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5 Pin Configuration and Functions
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Kl 5-2. DSG Package, 8-Pin WSON (Top View)

% 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 GVvVDD 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 INL | Low-side control input. The INL input is compatible with TTL and CMOS input thresholds.
Unused INL input must be tied to ground and not left open.

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

5 GL 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)  For 8-pin WSON package, Tl recommends that the exposed pad on the bottom of the package be soldered to ground plane on the
PCB and the ground plane must extend out from underneath the package to improve heat dissipation.
(2) 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 \%
VeaL Output voltage on GL -0.3 GVvDD + 0.3 \%
VaH Output voltage on GH Vgy- 0.3 VgsT + 0.3 \%
DC -1 95
Vsh Voltage on SH \%
Repetitive pulse < 100 ns(? -19.5 95
VesT Voltage on BST VsH 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
Vevop Supply voltage 5 12 18 \%
VInL, VINH Input voltage range 0 Vevpp + 0.3 \%
VesT Voltage on BST Vg + 5.0 105 \%
Vsy VoItage on SH (DC) -1 Vst - Vevop \%
VsH Voltage on SH (repetitive pulse < 100 ns)(") -18 Vast - Vevop \%
SRgH Voltage slew rate on SH 2 Vins
T Operating junction temperature -40 125 °C
(1)  Values are verified by characterization and are not production tested.
6.4 Thermal Information
LM2105 LM2105
THERMAL METRIC(") D (SOIC) DSG (WSON)? UNIT
8 PINS 8 PINS
Roa Junction-to-ambient thermal resistance 133.2 78.2 °C/W
R Jc(top) Junction-to-case (top) thermal resistance 75.2 97.7 °C/W
Rogs Junction-to-board thermal resistance 76.7 44.6 °C/W
T Junction-to-top characterization parameter 25.5 4.6 °C/W
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6.4 Thermal Information (continued)

LM2105 LM2105
THERMAL METRIC(") D (SoIC) DSG (WSON)®? UNIT

8 PINS 8 PINS
LTS Junction-to-board characterization parameter 75.9 44.6 °C/IW
R0 yc(oot) Junction-to-case (bottom) thermal resistance N/A 9.9 °C/W

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

report, SPRA953.
(2) Advance Information.

6.5 Electrical 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
SUPPLY CURRENTS
lavbp GVDD quiescent current VINNEVINH=OV 430 LA
Iopo GVDD operating current f=50kHz, CLoap=0 0.56 mA
IgsT Total BST quiescent current VINN=ViNg=0V, VDD =12V 130 LA
Issto Total BST operating current f=50kHz, C.opp =0 0.16 mA
IgsTs BST to GND quiescent current Vsy=VesT=95V,GVDD =12V 33.3 uA
IssTso 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 \
Vur Input voltage low threshold -40°C to 125°C 0.8 1.3 \%
Vinys Input voltage hysteresis 0.15 \
RN Input pulldown resistance ViN=3V 200 kQ
UNDERVOLTAGE PROTECTION (UVLO)
VGvDDR GVDD rising threshold Vavoor = Vevop - GND, -40°C to 125°C 4.6 4.8 \Y
VGvDDF GVDD falling threshold Vevopr = Vevop - GND, -40°C to 125°C 4 4.3 \Y
VbDHYS GVDD threshold hysteresis 0.3 \%
VBsTR VBST rising threshold VesTrR = Vst - Vsh, -40°C to 125°C 4.25 4.7 \
VesTe VBST falling threshold VgstE = Vast - Vsn, -40°C to 125°C 3.4 4 \Y
VBsTHYS VBST threshold hysteresis 0.25 \%
BOOTSTRAP DIODE
Vg Low-current forward voltage lgoot = 100 UA 0.6 \
Vg High-current forward voltage lgoot = 100 mA 21 \
Rsoot Bootstrap dynamic resistance IsooT = 100 mA and 80 mA 125 Q
GL GATE DRIVER
VaL L Low level output voltage lgL =100 mA, Vg | =VaL - GND 0.25 \
VeL H High level output voltage lgL =-100 mA, VgL 1 =Vaevop - Vel 0.8 \Y
Peak pullup current() VgL = 0V 0.5 A
Peak pulldown current(") VgL = 12V 0.8 A
GH GATE DRIVER
VeH L Low level output voltage Ign =100 mA, Vey L = VeH ~ VsH 0.25 \%
VGH_H High level output voltage Ign = - 100 mA, Vgy 1 = Vast ~ Var 0.8 \
Peak pullup current() Vgh =0V 0.5 A
Peak pulldown current(") Vgh = 12V 0.8 A

