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ABSTRACT

This thesis describes the design and implementation of an average current-
mode controlled buck converter. The prototype converter circuit is designed and built.
Test on the output voltage regulation and output voltage response to a step-load
change found that the designed converter has a satisfactory performance.
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UC188s
UC2888
vUC388s
ABSCLUTE MAXIMUM RATINGS CONNECTION DIAGRAM
S Y . . e AU 45 .
o oo ¢ DIL-16, SOIC 16 {Top View)
CAM, COMMAND, VSENSE, ISN, 187 . x1A 4N, or D Packages —— _,—)
Analog Input . . =03V 0TV b
Storage Tempera'ure . -65°C to +150°C cao/ENsL 1] teliso
Junction Temparature. ... .. . . =55°C1o +150°C CAM[2] 8] 18P
Lead Temperatue (Saidermg, 10 sec ¥ . +300°C
. coup [3] 14] 18N
Currents are positive irito, negative out of the specified terminai
Consull Packaging Section of Dafabook for thermal imitatons COMMAND | 4 E S84GND
and consfderalions of packages.
ae VBENSE 2] AT
sur[e sijer
PGND 10} VREF
aaTe(8] 8}vce

ELECTRICAL CHARACTERISTICS Uniess othersse specified, VLC = 12V, Vooumast = 30V, CT = $nF, RT = 10k,

Ta=T.=0°C < Ta = 70°C for the UC3886 {Note

-28°C = Ta = 858°C for the UC2A86, and

-55°C « Ta < 125°C for the UC1586)

PARAMETER

TEST CONDITIONS

MiIN | TYP | Max [uNiTs

Qverall

Supgly Cument

VEG = 11y, Gale Gpen

10 15 mA

VCC =83V

5 mA

Undervoitage Lockout

Start Threshold a7 163 | 108 Y
UVLO Hysteresis Q25 04 \4
Voltage Error Ampdifier
input Offset Voltage Vep = 3 0V (UC3826} 4 mv
Ve = 3 0V (UC2888, JC1886) 15 mv
input Bras Current Veu =30V -2 e
input Offset Current Ve = 3 0V (UC38363 0.01 WA
Ve = 3 0V (LC2826, UC+886) 01 pA
Open Loop Gam 25V < Yooup <3 &Y S0 B85 B
Common-Mode Reechion Ratio 2V < Veoyp < 4Y &0 85 d8
FPower Supply Rejecton Rawo TV < YOO < 15V (&1} 85 aB
Cutput High Voltage {Clampy loomp = —100pA {JC3ERG) 385 4 405 v
lcomp = —100pA {UCIBEB, UC1888) 39 41 %
Qutput Low voitage (Clamp) icome = 100pA 19 27 vV
Output Sink Current Veowe= 37V 09 MmA
Quiput Source Current Veoup = 2 8Y -0 15| 025 mA
Gain-Bandwidth Product F = 100kHz 2 MHz
5.0V Reference
Quiput Yoltage tyrzr = 1 OMA 48 5 51 v
Total Yanaton Line, Load, Temperature 4 825 51475 v
Line Regulation 11Y <« ¥CC = 15V 10 mv
Load Regulation 0 = lyper < 2mMA 15 Y
Shon Circuit Current -10 —~40 mA




uc1sse
ucasses
uCc3sss

ELECTRICAL CHARACTERISTICS uUniess otherwse specified, ¥CC = 12V, V2ouMAKE = 3 OV, CT = 1aF, RT = 10k,
Ta=T2=0°C <« Ta < 73°C for the UC3R36 {mote: ~25°C < Ta < §5°C for the UC2A36, and —55°C « Ta = 125°C for the UG18886)

