S6AP413A A~

ASSP o
4CH DCDC converter with I°C interface and internal SW FETs SPANSION

Data Sheet (Preliminary)

Notice to Readers: This document states the current technical specifications regarding the Spansion
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
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Notice On Data Sheet Designations

Spansion. 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 Spansion
data sheet designations are presented here to highlight their presence and definitions.

Advance Information

The Advance Information designation indicates that Spansion. 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. Spansion. therefore
places the following conditions upon Advance Information content:

“This document contains information on one or more products under development at Spansion. The
information is intended to help you evaluate this product. Do not design in this product without
contacting the factory. Spansion. 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. Spansion
places the following conditions upon Preliminary content:

“This document states the current technical specifications regarding the Spansion 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. Spansion. applies the following
conditions to documents in this category:

“This document states the current technical specifications regarding the Spansion product(s)
described herein. Spansion. 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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S6AP413A
N

ASSP
4CH DCDC converter internal switching FETs SPANSION
Data Sheet (Preliminary) A

1. Description

S6AP413A contains 4ch buck DC/DC converter and 1ch buck-boost DC/DC converter. S6AP413A can
supply the main power line in several systems by using only its chip. The current mode control is adopted for
the DC/DC converter, and it is possible to use the small chip inductor with the high switching frequency
operation which contains internal switching FETs. S6AP413A contains the output setting resistor and the
phase compensation circuit, and contributes to reduce the number of external components and its mount
area. Also it contains the CTL input pin which can control the ON/OFF for each DC/DC converter, the Power
Good signal output pin and I°C communication interface, therefore it is easy to design the power supply
sequence. It is possible to tune in the output voltage exactly using the I°C communication.

2. Features

B Operating input voltage range: 2.5V to 5.5V (Maximum rating: 6.5V)
Output voltage setting range: DD1*:0.7V to 1.32V (20mV/step)
DD2*:1.2V to 1.95V (50mV/step)
DD3*:2.8V to 3.5V (100mV/step)
DD4*:0.7V to 1.32V (20mV/step)
B Maximum output current: DD1:2A, DD2:1.2A, DD3:0.6A, DD4:2A
Internal switching FETS, output voltage setting resistor, phase compensation circuit and output discharge
resistor (all DC/DC converters)
Buck-boost DC/DC converter is seamless to change operation mode
Soft start time setting range: 1 ms to 16 ms (approximately 1ms/step)
Switching frequency for the DC/DC converter: 3 MHz
Communication interface: I’C (ON/OFF, Output voltage, Soft start time)
Internal PFM/PWM auto switching mode
Each DC/DC converter Power Good function (open drain)
Several protection functions: Under voltage lockout (UVLO), Over current protection (OCP), Thermal shut
down (TSD)
Small package: QFN32 (5mm x 5mm x 0.71mm, 0.5mm pitch)

*: DD1,DD2,DD3,DD4 : DC/DC converter block 1,2,3,4
3. Application

Network equipment, Factory automation, Security system, Surveillance camera, Electrical music instrument,
Multi-function printer, Scanner, Printer, Copy machine, Home appliances ,Data storage (HDD, SSD), Mobile
equipment for Li+ battery (1 cell)

Publication Number S6AP413A_DS405-00019 Revision 0.1 Issue Date July 22, 2014

This document states the current technical specifications regarding the Spansion 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.
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4. Application Circuit Example

Figure 4-1 Application Circuit
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5. Recommended Application Specification
[Input Voltage Range]
Input voltage Vin(V)
Min Typ Max
2.5 3.3 5.5
[Output specification] (Ta=+25°C)
< < N| [ )
I R B s E| . E oZ| £ 8 E || ,
Q <) [2) O e é - © c = = is c -~ . 9 P X
€ _g g Output Voltage (V) g < =5 b £33 5 3‘% t g g E
© = = s c ° = - 3]
£ > Q = = s S o© o © o = s o
o » < 3 3 % S -E o § £ é’ 2 [
Min | Typ | Max | Max | Min gl - L 2
0.692 | 0.700 | 0.708
0.711 0.720 | 0.729
0.731 0.740 | 0.749
0.751 0.760 | 0.769
0.771 0.780 | 0.789
0.790 | 0.800 | 0.810
0.810 | 0.820 | 0.830
0.830 | 0.840 | 0.850
0.850 | 0.860 | 0.870
0.869 | 0.880 | 0.891
0.889 | 0.900 | 0.911
*1) (*1) (*1)
0.909 | 0.920 | 0.931 o
0.929 | 0.940 | 0.951 Built-in
0.948 | 0.960 | 0.972 1o 16ms SWFET
Built-i
0.968 | 0.980 | 0.992 uilt-in
At the time output
0.988 | 1.000 | 1.012 Buck .
of 1.0V setting
*1) (*1) *1) (synchronous _ _
DD1 VO1 | £#1.2% 2000 | (2400) o 3.0 1.0 22 setting, 5.0 resistors
1.008 | 1.020 | 1.032 rectification) . o
the details Built-in
1.028 | 1.040 | 1.052 C-mode
are cf. phase
1.047 | 1.060 | 1.073
Contents compen
1.067 | 1.080 | 1.093 .
17 sation
1.087 | 1.100 1.113 circuit
1) *1) *1)
1.107 | 1.120 | 1.133
1.126 | 1.140 | 1.154
1.146 | 1.160 | 1.174
1.166 | 1.180 | 1.194
1.186 | 1.200 | 1.214
1) 1) *1)
1.205 | 1.220 | 1.235
1.225 | 1.240 | 1.255
1.245 | 1.260 | 1.275
1.265 | 1.280 | 1.295
1.284 | 1.300 | 1.316
1.304 | 1.320 | 1.336

*1: default
(It is selectable with the default output voltage)
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2 E ﬁ [ P~
) = [e]
3 | 3 > sE| £ o=z L | 8 E o 2,
Q [<) (3] Q W 3 < o £ = = "5 [= - E‘ © X
= e} © Output Voltage (V) 5 S o £ £ £ 3 5 |2 8 E m S o F
s | B 3 St | §~ 2 £5 5138 & |38 §
o ) < o | 3 & §. B 5 & a § [
Min Typ Max Max Min s T * =
1.186 | 1.200 | 1.214
*1) *1) *1)
1.235 | 1.250 | 1.265
1.284 | 1.300 | 1.316
1.334 | 1.350 | 1.366 o
*1) *1) *1) 1to 16ms Built-in
1383 | 1400 | 1417 SWFET
1433 | 1.450 | 1.467 Atthe Built-in
1482 | 1500 | 1.518 Buck t"::\;’f °”:f”t
. settin
enLen | e (synchronous , Hing
DD2 VO2 | #1.2% 1200 (1500) o 3.0 10| 10 setting, 5.0 resistors
1.531 | 1.550 | 1.569 rectification) o
the Built-in
1.581 1.600 | 1.619 C-mode .
details phase
1.630 | 1.650 | 1.670
are cf. compen
1.680 | 1.700 | 1.720 .
Contents sation
1.729 | 1.750 | 1.771 17 circuit
1.778 | 1.800 | 1.822
1) 1) *1)
1.828 | 1.850 | 1.872
1.877 | 1.900 | 1.923
1.927 | 1.950 | 1.973
2.74 2.80 2.86
* * * 1to 16ms Built-in
1) *1) *1) SWFET
2.84 2.90 2.96 ]
294 | 3.00 | 3.06 t_At thef B“'t't'":
ime o outpu
¢ | en | e Buck-Boost P
3.3V setting
3.04 3.10 3.16 (synchronous . .
DD3 | VO3 | +1.8% 600 (750) o 30|10 | 22 setting, 5.0 | resistors
3.14 3.20 3.26 rectification) L
the Built-in
3.23 3.30 3.37 C-mode i
“ “ o details phase
(1) (1) (1) are cf. compen
3.33 3.40 3.47 .
Contents sation
343 3.50 3.57 Lo
17 circuit
(*1) (*1) (*1)
*1: default
(It is selectable with the default output voltage)
8 S6AP413A_DS405-00019-0v01-E, July 22, 2014




N

. . SPANSION"®
Data Sheet (Preliminary) -
< = Nl o c
— — > 5 é g —_— =2 § E_ 8 = o X )
[} [<) (%] Q W = < E S = = E= E} ~
c 3 © Output Voltage (V) & e |6 g E > =28 % |& 8 =
< £ 5 55| = E ? G o 8|85 &8 |<c g g
§ & | 8 - = 5535188 2% |35 3
o (2] < o | 3 b 2 5 § £ a g (4
Min Typ Max Max Min -.0“-, - * £
0.692 | 0.700 | 0.708
0.711 | 0.720 | 0.729
0.731 | 0.740 | 0.749
0.751 | 0.760 | 0.769
0.771 | 0.780 | 0.789
0.790 | 0.800 | 0.810
0.810 | 0.820 | 0.830
0.830 | 0.840 | 0.850
0.850 | 0.860 | 0.870
0.869 | 0.880 | 0.891
0.889 | 0.900 | 0.911
(*1) (*1) (*1)
0.909 | 0.920 | 0.931
0.929 | 0.940 | 0.951 1 to 16ms Built-in
0.948 | 0.960 | 0.972 SWFET
0.968 | 0.980 | 0.992 At the Built-in
0.988 | 1.000 | 1.012 time of output
Buck ]
(*1) (*1) (*1) 1.8V setting
DD4 VO4 | £1.2% 2000 (2400) (synchronous 30|10 | 22 tti 5.0 ist
+1. . . setting, . resistors
° 1.008 1.020 1.032 rectification) " g -
e ullt-in
1.028 | 1.040 | 1.052 C-mode o X
1.047 | 1.060 | 1.073 etars phase
are cf. compen
1.067 1.080 1.093 .
Contents sation
1.087 1.100 1.113 N
17 circuit
(*1) (*1) (*1)
1.107 1.120 1.133
1.126 1.140 1.154
1.146 1.160 1.174
1.166 1.180 1.194
1.186 1.200 1.214
(*1) (*1) (*1)
1.205 1.220 1.235
1.225 1.240 1.255
1.245 1.260 1.275
1.265 1.280 1.295
1.284 1.300 1.316
1.304 | 1.320 | 1.336
*1: default
(It is selectable with the default output voltage)
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Figure 6-1 Pin Configuration
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7. Pin Descriptions
Figure 7-1 Pin Descriptions
. . Pull-
Pin Pin L Unused | Unused | Unused | Unused | Unused
Block 110 Description down 2
name number . DD1 DD2 DD3 DD4 I“C
resistor
IN1 24 | DD1 output voltage feedback - GND - - - -
DD PVCC1 23 - DD1 output block power supply - AVCC - - - -
Buck LX1 22 O | DD1 inductor connection - Open - - - -
uc
PG1 28 O | DD1 Power Good output - GND - - - -
PGND1 21 O | DD1 output block ground - GND - - - -
IN2 | DD2 output voltage feedback - - GND - - -
DD2 PVCC2 5 - DD2 output block power supply - - AVCC - - -
Buck LX2 6 O | DD2 inductor connection - - Open - - -
uc
PG2 29 O | DD2 Power Good output - - GND - - -
PGND2 7 - DD2 output block ground - - GND - - -
Power supply for DD3 output
PVCC3 4 - PRy P - - - AVCC - -
block
DD3 VO3 32 O | Output voltage for DD3 - - - GND - -
LX3-1 3 O | DD3 inductor connection1 - - - Open - -
Buck-boost
LX3-2 O | DDS inductor connection2 - - - Open - -
PG3 30 O | Output for DD3 Power Good - - - GND - -
PGND3 2 - | Ground for DD3 output block - - - GND - -
IN4 17 - DD4 output voltage feedback - - - - GND -
DDA PVCC4 18 - DD4 output block power supply - - - - AVCC -
Buck LX4 19 O | DD4 inductor connection - - - - Open -
uc
PG4 31 O | DD4 Power Good output - - - - GND -
PGND4 20 - DD4 output block ground - - - - GND -
Control for reference voltage .
CTLMAIN 25 | Exist - - - - -
output
oTL CTL1 9 | DD1 control Exist Open - - - -
CTL2 10 | DD2 control Exist - Open - - -
CTL3 11 | DD3 control Exist - - Open - -
CTL4 12 | DD4 control Exist - - - Open -
Power supply for I°C
DVCC 16 | PPy ] . . ] ; GND
2c communication
SCL 14 | Clock for I’C communication - - - - - Open
SDA 15 I/O | Data for I°C communication Exist - - - - Open
Power supply for reference
AVCC 27 - i - - - - - -
voltage
Reference
VREF18 26 O | Output reference voltage - - - - - -
control
GND 13 - | Ground for reference voltage - - - - - -
GND EP - | Ground for reference voltage - - - - - -
July 22, 2014, S6AP413A_DS405-00019-0v01-E 11
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8. Block Diagram

