NexFET™ MOSFETSs

How To Design with Highly Efficient MOSFETs
Dirk Gehrke
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POL DC/DC Solutions for Every Need

Plug In Power Modules - PTH series

— 1>
1

E-on,__l —1» A - Complete DC/DC solution
Modules I T » Second sourced footprint and functionality —
= - o POLA alliance
IS 3 « Fastest time to market
% © Integrated FET Regulators swirt and rseok)
Fxg”"” et S 3 + Integrated power MOSFETs simplify design
TPSGOK™ T - LLJ and consume less board space
= o Fewer components reduce bill of material
- 8 » Easy-to-use software tool saves development
= time
[‘J‘ -g 5 External FET Regulators (rpsaok)
. @ 2.« Application and design flexibility available to
EzfrﬂgKTM F‘ - @ the user
FET ‘ I l, » Excellent total systems cost/value
=/ = « Easy-to-use software tool saves development
time
Linear Linear Regulators (res7x)
ig%"zmrs « Simple cost effective implementation

* Depending on the power ratio very efficient
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Synchronous Buck Converter —
Power Loss Contributors

Conduction Losses
MOSFETs

Inductor

PCB Copper Trace Losses

s M

Switching Losses
MOSFETs

Inductor

Gate drive

|

}7
+ Control J%

Static Losses
Control Circuit
Feedback Circuit
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Step-Down (Buck) Converter Topologies

Non-Synchronous Buck

I_K_I

QLT

R§Vo

9 .~
Q1T Aoz
\/N _|E}VQ2 Co
Q2 D +

102 *Rbson <Vp
Pbiode > PMOSFET

Higher Efficiency:

Parallel Q2 with an external
Schottky diode

Longer Battery Run-Time
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MOSFET Conduction Losses

2
BN IQI, L/YY\ " IOU; PCOND_FET = lqus - Roson
Q1 T lo Rpsoon) IS @ function of
—IF2Q2 C =+ temperature, normally
increases by 0.39%/°C
Al MOSFET Q Al MOSFET Q2
___________ S
""" f S E——- IOUT
Io1
| DTl -
«— T —>
Al Al}
IRMS_Q] :\/D(ICZ)UT +12Lj IRMS_Q2 :\/(I_D)ilém +12LJ

V. 12 i3 TEXAS
_ 2 _ ouT 2 RIPPLE
Peon = RDS(on)>< IQSW(RMS) = RDS(on)>< V. x| loyr+ 12 INSTRUMENTS




Gate Source Voltage - V

Control FET Losses

P
t1 t2

octL — Feon T Psvv T PGATE
v «  Switching losses are more complex

DS

_I_
Poy = Vinx lgyr x Fgx (Qgs2 di)

"
Va Ig

« Steps to derive loss

10

8 gs(actual)\ ‘/ equatIOn
/
6 _— — Ey = (Vo X 1p/2) x 1
Vgs(spec)\ — Et2 = (VDS/2 X ID) x t2
4
PLAT - IDSW =2X (Et1 + Et2) X FS
: — t1= Qg
0 2 4 6 8 10 12 14 16 18 20 22 24 26 - t2 = di/IQ
Qgs1 QgsZ di nC
Q _— >
g(tot)
< Qg(tot)actual >
i3 TExas
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Control MOSFET Gate Losses

« (Gate losses due to energy required to charge the gate.
Qo1 at the gate voltage of circuit

« Turn on and turn off gate losses

* Most of this power is in the MOSFET gate driver

|
1 4 Poare = Qg(tot) ><Vg x Fg
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Rectifier MOSFET Total Losses

« Conduction losses are simple I°R losses when the
MOSFET channel conducts.
— Riis the Rpgony Of the selected MOSFET
— | is the root mean square current through the MOSFET

— toLvupLo IS the delay between upper MOSFET turning off and
lower MOSFET turning on.

