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SC2738
Ultra Low Output Voltage
Dual Linear FET Controller

POWER MANAGEMENT

The SC2738 is an ultra low output voltage dual power
supply controller designed to simplify power management
for desktop PCs and graphics cards. Itis part of Semtech’s
Smart LDO™ family of products. The SC2738 has two
user adjustable outputs that can be set anywhere be-
tween 0.5V and 3.3V (V= 12V, anywhere between 0.5V
and 1.8V for V| = 5V) using two external resistors per
output.

SC2738 features for each output include tight output
voltage regulation (+3.5% over -40°C to +85°C), enable
controls, open drain power good signals, under-voltage
protection and soft start. The enable pins allow the part
to enter a very low power standby mode. Pulling them
high enables the outputs. The power good pins are open
drain and assert low when the voltage at their
respective adjust pins is below 88% (typ.) of nominal. If
the voltage at the adjust pin is below 50% (typ.) of
nominal, the under voltage protection circuitry will shut
down that output. The SC2738 is available in an
MSOP-10 surface mount package.

Typical Application Circuit

Features

€ 13.5% reference voltage

€ Two independant and fully adjustable outputs

€ Wide supply voltage range permits operation from
5V or 12V rails

Very low quiescent current (500pA typical with both
outputs enabled and 5V input)

Indivdual Enable control for each output

Individual Power Good monitoring and signalling for
each output

Gate drives from input supply enable use of
N-channel MOSFETs

User selectable dropout voltage

Individual under-voltage protection for each output
MSOP-10 surface mount package

Applications

@ Desktop PCs
@ Graphics cards
@ Simple dual power supplies
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POWER MANAGEMENT
Absolute Maximum Ratings

Exceeding the specifications below may result in permanent damage to the device, or device malfunction. Operation outside of the parameters

specified in the Electrical Characteristics section is not implied.

Parameter Symbol Maximum Units
Input Supply Voltage Vi -0.3 to +13.2 \%
Drive Pins Viry -0.3 to +8.0 \Y,
Adjust and Power Good Pins Vior Veeo -03t0o+550 \
Enable Pins Ven -03toV, \Y,
Thermal Impedance Junction to Ambient 0, 113 °C/W
Thermal Impedance Junction to Case I 42 °C/W
Operating Ambient Temperature Range T, -40 to +85 °C
Operating Junction Temperature Range T, -40 to +150 °C
Storage Temperature Range L. -65 to +150 °C
Lead Temperature (Soldering) 10 Sec. Teno 300 °C
ESD Rating (Human Body Model) ESD 2 kV
Note:
(1) OrVv,, ifV =5V
Unless specified: T, = 25°C, V| = Vg = 5V £ 5%, Vp," = 1.5V £ 5%, 0A < |, < 3A.
Values in bold apply over full operating ambient temperature range.
Parameter Symbol Test Conditions Min Typ Max | Units
IN
Supply Voltage Vi 4.5 13.2 V
Quiescent Current l V=5V 500 700 MA
V, =12V 600 900 pA
Standby Current IQ(OFF) Both EN low 01 1.0 MA
Both EN low, V = 12V 15.0
Undervoltage Lockout
Start Threshold Lo V,, rising 3.75
Hysteresis HysT V,, falling 0.50
EN
Enable Input Threshold H Output on 1.3 \%
N Output off 0.7
0 2002 Semtech Corp. 2 www.semtech.com
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Electrical Characteristics (Cont.) ¥

Unless specified: T, = 25°C, V,, =V, = 5V + 5%, V. = 1.5V + 5%, 0A < |, < 3A.
Values in bold apply over full operating ambient temperature range.

