95 495 8 4064 3.05
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PACKAGE OUTLINE
NGTOOO8A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREAJC?

T

0.8 MAX +
J—AIg — .. .. 0. e SEATING PLANE
005 | cEaE

EXPOSED
THERMAL PAD o~ 2.6i‘0.05 — — ﬁ 0.2) TYP
‘ |
|
4 5
-4 \ | ]
|
2X :] 9 [: SYMM
[2.4] B e + - - ¢ 3+0.05
T =) C
| 1
- | -
s S
| L 0.35
PIN 11D SYMM #X 025 5
05__| | 01 [c[alB
803 & 0.05( |C

4214935/A 08/2020

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
NGTOOO8A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

(2.6)
8X (0.6) SYMM
; 1 - ‘ N
8X (0.3) d) CD 8
‘ |
SYMM ‘ [E
9
t—-—t-—1O—-—+ e <
| | E (1.25)
6X (0.8) ‘ ‘
‘ r —
R0.05) TYP
( ) . (@0.2) VIA 1
‘ TYP (1.05) - ‘
\ (3.8) \
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
EXPOSED EXPOSED N M)
METAL METAL\:‘ |
\ /
SOLDER 'V'ASK/ METAL METAL UNDERJ \—SOLDER MASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214935/A 08/2020

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.

INSTRUMENTS
www.ti.com




EXAMPLE STENCIL DESIGN
NGTOOO8A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

METAL
% TYP

|
8X (0.6) ‘
|
{ 1 ( %
8X (0.3) @ i
|
|

—

SIS

- — ¢ — —

—
o
[4)]
a1

)

|
|
SYMM 4

Tt -

(R0.05) TYP

(1.15)

G | e o M
! G
6X (0.8) | (1.31)
s
|
|

£
|

(3:8)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 9:

77% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X

4214935/A 08/2020

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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