(1) Parameter not tested in production.
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6.6 Switching 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
PROPAGATION DELAYS

ViNH = VINL= 0-3V, Coap = 0 pF. Time
toLFF VINL falling to VGL falling from 50% of the input to 90% of the 115 ns
output.

ViNH=ViNL=0-3 YV, CLOAD =0 pF. Time
toHFF VINH falling to VGH falling from 50% of the input to 90% of the 115 ns
output.

ViNH= Vine=0-3V, CLOAD =0 pF. Time
tbLRR VINL rising to VGL rising from 50% of the input to 10% of the 115 ns
output.

VINH = VINL= 0-3V, CLOAD =0 pF Time
tDHRR VINH rising to VGH rising from 50% of the input to 10% of the 115 ns
output.

DELAY MATCHING

tmoN Delay from GL on to GH off INL ON, INH OFF, Vi\y = V|NL=0-3 V 30 ns
tMOFF Delay from GL off to GH on INL OFF, INH ON, V|yy = V|NL=0-3 V 30 ns
OUTPUT RISE AND FALL TIME

tr 6L GL CLoap = 1000 pF, ViNg = ViNL=0-3 V 28 ns
trR_GH GH CLoap = 1000 pF, ViNg = ViNL=0-3 V 28 ns
tF oL GL CLoap = 1000 pF, ViNg = ViNL=0-3 V 18 ns
tF GH GH CLoap = 1000 pF, Vg = ViNL=0-3 V 18 ns

6.7 Timing Diagrams

toLrr
| | toHrr

v L
F
.

I I
tMoN —»! (€— tMOFF —»! [4—

& 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.

200
—— No Load
100 | — 1nF

50| — 10nF

30
20

10

GVDD Operating Current (mA)
(4]

1 2 34567 10 20 30 5070100 200

Frequency (kHz)
& 6-2. GVDD Operating Current vs Frequency

500 1000

BST Operating Current (mA)

200
—— No Load
100 4ok

50 | — 10nF

20
10 5
5

2
1
0.5

0.2 =]

T fe—t=T"]
0.1

1 2 34567 10 20 30 5070100 200 500 1000

Frequency (kHz)
Kl 6-3. BST Operating Current vs Frequency

0.7 600
Frequency = 50kHz — IGVDD
— IDDO 550 — IBST
06 — IBSTO 500
= 450
< 05 é
E = 400
] n
b 04 @ 350
[4s] -
— a
] g 300
£ 03 0 55
200
0.2
150
0.1 100
40 25 10 5 20 35 50 65 80 95 110 125 40 25 -10 5 20 35 50 65 80 95 110 125
Temperature (°C) Temperature (°C)
Kl 6-4. Operating Currents vs Temperature K 6-5. Quiescent Currents vs Temperature
700 135
650 — IGVDD — toLFF
600 —_IBST 130 —_ :g[';;
550 = — tbHRR
< 500 — 2 125
= 450 —— —— B ]
£ 400 — 2 120 |
2 350 5 | T
a 300 g 115
& 250 g — [ —
200 £ 10 —
150 | —]
/
100 |— 105 ——
50 | |
0 100
5 6 7 8 9 10 11 12 13 14 15 16 17 18 40 25 10 5 20 35 50 65 80 95 110 125

GVDD Voltage (V)
K] 6-6. Quiescent Currents vs Supply Voltage

Temperature (°C)

Kl 6-7. Propagation Delays vs Temperature

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: LM2105

Submit Document Feedback

7

English Data Sheet: SNVSCBO


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/lm2105?qgpn=lm2105
https://www.ti.com.cn/cn/lit/pdf/ZHCSQ40
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSQ40B&partnum=LM2105
https://www.ti.com.cn/product/cn/lm2105?qgpn=lm2105
https://www.ti.com/lit/pdf/SNVSCB0

