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HTN78A3

Buck Converter

6V~140Vigi\, 3ASEH R HiEFETHRE

140V Input, 3A, A-Synchronous Buck Converter

B FEATURES

» 3A converter with 250mQ HS FET
* Input voltage range: 6V~140V

* Pulse Skipping Mode (PSM) in light load

* Up to 1MHz Programmable Switching

Frequency

+ COT ripple-base voltage mode control

= Over-voltage , Over-current and Over-
Temperature Protection

- Packages: Pb-free Packages, ESOP8

B APPLICATIONS
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B DESCRIPTION

The HTN78A3 is 3A buck converters with wide input voltage,
ranging from 6V to 140V, which integrates an 250m£2 high-
side MOSFET. The HTN78A3, adopting the ripple-base
voltage mode control, supports the Pulse Skipping Modulation
(PSM) which assists the converter on achieving high efficiency
at light load. The HTN78A3 features programmable switching
frequency from 100kHz to IMHz with an external resistor. The
HTN78A3 allows power conversion from high input voltage
to low output voltage with a minimum 120ns on-time of switch
MOS. The device offers fixed 3ms soft start to prevent inrush
current during the startup. The HTN78A3 features external
loop compensation to provide the flexibility to optimize either
loop stability or loop response. The HTN78A3 provides valley
current limit, thermal shutdown protection, output over-
voltage protection, output over load protection and input
voltage under-voltage protection. The device is available in an
ESOPS package.

lout VSN

100

HTN78A3E3AM L # #uds, HA M6V
F140VI TE S N B, B2 R T 250m Q = ]
MOSFET. HTN78A3XK H 2 T4 i R A3z
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Al . HTN78A3 50V M i A HL I B H
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B ORDERING INFORMATION

Part Number PaTc;l;)aege PaA(l:)kbaﬁe Eco Plan MSL Level Marking Shippinlaggckage /
HTN78A3 Tape and Reel (R) /
HTN78A3SPER ESOPS8 SPE RoHS MSL3 YYYMAAB' 2500pcs
Part Number
HTN78A3 SPE R
L Shipping Package
» Package Abbr.
» Device Name
Production Tracking Code
YYY M AA B
|—> Random Code
» Lot Number
. Date Code — Month
© 1~9, Jan.~Sep.; J, Otc.; Q, Nov.; K, Dec
» Internal Code

" YYYMAAB is production tracking code
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B TERMINAL CONFIGURATION

o \_/
PG [T 1] 5 T 1sw
- |
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[ |
| |
eN [ -—————= =T ] wm
HTN78A3(ESOP8) Top View
B TERMINAL FUNCTION
Te;ﬁ?al Name Description
Power good.
: ra it R A VAR
) B Feedback. Connect resistor divider to output voltage.

Seite F25 s LB E S A .

Set the internal oscillator clock frequency. Connect a resistor from this pin to ground to

3 RT set switching frequency.

BB N IBIRG SN A . K AN B S AZ S B, DURE T M.
Enable pin to the regulator with internal pull-up current source. Pull low to disable the
converter. Float or connect to HIGH to enable the converter.

4 EN FAUEAAEALTI, W RO A0 D R DI g . B e
v P ) DU S e

Valley Current limit setting terminal, Iiiv = 100mV/Ritim

> M LB B B B, PR 24 SR = 100mV /Rt
Analog Ground

6 GND A5 41 B
Bootstrap. Power supply for the high-side MOSFET driver. Connect a bypass capacitor
between BST and SW.

7 BST BST /& P4 #5 # 3 MOSFETHE B 43 ) 1E MUK .. 7EBSTRISW 2 [R5 — A 55 2 %5
o

g SW Switch node, annect SW to an external power inductor.
TFRuR H, RSN ALK

EP VIN Voltage‘ input terminal, also provides thermal connection from the device to the board.

O BN, (R I  BAER A2
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B SPECIFICATIONS'
® Absolute Maximum Ratings 2

