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100V 1A Synchronous Buck Converter with Ultra-low Iq

1 FEATURES 2 APPLICATIONS
e Wide Input Range: 6.5V-100V BMS (E-Bike, Electric Tools)

« Constant On-Time Control Mode Telecom and Automotive Systems

e 1A Continuous Output Current Motor Drivers and Drones

e 30uA Ultra-low Quiescent Current (QM1001AT1)

e Integrated 530mQ High-Side and 230mQ Low-
Side Power MOSFETs

e 1.2V £ 1.0% Feedback Reference Voltage

General Purpose Wide Vin Regulation

3 ORDERING INFORMATION

e Adjustable Switching Frequency 100kHz-300kHz TYPE MARKING | PACKAGE
e 3ms Internal Soft-start Time and PG Pin QM100TA0 1001A0 eSOP-8L
« PFM Mode at Light Load (QM1001A1) QM1001A1 1001A1 eSOP-8L

e FPWM Mode at Light load (GM1001A0)

e Protections with Input UVLO, OT and OCP

e Internal VCC Bias Regulator and Boot Diode

e Available in a 4.9mm x 3.9mm eSOP-8L Package

4 DISCRIPTION

The QM1001A0/A1 is a 6.5V-100V input, TA output synchronous buck converter. A constant on-time (COT)
control architecture provides excellent load and line transient response. Additional features of the
QM1001A0/A1 include peak and valley overcurrent protection, integrated VCC bias supply and bootstrap
diode, precision enable and input UVLO, and thermal shutdown protection with automatic recovery. An op
en-drain power good indicator provides sequencing, fault reporting, and output voltage monitoring.
QM1001A1 works with ultra-low IQ 30uA and PFM mode operation to achieve high light-load efficiency.
QM1001A0 works in FPWM mode operation and can be used for isolated voltage output applications.

5 TYPICAL APPLICATIONS
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6 PIN CONFIGURATION AND FUNCTIONS
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Top View: QM1001A0/A1 eSOP-8L

PIN OUT
1/0 PIN FUNCTION
NAME NO.

1 GND G Ground connection for internal circuits.

2 VIN P/l | Power supply input. Must be locally bypassed.

Precision enable and undervoltage lockout (UVLO) set pin. If the
EN/UVLO voltage is less than 1.5 V, the converter is shutdown and all

3 EN/UVLO | | , . '
functions disabled. If the EN/UVLO voltage is larger than 1.5 V, the buck
starts-up. This pin cannot be floating.

4 RON I On-time programming pin. A resistor between this pin and GND sets
the buck switch on-time.

5 FB I Buck converter output feedback sensing voltage. Connect a resistor
divider from VOUT node to FB pin and from FB pin to GND to set up
output voltage.

Power good indicator. This pin is an open-drain output pin. Connect to

6 PG O | a source voltage through an external pullup resistor between 10 kQ to
100 kQ, the recommended max pull up voltage is 15V.

Power supply for the high-side power MOSFET gate driver. Must

7 BST P/l | connect a ceramic capacitor between BST pin and SW pin, prefer a high-
quality 10-nF 50-V X7R ceramic capacitor.

8 SwW P Switching node of the buck converter. Connect to the power inductor.

9 Thermal . No internal electrical connection, must be grounded in PCB layout with

Pad a large copper plane to reduce thermal resistance.
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7 SPECIFICATIONS
7.1 Absolute Maximum Ratings
Over operating free-air temperature unless otherwise noted
DESCRIPTION PARAMETER MIN MAX UNIT
Input voltage VIN, EN to GND -0.3 105 4
FB, RON to GND -0.3 6.5
Bootstrap capacitor External BST to SW capacitance 2.2 100 nF
BST to GND -0.3 111
BST to SW -0.3 6
Output voltage SW to GND -1.5 105 \Y
SW to GND (20-ns transient) -3 106
PG to GND -0.3 17
Operating junction -40 150 o
temperature, T)
Storage temperature, Tsig —65 150 °C
7.2 ESD Ratings
PARAMETER DEFINITION MIN MAX UNIT
Human Body Model (HBM), per ANSI-JEDEC-JS-001-
Q. . +2000 Vv
v 2014 specification, all pins®
=0 Charged Device Model (CDM), per ANSI-JEDEC-JS- +500 y
002-2014 specification, all pins®™ -

(1) HBM and CDM stressing are done in accordance with the ANSI/ESDA/JEDEC JS-001-2014 specification

