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Features

* 50 V¢ Fully De-Rated Operation (100 Vp Capable)
¢ Internal 100 V-Rated Bootstrap Diode

* Independent Low and High Side eGaN® HEMT Gate
Drivers

* Four Possible Configurations:
- Single Low-Side Gate Driver

- Single High-Side Gate Driver
- Independent Low- and High-Side Gate Drivers

- Half-Bridge Gate Drivers with Input Shoot-through
Protection

¢ |nternal Power Good Circuitry

* High Speed Switching Capability: 1.0+ MHz

* Rugged Compact Molded SMT Package

e “Pillar” I/0 Pads

e Compact Package Size: 1.00 x 0.75 x 0.125”

* Drives External eGaN® Switching Elements
¢ No Bipolar Technology

¢ -55°C to +110°C Operational Range

Application

¢ High-Speed, High Current DC-DC Conversion
* Power Switches/Actuators

¢ Single and Multi-Phase Motor Phase Drivers
¢ Commercial Satellite EPS & Avionics

¢ High Speed DC-DC Conversion
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FBS-GAMO2P-R-PSE

50 Vpc Radiation-Hardened High-Speed
Multifunction Power eGaN® HEMT Driver

Description

EPC Space’s FBS-GAMO02P-R-PSE Series Radiation-Hardened
High-Speed Multifunction Power Gate Driver Module incorporate
eGaN® HEMTs designed with EPC Space’s “GaN-Driving-GaN
Patented Technology”. The modules contain two independent high-
speed gate drive circuits (consisting entirely of eGaN® switching
elements), a high-side driver bootstrap diode, input shoot-through
prevention logic for the half-bridge configuration and +5 V; gate
drive bias power good monitoring circuitry in an innovative, space-
efficient, 18 pin SMT molded epoxy package. Data sheet parameters
are “Post Radiation Effect” guaranteed utilizing EPC Space’s 100%
Wafer by Wafer eGaN® element Radiation-Hardness Assurance
validated materials. Circuit Design under US Patent #10,122,274 B2

The FBS-GAMO2P-R-PSE is intended to drive external EPC
Space eGaN® HEMT power switch transistors rated up to 100
Vp (refer to Table 1 for device options)

Commerce Rated 9A515.x Device.

FBS-GAMO2P-R-PSE Functional Block Diagram
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FBS-GAMO2P-R-PSE Functional Block Diagram

18 Pin Molded SMT Package with Pillar Pins
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FBS-GAMO2P-R-PSE Configuration and Pin Assignment Table

Pin # Pin Name Input/Output Pin Function

1 Bin I Low-Side Switch Logic Input

2 Tin I High-Side Switch Logic Input

3 LGND -- Logic Ground, 0 V (Low Current)

4 Veias -- +5 V Gate Driver Power Supply Bias Input Voltage
5 PG 0 Power Good Logic Output (Open Drain)

6 *SD I Low True Shutdown Input

7 SD I High True Shutdown Input

8 TOS -- Switching Node Sense

9 N/C - No Internal Connection

10 TBST -- High-Side Bootstrap Potential

11 Teate 0] High-Side Gate Output

12 SN - High-Side Switching Node*

13 Beare 0] Low-Side Gate Output

14 PGND -- Power Supply Return, 0V

15 Bcon | Low-Side Switch Control Input

16 Bsre o Low-Side Switch Shoot Through Protection Output
17 Tsre 0 High-Side Switch Shoot Through Protection Output
18 Toon I High-Side Switch Control Input

* High-Side HEMT Gate Driver Reference Potential. Connect to Source Sense (SS) of External High-Side Power HEMT.
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Absolute Maximum Rating (T = 25°C unless otherwise noted)

Symbol Parameter-Conditions Value Units
SN to PGND | High Side Gate Driver Reference Voltage (Note 1) 50 V
Cout Beaare Of Teate Output Capacitance 10,000 pF
Vgias Gate Driver Bias Supply Voltage -0.3t06.5 v
Bine Tin By or Ty Input Voltage -0.3105.0

Ts1a Storage Junction Temperature Range -55 to +140

T, Operating Junction Temperature Range -55 to +130 o
T, Case Operating Temperature Range -55to +110

Tool Package Mounting Surface Temperature 230

ESD ESD class level (HBM) 1A

Thermal Characteristics

Symbol Parameter-Conditions Value Units
Reca Thermal Resistance Case-to-Ambient (Note 3) 28

°C/W
Reuc Thermal Resistance Junction-to-Case (Note 3) 1

Bgares Toare Electrical Characteristics (T = 25°C unless otherwise noted)