PARAMETER Symbol MIN TYP MAX UNIT
VIN supply voltage VIN -0.3 150 \Y,
BST voltage BST -0.3 155 \Y
BST voltage (10ns transient) BST -0.3 157.5 \%
Voltage between BST and SW BST to SW -0.3 6 \Y
FB voltage FB -0.3 5.5 \Y
EN voltage EN -0.3 VIN+0.3 \%
SW voltage SW -2 150 \Y,
SW voltage (10ns transient) SW -3.5 152 \Y,
Moisture Sensitivity Level (MSL) MSL3
Junction Temperature Ty -40 150 C
Storage Temperature Tste -55 150 C
ESD, Human-body model (HBM) HBM 42000 \Y
ESD, Charged-device model (CDM) CDM +500 \Y
® Recommended Operating Conditions
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
VIN supply voltage VIN 6 140 \%
BST voltage BST -0.1 145.5 \%
Voltage between BST and SW BST to SW -0.1 5.5 \Y,
FB voltage FB -0.1 45 \%
EN voltage EN -0.1 VIN \%
SW voltage SW -1.8 140 \Y,
Junction Temperature Ty -40 125 T
® Electrical Characteristics
VIN =12V, Ta = +25°C, Rim=30m Q, unless otherwise noted.
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Rising 5 \Y,
VIN UVLO threshold Vuvio -
Falling 4.6 \%
VIN UVLO hysteresis Vhys 0.4 \Y
Quiescent supply current la \s/vf/'?tc?h:nzgv' Vrs = 1.0V, no 260 UuA
Shutdown supply current Isb Ven = 0V 6 MA
High-side switch on resistance Roson)_H | VBsT - Vsw = 5.5V 250 mQ
Valley Current limit ILim_vatiey | Rilim =30mohm 3.3 A
EN threshold Ve ’;‘r?d"gltl?rf’g hysteresis, rising 1.2 v
EN source current Isource EN = GND 1 UuA
Feedback voltage VFBH 1.2 \Y
FB input current IFe Ves = 1.2V -100 100 nA
Minimum on time ton_mIN 120 ns
Soft-start time tss 3 ms
Switching frequency range fow 100 1000 kHz
RT =82KQ, VOUT =5V 150 kHz
Trigger thermal shutdown 160 T
Thermal shutdown - -
Hysteresis 25 C
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B APPLICATION INFORMATION

1 Description

The HTN78A3 is 3A buck converters with wide input
voltage, ranging from 6V to 140V, which integrates an
250mQ high-side MOSFET. The HTN78A3, adopting the
ripple-base voltage mode control, supports the Pulse
Skipping Modulation (PSM) which assists the converter on
achieving high efficiency at light load. The HTN78A3
features programmable switching frequency from 100kHz
to IMHz with an external resistor. The HIN78A3 allows
power conversion from high input voltage to low output
voltage with a minimum 120ns on-time of switch MOS.
The device offers typical 3ms soft start to prevent inrush
current during the startup. The HTN78A3 features external
loop compensation to provide the flexibility to optimize
either loop stability or loop response. The HTN78A3
provides valley current limit, thermal shutdown protection,
output over-voltage protection, output over load protection
and input voltage under-voltage protection. The device is
available in an ESOP8 package.

2 Enable (EN) Control

The HTN78A3 is enabled when the VIN pin voltage rises
above 5V and the EN pin voltage exceeds the enable
threshold. The HTN78A3 is disabled when the VIN pin
voltage falls below 4.4 V or when the EN pin voltage is low.
The EN pin has an internal pull-up current source of 1 pA
that enables operation of the HTN78A3 when the EN pin
floats.

3 Soft Start and Start Delay with Pre-biased Output Voltage

The HTN78A3 employs an internal 3ms soft start to ramp
up the FB voltage from 0V to 1.2V linearly once EN pulled
high.

4 Under-Voltage Lockout (UVLO)

Under-voltage lockout (UVLO) is implemented to protect
the chip from operating at an insufficient supply voltage.
The UVLO rising threshold is about 5V, while its falling
threshold is about 4.6V.

5 Thermal Shutdown

Thermal shutdown is implemented to prevent the chip from
operating at exceedingly high temperatures. When the
silicon die temperature is higher than its upper threshold,
the entire chip shuts down. When the temperature is lower
than its lower threshold, the chip is enabled again.

HTN78A3 J& 3A [# k2%, HA M 6V F
140V M5 N R, HE T 250mQ &= il
MOSFET. HTN78A3 ¥ 3k T 4 i i A 20 4%
Hl, CHERBRE WS (PSMD) , A BT s A
BRIl E % E . HTN78A3 Hf 100kHz
% AMHz ] gafEFF SR, MR T .
HTN78A3 fu ¥ M i N\ LT I H R A 3
REEW, FF MOS [f/S@i i 120ns.
AL 3ms HIlE e BUE SN, AR IE R shid
TR L . HTN78A3 HA FM IR ER FM
IhAg, RS AL IR B A i M B B N
HTN78A3 LB IR 1] #AWT Ry Hr
HH I AR B e AR R RN L R AR
% 8% ESOPS 3.

