JOULWATT

JWHG6346

High Efficiency

Synchronous Step-Down PWM Controller

DESCRIPTION

The JW®H6346 is a synchronous buck regulator
controller. Operating with an input range of
6V~75V, the JWH6346 adopts voltage mode
control and provides high efficiency, excellent
transient response, and high DC output accuracy
needed for low output voltage, high current, PC
system power rail and similar POL power supply
in digital consumer products.

The JWHG6346 guarantees robustness with
thermal protection, short-circuit protection, over
current protection and VCC under voltage
protection.

The JWH6346 is available in QFN3.5X4.5-20
package, which provides a compact solution with
minimal external components.

Company’s Logo is Protected, “JW” and “JOULWATT” are Registered

Trademarks of JoulWatt technology Inc.

FEATURES

® GV to 75V operating input range without
external VCC

e 5V to 100V operating input range with
external VCC
0.8V to 60V output voltage range
Built-in £1% 0.8V reference voltage

e Switching frequency from 100kHz to TMHz
-SYNC in and SYNC out capability

® 7.5V or 10V gate drivers for standard VTH
MOSFETs
-25ns dead time
-2.3A source and 3.5A sink capability
-Low-side soft-start for pre-bias start-up

® Programmable current limit by low side
Rbs(on) sensing or shunt sensing

® Adjustable soft-start or optional
tracking

voltage

e Built-in OCP/UVP

e Power good indicator

e Thermal protection

e Available in QFN3.5X4.5-20 package
APPLICATIONS

e Networking and Computing Power
® Industrial Motor Drive

TYPICAL APPLICATION
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JWH6346 JoulWatt

ORDER INFORMATION
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JWH6346 JoulWatt

ABSOLUTE MAXIMUM RATINGY

VIN, EN PINS ettt et et e e et e e ettt e e enee e e e eneeeeeneeeas -0.3V to 105V
YA 1o S -1V(-10V for 20ns) to 105V
=S I e SR SW-0.3V to SW+14V
ILIME PN ettt e et e et e et e e e e et e e e e e e e e e nee e e e nee e e e aneeeeaaneneeaanneeeenas -0.6V to 105V
VCC, PG, SYNCIN, VCCSET PiNS ..ttt ettt et seeee e -0.3V to 14V
FB, COMP, SS, RT PINS  .eoiiiiiiiiiiiiii ettt ettt e st e e ettt e e snte e e e aneeeeennseeesanneeeen -0.3Vto 6V
UGATE 10 SW PN oot -0.3V (-10V for 20ns) to 14V
LGATE 10 GND PN et -0.3V(-10V for 20ns) to 14V
JUNCHON TEMPEIALUIE?) .....eeiiee ettt e eee et ae e ae e te e teeaeeereeeaeforeaibeeentnaneea 150°C
=T Yo B L= g g 0T = (] = U S S SO 260°C
Sy Co] = To [T F=T 4 g oL = 11 ] U S -65°C to +150°C
ESD Susceptibility (Human Body MOGEI)..........cuviiiiiiiiei it eite e e ta e e e e s e naeaeneeees 2kV
ESD Susceptibility (Charged Device MOdEl)...........ouuiiii ittt 500V
RECOMMENDED OPERATING CONDITIONS®

Input Voltage VIN without External VCC ...t 6V to 75V
Input Voltage VIN with EXternal VCC . e e ee e e e e 5V to 100V
A =T 1 F= YA O PSP 8V to 13V
LO 101 018 1Y L] = o L= o T | PSSP 0.8V to 60V
Operating Junction TEMPEratUre  .......eeiiiiiiiiieiie e i e e e -40°C to 125°C
THERMAL PERFORMANCE?* 6n 6, 0,
QIFN3.5X4.5-20 ....oiieiee ettt e et et e e e e eaaee e 37........ 21....11.8 °C/W
Note:

1) Exceeding these ratings may damage the device. These stress ratings do not imply function operation of the device
at any other conditions beyond those indicated under RECOMMENDED OPERATING CONDITIONS.

2) The JWH6346 includes thermal protection that is intended to protect the device in overload conditions. Continuous
operation over the specified absolute maximum operating junction temperature may damage the device.

3) The device is not guaranteed to function outside of its operating conditions.

4) Measured on JESD51-7, 4-layer PCB
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JWH6346 JoulWatt

ELECTRICAL CHARACTERISTICS

Vin =48V, Ven=1.5V, Rrr=25kQ, T; = -40°C~125°C, unless otherwise stated.

‘ Symbol Condition
Ven=0V, Vvce<1V,
Shutdown Current Isp 15 20 MA
TA=25C
Standby Input Current la_sTBY Ven=1V 450 800 uA
Operating Input Current, Not
la_rRuN Ven=1.5V, Vss=0V 600 800 uA
Switching
Vce Under-voltage Lockout o
Vvee_MIN Vvcc rising 4.8 5 52 \%
Threshold
Vce Under-voltage Lockout .
] Vvce_min_HysT | Vvee falling 370 mV
Hysteresis
Vss=0V, 9V<VINST5Y,
OmA<lvccs20mA, 7.3 7.5 7.7 \%
Vveser=GND or floating
Vce Regulation Voltage Vvee
Vss=0V, 12V<VINST5V,
OmAslvcecs20mA, 9.7 10 10.3 Y
Vveser=5V
Vin=6V, Vss=0V ,
VIN to VCC dropout voltage Vvee_Lbo 0.4 0.7 Vv
Ilvee=20mA
VCC Short-circuit Current Limit Isc_Lbo Vss=0V , Vvcc=0V, 40 60 90 mA

o ) Voltage required to disable
Minimum External Bias Supply
Vvece Ext VCC regulator, 8 Vv
Voltage .
Vveser=GND or floating

