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85V Synchronous Buck DC/DC Controller

1. Descriptions

MK9280 supports wide input voltage ranges from
6V to 85V. With appropriate external high-side and
low-side MOSFETs and inductor, MK9280 delivers
up to 30A output current.

MK9280 adopts a voltage mode control scheme to
achieve excellent accurate voltage output. The
switching frequency is adjustable up to 1MHz,
which also can be synchronized to an external
clock to eliminate beat frequencies.

Both Forced-PWM (FPWM) and diode emulation
mode is supported by MK9280. FPWM helps to
minimize EMI by operating at constant frequency,
while diode emulation mode lowers current
consumption at light-load condition.

Wide duty cycle from 1% to 98% is offered by
MK9280 under appropriate switching frequency, so
input and output voltages can be chosen easily.
MK9280 also provides a power good (PG) flag pin
to indicate output voltage, and an internal LDO
output (VCC pin). For high efficiency applications,
an external bias power supply is recommended to
apply to VCC pin after start-up.

4. Typical Application
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Features

Wide input voltage range of 6V-85V
Adjustable output voltage from 0.8V to 60V
45ns Ton(min) for low duty ratio

145ns Toff(min) for high duty ratio
Precision +1% feedback reference
Adjustable Fsw from 100kHz to 1MHz
Configurable diode emulation or FPWM
2.5A source and 3.5A sink driver capability
Prebias start-up

SYNCI and SYNCO capability

Open-Drain power good indicator
Adjustable output voltage soft start

Input UVLO with hysteresis

VCC UVLO protection

OC, OT protection with hiccup mode
3.5x4.5 QFN-20 package with thermal PAD

Applications

PoL modules

High-Power density DC — DC
Datacenter and telecom
Non-isolated PoE and IP cameras

Efficiency at Vout=12V
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Figure 1. Typical Application Diagram and Efficiency
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5. Order Information

Order No.

Description

MK9280DQB

MSL2,3.5x4.5 QFN-20, tape, 3000/reel

6. Pin Configuration and Functions
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Figure 2. MK9280 Package (Top View)

Table 1. Pin Functions

Pin NO.

Name

I/0

Description

EN

Enable input and/or input undervoltage lockout programming pin.

EN pin offers tri-state (shutdown. standby. operating) thresholds to
reduce quiescent current consumptions. In operating state, an
accurate 1.2V rising threshold, and an internal current source which
is enabled once EN exceeds 1.2V to program falling threshold along
with external resistors. Connecting with resistor divider from VIN, this
pin sets input voltage UVLO threshold with programmable hysteresis,
which is adjusted by varying the resistance of external resistor divider.
Ven<<0.75V,shutdown mode, VIN to VCC LDO shutdown;
0.75V=Ven<1.2V,standby mode, VIN to VCC LDO regulated to 7.5V;
Ven>1.2V,operating mode, start to operating;

RT

Oscillator frequency set pin. The internal oscillator is programmed with
a single resistor between RT and AGND.

SS/TRK

Soft-start and voltage-tracking pin. During start-up, output voltage
tracks SS/TRK voltage; after start-up, output voltage tracks Ref.

COMP

Compensation pin. Low impedance output of the internal error
amplifier. Connect the loop compensation network between the
COMP pin and the FB pin.

FB

Feedback connection to the inverting input of the internal error
amplifier. Connect this pin to the output resister divider to program the
output regulation voltage: VOUT=0.8x(1+Rf1/Rf2)
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Analog ground. Return for the internal 0.8V voltage reference and
6 AGND P o
analog circuits.
Synchronization output. Logic level output that provides a clock signal
7 SYNCO o . . : .
that is 180° out-of-phase with the HS FET drive signal.
Synchronization input. Tri function:
1.optional external clock input
8 SYNCI I . . .
2.low-side MOSFET diode emulation mode
3.FPWM.
9 NC - No electrical connection.
10 PG o Power good indicator. This pin is an open-drain output pin. Connect
to a source voltage through a pull-up resistor.
Current limit set pin. Connect a resistor to SW to sense Rdson of low-
11 ILIM | side MOSFET or to sense resister which is connected between the
source of low-side FET and PGND in order to adjust current limit.
12 PGND P Power ground.
13 Lo o LS MOSFET gate driver output. Connect to the gate of the low-side
MOSFET through a short, low inductance path.
VCC. Output of the 7.5V bias regulator. Locally decoupled to PGND
14 VCC I using a low ESR/ESL capacitor located as close as possible to the
controller.
15 EP - Connection to exposed pad
16 NC - No electrical connection.
17 BST o Boot-strap supply. Decouple this pin to SW pin with a 100nF ceramic
capacitor located as close as possible to the controller.
18 HO a HS MOSFET gate driver output. Connect to the gate of the high-side
MOSFET through a short, low inductance path.
Switching node. Connect to the bootstrap capacitor, the source
19 SW P terminal of the high-side MOSFET and the drain terminal of the low-
side MOSFET using short, low inductance paths.
Supply input. Decouple this pin to PGND with low ESR ceramic
20 VIN P pp)-/ P P P
capacitor.
ep Exposed pad. Solder the EP to the PGND pin and connect to a large
copper plane to reduce thermal resistance.
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7. Specifications

