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SC1486
Dual Synchronous Buck Pseudo Fixed

Frequency DDR Power Supply Controller
POWER MANAGEMENT

Revision 3, October 2002

Description Features

Applications

Typical Application Circuit

The SC1486 is a dual output constant on synchronous-
buck  PWM controller  optimized for cost effective mobile
DDR applications. Features include high efficiency, a fast
dynamic response with no minimum on time, a REFIN
input and a buffered REFOUT pin capable of sourcing
3mA. The excellent transient response means that
SC1486 based solutions will require less output
capacitance than competing fixed frequency converters.

The frequency is constant until a step in load or line voltage
occurs at which time the pulse density and frequency will
increase or decrease to counter the change in output or
input voltage.

The output voltage of the first controller  can be adjusted
from 0.5V to VCCA. In DDR applications, this voltage is
set to 2.5 volts. A resistor divider from the 2.5 volt supply
is used to drive the REFIN pin of the second controller. A
unity gain buffer drives the REFOUT pin to the same
potential as REFIN. The second controller regulates its
output to REFOUT. Two frequency setting resistors  set
the on-time for each buck controller. The frequency can
thus be tailored to minimize crosstalk. The integrated
gate drivers feature adaptive shoot-through protection
and soft switching. Additional features include cycle-by-
cycle current limit, digital soft-start, overvoltage and
under-voltage protection, and a PGOOD output for each
controller.

Notebook computers
CPU I/O supplies
Handheld terminals and PDAs
LCD monitors
Network power supplies

Constant on-time for fast dynamic response
VIN range = 1.8V – 25V
DC current sense using low-side RDS(ON)  sensing
or sense resistor
Integrated reference buffer for VTT
Low power S3 state
Resistor programmable frequency
Cycle-by-cycle current limit
Digital soft-start
PSAVE option for VDDQ
Over-voltage/under-voltage fault protection
<20uA shutdown current
Low quiescent power dissipation
Two separate PGOOD indicators
Separate enable of each switcher
Integrated gate drivers with soft switching
Efficiency >90%
1% Internal reference
28 Lead TSSOP
Industrial temperature range
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SC1486

POWER MANAGEMENT
Absolute Maximum Ratings

Electrical Characteristics
Test Conditions: VBAT = 15V, EN/PSV1 = 5V, REFIN=1.25V,  VCCA1 = VDDP1 = VCCA2 =VDDP2= 5.0V, VVDDQ = 2.5, VVTT = 1.25, RTON1 = 1M, RTON2 = 1M

retemaraP snoitidnoC C°52 C°521otC°04- stinU

niM pyT xaM niM xaM

seilppuStupnI

2ACCV,1ACCV 0.5 5.4 5.5 V

2PDDV,1PDDV 0.5 5.4 5.5 V

dlohserhTegatlovrednU2PDDV gnillaf2PDDV 5.3 V

siseretsyHegatlovrednU2PDDV 052 Vm

tnerruCgnitarepO1PDDV ,tniopnoitaluger>BF
I DAOL A0=

1 5 Aµ

tnerruCgnitarepO2PDDV 5 01

tnerruCgnitarepO2ACCV,1ACCV ,tniopnoitaluger>BF
I DAOL A0=

007 0011 Aµ

tnerruCybdnatS2ACCV VU2PDDV<2PDDV
TUOFERnodaolon,dlohserht

521 Aµ

tnerruCgnitarepO2NOT,1NOT R NOT M1= 51 Aµ

tnerruCsaiBNIFER 52.1=NIFER 1 Aµ

tnerruCnwodtuhS V0=1VSP/NE 5- 01- Aµ

2ACCV,1ACCV 5 01 Aµ

1PDDV,2NOT,1NOT 0 1 Aµ

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.

retemaraP lobmyS mumixaM stinU

2DNGAot2NOT,1DNGAot1NOT 0.52+ot3.0- V

2DNGAot2TSB,2HDdna1DNGAot1TSB,1HD 0.03+ot3.0- V

2DNGAot2XLdna1DNGAot1XL 0.52+ot0.2- V

2DNGPot2DNGAdna,1DNGPot1DNGA 3.0+ot3.0- V

2XLot2TSBdna1XLot1TSB 0.6+ot3.0- V

2DNGAot2PDDV,2ACCVdna1DNGAot1PDDV,1ACCV 0.6+ot3.0- V

1DNGPot1LD,1TUOV,1MILI,1VSP/NE,1DOOGP,1BF 0.6+ot3.0- V

2DNGPot2LD,TUOFER,2MILI,NIFER,2DOOGP,2BF 0.6+ot3.0- V

egnaRerutarepmeTnoitcnuJgnitarepO TJ 521+ot04- C°

egnaRerutarepmeTegarotS T GTS 051+ot56- C°

.ceS01)gniredloS(erutarepmeTdaeL T DAEL 003 C°
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POWER MANAGEMENT
Electrical Characteristics (Cont.)

