(B

Technology Trend

a:r_%i

[ =

22 OFS2IA0 [ 40fM
ot MOSFET SOA

Significance of MOSFET Safe Operating Area for Robust Hot Swap Applications

LTC4233 L L TC4234 MOFSET S8 3tA
ZIES2{0f CHaA] 442

2t HEEH =

——=

sAMoz me b I SOAS EIAE

2/Pinkesh Sachdev, Sr. Product Marketing Engineer, Mixed Signal Products
Linear Technology

;(-:' o A 2~glo] TR oj A= QEE = wd A2|E A
=2 (Mission—critical) AHUF EA41 An]i= G4 55

U &% 24 fleEl = Ry gterE S s Y
AAHC S AlLaiA F2alfof gt 3¢ (hot

HEE¢

T

swap) 7 IC=
xlsﬂ Zo }\]/KEﬂ o7 R xf "Mﬂ L;l Xi]ﬂ %o] 7]—"—‘6‘]—

AL ATE AEETHO 24

U=

o], Mg Anka, MEZeQl AY FeA), ks 2 AS
At AEET] [C HER auys 193 d=
H] 2] ¥ 39)MOSFET A9 A2 FEsHIE! 1), B E
7} 22198 ¥, MOSFET A91%)= A43] desto 7
e 1: Eei19l ol g ASER
1 [ _ V
T [" | 1! 70 LoD
GURRENT NFET
@ SENSE AR
: OUTPUT
g MONITOR
E HOT SWAP
g CONTROLLER
POWERGODOD | ponc
L (PG) ENABLE
[
o —fs]| e _}l__
BACKPLANE —

PLUG-IN BOARD

66 Semiconductor Network 2016.8

ission-critical servers and communication equipment
Mmust continue operating even as circuit boards and
cards are plugged-in or pulled-out for maintenance and
capacity adjustment. Hot swap controller ICs enable such
board insertion and removal from live systems by soft-
starting the supply, avoiding connection sparks, backplane
supply glitches and card resets. The controller IC drives a
power MOSFET switch placed in series with the supply
entering the board (Figure 1). After the board is plugged in,
the MOSFET switch is turned on slowly such that the
inrush current flowing in to charge up the load capacitors is
kept at a safe level.

When hot swap circuits fail, the Achilles’” heel is often
the MOSFET switch, which in turn may damage or destroy
the hot swap controller. The common reason for MOSFET
failure is that sufficient attention was not paid to its safe
operating area (SOA) during selection. Instead, the
MOSFET was selected primarily for its drain-source on
resistance (Ry,,) and maximum drain current (I,..). Or,

the new design was based on an older one with lower

load capacitance where the same MOSFET worked
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petfectly. Since the vast majority of power MOSFETs are
optimized for low Ry, and fast switching, and most
power system designers are habituated to selecting
MOSFETs for those characteristics, SOA gets overlooked in
circuits where the MOSFET spends significant time
transitioning through the high-dissipation switching state. It
does not help that SOA is not featured in MOSFET
manufacturers’ parametric selection tables. Even when
attention is paid to SOA, the amount of derating or margin
to apply is not evident as the SOA data is often based on

calculations instead of test data.

MOSFET Safe Operating Area

SOA is a measure of the power handling capacity of the
MOSFET for pulsed and DC loads. It is illustrated by a
graph in the MOSFET datasheet as shown by the example
in Figure 2. Tts x-axis is MOSFET drain-to-source voltage
(V,s), while the y-axis is drain current (I,)); both axes use a
logarithmic scale. On this graph, the straight lines (each for
different t,) depict constant MOSFET power. Each line
represents power dissipation allowed in the MOSFET for a
specific pulse width t,, with tP ranging from microseconds
to infinity (DC). For instance, the graph shows that for a
10ms pulse the MOSFET can have 5V across drain-to-
source with 50A flowing through it, which calculates to

250W of power dissipation. Lower power for the same
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pulse width ensures safe MOSFET operation which can be
denoted as an area of the graph under the 10ms line,
leading to the term: safe operating area. The extremities of
the graph are determined by on-resistance, drain-source

breakdown voltage, and maximum pulsed drain current.

Why is SOA Important for Hot Swap
Applications?

Most power MOSFETs are employed in circuits where
they switch on and off quickly, spending nanoseconds in
the high dissipation transition state. SOA is not a primary
concern in such applications. In contrast, SOA is highly
important for hot swap circuits, which provide inrush
current control (soft start), current limiting and circuit
breaker functions. To understand why, consider the start-
up waveforms (Figure 3a) of a hot-pluggable board. When
the board is inserted into a 12V backplane supply, the hot
swap controller waits for the connector contact bounce to
finish before soft-starting the MOSFET gate. The output
voltage follows and reaches 12V in 40ms. For this soft-start
period, 200mA of capacitive charge current flows through
the MOSFET while its drain-to-source voltage ramps down
from 12V (= 12V, - 0V, to almost OV (= 12V, - 12V, ).
When a short-circuit occurs at the load (Figure 3b), the
controller limits current to 6A with 12V (= 12V, - 0V,,)
across the MOSFET. This 72W dissipation state lasts for
1.2ms till the circuit breaker timer expires. In situations such
as start-up inrush and current limiting, a hot swap MOSFET
is required to handle significant power dissipation for
hundreds of microseconds to tens of milliseconds and

attention needs to be paid to its SOA performance.

