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ABSTRACT

This thesis present the study of procedure and designing N-Stage Cascade Buck Converter with
Single Active Switch circuit including design compensation for Frequency response by perform the result

in Bode Plot.

For the objective of this project is design N-Stage Cascade Buck Converter with Single Active Switch
by N=2.This Quadratic buck converter(N-Stage Cascade Buck Converter with Single Active Switch ;
N=2) is Buck converter circuit that use one switch for control procedure of circuit and convert voltage

from 48V to 5V
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Switch is turned off (open)
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UNA 3

N1I9DNUVVINDT Quadratic buck converter
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D2

gl]ﬁ 3.1 79937 Quadratic buck converter

‘N9 Quadratic buck converter (N-stage cascade buck converter with single active

9y

switch ; N=2)aansafuainneie laasi

N99NULL
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L120% of average current (20% of lo)

AlL2 20% of average current (20% of lo )

AV,

C1 20% of average voltage (20% of VCI )

AV,

C2 20% of average voltage (20% of VC2 )

MUIUAT Duty cycle

A
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7 (48)(0.3227)(1-0.3227)
: (0.2)(10)(100x 10%)
20 D)
 10%I f
7 - (48)(0.3227)(1-0.3227)
: (0.1)(10)(100x10%)

L >

1
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4.1 m39anUuV Two-zero-and-three-pole compensator
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v v
MNNANMSIN (4.5) aunsounumm C, 1deai]

9.952x107 +C
6.283x10* = 2
(1%)(9.952x107)C, (4.10)

62.528C, =9.952x107" +C,
61.528C, =9.952x107

C2 = 01631’1F 4.11)

v

NNANMSIN (4.2) aunsounumm K 18qsd

1

0.75x10° =
R,(995.2x10” +16.3x107) (4.12)

Rl = 1318kQ (4.13)

v t4
nnaumsi (4.6) ansodagliiedluaums R 18asii

1
6 "~
12.566x10° = ™) e
o 1
(12.566x10°)C, (4.15)

1ATUMIN @.4) unsounuam G Tasmsih K anaumsii (4.15) unuluaumsazld

1

G| 1318 %10 + = 4o
(12.566x10°)C,

5.655x10° =

1
1.318x10°C, +7.958x107

5.655x10° =

5.655x10° (1.318x10°C, +7.958x107) =1
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7.453%x10°C, +0.450 =1

C3 = 134I’ZF 4.17)

1501 R3 18Tae msie G unuluaumsi 4.15) 3218

R3 - 31 -9
(12.566x10°)(134x10™) (4.18)

R3 . 0594Q (4.19)

NAMIMUUAGINE12 1

R, =1.318kC, R, =1k, R, = 0.594Q,C, = 995.2nF, C, =0.163nF,C, =134nF

C, = 0.163nF

|l
n
Ci=9952nF R, =1kQ | C,=134nF R, =0.594Q

=
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4.2 M399NIUY Feedback loop compensation

v Y

msvenuuUNIAIUAL TuRiing 14 crossover frequency Wity 10kHZ 1az 14 phase

. ] Aa Aas ~ s 3
margin 1102145 89e Tasfilemvesdisves G.(s) # @, =10.053x10° ;50
3 a 3 ' P
@z, =5.655x10° gag gain it @, = 0.75x10° yasarvosinad

4 6 ) 1 @ U o ' o
@p = 6.283x10" oz @,, =12.566 x10° yigrdanaimndmasmaidausvesians

AIUAN Two-zero-and-three-pole compensator Tuaumsn 4.2) faaumsa (4.6) “lﬁ’mﬁauﬂs

R, =1.318kQ, R, = 1kQ,R, = 0.594Q), C, = 995.2nF, C, = 0.163nF ys

Y

C; =134nF sumuluaumsi (4.1) 1daaii

0.0985s> +658.4625s + 562500
1.265x107 5% +1.598%10 s + 5 (4.20)

G, (s) =

M19194.2 sananu)sve 919905

Circuit Paramiters Values
v, 48V
v 5V
A 100 uF
5, 200 puF
I 100 uH
L, S50 uH
R 0.5 -10
Vi 18V

T=1/f 10 us
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Stopped

CH2=10mV
DG 11
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Bus /div
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2J=: :
=Filter= =0ffset= =Record Length= =Trigger=
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BW : FULL CH2 : 0.0000v Zoom : 1K Type : EDGE CH2 4
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Stoepped I 2011702716 18:14:01
CH1=2v : : : i : : Sus /div
DC 1:1 : : : i (Sus#div)