7.1 Absolute Maximum Ratings

Min Max Units

VIN, EN, SW, ILIM to GND -0.3 85

SW to PGND (20ns pulse) -5 85

VCC, SYNCI, SYNCO, PG to AGND -0.3 14

FB, COMP, SS/TRK, RT to AGND -0.3 6.6 v
Input Voltages BST to GND -0.3 100

BST to VCC 0 95

BST, HO to SW -0.3 14

VCC to BST (20ns pulse) 0 14

LO to GND (20ns pulse) -5 14
Operating Junction Temperature, 40 150
TJ
Storage Temperature, Tstg -55 150 °C
Soldering  Temperature (10 260
second), Tsld

Note:

(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
“RECOMMENDED OPERATING CONDITIONS”. Exposure to absolute maximum rating conditions for extended periods may affect

device reliability.
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7.2 ESD Ratings

Value Units
Human body model (HBM), per ANSI/ESDA/JEDEC JS-
| N y (HBM). p £20000 | Vv
Electrostatic 001™M
Discharge Vesp | Charged device model (CDM), per JEDEC specification £2000 v
JESD22-C101@ -
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
(3) EN/ILIM Human body model (HBM) Passed +1000V
7.3 Recommended Operating Conditions
Min Max Units
VIN Voltage 7 80
EN Voltage -0.3 80
Recommended Operation SW Voltage 03 80 v
Conditions BST Voltage 0.3 100
ILIM Voltage -0.3 80
Operating Junction Temperature -40 +125 °C
7.4 Thermal Information
Value Units
Package Thermal 054 (Junction to ambient) 36.8 °C/W
Resista(iCy )¢ (Junction to case) 28 °C/W
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7.5 Electrical Characteristics

ViN=48V, Vour=12V, lout=5A, L=4.7uH, Cout=400uF, Rr1=25K,Ta=-40°C t0125°C, unless otherwise

specified
Parameter Test Conditions Min Typ | Max | Unit
Input Voltage
VIN Input voltage ‘ 6 ‘ 85 ‘ V
Supply Current
Operatin
ViN P 9 6 85 \
voltage
Shutdown
la-spN Ven=0V 8.5 15 uA
current
Standby
la-sTBY Ven=1V 0.6 0.7 mA
current
Operating
|Q-RUN current, no Ven=1 .5V, VSS/TRK=0V 1.7 2.2 mA
switching
VCC Regulator
vee V =0V,9V<V|NS85V,0mA=lycc<20
Vvee regulation MR \O o 71 | 75 | 8 Vv
mA
voltage
VCC max
Isc-Lbo Vssmre=0V,Vcc=0V 18 26 38 mA
current
VCC
Vvee- :
undervoltage | Vcc falling 4.45 4.7 | 4.95 V
FALLING
threshold
VCC UVLO
Vvce- Vcce risin 4.7 5 5.3 \%
VCC-RISING threshold cc rising
VCC
Vvec-uve undervoitage | Rising threshold-falling threshold 0.26 V
hysteresis
Minimum
external bias
VvccEexT >Vce 8.2 V
supply
voltage
External VCC
|\/cc . Vss/TRK=0V,Vcc=1 3V 1.7 2.2 mA
input
EN
. Vcc rising
EN rising to
VEN-sTBY standby 0.58 0.75 | 0.91 \%
threshold
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EN falling to

