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LM2103 107-V, 0.5-A/0.8-A Half-Bridge Driver with
8-V UVLO, Dead Time, and Inverting Input
1 Features 3 Description

Drives two N-channel MOSFETs in half-bridge

configuration

8-V typical undervoltage lockout on GVDD
107-V absolute maximum voltage on BST
—19.5-V absolute maximum negative transient

voltage handling on SH

0.5-A/0.8-A peak source/sink currents
475-ns typical fixed internal dead-time

Built-in cross conduction prevention
115-ns typical propagation delay
Inverting input pin INL

2 Applications

Brushless-DC (BLDC) motors

Permanent magnet synchronous motors (PMSM)

Servo and stepper motor drives
Cordless vacuum cleaners
Cordless garden and power tools
E-bikes and e-scooters

Battery test equipment

Offline uninterruptible power supply (UPS)
General-purpose MOSFET or IGBT driver

The LM2103 is a compact, high-voltage gate driver
designed to drive both the high-side and the low-side
N-channel MOSFETSs in a synchronous buck or a half-
bridge configuration. The INL inverting input allows
the driver to be used in either dual or single PWM
input applications.

The fixed dead-time and the -1-V DC and -19.5-
V ftransient negative voltage handling on the SH
pin improve the system robustness in high noise
applications. The LM2103 is available in an 8-pin
SOIC package compatible with industry standard
pinouts. Undervoltage lockout (UVLO) is provided on
both the low-side and the high-side power rails for
protection during power up and power down.

Device Information

PART NUMBER PACKAGE(") BODY SIZE (NOM)

LM2103 D (SOIC, 8) 4.90 mm x 3.91 mm

(1)  For all available packages, see the orderable addendum at
the end of the data sheet.
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Simplified Application Diagram

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

4 3\
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Not to scale

Figure 5-1. D Package, 8-Pin SOIC (Top View)

Table 5-1. Pin Functions

PIN
DESCRIPTION
NO. NAME TYPE(")

Gate driver positive supply rail. Locally decouple to ground using low ESR and ESL capacitor

1 GVDD P )
located as close to IC as possible.

2 INH | High-side control input. The INH input is compatible with TTL and CMOS input thresholds.
Unused INH input must be tied to ground and not left open.

3 N | Low-side control input. The inverting INL input is compatible with TTL and CMOS input
thresholds. Unused INL input must be tied to GVDD and not left open.

4 GND G Ground. All signals are referenced to this ground.

5 oL o Low-side gate driver output. Connect to the gate of the low-side MOSFET or one end of
external gate resistor, when used.

6 SH p High-side source connection. Connect to the negative terminal of the bootstrap capacitor and
to the source of the high-side MOSFET.

7 GH o High-side gate driver output. Connect to the gate of the high-side MOSFET or one end of
external gate resistor, when used.
High-side gate driver positive supply rail. Connect the positive terminal of the bootstrap

8 BST P capacitor to BST and the negative terminal of the bootstrap capacitor to SH. The bootstrap
capacitor must be placed as close to IC as possible.

(1) G =Ground, | = Input, O = Output, and P = Power
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6 Specifications

6.1 Absolute Maximum Ratings

Over operating junction temperature range and all voltages are with respect to GND (unless otherwise noted).(!)

MIN MAX UNIT
VevpD Low-side supply voltage -0.3 19.5 \%
Vst to Vsy | High-side supply voltage -0.3 19.5 \%
VINL ViNe | Input voltages on INL and INH -0.3 19.5 \%
VaL Output voltage on GL -0.3 GVDD + 0.3 \%
A Output voltage on GH Vsy— 0.3 VgsT + 0.3 \%
Vs Voltage on SH be - % \%
Repetitive pulse < 100 ns(® -19.5 95
Vst Voltage on BST Vsy 107 \%
T, Junction temperature —40 125 °C
Tstg Storage temperature Storage temperature -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.
If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) Values are verified by characterization and are not production tested.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") £1000
V(esp) Electrostatic discharge Charged-device model (CDM), per JEDEC specification +250 v
JESD22-C101@ -

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions

Over operating junction temperature range and all voltages are with respect to GND (unless otherwise noted).