External VCC Input Current,

Ivee Vss=0V , Vvcc=13V, 2.1 mA
Not Switching
Feedback Voltage Vrs FB connected to COMP 792 800 808 mV
FB Input Bias Current IFe Ves=0.8V -0.1 0.1 MA

] Vee=0V, COMP souring
COMP Output High Voltage® Vcomp_Ho 5 \Y
1mA

COMP Output Low Voltage Vcomp_Lo COMP sinking 1TmA 0.5 \%
Error Amplifier DC Gain® Gain 110 dB
Enable Shutdown to Standby

Vsbn VEeN rising 0.4 \%
Threshold
Enable Shutdown Threshold VSDN_HYs Ven falling 50 mV
Enable Standby to Operating o

VEN VEeN rising 1.164 1.2 1.236 \Y
Threshold
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JWH6346

Enable Standby to Operating .
VEN L Venfalling 1 1.09 1.18 \Y
Threshold
Enable Standby to Operating .
) VEN Hys Ven falling 115 mV
Threshold Hysteresis
Enable Standby to Operating
Ven =1.5V 9 10 11 MA
Hysteresis Current
Minimum Controllable On Vest-Vsw=7V, UGATE
Ton_ MmN 40 60 ns
TimeY 50% to 50%
Vest-Vsw=7V, UGATE
Minimum Off Time® TorF_mIN 210 320 ns
50% to 50%
Fsw=100kHz, 6V<VIN<60V | 95% 97%
Maximum Duty cycle Dwmax
Fsw=400kHz, 6V<Vin<60V 86% 89%
Ramp valley voltage (COMP at
VRAMP_MIN 500 mV
0% duty cycle)
PWM Feed-forward Gain® KrF B6V=<Vin<100V, 15 VIV
Internal Boot Strap Switch On
] Rest 9 Q
resistance
BST to SW Quiescent Current, Vss=0V, Vest=54V,
o la_ssT 45 MA
Not Switching Vsw=48V
BST to SW Under-voltage )
] VBsT_uv Vest-Vsw Falling 3.6 \Y
Detection
BST to SW Under-voltage .
] VBsT_HYS VBsT-Vsw Rising 0.4 \Y
Hysteresis
Irs Rsense Mode 90 100 110 MA
ILIM Source Current
IRDSON Roson Mode@25°C 180 200 240 MA
IrsTC Rsense Mode 0 ppm/ °C
ILIM Source Current TC>
IrRDSONTC Roson Mode 4500 ppm/ °C
ILIM comparator threshold at
ViLM_TH -8 -2 3.5 mV
ILIM®
Clamp to COMP steady
SCP Clamp Offset Voltage® VeLamp_os 0.56+ VIN/75 \%
state offset voltage
o Clamp voltage with
Minimum Clamp Voltage® VeLavp_MiN . o 0.56+Vin/150 \Y
continuous current limiting
Hiccup Mode Activation Delay” Chicc_peL 128 cycles
Hiccup Mode Off-time After
Chiccup 8192 cycles
Activation®
Zero-cross Detect Disable
Vzcp_pis 200 mV
Threshold (CCM) >
Zero-cross Detect Soft-start Vzep_ss 0 mV

JWH6346 Rev.0.81
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JWH6346 JoulWatt

Ramp>
Diode Emulation Zero-cross Measured at SW with Vsw
VDE,_TH -5 0 5 mV
Threshold rising
SS Charge Current Iss Vss=0V 8.5 10 12 MA
SS Discharge FET Resistance Rss pis Ven= 0.8V, Vss=0.1V 1 Q
SS to FB Offset Vss_r8 -15 15 mV
SS Clamp Voltage Vss_cLamp Vss - Ves, Vrs = 0V 0.1 Y
. Vest-Vsw=7V,
UGATE Drive Source Rucate_sr 15 Q
lueate=-100mA
. . Vest-Vsw=7V,
UGATE Drive Sink Rucate_sk 0.9 Q
lucate=100mMA
LGATE Drive Source RLGATE SR Vvee=7V, lLeate=-100mA 1.5 Q
LGATE Drive Sink RLGATE sk Vvee=7V, lLeare=100mA 0.9 Q
UGATE, LGATE Source luGATEH, Vest— Vsw =7V, UGATE = 3 A
Current? ILGATEH SW, LGATE = AGND '
) luGaTEL, Vest — Vsw =7 V, UGATE
UGATE, LGATE Sink Current 3.5 A
ILGATEL = BST, LGATE = VCC
Vest-Vsw=7V, LGATE off
25 ns
to UGATE on, 50% to 50%
Dead Time» To
Vast-Vsw=7V, UGATE off
25 ns
to LGATE on, 50% to 50%
o ] Vast-Vsw=7V, CLoap=1nF,
UGATE, LGATE Rising Times® TR 7 ns
20% to 80%
) ] VBst-Vsw=7V, CLoap=1nF,
UGATE, LGATE Falling Times> Tr 4 ns
80% to 20%
% of Vrer , FB falling,
Power Good Lower Threshold PGLH ) 89.7% | 92.7% | 95.7%
hysteresis=2%
% of Vrer , FB rising,
Power Good Upper Threshold PGutH ) 105% 108% 111%
hysteresis=3%
PG from low to high or low
Power Good Delay PGoLy 36 us
to high
Power Good Sink Current lr Ves=0.9V, Vpc=0.4V 4 mA
RrT=100k 80 100 120 kHz
Oscillator Frequency Fsw Rrr=25k 370 400 430 kHz
Rrr=12.5k 675 740 805 kHz
SYNCIN External Clock % of nominal frequency
Fsync -30% 50%
Frequency Range set by Rrr
Minimum SYNCIN Input Logic
) Vsync_H 3 \Y
High
Minimum SYNCIN Input Logic Vsync_iL 0.5 \%
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JWH6346 JoulWatt