Figure 8-1 Block Diagram
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9. Absolute Maximum Ratings
Rating
Parameter Symbol Condition - Unit
Min Max
Vyveer AVCC,PVCC input voltage -0.3 6.5 \Y
Power supply voltage -

Vveez DVCC input voltage -0.3 6.5 Vv

Vet CTL1, CTL2, CTL3 input voltage -0.3 6.5 \Y

Vere CTLMAIN input voltage -0.3 6.5 \Y

Terminal voltage Viocic SDA,SCL input voltage -0.3 6.5 Vv
Veg PG1, PG2, PG3, PG4 drain voltage -0.3 6.5 \

Vour IN1, IN2, IN3, IN4 input voltage -0.3 6.5 V

LX voltage Vix LX1, LX2, LX3, LX4 voltage -1.0 6.5 V

o Tas+25°C
Permission loss Po . . 0 3420 mwW
Thermal resistance(6ja):(29.2°C /W(*1))

Maximum junction temperature Timax - - +125 °C
Storage temperature Tste - -55 +125 °C

*1: When the IC is mounted on 74mm x 74mm four-layer square epoxy board. IC is mounted on a four-layer
epoxy board, which terminal bias, and the IC’s thermal pad is connected to the epoxy 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.

Figure 9-1 Power Dissipation vs. Operation Ambient Temperature
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10. Recommended Operating Conditions

Value
Parameter Symbol Condition Unit
Min Typ Max

1. Reference control block
Power supply voltage Vvee AVCC 2.5 3.3 5.5 \Y
Output current for reference voltage Irer VREF18 -1 - 0 mA
Operating temperature Ta - -30 +25 +85 °C

2. DC/DC channel
P v volt v PVCC1, PVCC2, PVCC3, 25 33 55 v

ower su voltage . . .

PRIy voTag ¢ | pvcca

Input voltage Vour IN1,IN2 0 - AVCC \%
PG input voltage Ves PG1, PG2, PG3, PG4 0 - 5.5 \Y

3. Input block

Vet CTL1, CTL 2, CTL3, MODE
Input voltage 0 - AVCC \Y
Vwmope CTLMAIN

4. 1’C communication block

Power supply voltage Vvee DvCC 1.70 - 3.50 V

Input voltage Viocic SDA,SCL 0 - DvCC V

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.
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11. Electrical Characteristics

11.1 Reference Control block

(AVCC = PVCC1=PVCC2=PVCC3=PVCC4= 3.3V supply,
PGND1=PGND2=PGND3=PGND4=GND = OVTa = +25°C, unless otherwise noted.)

Value
Parameter Symbol Condition - Unit
Min Typ Max
1. Reference voltage [ VREF18]
VyRer1 VREF18 pin = OmA 1.773 1.800 1.827 \Y
v AVCC pin = 2.5V to 5.5V 1.768 1.800 1832 v
Output voltage VREF2 VREF18 pin = 0mA . . .
Vvrers VREF18 pin =0mA to -1mA 1.768 1.800 1.832 \Y
2. Under voltage lockout [VCC UVLO]
Threshold voltage Vy AVCC rising 2.156 2.20 2.244 \%
Hysteresis width Vi - - 0.20(*1) - \%
3. Over current protection [OCP]
Timer | toes | DD1,DD2, DD3, DD4 09 [ 1 1.1 ms
4. Thermal shut down [TSD]
Stop temperature | TrsoH | - 125(*2) | 150 - °C
5. Input block (CTL,MODE,CTLMAIN) [ CTL, CTLMAIN]
CTL1, CTL2, CTL3, CTL4 pin AVCC
Input voltage Vin . - AVCC \%
CTLMAIN pin x 0.7
CTL1, CTL2, CTL3, CTL4 pin
Input voltage Vi . 0 - 0.4 \%
CTLMAIN pin
leTen CTL1, CTL2, CTL3, CTL4 pin = 3.3V
. 25 3.3 4.7 uA
IMODEH CTLMAIN pin = 3.3V
Input current -
lere CTL1, CTL2, CTL3, CTL4 pin =0V ] A
IvopEL CTLMAIN pin =0V H
. CTL1, CTL2, CTL3, CTL4 pin
Input pull-down resistor Re . - 1(*1) - MQ
CTLMAIN pin
6. Consumption current (DC/DC converter block)
CTL1, CTL2, CTL3, CTL4 pin =0V
lvecst . - 0 1.0 WA
CTLMAIN pin =0V
CTL1, CTL2, CTL3, CTL4 pin =0V
lvecs2 . - 30 45 uA
CTLMAIN pin =3.3V
DD1,DD2,DD3,DD4=0N,
Power supply current
lvee ALL DD are OmA - 450 670 MA
(operation mode: PFM/PWM mode)
DD1,DD2,DD3,DD4=0N,
Ivec ALL DD are OmA - 18 27 mA
(operation mode: Fixed PWM mode)

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

*2: No production tested, ensure by design.
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11.2 DD1
(AVCC = PVCC1=PVCC2=PVCC3=PVCC4= 3.3V supply,
PGND1=PGND2=PGND3=PGND4=GND = 0V. Ta = +25°C, unless otherwise noted.)
Value
Parameter Symbol Condition Unit
Min Typ Max
1. DC/DC converter block [DD1]
IOUT =-10mA,
Output voltage Vour . 0.988 1.000 1.012 \Y
Output voltage setting: 1.0V
IOUT =-10mA,
Input stability Vine -5 - +5 mV
PVCC1 =2.5V to 5.5V
. IOUT = -1mA to -4000mA
Load stability Vioap ) -10 - +10 mV
(Fixed PWM mode)
. IOUT = -1mA to -4000mA
Load stability Vioap -10 - +15 mV
(PFM/PWM mode)
IN1 input impedance Rin IN1 = 2.0V - 190(*1) - kQ
SW PMOS-Tr
. Remos LX1 =-30mA - 120(*1) - mQ
on resistance
SW NMOS-Tr
. Rnmos LX1 =30mA - 80(*1) - mQ
on resistance
SW PMOS-Tr
ILEAK LX1 =0V -3 - - uA
leakage current
SW NMOS-Tr
ILEAK LX1 =3.3V - - 3 [JA
Leakage current
Over current
i ILIMIT L=1 OHH 2400(*2) - - mA
protection value
PFM/PWM mode
lpem L=1.0pH - 100(*1) - mA
changeover current
Discharge resistor Rois - - 5(*1) - kQ
Soft start time tss Soft start time setting: 1ms 0.9 1 1.1 ms
Switching frequency fosc - 2.7 3.0 3.3 MHz

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

*2: No production tested, ensure by design.
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11.3 DD2
(AVCC = PVCC1=PVCC2=PVCC3=PVCC4= 3.3V supply,
PGND1=PGND2=PGND3=PGND4=GND = 0V. Ta = +25°C, unless otherwise noted.)
Value
Parameter Symbol Condition Unit
Min Typ Max
2. DC/DC converter block [DD2]
IOUT =-10mA,
Output voltage Vour . 1.778 1.800 1.822 \
Output voltage setting:1.8V
- IOUT =-10mA
Input stability Vine -5 - +5 mV
PVCC2 = 2.5V to 5.5V
- IOUT =-1mAto -1200mA
Load Stablllty VLOAD . -10 - +10 mV
(Fixed PWM mode)
- IOUT =-1mAto -1200mA
Load Stablllty VLOAD -10 - +20 mV
(PFM/PWM mode)
IN2 input impedance Rin IN2 = 2.0V - 150(*1) - kQ
SW PMOS-Tr
. Remos LX2 = -30mA - 190(*1) - mQ
on resistance
SW NMOS-Tr
. Rnmos LX2 = 30mA - 135(*1) - mQ
on resistance
SW PMOS-Tr
ILEAK LX2 =0V -3 - - [JA
leakage current
SW NMOS-Tr
ILEAK LX2 = 3.3V - - 3 lJA
leakage current
Over current
. lumir L=1.0pH 1500(*2) - - mA
protection value
PFM/PWM mode
lpFm L=1.0pH - 65(*1) - mA
changeover current
Discharge resistor Rois - - 5(*1) - kQ
Soft start time tss Soft start time setting: 1ms 0.9 1 1.1 ms
Switching frequency fosc - 2.7 3.0 3.3 MHz

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

*2: No production tested, ensure by design.
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11.4 DD3
(AVCC = PVCC1=PVCC2=PVCC3=PVCC4= 3.3V supply,
PGND1=PGND2=PGND3=PGND4=GND = 0V. Ta = +25°C, unless otherwise noted.)
Value
Parameter Symbol Condition - Unit
Min Typ Max
3. DC/DC converter block [DD3]
IOUT =-10mA,
Output voltage Vour ) 3.241 3.300 3.359 \
Output voltage setting: 3.3V
. IOUT =-10mA,
Input stability Vine -5 - +5 mV

PVCC3 =2.5V to 5.5V

- IOUT = -1mA to -600mA
Load Stablllty VLOAD . -10 - +10 mV
(Fixed PWM mode)

