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High Power Density 650V Half-Bridge

GaN Transistors with Gate Driver

General description

The CGR2601 is an advanced system-in-package
(SIP) power ICs, consisting of gate driver and two
650-V enhancement-mode GaN power transistors
in half-bridge configuration.

The integrated GaN power transistors have Rps(on)
of 190 mQ and 190 mQ for high- and low-side and
drain-source blocking voltage of 650 V.

The CGR2601 features wide power supply range.
And the high-side driver can be easily supplied by
bootstrap circuit. Both the high-side and low-side
gate drive voltage (VDDH and VDDL) is provided
by internal voltage regulator, making an easy
circuit design.

The CGR2601 features UVLO function for both
high-side and low-side driving sections, preventing
GaN transistors from operating in low-efficiency or
unsafe conditions. The programmable deadtime
function can avoid cross-conduction conditions.

The input signal pin arrangement allows easy

interfacing with controllers.

The CGR2601 operates in the industrial
temperature range of -40 °C to 125 °C. The device
is in available in 9mm*9mm QFN package.

Features

* Integrated half-bridge GaN transistors with
gate driver

* 650V drain-source blocking capabilities

* High/low-side Robs(on) of 140/190 mQ

* Zero reverse recovery loss

* Ultra-low standby current

* Wide power supply range (10V~18V)

* Programmable deadtime (20ns~100ns)

e UVLO protections for high-side and low-side
* Over-temperature protection (OTP)

* QFN 9*9 package

* Operating temperature of -40 °C to 125 °C
* Bill of material (BOM) reduction

* Very compact and simplified layout

* Flexible and easy design
Typical applications

J Switch-mode power supplies

. Chargers and adaptors

» DC/DC, DC/AC converters

e ACF, AHB, LLC, totem-pole PFC
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Pin configuration and functions
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Pin list
Pin # Name /10 Description
Gate driver low-side supply voltage. A ceramic
2 VDDL P capacitor of not less than 100nF must be connected
between VDDL and PGND
3 GL 0] Low-side GaN gate
Gate driver low-side drive reference, internally
4 PGND G
connected to SENSE
5,6,7,8,9,10,11,12, EP4 SENSE Half-bridge sense (low-side GaN source)
13,14,15, EP3 SW 0] Half-bridge output
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16,17,18,19,20 HV P High-voltage power supply (High side GaN drain)
21 GH 0] High-side GaN gate
Gate driver high-side reference voltage, used only for
22, EP1 OuUTb G bootstrap capacitor connection, internally connected
to SW
Gate driver high-side supply voltage. A ceramic
23 VDDH P capacitor of not less than 100nF must be connected
between VDDH and OUTb
Power supply for high-side regulator (bootstra
24 BOOT P PP 'gh-side_ regulator ( P
voltage)
25,29 VDD P Power supply for logic and low-side regulator
26 LIN | Low-side driver logic input
27 EN I Dual drivers enabling logic input
28 HIN I High-side driver logic input
30, EP2 SGND G Logic ground
31 DT I Dead-time adjustment
1,32,33 NC NC Leave floating

I = Input, O = Output, P = Power, G = Ground, NC = No Connect

Ordering information

Ordering No.

Description

CGR2601

QFN9*9, 2000 pcs/reel
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1 Absolute maximum ratings

At Tj = 25 °C unless otherwise specified. Continuous application of maximum ratings can deteriorate product lifetime. For

further information, contact CloudSemi sales office.

Parameters Symbols Min. Max. Units | Notes/Test Conditions
High-side common mode
Vsw -650 650 \%
voltage
Driver Supply Voltage VDD to SGND -0.3 24 \%
Regulator Output Voltage | VDDL to PGND, VDDH to OUTb -0.3 7 \%
Different Ground Voltage | SGND to PGND -5 5 Vv
Input Signal Voltage HIN, LIN, EN, DT to SGND -0.3 | Vvop+0.3 \%
Input Signal Voltage,
HIN, LIN, EN, DT to SGND -5 Vvop+0.3 \Y,
transient for 50ns
GL to PGND -0.3 | VvopL+0.3
Driver Output Voltage \%
GH to OUTb -0.3 | Vvpopr+0.3
Driver Output Voltage, GL to PGND -2 7 v
transient for 50ns GH to OUTb -2 7
GaN drain-source voltage | Vbs, max - 650 \Y Ves =0V, Ib=10 pA
Drain-source voltage
. VDS, transient - 750 V Ves =0 V, Vps =750V
transient '
Continuous current, drain-
Ip - 10 A Te=25°C
source
Pulsed current, drain-
|D, pulse - 20 A Tc=25 OC; Ves =6V
source 2
Pulsed current, drain-
|D, pulse - 10 A Tc=125 OC; Ves =6V
source 2
Operating temperature Tj -40 +150 °C
Storage temperature Tstg -65 +150 °C
HBM (all pins) -3000 3000 \%
Electrostatic Discharge
CDM -1000 1000 Vv

Notes

1. Vps, ransient IS intended for surge rating during non-repetitive events, tpyse < 1 ps.

2. Pulse width = 10 pus.
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2 Recommended operating conditions

At Tj = 25 °C unless otherwise specified. Continuous application of maximum ratings can deteriorate product lifetime. For

further information, contact CloudSemi sales office.

