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How To Design with Highly Efficient MOSFETs
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Total Silicon Solution
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MOSFET Basics

* A MOSFET is a Switch. s
S D
e Three Terminals — Gate, Drain, D
Source. E'IE% N-Channel
 Two Types -
— N-Channel: + V from Gate to Source ]
turns on. T pcname
— P-Channel: — V from Gate to Source b
turns on. ° s

f—l N-Channel G_I P-Channel

« On State is Resistive. ; Z
. Off State is Diode. ﬁs ‘qa
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Important MOSFET Parameters

' : : Typical Rdson (mi). Qg4. | Qgs | Qad | Rg | Vih
Part Number Ch | Vds | Vgs |@1ov|@4.5v] @3v J@'::_v svl 5 | Typ. | Typ. | Typ. | Typ
QFN 5x6 - : : '
Single T AT e D
CSD16412Q5A N 25 15 9.0 13 0 : 28] :13] 07 ﬂ 6] 1.8
CSD16410Q5A N 25| 16| 6.8 96 39| -1.8] 1.1 08| 1.9
CSD16404Q5A N > 25» 16| 4.1 5.7 6.5 3| 1.7] 1.0] 1.8

* Vps— Drain t rce BregkdowaV/oltage.

==

* Vg5 = Gate to SourceBrearaown Voltage
* Vasth— e Voltags u" MOSFET is no

longer g2 pletelyoff

* Rpson — ResistangeATgar Drain to Source in the On-State.
* Qgp — Charfe for'Gate to Drain Capacitor. TR 4
. g 1:3- i e
* Qgs— Ghdrge for Gate to Source Capacitor. ; 125 ] yd
114.8 /'
§ 5 °
¢ Qg — Total Gate Charge Pood ; A
E 0.8 . 2
* Rg — Series Gate Resistance. B
* Qgr — Diode Reverse Recovery Charge. o one Srae
f Figure 3: Gate Charge
2/09 “TI Proprietary Information - Strictly Private” 6
i3 Texas

INSTRUMENTS




Buck Converter

¢ .
AC-DC Power Supply m _ Microprocessor
1oy Control Switch 1.2V, 25A per Phase

—_— Y\t

[ [ [ »
» » »

v

¢ lour
+

/ — — Vour
E|I} 4 Rectifier Switch -

<
< «

I

-
<

A Buck Converter supplies a voltage lower than the input voltage.
Two Switches — Control Switch, Rectifier Switch.
— FOM = Rpgon X Qgp-
— Tlhas best R jgon X Qgp-
Frequency (f) = 1/T.
Duty Cycle (DC) = to\ /T, =Vou/ V-

2/09 “TI Proprietary Information - Strictly Private” 7
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Inherently Better FOM

90 ~
Ll ®R*Qgd

"R*Qg

NexFET Fairchild International Rectifier Infineon Optimos 3 Renesas
CSD16321Q5 FDMS8670AS IRF6716M BSC020NO3LS RJK0328
Tl Manufacturer -
BV pss = 25/30V
11/24/2010 TI Confidential - NDA Restrictions g 8
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Synchronous Buck Converter —

Power Loss Contributors

Conduction Losses
MOSFETSs
Inductor

PCB Copper Trace Losses

A 7

Switching Losses
MOSFETs
Inductor

Gate drive

|

}7
+ Control J}—

Static Losses
Control Circuit
Feedback Circuit
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Switch MOSFET Selection

« Base initial MOSFET selection on power loss
~1/3 of desired losses in supply for power MOSFET

» Power loss in a switching MOSFET consists of:

— Conduction losses, P.q,
— Switching losses, P,

— Gate losses, P e

POSW CON +PSW +PGATE
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MOSFET Conduction Losses

