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Date/Time run: 12/12/02 10:54:23
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Rectifiers\rectifiers-...

Temperature: 27.0

Date: December 12, 2002 Page 1 Time: 10:55:24

(A) rectifiers-SCHEMATIC1-Trans.dat (active)
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Date/Time run: 12/12/02 10:57:46
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Rectifiers\full-wave r...

Temperature: 27.0

Date: December 12, 2002 Page 1 Time: 10:58:34

(B) full-wave rectifier-SCHEMATIC1-Trans.dat (active)

           Time
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V(VL)
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3-Phase Rectifier

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

N

A

B

C

0

VL

D2

D1N5401

- +

Transient 
Analysis

V3
AMPLITUDE = 24
FREQUENCY = 60
PHASE = 240
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D1N5401

D1

D1N5401
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Analysis
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FREQUENCY = 60
PHASE = 120

D6

D1N5401
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Date/Time run: 12/12/02 11:41:45
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Rectifiers\3-phase rec...

Temperature: 27.0

Date: December 12, 2002 Page 1 Time: 11:43:59

(A) 3-phase rectifier-SCHEMATIC1-Trans.dat (active)

           Time
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Half-Wave Rectifier

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:
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Date/Time run: 12/12/02 11:46:16
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Rectifiers\rectifiers-...

Temperature: 27.0

Date: December 12, 2002 Page 1 Time: 11:48:15

(C) rectifiers-SCHEMATIC1-Trans.dat (active)

           Time

0s 10ms 20ms 30ms 40ms 50ms 60ms
V(VL) V(D1:1)

-40V

0V

40V

SEL>>

V(D1:1)

I(D1)
-0.5A

0A

0.5A

1.0A

Page 16 of 662

ECE556 Lecture Notes Page 16 of 662



5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

0

VL

D2

D1N5401
+

C1

100U

D3

D1N5401

D4

D1N5401

D1

D1N5401

+
RL

100-

+

Tr
an

si
en

t 
An

al
ys

is V1
AMPLITUDE = 24
FREQUENCY = 60

Page 17 of 662

ECE556 Lecture Notes Page 17 of 662



Date/Time run: 12/12/02 11:49:29
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Rectifiers\full-wave r...

Temperature: 27.0

Date: December 12, 2002 Page 1 Time: 11:50:35

(D) full-wave rectifier-SCHEMATIC1-Trans.dat (active)

           Time

0s 10ms 20ms 30ms 40ms 50ms 60ms
V(VL) V(D1:1,D4:2)

-40V

0V

40V
I(D1) I(D3)

-0.5A

0A

0.5A

1.0A

SEL>>
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3-Phase Rectifier

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536
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Date/Time run: 12/12/02 11:55:45
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Rectifiers\3-phase rec...

Temperature: 27.0

Date: December 12, 2002 Page 1 Time: 11:58:40

(A) 3-phase rectifier-SCHEMATIC1-Trans.dat (active)

           Time

0s 10ms 20ms 30ms 40ms 50ms 60ms
V(VL) V(A,N) V(B,N) V(C,N)
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  Semiconductor Components Industries, LLC, 2000

October, 2000 – Rev. 3
1 Publication Order Number:

MR2500/D

MR2502, MR2504, MR2510
MR2504 and MR2510 are Preferred Devices

Medium-Current
Silicon Rectifiers

. . . compact, highly efficient silicon rectifiers for medium–current
applications requiring:

• High Current Surge — 400 Amperes @ TJ = 175°C
• Peak Performance @ Elevated Temperature — 25 Amperes @

TC = 150°C
• Low Cost

• Compact, Molded Package — For Optimum Efficiency in a Small
Case Configuration

Mechanical Characteristics:
• Case: Epoxy, Molded

• Weight: 1.8 grams (approximately)

• Finish: All External Surfaces Corrosion Resistant and Terminals are
Readily Solderable

• Lead Temperature for Soldering Purposes: requires a custom
temperature soldering profile

• Polarity: Cathode Polarity Band

• Shipped 5000 units per box

MAXIMUM RATINGS

Please See the Table on the Following Page

Device Package Shipping

ORDERING INFORMATION

MICRODE BUTTON
CASE 193

http://onsemi.com

MR2502 Microde Button 5000 Units/Box

MR2504 Microde Button 5000 Units/Box

MR2510 Microde Button 5000 Units/Box

MEDIUM–CURRENT
SILICON RECTIFIERS

25 AMPERES
200–1000 VOLTS

DIFFUSED JUNCTION

Preferred  devices are recommended choices for future use
and best overall value.

MARKING DIAGRAM

MR25xx = Device Code
xx = 02, 04 or 10
L = Location Code
YY = Year
WW = Work Week

MR25xx  LYYWW



MR2502, MR2504, MR2510

http://onsemi.com
2

MAXIMUM RATINGS

Characteristic Symbol MR2502 MR2504 MR2510 Unit

Peak Repetitive Reverse Voltage
Working Peak Reverse Voltage
DC Blocking Voltage

VRRM
VRWM

VR

200 400 1000 Volts

Non–Repetitive Peak Reverse Voltage
(Halfwave, single phase, 60 Hz peak)

VRSM 240 480 1200 Volts

Average Rectified Forward Current
(Single phase, resistive load, 60 Hz, TC = 150°C)

IO 25 Amps

Non–Repetitive Peak Surge Current
(Surge applied at rated load conditions, halfwave,
single phase, 60 Hz)

IFSM 400 (for 1 cycle) Amps

Operating and Storage Junction Temperature Range TJ, Tstg �65 to +175 °C

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Junction to Case
(Single Side Cooled)

RθJC 1.0 °C/W

ELECTRICAL CHARACTERISTICS

Characteristics and Conditions Symbol Max Unit

Maximum Instantaneous Forward Voltage
(iF = 78.5 Amps, TC = 25°C)

vF 1.18 Volts

Maximum Reverse Current (rated dc voltage)
TC = 25°C
TC = 100°C

IR
100
500

µA
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Date/Time run: 12/12/02 12:33:29
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Rectifiers\rectifiers-...

Temperature: 27.0

Date: December 12, 2002 Page 1 Time: 12:34:04

(A) rectifiers-SCHEMATIC1-Trans.dat (active)

           Time

0s 10ms 20ms 30ms 40ms 50ms 60ms
I(D1)

0A

200A

400A

600A

800A

(20.664m,41.340)

(972.633u,614.959)



A1:(54.028m,34.513)  A2:(29.996m,-22.343u)  DIFF(A):(24.032m,34.513)

Date/Time run: 12/12/02 12:37:04
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Rectifiers\rectifiers-...

Temperature: 27.0

Date: December 12, 2002 Page 1 Time: 12:37:57

(A) rectifiers-SCHEMATIC1-Trans.dat (active)

           Time

30ms 40ms 50ms 60ms 70ms 80ms 90ms 100ms
I(D1)

0A

10A

20A

30A

40A
(54.028m,34.513)



Date/Time run: 12/12/02 12:39:42
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Rectifiers\rectifiers-...

Temperature: 27.0

Date: December 12, 2002 Page 1 Time: 12:40:06

(A) rectifiers-SCHEMATIC1-Trans.dat (active)

           Time

0s 10ms 20ms 30ms 40ms 50ms 60ms
V(VL)

0V

5V

10V

15V

SEL>>

I(D1)
0A

400A

800A



Date/Time run: 12/12/02 12:39:42
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Rectifiers\rectifiers-...

Temperature: 27.0

Date: December 12, 2002 Page 1 Time: 12:41:56

(A) rectifiers-SCHEMATIC1-Trans.dat (active)

           Time

20.0ms 25.0ms 30.0ms 35.0ms 40.0ms 45.0ms 50.0ms 55.0ms
V(VL)

14.500V

14.625V

14.750V

14.875V

15.000V

(53.646m,14.725)

(37.875m,14.864)

I(D1)
0A

12.5A

25.0A

37.5A

SEL>>
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Off-Line DC Power Supply

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536
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Date/Time run: 12/16/02 09:44:18
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Rectifiers\off-line re...

Temperature: 27.0

Date: December 16, 2002 Page 1 Time: 09:47:17

(A) off-line regulated power supply-SCHEMATIC1-Trans.dat (active)

           Time

0s 10ms 20ms 30ms 40ms 50ms 60ms
V(Vin) V(Vout)

0V

10V

20V

30V

40V

(35.112m,20.387)

(20.881m,33.214)



Date/Time run: 12/16/02 09:44:18
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Rectifiers\off-line re...

Temperature: 27.0

Date: December 16, 2002 Page 1 Time: 09:51:11

(A) off-line regulated power supply-SCHEMATIC1-Trans.dat (active)

           Time

32.00ms 36.00ms 40.00ms 44.00ms 48.00ms 52.00ms 56.00ms29.11ms 59.87ms
V(Vout)

15.100V

15.102V

15.104V

15.106V

SEL>>
(51.763m,15.102)

(37.232m,15.105)

V(Vin)
20V

25V

30V

35V



Date/Time run: 12/16/02 09:44:18
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Rectifiers\off-line re...

Temperature: 27.0

Date: December 16, 2002 Page 1 Time: 09:58:49

(B) off-line regulated power supply-SCHEMATIC1-Trans.dat (active)

           Time

0s 10ms 20ms 30ms 40ms 50ms 60ms
I(C1)

-5A

0A

5A

10A

15AC
a
p
a
c
i
t
o
r
 
C
u
r
r
e
n
t

(35.202m,10.839)

(25.401m,-1.0122)

(174.163u,14.209)



Date/Time run: 12/16/02 09:44:18
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Rectifiers\off-line re...

Temperature: 27.0

Date: December 16, 2002 Page 1 Time: 10:02:23

(C) off-line regulated power supply-SCHEMATIC1-Trans.dat (active)

           Time

0s 10ms 20ms 30ms 40ms 50ms 60ms
I(D1)

0A

5A

10A

15A

(35.202m,11.851)
(369.724u,14.235)
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<Project Name>

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Vin Vout

0

+

-

Vin
DC = 18

Model = Dx D BV=15 RS=1m IBV=.3

Dx

D1

+

Load

{RL_Val}

PARAMETERS:
RL_val = 1MEG

+

RS

2.7
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Date/Time run: 12/16/02 10:33:48
** Profile: "SCHEMATIC1-DC Sweep"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Zener Regulator\zen...

Temperature: 27.0

Date: December 16, 2002 Page 1 Time: 10:37:40

(A) zener regulator-SCHEMATIC1-DC Sweep.dat (active)

           RL_val

10 100 1.0K 10K 100K 1.0M 10M
V(Vout)

14.96V

14.98V

15.00V

15.02V

15.04V

15.06V

15.08V
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<Project Name>

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Vin Vout

0

+

-

Vin
DC = 18

Model = Dx D BV=15 RS=1m IBV=.3

Dx

D1

+

Load

{RL_Val}

PARAMETERS:
RL_val = 1MEG

+

RS

2.7

+

-

V3
FREQUENCY = 60
AMPLITUDE = 7
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Date/Time run: 12/16/02 10:44:41
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Zener Regulator\zener ...

Temperature: 27.0

Date: December 16, 2002 Page 1 Time: 10:46:51

(A) zener regulator-SCHEMATIC1-TRans.dat (active)

           Time

0s 20ms 40ms 60ms 80ms 100ms
V(Vout)

14.95V

15.00V

15.05V

15.10V

SEL>>

V(Vin)
15V

20V

25V

Page 82 of 662

ECE556 Lecture Notes Page 82 of 662



Date/Time run: 12/16/02 10:44:41
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Zener Regulator\zener ...

Temperature: 27.0

Date: December 16, 2002 Page 1 Time: 11:02:26

(A) zener regulator-SCHEMATIC1-TRans.dat (active)

           Time

0s 20ms 40ms 60ms 80ms 100ms
avg(I(Rs)*V(Vin)) I(Rs)*V(Vin)

0W

20W

40W

60W

80W

100W

I(Rs)*V(Vin)
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Off-Line Supply With Zener Regulator

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

VoutVin

0

-

+

Tr
an

si
en

t 
An

al
ys

is V1
AMPLITUDE = 34
FREQUENCY = 60

Model = Dx D BV=15 RS=1m IBV=.3

+

C1

3300U
Dx

D2

+

Load

{RL_Val}

PARAMETERS:
RL_val = 1MEG

+

RS

2.7

D1

D1N3890
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Date/Time run: 12/16/02 11:21:32
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Zener Regulator\off-li...

Temperature: 27.0

Date: December 16, 2002 Page 1 Time: 11:23:03

(A) off-line supply with zener regulator-SCHEMATIC1-Trans.dat (active)

           Time

0s 20ms 40ms 60ms 80ms 100ms
V(Vin) V(Vout)

0V

10V

20V

30V

40V
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Date/Time run: 12/16/02 11:21:32
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Zener Regulator\off-li...

Temperature: 27.0

Date: December 16, 2002 Page 1 Time: 11:24:27

(A) off-line supply with zener regulator-SCHEMATIC1-Trans.dat (active)

           Time

0s 20.0ms 40.0ms 60.0ms 80.0ms 99.8ms
V(Vout)

15.000V

15.050V

15.100V

14.969V
SEL>>

V(Vin)
0V

20V

40V
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RS 3 Ω=RS find RS( ):=

Vin_min
RL

RS RL+








⋅ VZK=

Given

RS 3 Ω⋅:=

Using the Thevenin equivalent voltage, find RS max. Note that 
Vth must be larger than Vzk

VZK 15 volt⋅:=Choose a Zener Diode

RL 15 Ω=RL
Vo

Io
:=Calculate the equivalent load resistance

Vin t( ) Vin_max
Vin_max Vin_min−

T
t⋅−:=

Define the input voltage waveform

T 1 sec⋅:=Vin_max 25 volt⋅:=Vin_min 18 volt⋅:=

Io 1 amp⋅:=Vo 15 volt⋅:=

Specify the Regulator Parameters

Zener Linear Regulator 
Calculations
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RS
1.05

2.857Ω=

Choose the next smallest standard 5% resistor. RS 2.7 Ω⋅:=

Calculate the average power assuming no load current.

Pin_avg
1
T

0 sec⋅

T

tVin t( )
Vin t( ) VZK−

RS
⋅

⌠
⎮
⎮
⌡

d⋅:=

Pin_avg 53.272 watt=

Calculate the Power dissipated in Rs

PR_avg
1
T

0 sec⋅

T

t
Vin t( ) VZK−( )2

RS

⌠
⎮
⎮
⌡

d⋅:=

PR_avg 17.16 watt=

Calculate the power dissipated in the zener assuming no load

PZ_avg
1
T

0 sec⋅

T

t
Vin t( ) VZK−( )

RS
VZK⋅

⌠
⎮
⎮
⌡

d⋅:=

PZ_avg 36.111 watt=
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GENERAL DATA — 500 mW DO-35 GLASS

Motorola TVS/Zener Device Data
6-105

500 mW DO-35 Glass Data Sheet

Low level oxide passivated zener diodes for applications re-
quiring extremely low operating currents, low leakage, and
sharp breakdown voltage.