LM2105

13 TEXAS

ZHCSQ40B - JANUARY 2023 - REVISED MAY 2023
1.6
lgL =-100mA
— 5V Vavop
14 _ 12VVGVDD
— 18V Vavop -
. L~ A
T P //
>
L~ ]
/ ]
0.8
_—
0.6

40 25 10 5 20 35 50 65 80 95 110 125
Temperature (°C)

K 6-8. GL Output High Voltage vs Temperature

INSTRUMENTS
www.ti.com.cn
1.6
IgH = -100mA
— 5V Vevop /
| = e =
— GVDD
S 1.2
i‘ LT // |
O]
> 1
/
T
T _—
0.8 —
0.6

40 25 10 5 20 35 50 65 80 95 110 125

Temperature (°C)

K 6-9. GH Output High Voltage vs Temperature

0.6
IGL = 100mA
0.55 — 5V Vgvop
— 12V Vgvop
0.5 — 18V Vevop
0.45
S04 —
_‘\ .
0.35
T
0.3 ——
—T
0.25
—
0.2

40 256 10 5 20 35 50 65 80 95 110 125

Temperature (°C)

A 6-10. GL Output Low Voltage vs Temperature

0.6
IGH =100mA
0.55 | — 5V Vevop
— 12V VsvbDp

0.5 | — 18V Vevop

0.45 1
~ 0 //
>
04 "
o /
~ 035 —

///

0.3

0.25

0.2

40 25 10 5 20 35 50 65 80 95 110 125

Temperature (°C)

K 6-11. GH Output Low Voltage vs Temperature

475
47 — VGvpDR
465 — VestR
4.6
4.55
4.5
4.45
4.4
4.35
4.3
4.25
4.2 —
4.15

4.1
40 25 -10 5

VevppR, VesTr (V)

20 35 50 65 80 95 110 125
Temperature (°C)

%] 6-12. GVDD and BST UVLO Thresholds vs
Temperature

0.3
0.29
0.28
0.27
0.26
0.25
0.24
0.23 F—
0.22
0.21

— VbbHys
— VBsTHYs

Voohys, VesTHys (V)

0.2
40 25 10 5

20 35 50 65 80 95 110 125
Temperature (°C)

A 6-13. GVDD and BST UVLO Hysteresis vs
Temperature

Submit Document Feedback

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: LM2105

English Data Sheet: SNVSCBO



https://www.ti.com.cn/product/cn/lm2105?qgpn=lm2105
https://www.ti.com.cn/cn/lit/pdf/ZHCSQ40
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSQ40B&partnum=LM2105
https://www.ti.com.cn/product/cn/lm2105?qgpn=lm2105
https://www.ti.com/lit/pdf/SNVSCB0

13 TEXAS

INSTRUMENTS LM2105
www.ti.com.cn ZHCSQ40B - JANUARY 2023 - REVISED MAY 2023
16 18
— INH High Threshold —— INH High Threshold
1.55 —— INL High Threshold 1.7 —— INL High Threshold
—— INH Low Threshold —— INH Low Threshold
15 —— INL Low Threshold 16 — INL Low Threshold
s s
E 1.45 1_; 1.5
<
o 14 ® 14 L~
< =
= £ /
5 1.35 5 13
1.3 T 12 =
1.25 /
11
1.2 1 /
40 256 10 5 20 35 50 65 80 95 110 125 5 7 9 1 13 15 17 18
Temperature (°C) Vevoo (V)
K 6-14. Input Voltage Thresholds vs Temperature 6-15. Input Voltage Thresholds vs Supply
Voltage
3 __ 165
— — Vg (IBOOT =0.1 mA) g 16 IsooT = 100mA and 80mA
> — Vri (Isoot = 100mA) 9
o 25 € 155
j=2) ©
2 =
g | g 15
5 2 X 145
5 ©
g E 14
S 15 c
‘-q': & 135
8 S 13
o 1 kel
o o 125
g g —
2 05 g 2 — |
2 S 115
o)
0 11
40 25 10 5 20 35 50 65 80 95 110 125 40 26 10 5 20 35 50 . 65 80 95 110 125
Temperature (°C) Temperature (°C)
K 6-16. Bootstrap Diode Forward Voltage vs & 6-17. Bootstrap Diode Dynamic Resistance
Supply Voltage
Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 9

