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U SHENZHENSHI YONGFUKANG TECHNOLOGY CO.,LTD HT7886
Buck Converter

100VEIN, 3.5AFXPRAEMEET IS

100V Input, 3.5A, Switching Current Limit Step-Down Converter

B FEATURES

* Wide 5V to 100V Input Range . =R NEEJE: 5V — 100V

- 3.5A Typical Peak Switching Current Limit ) 7
- Hysteretic Control: No Compensation I{EFFRFRIRIRBEES3.5A

- Up to 1MHz Switching Frequency * e | MHZFRSRGRER
* PWM Dimming Control Input for LED Application - STEEPWMIES SRS, RFBFLED

= Short-Circuit Protection (SCP) with Integrated . o :
High-Side MOSFET SRPRLRMOSFETAIRRE IR

- 200pA Quiescent Current - 200pABHSER
* Thermal Shutdown - (S
- Packages: Pb-free Packages, ESOP8 . ESOP8it
B APPLICATIONS
- Scooters, E-Bike Control Power Supplies - BEBENEISHIEE R - KPHBER G
* Solar Energy Systems EERGER - TVEEE
+ Automotive System Power - KIDZLEDIRENES
* Industrial Power Supplies
* High-Power LED Drivers
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B DESCRIPTION

The HT7886 is a high-voltage, step-down, switching
regulator that delivers up to 2A of continuous current to the
load. It integrates a high-side, high-voltage, power
MOSFET with a current limit of 3.5A, typically. The wide 5V
to 100V input range accommodates a variety of step-down
applications, making it ideal for automotive, industry, and
lighting applications. Hysteretic voltage-mode control is
employed for very fast response.

The switching frequency can be up to 1MHz, allowing for
small component size. Thermal shutdown and short-circuit
protection (SCP) provide reliable and fault-tolerant
operations. A 200uA quiescent current allows the HT7886
to be used in battery-powered applications.

The HT7886 is available in ESOP8 package.

B TYPICAL APPLICATION
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B ORDERING INFORMATION

Ordering Number Package Type Marking Operatlng;negn;perature Shipping Package / MOQ
HT7886sp . .
HT7886SPER ESOPS8 (SPE) YYYMAAB! -40C~125C Tape and Reel / 2500pcs
HT7886spe A0°C 195"
HT7886SPET ESOPS8 (SPE) YYYMAAB 40°C~125C Tube / 100pcs

Ordering Number

Production Tracking Code

HT7886 SPE R
N

YYy M AA B
L

Shipping Package

Package Type

Part Number

Random Code

Lot Number

Date Code - Month

Internal Code

11/2021 - V0.5
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B TERMINAL CONFIGURATION

B TERMINAL FUNCTION

FB 1T 1] 8 11 GND
ne CI—2 [ 7 T en

vin CIT——=] [ 11 pm

(9]
z5
]

psT (] —————— 4 ETosw

Terminal
No.

Name

Description

1

FB

Feedback. FB is the input to the voltage hysteretic comparators. The average FB voltage
is maintained at 200mV by loop regulation.
S te FBAHLRIR A LA A o B FRER MY,  FBREHORIFAET35200mV

NC

No connection. JGiZEHE

VIN

Input supply. VIN supplies power to all of the internal control circuitries, both BST
regulators, and the high-side switch. A decoupling capacitor to ground must be placed
close to VIN to minimize switching spikes.

BN VINT Pl s, BSTUHAT 80 s B L el o e8I R 5 0
JUBCEAEVINGE, BB/ IT G RIE

BST

Bootstrap. BST is the positive power supply for the internal, floating, high-side MOSFET
driver. Connect a bypass capacitor between BST and SW.

BST /& Nl i i MOSFET XA #5 1 IE HL R . TEBSTHISW.Z [l H:— N5 B i 2%

Ao

SW

Switch node. SW is the output from the high-side switch. A low forward voltage
Schottky rectifier to ground is required. The rectifier must be placed close to SW to
reduce switching spikes.

e R R o T AR 1 PR D I R R AR B . R L USRI SW,
LT

DIM

PWM dimming input. DIM is useful in LED driver applications. Pull DIM below the
specified threshold for dimming off. Pull DIM above the specified threshold for dimming
on. If the dimming function is not needed, such as in common buck applications, then
connect DIM and EN together.