—_12
—— |l L A lout PCOND_FET = I'aus BRoson
T > | ® >
%R T R’ Rpscony IS @ function of
—= Q2 C = temperature, normally
s 1 increases by 0.39%/ °C
Al.  MOSFET Q AlL.  MOSFET Q2
___________ S
""" f EPA A |OUT
| o1
| DTl -
«— T >
Al 2 _ Al 2
| RMS_Q1 = \/D(ICZ)UT +12Lj | RMS Q2 — \/(1_ D)[I C2)UT +12LJ
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Gate Source Voltage - V

Control FET switching losses

e Switching losses are more complex

Yos (Qg s2 +Qg d )

\ Fow = Vin X lour X R |
g

o Steps to derive loss

Vgs(actual) “a /‘// eq U atl O n
// - E, = (Vps X15/2) x t1
Vostspe) — E, = (Vps/2 X 1p) xt2
VPLAT\ | _ F)SW =2X (Etl + Et2) X FS
w | — tl= QgsZ”g
2, 4,6 8 10 12 '14 16 18 20 22 24 26 - 2= di/ Ig
Sosy, oz Qoo "

O — Q .
g(tot)

-
-«

\

g(tot)actual

13 TEXAS
INSTRUMENTS




Control MOSFET Gate Losses

o Gate losses due to energy required to charge the gate.
Qqon @t the gate voltage of circuit

e Turn on and turn off gate losses

* Most of this power is in the MOSFET gate driver

|
S'« A Poae =0 g(tot) XV X Fg
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Gate Drive Loss Increase with V

GS

Gate Drive Power Loss (mW)

25ABuck MOSETs- 1Hi, 1 Low, 500kHz, Gate Drive Po - wer Loss

700 * Over 5x Gate Drive Losses @ 12V vs. 5V
500 e * All Technologies
- * Equiv of Adding 1m Q I°R Losses per Phase
500 * Std Trench 12V vs Tl 5V
s 3.3V Drive Voltage 2.4x Lower Losses vs. 5V
400 +
B Ind Sd Trench
300 m NexFET
/’/_
200
//’P
100
0 L yd L “—p
12v 8Vv 5v 3.3V
Gate Drive \oltage Gate Drive Power Loss Only.

V2 Relation

ship of Drive Voltage to Energy wasted

E=C

E=%2CV 42 for charge and discharge of gate
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Gate Drive Loss Increases with
Frequency

25ABUk MOSETs- 1Hi, 1low
1400 i i

1300 + «===NexFET5V Drive

1200 + Ind 2d Trench- 12V Drive
1100

1000

g

8

» >13x Gate Drive Power Loss for 12V

* 5V Drive + NexFET Low Q ¢
— Drastic Reduction Gate Drive Losses

g

8

Gate Drive Power Loss(mW)
~
8

8

g

8

100

G~ = — T

‘ B
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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Genl.1 — Optimized for 5V ¢

3.00
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= o N
~ o (V)
a S ol

Normalized R pson @ 4.5Vs
- —
N a
6] o

1.00

0.75

0.50

0.25

0.00

Only 10% Change with NexFET
30% change with Std Trench

i — Industry Sandard

1l ==NexFET Genl.1l

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

Hfidency @ V 1 = 12V, Viour = 1.3V, Fgy = 300kHz, Lo =0.3pH, Ty = 25°C

94

93
92 — —
91 \\
) / \\\
89 I \'<
. / A
//
86 7

L 1/

; : / Up to 10% Improvement at Light Load
- I/ Up to 1.6% Improvement at Full Load
81
80 I
79
77
76 | C3D16404x1 CD16321x1 (5Vgs)

75 I «===|nd Sd Trench (12Vgs)
74 | N T Y Y T T T B

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 Qurrent (A)

5V Better Full Load Even with Comp FET Fully Enhanced @ 12V ¢
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Efficiency Delivering Cooler Systems

*Up to 30% cooler operation of
MOSFET

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

sIncreased Reliability

Industry Standard Devices

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

« 5V Systems Delivers Highest Overall Efficiency

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

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

» Gate Drive Losses are Frequently Omitted from Efficiency
Measurements.
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Rectifler MOSFET Total Losses

Pasr = Pcon* Pep + Poate

Conduction losses are simple I°R losses when the
MOSFET channel conducts.

