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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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L] e . uCc1886
g UNITRODE % LD% 322333
Average Current Mode PWM Controller IC %_ :

FEATURES DESCRIPTION

« 10,3V - 20V Operating Range The UC3886 family of PWM controller ICs is designed for DC-10-DC con-

: verters with average current mode control. It is designed for use in con-

o Low Citsel ValtageAtriplfier junction with the UC3910 4-bit DAC and Voltage Monitor. The UC3886

» High Bandwidth Current and Voltage drives an external N-channel MOSFET and can be used fo power the In-
Amplifiers tel Pentium® Pro and other high-end microprocessors.

+ Low Offset Cumrent Sense  Amplifier  The UC3886 in conjunction with the UC3910 converts 5VDC to an adjust-
able output ranging from 2.0V 1o 3.5V in 100mV steps with 35mV DC sys-
tem accuracy.

+ Undervoltage Lockout

» Trimmed 5 Volt Reference The osdillator is programmed by the user's selection of an external resis-

« Externally Programmable Oscillator tor and capacitor, and is designed for 300kHz typical operation.
Charge Current The voltage and current amplifiers have 3 5MHz gain-bandwidth product
« 1.5A Peak Totemn Pole Output to satisfy high performance system requirements
« Available in 16-pin DIL or SOIC The mternal currenl sense amplifier permits the use of a low value current
Packages ‘ sense resistor, minimizing power loss. It has inputs and outputs accessi-

ble to allow user-seleclion of gain-setting resistors, and is internally com-
pensated for a gain of § and above. The command voltage input is
buffered and provided for use as the reference for the current sense am-
plifier.

The culput of the voltage amplifier (input to the current amplifier) is
clamped to 1 volt above the command voltage o serve as a current limit.
The gate output can be disabled by bringing the CAQ/ENBL pin to below

BLOCK DIAGRAM 0.8 volts.

COMP  CAM CAO/ENBL

|
R PWM
GOMPARATOR vee
il a LOGIO 8]

g 18 QPN f
“ounnent [ ‘ = >-s]aare
AMPLIFIER i
L S— - PGND

I

I

|

|

|

I

| VOLTAGE
VEENSE ). o [~AMPLIFIER

COMMAND [4]-g=--

= EF o s gﬂc'r

0sC !

L il

6/98
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UC1886
UC288e
UC3886
ABSCLUTE MAXIMUM RATINGS CONNECTION DIAGRAM
S i . . e RS {15 .
ety ¥ | DIL-16, 50IC 16 (Top View)
CAM, COMMAND, VSENSE, SN, 187 . x1A J N, or D Packages —— ]
Analog Input | . =03V 0Ty b
Storage Tempefa‘ure . —B5°C to +180°C CAO/ENSL E 81s0
Junction Temparature. . . . =55°C 10 +180°C CAM 2] 8] 18P
Lead Temperatue (smder;ng, 10 sec ¥ +300°C
) coup [3] 4] 15N
Currents are positive o, negative out of the specified terminal
Consult Packaging Section of Databook for thermal inutatians COMMAND | 4 E SGND
and constderalions of packages.
e VBENSE 2] AT
aur[e $i]er
PGND 10| VREF
GATE (8] 8}vce

ELECTRICAL CHARACTERISTICS Uniess otherwse specified, VLC = 12V, Voouwmast = 30V, CT = $aF, RT = 10k,

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

-28°C = Ta = 858°C for the UC2A86, and -55

*C o« Ta < 125°C for the UC1886)

PARAMETER

TEST CONDITIONS

MIN | TYP | Max [uNiTs

Overall

Supely Cugent

VEC = 11y, Ga'e Cpen

10 k| mh

VCC =83V

5 mA

Undervoitage Lockout

Stan Threshold

a7 133 | 108 v

UVLO Hysteresis

025 | 04 ¥

Voliage Error Ampdifier

input Difset Voltage Wep = 3 0V (UC3E38) 4 my
Ve = 3 0V (UC2888, JC1886) 15 mv
input Bras Current Von =30V -2 i
input Dffset Current Ve = 3 8V (UC3836) 0.01 pA
Vene = 3 OV (LC2826, UC<286) 01 pA
Open Loop Gam 28V s Yooup < 38V sg 85 uB
Common-Mode Reechion Ratio 2V < VYeoup < 4Y &0 85 dB
Power Supply Rejecton Rato 1Y < YOO < 15V (3313 85 dB
Cutput High Voltage {Clampy loomsp = —100pA {UC3ERG) 3.85 4 405 W
loomp = —100pA {UCIBBB, UC1888) 39 41 W
Qutput Low voitage (Clamp) icome = 100pA 19 27 v
Output Sink Current Veowe = 37V 08 mA
Quiput Source Current Veoyp = 2 8Y -015]| ~025 mA
Sain-Bandwidth Product £ = 100kHz 2 MHz
5.0V Reference
Quiput Yoltage tyrze = 1 OMA 49 5 51 ¥
Total Yanation Ling, Load, Temperature 4 825 5175 v
Line Regulation 11 = VOO = 18V 10 mv
Load Regulation 0 = lyrer < 2mMA 15 oy
Short Circuit Current -10 —~$0 mA
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ELECTRICAL CHARACTERISTICS uniess othermse specified, ¥CC = 12V, VoouMant = 30V, CT = 1aF, RT = 10k,
Ta=Ta=0°C « Ta = 75°C Yor the UC3B36 {kote: ~25°C < Ta =< 85°C for the UC2A36, and —55°C « Ta = 125°C for the UG18886)

