NexFET™

How To Design with Highly Efficient
MOSFETs
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Just the Beginning

Performance
The Nex
Generation
FET™ Power
2nd MOSFETs
Generation
rench MOSFETs
1st
Generation
Planar MOSFETs
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Planar

» Commercialized in 1980s
* Lower density structure

* Relative large gate area

» Mid resistance and charge

N* substrate

Trench

« Commercialized in the 1990s
* Very High Density structure

* Large gate area

* Low resistance, high charge

N* substrate

N*-substrate

FET™ Technology
« Commercialized in 2007
* High density structure
* Low gate charge
* Low resistance & charge
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Total Gate Charge
Qg

Total Gate Charge (Qg) is the charge required to drive the Input
Capacitance (C,g) from 0V to a specified Gate Voltage under
specified Iy and V5 Conditions.

— Qg is the Area under the C g5 vs. Vg curve. Qg = OVDS Css dV o

Energy is required to charge the gate, and is lost when it is
discharged. Eq :QGVGS

— In each Charge/Discharge cycle, energy lost is:

[og | Gate Charge Total (4.5v) | [ 4 56| ncC
3.0 8.0
| W N [ Vgov, f=imrz_| %1_0 e —
— )

cp ||D 0 N\ Ciss =Cgs*Cqp | $= 7
+ 3 N o E 50
—G» §re \y/ 3
VDS § 1.0 830
G S 220
GS o3 4 © o
S 0.0 > 0.0

L 0 2 4 6 8 10 0 2 4 6 8 10
Vps — Drain to Source Voltage (V) Q, - Gate Charge (nC)
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Gate to Source Charge
QGS

. Gate to Source Charge (Qgs) is the Charge required to Switch a
specified Current.

. There are two distinct regions of Qq:

1. Pre Conduction — From 0V to the gate voltage where current begins to rise
on the Transfer Characteristics curve — Nothing much happens besides an
increase in Gate Leakage.

2.  Switching (~1/4 Qgg) — Current rises along transfer characteristics curve to
the Drain current wshile Vps remains high.

. Under an Inductive Load, Vg remains high while the Current is
switched with energy loss per cycle as: g zVDSID%QGS g

|0gs | Gate Charge Gate to Source | Yps T leatip T A | 21 | nC |
<t 02 =10V, 1, £ 25A
In V, 10V, |,

+ |l LU Cs H

T _I ; I

C Fol=ENN T | >

Vos©o LN |
- S
2 25 3 35 4 as s 2 4 6
Vs - Gate to Soutce Voltage (V) Qq : Gate Charge (nC)
1 2 12
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Gate to Drain Charge
Qgp

. Gate to Drain (Miller) Charge (Qgp) is the Charge required to
Switch a specified Voltage.
. Qgp is typically specified at "z BVgs.
—  When V4 is different, Q;, must be adjusted.
— In the applicable range, Qg vs. V4 is fairly linear and can be
approximated by 1.75% AVq per A Qgp.
. Under an Inductive Load, I, is high while the Voltage is

switched with energy loss per cycle as: Esweo *Vos!oQu + 1
‘Ogd | Gate Charge Gate to Drain 1 | nC |

‘\4‘ —1IEM 1 —1TA |

70 Voo =10V, I, =25A

2 25 3 i35 4 45 5 4 6
Vas - Gate to Source Voltage (V) Q, < Gate Charge (nC)
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Gate Charge
QG’ QGS! QGD

. Gate Charge is the amount of charge required to be —
put into or taken out of the Gate to Drain and Gate GD
to Source Capacitances to Switch the MOSFET. —