• Zener Voltage Specified @ IZT = 50 µA
• Maximum Delta VZ Given from 10 to 100 µA

ELECTRICAL CHARACTERISTICS (TA = 25°C, VF = 1.5 V Max at IF = 100 mA for all types)

Type
Number

Zener Voltage
VZ @ IZT = 50 µA

Volts

Maximum
Reverse Current

IR µA

Test
Voltage
VR Volts

Maximum
Zener Current

IZM mA

Maximum
Voltage Change

∆VZ VoltsNumber
(Note 1) Nom (Note 1) Min Max (Note 3)

IZM mA
(Note 2)

∆VZ Volts
(Note 4)

1N4678 1.8 1.71 1.89 7.5 1 120 0.7
1N4679 2 1.9 2.1 5 1 110 0.7
1N4680 2.2 2.09 2.31 4 1 100 0.75
1N4681 2.4 2.28 2.52 2 1 95 0.8
1N4682 2.7 2.565 2.835 1 1 90 0.85

1N4683 3 2.85 3.15 0.8 1 85 0.9
1N4684 3.3 3.135 3.465 7.5 1.5 80 0.95
1N4685 3.6 3.42 3.78 7.5 2 75 0.95
1N4686 3.9 3.705 4.095 5 2 70 0.97
1N4687 4.3 4.085 4.515 4 2 65 0.99

1N4688 4.7 4.465 4.935 10 3 60 0.99
1N4689 5.1 4.845 5.355 10 3 55 0.97
1N4690 5.6 5.32 5.88 10 4 50 0.96
1N4691 6.2 5.89 6.51 10 5 45 0.95
1N4692 6.8 6.46 7.14 10 5.1 35 0.9

1N4693 7.5 7.125 7.875 10 5.7 31.8 0.75
1N4694 8.2 7.79 8.61 1 6.2 29 0.5
1N4695 8.7 8.265 9.135 1 6.6 27.4 0.1
1N4696 9.1 8.645 9.555 1 6.9 26.2 0.08
1N4697 10 9.5 10.5 1 7.6 24.8 0.1

1N4698 11 10.45 11.55 0.05 8.4 21.6 0.11
1N4699 12 11.4 12.6 0.05 9.1 20.4 0.12
1N4700 13 12.35 13.65 0.05 9.8 19 0.13
1N4701 14 13.3 14.7 0.05 10.6 17.5 0.14
1N4702 15 14.25 15.75 0.05 11.4 16.3 0.15

1N4703 16 15.2 16.8 0.05 12.1 15.4 0.16
1N4704 17 16.15 17.85 0.05 12.9 14.5 0.17
1N4705 18 17.1 18.9 0.05 13.6 13.2 0.18
1N4706 19 18.05 19.95 0.05 14.4 12.5 0.19
1N4707 20 19 21 0.01 15.2 11.9 0.2

1N4708 22 20.9 23.1 0.01 16.7 10.8 0.22
1N4709 24 22.8 25.2 0.01 18.2 9.9 0.24
1N4710 25 23.75 26.25 0.01 19 9.5 0.25
1N4711 27 25.65 28.35 0.01 20.4 8.8 0.27
1N4712 28 26.6 29.4 0.01 21.2 8.5 0.28

1N4713 30 28.5 31.5 0.01 22.8 7.9 0.3
1N4714 33 31.35 34.65 0.01 25 7.2 0.33
1N4715 36 34.2 37.8 0.01 27.3 6.6 0.36
1N4716 39 37.05 40.95 0.01 29.6 6.1 0.39
1N4717 43 40.85 45.15 0.01 32.6 5.5 0.43

NOTE 1. TOLERANCE AND VOLTAGE DESIGNATION (V Z)

The type numbers shown have a standard tolerance of ±5% on the nominal Zener voltage,
C for ±2%, D for ±1%.

NOTE 2. MAXIMUM ZENER CURRENT RATINGS (IZM)

Maximum Zener current ratings are based on maximum Zener voltage of the individual units
and JEDEC 250 mW rating.

NOTE 3. REVERSE LEAKAGE CURRENT (I R)

Reverse leakage currents are guaranteed and measured at VR as shown on the table.

NOTE 4. MAXIMUM VOLTAGE CHANGE ( ∆VZ)

Voltage change is equal to the difference between VZ at 100 µA and VZ at 10 µA.

NOTE 5. ZENER VOLTAGE (VZ) MEASUREMENT

Nominal Zener voltage is measured with the device junction in thermal equilibrium at the lead
temperature at 30°C ±1°C and 3/8″ lead length.
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3–1Motorola Bipolar Power Transistor Device Data

������������� ������� �������
����� �����������
. . . designed for use in general purpose amplifier and switching applications.

• Collector–Emitter Saturation Voltage —
VCE(sat) = 1.2 Vdc (Max) @ IC = 3.0 Adc

• Collector–Emitter Sustaining Voltage —
VCEO(sus) = 60 Vdc (Min) — TIP31A, TIP32A
VCEO(sus) = 80 Vdc (Min) — TIP31B, TIP32B
VCEO(sus) = 100 Vdc (Min) — TIP31C, TIP32C

• High Current Gain — Bandwidth Product
fT = 3.0 MHz (Min) @ IC = 500 mAdc

• Compact TO–220 AB Package

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

*MAXIMUM RATINGS
ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

Rating

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

Symbol

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

TIP31A
TIP32A

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

TIP318
TIP32B

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

TIP31C
TIP32C

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

Unit

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

Collector–Emitter Voltage

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

VCEO

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

60

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

80

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

100

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

Vdc

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

Collector–Base Voltage

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

VCB

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

60

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

80

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

100

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

Vdc

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

Emitter–Base Voltage

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

VEB

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

5.0

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

Vdc

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

Collector Current — Continuous
Peak

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

IC

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

3.0
5.0

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

Adc
ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

Base Current

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

IB

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

1.0

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

Adc

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

Total Power Dissipation
@ TC = 25�C
Derate above 25�C

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

PD

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

40
0.32

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

Watts
W/�C

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

Total Power Dissipation
@ TA = 25�C
Derate above 25�C

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

PD

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

2.0
0.016

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

Watts
W/�C

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

Unclamped Inductive
Load Energy (1)

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

E

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

32

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

mJ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎ

Operating and Storage Junction
Temperature Range

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

TJ, Tstg

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎ

–65 to +150

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

�C
ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

THERMAL CHARACTERISTICS

ÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎ

Characteristic

ÎÎÎÎÎ

ÎÎÎÎÎ

ÎÎÎÎÎ

ÎÎÎÎÎ

Symbol

ÎÎÎÎÎÎ

ÎÎÎÎÎÎ

ÎÎÎÎÎÎ

ÎÎÎÎÎÎ

Max

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

Unit

ÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎ

Thermal Resistance, Junction to Ambient

ÎÎÎÎÎ

ÎÎÎÎÎ

ÎÎÎÎÎ

ÎÎÎÎÎ

RθJA

ÎÎÎÎÎÎ

ÎÎÎÎÎÎ

ÎÎÎÎÎÎ

ÎÎÎÎÎÎ

62.5

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

�C/W

ÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎ

Thermal Resistance, Junction to Case

ÎÎÎÎÎ

ÎÎÎÎÎ

ÎÎÎÎÎ

ÎÎÎÎÎ

RθJC

ÎÎÎÎÎÎ

ÎÎÎÎÎÎ

ÎÎÎÎÎÎ

ÎÎÎÎÎÎ

3.125

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

�C/W

(1) IC = 1.8 A, L = 20 mH, P.R.F. = 10 Hz, VCC = 10 V, RBE = 100 Ω..

Preferred  devices are Motorola recommended choices for future use and best overall value.

�
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�
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3–2 Motorola Bipolar Power Transistor Device Data

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ELECTRICAL CHARACTERISTICS (TC = 25�C unless otherwise noted)

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

Characteristic

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

Symbol

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

Min

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

Max

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

Unit

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

OFF CHARACTERISTICS

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

Collector–Emitter Sustaining Voltage (1)
(IC = 30 mAdc, IB = 0) TIP31A, TIP32A

TIP31B, TIP32B
TIP31C, TIP32C

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

VCEO(sus)

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

60
80
100

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

—
—
—

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

Vdc

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

Collector Cutoff Current (VCE = 30 Vdc, IB = 0) TIP31A, TIP32A
Collector Cutoff Current (VCE = 60 Vdc, IB = 0) TIP31B, TIP31C

TIP32B, TIP32C

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ICEO

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

—
—
—

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

0.3
0.3
0.3

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

mAdc
ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

Collector Cutoff Current
(VCE = 60 Vdc, VEB = 0) TIP31A, TIP32A
(VCE = 80 Vdc, VEB = 0) TIP31B, TIP32B
(VCE = 100 Vdc, VEB = 0) TIP31C, TIP32C

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ICES

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

—
—
—

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

200
200
200

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

µAdc

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

Emitter Cutoff Current (VBE = 5.0 Vdc, IC = 0)

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

IEBO

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

—

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

1.0

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

mAdc

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ON CHARACTERISTICS (1)

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

DC Current Gain (IC = 1.0 Adc, VCE = 4.0 Vdc)
DC Current Gain (IC = 3.0 Adc, VCE = 4.0 Vdc)

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

hFE

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

25
10

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

—
50

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

—
ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

Collector–Emitter Saturation Voltage (IC = 3.0 Adc, IB = 375 mAdc)

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

VCE(sat)

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

—

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

1.2

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

Vdc

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

Base–Emitter On Voltage (IC = 3.0 Adc, VCE = 4.0 Vdc)

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

VBE(on)

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

—

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

ÎÎÎÎ

1.8

ÎÎÎ

ÎÎÎ

ÎÎÎ

ÎÎÎ

Vdc

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

DYNAMIC CHARACTERISTICS

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ

ÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎÎ
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Current–Gain — Bandwidth Product (IC = 500 mAdc, VCE = 10 Vdc, ftest = 1.0 MHz)
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Small–Signal Current Gain (IC = 0.5 Adc, VCE = 10 Vdc, f = 1.0 kHz)
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(1) Pulse Test: Pulse Width � 300 µs, Duty Cycle � 2.0%.

Figure 1. Power Derating
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RL 416 Ω=RL
Vo

Io
:=Calculate the equivalent load resistance

The remaining design is just like the Zener regulator

Io 38.462 mA=Vo 16 volt=

Io
Iout

βmin 1+
:=Vo Vout VBE+:=

Calculate the operation parameters seen by the Zener Regulator

VBE 1 volt⋅:=βmin 25:=

Specify the BJT Parameters

Vin t( ) Vin_max
Vin_max Vin_min−

T
t⋅−:=

Define the input voltage waveform

T 1 sec⋅:=Vin_max 25 volt⋅:=Vin_min 18 volt⋅:=

Iout 1 amp⋅:=Vout 15 volt⋅:=

Specify the Regulator Parameters

BJT-Zener Linear 
Regulator Calculations
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Choose a Zener Diode VZK 16 volt⋅:=

Using the Thevenin equivalent voltage, find RS max. Note that 
Vth must be larger than Vzk

RS 3 Ω⋅:=

Given

Vin_min
RL

RS RL+








⋅ VZK=

RS Find RS( ):= RS 52 Ω=

RS

1.05
49.524 Ω=

Choose the next smallest standard 5% resistor. RS 47 Ω⋅:=

Calculate the power dissipated by the Zener portion of the circuit 
assuming no load.

Calculate the input power to the Zener portion of the circuit.

Pin_avg_Z
1
T

0 sec⋅

T

tVin t( )
Vin t( ) VZK−

RS
⋅

⌠


⌡

d⋅:=

Pin_avg_Z 2.603 watt=
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Calculate the Power dissipated in Rs

PR_avg
1
T

0 sec⋅

T

t
Vin t( ) VZK−( )2

RS

⌠


⌡

d⋅:=

PR_avg 0.73 watt=

Calculate the power dissipated in the zener

PZ_avg
1
T

0 sec⋅

T

t
Vin t( ) VZK−( )

RS
VZK⋅

⌠


⌡

d⋅:= PZ_avg 1.872 watt=

Calculated the power input to the pass-transistot portion

Pin_avg_pass
1
T 0 sec⋅

T
tVin t( ) Iout⋅

⌠

⌡

d⋅:=

Pin_avg_pass 21.5 watt=

Page 99 of 662

ECE556 Lecture Notes Page 99 of 662



The power to the output is Pout Vout Iout⋅:=

Pout 15 watt=

Calculated the power diddipated by the BJT

Pavg_BJT Pin_avg_pass Pout−:= Pavg_BJT 6.5watt=

Calculate the efficiency

Pin_total Pin_avg_pass Pin_avg_Z+:= Pin_total 24.103 watt=

Eff
Pout

Pin_total
:= Eff 62.233 %=
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5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

1A

1 1Tuesday, December 17, 2002

ECE456Marc E. Herniter

<Project Name>

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Vin

Vout

0

+

-

Vin
DC = 18

Model = Dx D BV=16 RS=1m IBV=.3

Dx

D1

+

Load

{RL_Val}

+

R1

100k

PARAMETERS:
RL_val = 1MEG

+

RS

47

Q1
TIP31
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Date/Time run: 12/17/02 12:24:11
** Profile: "SCHEMATIC1-DC Sweep"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\BJT-Zener Regulator...

Temperature: 27.0

Date: December 17, 2002 Page 1 Time: 12:27:38

(A) bjt-zener regulator-SCHEMATIC1-DC Sweep.dat (active)

           RL_Val

100 1.0K 10K 100K 1.0M15
V(Vout)

15.2V

15.3V

15.4V

15.5V

15.6V
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Date/Time run: 12/17/02 12:24:11
** Profile: "SCHEMATIC1-DC Sweep"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\BJT-Zener Regulator...

Temperature: 27.0

Date: December 17, 2002 Page 1 Time: 12:29:07

(A) bjt-zener regulator-SCHEMATIC1-DC Sweep.dat (active)

           RL_Val

100 1.0K 10K 100K 1.0M15
VB(Q1)- VE(Q1)

450mV

500mV

550mV

600mV

650mV

700mV

750mV
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5

4

4
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3
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2

1

1

D D

C C

B B

A A

1A

1 1Tuesday, December 17, 2002

ECE456Marc E. Herniter

<Project Name>

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Vin

Vout

0

+

-

Vin
DC = 18

Model = Dx D BV=16 RS=1m IBV=.3

Dx

D1

+

Load

{RL_Val}

+
R1

100k

PARAMETERS:
RL_val = 1MEG

+

RS

47
+

-

V4
FREQUENCY = 60
AMPLITUDE = 7 Q1

TIP31
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Date/Time run: 12/17/02 12:31:53
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\BJT-Zener Regulator\bj...

Temperature: 27.0

Date: December 17, 2002 Page 1 Time: 12:33:36

(A) bjt-zener regulator-SCHEMATIC1-Trans.dat (active)

           Time

0s 20ms 40ms 60ms 80ms 100ms
V(Vout)

15.2V

15.4V

15.6V

SEL>>

V(Vin)

20.0V

22.5V

25.0V

18.0V
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Low Voltage Reference

A precision band–gap voltage reference designed for critical
instrumentation and D/A converter applications. This unit is designed
to work with D/A converters, up to 12 bits in accuracy, or as a
reference for power supply applications.
• Output Voltage: 2.5 V �25 mV

• Input Voltage Range: 4.5 V to 40 V

• Quiescent Current: 1.2 mA Typical

• Output Current: 10 mA

• Temperature Coefficient: 10 ppm/°C Typical

• Guaranteed Temperature Drift Specification

• Equivalent to AD580

• Standard 8–Pin DIP, and 8–Pin SOIC Package

Typical Applications
• Voltage Reference for 8 to 12 Bit D/A Converters

• Low TC Zener Replacement

• High Stability Current Reference

• Voltmeter System Reference

MAXIMUM RATINGS  (TA = 25°C, unless otherwise noted.)

Rating Symbol Value Unit

Input Voltage VI 40 V

Storage Temperature Tstg –65 to 150 °C

Junction Temperature TJ +175 °C

Operating Ambient Temperature Range
MC1403B
MC1403

TA
–40 to +85
0 to +70

°C
°C

Figure 1. A Reference for Monolithic D/A Converters

*Caution: System stability may be affected if output capacitance
*exceeds 1.0 µF. Using higher capacitance values is not 
*recommended and should be carefully  considered.

MC1403
1.0 k

3

21
+5.0 V

1.2 k
R3

IRef

Full Scale
Adjust 500 Ω

Monolithic D/A
Converter

*0.1 µF
 C1

R2R1 Reference
Amplifier

Providing the Reference Current
for ON Semiconductor Monolithic D/A Converters

The MC1403 makes an ideal reference for many mono-
lithic D/A converters, requiring a stable current reference of
nominally 2.0 mA. This can be easily obtained from the
MC1403 with the addition of a series resistor, R1. A variable
resistor, R2, is recommended to provide means for full–
scale adjust on the D/A converter.

The resistor R3 improves temperature performance by
matching the impedance on both inputs of the D/A reference
amplifier. The capacitor decouples any noise present on the
reference line. It is essential if the D/A converter is located
any appreciable distance from the reference.

A single MC1403 reference can provide the required
current input for up to five of the monolithic D/A converters.