Parameter Test Conditions MAX Units
Vgias = 5 Vpe, PGND = 0 Vg, Te=25°C - 0.05 010
Bgare - PGND Low Level Voltage VoL By = 0.8 Vpe, To=110°C - 010 = 015 | Vg
lpgate = 50 PA To=-55°C - 010 | 0.15
Vgias = 5 Vpe, PGND = 0 Vp, Tg=25°C 4.90 4.95
Bgare - PGND High Level Voltage Vou By =3 Vo, To=110°C = 4.80  4.85 Voo
lpgare = -50 A To=-55°C = 4.80  4.85
Vaas = 5 Voo, T=25°C - 005 010
TGATE - SN LOW Level V0|tage VOL SN = PGND = 0 VDC’ TC = 110°C - 0.1 0 0.1 5 VDC
Tin = 0.8 Vpc, lrgare = 50 LA T, =-55°C - 0.10 0.15
Vs = 5 Voo, Tc=25°C | 445 @ 455
Teare - SN High Level Voltage Vou SN = PGND =0V, Te=115C | 510  5.15 Voe
Tin =3 Ve, raare = -50 HA Tg=-55°C 4.25 4.30
Vorw=5V T=25°C - 25 35
Baare - PGND Pull-D Bis = 2 Voo,
o Resist:nce"w” Rosoy | Bw=08Voe, To=115°C | - 45 60 0
lpgate = 0.25 A (Notes 3, 4) To=-55°C - 1.3 2.0
- - To=25°C - 25 3.5
Baare ~ PGND Pull-Up Veins = Veins = 5 Voo, o=
ON-State Resistance Rosin) By =3 Voc, To=115C E 4.5 6.0 a
lpgare = -0.25 A (Notes 3, 4) To=-55°C - 1.3 2.0
Veias = Vest =5 Ve, Te=25°C - 25 3.5
TGATE - SN PU||-DOWI’1 PGND = SN = 0 VDC’
R Te=115° - 4.5 6.0 Q
ON-State Resistance DSton) Tin=0.8 Vg, ¢ ¢
lTGATE =0.25A (NOteS 3, 4) TC =-55°C - 1.3 2.0
Viias = Vst =9 Vg, Te=25°C - 25 3.5
Taare = SN Pull-Up Ros PGND = SN =0 Vo, To= 115°C : 45 6.0 0
ON-State Resistance for) T =3 Voo
lrgare = -0.25 A (Notes 3, 4) Tg=-55°C - 1.3 2.0
©2020 EPC SPACE @ EPC.SPACE
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B,n» Ty Logic Input Static Electrical Characteristics (T = 25°C unless otherwise noted)

Parameter Symbol Test Conditions MIN TYP MAX Units
Low Logic Level Input Voltage Vi Viias = 5 Vp¢ (Note 5) 0.8 v
High Logic Level Input Voltage Viu Vgas = 5 Vpc (Note 6) 29
To=25°C -5 +-1 +5
Low Logic Level Input Current I Veias =5 Vpe, VL =04V pA
Te=110°C -50 +/-10 +50
Tg=25°C -5 +/-1 +5
High Logic Level Input Current Iy Veas =5 Vpo, Vi =3V pA
Te=110°C -50 +/-10 +50

SN-to-PGND Static Electrical Characteristics (T, = 25°C unless otherwise noted)
Parameter Symbol Test Conditions MIN TYP MAX Units

SN =50 Vpg, Tyy = 0.8 Vg,

SN-PGND Leakage Current (Notes 1,2,3) I VBIA;= ZV[\)/C’ PiND N S/VDC " ” g
vBiS _5 ?/Dctjcﬁelﬁﬁ S o(i’/DC 80 mA
SN-to-PGND Operating Voltage Range | SN-to-PGND (Note 3) 5 50 Vv
Vg as Static Electrical Characteristics (-55 < T <710°C unless otherwise noted)
Parameter Symbol Test Conditions MIN TYP MAX Units
Vigias Recommended Operating Voltage Range Veias (Note 10) 4.5 5.05 5.5 \Y
Vgias Operating Current lzias Viias = 5.5 Vpg 16 20 mA
PG Logic Output Static Electrical Characteristics (T, = 25°C unless otherwise noted)
Parameter Symbol Test Conditions MIN TYP MAX Units
Low Logic Level Output Voltage Voo Viias = 5 Vg (Notes 7, 8) 0.2 v
High Logic Level Output Voltage Vou Vgias = 5 Vpc (Notes 7, 8) 3.5
Low Logic Level Output Current loL Vgas = 5 Vpc (Notes 7, 9) 5 mA
High Logic Level Output Leakage Current lon Viias = 5.5 V¢ (Notes 7, 9) 100 PA
PG Functional Static Electrical Characteristics (T = 25°C unless otherwise noted)
Parameter Symbol Test Conditions MIN TYP MAX Units
Vgiag UVLO Rising Threshold UVLO+ 4.45
Vgias UVLO Falling Threshold UVLO- 2.95
Veims UVLO Hysteresis N 0.2
(Notes 7, 8, 9,10) Vv
Vgias OVLO Rising Threshold OVLO+ 6.70
Vgiag OVLO Falling Threshold OVLO- 5.55
Vgias OVLO Hysteresis OSI\I/_ES_- 0.12
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OUT Power Switch Dynamic Electrical Characteristics (T, = 25°C unless otherwise noted)

