SC286

Dual Channel 4A Synchronous
Step-Down Regulator

w» SEVMITECH

VA

POWER MANAGEMENT

Features

® |nputVoltage Range — 2.9 to 5.5V

m  Output Voltage Range — 0.8V to 3.3V

m  Output Current — up to 4A for each channel
m  Ultra-Small Footprint — <1mm Height Solution
m  Switching Frequency — 1.6MHz

m  Automatic Power Save Mode

m Efficiency Up to 95%

m  Low Output Noise Across Load Range

m Excellent Transient Response

m  Start Up into Pre-Bias Output

m Duty-Cycle Low Dropout Operation — 100%
m  Shutdown Current — <1pA

m Externally Programmable Soft Start Time

m  Power Good indicator

m  Input Under-Voltage Lockout

m  Output Over-Voltage, Current Limit Protection
m  Over-Temperature Protection

m  Thermally Enhanced 4 x 4 x 0.6 (mm)

MLPQ-UT28 package
m Lead-free, Halogen free, and RoHS/WEEE compliant

Applications

Routers and Network Cards
LCDTV

Office Automation

Printers

Description

The SC286 is a dual channel 4A synchronous step-down
regulator designed to operate with an input voltage
range of 2.9V to 5.5V. Each channel offers fifteen pre-
determined output voltages via separate control pins
programmable from 0.8 to 3.3 Volts. The control pins
allow for on-the-fly voltage changes, enabling system
designers to implement dynamic power savings. The
device is also capable of adjusting output voltage via an
external resistor divider.

The SC286 is optimized for maximum efficiency over a
wide range of load currents. During full load operation,
the device operates in PWM mode with fixed 1.6MHz
oscillator frequency, allowing the use of small surface
mount external components. As the load decreases, the
regulator will transition into Power Save mode maintain-
ing high efficiency.

Connecting the control pins to logic low forces the device
into shutdown mode reducing the supply current to less
than TpA. Connecting any of the control pins to logic high
enables the converter and sets the output voltage accord-
ing to Table 1. Other features include under-voltage
lockout, programmable soft-start to limit in-rush current,
power good indicator, over-temperature protection, and
output short circuit protection.

The SC286 is available in a thermally-enhanced, 4 x4 x 0.6
(mm) MLPQ-UT28 package and has a rated temperature
range of -40 to +85°C.

Typical Application Circuit
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Pin Configuration Ordering Information
0 Device Package
3 B 5 &
$ % 86 2 8 9 % SC286ULTRT(@ 4x4x0.6 (mm) MLPQ-UT28
izai Ezsi izei izsi i24i izai 3225
D N N N N N SC286EVB Evaluation Board
PVINA | 1 ) ) { = | cTies Notes:
ovia [ an (1) Available in tape and reel only. A reel contains 3,000 devices.
- o (2) Device is lead-free, Halogen free, and RoHS/WEEE compliant.
AGNDA | 3 {19 | cTLoB
AVINA | 4y {18 | AVING
CTLOA | 5 3 {17’ | AcNDB
CTL1A [ 6 > {6 | Pving
CTL2A [ 7 {35 | PviNB
(LY (o () () [
5 ¢ g b
['8
Table 1 - Output Voltage Settings for Each Channel
Ax4x 0.6 (mm) MLPQ-UT28 CTL3A/B|CTL2A/B |CTL1A/V | CTLOA/B| Output Volt
- °C/W: O =7° utput Voltage
8,, = 32.5°C/W; 6, = 7°C/W P 9
0 0 0 0 Shutdown
0 0 0 1 0.8
Marking Information 0 0 1 0 1.00
0 0 1 1 1.025
Q 0 1 0 0 1.05
0 1 0 1 1.20
SC286 0 1 1 0 1.25
yyww o | 1 | 1 | 130
XXXXX NEEERE 159
XXXXX I B R N
1 0 1 0 2.20
1 0 1 1 2.50
yyww = Date code 1 1 0 0 2.60
XXXXX = Semtech Lot number
XXXXX = Semtech Lot number 1 1 0 1 2.80
1 1 1 0 3.00
1 1 1 1 3.30
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Absolute Maximum Ratings Recommended Operating Conditions
PVINA/B and AVINA/B Supply Voltages (V) ... -0.3to +6.0  PVINA/B and AVINA/B Supply (V) .......... 29 to +5.5
LXA, LXB (V)™ oo -0.3 to PVIN +0.3V, 6V Max Maximum Output Current, Each Channel (A)......... 4.0
VOUTA,VOUTB (V) .vvvvieen -0.3to AVIN + 0.3 Input Capacitor, Each Channel (uF) .................. 22
CTLx,, CTLx,pins (V) ................ -0.3t0o AVIN+ 0.3  Output Capacitor, Each Channel (uF) ...... 47 or 2 x 22
VOUTA, VOUTB Short Circuit Duration ...... Continuous  Output Inductor, Each Channel (uH) ............... 1.0
ESD Protection Level®(kV) ......covviiiiiiiiinin.... 3

