4 sumida

SPM1004

12V Input 6A Qutput Power Supply in InductoPS%) Module RoHsS

FEATURES

1 Integrated Point of Load powemodule using PSiI

Power Supply in Inductor technology

1 Smallfootprint, low-profile, 15mm x $nm x
2.8mm, with LGA Packag@vith 0.63mm pads)
9 Efficiency of 95.%at 3Aand 942%at 6Afor 5V

output
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Prebias startup capability
Adjustable softstart time

Output voltage sequencin
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VSENSE

VOUTI:

High output current, 6A without deating at 85°C

Wide outpu voltage selectiors: from 0.8V to 5V
output voltages with £10% trim capability
Output voltage remote sensing

Enable signal inpuand Power Good signal output

Programmable Under Voltage Lock Out (UYLO
Output OverQurrent Protection(OCP)
Overtemperature protection
Operating temperature ange-40°C to 85°C
Excellentthermal performance
MSL 3 and RoHS compliant

Broadband anccommunications guipment
DSP and FPGA Point of Laaaplications
High density distributed powergstems
Systems usingCl / PCI express / PX{press
Automated test and medical guipment
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DESCRIPTION

SPM1004 is an easg-use6A outputintegrated Point of
Load (POL) power suppiyodule It containsintegrated
power MOSFETs, driver, PWM controller, a F
performance inductor, input and output capacitors a
other passive components in one low profile LGA pack
using PSltechnology

Only oneexternalinput capador and oneexternaloutput

capacdior are needed fortypicalapplicatiors. There is no
need for loop compensationsensitive PCB layout
inductor selection, or irtircuit production testing.Each
module is fully tested.

SPM1004 integrated POL poweoduleseriesare offered
with eight modds for eight different output voltages
5.0v, 3.3V, 2.5V, 1.8V, 1.5V, 1.2V, 1.0V, and. E8%h
output voltagecan be trimmed by #0%.

All SPM1004 models deliver full 6A load current withs
derating at 85°C ambient temperature with no airflow.

Small siz€15mm x 9mn and low profile 2.8mm) allows
SPM1004 to be placed verloseto its loador onthe back
side of the PCB for high density applicagion

Constanton-time (COT) control is used to achie
excellent transient response to line and Idachanges
without sacrificing stabilityand high efficiency at ligh
load.

Sumida'$Sitechnologyensuresoptimal inductor design
uniform temperature distribution and very low
temperature difference between case and IC die.
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ABSOLUTE MAXIMUNRATINGS over operating temperature range (unless
otherwise noted)

VALUE Unit
MIN MAX
PVIN -0.3 18 V
EN -0.3 6 V
Input Signad VSENSE -0.3 6 V
VADJ -0.3 6 V
SS -0.3 6 Vv
VOUT -0.6 PVIN Vv
. PHASE -0.6 PVIN Vv
Output Signals PWRGD 03 6 v
VAUX -0.3 6 \%
Current EN 2.5 mA
Operating Junction Temperature -40 150 °C
Temperature Storage Temperature -65 150 °C
Lead Temperaturésoldering) 260 °C

(1) Stresses beyondakelisted underabsolute maximum ratings may cause permanent damage tortbdule These are stress
ratingsonly, and functional operation of theoduleat these or any other conditions beyond those indechunder
recommended operatingonditions is not implied. Exposure absolutemaximumrated conditions for extended periods may
affect reliability.
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SPM1004

ELECTRICAL CHARACTERISTICS

The electrical characteristicseapresentedn two parts. Rrt 1 providesthe electrical characteristics that are common
to all models and Pag providesthe electrical characteristics that are specific to each model.

The electrical performance is based on the following conditions unless otherwise stagdhe full range from40°C

to 85°Cambient temperature, nair flow; in= 12V, dur= 6A, G T

Part 1:Electrical Characteristics Common to All Models:

