LTC33125A

5V, Dual 6A/Dual-Phase 12A
Step-Down DC/DC Regulator

FEATURES

Dual 6A Outputs

Configurable as Single Output, 2-Phase 12A Buck
High Efficiency: 12mQ High-Side and 8mQ Low-Side
+1% Maximum Total DC QOutput Error

Wide Bandwidth, Fast Transient Response

Internal Input Capacitors Reduce EMI

Vin Range: 2.25V to 5.5V

Vout Range: 0.5V to V}y

Programmable Frequency to 3MHz

Low Ripple Burst Mode® Operation with Low g
Shutdown Current: 1.4pA

35ns Minimum On-Time

Internal Compensation

Precision Enable, Power Good for Power Sequencing
Tracking, Programmable Soft-Start, Temp Monitor Output
Thermally Enhanced, 22-Lead 4mm x 3mm x
0.95mm LQFN package

AEC-Q100 Qualified for Automotive Applications

APPLICATIONS

Servers, Telecom Power Supplies, Optical Networking
Distributed DC Power Systems (POL)

FPGA, ASIC, pP Core Supplies
Industrial/Automotive/Communications

DESCRIPTION

The LTC®3312SA features dual monolithic synchronous
6A step-down converters in a 4mm x 3mm package
for space saving applications with demanding perfor-
mance requirements. Using a constant frequency, peak
current mode architecture at switching frequencies up
to 3MHz, both bucks achieve high efficiency and fast
transient response with small external components. The
LTC3312SA can also be configured as a single output,
2-phase 12A step-down converter.

The LTC3312SA operates in forced continuous or pulse-
skipping mode for low noise, or in Burst Mode operation
for high efficiency at light loads. The common switching
frequency is set to a default 2MHz, programmed with an
external resistor, or synchronized to an external oscillator
via the MODE/SYNC pin. To reduce input ripple current,
the dual converters switch 180 degrees out of phase.

With an input range of 2.25V t0 5.5V the LTC3312SA regu-
lates to outputs as low as 500mV. Other features include
precision enable thresholds, PGOQD signals, output over-
voltage protection, thermal shutdown, and output short cir-
cuit protection. Programmable soft-start and a temperature
monitor output are also included. The device is available in
alow profile 22-lead 4mm x 3mm x 0.95mm LQFN package
with exposed pad for low thermal resistance.

All registered trademarks and trademarks are the property of their respective owners.

TYPICAL APPLICATION

Dual 2MHz 6A Buck Regulators
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LTC3312SA

ABSOLUTE MAXIMUM RATINGS
(Note 1)
PViNts PVIN2, AVINceeeeeeeeceececeee e, -0.3Vto 6V
EN1, EN2............. —0.3V to Lesser of (AV)y + 0.3V) or 6V
FB1, FB2.............. —0.3V to Lesser of (AV)y + 0.3V) or 6V
MODE/SYNC-.......—0.3V to Lesser of (AVjy + 0.3V) or 6V
RT oo, —0.3V to Lesser of (AV)y + 0.3V) or 6V
SSTTH, SSTT2 ....-0.3V to Lesser of (AV)y + 0.3V) or 6V
AGND t0 PGND ......cocvevericcreeeccerean -0.3V to +0.3V
PGOOD1, PGOOD2 ......cocvvecrereeecee, -0.3Vto 6V
IPGOODTs IPGOODD +veverereerererereieeie et omA
Operating Junction Temperature Range (Note 2):
LTC3312SAA. ..., -40°C to 125°C
LTC3312SAJ ..o, -40°C to 125°C
Storage Temperature Range .................. -65°C to 150°C

Maximum Reflow (Package Body)Temperature ....260°C
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LQFN PACKAGE
22-LEAD (4mm x 3mm)
29 = 36.5°C/W, 8,70p = 50.3°C/W,
8,cBoTTOM = 4.4°C/W
NOTES:
1. 6ya VALUE IS OBTAINED WITH DEMO BOARD.

2. 8 VALUES ARE DETERMINED BY SIMULATION
PER JESD-51 CONDITIONS.

ORDER INFORMATION

PART PACKAGE MSL
PART NUMBER MARKING* | FINISH CODE | PAD FINISH TYPE RATING | TEMPERATURE RANGE
LTC3312SAAV#PBF 3125A e4 Au (RoHS) VLV%ENQ(FL'\??&%E{a)ckage 3 —40°C t0 125°C
AUTOMOTIVE PRODUCTS**
LTC3312SAJVAWPBF 3125A e4 Au (RoHS) VLV%ENQ(FL,\?”F”Q’;?B%ESCK"‘QG 3 —40°C t0 125°C

Contact the factory for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container.
**\lersions of this part are available with controlled manufacturing to support the quality and reliability requirements of automotive applications. These

models are designated with a #W suffix. Only the automotive grade products shown are available for use in automotive applications. Contact your
local Analog Devices account representative for specific product ordering information and to obtain the specific Automotive Reliability reports for

these models.

Rev. A

For more information www.analog.com



https://www.analog.com/3312SA?doc=LTC3312SA.pdf
https://www.analog.com

LTC33125A

GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vjy = 3.3V, unless otherwise noted. PVy = PV yq = PVjn2

PARAMETER CONDITIONS MIN TYP MAX UNITS
Operating Supply Voltage (PVy) ® | 225 55 v
PV Undervoltage Lockout PV y Rising ® | 205 2.15 2.25 V
PVin Undervoltage Lockout Hysteresis 150 mV
PV Quiescent Current in Shutdown 1.4 3 pA
PV, Quiescent Current with One Buck Enabled | Burst Mode Operation, Sleeping 50 80 HA
All Modes, Not Sleeping, (Note 3) 1.5 2.3 mA
PV, Quiescent Current with Both Bucks Enabled | Burst Mode Operation, Sleeping 90 130 HA
All Modes, Not Sleeping, (Note 3) 2.8 42 mA
Enable Threshold VEn Rising ® | 0375 04 0.425 v
Enable Threshold Hysteresis 50 mV
EN Pin Leakage +20 nA
Voltage Regulation, Buck 1 and Buck 2
Regulated Feedback Voltage (Veg) o 495 500 505 mV
Feedback Voltage Line Regulation 2.25V < PV)y <5.5V 0.02 0.1 %N
Feedback Pin Input Current Vig = 500mV +20 nA
Top Switch Current Limit (Ipeakmax) Current Qut of SW, Vout/Vy £ 0.2V 91 9.6 10.1 A
Bottom Switch Current Limit (lyaL pymax) Current Out of SW 7.8 A
Bottom Switch Reverse Current Limit (I jyg) Current into SW, Forced Continuous Mode 2.5 4.0 55 A
Top Switch ON-Resistance 12 mQ
Bottom Switch ON-Resistance 8 mQ
SW Leakage Current Shutdown, V) = 5.5V +1 HA
Minimum On-Time Vin=5.5V ° 35 50 ns
Maximum Duty-Cycle o 98 %
Overtemperature Shutdown (OT) Temperature Rising (Note 4) 165 °C
Overtemperature Shutdown Hysteresis 5 °C
Power Good/Soft-Start/Temp Monitor
PGOOQD Rising Threshold As a % of the Regulated Voyt ] 97 98 99 %
PGOOD Hysteresis o 0.6 1.1 1.6 %
Overvoltage Rising Threshold As a % of the Regulated Voyr ] 107 110 114 %
Overvoltage Hysteresis o 1 2.2 35 %
PGOOD Delay 100 is
PGOOQD Pull-Down Resistance Vpgoop = 0.1V 10 20 Q
PGOOD Leakage Current Vpgoop = 5.5V 20 nA
Default Soft-Start Duration VsstT = AVin, Vout Rising from 0V to PGOOD 1 ms
Threshold
Soft-Start Charge Current Vgstr=0.5V o 3 4 5 HA
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LTC3312SA
GLGCTBKHL CHHRHCTGRBTKS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vjy = 3.3V, unless otherwise noted. PV;y = PVjy1 = PVy2