Low
SYNCIN Input Resistance RsynciN Vsyncin=3V 17.5 kQ
SYNCIN Input Minimum Pulse o )
TsyNCIN_PwW Minimum high state 50 ns
Width
SYNCOUT High-state Output )
VSYNCOUT_H Isyncout=-1mA (souring) 3 \%
Voltage
SYNCOUT Low-state Output o
Vsyncout_L | Isyncout=1mA (sinking) 0.4 \Y
Voltage
Delay from UGATE Rising to Vsynein=0V, Ts=1/Fsw, Fsw
) Tsyncout Ts/2-220 ns
SYNCOUT Leading Edge set by Rrr
Delay from SYNCIN Leading
o TsynCIN 50% to 50% 250 ns
Edge to UGATE Rising
VCCSET Logic High Input
VVCCSET_H 5 \Y
Voltage
VCCSET Logic Low Input
VVCCSET L 0.7 \%
Voltage
Thermal Shutdown® Trsp T, rising 180 °C
Thermal Shutdown Hysteresis® Trsp_Hvs 20 °C
Note:
5) Guaranteed by design.
JWH6346 Rev.0.81 JoulWatt® Proprietary Information. Patent Protected. 7
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JWH6346

PIN DESCRIPTION

Pin Name

EN

Description

Enable input pin. If the EN voltage is lower than 0.4V, the device entry shutdown mode
with all function disabled; if the EN voltage is higher than 0.4V and lower than 1.2V, the
regulator is in standby mode which the VCC regulator operational, the SS pin grounded
and no switching at the UGATE/LGATE outputs; if the EN voltage is higher than 1.2V, the
device entry normal operation mode. Once the EN voltage rises above the 1.2V threshold,
a 10uA current source is enabled and flows through the external UVLO resistor divider to
generate a hysteresis. The hysteresis at EN pin can be adjusted by the resistance of the

external divider.

RT

Oscillator frequency program input. Connect a resistor from this pin to AGND to program
the internal oscillator frequency. An RT resistor is required even when using the SYNCIN

pin to synchronize to an external clock.

S§S

External soft-start pin. A minimum capacitance from SS to AGND of 2.2nF is required.

COMP

Low impedance output if the internal error amplifier. The loop compensation network
should be connected between COMP pin and FB pin.

FB

Output feedback pin. FB senses the output voltage and is regulated by the control loop to
800mV. Connect a resistive divider at FB pin.

AGND

Analog ground.

SYNCOUT

Synchronization output.

SYNCIN

Dual function pin for providing an optional clock input and for enabling diode emulation by
the low-side MOSFET. Connecting a clock signal to the SYNCIN pin synchronizes
switching to the external clock. Diode emulation by the low-side MOSFET is disabled
when the controller is synchronized to an external clock, and negative inductor current can
flow in the low-side MOSFET with light loads. A continuous logic low state at the SYNCIN
pin or leave SYNCIN pin floating enables diode emulation to prevent reverse current flow
in the inductor. Diode emulation results in DCM operation at light loads, which improves
efficiency. A logic high state at the SYNCIN pin disables diode emulation producing
forced-PWM (FCC) operation.

VCCSET

VCC regulation voltage setting pin. Pull the VCCSET pin higher than 5V, the VCC
regulation voltage is 10V; Pull the VCCSET pin to ground or leave this pin floating, the
VCC regulation voltage is 7.5V.

10

PG

Open drain output for power-good indicator. Use a10kQ to 100kQ pull-up resistor to logic

rail or other DC voltage no higher than 13V.

1

ILIM

Current limit adjust and current sense comparator input. An external resistor connected to
the ILIM pin is used to program the valley current limit and the opposite end of the resistor
can be connected to either the drain of the low-side MOSFET for RDS(on) sensing or to a

current sense resistor connected to the source of the low-side FET.

12

PGND

Power ground.

13

LGATE

Gate drive output for low side external MOSFET. Connect to the gate of the low-side

synchronous rectifier FET through a short, low inductance path.

JWH6346 Rev.0.81
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JWH6346

14 VEC Output of the internal regulator output. Bypass to GND with a minimum 1uF ceramic
capacitor.

15 EP Pin internally connected to exposed pad of the package.

16 NC No connection.

17 BST Bootstrap pin for top switch. Connect through a capacitor to SW pin.

18 UGATE Gate drive output for high side external MOSFET. Connect to the gate of the low-side
synchronous rectifier FET through a short, low inductance path.

19 SW SW is the switching node that supplies power to the output. Connect the output LC filter
from SW to the output load.

20 VIN Supply voltage for the internal VCC regulator.

Exposed-p Exposed pad of the package. The exposed pad is recommended to be soldered to a large
ad PCB and connected to GND for maximum power dissipation.

JWH6346 Rev.0.81
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JWH6346

BLOCK DIAGRAM
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TYPICAL PERFORMANCE CHARACTERISTICS

Vin=48V, Vour= 12V, L = 4.5uH, Cour = 47*54F, Rt = 24.9KQ, TA = +25°C, unless otherwise noted

Steady State Test Startup through Enable Shutdown through Enable
Vin=48V, Vour=12V Vin=48V, Vour=12V Vin=48V, Vour=12V
lour=15A lour=10A (Resistive load) lour=10A (Resistive load)

20\\ ‘:m : 2\":'?“\'“ s I

"‘I‘:“ ”M‘ »___/’\_,...r",wﬁu’-x_yﬂf\_{u_. R W Wy )1 .
i IR “‘ nen f
5V/di
Jm\\‘lm. ..................___J........._............ SW ‘

