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-6-:1 Al A vl gl 28um]E o]8F FPGA T16 sub-28 nanometer Field Programmable Gate Arrays
L (Field Programmable Gate Array)+ 974 #Hx
2 Hd) 1,500GFLOPs F-F4574 Ak 5o o]2%=  hard floating-point digital signal processing (DSP) blocks

(FPGAs) now available feature the industry’s only

3I= H-44 DSP(digital signal processing) 5%  with speeds up to 1,500 Gbps floating-point operations.

< 3kl Qlr) 28nm 0] 3f LEA| A 7]4& AFE-EE Built on sub-28 nm process technology, these FPGAs
o5 FPGAE 9Az MEYQJICR Hul 174GbpsE  provide up to 17.4 Ghps for long-reach backplane support
A st Hl 28.3Gbps?] HloJE] HOlEE ATt and with data rates up to 28.3 Ghps to bring high-end
2 =2 0Y93%5 S Ale it bandwidth performance into midrange devices.

olglst Het FPGAT & F53H7] $l8liA Aol These new FPGAs require up to 105A to power their
105AE 22 7 3, VID(Voltage Identification) 6] cores and use VID (Voltage Identification) 6-bit interface to
E QIHFIo|AE ARl T2 A4S 10mV (H4S tightly control its operating voltage in 10mV steps for
2 AEsHA AlofalA #de dss GRS Stk optimum performance. For such high currents it is critical
olHY THFY vl= A7 AF 242 AFE HESF 1o minimize power supply conduction losses by making
s Sl A A A4S FAas)sloF §th SHAYE the resistance of the current sense element as low as
Aol vk HAiF HE 2AE AFESHH AR ASE possible. However, a low resistance current sensing
(ramp voltage)©] StO P2 AF R = AEEZHE A element produces a lower ramp voltage which is not
PS5 o Ardo] ojr A Mg ARl T2 3HA 58 conducive for stable operation when using a current mode
T AUTE AAF Aol ghow HF = Al A9 Hd controller. Low ramp voltages causes a current mode
A2 AE 7 AaA 2 B alA 4= gl o]gl st o] controlled switching power supply to have significant jitter
ol e Aol A3 2124 A7 S el and it may become unstable. Accordingly, a voltage mode
T EFela &3] A R AESYE A5t controller is routinely used instead, even though it has

ST A BT Ale] A9 Y-S A BT Al performance deficiencies and potential reliability concerns.
ofof] thaiA] th5-} 2 ol & 7HA] o] Fl=0] Stk Nevertheless, a current mode controlled switching
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power supply has several advantages over a voltage mode

alternative. These are as follows:

1. Higher reliability with fast, cycle-by-cycle current
sensing for output short circuit and overload
protection.

2. Simpler feedback loop compensation

3. Accurate current sharing in high current multiphase
designs.

4. Faster Transient Response

However, for high current outputs, typically greater than
20A per phase, sub-milliohm DCR ferrite inductors are
required for high efficiency. However, these inductors will
not produce enough of a voltage ramp signal for a current
mode controller to be stable under all operating conditions.
And so, a voltage mode solution becomes more attractive.
‘That is, until now.

The recently released current mode dual phase DC/DC
step-down controller, LTC3877, has the ability to sense very
low ramp voltages and maintain excellent stability. It
operates with true current mode control and can be used
with very low DC resistance (DCR) power inductors down
to 0.3mQ, due to its novel sensing scheme that enhances
the signal-to-noise ratio of the current sense signal. This
sensing scheme dramatically reduces the switching jitter
normally associated with low DCR resistance applications
and the LTC3877 s adjustable current limit can be
configured for very low sense voltages from 10mV to
30mV to minimize power loss. This lower inductor DCR
allows the maximum output current to be as high as 30A
per phase due to the reduced inductor power loss and the
ability to sense a lower ramp voltage. As a result, a 4-phase
design is able to support a 120A load.

The LTC3877 also incorporates 6-bit VID control that
enables 10mV step resolution of the output voltage, a
necessary feature when powering FPGAs and ASICs with
very tight input voltage tolerances. Up to 12-Phases can be
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paralleled and clocked out-of-phase to minimize input and
output filtering. The LTC3874 phase extender can also be
used for high phase count applications which
complements Linear Technology’s low DCR peak current
mode controllers and provides all the necessary functions
for multiphase slave designs, including accurate phase-to-
phase current sharing for steady state and dynamic loads.
When outputs are paralleled, the LTC3877 maintains better
than +2.5% current mismatch between phases, making it
ideal for very high current requirements up to 300A.

The LTC3877 maintains +1% output voltage accuracy
(including internal resistor divider and differential remote
sense amplifier errors) over a -40°C to 125°C operating
temperature range. Dual onboard differential amplifiers
enable remote output voltage sensing for both outputs.
High step-down ratios at high operating frequencies are
possible due to its 40ns minimum on-time. The LTC3877
has a selectable fixed operating frequency from 250kHz to
1MHz or it can be synchronized to an external clock. Its
powerful onboard all N-channel gate drivers minimize
MOSFET switching losses while its DCR temperature
compensation maintains a constant current limit threshold
over a broad temperature range. Additional features include
adjustable soft-start or tracking, foldback current limit, short-
circuit soft recovery, output overvoltage protection and two
power good output voltage signals. The LTC3877 is housed
in a 44-lead 7mm x 7mm QFN package.

As a result, the LTC3877 and LTC3874 combination can
be used to provide power for the Core rail by taking
advantage of the 6-bit VID interfaces to reduce the FPGA’s

static and dynamic power consumption.

