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Applications
* DC/DC converters

FAIRCHILD.

FDD8870 / FDU8870

N-Channel PowerTrench® MOSFET
30V, 160A, 3.9mQ

General Description Features

This N-Channel MOSFET has been designed specifically to
improve the overall efficiency of DC/DC converters using
either synchronous or conven tional swit ching PW M * rpson) =4.4mQ Vgg =4.5V, In = SA
controllers. It has been optimized for low gate charge, low
rbs(on) and fast switching speed.
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MOSFET Max num atings 7= 25°C unle<s atiérwise fotad
Symbol! L _F;rémei:'__ \ Ratings Units
Vpss , win . Source Voliage 30 \
AN *f‘ﬂfo Sourca. Waliege 20 \%
Drain Curient
Cortinucus<T¢ = 25°C, Vigg = .10V) (Ncte 1) 160 A
X I&)vtimous (Te.725°C, Vgi =4.5V) (Note 1) 150 A
[Continusas (Toap = 25°C, V55 = 10V, with Rgya = 52°C/W) 21 A
Pulsed Figure 4 A
Eas Single Pulse Avaiancne Energy (Note 2) 690 mJ
i P Power dicsipaiion 160 w
D Deraia anove 25°C 1.07 wi/°C
T, Tste Operating and Storage Temperature -551t0 175 °c
Thermal Characteristics
Reyc Thermal Resistance Junction to Case TO-252, TO-251 0.94 °c/w
Rgua Thermal Resistance Junction to Ambient TO-252, TO-251 100 °c/wW
Regya Thermal Resistance Junction to Ambient TO-252, 1in® copper pad area 52 °c/w
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Package Marking and Ordering Information

Device Marking Device Package Reel Size Tape Width Quantity
FDD8870 FDD8870 TO-252AA 13” 16mm 2500 units
FDU8870 FDU8870 TO-251AA Tube N/A 75 units

Electrical Characteristics T¢ = 25°C unless otherwise noted

Symbol | Parameter | Test Conditions | Min | Typ | Max | Units
Off Characteristics
Bvpss Drain to Source Breakdown Voltage Ip = 250pA, Vgs = 0V 30 2 \
Ipss Zero Gate Voltage Drain Current Vos =24V - — pA
Vgs = OV |Tc = 150°C | - loes | T
Igss Gate to Source Leakage Current Vgs = 20V . 9 - O | AL

On Characteristics

Vas(ThH) Gate to Source Threshold Voltage Ves = Vps, Ip =2¢ l_A_ 2 A 25 \
Ip =35A, Vo =10V - J_C.OOSZ 0.0039
= & n
"DS(ON Drain to Source On Resistance o 35_—‘ Ves = |__([00036|0.0044|
(ON) I L3A, = OV, !

ol
17590 0.0051 lu.0063 |

Dynamic Characteristics

C Input Capacitance B \Y B R N F
158 P apacte — - s = 15 Vg = OV, - P
Coss Output Capacitance =AM < < 990 - pF
Crss Reverse Transfer ( pacitant X - 590 - pF
R Gate Resi= 2 [Ves= 05V, 1Mhz QN - 21 - Q
Qq(toT) Total Gf : Charge at YVgs =0V to 10V - 91 118 nC
Qq5) T-*al G Charg t5V Vg3 = Lvito 5V - 48 62 nC

Qi - A Vigp = 15V :
Qq(TH) JIhreshol‘(,_ Al*arg::;' A ;l“s 0V to 1V J'D - 35A 5 6.5 nC
Qgs e «_dource Gate Tharge ] ly=1.0mA - 14 - nC
[ (ate 7 arge Thresiold to Plateau - 9 - nC
Qgq Gate to Diain “Miiller” Chaige - 18 - nC
Swit’ 1ing Cliaracteristics (Vg =407)
Y 'N |Tuvn-'On Tirne N/ - - 139 ns
td(ow_) Turn-On Delay Time_ /’ - 9 - ns
" Rise Time Vpp = 15V, Ip = 35A - 83 - ns
| td\OFF) Turn-Off Delay Time VGS =10V, RGS =3.3Q - 83 - ns
L% Fall Tima - 42 - ns
torr Turn-Oif Time - - 189 ns
Drain-Source Diode Characteristics
o Isp = 35A - - 1.25 \
Vsp Source to Drain Diode Voltage
Isp = 15A - - 1.0 \
ter Reverse Recovery Time Isp = 35A, dlgp/dt = 100A/us - - 37 ns
Qrr Reverse Recovered Charge Isp = 35A, dlgp/dt = 100A/us - - 21 nC

Notes:
1: Package current limitation is 35A.
2: Starting T;=25°C, L =1.77mH, lpg = 28A, Vpp = 27V, Vg = 10V.