7.3 Recommended Operating Conditions

Over operating free-air temperature range unless otherwise noted

PARAMETER DEFINITION MIN NOM MAX UNIT
Vin Input voltage 6.5 100 \Y
Vsw Switch node voltage 100 \Y
VEnsuvio Enable voltage 100 \Y
lLoaD Load current 1 1.25 A
Fsw Switching frequency 300 kHz
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Cast External BST to SW capacitance 10 nF
ton Programmable on-time 200 10000 ns
T Operating junction temperature -40 125 °C
7.4 Thermal Information
PARAMETER THERMAL METRIC eSOP-8L UNIT
Resa Junction-to-ambient thermal resistance 42.1 °C/W
Resc(top) Junction-to-case (top) thermal resistance 59.6 °C/W
Ress Junction-to-board thermal resistance 16.1 °C/W
Wy Junction-to-top characterization parameter 4.1 °C/W
Wi Junction-to-board characterization parameter 16.4 °C/W
7.5 Electrical Characteristics
Vin=48V Venjuvio=2V, T;=-40°C~125°C, typical values are tested under 25°C.
SYMBOL PARAMETER TEST CONDITION MIN TYP MAX | UNIT
Power Supply and Supply Current
ViN Operating input voltage 6.5 100 \"
Input UVLO Vin rising 6.35 6.8 \Y
VIN_uvio .
Hysteresis 350 mV
Isp VIN shutdown current Ven=0V 5.3 11.5 MA
VIN sleep current Vis= 1.5V, lload=0A, 30 99 MA
Non-switching(Q1001A1)
Vis= 1.5V, lload=0A, 550 882 uA
la-sLeep Non-switching(QM1001A0)
Power MOSFETS
Roson-Hs | High-side MOSFET Rpson | Isw = —100 mA 530 mQ
Roson-Ls Low-side MOSFET Rpson Isw= 100 mA 230 mQ
EN/UVLO
Venrising | Buck enable threshold Vensuvio rising 1.37 1.5 1.65 \Y
Ven-ratng | Buck enable threshold Venyuvio falling 1.28 1.4 1.52 \"
Feedback and Current Limits
VRer FB regulation voltage Ves falling 1.188 1.2 1.212 \Y
LIM_HSD HSD switch current limit | ATE data 1.3 1.5 1.7 A
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SYMBOL PARAMETER TEST CONDITION MIN TYP MAX | UNIT
lLim Lsp LSD switch current limit 1.1 1.3 1.5 A
lLim NEG Negative current limit QM1001A0 -1.2 -2.3 -3.0 A
Timing and Soft Start
toni On-time1 Vvin = 7V, Rron = 75 kQ 4200 ns
tons On-time2 Vvin= 12V, Rron = 75 kQ 2600 ns
Tss Soft-start time 10% to 90% output 1.45 3 478 ms
PG (Power Good)
Vo pe PG threshold ' risi‘ng (good) 92 95 98 %
B Ve falling (fault) 87 90 93 %
Ik PG PG leakage current Vpe=6V 10 nA
PG low level output
Ve L Ipc_putup=2mA, V=1V 0.06 0.11 Vv
voltage
Bootstrap
Vest-uvio | Gate drive UVLO Vst rising 3.5 3.97 \Y
Protections
Thermal shutdown
Tsp threshold 160 <
Hysteresis 25 °C
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7.6 Typical Characteristics
Vin=48V, Ta= 25°C, unless otherwise noted.
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8 FUNCTION BLOCK DIAGRAM
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9 DETAILED DESCRIPTION

9.1 Overview

1001A0/A1 is an easy-to-use, highly efficient synchronous step-down buck converter with a wide input
voltage of 6.5 V to 100 V, delivering up to 1 A DC load current. With integrated high-side and low-side
power MOSFETs, 1001A0/A1 is designed with constant on-time (COT) control architecture, this constant
on-time (COT) converter is ideal for low-noise, high current, and fast load transient requirements,

operating with a predictive on-time switching pulse.

1001A0/A1 implements a smart peak and valley current limit detection circuit to ensure robust protection
during output short circuit conditions. Control loop compensation is not required for this regulator,
reducing design time and external component count.

For 1001A1, at light loads the device transitions into an ultra-low IQ mode to maintain high efficiency and
prevent draining battery cells connected to the input when the system is on standby. For 1001AQ, at light |
oads the device still works in CCM mode which achieves the lower output voltage ripple at full loading r

ange.

1001A0/A1 incorporates additional features for comprehensive system requirements, including an open-

drain Power Good circuit for power-rail sequencing and fault reporting, internally-fixed soft start,
monotonic start-up into pre-biased loads, precision enable for programmable line undervoltage lockout
(UVLO), smart cycle-by-cycle current limit for optimal inductor sizing, and thermal shutdown with
automatic recovery. These features enable a flexible and easy-to-use platform for a wide range of

applications.

The 1001A0/A1 is available in the 8-pin e-SOP package.

9.2 Control Mode Architecture

1001A0/A1 adopts a constant on time (COT) control architecture providing fast load transient response.
The COT control mode sets a fixed on-time ton of the high-side FET using a timing resistor Rron, and is
inversely proportional to the input voltage, VIN. The inverse relationship with VIN results in a nearly
constant frequency as VIN is varied.

Calculate the on-time using Equation 1.

Rgon (k) (1)

Lon (US) = 5=y

11
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After expiration of ton, the high side MOFET turns off and the low-side MOSFET turns on after dead time
passes, until the feedback voltage is lower than the reference voltage of 1.2 V, the low side MOSFET turns
off and high side MOSFET turns on again after dead time passes. To set a CCM specific switching frequency,
the Rron resistor is selected as below Equation 2.

Vour(V) X 2500 )

Rpon (k2) = Fo (kH2Z)

Select Rron for a minimum on-time (at maximum VIN) greater than 200 ns for proper operation. In addition
to this minimum on-time, the maximum frequency for this device is limited to 300kHz.