Parameter Symbol Test Conditions Min Typ Max | Units
EN (Cont.)
Enable Input Bias Current len Vg, =0V 0 MA
V, =V, =5Vori2v -1 +1
ADJ
Adjust Input Bias Current Loy V,p, =03V -100 0 +100 nA
Reference Voltage Vo, -3.5% | 0.500 | +3.5% \
DRV
Output Current bry Sourcing, startup 10 MA
(until Vo, oqp, is reached)
Sourcing, after startup 0.7 2.0 mA
Sinking 400 750 MA
Output Voltage Viory Full On, | ., = 0mA, V=12V 6.6 6.9 V
Full On, I, =0mA, V=5V 4.70 4.85

Under Voltage Protection

Trip Threshold @ Viiow) Measured at ADJ pin 40 50 60 %V o,
PGD
Power Good Threshold © Vineen) Measured at ADJ pin -15 -12 -9 %V o,
Output Logic Low Voltage Voo Vo, =04V, L =-TmA 04 \Y,
Power Good Leakage oo Vo, =035V, 0V <V, <V, -1 0 +1 MA
Current
Soft Start
Ouotput Rise Tln?)e t Corv.anp = Not placed 150 us
Uiﬁ Y %‘{5&90 Vo Comvanp = 10nF 850

Notes:

(1) V,,s = input voltage to pass device drains (or sources depending upon orientation of FETSs).

(2) If Vi, is exceeded for longer than 50us (nom.) the protection circuitry will shut down that output.
(3) During startup only, VTH( ) is -6% (typ.), then switches to -12% (typ.).

PGD
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Pin Configuration Ordering Information
Top View Part Number®" Output Voltage®? Package
SC2738IMSTR | Both adj. from 0.5V to 3.3V | MSOP-10
DRVT ] | 10] IN
Notes:
ADJT L2 —21 DRVZ (1) Only available in tape and reel packaging. A reel
ENT L3 ] 81 ADJ? contains 2500 devices.
PGD1 [ 71 ENZ2 (2) Vv, =12V (0.5V to 1.8V for V = 5V).
CND 5 ] 61 PCD2
(MSOP-10)

Pin Descriptions

Pin | Pin Name | Pin Function

1 DRV1 Output of regulator #1. Drives the gate of an N-channel MOSFET to maintain V., set by R1 and R2.

ouT1

2 ADJ1 Regulator #1 sense input. Used for sensing the output voltage for power good and under-voltage, and
to set the output voltage as follows (refer to application circuit on page 1): R1
Vours =0.5¢ E""_

Voummg = 33V for V, = 12V, 1.8V for V, = 5V. R20
3 EN1 Active high enable control. Connect to IN if not being used. Do not allow to float.
4 PGD1 | Power good signal output for V... Open drain output pulls low when V., is below (V 1, oy -12%).
5 GND Ground.
6 PGD2 Power good signal output for V... Open drain output pulls low when V., is below (V 1,0y =12%).
7 EN2 Active high enable control. Connect to IN if not being used. Do not allow to float.
8 ADJ2 Regulator #2 sense input. Used for sensing the output voltage for power good and under-voltage, and

to set the output voltage as follows (refer to application circuit on page 1):

Vour, =0.5¢ @+E

\ = 3.3V forV =12V, 1.8V forV, =5V. R4 O

OUT(MAX) —

9 DRV2 Output of regulator #2. Drives the gate of an N-channel MOSFET to maintain V., set by R3 and R4.

ouT2

10 IN +5V or +12V supply.
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Block Diagram
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Applications Infomation

Theory Of Operation

The SC2738 dual linear FET controller provides a simple
way to drive two N-channel MOSFETs to produce tightly
regulated output voltages from one or two available,
higher, supply voltages. It takes its power from either a
5V or 12V supply, drawing typically 500uA while
operating.

It contains an internal bandgap reference which is
compared to the output voltages via resistor dividers.
These resistor dividers are external and user selectable .
Depending upon the input voltage used for the device,
the drive pin (DRV1, DRV2) can pull up to a guaranteed
minimum of 6.6V (from 12V supply) or 4.7V (from 5V
supply). Thus the device can be used to regulate a large
range of output voltages by careful selection of the
external MOSFETs (see component selection, below).

The SC2738 includes an active high enable control (EN1,
EN2) for each output. If this pin is pulled low, the related
drive pin is pulled low, turning off the N-channel MOSFET.
If the pin is pulled up to 1.8V <V, <V, the drive pin will
be enabled. This pin should not be allowed to float.