120A Current Solution with VID

The simplified schematic in Figure 1 shows the
LTC3877 being used in conjunction with the LTC3874 dual
channel phase extender. The resultant 4 phase design is
able to produce up to 120A with the VID controlled output
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Figure 1. The LTC3877/LTC3874 Schematic for low Voltage 120A Output
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J8 264 ®Zo] 1.2V &

HOF 120AF AlFE  outof-phase resulting in lower output ripple and faster load
1 o] step transient response.

7 The full load efficiency for a 1.2V output at 120 amps is
ol 21T Alo]E Setol, 27) AEET ICO) 2 88.8% and peaks to 92% at 60A as shown in Figure 2. This
9= EFd, MOSFET A8, v-2 DCR #l2to]E Q1Y E]  high efficiency is a result of the strong onboard gate drivers,
of] 9]} Zlojt}, short dead times of the two controller ICs, MOSFET

o] tARle] AHg-E QJIYEl= 2fo]o] A o] 0.32m  selection and low DCR ferrite inductors.

The inductors used in this design have a wire resistance

Figure 2. Efficiency of 4-Phase 120A VID Converter o . .
of 0.32 mQ, resulting in the four inductors having a

95 : combined DCR power loss of (120A/47 x 0.00032 x 4 = 1.2
Vin =12V
‘ waltts, using the equation P, (DCR) = I* x DCR x # of
el
% = i S Ny phases. A normal current mode controller, without the sub-
o~
- ."\ 11 . .
s - T el milliohm DCR sensing feature would need an inductor
> (S = e
& 1.7 L=WURTH 744301025 "~ . . ¥ .
2 ,:‘ " 0.25yH, 0.32m0 DCR .. resistance of at least 1m€2, which results in a higher power
£ 80 ri— Qr = BSCOS0NE2LS loss of (120A/4)* x 0.0010 x 4 = 3.6 watts. This lower
7] N Qp = BSCO10NE2LSI
‘ | Vour =12V resistance inductor design reduces the power loss by 2.4
75— — — Vour =10V . .
] o Vour=09V watts and increases the full load efficiency by 1.3% when
70 T VOUT,z 06V using it with a 1.2V output.
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LOAD CURRENT (A) The LTC3877 comprises two current sense pins (SNSD+

DNS4T FO2

and SNSA+) to acquire the inductor ramp voltage signal
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and processes it to provide a 14dB signal-to-noise ratio
improvement to the low voltage sense signals. The current
limit threshold is a function of the inductor peak current
and its DCR value and can be accurately set from 10mV to
30mV in a 5SmV steps. The part-to-part current limit error is
only 1mV over the full temperature range assuring
excellent accuracy.

In addition, the LTC3877 includes two differential
amplifiers for applications that require remote sensing.
Differentially sensing the load greatly benefits regulation in
high current, low voltage applications, where board
interconnection losses can be a significant portion of the
total error budget. The LTC3877 uses a constant frequency
peak current mode control architecture, it guarantees cycle-

o(|

by-cycle peak current limit and excellent current sharing
between power supplies phases. It is especially well suited

ok A E SIS} S LTC38772 94 AF 1o low voltage, high current supplies because of a unique
S Q7 sk olEg Aol AE Yl 2719 A5 5 architecture that enhances the signal-to-noise ratio of the
%715 gttt} Fols AFE A o2 HEOEM I current sense circuit. The improved signal to noise ratio
A AL fZg Aol de] dladlolde] w9 18  minimizes jitter due to switching noise, which could
sttkh o] sk o EEjA o] ellA = BE JAEAYM & potentially corrupt the signal.
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current sensing architecture designed for sub-milliohnm DCR
sensing which allows for tight control of the current sharing
and current limit. Figure 3 shows the current sharing
performance of the 4-phase converter in Figure 1. The
current sharing error is less than a 1mV between phases

when sensing the voltage drop across the output inductors.

Conclusion

LTC3877} LTC3874 25 W] |3} DCR H&
of AHg3H7] 918 -] DCR A A% o18AE
AREERO B4 AR Fet AR A AUsHAl Ao

The LTC3877 allows the use of sub-milliohm DCR
inductors in conjunction with its current mode control
architecture for increased efficiency in high current

applications. A current mode controller provides several

,L,l,( ,3(5?,7 ;;;i f ‘j ,/, _ Jiﬁ i],;ji ?‘ji'—,,l i‘j:f - fﬂ - (ﬂ :/J Ei]’,zl% benefits over a voltage mode controller of higher reliability
,,,,,,, /E k o° H ,/:], & ;(,] o ],) Y€ ,\f,],e ] Z’j’, ,/‘ ,] :"i K ,]— ,/ﬂfq}, with fast cycle-by-cycle current sensing, accurate current
A S 7] ol A w7 St 7S 3t

sharing between phases, simple feedback loop
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= A 58 X LTC38772 53] Atk FPGAol  compensation and faster transient response. The LTC3877 is
AREEE A 22 3-F POL (point—of—load) VID  ideal for high current point-of-load VID applications, typically
o Zgl Ao Aol AFgal7]e] Ajkst &A 9174 found in the latest generation of FPGAs, and can easily
At 30AF 60A) & AT 7 9tk o] =2 HdES support up to 30A/phase (total 60A). For higher power
SBlAE LTC3874 S8 E371E 71024 94 applications, adding the LTC3874 phase extender allows for
D 30AE F71e 4= Q1o PR F 120A7) 7Fs8lth &= an additional 30A/phase, for a total of 120A. Furthermore,
o aas Ao RN e A8 W R A A the added efficiency gain minimizes the thermal design due
A Hashst 4= Qi) to the reduced power loss of this converter combination.

WebcastLink.com
> HIHAE 2y
vy VPN E SN 1157, MEE

b WIHAE ojsiE

» PDF OHIE .
SNEENNE www.webcastlink.com

2016.2 Semiconductor Network 77