PARAMETER TEST CONDITIONS min [ Typ [max [uniTs
input Buffer
Gain lpu= = + 500pA (UC3886: 0S8 1 102 | v
lays = * BOORA (LUC2888, UC1886) G395 1056 | W
Current-Sense Amplifier
input Offset Voitage Veae= 3.0V (LJC3588) 2 mv
Vou = 3.0V (UC2885, UC1836) 6 my
input Bias Current Vo= 30V -1 WA
Input Offset Current V= 30V 0z MA
Open Loop Gar V=V g8V &0 85 ¢B
CMRR OV = Vg £ 4 5V 680 s dB8
PSRR 11V = VCC = 15V 60 85 4B
Cutput High Voltage fom = —100puA 5 v
Quiput Low Votage leg= 1mMA 1 v
Quiput Source Current Vanz2¥ 02 &
Gain-Bandwidth Praduct F = 10CkHz 2 35 MH=z
Current Amplifier
Input Offset voltage Ve = 3 OV (UC3BAG 13 my
Yeu = 3.0V (UC2836, UC1836) 18 | mv
input Bias Current Ve = 3.0V 1 WA
COpen Loop Gain 1V < ¥popo < 3% ] 85 dB
CMRR 15V eV <45y &0 a5 dB8
FSRR 11y « VCC < 15V B0 a5 B
Qutput Hign Voltage loao = ~100pA 3 33 v
Output Low Voitage fean = 100uA 1 Y
Qutpwt Source Current Veao =1V 01 [-025 mA
Gan-Bandwidih Product F = 10GkHz 2 35 MHz
Oscillator
Frequency RT = 10k, CT = 1nF {L{3888) G0 100 | 110 | kHz
RT = 10k, CT = 1nF {UC2838, UC1386) a5 115 | kHz
Frequency Change With Voltage 11V > VCC > 158V 1 %
CT Peak Vultage 26 28 A
CT valley Voltage 1 12 V
CT Peak-to-Peak Voltage 16 18 2.0 v
Chitput Section
Ouitput Low Voltage Ilga-g = 20CmA 16 2.2 1%
Quiput High Yoltage laa~e = —2C0mMA g 163 A%
Output Low vVoltage BY <« WL < §Y, Iggre = 10MA 0.5 V
Vean < 88V, lpate = 10MA 05 \
RisefFall Time Cy = 1nF 150 ns
Maximum Duty Cycle {C3886) S0 %
{UC23365, UC1888; 25 %
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PIN DESCRIPTIONS

BUF: (Buffer Output) The voltage on COMMAND pin i
buffered and presented to the user here This voltage 1s
used to provide the operating bias pont for the current
sense amplifier by connecting a resistor between BUF
and ISP. Decouple BUF with 0.01uF or greater to SGND

CAM: {Current Amplifier Minus Inputy The average load
current feedback from 18O s typically applied thtough a
resistor here.

CAOQJENBL: (Current Amphifier Output’Chip Enable} The
current loop compensation network s connected be-
tween CAC/ENBL and CAM, the inverting input of the
current amplifier The voltage at CAO/ENBL 1s the mnput
to the PWM comparator and regulates the output voltage
of the system. The GATE output s disabled {held low)
unless the voltage at this pin exceeds 1.0 volts allowing
the PWM to force zero duty cycle when necessary The
user can force this pin below D § volts externally with an
open collector, disabling the GATE dnive.

COMMAND: {Voltage Amplifier Non-inverting Input) This
input to the voltage amplifier 1s connected to a command
voltage, such as the output of a DAC. This voltage sets
the switching regufator output voltage

COMP: (Compensation, Voltage Ampliier Output} The
system voltage compensation network 13 applied be-
tween COMP and VBENSE The voltage at COMP is
clamped to prevent it from going mare than 1V above the
COMMAND voltage. This 15 used to provide an accurate
average current mit The veltage on COMP is also
clamped to 0 7V below the voltage on COMMAND. This
i5 done to avoid applying a full charge to capacitors in
the compensation network dunng transients, allowing
quick recovery time and kttle overshoot.

CT: (Oscillator Timung Capacitor} A capacitor fiom CT to
SGND along with the resistor on RT, sets the PWM fre-
quency and maximum duty cycle according to these
formulas
2.0V
Dy =f—= 0¥
MAX " RT «4.0mA

where Dyax 1s the maximum operating duty cycle, and
RT is m chms.

2.0V e({4.0mA«RT)-2.0V)
CTe1.8VeRTZ ¢ 4.0mA

FOSG =

where Fege 15 the UC3886 oscillator switching fre-
quency in Hz, RT 15 in ochms, and CT 15 in farads

ucigss
yCasss
ucassse

GATE: {(PWM Cutput) The output is a 1A totem pole
dniver. Use a series resistor of at least 54 to prevent n-
teraction between the gate mpedance and the output
dniver that rught cause excessive overshoot

ISN: {Current Sense Amplifier inverting Input} A resistor
to the fow side of the average current sense resistor and
a resistor {o {SO are applied to this pin to make a differ-
ential sensing amphfier.

1SQ: {Current Sense Amplfier Qutput} A feedback ress-
tor to 1SN 1s connected here fo make a differential
sensing amplifier. The voltage at this pm s equal to
{Vaus + A * lxs « Rsensel where A is the user deter-
mined gain of the differential amplfier, layg 5 the
average load current of the system, and RSENSE s the
average current sensing ressstor. For stability, A must be
greater than 5. Set A such that A « Isc » Rsensg = 1 OV
where iSC 15 the user-determined short circwt current
fanst

ISP: {Current Sense Amplifier Non-fnverting Input) A re-
sistor to the high side of the average curmrent sense
resistor and a ressstor to BUF are connected to this pin
to make a differential sensing amplifier.