CH1
Y /DIV
2 Vv
=Filter= =0ffFsel= =Record Length= =Trigger=
Smoothing : ON CH1 : —-0.24% Main : 10K Mode ! AUTO
BW . FULL CHz : 0.0000%

Zoom : 2K Type : EDGE CH1 A&

Delay : 0.0ns
Hold Off : MINIMURK
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2011702716 18:17:32
CH1=5v ; : : + : : E 5usj’div
pC 11 | : ; I : : '

Pl

Cursor
-4.98div
=Filter= =0ffset= =Record Length= =Trigger=
Smoothing : ON CH1 : -0.24v Main : 10K Mode : AUTO
BW © FULL CHz : 0.0000v Zoom : 2K Type : EDGE CH1
Delay : 0.0ns
Hold OffF : FMINIMURM
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CD4049UBC - CD4050BC
Hex Inverting Buffer »
Hex Non-Inverting Buffer

General Description

The CD4049UBC and CD4050BC hex buffers are mono-
lithic complementary MOS (CMOS) integrated circuits con-
structed with N- and P-channel enhancement mode
transistors. These devices feature logic level conversion
using only one supply voltage (VDD ). The input signal high
level (V IH) can exceed the V oD supply voltage when these
devices are used for logic level conversions. These
devices are intended for use as hex buffers, CMOS to DTL/
TTL converters, or as CMOS current drivers, and at VDD =
6.0V, they can drive directly two DTL/TTL loads over the
full operating temperature range.

October 1987
Revised January 1999

Features
s Wide supply voltage range:

s Direct drive to 2 TTL loads at 5.0V over B0\empi&dture
range

s High source and sink current capability

s Special input protection permits input voltages greater
than VDD

Applications

* CMOS hex inverter/buffer

* CMOS to DTL/TTL hex converter

® CMOS current "sink" or "source" driver

* CMOS HIGH-to-LOW logic level converter

Ordering Code:

Connection Diagrams

CD4049UBC

s wsF W Kaslb

Order Number Package Number Package Desirl:p@n
CD4049UBCM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4049UBCN N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
CD4050BCM M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150" Narrow
CD4050BCN N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
Devices also available in Tapj and Reel. Specify by appendin}l the suffix letter "X" to the ordering code.

Pin Assignments for DIP

CD4050BC
ey RE Lef W K 3 p
11 12 i i 3 Iw | !sa i 1 1 5

] [ E H % J § % i b B i I i H 3 é i 3 3 1 ll
o GeA & RORViewg p op Mg Sea A& WRViewy oy g g
© 1999 Fairchild Semiconductor Corporation DS005971.prf www_fairchildsemi.com
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Absolute Maximum Ratings (Note 1) Recommended Operating
(Note 2) Conditions (Note2)
Supply Voltage (V  pp) -0.5V to+18v 3Vto 15V
05V to+18V Supply Voltage (VDD)
-0.5V to +
Input Voltage (V i) Input Voltage (VIN) 0V to 15V
3 -0.5VtoV +0.5V 3
Voltage at Any Output Pin (V, ) oD Voltage at Any Output Pin (V. ) OtoV,
-65°C to +150°C : o 0o
Storage Temperature Range (T s Operating Temperature Range (T )
Power Dissipation (P ) CD4049UBC, CD4050BC -40°C to +85°C
Dual-In-Line 700 mwW Note 1:"Absolute Maximum Ratings" are those values beyond which the
_ safety of the device cannot be guaranteed; they are not meant to imply that
Small Outline 500 mw the devices should be operated at these limits. The table of "Recom-
Lead Temperature (T ) menégd Operating Con.dilions" a.nd “Electrical Characteristics” provides
; L 260°C conditions for actual device operation.
(SOIdenng' 10 seconds) Note 2: V. = 0V unless otherwise specified.
ss
DC Electrical Characteristics (Note 3)
~40°C +25°C +85°C
Symbol Parameter Conditions Units]
Min] " Wax| " Min] VA wa M Ma
= Quiescent Device Current Vop =5V 4 0.0 4.0| 30 <A
Vo =10V 8 0.05 8.0 60 oA
v =15V 16 0.07 16.4 120 <A
Vo, LOW Level Output Voltage ViH =Vp, V=0V,
1ol <1 A
'~ 0.05 0 0.04 0.0 v
=1ov 0.05 0 0.0 0.0! Y
\orw s 0.05 of oog 0.0
vz HIGH Level Output Voltage Vi =Vpp V| =0V,
(RSN
Vieedos 5V, 4.95 4.95) 5 4.9 v
=10v 9.95 9.95 10 9.9
Ty 14.9 14.9 15 14.9
v LOW Level Input Voltage I ol<tecA
(CD4050BC Only) Vop =5V, V =05V 455 22 1.5 1.9 Y
7 B e 3.0 4.5 3.0 30
bp =10V,V =1V
Voo =15V,V_ =15V 4.0 6.7 4.0 4. \Y
v, LOW Level Input Voltage ol <tecA
(CD4049UBC Only) Vop =5V, V =4.5V 1.0 15 1.0 1.0 v
Voo =10V,V o= 2.0 2.5 2.0 2.4 v
Vor —15V,V =135V 3.0 3.5 3.0 3.
Vi HIGH Level Input Voltage Il <A
(CD4050BC Only) Voo =5V, V°= 4.5V 35 3.5 2.7 3.5 Vv
Vi % 7.0 7.0 5.5 7.0
bp =10V,V =9V
V.. =15V,V _ =135V 11.0 1.0 8.2 11.4 v
Vi HIGH Level Input Voltage I gl<1e=A
(CD4049UBC Only) vop =5V, V =0.5V 4.0 4.0 35 4.0l v
Vop =10V, V o=V 8.0 8.0 7.5 8.0
Vo =15V, V _ =15V 12.0 12,0 11.5‘ 12.4 v
i LOW Level Output Current ViH =V oV =0V
(Note 4) Vop =5V, V =04V 46 4.0 5 3. mA
Voo =10V, V Ty 9.8 8.5 12 6. mA
Vo, S15V.V =18V 29 25 40 20 mA
ot HIGH Level Output Current ViH =V oV =0V
(Note 4) Vop =5V, V o= 4.6V -1.0 -0. =1 -0.7] mA
£ = 2 1.4
Vo v,V = esv 2.1 1] 3, 1. mA
Vop =15V, V =135V =4 i 512 32 mA
N Input Current vop =15V, V=0V 0.3 -0 10 1. <A
VoD _gsy v, T 15V 0.3 0.3 107 1 «A
Note 3; V =0V unless otherwise specified.
Sss