MANn>C OBNHXYROE OSNI YA O

PARAMETERS TEST CONDITIONS MIN TYP MAX | UNIT
lout: Output current Ta=-40°C ta85°C, natural convection 0 6 A
ViN: Input voltage Ta=-40°C t035°C lout0 to max 9 12 15 \%
Venon  Enableon voltage Enable high voltagénodule turned on) 1.1 1.3 \%
Ven_orr Enableoff voltage Enable lowoltage(module turned off) 0.5 0.6 \%
I Enable input current Ven= 2V 0.1 mA
EN P Ven= 0V 0 >A
EN pin to BND(shutdown), Ta=25°C 0.2 05 mA
IstBY Input standby current EN = 2V obr= 0A Ta= 25°C 10 55 —y
Vourrisin PWRGD high 87% 91% 94%
((;)U;f \éu?) Leakage current 10 100 nA
PWRGDPowerGoodSignal PWRGD delay 2.5 ms
Vourfalling PWRGD low 80% V
(% of \buy At 4mA sink current 0.4 \%
. OVP thresholdpercentage of nominal) 117% | 120% | 123%
OVP  OverVoltage Protection OVP shutdown delay 5 >s
. Thermal shutdown 170 °C
Thermal shutdowr{die temperature) Thermal shutdowmecoveryhysteresis 15 °C
) . Output voltage 4.6 4.8 5.0 \%
Vaux Auxiliary output Output current 1 A
G/aux External capacitaat VAUX Ceramic 22 >C
) . Ceramic 47 > C
Goun: External capacitaat PVIN Norceramic 520 >C
Cout External ouput capacitor Ceramic 100 200 500 > C
vt P Nonceramic(Electrolytic or tantalum) 2000 > C
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Part 2:Electrical Characteristics Specific for Each Individual Model
SPM10045V0
PARAMETERS TEST CONDITIONS MIN TYP MAX UNIT
VstarT Startupvoltage Over butrange 8.5 9.0 9.5 V
UVLO Under Voltage Lock Out Over butrange 7.0 75 8.0 \%
Vourtadj: Output voltagetrim range Over butrange 4.5 5.0 5.5 \Y
Set point accuracy Ta= 25°CVin= 12V lout= 3A +1%
Temperaturevariation -40°C <A < +85°Cout= 3A +0.5%
Vout | Line regulation Over WWrange, k= 25°C,dur= 3A +0.5%
Load regulation Over butrange, k= 25°C, M= 12V +1%
Total variation Set-point, line, load, temperature variation +4%
Vo_rip,  Output voltage ripple 20MHz bandwidthMn = 12V lout=6A 20 mVpp
_ lout= 3A 95.2%%
Vin= 12V lour=6A 94.2%
. - _ lout= 3A 96.1%
Efficiency Vin= 9V lour= 6A 925
_ lout= 3A 94.3%
Vin= 15V lour=6A 93.7%
TransientResponse 1A/>& f 2 R & Over/undershoot 30 mv
P between 2A and 5A | Recovery time 75 > 3
Fs Switching frequency ViN= 12V Jout=6A 800 kHz
lLim Current Limit Point Vin= 12V Ta= 25°C 8.5 A
SPM10043V3
PARAMETERS TEST CONDITIONS MIN TYP MAX UNIT
VstarT Startupvoltage Over burrange 8.0 8.5 9.0 V
UVLO Under Voltage Lock Out Over burrange 6.5 7.0 7.5 V
Vourtadj): Output voltagetrim range Over burrange 2.97 3.3 3.63 V
Set point accuracy Ta=25°CVin= 12V Jout= 3A +1%
Temperature variation -40°C <A < +85°Clt= 3A +0.9%
Vour | Line regulation Over Wrange, k= 25°C,dur= 3A +0.9%
Load regulation Over butrange, k= 25°C, M= 12V +1%
Total variation Set-point, line, load, temperatureariation +3%
Vo rip,  Output voltage ripple 20MHz bandwidthVn = 12V Jout=6A 20 mVpp
_ lout= 3A 93.9%
Vin= 12V lour=6A 91.8%
. - _ lout= 3A 94 3%
Efficiency Vin= 9V lour=6A 92.2%
_ lout= 3A 92.7%
Vin= 15V louT=6A 91.3%
Transient Response 1A/>& f 2 R & Over/undershoot 25 mv
P between 2A and 5A | Recovery time 50 > a
Fs Switching frequency Vin= 12V Jout=6A 800 kHz
ILim Current Limit Point Vin= 12V Ta= 25°C 8.5 A
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SPM10042V5
PARAMETERS TESTONDITIONS MIN TYP MAX UNIT
VstarT Startupvoltage Over butrange 8.0 8.5 9.0 V
UVLO Under Voltage Lock Out Over butrange 6.5 7.0 7.5 \%
Voutadj): Output voltagetrim range Over butrange 2.25 2.5 2.75 \Y
Set point accuracy Ta= 25°CVin= 12V lout= 3A +1%
Temperature variation -40°C <A < +85°Cout= 3A +0.5%
Vout | Line regulation Over WWrange, k= 25°C,dur= 3A +0.5%
Load regulation Over butrange, k= 25°C, M= 12V +1%
Total variation Set-point, line, load, temperature variation +3%
Vo_rip,  Output voltage ripple 20MHz bandwidthMin = 12V lout=6A 20 mVpp
_ lout= 3A 92.5%
Vin= 12V lour=6A 90.2%
. - _ lout= 3A 93.2%6
Efficiency Vin= 9V lour= 6A 9 &%
_ lout= 3A 91.7%
Vin= 15V lour=6A 89. 76
Transient Response 1A/>& f 2 R & Over/undershoot 25 mv
P between 2A and 5A | Recovery time 50 > a
Fs Switching frequency ViN= 12V Jout=6A 600 kHz
ILim Current Limit Point Vin= 12V Ta= 25°C 8.5 A
SPM10041V8
PARAMETERS TEST CONDITIONS MIN TYP MAX UNIT
VstarT Startupvoltage Over burrange 8.0 8.5 9.0 V
UVLO Under Voltage Lock Out Over burrange 6.5 7.0 7.5 V
Voutadj): Output voltagetrim range Over burrange 1.62 1.8 1.98 Vv
Set point accuracy Ta=25°CVin= 12V Jout= 3A +1%
Temperature variation -40°C <A < +85°Cout= 3A +0.9%
