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SP6120

■ Optimized for Single Supply, 3V - 7V Applica-
tions

■ High Efficiency: Greater Than 95% Possible

■ "AnyFETTM" Technology:  Capable Of Switch-
ing Either PFET Or NFET High Side Switch

■ Selectable Discontinuous or Continuous
Conduction Mode For Use In Battery Or Bus
Applications

■ Fast Transient Response

■ 16-Pin TSSOP, Small Size

■ Accurate 1% Reference Over Line, Load and
Temperature

■ Accurate 10% Frequency

■ Accurate, Rail to Rail, 40mV, 20% Over-
Current Sensing

■ Resistor Programmable Frequency

■ Resistor Programmable Output Voltage

■ Capacitor Programmable Soft Start

■ Low Quiescent Current: 950µA, 10µA in
Shutdown

■ Hiccup Over-Current Protection

■ Output Over-Voltage Protection

Low Voltage, AnyFETTM, Synchronous ,Buck Controller

Ideal for 2A to 10A, High Performance, DC-DC Power Converters

APPLICATIONS
■ DSP

■ Microprocessor Core

■ I/O & Logic

■ Industrial Control

■ Distributed Power

■ Low Voltage Power

®

DESCRIPTION
The SP6120 is a fixed frequency, voltage mode, synchronous PWM controller designed to
workfrom a single 5V or 3.3V input supply.  Sipex's unique "AnyFETTM" Technology allows the
SP6120 to be used for resolving a multitude of price/performance trade-offs.  It is separated
from the PWM controller market by being the first controller to offer precision, speed, flexibility,
protection and efficiency over a wide range of operating conditions.
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SPECIFICATIONS
Unless otherwise specified: 0OC < T

AMB
 <70OC, 3.0V < V

CC
 <5.5V, 3.0V < BST < 13.2, R

OSC
 = 18.7kΩ, CCOMP = 0.1µF, CSS = 0.1µF,  ENABLE = 3V,

CGH = CGL = 1nF, VFB = 1.25V, ISP = ISN = 1.25V, SWN = GRND = PGRND = 0V

ABSOLUTE MAXIMUM RATINGS
These are stress ratings only and functional operation
of the device at these ratings or any other above those
indicated in the operation sections of the specifications
below is not implied. Exposure to absolute maximum
rating conditions for extended periods of time may
affect reliability.

VCC..........................................................................7V
BST....................................................................13.2V
BST-SWN...............................................................7V
SWN.............................................................-1V to 7V
GH................................................-0.3V to BST +0.3V
GH-SWN.................................................................7V
All Other Pins ................................-0.3V to VCC +0.3V

Peak Output Current < 10us
GH, GL....................................................................2A

Storage Temperature Range.............-65˚C to +150˚C
Power Dissipation..............................
Lead Temperature (solding 10 sec)................+300˚C
ESD Rating..................................................2kV HBM

RETEMARAP SNOITIDNOC NIM PYT XAM STINU

TNERRUCTNECSEIUQ

V CC tnerruCylppuS gnihctiwSoN - 59.0 6.1 Am

V CC )delbasiD(tnerruCylppuS V0=ELBANE - 5 02 µA

tnerruCylppuSTSB gnihctiwSoN - 1 02 µA

REIFILPMARORRE

ecnatcudnocsnarTreifilpmArorrE 024 006 087 µS

tnerruCkniSPMOC V BF oN,V5.0=PMOC,V3.1=
stluaF

02 03 45 µA

tnerruCecruoSPMOC V BF V6.1=PMOC,V2.1= 02 03 45 µA

ecnedepmItuptuOPMOC 2 3 4 mhOM

V BF tnerruCsaiBtupnI - 06 001 An

ECNEREFER

ecnerefeRreifilpmArorrE ytinUnipmArorrEhtiwdemmirT
niaG

832.1 052.1 262.1 V

V BF rotarapmoCwoL%3 |2-| |3-| |4-| FERV%

V BF rotarapmoChgiH%3 2 3 4 FERV%

HTAPYALED&ROTALLICSO

ycneuqerFrotallicsO 072 003 033 zHk

2#ycneuqerFrotallicsO R CSO k5.11= 054 005 055 zHk

oitaRytuD CD%001-lortnoCnIpooL
elbissop

09 59 - %

R CSO egatloV htiwsevoM-ylnOnoitamrofnI
mirTrotallicsO

56.0 V

htdiWesluPHGmuminiM V CC PMOCpupmaR,V5.4>
stratsHGlitnuV6.0>egatloV

gnihctiwS
- - 051 sn
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SPECIFICATIONS
Unless otherwise specified: 0OC < T