=Gy
€

+0O o

. Gate Charge can be split into:
1.  Gate to Source Charge (Qgs), Pre Conduction — From
0V to the gate voltage where current begins to rise on Gs | -
the Transfer Characteristics curve — Nothing really s
happens.
2.  Qgs, Switching (~1/4 Qgg) — Current rises along VAN i
transfer characteristics curve to the Drain current o D
while Vg remains high. D ‘
3.  Gate to Drain (Miller) Charge (Qgp), - While Currentis ~° AT
high, Vps collapses. f: 1 1
4. Overdrive Charge — Vg rises to its final value, driving e,
down Rpgop- es 1712314 Qg
. Energy required to switch the g/ate in one cycle (on

6 = QsVes

and off:

. Energy dissipated in the switching action in one
cycle: Esw =Voslp ZQGS+QGD +lg

1 127134Vgs
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Series Gate Resistance
Re

+ Series Gate Resistance is the internal resistance
which impedes the flow of Charge into the gate
capacitance, slowing the switching transition.

» Itis important in High Frequency DC-DC converters.
* ltis in Series with the Gate Driver’s Resistance.

| Ry ‘ Series Gate Resistance ‘ ‘ 0.9 ‘ Q ‘

Cep D lo_ N Is k
Ga_lte | |
D”’\C:/‘ S L+ Rg P | } VG(Drive) | VG(Dri"e)_l
+ Reome |G +| y f y
Ve Ces Vgs. GS GS ‘

Drive)
S High Rg Low Rg
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FOM

Inherently Better FOM

= R*Qgd
uR*Qg

NexFET
CSD16321Q5

TI

Fairchild
FDMS8670AS

International Rectifier
IRF6716M

Manufacturer

Infineon Optimos 3 Renesas
BSC020NO3LS RJK0328
BVpss = 25/30V
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Efficiency Delivering Cooler Systems

*Up to 30% cooler operation of
MOSFET

*Up to 15% cooler driver operation

*Increased Reliability

25°C
Industry Standard Devices

25A, 500kHz, Viy = 12V, Vour = 1.3V, Vgs = 5V
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N-Ch devices
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Current Package Offering

Construction

QxA

Qx

i

5x6, 2x2 5x6, 3x3
Profile <1mm <1mm
RoHS Compliant Yes Yes
Package 0.7mQ 0.3mQ
Resistance
Ls ~0.8nH ~0.4nH
J?Tls?rk;uMENTs
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EXPOSED HEAT SINK

=

Exposed DRAIN Pad

CSD16407Q5C 25V 16V 1.8mQ 2.5mQ

CSD16325Q5C 25V 10V - 1.7mQ

CSD16321Q5C 25V 10V - 2.1mQ

CSD16322Q5C 25V 10V - 4.4mQ
QFN3x3 Q3 CY09 Q4 CY09

Exposed Source Heat Sink

13.3nC 3.5nC Now

19nC 4nC Jun 09
14nC 2.5nC Jun 09
6.2nC 1.3nC Jun 09

Next Gen: Dual Cool™ QFN

Q3CY09
Q3CY09
Q3CY09
Q3CY09

s
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Excellent Thermal Capability

90

85

80

75

70

65

60

Junction Temperature (°C)

50

45

40

Thermal Performance Comparison
\ \ \
—Q5A
—Q5
Dual Cool QFN /
—Direct FET
/ ]
//
/ —
/
% / ///
A ////
=
0.0 0.5 1.0 15 20 25 3.0 35 4.0 45 5.0 55 6.0 6.5 7.0
Power Dissipation (W)

Same Thermal Performance as DirectFET package

b
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Gate Drive Loss Increase with Vg

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

700 7 + Over 5x Gate Drive Losses @ 12V vs 5V

o0 V ’ * All Technologies
_ i * Equiv of Adding 1mQ IR Losses per Phase
% s00 » Std Trench 12V vs TI 5V
B » 3.3V Drive Voltage 2.4x Lower Losses vs 5V
< 400
$ Ind Std Trench
s 300 B NexFET
-
& 200
o

100

5v 3.3v

Gate Drive Voltage

Gate Drive Power Loss Only.