www.fairchildsemi.com
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- CD4050BC

CD 4049UBC

DC Electrical Characteristics (Continued)
Note 4: These are peak output current capabilities. Continuous output current is rated at 12 mA maximum. The output current should not be allowed to
exceed this value for extended periods of time. 'OL and Ion are tested one output at a time.
AC Electrical Characteristics (Note 5)
CD4049UBC
Ta _ 25°C. C, =50 pF, R, =200k, t r=t =20 ns, unless otherwise specified
e o oV S0 SDECITIE
Symbol Parameter Conditions Min Typ Max Units
e Propagation Delay Time Vop =5V 30 [} ns
HIGH-to-LOW Level Voo =10V 20 40 ns
Vop =15V 15 30 ns
e Propagation m Vop =5V 45 ns
LOW:-to-HIGH Level Vop =10V 25 45 ns
V__ =15V 20 35 ns
DD
L Transition Time Vop =5V 30 M BD e ns
HIGH-to-LOW Level Voo =10V 20 40 ns
=15V 15 30
Vop A
L Transition Time Vbp =5V 60 120 ns
LOW-to-HIGH Level Vop =10V 30 55 ns
V.. =15V 25 45 ns
e
Cyy Input Capacitance Any Input 15 225 PF
Note 5: ACP are by DC testing.
AC Electrical Characteristics (Note 6)
CD4050BC
T =25°C,C s 50 pF, R i 200k, t r=t 1= 20 ns, unless otherwise specified
Symbol Parameter Conditions Min Typ Max Units
tPHL Propagation Delay Time Vob =5V 60 110 ns
HIGH-to-LOW Level Vop =10V 25 55 ns
v__ =15V 20 30 ns
o))
s
1 Propagation Delay Time Vop =5V 60 120 ns
LOW-to-HIGH Level Voo =10V 30 55 ns
V__ =15V 25 45 ns
DD Pl o N
L Transition Time Vop =5V 30 60 ns
HIGH-to-LOW Level Vop =10V 20 40 ns
v__ =15V 15 30 ns
jols) v
Ly Transition Time Vobp =5V 60 120 ns
LOW-to-HIGH Level Vop =10V 30 55 ns
V.. =15V 25 45 ns
Cy Input Capacitance Any Input B 7.5 pF
Note 6: AC F are by DC testing.

www.fairchildsemi.com
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id

| from Texas Instruments

High Speed PWM Controller

FEATURES

Compatible with Voltage or Current Mode
Topologies

Practical Operation Switching Frequencies
to 1MHz

50ns Propagation Delay to Output

High Current Dual Totem Pole Outputs
(1.5A Peak)

Wide Bandwidth Error Amplifier

Fully Latched Logic with Double Pulse
Suppression

Pulse-by-Pulse Current Limiting
Soft Start / Max. Duty Cycle Control
Under-Voltage Lockout with Hysteresis