AMB
 <70OC, 3.0V < V

CC
 <5.5V, 3.0V < BST < 13.2, R

OSC
 = 18.7kΩ, CCOMP = 0.1µF,  CSS = 0.1µF, ENABLE = 3V,

CGH = CGL = 1nF, VFB = 1.25V, ISP = ISN = 1.25V, SWN = GRND = PGRND = 0V

RETEMARAP SNOITIDNOC NIM PYT XAM STINU

TRATSTFOS

tnerruCegrahCSS V5.1=SSV 82 04 25 µA

tnerruCegrahcsiDSS V5.1=SSV 3 4 5 µA

tnerruCegrahcsiDPMOC detaitinItluaF,V5.0=PMOCV 002 005 - µA

egatloVpmalCPMOC V BF V5.2=SSV,V0.1< 2 2.2 6.2 V

dlohserhTkOSS 9.1 0.2 1.2 V

teseRtluaFSS 2.0 52.0 3.0 V

egatloVpmalCSS 2 2.2 6.2 V

SROTARAPMOCTNERRUCOREZ&TNERRUCREVO

dlohserhTrotarapmoCtnerruCrevO
egatloV

tupnIedoMnommoCliaRotliaR
23 04 84 Vm

tnerruCsaiBtupnIPSI,NSI - 06 001 An
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V CC dlohserhTtratS 8.2 9.2 0.3 V

V CC dlohserhTpotS 7.2 8.2 9.2 V

V CC siseretsyH 57 001 521 Vm

dlohserhTelbanE 56.0 0.1 2.1 V

tnerruCecruoSniPelbanE 6.0 4 8 µA

REVIRDETAG

emiTesiRHG - 02 57 sn

emiTllaFHG - 02 57 sn

emiTesiRLG - 02 57 sn

emiTllaFLG - 02 57 sn

emiTpalrevO-noNLGotHG V CC V5.4> - 05 09 sn

emiTpalrevO-noNHGotLG V CC V5.4> - 05 09 sn
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PIN DESCRIPTION

EMAN NOITCNUF

NIP
REBMUN

0216PS

C/N noitcennoCoN 1

ELBANE
V5.1>elbaneVrognitaolF.pullupAu4lanretnihtiwtupnielbitapmocLTT

.trapselbasidV56.0<elbaneV,trapehtelbanelliw
2

PSI
,noitceteDtnerruC-revOroftupnIliaRotliaR:tupnIevitisoPesneStnerruC

.emitesnopser)pyt(su01htiwVm04
3

NSI
tnerruC-revOroftupniliaRotliaR:tupnIevitageNesneStnerruC

noitceteD
4

V BF

rotsiserayllacipytsinipsihtnoegatlovehT:tupnIegatloVkcabdeeF
redivid

5

PMOC

sikrowtenorez-elopayllacipyT:niPnoitasnepmoCreifilpmArorrE
ehthtiwdetaciossaelopelbuodehtgnitasnepmocrofnipsihtotdehcatta
detimilsidnaegatlovSSehtybdepmalcsinipsihT.C&Lylppusrewop

.mumixamV6.2ot

6

SS

Fu10.0A.pu-tratsnoAu04secruosnipsihT:niPgnimmargorPtratStfoS
atratstfosotecnaticapachguoneyllacipytsinipsihtnoroticapacFu1ot

nipsihtybdellortnocsignimitedompuccih,noitiddanI.ylppusrewop
V6.2otdepmalcsiegatlovSSehT.tnerrucegrahcsidAu4ehthguorht