Parameter Symbol Test Conditions MIN TYP MAX Units
Byy-to-Boyr Turn-ON Delay Time ta(on) Veias =5 Vpg, PGND =0 Vg, 22 38
Byn-to-Bgyr Turn-OFF Delay Time taofn) Cout = 2200 pF (See Switching Figures) 22 35
Bjy-to-Boyr Turn-ON Delay Time tyon) Vaias = TBST =5 Vp, 45 60
SN =PGND =0 Vp,
Bi-to-Boyr Turn-OFF Delay Time taot Cour = 2200 pF (See Switching Figures) 60 75
Cour = 1000 pF 35
Bgare Rise Time t Vaias =5 Vpe, Cour = 2200 pF 45
PGND =0 Vp, Cour = 5000 pF 70
(See Switching Figures) Cout = 1000 pF 22 ns
Baare Fall Time t, (Note 4) Cour = 2200 pF 33
Cour = 5000 pF 55
Coyr = 1000 pF 38
Teare Rise Time t, Vais = Tasr =5 Voe, Cour = 2200 pF 49
SN =PGND =0 Vg, Cour = 5000 pF 75
(See Switching Figures) Coyr = 1000 pF 25
Taare Fall Time t (Note 4) Cour = 2200 pF 38
Cour = 5000 pF 60

Module Static and Dynamic Electrical Characteristics (T = 25°C unless otherwise noted)

Parameter Symbol Test Conditions MIN TYP MAX Units
Vgias =5 Vpe, Cour = 1000 pF

Dynamic Gate/Driver Losses Pap BIAS pe =ouT P 25 mw/
(Note 3,16) MHz

Bgare - PGND, Tgare - SN

Output Drive Capacitance Range Cour 2200 5000 pF

Low Side Gate Driver Duty Cycle Range D/C 0 100 %

ng'h S!de Gate Driver Maximum f 30 MHz

Switching Frequency s

High Side Gate Driver Start Up

Pre-Charge Time: tocg 5 ps

Half Bridge Configuration

High Side Gate Driver Minimum ¢ (Notes 3, 10, 11, 12) 200 KHz

Operating Switching Frequency sw(min)

High Side Gate Driver o

Duty Cycle Range tare 0 % %

ng.h S!de Gate Driver Maximum f (Notes 11, 12, 13) 20 MHz

Switching Frequency s

Shoot—Through Protection Activation t, (Notes 3, 14) 5 ns

Delay Time

Internal Bootstrap Capacitance Choot ) ) 47 nF

: TBST (Pin 10) to TOS (Pin 8)
External Bootstrap Capacitance Cpootlext) 1 pF
LGND - PGND Resistance Rg (Note 3) 1 Q

©2020 EPC SPACE ©) EPC.SPACE
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Specification Notes

1) Vgias = +5 Vpg, PGND = LGND = 0 Ve, Bjy = 0 Vpe, Ty = 3 Vpg and SN = 50 V.
2.) Leakage current measured from SN to PGND.

3.) Guaranteed by design. Not tested in production.

4) f, =200 kHz, Duty cycle = 50%.

5) When either logic input (B, or T,y) is at the low input voltage level the associated gate drive output (Bgare Or Tgare) is guaranteed to
be in the LOW state (low impedance to PGND or SN).

6.) When either logic input (B or T,y) is at the high input voltage level the associated gate drive output (Bgare OF Tgare) is guaranteed to
be in the HIGH state (low impedance to Vgjzg or TBST).

7) Parameter measured with a 4.7 kQ pull-up resistor between PG and Vgg.

8.) PGis at alow level when Vg is below the UVLO falling threshold level or the OVLO rising threshold level. PG is at a high level when
Vg)as is above the UVLO rising threshold level or the UVLO rising threshold level. Refer to Figure 5.

9.) PG is an open drain output referenced to PGND/LGND.

10.) Vg levels below the UVLO- and above the OVLO+ thresholds result in the low side and high side gate drivers being disabled: The
logic inputs to the drivers are internally set to a logic low state (i.e. OFF) to prevent damage to the external EPC Space eGaN® HEMT
power switches.