V2 Relationship of Drive Voltage to Energy wasted

E=C

E=%CVs? for charge and discharge of gate

s
INSTRUMENTS
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Gen1.1 — Optimized for 5Vg

Normalized Rpson @ 4.5Vgs
g 3 2

1.25

1.00 \\\
0.75 -

0.50 Industry Sandard
0.25 4 ==NexFET Gen1.1

000 | -

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Gate Drive Voltage (V)
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Improved Efficiency Across the
Range

Efficiency @ V\y = 12V, Vour = 1.3V, Fgyy, = 300kHz, Ly = 0.3pH, T, = 252C

92
v | LT

91 T
90 T

Effiency (%)
© © ®
B2 8
T ——

» ' Up to 10% Improvement at Light Load
| Up to 1.6% Improvement at Full Load

76 «~=(CSD16404x1CSD16321x1 (5vgs)
75 1 ! - Ind Std Trench (12Vgs) 1
| [

74 | |
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Output Current (A)

5V Better Full Load Even with Comp FET Fully Enhanced @ 12V

b
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Efficiency Example
Tl Gen1 — 300kHz

Efficiency @ V, = 12V, Vo = 1.3V, Fy, = 300kHz, Lo = 0.3pH, T, = 25°C

94
93
92

91
90
89
88
87 .
% 5V Drive:
85
84

Same Full Load

Effiency (%)

83

82
81
80

CSD16404x1 CSD16401x1 (5Vgs)

o CSD16404x1 CSD16401x1 (7.5Vgs)

78

77
CSD16404x1 CSD16401x1 (12Vgs)

. Efficiencies include power stage
75 and gate drive losses
74 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Big Impact Even with Low Frequency

{) Texas
INSTRUMENTS

This shows that even at low frequencies with TI — 300kHz — the trade-off in going
from 5V to 12V is the same, overall 5V is more efficient.

The 12V gate drive begins to cross over the 5Vgs efficiency @ 25A and if the
current was extended it would be greater efficiency vs 5Vgs. But most systems
today use 25A or less per phase so this is not as relevant, especially as there is a
major impact on light and mid loads by going to higher drive voltage.

The 25A cross over is for this specific combination of devices. ~7mOhm high side &
~2-2.5mOhm low side. Tl could insert a lower resistance low side or high side that
would help extend this past 25A should higher current full load be required.

18



Efficiency Example
Gen1.1 — 5V Optimized -300kHz

Efficiency @ V, = 12V, V,, = 1.3V, Fgy, = 300kHz, Lo = 0.3pH, T, = 252C

94
93

92
91
90
89
88
87
86

£ Improving 5V Drive Performance
£ Even Further
. 82

81 CSD16404x1 CSD16401x1 (5Vgs)

80 CSD16404x1 CSD16401x1 (7.5Vgs)

79
CSD16404x1 CD16401x1 (12Vgs)
78

” CSD16404x1 CSD16321x1 (5Vgs)

7 Efficiencies include power stage CSD16404x1 CSD16321x1 (7.5Vgs)
75 and gate drive losses
74
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Output Current (A)

*? Texas
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This shows how Tl Gen1.5 performs vs Tl Gen1, CSD16321 being an improved
cost/performance vs the CSD16401. Even at 300kHz with slightly higher resistance
the CSD16321 manages improved full load efficiency and throughout the entire load
range. By optimizing for 5Vgs systems Tl has pushed the cross over point vs 12V
systems out even further beyond 25A.



Gate Drive Loss Increases with
Frequency

25A Buck MOSFETs - 1Hi, 1Low

1300 + e==NexFET5V Drive

1200 7 Ind Std Trench - 12V Drive

w0 « >13x Gate Drive Power Loss for 12V
e — + 5V Drive + NexFET Low Qg
400 — Drastic Reduction Gate Drive Losses

Gate Drive Power Loss (mW)
5
8

- —— —_—— -
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

b
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Vgs Summary

» 5Vg5 Systems Delivers Highest Overall
Efficiency

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

* NexFET Devices Enable Higher System
Efficiency or Frequency Running @ 5Vgg
versus @ 12Vgs.

