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The S-8367/8368 Series is a CMOS step-up type switching regulator controller which consists of a reference voltage
source, an oscillation circuit, an error amplifier, a phase compensation circuit, a current limit circuit, a short-circuit
protection circuit, and a PWM control circuit etc.

With an external low ON-resistance enhanced Nch power MOS FET, this product is ideal for applications requiring high
efficiency and a high output current.

In addition, the output current is limited by connecting the current detection resistance (Rsense) to the VSENSE pin. The
loss which occurs in Rsense is reduced since the current detection voltage (Vsense1) is set to 100mV = 10%.

The S-8368 Series has a short-circuit protection circuit which can protect the circuit/during output short-circuit status by
using an external enhanced Nch power MOS FET.

Ceramic capacitors can be used for output capacitors. Small package, SOT-23-6 enables high-density mounting.

B Features
e Input voltage range: 22Vtob5V
¢ Oscillation frequency: 1.2 MHz typ.
e Output current: 3.0A (Vin=3.6V,Nour=50 V)*1
¢ Reference voltage: 0.6V+2.0%
¢ Soft-start function: 3 ms typ.
e Low current consumption: 120 pA typ. during/switching off
e Maximum duty: 85% typ.
e Current limit function: Vsensetr =:1000mV £ 10%
¢ Power-off function: Isss =1.0 pA max.
e External parts: Inductor, diode, capacitor, transistor
e Short-circuit protection function
(Only S-8368 Series): Limits short-circuit current by an external enhanced Nch power MOS FET.

¢ UVLO (under voltage lock out) function: Selectable in 0.1 V step between 2.1 Vto 3.5V
¢ Lead-free (Sn 100%), halogen-free

*1. Values when the S-8367/8368 Series’is used under conditions of "Table 14 External Parts Examples" with
the circuit example of Figure 23 in "® Application circuits".
B Applications
* Mobile power pack,digital audio player
e LED lighting, GPS, wireless transceiver
o Other portable devices

B Package

¢ SOT-23-6
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B Block Diagrams

1. S-8367 Series (Without short-circuit protection function)
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2. S-8368 Series (With short-circuit protection function)
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Caution To stabilize the output voltage and oscillation frequency of the S-8367/8368 Series, the input voltage
(Vop) of 2.2 V < Vpp < 5.5 V is necessary.
When connecting the VOUT output to the VDD pin, set the output voltage (Vour) as to satisfy the above
range, including the spike voltage generated in VOUT.
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B Product Name Structure
Users can select the short-circuit protection function, UVLO detection voltage for the S-8367/8368 Series. Refer to
"1. Product name" regarding the contents of product name, "2. Package" regarding the package drawings and
"3. Product name list" regarding the product type.

1. Product name

S836 x A xx | - M6T1

Environmental code
U: Lead-free (Sn 100%), halogen-free

Package name (abbreviation) and IC packing specification'1
M6T1: SOT-23-6, Tape

UVLO detection voltage
2110 35
(e.g., when the UVLO detection'voltage is 2.1V, it is expressed as 21.)

Short-circuit protection function
7: Unavailable
8: Available

*1. Refer to the tape drawing.

2. Package
Table 1 Package Drawing Codes
Package Name Dimension Tape Reel
SOT-23-6 MP006-A-P-SD MP006-A-C-SD MP006-A-R-SD

3. Product name list

3.1 S-8367 Series (Without short-circuit protection function)

Table 2
Product Name UVLO Detection Voltage
S-8367A211-M6T1U2 21V
Remark Please contact our sales office for products with specifications other than the above.

3.2 S-8368 Series (With short-circuit protection function)

Table 3
Product Name UVLO Detection Voltage
S-8368A21I-M6T1U2 21V
Remark Please contact our sales office for products with specifications other than the above.

Seiko Instruments Inc. 3
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B Pin Configurations

1. SOT-23-6
Table 4 S-8367 Series (Without Short-Circuit Protection Function)
Top view Pin No. Symbol Description
6 5 4 1 VDD Power supply input pin
H HH 2 VSENSE | Current detection resistance connection pin
3 FB Output voltage feedback pin
Power-off pin
EI EI %I 4 EN "H": Power-on (normal operation)
"L": Power-off (standby)
Figure 3 5 VSS GND pin
6 EXT External transistor connection pin

Table 5 S-8368 Series (With Short-Circuit Protection Function)

Pin No. Symbol Description
1 VDD Power supply input pin
2 VSENSE | Current detection resistance connection pin
3 FB Output voltage feedback pin
Power-off pin
EN "H": Power-on (normal operation)
4 EN/SCP! "L": Power-off (standby)

SCP | FET control pin for short-circuit protection

5 VSS GND pin
6 EXT External transistor connection pin

*1. The EN/SCP pin/combines the power-off pin and the FET control pin for
short-circuit protection.

4 Seiko Instruments Inc.
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B Absolute Maximum Ratings

Table 6
(Ta = +25°C, Vss = 0 V unless otherwise specified)
ltem Symbol Absolute Maximum Rating Unit
VDD pin voltage Vbb Vss — 0.3 to Vss +6.0 V
FB pin voltage VEs Vss —0.3to Vpp + 0.3 V
EXT pin voltage VExT Vss—0.3to Vpp + 0.3 V
EN pin voltage, EN/SCP pin voltage |[Ven, Vensce Vss — 0.3 to Vpp + 0.3 V
VSENSE pin voltage VSENSE Vss -0.3to VDD +0.3 V
Power dissipation Pp 650" mw
Operation ambient temperature Topr —40 to +85 °C
Storage temperature Tstg —40 to +125 °C
*1.  When mounted on board
[Mounted board]
(1) Board size: 114.3 mm x 76.2 mm x t1.6 mm
(2) Name: JEDEC STANDARDS51-7

Caution The absolute maximum ratings are rated values exceeding which the product could suffer physical
damage. These values must therefore not be exceeded under‘any conditions.
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Figure 4 Package Power Dissipation (When Mounted on Board)
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B Electrical Characteristics

Table 7
(Vop = 3.6 V, Ta = +25°C unless otherwise specified)
. . . Test

ltem Symbol Condition Min. | Typ. | Max. Unit Circuit
Input voltage Vbb — 2.2 — 5.5 V 1
FB pin voltage Ves — 0.588 [ 0.600 | 0.612 V 1
FB pin voltage AVFEs

_— = _ o o — + — ©

temperature coefficient ATa Ta =-40°Cto +85°C +100 ppm/°C| 1
FB pin input current Irs Vpp =2.2Vt05.5V, FB pin -0.1 — 0.1 uA 1
Current consumption When switching operates,

. . | * - - A 1
durlng operatlon ss1 VEg = VFB(S) 1 x 0.95 309 H
Current consumption When switching stops,
during switching off Iss2 Ves = Vrag) X 1.5 120 210 HA !
Cur.rent consumption lsss _ ~ 3 10 uA 1
during power-off
EXT pin output current "H" lexTh Vextr =Vop—0.4V — -130 [ —60 mA 1
EXT pin output current "L" lexTi Vexr =04V 100 200 — mA 1
Oscillation frequency fosc - 1.0 1.2 1.4 MHz 1
Maximum duty MaxDuty [ Ves = VEg(s) x 0.95 80 85 90 % 1
Current detection voltage VseEnSE1 = 90 100 110 mV 1
VSENSE pin voltage .
for short-circuit detection Vsense2 Only S-8368 Series 108 120 132 mV 1
VSENSE pin voltage during Vsenses | Only S:8368 Sefies ~ e | - | mv | 1
short-circuit protection operation
VSENSE pin voltage Vsenses | Only.S-8368 Series - 40 | - | mv | 1
for short-circuit protection release
Short-circuit protection delay time | tpro Only S-8368 Series 4.0 5.0 6.0 ms 1
EN pin sink current Ven=,0.90 V,
during short-circuit detection lensing Only S-8368 Series ° 60 B HA !

. Selectable in 0.1 V step VuvLo VuvLo
UVLO detection voltage Voo between 2.1V to 3.5 V —04 | Yool o1 !
UVLO hysteresis width VUvionHYs - - 0.10 - 1
Soft-start time tss - 2.0 3.0 4.5 ms 1
EN pin input voltage "H" VsH — 0.80 Vbp — \% 1
EN pin input voltage "L" Vsi — — Vss 0.3 V 1
EN pin input current "H" IS — —-0.1 — 0.1 A 1
EN pin input current "L" IsL — -0.1 — 0.1 A 1

*1. Vrs(s) is a set value for FB voltage.
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H Test Circuit
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Figure 5 Test Circuit 1
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B Operation

1.

Switching control method
1.1 PWM control

The S-8367/8368 Series is a switching regulator controller that uses a pulse width modulation method (PWM).
In conventional PFM control switching regulators, pulses are skipped when the output load current is small,
causing a fluctuation in the ripple frequency of the output voltage, resulting in increased ripple voltage.