10A/di 1
t I
[ ; ! 50/div

2us/div 4ms/div 400us/div
Heavy Load Operation Light Load Operation No Load Operation
15A LOAD(PFM) 5A LOAD(PFM) 0 A LOAD(PFM)
20\\ ‘x‘l iv 20\\,‘;\ iv T 20\\"/ :i iv 1
Sont /i B N N N N N ™ o/ m'.,,f’ ’x/’ BV W Wi Vi e, M o S i e g
) B RS , | '
!‘7‘\\"" L S S __] (N N Y S . z<)\>u‘1\\‘ | __J :U\S\:m o “
R N N T N N
10A/di ) jl,f’\\’\\l'{\'\’/\\{f\\/\"\’{\.‘ ) ‘ !
" | | 5A/diy ’ 1A/div
2us/div Jus/div 2ms/div
Heavy Load Operation Light Load Operation No Load Operation
15A LOAD(FCC) 5A LOAD(FCC) 0 ALOAD(FCC)
!u\\‘m\ o~ N - - " " . 20\\‘&1\ - =~ - - zm\/‘;m -~ "
{ W s - CARVARVAR k’l MWW W ' ony ?\ e W WY
TR [_ . AT [. e i .‘ A . 1
Jm\“m ot b L) ___. __J . 20174 A __} - 20\”“(1 v -“-‘ L_. [ “ »-.... ] Lm‘ "“‘
A A A A B i AVAVANANAVE VANAN |
10A/di Y ™ 1 L }
. | | 51/ N\/\\/\/‘\/\/‘\/\w
“ 2us/div 2us/div 2us/div
Short Circuit Protection Short Circuit Recovery Load Transient
Vin=48V, Vour=12V Vin=48V, Vour=12V 1.5A LOAD — 15A LOAD —1.5A LOAD
|ouré1QA- Short |ou‘|;i Short-10A Rate=2_5A/us
20\,;Ji\ 1 20V/div
10V/di VB E‘—’—“—: 1ov/ s
50V/div o I i
| R | ‘ |
10ms/div 10ms/div N 17:2:00us/di7\:i?k : o
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JWH6346

TYPICAL PERFORMANCE CHARACTERISTICS
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JWH6346

TYPICAL PERFORMANCE CHARACTERISTICS
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Figure 8. Efficiency vs Load Current

(Vout=12V, L=4.5uH,Frequency=400kHz,FCC)
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JWH6346

FUNCTIONAL DESCRIPTION

The JWH6346 is a synchronous step-down
PWM controller. It adopts voltage mode control
and regulates input voltages from 6V to 75V
down to an output voltage as low as 0.8V. The
input voltages can be from 5V to 100V with
external VCC.

Voltage-Mode Control

The JWH6346 utilizes a voltage-mode control
with input voltage feed-forward to eliminate the
input voltage dependence of the PWM
modulator. A ramp is generated internally for the
PWM modulation and the ramp voltage
amplitude increases with input voltage
increases to maintain constant modulator gain.
The ramp is initialed at the falling edge of the
internal clock and the high-side MOSFET is
turned on at the same time. The output voltage
is measured at the FB pin through a resistive
voltage divider. The FB voltage is compared to
the internal 0.8V reference voltage and the error
is amplified by internal trans conductance error
amplifier. The output of the error amplifier
(COMP) is compared with the ramp and once
the ramp voltage rises above the COMP voltage,
the high-side MOSFET is turned-off and the
low-side MOSFET turns on until the falling edge
of the clock comes:.

PFM Mode

With SYNCIN pin pulled down to low or leave
SYNCIN pin floating, the JWH6346 operates in
PFM mode at light load. In PFM mode, switch
frequency decreases when load current drops
to boost power efficiency at light load by
reducing switch-loss, while switch frequency
increases when load current rises, minimizing
output voltage ripples.

FCC Mode

When the SYNCIN pin is tied high, the controller
keeps continuous conduction mode in light load
condition. In this mode, switch frequency is kept
almost constant over the entire load range
which is suitable for applications need tight
control of the switching frequency at a cost of
lower efficiency.

Shut-Down Mode

The JWH6346 shuts down when voltage at EN
pin is below 0.4V. The entire controller is off and
the supply current consumed by the JWH6346
drops below 15uA.

Standby Mode

When voltage at EN pin rises above 0.4V and is
below the precision enable threshold 1.2V(typ.),
the JWHG6346 enters standby mode. In the
standby mode, the internal bias supply LDO is
on and regulating but the switching action and
output voltage regulation are disabled.

Active Mode

When voltage at EN pin rises above the
precision enable threshold 1.2V(typ.) and the
VCC voltage is above its rising UVLO threshold
of 5V, the JWH6346 enters active mode. In
active mode, all the functions are enabled.

Precision Enable and Adjustable UVLO
Protection

The JWH6346 support adjustable input
under-voltage lockout (UVLO) with hysteresis
programmed by the resistor values for
application specific power-up and power-down
requirements and a resistive divider connected
between Vv and ground with the central tap
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connected to EN can be used to adjust the input
voltage UVLO. (Shown in Figurel3). Once the
EN pin voltage exceeds 1.2 V, an additional
10pA of hysteresis is added. This hysteresis
current and the hysteresis voltage of the EN
comparator itself will contribute to the hysteresis
of the input voltage. Use below equation to set
the input startup voltage and external hysteresis
for the input voltage.
(Ven — Viys)Vstr — Ven X Vstop
Ven X Ihys

VEN
VSTR - VEN
If the hysteresis voltage of the EN comparator
itself is not considered, the following formula
can be used for rough calculation:

REN_H =

Ren L = Renn X

_ VSTR - VSTOP
T s
VEN
VSTR - VEN

where |Hys=1 OUA, VEN =1 .2V, VHYS=115mV.