Thermal Information

Thermal Resistance, Junction to Ambient® (°C/W) .. 32.5

Thermal Resistance, Junction to Case (°C/W) .......... 7
Maximum Junction Temperature (°C).............. +150
Storage Temperature Range (°C) ........... -65to +150
Peak IR Reflow Temperature (10s to 30s) (°C) ...... +260

Exceeding the absolute maximum ratings may result in permanent damage to the device and/or device malfunction. Operation outside of the
parameters specified in the Electrical Characteristics section is not recommended.

Notes:

(1) Due to parasitic board inductance, the transient LX pin voltage at the point of measurement may appear larger than that which exists on silicon. The device is
designed to tolerate the short duration transient voltages that will appear on the LX pin due to the deadtime diode conduction, for inductor currents up to the
current limit setting of the device.

Tested according to JEDEC standard JESD22-A114-B.

Calculated from package in still air, mounted to 3 x 4.5 (in), 4 layer FR4 PCB with thermal vias under the exposed pad per JESD51 standards.

SRS

Electrical Characteristics

Unless specified: PVIN = AVIN = 5.0V, VOUT = 1.50V, C=220F, C ;=2 x 22uF; L = 1.0pH; -40°C< T < +125 °C; Per Channel Unless otherwise noted; Typical values are

ouT

T,=+25°C.
Parameter Symbol Conditions Min | Typ Max | Units
Rising AVINA/B; PVINA/B=AVINA/B 2.70 2.80 2.90 Vv
Under-Voltage Lockout UVLO
Hysteresis 300 mV
Output Voltage Tolerance™ AV, PVINA/B= AVINA/B= 2.9 to 5.5V; | ,=0A -1.25 +1.25 %
Current Limit . Peak LX current 5.0 6.0 7.0 A
Supply Current lg louras = 0A 100 MA
Shutdown Current lson CTL3-0A/B = AGNDA/B 1 10 MA
High Side Switch Resistance® Roson » | 5= 100MA, T= 25 °C 50
mQ
Low Side Switch Resistance® Roson n I as="T00MA, T=25°C 35
PVINA/B = AVINA/B= 5.5V; LXA/B=0V; CTL3-0A/B = 1 10
AGNDA/B
L, Leakage Current® Lo MA
PVINA/B = AVINA/B = 5.5V; LXA/B = 5.0V; CTL3-0A/B = 20 1
AGNDA/B
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Electrical Characteristics (continued)

Parameter Symbol Conditions Min | Typ | Max | Units
Load Regulation AV 00 ne PVINA/B = AVINA/B = 5.0V, |, =800mA to 4A +0.3 %
Oscillator Frequency fosc 1.275 | 1.600 1.925 MHz
Soft-Start Charging Current? ls +5 pA
Foldback Holding Current let vowo Average LX Current 1 A
Impedance of PGOOD Low Roso00. 10 10 Q
PGOOD Threshold Voo 1 VOUTA/B rising 90 %
Asserted 2 ms

PGOOD Delay Voo ow

PGOODA/B= Low 20 s
CTL, Delay oy oy From CTL, Input High to SS starts rising 50 Us
CTL, Input Current® lerin CTL,=AVINA/B or AGNDA/B -2.0 2.0 pA
CTL, Input High Threshold Ve 1.2 \Y
CTL, Input Low Threshold Ve o 0.4 Vv
Voums Over Voltage Protection Vow 110 115 120 %
Thermal Shutdown Temperature T 160 °C
Thermal Shutdown Hysteresis Teo s 10 °C

Notes:

(1) The “Output Voltage Tolerance” includes output voltage accuracy, voltage drift over temperature and the line regulation.
(2) A negative current means the current flows into the pin and a positive current means the current flows out from the pin.
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Pin Descriptions
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Pin # Pin Name | Pin Function
1,2 PVINA Input supply voltage for the converter power stage
3 AGNDA Ground connection for the internal circuitry — AGNDA needs to be connected to PGNDA directly.
4 AVINA Power supply for the internal circuitry — AVINA is required to be connected to PVINA through an R-C filter of
1Q and 100nF.
5678 CTL Control bit — seeTable 1 for decoding. These pins have 500kQ internal pull-down resistors which are switched
R *A into the circuit whenever CTL,, is low or when the part is in under-voltage lockout.
9 PGOODA Power good indicator — when the output voltage reaches the PGOODA threshold, this pin will be open-drain
(after the PGOODA delay), otherwise, it is pulled low internally.
10 SSA Soft Start — connect a soft-start capacitor to program the soft start time. There is a 5pA charging current
flowing out of the pin.
11 VOUTA Output voltage sense pin
12 PGNDB Ground connection for converter power stage
13,14 LXB Switching node — connect an inductor between this pin and the output capacitor.
15,16 PVINB Input supply voltage for the converter power stage
17 AGNDB Ground connection for the internal circuitry — AGNDB needs to be connected to PGNDB directly.
18 AVINB Power supply for the internal circuitry — AVINB is required to be connected to PVINB through an R-C filter of
1Q and 100nF.
Control bit — seeTable 1 for decoding. These pins have 500kQ internal pull-down resistors which are switched
19, 20, 21, 22 CTL . L . -
%8 into the circuit whenever CTL, is low or when the part is in under-voltage lockout.
Power good indicator — when the output voltage reaches the PGOODB threshold, this pin will be open-drain
23 PGOODB L .
(after the PGOODB delay), otherwise, it is pulled low internally.
24 SSB Soft Start — connect a soft-start capacitor to program the soft start time. There is a 5pA charging current
flowing out of the pin.
25 VOUTB Output voltage sense pin
26 PGNDA Ground connection for converter power stage
27,28 LXA Switching node — connect an inductor between this pin and the output capacitor.
T Thermal Pad | Thermal pad for heat sinking purposes — recommend to connect to PGND. It is not connected internally.
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Block Diagram
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]
— A
Current Amp A}
. <
Plimit Amp
Oscillator and
Slope Generator
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Logic
% ® 9
| ; PWM
5 —F cComp l-:
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—/ Ref
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| =
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I
3
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NOTES:
A =Pins 1,2 C =Pins 15, 16
B = Pins 27, 28 D = Pins 13, 14
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Typical Characteristics

Circuit Conditions: C = 22uF/6.3V, C_ = 2 x 22uF/6.3V, C.= 10nF. Unless otherwise noted, L = 1.0uH (TOKO: FDV0530S-1R0), each device

Efficiency Total Loss
—259 T.=25°C
100 2000 =
o Vi = 5V; Vour = 3.3V
-
——1 N “‘A \\ 1600
90 1] B Vin=5V; Vour = 3.3V
T T T
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]85 i =1200
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§ 80 IN ouTt -
— 7]
£ 3
w

\N
=\
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400 =
//
65 o
=
60
0 1 10 10.0 0 0.5 1.0 15 2.0 25 3.0 35 4.0
Output current (A) Output current (A)
Rpson Variation vs. Input Voltage Roson) Variation vs. Temperature
lix = £100mA, Ty = 25°C lix = £100mA, T, = 25°C
35 20
30 15
25 10 L
20 7
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=15 =
5 5o e
k| k]
£ 10 £ P-Channel /
> >.5 7
5 P
N-Channel P
o -10 &~
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-5 -15 =
-10 -20
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Load Regulation
T,=25°C
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i\
1.5 b

3
; ve— Vin=5V; Vour = 1.5V
N I I I

P Vin=3.3V; Vour = 1.5V
A

g 1.0 ———
5 f— Viy = 5V; Vour = 3.3V
5
S
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Typical Characteristics (continued)

Circuit Conditions: C = 22uF/6.3V, C_ = 2 x 22uF/6.3V, C.= 10nF. Unless otherwise noted, L = 1.0uH (TOKO: FDV0530S-1R0), each device

Output Voltage Ripple (V  ,=1.5V) Output Voltage Ripple (V  ,=1.5V)
V, =33V,=l,,=0 V=5V, =1y, =0
V,; (50mV/div) M e V,; (50mV/div)
v, (2v/div) A R e v, 2v/div)

v || u u’\f\/\/‘ o X v/
. : 1 1 \f\/\f\MN\M/WM
1, (1A/div) ‘VJ/\M P I, (1A/di)|

Time (500ns/div) Time (500ns/div)

Output Voltage Ripple (V, ,=1.5V) @ Full Load Output Voltage Ripple (V, ,=1.5V) @ Full Load
V, =33V, =1, =4A V=5V, =1, =4A
V. (10mV/div) Vour (10MV/diV) fro o ier i s T e At it T Tt ™
out WWWM
|, (A/dIV) RS oS s A e 0% o I, (1A/div) : ; I L -
_ 3 _ Y, @V/div M 71\ A 74\
. vy [ g 1 ]

