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HT7712

Buck Converter

4.5V~18VHIN, 25ARIPSFEEI MR

18V Input, 2.5A, Synchronous Buck Converter

B FEATURES

+ 2.5A converter with 100mQ and 60mQ FETs

+ Fast transient response with minimum external
components

* Input voltage range: 4.5V~18V

+ Output voltage range: 0.6 V~9V

- Pulse skip mode to keep high efficiency in light
load

- 850kHz switching frequency

= Shutdown current: <=2 pA (typical)

- Soft start and start delay with pre-biased output
voltage

- Cycle-by-cycle over current limit

= Hiccup-mode over current protection

- Non-latching Undervoltage protection and
Thermal Shutdown protection

- Enable pin

- Packages: Pb-free Packages, SOT563 and
SOT23-6

B APPLICATIONS

= 12V power rail applications

TV - Embedded systems
- Networking home terminal

- E-Meter - Set top box

* Surveillance - DSL Modem
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B DESCRIPTION

The HT7712 is a 2.5A, step-down, buck converter with HT7712 &%k 2.5A [&/EfE#5E, HAR/D
minimum external components and low shutdown current. I AINED TCALE R S 1T FRL I

The device delivers a fast transient response with both low (3 s g | 2 stk i s i 7 fr e 05, o0 L P 0 B2

ESR _(polymer) and ultra-low ESR_ (geramic) output TR ESR (R4 sl ESR (M),
capacitors, and no external compensation is needed.

S o AN EBAME o
The device operates in Pulse Skip Mode when in light load | ‘ . N o
with high efidlency. P J AL AE BN AR T, 7
The HT7712 is available in SOT563 and SOT23-6 A
packages. HT7712 %/ SOT563 #il SOT23-6 Hf%:,
B TYPICAL APPLICATION
VIN Cast
@T[ VIN BT [— | L vout
“T U= b ™ %1—@
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Tout(A)
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B ORDERING INFORMATION

Part Number Package Type

Marking

Operating Temperature

Shipping Package / MOQ

Range
HT771219STNR SOT23-6 (STN) 219YWW -40°C~125C Tape and reel / 3000pcs
HT771229STNR SOT563 (STN) 229YWW -40°C~125C Tape and reel / 3000pcs

Part Number

HT771219 STN R

v

Model

Marking

N
o
1<
s
=

v

v

v

L Shipping Package

Package Type

Date Code - Week

Date Code — Year

2020, A; 2021, B; 2022, C; ...

Model

v
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B TERMINAL CONFIGURATION

o o
s v ]
GND [ ]| VIN sw EN
FB <] en GND [= ] BST
HT771219 (SOT23-6) Top View HT771229(SOT563) Top View
B TERMINAL FUNCTION
Terminal No. Name Description
HT771219 HT771229 P
Bootstrap. Power supply for the high-side MOSFET driver. Connect a bypass capacitor
1 4 BST between BST and SW.
BST /& A i 1 i MOSFE T Bk & 2 ) 1E F i . 7EBSTHISW. Z [AIEHE — NS5 I LA 3s .
Ground. GND should be placed as close to the output capacitor as possible to avoid the
2 3 GND high-current switch paths.
Hi. GNDRUR W] ReSElTiith i gy, DUk g i F S AE
3 6 B Feedback. Connect resistor divider to output voltage.
S te HE5y R HBE 3 e R
Enable input. Pull EN below the specified threshold to shut down the device. Pull EN
above the specified threshold to enable the device. Don’t leave EN floating. EN can be
4 5 EN connected to VIN. The input undervoltage lockout can be adjusted by EN resistor divider.
fERE . BENT R BRI LT AR . BHENT EBRME L LS. ENBIAREESS, Al
DEEFIVING . ENBIE EHIBHBIVIN, AT A RE R S
Input supply. VIN supplies power to all of the internal control circuitries. A decoupling
5 1 VIN capacitor to ground must be placed close to VIN to minimize switching spikes.
HINEIE. VINYFT s e e o Bedth it la 28 A U B AEVINBRE, LAY
TR RRIE.
Switch node.
6 2 SW TEE
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B SPECIFICATIONS'

