PD 91746 /| 91747

Infernational IRF7805/IRF7807
ISR Rectifier PRELIMINARY
HEXFET® Chip-Set for DC-DC Converters

* N Channel Application Specific MOSFETs
Ideal solution for mobile processor DC-DC
Converters

* Low Conduction Losses

Low Switching Losses

* Low Figure of Merit

ﬁll
w
Description
These new devices employ advanced technology SO-8 Top View
HEXFET Power MOSFET technology to achieve an
unprecedented balance of on-resistance and gate IRE7805| IRE7807
charge.The reduced conduction and switching losses Vds 30V 30V
make them ideal for high efficiency DC-DC Converters Rds(on) | 11mQ 25mQ
that power the latest generation of mobile Fom 110 110
Microprocessors. Qg 26nC 12nC
Qgd 6.8nC 2.9nC
The IRF7805/IRF7807 combination offers maximum Qgs 1.4nC_ | 0.75nC
efficiency for CPU core DC-DC converters while a
pair of IRF7807 devices provides a cost effective way
to generate the remaining system voltages.
Absolute Maximum Ratings
Parameter IRF7805 IRF7807 Units
Drain-Source Voltage Vs 30 \%
Gate-Source Voltage Vs +12
Continuous Drain Current 25°C I, 13 8.3 A
70°C 10 66
Pulsed Drain Current [ 100 66
Power Dissipation 25°C Py 2.5 W
70°C 1.6
Junction & Storage T, Ters -55 to 150 °C
Temperature Range
Continuous Source Current lg 2.5 25 A
Pulsed source Current lou 106 66
Thermal Resistance
Parameter Max. Units
Maximum Junction-to-Ambient® Roa 50 °C/W

vananarivf AANnA 1



PD 91746 / 91747
IRF7805/IRF7807 International

TSR Rectifier
Electrical Characteristics IRF7805 IRF7807
Parameter Min |Typ [Max |Min [Typ Max Units Conditions
Static Drain-Source R,s(0n) 9.2 11 17 | 25 | mQ V=5V I, =7A
on Resistance
Gate Threshold Voltage| V(th) 0.7 0.7 \% Vs = Veoil, = 250pA
Drain-Source Leakage |I . 1 1 A Ve = 24V
Current I, ="7A
Gate-Source Leakage |l +100 +100| nA Vg = 212V
Current
Total Gate Charge Qg 25 | 37 12 | 17 | nC V=5V I, =7A
Pre-Vth Qgsl 3.6 21 Ve =16V, I, =7A
Gate-Source Charge
Post-Vth Qgs2 14| 2 0.75| 1.1 | nC
Gate-Source Charge
Output Charge Qdss
Gate to Drain (Charge) | Qgd 6.8 | 9.5 29| 41
Gate Resistance Rg 1.7 1.2 Q
Turn-on Delay Time t,(on) 11 14 Vg, = 15V
I, =1A
Rise Time t 10 72 ns Rg = 6Q
Vi = 4.5V
R,s = 15Q
Turn-off Delay Time t, (off) 83 24
Fall Time t, 48 76
Source-Drain Rating & Characteristics
Parameter Min [Typ |[Max [Min [Typ Max Units Conditions
Diode Forward Veo 1.2 12| V I =V =
Voltage I =13A,V =0V
Reverse Recovery t, 92 | 140 68 | 100 | ns I.=8A
Time
Reverse Recovery Q, 150 230 100 | 150 | nC di/dt = 100A/ps
Charge
Reverse Recovery Q”(S)
Change (with Parallel
Schottky)
Notes:

Repetitive rating; pulse width limited by max. junction temperature.
lg, < 11A, difdt < 110A/S, Vo, < Voo T, < 150°C.

@

@

® Pulse width < 300 ps; duty cycle < 2%.
@ When mounted on 1 inch square copper board, t < 10 sec.
o]
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International
TSR Rectifier

In-depth analysis of the synchronous buck regula-
tor has been performed with both Spice and more
detailed Mathcad simulations. Special attention has
been given to the power losses in the switching ele-
ments of the circuit - Q1 and Q2. Power losses in the
high side switch Q1, also called the Control FET, are
impacted by the R isony of the MOSFET, but these con-
duction losses are only about one half of the total
losses.