PGHD: (Power Ground) The PWM output current returns
to ground through this pin This 1s separated from SGND
to avoid on-chip ground nose generated by the output
current

RT: (Osciiator Charging Current) This pin 18 held at 2V,
Resistor RT from this pin to SGND sets the oscilator
charging current Use 5k < RT < 100k

SGND: (Signal Ground) For better noise  smrmunity. si1g-
nal ground 1s provided at this pin

VCC: {Posstive Supply Voitage) Thes pin supplies power
to the chip and to the gate duve outpul. Decouple o
PGND and separately to SGND for best noise immuny.
The reference (VREF). GATE output, oscillator, and am-
plifiers are disabled untll VCC exceeds 10.3V

VREF: {Voltage Reference Output} An accurate 5V refer-
ence as provided at this pin. The output can deliver 2mA
te external circuitry, and ts internally shont circudt current
tmited. VREF is disabled if VCC is below UVLO. Bypass
5Y REF to SGND with an 0 01uF or larger capacitor for
best stabslity.

VSENSE: {Voltage Sense Input) This input 1s connected
to COMP through a feedback network and to the power
supply output through a resistor or a divider network
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APPLICATION INFORMATION
OSCILLATOR
The UC3886 osciltator is a saw tooth  The rising edge
is governed by a current controlled by RT flowing into
the capacitor CT. The falling edge of the sawtooth sets
the dead time for the output Selecton of RT should be
done first, based on desired maximum duty cycle. CT
can then be chosen based on the desired frequency,
F3. and the value of RT The design equations are
2.0V
RT +4.0mA

2.0V ({4 OMmA+RT)-2 OV}
CTe18VeRTZ o4 OmA

Duyax =1

Fose =

5k0 < Ry < 160k0

TO PWM REBET

Figure 1. Oscillator
Configuring the Current Sense Amptifier

The UC3886 Current Sense Amplifier is used to amplify
a differential current sense signal across a iow value
current sense resistor, Rsensg This amplifier must be
set up as a differential amplifier as shown.

The Current Sense Amplifier gain. Goga. 1s given by the
ratio of R2/R1. The output of the Current Sense Ampl:-
fier at the {SO pin s given by

R2
Vieg =Vaur + Voen =
150 =VaurF t Vsense ¢ Y]

The Current Sense Amplher gan, Gega, must be pro-
grammed to be greater than or equal to 5.0 {14d3), as
this amphifier 15 not stable with gain below 5 0. The Cur-
rent Sense Amplfier gain s Iimited on the high side by
its Gamn-Bandwidth product of 2 5MHz Therefore Gesa
must be programmed between

Gesamn=50 and  Gesamax = 2.5MHZIFswitcH

uc1ese
uC2s88e
uCasss

140

ves -

066

094 /
082

0.60 1

DmAX

488

0 20 40 5D 80 0e 120

Ry (kg2

Figure 2. Programming Maximurm Duty Cycle with RY
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j'
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\
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Figure 3. Programming Switching Frequency with C1
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Figure 4, Deadtime vs. C1 and Rt
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UC18ss6
UcC288e
Ucs3sss
APPLICATION INFORMATION {cont.}
ILouT Enabling/Disabling the UC3886 Gate Drive
HeENSE The CACIENBL pin can be used to B:sable the UC3886
nd T H T L e AP o g s gate drive by forcing this pin below 0.8V. as shown
Lour |+VBENSE- 8ringing the voltage below the valley of the PA'M oscil-
‘ COUTé RLoADn tator ramp will msure a 0% duty cycle, effectively dis-
T abling the gate drive. A Jow noise open collector signal
2R :é At L should be used as an Enable/Disable command
R2 __is0
ISN . cSA: 180
o A Y ‘ o
18P " g t O ON/QFF
» o | i
R2 BUF .- -
1 " CACH
v 8 L CAM L] Enme
VCOMMAND - BA PWH
4 A "
4] — COMP i RAMP ;»«' >’ aeeizs
Figure 5. Configuring the Current Sense Amplifier Figure 6. Enabling/Disabling the UC3886
TYPICAL APPLICATIONS
- S V4 S S 5 Yo
<
- L‘i’% ] é 1 -
PR :
R
e
e et o
T :: oy BUF f"L —l—
T, | PGND - [:]___‘—_‘_
P ]
v ooowe o [sawp
L7 o
———-{::] vagn CAM =
% r
PoLlwe CAO/ENBL
: v-m-:: -
! cowp
i eT AT H
ey ———
-‘;’_ OR/OFF
“-:L- = :‘%L _——_L = LoG-e5025