Product Folder Links: LM2105
English Data Sheet: SNVSCBO


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/lm2105?qgpn=lm2105
https://www.ti.com.cn/cn/lit/pdf/ZHCSQ40
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSQ40B&partnum=LM2105
https://www.ti.com.cn/product/cn/lm2105?qgpn=lm2105
https://www.ti.com/lit/pdf/SNVSCB0

13 TEXAS
LM2105 INSTRUMENTS
ZHCSQ40B - JANUARY 2023 - REVISED MAY 2023 www.ti.com.cn

7 Detailed Description
7.1 Overview

The LM2105 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. 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 LM2105. The floating high-side driver is
capable of working with a BST voltage up to 105 V. A bootstrap diode is integrated in the LM2105 device to
charge the 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

@
<
=}
o
[
L

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 4.6 V. Any UVLO condition on the
bootstrap capacitor (Vgst - sn) disables only the high-side output (GH).

% 7-1. GVDD UVLO Logic Operation

CONDITION (VgsTt- sH > VBsTR) INH INL GH GL
H L L L
) ) L H L L
Vevop - GND < Vgyppr during device start-up " v 1 1
L L L L
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% 7-1. GVDD UVLO Logic Operation (continued)

CONDITION (Vgsr. sh > VasTr) INH INL GH GL
H L L L
L H L L
VGVDD - GND < VG\/DDR - VDDHYS after device start-up
H H L L
L L L L

# 7-2. BST UVLO Logic Operation
CONDITION (VGVDD > VGVDDR) INH
H

=
=
@
I
@
2

VpsT.sH < VesTr during device start-up

VgsT-sH < VBsTR ~— VBsTHys after device start-up

r|IT| ||| ||
rlrrjir|rrjr|rle| -
r|IT|IT|rr|rr|T| x|

L
H
L
H
L
H
L

7.3.2 Input Stages

The INL and INH inputs operate independent of each other. There is no fixed time de-glitch filter implemented at
the inputs and therefore propagation delay and delay matching are not sacrificed. In other words, there is no
built-in dead time. If the dead time between two outputs is desired then that shall be programmed through the
microcontroller. A small filter at each of the inputs of the driver further improves system robustness in noise-
prone applications. The inputs have internal pulldown resistors with typical value of 200 k. Thus, when the
inputs are floating, the outputs are held low.

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.

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
LM2105 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.
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7.4 Device Functional Modes

The device operates in normal mode and UVLO mode. See i 7.3.1 for more information on UVLO operation
mode. In normal mode, when the Vgypp and Vgst - 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.

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

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

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

8 Application and Implementation

#E
Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. Tl’ 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 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 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 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.
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8.2 Typical Application
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Kl 8-1. LM2105 Driving MOSFETs in a Half-Bridge Converter
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8.2.1 Design Requirements
7% 8-1 lists the design parameters of the LM2105.
% 8-1. Design Example

PARAMETER VALUE
Gate Driver LM2105
MOSFET CSD19534KCS
Vbp 10V
Qg 17 nC
faw 50 kHz

8.2.2 Detailed Design Procedure
8.2.2.1 Select Bootstrap and GVDD Capacitor

The bootstrap capacitor must maintain the Vgst.sy Vvoltage above the UVLO threshold for normal operation.
Calculate the maximum allowable drop across the bootstrap capacitor with 725 1.

AVgst = Vgypp — VpH — VBsTL = 10V — 2.1V — 445V = 3.45V (1)

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 72 2.

DMax |, IBST

0.95 130pA
f f
SwW SW

= 17nC + 33.3pA X Sortz T SOKHZ

QroraL = Qg + Igsts ¥ = 20nC ()

where

* Qg = Total MOSFET gate charge

* Igsts = BST to VSS leakage current

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

Next, use 772\ 3 to estimate the minimum bootstrap capacitor value.

Q
CBOOT (MIN) = AVger = 345v — >-80F (3)

In practice, the value of the Cgqot capacitor must be greater than calculated to allow for situations where the
power stage may skip pulse due to load transients. /723l 4 can be used to estimate the recommended
bootstrap capacitance based on the maximum bootstrap voltage ripple desired for a specific application.