Low Start Up Current (1.1mA)
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ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for, R ; = 3.65k, C ; = 1nF, Vee
=15V, -55°C<TA<125°C for the UC1825, -40°C<Ta<85°C for the UC2825, and 0°C<TA<70°C for the UC3825 TA—To

54

uc1825
PARAMETERS TEST CONDITIONS UC2825 HESeas
min_| Top | max | min | Top | max |unms
Reference Section
Output Voltage To =25°C, lo = 1mA 5.05 5.10 5.15 5.00 5.10 5.20 \/
Line Regulation 10V < Vcce < 30V 2 20 2 20 mV
Load Regulation 1mA <lo < 10mA 5 20 5 20 mvV
Temperature Stability* TMIN < TA < TMAX 0.2 0.4 0.2 04 | mvrc
Total Output Variation* Line, Load, Temperature 5.00 520 | 4.95 5.25 v
Output Noise Voltage* 10Hz < f < 10kHz 50 50 «V
Long Term Stability* Ty = 125°C, 1000hrs. 5 25 5 25 mvV
Short Circuit Current VREF = 0V -15 -50 | -100 | -15 -50 | -100 mA
Oscillator Section
Initial Accuracy* Ty=2°C 360 400 440 360 400 440 kHz
Voltage Stability* 10V < Vee < 30V 0.2 2 0.2 2 %
Temperature Stability* TMIN < TA < TMAX 5 5 %
Total Variation* Line, Temperature 340 460 340 460 kHz
Oscillator Section (cont.)
Clock Out High 3.9 4.5 3.9 4.5 "
Clock Out Low 2.3 2.9 2.3 2.9 \%
Ramp Peak* 2.6 2.8 3.0 2.6 2.8 3.0 \%
" Ramp Valley* 0.7 1.0 125 0.7 1.0 1.25 \Y
Ramp Valley to Peak* 1.6 1.8 2.0 1.6 1.8 2.0 Vv
Error Amplifier Section
Input Offset Voltage 10 15 mV
Input Bias Current 0.6 3 0.6 3 oA
Input Offset Current 0.1 1 0.1 1 oA
Open Loop Gain 1V < Vo < 4V 60 95 60 95 dB
CMRR 1.6V <Vcm < 5.5V 75 95 75 95 dB
PSRR 10V < Vcc <30V 85 110 85 110 dB
Output Sink Current VPIN3 = 1V 1 2.5 1 2.5 mA
Output Source Current VPIN3 = 4V -0.5 -1.3 -0.5 -1.3 mA
Output High Voltage IPIN3 = -0.5mA 4.0 4.7 5.0 4.0 4.7 5.0 \Y
Output Low Voltage IPIN3 = 1TmA 0 0.5 1.0 0.5 1.0 \
Unity Gain Bandwidth* 5.5 5.5 MHz
Slew Rate* 12 12 V/ecs




ELECTRICAL CHARACTERISTICS: Unless otherwise stated, these specifications apply for, R = 3.65k, C ;= 1nF, V.

=15V, -55°C<Ta<125°C for the UC1825, -40°C<Ta<85°C for the UC2825, and 0°C<Ta<70°C for the UCS825 TA—TJ
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He1828 UC3825
PARAMETERS TEST CONDITIONS UC2825
mn_ | ToP | max | min | tor [ max |unirs
PWM Comparator Section
Pin 7 Bias Current VPIN7 = OV -1 -5 -1 -5 oA
Duty Cycle Range 0 80 0 85 %
Pin 3 Zero DC Threshold VPIN7 = OV 1.1 1.25 1.1 1.25 v
Delay to Output* 50 80 50 80 ns
Soft-Start Section
Charge Current VPIN8 = 0.5V 3 9 20 3 9 20 «A
Discharge Current VPINS = 1V 1 1 mA
Current Limit / Shutdown Section
Pin 9 Bias Current 0 <VpINg <4V 15 10 <A
Current Limit Threshold 0.9 1.0 Tl 0.9 1.0 1.1 \
Shutdown Threshold 1.25 1.40 1.55 1:25 1.40 1.55 \
Delay to Output 50 80 50 80 ns
Output Section
Output Low Level louT = 20mA 0.25 | 0.40 025 | 0.40 v
p louT = 200mA 1.2 2.2 1.2 22 v
Output High Level lout = -20mA 13.0 13.5 13.0 13.5 \4
louT = -200mA 12.0 | 13.0 12.0 | 13.0 v
Collector Leakage Ve =30V 100 500 10 500 oA
Rise/Fall Time* CL=1nF 30 60 30 60 ns
Under-Voltage Lockout Section
Start Threshold 8.8 9.2 96 8.8 92 | 96 \
UVLO Hysteresis 0.4 0.8 1.2 0.4 0.8 1.2 v
Supply Current Section
Start Up Current Vce = 8V 1.1 25 1.1 25 mA
ICC VPIN1, VPIN7, VPIN 9 = OV; VPIN2 = 1V 22 33 22 33 mA