PARAMETER CONDITIONS MIN TYP MAX UNITS
Temp Monitor Slope 4 mV/°C
Oscillator and MODE/SYNC
Default Oscillator Frequency Rr=AV)y ° 1.85 2 2.15 MHz
Oscillator Frequency Rt = 34.8kQ to AGND ) 1.9 2 2.1 MHz
Frequency Range Ry-Programming and Synchronization [ ) 1 3 MHz
Minimum SYNC High or Low Pulse Width ) 40 ns
SYNC Level High on MODE/SYNC ° 1.2 v
SYNC Level Low on MODE/SYNC o 0.4 \Y
MODE/SYNC No Clock Detect Time ) 10 us
MODE/SYNC Pin Threshold For Programming Pulse-Skipping Mode ° 0.1 v
For Programming Burst Mode Operation Vin-0.1 V
Note 1: Stresses beyond those listed under Absolute Maximum Ratings where 0y (in °C/W) is the package thermal impedance. See the High
may cause permanent damage to the device. Exposure to any Absolute Temperature Considerations section for more details.
Maximum Rating condition for extended periods may affect the device The LTC3312SA includes overtemperature protection that protects the
reliability and lifetime. device during momentary overload conditions. Junction temperatures will
Note 2: The LTC3312SA is tested under pulsed load conditions such that exceed 150°C when overtemperature protection is engaged. Continuous
Ty =Ta. The LTC3312SA is guaranteed to meet performance specifications operation above the specified maximum operating junction temperature
from —40°C to 125°C junction temperature. High junction temperatures may impair device reliability.
degrade operating lifetimes; operating lifetime is derated for junction Note 3: Supply current specification does not include switching currents.
temperatures above 125°C. Note that the maximum ambient temperature Actual supply currents will be higher.

consistent with these specifications is determined by specific operating
conditions in conjunction with board layout, the rated package thermal
impedance, and other environmental factors. The junction temperature
(Tyin °C) is calculated from ambient temperature (Ta in °C) and power
dissipation (Pp in Watts) according to the formula: Ty=Ta + (Pp © 6,p),

Note 4: Overtemperature shutdown in not tested in production.

Rev. A

| For more information www.analog.com


https://www.analog.com/3312SA?doc=LTC3312SA.pdf
https://www.analog.com

LTC33125A

TYPICAL PERFORMANCE CHARACTERISTICS 14 - 25°C, unless otherwise noted.
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LTC3312SA
T'I'PICHL PEBFOBMHHCE CHHRHCTGGISTICS Ta = 25°C, unless otherwise noted.
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LTC33125A

T'I'PICHL PEBFOﬂmm\CE CHHRHCTGGISTICS Ta = 25°C, unless otherwise noted.

UV, OV PGOOD Thresholds

14
112
110
108
106
104

— UV, Vour RISING
—— UV, Vour FALLING

PERCENTAGE OF THE REGULATED Vour (%

102 |— === 0V Vour RISING
= === 0V, Voyr FALLING
100 ouT
98
T e e
94
=50 25 0 25 50 75 100 125 150
TEMPERATURE (°C)

33125A G19

SSTT Current vs Temperature

4.00
_ V|N =25V
395 [ —= V|N =3.3V
390 | === Vin=5v
<385
£ 3.80
& 375 e ===
oc 9 F= ~
) L/ g
S 370 ﬁ%/ Ny
B e L2
B 3.65 g7
3.60
355
350
50 25 0 25 50 75 100 125 150
TEMPERATURE (°C)
3312SA G22
Efficiency, Vjy = 2.5V,
Burst Mode Operation
100 fsw = 2MHz, COILCRAFT XEL3515-221
95 NN
00 |t I -k L= AP SRL
L ARE =TI = LN
_ 8 Pt
x yyd
; 80 l/
= 75
2 7
]
65 — Vour=0.5V {
60 == Voyr=0.75V |
=== Voyr=1.0V
55 ===-Voyr=1.2V |
------ VOUT = 18V
50
0.001 0.01 0.1 1 6
ILoap (A)

33125A G25

Vour Load Regulation for the
Vourt = 1.2V Application
Forced Continuous Mode

1.204
— V|y=25V
1.203 | —= Vjy=3.3V
=== V=5V
1.202
1.201
S el
5 1.200 =
o
>
1.199
1.198
1.197
1.196
0 1 2 4 5 6
ILoaD (A)
3312SA G20
SSTT Voltage vs Temperature
1.80
— V=25V
—= V|y=3.3V /
160 [ === Vi =5V /‘/
//
S 140
w
2
5 120
>
E
2 1.00 pd
0.80
0.60
50 25 0 25 50 75 100 125 150
TEMPERATURE (°C)
3312SA G23
Efficiency, Viy=3.3V,
Burst Mode Operation
100 fsw = 2MHz, COILCRAFT XEL3515-221
95 lo P Y o* *
90 (T o S E R AT,
= Ll =——" LT
85 |~ LT — T I N
g . 'l, ,,f /’,— \
> 80 'l'/ /a \
2 Vi,
i 75 [~/ /r
2 0
-
65 — Vour=0.5V
/ —= Vour=0.75V
60 -== Voyr=1.0V
55 === Vour=1.2V
------ VOUT: 18V
50
0.001 0.01 0.1 1 6
ILoAD (A)

33125A G26

Vour (V)

Voyr Line Regulation for the
Voyr=1.2V Application
Forced Continuous Mode

1.204
— loap=0A
1.203 | =—= |L0AD=1A
==~ lLoap=3A
1.202 |- === I oap = 6A
1.201
—
1.200 —_—
1.199
1.198
1.197
1.196
25 3 35 4 45 5 55
INPUT VOLTAGE (V)
33125A G21
Efficiency, Vjy = 3.3V,
Voyt = 1.2V, All Modes
100 oK TrM252012ALMARZZMTAR
90 |fsw =2MHz. SR
41 B
~1 /|
80 b~ y
0 W7
< 60 d
= (A
g 90 /’
=} 4
= 40 Yl
i 2
30 padtii
4” /
0= /| — Fc moDE
10 it — = Burst Mode OPERATION
0 Ped ——— PULSE-SKIP
0.001 0.01 0.1 1 6
ILoap (A)
33128A G24
Efficiency, V;y = 5.0V,
Burst Mode Operation
100 = 2MHz, COILCRAFT XEL3515-221
95 oo d
90 L el
S PR PR S YRy
_. 8 g -;.-—',..... = &
£ w T
) Slel e
i 75 N4 ,,/
2 A LA
ey 70 e 7
& 1/
65 |- i — Vgyr=05
60 L —= Vour=0.75V
! === Voyr=1.0V
55 === Voyr=12V
------ VOUT = 18V
0.001 0.01 0.1 1 6
ILoAD (A)
33125A G27
Rev. A

For more information www.analog.com

>


https://www.analog.com/3312SA?doc=LTC3312SA.pdf
https://www.analog.com

LTC3312SA

T'I'PICHL PEBFOﬂmm\CE CHHRHCTGGISTICS Ta = 25°C, unless otherwise noted.
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LTC3312SA
T'I'PICHL PEBFOﬂmm\CE CHHRHCTGRISTICS Ta = 25°C, unless otherwise noted.
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1A/DIV | 500mA/DIV 1A/DIV
PGOOD (™7 PaooD ]
1 F;(\;/S)Dole [ 1svowv 1.5V/DIV
250HS/D|V 3312SA G37 250us/DIV 3312SA G38 250u5/D|V 331254 639
3.3V TO 1.2V, 2MHz TYPICAL APPLICATION 3.3V T0 1.2V, 2MHz TYPICAL APPLICATION 3.3V T0 1.2V, 2MHz TYPICAL APPLICATION
RLoAD = 120Q RLoap = 120Q RLoAD = 120Q
Load Transient Response, Load Transient Response, Load Transient Response,
Forced Continuous Mode Pulse-Skipping Mode Burst Mode Operation
ILoAD ) l ILoap ‘ l ILoAD J l
2.5A/DIV 2.5A/DIV- 2.5A/DIV-
I I I
2A/DIV | 2A/DIV 2A/DIV-
il /\ \YODLIJ\I [\"" Vout J\/\/____/\/\/\f
somvDlV [\ S0m; 7 50mV/DIV
10ps/DIV Srsh a0 10ps/DIV S31245 641 10us/DIV 33125A G42
3.3VTO0 1.2V, 2MHz TYPICAL APPLICATION 3.3V TO 1.2V, 2MHz TYPICAL APPLICATION 3.3V T0 1.2V, 2MHz TYPICAL APPLICATION
Cout = 66pF, L = 220nH Cour = 66pF L = 220nH Cour = 66pF L = 220nH
LOAD STEP: 0.1ATO 4.5A IN 1ps LOAD STEP: 0.1ATO 4.5A IN 1ps LOAD STEP: 0.1ATO 4.5A IN 1ps
2-Phase Configuration 2-Phase Configuration 2-Phase Configuration
Load Transient Response, Load Transient Response, Load Transient Response,
Forced Continuous Mode Pulse-Skipping Mode Burst Mode Operation