PWMIEEHIA - DIMELEDIRA#H (. DIMILT B, JT°K; DIMiE T
B, JT5e. WORATEDEIhRE, e @R N T, N DIMAENIERZAE
#EG

EN

Enable input. Pull EN below the specified threshold to shut down the HT7886. Pull EN
above the specified threshold or leave EN floating to enable the HT7886.

e, FENTL BB LT LS HIHT7886. HENS £ B{E L LekEss, s
HT7886.

GND

Ground. GND should be placed as close to the output capacitor as possible to avoid the
high-current switch paths. Connect the exposed pad to GND plane for optimal thermal
performance.

Hi. GNDFLR Al fesEini th i, DA m R IT SRR AT . F 2 R SR A I 2 3
GND-F-Ifil, PAIRAGEtE#ERE

EP

GND

Provides both electrical and thermal connection from the device to the board. A matching
ground pad must be provided on the PCB and the device connected to it via solder. For
proper electrical operation, this ground pad must be connected to the system ground. B%
Jeit, XOEEFHPAD
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B SPECIFICATIONS'

® Absolute Maximum Ratings 2

PARAMETER Symbol MIN TYP MAX UNIT
Power supply voltage for VIN VIN -0.3 100 \
Switch voltage SW v %gé510ns) VIN+0.5 v
BST to SW -0.3 6 \%
All other pins -0.3 6 \
Moisture Sensitivity Level (MSL) MSL3
Ambient Operating Temperature Ta -40 125 °C
Junction Temperature Ty -40 150 °C
Storage Temperature Tste -65 150 °C

® Recommended Operating Conditions

PARAMETER Symbol CONDITION MIN TYP MAX UNIT
Power supply voltage for VIN VIN 5 95 \%
EN and DIM voltages 0 5 \%
Maximum switching frequency fsw 1M Hz
Ambient Operating Temperature Ta -40 125 °C

® Electrical Characteristics

VIN = 60V, TA = +25°C, unless otherwise noted. Specifications over temperature are guaranteed by design and
characterization.
PARAMETER Symbol CONDITION MIN TYP MAX UNIT
VIN UVLO threshold Vuvio 47 \%
VIN UVLO hysteresis Vhys 0.3 \%
Shutdown supply current Isp Ven = OV 5 HA
. No load, DIM = low, Vrs =
Quiescent supply current lo 250mV 200 HA
Upper switch on resistance Rbs(on) VasT - Vsw = 5V 380 mQ
Upper switch leakage current Iswik Ven = 0V, Vsw = 0V 0.01 HA
Current limit Ik VFB = 150mV, VOUT short 3.8 A
EN up threshold VENH 1.8 Y,
EN threshold hysteresis VENHY 400 mV
EN input current len VEN = 5V 0.01 HA
EN pull-up current lens EN =2V 2 HA
DIM up threshold VoimH 11 \%
DIM threshold hysteresis VpiMHY 200 mV
DIM input current Ioim VDIM =5V or OV 0.01 HA
. VFB = 0V, VDIM rising edge to
DIM on propagation delay ToiMpH Vaw rising edge 50 ns
. VFB = 0V, VDIM falling edge to
DIM off propagation delay ToimbL Vsw falling edge 50 ns
Feedback voltage threshold 4.5V < VIN <95V, Vs rising
high VFeH | from OV until Vsw < 30V 215 mv
Feedback voltage threshold 4.5V < VIN <95V, VFB falling
low VFEL | from 0.25V until VSW > 30V 185 mv
FB input current I3} VFB =5V or OV -300 300 nA
FB propagation delay to output Falling edge of VFB from 0.25V
high TreoH | 19 0V to Vsw rising edge 100 ns
FB propagation delay to output Rising edge of VFB from 0V to
low TreoL | 025V to Vsw falling edge 100 ns
Thermal shutdown Trigger thermal shutdown 150 °C

! 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.
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B TYPICAL OPERATING CHARACTERISTICS

Quiesent Current vs Input Voltage Shutdown Current vs Input Voltage
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Buck Converter

B APPLICATION INFORMATION
1 Hysteresis Current Control with Adaptive Threshold Adjustment

The HT7886A operates in a hysteretic voltage-control mode HT7886A 7t fa FL R4 il =0~ TAE, B
to regulate the output voltage. FB is connected to the tap of a P B R . FB ZER2 3 H B4 221 Hh e,
resistor divider, which determines the output voltage. The BP0 R S e B BB . 24 FB HJE (Vi)

power MOSFET is turned on when the FB voltage (Vig) drops %7 185mV I, Th#% MOSFET JFi, JEfpss

to 185mV and remains on until Vg rises to 215mV. The power AT ‘,
MOSFET is turned off when Vg rises to 215mV and remains IPIRARES, B2 Vre JH 5 215mV. =4 Ves I

off until Vg falls to 185mV. The two thresholds of 215mV and ‘@J 215mV I, Zi# MOSFET 5XH], JH{RFFR