" Tha paramet=r net 11015 tested I pindietnn GOk JUAP pl==d by des op




Printed Circuit Board Layout Considerations

High speed circuits demand careful attention to layout
and component placement. To assure proper perfor-
mance of the UC1825 follow these rules: 1) Use a ground
plane. 2) Damp or clamp parasitic inductive kick energy
from the gate of driven MOSFETs. Do not allow the out-

put pins to ring below ground. A series gate resistor or a
shunt 1 Amp Schottky diode at the output pin will serve

Error Amplifier Circuit
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this purpose. 3) Bypass Vcc, Ve, and VRer. Use 0.1«cF
monolithic ceramic capacitors with low equivalent series
inductance. Allow less than 1 cm of total lead length for
each capacitor between the bypassed pin and the ground
plane. 4) Treat the timing capacitor, CT, like a bypass ca-
pacitor.

Simplified Schematic
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Oscillator Circuit
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Timing Resistance vs Frequency
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Forward Technique for Off-Line Voltage Mode Application
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Constant Volt-Second Clamp Circuit

The circuit shown here will achieve a constant
volt-second product clamp over varying input voltages.
The ramp generator components, RT and CR are cho-
sen so that the ramp at Pin 9 crosses the 1V threshold
at the same time the desired maximum volt-second
product is reached. The delay through the functional
nor block must be such that the ramp capacitor can be
completely discharged during the minimum deadtime.
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Open Loop Laboratory Test Fixture
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This test fixture is useful for exercising many of the
UC1825's functions and measuring their specifications.
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As with any wideband circuit, careful grounding and by-

Pass procedures should be followed. The use of a
ground plane is highly recommended.

- Design Example: 50W, 48V to 5V DC to DC Converter - 1.5MHz Clock Frequency
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PACKAGING INFORMATION

Orderable Device status Package Package Pins Package EcoPlan @ Lead/Ball Finish MSL Peak Temp 2
Type Drawing Qty
5962-87681012A ACTIVE Lccc FK 20 1 TBD POST-PLATE Level-NC-NC-NC
5962-8768101EA ACTIVE CDIP J 16 1 TBD A42 SNPB Level-NC-NC-NC
5962-8768101QFA ACTIVE CFP w 16 1 TBD A42 SNPB Level-NC-NC-NC
5962-8768101V2A ACTIVE LCcC FK 20 1 TBD Call TI Level-NC-NC-NC
5962-8768101VEA ACTIVE CDIP J 16 1 TBD Call T Level-NC-NC-NC
Uc1825J ACTIVE CDIP J 16 1 TBD A42 SNPB Level-NC-NC-NC
UC1825J883B ACTIVE CDIP J 16 1 TBD A42 SNPB Level-NC-NC-NC
UC1825JQMLV ACTIVE CDIP J 16 TBD Call T Call Tl
UC1825L ACTIVE LCCC FK 20 1 TBD POST-PLATE Level-NC-NC-NC
UC1825L883B ACTIVE Lccc FK 20 1 TBD POST-PLATE Level-NC-NC-NC
UC1825LQMLV ACTIVE LCCC FK 20 TBD Call TI Call TI
UC1825W883B ACTIVE CFP W 16 1 TBD A42 SNPB Level-NC-NC-NC
uC2825DW ACTIVE SoIC bw 16 40  Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2825DW/1 PREVIEW SOIC bw 16 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2825DWTR ACTIVE SOIC bw 16 2000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2825DWTRG4 ACTIVE SOIC bDw 16 2000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC2825J ACTIVE CDIP J 16 1 TBD A42 SNPB Level-NC-NC-NC
UC2825N ACTIVE PDIP N 16 25  Green (RoHS & CU NIPDAU Level-NC-NC-NC
no Sb/Br)
UC2825NG4 ACTIVE PDIP N 16 25  Green (RoHS & CU NIPDAU Level-NA-NA-NA
no Sh/Br)
UC2825Q ACTIVE PLCC FN 20 46 Green (RoHS & CU SN Level-2-260C-1 YEAR
no Sbh/Br)
UC2825QTR ACTIVE PLCC FN 20 1000 Green (RoHS & CU SN Level-2-260C-1 YEAR
no Sb/Br)
UC3825DW ACTIVE soic bw 16 40 Green (RoHS & CUNIPDAU  Level-2-260C-1 YEAR
no Sb/Br)
UC3825DWG4 ACTIVE SoIC bw 16 40  Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3825DWTR ACTIVE SoIC bw 16 2000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3825DWTRG4 ACTIVE SoIC bw 16 2000 Green (RoHS & CU NIPDAU Level-2-260C-1 YEAR
no Sb/Br)
UC3825J ACTIVE CDIP J 16 1 TBD A42 SNPB Level-NC-NC-NC
UC3825N ACTIVE PDIP N 16 25  Green (RoHS & CU NIPDAU Level-NC-NC-NC
no Sb/Br)
UC3825NG4 ACTIVE PDIP N 16 25  Green (RoHS & CU NIPDAU Level-NC-NC-NC
no Sb/Br)
UC3825Q ACTIVE PLCC FN 20 46  Green (RoHS & CUSN Level-2-260C-1 YEAR
no Sb/Br)
UC3825QTR ACTIVE PLCC FN 20 1000 Green (RoHS & CU SN Level-2-260C-1 YEAR
no Sb/Br)
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MBR1535CT, MBR1545CT

