RT100005SDH
80V DrGaN QFN SiP Module

RaAYTRONS

Features

» Complete Rpson= 5.6mQ Half-Bridge GaN-Based
power stage
* Maximum Output Current 14A.
» GaNCooling™ technology by Bottom Side Cooling
* Low FOM for low Switching Loss at 1MHz+
» Complete solution within 7.5mm x 6.7mm x 1.95mm Footprint
* Dual PWM operation
+ Fast Rise/Fall Times and low Propagation Delay
» Reverse Current capability and Zero Qrr
* Moisture Sensitivity Level 3 (260°C)

Typical Applications o “;‘ >7J:

QFN 7.5x6.7mm? System in Package (SiP)

Simplified Schematic

I

» 48V Datacenter board power delivery — }——-sw
* Power stage for DC-DC Converters - :L H
« 48V Mild Hybrid DC-DC Converter and BSG e “ pf 1
L —l PGND

* High-performance Class D Audio systems
* Motor Drive Inverter

Description

RT100 DrGaN (Driver+GaN Half Bridge) Series are Fully Integrated GaN Half-Bridge power stages
for multiple Applications in Datacenter, Motor Driver, and Consumer segments. These DrGaN are
small-footprint, easy-to-design, and serve as a “drop-in” solution for board power. RT100 DrGaN
Series couples world-class GaN performance from EPC eGaN™ to Raytrons GaNCooling™
embedded modules that GaNCooling™ technology is a patented construction embeds all components
without using bond wires, minimizing inductance, achieving ultra-low voltage spikes on gate and
switch nodes, and minimizing RFI. The high dV/dt immunity, <1nH loop inductance and low thermal
resistance to provides highest level of Power Density allowing designer simple, and quick to design
high power density product.

Typical Application Circuit

A synchronous buck or boost topology with Vcc connected to a 5-V regulated supply. Power loop
(loop impedance from VB capacitor to GND) PCB layout is critical, designer can refer to the PCB
layout consideration section to selection dual-loop or thermal enhanced PCB layout for various
applcations

Bi-directional Buck/Boost DC/DC Conversion 3-Phase Motor Driver

_____________________ Vg Vauck N X3

|
: ’( A —— .
| N ! \
PWM_H 1 4 | PWM_H | b
il i‘nriver = I H £ {miv{(} — H I
i ! 1
! H
|

i
i
1
'
i
1 y
: IV, V, i l
MCU/Analog e B i BOCSTIN DSP/MCU VCC 5V !
Controller I — ., LA I u ‘. 3 : [Fownm;. =L
y ~ | — ' N i (option
| ‘ [ | I o Drive [
[ |Priver>—— ! PWM_L | L ! pGND ‘
PWM_L ! T | ' E - : | : ‘
! T o (I e r e o
! L 4
]

Rev 211014 © 2021 Raytrons Inc.
GaNCooling™ is Registered Trademarks of Raytrons Inc.



RaAYTRONS

RT100005SDH
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Block Diagram
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Pinout Table
i—ﬁ: Eﬂ i i | J"V{F
LDRI 1~l:li::\ilFN, TopG\;\i‘:w
Pinout 110 Type Description and Operation
# Name yp P P
1 BOOT Supply  |Floating high side gate driver supply that connected inside
> HDR ) Option. Parallel a resistor between HDR and BST to speed up dv/dt falling
time at SW node, the resistor value =2Q is recommended if necessary.
3 NC - No Connection
4 HI Input Low Side PWM Input
5 LI Input High side PWM Input
6 LDR ) Option. Parallel a resistor between LDR and VCC to speed up dv/dt rising
time at SW node, the resistor value =2Q is recommended if necessary
7 VCC Supply  |Low Side Driver Supply Voltage. Connect a 5V regulated Voltage.
8 GND | Power GND [Connect to PCB Ground thru multiple Via's
11,9 SW gz\tﬁﬁt Half-Bridge power stage output (switching node)
10 VB Power Input |Supply voltage to half-bridge power stage (buck-mode)

Absolute Maximum Ratings (Tcase = 25 °C)
Permanent device damage may occur if Absolute Maximum Ratings are exceeded.

VCC to GND

VB to GND, VB to SW, SW to GND

1A%

LDR, LI, HI to GND

HDR, BST to GND

85V+VCC

Thermal Characteristics

The Surface Mount Device (SMD) with Bottom-side Cu Pads for Surface Mount PCB attach. R_junc-
amve value based on recommended Via Pattern with multi-layer FR4 PCB. No Airflow (zero LFM) and
no Top-side Heat Sink required to meet R_Junc-ams (Conduction Heat Transfer). It is much more
effective and competitive thermal design.