Vour | Line regulation Over Wrange, k= 25°C,dur= 3A +0.9%
Load regulation Over butrange, k= 25°C, M= 12V +1%
Total variation Set-point, line, load, temperature variation +3%
Vorip,  Output voltage ripple 20MHz bandwidthVin= 12V Jout=6A 20 mVpp
_ lout= 3A 91.0%
Vin= 12V lour=6A 87.6%
. - _ lout= 3A 91.6%
Efficiency Vin= 9V lour= 6A 37 9%
_ lout= 3A 89.7%
Vin= 15V lour= 6A 86.7%
Transient Response 1A/>& f 2 R & Over/undershoot 20 mv
P between 2A and 5A | Recovery time 50 > a
Fs Switching frequency Vin= 12V Jout=6A 600 kHz
ILim Current Limit Point Vin= 12V Ta= 25°C 8.5 A
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SPM10041V5
PARAMETERS TEST CONDITIONS MIN TYP MAX UNIT
VstarT Startupvoltage Over butrange 8.0 8.5 9.0 V
UVLO Under Voltage Lock Out Over butrange 6.5 7.0 7.5 \%
Voutadj: Output voltagetrim range Over butrange 1.35 15 1.65 Vv
Set point accuracy Ta= 25°CVin= 12V lout= 3A +1%
Temperature variation -40°C <A < +85°Cout= 3A +0.5%
Vout | Line regulation Over WWrange, k= 25°C,dur= 3A +0.5%
Load regulation Over butrange, k= 25°C, M= 12V +1%
Total variation Set-point, line, load, temperature variation +3%
Vo_rip,  Output voltage ripple 20MHz bandwidthMin = 12V lout=6A 20 mVpp
_ lout= 3A 90.2%
Vin= 12V lour= 6A 86.1%
. - _ lout= 3A 90.8%
Efficiency Vin= 9V lour= 6A 36.2%
_ lout= 3A 89.3%
Vin= 15V lour=6A 85.4%
Transient Response 1A/>& f 2 R & Over/undershoot 20 mv
P between 2A and 5A | Recovery time 50 > a
Fs Switching frequency ViN= 12V Jout=6A 550 kHz
ILim Current Limit Point Vin= 12V Ta= 25°C 8.5 A
SPM10041Vv2
PARAMETERS TEST CONDITIONS MIN TYP MAX UNIT
VstarT Startupvoltage Over butrange 8.0 8.5 9.0 Vv
UVLO Under Voltage Lock Out Over butrange 6.5 7.0 7.5 V
Vourtadij): Output voltagetrim range Over burrange 1.08 1.2 1.32 \%
Set point accuracy Ta= 25°CVin= 12V lout= 3A +1%
Temperature variation -40°C < A < +85°Cout= 3A +0.5%
Vout | Line regulation Over Wrange, k= 25°C,dur= 3A +0.5%
Loadregulation Over butrange, k= 25°C, M= 12/ +1%
Total variation Set-point, line, load, temperature variation +3%
Vo rip,  Output voltage ripple 20MHz bandwidthMin = 12V Jout=6A 20 mVpp
_ lout= 3A 89.9%
Vin= 12V lour= 6A 84.9%
. - _ lout= 3A 89.9%
Efficiency Vin= 9V lour=6A 82.7%
_ lout= 3A 88.6%
Vin= 15V lour=6A 83.7%
Transient Response 1A/>a f 2| R & Over/undershoot 20 mV
P between 2A and 5A | Recovery time 30 > a
Fs Switching frequency Vin= 12V lout= 6A 450 kHz
lLim Current Limit Point Vin= 12V Ta= 25°C 8.5 A
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SPM10041V0
PARAMETERS TEST CONDITIONS MIN TYP MAX UNIT
VstarT Startupvoltage Over butrange 8.0 8.5 9.0 V
UVLO Under Voltage Lock Out Over butrange 6.5 7.0 7.5 \%
Voutadj): Output voltagetrim range Over butrange 0.9 1.0 1.1 \Y
Set point accuracy Ta= 25°CVin= 12V lout= 3A +1%
Temperature variation -40°C <A < +85°Cout= 3A +0.5%
Vout | Line regulation Over WWrange, k= 25°C,dur= 3A +0.5%
Load regulation Over butrange, k= 25°C, M= 12V +1%
Total variation Set-point, line, load, temperature variation +3%
Vo_rip,  Output voltage ripple 20MHz bandwidthMin = 12V lout=6A 20 mVpp
_ lout= 3A 87.8%
Vin= 12V lour= 6A 82.1%
. - _ lout= 3A 88.3%
Efficiency Vin= 9V lour= 6A R
_ lout= 3A 86.6%
Vin= 15V lour=6A 81.3%
Transient Response 1A/>& f 2 R & Over/undershoot 20 mv
P between 2A and 5A | Recovery time 30 > a
Fs Switching frequency Vin= 12V lout=6A 400 kHz
ILim Current Limit Point Vin= 12V Ta= 25°C 8.5 A
SPM10040V8
PARAMETERS TEST CONDITIONS MIN TYP MAX UNIT
VstarT Startupvoltage Over butrange 8.0 8.5 9.0 Vv
UVLO Under Voltage Lock Out Over butrange 6.5 7.0 7.5 V
Vourtadij): Output voltagetrim range Over burrange 0.72 0.8 0.88 V
Set point accuracy Ta= 25°CVin= 12V lout= 3A +0.5%
Temperature variation -40°C < A < +85°Cout= 3A +0.5%
Vout | Line regulation Over Wrange, k= 25°C,dur= 3A +0.5%
Load regulation Over butrange, k= 25°C, M= 12/ +1%
Total variation Set-point, line, load, temperature variation +3%
Vo rip,  Output voltage ripple 20MHz bandwidthMin = 12V Jout=6A 20 mVpp
_ lout= 3A 85.7%
Vin= 12V lour=6A 78.7%
. - _ lout= 3A 86.4%
Efficiency Vin= 9V lour=6A 79 0%
_ lout= 3A 84.3%
Vin= 15V lour=6A 77.9%
Transient Response 1A/>a f 2| R & Over/undershoot 20 mV
P between 2A and 5A | Recovery time 25 > a
Fs Switching frequency Vin= 12V lout= 6A 400 kHz
lLim Current Limit Point Vin= 12V Ta= 25°C 8.5 A
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POWER MODULNFORMATION