Parameters Symbols Min. Max. Units | Notes/Test Conditions
High-side Common Mode

Vsw 0 600 Vv
Voltage
Driver Supply Voltage VDD to SGND 10 18 \%

GL to PGND VvbbL
Driver Output Voltage Vv

GH to OUTb VvDDH
Input Signal Voltage HIN, LIN, EN, DT to SGND 0 VvbD \Y
High voltage bus HV to SENSE 0 520 \%
Operating temperature Tj -40 +130 °C
Ambient Temperature Ta -40 +125 °C

3 Thermal characteristics
Values
Parameters Symbols Units | Notes/Test Conditions
Min. Typ. Max.
Thermal resistance junction to
each GaN transistor exposed pad, | Rinw-cs) - - 2 °C/W
typical
Thermal resistance junction-to-
) Rith(J-a) - - 18 °C/W

ambient
Reflow soldering temperature Tsold - - 260 °C MSL3
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4 Electrical characteristics

4.1 Driver

At VDD=12V, T; = 25 °C, unless specified otherwise.

Values
Parameters Symbols Units | Notes/Test Conditions
Min. | Typ. Max.
Driver Power Supply
Vbb quiescent current Ivbba - 0.42 - mA |HIN=LIN=0V
HV = SW = 0V, BOOT =12V, f
Vop operating current Ivboo - 1 - mA
= 500kHz
BOOT quiescent current Isoota - 0.55 - mA
HV = SW = 0V, BOOT =12V, f
BOOT operating current Isooto - 1.2 - mA
= 500kHz
BOOT UVLO state quiescent current | Isoota_orF - 0.3 - mA | BOOT-SW =7V
VDD UVLO rising threshold VvbD_oN 8.1 8.4 8.8 \%
VDD UVLO falling threshold Vvbp_oFF 7.5 7.8 8.1 \%
VDD UVLO hysteresis VvbD_HYs 0.4 0.6 - \%
BOOT UVLO rising threshold VBoOT_ON 8.1 8.4 8.8 \%
BOOT UVLO falling threshold VBooT_OFF 7.5 7.8 8.1 \%
BOOT UVLO hysteresis VBOOT_HYS 0.4 0.6 - Y
Input Logic
. ) RHIN_PD,
Input pin pull-down resistance - 200 - kQ HIN = LIN = 3V
RLN_PD
Enable pin pull-down resistance Ren_pD - 200 - kQ EN =3V
Input pin high logic bias current IHIN_H, TLIN_H - 20 - A HIN = LIN =5V
Enable pin high logic bias current lEN_H - 20 - A EN =5V
VHIN_H,
Logic high input threshold 1.7 2.1 2.5 \%
VuN_H, VEN_H
VHIN_L,
Logic low input threshold 0.9 1.2 1.5 \%
Vun L, VEN L
VHIN_HYS,
Logic input hysteresis VLUIN_HYs, 0.7 0.9 - \%
VEN_HYs
Driver Output Characteristic
VvooL, CvopL = 100nF, CvppH-sw =
Regulator Output Voltage 5.7 6 6.3 \%
VvbDH-Vsw 100nF
V/vDDH_ON,
Regulator UVLO rising threshold 4.3 45 4.7 \%
\/vopL_oN
) V/VDDH_OFF,
Regulator UVLO falling threshold 3.8 4 4.2 \%
VvbDpL_OFF
) V/VDDH_HYS,
Regulator UVLO hysteresis 0.4 0.5 - \%
VvoDL_HYs
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. . RLsNk,
Driver output pull-down resistance - 1 - Q
RHsnk
) ) Risre,
Driver output pull-up resistance - 51 - Q
Rhsre
ILsrC_PK, 2
Output peak source current - - A
IHsrc_PK 2
) ILsNK_PK, 4
Output peak sink current - - A
IHSNK_PK 4
4.2 GaN power transistor
At Tj = 25 °C, unless specified otherwise.
Values
Parameters Symbols Units | Notes/Test Conditions
Min. | Typ. Max.
Low-side / High-side GaN power FET static characteristics
Drain-source voltage Vs, max - - 650 \% Ves=0V;Ip=10 pA
Vps =650 V; Ves =0V,
- 20
Tj=25°C
Drain-source leakage current Ipss A
5 Vps =650 V; Ves =0V,
Tj=150 °C
Ip = 6.6 mA; Vbs = Ves;
1.2 1.7 25
Tj=25°C
Gate threshold voltage Vasith) V
17 Ib = 6.6 mA; Vbs = Vas;
' Ti=125°C
- 140 190 Ves=6V;Ib=6A;Tj=25°C
Drain-source on-state resistance Rbs(on) mQ
- 250 - Ves=6V;Ib=6A; Tj=150 °C
Low-side / High-side GaN power FET dynamic characteristics
Ves =010 6 V;Vbs =400 V; Ip =
Total Gate charge Qe - 2.8 - nC
6 A
Output charge Qoss - 25 - nC
Output Capacitance Stored
Eoss - 3.6 - pd Ves =0V; Vps =0 to 400 V
Energy
Output capacitance Coss - 30 - pF
Effective output capacitance,
Coer) - 41 - pF Ves =0V; Vps =0to 400V
energy related !
Effective output capacitance,
Cotr) - 63 - pF Ves =0V; Vbs =0to 400V
time related 2
Reverse recovery charge Qr - 0 - nC
Peak reverse recovery current lrrm - 0 - A