— Ris the Rpg oy 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.

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

2
|

V
L — (tDLYUpLo t tDLYLoUp) X Fs] X [léUT + RIJF_)PZLE j

Vin

PCON = 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 ><tDLYUpLo

I1 = IPK - L

V. xt Ipk 11 2 -
L= — +_Yo " IpLyLoup H S~ 13 ~~e AIEIPPLE
2 ~'PK  'RIPPLE L ﬂ ﬂ
| -1 _ Vo xtDLYUpLo —>| | | |
AVGUpLo _ 'PK 2% <« >

tDLYUpLo tDLYLoUp

| :| _l + VO XtDLYLoUp
AVGLoUp  'PK 'RIPPLE x|
| — I _ VO xtDLYUpLO xt + I _l + VO xtDLYLoUp Xt xF
BOIAVG PK x| DLYUpLo® | 'PK 'RIPPLE 2% DLYLoUp| 'S

— Approximate using:

Pgp = Vi xlgyr X (tDLYUpLo + ToLvioup )X Fs
— Reverse Recovery Losses

Per = Vin X Qre X Fay
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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.

I:)GATE = Qg(tot) X Vg X |:S

10

>| . Vgs(actual) ~a // /

) /

z%? 6 Vv _—

E gs(spec) ~a

§ 4

§ 2

0 V,,
<—><—><1L> 20 30 40 50 60
C
J-ll-l- Qgsl Qgsz di n
— Q2 C

Gate T Qqtot
Drive = = - Qg(tot)actual >
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N-Ch devices

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

Part Number Ch | Vds | Vgs @mvf/@al.wl @3V |@25v] 5 | Typ. | Typ. | Typ. | Typ.
SON 2x2

Single

CsSD16301Q2 N 25| 10 24.0| 30.0 1.7/ 06| 04| 1.0 1.2|
SON 3x3

Single

CcsD16411Q3 N 25| 16| 8.0/ 12.0 29 154 07| 0.8 2
CSD16409Q3 N 25| 16| 6.2 9.5 40 2.1 11 0.9 2
CsSD16406Q3 N 25| 16| 4.2 59 58| 25| 15/ 12| 18
CsD16323Q3 N 25| 10 44, 54 6.2 1.8/ 1.1 1.4 1.1
SON 5x6

Single

CSD16412Q5A N 25| 16| 9.0/ 13.0 29| 14| 07| 0.7] 1.8
CSD16410Q5A N 25| 16| 6.8 9.6 3.9 18| 11| 0.7] 1.9
CSD16404Q5A N 25| 16| 4.1 5.7 6.5 31 1.7] 0.9 1.8
CSD16413Q5A N 25| 16| 3.1 4.1 9.0 3.5 25| 09 16
CSD16403Q5A N 25| 16| 22| 29 13.3| 5.5| 3.5| 1.2 16
CSD16407Q5 N 25| 16| 1.8 25 13.3] 5.3] 3.5| 1.2] 1.6
CSD16414Q5 N 25| 16| 1.5/ 21 16.6| 7.3] 44| 14| 16
CsD16401Q5 N 25| 16| 1.3 1.8 21.0] 83| 52| 12| 15
CsSD16322Q5 N 25| 10 46, 54 6.8 24| 13| 1.1 11
CsSD16321Q5 N 25| 10 2.1 2.8 14.0 41 2.5 1.5 1.1
CSD16325Q5 N 25| 10 1.7] 2.1 19.0| 5.2 4/ 1.0 1.1

11/24/2010
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P-Channel devices

Part Number

Ch

Vds

Vgs

@i1ov | @asv| @av |@2sv]|@isv]|@isv] Typ. | Typ.

