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Notice On Data Sheet Designations

Cypress Semiconductor Corp. issues data sheets with Advance Information or Preliminary designations to
advise readers of product information or intended specifications throughout the product life cycle, including
development, qualification, initial production, and full production. In all cases, however, readers are
encouraged to verify that they have the latest information before finalizing their design. The following
descriptions of Cypress data sheet designations are presented here to highlight their presence and
definitions.

Advance Information

The Advance Information designation indicates that Cypress Semiconductor Corp. is developing one or
more specific products, but has not committed any design to production. Information presented in a
document with this designation is likely to change, and in some cases, development on the product may
discontinue. Cypress Semiconductor Corp. therefore places the following conditions upon Advance
Information content:

“This document contains information on one or more products under development at Cypress
Semiconductor Corp. The information is intended to help you evaluate this product. Do not design in
this product without contacting the factory. Cypress Semiconductor Corp. reserves the right to
change or discontinue work on this proposed product without notice.”

Preliminary

The Preliminary designation indicates that the product development has progressed such that a commitment
to production has taken place. This designation covers several aspects of the product life cycle, including
product qualification, initial production, and the subsequent phases in the manufacturing process that occur
before full production is achieved. Changes to the technical specifications presented in a Preliminary
document should be expected while keeping these aspects of production under consideration. Cypress
places the following conditions upon Preliminary content:

“This document states the current technical specifications regarding the Cypress product(s)
described herein. The Preliminary status of this document indicates that product qualification has
been completed, and that initial production has begun. Due to the phases of the manufacturing
process that require maintaining efficiency and quality, this document may be revised by subsequent
versions or modifications due to changes in technical specifications.”

Combination

Some data sheets contain a combination of products with different designations (Advance Information,
Preliminary, or Full Production). This type of document distinguishes these products and their designations
wherever necessary, typically on the first page, the ordering information page, and pages with the DC
Characteristics table and the AC Erase and Program table (in the table notes). The disclaimer on the first
page refers the reader to the notice on this page.

Full Production (No Designation on Document)

When a product has been in production for a period of time such that no changes or only nominal changes
are expected, the Preliminary designation is removed from the data sheet. Nominal changes may include
those affecting the number of ordering part numbers available, such as the addition or deletion of a speed
option, temperature range, package type, or VIO range. Changes may also include those needed to clarify a
description or to correct a typographical error or incorrect specification. Cypress Semiconductor Corp.
applies the following conditions to documents in this category:

“This document states the current technical specifications regarding the Cypress product(s)
described herein. Cypress Semiconductor Corp. deems the products to have been in sufficient
production volume such that subsequent versions of this document are not expected to change.
However, typographical or specification corrections, or modifications to the valid combinations
offered may occur.”

Questions regarding these document designations may be directed to your local sales office.
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S6AP111A28 <P/ CYPRESS

2ch DC/DC Converter IC with PWM Synchronous Rectification
Data Sheet

1. Description

S6AP111A28 is an Nch MOS drive-compatible 2ch DC/DC Converter IC with synchronous rectification that
is equipped with a bottom detection comparator. It supports low on-duty operation to allow stable output of
low voltages when there is a large difference between input and output voltages. It supports high-speed
responses and achieves high efficiency. CH1 can change the internal reference voltage and is suitable for
the power supply of POL.

2. Features

High efficiency: 96% (maximum)

High accuracy reference voltage: +/-0.7% (+25°C)
Input voltage range: 6V to 28V

Output voltage setting range: 0.75V to 5.5V

CH1 reference voltage with built-in variable function
Built-in boost switch

Over voltage protection function

Under voltage protection function

Over current detection function

Built-in soft start circuit: 1.4 ms (typical)

Built-in discharge control circuit

Built-in synchronous rectification type output steps for Nch MOS FET
Standby current: 0 pA (typical)

Small package: TSSOP-24

3. Applications

B Industrial equipment
B Multi-function printers
B Storage devices

B Servers and PCs

Publication Number S6AP111A28_DS405-00025 Revision 2.0 Issue Date August 31, 2015

This document states the current technical specifications regarding the Cypress product(s) described herein. Cypress Semiconductor Corp. deems the products to have been
in sufficient production volume such that subsequent versions of this document are not expected to change. However, typographical or specification corrections, or
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Pin Assignment

Figure 4-1 Pin Assignment
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Table 5-1 Pin Descriptions

Pin Number Pin Name 1/0 Function Description
1 DRVH1 (0] CH1 output pin for external high side FET gate drive.
2 CcB1 - CH1 bootstrap capacitor connection pin.
3 CTL1 | CH?1 control pin.
4 VO1 | CH1 input pin for DC/DC output voltage.
5 FB1 | CH1 feedback pin for DC/DC output voltage.
6 GND - Ground pin.
7 DACO | CH1 DAC input pin for change the internal reference voltage.
8 FB2 | CH2 feedback pin for DC/DC output voltage.
9 V02 | CH2 input pin for DC/DC output voltage.
10 CTL2 | CH2 control pin.
11 cB2 - CH2 bootstrap capacitor connection pin.
12 DRVH2 (0] CH2 output pin for external high side FET drive.
13 LX2 - CH2 inductor and external high side FET source connection pin.
14 DRVL2 (6] CH2 output pin for external synchronous rectification-side FET gate drive.
15 PGND2 - Ground pin for CH2 output circuit.
16 ILIM2 | CH2 over current detection level setting voltage input pin.
17 DAC1 | CH1 DAC input pin for change the internal reference voltage.
18 VREF (0] Control circuit bias output pin.
19 VB (0] Output circuit bias output pin.
20 VCC | Power supply pin for the reference voltage and control circuit.
21 ILIM1 | CH1 over current detection level setting voltage input pin.
22 PGND1 Ground pin for CH1 output circuit.
23 DRVLA1 CHA1 output pin for external synchronous rectification-side FET gate drive.
24 LX1 - CH1 inductor and external high side FET source connection pin.

August 31, 2015, S6AP111A28_DS405-00025-2v0-E




CYPRESS DataSheet

PERFORM

6. Block Diagram

Figure 6-1 Block Diagram
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7. Absolute Maximum Ratings

Rating
Parameter Symbol Condition
Min Max Unit
Power supply voltage Vvee - -0.3 +36 Vv
CB pin input voltage Vs CB1 and 2 pins -0.3 +42 \Y
LX pin input voltage Vix LX1 and 2 pins -2.0 +36 \Y
Voltage between CB and LX VeBix - -0.3 +6.9 \Y
Control input voltage V, CTL1 and 2 pins -0.3 +30 \%
Ves FB1 and 2 pins -0.3 +6.9 V
Vvo VO1 and 2 pins -0.3 +6.9 \%
Input voltage
Vium ILIM 1 and 2 pins -0.3 +6.9 \Y
Vpac DAC 0 and 1 pins -0.3 +6.9 \%
Power Dissipation”” Po Ta < +25°C 0 1333 mw
Storage temperature Tsto - -55 +125 °C

*1: Given that the IC is mounted on four-layer FR-4 board.

WARNING:

1. Semiconductor devices may be permanently damaged by application of stress (including, without
limitation, voltage, current or temperature) in excess of absolute maximum ratings. Do not exceed any of
these ratings.

August 31, 2015, S6AP111A28_DS405-00025-2v0-E 9
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8. Recommended Operating Conditions

Value
Parameter Symbol Condition Unit
Min Typ Max
Power supply voltage Vvee - 6 - 28 \%
CB pin input voltage Vs - - - Vyee +VB \%
CTL pin input voltage \ CTL1 and 2 pins 0 - 28 \%
Veg FB1 and 2 pins 0 - VREF \
Vvo VO1 and 2 pins 0 - VB \
Input voltage
Vium ILIM1 and 2 pins 30 - 200 mV
Vpac DACO0 and 1 pins 0 - VB \
DRVH1 and 2 pins, DRVL1 and 2 pins
Peak output current lout -1200 - +1200 mA
Duty < 5% (t = 1/foscxDuty)
CB pin capacity Ccs - - 0.1 1.0 uF
Bias voltage output capacity Cvs - - 2.2 10 uF
Reference voltage output
. CREF - - 1 0 47 ],J.F
capacity
Operating ambient
Ta - -40 +25 +85 °C
temperature

WARNING:

1. The recommended operating conditions are required in order to ensure the normal operation of the
semiconductor device. All of the device's electrical characteristics are warranted when the device is
operated under these conditions.