11.) The high side gate driver utilizes a bootstrap capacitor to provide the proper bias for this circuit. As such, this capacitor MUST be
periodically re-charged from the Vi 5g supply. The time t, is the minimum time required to ensure that the bootstrap capacitor is
properly charged when power is initially applied to the FBS-GAMO02P-R- PSE Module.

12.) The minimum frequency of operation is determined by the internal bootstrap capacitance and the bias current required by the high
side gate driver circuit.

13.) In order to keep the high side gate driver bootstrap capacitor properly charged in switching applications it is recommended that the
maximum duty cycle (t,./f) of the top power switch is limited to the value shown.

Consequently, the high side gate driver is unsuitable for DC applications, unless an external DC power supply capable of
withstanding high dV/dt from input-to-output is provided to the high side gate driver via pins TBST (pin 10) and TOS (pin 8).

14.) The input shoot-through protection is activated if both the B,y and T,y logic inputs are set to the logic high (“1”) condition
simultaneously. If the By and T,y inputs are activated simultaneously and Bgyp is connected to Bgy and Tgyp is connected to Ty
then both Bgre and Tgare are in the LOW state (i.e. OFF) with respect to, respectively, PGND and SN.

15.) There is a slight offset of the peak output voltage (V) from the value of Vg)zs. This offset is greater for the high-side gate driver than
the low-side gate driver due to the presence of the Schottky bootstrap diode. The objective of driving an eGAN® HEMT is to provide
sufficient gate drive voltage to ensure that the device is fully enhanced. This value is 5.0 V. for EPC Space HEMT devices. Please
refer to Figures 6 and 8 for the relationship between Vgjag and Vo1 (Vop) for the low- and high-side gate drivers, respectively, for
guidance as to where to set Vg)zg for optimum performance in the end-application.

16.) Each driver.

©2020 EPC SPACE ©O) EPC.SPACE
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Switching Figures
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Figure 1. T\~to-Tgare Switching Time Test Circuit
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Switching Figures (continued)
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Switching Figures (continued)
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Typical Application Information

The following figures detail the suggested applications for the FBS-GAM02P-R-PSE Module. For all applications, please refer to the
implementation sections, following, for proper power supply bypassing and layout recommendations and criteria. In any of the follow-
ing applications, the external HEMT transistors are EPC Space eGaN® power devices, appropriately rated for the voltage and current
requirements of the application. If an inductive load is driven then an appropriately-rated Schottky rectifier/diode should be connected
across the load to prevent destructive flyback/”kickback” voltages from destroying the external HEMT power switches. To keep power
losses low, it is recommended to use a Schottky diode with the lowest possible V; and C; ratings for the “catch”/commutation diodes.

In all the following figures, only the pins that are considered or that require connection are identified.
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Figure 8. Single High-Side Power Switch Configuration
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Figure 9. Single Low-Side Power Switch Configuration
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Figure 10. Independent High- and Low-Side Power Switches
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A

(6]
B 1]
+5Voc O E VoS £ps.GAMO2P-R-PSE E
o—E LGND El
PWM1 In O——E Tiv E
PWM2 In o——E Bin

L T

Figure 12. PG Protection Function Disabled
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Figure 13. Shoot-Through Protection Function Enabled
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Figure 15. SD Input Function Enabled

Recommended External eGaN® HEMT Power Transistors

The recommended EPC Space eGaN® HEMT power transistors for various power supply voltages (Vpp) and load currents (Ip) for the
Qeytr Qexty @nd Q0 devices shown in Figures 8, 9, 10 and 11 are shown in Table I. Please note that the voltage and current values
shown are NOT all de-rated, and appropriate de-rating guidelines should be used in space and mission-critical applications.

The FBS-GAMO2P-R-PSE is capable of driving any of the devices shown in Table | without modification or additional circuitry. It should
be noted that regardless of the voltage rating of the external power HEMT(s) utilized that the maximum voltage ratings of the FBS-
GAMO2P-R-PSE should be observed.

TABLE |. Recommended EPC Space eGaN® HEMT Power Transistors

Vpp (Vpe) lo (Apc) EPC Space P/N Rps(on) (MQ) Package
40 8 FBGO04N08AX 24 FSMD-A
40 30 FBGO04N30BX 6 FSMD-B
100 5 FBG10NO5AX 38 FSMD-A
100 30 FBG10N30BX 9 FSMD-B
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Pin Descriptions 18 Pin Molded SMT Package
with Pillar Pins
BIN (Pln 1) Top (X-Ray) View
The By pin is the logic input for low-side gate driver. When the By input pin is logic low (0”), the Bgare :?:i iisliedinl oy
pin (pin 13) is in the LOW (~PGND) state. When the IN1 pin is logic high (“1”), the Bgare pin is in the HIGH | 75‘ ””””
(~VB|AS) State 77777 i 12
Tin (Pin 2) = -
The Ty pin is the logic input for high-side gate driver. When the Ty input pin is logic low (“0), the Tgare EX
pin (pin 13) is in the LOW (~SN) state. When the IN1 pin is logic high (“17), the Tgare pin is in the HIGH :ﬁ Mal 171 61 151 14
(~TBST) state. e
i Bottom (Pad) View

LGND (Pln 3) ; »
Logic ground for the module. For proper operation of the FBS-GAMO2P-R-PSE, the LGND pin (Pin 3)
MUST be connected directly to the system logic ground return in the application circuit.