0,.88NA4/0.88Add4
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Typical Characteristics T =25°C unless otherwise noted
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Typical Characteristics T =25°C unless otherwise noted
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Typical Characteristics T =25°C unless otherwise noted
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Test Circuits and Waveforms
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Figure 19. Switching Time Test Circuit
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Figure 20. Switching Time Waveforms

©2008 Fairchild Semiconductor Corporation

Downloaded from AFFOW.Com.

FDD8870 / FDU8870 Rev. 2

0,.88NA4/0.88Add4


http://www.arrow.com

Thermal Resistance vs. Mounting Pad Area

The max imum rated junction temperature, T j, andt he 125 e R
thermal resistance of the heat dissipating path determines Reun = 33.32+ 23.84/(0.268 +Area) EQ.2
the maximum allowable device power dissipation, Ppy, inan Vo [
application. Thereforet he application’s ambient 100 ™| Reja=33.32+154/(1.73+Area) EQ3 ||
temperature, T (°C), and thermal resistance Rg ;s (°C/W)

must be rev iewed to ensure that T is never ex ceeded.
Equation 1 mathematically represents the relationship and
serves as the basis for establishing the rating of the part.

v 4

75

Reia (°C/W)

Tim=T
P,y = A (EQ. 1) 5 N

DM
RGJA

In us ing surf ace m ountdev icess uchast he T O-252 25 -
package, the environment in which it is applied will have a 0.01 01 1 10
significant inf luence on t he part’s cur rentand m aximum (0.0645) (0.645) © (64.5)
power dissipation ratings. Precise determination of Py, is
complex and influenced by many factors: AREA O OPE" TAREA i)
Figure 21. Ther al Rk Istar< > vs Mountiny

1. Mounting pad area onto which the device is attached and drs o

whether there is copper on one side or both sides of the

board.

2. The number of copper layers and the thickness of the
board.

. The use of external heat sinks.
. The use of thermal vias.

. Air flow and board orientation.

@D g A~ W

. For non steady state applicatic -, .. »oul widtn, .ne
duty cycle and the transientth’ mal res, 1se the part,
the board and the environmer. aey are

Fairchild providest / :rmali nfor. .t oas/ sist “ine
designer’s preliminary applica  n evaluat ioa -~ igure 21
defines the’ g 1ort. devic as afunelornof theitop
copper. (cc. nor« ide,  _u. Thisisf orahorizant ally
positic d k.. - poar  with 10z copper after 1200 seconds
~“~teaw ctateaws with no air flow. This graph provides
the . zes -y Imurmation-for calculation of the steady stai=
junctic t. .perature or power digsizat i0i.P Culse
applic: ons can’e.ev aluated us inatne Fa'rohild device

Yiet thermei modei or manually utilizing the.norm alized
n .ximum'traricient therina! impedance curve.

Tharmial.resistances corresponding 0 other copper areas
¢an e obt ained from Figure 21 or by calc ulation using
L. Equation 2 or 3. Equatior-2 i used for copper area defined
in inches square ard-cauation 3 is for area in centimeters
square. The area, in square inches or square centimeters is
the top copper area including the gate and source pads.

3330+ 2384

R = e .
8JA (0.268 + Area) (EQ.2)

Area in Inches Squared

- 3332+ 14

R —_— EQ.
8JA (1.73 + Area) (EQ.3)

Area in Centimeters Squared
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PSPICE Electrical Model

.SUBCKT FDD8870 2 1 3 ; rev July 2003

Ca1284.2e-9
Cb 15 14 4.2e-9 LDRAIN
Cin684.7e-9 DPLCAP 5 . DRéAlN
10 LA
Dbody 7 5 DbodyMOD < RLDRAIN
Dbreak 5 11 DbreakMOD osee pBREAK W
Dplcap 10 5 DplcapMOD rstc2S g
=) EsLC
Ebreak 117 17 18 32.7 3L 1
Eds 148581 : 50 +
< 17
Eg; ;318 g g 1 ESG C%D ZRORAIN EBREAK CED DBODY
Evthres 6 21 198 1 T AR [ ] ’
Evtemp 20 6 18 22 1 LGATE EVTEMP 8 { g MwEAK
GATE RGATE , /72\_| 6 - 1= |
t817 1 1 °—{ }—Wv—<g o \22 } — I 4gMMED
RLGATE HMSTRO
Lgate 1 9 5e-9 CIN Y RCE
Ldrain 2 5 1.0e-9 T 8 | 7 : ou)oe
Lsource 37 2e-9 _lF:SL \CF Lm 3
l_o—l PLSC'RCLE
RLgate 19 50 S1A S2A RBREAL
RLdrain 2 5 10 2P T°] s ;
2 22 7 l—M'v— 118
RLsource 3 7 20 8 1_.:> |

2B RVTEUP
Mmed 16 6 8 8 MmedMOD .