VEN-sD shutdown Vcc falling 0.48 0.65 | 0.79 \%
threshold
EN rising to

VEN operating 1.12 1.2 1.33 \%
threshold

[EN-HYS .HyStereSIS Ven=1.5V 6 8 10 uA
input current

Feedback Amplifier
Feedback 0.80

VREF reference VFB=VCOMP 0.792 0.8 8 V
voltage

Veowp | COMPOUtPUL |\, 0V, COMP sourcing 1 mA 4 v
high voltage

Veowpr | COMPOUPUL | 16 Sinking 1 mA 03 | Vv
low voltage

Ire °B nput blas |\, 0.8V 0.1 0.1 | uA
current

SS/TRK
SS/TRK

Iss charging Vssmre = 0.1V 5 8 11 uA
current

Vss-F8 SS/TRK 10 FB -15 0 13 mV
offset
SS/TRK to FB

Vss-cLavp Vssre-Ves (0.8V) 200 300 | 400 mV
clamp voltage

PG
FB upper

PGuth tPh(r;e:]Ii']gor:dtctor % of Vrer, Vs rising 105 108 111 %
low
FB lower

PGy réeirgor:dt;or % of Vrer, Ves falling 89 | 92 | 95 | %
low

TrG-RISE PG rising filter | FB to PG rising edge 18 25 35 us
PG falling i

Tra-FaLL filter FB to PG falling edge 18 29 55 us
PG low state

VpaG.oL VFB=0.9V, lpc=2mA 150 mV
output
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PG high state
IpG-oH leakage Vrs=0.8V, Vps=13V 200 nA
current
Frequency
Programmabl 4
Fs e switchin Foon(kH?) = ———— 100 1000 | kHz
frequency
SYNCI and SYNCO
SYNCI
Fsyna % of Fsw set by Rrr -20 50 %
external Fsw
SYNCI input
Rsyno R VAR 14 | 20 | 26 | ko
resistance
Delay from
SYCNI
TSYNCI-DEL X 50% to 50% 250 ns
leading edge
to HO rising
Delay from
T HO rising to VSYNC|=0, TS=1/FSW, Ts/2- ns
SYNCO-DEL | syNCOo 50% to 50% 250
leading edge
PWM Control
Minimum on- . .
Ton-MmIN fime HO rising to falling, VBST-VSW=7V 2 45 75 ns
Minimum off- ) .
TorF-MIN fime HO falling to rising, VBST-VSW=7V 95 145 210 ns
Maximum
D1ook Fsw=100kHz,6V<V|N<60V 95 98 %
duty cycle
Maximum
Daook Fsw=400kHz,6V<V|N<60V 85 a0 %
duty cycle
Minimum
Vramp COMP at 0% duty cycle 190 240 | 350 mV
ramp valley
Feedforward
Krr ) Vin'VRramp, BVSVINSBOV 18 VIV
gain
BST
Diode forward
Vst rwo voltage, VCC | VCC to BST, BST pin sourcing 20 mA 0.85 1 Vv
to BST
BST to SW
uiescent
IQ-BST g VSS/TRK = 0 V, sz = 48 V, VBST = 54 V 10 UA
current, not
switching
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ILIM-OCP
ILIM source
Irs current, Low voltage detected at ILIM 90 100 110 uA
Rsense mode
ILIM source
IrRDSON current, SW voltage detected at ILIM TJ=25°C 180 200 | 220 uA
Rbson) mode
ILIM
comparator
ViLim- -13 0 13 \
ILM-TH threshold at m
ILIM
Hiccup!
Hiccup mode . -
o Clock cycle with current limiting before cycle
Chicc-pEL activation i i ] 512
hiccup off-time activated s
delay
Hiccup mode . I
c off-time after Clock cycle with no switching followed 8192 cycle
riceur o by SS/TRK release s
activation
Diode Emulation Mode
ZCD soft-start
Vzcp-ss 0 mV
ramp
ZCD disable
Vzco-pis threshold 130 190 240 mV
(CCM)
Diode
VDEM-TH emulation Measured at SW with Vsw rising 0 mV
ZC threshold
Drivers
HO high-state
, g VesT-Vsw=7V,
RHo-up resistance 1.5 Q
|Ho=-100mA
HO to BST
HO low-state VearVew=TV
Rho-.oown | resistance | BS_T1 O?)Vr\1/1A ’ 0.9 Q
HO to SW Ho™
LO high-state
. VesT-Vsw=7V,
Rio-up resistance LO l o=-100mA 1.5 Q
to VCC "
LO low-state VearVew=TV
RLo-pown resistance LO | BS_T1 O?)Vr\1/1A ’ 0.9 Q
to PGND HO
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HO,LO
lnon,Hion | source Vest-Vaw=7V, HO=SW 25 A
LO=AGND
current
HO,LO sink VesT-Vsw=7V, HO=BST
IhoLHuoL current LO=VCC 35 A
Tho-TR HO, LOrise VBST - VSW =7V, CLOAD = 1 nF, 7 ns
TLoTR times 20% to 80%
Tho-TF HO, LO fall VBST -VSW =7V, CLOAD =1 nF, 4 ~
TLo-TF times 80% to 20%
HO turn-on VBST -VSW =7V, LO off to HO on,
Troor dead ime | 50% to 50% 25 1 35 ) 60 ¢ ns
LO turn-on VBST -VSW =7V, HO off to LO on,
Tioor dead ime | 50% to 50% 10 1) 40| ns
Thermal Shutdown®
Thermal
Tsp shutdown T, rising 175 °C
threshold
Thermal
Tsp-Hys shutdown 20 °C
hysteresis
Notes:
(1) Design guarantee
(2) Characterized at bench evaluations, not tested in mass production test.
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7.6 Typical Characteristics

Efficiency at Vout=5V

Efficiency at Vout=12V
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Figure 3. Efficiency at 12V-Vout(400kHz)
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7.7 Temperature Characteristics
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Figure 32. Venstey Vs Junction Temperature
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8. Detailed Description

8.1 Overview

The MK9280 operates over a wide input voltage range from 6V to 85V. With appropriate high-side and
low-side MOSFET and inductance, the MK9280 delivers up to 30A output current.