. b
The Vg pin is the raw input DC power input for the FBS-GAM02P-R-PSE module. It is recommended &
that a 1.0 microfarad ceramic capacitor and a 0.1 microfarad ceramic capacitor, each 25 V rating, be »
connected between Vg5 (pin 4) and system power ground plane (the common tie point of PGND1 and © E
PGND?2) to obtain the specified switching performance.
PG (Power Good) (Pin 5)

The PG pin is an open drain logic-compatible output. For proper operation the PG pin must be pulled-up to Vgag, €xternal to the module,
with a 4.7 kQ resistor.

The FBS-GAMO2P-R-PSE incorporates a Power Good (PG) sensing circuit that disables both internal (low- and high-side) gate drivers
when the +5 V gate drive bias potential (Vg,5g) falls below the under-voltage threshold, UVLO-, or rises above the Vg Over-voltage
threshold level, OVLO+ (please refer to Figure 5 for the proper operational nomenclature and functionality versus the state of the Vg
power supply). During the time when the V55 potential is outside of the pre-set threshold(s), the PG output (Pin 5) pin is logic low (“0”).
Alternatively, when the Vg 55 potential is within the pre-set thresholds the PG pin is logic high (“17). The logic condition of the PG pin may
be sensed by an FPGA or Microcontroller/DSP in-order to determine when the power switches in the FBS-GAMO02P-R-PSE may be driven
with pulse-width modulated (PWM) input signal(s) at the B, and T,y logic inputs. If either the under-voltage and over-voltage protection
features are not required or desired, then these may be disabled by connecting the *SD (Pin 6) pin to Vg5 (pin 4) and/or the SD pin (Pin 7)
to LGND (pin 3), as shown in Figure 10.

*SD (Pin 6)
The *SD pin is a low-true disable input for the FBS-GAMO02P-R-PSE module.

Both the low- and high-side gate drivers may be disabled (set to their OFF state) utilizing the *SD input, as shown in Figure 11. To disable the
FBS-GAMO02P-R-PSE module gate drive outputs, the *SD (Pin 6) input may be driven by an open drain or open collector that pulls this input
to logic ground (LGND, pin 3). If the *SD shutdown function is not required, this pin should be left OPEN (no connection).

SD (Shutdown) (Pin 7)
The SD pin is a high-true disable input for the FBS-GAM02P-R-PSE module.

Both low- and high-side gate drivers may be disabled (set to their OFF state) utilizing the SD input, as shown in Figure 12. To disable the
FBS-GAMO02P-R-PSE module gate drive outputs, the SD (Pin 7) input may be driven by an open drain or open collector that pulls this input
to VDRV (pin 1). If the SD shutdown function is not required, this pin should be left OPEN (no connection).

TOS (Pin 8)

The TOS pin is the switching node (SN) sense pin. Pin 8 is internally connected to pin 12. The TOS pin acts as the return (i.e. “—* connection)
for an external bootstrap capacitor or a floating DC power supply for the high-side driver.

Keep all connections to pin 8 as short as possible as the signals present at this pin are extremely high rate-of-voltage- change (dV/dt)
signals. The TOS pin is internally-connected to SN (pin 12). If pin 8 is unused, it should be left OPEN (“no connection”).

EPC.SPACE
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Pin Descriptions (continued) 18 Pin Molded SMT Package
with Pillar Pins

N/C (Pln 9) Top (X-Ray) View

Pin 9 is not internally connected. This “no connection” pin is recommended to be connected to the system 6 7 8 9 “’ 1

PGND (plane) as good engineering practice to avoid coupling unwanted noise into the internal circuitry of B

the FBS- GAMO2P-R-PSE, either directly or via a 0 Q jumper resistor. - 12

TBST (Pin 10) e

The TBST pin is the bootstrap bias supply for the high-side gate driver. The TBST pin acts as the supply (.e. -
“+* connection) for an external bootstrap capacitor or a floating DC power supply for the high-side driver. - :
Keep all connections to pin 10 as short as possible as the signal present at this pin is an EXTREMELY HIGH
rate-of-voltage-change (dV/dt) signal. If pin 10 is unused, it should be left OPEN (“no connection”). Bottom (Pad) View

Teare (Pin 11) { 14

The Tgre pin (pin 11) is the high peak current output for the internal high-side eGaN® HEMT driver

associated with the T,y logic input. This is an EXTREMELY HIGH dV/dt and dI/dt signal pin, and the 13
connection to the external HEMT gate should be as short as possible to minimize radiated EMI and

potential gate drive voltage ringing and damaging transients. -
SN (Pin 12)

The SN pin (pin 12) is the switching node for the high-side gate driver and external power switch. The SN 6 E i
pin should be connected to the source sense (SS) pin of the external power eGaN® HEMT power switch.