For the S-8367/8368 Series, although the pulse width changes from 0% to 85% in accordance with each load
current, the ripple voltage generated due to switching can be eliminated by filtering since the switching
frequency does not change. The ripple voltage can thus be lowered in the wide input voltage and load current
ranges.

2. Soft-start function

The S-8367/8368 Series has a soft-start circuit. The output voltage (Vour) gradually rises after power-on or startup
when the power-off pin is set to "H", suppressing rush current and overshooting the output voltage. The soft-start
time (tss) for the S-8367/8368 Series is defined as the time from startup until Vour reaches 90% of the output set
voltage value (Vours)). A reference voltage adjustment method is used as the soft-start method and the reference
voltage gradually rises from 0 V after soft-start.

The soft-start function operates by controlling the FB pin voltage so that it'follows the rise of the reference voltage.
After the reference voltage rises once, it is reset to 0 V if the power-off'pin is set to "L", the power supply voltage
decreases to the UVLO detection voltage or less, or the S-8367/8368 Series enters the short-circuit protection latch
status. The soft-start function is operated regardless of conditions when resuming step-up operation.

UVLO function

The S-8367/8368 Series has a UVLO (under voltage lock out) circuit for avoiding IC malfunctions due to power
supply voltage decreases. The S-8367/8368 Series stops switching operation upon UVLO detection and retains the
external transistor in the off status. After entering the UVLLO detection status once, the soft-start function is reset.
Note, however, that the other internal circuits operate normally and that the status differs from the power-off status.

Power-off pin (S-8367 Series: EN pin, S-8368 Series: EN/SCP pin)

This pin stops or starts step-up operations.

When the power-off pin is set to "L", the EXT pin voltage is fixed to 0 V, and the external transistor and all internal
circuits stop, substantially reducing the current consumption.

Do not use the power-off pin in a floating status because it is set up as shown in Figure 6 and is not internally
pulled up or down. Do not apply a voltage of between 0.30 V and 0.80 V to the power-off pin since the current
consumption increases. If the EN pin is not used, connect it to the VDD pin.

The EN/SCP pin of the S-8368 Series combines the power-off pin and the FET control pin for short-circuit
protection. Refer to "6. Short-circuit protection function (Only S-8368 Series)" for details.

Table 8
EN Pin, EN/SCP Pin CR Oscillation Circuit Qutput Voltage
"H" Operate Set value
"L" Stop "High-2"

VDD

EN
EN/SCP

— ES

*1

*1. In the S-8367 Series, the MOS FET is always turned off.

Figure 6
Seiko Instruments Inc.
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5. Current limit circuit

The S-8367/8368 Series has a current limit circuit. The current is limited by connecting the current detection
resistor (Rsense) between the VSENSE pin and VSS and connecting the output circuit between the VOUT pin and
the VSENSE pin, as shown in Figure 7.

Refer to "Figure 10 Current Limit Operation and Short-Circuit Protection Operation" for details.

7 hﬂ VOUTO—

lout

Output ci@

Cour

Rsense

4------=----

PWM
Comparator

Current limit
amplifier

Figure 7
5.1 Current limit operation

Vsense reaches the current detection voltage (Vsense1r =100 mV typ.), and then the voltage is held constant by the
current limit amplifier.

Therefore, the output current (lour) is held at.a constant value regardless of the output load.

The limit current (Im) can be set with Rsense. Calculate Rsense by using the following equation:

Rsense [2] = Vsense [V]/ lum [A]

Rsense is an ideal value; the theoretical values when Vsenser = 100 mV typ. are shown in "Figure 8 Im vs.
Rsense Characteristics". These values do not make allowances for deviations of a resistance and the IC.

A

Vsense1 = 100 mV

Ium [A]

0
0.00 0.10 0.20 0.30 0.40

RsensE [Q]

Figure 8 Ium vs. Rsense Characteristics

While the current is limited, the VSENSE pin is held at Vsense = 100 mV typ. by the current limit amplifier, and the
VOUT voltage is decreased by narrowing PWM control pulse width. For that reason, note that the VOUT voltage is
not a constant value, and fluctuates according to the output load. If Vsense falls below 100 mV typ. due to the load
current decreasing, the circuit automatically returns to normal status from the current limit status. Connect the
VSENSE pin to VSS when not using the current limit function.

Caution Note that the output voltage (Vour) may increase temporarily if the load current decreases due to
load release or for some other reasons when the current limit function operates.

Seiko Instruments Inc. 9
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6. Short-circuit protection function (Only S-8368 Series)

The S-8368 Series has a current limit circuit. Since the S-8367/8368 Series includes the current limit function,
the VOUT voltage is decreased by narrowing the PWM control pulse width so that the S-8367/8368 Series does
not exceed the current limit value set by the resistance of Rsense When a heavy load is connected. However, in
case of output short-circuit etc., the short-circuit current (lshort) flows as shown in Figure 9 regardless of PWM

control.
VOUT
__________________________________________________ -
— 0 e hﬂ O_i .............................
L sD .
Vin :
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Y 3. ¥ | 7

Figure 9
6.1 Short-circuit protection operation

In the S-8368 Series, if the VSENSE pin voltage (Vsense) remains equal to or higher than the VSENSE pin voltage
for short-circuit detection (Vsensez = 120 mV typ.) for 5 ms typ., the short-circuit protection circuit starts operating.
The short-circuit protection function is implemented by using the external parts M2 (an enhanced Nch power MOS
FET) and Ren (a resistor of 50 kQ to 500 kQ).

The short-circuit protection function operates as described below. Switching operations stop during short-circuit
protection operation.

(1) The short-circuit protection amplifier starts operating, and then brings in the current to the EN/SCP pin.

(2) A voltage drop occurs at both edges of Ren, and then the EN/SCP pin voltage decreases.

(3) The ON-resistance (Rgn) of M2 increases since the EN/SCP pin is also connected to the M2 gate. As a
result, lshort islimited.

The short-circuit protection amplifier controls Vsense so that the VSENSE pin voltage during short-circuit protection
operation (Vsenses) maintains 60 mV typ. The output current (lout) is therefore limited to half the value (60 mV /
Rsense) of the current when a load short-circuit is detected. Thereby, even when short-circuit occurs, the S-8368
Series can suppress an overcurrent not exceeding 60 mV / Rsense of output current value during short-circuit.

The S-8368 Series returns to the normal status automatically since the load resistance increases due to load
release or for some other reasons. If the load resistance increases substantially while the short-circuit protection
function operates, Vsense decreases. When Vsense decreases to the VSENSE pin voltage for short-circuit
protection release (Vsenses = 40 mV typ.), the S-8368 Series automatically resumes switching operations.

Refer to "Figure 10 Current Limit Operation and Short-Circuit Protection Operation" for details.

10 Seiko Instruments Inc.
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A Current limit operation  Short-circuit protection operation

Output current (lout) | b >

Short-circuit detection set current (Vsensez / Rsense)
I -
5 ms delay Current limit set current (Vsense1 / Rsense)

Short-circuit protection set current (Vsenses / Rsense)

»
»

Output voltage (Vout)

/ Output voltage set value (Vouts))

Input voltage (Vin)

»
»

VSENSE pin voltage (Vsense) 120myv  VSENSE pin voltage for short-circuit detection (Vsensez)

Current detection voltage (Vsense1)
VSENSE pin voltage during short-circuit protection operation (Vsenses)

5 ms delay

VSENSE pin voltage for short-circuit protection release (Vsense4)

»
L

Load resistance (Ry) T loundBeieades

l lout ingreases.
»

Figure 10 Current Limit Operation and Short-Circuit Protection Operation
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6.2 FET for short-circuit protection
Note the following conditions concerning an Nch MOS FET for short-circuit protection:

* The threshold voltage is higher than the EN pin input voltage "H" (Vsn) of the S-8368 Series.
» The power dissipation is large.

* The ON-resistance (Ron) is low.

» The gate capacitance (Ciss) is small.

6.2.1 Threshold voltage

The short-circuit current (Ishort) that flows through an Nch MOS FET during short-circuit protection operation is
calculated by using the following equation:

Ishort [A] = 0.06 [V]/ Rsense [Q]

The short-circuit protection amplifier controls the gate-to-source voltage (Vgs) in accordance with the
characteristics of the Nch MOS FET to be used.

Select an Nch MOS FET so that the threshold voltage is higher than Vgsy of the S-8368 Series.

Refer to the datasheet supplied by each FET manufacturer for details about the relationship between the
gate-to-drain current (Ips) of the Nch MOS FET and Vgs.

5
4 //
3
2

Ips [A]

1

. v
0.0 0.5 1.0 1.5 2.0

Vas [V]

Figure 11 Example of lps vs. Vgs Characteristics

Caution The S-8368 Series may repeatedly turn on and turn off if Vgs of the FET for short-circuit protection
during short-circuit protection operation falls below the EN pin input voltage "L" (VsL).