- IOUT = -1mA to -600mA
Load Stablllty Vioap (PFM/PWM d ) -10 - +15 mV
mode

VO3 impedance Rvos VO3= 2.0V - 550(*1) - kQ
SW PMOS-Tr
. Rpwmos LX3-1 =-30mA - 115(*1) - mQ
on resistance
SW NMOS-Tr
. Rnmos LX3-1 = 30mA - 140(*1) - mQ
on resistance
SW PMOS-Tr
. Rpwmos LX3-2 = -30mA - 155(*1) - mQ
on resistance
SW NMOS-Tr
. Rnmos LX3-2 = 30mA - 220(*1) - mQ
on resistance
SW PMOS-Tr
lLeak LX3-1 =0V 3 R . uA
leakage current
SW NMOS-Tr
ILEAK LX3-1 = 3.3V - - 1 lJA
leakage current
SW PMOS-Tr
lLeax LX3-2 =0V 3 R . uA
leakage current
SW NMOS-Tr
ILEAK LX3-2 =3.3V - - 1 [JA
leakage current
Over current
i ILIMIT L=1 OHH 1000(*2) - - mA
protection value
PFM/PWM mode
lpem L=1.0pH - 200(*1) - mA
changeover current
Discharge resistor Ropis - - 5(*1) - kQ
Soft start time tss Soft start time setting:1ms 0.9 1 1.1 ms
Switching frequency fosc - 2.7 3.0 3.3 MHz

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

*2: No production tested, ensure by design.
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11.5 DD4
(AVCC = PVCC1=PVCC2=PVCC3=PVCC4= 3.3V supply,
PGND1=PGND2=PGND3=PGND4=GND = 0V. Ta = +25°C, unless otherwise noted.)
Value
Parameter Symbol Condition Unit
Min Typ Max
4. DC/DC converter block [DD4 ]
IOUT =-10mA,
Output voltage Vour . 0.988 1.000 1.012 \
Output voltage setting: 1.0V
IOUT =-10mA,
Input stability Vine -5 - +5 mV
PVCC4 = 2.5V to 5.5V
. IOUT = -1mA to -4000mA
Load stability Vioap . -10 - +10 mV
(Fixed PWM mode)
. IOUT = -1mA to -4000mA
Load stability Vioap -10 - +15 mV
(PFM/PWM mode)
IN4 input impedance Rin IN4 = 2.0V - 190(*1) - kQ
SW PMOS-Tr
. Remos LX4 = -30mA - 120(*1) - mQ
on resistance
SW NMOS-Tr
. Rnwmos LX4 = 30mA - 80(*1) - mQ
on resistance
SW PMOS-Tr
ILEAK LX4 =0V -3 - - “A
leakage current
SW NMOS-Tr
ILEAK LX4 = 3.3V - - 3 [JA
Leakage current
Over current
i ILIMIT L=1 OHH 2300(*2) - - mA
protection value
PFM/PWM mode
lpem L=1.0pH - 75(*1) - mA
changeover current
Discharge resistor Rois - - 5(*1) - kQ
Soft start time tss Soft start time setting: 1ms 0.9 1 1.1 ms
Switching frequency fosc - 2.7 3.0 3.3 MHz

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

*2: No production tested, ensure by design.
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11.6 Digital block

(AVCC = PVCC1=PVCC2=PVCC3=PVCC4= 3.3V supply,
PGND1=PGND2=PGND3=PGND4=GND = 0V. Ta = +25°C, unless otherwise noted.)

Value
Parameter Symbol Condition - Unit
Min Typ Max
1. Power good block [ Power Good ]
Output voltage VoL PG1, PG2, PG3, PG4 o = 1mA - - 0.4 \%
Output current lou PG1, PG2, PG3, PG4 1 - - mA
. IN1, IN2, IN4 = falling Vox 0.90
Low voltage detection Vin . - - \%
VO3 = falling (*1)
. IN1, IN2, IN4 = rising Vox 0.93
Power on detection Vi . - - \%
VO3 = rising *1)
2. 1°C block [1’C]
DvCC
Vin SCL,SDA - DvVCC \Y
x0.7
Input voltage
DvCC
Vi SCL,SDA 0 - V]
x0.3
SCL,SDA
IIH - - 10 [JA
DVCC = 3.3V
Input current
SCL,SDA
|||_ -10 - - [JA
DVCC = 3.3V
Output voltage VoL SDA oL =3mA - - 0.4 \%
Output current loL SDA 3 - - mA

*1: This parameter is not be specified. This should be used as a reference to support designing the circuits.
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12. Operation Mode List
Table 12-1 Operation Mode List
Mode Stand-by Stand-by2 Normal ERR detection
CTLMAIN (external) L H H H
CcTu1 (external/I’C) L L H/L(*1) X
CTL signal CTL2 (external/I°’C) L L H/L(*1) X
CTL3 (external/I’C) L L HIL(*1) X
CTL4 (external/I’C) L L HIL(*1) X
Reference OFF ON ON ON
Digital OFF ON ON ON
Operation Block DD1 OFF OFF ON/OFF OFF
DD2 OFF OFF ON/OFF OFF
DD3 OFF OFF ON/OFF OFF
DD4 OFF OFF ON/OFF OFF
I°C communication | I°C communication disable enable enable enable
Protection Thermal shut down (TSD) Not available Not available available (*2)
operating Over current protection (OCP) Not available Not available available (*2)

*1: normal mode means that CTLMAIN pin is "H" level and each DD CTL pin is "H" level

*2: This state is after each err detection. ERR state will release, when the power supply voltage
or CTLMAIN pin will turn off and on.

Priority of the External CTL pin and I’C Communication

CTL1, CTL2,
CTLMAIN 30h resistor
CTL3,CTL4 2 Relevant CH
(external) (IC)
(external)
H H 1 ON
H H 0 ON
H L 1 ON
H L 0 OFF
L X disable OFF
Notes:

- The I°C communication is valid after the reference control block and digital block activation setting
the external CTLMAIN pin to "H" level.

- Please attention below note about ON/OFF control of DD1, DD2, DD3, DD4 by 12C communication.
When each DD control is turned off by I°C communication and external CTL pin remains "H" level,
DCDC converter keep operating.
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13. State Transition Diagram

Figure 13-1 State Transition Diagram

c

\4
Error
detection

)

(1)
@)
@)
(4)
®)
(6)

External CTLMAIN pin is "H" level.

External CTLMAIN pin is "L" level.

External CTL pin or I°C communication "relevant CH_ON"
External CTL pin or I’C communication "relevant CH_OFF"
ERR detection (TSD, OCP 1ms continuation)

Turning on the power supply again (equal to or less than uvlo_vcc rest voltage) or setting CTLMAIN to "L" level

22
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14. Turning on and off Sequence (AVCC=CTLMAIN, CTL1, CTL2, CTL3, CTL4)

Figure 14-1 Turning on and off Sequence (AVCC=CTLMAIN, CTL1, CTL2, CTL3, CTL4)

AVCC=2.0V.
AVCC ‘ AVCC=2.2V | 3
pvCcC(1) | :

CTLMAIN
CTL(*2)

1.8V
VREF18 | ; 1
osc ”HH”” [ nn |
(IC internal sighal) L i e °e _:LELl-I.I-I_”_l-I.I-I_n
uvlo_vcc 4 i

(IC internal sibnal)

o1 L \

PG1 | .
PG2 3 3 3 | 3 ‘
PG4 § i 3 | |

—>
UVLO release to DD(*3) activation Soft-start time
Time till start (*4)
Typ : (820)us
Max : TBD ps

. AN B

*1: PVCC1, PVCC2, PVCC3, PVCC4
*2: CTL1, CTL2, CTL3, CTL4
*3: DD1, DD2, DD3, DD4

*4: VREF18 activations depend on the VREF18 pin capacitance.
Time in the sequence figure above is applied for the following condition.
VREF18 pin capacitance: 1.0pF
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15. Turning on and off Sequence (AVCC — CTLMAIN — CTL1 —» CTL2 —
CTL3 — CTLA4)

Figure 15-1 Turning on and off Sequence (AVCC — CTLMAIN — CTL1 — CTL2 — CTL3 — CTL4)

AVCC
PVCC(*1) 3.3V

CTLMAIN

1.8V

VREF18 .

oscC

(IC internal signal) | ﬁi-i cee coe ﬁi-il-l_“_”_l-l_ﬂ_”
: ”I”l”ll “.._,. S ‘

uvlo_vcce ‘
(IC internal signal)

CTL1

DD1

L

PG1=CTL2

T e Vs

PG2=CTL3

‘ ‘ 93% Discharge
bD3 I 1 _— \2—]

PG3=CTL4
DD4 1 |
PG4

UVLO release to DD(*2) activation Soft-start time

Time till start (*3)
Typ : (820)us
Max : TBD pus

*1: PVCC1, PVCC2, PVCC3, PVCC4
*2: DD1, DD2, DD3, DD4

*3: VREF18 activations depend on the VREF18 pin capacitance.
Time in the sequence figure above is applied for the following condition.
VREF18 pin capacitance: 1.0uF
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16. Turning on and off Sequence (AVCC — CTLMAIN — I’C)

Figure 16-1 Turning on and off Sequence (AVCC — CTLMAIN — I°C)

AVCC
PVCC(*1) 3.3V
CTLMAIN

3 : 1.8V ‘
VREF18 o !
0sc ‘ : : i Fi
(IC internal signal) ! “I”l ”J-I_l-l_iiji coe cee Eijil_l_“_”_l_lﬂ_”
uvlo_vce i i L i |
(IC internal signal):
PCODON/OFF) | | |

R o -

ctl(*2) (IC internal éignal)i
DD1 \
PG1 ; : b ‘
PG2 ; : b :
PG3 . |
DD4 i N\
PG4 I §

— i
UVLO release to DD(*3) activation '~ Soft-start time

Time till start (*4)
Typ : (820)us
Max : TBD ps

*1: PVCC1, PVCC2, PVCC3, PVCC4
*2: CTL1, CTL2, CTL3
*3: DD1, DD2, DD3

*4: VREF18 activations depend on the VREF18 pin capacitance.
Time in the sequence figure above is applied for the following condition.

VREF18 pin capacitance: 1.0uF
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17.CTL Pin Threshold Voltage

The input circuit structure for the CTL(*1) pin is the schmitt trigger style, and the threshold voltage shows the
hysteresis characteristics when CTL(*1) OFF to ON and ON to OFF.

(See "CTL(*1) pin equivalent circuit diagram" below.)
Also, the threshold voltage level depends on the VCC pin voltage.
Moreover, make sure to input either the "H" level (>"VCCx0.7"V) or "L" level (<0.4V) to the CTL(*1) pin when

in use.
Table 17-1 CTL(*1) Pin Equivalent Circuit Diagram
/
The CTL threshold voltage
shows the hysteresis
AVCC ° characteristics.
ESD protection ;
element A
CTL() R 4
ESD protection A
element l
GND ¢—~ .