— toLvLoup IS the delay between lower MOSFET turning off and
upper MOSFET turning on

R — PCON T PBD T PGATE

|2

V
O s o} 5Fs 1B B

IN

Peon = RDS(on)X [1 —
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Rectifier FET Body Diode Losses

Average body diode current should be calculated
— Derive average current in body diode.

Vo X tDLYUpLo

IPK - L
ka |1 |2
X -~ ~ - - ~ ~ - -
L—l +VO toLyLoup H - 13 - JEIPPLE
2 —'PK T RIPPLE L H ﬂ
| | Vo XtDLYUpLo o I
AVGUpLo 'PK 2L < —> e

1:DLYUpLo tDLYLoUp

| I N Vo ><tDLYLoUp
AVGLoUp— Pk ~IRIPPLE
o-p 2xL

| iy Vo XtDLYUpLo t L] Vo XtDLYLoUp t F
BOAVG —| | Pk~ %L XloLyupLst | Ik —IRiPPLET 2L *oLyLoup| X Ts

— Approximate using:

Pagp = Vixlgyr X (tDLYUpLo T tDLYLoUp )X Fs
— Reverse Recovery Losses

Per =Vin X Qgg X Foy
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Rectifier MOSFET Gate Losses

®* (Gate losses are calculated in the same manner as
switching MOSFET.

* Due to higher gate charge losses can be significant.

Peare = Qg(tot) X Vg x Fq

10

V
>. 8 gs(actual)\ ///
> -
]
S 6 -
> V
9 gs(spec) —
5 4
o
n PLAT
Q
;2 |
0 V,, A
<—><—><10—> 20 30 40 50 60
nC
J-ll-l QgS1 QgsZ di
—1 Q2 C
Gate T ~—— Q) 5
DI’iVG = = - g(tot)actual >
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Technology Comparison

Trench
» Commercialized in the 1990’s
Planar « Very High Density structure
« Commercialized in 1980’s * Large gate area
 Lower density structure * Low resistance, high charge /
* Relative large gate area N*-substrate
» Mid resistance and charge

CGS\T N ‘,_/CGS

) FET™ Technology
. X « Commercialized in 2007

» High density structure
/ - Low gate charge
» Low resistance & charge

N* substrate

N* substrate
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Just the Beginning

Performance
The Nex
Generation
FET™ Power
ond MOSFETs
Generation
rench MOSFETs
1st
Generation
‘/Planar MOSFETs
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Gate Drive Loss Increase with Vg

Gate Drive Power Loss (mW)

700

600 -
500 |~
400 |
300 -
200

100 {*

25A Buck MOSFETs - 1Hi, 1 Low, 500kHz, Gate Drive Power Loss ‘

- * Over 5x Gate Drive Losses @ 12V vs. 5V
v * All Technologies
> « Equiv of Adding 1mQ I?R Losses per Phase
’ * Std Trench 12V vs Tl 5V
Ve 3.3V Drive Voltage 2.4x Lower Losses vs. 5V
Ind Std Trench
- W NexFET
f(((((_
pd ay
12v 8V 5V 3.3V
Gate Drive Voltage Gate Drive Power Loss Only.

V2 Relationship of Drive Voltage to Energy wasted

E=C

E=7:CVgs? for charge and discharge of gate
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Improved Efficiency Across the Range

Efficiency @ V,y = 12V, Vg1 = 1.3V, Fg,, = 300kHz, L, = 0.3pH, T, = 252C

94

92 /—-— \\
) / \\

/ N~
89 / g \<
. / P ]
s A

T 85 /

- V4 .

g / Up to 10% Improvement at Light Load
8 / Up to 1.6% Improvement at Full Load
“ /I
76 I CSD16404x1 CSD16321x1 (5Vgs)

75 Ind Std Trench (12Vgs)
7 N Y Y Y
Output Current (A)
S5V g Better Full Load Even with Comp FET Fully Enhanced @ 12V g

13 TEXAS
INSTRUMENTS




Gate Drive Loss Increases with
Frequency

25A Buck MOSFETs - 1Hi, 1Low
1400 i i
1300 + e==NexFET 5V Drive
1200 + Ind Std Trench - 12V Drive
1100
— 1000
=
E 00
8 300
g
g "~ D | D POWE D D
£ 600 -
S s J s s D @
(1]
O 400 a3 Reo 0 ate L s °
300 ! !
200 %‘
100 !

