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The ePower™ Stage IC Product Family integrates input logic interface, high-side level Questions:
shifting, synchronous bootstrap charging, and gate drivers along with eGaN output | Ask a GaN
FETs into one monolithic integrated circuit in an MSL1 QFN package, using EPC's | Expert

proprietary GaN IC technology. The result is a Power Stage IC that translates logic level AS
control signals into a high voltage and high current power stage, which is simpler to
design, smaller in size and easier to manufacture while being more efficient to operate.

Key Parameters

AN EXPERT|

EP(33110 3-Phase ePower™ Stage IC

Output current and PWM frequency ratings are specified at ambient temperature of 25°C. See the application information
section for rating methodologies, test conditions, thermal management techniques and thermal derating curves.

Device Information

Rated Rys,n) for HS and LS FETs at 25 °C

PART NUMBER

QFN Package Size (mm)

EPC33110 11.7mQ+ 13 mQ typ

6.5x6

All exposed pads feature wettable flanks that allow side wall solder inspection. High voltage and low voltage pads

are separated by 0.6 mm spacing to meet IPC rules.

Figure 1: Typical Application

PARAMETER VALUE UNIT Package size: 6.5 x 6 mm
Continuous power stage load current T, = 25°C 20 A

Maximum operating PWM frequency 3 MHz Applications

Absolute maximum input voltage 100 + Motor drive inverters

Operating input voltage range 80 \Y Features

Nominal bias supply voltage 5

« Three-phase integrated power module

Each phase Integrates high-side and low-side eGaN®
FET with internal gate driver and level shifter

Single 5V external bias supply
3.3Vor5VCMOS input logic levels

Independent high-side and low-side control inputs for
all phases

Logic lockout commands both FETs off when inputs are
both high at same time

Robust level shifter operation for hard and soft
switching conditions

Synchronous charging for high-side bootstrap supplies
Standby function for low quiescent current mode

.
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models, demo boards!
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eGaN® IC DATASHEET EPC33110
Figure 2: EPC33110 Quad Flat No-Lead (QFN)
Package (Transparent Top View) EP(33110 Pinout Description
. Pin | Pin _—
Pin Name | Type Description
1 Ve 5 Phase 2 internal power supply referenced to GND, connect a bypass
o capacitor from Vpp2 to GND.
220] v p Power DCinput. Connected to drain terminal of three high-side
! N FETs. Connect power loop capacitors from V,, to GND.
Vo1, Vpp2 and Vpp3 standby and PWM fast shutdown input.

Vppx are disabled when (SD/STB) is pulled down or driven low.
3 (SD/STB) L Internal pull-up resistors disable the standby function by default.
If (SD/STB) is pulled low, the PWM inputs are immediately
inhibited, and all power GaN FETs are switched OFF.

4 v 5 External 5V power supply referenced to GND, connect a bypass
DRV capacitor from Vpgy to GND.

5 HS. 3 L Phase 3 high-side PWM logic input referenced to GND. Internal
N pull-down resistor is connected between HS\3 and GND.

L Phase 3 low-side PWM logic input referenced to GND. Internal pull-

6 L33 down resistor is connected between LS;,3 and GND.
7 Vo3 s Phase 3 internal power supply referenced to GND, connect a bypass
o0 capacitor from Vpp3 to GND.
8,21| GND p Eg¥ver ground. Connected to the source terminal of the low-side
9 W3 p Phase 3 switching node. Connected to phase 3 half-bridge power
stage output.

Phase 3 floating bootstrap power supply referenced to SW3.
10 | Vgoor3 S | Connect an external bootstrap capacitor, Cggqr3, between Vogr3
and SW3.

Phase 2 switching node. Connected to phase 2 half-bridge power
n w2 P stage output.

Phase 2 floating bootstrap power supply referenced to SW2.
12 | Vggor2 S | Connect an external bootstrap capacitor, Cggqr2, between Vgoqr2
and SW2.

13 SW1 p Phase 1 switching node. Connected to phase 1 half-bridge power
stage output.

Phase 1 floating bootstrap power supply referenced to SW1.
14 | Vpoor! S | Connect an external bootstrap capacitor, Cgogr1, between Vgoor1
and SW1.

15 HS T L Phase 1 high-side PWM logic input referenced to GND. Internal
N pull-down resistor is connected between HS,1 and GND.

16 1S 1 L Phase 1 low-side PWM logic input referenced to GND. Internal pull-
N down resistor is connected between LS;,1 and GND.

17 Vol 5 Phase 1 internal power supply referenced to GND, connect a bypass
oo capacitor from Vpp1 to GND.

L Phase 2 high-side PWM logic input referenced to GND. Internal

18 Hon2 pull-down resistor is connected between HS2 and GND.

19 15,2 L Phase 2 low-side PWM logic input referenced to GND. Internal pull-
N down resistor is connected between LS,2 and GND.