6.2.2 Power dissipation

During short-circuit protection operation, a high voltage is applied between the drain and the source of the FET
for short-circuit protection:

Select an FET for short-circuit protection with a sufficiently large power dissipation (Pp), taking into account the
usage conditions.

The loss which occurs'in an FET for short-circuit protection is calculated by using the following equation:

Po = (Vi "= Vs 2= 60 mV) X lshort

*1. Vin: Power supply/voltage
*2. Vi Forward voltage drop of SD when Ishort flows.

Caution Note that the FET for short-circuit protection may burn out if the power dissipation does not
satisfy the usage conditions.

6.2.3 ON-resistance (Ron)

Select an Nch MOS FET whose Ron is low.
During switching operations, the load current (lout) flows through an FET for short-circuit protection. Note that
the efficiency may lower if Ron is high.

6.2.4 Gate capacitance (Ciss)
Select an Nch MOS FET whose Ciss is small. It is recommended that Ciss is 3000 pF or less.

Caution The short-circuit protection function may not operate when Ciss is large.

12 Seiko Instruments Inc.
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6.3 EN/SCP pin pull-up resistor (Ren)

The resistance of the pull-up resistor (Ren) to be added to the EN/SCP pin can be set in a range of 50 kQ to

500 kQ.

6.3.1 When not using power-off function

When not using the power-off function, connect Ren between the EN/SCP pin and the power supply.

___________

S-8368 Series

' EN circuit >

1
1
1
E Short-circuit :]
1
1

protection
amplifier

FET for short-circuit
protection

Figure 12

6. 3.2 When using power-off function

When the power-off function is controlled by a microcomputer, add Ren between the microcomputer output

pin and the EN/SCP pin.

i EN/SCP
| EN circuit —>
Ren

)

S-8368 Series

protection
amplifier

FET for short-circuit
protection

1
1
1
E Short-circuit ]
1
1

Figure 13
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B Operation Principles

The S-8367/8368 Series is a step-up type switching regulator controller. Figure 14 shows the basic circuit.

Step-up type switching regulator starts current supply by the input voltage (Vin) when the enhanced Nch power
MOS FET is turned on and holds energy in the inductor at the same time. When the enhanced Nch power MOS
FET is turned off, the CONT pin voltage is stepped up to discharge the energy held in the inductor and the current
is discharged to Vour through the diode. When the discharged current is stored in the output capacitor (Cour), a
voltage is generated, and the potential of Vour increases until the voltage of the FB pin reaches the same potential
as the internal reference voltage.

For the PWM control method, the switching frequency (fosc) is fixed and the Vour voltage is held constant
according to the ratio of the ON time (ton) and OFF time (torr) of the enhanced Nch power MOS FET in each period
(ON duty).

For the PWM control method, the Vour voltage is held constant by controlling tons

| lout
L coNT SD 2 Vi ] )
vinO—T O H_ ¢

I
Enhanced

Nch power I_OEXT & Cour v

MOS FET V/S\S §R

l L

777
Figure 14 Basic Circuit of Step-up Type Switching Regulator
The ON duty in the current continuous mode can be calculated by using the equation below. Use the S-8367/8368

Series in the range where the ON duty is less than the maximum duty.
The maximum duty is 85% typ.

_ Vin
ON duty = (1 - m‘) x 100 [%]

ton can be calculated by using.the following equation:

ton = A x ON duty

fosc
— 1 x (1 _ %) ........ (1)
fosc Vour+ Vo

*1. Vp: Forward voltage of diode

14 Seiko Instruments Inc.
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1.

Current continuous mode

The following explains the current that flows into the inductor when the step-up operation stabilizes in a certain
status and the output current (lour) is sufficiently large.

When the enhanced Nch power MOS FET is turned on, current (I1) flows in the direction shown in "Figure 14
Basic Circuit of Step-up Type Switching Regulator". As shown in "Figure 15 Continuous Mode (Current
Cycle of I.)", the inductor current (I.) at this time gradually increases in proportion with the ON time (ton) of the
enhanced Nch power MOS FET.

Current change of inductor within ton:

Al ony = IL max. — I min.

Vi X t
L ON

When the enhanced Nch power MOS FET is turned off, as mentioned above;.the voltage of the CONT pin is
stepped up to Vout + Vb and the voltage on both ends of the inductor becomes Vour + Vp — Vin. However, it is
assumed here that Vouyt >> Vp and Vp is ignored.

Current change of inductor within torr:

Vout -V
Al oFr) = % X torF

The input power (Pn) equals the output power (Pour) in an ideal situation where there is no loss by components.
Therefore, the average input current (linav)) can be calculated by using the following equation.

linav):
Pin = Pour
Iinavy X Vin = lout X Vout

V
-'-|IN(AV)= \(/JI:T X |OUT .................. (2)

The current that flows in the inductor consists of a ripple current that changes due to variation over time and a
direct current.

From Figure 15:
lINAv):

linav) = Iineey +

Vout — Vin
= linpcy) + o> XL X torF

- Vin
= linpcy) + 2 5L X tONeereenn. (3)

Above, the continuous:mode is the operation mode when linpc) > 0 as shown in Figure 15 and I continuously
flows.

While lout continues to decrease, linpc) reaches 0 as shown in "Figure 16 Critical Point (Current Cycle of I.)".
This point is the critical point of the continuous mode.

As shown in equations (2) and (3), the direct current component (livpc)) depends on lour.

lout0) when linpc) reaches 0 (critical point):

| _ _ftonx Vin®
OUTO = 2 % L x Vour

ton can be calculated by using equation (1).
When the output current decreases below louT(), the current flowing in the inductor stops flowing in the torr period
as shown in "Figure 17 Discontinuous Mode (Current Cycle of I.)". This is the discontinuous mode.

Seiko Instruments Inc. 15
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ton torr
t=1 /fosc

Figure 15 Continuous Mode (Current Cycle ofl.)
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Figure 16 Critical Point (Current Cycle of )
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Figure 17 Discontinuous Mode (Current Cycle of I)

16 Seiko Instruments Inc.



STEP-UP 1.2 MHz PWM CONTROL CURRENT LIMIT SWITCHING REGULATOR CONTROLLER

Rev.1.1 o1

S-8367/8368 Series

B External Parts Selection
1. Inductor

The recommended inductance (L value) of the S-8367/8368 Series is 2.2 uH.
Note the followings when changing L value.

L value has a strong influence on the maximum output current (lout) and efficiency (n).

The inductor peak current (lpk) increases when L value is decreased, which improves the circuit stability and
increases the loyt users can obtain. If L value is decreased further, the ability of the external transistor to drive the

current becomes insufficient, reducing the efficiency and decreasing lour.

The loss due to the lpk of the switching transistor is decreased by increasing L value and the efficiency maximizes
at a certain L value. If L value is increased further, the loss due to the serial resistance’of the inductor increases,

lowering the efficiency.

Caution When selecting an inductor, be careful about its allowable current. If a current exceeding the
allowable current flows through the inductor, magnetic saturation occurs, substantially lowering
the efficiency and destroying ICs due to large current. Therefore, select an inductor such that I«
does not exceed the allowable current. The following equations express Ipk in the ideal statuses

in the discontinuous and continuous modes:

2x| V. Vo -V
ok = \/ x loyr x (Voyr + Vo ) (Discontinuous mode)

fosc 1 x L
*2
_ Vour+Vp

| (Vour + Vb 2= Vin) X Vi
PK = VIN

2% (VOUT + VD*Z) X fosci1 xL

X lout + (Continuous mode)

*1. fosc: oscillation frequency
*2. Vpis the forward voltage of a diode. The reference value is 0.4 V.

However, current exceeding the above equation flows because conditions are practically not ideal.

Perform sufficient evaluation with actual‘application.

Table 9 Typical Inductors (Mobile Battery Charger for Output Current 3.0 A)

Manufacturer Product Name L Value | DC Resistance | Rated Current [ Dimension (L x W x H) [mm]
TDK Corporation SPM6530T-2R2M 2.2/uH | 0.019 Q max. 8.4 A typ. 7.1%x6.5%x3.0
Table 10 Typical Inductors (Mobile Battery Charger for Output Current 2.1 A)
Manufacturer Product Name L Value | DC Resistance | Rated Current | Dimension (L x W x H) [mm]
TDK Corporation VLP6045LT-2R2N 2.2 uH [ 0.026 Q max. 6.4 A max. 6.8 x6.8x4.5
Taiyo Yuden Co., Ltd.| NR5040T2R2N 2.2 uH [ 0.029 Q max. 4.6 A typ. 49x4.9x4.1
Table 11 Typical Inductors (Mobile Battery Charger for Output Current 1.0 A)
Manufacturer Product Name L Value [DC Resistance| Rated Current | Dimension (L x W x H) [mm]
TDK Corporation SPM3012T-2R2M 2.2 uH | 0.115 Q max. 3.4 A typ. 3.2x3.0x1.2
Taiyo Yuden Co., Ltd.|NR4018T2R2M 2.2 uH | 0.072 Q max. 2.7 Atyp. 40x4.0x1.8

Seiko Instruments Inc.
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2. Diode

Use an external diode that meets the following conditions.