——

—— :
300kHz 400kHz 500kHz 600kHz 700kHz 800kHz 900kHz 1,000kHz

Frequency Gate Drive Power Loss Only.

Linear Relationship to Voltage and Charge

Gate Drive Loss = X Freq x Total
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Efficiency Delivering Cooler Systems

*Up to 30% cooler operation of
MOSFET

NexFET Devices : :
*Up to 15% cooler driver operation

*Increased Reliability

Industry Standard Devices

25A, 500kHz, V) = 12V, Vour = 1.3V, Vgg = 5V
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Vgs Summary

* 5V 55 Systems Delivers Highest Overall Efficiency

* NexFET Devices are Optimized for 5V ;g5 Gate Drive
Systems

 NexFET Devices Enable Higher System Efficiency or
Frequency Running @ 5V g versus @ 12V s.

» Gate Drive Losses are Frequently Omitted from Efficiency
Measurements.
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Current Package Offering

Q5A
Wirebond
g
. a
» N ~
~O
Yes Yes
O Dlld
_rackage 0.7mQ 0.3mQ
~0.8nH ~0.4nH
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Clip Q5 Discrete Power Device

Vertical Current Flow

Top Metal

Back Meial

/

Conductive Die attach

« Optimized for lowest Resistance to minimize * Solder
package contribution to power loss * Epoxy
*Thermal Engineering critical for reliability

*Production Status
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Package comparison highlights
top-side cooling capability

iy

Printed Circuit Board Printed Circuit Board
DualCool ™ NexFET™ Standard QFN package
cross-section view with with non-exposed copper
exposed clip clip
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Next Gen: DualCool™ QFN

S
S
G S
Exposed DRAIN Pad Exposed Source Heat Sink
Bottom View Top View
CSD16407Q5C 5x6 25V 16V 1.8mQ 2.5mQ 13.3nC 3.5nC Now Now
CSD16408Q5C 5x6 25V 16V 3.7mQ 5.4mQ 6.5nC 1.9nC Now Now
CSD16325Q5C 5x6 25V 10V - 1.7mQ 18nC 2.9nC Now Now
CSD16321Q5C 5x6 25V 10V - 2.1mQ 14nC 2.5nC Now Now
CSD16322Q5C 5x6 25V 10V - 4.5mQ 6.5nC 1.2nC Now Now
CSD16323Q3C 3x3 25V 10V - 4.4mQ 6.2nC 1.1nC Now Now

Excellent thermal capability through top and bottom of package

Up to 50% Higher Current Capability
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Thermal comparison under actual
operating conditions (CSD16321Q5C)

(Pp =2.1W, Air Flow = 300LFM)

DualCool™ NexFET™ Std package

740"

250°C
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Excellent Thermal Capability

Thermal Performance Comparison
90

—Q5A
85 ~

—Q5 ~

80 Dual Cool QFN ~

——Direct FET /
75 //
70

//
—

A\

65 ~

Junction Temperature (°C)

60 // //
55 —
/////
50
V
-
45
40 T T T T T T T !
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0

Power Dissipation (W)

Same Thermal Performance as DirectFET package
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DualCool™ NexFET Summary

Industry Leading Electrical Performance Now Coupled with Industry
Leading Discrete Thermal Performance

Up to 50% Increase in Current Capability in a standard SON5x6
Footprint

Up to 50% Reduced Footprint Delivering Increased Power Density
— Lower Phase Count
— Less MOSFETs per phase — no need to parallel FETs
— 2 SON5x6 MOSFETs Replaced by 1

Ability to Upgrade Existing SON5x6 Designs as Current Requirements
Increase without a PCB Change

Better Thermal Management of the end System as can control amount
of Power Dissipated into the PCB with Dual Sided Cooling
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NexFET™ MOSFET Ringing




PCB Layout Techniques

' __________________ 1
| L I
Input B i C b I
—T 1T river Control
SUPPIY. | I “ FET I
| o 1
Switch ® Y Y Y
| Node - | I Co
| Driver Sync I |
I 4 FET I
I |
|
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Why Does the Switch Node Ring?