185mV are adjusted adaptively to compensate for all the WIIRZ, E#| Ves TF#E] 185mV. 215mV A

circuit delays, so the output voltage is regulated with an 185mV PN BIHE & S 5, DLAME BTG

average 200mV value at FB. LR, EHE B EAE FB 4 LISy 200mV
(IERLRER

2 Enable (EN) Control

The HT7886A has a dedicated enable control pin (EN) with HT7886 (1) EN iy FESFA 2L, F2ilE FrAd
positive logic. Its falling threshold is 1.3V, and its rising Be, HTMERMEN 1.3V, EFABRIEN1.7V.

threshold is 1.7V.

When floatine. EN is palled bout 2.5V by an | | BN, EN $ENES 2uA RIS m R4
en toating, BN IS pu eC up 1o about 2V by an TN’ g sy, i fiihk. FEERL 20A M A

2uA current source, so it is enabled. A current over 2pA is EN Tk

needed to pull EN down. Lo

3 Floating Driver and Bootstrap Charging

The floating power MOSFET driver is powered by an external Li# MOSFET 3Rzl Hi /M H 25 Hu s de ik v

bootstrap capacitor. This floating driver has its own under- B REHFEEEH SR ESE (UVLO) 153,
voltage lockout (UVLO) protection. The UVLO rising UVLO FTFiME Ny
threshold is 2.2V with a hysteresis of 150mV.

o

PP 28 1 1 s B T A 1 2 R T LT

The bootstrap capacitor is charged and regulated to about 5V WL BV,

by the dedicated internal bootstrap regulator.
4 Under-Voltage Lockout (UVLO)

Under-voltage lockout (UVLO) is implemented to protect the RIEE (UVLO) yRE Al k585 i TAETE

chip from operating at an insufficient supply voltage. The FH YR H R AN 2 IR 254 . UVLO _EFHRIME 21 v 4.7V,
UVLO rising threshold is about 4V, while its falling threshold FIEHME N 4.4V

is a consistent 3.6V.
5 Dimming Function for LED

Because the FB reference of the HT7886A is very low, it is th -+ HT7886A 1] FB = £ Kk, ¥
recommended to use the HT7886A for LED drivers by HT7886A HT LED IRzh4eRt, #@i7E FB H
connecting the LED current sense resistor between FB and GND 2 [ii]3%45: LED Ha 70 ek S HLFELSE . 722K
GND. In such applications, the HT7886A uses DIM for TSN S
dimming. To achieve dimming, apply a pulse on DIM. The ;H;EP %‘HJIT\?S%GI%JJE;T glxgglﬁgﬁ #ii%;}j
high level of the pulse should be >1.5V, and the low level » AR HAKATHE 5o B e
should be <0.5V. The frequency can be as high as 20kHz. g—%ﬁ? 1.5V, {KHFR/NT 0.5V, S n] &Ik
Zs

6 Thermal Shutdown

Thermal shutdown is implemented to prevent the chip from TS BRI & N T B b A 7 AR s A
operating at exceedingly high temperatures. When the silicon FER TAE. 2408 a2 PR R, A

die temperature is higher than its upper threshold, the entire RGP MR R T R IR BT, o8 Ak
chip shuts down. When the temperature is lower than its lower =

threshold, the chip is enabled again.

8- 11/2021 = V0.5
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7 Output Short Protection

The output voltage is well-regulated when Vg is around
200mV. If the output is pulled low in over-current protection
(OCP) or is shorted to GND directly, Vg is low, even though
the power MOSFET is turned on. The HT7886A regards the
low Vrp as a failure. The power MOSFET shuts off if the
failure time is longer than 10us. The HT7886A attempts
operation again after a delay of about 300ps.

The power MOSFET current is also accurately sensed via a
current sense MOSFET. If the current is over the current limit,
the IC is shut down. This offers extra protection under output-
short conditions.

8 Setting the Output Voltage

The output voltage (Vour) is set by a resistor divider (R1 and
R2) (see the Typical Application on page 2). To achieve good
noise immunity and low power loss, R2 is recommended to be
in the range of 5kQ to 50kQ. R1 can then be determined with
following Equation.