MBR1545CT is a Preferred Device

SWITCHMODE™
Power Rectifier

... using the Schottky Barrier principle with a platinum barrier :
metal. These state-of-the-art devices have the following features: ON Semiconductor™

® Center-Tap Configuration

X 0 http://lonsemi.com
® Guardring for Stress Protection

® Low Forward Voltage

150°C Operating Junction T t SCHOTTKY BARRIER
v °C Operating Junction emperature
® Epoxy Meets UL94, VO at 1/8" RECTIFIERS

15 AMPERES

Mechanical Characteristics:

® Case: Epoxy, Molded 35 and 45 VOLTS

® Weight: 1.9 grams (approximately)

® Finish: All External Surfaces Corrosion Resistant and Terminal
Leads are Readily Solderable

® Lead Temperature for Soldering Purposes:

260°C Max. for 10 Seconds
® Shipped 50 units per plastic tube
® Marking: B1535, B1545

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Repetitive Reverse Voltage VRRM \
Working Peak Reverse Voltage VRWM
DC Blocking Volta MBR1535CT VR 35
MBR1545CT 45
A Rectified Forward Current I A Uy 7 s
verage Rectified Forward Curren
g ; e CASE 221A
(RatedV ., T ¢ = 105°C) Per Diode 7.5 PLASTIC
Per Device 15
Peak Repetitive Forward Current IFRM 15 A MARKING DIAGRAM
(Rated vV r Square Wave,
20kHz, T . =105°C) Per Diode D
Non-Repetitive Peak Surge Current IFSM 150 A
(Surge Applied at Rated Load YY. = Year
Conditions Halfwave, Single YY ww ww = Work Week
Phase, 60 Hz) B15x5 B15x5 = Device Code
AKA X =3o0r4
Peak Repetitive Reverse Surge IRRM 1.0 A I AKA = Diode Polarity
Current (2.0 ms, 1.0 kHz) U{, T
Storage Temperature Range Tstg -65to +175 °C
Operating Junction Temperature i -65 to +150 °Cc
Voltage Rate of Change (Rated V ) gt 1000 Vims ORDERING INFORMATION
Device Package Shipping
MBR1535CT TO-220 50 Units/Rail
MBR1545CT TO-220 50 Units/Rail
Preferred devices are recommended choices for future use
and best overall value.
O Semi Ci ! I ies, LLC, 2001

Publication Order Number:

May, 2001 - Rev. 3 MBR1535CT/D
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THERMAL CHARACTERISTICS PER DIODE
Characteristic Symbol Value Unit
Maximum Thermal Resistance, Junction to Case ReJC 3.0 °C/wW
Maximum Thermal Resistance, Junction to Ambient ReJA 60 °CwW
ELECTRICAL CHARACTERISTICS PER DIODE
Maximum Instantaneous Forward Voltage (Note 1.) VF Volts
(i g=7.5Amps, T ¢ =125°C) 0.57
(i £=15Amps, T =125°C) 0.72
(i =15Amps, T.=25°C) 0.84
Maximum Instantaneous Reverse Current (Note 1.) iR mA
(Rated dc Voltage, T , = 125°C) 15
(Rated dc Voltage, T . = 25°C) 0.1
1. Pulse Test: Pulse Width = 300 «s, Duty Cycle < 2.0%
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Vishay Siliconix

Power MOSFET

PRODUCT SUMMARY
Vs (V) 200
Rbs(on) (Q) Ves =10V I 0.18
Q_ (Max.) (nC) 70
Q . (nC) 13
Q_, (nC) 39
Configuration Single
D
TO-220 i

S

N-Channel MOSFET

FEATURES

® Dynamic dV/dt Rating

° Repetitive Avalanche Rated
* Fast Switching

&

Available

RoHS*

COMPLIANT
* Ease of Paralleling

* Simple Drive Requirements
* Lead (Pb)-free Available

DESCRIPTION

Third generation Power MOSFETs from Vishay provide the
designer with the best combination of fast switching,
ruggedized  device design, low on-resistance  and
cost-effectiveness.