2. Any use of semiconductor devices will be under their recommended operating condition.

3. Operation under any conditions other than these conditions may adversely affect reliability of device and
could result in device failure.

4. No warranty is made with respect to any use, operating conditions or combinations not represented on
this data sheet. If you are considering application under any conditions other than listed herein, please
contact sales representatives beforehand.

10 S6AP111A28_DS405-00025-2v0-E, August 31, 2015
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0. Electrical Characteristics

VCC =12V, CTL1,2 =5V, Ta = +25°C, unless otherwise noted.

Value
Parameter Symbol Condition Min Typ Max Unit
Bias Voltage Block [ VB Reg. ]
Output voltage Vve - 5.04 5.20 5.36 \Y
Input stability LINE VCC =6V to 28V - 10 100 mV
Load stability LOAD VB = 0Ato-1mA - 10 100 mV
Short circuit output
los VB =0V -220 -140 -100 mA
current
Bias Voltage Block [ VREF Reg. ]
VREF output voltage | VVREF | VREF pin 4.45 4.55 4.65 Vv
Under Voltage Lock Out Protection [ UVLO ]
UVLO VB V1L VB pin 3.9 4.2 4.5 \
Threshold voltage Vi VB pin 3.3 3.6 3.9 \Y
Hysteresis width Vy VB pin - 0.6(*1) - \Y
UVLO VREF Vrin VREF pin 35 3.8 4.1 \
Threshold voltage VL VREF pin 3.3 3.6 3.9 \Y
Hysteresis width Vy VREF pin - 0.2(*1) - \Y
Soft start/Discharge Block [ Soft-Start, Discharge ]
Soft start time tss FB1,2=0.735V 0.9 1.4 1.9 ms
Electrical discharge
. Ro CTL1,2=0V,VO1,2=0.5V - 35 70 Q
resistance
Discharge .
Vo CTL1,2 =0V, VO1, 2 pins 0.1 0.2 0.3 \
end voltage
ON/OFF Time Generator Block [ ton Generator ]
. tont VCC =12V, VO1=1.2V 320 400 480 ns
ON time
tonz VCC =12V, V02 = 1.8V 320 400 480 ns
Minimum ON time tonmin VCC =12V, VO01,2=0V - 140 170 ns
Minimum OFF time tOFFMIN - - 380 560 ns
Error Comparison Block [ Error Comp. ]
DAC1, DAC0 =0,0
Vrhn 0.797 0.802 0.807 \
DC threshold
DAC1, DAC0 = 0,1
VThi2 0.829 0.834 0.839 Vv
Threshold voltage DC threshold
[Ch1] DAC1, DACO = 1,0
Vi3 0.862 0.867 0.872 \
DC threshold
DAC1, DACO = 1,1
V14 0.765 0.770 0.775 Vv
DC threshold
Threshold voltage
V2 DC threshold 0.768 0.773 0.778 \
[Ch2]
FB pin input current les FB1,2=0.8V -0.1 0 0.1 pA
VO pin input current Ivo VO1,2=2V - 20 29 pA
August 31, 2015, S6AP111A28_DS405-00025-2v0-E 11




DataSheet

Parameter Symbol Condition Min Typ Max Unit
Over voltage Protection Circuit Block [ OVP Comp. ]
Over voltage detecting . INTREF INTREF INTREF
Vovp Error Comp. input \%
voltage x1.11 x1.15 x1.19
Over voltage detection .
. tove - - 50(*1) - us
delay time
Under voltage Protection Circuit Block [ UVP Comp. ]
Under voltage detecting . INTREF INTREF INTREF
Vuve Error Comp. input \%
voltage x0.65 x0.70 x0.75
Under voltage detection
. tuve - 1.2(*1) 1.7(*1) 2.2(*1) ms
delay time
Thermal shutdown Protection Circuit Block [TSD ]
TspH - - +150(*1) - °C
Protection temperature
TrsoL - - +125(*1) - °C
DAC Block [DAC]
DAC input "H" condition Viy DAC1, DACO pins 2.64 - VB \
DAC input "L" condition Vi DAC1, DACO pins 0 - 0.66 \Y
Output Block [ DRV ]
High side Ron DRVH1, 2 =-100 mA - 5 7 Q
output on resistance RoL DRVH1, 2 =100 mA - 1.5 25 Q
Low side Ron DRVL1, 2 =-100 mA - 4 6 Q
output on resistance RoL DRVL1, 2 = 100 mA - 1 2 Q
LX1,2=0V,CB1,2=VB
DRVH1,2=25 - -0.4(*1) - A
Outout ‘ | DUTY < 5%
utput source curren
P SOURCE TLX1,2=0V,CB1,2=VB
DRVL1, 2 = 2.5V - -0.5(*1) - A
DUTY < 5%
LX1,2=0V,CB1,2=VB
DRVH1, 2 =25V - 0.7(*1) - A
. DUTY < 5%
Output sink current Isink
LX1,2=0V,CB1,2=VB
DRVL1, 2 =25V - 0.9(*1) - A
DUTY < 5%
Deadtime To LX1,2=0V,BST1,2=VB - 30(*1) - ns
Boost switch
. Rest IVB =30 mA - 30 40 Q
on resistance
Leakage current ILeak CB1,2=33.2V,LX1,2 =28V - 0.1 1 LA

12
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Parameter Symbol Condition Min Typ Max Unit
Over Current Detection Block [ Current Sense ]
ILIM pin source current liLim ILIM1, 2 =0.1V -12.5 -10 -8.3 pA
ILIM pin source current ppm
Tium - - 4200(*1) -
Temperature slope /°C
Overcurrent detection ILIMx = (PGNDx-LXx)
VorriLm -20 0 20 mV
offset voltage PGNDx - LX = 60 mV
Overcurrent detection )
. Vium ILIM |nput 30 - 200 mV
Setting range
Control Block [ CTL1, 2]
On condition Von CTL1,2 pin 2 - 28 \
Off condition Vore CTL1,2 pin 0 - 0.8
Hysteresis width Vy CTL1,2 pin - 0.4(*1) - \%
It CTL1,2 =5V - 25 40 LA
Input current
lere CTL1,2 =0V - 0 1 LA
All Devices
Standby current lccs VCC =12V, CTL1,2=0V - 0 10 uA
Power supply current lec VCC =12V, LX1,2=0V, FB1,2=1.0V - 1.3 1.8 mA

*1: This parameter is not be specified. This should be used as a reference to support designing the circuits.

August 31, 2015, S6AP111A28_DS405-00025-2v0-E
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10. Typical Characteristics
Power dissipation vs. Operating ambient temperature VB bias voltage vs. Operating ambient temperature
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Error Comp. Threshold voltage (V,,,,) vs.

Operating ambient temperature
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DRVH1 on time vs. Input voltage DRVH2 on time vs. input voltage
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Dead time vs. Operating ambient temperature

40
35
230 i —
© / fp
'.g 25 // ﬁ_ov _ |
g ///T CB1,2=VB
8 20 os
15
10

-50 -25 +0 +25 +50 +75 +100

Operating ambient temperature Ta (°C)

to1 : period from DRVL off to DRVH on
tpz2 : period from DRVH off to DRVL on

Boost switch on resistance Rggr (Q)

50

40

30

20

10

Boost switch on resistance vs.
Operating ambient temperature

50 -25 +0 +25 +50 +75 +100

Operating ambient temperature Ta (°C)

August 31, 2015, S6AP111A28_DS405-00025-2v0-E

17




5

" CYPRESS

PERFORM

DataSheet

11. Function Description

11.1

Bottom Detection Comparator System

The bottom detection comparator system for low output voltage ripple determines the ON time (ton) using
the input voltage (Vin) and output voltage (Vout) and holds the ON state for a specified period. During the
OFF period, the reference voltage (INTREF) is compared with the feedback voltage (FB) using the error
comparator (Error Comp.). When the feedback voltage (FB) is below the reference voltage (INTREF), RS-FF
is set and the ON period starts again. Switching is repeated as described above. Error Comp. is used to
compare the reference voltage (INTREF) with the feedback voltage (FB) to control the off time in order to

stabilize the output voltage.