2.5�V

ON Semiconductor�

  Semiconductor Components Industries, LLC, 2001

March, 2001 – Rev. 2
1 Publication Order Number:

MC1403/D

MC1403, B

SEMICONDUCTOR
TECHNICAL DATA

PRECISION LOW VOLTAGE
REFERENCE

ORDERING INFORMATION

P1 SUFFIX
PLASTIC PACKAGE

CASE 626

D SUFFIX
PLASTIC PACKAGE

CASE 751
(SO–8)

NC

NC

NC

NC81

3

Vout

Gnd

4

2

NC

7

Vin

6

5

8
1

8

1

Device
Operating

Temperature Range Package

MC1403D
MC1403P1

MC1403BD
MC1403BP1

TA = 0° to +70°C
Plastic DIP

SO–8

SO–8

Plastic DIP
TA = –40° to +85°C

PIN CONNECTIONS
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MC1403, B

http://onsemi.com
2

ELECTRICAL CHARACTERISTICS (Vin = 15 V, TA = 25°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit

Output Voltage Vout 2.475 2.5 2.525 V
(IO = 0 mA)

Temperature Coefficient of Output Voltage* ∆VO/∆T – 10 40 ppm/°C
MC1403

Output Voltage Change* ∆VO mV
(Over specified temperature range)
MC1403B 0 to +70°C
MC1403B –40 to +85°C

–
–

–
–

7.0
12.5

Line Regulation (IO = 0 mA) Regline mV
(15 V � VI � 40 V)
(4.5 V � VI � 15 V)

–
–

1.2
0.6

4.5
3.0

Load Regulation Regload – – 10 mV
(0 mA < IO < 10 mA)

Quiescent Current IQ – 1.2 1.5 mA
(IO = 0 mA)

*Guaranteed but not tested.

Figure 2. MC1403, B Schematic

1.73�k

1.5 k

Vout

32

1.483 k10 k

Vin

2.0 k2.0 k

30 pF
C1

2.37 k

1.0 k

5.61 k

2.0 k 1.0 k2.0 k

This device contains 15 active transistors.
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SEMICONDUCTOR
TECHNICAL DATA

MICROPOWER VOLTAGE
REFERENCE DIODES

ORDERING INFORMATION

Order this document by LM285/D

Z SUFFIX
PLASTIC PACKAGE

CASE 29

D SUFFIX
PLASTIC PACKAGE

CASE 751
(SO–8)

(Bottom View)
13 2

8

�

6

5

Cathode

N.C.

N.C.

N.C.

4

3

2

Anode

N.C.

N.C.

1N.C.

N.C.
Cathode

Anode

–

+

LM385–1.2

1.235 V

3.3 k1.5 V
Battery

Standard Application

Device

Operating
Temperature

Range Tolerance

LM285D–1.2
LM285Z–1.2 TA = –40° to

+85°C

±1.0%

LM285D–2.5
LM285Z–2.5

LM385BD–1.2
LM385BZ–1.2

LM385D–1.2
LM385Z–1.2

LM385BD–2.5
LM385BZ–2.5

LM385D–2.5
LM385Z–2.5

Reverse
Break–
down

Voltage

1.235 V

±1.5%2.500 V

TA = 0° to
+70°C

±1.0%1.235 V

±2.0%1.235 V

±1.5%2.500 V

±3.0%2.500 V

1MOTOROLA ANALOG IC DEVICE DATA


��������� ����
��
��������� ������

The LM285/LM385 series are micropower two–terminal bandgap voltage
regulator diodes. Designed to operate over a wide current range of 10 µA to
20 mA, these devices feature exceptionally low dynamic impedance, low
noise and stable operation over time and temperature. Tight voltage
tolerances are achieved by on–chip trimming. The large dynamic operating
range enables these devices to be used in applications with widely varying
supplies with excellent regulation. Extremely low operating current make
these devices ideal for micropower circuitry like portable instrumentation,
regulators and other analog circuitry where extended battery life is required.

The LM285/LM385 series are packaged in a low cost TO–226AA plastic
case and are available in two voltage versions of 1.235 and 2.500 V as
denoted by the device suffix (see Ordering Information table). The LM285 is
specified over a –40°C to +85°C temperature range while the LM385 is rated
from 0°C to +70°C.

The LM385 is also available in a surface mount plastic package in
voltages of 1.235 and 2.500 V.

• Operating Current from 10 µA to 20 mA

• 1.0%, 1.5%, 2.0% and 3.0% Initial Tolerance Grades

• Low Temperature Coefficient

• 1.0 Ω Dynamic Impedance

• Surface Mount Package Available

Representative Schematic Diagram

Open 
for 1.235 V

10 k

Cathode

Anode

100 k500 Ω

600 k

600 k

425 k

74.3 k

8.45 k
600 k

360 k

Open 
for 2.5 V

 Motorola, Inc. 1996 Rev 2
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LM285 LM385, B

2 MOTOROLA ANALOG IC DEVICE DATA

MAXIMUM RATINGS (TA = 25°C, unless otherwise noted)

Rating Symbol Value Unit

Reverse Current IR 30 mA

Forward Current IF 10 mA

Operating Ambient Temperature Range TA °C
LM285
LM385

– 40 to + 85
0 to +70

Operating Junction Temperature TJ + 150 °C

Storage Temperature Range Tstg – 65 to + 150 °C

ELECTRICAL CHARACTERISTICS (TA = 25°C, unless otherwise noted)

LM285–1.2 LM385–1.2/LM385B–1.2

Characteristic Symbol Min Typ Max Min Typ Max Unit

Reverse Breakdown Voltage (IRmin � IR � 20 mA) V(BR)R V
LM285–1.2/LM385B–1.2 1.223 1.235 1.247 1.223 1.235 1.247

TA = Tlow to Thigh (Note 1) 1.200 – 1.270 1.210 – 1.260
LM385–1.2 – – – 1.205 1.235 1.260

TA = Tlow to Thigh (Note 1) – – – 1.192 – 1.273

Minimum Operating Current IRmin µA
TA = 25°C – 8.0 10 – 8.0 15
TA = Tlow to Thigh (Note 1) – – 20 – – 20

Reverse Breakdown Voltage Change with Current ∆V(BR)R mV
IRmin � IR � 1.0 mA, TA = +25°C – – 1.0 – – 1.0
TA = Tlow to Thigh (Note 1) – – 1.5 – – 1.5

1.0 mA � IR � 20 mA, TA = +25°C – – 10 – – 20
TA = Tlow to Thigh (Note 1) – – 20 – – 25

Reverse Dynamic Impedance Z 0.6 – – 0.6 – W
IR = 100 µA, TA = +25°C

Average Temperature Coefficient ∆V(BR)/∆T – 80 – – 80 – ppm/°C
10 µA � IR � 20 mA, TA = Tlow to Thigh (Note 1)

Wideband Noise (RMS) n – 60 – – 60 – µV
IR = 100 µA, 10 Hz � f � 10 kHz

Long Term Stability S – 20 – – 20 – ppm/
IR = 100 µA, TA = +25°C ± 0.1°C kHR
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LM285 LM385, B

3MOTOROLA ANALOG IC DEVICE DATA

ELECTRICAL CHARACTERISTICS (TA = 25°C, unless otherwise noted)

LM285–2.5 LM385–2.5/LM385B–2.5

Characteristic Symbol Min Typ Max Min Typ Max Unit

Reverse Breakdown Voltage (IRmin � IR � 20 mA) V(BR)R V
LM285–2.5/LM385B–2.5 2.462 2.5 2.538 2.462 2.5 2.538

TA = Tlow to Thigh (Note 1) 2.415 – 2.585 2.436 – 2.564
LM385–2.5 – – – 2.425 2.5 2.575

TA = Tlow to Thigh (Note 1) – – – 2.400 – 2.600

Minimum Operating Current IRmin µA
TA = 25°C – 13 20 – 13 20
TA = Tlow to Thigh (Note 1) – – 30 – – 30

Reverse Breakdown Voltage Change with Current ∆V(BR)R mV
IRmin � IR � 1.0 mA, TA = +25°C – – 1.0 – – 2.0
TA = Tlow to Thigh (Note 1) – – 1.5 – – 2.5

1.0 mA � IR � 20 mA, TA = +25°C – – 10 – – 20
TA = Tlow to Thigh (Note 1) – – 20 – – 25

Reverse Dynamic Impedance Z 0.6 – – 0.6 – W
IR = 100 µA, TA = +25°C

Average Temperature Coefficient ∆V(BR)/∆T – 80 – – 80 – ppm/°C
20 µA � IR � 20 mA, TA = Tlow to Thigh (Note 1)

Wideband Noise (RMS) n – 120 – – 120 – µV
IR = 100 µA, 10 Hz � f � 10 kHz

Long Term Stability S – 20 – – 20 – ppm/
IR = 100 µA, TA = +25°C ± 0.1°C kHR

NOTES: 1. Tlow = – 40°C for LM285–1.2, LM285–2.5 Thigh = +85°C for LM285–1.2, LM285–2.5
= 0°C for LM385–1.2, LM385B–1.2, LM385–2.5, LM385B–2.5 Thigh = +70°C for LM385–1.2, LM385B–1.2, LM385–2.5, LM385B–2.5
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Choose a smaller  standard resistor value.

RZ 0.762 MΩ=RZ
Vin_min VZK−

Imin
:=

Choose the Zener series resistor to provide the minimum current at 
the minimum input voltage.

Imin 22 µA⋅:=Imax 20 mA⋅:=VZK 1.235 volt⋅:=

Specify the Parameters for the Voltage Reference. (LM385-2.5) 

IB 0.999 mA=IB
Iout

βmin 1+
:=

Calculate the current supplied by the OP-AMP Output

VBEmax 2.8 volt⋅:=βmin 1000:=

Specify the BJT Parameters. Use a Darlington Connected BJT (TIP 102)

T 1 sec⋅:=Vin_max 25 volt⋅:=Vin_min 18 volt⋅:=

Iout 1 amp⋅:=Vout 15 volt⋅:=

Specify the Regulator Parameters

OPAMP-BJT-Zener 
Linear Regulator 
Calculations
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RZ 470 kΩ⋅:=

Check the voltage reference maximum and minimum current with this 
resistor. Assume a 5% resistor

IZ_max
Vin_max VZK−

RZ 0.95( )⋅
:= IZ_max 53.225µA=

IZ_min
Vin_min VZK−

RZ 1.05( )⋅
:= IZ_min 33.972µA=

Next, calculate the voltage divider reference resistor.

Choose a standard value for R2. R2 0.909 kΩ⋅:=

R1
R2 Vout VZK−( )⋅

VZK
:= R1 10.131 kΩ=

Choose a standard 1% resistor for R1

R1 10.0 kΩ⋅:=
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Calculate the Power dissipated by the pass transistor

Define a function that models the input voltage.

T
1

120 Hz⋅
:= Vin t( ) Vin_max

Vin_max Vin_min−

T
t⋅−:=

Calculate the average power dissipated by the BJT at max output 
current.

PBJT_avg
1
T 0 sec⋅

T
tVin t( ) Vout−( ) Iout⋅

⌠
⎮
⌡

d⋅:= PBJT_avg 6.5watt=

The power to the output is Pout Vout Iout⋅:= Pout 15 watt=

Calculate the average input power

PIN_avg
1
T 0 sec⋅

T
tVin t( )( ) Iout⋅

⌠
⎮
⌡

d⋅:= PIN_avg 21.5 watt=

Calculate the efficiency at full output power.

Eff
Pout

PIN_avg
:= Eff 69.767 %=
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Vref

Vin

Vout

0
0 0

0

0

+

-

Vin
DC = 18

+

-

Vin
DC = 18

+

R2

909

+

R2

909

Q2Q2N3904 Q2Q2N3904

+

R3

10k

+

R3

10k

PARAMETERS:
RL_Val = 15
PARAMETERS:
RL_Val = 15

3
2

D1

LM385 

D1

LM385 

+

R1

10.0k

+

R1

10.0k

OUT 1

+3

-2

V
+

4
V

-
11

U1A

LM324

U1A

LM324

Q1
TIP31
Q1
TIP31

+

Load

{RL_Val}

+

Load

{RL_Val}
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Date/Time run: 12/07/03 
** Profile: "SCHEMATIC1-DC Sweep"  [ C:\Website\Rose_Classes\ECE556\Notes\Orcad\OPAMP-Linear REgulator\op...

Temperature: 27.0

Date: December 07, 2003 Page 1 Time: 16:45:33

(A) op-amp linear regulator-SCHEMATIC1-DC Sweep.dat (active)

           RL_Val

10 100 1.0K 10K 100K 1.0M 10M
V(Vout)

14.835V

14.836V

14.837V

14.838V

14.839V

14.840V

14.841V
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herniter
Text Box
Vin=25 Volts

herniter
Text Box
Vin=18 Volts

herniter
Text Box
Output voltage constant as the load is varies from zero to 1 amp.



Date/Time run: 12/07/03 
** Profile: "SCHEMATIC1-DC Sweep"  [ C:\Website\Rose_Classes\ECE556\Notes\Orcad\OPAMP-Linear REgulator\op...

Temperature: 27.0

Date: December 07, 2003 Page 1 Time: 16:53:25

(A) op-amp linear regulator-SCHEMATIC1-DC Sweep.dat (active)

           RL_Val

10 100 1.0K 10K 100K 1.0M 10M
V(Vref)

1.23590V

1.23595V

1.23600V

1.23605V
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herniter
Text Box
The voltage reference (Vref) changes as Vin changes. This is why Vout changes slightly as the input voltage changes.

herniter
Text Box
Vin=25 Volts

herniter
Text Box
Vin=18 Volts



Vref

Input_Voltage

Vout

0
0 0

0

0

+

R2

909

+

R2

909

OUT 1

+3

-2

V
+

4
V

-
11

U1A

LM324

U1A

LM324

Q1
TIP31
Q1
TIP31

+

Load

{RL_Val}

+

Load

{RL_Val}

+

-

Vin
DC = 18

+

-

Vin
DC = 18

3
2

D1

LM385 

D1

LM385 

+

-

V1
FREQUENCY = 60
AMPLITUDE = 7

+

-

V1
FREQUENCY = 60
AMPLITUDE = 7

PARAMETERS:
RL_Val = 15
PARAMETERS:
RL_Val = 15

Q2Q2N3904 Q2Q2N3904

+

R1

10.0k

+

R1

10.0k

+

R3

10k

+

R3

10k
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Date/Time run: 12/07/03 
** Profile: "SCHEMATIC1-TRans"  [ C:\Website\Rose_Classes\ECE556\Notes\Orcad\OPAMP-Linear REgulator\1\op-...

Temperature: 27.0

Date: December 07, 2003 Page 1 Time: 17:13:05

(A) TRans.dat (active)

           Time

20.00ms 40.00ms 60.00ms 80.00ms 100.00ms0.12ms
V(Vout)

14.83000V

14.84000V

14.85000V

14.82333V

14.86000V

SEL>>

V(Input_Voltage)
15V

20V

25V
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herniter
Text Box
Input Voltage

herniter
Text Box
Output Voltage

herniter
Text Box
Output independent of load. Dependent on Input voltage. 



Vref

Input_Voltage

Vout

0
0 0

0

0
0

0

+

Load

{RL_Val}

+

Load

{RL_Val}

Q1
TIP31
Q1
TIP31

OUT 1

+3

-2

V
+

4
V

-
11

U1A

LM324

U1A

LM324

+

R2

909

+

R2

909

+

C1
1000u

+

C1
1000u

3
2

D1

LM385 

D1

LM385 

+

-

Vin
DC = 18

+

-

Vin
DC = 18

+

-

V1
FREQUENCY = 60
AMPLITUDE = 7

+

-

V1
FREQUENCY = 60
AMPLITUDE = 7

+

C2
0.1u

+

C2
0.1u

PARAMETERS:
RL_Val = 15
PARAMETERS:
RL_Val = 15

Q2Q2N3904 Q2Q2N3904

+

R1

10.0k

+

R1

10.0k

+

R3

10k

+

R3

10k
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herniter
Text Box
Added filter cap on output. In practice, add a 0.1UF in parallel with an electrolytic because electroytics have a large series inductance and a high series impedance at high frequency.



Date/Time run: 12/07/03 
** Profile: "SCHEMATIC1-TRans"  [ C:\Website\Rose_Classes\ECE556\Notes\Orcad\OPAMP-Linear REgulator\1\op-...

