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L6395

High voltage high and low-side driver

Features

High voltage rail up to 600 V

dV/dt immunity +50 V/ns in full temperature
range

Driver current capability:
— 290 mA source
— 430 mA sink

Switching times 75/35 ns rise/fall with 1 nF load
3.3V, 5V TTL/CMOS inputs with hysteresis
Integrated bootstrap diode

Compact and simplified layout

Bill of material reduction

Effective fault protection

Flexible, easy and fast design

Datasheet - preliminary data

Applications

e Motor driver for home appliances
e Factory automation
¢ Industrial drives and fans

Description

The L6395 is a high voltage device manufactured
with BCD “OFF-LINE” technology. It is a single-
chip high and low-side gate driver for N-channel
power MOSFETSs or IGBTSs.

The high-side (floating) section is designed to
stand a voltage rail up to 600 V. The logic inputs
are CMOS/TTL compatible down to 3.3 V for easy
interfacing microcontroller/DSP.

Table 1. Device summary

Order codes Package Packaging
L6395D Tube
L6395DTR Tape and reel
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L6395 Block diagram

1 Block diagram

Figure 1. Block diagram
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Pin connection
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Pin connection

Figure 2. Pin connection
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Table 2. Pin description

Pin Pin name Type Function
1 LIN | Low-side driver logic input (active high)
2 HIN | High-side driver logic input (active high)
3 VCC P Lower section supply voltage
4 GND P Ground
5 Lvg™ o} Low-side driver output
6 ouT P High-side (floating) common voltage
7 HVG() o) High-side driver output
8 BOOT P Bootstrapped supply voltage

1. The circuit guarantees less than 1 V on the LVG and HVG pins (@Igjnx = 10 mA), with Vg > 3 V. In this
manner, the “bleeder”, resistor connected between the gate and the source of the external MOSFET

normally used to hold the pin low, is omitted.
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L6395 Truth table
3 Truth table
Table 3. Truth table
Input Output
LIN HIN LVG HVG

L L L L

L H L H

H L H L

H H H H
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Electrical data L6395
4 Electrical data
4.1 Absolute maximum ratings
Table 4. Absolute maximum ratings
Value
Symbol Parameter Unit
Min. Max.
Vee Supply voltage -0.3 21 \Y
Vour Output voltage Veoor - 21 Vgoort + 0.3 \"
VeooT Bootstrap voltage -0.3 620 \"
Vhvg High-side gate output voltage Vout - 0.3 Voot + 0.3 \
Vivg Low-side gate output voltage -0.3 Vee + 0.3 \'%
Vi Logic input voltage -0.3 15 \Y
dVoyt/dt Allowed output slew rate 50 V/ns
Ptot Total power dissipation (T = 25 °C) 800 mwW
T, Junction temperature 150 °C
Tstg Storage temperature -50 150 °C
4.2 Thermal data
Table 5. Thermal data
Symbol Parameter SO-8 Unit
Riha) Thermal resistance junction-to-ambient 150 °C/W
4.3 Recommended operating conditions
Table 6. Recommended operating conditions
Value
Symbol Pin Parameter Test condition Unit
Min. Max.
Vee 3 Supply voltage 10 20 \
VBO(1) 8-6 Floating supply voltage 9.4 20
Vout 6 Output voltage(") -11@) | 580 %
fsw Switching frequency |HVG, LVG load C_ =1 nF 800 kHz
T, Junction temperature -40 125 °C
1. Veo =Veoor - Vout
2. LVG off. Voo = 10 V. Logic is operational if Voot > 5 V
6/16 DoclD024048 Rev 1 G;




L6395

Electrical characteristics

5.1

Electrical characteristics

AC operation

Table 7. AC operation electrical characteristics (V. = 15 V; Tj = +25 °C)

Value
Symbol Pin Parameter Test condition Unit
Min. | Typ. | Max.
Vour=0V
High/low-side driver Voot = Ve
ton 1,2 vs 5,7 |turn-on C.=1nF 50 | 125 | 200 | ns
propagation delay Viy=0t0 3.3V
see Figure 3
Vour=0V
High/low-side driver VeooT = Ve
toff | 1,2 vs 5,7 | turn-off C_.=1nF 50 | 125 | 200 | ns
propagation delay Vin=3.3Vto0
see Figure 3
ty 5,7 Rise time C.=1nF 75 | 120 | ns
t 5,7 Fall time C.=1nF 35 70 ns
Figure 3. Timing
50% 50%
LIN/HIN ! \
tr é tf ,
I : [
b1 oo% 90% |
LVG/HVG vl N o
E ton i g toff i
AM16534v1
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Electrical characteristics L6395

