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15818963559 MK9118

7V to 100V Input, Ultra-Low Ig, 3 A Integrated High-Side MOSFET, Buck

DC/DC Converter with 3.3V/50mA LDO

1 DESCRIPTION

The MKO9118 operates over a wide input
voltage range from 7 V to 100V. With
integrated the main MOSFET, the MKO9118
delivers up to 3A output current.

The MK9118 adopts a constant on-time (COT)
control architecture to achieve excellent
transient response.

MKO118 integrated a 3.3V fixed output LDO,
which could deliver up to 50mA output
current.

With patented standby circuits, the device can
achieve ultra-low Iq, and exit the standby
mode fast.

2 APPLICATIONS

e GPS tracker
e Automotive and Industry Systems
e Motor Drives, Telecom

e BMS

4 TYPICAL APPLICATIONS

Figure 1. Typical Application Diagram

3 FEATURES

e Wide Input Voltage 7V-100V

e Wide Output Voltage 1.22V-26V

e Integrated 120mQ High-Side MOSFET
e <100pA quiescent current

e Adjustable Fsw up to IMHz

e Internal 3ms Soft-start

e Smart power saving and ultra-Fast Transient
Response

e Precision*+1% Feedback Reference

o Integrated 3.3 V/50 mA LDO

o OC, OT Protection with Hiccup Mode
e No Loop Compensation Components

e ESOPS8 Package with Thermal PAD

Figure 2. Efficiency and Load Regulation at 12Vout
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5 PACKAGE REFERENCE AND PIN FUNCTION

GND| 1 8 | SW
- ™/
|
LDO[ 2 : : 7 ] BOOT
9
LOVN
RT [ 3 || |6 ] vos
L
EN | 4 5 |FB
ESOPS (top view)
Order No. Description
MKO9118AAD ESOP-8, tape, 4k/reel
Pin # MK9118 Name Description
1 GND Analog Input | Ground
5 LDO Analog Power | 3.3V LDO output, connect a capacitor to GND higher than 1uF; leave
Output as float to disable internal LDO.
3 RT Analog Input | Connect a resistor-.to GND, set the switching frequency.
Buck and LDO enable, internal pull down by 0.08uA. Source 2uA
4 EN Analog input | after device enabled.
Tie to VIN is if hysteresis function is not used.
5 FB Analog Input | Feedback input, connect to output voltage resistor divider.
Output sense and internal LDO input, connect to output cap with
Analog Power .
6 VOS It 100mA current capability PCB trace; Place 0.1uF cap close to VOS
npu
P pin.
; BOOT Analog Power | Boot-strap pin. Decouple this pin to SW pin with a >100nF (0.2V
Input drop) ceramic capacitor.
9 - Analog Power |Inductor pin. Connect to the switch node of the power inductor and a
Output shotty diode between SW and GND.
9 AN Analog Power |Input pin. Decouple this pin to GND with low ESR capacitor. Connect
Input to a VIN power plane to improve thermal performance.
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6 ABSOLUTE MAXIMUM RATINGS ¢

VIN’ EN, SW to GND .......................................................................... _03V to loov
SW to GND (20115 pulse) ......................................................................... _3V to loov
BOOT £ GIND v veerereremeemeeeeenttee ettt ettt ettt ettt SW+6.6V
RIT 40 GINDD -+ v e et s remeeee sttt ettt ettt 0.3V t0 6.6V
FB 10 GIND vt v et reeeereesmttse ettt ettt ettt 0.3V to 6.6V
VOS to GND ...................................................................................... _03V to 26V
POWer Dissipation, PD @TA:250C, ESOP8 ............................................................ 33W
Package Thermal Resistance

(Junction to ambient) ........................................................................... 300C/W

(Junction to Case) ............................................................................... IOOC/W
Operating Junction Temperature, T] ......................................................... _4OOC to 1600C
Storage Temperature’ Tstg .................................................................... _650C to 1600C
Soldering Temperature( 1 O Second) , Tsld .............................................................. 260 °C
Notes:

(1)-- Stresses beyond the “ABSOLUTE MAXIMUM RATINGS” may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or _any other conditions beyond those indicated in
“RECOMMENED OPERATING CONDITIONS”. Exposure to absolute. maximum rating conditions for extended periods may

affect device reliability.