« Simple Answer:
— Parasitics form L-C tank with very low resistance.
— L-C Tanks resonate when exposed to a step change.
— Switch Node is exposed to a step change at Turn_ON and Turn_OFF
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The Devil is In the Details

i3 TEXAS
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MOSFET Parasitics

Schematic Symbol

Parasitic Model
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When the MOSFET is “OFF”

* Drain Current = OA \ _
« Gate Voltage = 0V
» Parasitics == %
— Capacitor from Drain to
Source T e \ N
— Zener Diode Source to ooy o=
Drain I

— Lead/Trace Inductors
— Gate Resistance ?

MOSFET OFF
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When the MOSFET is “ON”

 Drain Carrying Full
Current

» Gate Voltage at Drive %
Voltage
'y

 Parasitics:

— Drain-Source Capacitor ves=v._._ ==
& Zener Diode shorted I
by Rdson Resistor ?

— Lead/Trace Inductance

MOSFET ON
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What Happens when we turn “ON”

* High-Side turns “ON”

« Charge Parasitic
Capacitance through
Inductors

* When:
-V, =0V I #0A
—E="%I12xL
— Need negative voltage
to deflux inductance.




Where Does the Energy Go?

 Current in High-Side

— Current Reduces Vg of
HS FET.

—Increases Vg

 Current in Low-Side

— Current Increases Vg
of LS FET

—Increases Vg

« Switch Node Voltage
rises above V,

i3 TEXAS
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Energy Stored in Capacitors!

* When:
-1, =0AV; #0V
—E=%V:xC
— Need negative current

to discharge
capacitance.

* Process repeats until
energy dissipates.
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12V to 1.2V @ 20A 600kHz

* 12V Input Voltage
* Rboot = 2W
* Csnub = Open

» Base Layout

— 27.6V peak rining
— > 184ns Ring Out
— 65MHz Frequency
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Is Ringing Bad?

« EMI
— Ringing Adds EMI
* 50-250MHz

 Radiated Emissions
* Near Field

« MOSFET Damage?
— Avalanche Break-Down

— Avalanche Rating _

* NexFETs ALL Rated
— V2 (Vp? = Vps?) X C
« 72 900V?-625V? x 1nF = 137nJ

* Lowest Rating:
— CSD16311Q3 =11mJ
— About 0.06%

» Reduced Efficiency
— 137mW @ 1MHz

:

Ring Damage?
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an MOSFET Clamp in 2ns?

Tek R Sampl 184338 A 14 Apr 10 10:76:20
L &I
- TIMesFET: 4 ]
r : T N Curs1 Pos
- -
r ] Curs1 Pos
iR EEE I 2 S W . YT
L 1 v -48d4ns
L i 12 80.0ps
Y O 1 T S . " Y 11N 4 82ns
[ T ovm 2033M
F 4 w1 zaav
o E W2 14.9%
r b A -150Y
t | dviae: -3.049GY 5

T CHA: HSsource
—+  CHz2: Snubber
CH3: Incuctar

Tek

Run

Sample

114114 Aciy

S
T

14 Apr 10 10:15:05

T
LTI

MenFETs

CH1: HSsource
CHZ: Shbber
CH3: Incuctar

Cursl Pos
Cursl Pos
0.4y
11 -4 B4nz
12 80.0ps
11N 4 82ns
10 203.3MHz
V1o 304y
W2 14.9%
A -155Y
dYPAL -3.15GY s

gn; gg: Chz 5.0% 2‘1 gh01nsj2§§g$ ET &.0pzht gn; gg: Chz 5.0% 2‘1 gﬂns;ZSﬁg\!}s ET &.0psit
Vi = 15V
N V= 18V
SW(peak) .
i3 TExas
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How High? The Math