5.2 DC operation
(Voo = 15 V; Tj= +25 °C)

Table 8. DC operation electrical characteristics

Value
Symbol Pin Parameter Test condition Unit
Min. | Typ. | Max.
Low supply voltage section

Vee_hys 3 | Vgc UV hysteresis 06 | 07 | 0.8 \'%
VCC_thON 3 VCC UV turn ON threshold 9 9.5 10 \
VCC_thOFF 3 VCC UV turn OFF threshold 8.3 8.8 9.3 \Y

Undervoltage quiescent Vee=7V
e |2 supply current LIN=5V;HIN=GND; | *0 | %0 | 150 | 1A
. Veg=15V
| 3 Quiescent current 100 | 220 | 350
qee u v LIN = 5 V; HIN = GND; nA
Bootstrapped supply voltage section(!)

VBO_hys 8 | Vgo UV hysteresis 05| 06 | 0.7
VBO_thON 8 VBO UV turn ON threshold 7.9 8.6 9.4
VBO_thOFF 8 VBO UV turn OFF threshold 7.3 8 8.7 \

Undervoltage Vg Vgo=7V
lasou 8 | quiescent current LIN=GND; HIN=5V:| 10 | 30 | 60 | nA
. Vgo=15V
| 8 \ escent current 190 | 220
Q8O Bo Q4! “ LIN = GND; HIN =5 V; nA
High voltage leakage Vivg= Vout= VBoOT=
Ik 8 | current 600V 10} wA
Bootstrap driver on-
Rbs(on) resistance(® LVG on 120 Q
Driving buffer section
High/low-side source short- v
Iso 57 circuit current Vin = Vi (t, < 10 ps) 200 | 290 mA
High/low-side sink short-
lsi 57 .g . Vin =V (t, < 10 ps) 250 | 430 mA
circuit current

Logic inputs
v, 1,2 Low level logic threshold 0.8 11 v
voltage
Vi, 1,2 High level logic threshold 1.9 005 | v
voltage
i 5 HIN logic “1” input bias HIN = 15 V 10 40 | 100 | pA

current
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L6395 Electrical characteristics

Table 8. DC operation electrical characteristics (continued)

Value
Symbol Pin Parameter Test condition Unit
Min. | Typ. | Max.
" 5 HIN logic “0” input bias HIN=0V 1
current
LIN logic “1” input bias
Linn 1 gic 71 input ol LIN=15V 10 | 40 | 100
current
LIN logic “0” input bias
I 1 LIN=0V 1
LINI current HA

1. VBO = Voot - Vout

2. \? on) i tested in the following way: Rpg(on=[(Vce - VCBOOT1) (chc VCBOOTz)] /T4(Vee.Vesoott) -
I2(Vce, VerooTa)] where 14 is pin 8 current When Veeoot = Vegoor1: l2 when Vegoot = VeeooTe:
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Typical application diagram
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Typical application diagram

Figure 4. Application diagram
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Bootstrap driver
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7.1

7

Bootstrap driver

A bootstrap circuitry is needed to supply the high-voltage section. This function is normally
accomplished using a high-voltage fast recovery diode (Figure 6). In the L6395 a patented
integrated structure replaces the external diode. It is implemented using a high voltage
DMOQOS, driven synchronously with the low-side driver (LVG), with diode in series, as shown
in Figure 7. An internal charge pump provides the DMOS driving voltage.

Cgoor selection and charging

To select the proper Cgpogt value the external MOS can be seen as an equivalent capacitor.
This capacitor Cgy is related to the MOS total gate charge:

Equation 1

Qg
Cexr = Vga °

gate
The ratio between the capacitors Cext and Cgpot is proportional to the cyclical voltage
loss.