» Gate Drive Losses are Frequently Omitted
from Efficiency Measurements.

-{lj Texas
INSTRUMENTS
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Effiency (%)

Efficiency @ V) = 12V, Vo = 1.3V, Fyy, = 300kHz, Lo = 0.3H, T, = 259C

NexFET™ “Bump”

CDtos00x1 D IBRDNT ()
D 1640811 CDIAO 75V
D 164081 CDNBHI (12
CDtei0u CD BRI (V)

D 1640811 CDIE211 75V

Output Current (A)

t
Continuous Positive
Inductor Current

t
Negative Current during
Low Side Conduction

Positive Current Negative Current
Poss Y2 (Qoss(rsy*QossiLs)) Vinf Lossless Constant with current

| QNI—S Prr QrrVinf Lossless Decreases with
e {YY\ decreasing current

- M - Pswion Decreases with
¢ ¢ | Vig ISW(ON)RDriveQG(SWHS) VINISW(ON)RDrinS(SWLS decreasing current

Nosswy Z\/GS(SW)

| Psoony lswionyVsoes)PT lswionyVsorsPT Decreases with

decreasing current
BT
INSTRUMENTS
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Record: [14] 4 [

E= MOSFET Selection

Wi} Texas INSTRUMENTS
Part Number

Power MOSFET Selection

g Ch

[Show Selected

v T

CSD1640903 _[0FN33 | N
| |csD16410Q5A  JOFNSXG6 | N

Part Number | Add Manufactuer
[BSCORONGALS ~ Package

BSCOB0NO3LS ‘QFN 5x6

|vgs

Rdson(m0]
Vos| jov | 8v |45V
891 152
536 .43
16| 6.2 9.5
16| 6.8 9.8
Select Socket: Cross Reference
Rdson(m)
10V | 8V [45v| 3V
20 67 | o9

T D JD1r + of 2(Fikered)

|%




Valuel!!l

3 Texas In Buck Control Switch
Part Homb R100 Pon _Qgd_ Psw | Psw | Qg |Pgate|Qoss| Poss| Pt \ o
art EISh m Package\ Ch [Configurati Vds [Vas | mm | om | G | fon) | foff | Q) [imW | mC) || o ] ¢
ow
[~ > il I
¥ CSD16323Q3 JQFN3!3 N [Single = 25| 10| 5.41(0.217| 1.29/ 0.096| 0.184| 6.73( 16.8( 14 42| 05657| 97.7 ’-w §aﬂﬂ;: Capiure
| |csD1640903 OFN 3x3 N [Single 1] 25| 18(12.20.491| 0.99| 0.093| 0.095( 4.36| 10.9| 9.1| 27.3| 0.71| 97.1 Frod| Capture
| |Bscosono3LS QFN 5x6 N [Single | 30| 20| 11.4|0.459| 1.73/0.174/ 0.176| 7.77| 19.4] 13| 39 0.86B| 96.5 Capture
CSD16411Q3 ;0FN3X3 N (Single =] 25| 16| 17.5(0.701) 0.69/ 0.069| 0.084| 3.20( 8 65| 19.5 0883 96.5 Prod| Captue
\ / Select Sockst.__ Buck Converter v Ji
Plouty cycie: | 0100 Budk@onverter w2 T \nduf:iiiu}[ Ripple, Current |2 520 |20 \ %(szm
ICtriRhS: 53 o o Tomeal T = "'LT—O [ arerzny
—— ] gsClr Recttier | o lout 208
= = e e e
1 VisRert 5\ : 1
freq  SOOKHZ Deadtine| 1ms |
Record; (4] « [ 1 [(F 1] of 3 (Fikered) v
Record: (14 ¢ [ T (P 1)) - of 4 (Fitered)