Pin Type: P = Power, S = Bias Supplies, L = Logic Inputs/Outputs

Note: The standby function can be disabled by tying each Vppx to Vpgy. In this case, only the
PWM fast shutdown function is enabled.
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eGaN® IC DATASHEET EPC33110

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur and device reliability may be affected. All voltage
parameters are absolute voltages referenced to GND unless indicated otherwise. The letter x indicates the phase: Vppx corresponds to Vpp1, Vpp2, and
Vpp3; SWx corresponds to SW1, SW2, and SW3; et cetera.

Absolute Maximum Ratings

SYMBOL PARAMETER MIN MAX UNITS
Vin DC Power input voltage 100
SWXcontinuous) Output switching node voltage, continuous 100
Vory External bias supply voltage (Vpry to AGND) 6
VppX Internal low-side supply voltage (Vpp to AGND) 6 v
Veoorx — SWx Internal high-side supply voltage (Vgoor to Veuase), Verase = SW 6
HSnX, LSinx PWM logic input voltage -1 55
SD/STB Vpp disable input voltage - standby, PWM shutdown function -1 5.5
T, Junction temperature -40 150 o
Tste Storage temperature -55 150

ESD Ratings
SYMBOL PARAMETER MIN MAX UNITS
HBM Human-body model (JEDEC JS-001)(" +/-500 v
CDM Charged-device model (JEDEC JESD22-C101)? +/-500

(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.
Thermal Characteristics

Resa_sepec is measured using JESD51-2 standard setup with 1 cubic foot enclosure with no forced air cooling, heat dissipated only through natural
convection. The test used JEDEC Standard 4-layers PCB with 2 oz top and bottom surface layers and 10z buried layers. Rg;s_gyg is measured using
EPC91122 EVB with no forced air cooling, this rating is more indicative of actual application environment.

Thermal Characteristics

SYMBOL PARAMETER TYP UNITS
Raic_Top Thermal resistance, junction-to-case (Top surface of exposed die substrate) 0.61
Raj8_sottom Thermal resistance, junction-to-board (At solder joints of Vjy, SW and PGND pads) 3.7 /W
Resa_sepEc Thermal resistance, junction-to-ambient (using JEDEC 51-2 PCB) TBD
Resa_eve Thermal resistance, junction-to-ambient (using EPC91122 EVB) TBD

Recommended Operating Conditions

For proper operation, the device should be used within the recommended 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’s lifetime. All voltage parameters are absolute voltages referenced to GND unless indicated otherwise. The letter x indicates the phase:
Vppx corresponds to Vpp1, Vpp2, and Vpp3; et cetera.

Recommended Operating Conditions

SYMBOL PARAMETER MIN TYP MAX UNITS
Vin DC power input voltage - Vpgy not tied to Vpp 10 80

VIN (Boost Mode) DC power input voltage - Vpgy tied to Vppx @ 0

SWX(93 Mode) Phase x Output switch node, 3rd quadrant mode -2.5 ViN+25

SWX puise2ns) Phase x Output switch node, transient pulse < 2 ns -10 Vin+ 10

Vory External supply voltage (Vpgy to GND) 4.75 5 55 v
VppX Internal low-side supply voltage (Vppx to GND) 4.75 5 55

Veoorx - SWx Internal high-side supply voltage (Vgoor to SWx) 4.75 5 55

HS X, LSjyx PWM logic input voltage 0 5

SD/STB Vpp disable input voltage - standby &, PWM shutdown function 0 5

Tyop Operating junction temperature -40 125 °C

(3) Tie Vpp and Vpgy together to disable the standby function, while maintaining the fast PWM shutdown, as shown in figure 13.

w
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Electrical Characteristics
Nominal Viy =48V, Vpgy = Vpp = 5 V and (Vgoor - Vprase) = 5 V. All typical ratings are specifed at Ty = 25°C unless otherwise indicated. All voltage
parameters are absolute voltages referenced to PGND unless indicated otherwise. AGND and PGND are internally connected. Parameters that show
only the typical value are guaranteed by design and not tested in production. The letter x indicates the phase: Vppx corresponds to Vpp1, Vpp2, and