Power losses in the control switch Q1 are approxi-
mated by;

I:)Ioss_ Pconduction+ switching+ I:)drive

This can be expanded to ;

_ 2
Floss = (I rms Fads(on))

0 Qy O
+ax ><V xfm+@ fo
i E

a

+(Q xV xf)+EI.QO—$xV. x f

g g 0 2 in 0

This simplified loss equation includes a term new
to power MOSFET users - Q , This element is a sub
element of traditional gate-source charge that is in-
cluded in all MOSFET data sheets. The importance
of splitting this gate-source charge into two sub ele-

ments, Q . and Q _ can be seen from fig 1.

gsl gs2

Qe indicates the charge that must be supplied by
the gate driver once the threshold voltage has been
reached (t1) and the drain currentrisesto l,  (t2) at
which point the drain voltage collapses. Minimizing
Qe is a critical factor in reducing switching losses in

Q1.

In the past it has been common for designers to
use a much simpler equation to look for suitable con-
trol FET devices.

Ras(on) * Qg
This oversimplification misses the impact that Qe
1 Qer + Quees & Q,y have on the MOSFET power Iosses

So important are these new gate charge elements in
understanding MOSFET power losses that engineers
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IRF7805/IRF7807

at International Rectifier have recommended that the
new terms Qgsz,_ Q_gsl and Q__ be added to the data
sheet characteristics.
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Figure 1: Typical MOSFET switching waveform

The power loss equation for Q2 is approximated
by;

I:)Ioss = (I ms X Rds(on))
+(Q xV _ % f)+g’ﬁxv. X f%
9 9 02 n 0O
+(er *Vin X f)

For the synchronous MOSFET Q2, Rds(on) is an im-
portant characteristic; however, once again the im-
portance of gate charge must not be overlooked since
it impacts three critical areas. Under light load the
MOSFET must still be turned on and off by the con-
trol IC so the gate drive losses become dominant.
Secondly, the output charge Q__ and reverse recov-
ery charge Q, both generate losses that are transfered
to Q1 and increase the dissipation in that device (Fig
2). Thirdly, gate charge will impact the MOSFETS’
susceptibility to Cdv/dt turn on. The drain of Q2 is
connected to the switching node of the converter and
therefore sees transitions between ground and V, .
As Q1 turns on and off there is a rate of change of
drain voltage dV/dt which is capacitively coupled to
the gate of Q2 and can induce a voltage spike on the
gate that is sufficient to turn the MOSFET on, result-
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ing in shoot-through current . The ratio of di/Qgsl
must be carefully controlled to minimize the potential Chs
for Cdv/dt turn on. n

Q1
CDG Cos=Cya+Cys
CDG AQu=Coss X AV,

CDS

Figure 2: Q___ Characteristic

0ss

Typical Mobile PC Application

The performance of these new devices has been tested
in circuit and correlates well with performance predic-

: CPU Core Supply Vout=1.6V, Q1=IRF7807, Q2=IRF7805
tions generated by the system models. IRF7805 and

IRF7807 were designed specifically for the mobile 90 —

Pentium 1l CPU core supply. Fig 3 shows performance s+~ }

characteristics for this converter under low charge o el T~ =

battery conditions, typical battery and worst case adaptgr | ,~ ik Ny
input. An advantage of this new technology platform is §84 JPSCEE TEEEEES S
that the MOSFETs it produces are suitable for both 22 - 1

control FET and synchronous FET applications. This his,, p—y—r—

been demonstrated with the 3.3V and 5V converters. (Fig K — —Vin=14v

4 and Fig 5). In these applications the same MOSFET 8 -- - Vin=24v

IRF7807 was used for both the control FET (Q1) and thes + 1 1

synchronous FET (Q2). This provides a highly effective  * 2 3 4 ° ® !

Load Current (A)

cost/performance solution Figure 3

3.3V Supply : Q1=Q2=IRF7807 5V Supply : Q1=Q2=IRF7807
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Figure 10