Each output has a power good output (PGD1, PGD2)
which are open drain outputs that pull low if the related
output is below the power good threshold (-12% of the
programmed output voltage typical, -6% typical at start-
up). The power good circuitry is active if the device is
enabled, regardless of the state of the over current latch.
The power good circuitry is not active if that
particular output is disabled.

Also included for each output is an overcurrent
protection circuit that monitors the output voltage. If the
output voltage drops below 50% (typ.) of nominal, as
would occur during an overcurrent or short condition, the
device will pull the drive pin low and latch off. The device
will need to have the power supply or enable pin toggled
to reset the latch condition. Each output latches
independently (i.e. if one output latches off, the other
output will function normally).

Drive Outputs and Soft Start
The drive outputs for each output are source and sink

capable. The sink current is typically 0.8mA at 5V in (1mA
at 12V in). The source current is typically 2mA at 5V in

and 3.75mA at 12V in during normal operation. The high
side drive voltage is generated from V, by a 7V (nominal)
low dropout regulator, thus at 12V in, 6.9V is available
and at 5V in, 4.85V is available (since the LDO will be in
dropout).

At start-up, the source current available from the drive
pins is limited to 10pA (typical) until the power good
threshold is reached, at approximately 6% below
nominal output voltage. At this point the full drive
capability is enabled. With this constant current source
at start-up, it is a simple matter to use a small capacitor
on the drive pin to slow this rate of rise. The rate of rise
of the drive pin voltage will be:

oy _lory

dt Css

A 10nF soft start capacitor will give a 1ms output rise
time for V, = 12V and V . = 1.05V, for example. The
output rise time will of course depend upon the gate
threshold of the MOSFET being used. Please refer to
the Output Rise Time chart on Page 13 showing typical
output rise times. For very low ESR output capacitors
(<bmQ) and very high soft start capacitance (>100nF),
it may be necessary to add a resistor in series with the
soft start capacitor to ensure stability. Generally,
however, this resistor is not required, as this is a very
unlikely situation.

The soft start capacitance does not adversely affect
transient response since the drive current capability is
200 times higher once the device has started.

OCP and Power Supply Sequencing

The SC2738 has output undervoltage protection that
looks at a particular output to see if it is a) less than
50% (typical) of it’s nominal value and b) V., for that
output is within 350mV (typical) of maximum. If both of
these criteria are met, there is a 50us (typical) delay and
then the output is shut down. This provides inherent
immunity to UV shutdown at start-up (which may occur
while the output capacitors are being charged) since V.,

has a very slow rate of rise with I limited to 10pA.

At start-up, it is necessary to ensure that the power
supplies and enables are sequenced correctly to avoid
erroneous latch-off. For UV latch-off not to occur at start-
up due to sequencing issues, the key is that the voltage
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Applications Infomation (Cont.)

supplied to the MOSFET drain should be greater than
the output undervoltage threshold when that
output is enabled. This assumes that the drop through
the pass MOSFET is negligible. If not, then this drop needs
to be taken into account also since:

V.=V

out

DRAIN ( out X RDS(ON))'

If the supply to the SC2738 IN pin comes up before the
supply to the MOSFET drain, then that output should be
enabled as the supply to the MOSFET drain is applied
- the Power Good signal for this rail would be ideal. If the
power supply to the MOSFET drain comes up before the
power supply to the SC2738 IN pin, then the output can
either be enabled with the supply to the IN pin or after-
wards. Please see the example below.

Example: SC2738 powered from 5V, output 1 powered
from 1.8V set for 1.5V out, output 2 not shown for

SC2738

POWER MANAGEMENT

simplicity. Worst case undervoltage threshold is 60% (over
temperature) of 1.5V, or 0.9V. The typical enable
threshold is ~1V. See Figure 1 below.

Component Selection

Output Capacitors: low ESR capacitors such as Sanyo
POSCAPs or Panasonic SP-caps are recommended for
bulk capacitance, with ceramic bypass capacitors for
decoupling high frequency transients.

