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STDRIVEG601

Triple half-bridge high-voltage gate driver

Features

¢ High voltage rail up to 600 V
o Driver current capability:
— STDRIVEG01:

— 200 mA source current @ 25 °C

— 350 mA sink current @ 25 °C
e dV/dt transient immunity £50 V/ns
¢ Gate driving voltage range from 9V to 20 V
e Overall input-output propagation delay: 85 ns
e Matched propagation delay for all channels
e 3.3V, 5V TTL/CMOS inputs with hysteresis
¢ Integrated bootstrap diodes
o Comparator for fast overcurrent protection
¢ Smart shutdown function
¢ Interlocking and deadtime function
e Dedicated Enable pin
e UVLO function on low-side and high-sides

Description

The STDRIVEG01 is a high voltage device
manufactured with BCDG6s offline technology. It is
a single-chip with three half-bridge gate drivers for
N-channel power MOSFETs or IGBTs suitable for
3-phase applications.

All device outputs can sink and source 350 mA
and 200 mA respectively. Prevention from cross
conduction is ensured by interlocking and
deadtime function.

The device has dedicated input pins for each
output and a shutdown pin. The logic inputs are
CMOS/TTL compatible down to 3.3 V for easy
interfacing with control devices. Matched delays
between low-side and high-side sections
guarantee no cycle distortion and allow high
frequency operation.

The STDRIVE601 embeds a comparator
featuring advanced SmartSD function also
integrated in the device, ensuring fast and
effective protection against fault events like
overcurrent, overtemperature, etc.

Dedicated UVLO protection on the low-sides and
each of the high-side driving sections allow to
prevent the power switches from operating in low
efficiency or dangerous conditions.

The integrated bootstrap diodes as well as all of
the integrated features of this IC make the
application PCB design easier, more compact and
simple thus reducing the overall bill of material.

App|ications The device is available in SO-28 package.

e 3-phase motor drives

e Inverters
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STDRIVE601 Block diagram

1 Block diagram

Figure 1. Block diagram
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Pin description and connection diagram

Figure 2. Pin connection (top view)
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Table 1. Pin description

Pin # Pin Name Type Function
1 VCC Power Supply | Low-side and logic supply voltage
2 HIN1 Logic Input High-side driver logic input 1
3 HIN2 Logic Input High-side driver logic input 2
4 HIN3 Logic Input High-side driver logic input 3
5 LIN1 Logic Input Low-side driver logic input 1
6 LIN2 Logic Input Low-side driver logic input 2
7 LIN3 Logic Input Low-side driver logic input 3
8 FAULT OD Output Fault output
9 CIN Analog Input Comparator positive input
10 EN Logic Input Enable input, active high
i 0D 0D Output | et et
12 SGND Power Supply | Signal ground
13 PGND Power Supply |Low-side driver ground
14 LvG3™ Analog Output | Low-side driver output 3
15 Lva2(™ Analog Output | Low-side driver output 2
16 Lvg1M Analog Output | Low-side driver output 1

17,2125 N.C. - Not Connected
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STDRIVE601 Pin description and connection diagram

Table 1. Pin description (continued)

Pin # Pin Name Type Function

18 OUT3 Power Supply H|_gh-3|de (floating) common voltage
driver 3

19 HvG3(") Analog Output | High-side driver output 3

20 BOOT3 Power Supply |Bootstrap supply voltage 3

22 oUT?2 Power Supply H|gh-3lde (floating) common voltage
driver 2

23 HvG2(") Analog Output | High-side driver output 2

24 BOOT2 Power Supply | Bootstrap supply voltage 2

26 OUTA Power Supply H|gh-3|de (floating) common voltage
driver 1

27 HVG1( Analog Output | High-side driver output 1

28 BOOT1 Power Supply | Bootstrap supply voltage 1

1. The circuit guarantees less than 1 V on the LVG and HVG pins (at Igj,x = 10 mA), with VCC > 3 V. This
allows omitting the “bleeder” resistor connected between the gate and the source of the external
MOSFETs normally used to hold the pin low.
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Electrical data

STDRIVE601

3 Electrical data

3.1 Absolute maximum ratings

Table 2. Absolute maximum ratings(")