MIN NOM MAX UNIT
Vevob Supply voltage 9 12 18 \%
VinL, VINH Input Voltage Range 0 Vevpp + 0.3 \%
VesT Voltage on BST Vgy+9 105 \%
Vsh Voltage on SH (DC) -1 Vgst — Vevbp \%
Vs Voltage on SH (repetitive pulse < 100 ns)(") -18 Vist — Vavop Vv
SRsn Voltage slew rate on SH 50 Vins
T, Operating junction temperature —-40 125 °C
(1) Values are verified by characterization and are not production tested.
6.4 Thermal Information
LM2103
THERMAL METRIC(") D (SOIC) UNIT
8 PINS
Rgya Junction-to-ambient thermal resistance 133.2 °C/W
RaJcitop) Junction-to-case (top) thermal resistance 75.2 °C/IW
Ress Junction-to-board thermal resistance 76.7 °C/IW
Wyt Junction-to-top characterization parameter 25.5 °C/W
Wi Junction-to-board characterization parameter 75.9 °C/W
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6.4 Thermal Information (continued)
LM2103
THERMAL METRIC(") D (SOIC) UNIT
8 PINS
ReJcbot) Junction-to-case (bottom) thermal resistance N/A °C/IW

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

report, SPRA953.

6.5 Electrical Characteristics
Vevop = Vest = 12V, GND = Vgy =0V, No Load on GL or GH, T; = 25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNIT
SUPPLY CURRENTS
lavbp GVDD quiescent current VINn=3V, V=0V 430 A
Ibpo GVDD operating current f=50kHz, CLoap=0 0.56 mA
IgsT Total BST quiescent current Vine=3V,Vnu=0V,VDD =12V 150 uA
IssTo Total BST operating current f=50kHz, CLoap =0 0.16 mA
IgsTs BST to GND quiescent current Vsy=VgsT=95V,GVDD =12V 33.3 pA
IssTo BST to GND operating current f=50kHz, CLoap =0 0.07 mA
INPUT
Vi Input voltage high threshold -40°C to 125°C 1.45 2 \
Vit Input voltage low threshold -40°C to 125°C 0.8 1.35 \%
Vinys Input voltage hysteresis 0.15 \
RiNH INH input pulldown resistance ViINH=3V 200 kQ
RinL INL input pullup resistance Vine=0V 200 kQ
UNDERVOLTAGE PROTECTION (UVLO)
VGvDDR GVDD rising threshold Vevopr = Vevop - GND, -40°C to 125°C 8.15 8.75 Vv
VGvDDF GVDD falling threshold Vevoor = Vevop - GND, -40°C to 125°C 6.75 7.7 \Y
VGVDDHYS GVDD threshold hysteresis 0.45 \%
VBsTrR VBST rising threshold VgsTr = VasT - Vsh, -40°C to 125°C 7.6 8.5 \Y
VesTf VBST falling threshold VgsTr = Vst - Vs, -40°C to 125°C 6.25 7.15 \Y
VBsTHYS VBST threshold hysteresis 0.45 \
LO GATE DRIVER
Ve L Low level output voltage lgL =100 mA, Vg | = VgL - GND 0.25 \%
VeL H High level output voltage lgL =-100 mA, VgL 1 = Vevop — Vel 0.8 \%
Peak pullup current(") VgL = 0V 0.5 A
Peak pulldown current(!) VgL = 12V 0.8 A
HO GATE DRIVER
VeH L Low level output voltage Ign =100 mA, Vg | = VgH — VsH 0.25 \
VGH_H High level output voltage Ign =—100 mA, Vgy_H = VesT— VGH 0.8 \
Peak pullup current(") Vgh =0V 0.5 A
Peak pulldown current(") Vgp = 12V 0.8 A
(1) Parameter not tested in production.
6.6 Switching Characteristics
Vevop = Vest =12V, GND = Vg =0V, No Load on GL or GH, T, = 25°C (unless otherwise noted).
PARAMETER TEST CONDITIONS ‘ MIN TYP MAX UNIT