FUNCTIONAL BLOCK DIAGR#xNPM1004 (FOR ALL MODELS)

PWRGD [ |——

—| PWRGD Shutdown
- . , EN
{ Logic Logic
I
< VIN UVLO [ L‘ VAUX
VSENSE v LDO
I [] PVIN
VADJ | | p N PN
I:-| @ - Power IE T :l o
SS + )
— Stage ™
+
and N Fj VOUT
Const On Control L
1 | VREF | Time Control Logic |: L L
Ramp
ocp U Compensation
1 [
AGND |: i [ ] PenD
v =
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PINDESCRIPTIONS.L SPM1004 Models)

PIN Name Description
Input voltage pirs, referenced to PGNDConnect inputeramiccapacitorsdetween these
PVIN pins and PGNDIgne, close tahe power modulelt issuggestedo place theceramic

(A3, B3, C3, D3, E3, BE2-G3) | capacitosat both sides of the modul&nebetween PIN A3 and PIN Ab5andone
betweenPING2G3 and PIN G&5
Auxiliary outputfrom an LDO in the module,hich is referenced to AGNBnexternal

(Xf‘%i() capacitor imot normallynecessary but can be added if required
' Note: VAUXpin can onlyprovide ImAmaximumcurrent.
Switching nale of the Buck converterConnect these pins together using a small and
PHASE ;
isolated copper plane under thmodulefor bestthermal performance Do not connect any
(A6-A8) . ) .
externalcomponent to thesepins. Do not use these pins for other functions.
VOUT Output voltage pins Connect these pins together onto a copper plaBennect external
(E6ELL, F6-F11,G6-G11) output filter capacitors betwen thesepinsand PGND plane, close to thedule
PGND Zero DC voltage reference for power circuitrfhese pins should be connected directly t

(A4A5, A9A11, B4B11, C4 | the PCB ground plane. All pins must be connected together externally with a copper p
Cl1, D411, E4, F&5, G4 | locateddirectly under the module.

G5)
Zero DC voltage reference for the analog control circuithysmallnalog ground plane is
AGND recommended and hese pins should be connected directly to the PCB analog ground
(A2,B2,R2) plane.A single poinexternalconnection between AGND and PGidBecommended
VADJ, SS, and VSENBE should be referenced to analog ground.
Enable and Under Voltage Lock Out (UVLO) pihen floating or above Enable On Volta
(Venon), the power module will be turned on when the power input voltage (PVIN) is ak
EN startup voltage (¥rary. When EN pin is below Enable Off Voltagen(¥9, the power
(GL) module will be off.
Different startup voltage can be programmed dayexternal resistoif required,as
discussedn pagels.
VADJ Output voltage adjus_tment pin The output voltage can be _adjL_Jsted up to +10% of its
(FL) nominal value. A resistor between VADJ and VSENSE will trim the output voltage dov
resistorbetween VADJ and AGND will trim the output voltageRigfer to pagé.b.
Remote sensing pinConnect this pin to VOLl£Iose tothe load for improved voltage
VSENSE regulation.
(ED Note: this pin is not connectetb VOUTinside the moduleand must be connected
externally.
SS Soft-start pin. Softstart time can be increased by connecting a capacitor between this
(D1) and AGND.
Power Good pinan open drain output. A resistor connected between PWRGD and VA
PWRGD can be useds a pubup. PWRGD is high if the outputltageis higher than 91% of the
() nominal value. It will be pulled down if the output voltage is less than 808tgber than

120% of the nominal value.
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LGA PACKAGE

73PINS
(TOP VIEW)
PVIN PGND
1 2 3 45 6 7 8 9 10 11
EN —
s/ I M BB B EEEEENE
VADJ —
Fl W EEEEEEHEBHEBE|ouUT
VSENSE —
El H H R H B B R E R
SS —
D[ H " B EEE R
PWRGD —
cl HE BB EEEEEHNEBHBN|PG\D
VAUXB B EEEEEE BN
Al OB BB BB EEREBEREB
A 4
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TYPICAL EFFICIENCY REI/ER. OSPATANE 1)