The MK9280 adopts a voltage mode control architecture to achieve excellent accurate voltage output. The
switching frequency is adjustable up to 1 MHz, which also can be synchronized to an external clock source
to eliminate beat frequencies in noise-sensitive applications.

MK9280 supports Forced-PWM (FPWM) and Diode Emulation Mode; FPWM operation eliminates
switching frequency variation to minimize EMI, while useing selectable diode emulation lowers current
consumption at light-load condition.

MK9280 offers wide duty cycle from 1% to 98% under appropriate switching frequency, so wide range of
input and output voltages can be easily supported.

The MK9280 provides a power good (PG) flag pin to indicate output voltage.

The MK9280 operates with a single power supply input with an internal LDO output (VCC pin). With an
external bias power supply applied to VCC, improved total efficiency can be achieved.

8.2 Functional Block Diagram

VIN vCcC
% BIAS REGULATOR
EN
EN P Locic BST
(—{ oT

STBY
L

RT \ HO
S

CLK PWM
P»| CONTROL SwW
LOGIC

\ 4

SYNCO

HOLVTIIOSO
A

vCC

LS
SYNCI va LO
RAMP
COMP PGND
FB _L
OC

EF+8%

RI
A : ILIM
+
FB —] IEF STBY - ¢— ILIM
_rugm_' r| Lo
s P AGND
Figure 20 Block Diagram
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8.3 Feature Description

8.3.1 Enable (EN)

An external logic signal can be used to turn output ON and OFF for system power up/down sequencing
and protection. MK9280 has accurate 1.2V comparator reference to determine EN voltage states, and
provides tri-state modes.

VEN<<0.75V,shutdown mode, VIN to VCC LDO shutdown;

0.75V=<VEN<(1.2V,standby mode, VIN to VCC LDO regulated to 7.5V;

VEN>1.2V,operating mode, start to operating;

EN pin can be directly connected to VIN, which allows self start-up of MK9280 when VCC is within its valid
operating range. By connecting this pin to VIN through resistor divider, a programmable UVLO can be
achieved to benefit many application requirements. In this case, the UVLO turn-on voltage is calculated
as:

Ren_n
Vovio = (1 + R

) X Ven—n
EN-L

Ven-+ is EN rising threshold voltage, typical is 1.2V.

The UVLO hysteresis is accomplished with an internal 8uA 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 at the EN pin. The hysteresis can be calculated as:
Viys(V) = Rgy—p X 8uA

8.3.2  Switching Frequency (RT, SYNCI)

When SYNCI is floating or tied to GND, the switch frequency of MK9280 is set by the frequency resistor
RT. As shown below, 24.9kQ resistor sets the switching frequency at 400kHz.
4
Ry (k2)
When SYNCI is connected to an external clock synchronization signal, the switching frequency is
determined by the external clock signal.
Note that the final switching frequency is affected by component tolerance.
Note that the external clock signal frequency must between 0.8x Fg, to 1.5X Fgy,.

st(kHZ) =

8.3.3  Soft Start and Tracking (SS/TRK)

A capacitor from the SS/TRK pin to GND defines the SS/TRK time, Tss. The MK9280 enters into soft-start
immediately after EN exceeds its rising threshold of 1.2 V. Tss is set by Css as shown below:
_ Vrer(0.8V) X Cgs
s Iss(8ud)
If an external voltage source is connected to the SS/TRK pin, the internal 8uA for external soft-start
capability of MK9280 is disabled. The regulated output voltage level rises following the external SS/TRK
rising slope, before the SS/TRK pin reaches the 0.8V reference voltage level.
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8.3.4  Voltage-Mode Control Loop (COMP)

The MK9280 integrates the voltage mode control loop implementation with input voltage feed forward to
eliminate the input voltage dependence of the PWM modulator gain. For more detail design application
information, refer to MK9280 reference design parameters; For the loop calculation, refer to Section 12.18
Control Loop Compensation.

8.35 Feed Back (FB)

Feedback input, which connects to the negative input of internal Error Amplifier (EA), is used to program
the output voltage by choosing appropriate Rr1 and Rr2. For targeted Vour setpoint, calculate Rr1 and R
using below equation:

RFZ
Vour = 0.8V X (1 4+ —2)
RF1

Rr1 in the range of 2kQ to 5kQ is recommended for most applications. Larger feedback resistance
consumes less DC current, which is important if light-load efficiency is critical. But too large of resistance
is not recommended as the feedback path would become more susceptible.
The feedforward capacitor Crr is strongly recommended, which can improve the system stability and
transient responses.
Vo
[ERsmz o VIN

I

Figure 21. FB Connection

8.3.6  Clock Synchronization and Diode Emulation Mode (SYNCI,SYNCO)

There are 3 functions for SYNCI pin.