® Absolute Maximum Ratings 2

PARAMETER Symbol MIN TYP MAX UNIT

VIN supply voltage VIN -0.3 19 \%
BST voltage BST -0.3 24.5 \%
BST voltage (10ns transient) BST -0.3 26.5 \%
Voltage between BST and SW BST to SW -0.3 5.5 \%
FB voltage FB -0.3 5.5 \%
EN voltage EN -0.3 VIN+0.3 \%
SW voltage SW -2 19 \%
SW voltage (10ns transient) SW -3.5 21 \%
Moisture Sensitivity Level (MSL) MSL3
Junction Temperature Ty -40 150 C
Storage Temperature Tstc -55 150 T
ESD, Human-body model (HBM) HBM +2000 Vv
ESD, Charged-device model (CDM) CDM +500 \Y

® Recommended Operating Conditions

PARAMETER Symbol CONDITION MIN TYP MAX UNIT

VIN supply voltage VIN 4.5 18 \Y,
BST voltage BST -0.1 22 \Y
Voltage between BST and SW BST to SW -0.1 5 \%
FB voltage FB -0.1 4.5 \Y,
EN voltage EN -0.1 VIN \Y,
SW voltage SW -1.8 18 \%
Junction Temperature Ty -40 125 C

® Electrical Characteristics

VIN = 12V, Ta = +25°C, unless otherwise noted.

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Rising 4.0 \Y,
VIN UVLO threshold Vuvio -
Falling 3.6 \%

VIN UVLO hysteresis Vhys 0.3 \Y
Quiescent supply current lo ;/VE\/thhian(_;)V’ Vra =10V, no 220 uA
Shutdown supply current Isp Ven = OV 0.66 HA
High-side switch on resistance Roson)_H | VesT - Vsw = 5.5V 100 mQ
Low-side switch on resistance Rbs(on)_L 60 mQ
Current limit (low-side switch) ILim 3.0 A
Zero cross current detection Izc 0 A
EN up threshold VENH 1.3 \%
EN low threshold VENL 1.17 \%
EN threshold hysteresis VENHY 130 mV
Ig’t\lelgnal resistor between EN to Ren Ven=12 V 1500 KQ
Feedback voltage VEBH 600 mV
FB input current Ir8 Ves = 0.6V -100 100 nA
Minimum on time ton_mIN 80 ns
Minimum off time torF_mIN 165 ns
Soft-start time tss 1.5 ms

! Depending on parts and PCB layout, characteristics may be changed.

2 Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings only,
and functional operation of the device at these or any other conditions beyond those indicated under recommended operating conditions
is not implied. Exposure to absolute maximum-rated conditions for extended periods may affect device reliability.

5
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Switching frequency fow Vin= 12V, Vour = 3.3V, CCM 850 kHz
mode

Output UVP falling threshold Vuve Hiccup detect 65%

UVP propagation delay tePD 0.6 ms

Hiccup time before restart tHcP_RE 26 ms
Trigger thermal shutdown 150 C

Thermal shutdown 99 - .
Hysteresis 25 C
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B TYPICAL OPERATING CHARACTERISTICS

Vin Vs Iy Vinvs iy
5. 00 300. 00
__;ﬁlz 0 10 no switching
400 250. 00
= = 200.00 -
E 30 )
z z
= < 150,00
2. 00
100. 00
1.00 — — 50. 00
0. 00 0. 00
4 6 & 10 12 14 1 18 20 4 6 8§ 10 12 14 1 18 20
(V) (V)
Vin Vs Vour lour Vs Vour
3.33 3.32
VIN= 23V
—VIN =12V
VIN = 18V
g 3% g 331
g = ~
= = ~L
\\
331 3.3 =
I —--.‘__}
lo=0A i
lo=1A
lo=2A M, j
3.3 3.29
4 6 8 10 12 14 1 18 20 0 0.5 1 L5 2 2.5
(V) Iovr(A)
lout VSN lout VST
100. 00 100. 00
T Ay L — —
80.00 LT L : 50.00 = — >
—1 Pl e N
g
S 60.00 3 e
2 ) S 60.00
= =
40.00 40.00
—VIN =12V, VOUT| = 5V — - VINF , vOUT =9
20.00 VTNl VouT=3, 3 20.00 —VIN=18V, VOUT=3.3V
—VIN = 12V, VOUT = 1 —V|IN = ¥, VOUT = 1 %V
0. 00 0. 00
0.01 01 1 10 0.01 0.1 1 10
Tout(A) Tout(A)
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lout VSN
100. 00
80.00 —
S 60.00
=
40.00
—V]IN=9V, VOUT=5V|
20.00 -
VIN 4 9V, VOUT = 3.3V
VIN 4 9V, VOUT £ 1.8V
0. 00
0.01 01 1 10