This connection provides a low inductance connection directly to the source of the external HEMT transistor. This is an EXTREMELY HIGH
dV/dt and dI/dt signal pin, and the connection to the external HEMT source should be as short as possible to minimize radiated EMI and
potential gate drive voltage ringing and damaging transients.

Bgare (Pin 13)

The Bg,re pin (pin 13) is the high peak current output for the internal low-side eGaN® HEMT driver associated with the BIN logic input. This
is an EXTREMELY HIGH dV/dt and dI/dt signal pin, and the connection to the external HEMT gate should be as short as possible to mini-
mize radiated EMI and potential gate drive voltage ringing and damaging transients.

PGND1 (Pin 14)

The PGND pin (pin 14) is the ground return (source) connection for the internal power circuitry and for the low- side eGaN® HEMT gate
driver associated with the BIN logic input. This pin should be connected directly to the source sense of the external power eGaN® HEMT
power switch. To minimize unwanted transients and noise, the source of the HEMT associated with this pin should be tied directly to the
power ground plane on the end-use PCB with the lowest possible impedance connection.

Bcon (Pin 15)

The By pin is the logic input for the input shoot-through protection for low-side gate driver. The state of this pin follows the state of the By
logic input pin. If input shoot-through protection is desired, for example in the case of a half-bridge application (see Figure 9) where the low-
and high-side gate drivers must not be turned on simultaneously, then B¢y, (pin 15) should be externally connected to Bgyp (pin 16). If no
shoot-through protection is desired, then pin 15 should be left OPEN (no connection).

Bsrp (Pin 16)

The Bgrp pin is the open drain output for the input shoot-through protection for low-side gate driver. The state of this pin is the logical
inverse of the Ty logic input pin. If input shoot-through protection is desired, for example in the case of a half-bridge application (see

Figure 9) where the low- and high-side gate drivers must not be turned on simultaneously, then Bgp (pin 16) should be externally connected
to Bgoy (pin 15). If no shoot-through protection is desired, then pin 16 should be left OPEN (no connection).

Tgrp (Pin 17)
The T41p pin is the open drain output for the input shoot-through protection for high-side gate driver. The state of this pin is the logical
inverse of the By logic input pin. If input shoot-through protection is desired, for example in the case of a half-bridge application (see Figure

9) where the low- and high-side gate drivers must not be turned on simultaneously, then Tgyp (pin 17) should be externally connected to
Tcon (pin 18). If no shoot-through protection is desired, then pin 17 should be left OPEN (no connection).

Tcon (Pin 18)

The Ty pin is the logic input for the input shoot-through protection for high-side gate driver. The state of this pin follows the state of the
T logic input pin. If input shoot-through protection is desired, for example in the case of a half-bridge application (see Figure 9) where the
low- and high-side gate drivers must not be turned on simultaneously, then T, (pin 18) should be externally connected to Tgrp (pin 17).

If no shoot-through protection is desired, then pin 18 should be left OPEN (no connection).

G,

EPC.SPACE

©2020 EPC SPACE



https://epc.space

FBS-GAMO2P-R-PSE Datasheet

DC Operation and Power-up Sequencing

The recommended power sequencing for the FBS-GAM02P-R-PSE is the Va5 power supply is applied first and within the
recommended operating voltage range prior to the application of Vp to the circuit.

The FBS-GAMO02P-R-PSE is designed as a switching eGAN® HEMT driver that is inherently capable of DC (steady-state) operation.
As such, there are precautions that must be observed during the application and operation of this Module. One of these precautions
is power-up sequencing. The power MUST be sequenced to the circuit with Va5 being applied first and within its recommended
operating voltage range before Vpp is applied to the circuit. This will prevent the internal gate driver output from assuming a non-
deterministic state with regards to the logic input (IN) and unintentionally providing an ON drive signal to the internal eGaN® HEMT
power switches when the IN pin is at logic low (“0”).