PARAMETER

TEST CONDITIONS

min [ Typ [max [uniTs

input Buffer

Gain

lgu= = + 500pA (UC3886;

658 1 102 | ww

laus = + BOORA (LC2888, UC1836) G 85 105 | WV
Current-Sense Amplifier

nput Offset Yoltage Veae= 3.0V (LUC3588) 2 v

Yo = 3.0V (UC2885, UC1238) B my
input Bias Current You=3 0V -1 WA
Input Offset Current V= 30V nz MA
Open Loop Gaie Ve W 5o < BV &0 85 B
CMRR OV = Vope w4 5V &0 5 dB
PERR 11v <= ¥CC » 15V 60 85 B
Cutput High Voltage fon = =100uA ] v
Quiput Low Vatage leg= 1mA 1 v
Quiput Source Current Van=2¥ -02 P&
Gain-Bandwidth Product F = 10CkHz 2 35 MMz

Current Amplifier

Input Offset Voltage Yene = 3 OV (UC3BAG 13 my

Veu = 3.0V (UC2836, UC1R36) 18 | mv
input Bias Current Ve = 3.0V 1 WA
Open Loop Gain 1V <« Veopo < 3% €0 85 d¢B
CMRR 18V« Vo <4 5v &0 a5 a8
FSRR 11V =< VOC < 15V 80 85 B
Qutput Hign Voltage Jora = =100pA 3 33 \i
Output Low Voilage lean = 100uA 1 Y
Qutpwt Saurce Current Vego =1V 01 [-025 mA
Gain-Bandwidih Product F = 100kHz 2 35 MHz

Oscillator

Frequency RT = 10k, CT = 1nF {LC 38856} G0 100 1 110 | kHz
RT = 10k, CT = 1nF {UC2838, UC1386) 85 15 | kHz
Frequency Change With Voltage 11V > VCC » 18Y 1 o
CT Peak Voltage 28 28 ¥
CT valley Voltage 1 12 v

CT Peak-g-Peak Voltage

16 i8 20 i

Chitput Section

Ouitput Low Voltage lga-g = 20CmA 16 2.2 14
Quiput High Yoltage laa=e = —200mA g 103 kY
Output Low voitage BY <« YL <« §Y, Iggre = 10mA 0.5 V

Vean = 8 8Y. lnate = 10MA 05 \
RisefFall Time Cy = inF 150 ns
Madimum Duty Cycle {C3886) S0 %

{UC23365, UJC18886) 25 %
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PiN DESCRIPTIONS

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

CAM: {Current Amplifier Minus Inputj The average load
current feedback from 180 s typically applied thtough a
resistor here.

CAG/ENBL: (Current Amphifier OutputiChip Enable} The
current loop compensation network s connected be-
tween CACYENBL and CAM, the inverting input of the
current amplifier The voltage at CAQ/ENBL 1s the mput
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 8 volts externally with an
open collector, disabling the GATE dave.

COMMAND: {Voltage Amplifier Non-invertng Input) This
nput 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 Amplifier Output} The
system voltage compensation network 1s applied be-
tween COMP and VBENSE The vollage at COMP is
clamped to prevent it from going more than 1V above the
COMMAND voltage. This 1s used to provide an accurate
average current hmit The voltage on COMP is also
clamped to § 7V below the voitage on COMMAND. This
15 done to avoid applymg a full charge to capaciors m
the compensation network dunng transients, allowing
quick recovery time and fttle overshoot.

CT: (Oscillator Timung Capacitor} A capacitor fiom CT to
SGND along with the resistor on RT, sets the PWM fre-
quency and maxmum duty cyele according to these
formulas
2.0¥
D BN Sl —
MAX T RT o4 OmA

where Dygax 15 the maximum operating duty cycle, and
RT is v ohms.

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

FOSC =

where Fgge 15 the UC3886 oscillator switching fre-
quency in Hz, RT 1s in chms, and CT 1s 1n farads

uciess
ycasses
uc3sss

GATE: (PWM QCutput) The output is a 1A totem pole
dniver. Use a series resistor of at least 5¢} to prevent n-
teraction between the gate mpedance and the output
driver that rrught cause axcessive overshoot

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

1SQ: {Current Sense Amplifier Output} A feedback resis-
tor to 1SN 15 comnected here to make a differential
sensing amplifier. The voltage at this pin s equal to
{Veus + A = lgys « Rsensel where A s the user deter-
mined gamn of the differential amplfier, isyg 15 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 » Resnse = 1 OV
where I5C 15 the user-determined short circiit current
T

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

PGHND: {Power Ground} The PIWM output current returns
to ground through this pin This 18 separated from SGND
ta avord on-chip ground notse generated by the output
current

RT: {Oscilatar Charging Current) This pin 18 held st 2V,
Resistor RT from this pin to S8GND sets the oscilator

charging current Use 5k < RT < 100k

SGND: (Signaf Ground) For better noise smmunity. 519~
nal ground 1s provided at this pin

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

VREF: {Voltage Reference Output} An accurate 5V refer-
ence as provided at this pin. The output can delver 2mA
to external circuitry, and ts internally shart circut currend
tmited. VREF is disabled if VCC is below UVLO. Bypass
5V REF to SGND with an 0 01pF or larger capacitor for
best stability.