Input Capacitors: placement of low ESR capacitors such
as Sanyo POSCAPs or Panasonic SP-caps at the input to
the MOSFET (V,,,) Will help to hold up the power supply
during fast load changes, thus improving overall transient
response. If V. . is located at the bulk capacitors for
the upstream voltage regulator, additional capacitance
may not be required. In this case a 0.1uyF ceramic
capacitor will suffice. The input supply to the SC2738
should be bypassed with a 0.1uF ceramic capacitor.

SV IN J

VTH(UV)
1.8V IN

o.9v47/

VTH(EN) = 1v—ﬁ/

ENABLE

VTH(EN) occurs after VTH(UV) is reached

S$C2738 Supply Comes Up Before MOSFET Drain Supply

/

5V IN

VTH(UV) = o.9vj
1.8V IN

VTH(EN) = 1v4—/

ENABLE

VTH(EN) occurs after VTH(UV) is reached
EN rising with 5V IN shown

MOSFET Drain Supply Comes Up Before SC2738 Supply

Figure 1: Power Supply Sequencing
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Applications Infomation (Cont.)

MOSFETSs: very low or low threshold N-channel MOSFETs
are required. Selecting FETs rated for V 4 of 2.7V or 4.5V
will depend upon the available drive voltage (6.9V from
12V in or 4.85V from 5V in), the output voltage and
output current. For the device to work under all
operating conditions, a maximum RDS(ON) must be met to
ensure that the output will never go into dropout:

_ VIN(MIN) - VOUT(MAX) 0

RDS(ON)(MAX)

IOUT(MAX)
Note that RDS(ON) must be met at all temperatures and at

the minimum VGS condition.

Setting The Output Voltage: the adjust pins connect
directly to the inverting input of the error amplifiers, and
the output voltage is set using external resistors (please
refer to the Typical Application Circuit on page 1).

Using output 1 as an example, the output voltage can
be calculated as follows:

Vgyr =0.5+ 3+ 11
0 R20

The input bias current for the adjust pin is so low that it

can be safely ignored. To avoid picking up noise, it is

recommended that the total resistance of the feedback

chain be less than 100kQ.

Please see Table 1 on this page for recommended
resistor values for some standard output voltages. All
resistors are 1%, 1/10W.

The maximum output voltage that can be obtained from
each output is determined by the input supply voltage
and the RDS(ON) and gate threshold voltage of the
external MOSFET. Assuming that the MOSFET gate
threshold voltage is sufficiently low for the output
voltage chosen and the worst-case drive voltage, V,

is given by:

OUT(MAX)

VOUT(MAX) = VDRAIN(MIN) - IOUT(MAX) ¢ RDS(ON)(MAX)

VOUT (V) R1 or R3 (kQ) R2 or R4 (kQ)
1.05 11.0 10.0
1.2 14.0 10.0
1.5 200 10.0
25 453 11.3
3.3 63.4 11.3

Table 1: Recommended Resistor Values For SC2738
Design Example

Goal: 1.5V+5% static and *7% transient @ up to 4A
from 2.5V+5% and 5V+5%

Total window for DC error and ripple is +75mV.
Total window for transient is £105mV.

Since this device is linear, and assuming that it has been
designed to not ever enter dropout, we do not have ripple
on the output.

The DC error for this output is the sum of:

V. accuracy = £3.5% = £52.5mV

Feedback chain tolerance = +1% = +15mV

Load regulation = +0.25% = +3.8mV

Set resistors per Table 1 should be 20.0kQ (top) and
10.0kQ (bottom).

Total DC error = +4.75% = 71.3mV

This leaves +2.25% = 33.7mV for the load transient ESR
spike, therefore:

_33.7mV

RESR(MAX) -

=8.4mQ

Bulk capacitance required is given by:

dlet
C =——uF
BULK(MIN) =~ 4/ H
Where dl is the maximum load current step, t is the
maximum regulator response time and dV is the

allowable voltage droop. Therefore with dl = 4A,
t = 1ps, and dV = 33.7mV:

0 2002 Semtech Corp.
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4+110°°
CBULK(MIN) S Ta o 53T

33.7+107°

119pF

So if we use 1% V , set resistors we would select 2 x
>100uF, 18mQ POSCAPs for output capacitance (which
assumes that local ceramic bypass capacitors will
absorb the balance of the (9 - 8.4)mQ ESR
requirement - otherwise 15mQ capacitors should be

used).