2 VIN 5l &2 5 V LA EH EN 5]
F R R I i P AR, HTN78A3 . 24 VIN
Sl P S 4.6 V LA B EN 5] AT HEEAR
T BIER, HTN78A3 25 . EN 5] I —4 1pA
(R P 38 R R, 24 EN SR AR, TR
18 HTN78A3 T1f.

HTN78A3 X H A 3ms # a5, —H
EN $im, FB HERSZ&M EAZE 1.2V,

KIEBUE (UVLOD ThRgmy i s i TARLE
LR LS AS R 125 1F. UVLO B THEIEZ N BV,
TEEBIEN 4.6V,

IS ORI A2 O T B 1R R A A IR
FEF AR B AR T H ERBMER, B4
O R o 2 FEAR T R BB, A K
JA
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6 COT Mode Control

The HTN78A3 step-down switching converter employs a
constant on-time (COT) control scheme. The COT control
scheme sets a fixed on time, ton, of the high-side FET using
a timing resistor (Rr). tox is adjusted as VIN changes and is
inversely proportional to the input voltage to maintain a
fixed frequency when in continuous conduction mode
(CCM). After expiration of tON, the high-side MOSFET
remains off until the feedback pin is equal or below the
reference voltage of 1.2 V. To maintain stability, the
feedback comparator requires a minimal ripple voltage that
is in-phase with the inductor current during the off time.
Furthermore, this change in feedback voltage during the off
time must be large enough to dominate any noise present at
the feedback node. The minimum recommended ripple
voltage is 20 mV. During a rapid start-up or a positive load
step, the regulator operates with minimum off times until
regulation is achieved. This feature enables extremely fast
load transient response with minimum output voltage
undershoot. When regulating the output in steady-state
operation, the off time automatically adjusts itself to
produce the SW pin duty cycle required for output voltage
regulation to maintain a fixed switching frequency. In CCM,
the switching frequency FSW is programmed by the RT
resistor. Use formula 1 to calculate the switching frequency.

2500+VOUT (V)

fsw(kHz) = RTGe)

(301D

7 Bootstrap Voltage Regulator

The HTN78A3 contains an internal linear regulator that is
powered from VIN with a nominal output of 5 V,
eliminating the need for an external capacitor to stabilize
the linear regulator. The internal VCC regulator supplies
current to internal circuit blocks. The input pin (VIN) can
be connected directly to line voltages up to 140 V.

The floating power MOSFET driver is powered by an
external bootstrap capacitor. This floating driver has its own
undervoltage lockout (UVLO) protection. The UVLO
rising threshold is 2.9V with a hysteresis of 200mV. The
bootstrap capacitor is charged and regulated to about 5V by
the dedicated internal bootstrap regulator.

HTN78A3 [ [ FF e ¥ 28 R FH 1 s i@ i
] (COT) #%#I5%. 1% F8HE il Ry
B E = MOSFET H[H 52 S I 8] ton. ton #
VRN Vin AL, SRR L, DAAEE
S TAERS (CCM) FREFIIZFE E . ton 5, il
MOSFET K- ¥ CWriREs, HE| FB & T %%
FRT 1.2V IS HEHE. N T REEEN, &
AN E G T A 1) -5 R R A [ A ) S5 /N S
HLEAE SN F FB 1 5o X AN S W 3] 0 S 15
55 LR R, DA A T, R
/NSO EESR 20 mV. BR{EER N R
T P PR R 1

FEDRIE R B BRI B 15 8% AR/
KU [AE4T, ERIERRT . JIIRERENS Ui
/N PR R PR T e S BB R A1 R A N
PR ERAE R T R N, SR (Rl 2 5 SR,
P At R T T R 0 SW S| B & L,
M PRFR [ AIIF SRR . TAEE CCM I, JF
FHFE FSW i RT g . A~ 11

HTN78A3 & — NNERLLMFa R4S, %52
JEZS T VIN e, #ioh 5V, THER T XA HL
R KA E R 2R T E . NE VCC Y
SN ER AL R . BT (VIN) AL
BEEEER IS 140V L HE.

)2 MOSFET IKzf 1 AM5R H 2% H 25 g it
. ZIWREE A SHRIESE (UVLO) £
. UVLO LJFBIME N 2.9V, i 200mV.
P A& R T Rl AN B A A T TR
2] 5V,
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8 Over Current Limit and Hiccup Mode

The inductor current is monitored during high-side
MOSFET off. The HTN78A3 implements over current
protection with cycle-by-cycle limiting inductor valley
current to avoid inductor current running away during
unexpected overload or output hard short condition. When
overload or hard short happens, the high-side MOSFET
remains off until the inductor current drops below this
foldback valley current limit, after which the next on-pulse
is initiated. This method folds back the switching frequency

to prevent overheating and limits the average output current.