Current in Inductance

— Rate of charge of Cgy,
— When Vg, = V5

Energy Transfers to Capacitor
— Peak Voltage when |y = 0A

Assume No Loss

— Pino = Peap

What can we learn?
— Faster Switching = More

Ringing

— Reduce Inductance
— Reduce Capacitance

IND

- U
I
|b—‘
—

U U T
o
P
o
Il )
T - ©- o
O -

l\)lr—‘

<
Il

O
<
I

l\.)l'—‘

()
‘%

V = /L -C -4
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How Can We Reduce Ringing?

« Layout

— Reduce Trace Inductance
» “Common Point” in Switch Node through both FETs and their respective
capacitors
— VIN bypass for High-side
— VOUT bypass for Low-side
— Increase Switch to GND capacitance? NO!
* Reduces Frequency but not Peak
* Very Low ESR = Longer Ring-out
* Increases energy! — More Losses
* Increases High-Frequency GND Noise

i3 TEXAS
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Layout Improvements

« CSD163CEVM-591
— Bypass Caps
— Snubber
— Tight Snubber Loop
—Vn & Vot GND

III -

* Improved Layout
— Snubber between FETs
—VIN and GND diodes ﬂl I 'l 1||' . .
— Added 0603 Caps | j =f i.' -
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How Effective Is Layout?

Tek  Run Sample 3415 Auts 14 dgr 10 14:28:07 R o o L1 R b L L L
o R Tl hewFE] . . . T . . .

LTI MewFETs ) . I

L R o o B e T e o s T i
- TINesFETS . 1 . i o E Curs1 Pos
o . + B Curs2 Pos r 1 6
L T ] I ] s
EEREEREEE. Eoofr - 1548m - ] ]
r 3 1 r h Curs1 Pos
r r i::H1 . . ] Curs2 Pos r 4 1
Eoo ol HSsouree _- L g I P P ] TN
L [ CHZ: LSdrain i 1.8 L I o . . I . . . ]
: . BH3: Incluctor 1t szans F hon o : : T i : : 1 B o
C L 1 2 1848ns R (I § T o a 173Ens
| — 1..'3:: 14%.32§MH C i) ﬁ X X 1 arc: & 7ENIH:z
N ] : l z N ] ] 4 w1 zmav
F 4 w1 2Ty L S 1 w0 1w
L 4 w2 1iaw [ —P A - ; - ] : :
r s -imar T (5] (W W T ] A
; | v 111 Bhivas "ﬁ‘lliﬂ' I B L P07 VR T =01 (71
N . R L 1 : . ! ! !
L B i
[ i F i
Loy
o - -y
[ i Foi
r B s i
- i Egﬁy-
[ T &) ' ) ) i N N 1
crhlllslov'”'l””lcr;zlHslovllll” Lmﬁalloélézlslas:fsllETI1I56Ir;|a”” e b b by b PR b P b B ]
| X 0N 6. st
L o an.ns € 258 gﬂ; ggx Chz  5.0¢ wgﬂinnfr 65%333!3 ET 160psat
Tk Run Sl MM A0S0
T o .
wees 10% Reduction!

184 4ns

N - - T Curs? Pos
- i R I ERIE I R 121y
N H | | T t1: 11Bns
N = T L2 184.4ns
— FA Y L At 172.8ns
L L 1040 5.787MHz
+ | . - Y1 2204
r YE 121
F i Y POy
| i .!. .k\ f. .t. l' | At E7.20MYE

=l
-z
=

.,
—

CH1: HSzource
CHE: Snubber
CH3: Ihductar

30% Reduction
Two-sides

Ch1 5.0y Chi 5.0% Il 20.0ns 12.5G3/  ET 80 Opsipt
Ch3 504 & Chl s 50¢
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How Can We Reduce Ringing?