VSENSE: (Woltage Sense Input) This input 1s connected
ta COMP through a feedback network and to the power
supply output through a resistor or a divider network
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APPLICATION INFORMATION
GSCILLATOR
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 sutput Selechon of RT should be
done first, based on desired maximum duty cycle. CT
can then be chosen based on the desired freguency,
Fs. and the value of RT The design equations are
2w
RT +4.0mA

2.0V +((4 OmASRT) -2 OV}
CTe18VeRT? o4 0mA

Dyaw =1

Fose =

k0 < AT £ 100k
Rr
A

o

— {/‘l\s gwmin

—w L
o lo TO PWM RESET
T L™

. 2.8Y.a

—

S 0
-

.

1ginmd_ OmA,

-

b

IIJ

LIG-95023
Figure 1. Oscillator
Configuring the Current Sense Amplifier

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

The Current Sense Amplfier gain. Geeoa. 15 given by the
ratio of R2IR1. The output of the Current Sense Ampli-
fier at the SO pin 1s grven by

R2
Viso =Vaur +VYeense * =

The Current Sense Amplhier gamn, Grga, must be pro-
grammed to be greater than or equal to 5.0 {14dB), as
this amphfier 15 not stable with gam below 5 0. The Cur-
rent Sense Amplfier gain s Imited on the high side by
its Gamn-Bandwidth product of 2. 5MHz Therefore Gesa
must be programmed between

Gesa pm=50 and  Gesa_max = 2.5MHZ/Fswarcn

JC1886
UC2888
Uc3sase
100
008 —
Qo6 J/
< /
2 oo
5 [
X7} [
8.60
088
0 fein 40 8D B0 100 120
Ry (kg2

Figure 2. Programming Maximur Duty Cycle with Ry
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'% t\\\\\ [T
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— 470pF
\
10 e 110
4 26 40 80 80 100
RT (k&8

Figure 3. Programming Switching Frequency with CY
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Figure 4, Deadtime vs. 1 and Rt
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APPLICATION INFORMATION {cont.}

IR

lLous
HeENSE
BRSNS & & & SRSE— ) RO
Lour |+VSENSE-

T

R2 IS0
‘-'\/\,Av.~‘w. ©w aaasaay

T COUTé RLoan

uc1sss
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Enabling/Disabling the UC3886 Gate Drive

The CAO/ENBL pin can be used to Disable the UC3886
gate drive by forcing this pin below 0.8V, as shown
Bringing the voltage below the valley of the PWM oscil-
tator ramp will msure a 0% duty cycle, effectively ds-
abling the gate drive. A Jow noise apen collector signal
should be used as an Enable/Disable command

41
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Figure 5. Configuring the Current Sense Amplifier

Figure 6. Enabling/Disabling the UC3886

TYPICAL APPLICATIONS
Y ! L u ﬁ SEYYTA ‘E Vw'
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Figure 7. The UC3886 Configured in a Buck Regulator
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UC1886

Uc2sss
UC3888
TYPICAL APPLICATIONS [cont.}
+BY Dl - l.g.I % Yy & AR I » VouT
wr o e el Lo b
. . } N
e H12¥K
'C? R ¥
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| ¥eC o VEENSE | . 1 150 CAM TAD/ COMP YSEWSE ¥CG |
ove FawT < Joves | REELL QR |
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Viot— (0 DAG/MONITOR i et | sur PWN
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Figure 8. UC3886 Configured with the UC3810 for a Pentium& Pro DC/DC Converter
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IMPORTANT NOTICE

Texas nstruments and its subsidianes (THreserve ihe nghtto make changes te treir products of jo disconisug
any producs or senvice withow notice, and advise customers to obtan the latest version of relevant informnation
o verfy, before olacing orders, that infermation bemng ressd on 1s current and complete. All products are soid
subject to the terms and conditions of sale supphed at the tme of order acknowledgement, including those
pertaining o warrasty, patenyt infringament, and initation of §abilty

Thwarrants performance of s senuconductor products to the specifications apphicable at the time of sale in
accordance with T's standarg warranty Testing and other guality control technigues are utilized to the extent
Tideems necessary o suppoitthis warranty Spenfic testing of all parameters of each device 15 not recessarily
performed. eveept these Mmardated by government requirements