Iout(A)
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B APPLICATION INFORMATION

1 Description

The HT7712 is a 2.5A, step-down, buck converter with
minimum external components and low shutdown current.

The device employs an adaptive on-time PWM controller with
internal compensation to realize pseudo-fixed frequency and
minimum external components requirement.

The device delivers a fast transient response with both low
ESR (polymer) and ultra-low ESR (ceramic) output capacitors,
and no external compensation is needed.

The device operates in Pulse Skip Mode when in light load
with high efficiency.

The HT7712 is available in SOT563 and SOT23-6 packages.

2 Enable (EN) Control

The HT7712 has a dedicated enable control pin (EN) with
positive logic. Its falling threshold is 1.17V, and its rising
threshold is 1.3V.

When EN is below the threshold, the device is in shutdown
mode where the switching regulator turns off.

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

The HT7712 employs an internal 1.5ms soft start to ramp up
the FB voltage from 0V to 0.6V linearly once EN pulled high.

If the output voltage is prebiased when EN is pulled high, the
device start switching and ramping up only after internal
reference voltage is larger than Veg.

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 4V, while its falling threshold
is about 3.6 V.

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.

HT7712 & —ik 2.5A [&EEHes, B A &
/D B AR O A RIS 5 T FRL AR

HT7712 SR a5 N S AME ) B 3E 8 5
(B PWM i, AT sesi Oy [l e S5 A i /N o
HAFEK,

Z e F B DU R A U B RE £, B H R
XM ESR CREA&Y) Bk ESR (M),
o AN AME

Zoas AR RN LUK R ER A 0 TAE , T8 2

ELE

HT7712 X H SOT563 #I SOT23-6 #f

o

#

HT77712xx 1) EN B a2, )
Pt g R FERIME N 117V, ETHBIME N 1.3V,
2 ENAET 1.7V, 234FEHE N KGR .

HT7712 RN E 1.5ms K ash, —H
EN #ifs, FB HEMSZ&ME A2 0.6V,

AR EN B = i i AT TR B B, AR
AR N AR FL S KT Ve JE DTG AT

KIEBE (UVLO) ThRE T feats i TAELE
LY L AN R 1R %A - UVLO B FHBIME 29 4.0V,
NEERI{E Y 3.6V

AW IR RN T B RS R R IR
FEN AR AR T LR BER, B4
O R o 2 FEAR T T IR BRI, R B
A
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6 Continuous Conduction Mode and Pulse Skip Mode

Once the load current is higher than half of peak-to-peak
inductor current, the frequency is pesud fixed, the output
voltage ripple is pretty low, and a maximum larger than 2.5A
output current can be delivered.

The inductor current is reduced when the output current is
decreased. Once the ripple of inductor current touches zero
level, the low side switch is turned off. As the load current
further decreases, the device works in a discontinuous
conduction mode. The on-time is kept almose the same as in
the continuous conduction mode, so that t it takes longer time
to discharge the output capacitor with smaller load current to
the level of the reference voltage. This makes the switching
frequency lower, proportional to the load current, and keeps
the light load efficiency high. As the load current continues to
decrease, the switching frequency also decreases. The on-time
starts to decrease once the switching frequency is lower than
250 kHz. The on-time can be about 22% reduced at most for
extremely light load condition. This function is employed to
achieve smaller ripple at extremely light load condition.