LX (1v/div)

LX (1V/div) 2 : :

Time (500ns/div) B Tlme (5.00ns./;:|iv). -
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Typical Characteristics (continued)

Circuit Conditions: C = 22uF/6.3V, C

=2x22uF/6.3V, C, = 10nF. Unless otherwise noted, L = 1.0uH (TOKO: FDV0530S-1R0), each device

ouT

Output Voltage Ripple (V.= 3.3V) @ No Load Output Voltage Ripple (V.= 3.3V) @ Full Load
V=5V, =1, =0;V,, =33V V=5V, = I, = 4V, = 3.3V
Vo, (50mV/div) T Vour (20mV/div) i~
v, (2V/div) B v, (2v/div)
o e LX (2v/div)
; g ““””“ e g |
LX (2v/div) ~v——*~——«~J " U(\U(\Uﬂ”ﬂ“ e Iy, (1A/div) [
I, (1A/div) W_A_T/\M i
Time (500ns/div) " Time (500ns/div)
Start Up (CTL,) — No Load Start Up (CTL,) — Full Load
Vin =3V = oy = 0V = 1.5V V,=5V,= louT =4A; VOUT =15V
ot I T
Ven, (5V/div) | J . Ve, (5V/div) I
PGOOD (5V/div) | T | PGOOD (5V/div) | i e vl
Vour (1V/div) A Vour(1V/diV) ‘/W .
| : o
lour (5V/div) | T loyr (5V/div) | :

Time (500ns/div) Time (500ns/div)
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Typical Characteristics (continued)

Circuit Conditions: C = 22uF/6.3V, C

ouT

Start Up (CTL,) — No Load

V=5V, = |y = 0V, = 3.3V

IN

=2x22uF/6.3V, C, = 10nF. Unless otherwise noted, L = 1.0uH (TOKO: FDV0530S-1R0), each device

Start Up (CTL,) — Full Load

V=5V, =1y, =0;V

out

=33V

S .
V., (5V/div) : V., (5V/div) j
PGOOD (5V/div) ' PGOOD (5V/div) [—— T
Voyr (2V/div) Vour @V7div) | - =
Iy GA/diV) [T Iy (5A/dIV) —/
Time (500ps/div) Time (500us/div)
Start Up into Pre-Biased Output (V_  =1.5V) Start Up into Pre-Biased Output (V =3.3V)
o T : :
Ve, (5V/div) j N PUUNE W N S - Ven (5V/div) f 5
: R ] . K
PGOOD (5V/div) [T fos ' PGOOD (5V/div) o I
Vi, (1V/div) —/ﬂ/ NN | b .
: A 4 Voyr (2V/div) 1
lour (5V/div) : 1 Iy (5V/div) 1
Time (500ns/div) Time (500ns/div)
Start Up into Output Short Circuit
V, =5V
LX (5V/div) |
Vo, (500mV/div) |
v, (1V/div) |
1., A/div) |
Time (500ns/div)
10
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Typical Characteristics (continued)

Circuit Conditions: C = 22uF/6.3V, C

ouT

Output Short Circuit
=1.5V

V, =5V;V,

out

V,, (5V/div) §

PGOOD (5V/div) |
V. (V/div) f

out

5V/div) |

IOUT (

Time (20ps/div)

Output Short Circuit

V= 5V;V,, =33V

V,, (5V/div) f=

vV, V/div) |

lor (5V/div)

out

Time (20ps/div)

Transient Response (V_ _=1.5V,1___=2A)

ouTt STEP

V=5Vl = 1Ato3Ato 1A

V. (100mV/div) w/ Ay

1A/div) |

lOUT(

Time (20ps/div)

=2x22uF/6.3V, C, = 10nF. Unless otherwise noted, L = 1.0uH (TOKO: FDV0530S-1R0), each device

Recovery from Short Circuit
V, =5V;V, ;= 1.5V

PGOOD (5V/div) [t it s s oo

VouT“V/diV)W . VNS S N
logr (2V/diV) \J\N\N\N\N\NW\WWA L

Time (20ps/div)

Recovery from Short Circuit
V, =5V V=33V

V,, (5V/div) |

PGOOD (5V/div) |

Vo, (2V/div) b

loyr (V/div) [

out

Time (20ps/div)

Transient Response (V_ =3.3V,|__=2A)