CERTA:M APFLICATIONS USING SEMICONDUCTCR PRODUCTS MAY INVOLVE FOTENTIAL RISKS OF
OEATH, PERBORAL INJURY, OR SEVERE FROPERTY OR ENVIRONMENTAL DAMAGE {("CRITICAL
ASPLICATIONS™). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNZD, ALTHORIZED, OR
WARRANTED TO BE SUITABLE FOR L8t IN LIFE-8UPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS INCLUSION OF TIPRODUCTS INSJUCH APPLICATIONS 1S UNDERSTOCD TD
BE FULLY AT THE CJETOMER'S RISK

in order o myim Ze risks associaed with tha customer's applicatons, adequate desgn and operating
safeguards must se providad by e customer to mintice nherant or procedural hazards,

Tt assuries no ¥3iiily for appicatons assistance or custamer procuct design T does not warran of rapresent
that any license, erther express onmplied, 18 granted under any patent nght. copynight, ntash waork right, or other
intekectual propenty nght of Tf coverng of relating @ any combination, machine, or process i which such
senmconductar prodacts of senvices nught be or are used. Ti's pubhkeation of information regarding any third
party's products or services does not constitite TS approval. warrarsy or endorsement thereof

Copyright £+ 1084 Texas Instruments Incorporated

43



MANHIN V.

DATA SHEET IRF640

44



Philips Semiconductors

Product specification

N-channel TrenchMOS™ fransistor

IRF640, IRF640S

FEATURES

» 'Trench’ technology

* Low on-state resistance
+ Fast switching

* L ow thermat resistance

GENERAL DESCRIPTION

SYMBOL QUICK REFERENCE DATA
N Voes = 200 V
N -
(/: A) b= 16 A
g . and

Roson; < 180 mQ

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

The IRFB40 is supplied in the SOT78 {TO220AB) conventional leaded package.
The IRFB40S 1s supplied in the SOT404 (I¥PAK) surface mounting package.

PINNING SOT78 {TO220AB) SOT404 (DIPAK)
FiN DESCRIPTION iy \ € ",
1 G =\
gale S Y !
2 dian’ §
T =
3 soUrce 3 / / TET
i B
3 N i
tab [diam 144 ¢ a
LIMITING VALUES
Limiting values i accordance with the Absolute Maximum System {IEC 134)
SYMBOL |PARAMETER CONDITIONS MIN. MAX. | UNIT
Vpes Dram-source voltage T=25'Cto 175°C - 200 v
Vees Drain-gate voltage TJ, =25Clo175°C, Ry = 20 k2 - 200 vV
e Gate-soutce voltage - + 20 v
Ig Continuous drain current Tw= 25°C Vg = 10V - 18 A
T = 100 °Ci Vg = 10V - i1 A
lowe Puised dran current T =25°C - 654 A
P Total power dissipation Tw=25"C - 136 W
T T Operating junction and -85 175 C
storage temperature
1 It is not possible to make connection to pin 2 of the SOT404 package
August 1998 1 Rev 1.100

45



Philips Semiconductors Product specification

N-channel TrenchMOS™ transistor IRF840, IRFB408

AVALANCHE ENERGY LIMITING

VALUES

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

SYMBOL |PARAMETER CONDITIONS MiIN. MAX. | UNIT
Eus Non-repetitive avalanche Unclamped inductive load, 1, =6 2 A, - 580 mJ
enargy t, =720 us, T, prio to avalanche = 25°C,
Vg €25V, R = 50 81, Ve = 10 V. refer
to fig; 14
fas Peak non-repetitive - 16 A
avalanche current
THERMAL RESISTANCES
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Rars Thermal resistance junction - - 11| KW
to mounting base
Riua Thermal resistancs [unction | SOT78 package, in free air - 80 - KW
to ambient SOT404 package. pch mounted, minimum | - 50 - Kiw
footprint
ELECTRICAL CHARACTERISTICS
T=25C unless otherwise specified
SYMBOL|PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Vieross  |Dram-source breakdown Ve =0V 15 =025 mA, 200 - - W
voltage T,=-55°C | 178 - - 1
Vg2 Gate thieshold voltage VMos =Ves I = 1 mA 2 3 4 v
T=175C 1 - - N
T,=55C | - 8 v
Rss on Drain-source on-state Vez =10V, It =8A - 130 | 180 1 mQ2
resistance T =175C - - 522 | mQ
laze (Gate source leakage current |Vgs =+20V, Vs =0V - 10 | 100 | nA
lpas Zero gate voltage drain Ve =200 Vi Ve =0 V, - ags | 10 A
cusrent Vg = 1B0 VI Vs =0 Y, T = 175°C - - 250 | pA
Qo Total gate charge =18 A W= 160V, Vs = 1OV - - 63 nC
Qg Galte-source charge - - 12 nC
Qe Gate-dram {Niller) chargs - - 35 nC
{dan Turn-on delay ime Vo = 100V, R =56 0, - 12 - ns
f Tum-on use tune Ves = 10V R;=56Q - 45 - ns
Yy Turmn-off delay time Resistive load - 54 - ns
4 Turn-off fall ime - 38 - ns
L, Internal drain mductance Meastred tab to centre of die - 35 - nH
L Internal drain inductance Measured from drain lead to centre of die - 45 - nH
{SOT78 package only)
L, internal source inductance  [Measured from source lead to source - 75 - nH
bond pad
Cee input capacitance Vs =0V, Ve =25V =1 MHz - 1850 - pF
Coee Output capacitance - 170 - pF
Cas Feedback capacitance - 91 - pF
August 1999 2 Rev 1 100