Symbol Parameter Min. Max. Unit
VCC Logic supply voltage -0.3 21 \%
VpGeND Low-side driver ground VCC - 21 VCC +0.3 \Y,
Vpg? Low-side drivers ground -21 21 \
Vout Output voltage Voot - 21 Voot + 0.3 V
Voot Bootstrap voltage -0.3 620 \
Vuvae High-side gate output voltage Vour-0.3 Voot + 0.3 \
Vive Low-side gate output voltage Vpanp - 0.3 VCC +0.3 \Y
Vein Comparator input voltage -0.3 20 V
\ Logic input voltage(®) -0.3 15 \Y;
Vob OD pin voltage -0.3 21 \
VEAuLT FAULT pin voltage -0.3 21 \

dVoyr/dt Common mode transient Immunity 50 Vins
T, Junction temperature -40 150 °C
Ts Storage temperature -50 150 °C

ESD Human body model kV

. Each voltage referred to SGND unless otherwise specified.
2. Vpg =PGND - SGND.
EN, LINx, HINx.
3.2 Thermal data
Table 3. Thermal data
Symbol Parameter Value Unit
Rihwa) Thermal resistance junction to ambient(") 52 °C/IW

6/25

JEDEC 2s2p PCB in still air.
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STDRIVEG601 Electrical data

3.3 Recommended operating conditions

Table 4. Recommended operating conditions(!)

Symbol Parameter Test conditions Min. Max. Unit
VCC Logic supply voltage 9 20 \%
VLS(Z) Low-side drivers supply voltage 4 20 \%
VPS(3) Low-side drivers ground -5 5 \Y
VBO(4) Floating supply voltage(4) 8.5 20 \%
Vour | DC Output voltage -106) 580 %
VeIN Comparator input voltage 0 15 \Y
V; Logic input voltage 0 15 \Y
Vop OD pin voltage 0 20 \
VEauLT FAULT pin voltage 0 20 \Y
FSW(6) Maximum switching frequency 800 kHz
PW(@ | Minimum input pulse width 100 ns
T, Junction temperature -40 125 °C
1. Each voltage referred to SGND unless otherwise specified.
2. V g=VCC-PGND.
3. Vpg =PGND - SGND.
4. Vgo =BOOT - OUT.
5. VCC =9V, LVG off. Logic is operational if Vgoor > 5 V.
6. Actual maximum Fgyy depends on power dissipation.
7. Pulse width on LIN or HIN pins. See Figure 3.
Kys DS12949 Rev 1 7/25




Electrical characteristics STDRIVEG601

4 Electrical characteristics

HIN is referred to channels HIN1, HIN2, HIN3; LIN is referred to channels LIN1, LIN2, LIN3.

Table 5. Electrical characteristics

(VCC =15V; PGND = SGND; TJ = +25 °C, unless otherwise specified)

Symbol Pin Parameter Test conditions Min. Typ. Max. Unit
Low-side section supply
VCC UVLO turn-on
VCCrron threshold 8 8.5 9 v
VCC UVLO turn-off
VCChvs VCC UVLO hysteresis 0.4 0.5 0.6 \Y
VCC =7V,
VCC undervoltage EN =5 V-
laccu quiescent supply CIN = SG,ND 430 744 HA
current -
LVG & HVG: OFF
VCC qui I EN=5V,
lace quiescentsupply | o\ = sGND 950 | 1450 LA
current
LVG & HVG: OFF
High-side floating section supply("
VBO UVLO turn-on
VBoTHON threshold 75 8 8.5 v
Vo UVLO turn-off
VBOTHOFF threshold 7 7.5 8 v
VBOHYS VBO UVLO hysteresis 04 0.5 0.6 Vv
20-18 VCC =Vgo=6.5V;
24 -22 | Vpo undervoltage EN=5V:
laBou 28 - 26 quiescent supply RPN 25 62 MA
current CIN = SGND
LVG OFF; HVG = ON
VBO =15V
Vpo quiescent supply [EN=5V;
laso current CIN = SGND 84 150 uA
LVG OFF; HVG = ON
| High voltage leakage |BOOT = HVG = OUT 15 A
LK current =620V M
Bootstrap Diode on
Roboot resistance 215 Q
8/25 DS12949 Rev 1 Kys




STDRIVE601

Electrical characteristics

Table 5. Electrical characteristics
(VCC =15 V; PGND = SGND; TJ = +25 °C, unless otherwise specified) (continued)