PROPAGATION DELAYS

VINL= 0OVto3V, CLOAD =0 pF Time from

50% of the input to 90% of the output. 1S

tDLRF V)L rising to Vg falllng

ns
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6.6 Switching Characteristics (continued)
Vevop = Vest =12V, GND = Vg =0V, No Load on GL or GH, T; = 25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. . ViNu=3Vto 0V, Coap = 0 pF. Time from
toHFF Vink falling to Ve, falling 50% of the input to 90% of the output. 15 ns
. - ViNL=3Vto 0V, CLoap = 0 pF. Time from
toLFR Vin falling to Ve, rising 50% of the input to 10% of the output. 15 ns
- - ViNt=0Vto 3V, C oap = 0 pF. Time from
IDHRR Vinw rising to Ve rising 50% of the input to 10% of the output. 5 ns
DEADTIME
toT Internal Deadtime 475 ns
OUTPUT RISE AND FALL TIME
tRﬁGL GL CLOAD =1000 pF 28 ns
tR_GH GH CLOAD = 1000 pF 28 ns
tF_GL GL CLOAD =1000 pF 18 ns
tF_GH GH CLOAD =1000 pF 18 ns
6.7 Timing Diagrams
T T | |
| | | |
| | | |
INH | | | |
bl | | |
| | [ |
T T | |
| | | |
N | | | |
INL | | | |
bl | | |
b | |
| | T |
tbhrr! tor thHrr |
GH L | :<_’ :
| [ | |
P | [ |
| . —
GL tbLre | thirr ! tor
] ! D . ———
| ! Pl
Figure 6-1. Timing Definition Diagram
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6.8 Typical Characteristics
Unless otherwise specified, Voypp = Vest = 12V, GND = Vgy =0V, No Load on GL or GH, T, = 25°C.
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Figure 6-2. GVDD Operating Current vs Frequency | Figure 6-3. BST Operating Current vs Frequency
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Figure 6-4. Operating Currents vs Temperature Figure 6-5. Quiescent Currents vs Temperature
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Figure 6-6. Propagation Delays vs Temperature Figure 6-7. Deadtime vs Temperature
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Figure 6-8. GL Output High Voltage vs Temperature Figure 6-9. GH Output High Voltage vs
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Figure 6-12. GVDD and BST UVLO Thresholds vs | Figure 6-13. GVDD and BST UVLO Hysteresis vs
Temperature Temperature
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1.6 1.8
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Figure 6-14. Input Voltage Thresholds vs Figure 6-15. Input Voltage Thresholds vs Supply
Temperature Voltage
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7 Detailed Description
7.1 Overview

The LM2103 is a 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 two outputs are independently controlled with two
TTL-compatible input signals, with an exception to prevent cross conduction when INH is high and INL is low
at the same time. The device can also work with CMOS type control signals at its inputs as long as the signals
meet the turn-on and turn-off threshold specifications of the LM2103. The floating high-side driver is capable
of working with a recommended BST voltage up to 105 V. 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

* BST
GVDD — UvLO
| LEVEL SDTFX\G’EER GH
UVLO SHIFT

INH
Dead-time G\_/E)D
— block
and cross
5V conduction } DRIVE> 6L
prevention STAGE
logic
INL GND

7.3 Feature Description
7.3.1 Start-Up and UVLO

Both the high-side and the low-side driver stages include UVLO protection circuitry which monitors the supply
voltage (Vgypp) and the bootstrap capacitor voltage (Vgst.sH). The UVLO circuit inhibits each 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 GVDD pin of the device,
both outputs are held low until Vgypp exceeds the UVLO threshold, typically 8 V. Any UVLO condition on the
bootstrap capacitor (VgsT_sH) disables only the high-side output (GH).
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Table 7-1. GVDD UVLO Logic Operation

CONDITION (VgsT- sH > VBsTR) INH INL GH GL
H L L L
) ) L H L L
Vgvop — GND < Vgyppr during device start-up H m . .
L L L L
H L L L
Vevop — GND < Vgvppr — VopHys after device start-up L H - -
H H L L
L L L L
Table 7-2. BST UVLO Logic Operation
CONDITION (Vgvop > Vevbpr) INH INL GH GL
H L L H
. . L H L L
VpsT-sH < VesTr during device start-up m m . C
L L L H
H L L H
. L H L L
VgsT.sH < VesTr — VBsTHys after device start-up " a . 1
L L L H

7.3.2 Input Stages

The INL and INH inputs operate independent of each other, with an exception to prevent cross conduction when
INH is high and INL is low at the same time. Under such condition, the device turns OFF both the high-side
and the low-side outputs to prevent shoot-through. The device has built-in fixed dead time with a typical value
of 475 ns. A small filter at each of the inputs of the driver further improves system robustness in noise-prone
applications. The INH input has an internal pulldown resistor and the INL input has an internal pullup resistor
both with typical value of 200 kQ. Thus, when the inputs are floating, the outputs are held low.