« Efficiency (of this component)
« Size

” T uments




More Value — Low Current

Buck Control MOSFET
Power Dissipation Results

1.00
__0.80 —
; 0 60 / // Cond.
% 0.40 /‘/;f:-i‘"/ ~+ BSCO80ONO3LS x1 1
a

e .
0.20 7 CSD16323Q3 x1 1
0-00 T T T T T T T T T T T T T T T T T T T +CSD1640903 x1 1
N ARl N R CSD16411Q3 x1 1

lout (A)
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Before

Table C1—C2—€3—C4
[ Top Copper Layer "—‘ (— {:}‘ =
[ Bottom Copper Layer ‘ [ | || [ |
g Top Components | i ‘4‘} 8 g
5.0 Bottom Components —
Q1 Vin
u1 Copper
cU 0
Wl B ENEREN
- D E Vsw
il Y — Copper [ Your
Copper
C14
i
PGND 1
Copper
Pbno
Copper
Layout Option1 - -
9 Tos
INSTRUMENTS
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C10H

o ||

out
Copper

[]ca

] cs

V

‘ ‘ c2 Cop‘;NJer

Hc1

T‘W

VSW
Copper

L1

Ideal Power Stage Placement

1. Minimize distance
between Positive node
of input ceramic cap &
Drain pin of Control FET

2. Minimize distance
between Negative node
of input ceramic cap &
Source pin of Sync FET

3. Use minimum 4x 10uF
Ceramic capacitors for
input caps

1. TDK# C3216X5R1A106M

4. Continuous flow of

Power Planes

*? Texas
INSTRUMENTS
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Layout Option2a

C10H

o ||

P,

Copper [Jos

[ TJes

V,

ouT
Copper

iC1e

Q1

‘ ‘ ©2 Cov;;er

[

Copper
|

L1

3x3mm QFN

1. Minimize distance
between Positive node
of input ceramic cap &
Drain pin of Control FET

2. Minimize distance
between Negative node
of input ceramic cap &
Source pin of Sync FET

3. Use minimum 4x 10uF
Ceramic capacitors for
input caps

1. TDK# C3216X5R1A106M

4. Continuous flow of
Power Planes

-{lj Texas
INSTRUMENTS
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Before and After Effects

i bl
etk Il'i-;'.'*:!‘,‘mw‘ B s 21V w/Layout
ﬂ 27V ‘l, ; Improvement |
_N’-s I ‘
A haas
| Jh M'{W‘W I | T TV N
i | i
| | M Y
\ e It
‘V'fiﬁlu ‘:‘E‘uh\;\'w '.lwf f i
" ' RN TIPS SR, —
!
s geon B e , _|
W00 52015 E- _H

” T uments
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Vi

T; CIN—I /smhnoie
pos

m P

Buck Converter
DC Loop and associated
stray inductances in red

BT

Schottky Clamp

DC Loop
Inductance
Lo . . RCDSON
Equivilant Circuit (High side Switch)
DC Loop After
High
Side MOSFET
C (Low Side
turns on Cin Lsoss Switch)
Equivilant Circuit
With Schottky Clamp
| .._.; "u_'-. '-:\". J’ﬂ‘ ’-"\ N P
.mma
-_ e

s
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Schottky Clamp

M
. r.. .uf" '\-fL‘\ B e

".\}"'\ f S P A A g

Clamp with 1500pF

Clamp with 3000pF
[

¢ o —




Efficiency — Standard Demo Board

Impact of Schottky damp with Added Capaditance

32



P-Channel DC-DC Switch

6+ Year Technology Lead

1R(4.5)*Qg 1R(2.5)*Qg

700 -

NexFET Siliconix Falrchild
SiS515DC FPC

B T s
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P-Ch devices

\ g - -
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Wafer Level Package vs Industry
Std Packages