Symbol Pin Parameter Test conditions Min. Typ. Max. Unit
Output driving buffers
TJ =25°C 160 200 300
| High/Low-side source mA
SO peak current Full temperature 130 350
range(?)
TJ=25°C 230 350 430
| 14, 15, |High/Low-side sink mA
Sl 16, 19, |peak current Full te(rzr;perature 200 500
23,27 range
RpsonON :gg’c')‘rfw's'de SOUTCe 11 = 10 mA 24 35 | 46 0
RDSonOFF :gg/cl)_:w-sme sink 11 = 10 maA 11 16 | 21 Q
Logic Inputs
Low level logic
Vi 2, g, 4, | threshold voltag 0.8 14 v
5,6,7,
: 1 High level logic
Vin threshold voltage 18 23 v
2,3,4 L
* 2’ | Logic input threshold
Vhyst 567, hysteresis 0.8 12 v
10
SmartSD restart
Vsspin ) threshold 3.5 3.8 4.1 \Y
SmartSD unlatch
Vssp threshold 0.56 0.75 \
LIN logic “1” input bias
LNk currengt P Ving =15V 1 HA
5,6,7
LIN logic “0” input bias
I curront P Vine =0V 28 43 58 bA
HIN logic “1” input _
'HiNn 234 bias current Vhing = 15V 1 WA
" | HIN logic “0” input _
i bias current Viing= 0 28 43 58 bA
2,3, 4, |Logic input pull-up
Rpy_IN 56,7 |resistor 75 100 125 kQ
EN logic “1” input bias _
IENR o current Ven=15V 110 150 200 pA
EN logic "0" input bias _
leni current Ven=0V 1 WA
Rpp_EN 10 EN pull-down resistor 75 100 125 kQ
Kys DS12949 Rev 1 9/25




Electrical characteristics STDRIVEG601

Table 5. Electrical characteristics
(VCC =15 V; PGND = SGND; TJ = +25 °C, unless otherwise specified) (continued)

Symbol Pin Parameter Test conditions Min. Typ. Max. Unit
Sense comparator(3) and FAULT
Veer Internal voltage 410 460 510 mv
reference
Comparator input
Cinnyst 9 hysteresis 40 70 mV
Comparator input pull- _
Cin_pD 9 down current Ven =1V 7 10 13 bA
lop 1 OD internal current 25 5 75 uA
source
Ron_ob 1" OD On resistance lop = 16 mA 19 25 36 Q
OD low level sink _
lOL_OD 1" current VOD =400 mV 1" 16 21 mA
IsaT_oD 11 OD saturation current |Vop =5V 95 mA
. OD connected only to
VELOAT 0D 11 g\?e?oat'”g voltage | .\ external 4.2 4.7 5 Vv
capacitance
Ron_F 8 FAULT ON resistance |lgayT =8 MA 50 100 Q
FAULT low level sink _
IOL_F 8 current VFAULT =400 mV 4 8 12 mA
Rpu=100kQto 5V;
Comparator voltage step on
top 1 propagation delay CIN=0t03.3V: 350 500 ns
50% CIN to 90% OD
voltage step on
Comparator triggering [CIN =010 3.3 V;
toN- 11 350 500 ns
CIN-F to FAULT 50% CIN to 90%
FAULT
c fortri ) voltage step on
omparator triggering _ .
teINoff 11 to high/low-side driver C”;l Oto3.3 Y 360 510 ns
propagation delay 50% CIN to 90%
LVG/HVG
trom 1 Qomparatormputﬂlter 200 300 400 ns
time
C|_ =1 nF;
SR 11 OD Slew rate Rpu=33kQto 5V, 20 60 100 Vius
90% to 10% OD
10/25 DS12949 Rev 1 Kys
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Electrical characteristics

Table 5. Electrical characteristics
(VCC =15V; PGND = SGND; TJ = +25 °C, unless otherwise specified) (continued)