retemaraP snoitidnoC C°52 C°521otC°04- stinU

niM pyT xaM niM xaM

rellortnoC

dlohserhTrotarapmoCrorrE
)dlohserhTNOnruT1KBF(

V5.5otV5.4=ACCV
V52otV2=TABV

005.0 594.0 505.0 V

egnaRegatloVtuptuOQDDV 5.0 ACCV V

ytilibapaCecruoSTUOFER 3 Am

ycaruccACDTUOFER 52.1=NIFER,daolon 42.1 62.1 832.1 262.1 V

dlohserhTrotarapmoCrorrE
)dlohserhTNOnruT2KBF(

V5.5otV5.4=ACCV
V52otV2=TABV

TUOFER TUOFER
Vm01-

TUOFER
Vm01+

V

V5.2=TABV,emiT-nO R NOT ,)zHk003(M1=
V TUO V52.1=

0661 1141 9091 sn

R NOT ,)zHk006(K005=
V TUO V52.1=

319 677 0501 sn

emiTffOmuminiM 004 055 sn

ecnatsiseRtupnITUOV
)rellortnoCQDDV(

005 kΩ

rorrEnoitalugeReniL V5.5otV5.4=PDDV,ACCV
V52otV5.4=TABV

40.0 V/%

rorrEnoitalugeRdaoL timiLCOotV0=DNGP-MILI
nepO=1VSP/NE

3.0 %

tnerruCsaiBtupnI1KBF 0.1- 0.1+ Aµ

tnerruCsaiBtupnI2KBF 5.2 Aµ

gnisneStnerruC-revO

tnerruCMILI 01 9 11 Aµ

tesffOrotarapmoCtnerruC MILI-DNGP 01- 01+ Vm

EVASP

dlohserhTgnissorC-oreZ XL-DNGP
V5=1VSP/NE

5 Vm

noitcetorPtluaF

)evitisoP(timiLtnerruC )2(

)XL-DNGP(
R MILI k5= Ω 05 53- 56 Vm

R MILI k01= Ω 001 08 021 Vm

R MILI k02= Ω 002 071 032 Vm

)evitageN(timiLtnerruC
)XL-DNGP(

041- 002- 001- Vm

Test Conditions: VBAT = 15V, EN/PSV1 = 5V, REFIN=1.25V,  VCCA1 = VDDP1 = VCCA2 =VDDP2= 5.0V, VVDDQ = 2.5, VVTT = 1.25, RTON1 = 1M, RTON2 = 1M
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POWER MANAGEMENT
Electrical Characteristics (Cont.)

retemaraP snoitidnoC C°52 C°521otC°04- stinU

niM pyT xaM niM xaM

).tnoC(noitcetorPtluaF

tluaFegatloV-rednUtuptuO-QDDV lanretniottcepserhtiW
ecnerefer

03- 04- 52- %

tluaFegatloV-rednUtuptuO-TTV TUOFERottcepserhtiW 02- 82- 51- %

tluaFegatloV-revOtuptuOTTV/QDDV lanretniottcepserhtiwQDDV
ottcepserhtiwTTV,ecnerefer