When SYNCI is floating or tied to GND, MK9280 works in diodes emulation mode, and its switching
frequency is set by the frequency resistor connected at RT pin.

When SYNCI is connected to an external synchronization clock, MK9280 works in FPWM mode, and its
switching frequency is determined by the external clock.

When SYNCI is connected to VCC, MK9280 works in FPWM mode, and its switching frequency is set by
the frequency resistor connected at RT pin

SYNCO is an output pin, which is nearly delayed 180° of the HO pin.
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8.3.7 Power Good (PG)

MK9280 provides a Power Good (PG) flag pin to indicate whether the output voltage is within the regulation
range. PG is an open-drain output that requires a pullup resistor to a DC source which voltage is less than
14V (If necessary, use a resistor divider to decrease the voltage from a higher pullup voltage rail). The
typical range of pullup resistance is about 10kQ to 100 kQ. When the FB voltage exceeds 95% of the
reference, the internal switch will be turned off and PG can be pulled high by the pullup resistor. If the FB
voltage falls below 92% of the reference or rises above 108% of the reference, the switch will be turned
on and PG is pulled low to indicate the output voltage is out of regulation. The function of PG is to set start-
up sequencing of downstream converters, fault protection, and output monitoring.

8.3.8  Current Sensing and OCP (ILIM)

The MK9280 use the negative drop across the low-side FET or current sense resistor at the end of the
"OFF" time to measure the inductor current. Allowing for 30% over minimum current limit for transient
recovery and 20% rise in RDS(on)-LS for self-heating of the MOSFET, the voltage drop across the low-
side FET at current limit and application diagram is given by below:

I, —AlL/2

IRDS(on)—LS

LIM = X Rpscon)-Ls

VIN

Figure 22. Low-side FET Current Sense

When use current sense resistor, the voltage drop across the current sense resistor at current limit and
application diagram is given by below:
I, — Al /2

R
Ins RS

LIM =
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8.3.9  Gate Drivers (LO, HO)

The MK9280 provides high drive capability up to 2.5A/3.5A. By selecting suitable Rg to reduce switching
speed, better EMI performance is achieved.

8.3.10 High-Voltage Bias Supply Regulator (VCC)

MK9280 supports 85V high-voltage input. VCC is the high voltage LDO output pin, and the output
voltage of LDO is 7.5V. Connect a ceramic decoupling capacitor from 1uF to SuF as close as possible to
the VCC and AGND pins of MK9280 for stability.

When the output voltage of the whole application is between 8.5V to 14V, or the system board has an 8.5V
to 14V voltage rail, the voltage can be connected to VCC through diodes instead of using the internal high-
voltage LDO, which can reduce power loss of internal high voltage LDO. This is very helpful for reducing
chip loss and heat generation, especially in scenarios where the input bus voltage is high, such as
applications with an input greater than 60V. An application diagram is given below:

VIN
<1

= VO=12Vv

BIAS

GND

Figure 24. External VCC Supply
Note that if BIAS voltage is used to provide VCC supply, VIN also needs to connect to VIN-BUS to offer
startup voltage and current.
Note that if BIAS voltage is used to provide VCC supply and VIN voltage is less than the BIAS voltage, an
extra diode is needed to connect VIN and VIN-BUS as shown below:

VIN
’_T_‘ T K <
L L
EN BIAS>VIN
|_
||k
H A
ES - VO
1 MN_y ——
BIAS
! I—} L|<1—_:<:I
L -
— H GND
4 N

Figure 25. BIAS VCC Supply(BIAS>VIN)
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8.3.11 Boot-strap and Switching Node (BST, SW)

A high-quality COG 100nF ceramic capacitor connected between the BST pin and the SW pin is
recommended, which provides the energy for a high-side gate driver Also, a RC series net can be used
for slowing down the turn-on speed of the high side MOSFET.

8.3.12 Over Temperature Protection

MK9280 supports OTP (over temperature protection). The threshold of thermal shutdown is about 175°C
with 20°C hysteresis. The OTP is a non-latching protection.

8.3.13 High-Voltage Input (Vin) and Input Capacitor (Cin)

MK9280 supports 85V high-voltage input, which is also the input pin for high voltage LDO. VIN is also used

to provide PWM feedforward Gain (Vin/'VRAMP), so VIN must be connected to VIN-BUS.

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\n at the input capacitor is calculated as:

AV =IOUT><D><(1—D)

Fsw X Ciy

The capacitance of the input capacitor is calculated as:
loyr XD X (1 —=D)

Fsw % (AViy = loyr X Rgsr)

To minimize the potential noise problem, an X7R or better grade capacitor with a sufficient voltage rating

is recommended. This capacitor should be close to the VIN and GND pins to minimize the loop area formed

by Cin and VIN/GND pins. In this application, a 0.1uF low ESR ceramic capacitor is recommended.