The inductor current is clamped at over current limitation.
Thus, the output voltage drops below regulated voltage
with FB voltage less than internal reference voltage
continuously. An internal counter starts to count when FB
voltage is below 0.8V, for 64 cycles, the converter stops
switching. After remaining OFF for about 65mS, the device
restarts from soft starting phase. If overload or hard short
condition still exists during soft-start for 64 cycles, the

device enters into turning-off mode again. When overload
or hard short condition is removed, the device

automatically recovers to enter normal regulating operation.

The hiccup protection mode above makes the average short
circuit current to alleviate thermal issues and protect the
regulator.

9 Power Good (PGOOD)

The HTN78A3 provides a PGOOD flag pin to indicate
when the output voltage is within the regulation level. Use
the PGOOD signal for start-up sequencing of downstream
converters or for fault protection and output monitoring.
PGOOD is an open-drain output that requires a pullup
resistor to a DC supply not greater than 14 V. The typical
range of pullup resistance is 10 kQ to 100 kQ. If necessary,
use a resistor divider to decrease the voltage from a higher
voltage pullup rail. When the FB voltage exceeds 95% of
the internal reference VREF, the internal PGOOD switch
turns off and PGOOD can be pulled high by the external
pullup. If the FB voltage falls below 90% of VREF, an
internal 7-Q PGOQOD switch turns on and PGOOD is pulled
low to indicate that the output voltage is out of regulation.
The rising edge of PGOOD has a built-in deglitch delay of
5 us.

£ U MOSFET S 7 1] 5 1 Fi Js H
Jit. HTN78AZ Ji I 32 4 13 PR ] FL Rk 2 43 B FL R
RSLIRL FE LIRS, DLIRE G P RS P AL 1 3
G R DU R R AR R B BRI,
I MOSFET fR#5CWrRAS, E2 st i it b
FEYTIRAE BIRR B LT, ZJ5 380~ — 4>l
ik o RT3 A B AR T T ORI LA (i 34
B A1)~ 250 B PR PR LR S AR T
VPRI o DRIE, far A H A 2 R B R R
Rk, FB ST HNMSH L. 2 FB ik
T 0.8V If, WESTHEER IR THEL F74E 64 4
JidJE, Fetasts b Ul 18 ORFF R HPRAEL)
65mS J&, S INHUE S BCE T E S R
JA SR B B G DU ARAT A, FFRFS: 64
AT, g AR UGS AR . i el
HE AR, S PF 2 BB KR, HEN IS
#AF o EIRTT IR ORI AL 22 JL 6 PR AR AR A
IR ORI T A o

HTN78A3 #2it PGOOD #5 & 5| i, LAFE/R
ot P AT AE TR T A . ] PGOOD {5
TR U e e AR 3EAT R B HE Y BRBEAT Wb R 3
A 4 {0 . PGOOD J&—MoTieia it % —
A bR HERRIART 14V WERBEE. L
P H A SIS 10 kQ 2 100k T A @4
B, fE 3 A AR e L B R B A
i FB HLISHIE W2 VREF 1 95%H, M
#l PGOOD Jf2kkl¥r, PGOOD w1 LA i 4h
EdivkhiE. ik FB LR E VREF ) 90%
LR, WAE 7-QPGOOD F541 7, PGOOD
R, Fonftt ik A FEE . PGOOD K LT+
W EA Sus KN EIEIR .
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10 PCB Layout Guidelines

Efficient PCB layout is critical for stable operation. For best
results, refer to following figure and follow the guidelines
below.

(1) Place the input capacitor and output capacitor as close to
the device as possible.

(2) Keep the power traces very short and fairly wide,
especially for the SW node.

This can help greatly reduce voltage spikes on the SW node
and lower the EMI noise level.

(3) Run the feedback trace as far from the inductor and noisy
power traces (like the SW node) as possible.

(4) A whole VIN pad must be provided on the PCB and the
device connected to it via solder for better thermal
performance.

AR PCB Aii Xt T i€ ie T 2R HE,
BRI IRESS R, S H TEDREIELU N R .

QIR 2 VNG SR SN i v SR 29 AT = T3 i
Fe

(2) PREFAIEPULAHE L HA S TE, R
SR T SW i R

XAT BT RORFRAIC SW 5 55 E 1 LR 2R,
HBEAIK EMI K

(3) FB FELR T Az & H AN ) R 2%
(i SW 5 5D

(4) JEHB VIN KT ARG DL e B
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B PACKAGE OUTLINE
ESOP8

A .