Ren L = Renn X

Figurel3. UVLO Setting

VCC Regulator

JWH6346 has an internal high-voltage VCC
regulator that provides the power supply for the
PWM controller and its gate driver for the
external MOSFETs. The output of the VCC
regulator can be set by the VCCSET pin. If the
VCCSET pin pulled low or floating, the output of
the VCC regulator is 7.5V in typical; and if the
VCCSET pin pulled high, the output of VCC
regulator is 10V in typical. When the input

voltage drops below the VCC set-point level, the
VCC output tracks VIN with a small voltage drop.
Connect a ceramic decoupling capacitor
between 1 uF and 5 pF from VCC to AGND for
stability.

The VCC regulator has a current limit of 40mA
(minimum) and under-voltage lockout protection.
When the VCC voltage exceeds its rising UVLO
threshold of 5 V, the output is enabled (if
EN/UVLO is above 1.2 V) and the soft-start
sequence begins. The output remains active
until the VCC voltage falls below its falling
UVLO threshold of 4.63V (typical) or if
EN/UVLO goes to a standby or shutdown state.

Internal power dissipation of the VCC regulator
can be minimized by connecting the output
voltage oran auxiliary bias supply rail (up to 13
V) to VCC using a diode Dvcc. This method can
reduce the influence of internal VCC regulator
circuit heating on the reference voltage. A diode
in series with the input prevents reverse current
flow from VCC to Vi if the input voltage falls
below the external VCC rail.

Dvce
vin —H—I— VIN vce —I—Kl— vecext
CiN Cvce
l JWH6346 :I:

Figurel4. VCC Bias Supply Connection from Vour or
Auxiliary Supply

MOSFET Gate Driver

The high-side driver is designed to drive high
current, low Rpson N-MOSFET(s). When
configured as a floating driver, 7.5V (or 10V) of
bias voltage is delivered from VCC supply. The
average drive current is also equal to the gate
charge at Vgs=7.5V (or 10V) times switching
frequency. The instantaneous drive current is
supplied by the bootstrap capacitor between
BST and SW pins. The drive capability is
represented by its internal resistance, which are
1.5Q for BST to UGATE and 0.9Q for UGATE to
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SW.

The low-side driver is designed to drive high
current, low Rpson N-MOSFET(s). The drive
capability is represented by its internal
resistance, which are 1.5Q for VCC to LGATE
and 0.9Q) for LGATE to GND. 7.5V (or 10V) bias
voltage is delivered from VCC supply. The
instantaneous drive current is supplied by an
input capacitor connected between VCC and
GND. The average drive current is equal to the
gate charge at Ves=7.5V (or 10V) times
switching frequency. This gate drive current as
well as the high-side gate drive current times
7.5V (or 10V) makes the driving power which
need to be dissipated from JWH6346 package.
An adaptive dead time is designed to present
shoot through between high-side MOSFET off
to low-side MOSFET on, and low-side MOSFET
off to high-side MOSFET on.

External Soft-start

Soft-start is designed in JWH6346 to prevent
the converter output voltage from overshooting
during startup and short-circuit recovery and the
soft-start time can be adjusted by a capacitor
connected between SS pin and AGND. When
the chip starts, a 10uA current source charges
the SS capacitor and the soft-start time can be
calculated by below Equation.

_ Css * Vrer
* ISS
where Css is the SS capacitance between SS
pin and AGND;
Vgee is the 0.8V internal reference voltage;
Iss is the 10uA current sourced from SS pin.
When an overload event or short circuit event
happens, the SS pin is internally clamped to Ves
+100mV to allow a soft-start recovery and the
clamp circuit requires a soft-start capacitance
greater than 2nF for stability.

Current Sense and Over-Current
Protection

JWH6346 has a cycle-by-cycle overcurrent
limiting control. A valley current limit is designed
in the JWH6346 so that only when output
current drops below the valley current limit can
the high-side MOSFET be turned on. To provide
both good accuracy and cost effective solution,
the JWHG6346 supports temperature
compensated MOSFET Rpson sensing mode
and shunt resistor sensing mode, and it detects
the appropriate mode at start-up and sets the
source current amplitude and  temperature
coefficient (TC) accordingly. Figurel5 portrays
the Rpson sensing made which resistor R is
tied to SW to use the Rpson Of the low-side
MOSFET as a sensing element (termed Rpson
mode) and Figurel6 shows the shunt resistor
sensing mode which Ry wm is tied to a shunt
resistor connected at the source of the low-side
MOSFET (termed Rsense mode).

L Vout
LA A4

ILIM

Cout

Figurel5. MOSFET Robson Current Sensing

L Vout

Cout
ILIM

Figurel6. Shunt Resistor Current Sensing
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The ILIM pin of the JWH6346 sources a
reference current that flows in an external
resistor, designated Rium, to program of the
current limit threshold. A current limit
comparator on the ILIM pin prevents further SW
pulses if the ILIM pin voltage goes below GND.
The ILIM current with Rpson sensing is 200 pA
at 25°C junction temperature and incorporates a
TC of +4500 ppm/°C to generally track the
Rpson temperature variation of the low-side
MOSFET. Conversely, the ILIM current is a
constant 100 pA in Rsense mode. This controls
the valley of the inductor current during a steady
state overload at the output. Depending on the
chosen mode, select the resistance of Rim
using below equation.

lour—AlL/2
Rium = 20— L2, Rpson (Roson mode)
IRDSON
lour—AlL/2
Rim = % * Rg (Rsense mode)
where

Rpson is the on-resistance of low-side MOSFET;
Al is the peak-to peak inductor ripple current;
Irpson is the ILIM pin current in Rpson mode;

Rs is the resistance of current sensing shunt
element; Irs is the ILIM pin current in Rsense
mode.