This system adds the inductor current slope detected during the synchronous rectification period (torr) to the
reference voltage (INTREF), and generates an output voltage slope in the IC during the OFF period, which is

essential for the bottom detection comparator system. This enables the stable control operations under the
low output voltage ripple conditions.

Figure 11-1 Circuit Diagram

VOUT VIN

!

tON

Bias
Reg.

Generator

> ton
RS-FF
<E| Cmp.>
rror Cmp R Q

_ RS out
INTREF S
+
A1
Slope
Vref Detector

Figure 11-2 Bottom Detecting Operation

ton
DRVH

|

INTREF |
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11.2 Bias Voltage Block [ VB Reg., VREF Reg. ]

VB Reg. generates 5.2V (typical) bias voltage from the VCC pin voltage for the control, output, and boost
circuits. When either or both of the CTL1 or CTL2 pins (pins 3 and 10) are set to the “H” level, the system is
restored from the standby state to supply the bias voltage from the VB pin (pin 19).

VREF Reg. generates a temperature compensating stable voltage of 4.55 V (typical) from the VREF pin (pin
18) which is used as the reference voltage in the IC and the bias power supply for the control circuit.

11.3 Under Voltage Lockout Protection Circuit Block (UVLO)

A transitional state or an instantaneous drop when the bias voltage (Vyg) for the control circuit starts will
evoke malfunction of the IC and will cause system destruction or degradation. To avoid this sort of
malfunction, the under voltage lockout protection detects a voltage drop in the VB pin (pin 19) and fixes the
DRVH1 pin (pin 1), DRVH2 pin (pin 12), DRVL1 pin (pin 23), and DRVL2 pin (pin 14) to Level "L." The
system recovers when the VB pin voltage exceeds the 4.2V threshold voltage (typical) of the under voltage
lockout protection circuit.

11.4 Soft Start/Discharge Block (Soft Start, Discharge)

The soft start block is a circuit that prevents inrush current when powering on the IC.

When the CTL1 pin (pin 3) and CTL2 pin (pin 10) are set to Level "H," the reference voltage (SS1) for the
CHA1 error comparator and the reference voltage (SS2) for the CH2 error comparator start to increase in the
soft start circuit built in to the IC. The reference voltages SS1 and SS2 increase linearly until the INTREF1
and INTREF2 voltages with the formula in Figure 10-3(tss1 and tss2). The system soft starts independent of
the DC/DC convertor output load because the DC/DC convertor output increase with the same slope of the
reference voltage.

From the time that the soft start commences until the initial switching commences, the low side FET stays
OFF. The low side FET is allowed to come on after high side FET switching commences.

When the CTL1 pin (pin 3) and CTL2 pin (pin 10) are set to Level "L," the output capacitor discharges based
on the FET(Ron=35Q) for the discharge built in to the IC. When the VO1 pin (pin 4) and VOZ2 pin (pin 9)
voltage becomes less than 0.2 V (typical) as a result of output capacitor discharge, the IC shuts down and
transitions to standby. In addition, the discharge function operates both after under voltage protection circuit
block (UVP Comp.) latch setting and after thermal shutdown protection circuit block (TSD) over temperature
detection.
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Figure 11-3 Example Timing Chart for Soft Start/Discharge

77777777777 CH1 INTREF ‘
! |
Vo1 : PN 02v

CH1 softstart Iilme t.1

CH2 INTREF

ss2 :

voz
: 3 CH2 softstart ﬁme t..2
Softstart ) '
start time tDsi ' :
VB .
VREF ’ ;
cTL1
cTL2
t
Channel DACO DAC1 tss1
CH1 ov ov 1.5 ms typ
VB ov 1.6 ms typ
ov VB 1.7 ms typ
VB VB 1.5 ms typ
Channel DACO DAC1 tss2
CH2 - - 1.5 ms typ

tss1,2 is calculated using the following formula.

tssL,2(ms ) = tss(ms ) x Vinrrer
0.735
tss1,2: Soft start time of DC/DC converter CH1,2
tss: Soft start time ( 1.4 ms typical ), which is specified at "9. Electrical Characteristics "
INTREF: Internal reference voltage (DC threshold) [V], which is referred at " V1 in 9. Electrical
Characteristics "
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11.5 ON/OFF Time Generator Block (toy Generator)

The ON/OFF time generator block (ton Generator) has a built-in capacitor for timing setting and a resistor for
timing setting and generates ON time which depends on input voltage and output voltage, and a minimum
380 ns (typical) OFF time.

The ON time is set from the voltage value for VCC pin (pin 20), input pin VO1 (pin 4) and the VO2 pin (pin 9)
for the output voltage for each channel, using the following formula. To avoid beats from frequency
discrepancies between both channels, the CH2 frequency is set to 1.5 times the CH1 frequency.

VVOl

When (\# >0.035),t,,,(ns) = x 4000, fye; =250 kHz

vCC VvCC

When (\\;"ﬂ >0.052),t,,,(NS) = \\;V& x 2667, foc, =375 kHz

vcC vcC

The ON time is set so that it does not become less than the minimum 140 ns (typical). Therefore, when a
soft start commences or when the input/output voltage ratio is small, the ON time operates at a minimum of
140 ns (typical).

When (M <0.035),t,,,(ns) =t =140 (typical )
ON1 ONMIN

VCC

When (V"ﬂ <0.052),t.,,(ns) =t =140 (typical )
ON 2 ONMIN

VvCC

11.6 Error Comparison Block (Error Comp.)

The error comparison block (Error Comp.) detects the bottom value of the output voltage ripple in the DC/DC
converter.

You can set the output voltage flexibily(0.75V to 5.5V) by connecting an external output voltage setting
resistor to FB1 (pin 5) and FB2 (pin 8).

11.7 Over Voltage Protection Circuit Block (OVP Comp.)

This function stops the output voltage when the DC/DC output voltage has increased, and protects devices
connected to the output. This function compares the voltage that is 1.15 times (typical) the INTREF internal
reference voltage with the feedback voltage that is input in the FB1 pin (pin 5) and the FB2 pin (pin 8). If the
feedback voltage is found to be at least 50 us (typical) higher, the RS latch is set, the DRVH1 pin (pin 1) and
DRVH2 pin (pin 12) are set to Level "L", and the DRVL1 pin (pin 23) and DRVL2 pin (pin 14) are set to Level
"H." The voltage output stops because these operations fix the high side FET to the off state and the low
side FET to the on state for both channels of the DC/DC converter. Further, there is 5% (typical) hysteresis in
the threshold for the over voltage protection operation to avoid malfunction of the over voltage protection
function.
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Figure 11-4 Example Timing Chart for the Over Voltage Protection Operation

Output voltage
setting value

DRVH1

Output voltage
setting value

---------- - oV

Less than 50us (typical) 50us (typical) /T\

Cancellation of over-voltage protection
state by CTL="L"

The over voltage protection state is released (the RS latch for over voltage protection is reset) under either
of the following conditions.

B UVLO detection in the stop sequence after setting both the CTL1 pin (pin 3) and CTL2 pin (pin 10) to Level
llLll.

B UVLO detection in VCC power-off

B Thermal shutdown protection function (TSD) detection.
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11.8 Under Voltage Protection Circuit Block (UVP Comp.)