SPM 10045V0,VOUT: 5V

98.0 ! 00 | y.
m— i = -H Vin=9V
97> —;n :izvv B Vin =12V /
97.0 e Vin =15V | ’;‘ Vin=15V /
< 965 \\ c 15 /7/
< A P e — K]
Sl — B g /%/
'g 223 \ et — \\ g 1.0 7‘/
B gns o " o 8 % /
2 e o
93.5 — - * /
93.0 0.0 |
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Output Current (A) Output Current (A)
Fig. 1 Efficiency vs Output Current Fig. 2 Power Dissipation vs Output Current
SPM10043V3, \but= 3.3/
96 20 I
o~ 18 T V!n =9V /
% S VY
L o4 T = )/
g = ~ s 14 //7
Q93 L — ~ — g 12 o/
2 7
91 = 5 0.6 //
/ Vin= 9V 2 04 =
90 +~ Vin = 12\ & o
Vin = 15 0.2
89 ! 0.0 .
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Output Current (A) Output Current (A)
Fig. 3 Efficiency vs Output Current Fig. 4 Power Dissipation vs Output Current
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SPM10042V5,Vout= 2.5/
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Vin =12 \
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0 1 2 3 4 5 6

Output Current (A)

Fig. 5 Efficiency vs Output Current

SPM10041V8,Vout= 1.8/

Fig. 6 Power Dissipation vs Output Current

93 1.8 T
92 g 1.6 +{=——vVin=9V
o~ Vin = 12
g9 //r- \\\ 5 1‘21 1 Vin = 15
<90 -+ g
> —~—— o
.g / \ 5 08
& 88 =
87 Vin=9V 2 04 -
) N [e) .
/ Vin = 12 a
86 + Vin = 15 0.2 /
85 ! 0.0 .
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Output Current (A) Output Current (A)
Fig. 7 Efficiency vs Output Current Fig. 8 Power Dissipation vs Outp@urrent
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SPM10@-1V5,Vour= 1.5/

93 | 1.6 |
92 VFn:9V__ /;'\ 1.4 H Vin=9V
Vin =12 in=
R = i (N - 7
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L \\ g /
87 \ % 0.4 >
86 AN & 02
85 0.0 :
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Output Current (A) Output Current (A)
Fig. 9 Efficiency vs Output Current Fig. 10Power Dissipation vs Output Current
SPMLO041V2,VouT= 1.2/
96 . 1.6 |
Vin=9V m— /N =
94 - v:2=12v-— § 1.4 4 _x!L?sz
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84 R 2 02
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0 1 2 3 4 5 6 0 1 2 3 4 5 6
Output Current (A) Output Current (A)
Fig. 11Efficiency vs Output Current Fig. 12Power Dissipation vs Output Current
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SPM1004-1V0,Vout= 1.0
92 _ |
Vin=9V ~14 |
90 _4\— —Vin=12\|_ 2 15 Vin=9V /
— = Vin =15\ < Vin = 12 \
S gg L /k\ S 1.0 M Vin = 15 /
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i 84 \\ 8 04 P
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Output Current (A)
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Output Current (A)

Fig. 13Efficiency vOutput Current

SPM10040V8,Vout= 0.8/

Fig. 14Power Dissipation vs Output Current

90 ,
Vin=9V
88 \ > Vin =12 V-
g6 \\’ ~L Vin =15V,
g =
¢C>>‘ 84 7 \&N
S 82 N\
5 o RN
78 \
76

0 1 2 3 4 5 6
Output Current (A)

Fig. 15Efficiency vs Output Current
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o N MO

O B B B
© o N
1

|
Vin=9Vv
: v::=12\ /4
Vin = 15 /
0 1 2 3 4 5 6

Output Current (A)

Fig. 16Power Dissipation vs Output Current

Note 1. The above curves (Figure 1 to Figure 16) are derived from measured data taken on sartiae3RNM 1004
tested at room temperature (25°C), and are considered to be typical for the product.
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APPLICATION INFORMATION
Output Voltage Adjustment

The output voltagef each model o6PM10@ can betrimmed by £10% from its nominal value. To trioatput voltage

up, a resistor (k) should beconnected betweemutput voltage adjustment pin (VADJ) and analog ground pin (AGND),

as showrin Fig. 17 To trim output voltage down, a resistor (Bwy should beconnected between remote sensing pin
(VSENSE) and output voltage adjustment pin (VABBhown irFig. 181t is recommended touse 1% tolerance or
better for theseresistors.

VOUT Your VOUT vour ,
SPM1004 SPM1004
VSENSE
——=Court RpowNn ==Court
<— VREF <— VREF
R2
§RUP
| AGND AGND
v = =
Fig. 170utput Voltage Trim Ugircuit Fig. 180utput Voltage Trim Dow@ircuit

Following equations can be used to calculate the trim resistor v@alukK for 5V output (SPM1004&V0). In the
equation, \buris the desired output voltage. It should be within £10% of the nominal output voltage of 5V.