1 T
I I
NH__ ] I INH
1 T T I
1l Il l [ I I
1 Il I I I I
1 I I I I I
TR I I I T I I I
INL Ll Ll ] INL . I I
T T T I I I
| X | gl | el
GH L L | GH | L
I T | 1 1l I
| I | 1 1 I
— I — 1 1 I
torr ! t I t Il Il |
DLFR ) | bT 11 [ |
GL _>:‘_ i GL L L I

Figure 7-1. Cross Conduction Prevention and Deadtime Insertion

7.3.3 Level Shift

The level shift circuit is the interface from the high-side input, which is a GND referenced signal, to the high-side
driver stage, which is referenced to the switch node (SH). The level shift allows control of the GH output which is
referenced to the SH pin and provides excellent delay matching with the low-side driver.
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7.3.4 Output Stages

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

7.3.5 SH Transient Voltages Below Ground

In most applications, the body diode of the external low-side power MOSFET clamps the SH node to ground.
In some situations, board capacitance and inductance can cause the SH node to transiently swing several volts
below ground, before the body diode of the external low-side MOSFET clamps this swing. The SH pin in the
LM2103 is allowed to swing below ground as long as specifications are not violated and conditions mentioned in
this section are followed.

SH must always be at a lower potential than GH. Pulling GH more negative than specified conditions can
activate parasitic transistors which may result in excessive current flow from the BST supply. This may result
in damage to the device. The same relationship is true with GL and GND. If necessary, a Schottky diode can
be placed externally between GH and SH or GL and GND to protect the device from this type of transient. The
diode must be placed as close to the device pins as possible in order to be effective.

Low ESR bypass capacitors from BST to SH and from GVDD to GND are essential for proper operation of the
gate driver device. The capacitor should be located at the leads of the device to minimize series inductance.
The peak currents from GL and GH can be quite large. Any series inductance with the bypass capacitor causes
voltage ringing at the leads of the device which must be avoided for reliable operation.

7.4 Device Functional Modes

The device operates in normal mode and UVLO mode. See Section 7.3.1 for more information on UVLO
operation mode. In normal mode, when the Vg\pp and Vgsr_sy are above UVLO threshold, the output stage is
dependent on the states of the INH and INL pins. The outputs GH and GL will be low if input state is floating.

Table 7-3. Input/Output Logic in Normal Mode of Operation

INH INL GH(" GL®
L L L H
L H L L
H L L L
H H H L
Floating Floating L L

(1)  GH is measured with respect to SH.
(2) GL is measured with respect to GND.

8 Application and Implementation

Note

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

8.1 Application Information

To operate power MOSFETSs 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 circuitry 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
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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 can also minimize the effect of high-frequency switching noise by being placed physically close to the
power switch. Additionally, gate drivers can drive gate-drive transformers and control floating power-device
gates, reducing the controller's power dissipation and thermal stress by moving the gate-charge power losses
into the driver.

8.2 Typical Application

VIN
D
RBOOT BOOT
vee |_
Anti-parallel Diode
(Optional) Secondary
' Side Circuit
PWM I BST Rexre . ==
Controller VDD | o—| GvoD GH AN Iii}
I L
I T Cgoort
ouT | ﬂ— o—| INH SH |—e Y
I LM2103 . ™
I J— RGATE |'_
INL GL -
| WA= §
I .
| Cvop
—————— |~ - GND
A\

Figure 8-1. LM2103 Driving MOSFETSs in a Half-Bridge Converter
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8.2.1 Design Requirements
Table 8-1 lists the design parameters of the LM2103.
Table 8-1. Design Example

PARAMETER VALUE
Gate Driver LM2103
MOSFET CSD19534KCS
Vbp 12V
Qg 17 nC
faw 50 kHz

8.2.2 Detailed Design Procedure
8.2.2.1 Select External Bootstrap Diode and Its Series Resistor

An external bootstrap diode between GVDD pin and BST pin is required to allow the bootstrap capacitor to
be charged from GVDD pin every cycle when the 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.
The reverse recovery time of the bootstrap diode must be very small to achieve a reduction in reverse recovery
losses. Both the diode conduction losses and reverse recovery losses contribute to the total losses in the gate
driver and must be considered in calculation the gate driver's power dissipation.