Rps(on) + Drain-to-Source On Resistance
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Ip, Drain-to-Source Current (A)
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Typical Gate Charge Vs Gate-to-Source Voltage
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Figure 14
Typical Rds(on) vs. Gate-to-Source Voltage
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SUBCKT ir£7805 1 2 3
I EEEEE R R AR EESE SRR EEREE RN XE R AR R RS RES]
* Model Generated by MODPEX *
*Copyright(c) Symmetry Design Systems*
* All Rights Reserved *
* UNPUBLISHED LICENSED SOFTWARE *
*  Contains Proprietary Information *
* Which is The Property of Lo
* SYMMETRY OR ITS LICENSORS *
*Commercial Use or Resale Restricted *
* by Symmetry License Agreement *
I EE XX E AR EEEREEEEERREA AR R EREEEEERARE S A X KRN ]
* Model generated on Apr 14, @28 RL 5101
* MODEL FORMAT: SPICE3 FI2 7 9 VFI2 -1
* Symmetry POWER MOS Model (Version 1.0) VFIZ 4 0 0
* External Node Designations EVié 10 09 7 1
* Node 1 -> Drain CAP 11 10 1.56271e-09
* Node 2 -> Gate FI1 7 9 VFI1 -1
* Node 3 -> Source VFI1 11 6 0
M1 9 7 8 8 MM L=100u W=100u RCAP 6 10 1
* Default values used in MM: D4 0 6 MD3
* The voltage-dependent capacitances are * Default values used in MD3:
* not included. Other default values are: * EG=1.11 XTI=3.0 TT=0 CJO=0
*  RS=0 RD=0 LD=0 CBD=0 CBS=0 CGBO=0 * R8=0 BV=infinite IBV=1mA
.MODEL MM NMOS LEVEL=1 IS=le-32 -MODEL MD3 D IS=le-10 N=0.4
+VT0=1.84206 LAMBDA=0 KP=136.761 -ENDS ir£7805

+CG80=2.51072e-05 CGDO=le-11

RS 8 3 0.0001

D1 3 1 MD

.MODEL MD D 1S=5.54402e-09 RS=0.00225926 N=1.38507 BV=30
+IBV=0.00025 EG=1 XTI=4 TT=0.0001
+CJ0=2.64483e-09 VJI=2.46243 M=0.500664 FC=0.5
RDS 3 1 le+06

RD 9 1 0.00692217

RG 2 7 1.47076

D2 4 5 MD1

* Default values used in MD1:

* RS=0 EG=1.11 XTI=3.0 TT=0

* BV=infinite IBV=1mA

.MODEL MD1 D IS=le-32 N=50

+CJ0=1.56271e-09 VJ=0.5 M=0.852472 FC=1le-08
D3 0 5 MD2

* Default values used in MD2:

* EG=1.11 XTI=3.0 TT=0 CJO=0

* BV=infinite IBV=1ma

.MODEL MD2 D IS=le-10 N=0.4 RS=3.00001le-06
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SUBCKT irf7807 1 2 3

T EEREEER R R E R R RS SRR EEEEREEREEESERSEESENR]

* Model Generated by MODPEX *
*Copyright (c) Symmetry Design Systems*
* All Rights Reserved *

* UNPUBLISHED LICENSED SOFTWARE

* Contains Proprietary Information
* Which is The Property of

* SYMMETRY OR ITS LICENSORS
*Commercial Use or Resale Restricted
* by Symmetry License Agreement

Jodk ok kk ok ok ok gk Wk KRk kK Kk Kook ok ook Kk kK %k %k %k ok ok ko

* o X A A *

* Model generated on Apr 16, 98 RL 510 1

* MODEL FORMAT: SPICE3 FI2 7 9 VFI2 -1

* Symmetry POWER MOS Model (Version 1.0) VFI2Z 4 0 0

* External Node Designations EVié 10 0 9 7 1

* Node 1 -> Drain CAP 11 10 5.8552e-10

* Node 2 -> Gate FI1 7 9 VFI1l -1

* Node 3 -> Source VFI1 11 6 O

M1 9 7 8 8 MM L=100u W=100u RCAP 6 10 1

* Default values used in MM: D4 0 6 MD3 ‘

* The voltage-dependent capacitances are * Default values used in MD3:
* not included. Other default values are: EG=1.11 XTI=3.0 TT=0 CJO=0
* RS=0 RD=0 LD=0 CBD=0 CBS=0 CGBO=0 * R8=0 BV=infinite IBV=1mA
.MODEL MM NMOS LEVEL=1 IS=le-32 .MODEL_MDB D I8=1e~10 N=0.4
+VTO=1.65523 LAMBDA=0.113615 KP=22.2883 .ENDS irf7807

+CGS0=1.1909e-05 CGD0=1.23318e-07

RS 8 3 0.00764138

D1 3 1 MD

.MODEL MD D IS=8.49112e-09 RS=0.00269001 N=1.5 BV=30
+IBV=0.00025 EG=1.2 XTI=3.38686 TT=0.0001
+CJ0=1.25482e-09 VJ=2.6804 M=0.545484 FC=0.5
RDS 3 1 le+06