eGaN® IC DATASHEET EPC33110

Vpp3; et cetera..
Electrical Characteristics
SYMBOL PARAMETER TEST CONDITIONS MIN | TYP MAX UNITS
Low-side Power Supply
Iorv_Q OFF state total quiescent current HSx/LSx/STB = 0V, SW floating 30
IoRV_100kHz Total operating current @100 kHz PWM = 100 kHz, 50% ON-time, includes bootstrap current 48 mA
IDRV._1MHz Total operating current @1 MHz PWM =1 MHz, 50% ON-time, includes bootstrap current 69
Standby Current
VN standby V,y current in standby mode SD/STB=0V 330 480
IpRV.standby Vpgy Current in standby mode SD/STB=0V 300 450 WA
Bootstrap Power Supply per each phase
lsoor_q OFF state bootstrap supply current HSx/LSx/ =0V, SD/STB =5V 4 6 8
Is0oT_100KkHz Bootstrap supply current @100 kHz HS PWM = 100 kHz, 50% ON-time 7 mA
lsooT 1MHZ Bootstrap supply current @1 MHz HS PWM = 1 MHz, 50% ON-time 12
Ron_sync_soor ON resistance of sync-boot FET Isyne BooTx = 25 MA 1 1.7 2.6 Q
Power On Reset per each phase
Vbp_por+ POR trip level Vpp rising LSy =5V, Vpp ramps up 4.25
Vop_poR_HysT POR Vpp, falling hysteresis LSy =5V, Vpp ramps down 0.15 v
Veoor por+ POR trip level (Vgoor - VpHase) rising HSiy =5V, Vgoor ramps up 4.25
VBoot_PoR_HysT POR (Vgoor - Venase) falling hysteresis HS =5V, Vgoor ramps down 0.15
Logic Input Pins
Vig High-level logic threshold HSpy, LSy rising 24
Vi Low-level logic threshold HSi, LS falling 0.8 v
Vinyst Logic threshold hysteresis Vy rising -V, falling 0.3
Rin HSyy and LSy pull-down resistance HSp, LSn=5V 5 kQ
Vpp Disable - Standby Function and PWM disable Function
Vsp-sts_n High-level SD/STB logic threshold SD/STB rising 24 v
Vsp-ste 1 Low-level SD/STB logic threshold SD/STB falling 0.8
Rsts STB pull-up resistance SD/STB=0V 22 kQ
High-Side Internal Power FET (HS_FET)
Ros(on)_Hs1 Phase 1 high-side FET Rpson) lswi =+/-1 A, HSpy =5V, LSy =0 V@ 1.7 14.8
Rbs(on)_Hs2 Phase 2 high-side FET Rps(on) lswz = +/-1 A, HS;\; =5V, LS, =0V 12.2 15.4 mQ
Rbs(on) Hs3 Phase 3 high-side FET Rps(on) lsws = +/-1 A, HSj3 =5V, L3 =0V ®@ 12 15.2
VHs_ps_clamp High-side 3rd quadrant clamp low=-1A HSy=LSy=0V®@ 2.1 1.7 v
Vs ps_clamp_ov | High-side 3rd quadrant clamp lsw=-1A, HSy=LSp =0V, Vgoor- Verase =0 V? -35
Coss Hsrer Output capacitance (Vy to SW) HSn=0V,SW=0V 189 pF
Qoss_HsreT Output charge (V,y to SW) HSN=0V,SW=0V 15 nC
Eqoss_msrer Output capacitance stored energy HS=0V,SW=0V 0.27 pJ
Low-Side Internal Power FET (LS_FET)
Ros(on)._Ls1 Phase 1 low-side FET Rps(on) lswi =+/-1 A, LSy =5V, HSyy =0 V@ 13 16.4
RbS(on). LS2 Phase 2 low-side FET Rpson) lowy=+/-1 A, LSy =5V, HS, =0V @ 17.5 22.2 mQ
Rbs(on)_Ls3 Phase 3 low-side FET Rpg(on) lows =+/-1A,LSp;=5V,HSp3=0V® 13.4 16.9
Vis_ps_clamp Low-side 3rd quadrant clamp lsw=1A,HSN=LSy=0V®@ 2.1 1.7 v
Vis ps_clamp ov | Low-side 3rd quadrant clamp lsw=1A HSN=LSy=0V,Vpp=0V® -3.5
Coss LsreT Output capacitance (SW to PGND) LSy=0V,SW=48V 221 pF
Qoss_LsFeT Output charge (SW to PGND) LSy=0V,SW=48V 19 nC
Eqoss_Lsrer Output capacitance stored energy LSy=0V,SW=48V 0.34 pJ
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eGaN® IC DATASHEET EPC33110

Electrical Characteristics (continued)

Electrical Characteristics# (continued)

SYMBOL PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNITS
Power FETs Quiescent Currents per each phase - include internal biasing circuits®®
o vin-swx Quiescent current (Vjy to SW) HSpx=0V,Vjy=100V, SWx =0V 230 HA
lg_swx-GND Quiescent current (SWx to GND) LSnx=0V,Vy=100V, SWx =100V 2.7 mA
_ HSX =0V, Vjy =100V 119 | 230
lo viN-GND Quiescent current (Vy to GND) HS = 0V, Vi =48V 160 HA
Dynamic Characteristics (Logic Input to Output Switching Node SWx) (See Figure 3 for Timing Diagram)
PW i Minimum pulse width 50% to 50% width, LS;yx and HSjx © 300 ns
tritter Input filter cutoff time 50% to 50% width, LSjx and HSyx 15
tshutdown Shutdown propagation delay 50% to 50% width, HS and LS FET turn-OFF 36
t_delayys on High-side ON propagation delay SW =0V and HS FET turn-ON 36
t_delay;s on Low-side ON propagation delay SW =48V and LS FET turn-ON 36
t_delayps_off High-side OFF propagation delay SW =48V and HS FET turn-OFF 36
t_delay|s o Low-side OFF propagation delay SW=0Vand LS FET turn-OFF 36
t_match,, Delay matching LSy to HS,, LS turn-OFF to HS turn-ON 0 ns
t_matchyg Delay matching HSy¢to LS, HS turn-OFF to LS turn-ON 0
t_lockout Cross-conduction lockout time bsegzr‘zn? eF zrtmoLgi)fllj-lr;;g?lngL}:ss turn-OFF to LS turn-ON - no 5
t risegy sio (Sr\r/1votcics)‘reglirT/Z aﬁahrhgg;:&dﬁl:ET turn-ON | HS turD-ON current_exiti%; from SW node, 0V to 48V, 5
- , ching) Reoor=10Q, lioap=5A
t fallgy 1510 SW fall time at Iow—si(je F[ET turn-ON LS tuin—ON currenj ent%r]ing the SW node, 48Vto 0V, 5
- (motor drive, hard switching) Rorv=10Q, lioap=5A