*1: CTLMAIN, CTL1, CTL2, CTL3, CTL4
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18. Protection Operation Sequence

Over Current Protection (DD channel)

The DD channel monitors the peak current of FET at any time during the operation. When the DD output
becomes the over current state, the output voltage is decreased. Afterward, the timer operation is performed
and the output stops after about 1ms progress.

When one of each DD channel stops operation by over current protection, all DD channels stop operation.

Thermal Shut Down
If the temperature at the junction part reaches +150°C, the thermal shutdown protection circuit turns all
channels off.

Error detection sequence

Table 18-1 Error Detection Sequence

DD1,DD2,DD3,DD4 The whole IC
> Normal Normal
operation operation

! !

Over current

. Thermal
detection shutdown
protection
\4
Voltage drop

l

No 1ms
ontinue for 1m

Yes

ERR detection mode
Error signal output (I12C address 40h)

ERR Detection Mode Release
It is necessary to turn the power supply turning on again, or to turn CTLMAIN turning on again to release the
ERR detection mode.
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19. Operation Condition, Stop Circuit and Release Condition for Protection

Circuit
Table 19-1 Operation Condition, Stop Circuit and Release Condition for Protection Circuit
Operation
i i Under voltage lockout i
whilst Over Current protection . Thermal shutdown protection
Channel protection
under (ocP) (TSD)
. (UVLO)
protection
Operating condition:
. » Chip temperature increment
Operating condition:
Operating condition: Input voltage drop . .
) Process during protection
After about 1ms progress in the .
" . . operation:
over current condition Process during protection
. DD1, DD2, DD3, DD4 stop
operation:
Process during protection DD1, DD2, DD3, DD4 stop »
. . Recovery condition:
DD1,DD2,DD3,DD4 | Discharge | operation:
. (1) Power supply reasserted
DD1, DD2, DD3, DD4 stop Recovery condition: Input
] (2) CTLMAIN reasserted
voltage rise
Recovery condition: o
Only when CTLMAIN is in the
(1) Power supply reasserted UVLO operates only when o
. "H" state and CTL(*1) is in the
(2) CTLMAIN reasserted CTLMAIN is "H" (at VREF18 .
"H" state, or when DD(*2) in
output). . » 2 .
operating condition by I°C, will
operate.
ERR output . . . .
- Write "1" when detecting OCP No change Write "1" when detecting TSD
(address 40h)

Thermal shutdown protection (TSD) operation during over current protection timer operation

When the thermal shutdown protection (TSD) operated during the over current protection (OCP) timer
operation, the thermal shutdown protection has priority.

Operation when releasing under voltage lockout protection (UVLO)

- DD1,DD2,DD3,DD4: Activation following the condition for CTL(*1) pin or 1’c

Note:
-  When VREF18 decreases at the time of UVLO operation, I’c register is reset, and all DD does OFF.
It is necessary to let you do ON by CTL(*1) pin and communication again to let DD have ON."

*1: CTL1, CTL2, CTL3, CTL4
*2: DD1, DD2, DD3, DD4

28 S6AP413A_DS405-00019-0v01-E, July 22, 2014



N

, , SPANSION-®
Data Sheet (Preliminary) -

20.DD Soft Start Operation

The soft-start operation for DD1, DD2, DD3 and DD4 is enabled in order to prevent the rush current during
the DD activation. The soft-start time can be controlled by I°C.

About output voltage changing option, soft start time is showed by follow equation.

Tss=Tslp x Vset/Vdef (ms)

Tss : soft start time

Tslp : slope coefficient of soft start

Vset : output voltage setting

Vdef : DD1=1.0, DD2=1.8, DD3=3.3, DD4=1.0

Figure 20-1 DD Soft Start

70
e 1
L

-/‘

< Output voltage3 setting value

A
[ AN R

Soft-start time

A

Channei ON/OFF signal (internal signal)
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21.Discharge Operation

DD Channel

When executing the DD OFF operation at the CH ON/OFF signal, the DC/DC smooth capacitance charged
for each output voltage is discharged using resistor for discharge which is set in the IC and the output
voltage is decreased gradually. However, the discharge time changes depending on the DC/DC converter
load current.

The discharge time is calculated by the following equation.
Discharge time (time till the output becomes 10% without load)

toff(s) = 2.3 x R_DIS x Cour (F)

Note:
-  See the table in ELECTRICAL CHARACTERISTICS for the discharge resistor value.

Figure 21-1 Discharge function

IN(*1)

R1 § Resistor for discharge PVCC(*2)
R2 e _'/; Error — @ <
Amp
P ) LX("3) @
= Cout
Reference v
voltage PGND(*4)
DAC

CH ON/OFF Cont.

*1:IN1, IN2, IN3, IN4

*2: PVCC1, PVCC2, PVCC3, PVCC4
*3: LX1, LX2, LX3, LX4

*4: PGND1, PGND2, PGND3, PGND4
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22.PG Function

The following pins for each CH POWER GOOD output are prepared.

PG1
It is the pin for DD1 POWER GOOD output.

When the output voltage exceeds 93% of the setting value at the DD1 ON mode, "H" is output.

Also, when the output voltage becomes equal or lower than 90% of the setting value after the "H" output, "L"
is output. "L" is output at the DD1 OFF mode.

PG2
It is the pin for DD2 POWER GOOD output.

When the output voltage exceeds 93% of the setting value at the DD2 ON mode, "H" is output.

Also, when the output voltage becomes equal or lower than 90% of the setting value after the "H" output, "L"
is output. "L" is output at the DD2 OFF mode.

PG3
It is the pin for DD3 POWER GOOD output.

When the output voltage exceeds 93% of the setting value at the DD3 ON mode, "H" is output.

Also, when the output voltage becomes equal or lower than 90% of the setting value after the "H" output, "L"
is output. "L" is output at the DD3 OFF mode.

PG4
It is the pin for DD4 POWER GOOD output.

When the output voltage exceeds 93% of the setting value at the DD4 ON mode, "H" is output.

Also, when the output voltage becomes equal or lower than 90% of the setting value after the "H" output, "L"
is output. "L" is output at the DD4 OFF mode.
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23.12C Interface

23.1 Structure of I°C Interface

The I°C interface executes the data communication in 1 byte (8-bit) units using two signal lines (bus), a SCL
(serial clock line) and a SDA (serial data line).

This bus is connected to multiple devices;
master: device to generate the clock signal and to control the data transfer (CPU and so on)

slave: device that an address is specified by a master.
This IC is set as the slave and has no function to be the master.

Each device is defined due to the communication direction as described below.
transmitter: device to send data to bus
receiver: device to receive data from bus

The IC has the function both transmitter and receiver.

SCL "
SDA
!

transmitter

J/ receiver T transmitter

receiver

maser slave1 slave2

The IC defines the followings;
Write: data is transmitted from master and the IC receives data

Read: The IC transmits data and master receives data.

23.2 Definition of Signal Lines

SCL and SDA are connected to the power supply by the pull-up resistor.
The output circuit is the open Drain output.
When a bus is not used (waiting state), the open "H" is set changing the open Drain to the OFF state.

Note:
-  SCL and SDA pins adopt a different ESD protection system from standard 1’c specification because
of ESD enhancement (see 25. I/O Pin Equivalent Circuit Diagram). When the power supply is in the
bus line, do not shut off the power supply for an IC (DVCC).

12C bus line power supply

SCL
SDA

—D— input input

Inside of IC I— output
—
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23.3 Validity of Data

Data has the following characteristics;

— change when SCL is the "L" level
— valid if the state is kept while SCL is the "H" level.

data
state

The SDA signal change means the start or stop condition when SCL is the "H" level.

23.4 Definition of Start and Stop Condition

The start and stop conditions are output from the master and shows start and stop of communications to the
slave.

— Start: SDA changes from "H" to "L" when SCL is "H".
— Stop: SDA changes from "L" to "H" when SCL is "H".

s P i
start stop
condition condition
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23.5 ACK Signal

This is a signal to confirm the data reception during communication.

The receiver replies the ACK signal to show the data reception to a transmitter every time

1 byte (8-bit) of data is received. The ACK signal is sent in 9clk after sending data 8-bit matching to the SCL
signal that the master generates.

— Atransmitter keeps SDA output "open H" in SCL9clk.
— Avreceiver informs the data reception situation to a transmitter outputting the followings in SCL
9calk;

when data was received: SDA output "L" (ACK)
when no data was received: SDA output "open H" (NACK)

However, if the master is changed to the receiver, ACK is not replied after the last data reception because
the bus keeps open stopping the data transmission to the slave transmitter. In this case, the slave
transmitter opens the bus (open H) and is set to the stop condition reception waiting state from the master.

- I I
SCL ' '
from master \ / 1\ /- _\ 8 f 9 10
I
- __ I
SDA \ [ . >< >< . / Hhold, .
by transmitter bit0 L bit7 : : bit0
!
I
I

SDA i
by receiver
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23.6 I°C Interface Input Timing

(within recommended operating conditions)

Value
Parameter Symbol SCL=100kHz SCL=400kHz Unit
Min Max Min Max
SCL clock frequency fscL - 100 - 400 kHz
Start condition hold time tHD:start 4.0 - 0.6 - us
Restart condition setup time tsu:start 4.7 - 0.6 - us
Stop condition setup time tsu:stop 4.0 - 0.6 - us
Stop to Start bus open time tour 4.7 - 1.3 - us
SCL "L" time tLow 4.7 - 1.3 - us
SCL "H" time thigh 4.0 - 0.6 - us
SCL/SDAr rising time tr - 1.0 - 0.3 us
SCL/SDA falling time t - 0.3 - 0.3 us
Data hold time tHD:data 0.0 - 0.0 - us
Data setup time tsu-data 0.25 - 0.10 - us
SCL/SDA capacitor load Cop - 400 - 400 pF
VIH/VIL level reference
Conform to I°C bus specifications
tr tf
° High! tLow > i
il s B :
Sl U L o Y s W o W o O
Do L) | _ Do _ i tbuf
N B | B
gl SN A 1 S WY A WY
~ EEERE R mmm-—
— — ) — = — K
tHD:start tSU:data tHD:data tSU:start tSU:stop
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23.7 Slave Address

This is a slave address when communicating with the 1°C interface.

The slave address of this IC is set by the first seven bits as shown below.

The eighth bit is called the least significant bit (LSB) and determines the message direction. The bit "0"
shows that information will be written from the master to the slave.

The bit "1" shows that the master reads information from the slave.