Figure 7. The UC3886 Configured in a Buck Regulator
3
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UCc1886
uczasss
UCc3sss
TYPICAL APPLICATIONS {cont.}
+BY N> Ll - 13t % ey O A ] » VT
worm o] e d T T
. = % N
e e 212V
'C? R ¥
+12VM > * A 1 + 1.
é T ¥ A Yo § 3 OVPE > o p . II {1:,‘
i | V4 “;—E PWRGOOD o] b —Av— e
il e e L A e o o el e A A
I vec ove VEENSE | . 1 150 CAM CAD/ COMP VSEWSE VG |
ove FAWLT <] Joves IJ ~ { |en ENaL '
wn.:»—-{%‘,no . PWRGOOD” l o T 18P mmd’_‘
3910 ¢ . ucaess
VD11 |01 DAS/MOMNTOR 1 s Bur pwe !
vis- [ ooz ! T "'3""[::’““"j
= [ DACOUT. }—I——J«w——r—{ " vcomMans i <
vios o OVTH/ T 1 v
L _?ND GNp UVTH DACBUFVAEF | T l % Er} ijEF BQ_T }
- o ¥ ‘——_-.—' —_ = == D - B B 2
ST T ]
= = l;‘ .Jé’ -'JF_ -J?_ = LDG-S8L2*
Figure 8. UC3886 Configured with the UC3910 for a Pentium& Pro DC/DC Converter

UNTRGOE CORICRAT D%
T OONTHEKTAL BLWC » WERR MALK Re 13054
TEL BU35&02 2418 FAX FU31424-3430



IMPORTANT NOTICE

Texas Instruments and its subsidianes (TH reserve the nghtto make changas te tneir products or jo disconiaus
any producs of senvice withous notice, and advise customers to obtain the latest version of relevant information
o verfy, before olacing orders, that infermation bemng resed on 1s current and complete. All oreducts are soid
subject to the terms and concditions of sale supphed at the tme of order acknowledgement, including those
pertaining 0 warranty, paten infringement, and initation of §abilay

Tiwarrants performance of #s senuconductor products to the specfications apphicabie at the time of sale in
accordance with TI's standard warranty Testing and ofher qualty control technigues are utiized to the exient
Ti deems necessary to support this warranty Specific testing of alf parameters of each device 15 nol recessarily
performed. except these mandated by government requirements

CERTAN APFLICATIONS USING SEMICONDUCTOR PRODUCT S MAY INVOLVE POTENTIAL RISKS OF
OEATH, PERSONAL INJURY, OR SEVERE FROPERTY QR ENVIRONMENTAL DAMAGE {"CRITICAL
ASPLICATIONS™). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, ALTHORIZED, OR
WARRANTED TO BE SUITABLE FOR L8t IN LIFE-SUPFORT DEVICES OR SYSTEMS COR OTHER
CRITICAL APPLICATIONS INCLUSION OF TIPRODUCTS INSJCH APPLICATIONS 15 UNDERSTOCD TO
BE FULLY AT THE CJEYOMER'S RISK

in order to mwnim e risks associated with tha custormer's applicatons, adequate desgn and operating
safequards must se providad by ‘ve custamer to arinmuize inherant or procedural hazards,

T assuries no ¥aliity for appdcatons assistance or custamer procuct design T does nat warran! or represent
that any license, enther express ormplied, s granted under any patent nght. copyright, nvash work right, or other
intekectual proverty nght of T covening of relating o any contbination, machine, or process in which such
semconductar prodacts of senvices mught be or are used. Ti's pubheation of information regarding any third
party's products or services does not constitite TI's approval. warramy or endorsement thereof

Copyright £ 1923 Texas Instuments Incorporated
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Philips Semiconductors

Product specification

N-channel TrenchMOS™ transistor

IRF640, IRF640S

FEATURES
» ‘Trench’ technology

* Low on-state resistance Voes = 200V
* Fast switching i
* Low thermat resistance {/:“ ‘\ b=18A

GENERAL DESCRIPTION

SYMBOL

QUICK REFERENCE DATA

Roson; < 180 mQ

N-channel. enhancement mode field-effect power transistor using Trench technology, intended for use  off-ine
switched mode power supples, T.V and computer monnor power supplies, d ¢ tod ¢ converters, motor control circuits
and general purposa switching applications.

The IRF640 is supplied in the SOT78 {TO220AB) conventional jeaded package.
The IRFB40S s supplied in the SOT404 (D¥PAK) surface mounting package.

PINNING SOT78 (TO220AB) SOT404 (DzPAK)
FiN DESCRIPTION PR -
wyp (3 $E Ll
1 lgate L “"‘”’“?
2 dian’ §
T ]
3 source W / TET
i B2
N i j
tab {diam {44 E 3
LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134)
SYMBOL |PARAMETER CONDITIONS MIN. MAX. | UNIT
Vies Dram-source voltage T=25'Cto175°C - 200 \%
Vee= Drain-gate voltage 1J, =25°C1o 175°C, Rys = 20 kD2 - 200 \4
(9 Gate-soutce veltage - + 20 v
[ Continuous drain current Teo = 25°C Vg = 10V - 18 A
T = 100°C; V=10V - it A
low Puised drain current Tw=25"C - 64 A
P Tatal power dissipation Tw=25°C - 136 w
T, Ty Operating junction and -85 175 'C
storage temperature
1 It is not possible to make connection to pin 2 of the SOT404 package
August 1999 1 Rev 1.100
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Philips Semiconductors Product specification