In addition to wvalley current limiting, the
JWHG6346 uses a proprietary duty-cycle limiter
circuit to reduce the PWM on-time during an
overcurrent condition. As shown in Figurel7, an
auxiliary PWM comparator along with a
modulated CLAMP voltage limits how quickly
the on-time increases in response to a large
step in the COMP voltage that typically occurs
with a voltage-mode control loop architecture.
As depicted in Figurel?7, the CLAMP voltage,
VCLAMP, is normally regulated above the
COMP voltage to provide adequate headroom
during a response to a load-on transient. If the
COMP voltage rises quickly during an
overloaded or shorted output condition, the
on-time pulse terminates thereby limiting the

on-time and peak inductor current. Moreover,
the CLAMP voltage is reduced if additional
valley current limit events occur, further
reducing the average output current.

ILIM Threshold

Inductor cu"emw‘ | |
|
o ﬂ_l_n_h_gj_#_t
————
UGATE o !

ocP . B o | )
|

Figurel7. OCP Duty Cycle Limiting Waveforms

If the overcurrent. condition exists for 128
continuous clock cycles, a hiccup event is
triggered and SS is pulled low for 8192 clock
cycles before a soft-start sequence is initiated.

Power Good

The JWH6346 has power-good (PG) output.
The PG pin is the open drain of a MOSFET.
Connect to a voltage source (such as Vour)
through a resistor (10kQ to 100kQ). When the
FB voltage exceeds 94% of the internal
reference Vger, internal comparators detect
power good state and the power good signal
becomes high with 36us deglitch delay time. If
the feedback voltage goes under 92% of the
target value, the power good signal becomes
low with 36us deglitch delay time. Similarly,
when the FB voltage exceeds 108% of the
internal reference Vgeg, the power good signal
becomes low with 36us deglitch delay time. If
the FB voltage subsequently falls below 105%
of Vrer, the power good signal becomes high.

Switching Frequency

The switching frequency can be adjusted by the
resistor connected between RT pin and AGND,
or synchronizing the JWH6346 to an external
clock signal through the SYNCIN pin.

The switching frequency range adjusted by the
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RT resistor is from 100 kHz to 1MHz, and the
RT resistance can calculate by the Equation 5.

10%

RRT (kﬂ) = —fsw(kHZ) —0.3

Clock Synchronization

The switching frequency in CCM state of
JWH6346 can be synchronized to an external
clock and the requirements for the external
clock SNYC signal are:

Clock range: 100kHz to 1MHz

Clock frequency range: -30% to +50% of the

free-running frequency set by RRT
Clock maximum voltage amplitude: 13V
Clock minimum pulse width: 50ns

Thermal Protection

When the junction temperature of the JWH6346
rises above 175°C, it is forced into thermal
shut-down which both the high-side and
low-side MOSFETSs are turned off and the SS
and PG are pulled low.

Only when the junction temperature drops
below 155°C can the device restart again.
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APPLICATION INFORMATION

Output Voltage Set

The output voltage is determined by the resistor
divider connected at the FB pin, and the voltage
ratio is:
Ry,
Ve = Vout * R, + R,
where Vgs is the feedback voltage and Vour is
the output voltage.

If R. is determined, and then Ry can be
calculated by:

74
R =R (out_1>
H=R 08

Vout

RH

FB
RL

Input Capacitor

The input capacitor is used to supply the AC
input current to the step-down converter and
maintaining the DC input voltage. The ripple
current through the input capacitor can be
calculated by:

Vout Vout
ICIN=IOUT*\/\;:1 *(1—\;:)

where lour is the load current, Voutis the output

voltage, Vin is the input voltage.

Thus the input capacitor can be calculated by

the following equation when the input ripple

voltage is determined.

_ IOUT Vout ( Vout)

= * x[1 —
fsw*AVin Vi Vi

Cin

where Cy is the input capacitance value, fsy is
the switching frequency, AVin is the input ripple
voltage.

The input capacitor can be electrolytic, tantalum

or ceramic. To minimizing the potential noise, a
small X5R or X7R ceramic capacitor, i.e. 0.1uF,
should be placed as close to the IC as possible
when using electrolytic capacitors.

A 4.7uF*2/100V  ceramic  capacitor is
recommended in typical application.

Output Capacitor

The output capacitor is required to maintain the
DC output voltage, and the capacitance value
determines the output ripple voltage. The output
voltage ripple can be calculated by:

Vout ( Vout) ( 1 )
A = 1- R P
Vour fsw * L ¥ Vin *\Rese * g5 fsw * Cour

where Cour is the output capacitance value and
Resr is the equivalent series resistance value of
the output capacitor.

The output capacitor can be low ESR
electrolytic, tantalum or ceramic, which lower
ESR capacitors get lower output ripple voltage.
The output capacitors also affect the system
stability and transient response.

Inductor

The inductor is used to supply constant current
to the output load, and the value determines the
ripple current which affect the efficiency and the
output voltage ripple. The ripple current is
typically allowed to be 30% of the maximum
switch current limit, thus the inductance value
can be calculated by:

L= Vout . (1 _ Vout)
fsw * Al Vi

where Vi, is the input voltage, Vou is the output
voltage, fsw is the switching frequency, and Al
is the peak-to-peak inductor ripple current.

ILpeak = Ipy: + 0.5 % Al
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Check the inductor datasheet to ensure that the
saturation current of the inductor is well above
the peak inductor current of a particular design.

External Bootstrap Capacitor

The bootstrap capacitor is required to supply
voltage to the top switch driver. A 0.1uF low
ESR ceramic capacitor is recommended to
connected to the BST pin and SW pin.