This does not support the general call address.

slave address

A

R/W

A0 >

—420>-0
o
-
o
-
-
o
o
TO-HW®

MSB LSB
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23.8 Bit Structure of Data on I°C Interface

(1) Writing Data to Register and Reading Data
The data line is sent/received in the order from the most significant bit (MSB) to the least significant bit

(LSB).
S
T S
A A T
g slave address c register address c data é 0
T * K| * K| : 1K P
No. 1. 2 3 4 5 6 7 8 1.2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
I i | | | ‘ R ﬂ ‘ oo |_|
I I I I 1 I I I I I I [} I I
S{o|1[of|1}11|[0}0|W olojojojojol1]0 ajbjcidlelflglh P
register
‘/ l
DA‘TA

D04 D03 D02 D01 DOO

address — | 03,
044

Output the "stop" condition after sending the Write data.

- Signal which a master sends,
L

: Signal which this IC sends
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(2) I’C Interface Data Format

About I°C Communication

1. When a different slave address comes, non-matching ID is informed by not replying ACK after receiving
the slave address.

2. All registers write to internal registers in the ACK signal after receiving the 8-bit data of each setting.

If a non-existing register address is specified, data is not written to a register.

4. Output the "stop" condition after sending the write data.

w

<Write (W)>
S
T S
A A A AT
R slave address C register address C data c O
A K A K A P
T [ [ | \ K
1 ] I I I I I 1 T T T T T T T
| 1 ] ] I I I ] 1 1 1 ] I I I I
I 1 ] I I I I I 1 1 1 ] I I I I
0101;10I0‘W“IIIIII: ll:::llm
Write is allowed per one address. (Sequential writing is not allowed.)
Send register address and data as one unit.
: :: Signal which a master sends,  &: Signal which this IC sends
. e
<Read (R)>
S S
T T S
A A A A A AT
R slave address C register address C R slave address C data Cc O
T A K A K T A K A K P
f Vo \ f \
1 1 I ] I 1 | ] 1
1 1 1 I 1 I 1 | 1 1 1
1 1 1 I 1 I 1 | 1 1 1
0101I1OI0’W‘ | (AT T T N N ‘ ’:‘0101I1OI0’R| m

Read is allowed per one address. Be sure to perform read by specifying the register addresses.
(Sequential reading is not allowed.)

: Signal which a master sends, : Signal which this IC sends
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24. Structure of I°C Interface and Data
Table 24-1 Register map
DATA
Address V\.Irit-ing Remarks
d07 | do6 | do5 | do4 | do3 | do2 | do1 | doo | Defauit | T
004 0 0 0 D04 | D03 | D02 | D01 | D0OO OFy ACK DD1 output voltage setting
Output 01n 0 0 0 0 D03 | D02 | DO1 | DOO 0Cx ACK DD2 output voltage setting
voltage 024 0 0 0 0 0 D02 | DO1 | DOO 054 ACK DD3 output voltage setting
034 0 0 0 D04 | D03 | D02 | D01 | D0OO OFy ACK DD4 output voltage setting
104 0 0 0 0 D03 | D02 | D01 | DOO 004 ACK DD1 soft-start time setting
Soft start 11u 0 0 0 0 D03 | D02 | DO1 | DOO 004 ACK DD2 soft-start time setting
124 0 0 0 0 D03 | D02 | D01 | DOO 004 ACK DD3 soft-start time setting
134 0 0 0 0 D03 | D02 | D01 | DOO 004 ACK DD4 soft-start time setting
DD DD operation mode setting
operation 20y 0 0 0 0 D03 | D02 | D01 | DOO 00y ACK "0": Fixed PWM mode,
mode "1": PEM/PWM mode
DD output ON/OFF setting
ON/OFF 304 0 0 0 0 D03 | D02 | D01 | DOO 004 ACK
"0":Output OFF / "1":Output ON
DD ERR state monitoring
ERR 404 0 0 0 D04 | D03 | D02 | D01 | D0OO 004 - register (read only)
"0": Normal / "1": Error detection
DD PG state monitoring register
PG 504 0 0 0 0 D03 | D02 | D01 | DOO 004 - (read only)
"0": Non-output / "1":output
For test EXu - - - - - - - - - - Disabled
For test FXn - - - - - - - - - - Disabled
Note:

Address FXy and address EXy are for test.
Do not write/read FXy and EXp.
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24.1 About DD1, DD4 Output Voltage Setting

B Address 004 DD1 is allocated as resisters for the DC/DC output voltage setting.
Address 034 DD4 is allocated as resisters for the DC/DC output voltage setting.

B The DC/DC output voltage setting of DD1 is controlled by writing data to address 004.
The DC/DC output voltage setting of DD4 is controlled by writing data to address 03.

DATA
\

0 0

0 | Dos

DOS

40> n

MSB

O
S
0>
TOH®

address00n: For DD1 output voltage setting
address03n: For DD4 output voltage setting
Do4 to Doo: Set the output voltage

DD1, DD4 Output Voltage Setting Table

DATA Output voltage (V) DATA Output voltage (V)
00x 0.700 104 1.020
01n 0.720 114 1.040
024 0.740 124 1.060
03y 0.760 134 1.080
04y 0.780 14y 1.100 (*1)
05y 0.800 154 1.120
06n 0.820 164 1.140
07w 0.840 174 1.160
08y 0.860 184 1.180
09y 0.880 19y 1.200 (*1)
O0AH 0.900 (*1) 1A4 1.220
0Bx 0.920 1By 1.240
0Cw 0.940 1Cx 1.260
0Dy 0.960 1Dn 1.280
OEH 0.980 1EH 1.300
OFy 1.000 (*1) 1Fu 1.320

*1: Preset value
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24.2 About DD2 Output Voltage Setting
B Address 01H DD2 is allocated as resisters for the DC/DC output voltage setting.
B The DC/DC output voltage setting of DD2 is controlled by writing data to address 01H.
DATA
S | k
T A S
Al| 0 | O | O | O [Dos|Do2|Dot|Do[[g||T
R K 0O
T | MsB LSB P
address01n: For DD2 output voltage setting
Dos to Dgo: Set the output voltage
DD2 Output Voltage Setting Table
DATA Output voltage (V)
004 1.200 (*1)
014 1.250
024 1.300
03y 1.350 (*1)
044 1.400
054 1.450
06y 1.500 (*1)
074 1.550
084 1.600
094 1.650
0AH 1.700
0BH 1.750
0Ch 1.800 (*1)
0Dy 1.850
OEx 1.900
OFy 1.950
*1: Preset value
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24.3 About DD3 Output Voltage Setting

B Address 024 DD3 is allocated as resisters for the DC/DC output voltage setting.
B The DC/DC output voltage setting of DD3 is controlled by writing data to address 024.

Data

(Preliminary)

DATA
\

0 0

=0 >-H®

MSB

TO-+HW!m

address024: For DD3 output voltage setting
D02 to DOO: Set the output voltage

DD3 Output Voltage Setting Table

DATA Output voltage (V)
004 2.80 (*1)
01y 2.90
024 3.00 (*1)
034 3.10
044 3.20
054 3.30 (*1)
06n 3.40
07w 3.50 (*1)

*1: Preset value
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24.4 About Soft Start Time
B Address 104 to 124 are allocated as registers for the soft start time control.
B The soft start time control is controlled by writing data to addresses 104 to 124.
DATA
S | A
T A S
All 0 | O O | Dos | Doz | Dot | Doo | [ || T
R K O
T | MsB LSB P
address104: For DD1 soft start time setting
address114: For DD2 soft start time setting
address124: For DD3 soft start time setting
address13n: For DD4 soft start time setting
Do3 to Dgo: Set the soft start time
Tss=Tslp x Vset/Vdef (ms)
Tss : soft start time
Tslp : slope coefficient of soft start : refer to follow table
Vset : output voltage setting
Vdef : DD1=1.0, DD2=1.8, DD3= 3.3, DD4=1.0
Soft Start Time Setting
DATA1 Tslp Remarks
004 1.0 DD1,DD2,DD3,DD4 (*1)
01y 2.0
024 3.0
034 4.0
04y 5.0
054 6.0
06 7.0
074 8.0
08y 9.0
094 10.0
O0A4 11.0
0By 12.0
0Cq 13.0
0Dy 14.0
OEn 15.0
OFy 16.0
*1: Preset value
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24.5 DC/DC Operation Mode

B Address 204 is allocated as a register for the DC/DC operation mode control.
B The DC/DC operation mode is controlled by writing data to address 204.

DATA
S A \
T A S
Al| 0 | O | O | O [Dos|Do2|Dot|Do[[g||T
R (@)
K
T | MsB LSB P
address20y: For DC/DC operation mode setting
Do1 to Dgo: Set the DC/DC operation mode
Address Bit Description
0: DD1 Fixed PWM (*1)
204 D00
1: DD1 PFM/PWM
0: DD2 Fixed PWM (*1)
204 D01
1: DD2 PFM/PWM
0: DD3 Fixed PWM (*1)
204 D02
1: DD3 PFM/PWM
0: DD4 Fixed PWM (*1)
204 D03
1: DD4 PFM/PWM

*1: Preset value
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24.6 ON/OFF for DC/DC
B Address 304 is allocated as a register for the DC/DC ON/OFF.
B The DC/DC ON/OFF is controlled by writing data to address 304.
DATA
S | A
T A S
Al| 0 | O | O | O [Dos|Do2|Dot|Do[[g||T
R (@)
K
T | MsB LSB P
address304: For DC/DC ON/OFF
Doz to Dgo: Set ON/OFF for DC/DC
Address Bit Description
0: DD1 output OFF (*1)
304 D00
1: DD1 output ON
0: DD2 output OFF (*1)
304 D01
1: DD2 output ON
0: DD3 output OFF (*1)
304 D02
1: DD3 output ON
0: DD4 output OFF (*1)
304 D03
1: DD4 output ON
*1: Preset value
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24.7 About Error Monitor

B Address 404 is allocated as error status monitor of each DC/DC output and thermal shut down.
B Address 404 is read only resistor.

DATA
\

0 0 O | Dos | Doz | Doz | Dot | Doo

0>

=1 0>-4®
TO-HW®W

MSB LSB

address40x: For error monitor of each DC/DC output and thermal shut down
Dos to Dgo: read only resistor. (Not allowed write resistor)

Address Bit Description

0: DD1 OCP non detection (*1)
404 D00 .

1: DD1 OCP detection

0: DD2 OCP non detection (*1)
404 D01 .

1: DD2 OCP detection

0: DD3 OCP non detection (*1)
40y D02 .

1: DD3 OCP detection

0: DD4 OCP non detection (*1)
404 D03 .

1: DD4 OCP detection

0: TSD non detection (*1)
404 D04 .