_ 1014 .
R svo = 1964/, - 9.6 (for trim up only) Eq. (1)

_ 166/, - 1014

Roown svo = 9.65- 1,964/, (for trim down only) Eq. (2)

SPM10046V0, \bur= 5.0V

Following equations can be used to calculate the trim resistor vatukeK dor 3.3V output (SPM10063V3). In the
equation, \buris the desired output voltage. It should be within £10% of the nominal output voltage of 3.3V.

Rp a3 = 033 (for trim up only) Eq. (3)
SPM10043V3, \bur= 3.3V o 19%%,,-6.44
’ _ 1036V, - 633 _
RDOWN_3\/3 = 6.44- 1-98\/0UT (for trim down only) Eq. (4)

Following equations can be used to calculate the trim resistor v@tukK dor 2.5V output (SPM1062V5). In the
equation, \Auris the desired output voltage. It should be within £10% of the nominal output voltage of 2.5V.
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_ 438 |

SPMLO0RYS. e 2.5V RJP_ZVB - 1964/, - 4.85 (for trim up only) Eq. (5)
» OUT= 2. ) 717\/OUT A |

RDOWN_2V5 - (for trim down only) Eq. (6)

4.85- 1.964/,

Following equations can be used ¢alculate the trim resistor valugn kK dor 1.8V output (SPM10062V8). In the
equation, \buris the desired output voltage. It should be within £10% of the nominal output voltage of 1.8V.

191

Rop e = 163N, - 201 (for trim up only) Eq. (7)

3126V, - 191

Roown s = 291- 163N, (for trim down only) Eq. (8)

Following equations can be used to calculate the trim resistor vatukK dor 1.5V output (SPM10064V5). In the
equation, \buris the desired output voltage. It should be within £10% of the nominal output voltage of 1.5V.

~ 143 ,
RJP_1V5 = 1-63NOUT Toa3 (for trim up only) Eqg. (9)

_ 234V, - 143 |
RDOWN_1V5 = 243 163N, (for trim down only) Eqg. (10)

SPM10041V8, \bur= 1.8V

SPM10041V5, \bur= 1.5V

Following equations can be used to calculate the trim resistor vatuK dor 1.2V output (SPM1004V2. In the
equation, \buris the desired output voltage. It should be within £10% of the nominal output voltage of 1.2V.

R, _ 931 o | o
- rtrim n .
SPM1004LV2, Vbur=1.2V M2 163Ny, - 1931 (for trim up only) q. (11)

2 Vour=1. s 31 |
RDOWN_1V2 = (for trim down only) Eq. (12)

1.931- 1.63N,;

Following equations can be used to calculate the trim resistor vatukK dor 1.0V output (SPM10624V0). In the
equation, \buris the desired output voltage. It should be within £10% of the nominal output voltage of 1.0V.

— 24.2 .

SPM10041V0, \bur= 1.0V Rpao ™ 3.273/yyr - 3.21 (for trim up only) Eqg. (13)
, wur= 1. ) BQ.WOUT- ono |

RDOWN_lVO = (for trim down only) Eq. (14)

3.21- 3273/,

Following equations can be used to calculate the trim resistor v@tukK dor 0.8V output (SPM1004V8). In the
equation, \butis the desired output voltage. It should be within £10% of the nominal output voltage of 0.8V.

_ 26 .

SPM1004V8, \bur= 0.8V ros = 4.9 Mgy - 3.866 (for rim up onty) Eq. (15)
, outr= 0. ) 4252\/0UT o6 |

RDOWN_OVS - (for trim down only) Eq. (16)

3.866- 49N,
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Power Up with and withoutEnable(EN)Control

The EN pin provides axternalon/off control of the power module. Once the voltage at EN pin exceeds the threshold
voltage(1.3V)or is leftopen, the power module starts operatiamhen the input voltage is higher than the input start

up voltage (V¥rark
When the voltage at EN pin lled below the threshold voltage, the switching converter stops switching and the
power module enters low quiescent current state.

If an application requires controlling the EN pin, an open drain or open collector output logic can be used to interface
with the pin, as shown ifig. 19 where hgh ON/OFBignal (@w EN)disables thgpower module.

SPM1004
e
ON/OFF_|M o1 PGND
Signal 1

Fig. 19 Typical ON/OFF Control

When EN pin is opefor connected to a logic high voltag&gPM1004roduces a regulated output voltage following
the application of a valid input voltagEig. 20shows the &rtup waveform for SPM10064V8without EN contral

VIN ;
: (B V/div) L _ T _
[ (5V/div) : : I : :
Vour =+ - : il : e
(A Vidiv)
@fesmant ; . i

Time (2 ms/ div)
Fig. 20 Starup Waveformdor SPM10041V8without ENGontrol

Fig. 21andFig. 22show the typicabutput voltagewaveformswhen SPM1004V8is turned on and turned otby the
EN pin. In these figures, the top tracesizablesignal(EN) the middle trace Power Good/oltage (PWRGD)and the
bottom trace is the output voltage.
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S Ve
G Vidiv)

Vi
G Vidiv)

Vonrco : : ] g : : :
(5 V/div) . : ] Vewred . : : :
: - - : ] | (GVidiv) | ; s

Vour
A V/div)

&)

“Vour

A Vidiv)

. .'ﬁme(st/.d.iv.) - — . ﬂme(émddiv;
Fig. 21Enable TurrOnfor SPM1004LV8 (but= 6A Fig. 22Enable TursOff for SPM1004LV§ (lour= 6A

The startup and enablevaveforms are similar for other output voltages.