— VOUT - VFB
VFB

Where Vg is 0.2V, typically.

R1 X R2

9 Output Capacitor and Frequency Setting

The output capacitor (Cout) is necessary for achieving a
smooth output voltage. The ESR of the capacitor should be
sufficiently large compared to the capacitance; otherwise, the
system may behave in an unexpected way, and the current
ripple may be very high. Vs changes from 185mV to 215mV
when the power MOSFET switches on. To charge the
capacitor and generate 215mV at FB, the system needs ESR
and some inductor current. For example, for a 5V Vour, if the
forward capacitor is 0.1uF, the suggested ESR range of the
output capacitor is 100mQ to 250m€Q. Tantalum or aluminum
electrolytic capacitors with a small ceramic capacitor are
recommended.

A forward capacitor across R1 is recommended when the
output capacitor is tantalum or aluminum electrolytic, which
can set the desired frequency if the output capacitor and ESR
cannot be changed. The forward capacitor can reduce the
output voltage ripple.

In some application, simply a forward capacitor may not get
proper frequency, then we can add a forward resistor in series
with the forward capacitor or even more add a ceramic on the
output.

10 Selecting the Inductor

The inductor (L) is required to convert the switching voltage
to a smooth current to the load. Although the output current is
low, it is recommended that the inductor current be continuous
in each switching period to prevent reaching the current limit.
Calculate the inductor value with the following Equation.

_ Viv = Vour) X Vour
Fsw X loyr X Viy X K

2 Veg £ 200mV A, i o R gl R e
AT o Fr AR R AR Y (OCP) Wikl
FLHEXT GND %23, I Ves ik, B 2% MOSFET
FFJe . HT7886A KK Ves 1 i, fn i
i 8] &8 1 10ps, Ih & MOSFET ¥ ¢ 4.
HT7886A 7£ k%) 300us M 4ER J5 FR- 2k TAE

Ty & MOSFET Hi i i@ i o I A U
MOSFET Farfifarill. s i ke id H i pR A
IC Kex Mo IXAEH R S5 A T St 7 AAM
(ZS/AR

LR (Vour) LR 2 B 48 (R1 AT R2)
WHE (I 2 IR D 8T IHRE R
P AR T R H ke, i R2 78 5kQ &
50kQ JEFEIN AR5, AT LS LR A U E R1.

— VOUT - VFB
VFB

Hrp, Veg B8LAUER 0.2V,

R1 X R2

iy L2 (Cour) S SEPL TV H FiL R T a6
T, SHEAMEAML, B ESR ALK K;
B0, R2anlaes LAY 7 017, JF HaR
ST REAE R B 24T MOSFET $T 1, Ve
M 185mV A5y 215mV. N T 42588 7 LIt
1F FB 4br=4E 215mV, REiH 5 ESR fil—Lbr
JEHL. B, %HT 5V Vour, WIERIE A 25 48
9 0.1uF, ZE %t A 4% ESR a2y 100m
Q% 250m Q o AT /)N Pl 52 H 25 S IC AR B
R

L A OV B R R A, EIE
R1 _EJFIBRIE R A4S, HAE AR i F
AN ESR AT B BT f& T R . 1%k [ ]
DA et i H L S0

PSR o, M {0 1 0 o 2 8 T R
SRAE LB TSR AE, AT LAY IE f L
5T i o 2 0B, BB A SR A A
ZHLA.

HURE: (L) F R TR B R Aoy T 1Y
L. BRI Y AR, (A RENMT
SR JE S PN HLURR LA ORI S8, AR 13k B AR
o AT BAR 2 aUrH S e R A

_ Vin = Vour) X Voyr
Foy X Ioyr X Viy X K

L
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Where K is a coefficient of about 0.15 ~ 0.85.
11 Output Rectifier Diode

The output rectifier diode supplies current to the inductor
when the high-side switch is off. To reduce losses due to the
diode forward voltage and recovery times, use a Schottky
diode.

The average current through the diode can be approximated
with the following Equation:

Vour)

ID =IOUTX<1_ ‘/IN

Choose a diode with a maximum reverse voltage rating greater
than the maximum input voltage and a current rating is greater
than the average diode current.

12 Input Capacitor (Cin)

The input current to the step-down converter is discontinuous
and therefore requires a capacitor to supply AC current to the
step-down converter while maintaining the DC input voltage.
Use low ESR capacitors for the best performance, especially
under high switching frequency applications.