9.3 Light Load Operation

1001A0/A1 integrates both high-side and low-side power MOSFETs. For 1001A1, at light loads the de
vice works in pulse skip mode to maintain high efficiency and prevent draining battery cells connected to
the input when the system is on standby. For 1001A0, at light loads the device still works in CCM mode
which achieves the lower output voltage ripple at full loading range.

QM1001A1 operates in a pulse-skipping mode during light load conditions. When the inductor valley
current reaches zero, the low-side MOSFET turns off. Here, the load current is less than half of the peak-
to-peak inductor current ripple in CCM. This mode leads to a reduction in the average switching
frequency at light loads, switching losses and FET gate driver losses, both of which are proportional to
switching frequency, are significantly reduced at very light loads and efficiency is improved.

9.4 External Ripple Injection

For constant on time (COT) control mode, in order to maintain stability, the PWM comparator requires a
minimal ripple voltage in feedback node that is in phase with the inductor current during the off-time.
Furthermore, this ripple voltage in feedback node during the off-time must be large enough to dominate
any noise present at the feedback node. The minimum recommended ripple voltage is 30 mV. There are
3 different methods for generating voltage ripple at the feedback node.

9.4.1 Recommended Ripple Injection Circuit

Type-3 ripple generation circuit is recommended to generate the minimum ripple requirement for COT
control mode stable. This circuit is suited for applications where low output voltage ripple is critical. As
shown in Figure 9-1, an RC network consisting of R; and C,, and the switch node voltage to generate a
triangular ramp which is in-phase with the inductor current, and AC-coupled into the feedback node with
capacitor Cp.

12
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QM1001A0 g,

Al

Figure 9-1. Type-3 Ripple Generation Circuit

Equation 3, 4 and 5 are used to determine the external component choice.

10 G3)

C,. >
"7 Fsw X (Regr ||Rpgg)

(Vin — Vour) X ton 4
R.C. <
rer = 30mV
tsettling (5)

Cp =
® = 3 X Rppr
Where
e tseing is desired load transient response settle time

e tonis the HSFET on time determined by Rron

13
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9.4.2 Other Ripple Injection Circuits
There are other two ripple injection circuits shown in table 1.

Table 9-1. Ripple Injections Circuits with Larger Output Ripple

Type-1 Type-2
Lo LO
1001A0/A1 SW o Vour 1001A0/A1 W
CBST
Ty Fe
Reer
FB |
COUT
§ Rres :|:
R > 30mV X VOUT (6) C > VOUT (8)
Sk = Rpgr X AL FE=2mx Fow X (Rppr ||Rppp )
Roce > Vour 9)
Rpsp = Vour @) ESR =2 x vy x Fsyr X Coyr
T 2XViy X Fgyy XC
IN sw ouT 30mV (10)
Rgsp 2 Al

The type-1 ripple generation circuit uses a single resistor, Resr in series with the output capacitor or uses a
larger ESR output capacitor. The generated voltage ripple has two components, capacitive ripple caused
by the inductor ripple current charging and discharging the output capacitor and resistive ripple caused
by the inductor ripple current flowing into the output capacitor and through series resistance Resz. The
capacitive ripple component is out of phase with the inductor current and does not decrease monotonically
during the off-time. The resistive ripple component is in phase with the inductor current and decreases
monotonically during the off-time. The resistive ripple must exceed the capacitive ripple at VOUT for stable

operation. Equation (6) and Equation (7) are used to calculate the value of the Resr.

The type-2 ripple generation circuit adds a feedforward capacitor Crr based on type-1 ripple generation
circuit, which makes the output voltage ripple AC-coupled to the feedback node directly, and the output
voltage ripple to feedback node are reduced by a factor of Vour / Vesr. Equation (8), Equation (9) and

Equation (10) are used to calculate the value of the Resr and Cer.

As shown in table 1, both type-1 and type-2 method have an additional Resr is series with the output
capacitor, which leads the output voltage ripple is higher than the type -3 method.

14



A BERE QM1001A0/A1

QINMING TECHNOLOGY

9.5 Internal Soft Start

To avoid the current surges during start-up, the QM1001A0/A1 employs an internal soft-start circuit which
allows the output voltage reaches a target point gradually, followed by the internal reference ramp. The so
ft-start time is internally set to 3 ms.

9.6 Internal VCC Regulator and Bootstrap Capacitor

1001A0/A1 integrates an internal linear regulator with a nominal output of 5 V, and no need for an e
xternal capacitor to stabilize the linear regulator. The internal VCC regulator provides the power to the
MOSFET driver and logic circuits.

An external bootstrap capacitor between BST pin and SW pin powers high-side power MOSFET gate driver.
The bootstrap capacitor voltage is charged from an integrated voltage regulator when high-side power
MOSFET is off. It is required to select a high-quality 10nF 50-V X7R ceramic bootstrap capacitor as
specified in the Absolute Maximum Ratings.