® Maximum Thermal Resistance (Junction to Board), Re s, -----------—--- 1.1°C/W

®  Thermal Resistance (Junction to Ambient), Re_ua, 8.4°C/W

® Maximum Soldering Temperature (MSL3 rated), Tsoider --------------------- 260°C
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Normal Operation Conditions

Parameter Sym. Min. Typ. | Max. | Unit Conditions
Nominal VB Range VB_Nom 6.2 80 \%
Nominal SW Range SW Nom 0.9 80 \Y
Nominal Vcc Range Vce Nom 4.5 5 55 \
Nominal I/O Voltage Vio_Nom 5.5 Vv

Continuous lout louT_Nom 14 15 A Tuun=100°C
Operating Temp Toper. -40 105 °C

Electrical Specifications

Parameter Sym. Min. Typ. | Max. Unit Conditions
Drain-Source On Resistance Rbs,on 5.6 7.0 m Q (l;egﬁl %n:\/il;/ss
Source-Drain Forward _ _
Voltage Vsp 1.7 \Y Is=05A, Ves=0V
Input Capacitance Ciss 767 1076
Reverse Transfer _ _
Capacitance Crss 3 pF Vbs=50V,Ves =0V
Output Capacitance Coss 295 443
Source-Drain Recovery
Charge Qrr 0 nC
Gate Resistance Re 26 Q
Bootstrap capacitance Cest 80 100 nF DC-Bias=0V
Vcc capacitance Cvece 80 100 nF DC-Bias=0V
Switching Frequency Fsw 18 1000 kHz
Propagation Delay TeoH,L) 20 nsec VCFg:thS \;\Q dV1B OT?OVUT
VCC Undervoltage-Lockout | Vccuvio 3.8 4.0 4.2 \%
VCC Threshold Hysteresis Vee Hys 0.35 \%
SW Rising Time Tsw,r 2 nsec VB=48V, Fsw=500kHz
SW Falling Time TswFr 4 nsec and 10A lour

Application Specifications

VCC UVLO (Undervoltage-Lockout):
When VCC pin detects a starting threshold voltage level of 4.0V (typical) on a rising edge, the device
will go from its 120uA quiescent current state to normal operation. The DrGaN will turn off after the

input falls 0.35V below the starting threshold. A typical start-up waveform as below: (yellow: VB, blue:
VCC and pink: SW)
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PCB Layout Considerations :

® Thermal Enhanced : Utilize multiple Via’s to connect PCB power and GND planes to the DrGaN
Pads, designer doesn’t need to consider parasitic loop inductance issue to affect high voltage
spike at SW node to decrease efficiency because RT10005SDH is designed with ultra-low
commutation and gate loop inductance inside. An example PCB Layout as below :

PGND

o |

VB

sw

PGND

()

® Dual Power Loop : For further reducing power loop parasitic inductance, PCB layout can
consider another PCB layout skill that is to generate a power loop with magnetic flux
cancellation plus a vertical power loop inside to achieve dual power design, the power loop
inductance will be reduced from <1nH to <0.5nH. That will increase efficiency and decrease
voltage spike at switching node. An example PCB layout as below :

PGND

Top Layer

vB

<--_--_-_-

(I
*Mid 1 layout MUST be power ground plane.
® Comparison the both PCB layout Skill : Thermal Enhancement can be handling more output

current at the same environment and Dual Power Loop have better efficiency and voltage spike
at SW node.

[a]. Rising Switching waveform: (Oscilloscope BW=1GHz)
Thermal Enhancement PCB Layout: Dual Loop PCB Layout:

Pl Gt etk Mty g Cisply  Casas Messes  Mah L b Fle  Ed  Vetkcd  Modficq  Trg  Deplsy Cusors  Mesare  Math  Ublbes  Heb
Tek _Fasthog Sample 03.Jun 21 120020 & Tek  Fathq Simph 03.Jun 21 114405

/ /

[b] Thermal performance and Efficiency between both PCB layouts
Thermal Performance: Thermal enhancement PCB layout have better thermal performance because of multiple Vias on

SW pad.
Dual Loop
:_ Thermal
g Enhanced
f
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Efficiency: Dual Loop PCB layout have better efficiency because of smaller voltage spike at SW node.