Notes
1. Coen is the fixed capacitance that gives the same stored energy as Coss while Vps is rising from 0 to 400 V.

2. Co is the fixed capacitance that gives the same charging time as Coss while Vps is rising from 0 to 400 V.
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4.3 Switching characteristics
Values
Parameters Symbols Units | Notes/Test Conditions
Min. | Typ. Max.
Low-side / High-side GaN power FET
Turn-on delay time td(on) - 70 - ns
HV =400V
Turn-on rise time tron) - 15 - ns
Ves =6V
Turn-off delay time td(ofr) - 70 - ns
Ib=6A
Turn-off fall time tr(off) - 15 - ns
Datasheet Rev.1.0 Page 9 2023/12/5
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5 Block diagram
VDDH  OUTb GH HV
sooT |' uvLO |' |' Regulator J
vop 3 T T [L)Q\gfcr —
UVLO Level Shifter 1 —LI :‘_1 b_.l
EN SwW
Regulator
HIN Legic 4‘:
LIN control /|—|A ’J
DT Level Shifter E”V_ef —1
ogic
SGND ? ? _I-{q ReLeen >_]
i I—l—
& &

VDDL PGND GL SENSE

6 Switching waveforms

Figure 6.1 shows the circuit used to measure the GaN power FET switching parameters. The circuit is operated
as a double-pulse tester. Consult external references for double-pulse tester details. The circuit is placed in
the boost configuration to measure the low-side GaN switching parameters. The circuit is placed in the buck
configuration to measure the high-side GaN switching parameters. The GaN FET not being measured in each
configuration (high-side in the boost and low-side in the buck) acts as the double-pulse tester diode and
circulates the inductor current in the off-state, third-quadrant conduction mode. Table 6.1 shows the details for
each configuration.
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Figure 6.1 GaN power FET switching parameters test circuit
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Table 6.1 GaN power FET switching parameters test circuit configuration details

GaN FET GaN FET Acting

Configuration ) Seoost Seuck Vi VHin
under test as diode
Double-pulse
Boost Low-side High-side Closed Open ov
waveform

Double-pulse
Buck High-side Low-side Open Closed ov
waveform

Figure 6.2 shows the GaN power FET switching parameters.

The GaN power FET turn-on transition has three timing components: drain-current turn-on delay time, turn-
on delay time, and turn-on rise time. Note that the turn-on rise time is the same as the VDS 80% to 20% fall
time.

The GaN power FET turn-off transition has two timing components: turn-off delay time, and turn-off fall time.
Note that the turn-off fall time is the same as the VDS 20% to 80% rise time.

The turn-on slew rate is measured over a smaller voltage delta (100 V) compared to the turn-on rise time
voltage delta (240 V) to obtain a faster slew rate which is useful for EMI design.

Vann | |
oV Van_L
xIN | |
td(on)udrain)-b' |<- 2A |
| i
| |
| | |
. _OA | 50 mA |
D
! | tacof -PI l<'
tacon) ->| I‘- | | |
| |
400V tron) | |<- tiofy ->: le
DS
320vx | | # 320V
250 V— — — —\ | |
150V —— —
80V 80V
Slew Rate oy .