1: TSD detection

*1: Preset value
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24.8 About Power Good Monitor
B Address 504 is allocated as output monitor of each DC/DC output.
B Address 504 is read only resistor.
DATA
S | A
T A S
All 0 | O O | Dos | Doz | Dot | Doo | [ || T
R (@)
K
T | MsB LSB P
address50n: For output monitor of each DC/DC output.
Detection level is over 93% of DCDC output voltage setting.
Dos to Dgo: read only resistor. (Not allowed write resistor)
Address Bit Description
0: DD1 non output (*1)
504 D00
1: DD1 output
0: DD2 non output (*1)
504 D01
1: DD2 output
0: DD3 non output (*1)
504 D02
1: DD3 output
0: DD4 non output (*1)
504 D03
1: DD4 output
*1: Preset value
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25.1/0 Pin Equivalent Circuit Diagram

<<AVCC>>
AVCC O ® TS *— -
- g g
ESD )
protection A b F=-- o
element
|
= ’_Eo
GND< > ® % *—---
<<VREF18>>
AVCC *
A
»—O VREF18
S
GND ¢ o o

AVCC

OE

<<IN1,IN2,IN4,LX1,LX2,LX4,PGND1,PGND2,PGND4>>
IN*: IN1, IN2, IN4

LX*
LX*: LX1, LX2, IN4

PGND*: PGND1, PGND2, PGN4 PGND*
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<<PVCC1,PVCC2,PVCC4>
AVCCH—— PVCC*: PVCC1, PVCC2, PVCC4
LX*: LX1, LX2, LX4
PGND*: PGND1, PGND2, PGND4
pveer (O—s .
--—
--—
--—
A
Py D LX*
--—
PGND* ¢ * .
GND ——

<<IN3,PGND3 >

INSO

GND
PGND3O
<<PVCC3,LX3-1,LX3-2,VO3>>
avee <
PVCC3 O *
-
- -
! A i --—|E‘[ % O LX3-1
| *~—o Ovos
--—||§ --—||§ il
| O LX3-2
. %
PGND3O ¢
GND ¢
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<<CTL*>> <<PG*>>
AVCC ¢ AVCC¢—
PG*: PG1, PG2, PG3, PG4
PG*
CcTL* M"_
GND ¢ GND ¢ ®
CTL*: CTLMAIN, CTLA1,
CTL2, CTL3, CTL4
<<SCL>> <<SDA>>
DvCC < > bvCC ¢
SCL ﬂ_ >—--- SDA — _Z7>.__
— -
GND ¢ o ® ‘
GND ¢
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DD2:1.80V

I
T 2

R2
100k
A

lo{max)-1200mA

0 PG2

DDX:3.30v
0 00

DDA:1.0V
U jo{max}2000mA

lmuF

S6APA13A
\ Input Voltage:
L 25Vio55V T Avee M1
LX1
PVCC1
PGND1
cT1
PG1
PVCC2 IN2
L e Oem2 Lx2
PGND2
1) PVCC3 PG2
A A TnF
() CI3 LX3-1
O pvcea LX3-2
oy A TpF
vo3
— () CTL4
PGND3
PG3
L CTLMAIN
pDvce IN4
3.
il
oL scL LX4
SDA SDA
PGND4
PG4
VREF18 GND
P
J»CG
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Table 26-1 Parts list

Symbol Parts Part number specifications vendor
L1 Inductor 1278AS-H-1ROM 1.0pH TOKO
L2 Inductor 1278AS-H-1ROM 1.0pH TOKO
L3 Inductor 1278AS-H-1ROM 1.0pH TOKO
L4 Inductor 1278AS-H-1ROM 1.0pH TOKO
C1 Ceramic Capacitor C1608X5R1H104K 0.1uF TDK
Cc2 Ceramic Capacitor C1608X5R1V475K 4. 7uF TDK
C3 Ceramic Capacitor C1608X5R1V475K 4.7uF TDK
C4 Ceramic Capacitor C1608X5R1V475K 4.7uF TDK
C5 Ceramic Capacitor C1608X5R1V475K 4. 7uF TDK
C6 Ceramic Capacitor C2012X5R1A336M 1.0uF TDK
Cc7 Ceramic Capacitor C2012X5R1A476M 47uF TDK
C8 Ceramic Capacitor C1608X5R1A226M 22uF TDK
C9 Ceramic Capacitor C2012X5R1A336M 33uF TDK
Cc10 Ceramic Capacitor C2012X5R1A476M 47uF TDK
R1 Resistor RR0816P-104-D 100kQ SSM
R2 Resistor RR0816P-104-D 100kQ SSM
R3 Resistor RR0816P-104-D 100kQ SSM
R4 Resistor RR0816P-104-D 100kQ SSM

TOKO : TOKO, INC.
TDK : TDK Corporation
SSM : SUSUMU CO., LTD.
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27.Reference Data

DCDC convertor efficiency data

Inductor and capacitor value refer to section 26.

Input voltage = 3.3V, Vo=1.2V setting

B DD1,DD4
Input voltage = 3.3V, Vo = 1.0V setting
100
90
80 ;ﬁ/—\
— 70 pad / A
S /
g /
€ 50 7
g 40 /
w30 7/
20 -
o / —— Fixed PWM
0 // —‘PFM/PWM
0.00001 0.001 0.1 10

Load current[A]

100
90

80

70
60 /

50/

40

Efficiency[%)]

30

20

10

= Fixed PWM

A

e PEM/PWM

0
0.00001

0.001 0.1 10
Load current[A]

Input voltage = 5.5V, Vo = 1.0V setting

Input voltage = 5.5V, Vo = 1.2V setting

100 100
90 90
80 —/\\ 80 \
— 70 — - 70 —
= y = /
T/ / T/ /
$ 50 $ 50
© 40 / / S 40 / /
4
E 30 , / E 30 /
/ /
?g / —— Fixed PWM ?g / ——Fixed PWM
o -7 ——PFM/PWM o L ——PFMPWM
0.00001 0.001 0.1 10 0.00001 0.001 0.1 10
Load current[A] Load current[A]
H DD2
Input Voltage = 3.3V, Vo = 1.5V setting Input voltage = 3.3V, Vo = 1.8V setting
100 100
90 90
£ o/ / g/ /
g 50 g 90
g 5 / s/ /
E 40 / g 40 /
w30 7/ w30 7
20 20
10 ——Fixed PWM || 10 ‘/ —=Fixed PWM ||
0 e PFM/PWM 0 / = PFM/PWM
0.00001 0.001 0.1 10 0.00001 0.001 0.1 10
Load current[A] Load current[A]
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H DD2
Input voltage = 5.5V, Vo = 1.5V setting Input Voltage = 5.5V, Vo = 1.8V setting
100 100
90 90 N
80 80 7 //
— 70 = 70
20/ / S /
> >
g ./ / g 1/ /
g 50 g 50
S 40 / S 40 /
/ /
20 20
10 / e Fixed PWM 10 / —==Fixed PWM ||
o P ——PEM/PWM o P ——PFM/PWM
0.00001 0.001 0.1 10 0.00001 0.001 0.1 10
Load current[A] Load current[A]
H DD3
Input voltage = 3.3V, Vo = 3.3V setting Input Voltage = 5.5V, Vo = 3.3V setting
100 100
90 A?\‘ 90 —
eeee———
80 7 80 /
—_ 70 // — 70 ~ /
S I/ S /
3 — 3 /
£ 50 — £ 50
2 / / 2 /
S 40 2 40
E / y/ £ /
w30 / w30
/
20 / ——Fixed PWM 20 / [—FxedPwM
10 —PII)=(I\e/I/PWM 10 A —Plli‘(l\e;jPWM
0 ! 0 !
0.00001 0.001 0.1 0.00001 0.001 0.1
Load current[A] Load current[A]
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DCDC convertor regulation data
H DD1,DD4
Input voltage = 3.3V, Vo = 1.0V setting Input voltage = 3.3V, Vo=1.2V setting
1.020 1.220
1.015 1.215
$1.010 $1.210
) )
31 005 31.205
S1.000 - S 1.200
2.0.995 21195
3 0.990 Fixed PWM | 3 1.190 Fixed PWM ||
0.985 e PFM/PWM - 1.185 e PFM/PWM -
0.980 1 * 1.180 1 1
0.0 1.0 2.0 3.0 4.0 0.0 0.5 1.0 1.5 2.0
Load current[A] Load current[A]
Input voltage = 5.5V, Vo = 1.0V setting Input voltage = 5.5V, Vo = 1.2V setting
1.020 1.220
1.015 1.215
21 010 %1 210
51 005 ~L 31.205
21.000 9 1.200
3.0.995 5_1 195
3 0.990 ——Fixed PWM || 3 1.190 ——Fixed PWM [
0.985 = PFM/PWM i 1.185 e PFM/PWM H
0.980 * * 1.180 1 1
0.0 1.0 2.0 3.0 4.0 0.0 0.5 1.0 1.5 2.0
Load current[A] Load current[A]
W DD2
Input Voltage = 3.3V, Vo = 1.5V setting Input voltage = 3.3V, Vo = 1.8V setting
1.520 1.820
1.515 1.815
$1.510 21.810
]
§71.505 §"1.805 7\
= = -
g 1.500 2 1.800
31495 2179
8 1.490 —Fixed PWM | 8 1.790 —Fixed PWM |
1.485 e PEFM/PWM H 1.785 e PFM/PWM N
1.480 I 1.780 !
0.0 0.4 0.8 1.2 0.0 0.4 0.8 1.2
Load current[A] Load current[A]

July 22, 2014, S6AP413A_DS405-00019-0v01-E 55



N

SPANSION- Dat S h ¢ P i .
- ata ee (Preliminary)
H DD2
Input voltage = 5.5V, Vo = 1.5V setting Input Voltage = 5.5V, Vo = 1.8V setting
1.520 1.820
1.515 1.815
21.510 21.810
[ [
31.505 31.805 N\
= = -
2 1.500 2 1.800
31495 21795
8 1.490 —Fixed PWM | 8 1.790 —Fixed PWM ||
148 | —=——=PFM/PWM H 1.785 e PFM/PWM N
1.480 ! 1.780 !
0.0 0.4 0.8 1.2 0.0 0.4 0.8 1.2
Load current[A] Load current[A]
H DD3
Input voltage = 3.3V, Vo = 3.3V setting Input Voltage = 5.5V, Vo = 3.3V setting
3.320 3.320
3.315 3.315
23.310 53.310
Q []
33.305 33.305
$3.300 $3.300
83295 23295
S 3.290 ——Fixed PWM |/ 83.290 ——Fixed PWM |
3.285 ——PFM/PWM || 3.285 ——PFM/PWM [
3.280 I 3.280 I
0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6
Load current[A] Load current[A]
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DCDC convertor output ripple voltage

H DD1, DD4
Input voltage = 3.3V, Vo = 1.0V setting
Load current = OmA , Fixed PWM

10mV/div, 0.5ps/div

Input voltage = 5.5V, Vo = 1.0V setting
Load current = OmA , Fixed PWM

10mV/div, 0.5us/div

Input voltage = 3.3V, Vo = 1.0V setting
Load current = 0mA , PFM/PWM_

10mV/div, 2ms/div

Input voltage = 5.5V, Vo = 1.0V setting
Load current = OmA , PFM/PWM

10mV/div, 2ms/div

Input voltage = 3.3V, Vo=1.0V setting
Load current = 2000mA, Fixed PWM

10mV/div, 0.5ps/div

Input voltage = 5.5V, Vo = 1.0V setting
Load current = 2000mA, Fixed PWM

i e e

10mV/div, 0.5ps/div

Input voltage = 3.3V, Vo=1.0V setting
Load current = 2000mA,PFM/PWM

10mV/div, 0.5us/div

Input voltage = 5.5V, Vo = 1.0V setting
Load current = 2000mA,PFM/PWM

10mV/div, 0.5us/div
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B DD2
Input voltage = 3.3V, Vo = 1.8V setting