Dual Loop

Efficiency [%]

1 2 3 4 5 6 7 8

Full-Bridge or 3-phase operation
It easily be interleaved for Full-Bridge or 3-phase operation by using MCU/DSP with multiple PWM
outputs and separate control loops.

Truth Table

Thermal

*Minimum H signal is 2.3V and Maximum L signal is 0.5V.

Enhancement

9 10 11 12 13 14 15 16 17
Output Current [A]

HI LI H/S GaN FET | L/S GaN FET SW Node
L L OFF OFF Hi-Z

L H OFF ON GND

H L ON OFF VB

H H ON ON Not Allowed

Typical Efficiency and Switching Waveforms
48V VB, Duty Cycle = 25%, Fsw=500kHz, lout = 10A, 1GHz B.W. measurement, dead time is
<15nsec, room temperature and natural convection. (All test is on the Evaluation Board)

[1] Efficiency
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o E —— Fsw=300kHz
o — s 91 —— Fsw=500kHz
—— Duty=40%
93 Duty=60% 20 Fsw=700kHz
Duty=80% 89 Fsw=900kHz
92 38
! 3 / ? 1 B i 3 7 9 44 13
QutputCurent [A] Output Current [A]
[2] Power Loss
9 9
8 8
7 7
= — 6
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2 w5
8° 4
=
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3 E
S 3 =
a3 o Fsw=300kHz
——Duty=20% a
2 —— Duty=40% 2 ——— Fsw=500kHz
1 Duty=60% 1 Fsw=700kHz
Duty=80% Fsw=900kHz
0 0
1 3 7 9 11 13 1 3 5 7 9 11 13
Output Current [A] Output Current [A]
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RT100005SDH
80V DrGaN QFN SiP Module

[3] Switching Waveforms
CH1: HI (5V/DIV), CH2: LI (5V/DIV), CH3: SW (20V/DIV)

Fle Edt Vertical  Horiz/Acq Trig Display Cursors Measure  Math  Utities  Help
Tek  Stopped Single Seq L. Vhogs )
Curs1 Pos
-400.0ps
Curs2 Pos
7.6ns
2 n
vz 2 41

Propagation delay and rise/fall time definitions
a. Propagation Delay, Tepn and Tep,

HI 50% 50%
VB
90%
sw o
Teon Teo
10%
| W—
ov

Adjustable Turn-on dV/dt Control

File Edi Yertical  HorgfAcg  Trig  Display  Cursors  Measwe  Math  Utiiies  Help

Tek  Stopped Single Seq o e (Butans)
Cursl Pos
-600.0ps
Curs2 Pos
- 12.4n5
AN a2y
/ 10
¢ . i ] i
: ]
34 W

ch3  zoav

b. Rising/Falling Time, Trising and Traiiing

VB

90% VB

10% V8
ov

Trising Tranng

To reduce switching loss in high frequency hard switching operation, parallel a resistance between
HDR and BST can speed up dV/dt at switching node to increase efficiency. Rupr is designed =2Q.

efficiency.

Efficiency [%)]

——RHDR=2 Ohm
———RHDR=1 Ohm
RHDR=0 Ohm

1 3 5 7 9 11 13
Output Current [A]

Rev 211014

Rupr value will change high side GaN'’s turned-on rising time,
smaller Rwpr will cause faster turned-on time that will reduce
switching loss, but higher voltage spike at SW node is also affect
switching loss, Rnpr=2Q is recommended if needs to fine-tune

Fle Edt  Vertical
Tek FastAcg Sample

HorgfAcq  Trig Display  Cursors  Measwe  Math  LRities  Hebp

Buttons )
)
o Ruoe0Q, Trang=1.27ns & i Fadkion
4 Ruoe=1€, Tring=1.45ns -3.56dv
Rel1 Scale
Ryspr=2Q; Trigng=1.78nS ooy
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Dead time design and operation

*» Typical Delay Matching Time is 1.5ns which limits minimum Dead Time to 1.5ns, however, at least a
15ns Dead Time is recommended for switching reliability. Additionally, the Dual PWM DrGaN has Hl
and LI PWM inputs, switching control is feasible especially in ZVS Mode and in Pulse Skip or power
save mode during light load operation.