¢ Forward voltage is low (Schottky barrier diode or similar type)

¢ Switching speed is high

¢ Reverse withstand voltage is the output voltage (Vour) + spike voltage or more
¢ Rated current is the inductor peak current (lpx) or more

3. Input capacitor (Civ) and output capacitor (Cour)

To improve efficiency, an input capacitor (Cin) lowers the power supply impedance and averages the input current.
Select Ci\ according to the impedance of the power supply used. The recommended capacitance is 10 uF to 20 uF
for the S-8367/8368 Series.

An

output capacitor (Court), which is used to smooth Vour, requires a capacitance larger than that of the step-down

type because the current is intermittently supplied from the input to the output side’in the step-up type. A ceramic
capacitor of 20 puF to 40 uF is recommended for the S-8367/8368 Series. However, a higher capacitance is
recommended if the output voltage is high or the load current is large: If Vour, or load current is low, about 10 uF
can be used without problems. Select Cour after sufficient evaluation with actual application.

A ceramic capacitor can be used for both C\y and Cour.

4. External transistors

A bipolar NPN transistor or an enhanced Nch power MOS FET can be used as an external transistor.

4.1

Bipolar NPN transistor

The driving ability to increase output current by using a bipolar NPN transistor is determined based on the direct
current gain (hre) value and Ry, value of the bipolar NPN transistor. Figure 18 shows the peripheral circuit.

Vb
Cp
2200 pF
Pch |PK
EXT Ry
1kQ
Nch

Figure 18 External Transistor Peripheral Circuit

The recommended R, value is around 1 kQ. Calculate the required base current (I,) based on the hre value of
lpk
hre

the bipolar NPN transistor by using I = , and then select an R, value smaller than the one in the

following equation:
Ry = VDDIZ 0.7 0.4

| IEXTHl
Smaller R, values increase the output current, but decrease the efficiency. Actually, the current might flow on
pulses or the Vpp or Vss voltage might decrease due to wiring resistance, so determine the optimum value
based on experimentation.
Inserting a speed-up capacitor (Cyp) in parallel with the Ry, resistor as shown in Figure 18 reduces switching loss

and increases efficiency.
1

2><TC><Rb><fosc><0.7
Actually, however, the optimum C,, value varies depending on the characteristics of the bipolar NPN transistor
used, so determine the optimum value based on experimentation.

Select a Cy, value which satisfies C, <

Seiko Instruments Inc.
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4.2 Enhanced Nch Power MOS FET

Use an enhanced Nch power MOS FET. A MOS FET that has low ON-resistance (Ron) and input capacitance
(Ciss) is ideal for gaining efficiency. Ron and input capacitance generally have a tradeoff relationship. Ron is
efficient in the range where the output current is high with relatively low frequency switching, and input
capacitance is efficient in the range where the output current is medium to low with high frequency switching.
Therefore, select a MOS FET for which the Ron and input capacitance are optimum under your usage
conditions.

The input voltage (Vpp) is supplied as the gate voltage of a MOS FET, so select a MOS FET for which the gate
withstand voltage is higher than the maximum value used for Vpp, and for which the drain withstand voltage is
higher than or equal to the output voltage (Vour) + the forward voltage of the diode (Vp).

If a MOS FET for which the threshold value is near the UVLO detection voltage is used, a high current flows
upon power-on, and, in the worst case, Vour might not increase. Therefore, select a MOS FET for which the
threshold value is sufficiently lower than the UVLO detection voltage.

5. Output voltage set resistors (Rrs1, Rrs2), capacitor for phase compensation (Ceg)

For the S-8367/8368 Series, Vout can be set to any value by using external divider resistors. Connect the divider
resistors between the VOUT pin and the VSS pin.
Because Vg = 0.6 V typ., Vour can be calculated by using the following equation:

Res1 + Res2
Rrs2

VOUT = x 0.6

Connect divider resistors Rrg1 and Rraz as close to the IC as possible to minimize the effects of noise. If noise has
an effect, adjust the values of Rrg1 and Rrg2 so that Rrg1 + Rrg2 <100 kQ.

Crg, Which is connected in parallel with Rrg1, is a capacitor for phase compensation.

By setting the zero point (the phase feedback) by adding capacitor Cre to Rrs1 in parallel, the phase margin
increases, improving the stability of the feedback loop. To effectively use the feedback portion of the phase based
on the zero point, define Crg by using the following equation:

_ L x Court Vout

5x RFB1 x VDD

This equation is only a guide.
The following explains the optimum-setting.

To efficiently use the feedback ‘portion of the phase based on the zero point, specify settings so that the phase
feeds back at the zero point frequency (f.ero) Of Rrg1 and Crg according to the phase delay at the pole frequency
(foote) of L and Cout. The zero point frequency is generally set slightly higher than the pole frequency.

The following equations are used/to determine the pole frequency of L and Cour and the zero point frequency set
using Rrgs and Crs.

1 Vbb

foole = X

pole 2 X T X ‘\’ L x Cout Vour
1

fzero = 2x T X RFB1 X CFB

The transient response speed can be improved by setting the zero point frequency in a lower frequency range. If,
however, the zero point frequency is set in a significantly lower range, the gain increases in the range of high
frequency and the phase margin decreases. This might result in unstable operation. Determine the optimum value
after sufficient evaluation with actual application.

The typical constants based on our evaluation are shown in Table 12.

Table 12 Example of Constants for External Parts

Vours) [V] Voo [V] Res1 [KQ] Rrs2 [KQ] Crs [pF] L [uH] Cour [uF]
5.0 3.6 220 30 12 2.2 40
12.0 3.6 300 16 22 2.2 40
Seiko Instruments Inc. 19
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B Standard Circuits

1. S-8367 Series (Without short-circuit protection function)

1.1 When using current limit function

L SD VOuT
L) hﬂ o

VDD))}
UVLO circuit with soft-start function Cet Output circuit

] Reference voltage
ML ExT PWM comparator J: Reg1
'E 1 (re VSENSE
Error amplifier
Triangular wave P ’jﬁ RFBE_COUT
—0 1 F oscillation circuit -
A Reference
EN
C EN circuit voltage 1
Current limit amplifier f
Single GND
Figure 19
1.2 When not using current limit function
SD
L VOUT
w P o
VDD
] l’} Reference voltage
UVLO circuit with soft-start function c
FB
MiL_EXT Rrs1
[
Error amplifier e Res2| ¢ Output circuit
Triangular wave _| ~out
oscillation circuit T
EN — Reference
N VOltage 1 VSENSE
Current limit amplifier "

Single GND

Figure 20

Caution The above connection diagrams and constants will not guarantee successful operations. Perform
thorough evaluation using an actual application to set the constants.
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2. S-8368 Series (With short-circuit protection function)

2.1 When using current limit function

L SD VouT
T P ' o—
VDD
/ %% Reference voltage
with soft-start function e I:Output circut
ML EXT Rre1
!
FB
Ren , —I Resz2| ¢
N I R Triangular wave —| ~out
T T~ T oscillation circuit I
V C Reference M2
N ™ {0.1uF EN/SCP! voltage 1 _|
N - — VSENSE
Current limit amplifier )
D P < + i Rsense
elay circuit —HReteronce
Reference voltage 2
voltage 3 Short-circuit detection circuit
\ . . . oy O
\§ Short-circuit protection amplifier /1 VSS

Single GND
Figure 21
2.2 When not using current limit function
L SD vouT
21 P . o—
VDD
1 %% Reference voltage
UVLO circuit with soft-start function C
FB
M1l EXT] PWM J(r:omparator Rrg1
g <—| FB
R Error amplifier R Output circuit
1 1 = Triangular wave F82] Cour II:I
Vv T __C T oscillation circuit Reference I
N ™10 1uF|C [ENisce v
; . oltage 1
Currentlimit amplifier % ’VSENSE
Delay circuit Reforence
Reference voltage 2
voltage 3 Short-circuit fc\ietection circuit
—— Short-circuit protection amplifier

Single GND

Figure 22

Caution The above connection diagrams and constants will not guarantee successful operations. Perform
thorough evaluation using an actual application to set the constants.
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B Precautions

¢ Mount external capacitors and inductor as close as possible to the IC. Set single GND.

o Characteristics ripple voltage and spike noise occur in the IC containing switching regulators. Moreover, rush
current flows at power-on. Since these are influenced greatly by inductors and capacitors to be used, or
impedance of power supply, perform sufficient evaluation using an actual application before designing.

e The 0.1 uF capacitor connected between the VDD pin and the VSS pin is a bypass capacitor. It stabilizes the
power supply in the IC when application is used with a heavy load, and thus effectively works for stable switching

regulator operation. Allocate the bypass capacitor as close to the IC as possible, prioritized over other parts.