RD 9 1 0.00122468

RG 2 7 6

D2 4 5 MDl

* Default values used in MD1l:

* RS=0 EG=1.11 XTI=3.0 TT=0

* BV=infinite IBV=1mA

.MODEL MDl1 D IS=le-32 N=50

+CJ0=5.8552e-10 VvJ=0.5 M=0.9 FC=le-08

D3 0 5 MD2

* Default values used in MD2:

* EG=1.11 XTI=3.0 TT=0 CJO=0

* Bv=infinite IBV=1mA

.MODEL MD2 D IS=le-10 N=0.4 RS=3.00001e-06
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Package Outline
SO8 Outline
INCHES MILLIMETERS
D PN | wax | min | max
A
© A | .0532| .0688| 1.35 | 1.75
e ﬁ H . . . ’
AL | .0040| .0098| 0.10 | 0.25
1 7 6 5
e H B | 014 | .018 | 036 | 0.46
P [4] 025 (010) W[A W] C | .0075| .0098| 0.19 | 0.25
| — D | .189 | .196 | 4.80 | 4.98
==HBH_ | E | .150 | .157 | 3.81 | 3.9
[e - ~ e e .050 BASIC 1.27 BASIC
6X
— e o j: el | .025BASIC | 0.635BASIC
[ |
T %L M R o oz Lo
T [e]o10 009 L c
e A ax ax L | 016 050 | 041 127
[9]o0.25 (0100 @WIc[A BB ®) a 0 8 0 8
RECOMMENDED FOOTPRINT
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS| Y14.5M-1982. 0.72 (.028)
2. CONTROLLING DIMENSION : INCH.
3. DIMENSIONS ARE SHOWN IN MILLIMETERS (INCHES).
4. OUTLINE CONFORMS TO JEDEC OUTLINE MS-012AA. 4 5 } i }
DIMENSION DOES NOT INCLUDE MOLD PROTRUSIONS 6.46 (.255) Il [ 1.78 (.070)

MOLD PROTRUSIONS NOT TO EXCEED 0.25 (.006).
DIMENSIONS IS THE LENGTH OF LEAD FOR SOLDERING TO A SUBSTRATE..

©

Part Marking Information
SO8
EXAMPLE: THIS IS AN IRF7101

HEHHA
TSR 312
INTERNATIONAL/

O F7101
RECTIFIER
060 HHHH
TOP

1N

8X

DATE CODE (YWW)
Y = LAST DIGIT OF THE YEAR

HHAAA

WW = WEEK
— XXXX
W AFER
LOT CODE HBBE
PART NUMBER
(LAST 4 DIGITS) BOTTOM
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Tape & Reel Information

SO*
Dimensions are shown in millimeters (inches)

TERMINAL NUMBER 1

12.3 (.484)
11.7 (.461)

AAAA G}
HEHE G}

A A A

&
HHHH @

8.1(.
7.9(.312) — = FEED DIRECTION

=

NOTES:

1. CONTROLLING DIMENSION : MILLIMETER.

2. ALLDIMENSIONS ARE SHOWN IN MILLIMETERS(INCHES).
3. OUTLINE CONFORMS TO EIA-481 & EIA-541.

@ 330.00 -l
(12.992)

MAX.

14.40( 566) | |
12.40 (.488)
NOTES :

1. CONTROLLING DIMENSION : MILLIMETER.

2.OUTLINE CONFORMS TO EIA-481 & EIA-541.
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WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245, Tel: (310) 322 3331

EUROPEAN HEADQUARTERS: Hurst Green, Oxted, Surrey RH8 9BB, UK Tel: ++ 44 1883 732020

IR CANADA: 7321 Victoria Park Ave., Suite 201, Markham, Ontario L3R 2Z8, Tel: (905) 475 1897

IR GERMANY: Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 49 6172 96590

IR ITALY: Via Liguria 49, 10071 Borgaro, Torino Tel: ++ 39 11 451 0111

IR FAR EAST: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-chome, Toshima-ku, Tokyo Japan 171 Tel: 81 3 3983 0086
IR SOUTHEAST ASIA: 315 Outram Road, #10-02 Tan Boon Liat Building, Singapore 0316 Tel: 65 221 8371
http://www.irf.com/ Data and specifications subject to change without notice. 12/97