The floating supply (BST to SW) UVLO threshold is 3.7V rising and hysteresis of 200mV. When the converter
operates with high duty cycle or prolongs in sleep mode for a certain long time, the required time interval
to recharging bootstrap capacitor is too long to keep the voltage at bootstrap capacitor sufficient. When
the voltage across bootstrap capacitor drops below 3.5V, BOOT UVLO occurs.

9.7 Enable/Undervoltage Lockout (EN/UVLO)

The EN/UVLO pin of 1001A0/A1 is a high voltage pin which can be connected to VIN directly to start-up
the device. If the EN/UVLO voltage is lower than 1.5 V (typical), the converter is in shutdown status and
all functions disabled. If the EN/UVLO voltage is higher than 1.5V, the buck starts-up.

For Under Voltage Lock Out (UVLO) function control, connect an external resistor divider (RL and RH)
shown in Figure 9-2 from VIN to EN/UVLO pin. The VIN UVLO rising and falling threshold can be calculated
by Equation 11 and Equation 12 respectively.

Ry
Vigse = L5 X (14 —=7) (11)
R,

Ry
Ry,

where

e Vi is rising threshold of Vin UVLO
Figure 9-2. System UVLO by EN divider

e Vi is falling threshold of Vin UVLO

15
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When using the QM1001A1, for achieving higher light load efficiency, it is recommended to select R
1 and Riin the range of 1 MQ for most applications.

9.8 Power Good (PG)

The Power good (PG) pin is an open-drain output to indicate when the output voltage is within the
regulation level. When the FB voltage exceeds 95% of the internal reference VREF, the internal PG switch
turns off and PG can be pulled high by the external pullup. If the FB voltage falls below 90% of VREF, an
internal PG switch turns on and PG is pulled low to indicate that the output voltage is out of regulation.
A 10 kQ-100 kQ pullup resistor is recommended to pull the voltage up to 15V or less. The rising edge of
PG has a built-in deglitch delay of about 5 ps.

9.9 Output Voltage Setup

1001A0/A1 regulates the internal reference voltage at 1.2V with +1.0% tolerance over the operating
temperature and voltage range.

The output voltage is set by a resistor divider from the output node to the FB pin. It is recommended to
use 1% tolerance or better resistors. Use Equation 13 to calculate resistance of resistor dividers. To improve
efficiency at light loads, larger value resistors are recommended. However, if the value is higher, the

regulator will be more noise sensitive. Rrg gor in the range of 10kQ to 100kQ is recommended for most
application.

VOUT

120 1) * Rpp por (13)

Rrp rop = (
where
e R op is the resistor connecting the output to the FB pin.

e Res ot is the resistor connecting the FB pin to the ground.

9.10 Over Current Protection

1001A0/A1 integrates the cycle-by-cycle over-current protections, both inductor peak and valley current
are sensed during each cycle. At every switching cycle, the current sensed in the high-side MOSFET is
compared to the current limit threshold. As shown in Figure 9-3, if the peak current in the high-side
MOSFET is larger than 1.5 A (typical), the high-side MOSFET turns off immediately and the low-side
MOSFET turns on. The fold-back valley current limit is 1.3A (typical), at every switching cycle, the low-side
MOSFET remains on until the inductor current drops below the fold-back valley current limit. This feature
lower down the switching frequency when over current happens, prevents overheating and limits the
average output current to less than 1.5 A.

16
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Figure 9-3. Current Limit Timing Diagram

When the output over-current or short circuit occurs, the converter cannot provide enough energy to
satisfy loading requirement, then the output voltage drops, followed by the FB voltage. When the FB
voltage drops to 25% of the reference voltage, both the Ipeak Limit and lvaiey Limit drop about to half the
original value, which is about 0.8A for high-side MOSFET current limit and 0.65A for low-side MOSFET
current limit. This feature could avoid the overheating and other potential damages for the converter, also
avoid the overheating of the inductor when over-current or short circuit occurs.

9.12 Thermal Protection

1001A0/A1 features an internal thermal shutdown circuit to protect the device from damage during
excessive heat and power dissipation conditions. The thermal shutdown circuit will be asserted when the
junction temperature exceeds typically 160°C. When the junction temperature falls below 135°C, the device
restarts with internal soft start phase.

This is a non-latch protection,QM1001A0/A1 will re-start and out of thermal shutdown if the over
temperature is gone.
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Table 10-1. Design Parameters

b"\ SiEHE QM1001A0/A1
10 APPLICATION INFORMATION
Typical Application 1
Lo Vour= 12V
Vin=24V...60V 68uH T:UTT= 1A
—e—¢ VIN SW |—e o O
1 1 QM1001A0/A1 1. Rr Cr
Cin BST [ 200kQ  2.2nF
2x2.2uF:|: :I:O.luF EN/UVLO I 10nF — 1 cour
L 1 BST &b § Resr | 2x22uF
. 459 kQ
RON FB Sads —
Rron -
100 kQ Rree
GND PG |— 51 ki)
Figure 10-1. 48V Normal Input, 12V/1A Output with Type-3 Ripple Injection

Design Parameters

Example Value

Input Voltage

48V(Normal), 24V -60V

Output Voltage 12V
Output Current 1A
Output Ripple <60mV
Switching Frequency 300kHz
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10.1 Set Output Voltage

QM1001A0/A1 output voltage can be easily set up using a resistor divider network Rrgr and Rrgs as show
n in the typical application circuit Figure10-1. Use Equation (14) to calculate resistor divider values.