1) Not tested, guaranteed by design
2) lsyx is positive when exiting from SWx node. Resistance includes the contribute due to copper traces within the package.

(
¥)]
(3) The quiescent currents include the power FET s as well as the internal circuits biasing currents
(4) Measured on application board EPC91122

(5) There is no max limit for the pulse width length in time, as long as the voltage supply is not below the power on reset threshold limit. PW_max for the high-
side FET depends also on the external bootstrap capacitance value. If the Czoqr voltage falls below power on reset threshold voltage, the high-side GaN FET is
switched OFF. The high-side circuit can be biased from an external 5 V floating voltage supply to allow infinite turn on of the high-side FET.
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eGaN® IC DATASHEET EPC33110

Dynamic Characteristics Parameter Definition

Figure 3: Logic Input to Output Switching Node Timing Diagram (current exiting from SW node)

,,,,,,,,,, Lﬁoo mV

t_delays o Ly t_delayys o, ) t_delay(s on

Output Capacitance vs. Drain-to-Source Voltage

Figure 4a: Coss psrer of high-side Power GaN FET Figure 4b: Coss | per for low-side Power GaN FET
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eGaN® IC DATASHEET EPC33110

Typical Output Charge and Cy5s Stored Energy

Figure 5a: Qyss and Egg of High-Side Power GaN FET Figure 5b: Qqss and Es of Low-Side Power GaN FET
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Truth Table
SD/STB HS FETPhasex | LSFETPhasex

Low!" - - - - OFF OFF
Voo po - - - OFF OFF

- 0 OFF OFF

>Vipp_por <VBoor_por B ] OFF oN

High 0 0 OFF OFF

0 1 OFF ON

>Vbp_por >Vioor_por ] 0 oN OFF

1 1 OFF OFF

(1) SD/STB immediately inhibits PWM inputs when pulled low.
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Application Information
General Description

The EPC33110 three-phase module ePower™ Stage integrates three  where Max T, is specified at 125 °C and the ambient temperature
half-bridges gate drivers with internal high-side and low-side FETs.  is specified at 25 °C. The big variable in achieving the theoretical
Integration is implemented using EPC's proprietary GaN IC and ~ maximum power dissipation is Rgj, the thermal resistance from
packaging technology. Each of the three monolithic chips integrates  junction to ambient. The EPC33110 package construction allows two
input logic interface, level shifting, bootstrap charging and gate drive  parallel paths of heat dissipation where the bottom path goes from
buffer circuits controlling high-side and low-side eGaN output FETs  junction to metallization to lead-frame then the exposed pads at the
configured as a half-bridge power stage to drive one phase. Robust  bottom of the package. Rgjg_pottom is determined by the bottom power
level shifters from low-side to high-side channels are designed to  pads (V)y, SWx and GND) which are designed to allow maximum contact
operate correctly with soft and hard switching conditions even at large area to the underlying PCB. The total thermal resistance to ambient in
negative clamped voltage and to avoid false trigger from fast dv/dt  this path of Rgja portom N€€ds to add the heat dissipation from the PCB
transients including those driven by external sources or other phases.  pads through the multi-layer PCB construction then radiating to the
Internal circuits integrate the functions of charging and disabling of the  ambient which is highly dependent on the airflow and forced cooling
logic and bootstrap power supplies. Protection features are added to  method. (See Figure 8).

protect the output FETs from unwanted turn-on at low

or even complete loss of supply voltages. The three GaN Figure 6: Functional Block Diagram of one phase
ICs are mounted inside a 6.5 x 6 mm Quad Flat No-lead

(QFN). This packaging structure allows very low parasitic J{ |_

inductance from the power terminals to the underlying Goo

PCB solder pads. The exposed QFN pads are designed <'>VDD

to have at least 0.6 mm spacing between high and low Vory L | Vory A Ph High-side Vgoork | VpoorX
voltage pins to meet IPC voltage creepage rule for 100 V. 17 [ Iyl T J_
Another enhancement exposes the backside of the GaN Coy Standby 1y, Sync == Caoom
IC dies on the top side of the package while completely g ghuizséwn boot Vi 5 Vi

encapsulating the rest of the three GaN ICs. This allows a Level
very low thermal resistance path from each die junction =650 Logic shift

gy

to an attached heatsink which in effect increases the S I f— [T ] s | swx

T . SD/STB L. LSD/STB + d o
allowable power dissipation and thus higher current C POR ]
handling capability. n