Power MOSFETs

The choice of power MOSFETSs has significant
impact on DC-DC regulator performance. A
MOSFET with low on state resistance, Rps(on),
reduces conduction loss, whereas low parasitic
capacitances enable faster transition times and
reduced switching loss. Normally, the lower the
Rpsn) of a MOSFET, the higher the gate
charge and output charge (Qe and Qoss
respectively),. As a result, the product Rps(on) x
Qc is commonly specified as a MOSFET
figure-of-merit. Low thermal resistance ensures
that the MOSFET power dissipation does not
result in excessive MOSFET die temperature.
The main parameters affecting power MOSFET
selection in anJWH6346 application are as
follows:

* Rosen) at Ves =7.5V;

+ Drain-source voltage rating, BVoss, typically 60
V, 80 V or 100 V, depending on maximum input
voltage;

» Gate charge parameters at Ves=7.5V;

* Output charge, Qoss, at the relevant input
voltage;

* Body diode reverse recovery charge, Qrr;

» Gate threshold voltage, Vas(th), derived from
the plateau in the Qc vs. Ves plot in the
MOSFET data sheet. With a MOSFET Miller
plateau voltage typically in the range of 3V to 5
V, the 7.5-V gate drive amplitude of the
JWH6346 provides an adequately-enhanced
MOSFET when on and a margin against Cdv/dt
shoot-through when off.

Control Loop Compensation

The poles and zeros inherent to the power
stage and compensator are - respectively
illustrated by red and blue dashed rings in the
schematic embedded in Table 1. The
compensation network typically employed with
voltage-mode control is a Type-lll circuit with
three poles and two zeros. One compensator
pole is located at the origin to realize high DC
gain. The normal compensation strategy uses
two compensator zeros to counteract the LC
double pole, one compensator pole located to
nullify the output capacitor ESR zero, with the
remaining compensator pole located at one-half
switching frequency to attenuate high frequency
noise. The resistor divider network to FB
determines the desired output voltage. Note that
the lower feedback resistor, RL, has no impact
on the control loop from an AC standpoint
because the FB node is the input to an error
amplifier and is effectively at AC ground. Hence,
the control loop is designed irrespective of
output voltage level. The proviso here is the
necessary output capacitance derating with bias
voltage and temperature.
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T Vin
Power Stage
UGATE |+
9 Q1 WL WO wesRr
. /RD 7 \b\\ ~—
4| u L Adaptive Gate swl_( AL \
Driver D= N7 FN Vout
LGATE |l o2 N 3 |
. N \==\\ | 2Rload
—I-VRAMP L \
M g
A — £
L PWM EA - WPl =
VREF _- <
OMP . Cff  Rff
PWM B e
I S A\
Comparator [ oo
T T T~
. RH—
C@oMP1 -~ RCOMP
wzi f—AM—-4 URS
\/L - /// :;
= RL}E
wP2 Ccomp2 L
POWER STAGE POLES POWER COMPENSATOR POLES COMPENSATOR
STAGE ZEROS ZEROS
Wo WESR w 1 1
PL= % .-~ Wz =5~
1 _ 1 Ryp* Cyy 217 Reomp * Ccompr
= R Rgsr * Coyr
ESR
1+ /Rload _ L Wp2 Wz2
L * Coyr R W, =T 1
1+ ESR/R Rp B 1 _
D = =
RCOMP * (CCOMPI//CCOMPZ) (RH + Rff) * Cff
1
) VL * Coyr

Tablel: Buck Regulator Poles and Zero

Note: RESR represents the ESR of the output capacitor COUT.
Rp = D * Rgsonugate + (1 = D) * Rysonrgate + Rpcr» Shown as a lumped element in the schematic,
represents the effective series damping resistance.

The small-signal open-loop response of a buck
regulator is the product of modulator, power
train and compensator transfer functions. The
stage transfer function can be
represented as a complex pole pair associated
with the output LC filter and a zero related to the
ESR of the output capacitor. The DC (and low
frequency) gain of the modulator and power
stage is VIN/VRAMP. The gain from COMP to

power

the average voltage at the input of the LC filter
is held essentially constant by the PWM line
feedforward feature of the JWH6346 (15 V/V or
23.5dB).

Complete  expressions  for  small-signal
frequency analysis are presented in Table 2.
The
normalized form. While the loop gain is of

primary importance, a regulator is not specified

transfer functions are denoted in
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directly by its loop gain but by its performance
related characteristics, namely closed-loop
output impedance and audio susceptibility.

single-order approximation by judicious choice
of compensator components. The crossover
frequency can be calculate by below Equation

TRANSFER EXPRESSION ) Vin
W, =2+*T* f, = wy * Kmid *
FUNCTION RAM
Open-| transf S 1 R
perT oop ransfer T,(S) = Veomp () Vo &) Kmid = E . _ Rcomp
function v,(S) d(s) fo Krr Ry
d(s) The loop crossover frequency is usually
* —
Veomp (5) selected between one-tenth to one-fifth of
=G (S) switching frequency. Inserting. an appropriate
* Gyp (S) crossover frequency into Equation Wc gives a
* Fyy target for the mid-band gain of the compensator,
Duty-cycle-to-output o (S 1,(S) . S Kmid. Given an initial value for RH, RH is then
transfer function vo(8) = d(s) Ivin($) selected based on the desired output voltage.
=0;i0(5) =0 Values for RCOMP, Rff, CCOMP1, CCOMP1
S and Cff. are calculated from the design
v WEsR expressions listed in Table 3, with the premise
= %
N 14 S + 5% that the compensator poles and zeros are set as
Qo * wo ~ wo? follows: Wz1 = 0.5-Wo, Wz2 = Wo, Wp1 =WESR,
Compensator  transfer Veomp (S) Wp2 = WSW/2.
function Ge(S) = vo(S) RESISTORS CAPACITORS
= Kmid R 2
— H C = —
RL = — COMP1 R
(1 + %) * (1 + i) (V(())%T B 1) o e
" S Wz2 )
S S R = Kmid =R 1
(1 + (1)p1) * (1 N\ u)pz) come " Cecompz = ———F——
wpz * Reomp
Modulator transfer o 4 dis). 1 R.. — 1 . = 1
function ¢ Veomp (5) ~ Vram T wpy * Crr T wgy * Ry

Table2: Buck Regulator Small-Signal Analysis

Note: Kmid = RCOMP1/RH is the mid-band gain
of the compensator. By expressing one of the
compensator zeros in inverted zero format, the
midband gain is denoted explicitly.