* Slow the Switch Node
—1, = C dV/dt

« Reduces Energy — Can improve efficiency (to a point)

— Add Resistors

« Boot Strap — Only slows Rising Edge
— Don'’t Starve Boot Voltage!
— 1Q — 3.3Q typically

» Gate Drive — Slows both Rising & Falling
— Can Interfere with dead-time sensing
— Avoid if possible. 2Q Max if necessary
« Switching Node — Slows Falling or Rising & Falling

— Falling Only if Boot Cap return on IC side of resistor
— Can also protect IC from negative voltage damage
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How Can We Reduce Ringing?

« R-C Snubbers

— Increase Switch Node Capacitance
* Reduced Frequency
* Reduced Peak Voltage
* Increase ESR for faster ring-out
* Increased energy dissipation

— Can Snub to VIN or GND

* VIN will increase input noise, but recovers some energy.

— Most Effective when between MOSFETSs

i3 TEXAS
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Snubbers

Tek  Run Sample 38923 dons 14 épr 10 10:02:55 Tek  Run Sample 2939 Acgs 14 épr 10 09:26:04
L TS | IO | 1. S | ATk R L I AT
- TINesFETs . . . 4 . . . - - TIMesFET: . . . 4 i . . . ]
r : - : - T h Curs2 Pos r : - : - r - : - : h Curs2 Pos
o e e e e e - 151 9hs R T : : : R 164 8ns
r ' ' ' ' T ' ' ' ] Curs2 Pos r ] Curs2 Pos
__...:..;I.:....:....:....____....:....: ........ S 7Y - - 191y
L ) :"{ ) ) ) T ) ) ) ] 216ns L ] 1 248ns
L b 4 i 151.2ns L i 12 164 .8ns
il ] 1249 6ns — ] At 140.0ns
E 7.7 16MHz - B 7.143MHz
Z3.BY - B W1 2.0y
11.7% o E W2 12.4%
-11.8% r ! Y -9.9Y
-81.52MY _I .I_ AYPAE D -T0F MY
. . . . L CH1: HSsource ] EEiJ | CH1:HSsource
- . . . . —+  CHz2: Snubber . g - - CH2: Shubber
r . . . . - CH3: Incuctor . . ] r CH3: Incuctar
Lo b b by by by T by b b g by i 0 oo b by b b T b s by by by Py gy
Chi S.0v Chz 5.0% M 20.0ns 125G5%  ET 80.0ps4at Chi 5.0Y Chz 5.0% M 20.0ns 125G5%  ET 80.0ps4at
Ch3 S5.0v & Chil o~ 50% Ch3 5.0 & Chil o~ 50%
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How Can We Reduce Ringing?

* Diode Clamps

— Very Fast, Small Diodes
» Adds small capacitance

— Small loops to small capacitor
* Needs very low inductance

— Diode Clamp SW to VIN
« Little to no impact on Peak
 Faster ring-out

— Diode Clamp GND to SW
« Little to no impact on Negative Peak
 Faster ring-out
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Diodes!

Tek

Run

Sample

26497 dogs

14 Apr 10 09:57:59

LTI

L

MenFETs

I cHz: snusher
- CH3: Incuctor

| CH1: HSsource

Curs2 Pos
131.6n3

Curs2 Pos

1.7

1 216ns

Ch1
Ch3

S5.0Y
S.0Y

Chz

S.0Y

M 20.0ns 125655 ET 80.0padot

4 Chi

< 5O

Tek

Run Sample 187046 fAcis 14 #pr 10 08:19:67
Ivlllllllllllllllllllll IIII|IIIIIIII|IIII

LTI MesFETs

| CH1: HSsource
—+  CHz2: Snubber
= CH3: Incuctor

Ch1
Ch3

S.0%
S.0%

Chz S.0Y

I 10.0ns 250655 ET 40.0psqot
4 Chl o~ S0%

Cursl Pos
Cursl Pos
21.0%

11 12.4ns
12 7hins
&k B3dns
10 15.77MHz
V1o 21w
W2 1244
Y -5.9Y
AYPAE D - 14040
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Conclusions

« MOSFET & Board Parasitics Ring

— Ringing will Generate EMI
— Ringing is not a MOSFET Failure concern

 Ringing could contribute to failure of other devices.