This function stops the output voltage when the DC/DC output voltage has decreased, and protects devices
connected to the output. This function compares the voltage that is 0.7 times (typical) the INTREF internal
reference voltage with the feedback voltage that is input in the FB1 pin (pin 5) and the FB2 pin (pin 8). If the
feedback voltage is found to be at least 1.7 ms (typical) lower, the RS latch is set, the DRVH1 pin (pin 1) and
DRVH2 pin (pin 12) are set to Level "L", and the DRVL1 pin (pin 23) and DRVL2 pin (pin 14) are set to Level
"L." In addition, when the latch is set for under voltage protection, the discharge function built in to the IC
starts at the same time and voltage output stops for both channels. Further, there is 5% (typical) hysteresis
in the threshold for the under voltage protection operation to avoid malfunction of the under voltage
protection function.

Figure 11-5 Example Timing Chart for the Under Voltage Protection Operation

Output voltage
setting value

)"

Y

Output voltage
setting value

—r—<—
Less than 1.7

1 1
1 1
1 1
1 1
1 1
T ---- oV
CTTYTTTTTT T INTREF
-
1 1
o B\,
DRVH2 Al : L
1 1
DRVL2 o
Lo | | -
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
CTL12 — 5 5 o
Lo | | “*' !
. ! ! L stndd
] I | | h B »olan y
vB i i i i i - :\_ UVLO VTHL
1 1 1 1 1 1
1 1 1 | 1 1
Ié >I 1
1 '
m 1

s (typical) 1.7 ms (typical)
Cancellation of under-voltage protection
State by CTLCTL="L"

The under voltage protection state is released (the RS latch for under voltage protection is reset) under
either of the following conditions.
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B UVLO detection in the stop sequence after setting both the CTL1 pin (pin 3) and CTL2 pin (pin 10) to Level
llLll.

B UVLO detection in VCC power-off

B Thermal shutdown protection function (TSD) detection.

11.9 Thermal Shutdown Protection Block (TSD)

The thermal shutdown protection block (TSD) provides a function that prevents the IC from thermal damage.
If the junction temperature of the thermal shutdown protection circuit reaches +150°C, the DRVH1 pin (pin 1)
and DRVH2 pin (pin 12) are set to the “L” level, and the DRVL1 pin (pin 23 ) and DRVL2 pin (pin 14) are set
to the “L” level, and switching stops. In addition, the discharge function that is built in to the IC runs, and
voltage output for both channels stops. If the junction temperature drops to +125°C, the soft start is
reactivated (restored automatically).

TSD detection is +150°C, but operations above the absolute maximum rating for the storage temperature
(+125°C) are not guaranteed.

11.10DAC Block (DAC)

You can change the reference voltage (INTREF1) for the CH1 error comparison block and the output voltage
for the DC/DC converter by inputting an external OV or VB pin voltage in the DACO pin (pin 7) and DAC1 pin
(pin 17).

Table 11-1 Reference Voltage Settings

DACO DAC1 CH1 Reference Voltage (INTREF1)
ov ov 0.802V typ
VB ov 0.834V typ
ov VB 0.867V typ
VB VB 0.770V typ

11.11 Output Block (DRV1 and 2)

The output circuit is configured in CMOS format for both of the high side and the low side, and can drive an
external Nch MOS FET.

The output block for the high side FET supplies power from the built-in boost circuit, and the output block for
the low side FET supplies power from the VB. This circuit prevents through-current by monitoring the gate
voltages of the high side and low side FETs and controlling the timing of turning on one FET until the other
FET is off. The sink ON resistance of the output circuit is a low 1Q (typical), and the self turn on margin for
the low side FET is improved.

11.12Boost Circuit Block (CB1 and 2)

The boost circuit is needed high side FET in a case using Nch MOS FET.Efficiency improvement and/or
reduction in parts cost can be expected of High side FET by using Nch MOSFET.

The boost circuit is formed a boost charge pump block which consists of the built-in switch for bootstraps
and the condenser connected between CB pin and the LX pin. Then the condenser is charged through
built-in switch from VB. The boosted power supply for gate drives of high side FET. The boost circuit has a
built-in boost switch that eliminates the boost voltage (voltage between the CB pin and LX pin) loss of the

24
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forward voltage (Vf) that existed in older boost diodes. Therefore further efficiency improvement and
reduction in parts cost can be expected more than a diode system.

Figure 11-6 Output Block and Boost Circuit Block

DRVLx

Drive VB

Logic
Lo-side
Drive
DRVLXx
—

x: Each channel number

11.13Over Current Detection Block (ILIM Comp.)

This function limits the output current when it has increased, and protects devices connected to the output. It
compares the difference in voltage between the PGND1 pin (pin 22) and the LX1 pin (pin 24) and the ILIM1
pin (pin 21) voltage, and the difference in voltage between the PGND2 pin (pin 15) and LX2 pin (pin 13) and
the ILIM2 pin (pin 16) voltage during the synchronous rectification period, and performs over current
detection in every cycle.

The high side FET stays off until the difference in voltage between PGNDx and LXx is lower than the ILIMx
pin voltage, and turns on after it becomes lower. This is how over current protection is performed. This
protection operation drops the output voltage.

For the difference in voltage between PGNDx and LXx during the synchronous rectification period, the low
side FET on resistance is sense resistance, and the inductor current is the sensed voltage waveform.

A 10 pA (typical) lium current is supplied from the ILIMx pin, so you can set any over current limit value by
connecting resistance to the ILIMx pin. For the lim current, a temperature slope of 4200ppm/°C is set to
compensate for the temperature dependence characteristics of the low side FET on resistance.

11.14 Control Block (CTL)

Turn CH1 on or off using the CTL1 pin (pin 3) and turn the CH2 on or off using the CTL2 pin (pin 10). Setting
both CTL1 and 2 to Level "L" at the same time puts it in standby (the power supply current during standby is
a maximum of 10 pA).

Table 11-2 Control Functions

CTL1 CTL2 DC/DC Converter (CH1) DC/DC Converter (CH2)
L L OFF OFF
H L ON OFF
L H OFF ON
H H ON ON
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11.15Table of Protection Functions

The following table shows the state of the DRVH1 and 2 pins (pins 1 and 12) and the DRVL1 and 2 pins
(pins 23 and 14) when each protection function is in operation.

Table 11-3 Protection Functions

Output of each pin during detection

Protection function Detection condition DC/DC output drop state
VB DRVHx DRVLx
Under voltage
lockout protection Vg < 3.6V - L L Natural electric discharge
(UVLO)
Under voltage . . .
. Electrical discharge by discharge
protection Vesx < INTREFx x 0.7 V 5.2V L L .
function
(UVP)
Over voltage
protection Veax > INTREFXx x 1.15V 5.2V L H 0V clamping
(OVP)
Over current
protection Veenox — Vixx > Viuimx 5.2V switching switching | Dropped by the set current value
(ILIM)
Thermal shutdown . . .
. . Electrical discharge by discharge
protection Tj > +150°C 5.2V L L )
function
(TSD)
Control Electrical discharge by discharge
CTLx:H — L(VOx>0.2V) 5.2V L L .
(CTL) function
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12. 1/0 Pin Equivalent Circuit Diagram

FB1, FB2 pins CTL1, CTL2 pins
vB <] ’ vee
ESD protection Fo—
element
FB1 —— CTL1
FB2 CTL2
ESD protectio%
element —L'
GND GND <] . .
ILIM1, ILIM2 pins VO1, VO2 pins
VB vB <
o
ILIM1 .. Vo1
ILIM2 = Vo2
? PGND1
6ND <] . o penD2 <
DACO pin DAC1 pin
vB <] * vB <]
DACO DAC1
‘ I%
I
GND <] * GND <] .
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DRVH1, DRVH2, CB1, CB2, LX1, LX2 pins DRVL1, DRVL2 pins
vB <]
B
CB1 .
CB2 l vB <] ’
DRVH1
DRVH2 R
LX1 o PGND1 :
LX2 PGND2
PGND1
PGND2
VB pin VREF pin
vee < v <
VREF
GND < <