(40.6) ,
40.02-0.05 U U |—| U
bl A e
- L) -
W) M
[ \
i
(’0‘1 | i\ )

(2

L)

g

A2

(%)}

(0.20)

L (0.22)
(& §)

i Dimension millimeters

F Min Standard Max
A 1.350 1.500 1.700
Al 0 0.050 0.100
A2 1.350 1.450 1.550
b 0.360 0.400 0.440
c 0.215 0.220 0.235
D 4.800 4.900 5.000
E 3.840 3.940 4.040
E1 5.900 6.000 6.100
e 1.278BSC
L 0.400 0.550 0.700
(©] 0° 8°
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B TAPE AND REEL INFORMATION

X P1

OO0 0 00 o @-<9<

= o] [=] [5
Reel Diameter
Dr | / | |
| | |
T T T

BO
\

EFL A0
Cavity
AO Dimension designed to accommodate the
BEsE component width; FHERE
Reel Width - : :
w1 BO Dimension designed to accommodate the
VI component length; FHEKE
[T | KO Dimension designed to accommodate the
} component thickness; FHEEE
W Overall width of the carrier tape;
R EE
P1 Pitch between successive cavity centers;
1ESRRE L) ERE
it PINT 5 (SR

Quadrant Assignments for Pin1 Orientation in Tape

OO O0O0O0O00O00O0O0

HESFL
Sprocket Holes
Q1 Q2 Qi Q2
BR#EEER
Q3 Q4 Q3 Q4 User Direction of feed
K_\ ? o
NI/
%‘ﬁ%l‘ﬁ Pocket Quadrants
ETESS EDES . i .
sepe | %x® | w08 B2 ) =e | a0 | B0 | ko | p1 | w | PN
P & SPQ =3 SR
art No. Package | Package A W1 (mm) | (mm) | (mm) [ (mm) | (mm)
Pins Dr(mm) Quadrant
Type Abbr. (mm)
HTN78A3SPER ESOP SPE 8 2500 330 12 6.55 5.55 1.95 8 12 Q1

Copyright©2024, Heroic Technology -11- 11/2024 - V0.1



/ technolagy

HTN78A3

Buck Converter

B TAPE AND REEL BOX INFORMATION

HFRA KE . - .
siES 3PS - Ll = | #E Width | B Height
Package . SPQ Length
Part No. Package Type Pins (mm) (mm)
Abbr. (mm)
HT78A3SPER ESOP SPE 8 5000 360 345 65
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IMPORTANT NOTICE
ER

Heroic Electronic Technology (Jiaxing) Co., Ltd (HT) reserves the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue any products or
services. Customers should obtain the latest relevant information before placing orders and should verify that such
information is current and complete.

RIAR TR (20 BmARAR (LUREFRHT) REX™ M. RS SRR B, BIE. &, BB HAL
A, s I SRR AR S IBUR o 2P A5 BN P B S DR P 45 21 1015 2 el Be B .

HT assumes no liability for applications assistance or customer product design. Customers are responsible for their
products and applications using HT components.

HT XS A 50 R B4 0 BRI B 8 DA B 2 P 7 ik R AR R AN AR BT AR DA E

HT products are not authorized for use in safety-critical applications (such as life support devices or systems) where a
failure of the HT product would reasonably be expected to affect the safety or effectiveness of that devices or systems.

HT 7 i AR SRR T8 U0 AR i 4 & 5 e e MR s (R R F v

The information included herein is believed to be accurate and reliable. However, HT assumes no responsibility for its
use; nor for any infringement of patents or other rights of third parties which may result from its use.

AT IR R AR B RE RN T SRR, (HHTIEAR H A DT, AT RE & FIAT S =05 BURI IR & 9151

Following are URLs and contacts where you can obtain information or supports on any HT products and application
solutions:

TN AT BAIB AR B B4 F KA SR AN I R T 5

REHEFREE (FX BBARAA

Heroic Electronic Technology (Jiaxing) Co., Ltd.

Huhik: WY AR 5% 4T RE X K #9065 BLAICBDIE X 215112

Add: 11th floor, Building 21, No. 906, Yatai Road, Jiaxing, Zhejiang Province
Sales: 0573-82586608, sales@heroic.com.cn

Support: 0573-82586151, support@heroic.com.cn

Website: www.heroic.com.cn; wap.heroic.com.cn

Wechat MP: HEROIC_JX

W KN R RIE B UG ARS, B REUR T S AR 2R
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