. Cross- V
Output Current Rating over oD Gy ==
L0 Delaly1 !
matc

The three phase power output current rating is best | level ':}
thought of as a figure of merit for specified output Shlﬂ 1 o | e
current level that accounts for the maximum amount ¢ ¢ <|>

of power dissipation allowed from each of the three ICs.
The total power dissipation from a three phase power One phase of EPC33110 \V4
module is tied to the application circuit topologies,

output current demand, switching frequencies, construction, operating  Figure 7: EPC33110 QFN package outline, pinouts and exposed
temperature range, thermal management technique and mechanical backside of the GaN IC dies

stress limit of the metallization imposed by electromigration. The
rating is related to the respective maximum current capability of the
six integrated output FETs in the three half-bridge power stages but
not measured the same way as individual discrete FET. For a three
phase power module such as EPC33110, total power loss from the ICs
is the sum of the output FETs conduction, switching and deadtime
losses imposed by the application topologies at operating switching
frequencies as well as power losses from the gate drive and logic circuit.
Figure 6 shows the functional block diagram of one of the three phases.
The inputs V,y, GND, SD/STB and Vpg, are common to all phases, while
the inputs with the x subscript are specific for each phase (i.e..x=1,2,3).

The maximum power dissipation is defined by the following formula:

Max PDiss = (Max TJ - TA) / ReJA
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Figure 8: Parallel Thermal Resistance Paths of EP(33110 IC
from Junction to Ambient

TIM: Soft Thermal Pad
r-Global P/N: TB-X 500 pm
200-300 pm compressed
thickness

4 = Heat path

Heatsink

Rayc (top) =
0.61 °C/W

| Ry, (bottom) =
3.7°C/W

To achieve even lower effective thermal resistance, another path is
provided from junction to the relatively lower thermal resistance
Si substrate of the GaN IC structure to the exposed backside of the
entire die at the top of the package to achieve a Rgjc top Of 0.61 °C/W.
This lower PCB thermal resistance path facilitates attachment of a
topside heatsink through thermal interface material (TIM) to the exposed
backside of the die. Note that the backside of the die is connected to the
PGND (=AGND) pins which potentially provides added benefits of using
electrically conductive TIM which has >2X higher thermal conductivity
and lower cost than the insulating type. Typical parameters of
electrically conducting vs. insulating TIMs are shown in the table below.
The resistance between the exposed backside and PGND is at least
100 Q, due to the low doping level of the Si substrate.

Typical parameters of electrically conducting vs. insulating TIMs

Thermal Conductivity Relative
Type of TIM (W/m-K) Cost
Electrically Conducting 40 1
Electrically Insulating 15 13

Another factor in specifying the output current rating is electromigration
from a metallurgical standpoint. For EPC33110 this limit is a function of
the metallization structure underlying the two output FETs plus their
connection to the lead-frame and the three exposed power bars.

Motor Drive Inverter Application

The EPC91122 evaluation board shown in Figure 9 is a 3-phase BLDC
motor drive inverter board that can deliver up to 11 Agys steady-state
output current and up to 20 Agys pulsed output current (t, = 300 ms
at 5%, 10%, and 20% of the total period). The EPC91122 contains all the
necessary critical function circuits to support a complete motor drive
inverter. Figure 10 depicts the steady-state thermal performance of
the EPC91122 board. When operated on a motor bench at an ambient

eGaN® IC DATASHEET EPC33110

temperature of 22°C, with a 48 V¢ supply and natural convection, the
EPC91122 can deliver 5 Agys per phase without a heatsink and 13 Agys
per phase with a heatsink attached, with a temperature rise below 60°C
from the IC case to ambient. Motor drive operating points at PWM = 50,
and 100 kHz, deadtime = 50 ns, with and without heatsink at 22°C ambient
temperature, under natural convection.

Figure 9: EPC91122 Evaluation Board
(see EPC91122 Quick Start Guide for details)
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Figure 10: EPC91122 eGaN IC Temperature Increase vs.
Ambient Temperature
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RMS Phase Current (Agy,c)

Power Supplies - Viy, Vprv, VppX, and VggorX

The EPC33110 IC only requires an external 5 V Vpgy power supply.
Internal low-side and high-side power supplies, Vpp and Vgoor, are
generated from the external supply via two independent switches.
Figure 11 shows the simplified circuit diagram of the different power
supplies inside the IC and their interaction with each other.
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eGaN® IC DATASHEET

Figure 11: Simplified Circuit Diagram of V,y, Vpgy, VppX, and
Vpoorx Power Supplies. Only one phase is shown.
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Qor, drive | Qo, drive
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SD/STB Vooon Vaoorgy