VCC, GND, PGND1, PGND2 pins

VCC

GND

PGND1

> PGND2
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13. Example Application Circuit

Figure 13-1 Circuit Diagram

PERFORM
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14. Part List
Table 14-1 Parts List
No. Component Item Parts Number Vendor Value Remarks
1 M1 PMIC S6AP111A28GT1B000 CYPRESS - -
2 L1 Inductor MPLC1040L4R7 KEMET 4.7uH 8A
3 L2 Inductor MPLC1040L4R7 KEMET 4.7uH 8A
4 Q1 FET FDMC8015L FAIRCHILD - 40V, 7A
5 Q2 FET FDMC8327L FAIRCHILD - 40V, 12A
6 Q3 FET FDMC8015L FAIRCHILD - 40V, 7A
7 Q4 FET FDMC8327L FAIRCHILD - 40V, 12A
8 C1-1 Ceramic Capacitor C3216X5R1V226M160AC TDK 22uF 35V
9 C1-2 Ceramic Capacitor C1608CH1H102J TDK 0.001uF 50V
10 C2-1 Ceramic Capacitor 6TPE150MF PANASONIC 150pF 6.3V
1" C2-2 Ceramic Capacitor C1608CH1H102J TDK 0.001pF 50V
12 C3-1 Ceramic Capacitor C3216X5R1V226M160AC TDK 22uF 35V
13 C3-2 Ceramic Capacitor C1608CH1H102J TDK 0.001pF 50V
14 C4-1 Ceramic Capacitor 6TPE150MF PANASONIC 150pF 6.3V
15 C4-2 Ceramic Capacitor C1608CH1H102J TDK 0.001uF 50V
16 C5 Ceramic Capacitor C1608X5R1H104K080AA TDK 0.1pF 50V
17 C6 Ceramic Capacitor C1608X5R1H104K080AA TDK 0.1pF 50V
18 Cc7 Ceramic Capacitor C1608X5R1H104K080AA TDK 0.1uF 50V
19 C8 Ceramic Capacitor C1608X5R1C225K TDK 2.2uF 16V
20 C9 Ceramic Capacitor C1608X5R1H105K080AB TDK 1uF 50V
21 C10,C11,C12,C13 | Ceramic Capacitor C1608CH1H102J TDK 0.001pF NMT
22 R1-1 Chip Resistor RR0816P-201-D SUSUMU 0.2kQ -
23 R1-2 Chip Resistor RR0816P-333-D SUsSuUMU 33 kQ -
24 R2 Chip Resistor RR0816P-103-D SUSuUMU 10 kQ -
25 R3-1 Chip Resistor RR0816P-432-D SUSUMU 4.3 kQ -
26 R3-2 Chip Resistor RR0816P-513-D SUsSuUMU 51 kQ -
27 R4 Chip Resistor RR0816P-103-D SUSuUMU 10 kQ -
28 R5 Chip Resistor RR0816P-103-D SUSuUMU 10 kQ -
29 R6 Chip Resistor RR0816P-103-D SUsSuUMU 10 kQ -
30 R7,R8 Chip Resistor RR0816P-103-D SUSuUMU 10 kQ NMT
31 R12,R13 Chip Resistor RK73H2ATTD10ROF SUSUMU 10Q NMT
32 JP1,JP2,JP7,JP8 Jumper - - - Pattern short
PGND, VOUT1,
33 VOUT1a,VIN, Terminal 90131-0770 molex - 2 x 10pin header
CTL1, DACO
PGND, VOUT2,
34 VOUT2a,VIN, Terminal 90131-0770 molex - 2 x 10pin header
CTL2, DAC1
NMT: No mount.
These components are compliant with RoHS, and please ask each vendor for details if necessary.
CYPRESS : CYPRESS Semiconductor Corp.
KEMET : KEMET Electronics Corporation
FAIRCHILD : Fairchild Semiconductor Corp.
TDK : TDK Corporation
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PANASONIC : Panasonic Corporation
SUSUMU : SUSUMU Co., Ltd.

molex : Molex Japan Co., Ltd.
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15. Application Note

15.1 Setting Operating Conditions

Setting the Output Voltage
You can set the output voltage by adjusting the R1 and R2 resistance ratio. The output voltage is calculated
using the following formula.

-7
Vour = R14R2, (INTREF-0.0100+0.01 84x Al ><(1-M)xRON_Sync )+M
R2 torr 2
AVOUT — ESRXAIL AIL — V|N VOUT % VOUT tOFF — (V|N VOUT )
, L Vin % fosc fosc X Vin
INTREF : Internal reference voltage (DC threshold) [V]
Vout : Output settings voltage [V]
Vin : Power supply voltage [V]
AVour : Output ripple voltage value [V]
torr . Off time [s]
Ron_sync : ON resistance of low side FET [Q]
Al : Ripple current peak-to-peak value of inductor [A]
ESR : Series resistance element of output capacitor [Q]
L : Inductor value [H]
fosc : Switching frequency [Hz]

Select a total resistor value (R1+R2) of up to 100 kQ for the setting output resistor.
Figure 15-1 FB Connection

Voutx VOXx

R1

FBx
R2

x: Each channel number

Connecting the Feedback Capacitor

The IC internally generates the output voltage slope during the OFF period to stabilize the switching
frequency, but it is also effective to apply output ripple voltage to the FB pin. This is achieved by adding
capacitors (Crg) to the R1 in parallel. Applying a ripple voltage value to the FB terminals is more effective
than high output voltage conditions that decrease it based on the R1 and R2 ratio. When selecting which
capacitors to add, use the following formula.

10x(R1+R2
Con > ( )
21 x foge xRIxR2
Crs : Feedback capacitor capacitance [F]
R1,R2 : Output voltage setting resistance [Q]
fosc : Switching frequency [Hz]
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Figure 15-2 FB Connection

VouTtx VOXx

FBx

x: Each channel number

In addition, the output voltage will increase in response to the output ripple voltage when adding capacitors.
Calculate the output voltage increase value Vour_offset using the following formula.

(Vour -INTREF) <AV ;1

Vour_otee 2xINTREF

INTREF : Internal reference voltage (DC threshold) [V]
Vour_offset  : Output voltage increase value [V]

Vout : Output settings voltage value [V]

AVour : Output ripple voltage value [V]

Figure 15-3 Vour Operation

A VOI IT

OUT _offset

To calculate the output voltage when factoring in the output voltage increase value, use the following

formula.
R1+R2 A\
Vour =55 XINTREF + ——-+ Vi1 gfcet
R2
R1+R2 AV
= x(INTREF + —2)
Vout : Output settings voltage [V]
INTREF : Internal reference voltage (DC threshold)
AVour : Output ripple voltage value [V]
Vour_offset : Output voltage increase value [V]
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Maintaining a Difference between the Minimum Input and Output Voltage

Stable switching control is performed in this IC, so the minimum OFF time is set, but if the difference
between the input and output is small, and the input voltage is less than the voltage value shown in the
formula below, the output voltage is reduced. For this reason, you should maintain the difference between
the minimum input voltages.

VI N.MN =

VIN_MIN
Vour
lout_max
RONiMain
F'zONfsync
RDC
fosc
torFmINN

Slope Voltage

(Vour +|OUT_MAX X(RDC+RON_Nkain )xVour

Vour -(Vour + lour max X (RDC+ R on_syne D> toremnn % fosc x1.4

: Input voltage [V]

: Output settings voltage [V]

: Maximum load current value [A]

: High side FET ON resistance [Q]

: ON resistance of low side FET [Q]

: Inductor direct current resistance [Q]

: Switching frequency setting value [Hz]

: Normal minimum OFF time (maximum value) [s]

To ensure a stable switching cycle, maintain a slope voltage of at least 15 mV.

Calculate the slope voltage using the following formula.