In order to minimize losses associated with the reverse recovery properties of the diode and ground noise
bouncing, a fast recovery diode or Schottky diode with low forward voltage drop and low junction capacitance
is recommended. Using Schottky diodes reduce the risk associated with charge supplied back to the gate
driver supply from the bootstrap capacitor and minimize leakage current. When the SH pin (switch node) is
pulled to a higher voltage, the diode must be able reverse bias fast enough to block any charges from the
bootstrap capacitor to the GVDD supply. This bootstrap diode should be carefully chosen such that it is capable
of handling the peak transient currents during start-up, and such that its voltage rating is higher than the system
DC-link voltage with enough margins.

A bootstrap resistor Rgoot in series with the bootstrap diode is recommended to reduce the inrush current in
Dgoot and limit the ramp up slew rate of voltage of Vgs1.gH during each switching cycle, especially when the SH
pin has excessive negative transient voltage. Rgpoot 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 Dgyot is shown in Equation 1.

_ VgvpD—VDH _ 12Vv—-1V _
IDboot(pk) = RBOOT - 220 5A M

where
* Vpy is the bootstrap diode forward voltage drop
8.2.2.2 Select Bootstrap and GVDD Capacitor

The bootstrap capacitor must maintain the Vggst.sy Vvoltage above the UVLO threshold for normal operation.
Calculate the maximum allowable drop across the bootstrap capacitor with Equation 2.

AVgst = Vypp — Vb — VBsTL = 12V — 1V — 7.75V = 3.25V ()

where

* Vgvpp = Supply voltage of the gate drive IC
* Vpy = Bootstrap diode forward voltage drop
. VBSTL =BST faIIing threshold (VBSTR(maX) - VBSTHYS)

Then, the total charge needed per switching cycle is estimated by Equation 3.
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Dmax | IBST 0.95 150pA
QroTAaL = Qg + IgsTs X fow + Tow = 17nC + 33.3pA X S0kiz T SOKHZ — 20nC 3)

where

* Qg = Total MOSFET gate charge

* lgsts = BST to VSS leakage current

* Dpax = Converter maximum duty cycle
* Igst = BST quiescent current

Next, use Equation 4 to estimate the minimum bootstrap capacitor value.

_ QroTAL _ 20nC _
CBOOT (MIN) = “AVper = 3.25v — 0-20F (4)

In practice, the value of the Cpyot Capacitor must be greater than calculated to allow for situations where the
power stage may skip pulse due to load transients. Equation 5 can be used to estimate the recommended
bootstrap capacitance based on the maximum bootstrap voltage ripple desired for a specific application.

Q
TOTAL 5)

C >
BOOT ~ "AVRST RIPPLE

where
* AVgst RrippLE = Maximum allowable voltage drop across the bypass capacitor based on system requirements

Tl recommends having enough margins and to place the bootstrap capacitor as close to the BST and SH pins as
possible.

CBOOT =100 nF (6)

As a general rule, the local Vgypp bypass capacitor must be 10 times greater than the value of CgooT, as shown
in Equation 7.

Cevpp = 1 UF (7)

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

8.2.2.3 Select External Gate Driver Resistor

The external gate driver resistor, Rgare, is sized to reduce ringing caused by parasitic inductances and
capacitances and also to limit the current coming out of the gate driver.

The peak GH pullup current is calculated in Equation 8.

I _ VGvpp — VDH (8)
GHH = RgHH + RGATE + RGFET_INT

where

* lgnn = GH Peak pullup current

* Vpy = Bootstrap diode forward voltage drop

*  Rgpn = Gate driver internal GH pullup resistance, estimated from the testing conditions, that is Rgyy =
VeH_H /!l

* Rgate = External gate drive resistance

*  Rgrer_inT = MOSFET internal gate resistance, provided by transistor data sheet

Similarly, the peak GH pulldown current is shown in Equation 9.
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T VGvpD — VDH ©)
GHL ™ RGHL + RGATE + RGFET_INT

where

RghL is the GH pulldown resistance

The peak GL pullup current is shown in Equation 10.

VGvDD
RGLH + RGATE + RGFET_INT

IgLu =

where

RgLH is the GL pullup resistance

The peak GL pulldown current is shown in Equation 11.