N-channel TrenchMOS™ transistor IRF840, IRF640S

AVALANCHE ENERGY LIMITING

VALUES

Limiting values in accordance with the Absolute Maximum System {IEC 134)

SYMBOL | PARAMETER CONDITIONS MiN. MAX. | UNIT
Eus Non-repetitive avalanche Unclamped inductive load, 1, =6 2 A, - 580 mJ
energy t, =720 us, T, priot to avalanche = 25°C,
Voo €25V, Ryg = S0 81, Vge = 10 V. refer
to fig; 14
fas Peak non-repetitive - 16 A
avalanche cumrent
THERMAL RESISTANCES
SYMBOL|PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
R o Thermal resistance junction - - 1.1 ] Kiw
to mounting base
Ria Thermai resistance junction |SOT78 package, in free air - 680 - KW
to ambient SOT404 package, pch mounted, minimum| - 50 - Kiw
footprint
ELECTRICAL CHARACTERISTICS
T=25°C uniess otherwise specified
SYMBOL |PARAMETER CONDITIONS MIN. ] TYP. | MAX. | UNIT
Vieross  |DBramn-source breakdown Ves =0V, =026 mA, 200 - - \
voitage T,=-55°C | 178 - - 1%
Vogz Gate thresheld voltage Vs =Vas I =1 mA 2 3 4 Y
T=175C 1 - - v
T,=5C | - 6 v
Rss o Drain-source on-state Vez =10V, I =8A - 130 | 180 1 m@2
resistance T=175C - - 522 | mQ
laze Gate source leakage cumrent |Vgs =220V, Voo =0V - 10 100 | nA
lpss Zgro gate voltage drain Ve =200 V: Ve =0V, - ggs | 10 A
current Ves = 180 VIV, =0V, T = 175°C - - 250 | A
Qe Total gate charge =18 A V= 160V, Ve = 10V - - 63 nC
Qs Gate-source charge - - 12 nC
Qe Gate-dram {Miller) chargs - - 35 nC
Yan Turn-on delay ime Ve = 100V, Ry =56 (), - 12 - ns
1 Tum-on uise tune Ves = 10V, Rs=56Q - 45 - ns
Tum-off delay time Resistive load - 54 - ns
4 Turn-off fail time - a8 - ns
L, Internal drain inductance Measursd tab to centre of die - 35 - nH
L internal drain inductance Measured from drain lead ta centre of die - 45 - nH
{S0OT78 package only)
L, internal source inductance  [Measured from source lead to source - 75 - nH
bond pad
Cas input capacitance Vas =0V, Vg5 =25V, f=1MHz - 1850 - pF
Coss Qutput capacitance - 170 - pF
Cas Feedback capacitance - g1 - pF
August 1999 2 Rev | 100



Philips Semiconductors

Product spacification

N-channel TrenchMOS!™ transistor

IRF640, IRF640S

REVERSE DIODE LIMITING VALUES AND CHARACTERISTICS

T, = 25'C unless otherwise spacified

SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT

[ Continuous source current - - 16 A
{body diade)

fsm Puised source cutrent {body - - 64 A
diode)

Vo Diode forward voltage =18A Ve =0V - ig )15 v

t, Reverse recovery time le = 1B A, -diidt = 100 A'us; - 130 - ns

Q, Reverse recovery charge Ve =0V V=25V - 08 - wC

August 1996 3 Rev t 100
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Philips Semiconductors Product specification

N-channel TrenchMOS ™ transistor iRF640, IRF640S

Normaiised Power Derating, PD {®} 1a
100 : .
20 <
80 1
70
60
ot
50 :
40
30
2D N
10
0 \ 000t
. ¥ 03 1E0Z 4EG1 AESO0
o 25 50 5 0o 25 150 175 1E08 1E-05 1E-04 1
Mounting Base temperature, Tmb {C) Pulse wigth, tp {s)
Fig 1. Normahsed power dissipation Figd Transient thermal impedance
FD% = 100PyFs g5 ¢ = { T Zy e = 1(8) parameter D=1,
Dran Cyreat 10 (At
Nommalised Current Derating. 10 {%) 20 Y - - N A -
10 wrrent o o L173C ]Iges-mv .
:o ] ® 8V .
1]
< LAYE
0 ] 14 [
8a { 17 /“"
50 ! 12
13 . 7 ff% -
. X . i 5V
20 2y 3 Z ]
10 = a5V
E 2 T
a AR e e i |
[ 25 58 7= t69 126 150 {75 ¢ 1 '
Mounting Base temperature Tmb {C) o 9z o4 Egmsm-sgame V‘olnq:JVDs‘(\?‘] 16 te 2
Fig 2. Normalised continuous drain current Fig 5 Typical output charactenstics, T =25°C
1D% = 1005y 25 o = T ); Vs 2 10V In = fVips)
120 1 Pezhiliulsu‘f q'?? %un ert, 10N (.lA) it Drawr-Bource Oq Resistance RDS{on} {Ohms)
F——RoOSion) = VDS 10 sy is\f He25C
4 .
3 o258 ]
FITS ~ ™ ~ ! ,
|l N L J
10 === =2 a2
1
- / 55V
pC R 015
TN - ov
§ - ot — __.,..r/ ! av
VGE =10V
] 005
|
0.1 1]
t 190 108 1000 0 2 4 8 L) 10 1 14 1] 18 20
Dram-Source Voltage, VD38 {V} OCran Current, 10 {A}
Fig 3. Safe operating area Fig & Typical on-state resistance, T, = 25 °C
In & Iy = {(Vias): Iow SiNgle pulse, parameter t, Rosion: = Filn)
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Philips Semiconductors Product specification