TUOFER

01+ 8+ 21+ %

yaleDtluaFegatloV-revO dlohserhtVOevobadecrofBF 2 sµ

egatloVtuptuOwoLDOOGP Am1kniS 4.0 V

tnerruCegakaeLDOOGP V5=DOOGP,noitalugerniBF 1 Aµ

dlohserhTVUDOOGP lanretniottcepserhtiW
dnaQDDVrofecnerefer

TTVrofTUOFER

01- 21- 8- %

yaleDtluaFDOOGP DOOGPedistuodecrofBF
.wodniw

2 sµ

egatloVrednU2ACCV,1ACCV )siseretsyhVm001(gnillaF 0.4 7.3 3.4 V

tuokcoLerutarepmeTrevO siseretsyHC°01 561 C°

stuptuO/stupnI

egatloVwoLtupnIcigoL wol1VSP/NE 2.1 V

egatloVhgiHtupnIcigoL wolVSP,hgiHNE
)gnitaolFniP(

0.2 2.1 4.2 V

egatloVhgiHtupnIcigoL hgih1VSP/NE 4.2 V

dlohserhTNENIFER 08.0 55.0 00.1 V

siseretsyHNENIFER 04 Vm

ecnatsiseRtupnI1VSP/NE ecnatsiserpulluP 5.1 MΩ

ecnatsisernwodlluP 0.1

tratStfoS

emiTpmaRtratS-tfoS tnerrucllufothgih1VSP/NE
.timil

6.1 sm

emiTknalBegatloV-rednU no-nrutSPMS 2 sm

Test Conditions: VBAT = 15V, EN/PSV1 = 5V, REFIN=1.25V,  VCCA1 = VDDP1 = VCCA2 =VDDP2= 5.0V, VVDDQ = 2.5, VVTT = 1.25, RTON1 = 1M, RTON2 = 1M
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SC1486

POWER MANAGEMENT

Notes:
(1)  The output voltage will have a DC regulation level higher than the error-comparator threshold by 50% of the ripple voltage.
(2)  Using a current sense resistor, this measurement relates to PGND minus the voltage of the source on the low-side MOSFET.
(3)  This device is ESD sensitive. Use of standard ESD handling precautions is required.
(4)  Guaranteed by design. See Shoot-Through Delay Timing Diagram below.

Electrical Characteristics (Cont.)

retemaraP snoitidnoC C°52 C°521otC°04- stinU

niM pyT xaM niM xaM

srevirDetaG

yaleDhguorhT-toohS )4( gnisirLDroHD 03 sn

ecnatsiseRnwoD-lluPLD wolLD 8.0 6.1 Ω

ecnatsiseRpU-lluPLD hgihLD 2 4 Ω

ecnatsiseRnwoD-lluPHD V5=XL-TSB,wolHD 2 4 Ω

ecnatsiseRpU-lluPHD V5=XL-TSB,hgihHD 2 4 Ω

Test Conditions: VBAT = 15V, EN/PSV1 = 5V, REFIN=1.25V,  VCCA1 = VDDP1 = VCCA2 =VDDP2= 5.0V, VVDDQ = 2.5, VVTT = 1.25, RTON1 = 1M, RTON2 = 1M

Shoot-Through Delay Timing Diagram

 

tplhDL tplhDH 

LX

 

DL

 

DL

DH
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SC1486

POWER MANAGEMENT
Pin Configuration

(TSSOP-28)

ECIVED EGAKCAP T(EGNARPMET J)

RTSTI6841CS 82-POSST C°521otC°04-

Ordering Information

Top View

#niP emaNniP noitcnuFniP

1 1DNGP .dnuorgrewoP

2 1LD .hctiwsTEFSOMediswolehtroftuptuoevirdetaG

3 1PDDV .srevirdetagehtroftupniegatlovylppusV5+

4 1MILI ecruosehtrognisnes)no(SDRrofTEFSOMedis-wolfoniardottcennoC.niptupnitimiltnerruC
eromrofnoitcessnoitacilppaeeS.rotsisergnisnesdlohserhtahguorhtgnisnesrotsiserrof

.noitamrofni

5 1XL .noitcennocrotcudniedongnihctiwS

6 1HD .hctiwsTEFSOMedishgihehtroftuptuoevirdetaG

7 1TSB .evirdetagedishgihehtrofnoitcennocroticapactsooB

8 NIFER retliftupniFµ1.0A.egatlovsihtstesylppustlov5.2ehtmorfredividrotsiserA.tupniecnerefeR
.dednemoccersiroticapac

9 2NOT ylppustupnineewtebrotsiserseiresybTEFSOMreppufoemit-nostesdnaegatlovtupniyrettaB
.NIVdna

01 TUOFER .egatlovsihtotsetalugerrellortnocdnocesehT.tuptuoNIFERdereffuB

11 2ACCV .retlifCRahguorhttcennoC.ylppusgolanaehtroftupniegatlovylppuS

21 2KBF egatlovtuptuotcelesottuptuotaredividevitsisermorftcennoC.SPMSehtroftupnikcabdeeF
.ACCVotV5.0morf