Load current = 0OmA , Fixed PWM

Input voltage = 3.3V, Vo=1.8V setting
Load current = 1200mA, Fixed PWM

10mV/div, 0.5us/div 10mV/div, 0.5us/div

Input voltage = 5.5V, Vo = 1.8V setting

Input voltage = 5.5V, Vo = 1.8V setting
Load current =1200mA, Fixed PWM

Load current = 0OmA , Fixed PWM

e T

e e e e i L R

10mV/div, 0.5us/div 10mV/div, 0.5us/div

Input voltage = 3.3V, Vo=1.8V setting

Input voltage = 3.3V, Vo = 1.8V setting
Load current =1200mA,PFM/PWM

Load current = 0OmA , PFM/PWM

WMWMMM O i R e NN e s e i P

10mV/div, 2ms/diV 10mV/div, 0.5us/div

Input voltage = 5.5V, Vo = 1.8V setting

Input voltage = 5.5V, Vo = 1.8V setting
Load current = 1200mA,PFM/PWM

Load current = 0OmA , PFM/PWM

oty ™ttt Py Wit g P Vg ™ O o P A R P, i A

10mV/div, 2ms/div 10mV/div, 0.5us/div
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H DD3
Input voltage = 3.3V, Vo = 3.3V setting
Load current = OmA , Fixed PWM

e e e e e e e

~ 10mV/div, 0.5ps/div

Input voltage = 5.5V, Vo = 3.3V setting
Load current = OmA , Fixed PWM

10mV/div, 0.5ps/div

Input voltage = 3.3V, Vo = 3.3V setting
Load current = 0OmA , PFM/PWM

10mV/div, 2ms/div

Input voltage = 5.5V, Vo = 1.0V setting
Load current = OmA , PFM/PWM

10mV/div, 2ms/div

Input voltage = 3.3V, Vo=3.3V setting
Load current = 600mA, Fixed PWM

10mV/div, 0.5ps/div

Input voltage = 5.5V, Vo = 3.3V setting
Load current =600mA, Fixed PWM

O S S e, e el g, e ot 3]

10mV/div, 0.5ps/div

Input voltage = 3.3V, Vo=3.3V setting
Load current = 600mA,PFM/PWM

10mV/div, 0.5ps/div

Input voltage = 3.3V, Vo =3.3V setting
Load current = 600mA,PFM/PWM

10mV/div, 0.5us/div
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DCDC convertor enable/disable
B DD1,DD4(Fixed PWM)
Input voltage = 3.3V, Vo = 1.0V setting Input voltage = 3.3V, Vo=1.0V setting
Load current = 2000mA, Tss = Tmsec setting Load current = OmA, Tss = 1msec setting
SCL(3V/div) SCL(3V/div)
& 1] &
PG1(6V/div)
PG1(6V/div) [
Vo(0.5V/div) + s
Vo(0.5V/div)
*-
i ] ]
i i i
1IN(1.0A/div) @&
1IN(40mA/div)
e i — :::':::: 1 (Ao /e [ s
o e o s .
- e -
B DD1,DD4(PFM/PWM)
Input voltage = 3.3V, Vo = 1.0V setting Input voltage = 3.3V, Vo=1.0V setting
Load current = 2000mA, Tss = 1msec setting Load current = OmA, Tss = 1msec setting
SCL(3V/div) SCL(3V/div)
g 1] &
PG1(6V/div)
G PG1(6V/div) © EoiawE)
|
[ome] \
y Vo(0.5V/div) )
- I | Vo(05v/di) |
sl .
—
S 1IN(1.0A/div)
1IN(40mA/div)
Keo/ 10 ) [mousian 200msis s smaint MO 4200 (A 1aav "1{:«-«4”-.4« seunpt
o 1 MO 820,08 Stopped 1
e o ua tearoe T -
- a0 e o
B DD2(Fixed PWM)
Input voltage = 3.3V, Vo = 1.8V setting Input voltage = 3.3V, Vo=1.8V setting
Load current = 1200mA, Tss = 1msec setting Load current = OmA, Tss = 1msec setting
SCL(3V/div) SCL(3V/div)
e W &
PG2(6V/div)
PG2(6V/div) ®
|
 Vo(1v/div) | \ y —_
b Vo(1V/div)
P 1 [Somsran]
M 1IN(500mA/div) |
¢ ! L 3 1IN(40mA/div)
[EL] T Rnom (mE ey |[sooumia 208t s0marpt 0 y20.0M (MG e
Slm  marmm ’T."L.. ! - e — P
i mam ot
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B DD2(PFM/ PWM)
Input voltage = 3.3V, Vo = 1.8V setting
Load current = 1200mA, Tss = 1msec setting

Input voltage = 3.3V, Vo=1.8V setting
Load current = OmA, Tss = 1msec setting

SCL(3V/div) SCL(3V/div)
& L[]
s smm———— [ PG26V/div)
> ¥ PG2(6V/div) > -
I |
. Vo(1V/div) | . . - ——t M
Vo(1V/di
200us/div L | ACALZ)
] ]
] ]
T 50ms/div|
1 1 1
: el
1IN(500mA/div) | | ;
o }
1IN(40mA/div)
D gz (M e | ooparare usmss  somaine MO Y200 A e (Sotmuunzmss  somapt
A 520980 . samp M0 Ry200m Preview 1
40 B0 s A foyon Vi o
o fyznsm oy 0 Aeznsh |ame

B DD3 (Fixed PWM)
Input voltage = 3.3V, Vo = 3.3V setting
Load current = 600mA, Tss = 1msec setting

Input voltage = 3.3V, Vo=3.3 V setting
Load current = OmA, Tss = 1msec setting

SCL(3V/div) SCL(3V/div)
1] &
PG3(6V/div)
PG3(6V/div) ©
|
. . / S Vo(2V/div) " " I e ot it s s
e I 'S l
200us/di -m
100ms/div
[ 1 i
w‘-vM“"'m ! :
M‘"’M IIN(500mA/div)
® PRI © 1IN(40mA/div)
Coysuvian 40 A 2000 B/ [T y— 0 Rz on [ | [Voomatae 00088 S0pmipt ‘
o sz [E— o tyzno e e
0 ey - gt ) wuton
0 Szmsm . o Syzuom

B DD3 (PFM/PWM)
Input voltage = 3.3V, Vo = 3.3V setting
Load current = 600mA, Tss = 1msec setting

Input voltage = 3.3V, Vo=3.3 V setting
Load current = OmA, Tss = Tmsec setting

SCL(3V/div) SCL(3V/div)
[ []]
. &
PG3(6V/div)
PG3(6V/div) ©
/ Vo(2V/div) »
e Vo(2V/div)
i : i - I100ms/z:iv
W : |
TIN(500mA/div) | o
A
‘Mﬁ\ .»
1IN(40mA/div)
M Ay 200w (W [T T T M0 Ryzoom [y ) (oamaiore tonokss  t0svaipt
M0 200w Fun sampie O Bz0.0M stopped. 1
MO 0.0 1 aan L0k O B30 oM Tocan RLAO
o Syausm o 0 tyz00m
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DCDC convertor load transient
B DD1(Fixed PWM)
Input voltage = 3.3V, Vo = 1.0V setting Input voltage = 3.3V, Vo=1.0V setting
Load current = from OmA to 2000mA per 10usec Load current = from 2000mA to OmA per 10usec
Vo1(30mV/div) o t o mV/div
offset: 1.0V b it 40.5mV l’ﬁlg?f.o&g\? :
" T — i | EI L SEt e s s L [ SRy e oo ST
.\. “J/_-‘
43.3mv
N 10us
= |
. — ' Io(2.0m/div)|
Io(1.0A/div) \ =
1é | e
(Wi soomn ]";::,.t..sﬁ._. m....“ o ]"L::,._,ﬁ._. ,n.....t\
B DD1(PFM/PWM)
Input voltage = 3.3V, Vo = 1.0V setting Input voltage = 3.3V, Vo=1.0V setting
Load current = from OmA to 2000mA per 10usec Load current = from 2000mA to OmA per 10usec
ooy || [ A0S e et 1o
B et g e [ S vu—— e . " P
\-.,‘ .
42.9mv
50ms
<«
w PSSR
lo(1.0A/div; Mﬂ
| 2 e AT
(e J:._..w,: Ty [ACz1on |':'.:._‘.m. Somnt
B DD2(Fixed PWM)
Input voltage = 3.3V, Vo = 1.8V setting Input voltage = 3.3V, Vo=1.8V setting
Load current = from OmA to 1200mA per 10usec Load current = from 1200mA to OmA per 10usec
Vo2(50mVidiv) 54_-1'“V Vo1(50mVidiv)
offset: 1.8V . — "k-n\l offset: 1.8V
S — o begiomn i Ny o i
Rl
54.8mV
10us
10us A
<>
B 5 o, lo(1.0A/div)
p " Io(1.0A/div) L “\\_‘ " ? "
W‘ Ao/ womA | 10 0w m:ml: m.n-m1 ‘E:R::::'mmw :A:mw’:mu| Ao\ stoma ) ::m:w w‘:mn:: )ﬂbmb(l
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B DD2(PFM/ PWM)
Input voltage = 3.3V, Vo = 1.8V setting
Load current = from OmA to 1200mA per 10usec

Input voltage = 3.3V, Vo=1.8V setting
Load current = from 1200mA to OmA per 10usec

57.1mV

Vo2(50mV/div) Vo1(50mV/div)
offset: 1.8V e —————, offset: 1.8V
i s,
e oo - e e e S————
“\-..A o
54.0mV
10us
<>

B DD3 (Fixed PWM)
Input voltage = 3.3V, Vo = 3.3V setting
Load current = 600mA, Tss = 1msec setting

= : Io(1.0A/div)
lo(1.0A/div) @&
(R e [ oot ot T o (R veoma [osmmtizoran s
. fom ‘Sampin 1 MO ByctzoM EE— Samy 1
ot e vt ik
iy oy

Input voltage = 3.3V, Vo=3.3 V setting
Load current = OmA, Tss = 1msec setting

B DD3 (Fixed PWM)
Input voltage = 3.3V, Vo = 3.3V setting
Load current = 600mA, Tss = 1msec setting

Vo3(50mV/div) 57.1mV . Vo3(50mV/div)
offset: 3.3V . P ol offset: 3.3V
-~ i,
 aamaae W L . U w T sttt tempetamemotime]
.5 ™
T
67.4mV
10us
10us
<>
# ., 10(500mA/div)
) P 10(500mA/div) 1 .
oy Ol i3¥ WD S ECo /A [ty mowss i oy Olea3v WD Sy e | [0t s i
[ ool NI [ oo o | = ™
e o F 18 meap. RLS08 13 nean RLS08
P ey