If we use 0.1% set resistors, then the total DC error
becomes £3.85% = £57.8mV, leaving £3.15% = 47.2mV
for the ESR spike. In this case:

_47.2mV

Resrmax) = TIA =11.8mQ and

_4+14107°
BULK(MIN) —m
So for 0.1% resistors we could use 1 x 100uF, 12mQ
POSCAPs for output capacitance.

C = 85pF

The input capacitance needs to be large enough to stop
the input supply from collapsing below -5% (i.e. the
design minimum) during output load steps. If the input to
the pass MOSFET is not local to the supply bulk
capacitance then additional bulk capacitance may be
required.

MOSFET selection: since the input voltage to the SC2738
is bV+5%, the minimum available gate drive is:

Vg = (4.4 -1.575) = 2.825V

So a MOSFET rated for V , = 2.7V will be required, with

an Rogonma (OVEr temp.) given by:
_ (Vinouny = Vour) _ (2.375-1.5)

RDS(ON)MAX) =

=22mQ

IOUT(MAX) 4

Obviously, if a 12V rail is available to power the SC2738,
the number of FET options increases dramatically.

SC2738

POWER MANAGEMENT

Layout Guidelines

The advantages of using the SC2738 to drive external
MOSFETs are a) that the bandgap reference and control
circuitry are in a die that does not contain high power
dissipating devices and b) that the device itself does not
need to be located right next to the power devices. Thus
very accurate output voltages can be obtained since
changes due to heating effects will be minimal.

The 0.1uF bypass capacitor should be located close to
the supply (IN) and GND pins, and connected directly to
the ground plane.

The feedback resistors should be located at the device,
with the sense line from the output routed from the load
(or top end of the droop resistor if passive droop is being
used) directly to the feedback chain. If passive droop is
being used, the droop resistor should be located right at
the load to avoid adding additional unplanned droop.

Sense and drive lines should be routed away from noisy
traces or components.

For very low input to output voltage differentials, the
input to output / load path should be as wide and short
as possible. Where greater headroom is available, wide
traces may suffice.

Power dissipation within the device is practically
negligible, thus requiring no special consideration during
layout. The MOSFET pass devices should be laid out
according to the manufacturer’s guidelines for the power
being dissipated within them.
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Typical Characteristics

Quiescent Current vs. Junction Temperature

vs. Input Voltage

Standby Current vs. Junction Temperature

vs. Input Voltage

900 T 100 g
Both Vgy = 5V FBoth Vgy = OV
800 |-Both Vap, < Vag o
Vi =12V
700 10
Vi =12V
600
< 500 3
= — T 1
-2 400 s
Vin =5V <]
300
0.1
200 Vin =5V
100
0 0.01
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
T,(°C) T,(°C)
Start Threshold vs. Enable Input Threshold Voltage
Junction Temperature vs. Junction Temperature
5.0 1.8
‘ Vin = 5V
4.5
V) rising 1.6
4.0
35 1.4
Vi
s 30 Vi falling PO E—
320 I B e e il
> 20 : vV, — ——
L \\
1.5 0.8
1.0
0.6
0.5
0.0 0.4
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
T,(°C) T, (°C)
Reference Voltage vs. Drive Pin Output Current (Sourcing) at Startup
Junction Temperature vs. Junction Temperature vs. Input Voltage
0.510 T 20 T
Vin = Ven = 5V Vey = 5V
0.508 | 18 ') < V1HpeD)
0.506 16
0.504 14
Vin = 12V
< 0.502 ~ 12
>
£ —_— £
= 0.500 < 10
< —— &
> 0.498 = 8
Viy = 5V
0.496 6
0.494 4
0.492 2
0.490 0
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
T,(°C) T, (°C)
0 2002 Semtech Corp. 10 www.semtech.com


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

] SC2738
" SEMTECH

POWER MANAGEMENT

Typical Characteristics (Cont.)