+ loyr X Rgsg

Ciy =

8.3.14 Output Inductor (L)
It is recommended to choose the ripple current of an inductor that is 30% to 50% of the rated load current
lout (max) for most applications. The inductance is calculated as:

V, V,
_ our__ (1- OUT)

The peak current of inductor is calculated as:

L

Al
IL(peak) = IOUT(max) + 7

The saturation current rating of the inductor must be greater than I (peak). An inductor which saturation
current is above the current limit setting of the MK9280 will be the best choice. Note that the inductor
saturation current levels generally decrease as the inductor temperature increases.

MK9280 Datasheet V1.0 www.meraki-ic.com 24
Specifications Subject to Change without notice © 2024 Meraki IC. Confidential. Classified: Authorized Customer Only



dLE  MERAKI

V) INTEGRATED MK9280

8.3.15 Output Capacitor (Cout)

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

AVoyr = —AIL
8 X Fsy X Coyr
The above equation only takes the steady state ripple into consideration. The transient requirements also
must be taken into consideration when selecting the output capacitor. The X7R or a better grade ceramic

capacitor larger than 220uF is recommended.

8.3.16 Control Loop Compensation

The MK9280 integrates the voltage mode control loop implementation and feeds the input voltage forward
to eliminate the dependence of the input voltage on the PWM modulator gain. The voltage mode buck
control loop is shown below:

Q1 L
VD1 Vout
141
vin PWM/duty D +
Resr
R — D1 1
T x D Rout | Z1 |
Cout = }
T |
- |
} RF2|
Crr }

SR I = L

PWM/duty D + Vb -

Ver=Vramp

Figure 26. Buck Circuit Voltage Loop Control Diagram

Figure 27 is the equivalent control block diagram, where kf(s) and Gv(s) are the transfer functions of the
regulator, kd is the transfer function from the regulator output to the duty cycle D, Kpwm is the transfer
function from the duty cycle D to the diode voltage VD1, andG1(s) is the transfer function from VD1 to the
output voltage.
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+
Vref 2 duty D VD1 Vout
L»GCM» Gv(s) Vb kd Kpwm > G1(s) >
Va -
k; (s)

Figure 27. Buck Equivalent Control Block Diagram
Step1. Calculate k¢(s) X G,(s)

Rpq Rpy (Rr1 + Z)Vyer — Rp1Vowr
Vi=———Voy = Vigr—Vy=Vyor ————V, =
a Rpy + Z4 out ref a ref Rpy + 74 out Rpy + Z;
Vout - Vref _ Vref + Vref - Vb = (Zl + RFl)Vref - RF1Vout _ _Vref + Vb
Zl RFl ZZ ZlRFl ZZ
then

G, (s) = Vp _ Zy; X (Z1 + Rpy)

v (Vref - Va) ZlRFl

RF1

ke(s) =

() Z1+ Rpy

To get the loop compensation function result:

Zy
kr(s) X Gy(s) = Z_1

Step2. Calculate Kgq
The regulator output voltage Vb is compared with the sawtooth wave of amplitude Vramp to get the duty
cycle D, and the transfer function of this link is Kd.

O
b

ramp

D=Vb/Vramp

Figure 28. Vramp Wave

Step3. Calculate Kpwm

The PWM signal is applied to the switch Q1

0~DT period (T is the switching period): Q1 is turned on, and the voltage across the diode D1 is Vin;
During DT~T: Q1 is off, the inductor current flows through D1, and the voltage across the diode D1 is 0.
Therefore, the average value of the voltage across the diode D1 is DVin.
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Step4. Calculate G1(s):

L

™M

+ +
Resr |:|
VD1 RoutD Vout
Cout ::
Figure 29. Vout Vs Vp4
G (S) — Vout(s) — 1 + ResrCoutS
! VDl(S) Lx RoutCout + L+ ResrCout s2 + L+ RoutResrCout s+1
R
out out

Resr<<Rout, to further simplify the transfer function,
Vout (S) — 1 + RESTCOutS
Vpi(s) | 4 Coues? +

G1(s) =

s+1
Rout

The transfer function has a zero and a double pole.
Zero frequency:

1
27 X ResrCout

Double pole frequency:
1

Jic = 2mJL * Cyy

Step5. Regulator parameter design

fesr =
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Q1 L
: VD1 (™M Vout
1Yl
PWM/duty D +
) Resr

vin —L D1 o
T x D Rout | Z1 |
Cout — } RFe }
- |
} I:H Rr2|
FFF }
[ I A

| |Ceower |

{ Z2 || ‘
| \ Va

| Rcowmp2 Ccomp2l

|

\

ﬂ H — 3 Q D

L

PWM/duty D + Vb —
- ] \_
K] I Vep=Vramp N
+ VD1
Vref Vref-V Duty D Vout
4»6@&» GV(s) LI Ky Kpwm > Gl(s) >
Va | —
K¢ ()

Figure 30. Control Loop and Equivalent Control Block

To obtain the open-loop transfer function of the system:

G, (8) =K ()G, (8) xky x Ky %Gy (5)

G (S) — ZZ(S) x kpwm % 1+ ResrCoutS
’ Z1(s) Viamp [« CourS? +

s+1
Rout

Zy(s) 1 (Rcomp2Ccomp2s + 1)((Rpz + Rpp)Crpps + 1)

Z1(s) N SRy (Ccompz + Ccomp1) (RCgMPZCCiMEZCCOMPl s+ 1D (RppCpps + 1)
COMP2 COMP1

In order to simplify the regulator transfer function design process, when designing regulator parameters,
take Ccomp2>>Ccowmpi. Then,

Z,(s) _ 1 (Rcomp2Ccomp2S + 1) ((Rpz + Rpp)Crps + 1)
Z1(s)  sRpCcompz (Rcomp2Ccomp1S + 1) (RppCpps + 1)

The regulator has two poles:
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1 1
for =5 Sz =
21 X RppCrp 21 X Reomp2Ceompt
Two zeros:
1 1
le sz

21 X ReompaCeompz”” 22 27 X (Rp + Rep) Crp
The two poles and two zeros are shown as below:

Q1 L
VD1 | vy | Vout
1yl
PWM/duty D +
Pole 2
. Resr
Vin —1— D1
J— / N\
N |:i| Rout \
Cout Rer \\
I
- | ]
| | Re2
Cé{ /

N Zero 2
/| e
I

FCOMPZ

\ g
\ [ RF1
Zefo 1 =

PWM/duty D + -

I VPPZVI’aN vref

Figure 31. Control Loop With Poles and Zeros

And the final open loop transfer function:

G, (s) = 1 (Rcomp2Ccompzs + 1)((Rpz + Rep)Cres +1) W y 1+ ResrCoutS
? SRr2Ccomp2 (Reomp2Ccomp1S + 1) (RppCrrs + 1) Viamp [ « Couts? +7—s+1
out
__Y y 1 lx (Rcomp2Ccompzs + 1) ((Rrz + Rep)Crrs + 1) y 1+ ResrCouts
Viamp  Rp2Ccompz S (R2C35 + 1)(R3Cps + 1) L# Coyes® + s +1
out

Step6. Calculate compensation component parameters:
The crossover frequency of the open loop gain is set to 1/5~1/10 of the switching frequency;

fo = (%~%)fsw f. is crossover frequency, f, is switching frequency;

Vin L x L =2nf(fic <<Ff..getki)

X
Vramp Rp2Ccomp2 kq

Usually, RF2 and RF1 can be set first according to Vout, so

V.
C — in
compz Vramp XTfcXRE2X2K4 @

The first pole is equal to the zero caused by the out capacitor esr:
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_ 1
fpl ZﬂXRFFCFF ﬂST o 2TXResrCout
The second pole is equal to half of the switching frequency:
1 1
= =f ==f
fpz 2nXRcomp2Ccomp1 p2 2 @

Two zero points of the regulator (fz1: compensate the first zero point, fzo: compensate the second zero
point)

1
fa = s =hific (1 =05~1) @
fz2 = - r f; @
22 7 X (Rpy+Rpp)Crr 0 LC

By the formula (1) —(®),Calculate the compensation component parameters:

c _ Vin
COMPZ 7 mp X TTfe X Ry X 2ky
Vram f
Reompz = T:iRFz
c _ 1
COMPT ™ 7 x Reompz X fow
ch
R
FFE = fesr fLC
1
Crr =

27 X fosr X Rprp

For example:
Vin=6.5-85V,Vout=5V,lout=0-20A,Fsw=230kHz,Vin/Vrampr=18,
L=3.3uH,Cout=549uF,ESR=3mQ,Rr>=23.2kQ,RF1=4.42kQ.

1
= = 3.74kHz
fie =5 Cout

1
=———=97kH
fESR 27T X ResrCout )

1

fo=—fow =27kHz (f isusually (=~3) of fi,

Vin _ —
CCOMPZ - VrameTL'XfCXRFZXZk1 - 57nF(k1 08)
fe
Reomrz = 22 Je g = 934
Vin fLC
C ! 149pF
cOMP1 = = p
Yrx Rcomp2 X fsw
RFF - fes _fLC RFZ - 930
Cop = ————— = 1.6nF
FE— 270X fesr XRFF - en
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9. Application and Implementation

9.1 Reference design 1

Vin=6.5-80V
Vout=5V
lout=0-20A
Fsw=230kHz
Vin
. To 1u Tmu

ica Jﬂ:d ics lcs icr lca lCQ—LCM
Td?u TwuTMuTMuTMuTMuToﬁrum

R10
75k

R2
300k

2
Sl

9.2 Reference design 2

Vin=15-80V
Vout=12V
lout=0-12A
Fsw=400kHz

MK9280D08 .
° EP
EN/UVLO VIN
RT W i00]
SSTRK HO et R4 1
0 L 1u
1
VT
Ks] |
11 —=C2
23
LM |7
15
i
I
RS =
560 GND

L2
33uH
Vout
el Q2 YR
) =il S U U0 SO
SCO40NTING 14 ==C15 ==C16~C13 ==C21
22 fonine Tm Td?u Td?uTWOuTDDm