7 RECOMMENDED OPERATING CONDITIONS

VIN VOltage .......................................................................................... 7V tO loov
EN Voltage ........................................................................................ _03V to 100\/
SW Voltage ....................................................................................... _03V to 100\/
Ambient Temperature .......................................................................... _400C to 12 SOC
8 ESD RATINGS

Value Units

Human body model (HBM), per ANSI/ESDA/JEDEC JS-001,

+2000 \Y
SW, BOOT, EN, RT, FB, PGOOD .

Electrostatic

discharge Vesp Charged device model (CDM), per JEDEC specification
JESD22-C101, SW, BOOT, EN, RT, FB, PGOOD @.

+500 \Y%

Notes:
(1) JEDEC document JEP155 states that 500V HBM allows safe manufacturing with a standard ESD control process
(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process
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9 ELECTRICAL CHARACTERISTICS

Vin=48V, Vour=12V, L=22uH, Cour=22uF, T»=25C, unless otherwise specified

Parameter | Test Conditions | MIN | TYP |MAX | UNIT
Input Voltage
Vin Input Voltage 7 100 v
Vimnuvio Input UVLO Off 6.3 7 A\Y
Vinuveo-nys | Input UVLO hysteresis 0.7 \V4
Supply Current
IsnutpowN Shutdown Current Ven=0V 7.5 pA
o ) EN=V, VOS higher than
o None switching quiet current 18 LA
target, [ILDO=0A
IstanpBY Standby Current Iout=0A, ILDO=0A 100 HA
Feedback
VRerF Feedback reference voltage | | 1.22 | | \"
EN/UVLO
VENH EN rising threshold Vin=48V, Iour=0.1A 1.24 \"
IEN Hysteresis Hysteresis Input Current Vin=48V, lour=0.1A -2 HA
Frequency
Few Programmable Switching Fsw(kHz)= 29x103 100 1000 |
Frequency Range ¢ )
LDO
VLDO LDO output voltage Vos=12V, 0mA - 50mA 3.26 33 3.33 \Y
ILpooc LDO over current VEDO=0V 75 125 | mA
Timing
toN-MIN Minimum on-time 150 ns
tOFF-MIN Minimum off-time 190 ns

Power Switches
Rpsonuis | High-side MOSEET RDSON | | 012 | | @

Current Limit

High-side- MOSFET  Peak
IpEAK-HS .. 4.8 A
Current limit
Soft Start
tss Soft-start time 3 ms
thiceup UVP hiccup time 56 ms
Thermal Shutdown
Tsp Thermal Shutdown Threshold | Tjrising 160 °C
Thys Thermal Shutdown Hysteresis 20 °C
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10 BLOCK DIAGRAM
VOS
[ ]
T VIN
. VCC
Bias
LDOI: LDO Generation BOET
VIN
2UA
P EN_IC
EN |:_| > Level HS |
— shift | |DR |
0.08uA A—t
1.22V L
: PWM Control -
RT [ | Ontime >  and
A Fault Logic
g ] sw
L
o [ J——
1.22V,A—+
Integrator PWM 4|
L
GND
Figure 3. Block Diagram
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11 TYPICAL CHARACTERISTICS
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12 AIPPLICATIONS

12.1 Operation Overview

The MKO9118 operates over a wide input voltage range from 7V to 100V. With integrated the main
MOSFET, the MK9118 delivers up to 3A output current.

The MKO9118 adopts a constant on-time (COT) control architecture to achieve excellent transient
response.

MKO118 integrated a fixed output LDO, which could deliver up to 50mA output current.

With patented standby circuits, the device can achieve ultra-low Iq, and exit the standby mode fast.

12.2 Switching Frequency (Rr)

The switch frequency of MK9118 is set by the on-time resistor RT. As shown below, in 5Vour
application a 100kQ resistor sets the switching frequency at 220kHz.

22x10°
Fsw(kHz)=
)
Note that the final switching frequency is not only affected by component tolerant but also ton-mm
and torF-MIN.