Temperature: 27.0

Date: December 07, 2003 Page 1 Time: 17:27:54

(A) TRans.dat (active)

           Time

20.00ms 40.00ms 60.00ms 80.00ms 100.00ms0.12ms
V(Vout)

14.83000V

14.84000V

14.85000V

14.82333V

14.86000V

SEL>>

V(Input_Voltage)
15V

20V

25V
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Vref

Input_Voltage

Vout

0
0 0

0
0

+

Load

{RL_Val}

+

Load

{RL_Val}

Q1
TIP31
Q1
TIP31

OUT 1

+3

-2

V
+

4
V

-
11

U1A

LM324

U1A

LM324

+

R2

909

+

R2

909

3
2

D1

LM385 

D1

LM385 

+

-

Vin
DC = 18

+

-

Vin
DC = 18

-

+ V1
FREQUENCY = 60
AMPLITUDE = 7

-

+ V1
FREQUENCY = 60
AMPLITUDE = 7

PARAMETERS:
RL_Val = 15
PARAMETERS:
RL_Val = 15

Q2Q2N3904 Q2Q2N3904

+

R1

10.0k

+

R1

10.0k

+

R3

10k

+

R3

10k
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Part Vtri

herniter
Text Box
What happens when the input voltage becomes too small?



Date/Time run: 12/07/03 
** Profile: "SCHEMATIC1-TRans"  [ C:\Website\Rose_Classes\ECE556\Notes\Orcad\OPAMP-Linear REgulator\1\op-...

Temperature: 27.0

Date: December 07, 2003 Page 1 Time: 17:34:43

(A) TRans.dat (active)

           Time

0s 10ms 20ms 30ms 40ms 50ms
V(Input_Voltage) V(Vout)

5V

10V

15V

20V

25V

(16.615m,17.914)
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herniter
Text Box
(16.615m,17.914)

herniter
Text Box
Minimum input voltage for regulator to function is 17.9 volts.



Vref

Input_Voltage

VoutVout

0
0 0

0
0

Q3

Q2N3904

Q3

Q2N3904

+

R2

909

+

R2

909

OUT 1

+3

-2

V
+

4
V

-
11

U1A

LM324

U1A

LM324

Q1
TIP31
Q1
TIP31

+

Load

{RL_Val}

+

Load

{RL_Val}

+

-

Vin
DC = 25

+

-

Vin
DC = 25

3
2

D1

LM385 

D1

LM385 

+

R4
1

+

R4
1

PARAMETERS:
RL_Val = 15
PARAMETERS:
RL_Val = 15

Q2Q2N3904 Q2Q2N3904

+

R1

10.0k

+

R1

10.0k

+

R3

10k

+

R3

10k
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Date/Time run: 12/07/03 
** Profile: "SCHEMATIC1-Overload Current Test"  [ C:\Website\Rose_Classes\ECE556\Notes\Orcad\OPAMP-Linear...

Temperature: 27.0

Date: December 07, 2003 Page 1 Time: 17:46:57

(A) Overload Current Test.dat (active)

           RL_Val

1.0 10 100 1.0K 10K 100K 1.0M 10M
V(Vout)

4V

6V

8V

10V

12V

14V

16V
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Date/Time run: 12/07/03 
** Profile: "SCHEMATIC1-Overload Current Test"  [ C:\Website\Rose_Classes\ECE556\Notes\Orcad\OPAMP-Linear...

Temperature: 27.0

Date: December 07, 2003 Page 1 Time: 17:49:20

(A) Overload Current Test.dat (active)

           I(Load)

10uA 100uA 1.0mA 10mA 100mA 1.0A 10A
V(Vout)

4V

6V

8V

10V

12V

14V

16V
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Date/Time run: 12/07/03 
** Profile: "SCHEMATIC1-Overload Current Test"  [ C:\Website\Rose_Classes\ECE556\Notes\Orcad\OPAMP-Linear...

Temperature: 27.0

Date: December 07, 2003 Page 1 Time: 18:46:00

(A) Overload Current Test.dat (active)

           I(Load)

1.0A 3.0A
V(Vout)

4V

6V

8V

10V

12V

14V

16V

(2.4228,14.820)
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(2.4228,14.820)
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Io_min 0.5amp=Io_min 0.1 Io⋅:=

Design the buck regulator so that it operates in the continuous mode 
for currents down to 10% of the max current.  

Io 5 amp⋅:=Specify the Max output Current

ton 16.7 µs=ton
Vo

VD
TS⋅:=

Find on time assuming continuous mode operation.

TS 50 µs=TS
1
FS

:=

FS 20 kHz⋅:=Specify Switching Frequency

Vo 5 volt⋅:=VD 15 volt⋅:=

Specify Output VoltageSpecify Input Voltage

µs 10 6− sec⋅≡

Define useful units for Electrical Engineering

Buck Regulator Design - Continuous Mode Operation

ECE 456
Page 158 of 662
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I2 I1− 498 mA=I1 4.751 amp=I2 5.249 amp=

I1

I2









find I1 I2,( ):=

I2 I1−
VD Vo−

L
ton⋅=

I2 I1+

2
Io=

Given

I2 Io:=I1 Io:=

For the Max output current, find I1 and I2

Io_min 249 mA=Io_min
VD Vo−

2 L⋅
ton⋅:=

With chosen inductor, find min current for continuous operation

L 335 µH⋅:=Choose the next larger size std. inductor

L 167 µH=L
VD Vo−

2 Io_min⋅
ton⋅:=

Find L so that the buck regulator operates in continuous mode for 
the min output current
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For the Min output current, find I1 and I2

I1_ Io_min:= I2_ Io_min:=

Given
I2_ I1_+

2
Io_min=

I2_ I1_−
VD Vo−

L
ton⋅=

I1_

I2_









find I1_ I2_,( ):=

I2_ 498 mA= I1_ 0 mA= I2_ I1_− 498 mA=

Choose the filter capacitor.

Assume that the major component of the ripple comes from the 
capacitor ESR

Specify the ripple due to the ESR VRR 10 mV⋅:=

ESR
VRR

I2 I1−( ):= ESR 0.02 Ω=

Page 160 of 662
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IL1 t( ) I1
I2 I1−( )

ton
t⋅+:=

Define an equation for the inductor current during ton.

The capacitor current is the inductor current minus the output current.
Calculate the RMS ripple current for the capacitor.

VRR 8.468 mV=VRR I2 I1−( ) ESR⋅:=

FInd the ripple due to the ESR

VRC 0.662 mV=VRC
I2 I1−( ) TS⋅

8 C⋅
:=

Find the ripple due to the capacitor charging and discharging:

ESR 0.017 Ω=ESR
80 µs⋅

C
:=

Calculate the new ESR with the chosen capacitor

C 4700 µF⋅:=Choose the next size std capacitor

C 3980 µF=C
80 µs⋅
ESR

:=

For all electrolytic caps, assume that ESR*C=80µs
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IRMS 0.144 amp=RMS Ripple Current Rating

C 4700 µF=

Capacitor 

Io 5 amp=Avg Current Raiting 

I2 5.249 amp=Peak Current Rating

L 0.335 mH=

Inductor 

Summary

IRMS 143.619 mA=

IRMS
1

TS 0 sec⋅

ton

tIL1 t( ) Io−( )2⌠

⌡

d
0

toff

tIL2 t( ) Io−( )2⌠

⌡

d+








⋅:=

Calculate the Capacitor RMS ripple current

IL2 t( ) I2
I1 I2−( )

toff
t⋅+:=

toff 33 µs=toff TS ton−:=

Define an equation for the inductor current during toff.
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5
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4

3

3
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2

1

1

D D

C C

B B

A A

1A

1 1Friday, January 03, 2003

ECE456Marc E. Herniter

Continuous Mode Buck Regulator

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Ramp

Error

Vcc

0

0

0

Control

Vo

0

Vo

0

0

+-

+-

Sx

S1

+

C1

4700U

+

-

V6
FREQUENCY = 20k
AMPLITUDE = 5

100

4

0
+

Load

1

Model = Sx VSWITCH Roff=1e6 Ron=1m Voff=1 Von=4.0

+

-

V2
DC = 15 D2

MUR405

1meg

5

0
5

L1

335U
IC = 0

IC= 0+
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Date/Time run: 01/03/03 12:35:11
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck Regulator\continu...

Temperature: 27.0

Date: January 03, 2003 Page 1 Time: 12:49:57

(A) continuous mode buck regulator-SCHEMATIC1-Trans.dat (active)

           Time

0s 10ms 20ms 30ms 40ms 50ms
V(Vo)

0V

5V

10V

SEL>>

I(L1)
0A

10A

20A

30A

40A
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Date/Time run: 01/03/03 12:35:11
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck Regulator\continu...

Temperature: 27.0

Date: January 03, 2003 Page 1 Time: 13:10:23

(A) continuous mode buck regulator-SCHEMATIC1-Trans.dat (active)

           Time

48.85ms 48.90ms 48.95ms 49.00ms 49.05ms 49.10ms 49.15ms
V(Vo)

4.980000V

4.982500V

4.978835V

4.984732V
I(L1)

4.750A

5.000A

5.250A

4.592A
SEL>>

(48.919m,5.2446)

(48.900m,4.6943)
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5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

1A

1 1Friday, January 03, 2003

ECE456Marc E. Herniter

Continuous Mode Buck Regulator

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Ramp

Error

Vcc

0

0

0

Control

Vo

0

Vo

0

0

+

ESR
17m

+-

+-

Sx

S1

+

C1

4700U

+

-

V6
FREQUENCY = 20k
AMPLITUDE = 5

100

4

0

+

Rs

95m

+

Load

1

Model = Sx VSWITCH Roff=1e6 Ron=1m Voff=1 Von=4.0

+

-

V2
DC = 15 D2

MUR405

1meg

5

0
5

L1

335U
IC = 0

IC= 0+
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Date/Time run: 01/03/03 13:14:09
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck Regulator\continu...

Temperature: 27.0

Date: January 03, 2003 Page 1 Time: 13:30:59

(A) continuous mode buck regulator-SCHEMATIC1-Trans.dat (active)

           Time

0s 2ms 4ms 6ms 8ms 10ms
V(Vo)

0V

4.0V

8.0V

SEL>>

I(L1)
0A

10A

20A

30A

40A
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Date/Time run: 01/03/03 13:14:09
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck Regulator\continu...

Temperature: 27.0

Date: January 03, 2003 Page 1 Time: 13:36:21

(A) continuous mode buck regulator-SCHEMATIC1-Trans.dat (active)

           Time

7.600ms 7.650ms 7.700ms 7.750ms 7.800ms 7.850ms 7.900ms 7.950ms7.562ms
V(Vo)

4.97000V

4.97500V

4.98000V

4.98307V
I(L1)

4.75A

5.00A

5.25A

SEL>>
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1998 Jan 29 26

Philips Components

Electrolytic capacitors General introduction

ELECTRICAL BEHAVIOUR

CHARACTERISTICS OF ELECTROLYTIC CAPACITORS VARY WITH TEMPERATURE, TIME AND APPLIED
VOLTAGE.

Fig.3  Typical variation of electrical parameters as a function of frequency, ambient temperature, voltage and time.

handbook, full pagewidth

MBC545 - 1
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C
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Tan δ
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Z
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temperature
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current

load time

leakage
current
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current
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failure
rate

% rated voltage

failure
rate

temperature

ripple
current

capability

Z

ESR

temperature

ESR

C

25  Co

C/C0
Z/Z0

ESR/
ESR0

Z

life time

C

Tan δ
ESR

Z Tan δ
ESR/Z

C

frequency

ripple
current

capability
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1998 Jan 29 26

Philips Components

Electrolytic capacitors General introduction

ELECTRICAL BEHAVIOUR

CHARACTERISTICS OF ELECTROLYTIC CAPACITORS VARY WITH TEMPERATURE, TIME AND APPLIED
VOLTAGE.

Fig.3  Typical variation of electrical parameters as a function of frequency, ambient temperature, voltage and time.

handbook, full pagewidth
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C

frequency

Tan δ

frequency

Z

ESR

temperature

leakage
current

load time
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current

voltage

leakage
current

temperature

failure
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failure
rate

temperature

ripple
current

capability

Z

ESR

temperature

ESR

C

25  Co

C/C0
Z/Z0

ESR/
ESR0

Z

life time

C

Tan δ
ESR

Z Tan δ
ESR/Z

C

frequency

ripple
current
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Design and specifi cations are subject to change without notice. Ask factory for technical specifi cations before purchase and/or use.
Whenever a doubt about safety arises from this product, please contact us immediately for technical consultation.  8

Large Can Aluminum Electrolytic Capacitors

� Compact size for general purpose and industrial applications

� NEW:  500 WV ratings, 40mm diameter sizes, extended capacitance ratings

� Wide range of case sizes including 20mm lengths for low profile applications

� Can vent construction

Part Number System

Series Capacitance     
Code

     Suffix, Top Vinyl Plate

Ripple Current

Multipliers:
Page 7

TS-UP Standard Ratings
Cap. Panasonic Cap. Panasonic

(µF) 120Hz 10k~100kHz 120Hz 20kHz Part Number (µF) D x L 120Hz 10k~100kHz 120Hz 20kHz Part Number

6800 20 x 25 3.15 3.62 0.098 0.083 ECOS1CP682AA 4700 20 x 25 3.05 3.51 0.113 0.090 ECOS1EP472AA
8200 20 x 30 3.47 3.99 0.081 0.069 ECOS1CP822AA 5600 20 x 30 3.36 3.86 0.095 0.076 ECOS1EP562AA

10000 20 x 35 3.78 4.35 0.066 0.056 ECOS1CP103AA 6800 20 x 35 3.47 3.99 0.078 0.062 ECOS1EP682AA
12000 20 x 35 4.52 5.20 0.062 0.053 ECOS1CP123AA 8200 20 x 40 3.57 4.11 0.065 0.052 ECOS1EP822AA
15000 20 x 40 5.26 6.05 0.053 0.045 ECOS1CP153AA 3300 22 x 20 1.60 1.84 0.176 0.141 ECOS1EP332BL
4700 22 x 20 1.60 1.84 0.159 0.135 ECOS1CP472BL 3300 22 x 25 1.68 1.93 0.161 0.129 ECOS1EP332BA
4700 22 x 25 1.77 2.04 0.159 0.135 ECOS1CP472BA 4700 22 x 25 2.39 2.75 0.113 0.090 ECOS1EP472BA
6800 22 x 25 2.57 2.96 0.110 0.093 ECOS1CP682BA 5600 22 x 25 2.86 3.29 0.095 0.076 ECOS1EP562BA
8200 22 x 25 3.10 3.57 0.091 0.077 ECOS1CP822BA 6800 22 x 30 3.47 3.99 0.078 0.062 ECOS1EP682BA

10000 22 x 30 3.78 4.35 0.075 0.063 ECOS1CP103BA 8200 22 x 30 3.57 4.11 0.065 0.052 ECOS1EP822BA
12000 22 x 30 4.52 5.20 0.062 0.053 ECOS1CP123BA 10000 22 x 35 3.78 4.35 0.058 0.046 ECOS1EP103BA
15000 22 x 35 5.26 6.05 0.053 0.045 ECOS1CP153BA 12000 22 x 40 4.10 4.72 0.048 0.039 ECOS1EP123BA
18000 22 x 40 5.57 6.41 0.046 0.039 ECOS1CP183BA 15000 22 x 50 4.63 5.32 0.039 0.031 ECOS1EP153BA
22000 22 x 45 6.10 7.02 0.038 0.032 ECOS1CP223BA 4700 25 x 20 1.80 2.07 0.123 0.099 ECOS1EP472CL
6800 25 x 20 1.80 2.07 0.110 0.093 ECOS1CP682CL 6800 25 x 25 3.47 3.99 0.078 0.062 ECOS1EP682CA