(Vour — 1.2) X Rppp
Rpgr = T (14)

In this design for example the Vout is 12V. Set the resistor Rrgsg value to be approximately 51kQ.

_ (Vour —1.2) X Rpp _ (12— 1.2) x 51kQ

RFBT - 1.2 1.2 = 459kﬂ

10.2 Set Switching Frequency (Rron)

1001A0/A1 switching frequency is set-up by placing on-time programming resistor from RON pin to
GND. Use equation (2) in chapter 9.2. to calculate the resistor value. The 100 kQ, 1% resistor sets the
switching frequency at 300 kHz.

12 x 2500
Rpon (k2) = 300 =100k
tous) = —2_ _ 083
NS = s ag T oW

10.3 Input Capacitor Selection

For good input voltage filtering, choose low-ESR ceramic capacitors. The high voltage rating X7R ceramic
capacitors 2.2uF to 10pF are recommended for the decoupling capacitor and a 0.1uF ceramic bypass
capacitor is mandatory to be placed as close as possible to the VIN pin. These capacitors must be rated
with voltage larger than maximum input voltage, and are recommended with voltage rating of twice the
maximum input voltage.

For this design, two 2.2uF X7R capacitors and one 0.1uF capacitor rated 100V are recommended.

The input voltage ripple can be calculated by using Equation 15 to calculate the input voltage ripple:
loyr Vour ( Vour) 14 12V ( 12V)

X X(1-— = 1———=)=142mV 15

Civ X fsw VN Vin (15)

AV = = X —— X —
a 4.4uF x 300kHz =~ 48V 48V

e C is the input capacitor value
e fq is the converter switching frequency
e lout is the maximum load current
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10.4 Inductor Selection

The performance of the inductor affects the power supply’ s steady state operation, transient behavior,
loop stability, and buck converter efficiency. The critical parameters of inductor are the inductance, the
DC resistance (DCR), the saturation current and the RMS current.

Use the following equation to calculate the minimum inductance:

Vour X (Vinmax — Vour) (16)

Vinmax X Kinp X loyr X fow

Lyiv =
Where
e Vour is output voltage
e Kinp is the Ripple Ration of the inductor ripple current (AiL/lout), 0.3-0.5 is recommended
e Vinmax is the maximum input voltage
e fswis the converter switching frequency
e lour is the output current

In this design example:

Vour X Vinmax — Vour) 12V x (48V —12V) 60uH (17)
— — u
Vinmax X Kinp X Ioyr X fow 48V x 0.5 X 14 X 300kHz

L >LMIN =

When selecting an inductor, choose its rated current is larger than its RMS current and saturation current
is larger than short circuit current lum nsp during the operation. The peak switching current of inductor is
calculated in equation 18:

loyr 14 (18)
Iipgak = loyr + Kinp X - =14+ 0.5 X% > = 1.254

The inductance of 68uH and the saturation current of 1.9A is selected here.

10.5 Output Capacitor

The output capacitor must be chosen carefully with the reason that this capacitor value determines the
regulator pole, the output voltage ripple, and how the regulator responds to a large change in load current.
Generally, choose a low-ESR output capacitor like a ceramic capacitor from X5R or X7R family to get small
output voltage ripple.

From the required output voltage ripple (<60mV), use Equation 19 to calculate the minimum required
effective capacitance, Cour.

Al pp Kinp X Ioyr
8 X Vour_rippte X fsw 8 X Vour rippie X fsw
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The allowed maximum ESR of the output capacitor is calculated by Equation 20.

VOUT_Ripple

Rpgp < (20)

kinp X lour
Where
e Vour ripple is output voltage ripple caused by charging and discharging of the output capacitor.
e kinp is the Ripple Ration of the inductor ripple current (AiL/lour), 0.3-0.5 is recommended here
e lout is the maximum output current

e fswis the converter switching frequency.

In this design, Vour ripple is smaller than 60mV, fsw is 300kHz, lout is 1A and Kinp is 0.5:

oo 05 x 14 . Q1)
OUT ~ 8 60mV x 300kHz 0%
60mv
= 120mQ (22)

Rese < 95 x 14
As the DC bias degrading and +10% or +20% tolerance for the ceramic capacitors, a X7R capacitors of

one 22uF with 25V DC rating can be selected.

10.6 Bootstrap Capacitor

For proper operation of the device, a 10nF ceramic capacitor of X5R or X7R must be placed between the
SW pin to the BST pin. The DC rating of this capacitor must be 10V or higher voltage level.