N-channel TrenchMOS*™ transistor IRF640, IRF640S

Drain current. iD (A} a5 Thteshold Yoftage, VGS{TO) {V}
0 | 7 Tt mden
184 VOS> 10 X ROS{ON} Illlf— 4 = =], mammum
18 4 R = ‘4| <
" l/f N i typical I~ =
12 . 25 h\\l'_ b
10 sc 7 2 N s EE i |
’ 717 = .
. 7 B 5 he
’ / T=25C ~1
4 P 1
2 1/ 85 ‘
° - e | ] 1
[ ¥ 2 3 1 5 [ £0 40 20 0 20 30 €0 80 100 120 140 166 180
Gate-source voltage, YGS {V} Junction Temperature T (C)
Fig 7 Typical transfer charactenslics Fig 10 Gate threshold voitage
b = RV} Visro = AT) conabions |y = 1 mA; Vs = Ve
ransconductance, pfs (8}
B N e e - epe e 1.0E-01 =
VDS > 0 X RDS(ON} =25l
20 = S 10E-02
L1 175
" / c .
I
-v“"d.——
10 4.0E-04
//
5 s 1 0E-08
’ I 1 17 1
o : vogosd—~—— e T 71 1o T 1 [
o 2 4 8 B W 12 & 8 18 20 e 86 4 1§ 2 26 3 35 4 45 &
Dram current {0 {A) Gate-source voltage, ¥5.8 {V)
Fig.8 Typical transconductance, T,= 25 °C. Fig. 1 Sub-threshold drain current.
g = flp) I = f(Vss, condifions T,=25°C
Normalised On-state Resistance 10000 Capacitances, ©158, Coss, Crss {(pFy
23 : — FEFEH SEnsie—— EEEE
27 HH
25 | Crslsl
23 ——
29 1000 = == ===
9 = H
= T
17 i Coss :
15 N -
13 100
i1
095 Crss
07
05 . © il
£ 40 -Z0 0 20 40 €0 90 100 120 140 160 180 0.1 f 10 100
Junction temperatute TjiC) DOrain-Source Voitage, VO3S (V)
Fig & Normahsed dram-source on-state resistance Fig. 12, Typical capacitances, Cy,, Cua. Cos.
Roewon/Rosan 2: ¢ = HT)) C =1(Vo5), conditions Vs =0V f=1MHz
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Philips Semiconductors

Product specification

N-channel TrenchMOS™ transistor

IRF640, IRF640S

Saurce-Brawn Diode Current, IF 1A
-7 1 - o e
Tvek-o

~a
s
s

e / /

-
<
I~
-
1
%
(2]

1

/ 7

a —

¢ 0% 02 03 04 05 06 87 08 0% o 11 12
Source-Dram Voltage V8OS {V}

@ ol o @

Fig. 13 Typical reverse diode current
l; = AV;sps), conditions: V= 0 V. parameter T,

Maxienum: Avalanche Cument b {A}

100
0 25 ¢
i
il
1 T; prior to avalanche = 156 C
LB
001 201 4.1 1 10

Avalanche tme tay {ms}

Fig 4. Maximum permissible non-repetitive
avalanche current (1.} versus avalanche time (1,,);
unclamped inductive Joad
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Philips Semiconductors Praduct specification

N-channel TrenchMOS™ transistor IRF640, iIRFB640S
MECHANICAL DATA
Plasuc single-ended package: heatsink mounted; + mounting hole; -lead T0-220 $0O778
E — A —n
-~ P = ] A
f _{ { __t
I g F
T -
L -
|- |
|
¥ x; A — _t R
ot -I-‘ “{ Ls
- U ¥ a
t l N -l 2 e
Byl [o]i f
L | .4 .
I
| Lg | §
’_i 1 21 2 H
N