V, =5Vi 1y, = 1Ato 3Ato TA

out STEP

Vi (100mV/dliv) ‘]\/\ /\,

1o, (1A/div)

out

Time (20ps/div)
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Typical Characteristics (continued)

Circuit Conditions: C = 22uF/6.3V, C_ = 2 x 22uF/6.3V, C.= 10nF. Unless otherwise noted, L = 1.0uH (TOKO: FDV0530S-1R0), each device

Transient Response (V. =1.5V, |, =3A) Transient Response (V

V,,=5V;1,,, = 0Ato 3A to 0A Vo= 5Vi |y, = 0A to 3A to 0A

our=3-3V, I ,=3A)

: : CH3 : S
CH3 A - . usane e R U Vour [F— ‘ _ ‘ - - e :
Vour : : : : - : : : : ]

CH2
lour

ChZ 1,00 Ak W 20.00s Ch2 7 1.90A

] TR 700 ACR M 20.00s Chi v 3.74 V
100mV o

|8 100mves

VID Transition — No Load VID Transition — Full Load
V, =5V;V,, = 1.5Vt0 1.8Vto 1.5V V,,=5V:V,, = 1.5V 0 1.8V to 1.5V
. 4 i
Vour (200mV/div) | PO . Y. Vs 200mV/div) [, !
I, QA/div) -
I, QA/dIVI - T
Time @ooms/div) " Time (100ms/div)
12
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Applications Information

Detailed Description

The SC286 is a two channel synchronous step-down PWM
(Pulse Width Modulated), DC-DC converter utilizing a
1.6MHz fixed-frequency voltage mode architecture. Both
channels are designed to operate in fixed-frequency PWM
mode and will enter PSAVE (power save) mode at light
loads to maximize efficiency. The switching frequency is
chosen to minimize the size of the external inductor and
capacitors while maintaining high efficiency. Both chan-
nels run independently

Operation

During normal operation, the PMOS MOSFET is activated
on each rising edge of the internal oscillator. The period is
set by the onboard oscillator when in PWM mode. The
device has an internal synchronous NMOS rectifier and
does not require a Schottky diode on the LX pin. The device
operates as a buck converter in PWM mode with a fixed fre-
qguency of 1.6MHz at medium to high loads. At light loads
the part will enter PSAVE mode to maximize efficiency.

Power Save Mode Operation

When the load current decreases below the PSAVE thresh-
old, PWM switching stops and each channel automatically
enters PSAVE mode. This threshold varies depending upon
the input voltage and output voltage setting, optimizing
efficiency for all possible load currents. While in PSAVE
mode, output voltage regulation is controlled by a series of
bursts in switching. During a burst, the inductor current is
limited to a peak value which controls the on-time of the
PMOS switch. After reaching this peak, the PMOS switch is
disabled and the inductor current is forced to near OmA.
Switching bursts continue until the output voltage climbs
to V; +2% or until the PSAVE current limit is reached.
Switching is then stopped to eliminate switching losses,
enhancing overall efficiency. Switching resumes when the
output voltage reaches the lower threshold of V_ and
continues until the upper threshold again is reached. Note
that the output voltage is regulated hysteretically while in
PSAVE mode betweenV  andV,  +2%. The period and
duty cycle while in PSAVE mode are solely determined by
Vv, andV - until PWM mode resumes. This can resultin the
switching frequency being much lower than the PWM

mode frequency.

If the output load current increases enough to cause V-
to decrease below the PSAVE exit threshold (V. -4%), the
device automatically exits PSAVE and operates in continu-
ous PWM mode. Note that the PSAVE high and low thresh-
old levels are both set at or above V. to minimize
undershoot when the SC286 exits PSAVE. Figure 1 illus-
trates the transitions from PWM mode to PSAVE mode and

back to PWM mode.

Load
Demand

(lout)
/\ OFF
Vour +2% i
Vour ' )

BURST

—

'

Vour 4%

Vix
PWM Mode at PSAVE Mode at PWM Mode at
Medium / High Light Load Medium / High
Load Load
Time

»

Figure 1 — Transitions between PWM and PSAVE Modes

Protection Features
The SC286 provides the following protection features for
each independent channel:

® Current Limit

* Over-Voltage Protection
Soft-Start Operation
Thermal Shutdown

Current Limit & OCP

The internal PMOS power device in the switching stage for
each channel is protected by a current limit feature. If the
inductor current is above the PMOS current limit for 16
consecutive cycles, the part enters foldback current limit
mode and the output current is limited to the current limit

holding current (et vowo) which is approximately 1A.
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Applications Information (continued)

Under this condition, the output voltage will be the product
of I, ,o.p @nd the load resistance. When the load presented
falls below the current limit holding level, the output will
charge to the upper PSAVE voltage threshold and return to
normal operation. The SC286 is capable of sustaining an
indefinite short circuit without damage. During soft start, if
current limit has occurred before the SS voltage has reached
400mV, the part enters foldback current limit mode.
Foldback current limit mode will be disabled during soft-

start after the SS voltage is higher than 400mV.