10.7 Ripple Injection Circuit

For keeping lower output voltage ripple, the Type 3 ripple injection circuit is selected here.
Refer to Equation (3), Equation (4) and Equation (5), calculating the C,, R, and Cy, as below:

10 10 (23)
Cr = = = 726pF
300kHz X (R, ||R,) ~ 300kHz x (51k ||459k)
R < (48V —12V) x 0.83us _ 0.996 X 103 (24)
T 30mV o

Keeping Rr in the range of 100kQ to TMQ, choosing Cr is 2200pF and getting the Rr is 454kQ. While for
making sure a 30-mV minimum ripple voltage on FB at minimum VIN 24V, the Rr is selected with 200kQ
in the design.
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C. > tsettling _ tsettling (25)
® = 3% Rpgr 3 X 459k

where

. tsettling is desired load transient response settling time
Cp calculates to 56 pF based on a 77us settling time. A 68pF is selected in the design. To avoid capacitance
fall-off with DC bias, use a COG or NPO dielectric capacitor for Cy.

10.8 Typical BOM Recommendation for Type-3 Ripple Injection

Table 10-2 and Table 10-3 list the recommended BOM for typical applications by referring Figure 10-1. It
is recommended to work with switching frequency 200kHz if the input voltage is larger than 60V.
Considering the capacitor’ s degrading under DC bias, it is recommended to leave margin on the
voltage rating to ensure adequate effective capacitance. Typically, one 22uF(>25V) ceramic output
capacitor work for most applications, if for achieving better load transient performance, two 22uF
ceramic output capacitors are recommended. As described in 9.4, the ripple injection voltage is related
to the Rrer and Resgg, so it is highly recommended to refer below table for BOM selection to avoid the

unstable operation.

Table 10-2. Typical BOM For Fsw=200kHz (VIN>60V)

Vour Lo Cour Rron Reer Rres Rr Cr Cb
5v 47uH 22uF(25V) 63k 162k 51k 200k 2.2n 220p
12V 100uH 22uF(25V) 150k 459k 51k 330k 2.2n 68p
24V 150uH 2x10uF(50V) | 300k 969k 51k 500k 2.2n 47p

Table 10-3. Typical BOM For Fsw=300kHz (VIN<=60V)

Vour Lo Cour Rron Reer Rres Rr Cr Cb
5v 33uH 22uF(25V) 41.2k 162k 51k 150k 2.2n 220p
12V 68uH 22UF(25V) 100k 459k 51k 200k 2.2n 68p
24V 100uH 2x10uF(50V) | 200k 969k 51k 200k 2.2n 47p
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10.9 Application Waveforms
Figure 10-2 to Figure 10-17 are tested based on Figure 10-1 with QM1001A1.
Vin=48V, Vout=12V, unless otherwise noted.
95 2.0
/—\/ —
85 1 Lt /— I 1.0 e
- L~ =1 | -
L 80 L £ 05
e Zaiim E
S 70 / 805
& ————
65 [ Vin=36V, Vo=12V, Fsw=300kHz -c'é -10 " ——Vin=36V, Vo=12V, Fsw=300kHz |
60 b————— = e \/in=48V, Vo=12V, Fsw=300kHz | — 15 —\/in=48V, Vo=12V, Fsw=300kHz |
Vin=60V, Vo=12V, Fsw=300kHz Vin=60V, Vo=12V, Fsw=300kHz
55 ' -2.0 . .
0.001 0.01 0.1 1 0.001 0.01 0.1 1
Output Current (A) Output Current (A)
Figure 10-2. Power Efficiency Figure 10-3. Vour Vs. Load Regulation
SW=20V/div I | SW=20V/div ! A
Vout=50mv/div (AC coupled) Vout=20mV/div (AC coupled)
B‘- . : : : : : 3 : : : 5 : ¢ +
o> =2 ¢ IL=1A/div
~ IL=TA/div
10ms/div 4us/div

Figure 10-4. Output Voltage Ripple, lour=0A

Figure 10-5. Output Voltage Ripple, lour=1A

Figure 10-6. Start-Up with EN, lour=0A

" ‘ ] —‘—I
N EN=5V/div EN=5V/div
,/
Vout=5V/div // ] Vout=5V/div i
_PG=2vidv PG=2V/div
2ms/div 2ms/div

Figure 10-7. Start-Up with EN, lour=1A
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¥ N

«

EN=5V/div

v N
o ht N
EN=5V/div i
oW Vout=5V/div. | | [Eeeie e T =
®» o
PG=2V/div

Vout=5V/div

PG=2V/div

2ms/div
Figure 10-8. Shut-down with EN, lour=0A

200us/div

Figure 10-9. Shut-down with EN, lour=1A

] jl . N
VIN=20V/div
VIN=20V/div ' 1 ' /
_ SW=20V/div t n
o . SW=20V/div

Vout=5V/div

Vout=5V/div &
IL=1A/div

|L=1A/diV 'mwm -

2ms/div 2ms/div
Figure 10-10. Start-Up with VIN rising Figure 10-11. Start-Up with VIN Rising
lour=0A lour=1A

v A ]|

CYN | L 1| |

Ju I RRRHBR MR

- SW=20V/div

..