Symbol Pin Parameter Test conditions Min. Typ. Max. Unit
Dynamic characteristics
2vs. 27 | High/Low-side driver
ton 3 vs 23 |turn-on propagation 45 85 120 ns
4vs 19 |delay
5vs. 16 | High/Low-side driver |OUT =0V
tofs 6 vs. 15 | turn-off propagation |BOOT =VCC 45 85 120 ns
7 vs. 14 |delay CL=1nF
Vin=01t0 3.3V
10 vs. ,
1415 Enable to high/low-
teN 1 6‘ 1 9’ side driver 245 385 520 ns
23 27 propagation delay
2,34, LIN HIN input filter
tF|N 5,6,7 time 30 40 50 ns
tFEN 10 EN input filter time 200 300 400 ns
t 14, 15, |Rise time C=1nF 120 160 ns
16, 19,
t¢ 23,27 |Falltime C =1nF 50 75 ns
Delay matching
MT high/low side turn- 0 30 ns
on/off4)
DT Deadtime C=1nF 200 300 400 ns
MDT Matching deadtime(® |C =1 nF 0 50 ns
1. Vgo =BOOT-OUT.
2. Values provided by characterization, not tested.
3. Comparator is disabled when VCC is in UVLO condition.
4. MT = max. (jton(LVG) - toff(LVG)|, [ton(HVG) - toff(HVG)], [toff(LVG) - ton(HVG)|, |toff(HVG) - ton(LVG)|).
5. MDT = | DTLH - DTHL |, refer to Figure 5.
Kys DS12949 Rev 1 11/25
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STDRIVE601

Figure 3. Propagation delay timing definition
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Electrical characteristics

Figure 5. Deadtime and interlocking waveforms definition
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Functional description

Inputs and outputs

The devices are controlled through the following logic inputs:
e EN: Enable input, active high;

o LIN: low-side driver inputs, active low;

¢ HIN: high-side driver inputs, active low.

Table 6. Inputs truth table (applicable when device is not in UVLO or SmartSD
protection)

Input pins Output pins
EN LIN HIN LVG HVG
L X X Low Low
H H H Low Low
H L H High Low
H H L Low High
Interlocking H L L Low Low

The FAULT and OD pins are open-drain outputs.

The FAULT signal is set low in case VCC UVLO is detected, or in case the SmartShutDown
comparator triggers an event. It is only used to signal a UVLO or SmartSD activation to
external circuits, and its state does not affect the behavior of other functions or circuits
inside the driver. The OD behavior is explained in Section 5.5.

When EN is set low, gate driver outputs are forced low and assure low impedance.

Deadtime

The deadtime feature, in companion with interlocking feature, guarantees that driver outputs
of the same channel are not high simultaneously and at least a DT time passes between the
turn-off of one driver's output and the turn-on of the companion output of the same channel.
If a deadtime longer than the internal DT is applied to LIN and HIN inputs by the external
controller, the internal DT is ignored and the outputs follow the deadtime determined by the
inputs.

Refer to Figure 4 for the dead time and interlocking waveforms.

VCC UVLO protection

Undervoltage protection is available on VCC and BOOT supply pins. In order to avoid
intermittent operation, a hysteresis set the turn-off threshold with respect to the turn-on
threshold.

DS12949 Rev 1 KYI
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When VCC voltage goes below VCCrhopr threshold all the outputs are switched off, both
LVG and HVG. When VCC voltage reaches VCCyyon threshold the driver returns to normal
operation and sets the LVG outputs according to actual input pins status; HVG is also set
according to input pin status if the corresponding Vgq section is not in UVLO condition.

The FAULT output is kept low when VCC is in UVLO condition. The following figures show
some examples of typical operation conditions.

Figure 6. VCC power ON and UVLO, LVG timing‘®
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Functional description STDRIVE601

5.4

5.5

16/25

VBO UVLO protection

Dedicated undervoltage protection is available on each bootstrap section between BOOTx
and OUTx supply pins. In order to avoid intermittent operation, a hysteresis sets the turn-off
threshold with respect to the turn-on threshold.

When Vgg voltage goes below VgotHoFF threshold, the HVG output of corresponding
bootstrap section is switched off. When Vg voltage reaches VgotHon threshold device
returns to normal operation and the output remains off up to the next input pins transition
that requests HVG to turn on.

Figure 8. VBO power-ON and UVLO timing
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Comparator and smart shutdown

These devices integrate a comparator committed to the fault protection function, thanks to
the SmartShutDown (SmartSD) circuit.