If the pole located at wp1 cancels the zero
located at WESR and the pole at wp2 is located
well above crossover, the expression for the
loop gain, Tv(s) in Table 2, can be manipulated
to yield the simplified expression given in below
Equation.

2

Vin Wo
*

Ty(S) =R Cc
v(S) comp * ff*VRAMP S

Essentially, a multi-order system is reduced to a

Table3: Compensation Component Selection
PCB Layout Note

For minimum noise problem and best operating
performance, the PCB is preferred to following
the guidelines as reference.

1. Place the input decoupling capacitor as
close to JWH6346 (VIN pin and GND pin) as
possible to eliminate noise at the input pin.
The loop area formed by input capacitor and
GND must be minimized.

2. Put the feedback trace as short as possible,
and far away from the inductor and noisy
power traces like SW node.

3. Keep the switching node SW short to
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prevent excessive capacitive coupling

4. Make Vin, Vout and ground bus connections
as wide as possible. This reduces any
voltage drops on the input or output paths of
the converter and maximizes efficiency.

[pvouT
l_J enD

couT

Figure 19. Bottom Layer

(=3

|: “IRSENCE
bt e

Figure 18. Top Layer
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REFERENCE DESIGN

Vin:  7V~75V

VOUTZ 5V

Frequency: 200kHz

220uF

|OUT: 0~20A
CIN Vin
0.1uF —_
il it ’
CssT J_ Cin
VIN o I 7x4.7TUF
o—— 4 SYNCIN " RUGATE o=
o | = -
UGATE A ¢ BSCO37NO8NS5
o——JSYNCOUT W19 .
3.5uH
' vce sw PR ) vput
Cvcc | JWH6346 RLGATE a
2.2uF T Rpe % 0Q Q2
20K Q PG LGATE ] BSCp37No8Ngs ==Cif Cout - CsuLk
VCCSET RiLim S | L8F Ta7x7ur
= 4900 = RH 3
o—1 EN LM - A 23.2k9 &
b:
w T o o= =
B ke
RRT o ss Ccomp1  Rcowmp Bs
49'9K::CSS COMP 4.=TnF ‘5"6"(2 RL <
Pk AGND  PGND 4'42KQL
J_— Ccomp2 -
= - 150pF

JWH6346 Rev.0.81
2022/07/05

JoulWatt® Proprietary Information. Patent Protected.

Unauthorized Photocopy and Duplication Prohibited.

24



JWH6346

REFERENCE DESIGN

V|NZ

VOUTZ 12V

15V~100V

Frequency: 400kHz

|OUT: 0~10A

CIN Vin
0.1uF —_
L 1L o
||| 1T
Csst J_ CIN
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n - i I 5x4.7UF
o————7 SYNCIN RUGATE Q1
0 H 5
SYNCOUT UGATE AA X BSC0L37N08NSS
4.5uH
o Vout
B VvCC SwW YN .
cvee | JWHB346 AN
2.2uF RPG ° Q2
a PG LGATE BSCP37N08Ngs == Cif Cout
20K = 1 T esooF I
+ VCCSET RiLM 2 PFT 47x5u
= 2370 = RH S
o—( EN ILIM T A'AA% 332Kk 2
Cium p =
RT B -I:“'lOpF 100Q
RrRT ) ss Ccomp1  Rcowmp o
24.9k3 33nF  pKO R& S
Css AGND  PGND COMP L 4 237K O
33nF ’ L
J__ Ccomp2 -
= - 56pF
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REFERENCE DESIGN
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Frequency: 100kHz

|OUT: 0~10A

CIN vm
0.1uF
L 1L -
I, )
CssT J_ CiN
VIN BST it I 5x4.7uF
o——4 SYNCIN " o
o———A1SYNCOUT UGATE ﬁ BSC037N08N85
5uH
o Vout
vee SW Y Y Y\
Cvce L JWH6346 SIE_)GATE J
2.2uF RPG Q2
20K Q PG LGATE BSC037N08NY5 == Cff Cout
s VCCSET Rium < | 15F Taneur
= 470Q Rsence RH S
o—] EN ILIM ame 332Ky S
CiLm . ‘>Rff =
RT -EIII 10pF 1a
RRT FB CcomP1  RCOMP q
s sS 470F - 15KO 3
100K 3 comp 1 ok R S
Css AGND  PGND i " 237K O
33nF : L
J_— Ccomp2 -
= - 470pF

JWH6346 Rev.0.81
2022/07/05

JoulWatt® Proprietary Information. Patent Protected.

Unauthorized Photocopy and Duplication Prohibited.

26



JWH6346 JoulWatt

PACKAGE OUTLINE

QFN3.5X4.5-20 UNIT: mm
bz EXPOSED DIE
5} / ATTACH PAD
PIN1.D. 2
U U U U L/ U SYMBOL MIN NOM MAX
. A 0.8 0.85 0.9
f - / Al 0 0.02 0.05
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SIDE VIEW

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPAE

Sprocket Holes

ﬁ

Procket Quadrants

Package Type Pin1 Quadrant
QFN3.5X4.5-20 1
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IMPORTANT NOTICE

® Joulwatt Technology Inc. reserves the right to make modifications, enhancements, improvements,
corrections or other changes without further notice to this document and any product described herein.

®  Any unauthorized redistribution or copy of this document for any purpose is strictly forbidden.

® Joulwatt Technology Inc. does not warrant or accept any liability whatsoever in respect of any products

purchased through unauthorized sales channel.
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