Typical Rdson (mQ)

Qg4.5]1 Qgs

Qgd Rg Vth
Typ. | Typ- | Tvp.

WLP 1x1

Single

CSD23201W10 |

P |

12 |

66.0 77.0
I I | I

110.0] 19| 02s8]

0.26 | | o8]

WLP 1x1.5

Single

CSD25301W1015 |

20 |

62.0 | | =so.0] |

175.0] 1.9] 045]

0.4 ] | 0.75]

Common Source

CSD75301W1015

20

80.0 105.0 150.0

1.5] 0.28

0.3 0.7

CsD75205W1015

20

72.0 94.0 130.0

1.7 0.3

0.41] 30.0 0.7

WLP1.5x1.5

Single

CSD25201W15 |

20 |

33.0 | | 420] 520]|

| 47| o.s]

0.9] | 0.7]

WLP1.5x1.5

Common Source

CSD75204W15 |

20 |

50.0 | | 650l 850]

| 28] o05]

06]300] 07]

WLP1.7x2.3

Dual

CSD75211W1723 I

20 |

32.0 39.0 50.0
I I | I

| 48] os]

T o7

SON 2x2

Single

CSD25302Q2 |

20 |

39.0 56.0 71.0
I | | |

| 23] 045]

05] 07] o07]

SON 3x3

Single

CSD25401Q3 |

20 |

21] 12]087]

13 TEXAS
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30V Product Offering

« Same Performance as Industry
Leading CSD163xx series

» < 5 gate charge for same resistance
as competition

A

FOM

» Optimized for 5V drive systems
 Ultra Low Qgd & Qg — Excellent light
load performance

* Low Resistance

* Increased converter frequency

NexFET Fairchild International Rectifier Infineon Optimos 3 Renesas
CSD17303Q5 FDMS8670AS IRF6716M BSC020NO3LS RJK0328

Manufacturer

CSD17312Q5 30 10 | SON5x6 1.20 1.4 1.8 28.0 6.0 Jan-10 | QL CY10
CSD17311Q5 30 10 | SON5x6 1.60 18 2.3 225 4.8 Jan-10 | QL CY10
CSD17303Q5 30 10 | SON5x6 1.80 2.1 2.7 18.0 3.8 Nov-09 Dec-09

CSD17301Q5A 30 10 | SON5x6 2.00 2.3 2.8 175 3.7 Oct-09 Dec-09

CSD17305Q5A 30 10 | SON5x6 2.40 2.8 35 13.8 3.0 Now-09 | Q1 CY10
CSD17306Q5A 30 10 | SON5x6 2.80 3.3 4.3 11.8 2.5 Nov-09 | Q1 CY10
CSD17310Q5A 30 10 | SON5x6 3.60 4.2 55 8.3 18 Nov-09 | Q1 CY10
CSD17309Q3 30 10 SON3x3 4.00 4.6 6.0 7.6 1.6 Jan-10 Q1 CY10
CSD17304Q3 30 10 SON3x3 5.60 6.6 8.7 5.0 1.1 Jan-10 Q1 CY10
CSD17302Q5A 30 10 SONb5x6 6.20 7.2 9.2 4.9 1.0 Oct-09 Dec-09

CSD17308Q3 30 10 | SON3x3 7.80 9.2 12.1 3.6 0.8 Jan-10 | QL CY10
CSD17307Q5A 30 10 | SON5x6 8.20 9.7 13.0 3.6 0.8 Nov-09 | Q1 CY10
CSD17313Q2 30 10 | SON2x2 [ 23.00 26.0 32.0 1.7 0.4 Jan-10 | QL CY10

i3 TExAs
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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

13 TEXAS
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Current Package Offering

Q5A
Wirebond

Construction

Outline

Profile
ROH.S Yes Yes
Compliant
Package 0.7mQ 0.3mQ
Resistance
LS ~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