10000 25 x 25 3.78 4.35 0.075 0.063 ECOS1CP103CA 8200 25 x 25 3.57 4.11 0.065 0.052 ECOS1EP822CA
12000 25 x 25 4.52 5.20 0.062 0.053 ECOS1CP123CA 10000 25 x 30 3.78 4.35 0.058 0.046 ECOS1EP103CA
15000 25 x 30 5.26 6.05 0.053 0.045 ECOS1CP153CA 12000 25 x 35 4.10 4.72 0.048 0.039 ECOS1EP123CA
18000 25 x 30 5.57 6.41 0.046 0.039 ECOS1CP183CA 15000 25 x 40 4.63 5.32 0.039 0.031 ECOS1EP153CA
22000 25 x 35 6.10 7.02 0.038 0.032 ECOS1CP223CA 18000 25 x 45 5.47 6.29 0.035 0.028 ECOS1EP183CA
27000 25 x 45 6.31 7.26 0.031 0.026 ECOS1CP273CA 22000 25 x 50 6.10 7.02 0.029 0.023 ECOS1EP223CA
33000 25 x 50 6.84 7.87 0.025 0.021 ECOS1CP333CA 6800 30 x 20 2.30 2.65 0.078 0.062 ECOS1EP682DL
10000 30 x 20 2.40 2.76 0.083 0.070 ECOS1CP103DL 10000 30 x 25 3.78 4.35 0.058 0.046 ECOS1EP103DA
22000 30 x 30 6.10 7.02 0.038 0.032 ECOS1CP223DA 12000 30 x 30 4.10 4.72 0.048 0.039 ECOS1EP123DA
27000 30 x 35 6.31 7.26 0.031 0.026 ECOS1CP273DA 15000 30 x 30 4.63 5.32 0.039 0.031 ECOS1EP153DA
33000 30 x 40 6.84 7.87 0.025 0.021 ECOS1CP333DA 18000 30 x 35 5.47 6.29 0.035 0.028 ECOS1EP183DA
39000 30 x 45 6.94 7.98 0.021 0.018 ECOS1CP393DA 22000 30 x 40 6.10 7.02 0.029 0.023 ECOS1EP223DA
47000 30 x 50 7.47 8.59 0.019 0.017 ECOS1CP473DA 27000 30 x 45 6.21 7.14 0.023 0.019 ECOS1EP273DA
15000 35 x 20 3.20 3.68 0.055 0.047 ECOS1CP153EL 33000 30 x 50 6.84 7.87 0.020 0.017 ECOS1EP333DA
33000 35 x 30 6.84 7.87 0.025 0.021 ECOS1CP333EA 10000 35 x 20 2.70 3.11 0.061 0.049 ECOS1EP103EL
39000 35 x 35 6.94 7.98 0.021 0.018 ECOS1CP393EA 27000 35 x 35 6.21 7.14 0.025 0.020 ECOS1EP273EA
47000 35 x 40 7.47 8.59 0.021 0.019 ECOS1CP473EA 33000 35 x 40 6.84 7.87 0.020 0.017 ECOS1EP333EA
56000 35 x 45 8.73 10.04 0.019 0.018 ECOS1CP563EA 39000 35 x 45 7.36 8.46 0.019 0.017 ECOS1EP393EA
68000 35 x 50 9.05 10.41 0.018 0.017 ECOS1CP683EA 47000 35 x 50 8.00 9.20 0.017 0.015 ECOS1EP473EA
68000 40 x 40 9.05 10.41 0.018 0.017 ECOS1CP683FA 47000 40 x 40 8.00 9.20 0.017 0.015 ECOS1EP473FA
82000 40 x 50 10.29 11.83 0.016 0.015 ECOS1CP823FA 56000 40 x 50 8.96 10.30 0.016 0.015 ECOS1EP563FA

Size (mm)

Voltage             
Code

ECOS

Endurance: 3000 hours* at +85ºC with maximum specified ripple current (see page 4)

 6.3mm Length Terminal (Standard)

*2000 hours for 20mm diameter or 20mm length sizes

Case 
Diameter

Common Code/     
Terminal Type

Dissipation Factor: 

(120 Hz, +20ºC) 

 

Rated Working Voltage: 16 ~ 250 VDC

Nominal Capacitance: 120 ~ 68000µF (±20% tolerance) 33 ~ 680µF (±20% tolerance)

TS-UP Series    two terminal snap-in

350 ~ 500 VDC

Operating Temperature: -40 ~ +85ºC -25 ~ +85ºC

D x L 

25 VDC Working, 32 VDC Surge

ECEC

Max. 20°C ESR (Ω)Max 85°C R.C. (Arms) Max 85°C R.C. (Arms) Max. 20°C ESR (Ω)

16 VDC Working, 20 VDC Surge

Size (mm)

 4.0mm Length "Short" Terminal

(See page 7)

Working Voltage [V]:

Max. D.F. (%):

16

50

25

40

35

35

50

30

63

25

80

20

100

20

160 ~ 500

15

(rated cap. [µF] - 33000 )

1000
For capacitance values > 33000µF, add the value of:

E C P

A
B
C
D
E

20mm

22mm

25mm

30mm

35mm

B Without plate

25 ~ 50mm lengths
A With Plate

Extended Capacitance Ratings

L
G

With Plate

Without plate

F 40mm

20mm length

X With plate
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Design and specifi cations are subject to change without notice. Ask factory for technical specifi cations before purchase and/or use.
Whenever a doubt about safety arises from this product, please contact us immediately for technical consultation.  8

Large Can Aluminum Electrolytic Capacitors

� Compact size for general purpose and industrial applications

� NEW:  500 WV ratings, 40mm diameter sizes, extended capacitance ratings

� Wide range of case sizes including 20mm lengths for low profile applications

� Can vent construction

Part Number System

Series Capacitance     
Code

     Suffix, Top Vinyl Plate

Ripple Current

Multipliers:
Page 7

TS-UP Standard Ratings
Cap. Panasonic Cap. Panasonic

(µF) 120Hz 10k~100kHz 120Hz 20kHz Part Number (µF) D x L 120Hz 10k~100kHz 120Hz 20kHz Part Number

6800 20 x 25 3.15 3.62 0.098 0.083 ECOS1CP682AA 4700 20 x 25 3.05 3.51 0.113 0.090 ECOS1EP472AA
8200 20 x 30 3.47 3.99 0.081 0.069 ECOS1CP822AA 5600 20 x 30 3.36 3.86 0.095 0.076 ECOS1EP562AA

10000 20 x 35 3.78 4.35 0.066 0.056 ECOS1CP103AA 6800 20 x 35 3.47 3.99 0.078 0.062 ECOS1EP682AA
12000 20 x 35 4.52 5.20 0.062 0.053 ECOS1CP123AA 8200 20 x 40 3.57 4.11 0.065 0.052 ECOS1EP822AA
15000 20 x 40 5.26 6.05 0.053 0.045 ECOS1CP153AA 3300 22 x 20 1.60 1.84 0.176 0.141 ECOS1EP332BL
4700 22 x 20 1.60 1.84 0.159 0.135 ECOS1CP472BL 3300 22 x 25 1.68 1.93 0.161 0.129 ECOS1EP332BA
4700 22 x 25 1.77 2.04 0.159 0.135 ECOS1CP472BA 4700 22 x 25 2.39 2.75 0.113 0.090 ECOS1EP472BA
6800 22 x 25 2.57 2.96 0.110 0.093 ECOS1CP682BA 5600 22 x 25 2.86 3.29 0.095 0.076 ECOS1EP562BA
8200 22 x 25 3.10 3.57 0.091 0.077 ECOS1CP822BA 6800 22 x 30 3.47 3.99 0.078 0.062 ECOS1EP682BA

10000 22 x 30 3.78 4.35 0.075 0.063 ECOS1CP103BA 8200 22 x 30 3.57 4.11 0.065 0.052 ECOS1EP822BA
12000 22 x 30 4.52 5.20 0.062 0.053 ECOS1CP123BA 10000 22 x 35 3.78 4.35 0.058 0.046 ECOS1EP103BA
15000 22 x 35 5.26 6.05 0.053 0.045 ECOS1CP153BA 12000 22 x 40 4.10 4.72 0.048 0.039 ECOS1EP123BA
18000 22 x 40 5.57 6.41 0.046 0.039 ECOS1CP183BA 15000 22 x 50 4.63 5.32 0.039 0.031 ECOS1EP153BA
22000 22 x 45 6.10 7.02 0.038 0.032 ECOS1CP223BA 4700 25 x 20 1.80 2.07 0.123 0.099 ECOS1EP472CL
6800 25 x 20 1.80 2.07 0.110 0.093 ECOS1CP682CL 6800 25 x 25 3.47 3.99 0.078 0.062 ECOS1EP682CA

10000 25 x 25 3.78 4.35 0.075 0.063 ECOS1CP103CA 8200 25 x 25 3.57 4.11 0.065 0.052 ECOS1EP822CA
12000 25 x 25 4.52 5.20 0.062 0.053 ECOS1CP123CA 10000 25 x 30 3.78 4.35 0.058 0.046 ECOS1EP103CA
15000 25 x 30 5.26 6.05 0.053 0.045 ECOS1CP153CA 12000 25 x 35 4.10 4.72 0.048 0.039 ECOS1EP123CA
18000 25 x 30 5.57 6.41 0.046 0.039 ECOS1CP183CA 15000 25 x 40 4.63 5.32 0.039 0.031 ECOS1EP153CA
22000 25 x 35 6.10 7.02 0.038 0.032 ECOS1CP223CA 18000 25 x 45 5.47 6.29 0.035 0.028 ECOS1EP183CA
27000 25 x 45 6.31 7.26 0.031 0.026 ECOS1CP273CA 22000 25 x 50 6.10 7.02 0.029 0.023 ECOS1EP223CA
33000 25 x 50 6.84 7.87 0.025 0.021 ECOS1CP333CA 6800 30 x 20 2.30 2.65 0.078 0.062 ECOS1EP682DL
10000 30 x 20 2.40 2.76 0.083 0.070 ECOS1CP103DL 10000 30 x 25 3.78 4.35 0.058 0.046 ECOS1EP103DA
22000 30 x 30 6.10 7.02 0.038 0.032 ECOS1CP223DA 12000 30 x 30 4.10 4.72 0.048 0.039 ECOS1EP123DA
27000 30 x 35 6.31 7.26 0.031 0.026 ECOS1CP273DA 15000 30 x 30 4.63 5.32 0.039 0.031 ECOS1EP153DA
33000 30 x 40 6.84 7.87 0.025 0.021 ECOS1CP333DA 18000 30 x 35 5.47 6.29 0.035 0.028 ECOS1EP183DA
39000 30 x 45 6.94 7.98 0.021 0.018 ECOS1CP393DA 22000 30 x 40 6.10 7.02 0.029 0.023 ECOS1EP223DA
47000 30 x 50 7.47 8.59 0.019 0.017 ECOS1CP473DA 27000 30 x 45 6.21 7.14 0.023 0.019 ECOS1EP273DA
15000 35 x 20 3.20 3.68 0.055 0.047 ECOS1CP153EL 33000 30 x 50 6.84 7.87 0.020 0.017 ECOS1EP333DA
33000 35 x 30 6.84 7.87 0.025 0.021 ECOS1CP333EA 10000 35 x 20 2.70 3.11 0.061 0.049 ECOS1EP103EL
39000 35 x 35 6.94 7.98 0.021 0.018 ECOS1CP393EA 27000 35 x 35 6.21 7.14 0.025 0.020 ECOS1EP273EA
47000 35 x 40 7.47 8.59 0.021 0.019 ECOS1CP473EA 33000 35 x 40 6.84 7.87 0.020 0.017 ECOS1EP333EA
56000 35 x 45 8.73 10.04 0.019 0.018 ECOS1CP563EA 39000 35 x 45 7.36 8.46 0.019 0.017 ECOS1EP393EA
68000 35 x 50 9.05 10.41 0.018 0.017 ECOS1CP683EA 47000 35 x 50 8.00 9.20 0.017 0.015 ECOS1EP473EA
68000 40 x 40 9.05 10.41 0.018 0.017 ECOS1CP683FA 47000 40 x 40 8.00 9.20 0.017 0.015 ECOS1EP473FA
82000 40 x 50 10.29 11.83 0.016 0.015 ECOS1CP823FA 56000 40 x 50 8.96 10.30 0.016 0.015 ECOS1EP563FA

Size (mm)

Voltage             
Code

ECOS

Endurance: 3000 hours* at +85ºC with maximum specified ripple current (see page 4)

 6.3mm Length Terminal (Standard)

*2000 hours for 20mm diameter or 20mm length sizes

Case 
Diameter

Common Code/     
Terminal Type

Dissipation Factor: 

(120 Hz, +20ºC) 

 

Rated Working Voltage: 16 ~ 250 VDC

Nominal Capacitance: 120 ~ 68000µF (±20% tolerance) 33 ~ 680µF (±20% tolerance)

TS-UP Series    two terminal snap-in

350 ~ 500 VDC

Operating Temperature: -40 ~ +85ºC -25 ~ +85ºC

D x L 

25 VDC Working, 32 VDC Surge

ECEC

Max. 20°C ESR (Ω)Max 85°C R.C. (Arms) Max 85°C R.C. (Arms) Max. 20°C ESR (Ω)

16 VDC Working, 20 VDC Surge

Size (mm)

 4.0mm Length "Short" Terminal

(See page 7)

Working Voltage [V]:

Max. D.F. (%):

16

50

25

40

35

35

50

30

63

25

80

20

100

20

160 ~ 500

15

(rated cap. [µF] - 33000 )

1000
For capacitance values > 33000µF, add the value of:

E C P

A
B
C
D
E

20mm

22mm

25mm

30mm

35mm

B Without plate

25 ~ 50mm lengths
A With Plate

Extended Capacitance Ratings

L
G

With Plate

Without plate

F 40mm

20mm length

X With plate
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Philips Components

Electrolytic capacitors General introduction

CALCULATION OF USEFUL LIFE BY MEANS OF

‘LIFE-TIME NOMOGRAMS’

Based on the Arrhenius law and on experience for some
decades, a nomogram is specified in the detail
specification for each range, where the influence of
ambient temperature and ripple current on the expected
useful life is shown. Ripple currents at other frequencies
than specified must be corrected using the frequency
conversion tables in the relevant detail specification.

The ratio of ripple current (IA/IR) is plotted on the vertical
axis and the ambient temperature (Tamb) on the horizontal.

At the intersection of these two operational conditions the
appropriate multiplier (correction factor) for useful life can
be read. The useful life under certain conditions shall be
calculated by multiplying (or dividing respectively) the
specified useful life, with the resultant correction factor.

The useful life determined by this procedure is normally
valid for applications without forced cooling. Under certain
conditions and with additional cooling, the useful life may
be considerably extended.

Fig.14 Typical example of a life-time nomogram: useful life as a function of ambient temperature
and ripple current load.

handbook, full pagewidth
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Tamb ( C)o

MBC579

lifetime multiplier

Axial and radial 85   C - types.
I   = actual ripple current at specified conditions.
I   = rated ripple current, multiplied with the frequency correction
       factor (see relevant tables in the detail specifications). 

A
R

o

70
50

20

6.0
4.0

2.0
1.5

1.0

30

15
10

3.0

IA

RI

Axial and radial 85 °C types.
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1998 Jan 29 35

Philips Components

Electrolytic capacitors General introduction

CALCULATION OF USEFUL LIFE BY MEANS OF

‘LIFE-TIME NOMOGRAMS’

Based on the Arrhenius law and on experience for some
decades, a nomogram is specified in the detail
specification for each range, where the influence of
ambient temperature and ripple current on the expected
useful life is shown. Ripple currents at other frequencies
than specified must be corrected using the frequency
conversion tables in the relevant detail specification.

The ratio of ripple current (IA/IR) is plotted on the vertical
axis and the ambient temperature (Tamb) on the horizontal.

At the intersection of these two operational conditions the
appropriate multiplier (correction factor) for useful life can
be read. The useful life under certain conditions shall be
calculated by multiplying (or dividing respectively) the
specified useful life, with the resultant correction factor.

The useful life determined by this procedure is normally
valid for applications without forced cooling. Under certain
conditions and with additional cooling, the useful life may
be considerably extended.

Fig.14 Typical example of a life-time nomogram: useful life as a function of ambient temperature
and ripple current load.
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MBC579

lifetime multiplier

Axial and radial 85   C - types.
I   = actual ripple current at specified conditions.
I   = rated ripple current, multiplied with the frequency correction
       factor (see relevant tables in the detail specifications). 

A
R

o

70
50

20

6.0
4.0

2.0
1.5

1.0

30

15
10

3.0

IA

RI

Axial and radial 85 °C types.
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Philips Components

Electrolytic capacitors General introduction

Fig.15 Typical example of a life-time nomogram: useful life as a function of ambient temperature
and ripple current load.
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Axial and radial 105   C - types.
I   = actual ripple current at specified conditions.
I   = rated ripple current, multiplied with the frequency correction
       factor (see relevant tables in the detail specifications). 
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Axial and radial 105 °C types.
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Io 2 amp=Io
Pout
Vo

:=The output current is

Pout
20 watt⋅

Eff
:=The output Power is

You should assume 80 to 85% efficiency in your designs.