ILOAD , \ ILoAD | \ ILoAD | \
10A/DIV- 10A/DIV] 10A/DIV-
I m 11 femed B ] T
5A/DIV

L1 IL1
5A/DIV 5A/DIV

¥ m le,m 2 —m___

SADIV | SADIV SADI
N / Vout
Vout Vout
50mV/DIV V 50mV/DIV \ f 50mV/DIV
10us/D|V 3312SA G43 10“S/DIV 33125A G44 1 Ous/DIV 3312SA G45

3.3V T0 1.0V, 2MHz 2-PHASE APPLICATION 3.3V T0 1.0V, 2MHz 2-PHASE APPLICATION 3.3VT0 1.0V, 2MHz 2-PHASE APPLICATION
Couyr = 47uF x6, L = 150nH Couyr = 47yF x6, L = 150nH Cour = 47)F x6, L = 150nH
LOAD STEP: 0.1ATO 9A IN 1ps LOAD STEP: 0.1ATO 9A IN 1ps LOAD STEP: 0.1ATO 9A IN 1ps
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PIN FUNCTIONS

SSTT1 (Pin 1) : Soft-Start, Tracking, Temperature Monitor
Input for Buck Regulator 1. An internal 4pA current into
an external capacitor on the soft-start pin programs the
output voltage ramp rate during start-up. When SSTT1 is
below 0.5V, the FB1 pin voltage will track the SSTT1 pin
voltage. When SSTT1 is above 0.5V, the tracking function
is disabled, the internal reference resumes control of the
error amplifier and the SSTT1 pin servos to a voltage
proportional to junction temperature. For a clean recov-
ery from an output short circuit condition, the SSTT1
pin is pulled down to approximately 100mV above the
VEp voltage and a new soft-start cycle is initiated. During
shutdown and fault conditions, the SSTT1 pin is pulled to
ground. Short the SSTT1 pin to AV)y to use an internally
set default soft-start time of 1ms (typical).

FB1 (Pin 2): Feedback Input for Buck Regulator 1.
Program the output voltage of Buck 1 by connecting this
pin to the middle node of a resistor divider between the
output and ground. The FB1 pin is regulated to 500mV. A
phase lead capacitor connected between Voyr1 and FB1
may be used to optimize transient response.

EN1 (Pin 3): Active High Enable Input for Buck Regulator 1.
The EN1 pin has a precision threshold. An external resistor
divider from V,y, or from another supply, can be used to
program when Buck Regulator 1 is enabled. If the enable
function is not required, tie EN1 directly to AVy. The EN1
pin should not be floated.

PGOOD1 (Pin 4): Power Good (Open-Drain) Output for
Buck Regulator 1. When the regulated output voltage
is outside the power-good voltage window, and PV, is
above 2.25V, this pin is driven LOW. The PGOOD1 output
is also pulled low when PV)y is above 2.25V and Buck
Regulator 1 is in shutdown.

SW1 (Pins 5, 6): Switch Node for Buck Regulator 1.
Connect an external inductor to this pin.

PViN1 (Pins 7, 8): Input Supply for Buck Regulator 1.
Supplies gate drive circuits and inductor current when
the high side turns on. Bypass PVy1 to PGND with a
separate low ESR capacitor close to the pins. PVy1 and
PV|n2 should be shorted externally. Use separate capaci-
tors to PGND for PV|y1 and PV to prevent interaction
between the buck regulators. There is an internal 20Q
resistor from PVy¢ to AV to help create a filtered supply
for the internal control circuits.

PGND (Pins 9,10, 23): The PGND pins are the return path
of the internal bottom side power switches. Connect the
PGND pins together and to the exposed pad. Connect
the negative terminal of the input capacitors as close to
the PGND pins as possible. The PGND node is the main
thermal highway and should be connected to a large PCB
ground plane with many large vias.

PVin2 (Pins 11, 12): Input Supply for Buck Regulator 2.
Supplies gate drive circuits and inductor current when
the high side turns on. Bypass PVjyo to PGND with a
separate low ESR capacitor close to the pins. PVy1 and
PV|n2 should be shorted externally. Use separate capaci-
tors to PGND for PVy4 and PV y2 to prevent interaction
between the buck regulators. There is an internal 20Q
resistor from PVy2 to AV)y to help create a filtered supply
for the internal control circuits.

SW2 (Pins 13,14): Switch Node for Buck Regulator 2.
Connect an external inductor to this pin.

MODE/SYNC (Pin 15): Mode Selection and External Clock
Synchronization Input. Ground this pin to enable pulse-
skipping mode. Tie this pin to AV)y to enable Burst Mode
operation for higher efficiency at light loads. Float this
pin to enable forced continuous mode for fast transient
response and full frequency operation over a wide load
range. Drive MODE/SYNC with an external clock to syn-
chronize both switchers to the applied frequency. The
slope compensation is automatically adapted to the exter-
nal clock frequency. In the absence of an external clock,
the RT pin controls the switching frequency.
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PIN FUNCTIONS

PGOO0D2 (Pin 16): Power Good (Open-Drain) Output for
Buck Regulator 2. When the regulated output voltage
is outside the power-good voltage window, and PV, is
above 2.25V, this pin is driven LOW. The PGOOD2 out-
put is also pulled low when V) is above 2.25V and Buck
Regulator 2 is in shutdown.

FB2 (Pin 17): Feedback Input for Buck Regulator 2.
Program the output voltage of Buck 2 by connecting this
pin to the middle node of a resistor divider between the
output and ground. The FB2 pin is regulated to 500mV. A
phase lead capacitor connected between Voyro and FB2
may be used to optimize transient response.

EN2 (Pin 18): Active high Enable Input for Buck
Regulator 2. The EN2 pin has a precision threshold. An
external resistor divider from V,y, or from another sup-
ply, can be used to program when Buck Regulator 2 is
enabled. If the enable function is not required, tie EN2
directly to AV)y. The EN2 pin should not be floated.

RT (Pin 19): The RT pin sets the switching frequency with
an external resistor to AGND. If this pin is tied to AV,
the buck will switch at the default oscillator frequency. If
the external clock is driving the MODE/SYNC pin, the RT
pin is ignored.

AGND (Pin 20): The AGND pin is the ground pin for
the internal bias circuits, including the bandgap refer-
ence. Connect the bottom resistor of the FB1 and FB2
resistor dividers to the AGND pin for accurate output
voltage regulation.

AV\y (Pin 21): Filtered Input Supply used to bias the inter-
nal bandgap reference and buck control circuits. There are
internal 20€2 resistors from PV y4 to AVy, and from PVy»
to AV)y. Connect a 1pF ceramic capacitor from AV,y to
AGND to provide a filtered supply for the internal control
circuits. Do not externally load this pin.

SSTT2 (Pin 22): Soft-Start, Tracking, Temperature Monitor
Input for Buck Regulator 2. An internal 4pA current into
an external capacitor on the soft-start pin programs the
output voltage ramp rate for during start-up. When SSTT2
is below 0.5V, the FB2 pin voltage will track the SSTT2 pin
voltage. When SSTT2 is above 0.5V, the tracking function
is disabled, the internal reference resumes control of the
error amplifier and the SSTT2 pin servos to a voltage
proportional to junction temperature. For a clean recov-
ery from an output short circuit condition, the SSTT2
pin is pulled down to approximately 100mV above the
Vg voltage and a new soft-start cycle is initiated. During
shutdown and fault conditions, the SSTT2 pin is pulled to
ground. Short the SSTT2 pin to AV)y to use an internally
set default soft-start time of 1ms (typical).
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OPERATION

Dual Buck Switching Regulators

The LTC3312SA is a 5V dual 6A monolithic, constant fre-
quency, peak current mode step-down DG/DC converter.
The synchronous buck switching regulators are internally
compensated and require only external feedback resistors
to set the output voltage.