The transition point to the light load operation current lout 1L
can be calculated as follows.

1 Vin = Vour) X Vour

B LA T A PR BRI — 2, T
I E, A RSO, B K Y R AT
25A UL k.

2k LRI, BN . — L
RSOl Je P, AR RE R M. B
DR — 220N, A F AN S Gl i
A FIEM A 5L FEB AR, R 5
AR/ R R A TR S B P KT
B AN 8] o IXAEAR PR, 50
TURRIEEL, FFORFR SRR . BEE BRI
AT, TFoRAIAR 2 AR — BIFSRHR
kT 250 kHz, TIEMEAL2ITAE FRE. X1k
AT, IR HRZ Y] 22%. M
ThBe TR S B  SEELEU NI B0 -

B TAEHEI lour w LY ST PATHE
wr.

ey

I =
OUTLL ™ 2 X L X fiyy

7 Over Current and Short Protection

The device is protected from over current by cycle-by-cycle
current limiton the valley of the inductor current. The low side
power MOSFET current is accurately sensed via a current
sense MOSFET. When the LS MOSFET turns on and the
inductor current ramps down, the LS MOSFET will not turn
off until the inductor current ramps below Ipmm. And after a
dead time, the high side MOSFET turns on.

Once the Vg drops below threshold (typ. 0.38V) after a delay
time (typ. 2.5ms), hiccup-mode over current protection is
activated and the regulator is shutdown for a restart time (typ.
26ms). After the restart time, the device will try to restart. If
the over current condition still exist, the operation will repeat
until the over current condition is removed.

8 Setting the Output Voltage

The output voltage (Vour) is set by a resistor divider (RrgT and
Rree). The resistors can be determined with following
Equation.

Where Vg is 0.6V, typically.

VOUT = Vi X (1 +

VI N

12 g A 0 0] HE R 9 A M 1) O B R U
PR 1) e 77 1308 o AR )y 4 () H AL AR S B H 0 o
24 LS MOSFET ‘T8 H f B H i #H T B,
B R R ERAET lum » LS MOSFET %
M, FEXEEEL S, @i MOSFET S,

— H Veg fEZEIR ] (S 2.5ms) J5 [%
IR (7Y 0.38V) LLN, FTmEdaid ffa
PO S, SOk, HES R (SRR
26ms) ItJE, #PEERE)E. W&
TREAE, ZEEKRER, HIENERRER &

WHHEE (VOUT) HHPH &4 (Rest
M Ree) WE. HHATLGEE LI AXE-

/ﬂ\: EP ’ VFB :0.6Vo

RFBT) )

FBB
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9 Selecting the Inductor and Qutput Capacitor

Use the inductor and output capacitor as following. A RS AT R 3R .
OUTPUT L (uH)
VOLTAGE (V) Rrst (kQ) Rrea(kQ) i 5 VIAX Court(uF)
1 6.65 10 1 1.2 4.7 20~68
1.05 7.5 10 1 1.2 4.7 20~68
1.2 10 10 1.2 1.5 4.7 20~68
1.5 15 10 1.5 1.5 4.7 20~68
1.8 20 10 1.5 2.2 4.7 20~68
2.5 31.6 10 2.2 2.2 4.7 20~68
3.3 453 10 2.2 3.3 4.7 20~68
5 73.2 10 3.3 4.7 4.7 20~68
6.5 97.6 10 3.3 4.7 4.7 20~68
The inductor peak-to-peak ripple current I pp, peak current HEBGUE I ME FL L I pp UEMEHRIAL I pk A1

IL px and RMS current I, rums are calculated as following. The RMS i I rus THEINTR o FRUBEH 2 AT LA

inductor saturation current rating must be greater than the I, px WK T 1L px, RMS B3 L7 4015 A 4k T
and the RMS or heating current rating must be greater than -

IL_RMS
IL rwms.
I — VOUT x ‘/INMAX - VOUT (3)
Lep ViNyax L X fow
I,
Iy, = lour + % 4)
2, 1 2
Liws = [Hour™ + IR X1y, (5)
The output capacitor should be used with ceramic or other low fan H HL 2F N P R B A ESR

ESR capacitors. The required RMS current rating for the A, B AR ERIAE RMS HRWTT .
output capacitor is as follow.