Philips Semiconductors Product specification

N-channel TrenchMOS!™ transistor IRF840, IRF640S8

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 diode)

fon Pulsed source cutrent (body - - 64 A
diode)

Vo Diode forward voltage =18 A Ve =0V - ig | 15 Y

t, Reverse recovery time le = 1B AL -dl idt = 100 Alus; - 130 - ns

G Reverse recovery charge Vs =0V V=25V - 08 - uC

August 1996 3 Rev t 100



Philips Semiconductors

48

Product specification

N-channel TrenchMOS!™ transistor

IRF640, IRF640S

Nermalised Power Derating, PD {%}

B ~

o 25 50 5 103 25 150 175
Mounting Base temperature, Tmb {C)
Fig 1. Normahsed power dissipation
0% = 100P5/Py gs o = A T,)

ot

D 0%t
1E-56 1E-05 1E-04 1E-03 IE02 $E01 {E+00

Fulse witth, tp {s)

Figd Transient thermal impedance
Ly me = 18 parameter D= LT

R

Normalised Current Derating. 10 {%)

108
0 d
88
w

50

A% t

kM \

20

w0 '

é 25 83 75 33 125 15¢ 17§
Mounting Base temperature Tmb {C)

Fig 2. Normalised continuous drain current
1D% = 10015 25 o = T Viss 2 10V

G5 =

st Cusreat DAL R .
Ty=25¢C }’GS= hov
I

gy

/W"

P
ff/’ 5V

ot

P el
2 45V

] et

- T NS
N

0 a2 ad DE 08 1 1.2 44 6 te 2

Dram-Source Voltage VDS (V)

Fig 5 Typical output charactenstics, T =25 °C
In = f{Vps)

Peak Fulsed Diam Cunent, IDM{A)
100 + 4 i WO
—— ROSion) = VOS¢ 1D =
1 ey
(¥
PS>~ ™ | ~
10 =
-
T T
oc NN
S S
4 -y
1
|
0.4

90 108
Bram-Source Voltage, VD& (V)

Fig 3. Safe operating area
In & Iy = f(Vias): Iow SiNgle pulse, parameter t,

Draur-Bource 0o Resistance RDS{on} {Ohms)

;'45‘, isv B=25C
a2s
{
i
02
/ 55V
15 -
v
0¥ +—5ved = gy
!
VGS = 10V
005
0
s 2 5 18 20

8 8 10 ”
Oran Current, 10 {A}
Fig & Typical on-state resistance, T, =25 °C
Rosion: = fily)
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Philips Semiconductors Product specification

N-channel TrenchMOS™ transistor IRF640, IRF640S

Dramn current, 1B (A} 45 - Thieshold Voitage, VGS{TO} (Vi
T ) i N RS
18 4 VO$ > 10 X ROS(ON) I% 4 = il I FRAKIIL
16 Ji A = — ‘4| <
" l/f a i typical T~ =
12 £ 25 h\\l'_ b
10 7sc 7 2 N s B mam |
’ 17 e —
. - = ‘5 b
’ / Tj=25¢C ol
" £ 1
2 1 / o5 :
° - e | 9 1
[ ¥ H 3 1 5 s £0 40 20 0 20 40 €0 S0 100 128 140 156 180
Gate-source voltage, VG5 {V} Junction Terperature Ti(C)
Fg 7 Typical transfer charactenstics Fig 10 Gate threshold voitage
Iy = fVgs) Visro = W) condiions 1, = 1 mA Vs = Viss
ransconductance, gfs (3}
et LI e BRI SN . ap e 41.0B-81 =
VDS > iD X RDS(ON} 1= 25l
w — g i 10E-02
L~ 5
. - e L
et
".d-"
19 1.08-04
//
s e 1 0B.05
I 1 17 1
s : yogosd—»1—— e [ [7 T 1o T 1 [
9 2 & 5 B 1 12 {4 16 15 20 ¢ 8% 4 15 2 28 3 35 4 45 &
Dram cucrent i3 {A) Gate-source voltage, V3§ {V)
Fig.8 Typical transconductance, T.= 25 °C. Fig. 11 Sub-threshold drain current.
g = fly) I = f{Vss, conditions 7,=25°C
Normalised On.state Resistance 10000 Capacitances, 155, Coss, Crss {pFy
23 : et FErE = F e
27 {man;
25 | Crslsl
23 ———
29 1000 = == ===
¥ = H
17 = T
1 Coss ||
15 R -]
t3 100
[z
e9 Lrss
07
05 . © 1l
B8 40 -Z0 © 20 40 60 20 100 120 140 160 180 01 f " 100
Junction temperature TjC} Dran-Source Yoltage, VOS (W)
Fig @ Normahsed dram-source on-state resistance Fig 12 Typical capacitances, Cy,, Cues. Cos
Rosond/Rosan 2z¢ = HT) C = f{Vas). conditions Vs =0V, f=1MHz
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Product specification