V

(Vin = Vour ) x Vour x RON_Sync

Slope =

VSIope
VIN

Vour
fosc
Ron_sync
L

L x Vi % fosc

: Slope voltage [V]

: Power supply voltage [V]

: Output settings voltage [V]

: Switching frequency [Hz]

: ON resistance of low-side FET [Q]
: Inductor value [H]

Setting the Over Current Detection Value
The over current detection value can be set by adjusting the over current detection setting resistor that is

connected to the ILIM pin.

Calculate the resistor value from the following formula.

Al

RON_Sync X (I - 7)

RLIM =

Rum
lLim

ILiM_source
Al

RON_Sync

ILIM_SOURCE

: Over current detection value setting resistor [Q]

: Over current detection value [A]

: ILIM pin source current [A]

: Ripple current peak-to-peak value of inductor [A]
: ON resistance of low side FET [Q]
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Figure 15-4 ILIM Connection

—1 ILIM

Ruim i

Figure 15-5 Over Current Operation

Inductor
current
Over current 4

limitation value
lum =

lo

v

Time

If the reduction in the inductance value for the inductor is large due to over current, the inductor ripple

current increases and the current limitation value goes up, or else it is not restricted. If this happens, change

to an inductor that has margin for DC current superimposition characteristics.

In addition, the over current detection value should provide plenty of margin for maximum load current.

35
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Power Dissipation and Thermal Design

This is a high efficiency IC so power dissipation and thermal design do not need to be investigated in most
cases, but they do need to be investigated when using the IC at a high power supply voltage, high oscillator
frequency, high load, and high temperature. Calculate the internal IC loss from the following formula.

Pic=Vee x(loc + QG_TotaH xfosct + QG_TotaIZ xfoscz)

Pic . IC internal loss [W]

Vece : Power supply voltage (Vin) [V]

lcc : Power supply current [A] (1.8mA Max)

Qc_Totalt : Total quantity of charge for the high-side FET and the low-side FET of each CH1 [C]
Qc_Total2 : Total quantity of charge for the high-side FET and the low-side FET of each CH2 [C]
fosct : CH1 Switching frequency [Hz]

foscz : CH2 Switching frequency [HZz]

Calculate the junction temperature (Tj) from the following formula.

Tj ZTa +9ja ><P|C

T; : Junction temperature [°C] (+125°C Max)

Ta : Ambient temperature [°C]

Bja : TSSOP-24P package thermal resistance (75°C/W)
Pic . IC internal loss [W]

Pin Processing when Only Using a Single Channel
This IC is a 2ch DC/DC converter control IC, but you can also use it as a 1ch DC/DC converter using the
following processing for pins from unused channels.

Figure 15-6 Pin Processing

CTLx CBx [ “Open”
ILIMx DRVHx — “Open”
FBx DRVLX —— “Open”
VO,
LXx

x: Unused channel No.
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15.2 Selecting Parts

Selection of smoothing inductor
The inductor value selects the value that the ripple current peak-to-peak value of the inductor is 50% or less
of the maximum load current as a rough standard. Calculate the inductor value in this case by the following

formula.
VIN - VOUT x VOUT
LOR xloyt max  Vin % fosc

L : Inductor value [H]

lout_max : Maximum load current [A]

LOR : Ripple current peak-to-peak value of inductor/Maximum load current ratio (= 0.5)
Vin : Power supply voltage [V]

Vour : Output setting voltage [V]

fosc : Switching frequency [Hz]

It is necessary to calculate the maximum current value that flows to the inductor to judge whether the electric
current that flows to the inductor is a rated value or less. Calculate the maximum current value of the
inductor by the following formula.

Al
L max = lout_max + 7"
ILmax : Maximum current value of inductor [A]
lout_max : Maximum load current [A]
Al : Ripple current peak-to-peak value of inductor [A]
L : Inductor value [H]
ViN : Power supply voltage [V]
Vour : Output setting voltage [V]
fosc : Switching frequency [Hz]

Figure 15-7 Maximum Output Current Setting

Inductor current

ILmax
lout max
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Selection of Switching FET
If selecting the high-side FET so that the value of the high-side FET conduction loss and the high-side FET

switching loss is same, the loss is effectively decreased.

Confirm that the high-side FET loss is within the rating value.

IDMainFET

PmainFeT
PRON_Main
Psw_main

= ProN_Main T Psw_main

: High-side FET loss [W]
: High-side FET conduction loss [W]
: High-side FET switching loss [W]

High-side FET conduction loss

2 VOUT

PRON_Main = IOUT_MAX X—V ><RON_Main

PRroN_Main
lout_max
ViN

Vour
RoN_Main

IN
: High-side FET conduction loss [W]
: Maximum load current [A]
: Power supply voltage [V]
: Output voltage [V]
: ON resistance of high-side FET [Q]

The high-side FET switching loss can be calculated roughly by the following formula.

PSW_IVbin ~1.96 x V, x fogc % IOUT_MAX x Qg

I:’SwiMain
ViN

fosc
lout_max

Qsw

: Switching loss [W]

: Power supply voltage [V]

: Switching frequency [Hz]

: Maximum load current [A]

: Amount of high-side FET gate switch electric charge [C]

Select the ON resistance of low-side FET from the range below.

R < 0.2
ON_sSync = AL R 01 o _ 0015
- ON_Sync = ON_Sync = 1
(LIM 2 ) —oyne AIL —oyne AIL
Ron_sync : ON resistance of low-side FET [Q]
Al : Ripple current peak-to-peak value of inductor [A]
ILim : Over current detection value [A]

If the formula above has been already satisfied and then a low ON resistance FET as possible is used for the
low-side FET, the loss is effectively decreased. Especially, it works dramatically in the low on duty mode.

The loss of the low-side FET can be calculated by the following formula.

2
PSyncFET = PRon_Sync =|OUT_MAX x(1-

PsyncreT
PRonfSync
lout max
ViN

Vour
RON_Syn(:

VOUT )X R
Vin

on_Sync

: Low-side FET loss [W]

: Low-side FET conduction loss [W]
: Maximum load current [A]

: Power supply voltage [V]

: Output voltage [V]

: ON resistance of low-side FET [Q]
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Turn-on and turn-off voltage of the low-side FET is generally small and the switching loss is small enough to
ignore, so that is omitted here.

Especially, when turning on the high-side FET under the high power supply voltage condition, the
rush-current might be generated by according to self-turn-on of the low-side FET. The parasitic capacitor
value of the low-side FET needs to satisfy the following conditions.

Vir_spne > Srss x ViN
iss
VTH_sync : Threshold voltage of low-side FET [V]
Crss : Parasitic feedback capacitance of low-side FET [F]
Ciss : Parasitic input capacitance of low-side FET [F]
Vin : Power supply voltage [V]

Also approaches of adding a capacitor close between the gate source pins of the low-side FET or adding
resistor between the CB pin and the boost capacitor, and so on are effective as a countermeasure of the
self-turn-on(adding resistor between the CB pin and the boost capacitor is also effective to adjust turn-on
time of the high-side FET).

This device monitors the gate voltage of the switching FET and optimizes the dead time. If the dumping
resistor is inserted among DRVH, DRVL and the switching FET gate to adjust turn-on and turn-off time of the
switching FET, this function might malfunction. In this device, resistor should not be connected among the
DRVH pin, the DRVL pin of IC and the switching FET gate, and should be connected by low impedance as
possible.

The gate drive power of the switching FET is supplied from LDO (VB) of IC inside. Select switching FET so
that the total amount of the switching FET electric charge for 2 channels (QG_Total1, QG_Total2) satisfies
the following formula.

lve max > Qc Tota1 % fosci + Qa totaz *fosc?

lve_max : VB load current upper limit value (see the following graph) [A]
Qg _Totart : Total quantity of charge for the high-side FET and the low-side FET of each CH1 [C]
Qo_otal2 : Total quantity of charge for the high-side FET and the low-side FET of each CH2 [C]
fosci : CH1 Switching frequency [Hz]
fosc2 : CH2 Switching frequency [Hz]

0.10

0.09 /
0.08
0.07

0.06 /
0.05 /
0.04
0.03
0.02
0.01
0.00

VB load current upper limit value [A]

6 8 10 12 14 16 18 20 22 24 26 28
Vin [V]
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Moreover, select the total quantity of the high-side FET electric charge as a guide that does not exceed the
total quantity of the high-side FET electric charge upper limit value shown below.