QTOTAL
C > 4
BOOT ~ "AVpST RIPPLE ()

where

* AVpst rippLE = 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.
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CBOOT =100 nF (5)

As a general rule, the local Vgypp bypass capacitor must be 10 times greater than the value of CgooT, as shown
in 77X 6.

Cevpp = 1 HF (6)

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.

8.2.2.2 Select 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.

The peak GH pullup current is calculated in 722X 7.

VGvDD — VDH
RGHH + RGATE + RGFET_INT

()

IgHH =

where

* lgnn = GH Peak pullup current

* Vpy = Bootstrap diode forward voltage drop

* Rgnn = Gate driver internal GH pullup resistance, estimated from the testing conditions, that is Rgyy =
VeH_n ! lgH

* Rgate = External gate drive resistance

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

Similarly, the peak GH pulldown current is shown in /5 £\ 8.

VcvpD — VDH 8)
RGHL *+ RGATE + RGFET_INT

IguL =

where
* RgnL is the GH pulldown resistance

The peak GL pullup current is shown in J5 f£ = 9.

VGvDD )
RGLH *+ RGATE + RGFET_INT

IgLy =

where
* RgLn is the GL pullup resistance

The peak GL pulldown current is shown in J7 £z 10.

\
GVDD (10)

Iory =
GLL ™ RGLL + RGATE * RGFET_INT

where

* RgL is the GL pulldown resistance

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.
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8.2.2.3 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 lgypp and Iggt is shown in 52 11.
Pac = Vevop * levop + (Vevop - VE) X lgst = 10V x 0.43mA + (10V - 0.6V) x 0.13mA = 5.52mW (11)
2. Level-shifter losses, P|gsTs, due high-side leakage current IggTs is shown in 738 12.
Piests = Vst * Igsts X D =72V % 0.033mA x 0.95 = 2.26mW (12)

where

* D is the high-side switch duty cycle
3. Dynamic losses, Pqg1s2, due to the FETs gate charge Qg as shown in J7f£x{ 13.
_ RGD_R _ 5.250
PqG1&2 = 2 X Vgypp X Qg X fow X Rab_ R+ RGATE + RGFET INT — 2x 10V x 17nC x 50kHz X s5eq 1707770 (13)
= 7.35mW

where

* Qg = Total FETs gate charge

+ fsw = Switching frequency

* Rgp_r = Average value of pullup and pulldown resistor
* RgaTe = External gate drive resistor

* Rcrer 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 7512
i 14.
PLs = VgsT X Qp X fgy = 72V x 2.5nC x 50kHz = 9mW (14)

In this example, the sum of all the losses is 17 mW 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.

J7F25 15 estimates the maximum allowable power loss of the device for a given ambient temperature.

Ty —Ta
Ppax = {{eT (15)

where

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

* Ta = Ambient temperature

* Ry ja = 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

8-2 and 8-3 show the rise time and turn-on propagation delay for the low side driver and the high side

driver respectively. Likewise, & 8-4 and & 8-5 show the fall times and turn-off propagation delays. 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 resistoris 4 Q, Vpp = 12V, fgy = 50 kHz.

il
K
26 5 st e e i
i
/
. I . )3
B INHwvervmamiis i s
DL
@& 200V ‘[40 o i)%tas:isnts 3 oofv W ® -~y €@ s v iO%OkEpS:\Snts G:iw.’w/v
Value Mean Min Max Std Dev Value Mean Min Max Std Dev
@& Rise Time 31.28ns 30.36n 27.73n 32.12n 1.027n
E‘» ./ 113.3ns 112.6n 111.0n 113.7n 623.0p } -6/ 120.7ns 120.1n 119.2n 121.4n 537.7p }
CL.=1nF Rg=4Q ‘VGVDD=12V fsw = 50 kHz C.=1nF Rg=4Q ‘VGVDD=12V fSW=50kHZ
] 8-2. GL Rise Time and INL to GL Turn-on K] 8-3. GH Rise Time and INH to GH Turn-on
Propagation Delay Propagation Delay
it - - i i : 1}
4
2.(oL L w/6H :
s,
ANV
\ B INH -
[ NILTAEE . B
@ 200V ][40'0"3 i[%ispsgixms soo\v W (3] 2‘00:'« : €@ ooV et i&gﬁsgi;[s ‘é’lo}/
Value Mean Min Max 3td Dev Value Mean Min Mas Std Dev
} € Fall Time 17.08ns 16.25n 493.0p 44.13n £34.6p }
[ 1 EO20N 125.1ns 125.3n 124.4n 125.8n 123.5p 96" 120.6ns 20.5n 119.8n 121.5n 45%.8p
CL=1nF Rg=40 \ Vpp =12V  fgw = 500 kHz CL=1nF Rg=40 \ Vpp =12V  fgw = 500 kHz
%] 8-4. GL Fall Time and INL to GL Turn-off & 8-5. GH Fall Time and INH to GH Turn-off
Propagation Delay Propagation Delay