Startup VoltageSetup

By default, the power modules will be turned on when the input voltage reattfeestartup voltage (¥rar), andwill

be turned off when the input voltage reduces to beldle UnderVoltage LociOut (UVLO) level. Startup voltage
camot be reducedrom the values provided in the table of Electrical Characteristics. Startup voltage can be increased
by an external resisr (Rey) connected between EN pin and PGND pin.

For SPM1004V0, the resistorvalue Ren0 A Y cah Belcalculated usin@7) below based on the required startup
voltage Vstart svdNote: Vstart svinustbe higher than 9V.

325
2Vgranr a0 - 225

REN_5\/o =

(17)

For all other models, the resistor valené6 Ay 1 K0 OFy 06S OFftOdzZ  iSR dzaAy3a 0w
voltage, ¥érarrNote: Vstarrmustbe higher than 8.5V.

_ 325

v = e, - 213 =a- (18)

Power Good (PWRGD)

The PWRGD pin is an open drautput, and can be used to indicate when the output voltage is within the normal
operating rangelt is recommended to connect a pull up resistb®kwto 100Kkw) between PWRGD pin and VAUX pin
of the module.ThePWRGBignal becomekighwhen theoutput voltagereaches91%of normal output voltageThe
PWRGDignalis pulledlow when the output voltage is lower than 80% or higher than 120% of the normal output
voltage.

Soft-Start Operation(SS)

The softstart function forces the output voltage to riseaglually to its nominal value rather than rising as rapidly as
possible Whenan external softstart capacitor is not connectedhe softstart timeis set to3.3msnominalfor all the
SPM1004 modelsThe sofistart time can be increased by connecting ateenal capacitor between softtart pin (SS)
and analog ground (AGNPIn. The relationship between the required safart time and the external capacitor is
givenby the following equation:

C.(NF) =32.7T;(ms) - 100 Eq. (19)
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SPM1004
The following table gives sontgpical external sofstart capacitor values for different seftart times.
Table 1.Soft-start capacitor values and sofitart time (typical)
External capacitor (nF) open 68 100 470 1000 2200 3300
NominalSSime (ms) 3.3 51 6.6 17.5 33.6 70.3 104

Application Schematics

Fig. 23shows a typicabpplicationschematic for 1% input and3.3V outputapplication.The on /off of the power
module iscontrolled by an external ON/OFF sigttabugh a MOSFET

VAUX PWRGD SS SENSE v
PVIN 3 2&?
9V to 15V :
o PVIN VOUT ]
Cin2 AL Cing AL | CouT1
68uF 2x47UF SPM 1004-3V3 —_4x47“F
— EN VADJ
= = |,_': AGND  PGND  PHASE =
—
ON/OFF
Signal
= v =

Fig. 23 Schematidor Vin =12V, \bur= 3.3V with External ON/OFBgnalControl

Fig. 24shows a typical schematic for ¥2nputand 18V output applicationln this example,he startup voltage has

been changed to 10V with EN resistex& 88.77 K ® ¢ &t tileh@sibeersetto 17.5ms withan externalsoft-
start capacitor of 0.47pF.

Note: inFig. 2he VSENSE pin is shown connected directly to the output capasitpifis modut uses a constant
on-time control and the feedback needs to sense the output voltage ripple as accurately as possible to provide the best
regulation.If there is a significant distance between the SPM1004 and the load, the bulk output capacitor should be
physically located close to the loaand the VSENSE connected at that paitenthe recommended capacitance of

4x 47uF is used, one capacitor can be located at the module and the other three close to the load.
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Css
TO.47pF
VAUX PWRGD SS SENSE
PVIN Vour
9V to 15V 1.8V
o PVIN VOUT 0
Cinz L Cint L lCOUT
68uF 2x47uF SPM1004-1V8 4x4TuF
4|i I EN VADJ
REN
— — AGND PGND PHASE —

88.7kq

Vv =

Fig. 24 Schematidor Vin =12V, \byr= 1.8V with Sartup Voltage of10V andSoft-start Time of 17.5ns

SequencingOperation

The termsequencings used when two or more separate modules are configured to start one after the other, in

sequence.

Sequencing operation betwegwo or more SPM1004 power modules can be implemented with PWRGD pin and EN

pin. Fig. 25showsan example configuratiowhen SPM1002V5 starts first and SPM1044/8 starts afterthe output
voltage ofSPM1004V5 hageached 2.5VIn this casethe Power Good signal (PWRGD) of SPMIE! turns on
SPM10041V8 through the EN pin of SPM10Q4/8

Fig. 26showsthe output voltage waveforms of two SPM10fhodulesused insequential startup mode. It shows that
PWRSD signal becomes high wh8RPM10@-2V5enters intoregulation and then the SPM18€.\8 starts up.