160
L QO
= g A
3 5(140 \
e 2120
s g \
£ Emo \
o) .
S 5 80 [\ \\ CH1 upper limit —
S % \ N
2 5 60 N \\
T <= N N~
S 2 40 ~— —
E‘ : \\N-
g 9 20
2 q,g)) CH2 upper limit
2 8 o0
F o 6 8 10 12 14 16 18 20 22 24 26 28
Power supply voltage V|\[V]

Whether the mean current value that flows to switching FET is a rated value or less of switching FET is
judged. Each rating value for the switching FET can be calculated roughly by the following formula.

Ip main > lout_max XD ID_Sync > loyt_max x(1-D)

lo_Main : High-side FET drain current [A]

Ip_sync : Low-side FET drain current [A]

lout_max : Maximum load current [A]

D : On-duty

Vbss > VIN

Vbss : Voltage between the high-side FET drain and source
and the low-side FET drain and source [V]

ViN : Power supply voltage [V]
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Selection of fly-back diode

This device is improved by adding the fly-back diode when the conversion efficiency improvement or the
suppression of the low-side FET fever is desired, although those are unnecessary to execute normally. The
effect is achieved in the condition where the switching frequency is high or output voltage is lower. Select
schottky barrier diode (SBD) that the forward current is as small as possible. In this DC/DC control IC, the
period for the electric current flow into fly-back diode is limited to dead time period because the synchronous
rectification system is adopted. (as for the dead time, see “Output Block” in “ELECTRICAL
CHARACTERISTICS”). Each rating for the fly-back diode can be calculated by the following formula.

lb = lout max % fosc *(tpr +tp2)

Ip : Forward current rating of SBD [A]

louT_max : Maximum load current [A]

fosc : Switching frequency [Hz]

tp1 : Dead time period from DRVL off to DRVH on [s]

to2 : Dead time period from DRVH off to DRVL on [s]
Al

lesm 2 lout max +_2

IFsm : Peak forward surge current ratings of SBD [A]

lout_max : Maximum load current [A]

Al : Ripple current peak-to-peak value of inductor [A]

VR _Fly > VIN

VR _Fly : Reverse voltage of fly-back diode direct current [V]

ViN : Power supply voltage [V]
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Selection of input capacitor

Select the input capacitor whose ESR is as small as possible. The ceramic capacitor is an ideal. Use the
tantalum capacitor and the polymer capacitor of the low ESR when a mass capacitor is needed as the
ceramic capacitor cannot support.

The ripple voltage is generated in the power supply voltage by the switching operation of DC/DC. Calculate
the lower bound of input capacitor according to an allowable ripple voltage. Calculate the ripple voltage of
the power supply from the following formula.

AV, = lour wax , Vour +ESR x (lour_max +ﬂ)
Cin Vin % fosc 2

AVN : Power supply ripple voltage peak-to-peak value [V]

lout_max : Maximum load current value [A]

CiN : Input capacitor value [F]

Vin : Power supply voltage [V]

Vout : Output setting voltage [V]

fosc : Switching frequency [Hz]

ESR : Series resistance component of input capacitor [Q]

Al : Ripple current peak-to-peak value of inductor [A]

Capacitor has frequency characteristic, the temperature characteristic, and the bias voltage characteristic,
etc.The effective capacitor value might become extremely small depending on the use conditions. Note the
effective capacitor value in the use conditions.

Calculate ratings of the input capacitor by the following formula:

Ve > Vi
Vein : Withstand voltage of the input capacitor [V]
Vin : Power supply voltage [V]
Irms > loyax ¥ \/VOUT x (Vin - Vour)
VIN
Irms : Allowable ripple current of input capacitor (effective value) [A]
lomax : Maximum load current value [A]
Vin : Power supply voltage [V]
Vour : Output setting voltage [V]
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Selection of output capacitor
A certain level of ESR is required for stable operation of this IC. Use a tantalum capacitor or polymer
capacitor as the output capacitor. If using a ceramic capacitor with low ESR, a resistor should be connected

in series with it to increase ESR equivalently.

Calculate the output capacitor value by the following formula as a guide.

1
>
Cour 2 4xfoge xESR
Cour : Output capacitor value [F]
fosc : Switching frequency [Hz]
ESR : Series resistance of output capacitor [Q]

Moreover, the output capacitor values are also derived from the allowable amount of overshoot and
undershoot. The following formula is represented as the worst condition in which the shift time for a sudden
load change is 0s. The output capacitor value allow a smaller amount than the value calculated by the
following formula when a longer shift time.

Algyr” xL

C >
OouUT =
2xV x AV,

out OUT_OVER  overshoot condition

2
Aloyr” xL x(Voyut + Vin % fosc X tore_min)

C >

ouT =

2x Voyr % AVOUT_UNDER x(Vin = Vout - Vin xfosc % tOFF_MIN)
...Undershoot condition

Cour : Output capacitor value [F]

AVout over  : Allowable amount of output voltage overshoot [V]

AVout unoer  : Allowable amount of output voltage undershoot [V]

Alout : Current difference in sudden load change [A]
L : Inductor value [H]

Vin : Power supply voltage [V]

Vout : Output setting voltage [V]

fosc : Switching frequency [Hz]

torF_miN : Minimum off time

The capacitor has frequency, operating temperature, and bias voltage characteristics, etc. Therefore, it must
be noted that its effective capacitor value may be significantly smaller, depending on the use conditions.

Veout > Vour

Vcout : Withstand voltage of the output capacitor [V]
Vour : Output voltage [V]
| Al
RMS = /5
243
Irms : Allowable ripple current of output capacitor (effective value) [A]
Al : Ripple current peak-to-peak value of inductor [A]
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When connecting resistance in series configuration while a ceramic capacitor is in use, the resistor rating is
calculated by the following formula.

2
ESRx Al
Pesg > ———
12
Pesr : Power dissipation of resistor [W]
ESR : Resistor value [Q]
Al : Ripple current peak-to-peak value of inductor [A]

Selection of bootstrap capacitor

To drive the gate of high-side FET, the bootstrap capacitor must have enough stored charge. 0.1 pF is
assumed to be standard, however, it is necessary to adjust it when the high-side FET Qg is big. Consider the
capacitor value calculated by the following formula as the lowest value for the bootstrap capacitor and select

a thing anymore.

Cegst : Bootstrap capacitor value [F]
Qg : Total quantity of charge for the high-side FET gate [C]

Calculate ratings of the bootstrap capacitor by the following formula:

Veest > Vs
Veast : Withstand voltage of the bootstrap capacitor [V]
Ve : VB voltage [V]

VB pin capacitor

2.2 yF is assumed to be a standard, and when Qg of switching FET used is large, it is necessary to adjust it.
To suppress the ripple voltage by the switching FET gate drive, consider the capacitor value calculated by
the following formula as the lowest value for VB capacitor and select a thing anymore.

Cyg 250x (QG_TotaH + QG_TotaIZ)

Cvs : VB pin capacitor value [F]
Qc_Totalt : Total quantity of charge for the high-side FET and the low-side FET of each CH1 [C]
Qc_Total2 : Total quantity of charge for the high-side FET and the low-side FET of each CH2 [C]

Calculate ratings of the VB pin capacitor by the following formula:

Vevs > Ve
Vecvs : Withstand voltage of the VB pin capacitor [V]
Vs : VB voltage [V]
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15.3 Layout
Consider the following points in your layout.

B Try to provide a ground plane on the IC mounting surface. Try not to pass the heavy current path through
the ground of around IC.

B Try to connect the switching system parts on the surface and avoid connecting via the through-hole as
much as possible.

B Provide through-holes close to GND pins for switching system parts, and connect them to the inner ground
plane.