Eff 100%:=Specify the Assumed Efficiency

TS 50µs=TS
1
FS

:=

FS 20 kHz⋅:=Specify Switching Frequency

Vo 10 volt⋅:=Specify Output Voltage

VD 5 volt⋅:=Specify Input Voltage

µs 10 6− sec⋅≡

Boost Regulator Design - Continuous Mode Operation

ECE 556
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Pulse Engineering PE-51518L 335 µH⋅:=Choose the Inductor

L 156.25µH=For Continuous Mode, We need L greater than 

L
VD Ton⋅

2 Imin⋅

VD
Vo

⋅:=

Imin 0.2 amp=Imin
Io
10

:=

Specify the minimum current we want the supply to operate in the 
continuous mode

Find the range of Inductors that will operate in continuous mode

D 0.5%=D
Ton
TS

:=

Toff 25µs=Ton 25µs=
Ton

Toff

⎛
⎜
⎝

⎞

⎠
Find Ton Toff,( ):=

Ton Toff+ TS=
Ton
TS

Vo VD−

Vo
=

Given

Ton 1 µs⋅:=Toff 1 µs⋅:=

Find ton and toff
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VCR 33.333 mV=VCR Io
Ton
C

⋅:=

Recalculate the ripple due to the cap being discharged

C 1500 µF⋅:=Choose the next size standard cap

C 1 103× µF=C
Io Ton⋅

VCR
:=

VCR 50 mV⋅:=Specify the amount of ripple allowed

Now choose the capacitor based on the ripple voltage due 
to charge being removed from the cap while the switch is 
on and the capacitor is sourcing current to the load.

I2 4.187 amp=I1 3.813 amp=
I1
I2

⎛
⎜
⎝

⎞

⎠
Find I1 I2,( ):=

I2 I1− VD
Ton
L

⋅=
I1 I2+

2
Io

1 D−
=

Given

I2 1 amp⋅:=I1 1 amp⋅:=

Find the Min and max inductor currents
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Irms 2.001 amp=

Irms
1

TS 0 sec⋅

Ton

tIo−( )2⌠
⎮
⌡

d
0 sec⋅

Toff

tIL t( ) Io−( )2⌠
⎮
⌡

d+
⎡⎢
⎢
⎣

⎤⎥
⎥
⎦

⋅:=

IL t( ) I2 m t⋅−:=m
I2 I1−

Toff
:=

Calculate the RMS current using the actual waveform to estimate 
the capacitor lifetime.

ESR 0.017Ω=ESR 80
µs
C

⋅:=

C 4700 µF⋅:=Choose the next size std capacitor

C 3.349 103× µF=C
80 µs⋅
ESR

:=

For all electrolytic caps, assume that ESR*C=80µs

ESR 0.024Ω=ESR
VCR
I2

:=

VCR 100 mV⋅:=Specify the ripple due to the ESR

Assume that the major component of the ripple comes from the 
capacitor ESR

Choose the filter capacitor using ESR Calculations.
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Summary

L 335µH= I2 4.187 amp= I1 3.813 amp=

I1 I2+

2
4 amp=

Ton 25µs= Toff 25µs= D 50 %=

Vo 10 volt=VD 5 volt= Io 2 amp=

C 4700µF= VCR 100 mV= Irms 2.001 amp=

Vo 10 volt=
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5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

1A

1 1Wednesday, December 04, 2002

ECE 250 or ECE 351Marc E. Herniter

Boost Converter - Fixed Pulse Width

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0

00

Vo

Control

0

Vcc

0
0

D4

+
Load

5

IC= 6+

+

C1

2200u

+

-

V2
DC = 5

+

-

V5

PULSE_WIDTH = 26u
PERIOD = 50u
FALL_TIME = 1n
RISE_TIME = 1n

Model = Sx VSWITCH Roff=1e6 Ron=1m Voff=1 Von=4.0

+
-

+

-
Sx

S1

L1

335u
IC = 0
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Date/Time run: 12/04/02 12:24:24
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Boost Converter\bo...

Temperature: 27.0

Date: December 04, 2002 Page 1 Time: 13:09:38

(A) boost converter-SCHEMATIC1-Transient.dat (active)

           Time

0s 20ms 40ms 60ms 80ms 100ms
I(L1)

0A

4A

8A

12A
v(vO)

5V

10V

15V

SEL>>

(82.445m,10.002)
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Date/Time run: 12/04/02 12:24:24
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Boost Converter\bo...

Temperature: 27.0

Date: December 04, 2002 Page 1 Time: 13:12:28

(A) boost converter-SCHEMATIC1-Transient.dat (active)

           Time

80.9000ms 81.0000ms 81.1000ms 81.2000ms 81.3000ms80.8268ms
I(L1)

4.000A

4.400A

3.617A

4.654A

(81.050m,3.9720)

(80.876m,4.3597)

v(vO)

9.95V

10.00V

10.05V

SEL>>
(81.126m,9.984)

(81.000m,10.007)
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Date/Time run: 12/04/02 12:24:24
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Boost Converter\bo...

Temperature: 27.0

Date: December 04, 2002 Page 1 Time: 13:14:35

(A) boost converter-SCHEMATIC1-Transient.dat (active)

           Time

80.9000ms 81.0000ms 81.1000ms 81.2000ms 81.3000ms80.8268ms
I(L1)

3.750A

4.063A

4.375A

(80.876m,4.3597)

v(vO)

9.9375V

9.9688V

10.0000V

10.0313V

V(CONTROL)
0V

2.5V

5.0V

SEL>>
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5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

1A

1 1Wednesday, December 04, 2002

ECE 250 or ECE 351Marc E. Herniter

Boost Converter - Fixed Pulse Width

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0

00

Vo

Control

0

Vcc

0
0

D4

+

Load

{R_val}

IC= 6+

+

C1

2200u

+

-

V2
DC = 5

+

-

V5

PULSE_WIDTH = 26u
PERIOD = 50u
FALL_TIME = 1n
RISE_TIME = 1n

Model = Sx VSWITCH Roff=1e6 Ron=1m Voff=1 Von=4.0

+
-

+

-
Sx

S1

L1

335u
IC = 0

PARAMETERS:
R_val = 5

Page 203 of 662

ECE556 Lecture Notes Page 203 of 662



 

 

Page 204 of 662

ECE556 Lecture Notes Page 204 of 662



Date/Time run: 12/04/02 13:25:32
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Boost Converter\bo...

Temperature: 27.0

Date: December 04, 2002 Page 1 Time: 13:28:31

(A) boost converter-SCHEMATIC1-Transient.dat (active)

           Time

0s 20ms 40ms 60ms 80ms 100ms
I(L1)

-5A

0A

5A

10A

SEL>>

v(vO)
6V

8V

10V

12V
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Date/Time run: 12/04/02 13:25:32
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Boost Converter\bo...

Temperature: 27.0

Date: December 04, 2002 Page 1 Time: 13:30:31

(A) boost converter-SCHEMATIC1-Transient.dat (active)

           Time

85.5200ms 85.5600ms 85.6000ms 85.6400ms 85.6800ms85.4811ms
I(L1)

2.500A

3.750A

1.557A

4.731A
v(vO)

10.000V

10.200V

10.400V

9.832V

10.555V

SEL>>
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5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

1A

1 1Wednesday, December 04, 2002

ECE 250 or ECE 351Marc E. Herniter

Boost Converter - Fixed Pulse Width

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0

00

Vo

Control

0

Vcc

0
0

D4

+

Load

5

IC= 8+

+

C1

2200u

+

-

V2
DC = 5

+

-

V5

PULSE_WIDTH = 26u
PERIOD = 50u
FALL_TIME = 1n
RISE_TIME = 1n

Model = Sx VSWITCH Roff=1e6 Ron=1m Voff=1 Von=4.0

+
-

+

-
Sx

S1

L1

{L_val}
IC = 0

PARAMETERS:
L_val = 300U
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Date/Time run: 12/04/02 14:07:46
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Boost Converter\bo...

Temperature: 27.0

Date: December 04, 2002 Page 1 Time: 14:12:14

(A) boost converter-SCHEMATIC1-Transient.dat (active)

           Time

0s 20ms 40ms 60ms 80ms 100ms
I(L1)

0A

4A

8A

12A
v(vO)

6V

8V

10V

12V

SEL>>
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Date/Time run: 12/04/02 14:07:46
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Boost Converter\bo...

Temperature: 27.0

Date: December 04, 2002 Page 1 Time: 14:13:06

(A) boost converter-SCHEMATIC1-Transient.dat (active)

           Time

75.20ms 75.24ms 75.28ms 75.32ms 75.36ms
I(L1)

4.000A

4.500A

3.458A

4.978A

SEL>>

v(vO)
9.98V

10.00V

10.02V

10.04V
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Io 2 amp=Io
Pout
Vo

:=The output current is

Pout
20 watt⋅

Eff
:=The output Power is

You should assume 80 to 85% efficiency in your designs.

Eff 100%:=Specify the Assumed Efficiency

TS 5µs=TS
1
FS

:=

FS 200 kHz⋅:=Specify Switching Frequency

Vo 10 volt⋅:=Specify Output Voltage

VD 5 volt⋅:=Specify Input Voltage

µs 10 6− sec⋅≡

Boost Regulator Design - Continuous Mode Operation

ECE 556
Page 211 of 662
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herniter
Pencil



Pulse Engineering PE-51518L 33.5 µH⋅:=Choose the Inductor

L 15.625µH=For Continuous Mode, We need L greater than 

L
VD Ton⋅

2 Imin⋅

VD
Vo

⋅:=

Imin 0.2 amp=Imin
Io
10

:=

Specify the minimum current we want the supply to operate in the 
continuous mode

Find the range of Inductors that will operate in continuous mode

D 0.5%=D
Ton
TS

:=

Toff 2.5µs=Ton 2.5µs=
Ton

Toff

⎛
⎜
⎝

⎞

⎠
Find Ton Toff,( ):=

Ton Toff+ TS=
Ton
TS

Vo VD−

Vo
=

Given

Ton 1 µs⋅:=Toff 1 µs⋅:=

Find ton and toff

Page 212 of 662

ECE556 Lecture Notes Page 212 of 662

herniter
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herniter
Text Box
Inductor 10 times smaller than before

herniter
Text Box
Ton 10 times smaller than before



VCR 33.333 mV=VCR Io
Ton
C

⋅:=

Recalculate the ripple due to the cap being discharged

C 150 µF⋅:=Choose the next size standard cap

C 100µF=C
Io Ton⋅

VCR
:=

VCR 50 mV⋅:=Specify the amount of ripple allowed

Now choose the capacitor based on the ripple voltage due 
to charge being removed from the cap while the switch is 
on and the capacitor is sourcing current to the load.

I2 4.187 amp=I1 3.813 amp=
I1
I2

⎛
⎜
⎝

⎞

⎠
Find I1 I2,( ):=

I2 I1− VD
Ton
L

⋅=
I1 I2+

2
Io

1 D−
=

Given

I2 1 amp⋅:=I1 1 amp⋅:=

Find the Min and max inductor currents
Page 213 of 662
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Irms 2.001 amp=

Irms
1

TS 0 sec⋅

Ton

tIo−( )2⌠
⎮
⌡

d
0 sec⋅

Toff

tIL t( ) Io−( )2⌠
⎮
⌡

d+
⎡⎢
⎢
⎣

⎤⎥
⎥
⎦

⋅:=

IL t( ) I2 m t⋅−:=m
I2 I1−

Toff
:=

Calculate the RMS current using the actual waveform to estimate 
the capacitor lifetime.

ESR 0.017Ω=ESR 80
µs
C

⋅:=

C 4700 µF⋅:=Choose the next size std capacitor

C 3.349 103× µF=C
80 µs⋅
ESR

:=

For all electrolytic caps, assume that ESR*C=80µs

ESR 0.024Ω=ESR
VCR
I2

:=

VCR 100 mV⋅:=Specify the ripple due to the ESR

Assume that the major component of the ripple comes from the 
capacitor ESR

Choose the filter capacitor using ESR Calculations.
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Summary

L 33.5µH= I2 4.187 amp= I1 3.813 amp=

I1 I2+

2
4 amp=

Ton 2.5µs= Toff 2.5µs= D 50 %=

VD 5 volt= Vo 10 volt= Io 2 amp=

C 4700µF= VCR 100 mV= Irms 2.001 amp=

Vo 10 volt=
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5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

1A

1 1Wednesday, December 04, 2002

ECE 250 or ECE 351Marc E. Herniter

Boost Converter - Fixed Pulse Width

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0

00

Vo

Control

0

Vcc

0
0

D4

+

Load

5

IC= 8+

+

C1

2200u

+

-

V2
DC = 5

+

-

V5

PULSE_WIDTH = 2.6u
PERIOD = 5.0u
FALL_TIME = 1n
RISE_TIME = 1n

Model = Sx VSWITCH Roff=1e6 Ron=1m Voff=1 Von=4.0

+
-

+

-
Sx

S1

L1

33.5u
IC = 0
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Date/Time run: 12/04/02 14:21:04
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Boost Converter\bo...

Temperature: 27.0

Date: December 04, 2002 Page 1 Time: 14:29:05

(A) boost converter-SCHEMATIC1-Transient.dat (active)

           Time

0s 20ms 40ms 60ms 80ms 100ms
I(L1)

0A

5A

10A

15A

SEL>>

v(vO)
6V

8V

10V

12V
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Date/Time run: 12/04/02 14:21:04
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Boost Converter\bo...

Temperature: 27.0

Date: December 04, 2002 Page 1 Time: 14:30:31

(A) boost converter-SCHEMATIC1-Transient.dat (active)

           Time

48.680ms 48.685ms 48.690ms 48.695ms 48.700ms 48.705ms 48.710ms 48.715ms
I(L1)

4.000A

4.200A

4.400A

3.839A

4.547A
v(vO)

9.99750V

10.00000V

10.00250V

9.99523V

10.00452V

SEL>>
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5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

1A

1 1Wednesday, December 04, 2002

ECE 250 or ECE 351Marc E. Herniter

Boost Converter - Fixed Pulse Width

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0

00

Vo

Control

0

Vcc

0
0

+

ESR
0.017

+

Load

5

IC= 8+

+

C1

2200u

+

R5

0.095

D5

MUR420
+

-

V2
DC = 5

+

-

V5

PULSE_WIDTH = 30u
PERIOD = 50u
FALL_TIME = 1n
RISE_TIME = 1n

Model = Sx VSWITCH Roff=1e6 Ron=10m Voff=1 Von=4.0

+
-

+

-
Sx

S1

L1

335u
IC = 0
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PC500.B (5/02) 36

US 858 674 8100 ••    UK 44 1483 401 700 ••    France 33 3 84 35 04 04 ••    Singapore 65 287 8998 ••    Taiwan 886 2 2698 0228 ••    Hong Kong 852 2788 6588 ••    http://www.pulseeng.com

REFERENCE OPERATING VALUES DESIGN CONTROL VALUES

Part Inductance IDC
ETOP

1 Energy Inductance 50 kHz DCR Size Lead

Number Typical (AMPS) (V-µSec) Storage No DC (µH) Test mV (Ω MAX) Code Diameter
(µH)2 20 kHz 40 kHz (µJ MIN)3 (±20%) No DC5 (in ±.003)

PE-51506 17.0 17.0 190 130 2460 40.0 140 0.0065 3 0.081
PE-51507 32.0 16.0 290 200 4100 70.7 270 0.0092 4 0.081
PE-51508 60.0 16.0 390 270 7700 120.0 470 0.012 5 0.081
PE-51509 14.0 10.0 135 95 700 28.5 73 0.009 1 0.057
PE-51510 23.0 11.0 170 120 1400 43.5 130 0.012 2 0.057
PE-51511 43.0 10.0 280 195 2150 85.5 210 0.018 3 0.057
PE-51512 90.0 10.0 430 300 4500 158.0 420 0.028 4 0.057
PE-51513 144.0 10.0 570 400 7200 262.0 700 0.032 5 0.057
PE-51514 32.0 6.6 200 140 700 60.5 110 0.025 1 0.040
PE-51515 52.0 7.0 230 160 1275 92.0 190 0.032 2 0.040
PE-51516 98.0 6.0 400 280 1765 188.0 310 0.048 3 0.040
PE-51517 175.0 6.0 620 425 3150 315.0 560 0.068 4 0.040
PE-51518 335.0 6.0 840 580 6030 571.0 1000 0.095 5 0.040
PE-51520 400 3.6 600 420 2700 688.0 640 0.130 3 0.036

NOTES:

1. To prevent excessive temperature rise, limit ETOP to the rated ETOP specified.
This is not a saturation limit.  Temperature rise of inductors is 40°C MAX at
MAX current and rated ETOP.