Over-Voltage Protection

In the event of a 15% over-voltage on each independent
output, the PWM drive is disabled with the LX pin floating.
Switching does not resume until the output voltage falls
below the nominal V. regulation voltage.

Programmable Output Voltage

The SC286 has fifteen pre-determined output voltage
values which can be individually selected for each channel
by programming the CTL input pins (see Table 1 — Output
Voltage Settings). Each CTL pin has an active 500kQ internal
pull-down resistor. The 500kQ) resistor is switched in circuit
whenever the CTL input voltage is below the input thresh-
old, or when the part is in under voltage lockout. It is
recommended to tie all high CTL pins together and use an
external pull-up resistor to AVIN if there is no enable signal
or if the enable input is an open drain/collector signal. The
CTL pins may be driven by a microprocessor to allow
dynamic voltage adjustment for systems that reduce the
supply voltage when entering sleep states. Avoid all zeros
being present on the CTL pins when changing program-
mable output voltages as this would disable the device.

SC286 is also capable of regulating a different (higher)
output voltage, which is not shown in the Table 1, via an
external resistor divider for each channel. There will be a
typical 2pA current flowing into the VOUTA/B pin. The
typical schematic for an adjustable output voltage option
from the standard 1.0V with CTL,, .= [0010], is shown in
Figure 2. RFB1A/B and RFB2A/B are used to adjust the
desired output voltage. If the RFB2A/B current is such that
the 2uA VOUTA/B pin current can be ignored, then RFB1A/
B can be found using the next equation. RFB2A/B needs to
be low enough in value for the current through the resis-
tor chain to be at least 20pA in order to ignore the VOUTA/B
pin current.

L Voura
Vo > PN a6
Con _LRPGOODA Ravina 1Q SC286
100kQ c Cou
22uF AVINA Reaia ™ "
= Cavina —|—

01uF AGNDA
VOUTA
Reeoa

PGOODA 10kQ

Regia = (Voura-1)

X Regaa
PVINB — for CTLAx = 0010

Raving 1Q (.ov)
E Vv A Vours
AVINB
Caving Lx8
0.1uF
s AGNDB Crre Couts
Rre1s _|_

-

PGOODB

Enable A CTLOA vouTse Reszs

CTLIA 102
CcTL2A =
CTL3A

SSA
N Css

1
PGNDA __I_ b
Enable B CTLOB 1
> CTLIB s = i; ]—?

Resis = (Vours-1)

X Rrgs
for CTLBx = 0010
(1.0v)

CTLB  ponDs Css L

CTL3B TnF

Figure 2 — Output Voltage Programming

N

R _ VOUT B VOSTD <R
FB1 — V FB2
0STD

where Vs

CTL pins.

is the pre-determined output voltage via the

C.. is needed to maintain good transient response perfor-
mance. The correct value of C__ can be found using the
following equation.

(VOUT B 0-5)2 VOSTD )

C..[nF]=2.5x x(
a RFB‘] [kQ] x (VOUT - VOSTD) VOSTD -0.5

To simplify the design, it is recommended to program the
desired output voltage from a standard 1.0V as shown in
Figure 2 with a proper C_, calculated from Equation 2. For
programming the output voltage from other standard
voltages, R, R, and C_ need to be adjusted to conform
to the previous equations.

Maximum Power Dissipation

Each channel of 5C286 has its own ©,, of 32.5°C/W when
only one channel is in operation. Since both channels
are within the same package, there is about 50% of the
heat generated which will be transferred to the adjacent
channel. The equivalent total thermal impedance will be
higher when the neighboring channelis also in operation.
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Applications Information (continued)

To guarantee an operating junction temperature of less
than 125°C, Figure 3 shows the maximum allowable total
power loss versus temperature. The curve is based upon
the junction temperature of either channel reaching a
maximum of 125°C. Each channel of SC286 can support
up to 4A load current. Figure 4 shows the maximum
allowable power loss in channel B versus power loss in
channel A for a range of temperatures.