N-channel TrenchMOS™ transistor

IRF640, IRF640S

Source-Dran Diode Current, IF {A)
20p--p 1 - Sy e
Tvek-o

~a
s
s

e / /

e
<
-~

1

/ 7

=3 —

¢ 04 62 03 04 05 0& BT 0% 0% ¥ 11 12
Source-Dram Voltage VSDS {V}

@ o @ @

Fig. 13 Typical reverse diode current
I = RV;sp5), conditions: Vg = GV, parameter T,

Maxirnum Avalanche Coerrent fag {Al

180
14 H25C
i
Lif
1 T; prior to avalanche = 150 C
&
001 $9% a1 1 10

Avalanche bme tyy {ms}

Fig 14, Maximum permissible non-repstitive

avalanche current (1.} versus avalanche time (1,,);

unclamped inductive load
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Philips Semiconductors Product specification

N-channel TrenchMOS™ transistor IRF640, IRFB840S
MECHANICAL DATA
Plastic smgle-ended package: heatsink mounted; 1 mounting hole; 3-lead T0O-220 $0778
E — p—n
| P = | A
f _{ { __ ¢
N\ & [
TSP N
— B-\4 3 P
c i ' ] :
- |
|
¥ x; A — _t .
ot -I-‘ “{ Ly
m F s 7 a
t l ¥, -l 2 e
A %7 it f
| .4 .
[
| Lg | ;
pC 90 1142 'J:l '
VL A
| 2

4 £ Srm
scale
DIMENSIONS {mm are the origina) dsnensions)
i
unT| Al al o ley | el o|o| e ]}yl p|aq]|a
MAX.
S5 T15a [ 00 | t3 | 07 | 58] 84 | 25 | nge| 0| 220 2z | 30 | 2¢
gt | qzr | o7 | ta | o4 | 5o ze | a7 | M|z | 0] 32 | 27| 3z
Note
T Termusas ¥ s Zore are ot e
REFERENCES
GUTUINE EUROPEAN
VERSION G JEDEC Y FROJECTION | ISSUEDATE
30T7: ~2-228 ey Foen

Fig 15 SOT78 (TO220AB); pin 2 connected fo mounting base (Net mass 2¢)

Notes

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

2 Refer to mounting instructions for SOT78 (TO220AB) package

3. Epoxy meets ULS4 VO at 1/8"
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Philtps Semiconduciors

Product specification
N-channel TrenchMOS™ transistor

IRF640, IRF640S

MECHANICAL DATA
Plastic single-endled surface mounted package {Fhibps version of Dz-PAK)A 3 leads
{ona tead srapped} SOT404
[ S
— —|Ag -
<N |
2 T | N N5 Towrg .
bage -, —
1 i i
) ! 1
1 (. t
= g ) '
b t {
i 1 )
Ha l 1 ' Vi i
. Yy A, i
. _L -1 ~ -
3 T
of
Lt | I|3
! N
Va[E]) < [Eft
¢ I3 fam
[ |
SCRE
DIMENBIONS jen are the origing: dvetsiona)
£ IS VR 3 m':‘ oy | E 2 (|| a
o PR B ] L B B
REFERENTES
CERion EC JEOEC Eiad Pacsecrion | BswEoaTe
SOT =34 00828
Fig 16. SOT404 surface mounting package. Centre pin connected to mounting base
Notes

1 Thes product 1s supplied o anti-static packaging The gate-source input must be protected against static
discharge during transport or handiing

2 Refer to SMD Footpnint Design and Solderning Guidelines, Data Handbook SC18
3. Epoxy meets ULG4 VO at 18"

August 1699
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Philips Semiconduclors Product specification

N-channel TrenchMOS™ transistor IRF640, IRF640S

MOUNTING INSTRUCTIONS

Dimensions in mm 15

175

jj 20

38

Fig. 17, SOT404 : soldering pattemn for suface mounting

DEFINITIONS

Data sheet status

Objective specification | This data sheet contains targel or goal specifications for product development.
Preliminary specification | This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values are given in-accordance with the Absolute Maximum Rating System (IEC 134). Stress above one
or more of the limiting values may cause permanent damage to the device - These are stress ralings only and
operation of the device at these or at any other conditions above those givenin the Characteristics sections of
this specification is not implied. Exposure to limiting values for exlended periods may affect device reliability

Application information [
Where application information is given, it Is advisory and does not form part of the specification.
© Philips Electronics N.V. 1999

All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the
copyright owner.

The information presented in this document does not form part of any quetation or contract, it is believed to be
accurate and reliable and may be changed wilhout notice. No fiability will be accepted by the publisher for any
consequence of its use. Publication thereof does not convey nor imply any license under patent or other
industrial or intellectual property rights

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices or systems where malfunction of these
products can be reasonably expected to result in personal injury. Philips cuslomers using or selling these products
for use in such applications do so at their own nisk and agree to fully indemnify Philips for any damages resulting
from such improper use or sale.