.mumixam

7

R CSO

margorpotdesusidnuorgotrotsiserA:niPgnimmargorPycneuqerF
.zHk005,smho00511;zHk003,smho00581-seulavlacipyT.ycneuqerf

8

GORP

:niPgnimmargorP
SUONITNOC/TEFN=EDOM;DNG=GORP

k86=GORP Ω SUONITNOCSID/TEFN=EDOM;DNGot
SUONITNOC/TEFP=EDOM;CCV=GORP

k86=GORP Ω SUONITNOCSID/TEFP=EDOM;CCVot

9

V CC .nipsihtotdekoohoslaserutcurtsDSE:niPylppuS.C.I 01

LG .ytilibapacevirdlacipytsn02/Fn1:revirDTEFsuonorhcnyS 11

DNGP
taDNGotyltceriDtcennoC.egatSrewoProfdesU:niPdnuorGrewoP

.ecnamrofreplamitporofsnip.C.I
21

DNRG .C.IrofnipdnuorgniaM:niPdnuorG 31

NWS hgiH:ecnerefeRedoNhctiwS 41

HG
margorPnognidnepedTEFProTEFNebnaC:revirDTEFediShgIH

signitaregatlovmumixaM.ytilibapacevirdlacipytsn02/Fn1.edoM
.NWSotdecnerefer

51

TSB .ylppuSrevirDediShgiH 61
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BLOCK DIAGRAM

APPLICATIONS

Figure 1. Schematic 3.3V to 1.9V Power Supply QT, QB = FAIRCHILD FDS6690A
L1 = PANASONIC ETQP6F2R5SFA
DS = STMICROELECTRONICS STPS2L25U
CIN = AVX TPSE337K010R0060
COUT = AVX TPSE477K006R0050
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Figure 2. Efficiency vs. Output Current Figure 3. Load Regulation

Figure 4. Load Step Response: 0.4A to 2A
Ch 1 = Vout, Ch 2 = Gate High, Ch 4 = Iout 1A/Div

Figure 5. Load Step Response: 0.4A to 7A
Ch 1 = Vout, Ch 2 = Gate High, Ch 4 = Iout 5A/Div

Performance Characteristics
Refer to circuit in Figure 1 with V

IN
 = 3.3V; V

OUT
 = 1.9V, Oscillator Frequency = 300kHz, and T

AMB
 = +25°C unless otherwise noted.

Figure 6. Start-Up Response: 5ADC Load
Ch 1 = Vout, Ch 2 = Soft Start Pin, Ch 3 = Vin, Ch 4 =
Input Current 1A/Div
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FEATURES

General Overview:
The SP6120 is a constant frequency, voltage
mode PWM controller for low voltage, DC/DC
step down converters.  It has a main   loop where
an external resistor (R

OSC
) sets the frequency and

the driver is controlled by the comparison of an
error amp output (COMP) and a 1V ramp signal.
The error amp has a transconductance of  600 µS,
an output impedance of 3 Mohm, an internal pole
at 2 MHz and a 1.25V reference input.  Although
the main in control loop cable of 0% and 100 %
duty cycle, its response time is limited by the
external component selection.  Therefore, a sec-
ondary loop, including a window comparator
positioned 3 % above and below the reference,
has been added to insure fast response to line and
load transients.  A unique “Ripple & Frequency
Independent” algorithm, added to the secondary
loop, insures that the window comparator does
not interfere with the main loop during normal
operation.  In addition to receiving driver com-
mands from the main and secondary loops, the
DRIVER LOGIC is also controlled by the PRO-
GRAMMING LOGIC, FAULT LOGIC and
ZERO CROSSING COMPARATOR. The PRO-
GRAMMING LOGIC tells the DRIVER LOGIC
whether the controller is using a PFET or NFET
high side driver as well as whether the controller
is operating in continuous or discontinuous mode.
The FAULT  LOGIC holds the high and low side
drivers off if V

CC
 dips below 2.7V, if an over

current condition exists, or if the part is disabled
through the ENABLE pin.  The ZERO CROSS-
ING COMPARATOR turns the lower driver off
if the conduction current reaches zero and the
DRIVER LOGIC has made an attempt to turn the
lower driver on and the PROGRAMMING
LOGIC is set for discontinuous mode.  Lastly,
the 4 ohm drivers have internal gate non-overlap
circuitry and are designed to drive MOSFETS
associated with converter designs in the 5 A – 10
A range.  Typically the high side driver is refer-
enced to the SWN pin; further improving the
efficiency and performance of the converter.