¢ Although the IC contains a static electricity protection circuit, static electricity.or voltage that exceeds the limit of
the protection circuit should not be applied.

e The power dissipation of the IC greatly varies depending on the size and material of the board to be connected.
Perform sufficient evaluation using an actual application before designing:

¢ SlI claims no responsibility for any disputes arising out of or in‘connection with any infringement by products
including this IC of patents owned by a third party.
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B Application Circuits

Application circuits are specific examples. They may not always guarantee successful operations.

1. Mobile battery charger (Output current 3.0 A)

1.1 Characteristics of external parts
Table 13
Part Part Name Manfuacturer Characteristic
. 2.2 uH, DCR™ = 0.019 Q max., luax 2= 8.4 A typ.
I - TDK ' ’ ’
nductor SPM6530T-2R2M Corporation L x W H = 7.1 x.6.5 x 3.0 [mm]
VE®=0.39Vmax. (IF*=3.0A), o> =5.0A
Dode RSX501L-20 Rohm Co., Ltd. L x W x H = 500 x 2.6 % 2.0 [mm]
MoFH3 Shindengen Electric VE3=0.30 Vimax. (I *= 2.0 A), 1o °= 6.0 A
Manufacturing Co., Ltd. LxWxH=5.1%38.75x 2.0 [mm]
Voss =201V, Vass =48V, Ip®= 8.0 A,
, Qs =9nC typ.
Si3460BDV . .
Rosion) ' =0.027 Q typ. (Vs ' = 2.5 V)
VISHAY LxXxWxH=3.0x2.85x1.1[mm]
Transistor INTERTECHNOLOGY, . —= = ——
INC Vpss ©= 20V, Vgss ' =48V, Ip®=8.0 A,
: ' Qe = 11nC typ.
Si3464DV . .
Rosion) '° = 0.023 Q typ. (Vs ' =2.5V)
L'x WxH=3.0x2.85x1.1 [mm]
10 uF, Epc =16 V, X5R,
Capacitor GRM219R61C106KA73 Murata Manufacturing, Co.,/ | L x W x H=2.0 x 1.25 x 0.85 [mm]
Ltd. 0.1 uF, Epc ?=6.3 V, X5R,
GRM152R60J104KE19 LxWxH=1.0x0.5x0.2 [mm]
*1. DCR: DC resistance (Maximum value)
*2. lvax: Maximum allowable current
*3. VE: Forward voltage
*4. | Forward current
*5. lo: Output current
*6. Vpss: Drain-to-source voltage (When/short-circuiting between the gate and the source)
*7. Vegss: Gate-to-source voltage (When short-circuiting between the drain and the source)
*8. Ip: Drain current
*9. Qg: Gate charge
*10. Rps(ony: Drain-to-source ON-resistance
*11. Vas: Gate-to-source voltage
*12. Epc: Rated voltage

Seiko Instruments Inc.
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1.2 Circuit example

The followings are a circuit example and its characteristics for realizing the output voltage of 5.0 V and the output
current of 3.0 A for USB by using a lithium-ion rechargeable battery.

L
2.2 uH SD VOouT
4%\ hﬂ O—
100
. o
VDD i Reference voltage . R
with soft-start function 12FBpF ’22F?)1k£2 Output circuit
M1 L EXT
[
Error amplifier T & SSUTF VSENSE
1 1 Triangular wave Resy — "
T T~ T. oscillation circuit T
vl [ow  [014F Reference 30k R
20 uF EN ircui voltage 1 033 ¢
Current limit amplifier )
77 7 7 1% VSS 77 77
77
Figure 23
Table 14 External Parts Examples
Condition Output IC Product L Product Name M1 Product SD Product Cn Cour Res1 Reso Ces Reense
Voltage Name Name Name
1 5V S-8367A21l SPM6530T-2R2M | Si3460BDV 582X501L-20 12 gF 122': 220kQ | 30kQ | 12pF | 0.033Q
: 10uF | 10uF
2 5V S-8367A21l SPM6530T-2R2M.. | Si3464DV M2FH3 <2 4 220kQ | 30kQ | 12pF | 0.033Q

Caution The above connection will not guarantee successful operation. Perform thorough evaluation using an
actual application to set the constant.
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1.3 Output characteristics

The followings show "Efficiency (n) vs. Output current (lout) characteristics” and "Output voltage (Vour) vs. Output
current (lout) characteristics" for conditions 1 and 2 in "Table 14 External Parts Examples".

Condition 1
100 T

va
ya

y JqqrVop
VoD
VoD

T
<< <
o o
»owow
N OO
<< <

n [%]
()]
o

oo
w w
o
<
1 1 1 1
1 1 1 1
Vour [V]
ARARRARRROIOO

NWRAOONOOO 2N

0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000
lout [mA] lout [mA]

[
/
~N
[ Voo =3.0V
| Vob=3.6V
FVop=4.2V

0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000
lout [MA] lout [MA]

Condition 2

100
90 [l L
80

70 i
60 II/, [ Voo
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30 'Vop
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o
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I ——

1 1 1 1

Vour [V]
ARRRARRBROOO
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2. Mobile battery charger (Output current 2.1 A)

2.1 Characteristics of external parts
Table 15
Part Part Name Manfuacturer Characteristic
. 2.2 uH, DCR™ = 0.026 Q max., lyax 2 = 6.4 A max.,
- TDK C t
dctor VLP6045LT-2R2N orporation L x W x H = 6.0 x 6.0 x 4.5 [mm]
. 2.2 uH, DCR™ = 0.029 Q max., Iyax 2 = 4.6 A
T Yuden Co., Ltd. ’ ’ ’
NRS040T2R2N awo ruden o, L x W x H = 4.9 x 4.9 x 4.1 [mm]
VE2=0.39Vmax. (IF*=3.0A),lo°=5.0A
- Rohm Co., Ltd. ’
. RSX501L-20 onhm ~0- L x W x H = 5.0 x 246 x 2.0 mm
Diode - : 3 2 *5
M2FH3 Shindengen Electric VE =030 Vmax. (IF"=2.0A),l0>=6.0A
Manufacturing Co., Ltd. LxWxH=5.1x3.756x2.0 [mm]
Vpss © =20 V;\Vass " =+12V, Ip 2 = 5.5 A,
. Qg ® = 5.1nC typ.
MCH6421 ON Semiconductor Corp. - *
P- | Rosony 192:0.043 Q typ. (Vs = 2.5 V)
. LxWxH=21x2.0x0.85[mm]
Transistor Vod® 220V Vaes? =18V I8 = 6.0 A
VISHAY QDS*E_; J nC, tygss eV b TR A
Si2312CDS INTERTECHNOLOGY, iy ' .
ING Roson) = 0.030 Q typ. (Vs ' = 2.5 V)
) LxWxH=3.0x2.6x1.1[mm]
10 wF, Enc " = 16 V, X5R,
. GRM219R61C106KAT3 Murata Manufacturing, LxWxH=2.0x1.25x%0.85 [mm]
Capacitor Co., Ltd 0.1 uF, Enc 2= 6.3 V, X5R
. . .1 Uk, Epc = 0. ) )
GRM152R60J104KE19 LxWxH=1.0x0.5x0.2 [mm]
*1. DCR: DC resistance (Maximum value)
*2. lvax: Maximum allowable current
*3. VE: Forward voltage
*4., | Forward current
*5. lo: Output current
*6. Vpss: Drain-to-source voltage (When short-circuiting between the gate and the source)
*7. Vess: Gate-to-source voltage (When short-circuiting between the drain and the source)
*8. lp: Drain current
*9. Qa: Gate charge
*10. Rps(ony: Drain-to-source ON-resistance
*11. Ves: Gate-to-source voltage
*12. Epc: Rated voltage
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2.2 Circuit example

The followings are a circuit example and its characteristics for realizing the output voltage of 5.0 V and the output
current of 2.1 A for USB by using a lithium-ion rechargeable battery.