* In ZVS operation, controlling Dead Time low-to-high (Tor.LH) can be achieved using output inductor
and the Coss of the GaN Switch to generate a resonant period, using HI and LI to adjust Tor LH.
* Adjusting Dead Time

[1] Measure switch node to determine dead-time at no load. (Initial dead time can be set 50nsec by
MCU/DSP or dead-time generator circuit in EVM)

Fle Edt ety bonghc  Tog Dby Cusmes  besswe W Uit e Fie ER Vel Hoidieq  Tig Diply  Cusors  Messwe  Weth  Ulies  FHeh
Tek fosthey Sample _ Toic _Fasinca Sampe -
© ks . ters) " n Giane|
Curs1 Pos Curs1 Pos
620 s1am

| curszPos A, Curs2 Pos
1ans \':\ _8i0.0ps
-

Q\\

N

/

#
e ——"

[2] Reduce dead-time to > 15ns by MCU/DSP or dead-time generator circuit in EVM.

Fie €& Vetcol  HorlAcs Ty Dipley Cusers  Messur  Math  Ubikies  Hep Pl Ede Vel Horelac  Tg  Disley

Cursors  Messirs  Math  Ublkes  Help
Tek __Fastéo__Sampls Tek Faslhog

sample

[3] Increase bus voltage and load.

Fle  Edt  Verbcal  Horofhcy  Trig  Display  Cursoes  Measwe  Math  Udlites el Fil  EdE Vetcal  Horifcq g Dislay  Cursars  Measus  Math Lblbes el
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BT ERTY

T . | — | cuszpos
e Curs2 Pos

VCC Bypass Capacitor and Vest Bootstrap Capacitor

For lower switching frequency applications, likely BLDC Motor driver control, a typical switching
frequency is from 20kHz to 50kHz. A 0.1-pF or larger value, good-quality, ceramic bypass capacitor is
recommended to place as close as possible to the VCC and GND pins for low side driver supply and
to the BST and SW pins for high side floating driver supply.

8ST
o) fu] [a] (Wl [ =
vee | o ],
o ol sw
GND - o | K
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Implemented in the Class-D Amplifier Power Stage:
Due to GaN FET has much smaller Qc and Coss than MOSFET that will produce a much more
accurate PWM replication of the large output signal to increase sound quality in Class-D audio

system. An example for half bridge Class-D audio amplifier schematic and recommended PCB layout
are shown as below:

Mid 1 Layer
PGND (Ground Shielding)

Raener PGND
W o000

Zener

MLCC, 1uF B o
TR o

1
=
1]
=]

4

s

3

48V to 12V Open Loop Buck/Boost Evaluation Board:

The Evaluation Board with 100V DrGaN SMT power stage provides a
complete 48V step Up/down converter which can be used to evaluate
efficiency & power density for use in applications such

as DC/DC Converter power stage, high-performance Class D audio
systems, and BLDC Motor Driver.

To evaluate the performance of the evaluation board, the following equipment is required:
* High speed digital oscilloscope (350MHz Bandwidth at least)

* DC load (power resistor or electrical load)

* DC power supplies *2 (For power in and VCC in)

« Signal generator for PWM input (0-5V)

* Current/Voltage Meters

~pEam— | — =
Input Voltage: | gm = o Output Voltage:
24V to 56V \O/ ' - Q, Dependent on PWM duty cycle
- | & Output Current, loyy wax=12A by
? thermal consideration.
O

it — 12V LDO in for a regulated 5V to
FWM Input (e vee.

e
Max. Frequency=1MHz ,,ﬂi,. v
® —®

Dead Time Adjustment
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Package Outline : (QFN-SiP - 2 mm max height)

6.7+0.1

TOP VIEW
®

10005SDH-X-X
Date Code

SIDE VIEW

O_25£__ﬂ El=E— T {5 |

2
BOTTOM VIEW s L j ﬁﬂ_

370 |

|
-——-—-1— 3X120 650
—

% All dimensions are in units mm.
+»*General tolerence is 0.005 mm unless otherwise noted.
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Example Board Layout and Stencil Design :

Pin 1 Identification }M

6X o,aot |

i‘x :

__| _____

18X 0.35
Pin 1 Identification 0.10
ﬁg 4X 0225 4X030 2xo02xq
| |
o 72| 72 72 v vz vz
7 Read BELR Teew Feea 0.175
0 i| 7 7277727, 18X 0.45
— =1/ 2X1.50
W L 2X 0.35
W 2 7 Z ]
= : 2 0.66
axoeo Z T )
6X 0.60 l 74 2224
:xuas( ) 2 9
T 70 O 3X 041
:'x 7 // %4
2 1.20 - D.18
-XDGOI L ; w2, E E ) E i{ h:
10
010

2X 140 2X0.60

RECOMMENDED SOLDER PATTERN

% All dimensions are in units mm.
+%53%~68% printed solder coverage by area under package.
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