* Ringing Can be Reduced
— Layout, Layout, Layout — Inductive Loops
— Small, High Frequency Bypass Caps
— Boot Strap Resistors
— Snubbers
— Clamping Diodes
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Solutions & Summary




Twice the Frequency with Similar Efficiency!

Versus Previous Generation Controller and Competitor’s MOSFETs

100%
95%
90%
85%
80%
75%
70%
65%
60%

12V to 1.8V Efficiency Comparison

/-

I/

4 6 8 10
Output Current (A)

* Blue => TPS40305EVM (1.2MHz) + CSD16410Q5/CSD16322Q5
* Red => TPS40192EVM (600kHz) + Leading Manufacturers MOSFETs

i3 TEXAS
INSTRUMENTS




Web-orderable EVMs with NexFETs

TPS40304EVM-353
 TPS40304 Controller
»« CSD16410Q5A and CSD16321Q5 NexFETs
« 12V to 1.2V @ 20A (600kHz)

CSD163CEVM-591
« TPS40304 Controller
« CSD16322Q5C and CSD16325Q5C NexFETs
* 12V to 1.2V @ 20A (w/ DualCool™ NexFETSs)

TPS40305EVM-488
« TPS40305 Controller
»« CSD16410Q5A and CSD16322Q5 NexFETs
« 12V to 1.8V @ 10A (1.2MHz)

TPS40192EVM-525
« TPS40192 Controller
« CSD16410Q5A and CSD16407Q5 NexFETs
« 12V t0 1.8V @ 10A (600kHz)
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Lower Rpson) & Low Gate Charge Q 4 provides:

* Increased Converter Efficiency — up to 1.6%

— Reduced Gate Drive Power Loss
— Enables Next Generation “Green” Designs (Energy Star)
— Up to 10% Efficiency Increase at light load

Aousioly3 ISYIHONI

* Increase Reliabllity

— Reduced Temperature — up to 30%

Ajgeley ISYIHONI

* Reduced Converter Size &
Increased Power Density

— Up to double the switching frequency
— Cut output filter size by 50%

=
@)
)
m
>
(@)
m
T
©]
£
(]
=
O
(]
>
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Current offering...

Stay tuned, there is more to come...




N-Channel devices
(small package options)

Typical Rdson {(mQ) Qg4.5| Qgs Qgd Rg Vth

Part Number ch|vds | vas | @iov |@asv | @3v |@2sv]@isv]|@isv] tye. | Tvo. | Tve. | Tye. | Tye.
WLP1.7x2.3

Dual

CSD86311W1723 N 25 10 30.0 35.0 2.8 0.7 0.6 1
SON 2x2

Single

CSD16301Q2 N[ 25] 10 230 270 20 o6 o4 13] 12
CsD17313Q2 N 30 10 26.0 32.0 1.7 05] 037 1.0] 1.2
SON 3x3

Single

CSD16411Q3 N[ 25] 16 so] 120 20 15] o7] o8 2
CsD16409Q3 N 25 16 6.2 9.5 4.0 2.1 1 0.9 2
CSD16406Q3 N| 25] 16 4.2 5.9 58| 25| 15| 1.2 18
CSD16323Q3 N[ 25] 10 4.4 54 62| 18] 1] 14 1.4
CSD16340Q3 N| 25] 10 4.3 6.1 65| 21] 12] 10]o085
CSD17308Q3 N[ 30| 10 92| 121 36 1| o8] os| 12
CSD17304Q3 N[ 30] 10 6.9 9.3 50 15| 1.1] o7 12
CSD17309Q3 N | 30] 10 4.8 6.3 76| 23] 16| 14] 12
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N-Channel devices
(5x6 SON packages)

Typical Rdson {m(}) Qg45| Qgs | Qgd | Rg | Vih

Part Number ch| vds | vos | @1ov | @asv| @3v | @sv]|@iav]@isv| . | Tvp. | v [ Tvp. | Twe.
SON 5x6