Vout=5V/div

IL=1A/div

TTNT

20ms/div

Figure 10-12. Shut-Down with VIN falling

lour=0A

A

|

VIN=20V/div
SW=20V/div
\

\ *
\ Vout=5V/div
\

B IL=1A/div

20ms/div

Figure 10-13.  Shut-Down with VIN falling
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' |

Vout=200mV/div (AC coupled)

lout=500mA/div

Slew rate setup=1.6A/us

4|

Vout=200mV/div (AC coupled)

lout=500mA/div

Slew rate setup=1.6A/us

200us/div
Figure 10-14. Transient Response 0.1A-1A

200us/div
Figure 10-15. Transient Response 0.2A-0.8A

] h | L -‘-I
SW=20V/div SW=20V/div
| | 1 | 1
- + T
N ORI SRy
S NowtsSvd Vout=5V/di
IL=1A/div IL=1A/div
_ ‘WM‘
....... B \l‘ | I}
400us/div 400us/div

Figure 10-16. Normal Operation to Hard-short
lour=0A

Figure 10-17. Hard-short Recover
lour=0A
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Typical Application 2

R1 NC NE l C02 v
D1 }—l T 2x22uF Vour2 =12V
Vin = 24V...60V S [ lours=0.3A

60uH =
O *~— VIN SW ' Voum= 12V
_L 1 QM1001A0 RE ] |OUT1= 0.3A
Cin I I’l F _TlCoBST 200 kO 22nF g™
2x2.2uF -lu nF Co1
L L EN/UVLO BST § Resr T 2x22uF
68 . 459 kQ
RON FB s 1
Rron N
100 kQ Ress
GND PG [— s
Figure 10-18. 48V Normal Input, Iso-buck 12V/0.3A Output
Table 10-4. Design Parameters
Design Parameters Example Value
Input Voltage 48V (Normal), 24V -60V
Primary Output Voltage 12V
Primary Output Current 0.3A
Secondary Isolated Output Voltage 12V
Secondary Isolated Output Current 0.3A
Switching Frequency 300kHz

10.10 Output Setup and Transformer Turns Ratio

The primary output setup is same with normal Buck setup, refer to Equation 14 in chapter 10.1 for
primary output voltage setup. The secondary isolated output depends on the turns ratio of the

transformer.

N,
Vourz = Vour1 X N Vp (26)
1

Where:
N, . )
e —2 isthe transformer turns ratio

1
e Vpis the forward voltage of the rectifier diode D1
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If the secondary (isolated) output voltage is significantly higher or lower than the primary output voltage,
a turns ratio less than or greater than 1 is recommended. The primary output voltage is normally
selected based on the input voltage range such that the duty cycle of the converter does not exceed 50%
at the minimum input voltage. In this design, the turns ratio N2:N1 is selected as 1.

10.11 Rectifier Diode

When the high-side MOSFET turns on, the rectifier diode is reversed, the reverse voltage on the diode is
below

N,
Ve = (Vin — Vour1 ) X A + Voura (27)
1

If the input voltage (VIN) has transients above the normal operating maximum input voltage, then the
worst-case transient input voltage must be used in calculation while selecting the secondary side rectifier

diode. In this design, a 100V Schottky diode is selected.

10.12 Output Current Considerations

The secondary side only gets the energy from primary side when low-side MOSFET on, the current in
primary side of the transformer needs to be calculated as below,

Al
2 M
L1 pear = M pear = A X Ioyr2 + loyr1 + > (28)
1

Vin =V, XD
AIM h ( IN OUTl) (29)
st X Ll

I11 peak n = — % - x_j X 113—2D (30)
Where:
o Impeak is the peak value of the magnetizing current in the transformer
e i1 peak is the peak current value in the primary side of the transformer
e Alw is the peak-peak value of the magnetizing current in the transformer, which is same with
primary side peak-peak current Al
e i1 peak N is the negative peak current value of the primary side

In the actual design, below requirements should be met,
It peak. < ILim_pos = 1.5A (31

L1 peakn| < v nel = 2.3A (32)
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10.13 Other Considerations

For the other external components selections, please refer to chapter 10. 2 to chapter 10.8.

In Figure

10-18, R1 and C1 are parallelled with the rectifier diode D1, which is used to absorb the energy of the
diode reverse recovery. If the noise in the design is not acceptable, the R1 and C1 can be considered. The
recommended started value is 100Q and 100pF, and needs to be adjusted based on the behavior of the

rectifier diode.

10.14 Isolated Application Waveforms

Figure 10-19 to Figure 10-25 are tested based on Figure 10-18 with QM1001A0.
Vin=48V, Vout=12V, Viso=12V, unless otherwise noted.