VGvDD

IgLL =

where

RgLL is the GL pulldown resistance

(10)

11
RGLL + RGATE + RGFET_INT (1)

For some scenarios, if the applications require fast turnoff, an anti-paralleled diode on Rgate 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 currents Igypp and Igst is shown in Equation 12.

Pac = Vevop * levop *+ (Vevop — Vi) % lgsT = 12V x 0.43mA + (12V — 1V) x 0.15mA = 6.8mW (12)

2. Level-shifter losses, PgsTs, due high-side leakage current Igsts is shown in Equation 13.
Piests = VasT X lgsTs * D = 72V x 0.033mA x 0.95 = 2.26mW (13)
where
* D is the high-side switch duty cycle

3. Dynamic losses, Pqg1g2, due to the FETs gate charge Qg as shown in Equation 14.

RGD_R _ 5.25Q
PoG1e2 = 2 X Vgypp X Qg X fow X RGD_R T RGATE * RGFET INT 2 % 12V x 17nC X 50kHz % E250 % 470 F 220 (14)
= 8.8mW

where
* Qg = Total FETs gate charge
« fsw = Switching frequency
* Rgp_Rr = Average value of pullup and pulldown resistor
* RgaTe = External gate drive resistor
* Rgrer nT = Internal FETs gate resistor

4. Level-shifter dynamic losses, P| g, during high-side switching due to required level-shifter charge on each
switching cycle. For this example it is assumed that value of parasitic charge Qp is 2.5 nC, as shown in
Equation 15.
PLs = VasT X Qp X fgw = 72V x 2.5nC x 50kHz = 9mW (15)
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In this example, the sum of all the losses is 27 m\W as a total gate driver loss. For gate drivers that include
bootstrap diode, one should also estimate losses in the bootstrap diode. Diode forward conduction loss is
computed as product of average forward voltage drop and average forward current.

Equation 16 estimates the maximum allowable power loss of the device for a given ambient temperature.

Ty —Ta
Prax = ~fegp (16)

where

*  Puax = Maximum allowed power dissipation in the gate driver device
* T, = Junction temperature

* Ta = Ambient temperature

* Rgya = Junction-to-ambient thermal resistance

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, refer to the Texas Instruments application note
entitled Semiconductor and IC Package Thermal Metrics.
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8.2.3 Application Curves

Figure 8-2 and Figure 8-3 show the fall times and turn-off propagation delays for the low side driver and the high
side driver respectively. Likewise, Figure 8-4 and Figure 8-5 show the fall times and turn-off propagation delays,
and Figure 8-6 and Figure 8-7 show the propagation delays with deadtime. Each channel (INH, INL, GH, and
GL) is labeled and displayed on the left hand of the waveforms.

The testing condition: load capacitance is 1 nF, gate resistor is 4Q, Vpp = 12V, fgw = 50 kHz.

v
o M
DI INH -
Bi6H . “ s
@ 20V ® 500V 40.0ns 2.50657s [ W
. W-+v92.40000ns 10k points 2.36Y
Value Mean Min Max Std Dev
@ rall Time 15.18ns 15.91n 14.97n 16.92n 458.6p
@@ > 1182 119.4n 118.2n 120.2n 502.9p
CL=1nF Rg=40Q | Vpp=12V  few=50kHz

Figure 8-2. GL Fall Time and INL to GL Turn-off
Propagation Delay
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Figure 8-3. GH Fall Time and INH to GH Turn-off
Propagation Delay
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Figure 8-4. GL Rise Time and INL to GL Turn-on
Propagation Delay
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Figure 8-5. GH Rise Time and INH to GH Turn-on
Propagation Delay
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Figure 8-6. GL Turn-on Propagation Delay with Figure 8-7. GH Turn-on Propagation Delay with
Deadtime Deadtime

9 Power Supply Recommendations

The recommended bias supply voltage range for LM2103 is from 9 V to 18 V. The lower end of this range is
governed by the internal undervoltage lockout (UVLO) protection feature of the Vgypp supply circuit blocks. The
upper end of this range is driven by the 18-V recommended maximum voltage rating of the GVDD pin. It is
recommened that the voltage on GVDD pin is lower than the maximum recommended voltage to account 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 Vgypp voltage drops, the device continues to operate in normal mode as long as the
voltage drop does not exceed the hysteresis specification, Vppnys. 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 LM2103 to avoid triggering
device-shutdown.