INSTRUMENTS




Package comparison highlights
top -side cooling capability

L s

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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Thermal comparison under actual
operating conditions (CSD163210Q5C)

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

DualCool™ NexFET™ Std package

75.0°C

250°C

13 TEXAS
INSTRUMENTS




Excellent Thermal Capability

Thermal Performance Comparison
- | | |

—Q5A
85 Q

—Q5 /
80 Dual Cool QFN

—— Direct FET /
75

A\

3
© 70
g e
S 65 / /
g —
.% 00 / //
S 55 - /% //

50 | ////

45 -

40 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 55 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 MOSFETSs 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

13 TEXAS
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Buck Control Switch
Noise Control

Deoogstrap RBootstrap ° T ' N f Ntr I
Voneel] [ " urn On of Contro

c Switch Causes

7 Y Noise.
Rg G
Ra .. ul * Slowing the Turn
— On Reduces Noise.

Gate e Bootstrap Resistor
Driver Slows Turn On but
- ) Not Turn Off.

2/09 “TI Proprietary Information - Strictly Private” 33
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Why Does the Switch Node Ring?

o 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

13 TEXAS
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The Devil I1s In the Detalls

i3 TEXAS
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When the MOSFET is “ON ™

 Drain Carrying Full
Current

» Gate Voltage at Drive
Voltage

e Parasitics:

— Drain-Source Capacitor VGS =V T
& Zener Diode shorted
by Rdson Resistor

— Lead/Trace Inductance

MOSFET ON

13 TEXAS
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When the MOSFET is “OFF ”

* Drain Current = OA
e Gate Voltage = 0V

e Parasitics

— Capacitor from Drain to
Source

— Zener Diode Source to S i
Drain

— Lead/Trace Inductors
— Gate Resistance

MOSFET OFF

13 TEXAS
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Tek  Run Sample

12V to 1.2V @ 20A 600kHz

3416 Acos

14 Apr 10 14:29:07

. -
"l | Lol
e R el

[ |T|IIII||||I| | _l_l .|I'I_.'|||....

- T MerFETs 1

i T

[ ' T

i ; T

E i T CH1: HSsolrce

! 7 T CHZ: LSdrain

a i; 'l_ CH3: Incuctor

- i -t

= : T

B il

i I ;il

- FI |l|

-||||:‘$ I | NN TN TR T [ O N N O T o A
| L I |

Ml 40.0ns B.25G5E  ET 160psft

A Chl o 50V

E_Euttnrlé‘j
Curs? Pos
| teaans |
Curs? Pos
| ey |
& i 42 4nz
2 184 .8ns
At 14240z
10k T.022MHz
L 27 By
i 11.8%
Ao -15.8Y
=111.0MY S

N BLE

 Base Layout
— 27.6V peak rining
— > 184ns Ring Out
— 65MHz Frequency
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How High? The Math

e Current in Inductance Ew = L 0O°
— Rate of charge of Cg,, | = C [4-
— When Vg, =V, Ewo = 4L D(C Ddst)z
« Energy Transfers to Capacitor Ecwp =3COV?
— Peak Voltage when |, = OA Ecwe = E o
» Assume No Loss 1c v ?=1(Cc o)
— E = E L
IND CAP V 2 — —D(C Dd(\i: )2
C
L 2
2 _ - []av
« What can we learn? VoS C D(C ot )
— Faster Switching = More L
Ringing V=g DG
— Reduce Inductance
V = 4L [C ¢

— Reduce Capacitance

13 TEXAS
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How Can We Reduce Ringing?

e 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

13 TEXAS
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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.

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

13 TEXAS
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Shoot Through — Very Bad

» Shoot Through is when the Control Switch and Rectifier Switch are
Both turned on at the Same Time.

— Shoot Through allows an uncontrolled amount of energy to be dissipated
in the MOSFETSs.

 How to Prevent Shoot Through:

— Low Q¢ — Rectifier Switch turns off fast.
— Low Qgp/Qgs — Stops dV/dt turn on. Tl has the Lowest Qc

and Q 5p/Qgs.