An internal oscillator, with frequency set using a resis-
tor on the RT pin or synchronized to an external clock,
turns on the internal top power switch at the start of each
clock cycle, (the clock’s rising edge for Buck 1). Current
in the inductor then increases until the top switch current
comparator trips and turns off the top power switch. The
peak inductor current at which the top switch turns off
is controlled by an internal V¢ voltage. The error ampli-
fier regulates V¢ by comparing the voltage on the FB pin
with an internal 500mV reference. When the load current
increases it causes a reduction in the feedback voltage
relative to the reference leading the error amplifier to raise
the Vg voltage until the average inductor current matches
the new load current. When the top power switch turns
off, the synchronous power switch turns on and ramps
down the inductor current for the remainder of the clock
cycle or, if in pulse-skipping or Burst Mode operation, until
the inductor current falls to zero. If overload conditions
result in excessive current flowing through the bottom
switch, the next clock cycle will be skipped until the switch
current returns to a safe level. The top switches of the two
buck regulators are turned on 180 degrees out of phase
to reduce input current ripple.

Each buck switching regulator has its own SW, FB, SSTT,
PGOOD, and EN pins. The enable pins have precision
400mV thresholds which may be used to provide event-
based power-up sequencing by connecting the enable pin
to the output of another buck through a resistor divider.
If the EN pin of a buck is low, that buck is in shutdown
and in a low quiescent current state. If both EN pins are
low, both bucks are in shutdown, the SW pins are high
impedance, and the quiescent current of the LTC3312SA
is 1.4pA (typical). If either EN pin is above the enable
threshold of 400mV, its respective buck is enabled.

Both buck regulators have forward and reverse current
limiting, short-circuit protection, output overvoltage pro-
tection, and soft-start to limit inrush current during start-
up or recovery from a short-circuit.

2-Phase, Single Output Operation

The LTC3312SA is easily configured as a single output,
2-phase, 12A buck regulator by connecting the FB2 and
SSTT2 pins to AV)y, and connecting the EN2 pin to AGND.
The PGOOD2 pin can be floated or shorted to ground. The
EN1 pin will control the enable for both power stages, and
the PGOOD1 pin functions as the power good indicator.

The part detects that FB2 is connected high and uses the
output of the error amplifier (V) for Buck 1 to control the
peak inductor current for both buck power stages. The top
switches of the two phases are turned on 180 degrees
out of phase to reduce input current ripple. The differ-
ence between peak inductor currents of the two phases
are determined by internal matching and will typically be
within 10% of each other at high currents.

The equations used to determine the inductor value for a
single-phase 6A buck are also used to select the induc-
tors for the dual-phase 12A circuit (see Applications
Information section for inductor selection). The total
capacitance on the 2-phase output should be double what
is calculated for a single phase 6A buck (see Applications
Information section for output capacitor selection).

When waking up from sleep in Burst Mode operation,
the top switches of the two phases are turned on initially
without a delay, to improve the transient response coming
out of sleep. The 180-degree phase difference will start
on the subsequent turn-on after exiting sleep.

Input Supply

The AV)y pin is a noise-filtered version of PV,y used to
bias the internal bandgap reference and buck control cir-
cuits. A 1pF external filter capacitor should be connected
from AV|y to AGND, and no current should be drawn by
external circuits. AV)y connects to the PViyq and PVy2
pins through internal 20Q2 filter resistors.
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OPERATION

PV|n1 and PV y2 are not connected internally and should
be externally shorted to a single input supply. Each PV)y
pin should have its own input bypass capacitor to PGND.

Mode Selection

The buck switching regulators operate in three different
modes set by the MODE/SYNC pin: pulse-skipping mode
(when the MODE/SYNC pin is set low), forced continu-
ous mode (when the MODE/SYNC pin is floating), and
Burst Mode (when the MODE/SYNC pin is set high). The
MODE/SYNC pin sets the operating mode for both buck
switching regulators.

In pulse-skipping mode, the oscillator operates continu-
ously, and positive SW transitions are aligned to the clock.
Negative inductor current is disallowed, and switch pulses
are skipped for light loads to regulate the output voltage.

In forced continuous mode, the oscillator operates con-
tinuously. The top switch turns on every cycle and regu-
lation is maintained by allowing the inductor current to
reverse at light load. This mode allows the buck to run
at a fixed frequency with minimal output ripple. In forced
continuous mode, if the inductor current reaches 4A (typi-
cal) into the SW pin, the bottom switch will turn off for
the remainder of the cycle to limit the current.

In Burst Mode operation at light loads, the output capaci-
tor is charged to a voltage slightly higher than its regu-
lation point. The regulator then goes into a sleep state,
during which time the output capacitor provides the
load current. In sleep, most of the regulator’s circuitry is
powered down, helping conserve input power. When the
output voltage drops below its programmed value, the
circuitry is powered on and another burst cycle begins.
The sleep time decreases as load current increases. In
Burst Mode operation, the regulator will burst at light
loads whereas at higher loads it will operate in constant
frequency PWM mode.

Synchronizing the Oscillator to an External Clock

The LTC3312SA’s internal oscillator is synchronized
through an internal PLL circuit to an external frequency
by applying a square wave clock signal to the MODE/
SYNC pin. During synchronization, the Buck 1 top power
switch turn-on is locked to the rising edge of the external

frequency source. The Buck 2 top switch turn-on will be
180 degrees out of phase with respect to Buck 1. While
synchronizing, the buck switching regulators operate
in forced continuous mode. The slope compensation is
automatically adapted to the external clock frequency. The
synchronization frequency range is 1MHz to 3MHz.

After detecting an external clock on the first rising edge
of the MODE/SYNC pin, the internal PLL gradually adjusts
its operating frequency to match the frequency and phase
of the signal on the MODE/SYNC pin. When the external
clock is removed, the LTC3312SA will detect the absence
of the external clock within approximately 10ps. During
this time, the PLL will continue to provide clock cycles.
Once the external clock removal has been detected, the
oscillator will gradually adjust its operating frequency to
the one programmed by the RT pin.

Output Power Good

Both buck switching regulators have an external open-
drain PGOOD pin, that operates independently of the
other. When a buck output voltage is within the —2/+10%
(typical) window of the nominal regulation voltage, the
output is considered good. The corresponding open-drain
PGOOD pin goes high impedance and is typically pulled
high with an external resistor. Otherwise, an internal pull-
down device will pull the corresponding PGOOD pin low.
Each PGOOD pin is also pulled low during the following
fault conditions: the corresponding buck EN pin is low, V}y
is too low, or thermal shutdown. To filter noise and short
duration output voltage transients, the lower thresholds
have a hysteresis of 1.1% (typical), the upper thresholds
have a hysteresis of 2.2% (typical), and transitions of the
PGOOD pins have a built-in time delay, typically 100ps.

Output Overvoltage Protection

If there is an output overvoltage event, which occurs when
the FB pin voltage is greater than 110% of nominal, the
buck regulator top power switch will be turned off. If the
output remains out of regulation for more than 100ys, the
PGOOD pin will be pulled low.
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OPERATION

An output overvoltage event should not happen under
normal operating conditions.

Overtemperature Protection

To prevent thermal damage to the LTC3312SA, the device
incorporates an overtemperature (OT) function. If the die
temperature reaches 165°C (typical, not tested), both
buck switching regulators will be shut down and remain
in shutdown until the die temperature falls to 160°C (typi-
cal, not tested).