31 2DOOGP .purewopgniwollofyaledelcyckcolcdexifaretfahgihseoG.tuptuodooGrewoP

41 2DNGA .dnuorggolanA

Pin Descriptions

Note:
Only available in tape and reel packaging.  A reel
contains 2500 devices.
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SC1486

POWER MANAGEMENT

Pin Descriptions (Cont)
51 2DNGP .dnuorgrewoP

61 2LD .hctiwsTEFSOMediswolehtroftuptuoevirdetaG

71 2PDDV .srevirdetagehtroftupniegatlovylppusV5+

81 2MILI ecruosehtrognisnes)no(SDRrofTEFSOMedis-wolfoniardottcennoC.niptupnitimiltnerruC
eromrofnoitcessnoitacilppaeeS.rotsisergnisnesdlohserhtahguorhtgnisnesrotsiserrof

.noitamrofni

91 2XL .noitcennocrotcudniedongnihctiwS

02 2HD .hctiwsTEFSOMedishgihehtroftuptuoevirdetaG

12 2TSB .evirdetagedishgihehtrofnoitcennocroticapactsooB

22 1VSP/NE dnaSPMSelbaneotV5+oteiT.SPMSelbasidotdnuorgoteiT.niptupnievaSrewoP/elbanE
.edomnoitcudnocsuonitnocetavitcadnaSPMSelbanEottaolF.edomEVASPetavitca

32 1NOT ylppustupnineewtebrotsiserseiresybTEFSOMreppufoemit-nostesdnaegatlovtupniyrettaB
.NIVdna

42 1TUOV .SPMSehtfotuptuoehtottcennoC.tuptuoSPMSehtroftupniesnesegatlovtuptuO

52 1ACCV .retlifCRahguorhttcennoC.ylppusgolanaehtroftupniegatlovylppuS

62 1KBF egatlovtuptuotcelesottuptuotaredividevitsisermorftcennoC.SPMSehtroftupnikcabdeeF
.ACCVotV5.0morf

72 1DOOGP .purewopgniwollofyaledelcyckcolcdexifaretfahgihseoG.tuptuodooGrewoP

82 1DNGA .dnuorggolanA
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SC1486

POWER MANAGEMENT
Block Diagram
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FIGURE 1 - SC1486 Block Diagram
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POWER MANAGEMENT

+5V Bias Supplies
The SC1486 requires an external +5V bias supply in ad-
dition to the battery.  If stand-alone capability is required,
the +5V supply can be generated with an external linear
regulator such as the Semtech LP2951A. To minimize
channel to channel crosstalk, each controller has 4 sup-
ply pins, VDDP, PGND, VCCA and AGND.

To avoid ground loops, separate AGND planes are rec-
ommended. Each contoller  requires its own AGND plane
which should be tied by a single trace to the negative
terminal of that controller’s output capacitor. All external
components referenced to AGND in the schematic should
then be connected to the appropriate AGND plane. The
supply decoupling capacitor for controller 1 should be
tied between VCCA1 and AGND1. Likewise, the supply
decoupling capacitor for controller 2 should be tied be-
tween VCCA2 and AGND2. A single 10 ohms resistor
should be used to decouple the VCCA supplies from the
main VDDP supplies. PGND can then be a separate plane
which is not used for routing traces. All PGND connec-
tions are connected directly to this plane with special
attention given to avoiding indirect connections which
may create ground loops. As mentioned above, the two
AGND planes must be connected to the PGND plane at
the negative terminal of the respective output capaci-
tors. The VDDP1 and VDDP2  input provides power to
the upper and lower gate drivers. A decoupling capacitor
for each supply is recommended. No series resistor be-
tween VDDP and the 5 volt bias is required.

Pseudo-fixed Frequency Constant On-Time PWM
Controller
The PWM control architecture consists of a constant-on-
time, pseudo fixed frequency PWM controller, (Figure 1).
The output ripple voltage developed across the output
filter capacitor’s ESR provides the PWM ramp signal elimi-
nating the need for a current sense resistor. The high-
side switch on-time is determined by a one-shot whose
period is directly proportional to output voltage and in-
versely proportional to input voltage. A second one-shot
sets the minimum off-time which is typically 400ns.