Enable:
Low quiescent mode or “Sleep Mode” is initi-
ated by pulling the ENABLE pin below 600 mV.
The ENABLE pin has an internal 4 µA pull-up
current and does not require any external inter-
face for normal operation.  If the ENABLE pin is
driven from a voltage source, the voltage must be
above 1.3 V in order to guarantee proper “awake”
operation.  Assuming that V

CC
 is above 2.9 V, the

SP6120 transitions from “Sleep Mode” to
“Awake Mode” in about 20 µs – 30 µs and from
“Awake Mode” to “Sleep Mode” in a few micro-
seconds.  SP6120 quiescent current in sleep
mode is 20 uA maximum. uring Sleep Mode, the
high side and low side MOSFETS are turned off
and the COMP and SS pins are held low.

UVLO:

Assuming that the ENABLE pin is either pulled
high or floating, the voltage on the V

CC
 pin then

determines operation of the SP6120.  As V
CC

rises, the UVLO block monitors V
CC

 and keeps
the high side and low side MOSFETS off and the
COMP and SS pins low until V

CC
 reaches 2.9 V.

If no faults are present, the SP6120 will initiate
a soft start when V

CC
 exceeds 2.9 V.  Hysteresis

(about 100mV) in the UVLO comparator pro-
vides noise immunity at start-up.

Soft Start:

(see figures on next page)
Soft start is required on step-down controllers to
prevent excess inrush current through the power
train during start-up.  Typically this is managed
by sourcing a controlled current into a program-
ming capacitor (on the SS pin) and then using the
voltage across this capacitor to slowly ramp up
either the error amp reference or the error amp
output (COMP).  The control loop creates nar-
row width driver pulses while the output voltage
is low and allows these pulses to increase to their
steady-state duty cycle as the output voltage
increases to its regulated value.  As a result of
controlling the inductor volt*second product
during startup, inrush current is also controlled.
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Soft Start: (cont’d)

The presence of the output capacitor creates
extra current draw during startup.  Simply stated,
dVOUT/dt requires an average sustained current
in the output capacitor and this current must be
considered while calculating peak inrush current
and over current thresholds.  Since the SP6120
ramps up the error amp reference voltage, an
expression for the output capacitor current can
be written as:

As the figure shows, the SS voltage controls a
variety of signals.  First, provided all the external
fault conditions are removed, the fault latch is
reset and the SS cap begins to charge.  When the
SS voltage reaches around 0.3V, the error amp
reference begins to track the SS voltage while
maintaining the 0.3V differential.  As the SS
voltage reaches 0.7V, the driver begins to switch
the high side and low side FETs with narrow
pulses in an effort to keep the converter output
regulated.  As the error amp reference ramps
upward, the driver pulses widen until a steady
state value is reached.  The “bump” in the induc-
tor current transfer curve is indicative of excess
charge current incurred due to the finite propaga-
tion delay of the controller.  When the SS voltage
reaches 2.0V, the secondary loop including the
3% window comparator is enabled.  Lastly, the
SS voltage is clamped at 2.2V, ending the soft
start charge cycle.

Hiccup Mode:

When the converter enters a fault mode, the
driver holds the high side and low side FETs off
for a finite period of time.  Provided the part is
enabled, this time is set by the discharge of the SS
capacitor.  The discharge time is roughly 10
times the charge interval thereby giving the
power supply plenty of time to cool during an
over current fault.  The driver off-time is pre-
dominantly determined by the discharge time.
Restart will occur just like a normal soft start
cycle.