4.5
4
Vin=5V; Vour = 1.2V
g
235
4 Vin=5V; Vour = 3.3V
S
g V|N = 33V, VOUT =12V
2 3
©
§ N
i
2.5
2
25 35 45 55 65 75 85 95 105

Ambient Temperature (°C)

Figure 3 — Maximum allowable total loss versus
temperature for a maximum junction temperature of

125°C
18
16 ~= ——
\§\ Ta=25°C  Ta=55°C

B 1.4 s\\(
g 1.2 Ta=70°C
- \
g 1
b Ta=85°C
o AT
» 08
o
- 06
[
2
204

0.2 &

0

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Power Loss of Channel A (W)

Figure 4 — Maximum allowable power loss in channel
B versus power loss in channel A for a range of

temperatures (both channels same current)

Shut Down

When all CTL pins for a channel are low, the device will run
in shutdown mode, drawing less than 1uA from the input
power supply. The internal switches and band-gap voltage
will be immediately turned off.

Thermal Shutdown

The device has an independent thermal shutdown feature
for each channel to protect the SC286 if the junction tem-
perature exceeds 160°C. During thermal shutdown, the
on-chip power devices are disabled, floating the LX
output. When the temperature drops by 10°C, it will initi-
ate a soft start cycle to resume normal operation.

Under-Voltage Lockout

Under-Voltage Lockout (UVLO) is enabled when the input
voltage for each channel drops below the UVLO threshold.
This prevents the device from entering an ambiguous
state in which regulation cannot be maintained. Hysteresis
of approximately 300mV is included to prevent chattering
near the threshold. When the AVIN voltage rises back to
the turn-on threshold and CTL, is high, the soft-start mode
is initiated.

Power Good

The power good (PGOOD) for each channel is an open-
drain output. When the output voltage for each channel
drops below 10% of the nominal voltage, the PGOOD pin
for that channel is pulled low after a 20us delay. During
start-up, PGOOD will be asserted 1.8ms (typ.) after the
output voltage reaches 90% of the final regulation voltage.
The faults of over voltage, fold-back current limit mode
and thermal shutdown will force PGOOD low after a 20ps
delay. When recovering from a fault, PGOOD will be
asserted 2ms (typ.) after Vout reaches 90% of the final
regulation voltage.
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Applications Information (continued)

Soft-Start

The soft-start mode is activated for each channel after
AVIN reaches it's UVLO voltage threshold and CTL,, , is set
high to enable the part. Recovery from a thermal shut-
down event will also activate the soft start sequence. The
soft-start mode controls the slew-rate of the output
voltage during start-up thus limiting in-rush current on
the input supply. During start-up, the reference voltage
for the error amplifier is clamped by the voltage on SS pin.
The output voltage slew rate during soft-start is deter-
mined by the value of the external capacitor connected to
the SS pin and the internal 5pA charging current. The
device requires a minimum soft-start time from enable to
final regulation in the order of 200ps, including the 50us
enable delay. As a result the soft start capacitor, Css, should
be higher than 1.5nF. During start up, the chip operates in
forced PWM mode.

100% Duty-Cycle Operation

SC286 is capable of operating at 100% duty-cycle. When
the difference between the input voltage and output
voltage is less than the minimum dropout voltage, the
PMOS switch is turned completely on, operating in 100%
duty-cycle. The minimum dropout voltage is the output
current multiplied by the on-resistance of the internal
PMOS switch and the DC-resistance of the inductor when
the PMOS switch is on continuously.

Output L-C filter Selection

SC286 has fixed internal loop-gain compensation for
each channel. It is optimized for X5R or X7R ceramic
output capacitors and an output L-C filter corner
frequency of less than 34kHz. The output L-C corner
frequency can be determined by the following

equation.
1

fo =

2n | LxCoyr

In general, the inductor is chosen to set the inductor ripple
current to approximately 30% of the maximum output
current. Itis recommended to use a typical inductor value
of 1TuH to 2.2uH with output ceramic capacitors of 44uF or
higher capacitance. Lower inductance should be consid-
ered in applications where faster transient response is
required. More output capacitance will reduce the output
deviation for a particular load transient. When using low
inductance, the maximum peak inductor current at any
condition (normal operation and start up) can not exceed
5A which is the guaranteed minimum current limit. The
saturation current rating of the inductor needs to be at
least larger than the peak inductor current which is the
maximum output current plus half of inductor ripple
current.
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Applications Information (continued)

PCB Layout Considerations

The layout diagram in Figure 5 shows a recommended
top-layer PCB for the SC286 and supporting components.
Figure 6 shows the bottom layer for this PCB. Fundamental
layout rules must be followed since the layout is critical for
achieving the performance specified in the Electrical
Characteristics table. Poor layout can degrade the perfor-
mance of the DC-DC converter and can contribute to EMI
problems, ground bounce, and resistive voltage losses.
Poor regulation and instability can result.