Drive Pin Output Current (Sourcing) vs. Drive Pin Output Current (Sinking) vs.
Junction Temperature vs. Input Voltage Junction Temperature vs. Input Voltage
5.0 ‘ 1200 ‘ ‘
s ‘ Ven=5V | Ven = 5V Vin = 12V
: \ Vin = 12V Vaps < Ve 1000 | Vaos> Ves
4.0 ~ —
/
35 800 —
< 3.0 E— < // Vin =5V
£ 2
> 25 ~— - 600
<20 =
15 | 400
: Vin = 5V
1.0 200
0.5
0.0 0
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
T,(°C) T,(°C)
Drive Pin Output Voltage (Full On) vs. Under Voltage Trip Threshold
Junction Temperature vs. Input Voltage vs. Junction Temperature
8 -40 ‘
; 42 7VIN=VEN=5V
Viy =12V -44
6
Vin =5V __ 46
5 g -48
s 2
>§ 4 vg -50
I -52
3 =
-54
2 [Vey=5v 56
4 | lory = 0mA
Vaps < Vee -58
0 . -60
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
T,(°C) T,(°C)
Power Good Threshold vs. Power Good Logic Low Output Voltage
Junction Temperature vs. Junction Temperature
0.0 ‘ 200 ‘
ViN = Ven =5V ViN = Vey =5V
175 |Vapy = 0.4V
2.5 lpap = -1MA
150
= -5.0
>E s 125
2 3 — |
g 7.5 Startup only 8 100
¢ > 75 —
> -10.0
50
-12.5 -
Normal operation 25
-15.0 0
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
T,(°C) T,(°C)
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Typical Characteristics (Cont.)

Output Rise Time At Startup vs. Soft Start

Capacitance vs. Input Voltage

100 = F—F—FF 7
FVen =5V
T,=25°C
| Vour = 1.05V
COUT =100uF, 25mQ
10 Eloyr =0A
o FMOSFET = IRF7311
£ C Pz
e 22
5 Pz
1 Vin =5V ot
e
=
=T V|N =12V
0.1 [ L]
0.1 1 10 100
Corv (nF)

Load Transient Response, No Passive Droop
Tek Stop | i : i

el
m. ....................................
> SRR N S R
B 20.0mv mChzl 2.00V M[20.0pMs| Al Ch4 L 480mV
Ch3[ 50.0mV &Ch4] 500mV 7 May 2002
10.00 % 10:23:47

V=5V, 1.2Vin to 1.05V out

losr = 0.01A to 2.51A to 0.01A
Cor = 2 x 100uF, 25mQ

Trace 1:V_ _, 20mV/div., offset 1V
Trace 2: V., 2V/div.

Trace 3: 1.2V in, 50mV/div., offset 1V
Trace 4: load FET drain

Timebase: 20us/div.

Load rise/fall times = 35A/us

outr’

Load Transient Response, With Passive Droop
Tek Stop | [ : ]

M[20.0pMs| Al Ch4 L 480mV

10.00 %

Ch3[ 50.0mV G&[EE 500mVy 7 May 2002

10:13:55

V=5V, 1.2Vin to 1.05V out
losr = 0.01A to 2.51A to 0.01A
C,r = 1 x 100uF, 25mQ
RDROOP = 20mQ

Trace 1.V, 20mV/div., offset 1V
Trace 2: not connected

Trace 3: 1.2V in, 50mV/div., offset 1V
Trace 4: load FET drain

Timebase: 20us/div.

Load rise/fall times = 35A/us

0 2002 Semtech Corp.

www.semtech.com


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

] SC2738
" SEMTECH

POWER MANAGEMENT

Outline Drawing - MSOP-10
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SEE DETAIL "A”
PACKAGE OUTLINE EXCLUSIVE OF MOLD FLASH

AND METAL BURR.
CONTROLLING DIMENSIONS: MILLIMETERS.

Land Pattern - MSOP-10
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Contact Information

Semtech Corporation
Power Management Products Division
200 Flynn Road, Camarillo, CA 93012
Phone: (805)498-2111 FAX(805)498-3804
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