The T0-220 package is universally preferred for all
commercial-industrial  applications at power dissipation
levels to approximately 50 W. The low thermal resistance
and low package cost of the TO-220 contribute to its wide
acceptance throughout the industry.

ORDERING INFORMATION

Notes

a. Repetitive rating; pulse width limited b
b. vDD =50V, starting T =25
Cilgs 18 A, dl/dt < 150 Aps, Voo

d. 1.6 mm from case.

Y maximum junction tem

°C,L=27mH,R_ =250, |

' 'AS

sVDS i 4S150°C.

perature (see fig. 11).

=18 A (see fig. 12).

*Pb containing terminations are not RoHS compliant, exemptions may apply

Package TO-220
IRF640PbF
Lead (Pb)-free SIHF640-E3
IRF640
BOR0 SiHF640
ABSOLUTE MAXIMUM RATINGS T . = 25 °C, unless otherwise noted :
PARAMETER SYMBOL LIMIT UNIT
Drain-Source Voltage \os 200 v
Gate-Source Voltage Vas +20
Continuous Drain Current Vgsat 10V o -27°C Ip =
T.=100°C 11 A

Pulsed Drain Current, Iom 72
Linear Derating Factor 1.0 W/°C
Single Pulse Avalanche Energyb Eas 580 mJ
Repetitive Avalanche Currenta lar 18 A
Repetitive Avalanche Energya EAr 13 mJ
Maximum Power Dissipation I Tc =25°C Po 125 w
Peak Diode Recovery dvi/dt_ dV/dt 5.0 Vins
Operating Junction and Storage Temperature Range Tu:, T -55t0+ 150 i
Soldering Recommendations (Peak Temperature) for10s 3004 e
Mounting Torque 6-32 or M3 screw . i

1.1 N-m

Document Number: 91036
S-81241-Rev. A, 07-Jul-08



IRF640, SiHF640 -
Vishay Siliconix
THERMAL RESISTANCE RATINGS
PARAMETER SYMBOL TYP. MAX. UNIT
Maximum Junction-to-Ambient RihiA - 62
Case-to-Sink, Flat, Greased Surface Rincs 0.50 - °C/W
Maximum Junction-to-Case (Drain) Rithic 5 1.0
——
SPECIFICATIONS T, = 25 °C, unless otherwise noted
PARAMETER SYMBOL TEST CONDITIONS I MIN. TYP. MAX. UNIT
Static
Drain-Source Breakdown Voltage Vbs Ves= 0V, I, =250 pA 200 = 2 Vv
Vps Temperature Coefficient AV T, Reference to 25 °C, | b=1mA s 0.29 = V/°C
Gate-Source Threshold Voltage Vash) Vbs=Vs I, =250 pA 2.0 : 4.0 \
Gate-Source Leakage less Ves =+20V - - +100 nA
Vps =200V,V_.= 0oV z & 25
Zero Gate Voltage Drain Current Ipss — o8 = A
Vg =180V, V. = 0V, T =125°C 3 2 2
Drain-Source On-State Resistance RDs(on) Vs =10V I b =11A; 3 - 0.18 Q
Forward Transconductance gfs Vbs =50V, 1 =11 A, 6.7 - - S
Dynamic :
Input Capacitance i - 130 5
P P: Ciss Ves= 0V 300
Output Capacitance Cots Vbs =25V, - 430 - pF
Reverse Transfer Capacitance Crds f=1.0 MHz, see fig. 5 - 130 -
Total Gate Charge Qg - - 70
A Ib=18A,V . =160V, i B
Gate-Source Charge Qgs Ves =10V see fig, GDasnd 13, 13 nc
Gate-Drain Charge Qqd - - 39
Turn-On Delay Time tdon) - 14 -
Rise Time 4 Voo =100V, 1 =18 A : 21 ;
) =5 y ns
Turn-OF Delay Trme ) Re =91QR =540 seefig. 10 b : e 7
Fall Time t - 36 -
Internal Drain Inductance Lo Between lead, - 45 -
6 mm (0.25") from
package and center of . s nH
Internal Source Inductance Ls die contact = 7.5 -
Drain-Source Body Diode Characteristics A ‘
Continuous Source-Drain Diode Current Is MOS,FET symbol 3 - - 18
showing the b
integral reverse A A
Pulsed Diode Forward Current, Ism P - n junction diode s % x 72
Body Diode Voltage Vsp Ty =25°C, 1. =18A, Vss =080 V,, - - 2.0 \V
Body Diode Reverse Recovery Time tr - 300 610 ns
T>=2503C! |F= 18 A, dl/dt = 100A/psb
Body Diode Reverse Recovery Charge Qr d - 34 71 uC
Forward Turn-On Time ton Intrinsic turn-on time is negligible (turn-on is dominated by L _and L )