Integrated MOSFET Hot Swap Controllers with
Guaranteed SOA

Linear Technology offers a family of integrated MOSFET

hot swap controllers, simplifying the hot swap designer’ s



E AEelESt) 28 Agto] o]F FF3kal 40ms o]l
12Ve] Tekslt), o] AXE AEFE 717 Ale] 200mA2)
AFAE| B F4 AF7F MOSFETS Sall4 521 =7
QA—th—AA Ak 12V(= 12Vi — OVor) oA A9
OV(= 12Vi — 12Vor) & "It} F-alellA] def 32
74 = E (T2 3b), MOSFET Aol A= 12V(= 12V
=0V 0|2l NEEH 7} 175 6AZ Alstelt) 3|2 A}
@] gl ekE e wj7kA] 1.2ms F9F o] 72W AR
ZFE7E A&k AERESY] E9) Alfu AR AlgE 2
A o= gAY MOSFETO] 529 mlo| 5 2 251 4=
A e 27 et A8 ARE AgE)or stER

MOSFET®] SOA “d-5°ll f-2]allof st

2l
[

>
<R

SOAE HA}5H= MOSFET £3 tAg HEER

Fyo] HlAE2 A= MOSFET 53 stAgt HES
o] AFs AlFsith o5 AlES Ao EM A
Sk MOSFETS A1¥35}7] 91314 MOSFET tlo]E Al
ES Aol FAHA ¢hot HE R FhAg rixto]d
o] 21g 1hasket 4 Sl Ftol| o] AFTORE F
7hgl LTC42333} LTC4234(02! 4)= MOSFET=} A
FAES B35 10A 2 20A g AESY AFE
FA], 29V~15V W91 ] Mol ARg-8E 4= 9} 1=
2 %F 3.3V, 5V, 12V d9E A} ik o)s A
EZ2Y AES dAg 3 RA 7P F8ka A7)7}

Kol

A A e Aol HE AFOR B R o= 37T
A 7 eEms Holds T ek

=93 MOSFETAM &= & 4 ¢l LTC42337%
LTC4234 NEF2] 2 2pdste]= 412, HiolH AlES
S|4 5 MOSFET®] SOAE ®Asl 7} tjulo] A
5 A o) SOA 1 e g (| HellA] HAES
= Aot} Ol 5= LTC42349] SOA 1#==
HojZ=t) Qlgoflx] F o7 135VE Q7lela =9
O 2HE 30ms F¢ 6AE 2484 SOASE HAE
3 9lth Al AE A= 81Wolth o] 31 SOA
T Zo A wa g o g el 9l Aol

J121 4: LTC4234: 20A SOA H3} ARt HES

Guaranteed SOA

uv HOT SWAP

w LT

LTC4234

Current Limit Timer and T teate Wonikor

LT IR

task by eliminating the time spent scouring MOSFET data
sheets for the best fit. The latest additions to the family,
LTC4233 and LTC4234 (Figure 4), are 10A and 20A hot
swap controllers with integrated MOSFET and current
sensing for supplies in the 2.9V to 15V range, covering
standard 3.3V, 5V, and 12V supplies. By integrating the two
most critical and largest Hot Swap componentsthe power
MOSFET and sense resistor?these controllers free up design
time and board area better spent on adding more valuable
features to the end product.

A unique aspect of the LTC4233 and LTC4234
controllers, not found in stand-alone MOSFETS, is that the
internal MOSFET’ s SOA is guaranteed in the data sheet,
and each device’s SOA is production tested at a single
point on the SOA graph. Figure 5 shows the SOA graph
for the LTC4234. Its SOA is tested by applying 13.5V from
input to output
and sourcing 6A J8 5. AR HAESR|2| SOA Jai=

from the output 100
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with the same voltage but half the current and power level,
ie., 3A and 40.5W for the same 30ms time period. Keep in
mind that the LTC4233 and LTC4234 SOA graphs show
minimum guaranteed SOA whereas MOSFET data sheets
show typical values.

The LTC4233 and LTC4234 also output a ground-
referenced signal proportional to the load current passing
through the internal sense resistor. This output can be
measured with an external analog-to-digital converter
(Figure 4) to provide board current and power
consumption data to the system manager. The current limit
is reduced from its default value with a single external
resistor, affording quick adjustment for dynamic load
changes and various applications. Selectable undervoltage
and overvoltage thresholds protect downstream loads
against voltages outside a valid window, preventing circuit
malfunction and damage. Even where hot-plug is not
required, the controllers perform inrush current control,
current limiting and circuit breaker functions. Typical
applications for these controllers are on space-constrained
high-density boards and cards in mission critical servers,
network routers and switches, enterprise solid state storage

and industrial systems.
Conclusion

Hot swap circuits are the gateway to board power and a
MOSFET failure can damage the expensive processing
electronics downstream of the MOSFET in addition to the
hot swap controller itself. Field failures, exposing MOSFET
weakness, may involve costly recalls and consequent
damage to reputation. Therefore, it is important to ensure
that the chosen MOSFET reliably handles the stresses
encountered in hot plug applications. The LTC4233 and
LTC4234 integrated MOSFET hot swap controllers shrink
solution footprint and design time while also guaranteeing
a rugged and reliable solution with their novel production
testing of every controller’ s SOA.