Recommended Vg ,5-to-PGND Power Supply Bypassing

The power supply pins and return pin of the FBS-GAMO02P-R-PSE require proper high frequency bypassing to one-another in order to
prevent harmful switching noise-related spikes from degrading or damaging the internal circuitry in the FBS-GAMO02P-R-PSE module.
It is recommended that a 1.0 microfarad ceramic capacitor and a 0.1 microfarad ceramic capacitor, each 25 V rating, be connected
between Vs (pin 4) and PGND (pin 14).

FBS-GAMO02P-R-PSE

Suggested FBS-GAMO02P-R-PSE g
Schematic Symbol o
ZINC
The suggested schematic symbol for the FBS-GAMO02P-R-PSE is shown 10] 1gst
in Figure 6. This symbol groups the 1/0 pins of the FBS-GAMO02P-R-PSE 4|,
into groups of similar functionality. g | e Tome P2
= {LanD
. .. . - sn |2
Radiation Characteristics % lra
EPC Space’s FBS-GAMO02P-R-PSE “GaN Driving GaN Technology” =rs0
internally incorporates eGaN® HEMT technology designed, fabricated " {sp
and tested per Mil-Std-750 Method 1019 for total ionizing dose validation g |13
with an in-situ Gamma Bias for (i) Vgg = 5.1V, (i) Vpg = Vs = 0 Vpg and B o o
(iii) Vpg = 80% Bypss- 16 B, PaND |14
* Under the above prescribed conditions EPC Space can guarantee 7] Terp
parametric data limits as outlined within the 18,
FBS-GAMO2P-R-PSE datasheet with pre/post radiation effects coN
guarantee under a best practice commercial screened reliability level. 2 | T,
When incorporating EPC Space radiation validated/assured HEMT 1 B
materials, the FBS-GAMO02P-R-PSE series are “guaranteed by
designed” to survive High Dose Rate TID to levels of 100 kRad (Si)
with Single Event Immunity to: Figure 16. Suggested FBS-GAMO02P-R-PSE
Heavy lon: Au, LET (Si) = 83.7, 2482 MeV, Range = 130 pm Schematic Symbol
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Package Outline, Dimensions, and Part Marking

Company
Date Code Identifier CAGE Code
EPCS
Part Marking YYWW 8QKQ6
(see inset) 0.75 Ref FBS-GAMO02P-R-PSE
’ XXXX <«—— Serial
Number
AA
ESD / Part Marking inset
l«—— 1.00 Ref ———> Rating
0125 0.110
’ —J, ,L 0.015 Typ Note: The ESD rating of the device is located
| directly over PIN 1
¥
Pin1 8
\mo
|
0.750 - -
¢ — | W[ oo
0.600 I 1
0520 (. 833 .
0.395 L] 0.390
0.355 I:l 0.360 1
0.270 1 - I/0 Pads ————
0.230 ] 0.205 1
0.150 ] 0.175
0.110 i
Himisiw] 3838 /
STE QN @3 ¥b B & 3
§O § Over Mold
S -

Note: All dimensions are in inches
ALL tolerances +/- 0.010

Figure 17. FBS-GAMO2P-R-PSE Package Outline, Dimensions and Part Marking
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Recommended PCB Solder Pad Configuration

0.115

The novel I/0 “pillar” pads fabricated onto the bottom 0.710

surface of the FBS-GAMO02P-R-PSE module are 0.700 — >—— |:| |:| |:| |:| 0.710
designed to provide optimal electrical, thermal and 0.620 ——

mechanical properties for the end-use system designer. g:ggg 8:282
To achieve the full benefit of these properties, it is 0.460

important that the FBS-GAMO2P-R-PSE module be 0375 3348
soldered to the PCB motherboard using SN63 (or 0.250

equivalent) solder. The recommended pad dimensions 8?;8 8] gg
and locations are shown in Figure 18. All dimensions are 0.090

shown in inches. 88;8 |:| |:| |:| 0.000

00 00 O W
O DO N ©
MM <Y 10 ©
oo oo © o

Figure 18. Recommended PCB Solder
Pad Configuration (Top View)

0.000
0.960

Sn63/Pb37 No Clean Solder Paste Typical Example Profile

250

200 +

183 [——-

150 +

100 1+

Reflow Temperature (°C)

2.0-4.5 min, Slope 0.5°C/sec
l&—— Preheat

Peak Temp
Min 205°C Max 225°C

Reflow Time =
60-90 Sec

Soak

<2.5°C sec
Soak temp 140-160°C
30-120 s
50
0 - - - - - - - - - - - |
0 30 60 90 120 150 180 210 240 270 300 330 360
Time (Sec)

Figure 19. Typical GAMO2P-PSE Solder Reflow Profile

Preheat Zone - The preheat zone, is also referred to as the ramp zone, and is used to elevate the temperature of the PCB to the
desired soak temperature. In the preheat zone the temperature of the PCB is constantly rising, at a rate that should not exceed 2.5°C/
sec. The oven’s preheat zone should normally occupy 25-33% of the total heated tunnel length.