L
2.2uH SDn VOouT
T P ’ o
VDD))% _ Reference voltage c Regt
ith soft- ion| (Ces
UVLO circuit with soft-start functlokn 159 290 kQ Output circuit
EXT i
w1 5] [ |
J % |FB C
: Error amplifier L ouT_  VSENSE
I R Triangular wave m R _[40 uF
v T —61 c oscillation circuit 35%——
N N |01 Reference
20 uF EN/ iroui voltage 1 Rsense
) o ,,g VSENSE 0.047 Q
Current limit amplifier >
77 777 Q VSS 77 777
r
Figure 24
Table 16 External Parts Examples
Condition Output |C Product L Product Name M1 Product SD Product Cn Cour Res1 Reso Crs Reense
Voltage Name Name Name

1 5V | S-8367A211 | VLP604SLT-2R2N | MCHB421~ | RSX501L-20 13*2*F 125F 220k | 30kQ | 12pF | 0.0470
2 5V | S-8367A211 | VLP6O4SLT-2R2N [1Si2312CDS | M2FH3 TOLF | 108 | 220k0 | 30ke | 12pF | 004702
3 5V | S-8367A211 | NRS04OT2R2N- ['MCHB421 | M2FH3 12*2*F “iﬁf 220k | 30kQ | 12pF | 0.0470
4 5v | s8367A211 | NRS0OT2R2N| | sizstzcDs | RsxsotL2o | 1OAF | TOMF 1 a0 ka | 30ka | 12pF | 00470

Caution The above connection will.not guarantee successful operation. Perform thorough evaluation using an
actual application to set the constant.
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2.3 Output characteristics

The followings show "Efficiency (n) vs. Output current (lout) characteristics” and "Output voltage (Vour) vs. Output
current (lout) characteristics" for conditions 1 to 4 in "Table 16 External Parts Examples".
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3. Mobile battery charger (Output current 1.0 A)

3.1 Characteristics of external parts
Table 17
Part Part Name Manfuacturer Characteristic
*1 _ *2 =
SPM3012T-2R2M TDK Corporation fi \L,lVHQ aCiRS 2-X051 3 5X ? ;Fé%]lmx 3.4 Atyp.,
Inductor — - o3
NR4018T2R2M Taiyo Yuden Co., Ltd ﬁi \*;VH; 3C=R4 O‘Xofgzx ? gw[a;%]lw =27A,
*3 _ 4 _ 5 _
SS24 ON Semiconductor Corp. \L/FX W 2_go=v5r2axx.3((|;x 2 12'[0,“% o = 20A
Diode - - z - T~ T
D1FH3 Shindengen Electric VE2=0.30Vmax. (I *=1.0A), lo>=3.0A
Manufacturing Co., Ltd. LxWxH=5.0x2.5%2.0[mm]
Vpss ® =20 V;Vgss T =+10 V, Ip 2 = 3.0 A,
Qg = 8.8 nC.typ.
MCH3406 Ros(on) 2=0.058 Q typ. (Vas '+ = 2.5 V)
. . LxWxH=2.1%2.0x0.85[mm]
Transistor ON Semiconductor Corp. : : T
P \é??:ﬁoné’ t\;gss TZH12V, b2 =55A,
MCHe421 Rosion) = 0.043 Q typ. (Vas " = 2.5 V)
LxW x'H=2.1x2.0x0.85[mm]
10 uF, Enc ? = 16 V, X5R,
Capacitor GRM219R61C106KATS Murata Manufacturing, Lx'W xH=2.0x1.25x0.85 [mm]
Co., Ltd. A uF, Epc?=6.3V, X5R
GRM152R60J104KE19 EX\LILV;HDZ 1 0335;052 imm]
*1. DCR: DC resistance (Maximum value)
*2. lvax: Maximum allowable current
*3. VE: Forward voltage
*4. | Forward current
*5. lo: Output current
*6. Vpss: Drain-to-source voltage (When short-circuiting between the gate and the source)
*7. Vess: Gate-to-source voltage (When short-circuiting between the drain and the source)
*8. lp: Drain current
*9. Qa: Gate charge
*10. Rps(on): Drain-to-source ON-resistance
*11. Ves: Gate-to-source voltage
*12. Epc: Rated voltage
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3.2 Circuit example

The followings are a circuit example and its characteristics for realizing the output voltage of 5.0 V and the output
current of 1.0 A for USB by using a lithium-ion rechargeable battery.

L
2.2 uH SD VouT
T P ’ o—
VDD))} Reference voltage
- i - i FB1
UVLO circuit with soft-start function %BpF 250 kO Output circuit
EXT PWM comparator
M1 ¢
'E FB C
, Error amplifier out_VSENSE
1 4 Triangular wave R _[20 uF
v Tew —61 F oscillation circuit SSBIEQ__
IN dH Reference RsensE
10pF EN/ voltage 1 VSENSE 0.1
Current limit amplifier )
7 77 Q VSS 7 7
77
Figure 25
Table 18 External Parts Examples
Condition \/Otljttput IC:roduct L Product Name M1NProduct SDNProduct Cn Cour Res1 Resy Ces Reense
oltage ame ame ame

1 5V S-8367A211 | SPM3012T-2R2M | MCH6421 D1FH3 10 uF 12 gF 220kQ | 30kQ | 12pF | 0.1Q
2 5V S-8367A211 | SPM3012T-2R2M¢| MCH3406 §S24 10 uF 125F 220kQ | 30kQ | 12pF | 01Q
3 5V | S-8367A211 | NR4O18T2R2M | MCA3406 | DIFH3 topF | "0 | 22060 | 30k | 129F | 040

Caution The above connection will not-guarantee successful operation
actual application to set the constant.
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3.3 Output Characteristics

The followings show "Efficiency (n) vs. Output current (lout) characteristics” and "Output voltage (Vour) vs. Output
current (lout) characteristics" for conditions 1 to 3 in "Table 18 External Parts Examples".

Condition 1

Vop=4.2V
.+t Vop=3.6V
Voo = 3.0 V

n [%]
()]
o

I

[
0.1 1 10 100 1000 10000
lout [mA]

Condition 2

100 I
90

80
70

60 \Yo)s}
40 Vbb

(N

N [%]
[6)]
o

w w

)
oo
\

o E=Eo o

<< <

0.1 1 10 100 1
lout [MA]

00 10000

Condition 3

9 nl

\/bb
40 il Vob

20 DD
i

0

0.1 1 10 100 1
lout [mA]

n [%]
()]
o

o
© R
| ===} V]
<< <

o

00 10000
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Vour [V]

[ Voo =3.0V
LVop=3.6V
~rVop=4.2V

AhABLRADOOO
NwhOONLOO N

10 100 1000 10000
lout [mA]

Vour [V]

[Vop=3.0V
L Vbb=3.6V
~rVob=4.2V

AEAEMRADBDBOGOO
NwROONDOO N

10 100 1000 10000
lout [MA]

Vourt [V]

[ Voo =3.0V
L Vop=3.6V
Vo =4.2V

PARARARMAROIOO
NDwhUONLOO N

10 100 1000 10000
lout [mA]
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4. Output current 1.0 A, with short-circuit protection function

4.1 Characteristics of external parts

Table 19
Part Part Name Manfuacturer Characteristic
o =
) =0.072 Q o =27A
Inductor NR4018T2R2M Taiyo Yuden Co., Ltd | 22 HH DCR ©=0.072€ max., luax :

LxWxH=4.0x4.0x1.8[mm]

Shindengen Electric VE3=0.30 Vmax. IF*=1.0A), lo°=3.0A

Diode D1FH3 Manufacturing Co., Ltd. | L x W x H = 5.0 x 2.5 x 2.0 [mm]

Vbss ©=20V, Vass  =+10V, Ip® = 3.0 A,
ON Semiconductor Qs?=8.8nC typ.

Corp. Roson) '° = 0.058 Q typ. (Vas ' = 2.5 V)
LxWxH=21x2.0x0.85 [mm]

Transistor (M1) MCH3406

Vpss © =20 V, Vass ' =48 V,
RDS(ON) 10 _ 0.026 Q typ (VGS " 4.5 V)

FDD6530A Fairchild semiconductor Ciss*12 = 710 pF, ReJA*13 = 145°C/W

Transistor (M2) L x Vix H=10.4x ?7.7 x 2.4 [mm]

VISHAY Voss® 225V, Vess =212V,
Si4666DY :E'CI;ERTECHNOLOGY, EDS(%N; " g?f;?;jg? '=(\+/§ZOCN\7' V)
' LXWxH=6.2x5.0x1.8[mm]
10 uF, Enc ™ = 16 V, X5R,
Capacitor GRM219RE1C106KAT3 g/luraiadManufacturing, LxWxH =*1%.O x 1.25 x OI.q85 [mm]
0., Ltd. 0.1 uF, Epc " =6.3V, X5R,

GRM152R60J104KE19 LxWxH=1.0x0.5x0.2 [mm]

*1. DCR: DC resistance (Maximum value)

*2. Imax: Maximum allowable current

*3. VE: Forward voltage

*4. |g: Forward current

*5. lo: Output current

*6. Vpss: Drain-to-source voltage (When short-circuiting between the gate and the source)

*7. Vess: Gate-to-source voltage (When short-circuiting between the drain and the source)

*8. Ip: Drain current

*9. Qa: Gate charge

*10. Rops(ony: Drain-to-source ON-resistance

*11. Ves: Gate-to-source voltage

*12. Ciss: Gate capacitance

*13. Roya: Junction-to-board thermal resistance when mounted on board

*14. Epc: Rated voltage
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4.2 Circuit example

STEP-UP 1.2 MHz PWM CONTROL CURRENT LIMIT SWITCHING REGULATOR CONTROLLER

S-8367/8368 Series

The followings are a circuit example with the short-circuit protection function and its characteristics.