13 E L .

Mstro 16 6 8 8 MstroMOD CA-I— N T 14 (2

Mweak 16 21 8 8 MweakMOD 2 ( =.- VBAT
@ =@ +

Rbreak 17 18 RbreakMOD 1 A\ 8

Rdrain 50 16 RdrainMOD 1.57e-3 N > o T %

Rgate 9 20 2.1 RVFTHER

RSLC1 5 51 RSLCMOD 1e-6

RSLC2 5 50 1e3

Rsource 8 7 RsourceMOD 1.2e-3

Rvthres 22 8 RvthresMOD*

Rvtemp 18 19 RvtemplN 0 1

S1a6 12 13 8 S1AMO!

S1b 1312 13 27 RMC

S2a61514° L S5.AMOL

S2b 13157 127 0D

\hat 22 .DC 1
ESLC 15U YALUE={(V(5,51)/ABS(V/5,510)(PWR(/(551)(1e-6*500),10))}

MOD’" . DbodvyMQED (1S=1.2E-111Kr=10 N=1.7-2S=1.8e-3 TRS1=8e-4 TRS2=2e-7
T U=2e-9 N=0.5/771T=1e-10 1 T1=0.9)

.N.ODEL DoreaichiOD D(RS=82-2 TRS1-+1¢-3 1RS2=-8.9e-6)

.MOEEL RrlcapMOD D {CJO=1.6e-5!5=1¢-30 N=10 M=0.38)

MODEL MmedMOD NMOS (V?0::1.76 KP=10 IS=1e-30 N=10 TOX=1 L=1u W=1u RG=2.1 T_ABS=25)
.MODEL MstroMOD NMQS«VT0O=2.2 KP=650 IS=1e-30 N=10 TOX=1 L=1u W=1u T_ABS=25)
.MODEL MweakMO' NMQS (VTO=1.47 KP=0.05 IS=1e-30 N=10 TOX=1 L=1u W=1u RG=21 RS=0.1 T_ABS=25)

.MODEL RbreakMOD RES (TC1=8.3e-4 TC2=-4e-7)
.MODEL RdrainMOD RES (TC1=2e-4 TC2=8e-6)
.MODEL RSLCMOD RES (TC1=9e-4 TC2=1e-6)
.MODEL RsourceMOD RES (TC1=8e-3 TC2=1e-6)
.MODEL RvthresMOD RES (TC1=-2e-3 TC2=-9.5e-6)
.MODEL RvtempMOD RES (TC1=-2.6e-3 TC2=2e-7)

.MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-4 VOFF=-3)
.MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3 VOFF=-4)
.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2 VOFF=-0.5)
.MODEL S$2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-0.5 VOFF=-2)
.ENDS

Note: For further discussion of the PSPICE model, consult A New PSPICE Sub-Circuit for the Power MOSFET Featuring Global
Temperature Options; IEEE Power Electronics Specialist Conference Records, 1991, written by William J. Hepp and C. Frank
Wheatley.
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SABER Electrical Model

rev July 2003

template FDD8870 n2,n1,n3 =m_temp

electrical n2,n1,n3

number m_temp=25

{

var i iscl

dp..model dbodymod = (isl=1.3e-11,ikf=10,nI=1.01,rs=1.8e-3,trs 1=8e-4,trs2=2e-7,cjo=2e-9,m=0.57 tt=1e-10,xti=0.9)
dp..model dbreakmod = (rs=8e-2,trs1=1e-3,trs2=-8.9¢e-6)
dp..model dplcapmod = (cjo=1.6e-9,isl=10e-30,nI=10,m=0.38)
m..model mmedmod = (type=_n,vto=1.76,kp=10,is=1e-30, tox=1)
m..model mstrongmod = (type=_n,vto=2.2,kp=650,is=1e-30, tox=1)