Calculation Points

Figure 6.2 GaN power FET switching parameters
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7 Electrical characteristics diagrams

At Tj = 25 °C, unless specified otherwise.

Figure 1 Typ. output characteristics Figure 2 Typ. output characteristics
50 20
Tc=25°C
40 + 16
30 T 12 +
< <
=~ Tc=125°
o : s 2 Tc=125°C
20 + 8 +
10 + 4 +
0 t t t t 0 t t t t t
0 2 4 6 8 10 0 1 2 3 4 5 6
Vps (V) Vsp(V)
ID = f(VDs, Vgs); Tj =25°C ID = f(VDs, Vgs); Tj =125°C
Figure 3 Typ. drain-source on-state resistance Figure 4 Typ. drain-source on-state resistance
0.5 1.0
04 08
) )
503 So6 |
172 w
[a) o
14 (14
0.2 04 +
0.1 t t t 0.2 t t t
2 3 4 5 6 2 3 4 5 6
Ves(V) Ves(V)
RDS(on) = f(IDS,VGS); Tj =25°C RDS(on) = f(le,Ves); Tj =125°C
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Figure 5 Typ. channel reverse characteristics Figure 6 Typ. channel reverse characteristics
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-8 -8 -6 -4 -2 0
+ 1 t 0
- -5
< Ves=av| &
= 6s=0V .-
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Ves=2V | =10
Vgs=3V
cs=4V
Vgs=5V
Gs= 6V 15
ID S f(VDs, Vgs); Tj =25°C ID S f(VDs, Vgs); Tj =125°C
Figure 7 Typ. output capacitance Figure 8 Typ. Coss stored charge & energy
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E
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1 ; : : 0 0
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8 Function description

8.1 Under Voltage Lock Out (UVLO)

The CGR2601 has internal under voltage lock out (UVLO) protections on low side and high side power supply
blocks. The driver output is held low by an active clamp circuit when the supply voltage of VDD or BOOT is
lower than Vvbp_on at power-up status or lower than Vvop_orr after power-up, regardless of the status of the
input pins.

The 0.5V hysteresis (Vvop_nys) on VDD and BOOT ULVO protections are provided prevent chatter noise from
VDD supply and allow small drops in supply power which are usually happened in startup. The recovery
propagation time of VvooL is about 1us when Vvpp voltage fall from more than Vvoo_on to some value between
Vvob_orr and Vvbp_por and then raise to more than Vvop on.

A not less than 100nF ceramic capacitor must be used on VDDL and VDDH to normally operate.

————————— Vyvpp_on
Vvop Vyvbp_oFF
Vybp_por

ov
VvobL_on
VvooL VyvooL_orr
|
|
!
v |
LIN _ _ : - . —— oV
|
——  Vvoou
" 1
GL-PGND _ i —— oV

Figure 8.1 UVLO Diagram

8.2 Input and Output Logic

The CGR2601 an advanced system-in-package (SIP) power ICs, consisting of gate driver and two 650-V
enhancement-mode GaN power transistors in half-bridge configuration with dead-time control. The EN pin
should be logic high to keep the driver operating normally.

Table 8.1 Inputs truth table (applicable when device is not in UVLO)

Input Pins Output Pins
Note
EN LIN HIN LS HS
LorO X X OFF OFF
H L L OFF OFF
H L H OFF ON
H H L ON OFF
The input signal is later than
H H H OFF OFF
VDD power up.

Notes: H = Logic High; L = Logic Low; O = Left Open; X = Irrelevant.

Datasheet Rev.1.0 Page 14 2023/12/5



CGR2601 DATASHEET /) CLOUDSEMI
650V Half-Bridge GaN Transistors with Gate Driver COz= & % 8 #

8.3 Programmable Deadtime (DT pin)

The CGR2601 has a programmable deadtime control function by placing a resistor, Rot, between the DT pin
and SGND. There are three statuses of deadtime program.

1) While Ror is lower than 20kQ or higher than 250kQ, the deadtime duration (tor) is set to 20ns.

2) While Ror is in range of 20kQ to 100kQ, the tor can be determined from Equation 1, where Ror is in kQ and
tor in ns:

tor = 1 X Rpr (1)
3) While Ror is in range of 100 kQ to 250kQ, the deadtime duration (tor) is set to 100ns.

The recommended value of Ror is between from 1kQ to 200kQ. It is also recommended to parallel a ceramic
capacitor, for example 1nF, with Rpt to achieve better noise immunity.