It must be:

Equation 2
Cgoot” Cext

E.g.1 if Qgate is 30 NC and Ve is 10 V, Cexr is 3 nF. With Cgoot = 100 nF the drop is 300
mV.

If HVG needs to be supplied for an extended period, the Cgoo selection has to take into
account also the leakage and quiescent losses.

E.g.: HVG steady-state consumption is lower than 220 PA, so if HVG Tgy is 5 ms, CgooTt
must supply 1.1 uC to Cext. This charge on a 1 uF capacitor means a voltage drop of 1.1 V.

The internal bootstrap driver offers some important advantages: the external fast recovery
diode can be avoided (it usually has a high leakage current).

This structure can work only if Vo is close to GND (or lower) and, at the same time, the
LVG is on. The charging time (Tcharge) Of the Cpoor is the time in which both conditions are
fulfilled and it has to be long enough to charge the capacitor.

The bootstrap driver introduces a voltage drop due to the DMOS Rpgqon) (typical value: 120
Q). At low switching frequency, this drop can be neglected but, operating at high switching
frequency, it should be taken into account.

The following equation is useful to compute the drop on the bootstrap DMOS:

Equation 3

\Y; = R \ — ﬁ R
drop = 'charge’ DS(on) drop = T ’ DS(on)
charge
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Bootstrap driver L6395

where Qqqye is the gate charge of the external power MOSFET, Rpgon) is the on-resistance
of the bootstrap DMOS and Tgpa e is the charging time of the bootstrap capacitor.

For example: using a power MOSFET with a total gate charge of 30 nC, the drop on the
bootstrap DMOS is about 1V, if the Tgparge is 5 pis.

Equation 4

30

nc
Vdrop =5

- 120Q= 0.7V
us

Vdrop Must be taken into account when the voltage drop on Cgpor is calculated: whether
this drop is too high, or the circuit topology does not allow a sufficient charging time, an
external diode can be used.

Figure 6. Bootstrap driver with high voltage fast recovery diode
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Figure 7. Bootstrap driver with internal charge pump
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L6395

Package mechanical data

Package mechanical data

In order to meet environmental requirements, ST offers these devices in different grades of
ECOPACK® packages, depending on their level of environmental compliance. ECOPACK®
specifications, grade definitions and product status are available at: www.st.com.
ECOPACK® is an ST trademark.

Table 9. SO-8 mechanical data

mm
Dim.
Min. Typ. Max.
A 1.75
A1l 0.10 0.25
A2 1.25
b 0.31 0.51
b1 0.28 0.48
o 0.10 0.25
cl 0.10 0.23
D 4.80 4.90 5.00
E 5.80 6.00 6.20
E1 3.80 3.90 4.00
e 1.27
h 0.25 0.50
L 0.40 1.27
L1 1.04
L2 0.25
k 0° 8°
cce 0.10
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Package mechanical data L6395
Figure 8. SO-8 package drawing
————\ B |
J e
< b
e [¢]
SEATING
D PLANE
GAGE PLANE
LEEE =
‘ ‘ ‘ ‘ SECTION B-B ;
G W bb1 L kf
I Ll
U b 7 k%
! J + BASE METAL
0016023_G_FU
Figure 9. SO-8 footprint
0.6 (x8)
%Y,
L/
D ™~
- - - - - i M ©
70 7
VA A/
1.27
Footprint_0016023_G_FU

14/16

DocID024048 Rev 1

L&y




L6395

Revision history
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Revision history

Table 10. Document revision history

Date

Revision

Changes

20-Mar-2013

1

Initial release.
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
time, without notice.