The following guidelines are recommended when devel-
oping a PCB layout:

1. Theinput capacitor, C  (for applicable channel) should
be placed within Tmm of the PVIN and PGND pins.
This capacitor provides a low impedance loop for the
pulsed currents present at the buck converter’s input.
Use short wide traces to connect as closely to the IC
as possible. This will minimize EMI and input voltage
ripple by localizing the high frequency current pulses.

2. Keepthe LX pintraces as short as possible to minimize
pickup of high frequency switching edges to other
parts of the circuit. C . and L (for applicable channel)
should be connected as close as possible between the
LX and PGND pins, with a direct return to the PGND
pin from C_ . The gap between the LX trace and the
other traces should be at least 0.25mm (10 mils).

3. Route the output voltage feedback/sense path away
from the inductor and LX node to minimize noise and
magnetic interference.

4. Use a ground plane referenced to the SC286 PGND
pin. Use several vias to connect to the component
side ground to further reduce noise and interference
on sensitive circuit nodes.

5. Ifpossible, minimize the resistance from the VOUT and
PGND pins to the load (for applicable channel). This
will reduce the voltage drop on the ground plane and
improve the load regulation. And it will also improve
the overall efficiency by reducing the copper losses
on the output and ground planes.

6. The filter capacitor, C,,, should be placed as close
to the AVIN and AGND pins as possible. This reduces
noise coupling into the internal circuit.

Figure 6 — Recommended PCB Layout (Bottom Layer)
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Outline Drawing - 4x4 MLPQ-UT28

1. CONTROLLING DIMENSIONS ARE IN MILLIMETERS (ANGLES IN DEGREES).
2. COPLANARITY APPLIES TO THE EXPOSED PAD AS WELL AS THE TERMINALS.

DIMENSIONS
INCHES MILLIMETERS
A D — DIM
MIN | NOM | MAX | MIN | NOM | MAX
A | 020 | - [ 024 050] - |060
A1 | 000 | - | .001|000| - [o002
O A2 (:006) (0.152)
PINT— | b | .006 | .008 [ .010 | 0.15 | 0.20 | 0.25
INDICATOR D | 154 | 157 | 161 | 3.90 | 4.00 | 4.10
(LASER MARK) D1 | 100 | 104 | 108 | 2555 | 2.65 | 2.75
E | 154 | 157 | 161 | 3.90 | 4.00 | 4.10
E1| 100 | 104 | 108 | 2.55 | 2.65 | 2.75
e 016 BSC 0.40 BSC
L [.012 [ .016 | .020 | 0.30 [ 0.40 | 0.50
N 28 28
— A2 aaa .003 0.08
J* bbb 004 0.10
(] @aa|C J PLANE
A1
— LxN
«— D1 —
‘ l
Uuuuu
I ‘ — E/2
- (@
) ! g
E1 75———{»———57
) i —
l 2> ‘ (@)
1 g
i
nnfnnnn
M
—{|—— bxN
—— DR EBEiroEnn
NOTES:
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$C286

Land Pattern - 4x4 MLPQ-UT28

K
DIMENSIONS
e
] H H H H H [ B DIM INCHES MILLIMETERS
[ {— c (.156) (3.95)
—3 —3
— — G 122 3.10
© H — -+ — G 7 H 104 265
[— [—
— — K 104 2.65
—1 — P 016 0.40
] H H H H I B X .008 0.20
R — R + |+ Y
Y .033 0.85
X4J \47 z 189 4.80

> ——P

NOTES:

1. CONTROLLING DIMENSIONS ARE IN MILLIMETERS (ANGLES IN DEGREES).

2. THIS LAND PATTERN IS FOR REFERENCE PURPOSES ONLY.
CONSULT YOUR MANUFACTURING GROUP TO ENSURE YOUR
COMPANY'S MANUFACTURING GUIDELINES ARE MET.

3. THERMAL VIAS IN THE LAND PATTERN OF THE EXPOSED PAD
SHALL BE CONNECTED TO A SYSTEM GROUND PLANE.
FAILURE TO DO SO MAY COMPROMISE THE THERMAL AND/OR
FUNCTIONAL PERFORMANCE OF THE DEVICE.

4. SQUARE PACKAGE-DIMENSIONS APPLY IN BOTH X AND Y DIRECTIONS.
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