The programmed deadtime is activated by the input signal’s falling edge to prevent shoot-through when the
device is designed in an application of high side and low side driver. The details of input and output logic with
deadtime are shown as Figure 8.2:

1 [ | 1 [
1 [ ] [
L [ | ] M|
1 | | 1 [
HIN N it P
1 [ I | [l [
[ | [ [
L O I N | [ [ [
L I T T B | [ 1 [
:tDTI 1 1 1 ::
LIN - [ o ) o
1 1 1 1] [ [ |
T 1 T | ) | |
LI Y I N | [ [ [
L e I I | [ [ [
1 [ | 1 1 [
o 1N ]
! [ | 1 1 [
L Y T N | |; ;i o
L Y I I | [ [ [
— | | | [N ol
[ 1 1 [ [
6L ::I_: : L
| | ] | [
[ (L (L [
L Y N N | [ [ [
L I I | [ [ [
A B C D JEl F |G H

Figure 8.2 Input and Gate Logic with the Programmed Deadtime
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Conditions

Results

A: HIN goes high, and LIN goes low.

GL goes low immediately, then GH goes high after the
programmed deadtime which is assigned at LIN goes low.

B: HIN goes low, and LIN goes high.

GH goes low immediately, then GL goes high after the
programmed deadtime which is assigned at HIN goes low.

C: LIN goes low, then HIN goes high
after deadtime.

GL goes low immediately, then GH goes high immediately when
HIN goes high.

D: HIN goes low, then LIN goes high
before deadtime.

GH goes low immediately, then GL goes high after deadtime.

E: HIN goes high, LIN is still high.

GL goes low immediately, and GH keeps low.

F: HIN is still high, LIN goes low.

GH goes high after deadtime while LIN is low, and GL keeps low.

G: HIN is still high, LIN goes high after
deadtime.

GH goes low immediately, and GL keeps low.

H: HIN goes low then goes high before
deadtime while LIN is still high.

GH keeps low and GL keeps low because deadtime control.

8.4 Bootstrap structure

A bootstrap circuitry is typically used to supply the high-voltage section. The CGR2601 integrates this structure

to reduce the external components.

The Bootstrap integrated circuit is connected to VDD pin and is driven synchronously with the low-side driver.

The use of an external bootstrap diode in parallel to the integrated structure is possible, in particular if the
operating frequency is approximately higher than 500 kHz.

Datasheet Rev.1.0
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9 Typical application diagrams

vout

Figure 8.1 Typical application diagram: Resonant LLC converter

Caoor
" H.V.
i vouTt
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o Lo Reguiator gy Cbi
il 1:Redeiyr | - 1~ Cbus
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o

VDD 9

+  1Cvon T
+"
I EN Lovel Shifer
o Regulator
PWM m Logic =
<ontroller control
ot 1

Level Shifter

aaaaa
SGND.

CvooL
TO CONTROLLER

Figure 8.2 Typical application diagram: Active clamp flyback
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10 Package outlines
Aimm
= D = A
— A2 —
w MIN MID MAX
A 0.700 0.750 0.800
- A1 0.203REF
A2 0 0.02 0.05
L - L b 0.250 0.300 0.350
TOP VIEW SIDE VIEW D 9.00BSC
N D1 1425 1.525 1.625
rh ﬂu L - UTU S i o D2 1.425 1.525 1,625
[ m Uﬁi ! /N1 : D3 1.700 1.860 1.960
%sziD2ﬂi LT]JLj = E 9.00BSC
5 ] T E1 1.120 1.220 1.320
%T o - E2 0.860 0.960 1.060
L e o E3 3.100 3.200 3.300
= ! L S E4 3.100 3.200 3.300
D L 2 \ d e 0.600BSC
. . U ot AnnA S— et 2.400BSC
BEPEENTE — 2 2.400BSC
BOTTOM VIEW K1 0.644 0.744 0.844
K2 1.810 1.910 2.010
K3 2.000 2.100 2.200
K4 0.140 0.240 0.340
CGXXXXXXXX L 0.400 0.450 0.500
L1 2.850REF
XXXXXXXX L2 1.250REF
L3 2.250REF
H1 1434 1.534 1.634
YXWX H2 2.000 2.100 2.200
H3 0.140 0.240 0.340
Row Description Example
Row 1 Device name CGXXXXXXXX
Row 2 ASSY lot No. XXXXXXXX
Row 3 Year & Week YXWX
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CGR2601 DATASHEET

SEMI
650V Half-Bridge GaN Transistors with Gate Driver g #
11 Revision history
Major changes since the last revision

Revision Date Description of changes
0.5 2023-5-5 0.5 version release
1.0 2023-12-5 1.0 version release
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