On-Time One-Shot (TON)
The on-time one-shot comparator has two inputs. One
input looks at the output voltage, while the other input
samples the input voltage and converts it to a current.
This input voltage proportional current is used to charge
an internal on-time capacitor. The TON time is the time

required for the voltage on this capacitor to charge from
zero volts to VOUT, thereby making the on-time of the
high-side switch directly proportional to output voltage
and inversely proportional to input voltage. This imple-
mentation results in a nearly constant switching frequency
without the need of a clock generator.







•+•= −

IN

OUT3
TON

12
ON V

V)10x37R(10x3.3T +50ns

RTON is a resistor connected from the input supply to the
TON pin.

Enable & Psave
The EN/PSV pin enables the VDDQ (2.5 volt) supply.
REFIN and VDDP2 enable the VTT (1.25 volt) supply. The
VTT and VDDQ supplies may be enabled independently.
When  EN/PSV  is tied to VCCA the VDDQ controller is
enabled and power save will also be enabled. When the
EN/PSV  pin is tristated, an internal pulled-up will acti-
vate the VDDQ controller and power save will be disabled.
If  PSAVE is enabled,  the SC1486 PSAVE comparator will
look for the inductor current to cross zero on eight con-
secutive cycles. Once observed, the controller will enter
power save and turn off the low side MOSFET when the
current crosses zero. To improve the efficiency and add
hysteresis, the on time is increased by 50% in power
save. The efficiency improvement at light loads more than
offsets the disadvantage of slighlty higher output ripple.
If the inductor current does not cross zero on any switch-
ing cycle, the controller will immediately exit power save.
Since the controller counts crossings, the converter can
sink current as long as the current does not cross zero
on eight consecutive cycles. This allows the output volt-
age to recover quickly in response to negative load steps
even when psave is enabled.Since the VTT supply must
sink current, this controller does not have a power save
option. If REFIN is low, the VTT controller shuts down to
a low bias current. If Refin is greater than 1 volt, and
VDDP2 is low, the reference buffer is active, but the VTT
buck converter is disabled (S3 state). If REFIN is greater
than 1 volt and VDDP is greater than 4 volts, the VTT
supply is active.

Output Voltage Selection
The output voltage selection is set by the feedback re-
sistors R2 & R3 of Figure 3. The internal reference is
1.5V. The internal feedback pin is multiplied by three to
match the 1.5V reference. Therefore the output can
beselected to a minimum of 0.5V. The equation for set-
ting he output voltage based on Figure 3 is:

Application Information
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POWER MANAGEMENT

5.0
3R
2R

1 Vout •




 +=

Current Limit Circuit
Current limiting of the SC1486 can be accomplished in
two ways. The on-state resistance of the low-side
MOSFETs can be used as the current sensing element
or sense resistors  in the low-side sources can be used if
greater accuracy is desired. RDSON sensing is more effi-
cient and less expensive.  In both cases, the RILIM resis-
tors between the ILIM pin and LX set the over current
threshold. This resistor RILIM is connected to a 10uA cur-
rent source within the SC1486 which is turned on when
the low side MOSFET turns on. When the voltage drop
across the sense resistor or low side MOSFET equals the
voltage across the RILIMresistor, current limit will activate.
The high side will not be allowed to turn on until the volt-
age drop across the sense element (resistor or MOSFET)
falls below the voltage across the RILIM resistor.

The current sensing circuit actually regulates the induc-
tor valley current (see Figure 2). This means that if the
current limit is set to 10A, the peak current through the
inductor would be 10A plus the peak ripple current, and
the average current through the inductor would be 10A
plus 1/2 the peak-to-peak ripple current. The equations
for setting the valley current and calculating the average
current through the inductor are shown below:

 

ILIMIT 

ILOAD 

IPEAK 

IN
D

U
CT

O
R 

C
U

R
R

EN
T

TIME 

Valley Current-Limit Threshold Point 

FIGURE 2

FIGURE 3

The schematic of RDSON sensing circuit is shown in Fig-
ure 3 with RILIM = R1 and RDSON of Q2.

Similarly, for resistor sensing, the current through the
lower MOSFET and the source sense resistor develops a
voltage that opposes the voltage developed across
RILIM.When the voltage developed across the RSENSE resis-
tor reaches voltage drop across RILIM, an over-current ex-
ists and the high side MOSFET will not be allowed to turn
on. The over-current equation when using an external
sense resistor is:

( )
SENSE

ILIM
OC R

R
A10ValleyIL •µ=

Schematic of resistor sensing circuit is shown in Figure 4
with RILIM = R1 and RSENSE = R4.