7.8mm?
~8x Footprint Reduction
25mQ ~2x Resistance
Si2333 Ciclon WLP
4.2 mm?2 g
SC-70 20mo 4x Footprint Reduction 1{
@\ m Same Resistance \,__—;.;\
v Si1417
Tmm?2
SC-89 2.56 mm?
2.5x Footprint Reduction 66mMmQ
@\ 108mQ ~ 1% Resistance
i . 1065 CSD23201
|
- -




Saving Space & Cost

) Boost Power

9 1mm x 1mm
L
i >
) V LED Boost ’j
1mm x 1.5mm 1mm x 1.5mm Fm——=—== N ‘. &
Dual } : ANV Y a
Single | g 4 i
Wall Adapter _I !
1

1mm x 1.5mm 1 15
Battery |.____-l=—— Deal mm x 1.5mm

RVP OVP Bypass NC-DC — Single or Dual

_F’°W‘f{ﬂfﬁl %E%?%M{% WZZE%E‘}%E% 3

1mm x 1mm _IH Charging . 71" | _ S
% " L1 System ’_\

T T

- Power .
= 9
- 9. 9
“ “‘ 2MHz
1
1mm x 1.5mm lmm X 1.5mm
Single or Dual Qingle

E
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NexFET Discrete Products

CSD16301Q2*
CSD25301W 1015 CSD75301W1015 CSD23201W10 CSD25302Q2*
Single P Dual P Single P Single N & Single P
1MHz

Common Source

1mm x 1.5mm WLP

1mm x 1mm WLP

2mm x 2mm QFN

1mm x 1.5mm WLP
BVpss -20v 20V -12v +25V [ -20V
Vas 8v 8V 5V 8V
Roson) Ros(on) Ros(on) Ros(on)
typical Typical typical typical
4.5V 62mQ 80mQ 66mQ 28/39mQ
2.5V 80mQ 101mQ 77mQ 36/56mQ
1.5V 175mQ 165mQ @ 1.8V 110mQ Qg 1.9/2.7nC

*- in development

/4
£ 0

s
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Clamp Diode

G1 S
(Source Sense)

Y- o2

1 .‘4:'"

Dual Common Source with

WLP 100mQ 130mQ Q2
=R 15x1.5 2V (50mQeach) (65mQ each) o1y &Y N CY09
144mQ i
WLP 190mQ min Q2
CSD75205W1015 s 20V (7TmQeach) oo Y 3kV Now Y09
W Tes
INSTRUMENTS
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Small Scale Integration
Monolithic Boost LED Power Stage

D/A C

Vi m D S&

. T [cowafed] E; Up to 4x

DA Smaller

GND

Ciclon Boost Power Stage Efficiency @ Fsy = 1MHz
90%
88%

86%

24V Power Stage

82%

80%

Part Number Function BVpss Vas Rps(on) g
4.5V g
CSD86301W 10 | Power Stage 24V +10V/-6V m 2 :‘;:
Qg Leakage | Package g
@45V Qod  [Vr@20MA] Go5c | size o
1mm x 6%

0.14nC 0.03nC 0.59V 1pA imm 1% Vin=4.2V &\Vout=10.15V

2% —Vin=38V&\out=18.15

60%

o 2 4 & 8 10 12 14 16 18 20 22 24 26 28 30
OutputCurrent (mA)

s
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%%;/w NexFET Technology
Capabilities

Extremely low charge MOSFETSs with low resistance
* RF Power LDMOS structure with vertical current flow
» Enables higher switching frequency and high current
Low voltage gate drive capabilities
* Low loss high switching frequency
* Planar gate. Using standard CMOS Gate Oxides

Enables integration in a cost effective process
* Planar structure
+ Chip scale packages

Technology in early stage of maturity
* In infancy leading 20 years of trench development

-{lj Texas
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The Power of
Efficiencys™

41



THANK YOU!!
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