AGND O-
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Vorv O ~OVyp

Optional standby
function disable

The internal supplies can be disabled to save quiescent power by
turning off the series switch, QSA in Figure 11, with 0 V applied to the
(SD/STB) pin to engage chip standby mode. In this mode, minimum
current is drawn from the external Vpgy supply while all the three Vppx
are open circuits. Whatever charge remains within the Vppx bypass
capacitors will be discharged by the chips internal circuits by Ipgy . In
the chip standby circuits, the series switches (QSA) between Vpgy and
Vppx are turned off by an internal standby circuit which itself derives
its power from Vjy such that the chip draws a current lyy_gisapie from
Viy when standby mode is engaged. The standby function requires a
minimum input voltage of Vi min for the IC to be enabled. Below Viy mins
the pass-transistors between Vpgy and Vppx will be off. To disable the
standby function, and thus extend the minimum operating voltage to
ViNBoostMode)Min = 0V, tie the three pins Vppx (x=1,2,3) and Vppy together.
This is mandatory in multi-phase boost converter applications, when
DC input voltage, applied to SWx pin, is lower than 13.5 V (= Viymin +
IVis_ps_clamp_ov])- Moreover, in multi-phase boost mode, if the feed-
through operation mode is required, it is recommended to use three
Schottky diodes in parallel to the three high-side GaN FETs to mitigate the
losses during non-switching operation (all HS;\x and LS;yx OFF, or there
is no Vppx). The series connected high voltage synchronous bootstrap
FETs, Qg in Figure 11, between Vppx and Vpgorx for each high-side
floating bootstrap supply are activated only after the respective LS FET
(Q2) is turned on to avoid overcharging during deadtime on each phase.
The use of GaN FET in the charging path eliminates reverse recovery
and reduces power dissipation. Another advantage is the lower dropout
voltage of approximately 100 mV from the synchronous FET versus
typical Si bootstrap diode voltage of 0.6 V. With synchronous charging
all Vgoorx are maintained closer to the Vppx voltage, allowing the
HS FET gate drive circuits to have similar gate drive current and delay
performance as the LS FET gate drive circuits.

EPC33110

Gate Driver

The EPC33110 power module integrates three HS and LS FET gate drivers
with low impedance and high pulse current push-pull NFET output stages.
Figure 12 is the simplified circuit diagram of the gate driver output stage
of one phase.

Figure 12: Simplified Circuit Diagram of Gate Driver

Output Stage Voo
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D(ivir]g
Circuit N Meo
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The LS and HS gate drive voltage levels are derived from their respective
internal low-side (Vppx) and high-side (VgoorX) power supplies. To ensure
that the gate drive level (Q) is sufficiently close to Vppx or Vgoor, an
internal driving circuit is used to turn-on MPO. Here MPO and MSO work
similarly to the half-bridge power stage Q1 and Q2 output FETs except all
the circuits are internal to the IC. CB1 is a representation of the internal
capacitors used in the gate driving circuitry. Each gate driver output (Q)
is designed to reach 100% duty cycle, therefore the PWM input pulse
width has no maximum boundaries, as long as Vppx and/or Vgoorx are
above the power on reset threshold limit. The high side circuit Vgoorx
can be supplied by an external floating voltage to allow infinite ON time
for the high-side FET. At initial powerup, CB1 is not yet fully charged,
consequently, propagation delay (from HS;yx, or LSpx, to SWx) may
increase, up to 250 ns. Only the first one, or two pulses may be affected.
Figure 13 illustrates this behavior.

Figure 13: Behavior before complete charging of internal gate
driver capacitors

sw

Cg; of low side internal Normal operation

circuit is charging. Low side
power FET may turn ON
with a longer propagation
delay (max 250 ns)

Cgy of high side internal
circuit is charging. High
side power FET may turn
ON with a longer
propagation delay (max
250 ns) or slower dv/dt
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SWx Node Switching Transients

The switching rate and transients at the output nodes, SWs, are
controlled by application topologies, resulting in hard or soft switching
transitions. The more stressful hard switching transition needs to be
controlled by a combination of tuning the gate drive turn-on and
turn-off circuits for the HS FET (Q1) and LS FET (Q2), and minimizing
the power loop parasitic inductances. The on-chip gate drive buffers
practically eliminate effects of common source inductance and
gate drive loop inductance. Switching times are internally tuned
to achieve SW switching rates of 10 V/ns spanning zero to full load
current. The choice of switching rates is dictated by efficiency versus
EMI mitigation. During HS FET (Q1) or LS FET (Q2) turn-on transitions
with hard switching conditions, the fast di/dt of the HS FET or LS FET
coupled with the power loop inductance (Vpeak = Lpower loop - di/dt)
would cause a transient over-voltage spike above V\y or undervoltage
spike below GND. Together with SW switching rate tuning, the over-
voltage spikes can be controlled to less than +10 V above railand -10 V
below ground during hard switching transitions.

The EPC91122 Reference Design Board provides guidelines for PCB
layout to use the EPC33110 in motor drives application circuits.