FIGURE 4
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Application Information (Cont.)
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POWER MANAGEMENT

Power Good Output
Each controller has its own PGOOD. Power good is an
open-drain output and requires a pull-up resistor. When
the output voltage is 10% above or below its set voltage,
PGOOD gets pulled low. It is held low until the output
voltage returns to within 10% of the output set voltage.
PGOOD is also held low during start-up and will not be
allowed to transition high until soft start is over and the
output reaches 90% of its set voltage. There is a 2us
delay  built into the PGOOD circuit to prevent false transi-
tions.

Output Overvoltage Protection
When the output exceeds 10% of the its set voltage the
low-side MOSFET is latched on. It stays latched and the
SMPS is off until the enable input, REFIN or VCCA is
toggled. There is a 2us delay built into the OV protection
circuit to prevent false transitions. A OV fault in either
controller will not cause the other one to shutdown. Note:
to reset VDDQ from a fault, VCCA1 or EN/PSV must be
togled. To reset VTT from a fault, VCCA2 or REFIN must
be togled.

Output Undervoltage Protection
When the output is 30% below its set voltage the output
is latched in a tristated condition, and the SMPS is off
until the enable input is toggled. There is a 2us delay
built into the UV protection circuit to prevent false transi-
tions. An UV fault in either controller will not effect the
other controller.

POR, UVLO and Softstart
An internal power-on reset (POR) occurs when VCCA1 and
VCCA2 exceed 3V, resetting the fault latch and soft-start
counter, and preparing the PWM for switching. VCCA
undervoltage lockout (UVLO) circuitry inhibits switching
and forces the DL gate driver high until VCCA rises above
4.2V. At this time the circuit will come out of  UVLO and
begin switching, and the softstart circuit being enabled,
will progressively limit the output current over a prede-
termined time period. The ramp occurs in four steps: 25%,
50%, 75% and 100%, thereby limiting the slew rate of
the output voltage. There is 100mV of hysteresis built
into the UVLO circuit and when the VCCA falls to 4.1V the
output drivers are shutdown and tristated.

MOSFET Gate Drivers
The DH and DL drivers are optimized for driving moder-
ate-sized high-side, and larger low-side power MOSFETs.

An adaptive dead-time circuit monitors the DL output and
prevents the high-side MOSFET from turning on, until DL
is fully off, and conversely, monitors the DH output and
prevents the low-side MOSFET from turning on until DH
is fully off. Be sure there is low resistance and low induc-
tance between the DH and DL outputs to the gate of
each MOSFET.

Design Procedure
Prior to any design of a switch mode power supply (SMPS)
for notebook computers, determination of input voltage,
load current, switching frequency and inductor ripple cur-
rent must be specified.

Input Voltage Range
The maximum input voltage (VINMAX) is determined by the
highest AC adaptor voltage. The minimum input voltage
(VINMIN) is determined by the lowest battery voltage after
accounting for voltage drops due to connectors, fuses
and battery selector switches.

Maximum Load Current
There are two values of load current to consider. Con-
tinuous load current and peak load current.  Continuous
load current has more to do with thermal stresses and
therefore drives the selection of input capacitors,
MOSFETs and commutation diodes. Whereas, peak load
current determines instantaneous component stresses
and filtering requirements such as, inductor saturation,
output capacitors and design of the current limit circuit.

Switching Frequency
Switching frequency determines the trade-off between
size and efficiency. Increased  frequency  increases the
switching losses in the MOSFETs, since losses are a func-
tion of VIN2. Knowing the maximum input voltage and
budget for MOSFET switches usually dictates where the
design ends up.

Inductor Ripple Current
Low inductor values create higher ripple current, result-
ing in smaller size, but are less efficient because of the
high AC currents flowing through the inductor. Higher in-
ductor values do reduce the ripple current and are more
efficient, but are larger and more costly. The selection of
the ripple current is based on the maximum output cur-
rent and tends to be between 20% to 50% of the maxi-
mum load current. Again, cost, size and efficiency all play
a part in the selection process.
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Stability Considerations
Unstable operation shows up in two related but distinctly
different ways: double pulsing and fast-feedback loop
instability. Double-pulsing occurs due to noise on the
output or because the ESR is too low, causing not enough
voltage ramp in the output signal. This causes the error
amplifier to trigger prematurely after the 400ns minimum
off-time has expired. Double-pulsing will result in higher
ripple voltage at the output, but in most cases is harm-
less. However, in some cases double-pulsing can indi-
cate  the presence of loop instability, which is caused by
insufficient ESR. One simple way to solve this problem is
to add some trace resistance in the  high current output
path. A side effect of doing this is output voltage droop
with load. Another way to eliminate doubling-pulsing is to
add a 10pF capacitor across the upper feedback resis-
tor divider network. This is shown below in Figure 5, by
capacitor C4 in the schematic. This capacitance should
be left out until confirmation that double-pulsing exists.
Adding this capacitance will add a zero in the transfer
function and should eliminate the problem. It is best to
leave a spot on the PCB in case it is needed.