4 £ Srm
scale
DIMENSIONS {mm are the original dsmensions)
¥
ont] A [ acl v oy | e ||l E] ] ]yl e]aqala
MAX.
af [ose| oo | t3 ] or 52 es |25 €3 [ 330 2z | 3o | 2¢
&t | am | or | 3| os | 52| es | a7 | 2| 35| 2| 0 | 38 | 27| 22
Note
1 Termeas 1 s 7ome are ot irneg
REFERENCES
OUTUNE EUROPEAN
VERSION EC JEDEC Y] PROJECTION 1SSUE DATE
30T 2220 o & o811

Fig 15 SQT78 (TQ220AB); pin 2 connected fo mounting base (Net mass 2g)

Notes

| This product is supplied in anti-static packaging. The gate-source input must be protected against static
discharge during transport o handiing

2 Refer to mounting instructions for SOT78 (TO220AB) package

3. Epoxy meets UL94 V0 at 1/8"
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Philtps Semiconductors

Product specification
N-channel TrenchMOS™ transistor

IRF640, IRF640S

MECHANICAL DATA
Plastic single-ended surface mounted package {Phibps version of BI-PAK)A 3 leads
fona {ead crapped} SO0T404
P S
— —|ay -
S I |
20 T | et TOwrg —
bage -, —
! 4 i
) ! 1
1 1. H
T g ) !
b t {
' 1 )
Ho l 1 0 1., i
: .- N o 3
. _L -1 “~ .
T
T
Ut | I|3
! S
[ SR 7
[ 3 Em
[ |
GCNE
DUENTIONS (ven are the ofiging: Gwenalona)
wr| e s e | e [ | jE] | w|m| e
B E IR R
REFERENTES
ERion €S JEQEC A Projecron | Meveoute
soTuos :::?—H‘% e
Fig 16. SOT404 surface mounting package. Centre pin connected to mounting base
Notes

1 Thes product is supplied i anti-static packaging The gate-source input must be protected against static
discharge during transport or handling

2 Refer to SMD Footpnnt Design and Soldenng Guidelines, Data Handbook SC18
3. Epoxy meets ULY4 VO at 18"
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MOTOROLA o
SEMICONDUCTOR TECHNICAL DATA bRty
SWITCHMODE™ Power Rectifiers MBR1635

using the Schotiky Bamer prnciple with & platinum barmer metal These MBR1645

state-of-the-art devices have the following features.

Guardring for Stress Protection

fow Forwara Voltage

1507C Operating Junction Temperature
Guaranteed Reverse Avalanche

Mechanical Characteristics:

Case: Epoxy, Moided
Weight 19 grams {approximately}

Finish. All External Surfaces Cofrosion Resistant and Terminal Leads are

Readily Sclderable

Lead Temperature for Soldering Purposes™ 260°C Max. for 10 Seconds

Shipped 50 units per plastic tube
Marking B1635, B1645

MER1S4T 13 a
Motorata Preferred Device

SCHOTTKY BARRIER
RECTIFIERS
18 AMPERES
35 and 45 VOLTS

1
O—Pp|—0 1,4 P
3/
CASE 221B-03
TO-220AC
MAXIMUM RATINGS
Rating Symbol MBR1635 WBR1645 Unit
Peak Repetitive Reverse Voltage VYREM 35 45 Valts
Working Peak Reverse Voltage YR
DC Blacking Voltage VR
Average Rectified Forward Current (Rated VR) IF(av) 18 16 Amps
T¢ = 125°C
Peak Repetitive Forward Current IFRM 32 R Amps
{Rated VR, Square Wave. 20 kHz) T¢ = 125°C
Nonrepetibve Peak Surge Current IFSi 153 150 Amrps
{Surge applied at rated load conditiens halfwave, sing’e phase, 50 Hz)
Peak Repetitive Reverse Surge Current IRRM i i0 Amp
{(20ps, 1 0kHz)
Operating Junction Temperature Ty —6510 +150 —8510 +150 ~C
Storage Temperature Tsig —8510 +175 -850 +175 c
Voltage Rate of Change (Rated v} dvidt 1000 10000 Vips
THERMAL CHARACTERISTICS
I Maximum Thermal Resistance, Junction to Case 1 Ryuc T 15 T 15 I “CW ]
ELECTRICAL CHARACTERISTICS
Maamum Instantaneous Forward Voltage (1) vF Volts
{iF = 16 Amps, T = 125°C) 057 057
{IF = 16 Amps, T = 22'C) 653 0.63
Maximunt instantaneous Reverse Current (1) IR mA
{Rated dc Voltage, Tg = 125 C) 30 40
{Rated dc Voltage Tz =25 C) D2 02

(1) Puise Test Puise Width = 300 us, Duty Cycle = 2 0%

SWITCHMOQDE 15 a trademark of Metorola, Inc

Preferred devices are Moloro a recommended choices fidr fulure use and bes: overall value

Rev 1
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MBR1635 MBR1845
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Figure 1, Typical Forward Voltage Figure 2. Typical Reverse Current
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Figure 5. Forward Power Dissipation
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PACKAGE DIMENSIONS
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MBR1635 MBR164§
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— i