Rectifier Switch Waveforms

High Qg
Low Qg

High Qgp/Qes:
Low Qgp/Qgs
Vbs
Ves

2/09 “TI Proprietary Information - Strictly Private” 42
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More on Shoot Through

e Control Switch Turn On makes Voltage rise on the Low
Side Switch.

o dV/dt is coupled into the Gate
— Cgp pulls the Gate up.
— Cgs holds the Gate off.

— Voltage Spike measured Outside Package is Much Smaller than
Actual Voltage on Chip

* C=Q, Low Q;p/Qgs Prevents Shoot Through.

e
Rsink (drive)

Ls

Re

- A- - -V
S Vgs kGSth

2/09 “TI Proprietary Information - Strictly Private”
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Optimized Layout for NexFETs

3 x 3 SON Layout Switch
Node

5 x 6 SON Layout
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NEW

Power Block & Power Stage
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Definition of Tl Product Terms

r== =T
nput 21 —T_CI Driver I
e v Control
Supply | _‘ (|)=ET° L
I l: S\Mtch - (‘YYO'Y\
| W)de >t — ico
I Load
I Driver ‘_4 Sync l
: {:{> FET T
L I L
L e = — -
Power Stage Power Block
*Optimized Control FET *Optimized Control FET
*Optimized Sync FET *Optimized Sync FET

*Optimized Driver IC

Products start to become Switching Functions
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Game Changing Performance

CSD86350Q5D
NexFET™ Power Block for Discrete FET Replacement

+  90% @ 25A, 500kHz, V12V, Vg 1.3V

e 93% Peak Efficiency @ 12 — 15A

e 5x6 QFN Outline

»  Layout Optimized Ease of placement of input caps

~ Minimal source inductance

High side low impedance \

gate drive path Flexibility to use Tl any driver

T1 Confidential - NDA Restrictions i3 Texas 47
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CSD86350Q5D — Cross-sectional View

® Vy
Te <4
giiggDie ®
TGR VSW
Ter ¢ o
Low Side Die BG 47
GND Bs o
® cnD
Gen 2 Silicon Improvements Gen 2 Packaging Improvements
 Reduced Resistance * Increased Power Density
e Optimized for Low Gate Drive * Reduced parasitics

 Reduced Qrr

| . —
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Power Block — Next generation NexFETTM

Rrce

Minimized by
Copper Clip
High Side Die / \T‘
Control FET Vin/
CU C“p Driver
PWM_ N |
Lsource
Switch
Node
—

Vew ! GND /

SW

CuClip  Low Side Die/ ©“-e27 fame!
Sync FET

% Cesr

CINPUT

Control
FET
CesL

Driver

I-DRAIN

g%

Lsource

Input
Supply

_IL> Co l Load
Sync CroraL =
FET
Power Block

L

A significant step in reducing package parasitics.
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Control FET Switching Waveforms

- =35%
;Reductipn

T1 Confidential - NDA Restrictions i3 Texas 50

INSTRUMENTS




Efficiency (%)

94

93

92 1

91

90 +

89 +

88

87 -

86 T

85 H

84

83

82 1

81

80

90% Efficiency @ 25A

Hfidency @ V | =12V, Vgs = 5.0, Vg = 1.3V, fgyy = 500kHz, L, =0.3pH, Ty = 25°C

Solution

CSD86350Q5D

High Side

5.0mQ

Resistance @ 4.5V

Low Side

2.1mQ

«===CSD86350Q5D . CSD16404Q5A/
CSD16321Q5

5.7mQ

2.1mQ

e==CSD16404x1 CSD16321x1

2 4 6 8 10 12 14 16 18 20
Output Current (A)

22

24 26
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Efficiency (%)

94

93 1

92 H

91 -

90 -

89 -

88 -

87 1

86 T

85 1

84 -

83 -

82 1

81 -

80

Up to 40A Capable in a Single 5x6 Outline!!