2. A 2:1 nominal inductance swing from no IDC to operating IDC gives improved
protection against current discontinuities at light loading. Inductance increases
with greater ETOP.  Reference values occur at IDC and low flux density.

3. LI2 rating is the ability of the inductor to store energy.
2

4. Design control test voltage is critical.  Inductance increases with voltage.

Mechanicals

1

2

C ± .010

1

PE-515XX
DATE CODE

COUNTRY OF ORIGIN

A MAX

F MIN
D

± .010

H MAX

B MAX

Lead Dia.
(3 PLCs)

E MIN

G MAX

2

3

3 No Internal
Connections

TOROIDAL INDUCTORS
HIGH CURRENT 

Cost-effective designs

Semi-encapsulated construction

Maximum operation temperature of 
130°C (Ambient + Rise)

A 2:1 inductance swing from zero to 
maximum current

Electrical Specifications @ 25°C

Size 1 2 3 4 5Code

A 1.20/30,48 1.44/36,57 1.60/40,64 1.95/49,53 2.30/58,42
B 0.60/15,24 0.80/20,32 0.80/20,32 0.91/23,11 1.11/28,19
C 0.40/10,16 0.60/15,24 0.60/15,24 0.70/17,78 0.90/22,85
D 0.80/20,32 0.90/22,86 0.90/22,86 1.20/30,48 1.50/38,10
E 0.45/11,43 0.70/17,78 0.70/17,78 0.90/22,86 1.00/25,40
F 0.20/5,08 0.20/5,08 0.20/5,08 0.20/5,08 0.20/5,08
G .015/0,381 0.03/0,76 0.03/0,76 0.03/0,76 0.03/0,76
H 1.20/30,48 1.44/36,57 1.72/43,68 2.00/50,80 2.30/58,42 Dimensions: Inches

mm
Unless otherwise specified, all tolerances are ± .010 

0,25
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Date/Time run: 12/04/02 14:38:44
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Boost Converter\bo...

Temperature: 27.0

Date: December 04, 2002 Page 1 Time: 14:42:02

(A) boost converter-SCHEMATIC1-Transient.dat (active)

           Time

0s 20ms 40ms 60ms 80ms 100ms
I(L1)

0A

5A

10A
v(vO)

5V

10V

15V

SEL>>
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Date/Time run: 12/04/02 14:38:44
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Boost Converter\bo...

Temperature: 27.0

Date: December 04, 2002 Page 1 Time: 14:43:07

(A) boost converter-SCHEMATIC1-Transient.dat (active)

           Time

48.1500ms 48.2000ms 48.2500ms 48.3000ms 48.3500ms48.1151ms
I(L1)

4.750A

5.000A

5.250A

5.389A
v(vO)

7.50V

10.00V

5.55V

12.39V

SEL>>
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Date/Time run: 12/04/02 14:38:44
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Boost Converter\bo...

Temperature: 27.0

Date: December 04, 2002 Page 1 Time: 14:43:35

(A) boost converter-SCHEMATIC1-Transient.dat (active)

           Time

48.1500ms 48.2000ms 48.2500ms 48.3000ms48.1178ms
I(L1)

4.750A

5.000A

5.250A

5.389A
v(vO)

10.000V

10.200V

9.783V

10.298V

SEL>>
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V_err

V_ramp

0

0

V_Switch
1k

5

0
1k

5

0+

-

V1
DC = 3

+

-

V1
DC = 3

+

-

V2
FREQUENCY = 20k
AMPLITUDE = 5

+

-

V2
FREQUENCY = 20k
AMPLITUDE = 5
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Date/Time run: 01/08/04 
** Profile: "SCHEMATIC1-Trans"  [ C:\Website\Rose_Classes\ECE556\Notes\Orcad\PWM Waveforms\PWM Waveforms-...

Temperature: 27.0

Date: January 08, 2004 Page 1 Time: 15:28:42

(A) Trans.dat (active)

           Time

0s 50us 100us 150us 200us
V(V_err) V(V_ramp)

0V

2.5V

5.0V
V(V_Switch)

0V

2.5V

5.0V

SEL>>
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Date/Time run: 01/08/04 
** Profile: "SCHEMATIC1-Trans"  [ C:\Website\Rose_Classes\ECE556\Notes\Orcad\PWM Waveforms\PWM Waveforms-...

Temperature: 27.0

Date: January 08, 2004 Page 1 Time: 15:33:01

(A) Trans.dat (active)

           Time

0s 50us 100us 150us 200us
V(V_err)@3 V(V_ramp)@3

0V

2.5V

5.0V

SEL>>

V(V_Switch)@3
0V

2.5V

5.0V
V(V_err)@2 V(V_ramp)@2

0V

2.5V

5.0V
V(V_Switch)@2

0V

2.5V

5.0V
V(V_err)@1 V(V_ramp)@1

0V

2.5V

5.0V
V(V_Switch)@1

0V

2.5V

5.0V
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toff 10µs=ton 40µs=

toff TS ton−:=ton D TS⋅:=D 80 %⋅:=

TS
1

FS
:=FS 20 kHz⋅:=

Specify the frequency and on time

µs 10 6− sec⋅:=

IB 1 A=IA 1− A=

IB I2
I1 I2+( )

2
−:=IA I1

I1 I2+( )
2

−:=

Calculate the capacitor peak current. Assume that all of 
the inductor ripple current flows through capacitor.

I2 6 amp⋅:=I1 4 amp⋅:=

Specify Currents From the Continuous Boost Regulator 
Design

Calculation of Continuous Boost 
Regulator Input Capacitor



Define a time dunction for the capacitor during the on 
time. Assume that at t=0, the current is IA. At t=ton, the 
current is IB.

m1
IB IA−

ton
:=

ICon t( ) IA m1 t⋅+:=

Define a time dunction for the capacitor during the off 
time. Assume that at t=0, the current is IB. At t=toff, the 
current is IA.

m2
IA IB−

toff
:=

ICoff t( ) IB m2 t⋅+:=

Calculate the Capacitor RMS Ripple current

ICrms
1

TS 0 sec⋅

ton
tICon t( )( )2⌠

⎮
⌡

d
0

toff
tICoff t( )( )2⌠

⎮
⌡

d+
⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

⎡
⎢
⎢
⎣

⎤
⎥
⎥
⎦

⋅:=

ICrms 0.577 A=



VCRact 160 mV=VCRact ESR IB IA−( )⋅:=

ESR 0.08Ω=ESR
80 µs⋅

C
:=

Calculate the ripple with the chosen capacitor value using 
the nominal capacitor value.

C 1000 µF⋅:=Choose the next size std capacitor

Cact 1 103× µF=Cact
C

0.8
:=

Assume a capacitor tolerance of -20%, +80%

C 800µF=C
80 µs⋅
ESR

:=

For all electrolytic caps, assume that ESR*C=80µs

ESR 0.1Ω=ESR
VCR

IB IA−
:=

VCR 200 mV⋅:=Specify the ripple due to the ESR

Calculate the capacitor peak-to-peak ripple voltage due to 
ESR.



Note that this is the peak-to-peak ripple due to the cap 
charging and discharging.

VCRact 12.5 mV=VCRact
∆q
C

:=

Calculate the ripple with the chosen capacitor.

C 1000 µF⋅:=Choose the next size std capacitor

Cact 78.125µF=Cact
C

0.8
:=

Assume a capacitor tolerance of -20%, +80%

C 62.5µF=C
∆q

VCR
:=

Calculate the capacitor needed from q=CV.

∆q
TS IB⋅

4
:=

Calculate the amount of charge added to the cap when the 
ripple current is positive. 

VCR 200 mV⋅:=Specify the amount of ripple allowed

Now choose the capacitor based on the ripple 
voltage due to charge being removed from the cap 
while the switch is on and the capacitor is sourcing 
current to the load.



Vy

Vx

0

L1

10m
IC = 0

L1

10m
IC = 0

+

C1
1000u
IC = 0

+

C1
1000u
IC = 0

+

ESR
80m

+

ESR
80m

L2

10uH

L2

10uH

+

-

V1
DC = 12

+

-

V1
DC = 12

I1

FALL_TIME = {(1-d)*50U}
INITIAL_CURRENT = 4
PERIOD = 50U
PULSE_WIDTH = 1f
PULSED_CURRENT = 6
RISE_TIME = {D*50U}

I1

FALL_TIME = {(1-d)*50U}
INITIAL_CURRENT = 4
PERIOD = 50U
PULSE_WIDTH = 1f
PULSED_CURRENT = 6
RISE_TIME = {D*50U}

PARAMETERS:
D = 0.8
PARAMETERS:
D = 0.8



Date/Time run: 01/13/05 
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE556\Homework\Winter04-05\HW4\ece556 hw4-pspi...

Temperature: 27.0

Date: January 13, 2005 Page 1 Time: 15:51:35

(A) Trans.dat (active)

           Time

1.9992000s 1.9994000s 1.9996000s 1.9998000s1.9990128s
V(Vx)

12.0000V
12.0625V

SEL>>

V(Vy)

12.00000V
12.00625V
12.01250V

V(Vx,Vy)
-100mV

0V

100mV
I(C1)

-2.0A

0A

2.0A
I(L1) - I(L2)

4.5A

5.0A

5.5A
I(I1)

4.0A

5.0A

6.0A



Date/Time run: 01/13/05 
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE556\Homework\Winter04-05\HW4\ece556 hw4-pspi...

Temperature: 27.0

Date: January 13, 2005 Page 1 Time: 16:07:18

(A) Trans.dat (active)

           Time

1.999360s 1.999380s 1.999400s 1.999420s 1.999440s 1.999460s1.999346s
V(Vx)

11.9375V
12.0000V
12.0625V

Total Ripple

V(Vy)

12.00000V

12.00625V

12.01250V

Ripple = 12 mV
Charge/Discharge

(1.9995,11.999)

(1.9994,12.011)

V(Vx,Vy)
-100mV

0V

100mV

SEL>>

ESR Ripple = 159.236 mV

(1.9994,80.082m)

(1.9994,-79.154m)

I(C1)
-1.0A

0A

1.0A
Cap Current

(1.9994,1.0010)

(1.9994,-1.0000)

I(L1) - I(L2)
4.0A

5.0A

6.0A
Line Current

(1.9994,5.0010)

I(I1)
4.0A

5.0A

6.0A

Inductpr
Current into Boost
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Ton 1 sec⋅:=Toff 1 sec⋅:=

Find Ton and Toff

Iout 2amp=Iout
Pdesign

Vo
:=

Calculate the output current

Pdesign 20watt=Pdesign
Pout

Eff
:=

Calculated the power for the design

Eff 100 %⋅:=Pout 20 watt⋅:=Specify the Max Output Power and Efficiency

TS 5 10 5−× sec=
TS

1
FS

:=

FS 20 kHz⋅:=Specify Switching Frequency

VD 5 volt⋅:=Specify Input Voltage

Vo 10 volt⋅:=Specify Output Voltage µS 10 6− sec⋅≡

Boost Regulator Design - Discontinuous Mode Operation

EE 456
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Coilcraft PCV-1-103-10
Choose a standard size inductor L 10µH:=

L 9.025µH=L
VD

2 Ton⋅

2 Vo⋅ TS⋅ Iout⋅
Ton Toff+( )⋅:=

FInd the inductor Value

L 11.875µH=For Discontinuous Mode, We need L less than 

L
VD Ton⋅

2 Iout⋅

VD

Vo
⋅:=

Find the range of Inductors that will operate in discontinuous mode

Tdead 12µS=Tdead TS Ton− Toff−:=

Toff 19µS=Ton 19µS=

Ton

Toff









Find Ton Toff,( ):=

Ton Toff+ 0.8 TS⋅=

Ton

Toff

Vo VD−

VD
=
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ESR 9.756 10 3−× Ω=

Calculate the new ESR with the chosen capacitor

ESR
80 10 6−⋅ sec⋅

C
:=

C 8200 µF⋅:=Choose the next size std capacitor

C 7600µF=C
80 10 6−⋅ sec⋅

ESR
:=

For all electrolytic caps, assume that ESR*C=80µs

ESR 0.01053Ω=ESR
VRR

I2( ):=

Specify the ripple due to the ESR VRR 100 mV⋅:=

Assume that the major component of the ripple comes from the capacitor ESR

Choose the filter capacitor.

I2 9.5 amp=I2 VD
Ton

L
⋅:=

FInd the peak current
Page 242 of 662
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Vo 10volt=Cap Voltage = 

Irms 2.866amp=VRR 100mV=C 8.2 103× µF=

Iout 2amp=Vo 10volt=VD 5volt=

Toff 19µS=Ton 19µS=

I2 9.5 amp=L 10µH=

Summary

Irms 2.866amp=

Irms
1

TS 0 sec⋅

Ton Tdead+

tIout
2⌠


⌡

d
0 sec⋅

Toff

tIL t( ) Iout−( )2⌠

⌡

d+










⋅:=

IL t( ) I2 1
t

Toff
−








⋅:=

Calculate the Capacitor RMS Ripple Current
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ECE456Marc E. Herniter

Boost Converter Discontinuous Mode

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Ramp

Error

Control

Vcc

Vo

00
0

0

0

Vo

0

+
-

+

-
Sx

S1

+

C1

8200u

D6

+

-

V6
FREQUENCY = 20k
AMPLITUDE = 5

100

4

0

IC= 5+

+

Load

5

Model = Sx VSWITCH Roff=1e6 Ron=1m Voff=1 Von=4.0

+

-

V2
DC = 5

1meg

5

0
10

L1

10u
IC = 0
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Date/Time run: 12/11/02 12:32:07
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Boost Converter\boost ...

Temperature: 27.0

Date: December 11, 2002 Page 1 Time: 12:32:57

(A) boost converter discontinuous mode-SCHEMATIC1-Trans.dat (active)

           Time

0s 2ms 4ms 6ms 8ms 10ms 12ms 14ms 15ms
V(Vo)

4V

8V

12VO
u
t
p
u
t
 
V
o
l
t
a
g
e

SEL>>

I(L1)
0A

100A

200AI
n
d
u
c
t
o
r
 
C
u
r
r
e
n
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Date/Time run: 12/11/02 12:32:07
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Boost Converter\boost ...

Temperature: 27.0

Date: December 11, 2002 Page 1 Time: 12:33:43

(A) boost converter discontinuous mode-SCHEMATIC1-Trans.dat (active)

           Time

0s 1.0ms 2.0ms 3.0ms 4.0ms 5.0ms
V(Vo)

4V

8V

12VO
u
t
p
u
t
 
V
o
l
t
a
g
e

SEL>>

I(L1)
0A

100A

200AI
n
d
u
c
t
o
r
 
C
u
r
r
e
n
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Date/Time run: 12/11/02 12:32:07
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Boost Converter\boost ...

Temperature: 27.0

Date: December 11, 2002 Page 1 Time: 12:35:22

(A) boost converter discontinuous mode-SCHEMATIC1-Trans.dat (active)

           Time

14.70ms 14.75ms 14.80ms 14.85ms 14.90ms 14.95ms 15.00ms
V(Vo)

9.98000V

9.98500V

9.97409V

9.98986VO
u
t
p
u
t
 
V
o
l
t
a
g
e

SEL>>

I(L1)
0A

4.0A

8.0A

11.0AI
n
d
u
c
t
o
r
 
C
u
r
r
e
n

Page 247 of 662

ECE556 Lecture Notes Page 247 of 662



Date/Time run: 12/11/02 12:32:07
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Boost Converter\boost ...

Temperature: 27.0

Date: December 11, 2002 Page 1 Time: 12:37:15

(A) boost converter discontinuous mode-SCHEMATIC1-Trans.dat (active)

           Time

14.70ms 14.75ms 14.80ms 14.85ms 14.90ms 14.95ms 15.00ms
V(Vo)

9.975V

9.980V

9.985V

O
u
t
p
u
t

I(L1)
0A

5A

10AI
n
d
u
c
t

V(Control)
0V

2.5V

5.0VC
o
n
t
r
o SEL>>

V(RAMP) V(ERROR)
0V

4.0V

8.0V
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Date/Time run: 12/11/02 12:32:07
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Boost Converter\boost ...