B Pay particular attention to the loop composed of the input capacitor (Cvcc), switching FET, and flyback
diode (SBD), and make the current loop as small as possible.

B Place the bootstrap capacitor (Csoot1, Ceootz) as close as possible to the IC CBx and LXx pins.

B A large electric current will instantaneously flow in the net of the DRVHx and DRVLXx pins connected to the
switching FET gate. Make the wiring as short as possible and aim for a wire width of approximately 0.8
mm.

B Place the bypass capacitors (Cvcc, Cvs, Cvrer) that connect to the VCC, VB, and VREF as close to the
pins as possible.

In addition, connect the GND pin for the bypass capacitor to the inner ground plane through the nearest
through-hole.

B In order to provide the IC with more accurate feedback on the ripple voltage that is generated by the output
capacitor ESR, individually pull the feedback wires connected to the VOx pins of this IC from the closest
possible output capacitor pins. The wires connected to the VOx and FBx pins are sensitive to noise. Try to
keep these wires as far away from switching system parts as possible.

In addition, place the output voltage setting resistors that are connected to these wires as close to the IC
as possible. Make the FB pin wire as short as possible. In addition, for the inner layer right under the
mounting location, provide a ground plane that has minimal ripple and spike noises, or provide a power
plane if possible.
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Switching system parts: Input capacitor (Cvcc), switching FET, flyback diode (SBD),
inductor (L), output capacitor (Co)

Example layout for switching system parts

1pi K Ccpi
b N T High-side FET High-side FET
r ¢ Cvce . Through-hole ) = VCC o i
m ] / (= ] 1
____0¢d op O | |
,’h - # o DEO/D:&)CVB (= =
O m]
I 5 [0 Low-side FET = 5 = Low-side FET
| g - = 5
-—--_-0g m]
C - 5 e To the LX1 p,n/oc =ON To the LX2 pin
O m]
; O O .
Surface SBD(option) SBD(option)
[Me— cas
ground
JEre Inner ground plane L L
Output voltage
Setting resistor
Output voltage VO1 Output voltage VO2
Surface Inner layer Feedback Feedback

X: Each channel number
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16. Reference Data

100
90
80
70
60
50
40
30
20
10

Conversion Efficiency n (%)

3.40
3.38
3.36
3.34
3.32
3.30
3.28
3.26
3.24
3.22
3.20

Output Voltage V14 (V)

400

350

300

250

200

150

Switching Frequency fosc1 (kHz)

100

Conversion Efficiency vs. Load Current

V=24V

Vouri=3.3V

0 1 2 3 4 5 6

Load Current lqy7¢(A)

Output Voltage vs. Load Current

<

N=24V

0 1 2 3 4 5 6

Load Current loyr4(A)

Switching Frequency vs. Load Current

0 1 2 3 4 5 6
Load Current lg14(A)

Output Voltage Vg1, (V)

Switching Frequency fosc2 (kHz)

Conversion Efficiency n (%)

100
90
80
70
60
50
40
30
20
10

5.10
5.08
5.06
5.04
5.02
5.00
4.98
4.96
4.94
4.92
4.90

550

500

450

400

350

300

250

Conversion Efficiency vs. Load Current

V=24V
Voura=5.0V

0 1 2 3 4 5 6

Load Current lo7,(A)

Output Voltage vs. Load Current

0 2 4 6

Load Current loy1o(A)

Switching Frequency vs. Load Current

V=24V
Voura=5.0V

0 1 2 3 4 5 6

Load Current I 7o(A)
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Output Ripple Waveform
I G I I

__4us/d|v

Voury 20mVidiv.

V=24V, Vouy11=3.3V, loy7=6A

Load Sudden Change Waveform

L B e B L L B L B B L S

Voups 50mV/div 20us/div.

lOUT12A/d|V 3A

o T

V=24V, Vour1=3.3V, loyr1=0A—3A(1A/us)

Output Over Current Waveform

)
L B e B L B B B B

0 400usfiv
- .l, et Vs 2V/diV
N | _)\ lours 10A/div..
1 ' " LX2 50V/div

«—Pt—— p'———»
Normal Under voltage
operation protection operation
Over current
protection operation
V=24V, Vo 14=3.3V

Vour, 20mV/div -

Vin=24V, Vour2=5V, loyr2=6A

_‘".‘\"T'T""\""I.""_ ...................

Vour2 50mV/div -

otz 10A/div.-
X2 50V/div.

1
1

PP PRI S
1

“——————Pe——»
Normal Under voltage
operation protection operation
Over current
protection operation
V=24V, Voyr,=5V
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Startup, Shutdown Waveform

|.CTL1,CTL2 5Vidiv

J 5  Voun 2V/div ]

VIN 24V VOUT1 33V VOUT2_5V IOUT‘12 OA

—

~ 400ps/div -

. R .

L_X2 20\/_/div

400us/d|v

Lo b b by b 0
Vin=24V, Vo125V, loyr.=0A

CTL1,CTL2

: 4ms/d|v

V=24V, Vours=3.3V, Vour,=5V, |0UT12 oA

4ms/d|v

el

V=24V, Vour1=3.3V, loyr=0A

- 4ms/div |

|

| Vourz 2V/div |

'LX220V/diV';" L

V=24V, Vour=5V, lopr=0A
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17. Package Dimensions

24-pin plastic TSSOP Lead pitch 0.65 mm
i X
Package width 4.40 mm x 7.80 mm
package length
Lead shape Gullwing
Sealing method Plastic mold
Mounting height 1.20 mm MAX
Weight 0.10g
(FPT-24P-M10)
24-pin plastic TSSOP Note 1) Pins width and pins thickness include plating thickness.
(FPT-24P-M10) Note 2) Pins width do not include tie bar cutting remainder.
Note 3) #: These dimensions do not include resin protrusion.
#7.80+0.10(.307+.004) 0.43 2%
(.005°8%)
HHHHHHHHHHQH9 P
BTM E-MARK
3 : #440t000 | |y
INDEX ", (-173+.004) ! Details of "A" part |
S 6.40+0.20 | ‘
(.252+.008) JALL : %(Mounting height) :
// \\ | |
WIEEEELEEE L |
M M S e |
L b | ~8° /’ |
O o @ N =, v |
i 022 32 (5 [0100008) | A |
R | 0.60£0.15 0.10£0.05 ‘
| (.024+.006) (.004+.002) Stand off) |
\ \-_ - _____ -1 ___ _
[[0.10(.004)
Dimensions in mm (inches).
©2008-2010 FUJITSU SEMICONDUCTOR LIMITED F24033S-c-1-2 Note: The values in parentheses are reference values.
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18. Major Changes

PERFORM

Page Section l Change Results
Revision 0.1
- - | Initial release
Revision 1.0
- - Preliminary — Full Production
. Description is changed :
16 10.5 ON/OFF Time Generator Block (fon the CH2 ON time is set to 1/1.5 times the CH1 ON time
Generator) . .
- the CH2 frequency is set to 1.5 times the CH1 frequency
26,27 11.2 Layout Description and picture is updated
Revision 2.0
9 Absolute Maximum Ratings VO1 and 2 added.
10 Recommended Operating Conditions VO1 and 2 added.
11 Electrical Characteristics Maximum specifications of minimum on time and minimum off time are
added.
14 to 17 Typical Characteristics Create new.
22 Function Description Figure 11.4 modified.
23 Function Description Figure 11.5 modified.
24 Function Description Boost circuit Block (CB1 and 2) create new
27,28 I/0O Pin Equivalent Circuit Diagram Create new.
29 Example Application Circuit Create new.
30,31 Part List Create new.
37 to 44 Application Note Selecting parts create new.
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semiconductor devices have an inherent chance of failure. You must protect against injury, damage or loss from such failures
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or technologies subject to certain restrictions on export under the Foreign Exchange and Foreign Trade Law of Japan, the
US Export Administration Regulations or the applicable laws of any other country, the prior authorization by the respective
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