The RMS current through the input capacitor can be calculated
with the following Equation:

Vour Vour
Iin_ac = lour X\/ X (1 - )

VI N VI N

With low ESR capacitors, the input voltage ripple can be
estimated with the following Equation.

V,
% (1 _ OUT)
Vin

Loyt X Vour
Foy X Ciy X Viy

AVIN =

Choose an input capacitor with enough RMS current rating
and enough capacitance for small input voltage ripples.

When electrolytic or tantalum capacitors are applied, a small,
high-quality ceramic capacitor (i.e.: 0.1uF) should be placed
as close to the IC as possible.

Hrh 2% K 4175 0.15~0.85.

24 1o S AT SR Wi i RO — AR 1
SRR AL O T Rl TR IE ) H S AR
I TRLIE PRI AR, 5 5 1 e A

L AR P R R LR 2 st
G

V
ID = IOUT X (1 - OUT)
VIN

T B R 1) F I UE (LK T o K A\ HE
i HLAE FROR T2 AR A FRIRL ) AR

ok s e M s (R B N PR AN SR 1), PRI 75
B HU (7] o I e e SR S HLAL RN R
FFEUUMA . K ESR A LIRSt
PERE, JCHARAERIT IR T .

TN AR 1) RMS Bt PR A3
i+§o

Vour Vour
Iin_ac = loyr X \j X (1 - )

VI N VI N

XTIk ESR HIZE, H A HU R SU AT L DA
VEESN

loyr X Vour y (1 _ VOUT)
Foy X Ciy X Viy Vin

R BA 2 RMS HLAIE H A2
5 (B ) FE AR BN B, DASEBLBU N TSN
HL s S0

{5 FH P A F A BAE L RIS, RN I

Mg i (R 0.1 w P JBCEAE /R AT RESEIL IC 1Y
(A

AV =
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13 PCB Layout Guidelines

Efficient PCB layout is critical for stable operation. For best
results, refer to Figure 1 and follow the guidelines below.

(1) Place the input decoupling capacitor, output rectifier diode,
and the HT7886 (VIN, SW, and PGND) as close to each other
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) Place thermal vias with 15mil barrel diameter and 40mil
pitch (distance between the centers) under the exposed pad to
improve thermal conduction.

AR PCB A JE X A E BT BRE L
TP AL R, WSHE A R R .

ORI A B A HT7886(VIN.
SW 1 PGND) R u]fefgEil

(2) PREFHIEPLARH R HA 58, R
TR SW T
XA BT ROR BRI SW 5 55 E ¥ HL R 2R 0,
H BRI EMI K
(3) FB AELJT AT AE B LB AN D 3 25
(1T SW 75 550

(4) K EAN 15mil. [8]#E A 40mil (R
ZIRIPIREES) B FLACE AR R AR AL R T,
PAHCGE UL T,

Figure 1 Top Layer

-11-
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Figure 2 Bottom Layer
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14 TYPICAL APPLICATION

LA
2.2uF/ 2.2uF| 0. 1uF/ C3 0.1F L1 33yH C4 C2A
100V 100V 100V === 0. 1pF22uF
Vin © o vn  B5T sw Y o Vour
cia] Jom.] 4L l J_
T T T D1 R1
= 595D1D?'K901DC2T5
1 DM p FB 1 1
= = = R2 S
_L 10kQ

Figure 3 VIN =6 ~ 100V, VOUT = 5V, IOUT = 1A
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B PACKAGE OUTLINE

SPE (ESOPS)

E
| P = S o =
|
| | [
| | - :
B . -
| | I 1 :
QD =
‘ ‘ Al
- E1 - A2
A
Ly N
\ \
Q
\ .y
IMmansions n 1 imetars Imaenslans Ju nenas
= Dimensions In Millim Dimensions In Inch
3 Min Max Min Max
A 1.350 1. 750 0. 053 0. 069
Al 0. 050 0.150 0. 002 0. 006
A2 1.350 1. 550 0. 053 0. 061
b 0.330 0.510 0.013 0.020
c 0.170 0.250 0.007 0.010
D 4. 700 5.100 0.185 0.200
D1 3. 202 3. 402 0.126 0.134
E 3. 800 4. 000 0.150 0.157
E1 5. 800 6. 200 0.228 0.244
E2 2.313 2.513 0. 081 0. 069
e 1. 270 (BSC) 0. 050 (BSC)
L 0. 400 1.270 0.016 0. 050
9 0° g° 0° g°
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