The SmartSD architecture allows immediate turn-off of the gate driver outputs in the case of
overload or overcurrent condition, by minimizing the propagation delay between the fault
detection event and the actual output switch-off. In fact, the time delay between the fault
detection and the output turn-off is not dependent on the value of the external components
connected to the OD pin, which are only used to set the duration of disable time after the
fault.

This provides the possibility to increase the duration of the output disable time after the fault
event up to very large values without increasing the delay time of the protection. The
duration of the disable time is determined by the values of the external capacitor Cop and of
the optional pull-up resistor connected to OD pin.

The comparator has an internal voltage reference Vggr connected to the inverting input,
while the non-inverting input is available on the CIN pin. The comparator's CIN input can be
connected to an external shunt resistor in order to implement a fast and simple overcurrent
protection function. The output signal of the comparator is filtered from glitches shorter than
trcn @nd then fed to the SmartSD logic.

DS12949 Rev 1 KYI
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If the impulse on CIN pin is higher than Vg and wider than tgcn, the SmartSD logic is
triggered and immediately sets all of the driver outputs to low-level (OFF).

At the same time, FAULT is forced low to signal the event (for example to an MCU input)
and OD starts to discharge the external Cop capacitor used to set the duration of the output
disable time of the fault event.

The FAULT pin is released and driver outputs restart following the input pins as soon as the
output disable time expires.

The overall disable time is composed of two phases:

e The OD unlatch time (t4 in Figure 9), which is the time required to discharge Cp capacitor
down to Vggp, threshold. The discharge starts as soon as the SmartSD comparator is
triggered.

e The OD restart time (t, in Figure 9), which is the time required to recharge the Cqp
capacitor up to the Vggpp, threshold. The recharge of Cqp starts when the OD internal
MOSFET is turned-off, which happens when the fault condition has been removed
(CIN < VRgr - Cinnyst) and the voltage on OD reaches the Vggp, threshold. This time
normally covers most of the overall output disable time.

If no external pull-up is connected to OD, the external Cqp capacitor is discharged with a
time constant defined by Cyp and the internal MOSFET's characteristic (Equation 1), and
the Restart time is determined by the internal current source Igp and by Cop (Equation 2).

Equation 1

Vob
t1=Ron op Cop - In (V )
SSDI
Equation 2
CopV 14 -V
{2 0D SSDh ( SSDI OD)

IOD VSSDh - VOD

In case the OD pin is connected to VCC by an external pull-up resistor Rop ext, the OD
discharge time is determined by the external network Rop ext Cop and by the internal
MOSFET's Ron op (Equation 3), while the Restart time is determined by current in Rop ext
(Equation 4). B

Equation 3
Vop—V
~ OD
t1=2Cop  (Rop_eu/Ron_op) - In (f;‘"“"‘:"[;?‘n' )
SSDI on
Equation 4
Vsspi—V
~ sspl— Y oD
t;=2Cop *Rop_ext * 11 (—V 7 )
SSDh oD
where
Ron op
Von = - - VCC, Vop = VCC
Rop ext T Ron op
DS12949 Rev 1 17/25
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Figure 9. Smart shutdown timing waveforms
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6 Typical application diagram

Figure 10. Typical application diagram
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Package information STDRIVE601

7 Package information
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.
71 S0-28 package information
Table 7. SO-28 package dimensions
Mm
Dim. NOTES
Min. Typ. Max.
A 2.35 2.65
A1 0.10 0.30
B 0.33 0.51
C 0.23 0.32
D 17.70 18.10
E 7.40 7.60
e 1.27
H 10.00 10.65
h 0.25 0.75
L 0.40 1.27
k 0 8 DEGREES
ddd 0.10
20/25 DS12949 Rev 1 m
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STDRIVE601 Package information

Figure 11. SO-28 mechanical data
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Package information

Figure 12. SO-28 suggested land pattern

1

2.0

(82%) 09°0

JLUDauuuuond

|
|
.
11

DS12949 Rev 1

22/25




STDRIVE601

Ordering information

8

3

Ordering information

Table 8. Order codes

Order code Package Marking Packaging
STDRIVEGO1 SO-28 STDRV601 Tube
STDRIVEGO1TR SO-28 STDRV601 Tape and reel

DS12949 Rev 1
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Table 9. Document history

Date

Revision

Changes

21-May-2019

1

Initial release.
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST's terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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