FBK

+5V

+
C1

8
9
10
11
12
13
14

PGND
DL

VDDP
ILIM

LX
DH

BST

+VIN

R2

C2

Q2

L1

Q1

R1

0.5V - 5.5V

C4
10pFD2 

D1

R3

+
C3

FIGURE 5

Loop instability can result in oscillations at the output
after line or load perturbations that can trip the overvolt-
age protection latch or cause the output voltage to fall
below the tolerance limit.
The best way for checking stability is to apply a zero to
full load transient and observe the output voltage ripple
envelope for overshoot and ringing. Over one cycle of
ringing after the initial step is sign that the ESR should
be increased.

SC1486 ESR Requirements
The constant on-time control used in the SC1486
regulates the ripple voltage at the output capacitor. This
signal consists of a term generated by the output ESR of
the capacitor and a term based on the increase in voltage
across the capacitor due to charging and discharging
during the switching cycle. The minimum ESR is set to
generate the required ripple voltage for regulation. For
most applications the minimum ESR ripple voltage is
dominated by PCB layout and the properties of SP or
POSCAP type output capacitors. For applications using
ceramic output capacitors the absolute minimum ESR
must be considered. Existing literature describing the ESR
requirements to prevent double pulsing does not
accurately predict the performance of constant on-time
controllers. A time domain model of the converter was
developed to generate equations for the minimum ESR
empirically. If the ESR is low enough the ripple voltage is
dominated by the charging of the output capacitor. This
ripple voltage lags the on-time due to the LC poles and
can cause double pulsing if the phase delay exceeds the
off-time of the converter. Refering to Figure 5, the
equation for the minimum ESR as a function of output
capacitance and switching frequency and duty cycle is;
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Dropout Performance
The output voltage adjust range for continuous-
conduction operation is limited by the fixed 500nS
(maximum) minimum off-time one-shot. For best
dropout performance, use the slowest on-time setting
of 200KHz. When working with low input voltages, the
duty-factor limit must be calculated using worst-case
values for on and off times.  The IC duty-factor limitation
is given by:

)(T)(T
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MAXOFFMINON

MINON

+
=

Be sure to include inductor resistance and MOSFET
on-state voltage drops when performing worst-case
dropout duty-factor calculations.

Layout Guidelines (TBD)
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SC1486 System DC Accuracy (VTT Controller)
Two IC parameters effect system DC accuracy, the error
comparator offset voltage, and the switching frequency
variation with line and load. The 1486 regulates to the
REFOUT voltage not the REFIN voltage. Since DDR
specifications are written with respect to REFOUT, the
offset of the reference buffer does not create a regulation
error.

The error comparator offset is trimmed so that it trips
when VOUT is 1.25 volts at room temperature. This offset
does not drift significantly with supply and temperature.
Thus, the error comparator contributes 1% or less to DC
system inaccuracy.

The on pulse in the SC1486  is calculated to give a pseudo
fixed frequency. Nevertheless, some frequency variation
with line and load can be expected. This variation changes
the output ripple voltage. Because constant on regulators
regulate to the valley of the output ripple, ½ of the output
ripple appears as a DC regulation error. For example, if
REFOUT=1.25 volts, then the valley of the output ripple
will be 1.25 volts. If the ripple is 20mv with VIN=6, then
the DC output voltage will be 1.26 volts. If the ripple is
40mv with VIN=25 volts, then the DC output voltage will
be 1.27 volts. The best way to minimize this effect is to
minimize the output ripple.

To compensate for valley regulation is usually desirable
to use passive droop. Take the feedback directly from
the output side of the inductor incorporating a small
amount of trace resistance between the inductor and
output capacitor. This trace resistance should be
optimized so that at full load the output droops to near
the lower regulation limit. Passive droop minimizes the
required output capacitance because the voltage
excursions due to load steps are reduced. Passive droops
also improves stability so it should be used when possible.