CASE 221B-03
(TO—220AC)
ISSUE B
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V48
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A JED P 1EP | 5™
3 03 | 0N
4 428 )
Q g E
£ 3N 378
G 453 53
H =78 iy
J 025 4
X 270 F 2T
L 1o &
] 254 A

R 6
1M K
a7 X
£930 2

Rectifier Device Data



MBR1635 MBR1645

Hotoro’s reserves the night to make changes withaut “urther notice to any Sroducts here . Motorola makes nr wamanty, resresentation or guarantee regansing
the suitat bty of ita progucia for any 2an cd ar puroese, nor does Motorola aasun‘e any ‘1ae 1ty snsing cut of the applcation or use o any product of crewt and
spec.fical y asciamae any and a (fiab.ity, re.ucing w thowt mdat dertaldamrages “Tygical’ parameters wh ch may be provded m htotorcla
dotas eheets sndfos soectications can and do vary ndsferent upp'mamns an~ a:(ual performsnce may varyover tme  Allopersang parametens,ing ud ng Typieals®

rust te vaidated for each customer apz ication by customer's techmcas experts  Motoraia does not comey any eense under s patert + ghis nor the nghts of
athers  Motorca prody are not desig; ¥ of authonted for Lee as comporents , systems ntended for surg-cal mp'ant tnta the body, or other
appicatons interkied to support or sustam srfe or for any gther application mwhech the farLre of the Motoro.a product could create a stuaton where perasonal injury
ordesthmayoccuy Shoutd Buyer purchase or uae Mataro a prooucts for any such uninendes or unautherted apgt catior, Buyersha'l ndemnty and hols Matorsla
and its officers, employees, subs.oianes, affi ates, and aistriunors harmiese against a | cla ms, cosie, danages ang eapenses, and reascaania attermey fees
arising oul of, drectly of ndirectly, any ¢ aint of personal nwry or Seath assocated with such Lnintended or u~authorzed use even f such ciaim sl eges that
PAotoroia was neglgént regarting the design o manufactuse of the pant Maotorola and @ are registered trademarks of Motorona, Inc Motorola, inc s an Equal
Qopportunity/Afliemat ve Action Employer

@ MOTOROLA

Kfax 15 a yademnark of Motorola Inc
How to reach us.
USA{EUROPE Locations Nei Listed Mctorola Literature Distinbution; JAPAN Ninpon Maotoroe Lid  SPD, Stretegic Pannng Office, 4-32-1
PO Box 5405, Cenver Colorado BO217 203-675-C740 or 1-300-441-2447 Ysh-Gotanga, Shinagawa—ku, Tokyo 141, Japan §1-3-5437-8458

Mfax™ RMFAYDZamat 5p8 mot com — TOUCHTONE €02-244-860% ASIAIPACIFIC Motoroln Semseonductors HK Lid 88 Tal Fng industral Park,
- US & Canada ONLY 13007741848 51 Ting Kok Road, Ta O, N.T, Hong Kong  BSI-DEE23198
INTERNET hitp fimotoroia comvsps

{ CODE_INE TQ BE PLACED HERE MBR1635/D
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MIN 0.1 AITRVUINAIAA I

66

1oy YPUIAFUAI ynduRIuguina1e Aufintdalnd
AWG # Audnas mm ilo3 RN mm mm’
44 0.0503 0.06604 0.00199
43 0.0564 0.07366 0.00250
42 0.0633 0.08128 0.00314
41 0.0711 0.09144 0.00397
40 0.0798 0.1041 0.00500
39 0.0897 0.1143 0.00631
38 0.1008 0.1295 0.00799
37 0.1130 0.1448 0.01003
36 0.1270 0.1626 0.0127
35 0.1422 0.1778 0.0159
34 0.1600 0.1981 0.0201
33 0.1803 0.2235 0.0255
32 0.2032 0.2489 0.0324
31 0.2261 0.2743 0.0401
30 0.2540 0.3048 0.0507
29 0.2870 0.3404 0.0647
28 0.3200 0.3759 0.0804
27 0.3607 0.4191 0.1022
26 0.4039 0.4699 0.128
25 0.4547 0.5232 0.162
24 0.5105 0.5817 0.205
23 0.5740 0.6502 0.259
2 0.6426 0.7214 0.324
21 0.7239 0.8052 0.412
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20 0.8126 0.8966 0.519
M3 0.1 (@) maevaaladah

wes Y1AdURIY vaduruguinag fuinihdaung
AWG # gudnats mm 03U mm mm’
19 0.9119 1.003 0.653
18 1.024 1.118 0.823
17 1151 1.247 1.040
16 1.290 1389 1.308
15 1.450 1.557 1.652
14 1.628 1.737 2.082
13 1.829 1.943 2.627
12 2.052 2172 3.308
11 2.304 2.431 4.168
10 2.588 2.720 5.261
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