Vgoor Capacitor | Rggor Rpgy Resistors

Corv ‘ Cop
100 nF

Application

Motor Drive | 6.8 uF 2.2 uF embedded 10 Q

Typical values of capacitors and resistors in application circuits using
EPC33110.

Protection Circuits

The EPC33110 integrates driver protection circuits as well as power on
reset (POR) circuits for Vppx and Vgoorx. These protection circuits allow
for the proper operation of the drivers as shown in the Truth Table,
regardless of the power supply sequencing of Vpgy With respect to V.
This allows the system designer to use Vjy to power-up Vpgy without
concerns on sequencing, as may be necessary in certain applications.
The Power On Reset (POR) circuit for the low-side internal Vppx supply
will activate all the HS and LS logic paths only when each Vppx voltage
rises above the rising threshold Vpp pog;. The logic paths will become
inactive when the Vppx voltage falls by Vpp por pyst below the rising
supply voltage threshold. The Power On Reset (POR) circuit for the high-
side internal Vgoorx supply will activate the HS driver path only when
each bootstrap supply voltage, VgoorX, rises above the rising supply
threshold of Vgoor pogs- The HS driver path will become inactive when
the Vgoorx bootstrap voltage falls by Vgoor por_nyst below the rising
supply threshold.

Logic Inputs

The EPC33110 IC is capable of interfacing to digital and analog controllers
with 3.3V or5VCMOS logic levels. The logic level translators at the frontend

level-shift the six PWM signals, HSx and LSx respectively, to internal
voltage levels that allow for proper operation of the power module.

Separate and independent high-side (HSx) and low-side (LS;\x) logic
control inputs allow external controllers to set fixed or adaptive deadtimes
for optimal operating efficiency. Cross-conduction lockout logic per
each phase commands both FETs off when the phase logic inputs are
simultaneously high. Figure 14 shows how the logic inputs of one phase
interact with each other. Here the timing diagram applies with the HS
FET (Q1) and LS FET (Q2) in half-bridge configuration and current is in
the positive direction going out of the half-bridge. When HSy and LSy
are logic high at the same time, both Q1 and Q2 will shut off. A built-in
deadtime of t |50yt is added, after which the current then commutes to
Q2 in 3rd quadrant conduction and SW will be clamped at negative Vs
voltage of Q2.

Figure 14: EP(33110 Input-to-Output Timing Diagram

HSn

LSin

Sw
K - = Ay Ny N k LN O
Current exits from the SW node

sw '

C_urrent enters in the SW node :

SW node in high impedance, actual voltage is determined
by the current

Figure 15 shows the effect of the input filters on the PWM inputs LS;x
and HS;yx. If the input pulses are smaller than tj, (15 ns typ), they do
not pass through the filter and do not propagate to the respective
power FET gates. Figure 16 shows the input filter linearity.

Figure 15: Input Filter Timing Diagram

HS|N or LS|N i |_|

HS|N or LS|N
after input
filter

| —

! trilter !
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Figure 17 shows the effect of the cross-conduction lockout logic.  SpD/STB

If both inputs become active, an immediate turn-OFF signal is sent to

Figure 16: Input Filter Linearity Figure 18 illustrates qualitatively the propagation delay between the
100 PWM input pins of one phase and the corresponding power FET gate
z commands. It also displays the shutdown function timing. It should
E 80 be noted that the propagation delay, as indicated in the dynamic
§ characteristics table, is measured between the PWM input pins of one
2 6 and the respective SW pin output.
5
£ PW._min Figure 18: Propagation Delays Timing Diagram
g 40 i . .
S i : P :
5 : HS | L |
T ; | P :
i a s o
% 20 4 60 80 100 LSin : ; ;
LSy / HS)y input pulse width (ns) : i i

the respective power FET gate. When the cross-conduction condition
is removed (i.e., one of the inputs becomes inactive) the turn-ON HS FET gate

signal is sent to the respective power FET gate after a t jocout delay. command !

F O ) Y
N

Figure 17: Cross-Conduction Logic Timing Diagram LS FET gate |
command; | ;
HS B L |
— | I ¥y bovy :
g t_delayus on Lo 1o tdelayison i, 1
LSy i A A A
E t_delayns_off tshutdown
HS_FET |
gate i
command i

/’:/ 7:/ tflockout
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TAPE AND REEL CONFIGURATION

Reel v

Dimension (mm)
EPC33110(Note1)|Target MIN | MAX

[ S—
%Ao

SECTION A-A

a 16.00 | 15.90 | 16.30
b 175 | 1.65 | 1.85
¢ (Note2) 750 | 745 | 7.55
d 400 | 390 | 410
e 12,00 | 11.90 | 1210
f (Note2) 200 | 195 2.05
g 1.50 | 1.50 | 1.60
h 1.50 | 1.50 | 1.60
Ao 6.80 | 675 | 6.85
Bo 6.80 | 675 | 6.85
Ko 105 | 100 | 115

DETAILD
SCALE 6:1 R0.20 MAX\

EPC33110

Loaded Tape Feed Direction |:>

T aentaton
EE

\ dot
Die is placed into pocket

VDD2 pad
bump

solder bump side down

(face side down)

is under
this corner

0.3020.05 ﬂﬁ

Bo

H

SECTION B-B

Note 1: MSL 1 (moisture sensitivity level 1) classified according to IPC/

JEDECindustry standard.