Note: The SPM1004 can start in sequence with another SPM1004 or with any other POL ltavingatblePower

Good output.
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Vour: 2.5V

SPM1004-2V5

PWRGD

Vewrep_1
(1 V/div)

Vourz 1.8V

Vour 1
@A V/div)

/ | i
! @Vidiv)

Fig. 25 Sequencing StartugchematicVouri= 2.5V Fig. 26SequencingtartupWaveform Vouri= 2.5V
Vout2= 1.8/ Vout2= 1.8/

Transient Response

SPM1004 uses Consta@trTime (COT) control arachievesexcellenttransient performanceThe following table
summarizes the measured dafiar each output voltagevhen the loa current undergoes 3Astep between 2A and
5A. The slew ra¢ for theload current change i4A/us. Themeasured transientvaveforms are given froriig. 270
Fig. 34

Table 2.0utput Voltage Transient Response
Test ConditionCn =3 x 47pFceramic capacitqrCout=4 x 47uFceramic capacitor

SPM1004-1V8

PWRGD

3ALoad Ste2A to 5A)at 1A/us
Module Part Number Vin Vour Voltage Deviation (mV) Recovery Timey(s)

SPM10046V0 12v 5V 30 75
SPM10043V3 12v 3.3V 25 50
SPM1004V5 12v 2.5V 25 50
SPM10041Vv8 12v 1.8V 20 50
SPM10041V5 12v 1.5V 20 50
SPM10041V2 12v 1.2V 20 30
SPM10041V0 12V 1.0V 20 30
SPM1004V8 12V 0.8V 20 25

Thefollowing figures show théypical output voltagewaveforms when the load current undergoes a step change
between 2A and 5A (3A stemhowing that theSPM1004 seriegchieves excellentdynamic performance.
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| Vin=12v
| Var=50v

T ™

! out
| omVidiv)

| Vw=12v
b Vour=3.3V

! V(XJT
| (omV/div)

L @Ady i j ' [ (2|A/diV) | i
f _ 1 aprmr————t
P~ [:»?
Time (200 ps/ div) Time (200 ps/ div)
Fig. 27SPM10046V0, W= 12V, ¥ur= 5V Fig. 28SPM10043V3,Vin= 12V, Yur= 3.3/
1' Vin=12V 1 | Vin=12V
Vour=2.5V ! | Vows18v
(20mV/div) ! - (eomvid) ‘
ar |
(2 Adiv) , \ j - ! |
f (Zmiv) ‘ ‘ ‘ )
4 { w—n——
B B
Time (200 us/ div) | Time (200 pg/ div)
Fig. 29 SPM1004V5,Vin= 12V, Yur= 2.5/ Fig. 30SPM10041V8,Vin= 12V, ¥ur= 1.8/
Vin=12V : ] |
Vour=1.5V | Wn=12v 1 !
- | Vour=12v !
lour f 1 * lour [ ! 1
(A div) l | ewdy ; | i )
| .
 Time (200 s/ div) ' Time (200 ps/ div)

Fig. 31SPM1004LV5, W= 12V, ¥ur= 1.5/
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| Vn=12v - | Vin=12V
| Vour=1.0V ! j Vour=0.8V

[ Vour i Vour
| (20mV/div) | (20 mV/ div)

lour | ! | lour

(2 A/div) (2A/div)

Time (200 ps/ div) | Time (200 pg/ div)
Fig. 33SPM1004LV0,Vin= 12V, ¥Yur= 1.0/ Fig. 34 SPM1004V8,Vin= 12V, Yur= 0.8/

Over Current Protection

For protection againsbver-current faults, SPM1004 will shut down when the load current is higher than the-over
current protection(OCP)evel. Duringanover-current conditionthe SPM1004 will operat hiccup mode and will try

to restart automatically. The hiccup operation will continue utité over-current condition is removed dhe input
power is removed.

Fig. 35showsthe output voltage and output current waveforms during owerrent protection operation for
SPM10041V8 When the overcurrent condition is removed, the output voltagecoversautomaticallyto the nominal
voltage, & shown irFig. 36

Fig. 35 Vourand burWaveformsDuring Over-current Fig. 36 Recovery fronDver-current Shutdown
Shutdown

ThermalConsiderations

Theabsolute maximum junction temperature is T&Dbut it is recommended to keep the operating temperature well
below this value. Maximum recommended case temperature iSQ1#&hich corresponds to a junctitemperature
of approximately 12ZC.

The thermal reistance frontaseli 2 I Y 6cd) depeiids on‘the PCB layout as well as the amount of cooling airflow.
2 KSy Y2dzy i SR cRis/appiokiBatey 12/ \Eatt in still air.Please refer to the EVM User Guide for EVM
PCB layout information.

SPM1004mplements an internal thermal shutdown to protect itselfjainst oveitemperature conditions. Whethe
junction temperatureof the power MOSFET is abovedig the power module stops operating to protect itself from
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