800
g_mn —®—Measurement - Theoretical calculation
F 600
&
7. 500
o~
g
£, 400 &
=
£
& 300 -
2 N
S 200
2
£ 100

0
0 50 100 150 200 250 300 350

RT-Resistance : Rrr [k£2]

Figure 4. Switching Frequency v.s. RT-Resistance

12.3 OutputVoltage Program

Choose Ryivand Ry to program the output voltage. For target Vour setpoint, calculate Rf1 and Rf2
using below equation:

=1.22V x (1 +—)
2

Ry in the range of 100kQ to 500kQ is recommended for most applications. Larger feedback resistors
consumes less DC current, which is important if light-load efficiency is critical. But too large
resistors is not recommended as the feedback path would become more susceptible.

The feedforward capacitor Cg and feedforward resistor Re are strongly recommended, which can
improve the system stability and transient responses.
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VOUT

Req

FB

A7)

Figure 5. Feedback Resistance

12.4 Input Capacitor (Civ)

An input capacitor is necessary to limit the input ripple voltage while providing AC current to the
buck converter at every switching cycle. The input ripple voltage AV at input capacitor is

calculated as:

A = x >x@- )+ ps
x

The capacitance of input capacitor is calculated as:

x x(1- )
(@A {=r00x )
To minimize the potential noise problem, a. X5R or better grade capacitor with sufficient voltage
rating is recommended. This capacitor should be close to the VIN and GND pins to minimize the
loop area formed by Civ and VIN/GND pins. In this application, a 1puF low ESR ceramic capacitor is
recommended.

12.5 Output Inductor (L)

It is recommended to choose the ripple current of inductor between 30% to 50% of the rated load
current Iout(max) for most applications. The inductance is calculated as:

DY N S
And the peak cutrent of inductor is calculated as:

peaky=  ( )+o

The saturation current rating of the inductor must greater than the Ir(peak). An inductor whose
saturation current is above the current limit setting of the MK9118 will be best choice. Note that
inductor saturation current levels generally decrease as the inductor temperature increase.

12.5 Output Capacitor (Cour)

The output capacitor limits the capacitive voltage ripple at the converter output. This voltage ripple
which is generated from the triangular inductor current ripple flowing into and out of the capacitor
can be calculated as:
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A

:8x x

A

Above equation only take the steady state ripple into consideration. The transient requirements also
must be taken into consideration when selecting the output capacitor. The X5R or better grade
ceramic capacitor larger than 22uF is recommended. For high peak current applications, an E-cap
larger than 100uF is recommended too.

12.6 Enable Operation

Input UVLO can be programmed by EN rising threshold. The UVLO turn-on voltage can be
calculated as:

:(1+ 1

) %

2
Venn is EN rising threshold voltage, typical is 1.24V.

The UVLO hysteresis is accomplished with an internal 2pA current source that is switched on or off
into the impedance of the set-point divider. When the voltage at the EN pin exceeds the rising
threshold, the current source is activated to quickly raise the voltage @t the EN pin. The hysteresis
can be calculated as:

s (D= x2A
VIN
Rent
Cn = EN
Ren2
q

Figure 6. Enable Resistance Divider

Tie EN pin to VIN if hysteresis function is not used to improve quiescent current.

12.7 Boot-strap capacitor

This capacitorprovides the energy for high-side gate driver. A high quality 10nF ceramic capacitor
connected between the BS pin and the SW pin is recommended. Also a RC series net can be used
to slow down the turn-on speed of high side MOSFET.

12.8 CATCH DIODE

MK9118 should be taken to connect external catch diode between the SW pin and the GND pin. The
diode require adherence to absolute maximum ratings of application. Opposite direction voltage
should be higher than maximum voltage of the VIN pin. Also for saturation current of diode, select
the one with larger current than the total of maximum output current and 1/2 of inductor ripple
current AIL. Choose catch diode with lower voltage drop to enhance efficiency and thermal
performance.
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12.9 LDO
MKO9118 integrated a 3.3V/50mA LDO, which is suitable for MCU’s bias input. The LDO converter
VOS to 3.3V with 50mA capability, put a ceramic cap >1uF as close as possible to LDO pin in

application.