August 1999 9 Rev 1.100
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Philips Semiconductors Product specification
N-channel TrenchMOS™ transistor IRF&40, IRF640S
MOUNTING INSTRUCTIONS

Dimensions in mm

90

Fig 17. SOT424 . soldering pattern for surface mounting.

DEFINITIONS

Data sheet status

Objective specification | This data sheet contains target or goal specifications for product development.

Preliminary specification | This data sheet contains preliminary data; supplementary data may be published later.

Product specification This data sheet contains final product specifications

Limiting values

Limiting values are given in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one
or more of the limiting values may cause permanent damage to the device. These are stress ratings only and
operation of the device al these or at any other conditions above those given in the Characteristics sections of
this specification is not implied. Exposure to limiting values for extended periods may affect device reliability

Application information

Where application information is given, it is advisory and does not form part of the specification.

& Philips Electronics N.V. 1999

All rights are reserved. Reproduction in whole ot in part is prohibited without the prior written consent of the
copyright owner.

The information presented in this document does not form part of any quetation or contract, it is believed to be
accurate and reliable and may be changed without notice. No Hability will be accepted by the publisher for any
consequence of its use. Publication thereof does not convey nor imply any license under patent or other
industnal or intellectual property rights.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices or systems where malfunction of these
products can be reasonably expected to resull in personal injury. Philips customers using or selling these products
for use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting
from such improper use or sale.

August 1999 9 Rev 1.100
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MOTOROLA .
SEMICONDUCTOR TECHNICAL DATA Oy MBR135D
SWITCHMODE™ Power Rectifiers MBR1635
using the Schotiky Bammer principle with a platinum barmer metal These MBR1645
state-oi-the-art devices have the following features.
MER1845 152

Guardnng for Stress Protection

Low Forward Voltage

156*C Operating Junction Temperature
Guaranteed Reverse Avalanche

Mechanical Characteristics:

.

Case: Epoxy, hlolged
weight 19 grams {approximately}

Fiush. All Exlemnal Surfaces Corrosion Resistant and Terminal Leads are
Readily Sclderabie

Lead Temperature for Soldering Purposes: 260°C Max. for 10 Seconds
Shipped 50 units per pashc tube
kdarking B1635, B1645

Wotorata Preferred Device

SCHOTTKY BARRIER
RECTIFIERS
18 AMPERES
35 and 45 VOLTS

1
2o—Ppf—o0 14 9
3/
CASE 221B-03
TO-220AC
MAXIMUM RATINGS
Rating Symbol MBR1635 MBR1645 Unit
Peak Repetitive Reverse Voltage VRRM 35 45 Velts
Working Peak Reverse Voltage YR
DC 8lacking Voltage ¥R
Average Rectifed Forward Current (Rated VR) Ay 18 I6 Amps
o= 125C
Peak Repetitive Fopsard Current IFRM 32 32 Amps
{Rated VR, Square Wave, 20 kHz) Tg = 125°C
MNonrepetibve Peak Surge Current IFSiA 154 150 it e
{Surge applied at rated load conditions halfwave, sngle phase, 53 Hz)
Peak Repetitve Reverse Surge Current IRRIA iC i0 Amp
{20ups, 1 OkHzy
Operating Junction Temperature T —-8510 +150 -85t +150 ~C
Storage Temperature Tstg —§510 +175 -850 +175 c
Voltage Rate of Change (Rated v} dwidt 1000 10000 s
THERMAL CHARACTERISTICS
| Maxmum Thermal Resistance, Junction to Casa TRuc [ 15 [ 15 [ cw]
ELECTRICAL CHARACTERISTICS
Maximum nstantaneous Forward Voltage (1) VE Volts
(iF = 16 Amps, Tg = 125°C) 057 057
{IF = 16 Amps, T =28'C) 6.53 063
Maximun Instantaneocus Reverse Current (1) IR mA
{Rated dc Voltage, Tg = 125 G} 40 40
{Rated dc Violtage T =25 C) 02 02

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

SWITCHMOQDE 15 a trademark of Metorola, Inc
Preterred devices are Molore a recormmended choies fidr fulure uSe and bes: overall value

Rev 1

& Motoroa Ing 1886

@ MOTOROLA



o INSTANTRNEQUS T ORVARD CURRENT (3a0S)

i gy AVERASE F ORWARD CURRENT (APS;