1486 System DC Accuracy (VVDQ Controller)
Three IC parameters affect system DC accuracy, the
internal band gap reference, the error comparator offset
voltage, and the switching frequency variation with line
and load.

The internal 1% 1.5V reference contains two error
components, a 0.5% DC error and a 0.5% supply and
temperature error.  The error comparator offset is
trimmed so that it trips when the feedback pin is nominally

0.5 volts +/-1% at room temperature. The comparator
offset trim compensates for any DC error in the reference.
Thus, the percentage error is  the sum of the reference
variation over supply and temperature and the offset in
the error comparator or 1.5%.

The on pulse in the SC1486  is calculated to give a pseudo
fixed frequency. Nevertheless, some frequency variation
with line and load can be expected. This variation changes
the output ripple voltage. Because constant on regulators
regulate to the valley of the output ripple, ½ of the output
ripple appears as a DC regulation error. For example, if
the feedback resistors are chosen to divide down the
output by a factor of five, the valley of the output ripple
will be 2.5V. If the ripple is 50mv with VIN = 6 volts, then
the measured DC output will be 2.525 volts.  If the ripple
increases to 80mv with VIN = 25 volts, then the
measured DC output will be 2.540. The best way to
minimize this effect is to minimize the output ripple.

To compensate for valley regulation is usually desirable
to use passive droop. Take the feedback directly from
the output side of the inductor incorporating a small
amount of trace resistance between the inductor and
output capacitor. This trace resistance should be
optimized so that at full load the output droops to near
the lower regulation limit. Passive droop minimizes the
required output capacitance because the voltage
excursions due to load steps are reduced.

Board components and layout also influence DC
accuracy. The use of 1% feedback resistors contribute
1%. If tighter DC accuracy is required use 0.1% feedback
resistors.

The output inductor value may change with current. This
will change the output ripple and thus the DC output
voltage.It will not change the frequency.

Switching frequency variation with load can be minimized
by choosing lower RDSON MOSFETs. High RDSON
MOSFETS will cause the switching frequency to increase
as the load current increases. This will reduce the ripple
and thus the DC output voltage. This inherent droop
should be considered when deciding if passive droop is
required. If the output ripple some passive droop may
be desirable to further reduce the output capacitance.

Application Information (Cont.)

Downloaded from Elcodis.com electronic components distributor 

http://elcodis.com/parts/6087966/SC1486.html


14 2002 Semtech Corp. www.semtech.com

SC1486

POWER MANAGEMENT

DDR Supply Selection

The SC1486 can be configured so that VTT and VDQ are
generated directly from the battery. Alternatively, the VTT
supply can be generated from the VDDQ supply. Since
the battery configuration generally yields better efficiency
and  performance, the eval board is configured to
generate both supplies from the battery.

DDR Reference Buffer
The reference buffer is capable of driving 3ma and sinking
25ua. Since the output is class A, if additional sinking i s
required an external pulldown resistor can be added.
Make sure that the ground side of this pulldown is tied
to the VTT AGND plane near the AGND2 pin of the
SC1486.

As with most opamps, a small resistor is required when
driving a capacitive load. To ensure stability use either a
10 ohm resistor in series with a 1uf capacitor or a 100
ohm resistor in series with a 0.1uF capacitor from
REFOUT to AGND2.

REFIN should also be filtered so that  VDDQ ripple does
not appear at the REFIN pin. If a resistor divider is used
to create REFIN from VDDQ, then a 0.1uF capacitor from
REFIN to AGND2 will provide adequate filtering.
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Jumper Settings:

IN -- LEDs Enabled (Normal Mode)

OUT -- LEDs OFF (Bias measurements)
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Jumper Settings:

JP2     JP3     MODE

OUT   OUT    Vref ON, Vtt OFF (S3 Mode)

OUT   IN        Vref and Vtt OFF

IN       OUT    Normal Operation

IN       IN        Vref and Vtt OFF
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Zero Ohm Resistor Settings:

1 - 2 -- VIN_VTT = VBAT

2 - 3 -- VIN_VTT = 2.5V
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1 - 2 -- ENABLE + POWERSAVE

2 - 3 -- DISABLE

Open -- Enable + FIXED FREQUENCY
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