In this example, the maximum output current during normal operation is 1.0 A. The short-circuit protection function
operates when the output current increases to 1.2 A.

L
2.2uH SD VouT
w P o
VDD)} Reference voltage "
with soft-start function FB1
1C2FBpF 220kQ Output circuit
M1 E EXT]|
Ren ' FB Cour
|| 100k Triangular wave Res |40 uF
T~ T~ oscillation circuit -
ViN Cn 10.1pF Reference 30kQ —| M2
20 A EN/SCP) voltage:t
G - . VSENSE
Current limit amplifier )
Delay circuit 4 : i Rsense
Reference 0.1Q
Ve 7 Reference voltage 2
voltage 3 g - . Ve Vd
Short-circuit protection amplfier ___Snort-cireuit detection circuit
$ Vvss
f
Figure 26
Table 20 .External Parts Examples
Condiion Output IC Product L Product M1 Product | SD Product M1 Product Cn Cour Res; Ress s | Reense
Voltage Name Name Name Name Name
: 5V | S-8368A211 | NRAOIST2R2M | MCH3406+ | DIFH3 FDD6530A ”igF 12? 20k | 30k | 12pF | 040
2 5V | S-8368A211 | NRAO18T2RM | MCH3406 | DIFH3 suesDy | 00 | 1O ko | 0k | 129 | 0d0
Caution The above connection will not guarantee successful operation. Perform thorough evaluation using an
actual application to set the constant.

Seiko Instruments Inc.
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4.3 Output characteristics

The followings show "Efficiency (n) vs. Output current (lout) characteristics” and "Output voltage (Vour) vs. Output
current (lout) characteristics" for conditions 1 and 2 in "Table 20 External Parts Examples".

Condition 1
100 il 5.2
90 5.1
80 5.0 Se

3 28 > ig Vop=3.0V

S 50 ; Vob=4.2V £ 47 Voo =3.6V

= 40 OAI<FTT Voo = 3.6 V 3 46 FVop = 4.2V
30 A =30V 4.5
20 4 4.4
10 - 4.3
0 4.2

0.1 1 10 100 1000 10000 0.1 1 10/ 100 1000 10000
lout [mA] lout [mA]
Condition 2
100 m 5.2
90 5.1
80 5.0 -

e | S 43 (Voo =3.0V

o\° ~\/ryp = c 4 LVbp=3.6V
S 50 Hi=\/pp = 4.2 V 5 47

= 40 /T Voo = 3.6 V .46 -Vop=4.2V
30 - 45
50 4 Vop = 3.0V 44
10 B2 43
0 4.2

0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000
lout [MA] lout [MA]
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B Characteristics (Typical Data)

1. Examples of Power Supply Dependence Characteristics (Ta = +25°C)

1.1 Current consumption during operation (Iss1) 1.2 Current consumption during switching off (Issz)
vs. Input voltage (Vpp) vs. Input voltage (Vpp)
500 200
L—]
400 — 150
< 300 ] 2 |
S | = 100
8 200 8
100 50
0 0
2225 30 35 40 45 50 55 2225 30 35 40 45 50 55
Vob [V] Voo [V]
1.3 Current consumption during power-off (Isss) 1.4 Oscillation frequency (fosc) vs. Input voltage (Vop)
vs. Input voltage (Vobp)
1.0 1.4
0.8 - 1.3
» = 1.2
g 04 g
0.2 1.1
0.0 1.0
2225 30 35 40 45 50 55 2225 30 35 40 45 50 55
Voo [V] Vob [V]

1.5 Maximum duty (MaxDuty) vs. Input voltage (Vpp) 1.6 Soft-start time (tss) vs. Input voltage (Vpp)

100 5
— 9 4
X
2 %0 2 3
S 85 s
2 2 2
s 80 hd
= 1

75

70 0

2225 30 35 40 45 50 55 2225 30 35 40 45 50 55
Vob [V] Voo [V]

1.7 EN pin input voltage "H" (Vsu) vs. Input voltage (Vop) 1.8 EN pin input voltage "L" (Vs.) vs. Input voltage (Vpp)

0.8 0.8
0.7 0.7
S 06 —— S 06
% _—-_____-___—————' (7"
2 05 < 05
0.4 0.4
0.3 0.3
2225 30 35 40 45 50 55 2225 3.0 35 40 45 50 55
Vob [V] Voo [V]
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1.9 FB pin voltage (Veg) vs. Input voltage (Vop)

0.70

0.50

2225 30 35 40 45 50 55
Vop [V]

1. 11 EXT pin output current "H" (lextn)
vs. Input voltage (Vpp)

-300
—-250

2225 30 35 40 45 50 55
Vob [V]

1.13 Current detection voltage (Vsense1)
vs. Input voltage (Vpp)
S-8368 Series

120

110

100

VseNsE1 [MmV]

90

80

2225 30 35 40 45 50 55
Vop [V]

1.15 VSENSE pin voltage during short-circuit protection operation (Vsenses)
vs. Input voltage (Vop)

S-8368 Series

80
= 70
E
@ 60
2
®
> 50

40

2225 30 35 40 45 50 55
Voo [V]

1.10 Short-circuit protection delay time (tpro)
vs. Input voltage (Vpp)
8

6

4

trro [MS]

2

0

2225 30 35 40 45 50 55
Vop [V]

1.12 EXT pin output.current "L" (lexTL)

vs. Input voltage (Vop)
300
250
200
150
100
50
0

lexTL [MA]

2225 30 35 40 45 50 55
Vob [V]

1.14 VSENSE pin voltage for short-circuit detection (Vsense2)
vs. Input voltage (Vpp)

S-8368 Series
140

-
w
o

VseENseE2 [MV]
N
o

-
-
o

100

2225 30 35 40 45 50 55
Vop [V]

1.16 VSENSE pin volotage for short-circuit protection release (Vsenses)
vs. Input voltage (Vop)

S-8368 Series
60

50

40

VseENse4 [MV]

30

20

2225 30 35 40 45 50 55
Vob [V]
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1.17 EN pin sink current during short-circuit detection (lensink)
vs. EN pin voltage (Ven)

S-8368 Series
700

600 //
500 —
400 -
300 ~
/
200
100
0

lEnsink [UA]

075 100 125 150 1.75 2.00
VEN [V]
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2. Examples of Temperature Characteristics (Ta = -40 to +85°C)

2.1 Current consumption during operation (Iss1) 2.2 Current consumption during switching off (Issz)
vs. Temperature (Ta) vs. Temperature (Ta)
700 T 200 —
600 Voo =55V Voo =55V
500 ! 150
<. 400 Vob = 3.6 V < 100
o 300 o Voo =3.6V
= 200 - Vi |2 2V
50 oD = 2.
100 NMVop =22V
0 0
-40 -25 0 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta/[°C]
2.3 Current consumption during power-off (Isss) 2.4 Oscillation frequency (fosc) vs. Temperature (Ta)
vs. Temperature (Ta)
1.0 1.4 |
0.8 - 13 Vop =5.5V
< 06 T
= Vop =5.5V = 12
g o4 Vo =36V 2
= bp = 20N L1y Vop =3.6 V
0.2 Vop =22V : N |
| M Vop =22V
0.0 1.0 '
-40 -25 0 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]

2.5 Maximum duty (MaxDuty) vs. Temperature(Ta) 2.6 Soft-start time (tss) vs. Temperature (Ta)

100 5 |
%5 4 Voo =22V
S Vbb =55V @
.y 90 7y 3 ==
= £
3 ® o ) v |3 6V
@\ DD = O.
s 80 Vob = 3.6.V g 2 I
= [ 1 Voo =55V
75 Vop = 2.2V
70 ' 0
—40 -25 0 25 50 75 85 —40 -25 0 25 50 75 85
Ta [°C] Ta [°C]

2.7 EN pin input voltage "H" (Vsy) vs. Temperature (Ta) 2.8 EN pin input voltage "L" (Vs.) vs. Temperature (Ta)

0.8 0.8
0.7 Vob =55V 0.7
. d _ Voo =22V
S 06 S 06 :
T _ Voo =3.6V
2 05 A\ 2 05
Vob=3.6 V
0.4 = 0.4 -
Vob=2.2V Vob=55V
0.3 ! 0.3 '
-40 -25 0 25 50 75 85 -40 -25 0 25 50 7585
Ta [°C] Ta [°C]
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2.9 UVLO detection voltage (VuvLo)
vs. Temperature (Ta)