10
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Application Examples
1.
Parameter Symbol Specification Value
Input Voltage VIN 24V ~ 75V
Output Voltage Vout 50V
Switching Frequency fosc 200 kHz (Typ)
Maximum Output Current loutmAX 3A
vIN[ D
s =c3 coci==c1
18uF 1uF 1uF | 0.1u| 0.1u U1
GND[D L1 R11
47uH 0
MBR5100DS MWV ! {Jvourt
§ 9 cr] C_{ co| b
fo0K(option) e 105_10_{ Ng_ﬂ?
ot & JGND
EN R12
Vloop 0 J?_
/\/\/\/ GND
0.1u(
Figure 7. Vout=5V Schematic
2.
Parameter Symbol Specification Value
Input Voltage VIN 24V ~ 75V
Output Voltage Vout 123V
Switching Frequency fosc 200 kHz (Typ)
Maximum Output Current loutmAx 3A
vinN[> l
-4 ==c3 ==co—=ci==c11
18uFT1uF UF] 6.4d] G.u i
MK9118
GND[D g = ] R11
|_1 47uH 0
LDO gg/t?_oo MBR5100DS N (T IvouT
R4 R6 Ff3] OC/RT 2 Ci CA; csa__glL
§100k(0mi0n> _0_6 G L 105‘7 o_f Ng_ﬂ?
04 < 110 B8 . & CIGND
B s % v L
( NNV B AAN GND
c13 Srs % c14 R10
0.1u(¢pti 50k(option) AGND 30p 2K
Figure 8. Vout=12.3V Schematic
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13 LAYOUT

13.1 Layout Guide

To achieve high performance of the MK9118, the following layout tips must be followed.

At least one low-ESR ceramic bypass capacitor Civ must be used. Place the Civ as close as
possible to the MK9118 VIN and GND pins, place decoupling caps as close as possible between
VIN and catch diode’s GND.

Minimize the loop area formed by Civ connections to VIN and GND pins.

Inductor must be placed close to the SW pin. Minimize the area of SW trace te avoid the
potential noise problem.

Maximize the PCB area connecting to the VIN pin/thermal pad. If it is allowed, a .ground plane
can be used as noise shielding and heat dissipation path.

Place the feedback resistors, Rf and Rp, close to the FB pin. Route the feedback Vour sense
path away from noisy nodes such as the SW net.

Connect VOS pin to output cap directly, place a 0.1uF cap between VOS and GND.

The RT pin is sensitive to noise. The on-time set resistor Rt must.be close to the device.

13.2 Layout Example

VIN (J_ »
MK911X DEMO V1.0

D2

Di L1

I C7ANCE N CY

[=
*.Lg w

i il J

L I_H_|l_|
I
"'~ Cjcs
6L 1J
ot EE]IR11 VOUT

Rl"ll‘ll'l E:IE ]R12 |: :|R11

) |}y o )o[E ]
R4R5C13 C14 RJ@

W EE T

Figure 9. Evkit Layout (Tope Layer)
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OM3d XrrexMm

iRk E A

Figure 10. Evkit Layout (Bottom Layer)
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14 PACKAGE SIZE
L 3.81 N
T ilililli
3.40 ‘ D1 |
~ T )
o & ¢ 5 | -
— 127 k= — k=06 =
Figurel7. Recommended Land Pattern (mm) Figure18. MK9118 Top View
e
i
E — —
L \‘ %
I \ I >3 /
\S. R
O (@]
\ ]
gl D
Figurel9. MK9118 Side View Figure20. MK9118 Side View
Millimeter
SYMBOL MIN NOM
A 1.300 1.700
Al 0.000 0.100
A2 1.350 1.550
b 0.330 0.510
C 0.170 0.250
D 4.700 5.100
D1 3.050 3.250
E 3.800 4.000
El 5.800 6.200
E2 2.160 2.360
e 1.270(BSC)
L 0.400 1.270
0 0° 8°
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15 REEL AND TAPE INFORMATION
REEL DIMENSIONS
Reel
Diameter
Reel
Width(W1)
TAPE DIMENSIONS
[ KO [¢—P1—>
R R R g T
® L@ o|(Bo W
|
§
Cavity - A0 [«
A0 Dimension designed to accommodate the component width
BO Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
W Overall width of the carrier tape
P1 Pitch between successive cavity centers
) Package ) o Reel Diameter Reel Width
Device Pins Quantities
Type (mm) W1(mm)
MKI118 ESOPS 8 4000 332 12.5
AQ (mm) BO (mm) KO (mm) P1 (mm) W (mm)
4.0 33 1.1 8.0 12.0
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16 TAPE AND REEL BOX DIMENSIONS
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