Note 2: Pocket position is relative to the sprocket hole measured as
true position of the pocket, not the pocket hole.
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0.10
Front View max
A3 3 c
v g 1A
Lot_Date /110.08eee| C ATI’IH_LL—}_‘;T B H T H I Seating plane
Code Line 2 p e S e L A
Lot_Date (5%)
Code Line 1
D p—A
2,600 B K1(2x) 9 (60 u 8
Die size A L) l— = [ (3x)
T [T = = =L
- T IS
L6
f e 33110 33110 e
ie size 1
e YYYY YYYY oy T T
I (9x)
= = e5 L7 L9 [ —
il | 1 Tl
I . o4 K3 K4 - 10 K5 (ZX)JIZ[
Il = 0% e1 ] lm Cllxe
o L (3%) L13 1 (5x)
Il E — I 1= [
e1 7l 5 1, ol e = FRLRVN
(5x) 2 = || @ b — 5 1
11 W LOF e 10 foslor]T ] 6w
i D | l<—>| K7 el le—>!
Left Side ]0.05]aaa [ (] 2x Top View Right Side 8x) o4 e2 <
View View WETTABLE FLANK (@ 0.10)
Bottom View
Dimension (mm) Dimension (mm)
SYMBOL SYMBOL
MIN Nominal | MAX | Note MIN Nominal | MAX | Note
A 0.60 0.65 0.70 L1 0.65 0.75 0.85 Notes:
L 0.00 0.02 0.05 L2 0.45 0.55 0.65 1. Dimensioning and tolerancing conform to
A3 0.25 L3 0.50 0.60 0.70 ASME Y14.5-2009
b 0.25 0.30 0.34 4 L4 0.35 0.45 0.55 . . L
2. All dimensions are in millimeters
D 5.90 6.00 6.10 L5 1.10 0.90 1.00
E 5.6.40 6.50 6.60 L6 140 1,50 1.60 3. Nis the total number of terminals
e 0.60 BSC L7 1.00 1.10 1.20 Dimension b applies to the metallized terminal and is
el 230 BSC L8 1.33 143 1.53 measured between 0.15 mm and 0.30 mm from the
e2 0.90 BSC L9 0.95 1.05 1.15 terminal tip. If the terminal has a radius on the other end of
e3 0.95 BSC L10 1.79 1.89 1.9 it, dimension b should not be measured in that radius area
ed 0.5 BSC L1 0.60 0.70 080 A Coplanarity applies to the terminals and all the other
K 0.25 REF L2 247 257 267 bottom surface metallization.
K1 0.15 REF 13 | 113 123 133 Lead olating is NiPdAu (1.5/0.01/0.005 ,
K2 0.60 REF s | 29 305 | 3.5 AiaasF;:eI;:ilssh iPdAu (1.5/0.01/0.005 um min)
K3 0.75 REF L15 0.44 0.54 0.64 '
K4 0.82 REF aaa 0.05
K5 1.26 REF eee 0.08
Ké 0.88 REF N 21 3
K7 0.175 REF
K8 0.450 REF
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EPC33110

PACKAGE ) r ; wr

Transparent view
1 Vop2 12 Veoor2
2 Vin 13 SW1
3 SD/STB 14 Vaoor]
4 Vory 15 HS )1
5 HS3 16 LS
6 LSp3 17 Vpp1
7 Vop3 18 HS )2
8 GND 19 LSp2
9 SW3 20 Vin
10 Veoor3 21 GND
1 SW2
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RECOMMENDED LAND PATTERN (units in mm)
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RECOMMENDED STENCIL (unitsin mm)

Recommended stencil should be 100 pm (4 mil) thick, must be laser cut, openings per drawing.
Intended for use with SAC305 Type 4 solder, reference 88.5% metals content.
EPC has used this stencil design during tests.
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RECOMMENDED COPPER LAYER (units in mm)

Copper layout provided as typical example layout.
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Change Log

STATUS | VERSION | REMARK

1.0 Preliminary datasheet 18 March 2026 Preliminary data before release to production

Nieuwland Parc 13i
2952 DA Alblasserdam

T +31 (0)78 6215900
F +31 (0)78 6215815
E info@ave-nl.com
A DDED VALUE| W www.ave-nl.com
ELECTR O NICS

Efficient Power Conversion Corporation (EPC) reserves the right to make changes without further notice to any products
herein to improve reliability, function or design. EPC does not assume any liability arising out of the application or use of
any product or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others.

eGaN?® is a registered trademark of Efficient Power Conversion Corporation. Information subject to change
EPC Patent Listing: https://epc-co.com/epc/about-epc/patents without notice.
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