©2020 EPC SPACE
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The Soak Zone - normally occupies 33-50% of the total heated tunnel length exposes the PCB to a relatively steady temperature
that will allow the components of different mass to be uniform in temperature. The soak zone also allows the flux to concentrate and
the volatiles to escape from the paste.

The Reflow Zone - or spike zone is to elevate the temperature of the PCB assembly from the activation temperature to the
recommended peak temperature. The activation temperature is always somewhat below the melting point of the alloy, while the peak
temperature is always above the melting point.

Reflow — Best results achieved when reflowed in a forced air convection oven with a minimum of 8 zones (top & bottom), however
reflow is possible with a four-zone oven (top & bottom) with the recommended profile for a forced air convection reflow process.
The melting temperature of the solder, the heat resistance of the components, and the characteristics of the PCB (i.e. density,
thickness, etc.) determine the actual reflow profile.

Note: FBS-GAMO02P-R-PSE solder attachment has a maximum peak dwell temperature of 230°C limit, exceeding the maximum peak
temperature can cause damage the unit.

Reflow Process Disclaimer
The profile is as stated “Example”. The-end user can optimize reflow profiling based against the actual solder paste and reflow oven
used. EPC Space assumes no liability in conjunction with the use of this profile information.

EPC Space Part Number Information

FBS - GAMO2P - R - PSE
A L PSE = Power Switch External Driver

C = Development Module
R = Radiation Hardened

P = Molded Plastic SMT Package
C = Ceramic SMT Package

EPC Space Semiconductor “GaN Adaptor Module”
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Disclaimers

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE RELIABILITY,
FUNCTION OR DESIGN OR OTHERWISE. EPC Space Corporation, its affiliates, agents, employees, and all persons acting on its or their
behalf (collectively, “EPC Space”), disclaim any and all liability for any errors, inaccuracies or incompleteness contained in any datasheet
or in any other disclosure relating to any product. EPC Space makes no warranty, representation or guarantee regarding the suitability of
the products for any particular purpose. To the maximum extent permitted by applicable law, EPC Space disclaims (i) any and all liability
arising out of the application or use of any product, (i) any and all liability, including without limitation special, consequential or incidental
damages, and (i) any and all implied warranties, including warranties of fitness for particular purpose, non-infringement and merchant-
ability. Statements regarding the suitability of products for certain types of applications are based on EPC Space market knowledge

of typical requirements that are often placed on similar technologies in generic applications. Product specifications do not expand or
otherwise modify EPC Space terms and conditions of purchase, including but not limited to the warranty expressed therein. Except as
expressly indicated in writing, EPC Space products are not designed for use in medical, life-saving, or life-sustaining applications or for
any other application in which the failure of the EPC Space product could result in personal injury or death. Customers using EPC Space
products not expressly indicated for use in such applications do so at their own risk. Please contact authorized EPC Space personnel to
obtain written terms and conditions regarding products designed for such applications. No license, express or implied, by estoppel or
otherwise, to any intellectual property rights is granted by this document or by any conduct of EPC Space. Product names and mark-
ings noted herein may be trademarks of their respective owners.

Export Administration Regulations (EAR)

The products described in this datasheet could be subjected to the Export Administration Regulations (EAR). They may require an
approved export license prior to export from the United States. An export includes release of product or disclosure of technology to a
foreign national inside or outside the United States.

International Traffic in Arms Regulations (ITAR)

The products described in this datasheet could be subjected to the International in Arms Regulations (ITAR). They require an approved
export license prior to export from the United States. An export includes release of product or disclosure of technology to a foreign
national inside or outside the United States.

Patents

Semiconductor holds numerous U.S and international patents to include US Patent #10,122,274 B2 15/374,756, 15/374,774, PCT/
US2016/065952, PCT/US2016/065946. Any that apply to the product(s) listed in this document are identified by markings on the pro-
duct(s) or on internal components of the product(s) in accordance with U.S Patent laws

eGaN® is a registered trademark of Efficient Power Conversion Corporation, Inc. Data and specification subject to change without notice.

Revisions

Datasheet Revision Product Status s Lo T e Uame U S e ‘ .
EPC - SPACE -
M-702-009-Q1 Characterization and Qualification - - e i O G PR

Production Released TR ; T T A S

Information subject to change without notice.

Contact EPC Space for further information and to order:
Revised October, 2020

Email: sales@epc.space
Phone: +1 978 208 1334
Website: epc.space

Address: 17 Parkridge Road
Unit# E
Haverhill, MA 01835
USA
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