C N ' N
VIN=20V/div VIN=20V/div
| p / - i /'/ - -
Vor=S¥fdiv- - /- Vo=svydiv -
B e e D T SR R M
@A,,A¥935§¥(‘11X.A,,_“’/ paVor=sv/div__/
2ms/div 2ms/div
Figure 10-19. Start Up with VIN Rising Figure 10-20. Start Up with VIN Rising
lo1=0A, 102-0.3A lo1=0.3A, lo2=0.3A
z N v N
SW=20V/div Vp1=20V/div
| ! FoboFot ‘ ( h L‘ L ‘
. ke ‘ L
Elyi:_Vo1'=50ml\//d|v (’AC coupled) ) i vk A . N A AAA, g A . |
AT ST AU A AT A AN A Voz=50mV/div(AC coupled)
- f | 1.2=500mA/div
Lu'— IF—‘IA/FW ¥ b y' ¥ 4 l r . L Z‘;J »., r,’ r’ r' rr *’ b' rr r" }‘r ," )
4us/div 4us/div
Figure 10-21. Steady State in Primary Side, Figure 10-22. Steady State in Secondary Side,
lo1=0A, 102-0.3A lo1=0A, 102-0.3A
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] | " A
SW=20V/div Vp1=20V/div
I [ r } [ ' r r f
| ] . |
| | hhhbhhhhbhbhhbhhh
Vo1=50mV/div (AC coupled) J
o 1 N N S N A_AAA A A A A A
/i / , N/ R \ / / b - g ¥ ¥ N + ¥
Yy Yoy ¥y ¥y ¥y ¥y vy oy ¥y Voz=50mV/div (AC coupled)
. lL2=500mA/div
A Iu(=,1/-\/tfll\/> Y ’ \ Vel ! N VA },l k ) ) ¥ ) ¥ ¥ b ) ¥ ¥ ¥ )
p 1} 3 ¥ ¥y » » r r r » ¥ ! r'
4us/div 4us/div
Figure 10-23. Steady State in Primary Side, Figure 10-24. Steady State in Secondary Side,
lout1=0.3A, lout2-0.3A lout1=0.3A, lout2-0.3A
v N
Vo2=500mV/div (AC coupled)
lo2=200mA/div
o s
E———— R —— T vy
E;.
E-load setup=1.6A/us

Figure 10-25, Load Transient in Secondary Side

400us/div

lout1=0A, loutr2=0.1A-0.2A
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Typical Application 3

As described in chapter 9.4.2, another ripple injection circuit is generated by using the output capacitor
with electrolytic bulk capacitor. Figure 10-26 shows the detail external BOM for 12V output, since the
electrolytic bulk capacitor (ECAP) is used, the output ripple is higher than Figure 10-1 with Type-3 ripple
injection circuit.

v Lo Vour= 12V
IN 68uH lour= 1A
[, *r—t VIN SW
e 1 1 QM1001A0/A1 o
| 10nF 100nF + C
ZXZ'ZUFI IloonF EN/UVLO BST " cif R " 100uF /25
- T 33PFT 459kQ I I
RON FB . 4
RRON
100 k) Rres
GND PG — 2 Y

Figure 10-26. 48V Normal Input, 12V/1A Output

10.15 Typical BOM Recommendation

Table 10-5 lists the recommended BOM for typical applications by referring Figure 10-26. The below
recommendation for Cff should be changed to different value if the Rrer is different with below values. It
is better to make the new Resr* Cff value is close to Resr* Cff values in Table 10-5.

Table 10-5. Typical BOM For Fsw=300kHz

Vour Lo Cour Rron Reer Rres Cff
5v 33uH 100uF/25V ECAP 41.2k 162k 51k 33p
12V 68uH 100uF/25V ECAP 100k 459k 51k 33p
24V 100uH 100uF/50V ECAP 200k 969k 51k 33p
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11 Layout Guideline

Layout is critical for proper operation. Please follow the layout guidelines.

1.

The power ground is very critical. The power trace should take as lowest impedance as possible, and
the ground area should be sufficient to optimize thermal.

The GND Pin should be connected directly to the thermal pad beside the IC, the 8mil Max thermal via
is recommended.

Place the bypass input capacitor with low ESR as close as possible to the VIN pin and GND. The
bypassing loop from VIN terminal to GND should be as short as possible.

The inductor should be located as close as possible to the SW pin to reduce magnetic and electrostatic
noise.

The feedback resistor divider should be placed close to the FB pin. The VOUT sense trace should be
far away from the inductor or in different PCB layer.

The ripple injection Rr, Cr is recommended to be close to the inductor, the Cb is recommended to be
close to the FB pin, and the sense trace should be far away from the inductor or in different layer.
The ground connected to the input capacitors and output capacitors should be tied to the system

ground plane in only one spot to minimize conducted noise to the system ground plane.

A

VOUT sense trace and
ripple injection trace, itis
recommended to be far
away from inductor, better
tobenotin toplayer.

Output Capacitor Inductor

GND

Top layer ground

A

Input capacitor

4: Via

Top layer ground
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PACKAGE INFORMATION (eSOP-8L)

A H H

3|

c
- e

BASE METAL Y/ |

[
A Jj¥

WITH PLATING

SECTION B-B

[ Y2l

)
Hed N H ]
)
HHBH |
dE LT e

Symbol Millimeter

Min Nor Max
A - - 1.65
Al 0.05 - 0.15
A2 1.30 1.40 1.50
A3 0.60 0.65 0.70
b 0.39 - 0.47
bl 0.38 0.41 0.44
C 0.20 - 0.24
cl 0.19 0.20 0.21
D 4.80 4.90 5.00
E 5.80 6.00 6.20
El 3.80 3.90 4.00
e 1.27BSC
h 0.25 - 0.50
L 0.50 0.60 0.80
L1 1.05REF
0 o | - | e

D1 E2 el

95*130 | 3.10REF | 2.21REF | 0.10REF
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