9 Power Supply Recommendations

The recommended bias supply voltage range for LM2105 is from 5 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 5-V range, the voltage ripple on
the auxiliary power supply output must be smaller than the hysteresis specification of LM2105 to avoid triggering
device-shutdown.
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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. TI
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.

LM2105
ZHCSQ40B - JANUARY 2023 - REVISED MAY 2023
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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 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 (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.

10.2 Layout Example
Covop for IC bias requirements

Covop for high frequency filtering
/

GH gate
resistors and
antiparallel
diode

Input RC filters —

GL gate
resistors and
antiparallel
diode

/
LM2105  Cgoot Ccapacitor
10-1. Layout Example
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11 Device and Documentation Support
11.1 Device Support
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11.2 Documentation Support

11.2.1 Related Documentation

For related documentation see the following:
* Semiconductor and IC Packaging Thermal Metrics, SPRA953
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TI E2E™ is a trademark of Texas Instruments.
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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.

20 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: LM2105
English Data Sheet: SNVSCBO


https://www.ti.com/lit/pdf/SPRA953
https://www.ti.com
https://e2e.ti.com
https://www.ti.com/corp/docs/legal/termsofuse.shtml
https://www.ti.com/lit/pdf/SLYZ022
https://www.ti.com.cn/product/cn/lm2105?qgpn=lm2105
https://www.ti.com.cn/cn/lit/pdf/ZHCSQ40
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSQ40B&partnum=LM2105
https://www.ti.com.cn/product/cn/lm2105?qgpn=lm2105
https://www.ti.com/lit/pdf/SNVSCB0

ERFRNRREH
THREFRERANTREERE ( 9FBER ) . RITAR (8F3ER1 ) . MARHMRITEN, METE, R2EEMEMER ,
E{%Ei&ﬁﬁﬂﬂ’f‘f&ﬂjﬁﬁﬂﬂﬁ?ﬁiﬂ%ﬁ?ﬂ’ﬂ?ﬂﬁ , BEETETNEHYE. RREARAANEREITELEAE=SF MIRAFRHETE
XLEFRAMEMEA TI = RETRITNBRET RARER, SFATREUT2HIRE : (1) HNENNARRESEN TIFR , (2) ®Rit. B
MRS |, (3) BRENNARZEMREAREARLMBIERZS, FERE. KERHMER,
XEFRNELE , BF5TEH, TI REENTHXEFRATHARRRMRN TI ~ROEH, FENXERFRHTHAERRET.
ERREREMEM TI MRFRREFAE=ZF RN, EHLPREEREXLERFENERTN T RERARERWEMRE, HE. K
A, RENMBES , TI HWEBHF AR,
THREN=RZ T HHEERAD ticom EHAFRARRT FREHRHEMERZFRNAR. T REXEFRATLTERURMAERNER
THEX TIFREAAHERNERREREEFHA.
Tl R334 IR T A1 VAR A E A SRR B B9 S ko

BRZF itk : Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023 , N85 (TI) 27


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

	1 特性
	2 应用
	3 说明
	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 Bootstrap and GVDD Capacitor
	8.2.2.2 Select External Gate Driver Resistor
	8.2.2.3 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 第三方产品免责声明

	11.2 Documentation Support
	11.2.1 Related Documentation

	11.3 接收文档更新通知
	11.4 支持资源
	11.5 Trademarks
	11.6 静电放电警告
	11.7 术语表

	12 Mechanical, Packaging, and Orderable Information