m..model mweakmod = (type=_n,vto=1.47 kp=0.05,is=1e-30, tox=1,rs=0.1) LDRAIN

sw_vcsp..model s1amod = (ron=1e-5,roff=0.1,von=-4,voff=-3) DPLCAP 5 DRAIN
sw_vcsp..model s1bmod = (ron=1e-5,roff=0.1,von=-3,voff=-4) i} >—o-¢
sw_vcsp..model s2amod = (ron=1e-5,roff=0.1,von=-2,voff=-0.5) 10 1 I \RAIN
sw_vcsp..model s2bmod = (ron=1e-5,roff=0.1,von=-0.5,voff=-2) SRsLCl
c.can12n8 =4.2e-9 RSLC2S 51
c.cbn15n14 = 4.2e-9 S G
c.cin n6 n8 = 4.7e-9 ISCL
50 AK
dp.dbody n7 n5 = model=dbodymod p CDRAIN I
dp.dbreak n5 n11 = model=dbreakmod ESG C%) Y -
dp.dplcap n10 n5 = model=dplcapmod + EVTH™ "S JQ__EIG \ ] | ‘ DBODY
(L2 -~ MWEAK
spe.ebreak n11n7 n17 n18 =32.7 . LGATE RGATE EVIEMP y '-1
- +(18)-_6 = Ao
spe.eds n14 n8 n5 n8 = 1 1 o—m—w\,—@ o W -ll MMED - SEREAY
spe.egsn13n8 n6 n8 = 1 9 20 \& i |
RLGATE PR AT
spe.esg n6 N10 n6 n8 = 1 5 LSQUEGE
spe.evthres n6 n21 n19 n8 = 1 :l- N s_l | N« L | reva/SOURCE
spe.evtemp n20 n6 n18 n22 = 1 — — A~ W\r—f_o 3
— I PSOURCE N
i.itn8 n17 =1 Y hl RLSOURCE
e s ' REREAR
ligate n1 n9 = 5e-9 { 3 N\ 15 T —AVV— 18
l.ldrain n2 n5 = 1.0e-9 s ==od | |
l.Isource n3 n7 = 2e-9 R\ 528 1 RVTEMP
o 13 ca \ 19
res.rigate n1 n9 = 50 T s +T\1'4 | i 4
res.ridrain n2 n5 =10 pes {8Y) Eps /—;; ) T VBAT
res.rlsource N2+ 7= 20 ~ \_1' o —|_
B X e e MWA— 22
m.mmed n1 nR-" = moo_. mmedinad, I=1u, w=4u, wenie=m_teqip. RVTHRES
m.mst. gn....on8i =model=nistrangmod, I=1u. w=1u, temo=in_terip

m mwee. 16 n21 n®  , = model-irnweakmod, I=1u; w=1u, temp=m_temp

res.r. k. 'n18 =1 121-8.3e-4,tc2=-4e .7
res.rdr, 1 nb5un16_= 1.57¢-3, tc1=22-4,ic?=8e-6
3s.ro¢ ;N9 n20.=2:4

.1 n5.nH1 = 166, tc1=9¢4 tz2=1e-8
res.rslc2 nt nbc-= 1e3
res.rsourca N8 n7 = 1.2¢-3, tc1=8e-3,tz2="1c-6
res.nvinres n22 n8 =1, tc1=-2e-_ t6.2=-5.5e-6
ras.r/temp n18 n19 =1, tc1=-2.3e.3,tc2=2e-7
I sw_vcsp.s1a n6 n12 n13'n&= model=s1amod
|"'sw_vesp.s1b n13 n12 %3 25'= model=s1bmod
sw_vcsp.s2a n6 n15 14 n13 = model=s2amod
sw_vesp.s2b n13 n15 n14 n13 = model=s2bmod

v.vbat n22 n19 = dc=1

equations {

i (n51->n50) +=iscl

iscl: v(n51,n50) = ((v(n5,n51)/(1e-9+abs(v(n5,n51))))*((abs(v(n5,n51)*1e6/500))** 10))

}
}
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PSPICE Thermal Model

REV 23 July 2003

th JUNCTION

FDD8870T

CTHERM1 TH 6 1e-3

CTHERM2 6 5 2e-3

CTHERMS3 5 4 3e-3 RTHERM1
CTHERM4 4 3 9e-3

CTHERMS5 3 2 1e-2

CTHERMG6 2 TL 2e-2

> e
> T CTHERML

AAA

6

RTHERM1 TH 6 3e-2
RTHERM2 6 5 8e-2
RTHERM3 5 4 1.1e-1 < -

< o
RTHERM4 4 3 1.6¢-1 RTHERMZ T T R

RTHERMS 3 2 1.72e-1
RTHERM®G 2 TL 2e-1

SABER Thermal Model

SABER thermal model FDD8870T
template thermal_model th tl RTHET 3
thermal_c th, tl

o CThERMS

5
—
{ T.
ctherm.ctherm1 th 6 =1e-3 4
ctherm.ctherm2 6 5 =2e-3
ctherm.ctherm3 5 4 =3e-3
ctherm.ctherm4 4 3 =9e-3
ctherm.ctherm5 3 2 =1e-2 b HERMA4
ctherm.ctherm6 2 tl =2e-2

3

CTHERN4

rtherm.rtherm1 th 6 =3e-2
rtherm.rtherm2 6 5 =8e-2
rtherm.rtherm3 5 4 =1.1e-1 AN —
rtherm.rtherm4 4 3 =1.6e-1 l
rtherm.rtherm5 3 2 =1.72e-1 :
rtherm.rtherm6 2 tl =2e-1 RTNERMS <

}

—~ CTHERMS5

RTHERM6 S = CTHERMS6

AAA
A4

tl CASE
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