A local bypass capacitor must be placed between the GVDD 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.
Tl recommends using 2 capacitors across GVDD and GND: a low capacitance ceramic surface-mount capacitor
for high-frequency filtering placed very close to GVDD and GND pins, and another high capacitance value
surface-mount capacitor for IC bias requirements. In a similar manner, the current pulses delivered by the GH
pin are sourced from the BST pin. Therefore, a local decoupling capacitor is recommended between the BST
and SH pins.
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10 Layout

10.1 Layout Guidelines

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

1. Low-ESR and low-ESL capacitors must be connected close to the IC between GVDD and GND pins and
between BST and SH pins to support high peak currents being drawn from GVDD and BST during the
turn-on of the external MOSFETs.

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 (GND).

3. To avoid large negative transients on the switch node (SH) pin, the parasitic inductances between the source
of the top MOSFET and the drain of the bottom MOSFET (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 MOSFETs. The gate driver must 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 GVDD 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.
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10.2 Layout Example
Half-bridge
gate driver

|
|
Cgoot Capacitor :
|
|

1 P o _ Cgvpp1 for hlgh
| | 'I‘ = frequency filtering

I _ CGVDD2 for IC bias

Q |:'\':|’:| [ L | 7\ &’ | requirements

\ /

|
: Dgoot diode

RgooT In series
with DBOOT

Figure 10-1. Layout Example
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11 Device and Documentation Support
11.1 Device Support

11.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES
OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

11.2 Documentation Support
11.2.1 Related Documentation

For related documentation see the following:
» Semiconductor and IC Packaging Thermal Metrics, SPRA953

11.3 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.

11.4 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is 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.

11.5 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
11.6 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Si. \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may

- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

11.7 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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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)
LM2103DR ACTIVE SOIC D 8 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 L2103D

@ 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 Tl'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
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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http://www.ti.com/product/LM2103?CMP=conv-poasamples#order-quality

i3 TEXAS PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 1-Sep-2023
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 |
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)
LM2103DR SolIC D 8 3000 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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i3 TExAs PACKAGE MATERIALS INFORMATION
INSTRUMENTS

www.ti.com 1-Sep-2023

TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

LM2103DR SOIC D 8 3000 356.0 356.0 35.0

Pack Materials-Page 2



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

(G200 w N

INSTRUMENTS
www.ti.com




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.

INSTRUMENTS
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com

	1 Features
	2 Applications
	3 Description
	Table of Contents
	4 Revision History
	5 Pin Configuration and Functions
	6 Specifications
	6.1 Absolute Maximum Ratings
	6.2 ESD Ratings
	6.3 Recommended Operating Conditions
	6.4 Thermal Information
	6.5 Electrical Characteristics
	6.6 Switching Characteristics
	6.7 Timing Diagrams
	6.8 Typical Characteristics

	7 Detailed Description
	7.1 Overview
	7.2 Functional Block Diagram
	7.3 Feature Description
	7.3.1 Start-Up and UVLO
	7.3.2 Input Stages
	7.3.3 Level Shift
	7.3.4 Output Stages
	7.3.5 SH Transient Voltages Below Ground

	7.4 Device Functional Modes

	8 Application and Implementation
	8.1 Application Information
	8.2 Typical Application
	8.2.1 Design Requirements
	8.2.2 Detailed Design Procedure
	8.2.2.1 Select External Bootstrap Diode and Its Series Resistor
	8.2.2.2 Select Bootstrap and GVDD Capacitor
	8.2.2.3 Select External Gate Driver Resistor
	8.2.2.4 Estimate the Driver Power Loss

	8.2.3 Application Curves


	9 Power Supply Recommendations
	10 Layout
	10.1 Layout Guidelines
	10.2 Layout Example

	11 Device and Documentation Support
	11.1 Device Support
	11.1.1 Third-Party Products Disclaimer

	11.2 Documentation Support
	11.2.1 Related Documentation

	11.3 Receiving Notification of Documentation Updates
	11.4 Support Resources
	11.5 Trademarks
	11.6 Electrostatic Discharge Caution
	11.7 Glossary

	12 Mechanical, Packaging, and Orderable Information