Hfidency @V =12V, Vgs=5.0, Vo =1.3V, fgy =500kHz, Lo =0.3uH, T, =25°C, 250 LAV

= CSD86350Q5D

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

Output Current (A)

36 38 40
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Efficiency (%)

Double Frequency Same Efficiency

93
92
91

89
88
87
86
85

83
82
81

79
78
77
76
75
74

Vi = 12V, Vour = 1.3V, Loyr = 0.3uH, Vg =5V

. —
~ e
S TN

=== RIK0305x1, RK0328x1 500kHz

e CIP863500Q5D 1M Hz

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

OutputCurrent (A)
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Power Block Delivers —
Size, Cost, Ease of Use & Efficiency

.

N

>90% High Current Converter Designs

1-2% Efficiency Gain vs Benchmark Competition Discretes

1, PCB area vs Discretes — up to 30mm? saved

Layout Simplification — power optimized, standardized footprint
Increased Frequency Capability — 35% faster switching

Cost Effective Solution — Minimal Material Content

Flexibility — High Performance Small Solution with any IC

TI Confidential - NDA Restrictions i3 Texas

INSTRUMENTS

54




Power Block 3x3 — Up to 15A in 9mm 2
CSD86330Q3D
NexFET Power Block for Discrete FET Replacement

>90% @ 15A, 500kHz, V12V, V4, 1.3V
94% Peak Efficiency
3x3 QFN Outline

Layout Optimized VOUT
fYY\
Sampling Q3 CY10
30mm?2 Multichip Regulator
OR
9mm?2 Controller +
9mm? Controller + 10mm?2 3x3 Powerblock
30mm?2 5x6 Dual FET
Tl Confidential - NDA Restrictions i3 Texas 55
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Power Stage — CSD96370Q5M

* 91% @ 25A, 500kHz, V,\ 12V, Vot 1.3V, Loyt 300nH
* 5x6 QFN Outline

» Patent pending

* Samples Q3 CY10

Ease of placement of input caps

VIN

Ease of PCB
Layout Design

| New Benchmark for a Switching Function |

T1 Confidential - NDA Restrictions ji 56
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Power Block and Power Stage Efficiency

Efficiency (%)

94

93 1

92 ~

91

90 +

89 +

88 1

87 A

86 1

85 H

84 1

83 f

82

81 f

80

Hfidency @ V | = 12V, Vs = 5.0, Vo = 1.3V, fgy = 500kHz, Lo =0.3pH, Ty = 25°C

==CSD96370Q5M
CSD86350Q5D
==(CSD16404x1CSD16321x1

2 4 6 8 10 12 14 16 18 20 22 24 26
Output Current (A)
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Power Block solves the cooling / EMI challenge

Solution with Power Block

Driver IC

BST

DRVH

LL

DRVL

VDD
VDD
* Cooling PAD is noise free II
SOURCE of the Sync FET  enasie = [ | EVABLE
o—
. . —1 PWM
* Noisy Switch Node not used prwm
for cooling, — — enp
Switch Node copper area can

be minimized. -

Solution with 2 separate FETs or dual FETs

* DRAINSs of both FETs needs cooling.
DRAIN of Sync FET is noisy switch node,
needing maximized copper area
on board for cooling !

Te

Ter ﬁ/g 4:/y'
V

PGND

Low Side Die

]‘

High
Side Die

»
Bs

Power Block
CSD86350Q5D v
vV |
—{ N : —
o e T
TGR VSW PR :lvo
s Jre S T
FIGND -

SW
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CSD86350 Power Block saves space / eases EMI

20A Power Stage
Power Block FET

0.53 Sq In / Arza fordswitgh
- node reduce
20A Power Stage 35% Reduction! (lower EMI)
0.835qIn 5x 6 SON FETs Power Block uses

GROUND for cooling !
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Thank You!