_ (VINMAX - VOUT) X Vour

1 = (6)
CRMS ™ VT2 X Fgyy X Vi, 1 X L
10 Bootstrap Capacitor Selection
A 0.1uF ceramic capacitor with 10V or higher voltage rating 7t BST #1 SW Z [a]#—~ 0.1uF P& 2
should be connected between BST and SW. #%, BUEHE 10V BUE .
11 Input Capacitor (Cin)
An input decoupling capacitor (0.1uF) and a bulk capacitor NI — MBI R (0.1uF) A—A>
(Over 10uF) is needed. The voltage rating should be higher fERE L GEBIT 10uF) . &5 W B N 5 T 5 K

than the maximum input voltage. AHLE.

-11-
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12 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.

0.1uF
U1
EST ; BST SwW
==>—1 GND  VIN
B Z 1FB EN
RP [ |RD
C2 HT771219
VO
PVIN
|:]R2
J4
1 |
2 EN

|:]R3

ol

EN

AR PCB Al Ja Xt T A8 Eie T B R EE
TP EAEL R, HSH TERDFEELI TR .
QIR ANC SR N SR YA e R T e

Jo

(2) PREF AL AR H R HA 58, R
SR T SW i A

XA BT ROR BRI SW 5 45 B [F LR 2R 0,

FEFEAR EMI B 5 /K,

(3) FB LR AT RE izt 25 B A Th 5 7 2%
(i SW 5 £

C7C8C9C10

L1
—

J2

VO

chcﬁﬁm

Figure 1 HT771219 schematic

PVIN
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Figure 2 HT771219 Top Layer
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Figure 3 HT771219 Bottom Layer
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=3 11
llc1
0.1uF
— Ul
C7C8CI9C10
22 L1 S lono st |—2 BST
VO ~ BW_2 5 EN
2 VIN FB B ﬁ |
.
—  PVIN HT771229 &RD mRP TC2
J1 I
. VO
PVIN
R2
J4 f:]
_ 1|
2 EN
R3

Figure 4 HT771229 schematic
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VY

r\r\r\n’
|

Figure 5 HT771229 Top Layer
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Figure 6 HT771229 Bottom Layer
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B PACKAGE OUTLINE

SOT23-6
C
c1 L |1
= ==
A
Al
COMMON DIMENSIOHS
| 1| Fq ’:L CONITE MEASUFE=MILLIMETER
- RN SYMROL | MIN NoM MAX
A 282 292 3.02
Bi| B Dy al 0.90 0.95 1.0
2 a2 0.30 035 | 040
_ ) g
I::‘ | 0.127 0.008 B 1.52 1.62 1.72
a2 Bl 280 290 3.0
D2 Lo B2 0.12 0.128 | 0.135
| 1.05 110 1.15
1ot de __-_-_'_‘y' = - -
= e D c1 | 003 | 008 | 0.13
D1 c2 0.6 0.65 0.7
0.03
ijl tl - 8] 0.08 0.13
\m D1 04 | 045 | 05
c2
i D2 0.25TYP
— D3 06 | 065 | 07

18-
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SOT563
_TL___ El / Ll
| Y "‘"‘"~1~} [ ﬂ]
C E }
| € 1— = J
C =N : = =
[_..—-""'"
. E _ A
Svmbol Dimensions In Millimeters Dimensions In Inches
y Min. Max. Min. Max.
A 0.525 0.600 0.021 0.024
A 0.000 0.050 0.000 0.002
] 0.450 0.550 0018 0.022
C 0.080 0.180 0.004 0.007
D 1.500 1.700 0.059 0.067
b 0.170 0270 0.007 0.011
E1 1.100 1.300 0.043 0.051
E 1.500 1.700 0.059 0.067
L 0.100 0.300 0.004 0012
L1 0.200 0.400 0.008 0.016
0 9° REF. 9° REF.
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