40mV

V(ISP)-V(ISN)

0V

dVss/dt = 4uA/Css2.2V
2.0V

250mV
0V

SS Voltage

V(V
CC

)

0V

FAULT Voltage

TIME

ICout = (Cout/Css) * (Vout/1.25) * 40uA

SS
Voltage

2.2V
2.0V

0.7V
0.25V

0V

dVss/dt = 40uA/Css

Vout = V(Eamp Ref)* (1+RF/R1)

Error Amp
Reference
Voltage

1.25V

0V

Inductor
Current

I(Load)

0V

V(VCC)
FAULT
Reset
Voltage

0V

0V

0V

3% Low
Enable
Voltage

SWN
Voltage

V(VCC)

V(VCC)

TIME
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Hiccup Mode (cont’d):

However, if a fault occurs during the soft start
charge cycle, the FAULT latch is immediately
set, turning off the high side and low side FETs.
The FETs remain off during the remainder of the
charge cycle and subsequent discharge cycle of
the SS capacitor.  Again, provided there are no
external fault conditions, the FAULT latch will
be reset when the SS voltage reaches 250 mV.

Over Current Protection:
The SP6120 over current protection scheme is
designed to take advantage of three popular
detection schemes: Sense Resistor, Trace Resis-
tor or Inductor Sense.  Because the detection
threshold is only 40mV,  both trace resistor and
inductor sense become attractive protection
schemes.  The inductor sense scheme adds no
additional dc loss to the converter and is an
excellent alternative to Rdson based schemes;
providing continuous current sensing and flex-
ible FET selection.  An internal, 10us filter
conditions the over current signal from tran-
sients generated during load steps.  In addition,
because the over current inputs, ISP and ISN, are
capable of rail to rail operation, the SP6120
provides excellent over current protection dur-
ing conditions where V

IN
 approaches V

OUT
.

Zero Crossing Detection:

In some applications, it may be undesirable to
have negative conduction current in the induc-
tor. This situation happens when the ripple cur-
rent in the inductor is higher than the load cur-
rent.  Therefore, the SP6120 provides an option
for “discontinuous” operation.  If the PROGRAM
LOGIC (see next section) is set for discontinu-
ous mode, then the DRIVER LOGIC looks at the
ZERO CROSSING COMPARATOR and the
state of the lower gate driver.  If the low side FET
was “on” and V(ISP)-V(ISN) < 0 then the low
side FET is immediately turned off and held off
until the high side FET is turned “on”.  When the
high side FET turns “on” , the DRIVER LOGIC
is reset. The following figures show continuous
and discontinuous operation for a converter with
an NFET high side FET.

Program Logic:

The PROGRAM pin of the SP6120 adds a new
level of flexibility to the design of DC/DC con-
verters.  A 10 uA current flows either into or out
of the PROGRAM pin depending on the initial
potential presented to the pin. If no resistor is
present, the PROGRAM LOGIC simply looks at
the potential on the pin, sets the mode to “con-
tinuous” and programs NFET or PFET high side
drive accordingly. If the 68 kilohm resistor is
present, the voltage drop across the resistor sig-
nals the SP6120 to put the DRIVER LOGIC in
“discontinuous” mode. With one pin and a 68k
resistor, the SP6120 can be configured for a
variety of operating modes:

0V

0V

0A

0V

0V

0A

Continuous
Load
Current

GH, GL
Voltage

Discontinuous
Load
Current

GH, GL
Voltage

TIME
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The NFET/PFET programmability is for the
high side MOSFET.  When designing DC/DC
converters, it is not always obvious when to use
an NFET with a charge pump or a simple PFET
for the high side FET.  Often, the controller has
to be changed, making performance evaluations
difficult.  This difficulty is worsened by the
limited availability of true low voltage control-
lers.  In addition, by also programming the
mode, continuous or discontinuous, switch mode
power designs that are successful in bus applica-
tions can now find homes in portable applica-
tions.