Soft-Start/Tracking/Temperature Monitor

The soft-start tracking function facilitates supply sequenc-
ing, limits V,y inrush current, and reduces start-up output
overshoot. Each buck regulator has an SSTT pin, which
sources a 4pA current when that buck is enabled. When the
SSTT pin voltage is low, it replaces the 500mV reference
normally used for regulating the FB voltage. A capacitor
on the SSTT pin to ground can be used to set the soft-start
ramp time for each buck regulator. When soft-starting is
completed, each SSTT pin parks itself at a voltage rep-
resentative of the LTC3312SA die junction temperature.

An alternative is to connect an SSTT pin to AV,y, which
selects an internally-set 1ms default soft-start time for
that buck regulator.

An active pull-down circuit is connected to either the SSTT
pin, or to the internal soft-start node if SSTT is connected
high. This is used to discharge it in the case of fault con-
ditions. The soft-start ramp will restart when the fault is
cleared. Fault conditions that clear the soft-start voltage
ramp are the EN pin transitioning low, V,y voltage falling
too low, or thermal shutdown.

Dropout Operation

As the input supply voltage approaches the output voltage,
the duty-cycle increases until SW is low for a minimum
time of 30ns (typical). Further reduction of the supply
voltage forces the main switch to remain on for more than
one cycle, allowing the duty-cycle to increase despite the
internally set minimum SW low-time. As the input drops
further, the main switch stays on for more cycles, until
it reaches the maximum allowed 16 cycles. At least one

minimum low-time is forced every 16 cycles in dropout,
limiting the maximum duty-cycle to 99% (typical).

Deep in dropout, the output voltage will be approximately
determined by 0.99 times the input voltage, minus the
voltage drops across the internal high-side MOSFET and
the inductor.

Low Supply Operation

The LTC3312SA is designed to operate down to an input
supply voltage of 2.25V. One important consideration at
low input supply voltages is that the Rpg(on) of the inter-
nal power switches increases. Calculate the worst case
LTC3312SA power dissipation and die junction tempera-
ture at the lowest input voltages.

Output Short-Circuit Protection and Recovery

The peak inductor current level, at which the current com-
parator shuts off the top power switch, is controlled by
the internal V¢ voltage. If the output current increases,
the error amplifier raises V¢ until the average induc-
tor current matches the load current. The LTC3312SA
clamps the maximum V¢ voltage, thereby limiting the
peak inductor current.

When the output is shorted to ground, the inductor cur-
rent decays very slowly when the bottom power switch
is on, because the voltage across the inductor is low. To
keep the inductor current in control, a secondary limit
is imposed on the valley of the inductor current. If the
inductor current measured through the bottom power
switch is greater than Iy at the end of a cycle, the
top power switch will be held off. Subsequent switching
cycles will be skipped until the inductor current is reduced
below I jpn-

Recovery from an output short circuit may involve a soft-
start cycle if Vg falls more than approximately 100mV
below regulation. During such a recovery, Veg will quickly
charge up by that ~100mV and then follow the soft-start
ramp until regulation is reached.
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APPLICATIONS INFORMATION

Output Voltage and Feedback Network

The output voltage of the buck switching regulators is
programmed by a resistor divider between the output
and the FB pin. Choose the resistor values according to
Equation 1.

V
Ry =Rg| =L —1) 1
A B(SOOmV )

as shown in Figure 1:

Vour

BUCK

SWITCHING FB é----'

REGULATOR

3312SA FO1

Figure 1. Feedback Components

Typical values for Rg range from 40k to 400k. 0.1% resis-
tors are recommended to maintain output voltage accu-
racy. The buck regulator transient response may improve
with an optional phase lead capacitor Cgr that helps cancel
the pole created by the feedback resistors and the input
capacitance of the FB pin. Experimentation with capaci-
tor values between 2pF and 40pF may improve transient
response. The values used in the typical application cir-
cuits are a good starting point.

Operating Frequency Selection and Trade-0Offs

Selection of the operating frequency is a trade-off between
efficiency, component size, transient response and input
voltage range.

The advantage of high frequency operation is that smaller
inductor and capacitor values may be used. Higher
switching frequencies allow for higher control loop
bandwidth and, therefore, faster transient response. The
disadvantages of higher switching frequencies are lower
efficiency, because of increased switching losses, and a
smaller input voltage range, because of minimum switch
on-time limitations.

The minimum on-time of the buck regulators imposes
a minimum operating duty-cycle. The highest switching
frequency (fsw(vax)) for a given application can be cal-
culated with Equation 2.

fsw(max) = Your (2)
tonminy ® PVinguax)

where PViyvax) is the maximum input voltage, Voyr

is the output voltage, and ton(winy is the minimum top

switch on-time. This equation shows that a slower switch-

ing frequency might be necessary to accommodate a high

Vin/Voyr ratio.

The LTC3312SA is capable of a maximum duty-cycle of
98%. Therefore, the V|y-to-Voyt dropout is limited by
0.98 times the input supply, the Rps(on) of the top switch,
the inductor DCR, and the load current.

Setting the Switching Frequency

The LTC3312SA uses a constant frequency peak current
mode control architecture. There are three methods to set
the switching frequency.

The first method, connecting the RT pin to V,y, sets the
switching frequency to the internal default with a nominal
value of 2MHz.

The second method is with a resistor (Ry) tied from the RT
pin to ground. The frequency can be programmed from
1MHz to 3MHz. Table 1 and Equation 3 show the neces-
sary Ry value for a desired switching frequency:
Rr=222-19 ®)
fow

where Ry is in kQ and fgyy is the desired switching fre-
quency in MHz, ranging from 1MHz to 3MHz.
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Table 1. Ry Value vs Switching Frequency

fsw (MHz) Rt (kQ)
1.0 71.5
1.2 59.0
1.4 51.1
1.6 44.2
1.8 39.2
2.0 34.8
2.2 31.6
2.4 28.7
2.6 26.1
2.8 24.3
3.0 22.6

The third method to set the switching frequency is by syn-
chronizing the internal PLL circuit to an external square
wave clock applied to the MODE/SYNC pin. The synchro-
nization frequency range is 1MHz to 3MHz. The square
wave amplitude should have valleys that are below 0.4V
and peaks above 1.2V. High and low pulse widths should
both be at least 40ns.

Inductor Selection and Maximum Qutput Current

Considerations in choosing an inductor are inductance,
RMS current rating, saturation current rating, DCR, and
core loss.

Select the inductor value based on Equation 4 and
Equation 5.

L~ Vour o _Vour | g Vour g5 (4)
1.8Ae gy PVinvax) PVin(max)
0.25ePV,

N NwAX) ¢ Vour g5 (5)

1'8A.fSW PV|N(|V|AX)

where fgyy is the switching frequency and PVy(wax is the
maximum input voltage.

To avoid overheating of the inductor choose an inductor
with an RMS current rating that is greater than the maxi-
mum expected output load of the application. Overload
and short circuit conditions may need to be taken
into consideration.

In addition, ensure that the saturation current rating (typi-
cally labeled Igar) of the inductor is higher than the maxi-
mum expected load current plus half the inductor ripple
current (Equation 6).

1
IsaT > lLoap(max) *+ 5 Al (6)

where | oap(wax) is the maximum output load current for
a given application and Al is the inductor ripple current
calculated by Equation 7.

A|L= VOUT .(1_ VOUT) (7)
L*fow Vin

A more conservative choice would be to use an inductor
with an Igat rating higher than the maximum current limit
of the LTC3312SA.