Input voltage = 3.3V, Vo=3.3 V setting
Load current = OmA, Tss = 1msec setting

Vo3(50mV/div)
offset:3.3V

81.7mV

Vo3(100mV/div)
P T offset:3.3V

oo

84.1mV

10us

20ms

10(500mA/div) |

1o(500mA/div)
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DCDC convertor DVFS function

B DD1 (Fixed PWM)

Input voltage = 3.3V, Input voltage = 3.3V
Vo =from 0.7V to 1.32V setting by 12C Vo =from 1.32V to 0.7V setting by 12C
Tek Run Sample B Acis N s _ Tek Run Sample 7 AG0s
Ty

T I il T T ] T 1 ] T T ]

ot : : e . : -~
scL ] o soL : }N ﬂ : ] : —
@v/aw| | ] 1w, | 1 1
PG R 1 é = 3
(5V/div) : : ] : ] Gvam| 1 1

Vol 100us 1 100us
(200mV/div) il ] Vot
T . . .
offset0.7V ] <> | (200mV/div) <—>.
1 | offset0.7V
o - gal
I ! I L] | ! ! [ Ll ! ! [ ! ! ! !
1 zov ) Chz  Z00mY  Ew M 00pS5OMSE 200t ol 2oy ey thz zo0my Ew M00ps S.OMSH Z00nsp
Ch3  50¥ A ChT v 112Y Chd - 5av A Chl o 12y
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28.0Ordering Information

Table 28-1 Ordering Information

Part number Package Remarks

S6SAP413A18

S6SAP413A19

S6SAP413A1A

S6SAP413A1B

S6SAP413A28

S6SAP413A29

S6SAP413A2A

S6SAP413A2B

S6SAP413A38

S6SAP413A39

S6SAP413A3A

S6SAP413A3B

S6SAP413A5A

S6SAP413A5B

32-pin plastic QFN
S6SAP413A69

(WNT032)
S6SAP413A6A

S6SAP413A6B

S6SAP413A79

S6SAP413A7A

S6SAP413A7B

S6SAP413A9A

S6SAP413A9B

S6SAP413AAA

S6SAP413AAB

S6SAP413ABA

S6SAP413ABB

S6SAP413ADB

S6SAP413AEB

S6SAP413AFB
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29.Preset Code List

Preset code DD1 Output Voltage DD2 Output Voltage DD3 Output Voltage DD3 Output Voltage
Preset code value Preset code value Preset code value Preset code value
18 0.90V 1.35V 3.30V 0.90V
19 0.90V 1.35V 3.30V 1.00V
1A 0.90V 1.35V 3.30V 1.10V
1B 0.90v 1.35V 3.30V 1.20V
28 0.90V 1.50V 3.30V 0.90V
29 0.90V 1.50V 3.30V 1.00V
2A 0.90v 1.50V 3.30V 1.10V
2B 0.90v 1.50V 3.30V 1.20V
38 0.90V 1.80V 3.30V 0.90V
39 0.90v 1.80V 3.30V 1.00vV
3A 0.90v 1.80V 3.30V 1.10V
3B 0.90V 1.80V 3.30V 1.20V
59 1.00V 1.35V 3.30V 1.00V
5A 1.00V 1.35V 3.30V 1.10V
5B 1.00V 1.35V 3.30V 1.20V
69 1.00V 1.50V 3.30V 1.00V
6A 1.00V 1.50V 3.30V 1.10V
6B 1.00V 1.50V 3.30V 1.20V
79 1.00V 1.80V 3.30V 1.00vV
7A 1.00V 1.80V 3.30V 1.10V
7B 1.00V 1.80V 3.30V 1.20V
9A 1.10V 1.35V 3.30V 1.10V
9B 1.10V 1.35V 3.30V 1.20V
AA 1.10V 1.50V 3.30V 1.10V
AB 1.10V 1.50V 3.30V 1.20V
BA 1.10V 1.80V 3.30V 1.10V
BB 1.10V 1.80V 3.30V 1.20V
DB 1.20V 1.35V 3.30V 1.20V
EB 1.20V 1.50V 3.30V 1.20V
FB 1.20V 1.80V 3.30V 1.20V
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30.Package Dimensions

N ]aaalC

2X

INDEX MARK

TOP VIEW

_
=
A=
=
=
A=
=
.$.
=
&
(2
b
=)

-E. E-
=
(ND-1)E] — =
A = =
-E. E-
;, P A
+
I ATTT ETTAG
o] b [ Toob@][C[A]B]
¢ ddd@|C |

[A[aaa] c] BOTTOM VIEW A

SIDE VIEW
MILLIMETER
SYMBOL NOTE
MIN. | NOM. | MAX.
A — | — | 075 | PROFILE
A1 000 | — | 005 | TERMINAL HEIGHT
[ D] 5.00 BSC. BODY SIZE
|?| 5.00 BSC. BODY SIZE
b 0.20 | 0.25 | 0.30 | TERMINAL WIDTH
| D] 3.60 BSC. EXPOSED PAD SIZE
3.60 BSC. EXPOSED PAD SIZE
|T| 0.50 BSC. TERMINAL PITCH
n 32 TERMINAL COUNT
L 033 | 0.40 | 047 | TERMINAL LENGTH
C €0.30 EXPOSED PAD CHAMFER
aaa 0.07
bbb 0.10
cce 0.10
ddd 0.05
eee 0.05
fff 0.10

SEATING PLANE

1. DIMENSIONING AND TOLERANCING CONFORMS TO ASME Y14.5-1994.
2. ALL DIMENSIONS ARE IN MILLIMETERS.

3.N IS THE TOTAL NUMBER OF TERMINALS.

IMEMSION “b" APPLIES TO METALLIZED TERMINAL AND IS MEASURED BETWEEN 0.15 AND
0.30mm FROM TERMINAL TIP.IF THE TERMINAL HAS THE OPTIONAL RADIUS ON THE OTHER
END OF THE TERMINAL. THE DIMENSION "b"SHOULD NOT BE MEASURED IN THAT RADIUS AREA.

AID REFER TO THE NUMBER OF TERMINALS ON D OR E SIDE.
8. MAX. PACKAGE WARPAGE IS 0.05mm.
7. MAXIMUM ALLOWABLE BURRS IS 0.076mm IN ALL DIRECTIONS.
&’\N #11D ON TOP WILL BE LOCATED WITHIN INDICATED ZONE.

\LATER/-\L COPLANARITY ZONE APPLIES TO THE EXPOSED HEAT SINK SLUG AS WELL AS
THE TERMINALS.

A\
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31.Layout

Consider the points listed below and do the layout design.

— Provide the ground plane as much as possible on the IC mounted face. GND and PGNDx provide the
through hole proximal to GND and PGNDXx pins of IC, and connect it with GND of internal layer.

— Provide the power plane as much as possible to lower impedance of VCC.

— Play the most attention to the loop composed of input capacitor (CPVCCx) and SWFET. Input
capacitor (CPVCCx) connected with PVCCx should be placed close to the pin as much as possible to
make the current loop as small as possible. Also connect the GND pin of the input capacitor with
PGNDx.

— Output capacitor (CVO3) connected with VO3 should be placed close to the pin as much as possible.
Also connect the GND pin of the output capacitor with PGND3.

— GND pins of the switching system parts provide the through hole at the proximal place, and connect it
with GND of internal layer.

— By-pass capacitor (CVREF, CAVCC) connected with VREF and AVCC should be placed close to the
pin as much as possible. Also connect the GND pin of the by-pass capacitor with GND of internal layer
in the proximal through-hole.

— Pull the feedback line to be connected to the INx pin of the IC separately from near the output
capacitor pin, whenever possible. Consider the line connected with INx pins to keep away from a
switching system parts as much as possible because it is sensitive to the noise.

— There is leaked magnetic flux around the inductor or backside of place equipped with inductor.

Line and parts sensitive to noise should be considered to be placed away from the inductor (or backside of
place equipped with inductor).

Switching system parts: Input capacitor(CPVCCx), Inductor(L), Output capacitor(CVOx)

Note:
- x: Each channel number

Figure 31-1 Layout example
Layout example of IC Layout example of switching components 1
GND

Cervcct Crvces PGND:

D D ® PVCCx
]

Crvcex
i j 7

Through Hole

]
PGND1

To the LXx pin

CVREF

O [) " [ee
O[[_TJ [Avee ® ®

Cavee

Output voltage
ODC%F S5 — VOX feedbac

ND |O

(0]
(Top View)
o o Layout example of switching components 2
EP(Exposed Pad)

gl el H
(L1

O
D GND

Crvces Cevcez L

Output voltage
VO3 feedback

(RRRRRRAR R AR
RRRDRERE ERENNR

Cvos

ol 1
N

'VCC3
VCC2
'GND:

To the LX3-2 pin Cros
e o [I_Jpvecs
PGND3

Crvces

)

o
°.
S

- To the LX3-1 pin ) GND
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Colophon

The products described in this document are designed, developed and manufactured as contemplated for general use,
including without limitation, ordinary industrial use, general office use, personal use, and household use, but are not
designed, developed and manufactured as contemplated (1) for any use that includes fatal risks or dangers that, unless
extremely high safety is secured, could have a serious effect to the public, and could lead directly to death, personal injury,
severe physical damage or other loss (i.e., nuclear reaction control in nuclear facility, aircraft flight control, air traffic control,
mass transport control, medical life support system, missile launch control in weapon system), or (2) for any use where
chance of failure is intolerable (i.e., submersible repeater and artificial satellite). Please note that Spansion will not be liable
to you and/or any third party for any claims or damages arising in connection with above-mentioned uses of the products.
Any semiconductor devices have an inherent chance of failure. You must protect against injury, damage or loss from such
failures by incorporating safety design measures into your facility and equipment such as redundancy, fire protection, and
prevention of over-current levels and other abnormal operating conditions. If any products described in this document
represent goods 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 government entity will be required for export of those products.

Trademarks and Notice

The contents of this document are subject to change without notice. This document may contain information on a Spansion
product under development by Spansion. Spansion reserves the right to change or discontinue work on any product without
notice. The information in this document is provided as is without warranty or guarantee of any kind as to its accuracy,
completeness, operability, fithess for particular purpose, merchantability, non-infringement of third-party rights, or any other
warranty, express, implied, or statutory. Spansion assumes no liability for any damages of any kind arising out of the use of
the information in this document.

Copyright © 2014 Spansion  All rights reserved. Spansion®, the Spansion logo, MirrorBit®, MirrorBit® EclipseTM,
ORNAND™ and combinations thereof, are trademarks and registered trademarks of Spansion LLC in the United States and
other countries. Other names used are for informational purposes only and may be trademarks of their respective owners.
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