Single

CSD16412Q5A N| 25] 18 90 130 20 14] o7] o7] 18
CSD16410Q5A N[ 25] 18 6.8 9.6 3o 18] 11| o7 19
CSD16404Q5A N| 25] 16 1 5.7 65 2| 17| 09 18
CSD1640805 N| 25] 16 36 5.4 67| 31| 19| o8| 18
CSD16413Q5A N| 25| 16 31 4.1 90| 35| 25| oo| 16
CSD16403Q5A N| 25| 16 2.2 2.9 133 55| 35| 12] 1.
CSD16407Q5 N| 25| 16 18 25 133 s3] 35| 12| 1e
CSD16414Q5 N| 25| 16 15 2.1 66| 73| 44| 14| 16
CSD1640105 N| 25| 16 13 18 2101 e3] 52| 121 15
CSD16322Q5 N| 25| 10 16 54 68| 24| 13| 11| 1.1
CSD16321Q5 N| 25 10 2.1 2.8 14.0 4] 25] 15] 11
CSD16325Q5 N[ 25| 10 1.7 2.1 18.0] 66] 35| 16] 11
CSD17307Q5A N | 30| 10 97| 128 40 13 T 0@ 13
CSD17302Q5A N | 30| 10 73 05 54| 17| 12| 08| 12
CSD17310Q5A N[ 30 10 45 5.7 so| 27 21| oo 13
CSD17306Q5A N[ 3o 10 3.3 49 18] 35| 24| 10] 11
CSD17305Q5A N[ 3o 10 2.8 3.0 41| 45 3 10] 14
CSD17301Q5A N | =0 1o 23 20 90| 57| 43| 13| 1.1
CSD17303Q5 N | 20| 10 2.0 27 180| 56 A 14 11
CSD17311Q5 N| =0 10 1.8 23 240| 66| 52| 12| 12
CSD17312Q5 N| 30| 10 14 1.8 280| o84 6 11 1.1
Dual Cool 5x6

Single

CSD16408Q5C N| 25] 16 36 54 67| 31| 10| o8] 18
CSD16407Q5C N| 25| 16 18 25 33| 53| 35| 12| 16
CSD16322Q5C N[ 25 10 46 54 sa| 24 13 14| 11
CSD16321Q5C N| 25| 10 2.1 28 140 al 25 15[ 11
CSD16325Q5C N| 25| 10 17 2.1 80| 66| 35| 16[ 1.1
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P-Channel devices

Typical Rdson (mQ) Qg4.5| Qgs Qgd Rg Vith
Part Number ch | vds | vos | @iov |@asv| @sv |@2sv|@iev]@isv] Typ. | Tyve. | Typ. | Tve. | Tvo.
WLP 1x1

Single

CSD23201W10 | P | 12] 6| | s66.0] | 77.0] | 1100] 19] o028] 026 | o6]
WLP 1x1.5

Single

csD25301wW1015 | P | 20| 8| | s2.0] | so0.0] | 175.0] 1.9] 045] o04] | 0.75]
Common Source

CSD75301W1015 P 20 8 80.0 1050] 1500 15] o28] 03 07
CSD75205W 1015 P 20 6 72.0 940 130.0 1.7] 03] o04]z00] 07

WLP1.5x1.5

Single

CSD25201W15 | P 20] | | 33.0] | 420] 520} | 47] o8] o0.9] | 0.7]
WLP1.5x1.5
Common Source

CSD75204W15 | e | 20] 6 | | so0] | e6s0] 850} | 28] o05] o6]300] 07|
WLP1.7x2.3

Dual

csD75211w1723 | P | 20| g | 320] | 39.0] s00] | 48] os] 1] | o7]
SON 2x2

Single

CSD25302Q2 [P 20] s8] | 390] | seo0] 710] | 23] o45] o05] o07] 07|

SON 3x3
Single
CSD25401Q3 | P | 20] 12} | s8] | 135] | | s8] 21] 21] 12]o0s7]
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Thank You!