Notes

a. Repetitive rating; pulse width limited by maximum junction temperature (see fig. 11 ).

0. Pulse width < 300 us; duty cycle < 2 %.

Document Number: 91036
S-81241-Rev. A, 07-Jul-08
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IRF640, SiHF640
Vishay Siliconix

TYPICAL CHARACTERISTICS 25 °C, unless otherwise noted
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Vishay Siliconix
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Fig. 11 - Maximum Effective Transient Thermal Impedance, Junction-to-Case

Vary t to obtain

reqwredl
D.UT 2 s
.r - VDD

AS

I1OV —H N
0.010Q

3

Fig. 12a - Unclamped Inductive Test Circuit
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Fig. 12c - Maximum Avalanche Energy vs. Drain Current

Current regulator

E Same type as D.U.T. {
1
] l'—?ﬁ
Qs Y, E I ol E]_‘ '§
10V s 112VT Jo2pF i
I L T 03pF :
1 ]
I - Qg ~+ Qoo — : . _‘_+
} D.UT. 7-Vos
%!
Vails o Vi !
fl. Gs o~
i T 3 mAi.ﬂ_
Charge ——= -Vub-.-:—.-ﬂ.ru.-—
lG 2 Io
Current sampling resistors
Fig. 13a - Basic Gate Charge Waveform Fig. 13b - Gate Charge Test Circuit

Document Number: 91036
S-81241-Rev. A, 07-Jul-08



IRF640, SiHF640

D.U.T.

—
s iyl

a

e T T_ -

Vishay Siliconix

Peak Diode Recovery dV/dt Test Circuit

e Circuit layout considerations

* Low stray inductance
- ¢ Ground plane
G * Low leakage inductance

current transformer
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Fig. 14 - For N-Channel

reliability data, see http:/fwww.vishay. com/ppg?91036.

70

Document Number: 91036
S-81241-Rev. A, 07-Jul-08



71

1PNAD1999

a v a L4

a a a @ 4
[1] @290 Lﬁ]iiyﬂizlfﬁfﬁﬂﬂ, UMV FTTIUIUNG. ﬂTi@ﬂﬂllUﬂJigﬂﬂﬂ?UﬂﬂJﬂlaq Buck

a3

a 4

converter” USaNUNUT A1u13rINIsUsTULAILAN , aoiuma luladnszveundudnamms

A1ANTLI. 2548

v o a a a L o w N ey a J
[2] fiudan Aadlsya “MIvenuuusaIUguuesnaseds lfhuuueing Snedinug
AANITUMAATUNIT UGG 319135 IUTZULAILAN Tadiainedy anitiuma TuTadnszoou

ndudgaMMITaAnTETe 2547,

a o o J av
[3] Lﬂﬁq@'l N1ISINY. (ll‘l]ﬂ) “MIDONUDUNITAIVAUATAAUANDULIBIADT” . T181UNITI0Y

aodumn Tulagwszeeund s nammsaiansz il

[4] M.G. Ortiz - Lopizl J.Leyva - Ramos  E.E. Carbajal — Gutierrez'  J.A. Morales — Saldana .
“Modelling and analysis of switch-mode cascade converter with a single active switch”. IET Power

Electron., 2008, Vol 1, No.4, pp. 478-487.

[5] Dragan Maksimovic, Member, IEEE, and Slobodan Cuk, Member,[EEE ¢ Switching Converters With
Wide DC Convertion Range” . IEEE TRANSACTIONS ON POWER ELECTRONICS. Vol. 6, NO. 1,

JANUARY 1991 .

[6] D.W. Hart, Introduction to Power Electronic , Prentice Hall Inc, 1997.

[7]1 R.W. Erickson and D. Maksimovic , Fundamental oe Power Electronics, o ed.,Kiuwer,2001.

[8] N.Mohan, et.al. Power Electronics: Converter, Applications,and Design. 3 Ed. John Wiley&Sons,

Inc. 2003. pp. 161-197.