57

s

MBR1635 MBR1645
gl 2
73 237
g 4 Ty=t51¢
3 ] o 32 TET
i J=1E G 200 5%
2 mct Z 40 193¢
rl & 9
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70 ;" g4 5 - —F—
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39 y =
28
i |
“8 /AN 5 -l
2 32 44 35 i) 10 3 < 3] 3 & z
¥5, NSTANTANEQUS FORWARD VOLFAGE VCATS: V3, REVERSE YOLTAGE (/OLTS)
Figure 1, Typical Forward Voltage Figure 2. Typical Reverse Curremt
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MBR1635 MBR1645
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Motoro's reserves the night to make changes withaut urther notce to any Sroducts here . Motorola makes no 1 Of G

the sulap bty of it procuis for arvy 2an cd ar purseas, nor does Matorola aawme any ‘1 1ty snsing cut of the appi cation oF uge o any product wcarcu;t ﬂl‘xd
spec.fical y amciamre any anda (habdity, ire.ozing wthuut \iat: dertaldamrages “Typical parameters wh ch may be provded m ktctorcls
data shests and/os apecifizations can and do vary ndiferent upp'xca(lons am actual pecformgnce may varyover teie  Allopersng parametars, ing ud ng Typicals®
rwst be vaidated for each cust nmer apy leation by m.stomefs techrica: experts  Motorcta does not comey any 1eense under ts patant rghds nor the aghts of

athera  Moloroa prod: &re not d d for Lae 83 comperents ¢ syatems ntended for surg-cal mpiant nte the body, or other
appicatons intended to support or su:«an Jrfe of fe-r any u‘.her appiicalion mnwhieh the far Lre of the Motoro.a produet cowd create & stuaion where personal iy
ordesthmayocecwy Should Buyer purchase or vee M s for any suck uninendes of z&d apgt canor, Buyershall ndemarty and hoto Maotorsla

ang its officers, employees, suhs.oianes, offil ates, and csstrix:‘mrs harmiess against al clams, coate. damages anc expenses, and regscaasts attomey fees
arising oul of, dms:ﬂy of ndirectly, sny © sim of personal iy or geath assotiates with such mmten@ed or unauthonized use even f such ciamm sl eges that
Motoroia was neglgsent regeraing the design o 1 of the pant & la and @ are reg t of Motoroa, Ine Motorota, fnc s an Equal
Oopportunity/Afrmat ve Action Employer

K&fa 1s & radenmark of Motorola Inc
How to reach us.
USA{EUROPE Locations Not Listed NMctorola Literature Distbution; JAPAN Mmppon Maotoroe Lid  SFD, Stetegic Panneg Office, 4-32-1
PO Box 5405, Denver Colorado BE217 J03-B75-2740 or 1-300-441-2447 Hsh<Gotanga, Shinagawa—ku, Tokyo 141, Japan 31-3-5437-8458

Mfax™ RMFAYOEemat 538 Mot com — TOUCHTONE €02-244-860% ASIAIPACIFIC Motorola Semseonductors HK Ly 88 T Pang inddustral Park,
- US & Canada ONLY 1-300-774-1848 51 Ting Kok Roag, Tat So, ML.T, Hong Kong  BS2-DEE£29298
INFERNET hitp fimotoroia cormveps

{ CODE_INE TQBE PLACED HERE MBR1635/D
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cEB5/55A ' EE CORES
Tkt
i
. . }I Magnetic Parameter
! Core constant C, 034989 mm '
£) Serin l Effective magnetic pass length ¢, 124 mm
fo—————~ Effective cross soctional ares A 353 mm”
| Effective core volume v, 43700 mm?
1 — Centes leg area A 352 mm?
MEnimum cross sectional area A 352 mm?
. {Canter log)
170 Winding area of cote A, 400 mm?*
l | ; " I Approx. Waight 218 g/ paic
|— : —] - -
: - 1 7
| Productcode | Al Value | Effectve permesbiity | Aie gap Core loss (Max.)
SRR B o o B AN\ A o Wi,
| GH20EES5/55A | 6,700 125% (5425-8.37%) | 1,880 I 0 239 !
AL value vs. gap length NI vs. AL value
7 py—- . L 4
\
ot | o
7\
?
4
E N
T @ L
E \ —
} 2
3 27 :
z ) : H
d 2 M
| o
]
: P
" o
- w
? p
l — Yy
I 1o :
1 el 1}
W ] a 7 o1 » a 7T w0 2 '] r w 2
Total gap tength (mem| Al value (nH/N")

2¥C AL = 4898xG "™ (nH/N)
G = 24495xAL '™ (mm)
100C AL = SO7.1XG *%™ (nM/NT)
G = 1852.3%AL 'T"™ (mm)

NI shows the point where the exciting current is
20% away from its axtendad linear part

it a1 Foyavoswnumlelsduuy EESS/SSA
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EE CORES

Shape code

EE126/13

12387 8 @ 492 | 1960 | n.i & \
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14100 137 w7 ¢ (n2 - -
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15190 9.1 A5 NVUIAAIAAIN
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wos AU yuaduruguing fuindhiadnd
AWG # Audna1e mm #$0591R1UIN 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 02235 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
22 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 (@e) maevnaaladah
wes YUIAFUH Y yaduiuguinag fuinihiaung
AWG # Audnas mm 0371 mm mm’
19 0.9119 1.003 0.653
18 1.024 1.118 0.823
17 1.151 1.247 1.040
16 1.290 1.389 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 2.172 3.308
11 2.304 2.431 4.168
10 2.588 2.720 5.261
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