Secondary Loop (3% Window Compara-

tor):

DSP, microcontroller and microprocessor appli-
cations have very strict supply voltage require-
ments.  In addition, the current requirements to
these devices can change drastically.  Linear
regulators, typically the workhorse for DC/DC
step-down, do a great job managing accuracy
and transient response at the expense of effi-
ciency.  On the other hand, PWM switching
regulators typically do a great job managing
efficiency at the expense of output ripple and
line/load step response.  The trick in PWM
controller design is to emulate the transient
response of the linear regulator.
Of course improving transient response should
be transparent to the power supply designer.
Very often this is not the case.  Usually the very
circuitry that improves the controllers transient
response adversely interferes with the main PWM
loop or complicates the board level design of the
power converter.

The SP6120 handles line/load transient response
in a new way.  First, a window comparator
detects whether the output voltage is above or
below the regulated value by 3%.  Then, tpropri-
etary “Ripple & Frequency Independent” algo-
rithm synchronizes the output of the window
comparator with the peak and valley of the
inductor current waveform.  3% low detection is
synchronized with inductor current peak; 3%
high detection is synchronized with the inductor
current valley.  However, in order to eliminate
any additional loops, the current peak and valley
are determined by the edges associated with the
on-time in the main loop.  The set pulse corre-
sponding to the start of an on-time indicates a
current valley and the reset pulse corresponding
to the end of an on-time indicates a current peak.
In effect, the main loop determines the status of
the secondary loop.
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Secondary Loop (cont’d):

Notice that the output voltage appears to coast
toward the regulated value during periods where
the main loop would be telling the drivers to
switch.  It is during this interval that the 3%
window comparator has taken control away from
the main loop.  The main loop regains control
only if the output voltage crosses through its
regulated value.  Also notice WHERE the 3%
comparator takes over.  The output voltage is
considered “high” only if the TROUGH of the
ripple is above 3%.  The output voltage is consid-
ered “low” only if the PEAK of the ripple is
below 3%.  By managing the secondary loop in
this fashion, the SP6120 can improve the tran-
sient response of high performance power con-
verters without causing strange disturbances in
low to moderate performance systems.

Driver Logic:

Signals from the PWM latch (QPWM), Fault
latch (FAULT), PROGRAM LOGIC, ZERO
CROSSING COMPARATOR, and 3% WIN-
DOW COMPARATORS all flow into the
DRIVER LOGIC.  The following is a truth table
for determining the state of the GH and GL
voltages for given inputs:

The QPWM and 3% Comparators are grouped
together because 3% Low is the same as QPWM
= 1 and 3% High is the same as QPWM = 0.

Output Drivers:

The driver stage consists of one high side, 4 ohm
driver, GH and one low side, 4ohm, NFET
driver, GL.  As previously stated, the high side
driver can be configured to drive a PFET or an
NFET high side switch.  The high side driver can
also be configured as a switch node referenced
driver.  Due to voltage constraints, this mode is
mandatory for 5V, single supply, high side NFET
applications.  The following figure shows typi-
cal driver waveforms for the 5V, high side NFET
design.

As with all synchronous designs, care must be
taken to ensure that the MOSFETs are properly
chosen for non-overlap time, peak current capa-
bility and efficiency.
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16–PIN

A

A1

Ø
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A
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B

D
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e
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Ø

- /0.043
(- /1.10)

0.002/0.006
(0.05/0.15)

0.007/0.012
(0.19/0.30)

0.193/0.201
(4.90/5.10)

0.169/0.177
(4.30/4.50)

0.026 BSC
(0.65 BSC)

0.126 BSC
(3.20 BSC)

0.020/0.030
(0.50/0.75)

0°/8°
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Corporation

SIGNAL PROCESSING EXCELLENCE

Sipex Corporation reserves the right to make changes to any products described herein. Sipex does not assume any liability arising out of the
application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.

Sipex Corporation

Headquarters and
Sales Office
22 Linnell Circle
Billerica, MA  01821
TEL: (978) 667-8700
FAX: (978) 670-9001
e-mail: sales@sipex.com

Sales Office
233 South Hillview Drive
Milpitas, CA 95035
TEL: (408) 934-7500
FAX: (408) 935-7600

ORDERING INFORMATION

Model Operating Temperature Range Package Type
SP6120CY ............................................... 0˚C to +70˚C ........................................ 16-Pin TSSOP