To keep the efficiency high, choose an inductor with the
lowest series resistance (DCR). The core material should
be intended for high frequency applications. Table 2 shows
recommended inductors from several manufacturers.
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Table 2. Recommended Inductors with Typical Specifications

INDUCTANCE MANUFACTURER'S PART
(nH) lreme (A)* lsar (A) DCR(mQ) | WxLxH(mm) | MANUFACTURER NUMBER
220 to 560 9.3105.1 9.3106.7 9510187 | 3.0x3.0x1.2 Vishay IHLP-1212AB-11
330 5.2 6.8 16 2.7x22x1.0 Sumida 252010CDMCCDS-R33MC
330, 470 51,49 76,67 19,23 (Max) | 2.5x2.0x1.2 Murata DFE252012F
330 48 6.8 16 25x2.0x1.0 Murata DFE252010F-R33M
330 55 7.3 16 25x2.0x1.0 Cyntec HMLQ25201T-R33MSR
330 55 8.3 14 3.0x3.0x2.0 | Wurth Elektronik 744383360033
250 55 12 10 32x25x15 | Wurth Elektronik 74479290125
240 6 9.5 18 25%2.0x1.0 NIC NPIM20LP
240 6.5 75 15 2.0x1.6x1.0 NIC NPIM26LP
240 5.2 6.5 19 2.2 x1.8x1.0 Sumida 201610CDMCCDS-R24MC
240 5 6.6 19 (Max) 2.0x16x12 Murata DFE201612E-R24M
240 47 6.3 20 (Max) 2.0x1.6x1.0 Murata DFE201610E-R24M
220 5.9 7.0 9.4 25x2.0x1.0 Cyntec HMLB25201T-R22MSR-01
220 7.4 7.4 8.4 25x2.0x12 Vishay IHHP1008ABERR22M01
220 8.0 7.0 13 (Max) 25x2.0x12 XFRMS XFHCL43LT-R22M
7210 560 23.6108.1 16.010 6.5 28510215 | 32x35x15 Coilcraft XEL3515
110 55 8.8 12 (Max) 2.0x12x1.0 Murata DFE201210S-R11M
100 11.13 7.38 7.31 33x33x1.0 Vishay IHLP1212AZEER10M5A
100 to 470 561012 581010 41019 25x2.0x12 DK TFM252012ALMA

*Strongly depends on the PCB thermal properties
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Input Capacitors

Bypass the input of the LTC3312SA with at least two
ceramic capacitors close to the part, one near each PVy
pin. Connect the ground of each capacitor to a wide PCB
trace on the top layer of the PCB that connects pins 9
and 10 with the exposed pad. These capacitors should
be 0603 or 0805 in size. Smaller 0201 capacitors can
also be placed as close as possible from PVy4 to PGND,
and from PV|yo to PGND to reduce input noise with
minimal increase in application footprint. See the PCB
Layout Considerations section for more detail. X7R or
X5R capacitors are recommended for best performance
across temperature and input voltage variations (see
Table 3). Note that larger input capacitance is required
when a lower switching frequency is used. If the input
power source has high impedance, or there is significant
inductance due to long wires or cables, additional bulk
capacitance may be necessary. This can be provided with
an electrolytic capacitor.

A ceramic input capacitor combined with trace or cable
inductance forms a high quality (underdamped) tank cir-
cuit. If the LTC3312SA circuit is plugged into a live sup-
ply, the input voltage can ring to twice its nominal value,
possibly exceeding the LTC3312SA’s voltage rating. This
situation is easily avoided (see Application Note AN8S).

Table 3. Ceramic Capacitor Manufacturers

VENDOR URL

AVX WWW.avXCcorp.com
Murata www.murata.com

TDK www.tdk.com

Taiyo Yuden www.t-yuden.com
Samsung Www.samsungsem.com
Waurth Elektronik www.we-online.com

Output Capacitor, Output Ripple and Transient
Response

The output capacitor has two essential functions. Along
with the inductor, it filters the square wave generated by
the LTC3312SA to produce the DC output. In this role it
determines the output ripple; thus, low impedance at the
switching frequency is important. The second function

is to store energy in order to satisfy transient loads and
stabilize the LTC3312SA’s control loop.

The LTC3312SA is internally compensated and has been
designed to operate at a high bandwidth for fast transient
response capability. The selection of Cqyr will affect the
bandwidth of the system, but the transient response is
also affected by Vour, Vin, fsw, and other factors. A good
place to start is with the output capacitor value given by
Equation 8.

Cour =20+ ek [ 05 8)
fsw V Vour

where Gy is the recommended output capacitor value in pf
fsw is the switching frequency in MHz, Iyjax = 6A per phase
is the rated output current in Amps, and Vgt is in volts.

A lower value of output capacitor can be used to save
space and cost, but transient performance will suffer and
loop stability must be verified.

Ceramic capacitors have very low equivalent series
resistance (ESR) and provide the best output ripple and
transient performance. Use X5R or X7R ceramic capaci-
tors (see Table 3). Even better output ripple and transient
performance can be achieved by using low-ESL reverse
geometry or three-terminal ceramic capacitors.

During a load step, the output capacitor must instanta-
neously supply the current to support the load until the
feedback loop increases the switch current enough to
support the load. The time required for the feedback loop
to respond is dependent on the compensation compo-
nents and the output capacitor size. Typically, 3 to 4 cycles
are required to respond to a load step, but only in the first
cycle does the output drop linearly. Although affected by
Vour, Vin, fsw, tonminy, the equivalent series inductance
(ESL) of the output capacitor, and other factors, the output
droop, Vproop, is usually about 3 times the linear drop of
the first cycle (Equation 9).

B.AIOUT

9
Cout * fow ©

Vbroopr =

Transient performance and control loop stability can be
improved with a higher Cqyt and/or the addition of a
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feedforward capacitor Cgr placed between Voyt and FB.
Capacitor Cr provides phase lead compensation by cre-
ating a high frequency zero which improves the phase
margin and the high frequency response. The values used
in the typical application circuits are good starting points.
LTpowerCAD® is a useful tool to help optimize Cgr and
Coyt for a desired transient performance.

Applying a load transient and monitoring the response of
the system or using a network analyzer to measure the
actual loop response are two ways to experimentally verify
transient performance and control loop stability, and to
optimize Cgr and Coyr.

When using the load transient response method to sta-
bilize the control loop, apply an output current pulse of
20% to 100% of full load current having a very fast rise
time. This will produce a transient on the output voltage.
Monitor Vot for overshoot or ringing that would indicate
a stability problem (see Application Note AN149).

Output Voltage Sensing

The LTC3312SA’s AGND pin is the ground reference for
the internal analog circuitry, including the bandgap voltage
reference. For the single output, 2-phase application, load
regulation can be improved by connecting the AGND pin
to the negative terminal of the output capacitor (Coyr) at
the load. Any drop in the high current power ground return
path will be compensated. All of the signal components,
such as the FB resistor dividers and the Ry resistor, should
be referenced to the AGND node. AGND carries very little
current and, therefore, can be a minimal size trace.

For dual-buck applications, connect the FB resistor divid-
ers, the Ry resistor ground, and the AV, capacitor ground
to the AGND pin close to the part. Connect AGND, using a
via, to a low resistance ground plane that minimizes any
voltage drops between AGND and the negative terminals
of the buck output capacitors.

Enable Threshold Programming

The LTC3312SA has precision threshold enable pins for
each buck regulator to enable or disable each buck. When
both are forced low, the device enters into a low current
shutdown mode.

The rising threshold of both EN comparators is 400mV,
with 50mV of hysteresis. The EN pins can be tied to AVy
if the shutdown feature is not used. Adding a resistor
divider from PV to an EN pin programs the LTC3312SA
to regulate that output only when PV|y is above a desired
voltage. Typically, this threshold, Vin(en), is used in situ-
ations where the input supply is current limited or has
a relatively high source resistance. A switching regula-
tor draws near constant power from its input source, so
source current increases as source voltage drops. This
looks like a negative resistance load to the source and can
cause the source to current limit or latch low under low
source voltage conditions. The Vyyey) threshold prevents
the regulator from operating at source voltages where
problems may occur. Referring to Figure 2, this threshold
can be adjusted by setting the values R1 and R2 such that
they satisfy Equation 10.

R1

PVin

R1
BUCK

SWITCHING EN

REGULATOR
R2

= 33125AF02

Figure 2. EN Divider

The buck regulator will remain off until PV)y is above
PVin(en)- The buck regulator will remain enabled until
PVy falls to 0.875 ¢ PV||\|(E|\|) and EN is 350mV.,

Alternatively, a resistor divider from the output of one
buck to the EN pin of the second buck provides event-
based power-up sequencing, as the first buck reaching
regulation enables the second buck. Replace PVyyn) in
Equation 10 with the desired output voltage of the first
buck, (e.g., 90% of the regulated value), at which the
second buck is enabled.