All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

ST PRODUCTS ARE NOT AUTHORIZED FOR USE IN WEAPONS. NOR ARE ST PRODUCTS DESIGNED OR AUTHORIZED FOR USE
IN: (A) SAFETY CRITICAL APPLICATIONS SUCH AS LIFE SUPPORTING, ACTIVE IMPLANTED DEVICES OR SYSTEMS WITH
PRODUCT FUNCTIONAL SAFETY REQUIREMENTS; (B) AERONAUTIC APPLICATIONS; (C) AUTOMOTIVE APPLICATIONS OR
ENVIRONMENTS, AND/OR (D) AEROSPACE APPLICATIONS OR ENVIRONMENTS. WHERE ST PRODUCTS ARE NOT DESIGNED
FOR SUCH USE, THE PURCHASER SHALL USE PRODUCTS AT PURCHASER’S SOLE RISK, EVEN IF ST HAS BEEN INFORMED IN
WRITING OF SUCH USAGE, UNLESS A PRODUCT IS EXPRESSLY DESIGNATED BY ST AS BEING INTENDED FOR “AUTOMOTIVE,
AUTOMOTIVE SAFETY OR MEDICAL” INDUSTRY DOMAINS ACCORDING TO ST PRODUCT DESIGN SPECIFICATIONS.
PRODUCTS FORMALLY ESCC, QML OR JAN QUALIFIED ARE DEEMED SUITABLE FOR USE IN AEROSPACE BY THE
CORRESPONDING GOVERNMENTAL AGENCY.

Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall immediately void
any warranty granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.
Information in this document supersedes and replaces all information previously supplied.
The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.

© 2013 STMicroelectronics - All rights reserved
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CraHpapT
INeKTpPOoH
ﬂ CBAA3b

Mbl MOf04aA M aKTUBHO Pa3BMBAIOLLAACA KOMMAHWA B 061acTM  MOCTaBOK
3NEKTPOHHbIX KOMMOHEHTOB. Mbl NOCTAaBASEM  3/IEKTPOHHbIE  KOMMOHEHTbI
OTEYEeCTBEHHOIrO U MMMOPTHOIO NMPOWU3BOACTBA HAMPAMYIO OT NPOU3BOAMUTENEN U C
KpYMHEMLWKNX CKNaZ0B MUpa.

Enaro,a,apﬂ coTpygHn4ecTtesy C MMpPOBbIMU NOCTaBWMKaMWN Mbl OCYLLECTBIAEM
KOMMNNEKCHbIE N NN1aHOBblE MNMOCTABKU LumpoqaﬁLuero CNEeKTpa 3/1EKTPOHHbIX
KOMMOHEHTOB.

CobcTtBeHHan 3¢p@eKTUBHAA NOrMCTUKA M CKNag B obecneunBaeT HageKHYHo
MOCTaBKy MNPOAYKLMM B TOYHO YKa3aHHble CPOKM Mo Bcel Poccum.

Mbl ocyuiecTBisem TEXHUYECKYI0 MNOALEPKKY HAWWM  K/IMEHTaMm U
npeanpoaaxkHyto NPOBEPKY KayecTsa NpoayKumu. Ha Bce noctaBnsiemble NpoAyKTbl
Mbl MPEAOCTaBASEM TFAPaAHTUIO .

OcyuwiectBndem nNOCTaBKM NpoOAYKUMM nog, KoHTponem Bl MO PO Ha
npeanpuATUA BOEHHO-NPOMbIWIEHHOTO KoMnaekca Poccuun , a TakKe paboTtaem B
pamkax 275 ®3 c OTKpbITUEM OTAE/bHbIX CHETOB B YNONHOMOYEHHOM BaHKe. Cuctema
MeHeXMeHTa KayecTBa KomnaHum cooTBeTcTByeT TpeboBaHuam FOCT ISO 9001.

MWHUMaNbHbIE  CPOKM  MNOCTAaBKW, TMOKME  UeHbl, HeorpaHWYeHHbIN
aCCOPTUMEHT UM WHAMBMAYANbHbLIN MNOAXOA K KAMEHTaM ABAAIOTCA OCHOBOW ANA
BbICTPAMBaHMA A0FOCPOYHOIO M 3GPEKTUBHOIO COTPYAHMYECTBA C NPEeANPUATUAMM
PaANO3NEKTPOHHOMW NPOMBIWAEHHOCTU, NPEeanPUATUAMM BMNK u HayuHo-
nccnenoBaTeNbCKUMKU MHCTUTYTaMm Poccun.

C Hamu Bbl CTAaHOBMUTECH elle ycnewHee!

[HaLLIM KOHTAKTbI: \

TenedoH: +7 812 627 14 35

dNeKTpPOHHaA nouTa: sales@st-electron.ru

Appec: 198099, CaHkT-MNeTepbypr,
MpomblwneHHasa yn, gom Ne 19, nutepa H,
nometleHune 100-H Oduc 331
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