2.10 UVLO hysteresis width (VuvLoHys)
vs. Temperature (Ta)

2.30 0.20
_ 220 = 0.15
= o
9 2.10 £ 0.10
5 s
> =)
2.00 > 0.05
1.90 0.00
-40 -25 0 25 50 75 85 —40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
2.11 FB pin voltage (Ves) vs. Temperature (Ta) 2.12 Short-circuit protection delay time (tpro)
vs. Temperature (Ta)
0.70 | 10
Voo =22V =
065 DD i 3 8 /VDD 2.2V
E /VDD = |36 \ g 6 Vob=3.6V
o 0.60 S
= 2 4
> N | & N
0.55 Voo =5.5V 2 Vop=5.5V
0.50 0
-40 -25 0 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]

2.13 EXT pin output current "H" (lexTn)
vs. Temperature (Ta)

2. 14 EXT pin output current "L" (IexTL)
vs. Temperature (Ta)

:ggg | 228 Voo = 5.5 V
250 /VDD =55V 250 \\\4‘
Z‘_ ——) e —— Z ‘* \\—
£.-200 £ 200 ——1 N —
£ 150 = £ 150
i N i \
2 _100 oy £ 100 Voo =3.6V
-50 o < 50 =
o Voo= 22V . Voo =22V
—40 -25 0 25 50 75 85 —40 -25 0 25 50 75 85
Ta [°C] Ta [°C]

2.15 Current detection voltage (Vsense1)
vs. Temperature (Ta)

2.16 VSENSE pin voltage for short-circuit detection (Vsense2)

vs. Temperature (Ta)

S-8368 Series

S-8368 Series

120 | 140 |
Voo =55V Vop=22V
= 110 } = 130 }
£ | Voo = |3.6 Vv £ | VoD = |3.6 Y
w 100 —= o 120
: | i |
® N o N
> 90 Voo =22V > 110 Voo =55V
80 100
-40 -25 0 25 50 75 85 -40 -25 0 25 50 75 85
Ta [°C] Ta [°C]
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2.17 VSENSE pin voltage during short-circuit protection operation (Vsenses)

vs. Temperature (Ta)

S-8368 Series

80 |
Vob=55V
S 70 |
£, | _Vop = |3.6 \Y,
g 60
i N |
> 50 Vob =22V
40

-40 -25 0 25 50 75 85

Ta [°C]

2.19 EN pin sink current during short-circuit detection (lensink)

vs. Temperature (Ta)

S-8368 Series

100 T

80 VoD = 2%
EL 60
x N
2 40 = Vop=3.6 V
1T} =
£ 5 Vob =55V

0

—40 -25 0 25 50 75 85

Ta [°C]

2.18 VSENSE pin voltage for short-circuit protection release (Vsense4)
vs. Temperature (Ta)

S-8368 Series

60 |
Vop=22V
S 50 :
13 | Vop =3.6V
¥ 40 —
2
u IN
> 30 Vob = 5.5V
20

-40 -25 0 25 50 75 85
Ta [°C]
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3. Examples of Transient Response Characteristics

Unless otherwise specified, the used parts are those in condition 1 of "Table 14 External Parts Examples".

3.1 Power-on (Vours)=5.0V,Vin=0V — 3.6 V, Ta = +25°C)

3.1.1
6.0

5.0
4.0
3.0
2.0
1.0
0.0

VIN, Vour [V]

IOUT =1 mA

6.0

5.0

\_

/ Vout

4.0

VIN

3.0
2.0

1.0

I

4 6
t [ms]

0.0
10

IL [A]

3.1.2
6.0

5.0
4.0
3.0
2.0
1.0
0.0

VIN, Vour [V]

lour = 1000 mA

/ Vout

3.2 Power-off pin response (Vouris)=5.0V,Vin=3.6V,Ven=0V 3.6 V, Ta = +25°C)

3.2.1
6.0

5.0
4.0
3.0
2.0
1.0
0.0

VEN, Vour [V]

3.3 Power supply voltage fluctuation (Vour(s)

IOUT =1 mA

6.0

f Vout

5.0
4.0

[
VEN

3.0

2.0

IL

1.0
0.0

5

10 15

t [ms]

3.3.1 Vy=27V->42V

6.00
5.50
s 5.00
5 4.50
O
> 4.00
3.50
3.00

3.4 Power supply voltage fluctuation (Vour =

20

12
v 10
—_ ouT 8
6
ViN 4
|
2
0
0 2 4 6 8 10

t [ms]

3.41 Vy=27V—>42V

6.00
5.50

12
I\ 10
\\ Vout 8
6
VIN 4
__/
2
0
0.0 0.2 04 0.6 0.8 1.0

t [ms]

IL [A]

ViN [V]

ViN [V]

3.2.2
6.0

5.0
4.0
3.0
2.0
1.0
0.0

VEN, Vour [V]

6.00

5.50
< 5.00
4.50
4.00
3.50
3.00

Vout [V

6.00

='5.0V, lout =1 mA, Ta = +25°C)

5.0V, loutr = 1000 mA, Ta = +25°C)

0.0

VIN
Ve I
0 2 4 6 8 10
t [ms]
|ou'r =1000 mA
f Vout
[
VEN
,/ I
0 5 10 15 20
t [ms]
3.3.2 Vyn=42V 27V
Vout
VIN
0 2 4 6 8 10
t [ms]
3.4.2 Vyn=42V 527V
Vout
/r
Vv
VIN
0.2 04 0.6 0.8 1.0
t [ms]
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2.0
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12
10
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3.5 Load fluctuation (Vour =5.0V, Viy=3.6 V, lour = 0.1 mA — 100 mA — 0.1 mA, Ta = +25°C)

3.5.1 lour = 0.1 mA > 100 mA 3.5.2 lour =100 mA — 0.1 mA
6.00 600 6.00
5.50 y 500 5.50 y
ouT ouT
= 5.00 \Va 400 g = 5.00 -
£ 4.50 300 = 5 450
O (o]
> 4.00 200 3 > 4.00
lout
3.50 100 3.50
3.00 0 3.00 lour
0.0 0.5 1.0 15 2.0 0 10.0 - 20.00/ 30.0 400 50.0
t [ms] t[ms]
3.6 Load fluctuation (Vour =5.0V, Viy = 3.6 V, lour = 500 mA — 1000 mA = 500'mA, Ta = +25°C)
3.6.1 lour = 500 mA — 1000 mA 3.6.2 lour=1000'mA — 500 mA
6.00 3000 6.00
5.50 y 2500 5.50 y
ouT ouT
S 5.00 - 2ooo§ S 5.00 \s
5 4.50 1500 = 5 4.50
O O
= 4.00 lout 10003 > 400
3.50 500 3/50 lour
3.00 0 3.00
0.0 0.1 02 03 04 05 0.0 0.1 02 03 04 05
t[ms] t [ms]
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B Marking Specification

1. SOT-23-6

Top view
6 5 4
H H H
0 oo
1 2 3

Product Name vs. Product Code

(1) to (3):

(4):

1.1 S-8367 Series

Product Code

Product Name

(1) (2) 3)

S-8367A211-M6T1U2 3 Y B

Product code (Refer to Product name vs. Product code)

Lot number

1.2 S-8368 Series

Product’Name

Product Code

()

2)

(©)]

S-8368A211-M6T1U2

3

Y

S
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TITLE 1 50T236-A-PKG Dimensions
No. MP006-A-P-SD-2.0

SCALE
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The information described hereiniis'subject to change without notice.

Seiko Instruments Inc. is.not responsible for any problems caused by circuits or diagrams described herein
whose related industrial-properties, patents, or other rights belong to third parties. The application circuit
examples explain typical applications of the products, and do not guarantee the success of any specific
mass-production design.

When the products described herein are regulated products subject to the Wassenaar Arrangement or other
agreements, they may not be exported without authorization from the appropriate governmental authority.

Use of the information described herein for other purposes and/or reproduction or copying without the
express permission of Seiko Instruments Inc. is strictly prohibited.

The products described herein cannot be used as part of any device or equipment affecting the human
body, such as exercise equipment, medical equipment, security systems, gas equipment, vehicle equipment,
in-vehicle equipment, aviation equipment, aerospace equipment, and nuclear-related equipment, without prior
written permission of Seiko Instruments Inc.

The products described herein are not designed to be radiation-proof.

Although Seiko Instruments Inc. exerts the greatest possible effort to ensure high quality and reliability, the
failure or malfunction of semiconductor products may occur. The user of these products should therefore
give thorough consideration to safety design, including redundancy, fire-prevention measures, and
malfunction prevention, to prevent any accidents, fires, or community damage that may ensue.