Output Voltage Tracking and Soft-Start

Each buck regulator has an independent SSTT pin. An
internal 4pA current pulls up each SSTT pin when that
buck is enabled, allowing an external capacitor from

Rev. A

20

For more information www.analog.com


https://www.analog.com/3312SA?doc=LTC3312SA.pdf
https://www.analog.com
https://www.analog.com/media/en/technical-documentation/application-notes/AN149fa.pdf?doc=LTC3312SA.pdf

LTC33125A

APPLICATIONS INFORMATION

SSTT to AGND to set the soft-start time, calculated using
Equation 11.

tgs = Cgg ® 500mV/4pA (11)

From 0V to 0.5V, the SSTT voltage will override the inter-
nal 0.5V reference input to the error amplifier, thus regu-
lating the FB pin voltage to that of the SSTT pin. When
SSTTis above 0.5V, tracking is disabled, and the feedback
voltage will regulate to the internal reference voltage.

An alternative is to connect an SSTT pin to AV,y, which
selects an internally-set 1ms default soft-start time for
that buck regulator.

An active pull-down circuit is connected to either the SSTT
pin, or to the internal soft-start node if SSTT is connected
high. This is used to discharge it in the case of fault con-
ditions. The soft-start ramp will restart when the fault is
cleared. Fault conditions that clear the soft-start voltage
ramp are the EN pin transitioning low, V,y voltage falling
too low, or thermal shutdown.

Figure 2 (above) and Figure 3 (below) show examples for
some of the ways to control power-up sequencing using
the EN, SSTT and PGOOD pins.

Vi

o
500k g
LTC3312SA =
PGOOD1 5
ENABLE —»{EN1 EN2 =
PGOOD2 [ PGOOD
331254 Fo3a TIME

(a) Sequential Voltage Power-Up

[
LTC3312SA =
SSTH—_ =
c1 5
EN1 - s
ENABLE 4—| EN2 = =
SSTT2 !
33123AF03b1C _ VouTz «C1 TIME
= Vouti

(b) Tracking Voltage Power-Up

Figure 3. Power-Up Sequencing

Temperature Monitor

After the soft-start cycle has completed and the output
power good flag is high, the SSTT pin voltages are set to a
PTAT (proportional to absolute temperature) voltage. The
following procedure can be used to accurately measure
the die junction temperature:

1. Measure the ambient temperature (Ta), and one of the
SSTT pin voltages (VssTr), when both buck regulators
are unloaded. Calculate an accurate slope for the tem-
perature sensing circuit using Equation 12.

V
Slope (V/°K)=—5STT_
pe ( ) Tp+273 (12)

2. The calibrated slope can then be used to accurately
determine the die temperature for any load or ambient
conditions using Equation 13.

V
T)pe(°C)==—31—273 13
JpiE(°C) Slone (13)
When an output voltage goes out of regulation or is
disabled, and the PGOOD pin is pulled low, the corre-
sponding SSTT pin no longer reports the temperature.

10— ——
125 1

SSTT PIN VOLTAGE

100 1
DIE TEMP OPERATING RANGE

(°C) 751
501
L
06]
05{—————————
0.4 1

MONITOR
~4mV/°C

0.2
04 SOFT-START
: AND TRACKING

\
|
(V) }
|
\
\
|

0 T T T T t T t T T T T T
0 010203 0405061213 14 1516 1.7 SSTT(V)

3312SA F04

Figure 4. Soft-Start and Temperature Monitor Operation

PCB Layout Considerations

The LTC3312SA is a high performance IC designed for
high efficiency and fast transient response. For optimal
results carefully consider the layout of the PCB board
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and follow the recommendations below to ensure proper

operation. See Figure 5 for a recommended PCB layout.

GND GND PLANE ON LAYER 2 GND

Rt

®  RB{ RA1 i Cv'k RA2RB2 ~ ®
CFFZ
!!iﬁ”‘ LN =!!

Court Cour2

L1 L2
Vourz
Voutt

Figure 5. Recommended PCB Layout

1. Connect the exposed pad of the package (Pin 23)
directly to a large, unbroken ground plane under the
application circuit on the layer closest to the surface
layer to minimize thermal and electrical impedance.
Additionally, short the exposed pad to pins 9and 10 on
the top layer. See the Analog Devices Application Note,
Application Notes for Thermally Enhanced Leaded
Plastic Packages for the proper size and layout of the
thermal vias and solder stencils.

. The PViy¢ (Pins 7, 8) and PV (Pins 11, 12) input
supply pins should have local decoupling capacitors
with the ground side of the capacitors connected on
the top layer to the ground plane close to pin 9 and
pin 10. These capacitors provide the AC current to
the internal power MOSFETs and their drivers. Large,
switched currents flow in these capacitors and it is
important to minimize inductance from these capaci-
tors by choosing a small case size, such as 0603, and
placing them close to the pins on the top side of the

board. To further minimize inductance and input noise,
smaller 0201 capacitors can be placed in parallel, also
as close as possible to the pins, from PVy1 to PGND
and from PV)y» to PGND.

. Place both regulator inductors on the same side of the

board as the LTC3312SA. The switching power traces
connecting SW1 and SW2 to their inductors should be
minimized to reduce radiated EMI and parasitic cou-
pling. Due to the large voltage swing on the switching
nodes, high impedance sensitive nodes, such as the
feedback nodes, should be kept far away or shielded
from SW1 (Pins 5, 6) and SW2 (Pins 13, 14). Minimize
the trace lengths from the inductors to their output
capacitors.

. Connect the ground side of any FB, Ry, and SSTT com-

ponents to AGND (Pin 20). Connect a 1pF decoupling
capacitor from AV|y (Pin 21) to AGND, close to the
pins. For all layouts, only connect AGND to the rest of
the PCB ground plane in one location, to prevent tran-
sient currents in the ground plane from also flowing
through the AGND trace, which would cause voltage
noise between AGND referenced circuits.

For dual-buck applications, connect the AGND pin to
the ground plane with a single via, close to the AGND
pin. Use an unbroken low resistance ground plane to
minimize any voltage drops between AGND and the
negative terminals of the output capacitors.

For 2-phase, single output designs, optionally con-
nect the AGND pin to the negative terminal of the out-
put capacitor (Cqyt) at the load. This will reduce any
load regulation caused by voltage drops between the
ground at the load and the LTC3312SA voltage refer-
ence ground. The AGND node carries very little current
and, therefore, can be a minimal size trace. The ground
side of any FB, Ry, and SSTT components, and the AV)y
capacitor ground should connect to the AGND node.
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High Temperature Considerations

Care should be taken in the layout of the PGB to ensure
good heat sinking of the LTC3312SA. Connect the
exposed pad on the bottom of the package to a large
unbroken ground plane under the application circuit on
the layer closest to the surface layer. Place many vias to
minimize thermal and electrical impedance. Solder the
PGND pins directly to a ground plane on the top layer.
Connect the top layer ground plane to ground plane(s)
on lower levels with many thermal vias. These layers will
spread heat dissipated by the LTC3312SA. Figure 6 is a
simplified thermal representation of a thermally enhanced
LQFN package with exposed pad, with the silicon die and
thermal metrics identified. The current source represents
power loss Pp on the die; node voltages represent tem-
peratures; electrical impedances represent conductive
thermal impedances 6,cgo1T0M, 9JcTOP, OVIA, OCB, and
convective thermal impedances 6ga and 6¢a. The junction
temperature, T, is calculated from the ambient tempera-
ture, Ty, as given by Equation 14.

Ty=Ta+Ppe0ya (14)
where, neglecting the 6,¢Top + Oca path.

Bcg+08a) (OcB+OBA
GJA“GJCBOTTOM"‘( 5 I 5 +0yia| (15)

where 6,cgotTom = 4.0°C/W. The value of 6, = 23°C/W
reported in the Pin Configuration section corresponds to
the demo board.