Figure 32. Reference Design 1

Vout

cooo
SCO40NTQNSH
22 |stnino

5 al
cooa
BSCOTON{ONSS
e

L2
4 7uH

D1(aI%)
555158 C

Vout

T T THTRTS

D5
1NA14BWSF-7
11

1“_

GND

Figure 33. Reference Design 2
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9.3 Reference design 3

Vin=28-80V
Vout=24V
lout=0-6A
Fsw=400kHz

vin[_— M

GNDL >

= R2
G 300k
%Rfﬁ
22
GhD1 _L&
R9 412k
MKs2EIDGE Eh
:EN‘UVLO VE\E i
24 Tionop 2RT sw ® et o,
L Sove eer o 7 ] X
FE NG - L'\./\/\,—_J_ s sccaquNss
Seout Ve 1 22 ey
ba
2.5k
A1 INS4BYISF T
Sﬁj D2 "
Figure 34. Reference Design 3
MK9280 Datasheet V1.0 www.meraki-ic.com 32
Specifications Subject to Change without notice © 2024 Meraki IC.

Confidential. Classified: Authorized Customer Only



dLE  MERAKI

" INTEGRATED MK9280

10.Power Supply Recommendations

11.Layout

12.1 Layout Guidelines

To achieve high performance of the MK9280, the following layout tips must be followed:

- At least one low-ESR ceramic bypass capacitor VCC must be used. Place the capacitor as close as
possible to the MK9280 VCC and GND pins.

- Minimize the loop area formed by Cin connections to VIN and GND pins, refer to Figure 35.

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

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

- Place the feedback resistors, Rs and Ry, close to the FB pin. Route the feedback Vout sense path away
from noisy nodes such as the SW net.

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

- BST capacitor to high-side MOS gate path width is better to be wider than 15mil (demo is 20mil);

- VCC capacitor to low-side MOS gate path width is better to be wider than 15mil (demo is 20mil), it
recommended that 2 vias placed near to VCC capacitor GND to reduce driver path resistance.
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12.2 Layout Example
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Figure 35 MK9280 Power Loop Layout Example
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Figure 36 MK9280 Controller Loop Layout Example
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12.Mechanical, Packaging

12.1 Package Size
12.1.1 MK9280DQB Package Size
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Figure 37 Package Dimensions

Table 2 Package Dimensions

SYMBOL Dimensions(mm)

MIN NOM MAX
A 0.70 0.75 0.80
A1 - 0.02 0.05
b 0.20 0.25 0.30
b1 0.18REF
c 0.203REF
D 4.40 4.50 4.60
D1 2.60 2.70 2.80
e 0.50BSC
el 0.75BSC
Ne 3.50BSC
E 3.40 3.50 3.60
E1 1.60 1.70 1.80
L 0.35 0.40 0.45
h 0.30 0.35 0.40

Notes:
(1) This drawing is subject to change without notice

(2) The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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12.1.2 Recommended Land Pattern
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Figure 38 Recommended Land Pattern
Notes:

(1) Alllinear dimensions are in millimeters.

(2) Itis recommended that vias under paste be filled, plugged or tented.
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12.2 Recommended Stencil Design
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Figure 39 Recommended Stencil Design

Note:

(1) Alllinear dimensions are in millimeters.
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Reel and Tape Information

12.3
f g ./\ Reel
, @\“{ @ ‘ Diameter
|
k“‘"
Reel
Width(W1)
Figure 30 Reel Dimensions
Sprocket
P Holes
— K
OO0 010 |
QL ; Q2 QL 1 Q2 B W User Direction
Q3 Q4 Q304 of Feed
p |
A
Figure41. Tape Dimensions
Reel Reel
| Package | | Quantities | . ¢ ee Al B | K| P | W/ Pin
Device | pe | P8 (pggy | Dlameter) Width | mm) | (mm) | (mm) | (mm) | Quadrant
yp (mm) W1(mm)
MK9280 | QFN-20 | 20 3000 329 12.4 3.8 48 | 1.18 8 12 Q1
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12.4 Reel Box Dimensions
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Figure42. Reli Box Dimensions

12.5 Electrostatic Discharge Caution
‘ This integrated circuit can be damaged by ESD. Meraki Integrated recommends that all
‘Y. \ integrated circuits be handled with appropriate precautions. Failure to observe proper
handling and installation procedures can cause damage.
ESD damage can range from subtle performance degradation to complete device failure. Precision
integrated circuits may be more susceptible to damage because very small parametric changes could

cause the device not to meet its published specifications.
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