Ta

DIE %BCA
TcTop

o \ LOFN
D 0)cTOP
Ta ) T, TLA

< 4 <
68A 6,CB0TTOM < 08a

6ca oyn OB
SPGB ocg VA gop PCB S
4

3312SA F06
> <P
% 0BA % 0BA

Ta Ta

PACKAGE
SUBSTRATE

Figure 6. Multi-Layer PCB with Thermal Vias Acts as a Heat Sink

The low value of 0ycgoTrom Means that 6,5 will be
dominated by (6gg + 6ga) and Byja. Minimize 6y by
including a large number of low thermal resistance vias
from the top layer ground plane to ground plane(s) on
lower levels, close to the exposed paddle of the part.
Minimize (6¢p + 6ga) by having more ground planes that
are larger, uninterrupted, and higher copper-weight. See
the Application Note, Application Notes for Thermally
Enhanced Leaded Plastic Packages, for the proper size
and layout of the thermal vias and solder stencils. The
maximum load current should be derated as the ambient
temperature approaches the maximum junction rating.
Power dissipation within the LTC3312SA is estimated by
calculating the total power loss from an efficiency mea-
surement and subtracting the inductor loss.
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Dual 1.2V and 1.8V, 2MHz, 6A, V,y = 5V, Pulse-Skipping Mode

220nH

Vin N oy SW1 Vour1
5V IN1
100F LTC3312SA
| —»| EN1 FB1
AV
1uF
= AT PGOODT
= SSTT1
SSTT? PGOOD2 —AM\N— VqyT2
MODE/SYNC SO v,
Sw2 ouT2
L o Jl:. | 1.8V, 6A
>
o PV 10pF 107k 47yF
— FB2 =2
I10uF
— PGND 41 .2k -

AGND
J_ J_ 33125A TAO2

Single Output 2-Phase, 0.75V, 3MHz, 12A, V|y = 3.3V, tgs = 4.9ms, Burst Mode Operation

150nH
’ 104F LTC3312SA
| — | EN1
= 150nH
AV|y SW2 Y Y YN
MODE/SYNGC
TuF SSTT2
L ° Vour
= FB2 [ 0.75V, 12A
_—EN2 15pF < 100k
. = Py FB1 ——47yF
I IN2 x4
10pF 200k
SSTT AGND &
—_|=__ el M L
X PGOOD1 MA— Vour =
= PGOOD2 |~ NC
RT PGND
22 6k J_ 33125A TAO3
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Dual 0.5V and 2.5V, 2MHz, 6A, UVLO = 3.0V, Sequential Power-Up
Sequencing (Vgyr1 powers first), Forced Continuous Mode

Vi

3.0V T0 5.5V

PVins Swi
LTC3312SA

EN1 FB1

AV|y

RT

SSTT PGOOD2

SSTT2

EN2 Sw2

PGOODT

MODE/SYNC

Ping FB2
AGND PGND

110nH

Voutt
0.5V, 6A
68uF
-
™
—MA— Vour2
680nH

Vout2

{ 2.5V, 6A

<>
15pF < 402k 47yF
1~
100k =

=

I 3312SA TA04

Dual 1.0V and 2.5V, 2MHz, 6A, Vy = 3.3V, Voltage Tracking Power-Up
Sequencing (with tggq = 4.9ms, tgso = 12.5ms), Burst Mode Operation

150nH Vour
iy _ swi 1.0V, 6A
3.3V m PVint ) b
W LTC3312SA 10pF 200k
ENABLE a7yF
EN1 FB1 <
- EN2 200k—-|_—_
AVjy =
10F MODE/SYNC A
_I - PGOOD1 —m—VOUH
- oy PGOOD2 —MW—\VouT2
IN2
I 680nH
10uF SW2 A Vourz
_| J_— SSTT1 { | 2.5V, 6A
= >
IsgnF 15pF S 402k 47yF
T — FB2 | x2
100nF o AGND PGND
T 100k =

=

I 33125A TA0S
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Dual 0.9V and 1.8V, 2MHz, 6A, Vy = 3.3V, Burst Mode Operation
Ratiometric Power-Up with tgg = 10ms

150nH Vourt
o ° PVt S ':F} 0.9V, 6A
' _L10uF LTC33125A 100F 162k
| —E: EN1 FB1 g“F
= f\\'\;z 200k—_|___
IN -
1uF W =
| " RT PGOODT —M\— Vo
= MODE/SYNGC M
- PGOOD2 —W\— VouT2
IN2
_quF s 220nH Vours
T -’:L:,Tmsv, 6A
= >
SSTT 150F 107k —d— 474F
SSTT2 . X2
——160nF
— " AGND PGND Mok =
- | | 33125A TAOB
Dual 1.2V and 1.8V, 1MHz, 6A, Vy = 3.3V, Syncing to 1MHz
470nH Vout
oy ° PV SWi 'Fi 12V 6A
' LTC33125A 15pF 140k
EN1 FB1 ESUF
SSTTH |
Ay 100k =
M -
RT PGOOD1 —MW— Vgu1y
SSTT2 M
EN2 PGOOD2 —MWW— oyt
PV, 7o Vout2
_T_ IN2 SW2 1.8V, 6A
__L_10uF p
>
= 15pF 2107k B8YF
J_I_l_l__’ MODE/SYNC FB2 | x2
fsync = IMHz AGND PGND Mok =
J_ J_ 33125A TAOT '
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LTC33125A

Single Output 2-Phase, 1.0V, 2MHz, 12A, UVLO = 3.0V, Burst Mode Operation
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PART NUMBER DESCRIPTION COMMENTS
LTC3309A/ 5V, 6A Synchronous Step-Down Silent | Monolithic Synchronous Step-Down DC/DC Capable of Supplying 6A at Switching
LTC3309B Switcher Frequencies Up to 3MHz/10MHz, Silent Switcher Architecture for Ultralow EMI Emissions,
2.25V t0 5.5V Input Operating Range, 0.5V to Vjy Output Voltage Range with +1%
Accuracy, PGOOD Indication, Ry Programming, SYNC Input, 2mm x 2mm LQFN
LTC3315A/ Dual 5V, 2A Synchronous Step-Down Dual Monolithic Synchronous Step-Down Voltage Regulators Each Capable of Supplying
LTC3315B DC/DCs 2A at Switching Frequencies Up to 3MHz/10MHz, 2.25V to 5.5V Input Operating Range,
0.5V to V) Output Voltage Range with +1% Accuracy, PGOOD Indication, SYNC Input,
2mm x 2mm LQFN
LTC3310/ 5V, 10A/12.5A Synchronous Step-Down | Monolithic Synchronous Step-Down DC/DC Capable of Supplying 10A/12.5A at Switching
LTC3310S Silent Switcher/Silent Switcher Frequencies Up to 5MHz, Silent Switcher Architecture for Ultralow EMI Emissions, 2.25V
LTC3311/ to 5.5V Input Operating Range, 0.5V to Vjy Output Voltage Range with +1% Accuracy,
LTC3311S PGOOD Indication, R Programming, SYNC Input, Configurable for Paralleling Power
Stages, 3mm x 3mm LQFN
LTC3308A/ 5V, 4A Synchronous Step-Down Silent | Monolithic Synchronous Step-Down DC/DC Capable of Supplying 4A at Switching
LTC3308B Switcher Frequencies Up to 3MHz/10MHz, Silent Switcher Architecture for Ultralow EMI Emissions,
2.25V t0 5.5V Input Operating Range, 0.5V to Vjy Output Voltage Range with +1%
Accuracy, PGOOD Indication, Rt Programming, SYNC Input, 2mm x 2mm LQFN
LTC3307A/ 5V, 3A Synchronous Step-Down Silent | Monolithic Synchronous Step-Down DC/DC Capable of Supplying 3A at Switching
LTC3307B Switcher Frequencies Up to 3MHz/10MHz, Silent Switcher Architecture for Ultralow EMI Emissions,
2.25V to 5.5V Input Operating Range, 0.5V to Vjy Output Voltage Range with +1%
Accuracy, PGOOD Indication, Ry Programming, SYNC Input, 2mm x 2mm LQFN
LTC3616 5.5V, 6A, 4MHz, Synchronous Step- 95% Efficiency, Viy: 2.25 to 5.5V, Voyrminy = 0.8V, lg = 64pA, 18D < 1pA, 4mm x 4mm
Down Regulator QFN-16 Package
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