Temperature: 27.0

Date: December 11, 2002 Page 1 Time: 12:39:11

(A) boost converter discontinuous mode-SCHEMATIC1-Trans.dat (active)

           Time

14.76000ms 14.78000ms 14.80000ms 14.82000ms 14.84000ms
V(Vo)

9.98000V

9.98500V

9.97409V

9.98986VO
u
t
p
u
t
 
V
o
l
t
a
g
e

SEL>>

(14.837m,9.986)

(14.771m,9.979)

I(L1)
0A

4.00A

8.00A

10.93AI
n
d
u
c
t
o
r
 
C
u
r
r
e
n

(14.800m,35.245m)

(14.791m,115.259m)

(14.771m,10.323)

Page 249 of 662

ECE556 Lecture Notes Page 249 of 662



Page 250 of 662

ECE556 Lecture Notes Page 250 of 662



Page 251 of 662

ECE556 Lecture Notes Page 251 of 662



Page 252 of 662

ECE556 Lecture Notes Page 252 of 662



Page 253 of 662

ECE556 Lecture Notes Page 253 of 662



Page 254 of 662

ECE556 Lecture Notes Page 254 of 662



Page 255 of 662

ECE556 Lecture Notes Page 255 of 662



Page 256 of 662

ECE556 Lecture Notes Page 256 of 662



Page 257 of 662

ECE556 Lecture Notes Page 257 of 662



Page 258 of 662

ECE556 Lecture Notes Page 258 of 662



Page 259 of 662

ECE556 Lecture Notes Page 259 of 662



Page 260 of 662

ECE556 Lecture Notes Page 260 of 662



Io 4.902 amp=Io
Pout

Vo
:=The output current is

Pout
50 watt⋅

Eff
:=The output Power is

Specify the Max output Current

Eff 85%:=Specify the Assumed Efficiency

TS 25 µs=TS
1
FS

:=

FS 40 kHz⋅:=Specify Switching Frequency

Vo 12− volt⋅:=VD 12 volt⋅:=

Specify Output VoltageSpecify Input Voltage

mΩ
Ω

1000
:=µs 10 6− sec⋅:=

Buck-Boost Regulator Design 
Continuous Mode Operation

EE 456
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Find Ton

ton 1 µs⋅:=

Given

Vo− VD
ton

TS ton−








⋅=

ton Find ton( ):=

ton 12.5 µs= toff TS ton−:= toff 12.5 µs=

D
ton

TS
:= D 50 %=

Find the range of Inductors that will operate in continuous mode

Specify the minimum current we want the supply to operate in the 
continuous mode

Imin
Io

10
:=

L
VD ton⋅

2 Imin⋅
1 D−( )⋅:=

For Continuous Mode, We need L greater than L 76.5 µH=

Page 262 of 662
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Pulse 
Engineering 
PE-51512

Choose the Inductor L 90 µH⋅:=

Find the Min and max inductor currents

I1 1 amp⋅:= I2 1 amp⋅:=

Given

I1 I2+

2

Io

1 D−
=

I2 I1− VD
ton

L
⋅=

I1

I2









Find I1 I2,( ):= I1 8.971 amp= I2 10.637 amp=

Inductor Average Current is 
I1 I2+

2
9.804 amp=
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Choose the filter capacitor using the capacitor ESR. Assume that the 
major component of the ripple comes from the capacitor ESR.

Specify the ripple due to the ESR VCR 100 mV⋅:=

ESR
VCR

I2( ):= ESR 9.401 mΩ=

For all electrolytic caps, assume that ESR*C=80ms

C
80 µs⋅
ESR

:= C 8510 µF=

Choose the next size std capacitor C 10000 µF⋅:=

Calculate the Capacitor RMS Ripple Current

IL t( ) I2
I1 I2−( )

toff
t⋅+:=Define a function for the inductor current

Irms
1

TS 0 sec⋅

ton

tIo−( )2⌠

⌡

d
0 sec⋅

toff

tIL t( ) Io−( )2⌠

⌡

d+








⋅:=

Irms 4.914 amp=
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Summary

L 90 µH= I2 10.637 amp=
I2 I2+

2
10.637 amp=

ton 12.5 µs= toff 12.5 µs=

VD 12 volt= Vo 12− volt= Io 4.902 amp=

C 10000 µF= VCR 100 mV= Irms 4.914 amp=
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Error

Ramp

Vo

0

V_mon

0

Control

0

0Vcc

0

0

V_mon

+-

+-

Sx

S1

+
C1

10000U

+

-

V6
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AMPLITUDE = 5

100

4

0

+

Load
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Model = Sx VSWITCH Roff=1e6 Ron=1m Voff=1 Von=4.0

+

-
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5

0
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-
+

+
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Date/Time run: 01/09/03 12:19:55
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 09, 2003 Page 1 Time: 12:26:06

(A) buck-boost continuous mode-SCHEMATIC1-TRans.dat (active)

           Time

0s 5ms 10ms 15ms 20ms 25ms 30ms 35ms 40ms
V(Vo)

-30V

-20V

-10V

0V
I(L1)

-200A

0A

200A

400A

SEL>>
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Date/Time run: 01/09/03 12:19:55
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 09, 2003 Page 1 Time: 12:26:58

(A) buck-boost continuous mode-SCHEMATIC1-TRans.dat (active)

           Time

32.00ms 33.00ms 34.00ms 35.00ms 36.00ms 37.00ms 38.00ms 39.00ms31.01ms
V(Vo)

-13.000V

-12.000V

-11.000V

-13.525V

I(L1)
0A

12.5A

25.0A

37.5A

50.0A

SEL>>
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+
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+
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-
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Date/Time run: 01/09/03 12:28:33
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 09, 2003 Page 1 Time: 12:32:39

(A) buck-boost continuous mode-SCHEMATIC1-TRans.dat (active)

           Time

0s 5ms 10ms 15ms 20ms 25ms 30ms 35ms 40ms
V(Vo)

-20V

-10V

0V

10V
I(L1)

-200A

0A

200A

400A

SEL>>
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Date/Time run: 01/09/03 12:28:33
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 09, 2003 Page 1 Time: 12:33:46

(A) buck-boost continuous mode-SCHEMATIC1-TRans.dat (active)

           Time

37.00ms 37.50ms 38.00ms 38.50ms 39.00ms 39.50ms 40.00ms
V(Vo)

-15.00V

-10.00V

-5.00V

-0.65V

SEL>>

I(L1)
-20A

0A

20A

40A
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Date/Time run: 01/09/03 12:28:33
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 09, 2003 Page 1 Time: 12:35:30

(A) buck-boost continuous mode-SCHEMATIC1-TRans.dat (active)

           Time

38.5ms 38.6ms 38.7ms 38.8ms 38.9ms 39.0ms
V(Vo)

-12.5V

-10.0V

-7.5V

I(L1)
-40A

0A

40A
V(Control)

0V

2.5V

5.0V

SEL>>
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0

+

C2

10u

12

L1

90u
IC = 0

D1

MUR1505

-
+
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-
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Date/Time run: 01/09/03 12:38:16
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 09, 2003 Page 1 Time: 12:40:59

(A) buck-boost continuous mode-SCHEMATIC1-TRans.dat (active)

           Time

0s 5ms 10ms 15ms 20ms 25ms
V(Vo)

-20V

-10V

0V
I(L1)

-100A

0A

100A

200A

SEL>>
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Date/Time run: 01/09/03 12:38:16
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 09, 2003 Page 1 Time: 12:45:59

(A) buck-boost continuous mode-SCHEMATIC1-TRans.dat (active)

           Time

21.500ms 22.000ms 22.500ms 23.000ms 23.500ms 24.000ms21.102ms
-12 V(Vo)

-12.500V

-11.875V

-11.408V
I(L1)

-40A

0A

40A
V(Control)

0V

2.5V

5.0V

SEL>>

Page 277 of 662

ECE556 Lecture Notes Page 277 of 662



Date/Time run: 01/09/03 12:38:16
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 09, 2003 Page 1 Time: 12:47:40

(A) buck-boost continuous mode-SCHEMATIC1-TRans.dat (active)

           Time

22.6ms 22.8ms 23.0ms 23.2ms 23.4ms22.5ms 23.5ms
-12 V(Vo)

-11.875V

-12.757V
SEL>>

I(L1)
-40A

0A

40A
V(Control)

0V

2.5V

5.0V
V(Error)

0V

2.0V

4.0V
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FAX: (253) 369-9536
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-
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0

+

C2

10u

12

L1

90u
IC = 0

D1

MUR1505

-
+
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-
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Date/Time run: 01/09/03 12:48:35
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 09, 2003 Page 1 Time: 12:49:15

(A) buck-boost continuous mode-SCHEMATIC1-TRans.dat (active)

           Time

0s 5ms 10ms 15ms 20ms 25ms 30ms
-12 V(Vo)

-20

-10

0

SEL>>

I(L1)
-200A

0A

200A
V(Control)

0V

2.5V

5.0V
V(Error)

-4.0V

0V

4.0V
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Date/Time run: 01/09/03 12:48:35
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 09, 2003 Page 1 Time: 12:50:15

(A) buck-boost continuous mode-SCHEMATIC1-TRans.dat (active)

           Time

29.500ms 29.600ms 29.700ms 29.800ms 29.900ms 29.966ms
-12 V(Vo)

-11.875

-11.250

-12.837
SEL>>

I(L1)
0A

10A

20A
V(Control)

0V

2.5V

5.0V
V(Error)

-4.0V

0V

4.0V
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Date/Time run: 01/09/03 12:48:35
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 09, 2003 Page 1 Time: 12:52:05

(A) buck-boost continuous mode-SCHEMATIC1-TRans.dat (active)

           Time

29.56ms 29.60ms 29.64ms 29.68ms 29.72ms 29.76ms 29.80ms29.53ms
-12 V(Vo)

-12.000

-11.875

-12.199
SEL>>

I(L1)
0A

10A

20A
V(Control)

0V

2.5V

5.0V
V(Ramp)

0V

2.5V

5.0V
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Date/Time run: 01/09/03 12:48:35
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 09, 2003 Page 1 Time: 12:54:54

(A) buck-boost continuous mode-SCHEMATIC1-TRans.dat (active)

           Time

29.5600ms 29.6000ms 29.6400ms 29.6800ms 29.7200ms 29.7600ms 29.8000ms29.5307ms
V(Vo)

-12.000

-11.800

-12.199
SEL>>

(29.645m,-11.911)

(29.596m,-12.027)

I(L1)

7.50A

10.00A

12.50A

5.29A

(29.675m,5.9759)

(29.595m,11.997)
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Io 4.902 amp=Io
Pout

Vo
:=The output current is

Pout
50 watt⋅

Eff
:=The output Power is

Eff 85%:=Specify the Assumed Efficiency

TS 25 µs=TS
1
FS

:=

FS 40 kHz⋅:=Specify Switching Frequency

Vo 12− volt⋅:=Specify Output Voltage

VD 12 volt⋅:=Specify Input Voltage

µs sec 10 6−⋅:=mΩ Ω 0.001⋅≡ µJ joule 10 6−⋅:=

Buck-Boost Regulator Design 
Discontinuous Mode Operation

EE 456
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L 4.896 µH=L
VD

2 ton
2⋅

2 Vo⋅ Io⋅ TS⋅
:=

Solve for the exact size inductor needed. Use the energy balance 
equation.

L 7.344 µH=For discontinuous Mode, We need L less than 

L
VD ton⋅

2 Io⋅
1 D−( )⋅:=D

ton

TS
:=

Find the range of Inductors that will operate in discontinuous mode

toff 10 µs=ton 10 µs=
ton

toff









Find ton toff,( ):=

ton toff+ 0.8 TS⋅=

ton

toff

Vo

VD
=

Given

ton 1 µs⋅:=toff 1 µs⋅:=

Find Ton and Toff
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I2 20.498 amp=I2
2− Vo⋅ Io⋅ TS⋅

L
:=

Calculate the needed I2 to store the amount of energy needed 
per cycle.

L 7 µH⋅:=

What is the saturation current of this inductor? I don't know. Use 2 
in parallel to get 7 µH. THis will give us a different I2, ton, toff.

Imax 10 amp=Imax
2 Energy_Storage⋅

L
:=

Imax 6.786 amp=Imax
Volt_Sec

L
:=

IDC 10 amp⋅:=

Volt_Sec 95 volt⋅ µs⋅:= Energy_Storage 700 µJ⋅:=

L 14 µH⋅:=PE-51590Some Pulse Engineering Specs

Now that we know the approximate values needed for the inductor, 
choose a standard size inductor and then resolve the problem.

I2 24.51 amp=I2 VD
ton

L
⋅:=

FInd the peak current
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PC500.B (5/02) 36

US 858 674 8100 ••    UK 44 1483 401 700 ••    France 33 3 84 35 04 04 ••    Singapore 65 287 8998 ••    Taiwan 886 2 2698 0228 ••    Hong Kong 852 2788 6588 ••    http://www.pulseeng.com

REFERENCE OPERATING VALUES DESIGN CONTROL VALUES

Part Inductance IDC
ETOP

1 Energy Inductance 50 kHz DCR Size Lead

Number Typical (AMPS) (V-µSec) Storage No DC (µH) Test mV (Ω MAX) Code Diameter
(µH)2 20 kHz 40 kHz (µJ MIN)3 (±20%) No DC5 (in ±.003)

PE-51506 17.0 17.0 190 130 2460 40.0 140 0.0065 3 0.081
PE-51507 32.0 16.0 290 200 4100 70.7 270 0.0092 4 0.081
PE-51508 60.0 16.0 390 270 7700 120.0 470 0.012 5 0.081
PE-51509 14.0 10.0 135 95 700 28.5 73 0.009 1 0.057
PE-51510 23.0 11.0 170 120 1400 43.5 130 0.012 2 0.057
PE-51511 43.0 10.0 280 195 2150 85.5 210 0.018 3 0.057
PE-51512 90.0 10.0 430 300 4500 158.0 420 0.028 4 0.057
PE-51513 144.0 10.0 570 400 7200 262.0 700 0.032 5 0.057
PE-51514 32.0 6.6 200 140 700 60.5 110 0.025 1 0.040
PE-51515 52.0 7.0 230 160 1275 92.0 190 0.032 2 0.040
PE-51516 98.0 6.0 400 280 1765 188.0 310 0.048 3 0.040
PE-51517 175.0 6.0 620 425 3150 315.0 560 0.068 4 0.040
PE-51518 335.0 6.0 840 580 6030 571.0 1000 0.095 5 0.040
PE-51520 400 3.6 600 420 2700 688.0 640 0.130 3 0.036

NOTES:

1. To prevent excessive temperature rise, limit ETOP to the rated ETOP specified.
This is not a saturation limit.  Temperature rise of inductors is 40°C MAX at
MAX current and rated ETOP.

2. A 2:1 nominal inductance swing from no IDC to operating IDC gives improved
protection against current discontinuities at light loading. Inductance increases
with greater ETOP.  Reference values occur at IDC and low flux density.

3. LI2 rating is the ability of the inductor to store energy.
2

4. Design control test voltage is critical.  Inductance increases with voltage.

Mechanicals

1

2

C ± .010

1

PE-515XX
DATE CODE

COUNTRY OF ORIGIN

A MAX

F MIN
D

± .010

H MAX

B MAX

Lead Dia.
(3 PLCs)

E MIN

G MAX

2

3

3 No Internal
Connections

TOROIDAL INDUCTORS
HIGH CURRENT 

Cost-effective designs

Semi-encapsulated construction

Maximum operation temperature of 
130°C (Ambient + Rise)

A 2:1 inductance swing from zero to 
maximum current

Electrical Specifications @ 25°C

Size 1 2 3 4 5Code

A 1.20/30,48 1.44/36,57 1.60/40,64 1.95/49,53 2.30/58,42
B 0.60/15,24 0.80/20,32 0.80/20,32 0.91/23,11 1.11/28,19
C 0.40/10,16 0.60/15,24 0.60/15,24 0.70/17,78 0.90/22,85
D 0.80/20,32 0.90/22,86 0.90/22,86 1.20/30,48 1.50/38,10
E 0.45/11,43 0.70/17,78 0.70/17,78 0.90/22,86 1.00/25,40
F 0.20/5,08 0.20/5,08 0.20/5,08 0.20/5,08 0.20/5,08
G .015/0,381 0.03/0,76 0.03/0,76 0.03/0,76 0.03/0,76
H 1.20/30,48 1.44/36,57 1.72/43,68 2.00/50,80 2.30/58,42 Dimensions: Inches

mm
Unless otherwise specified, all tolerances are ± .010 

0,25

Page 293 of 662

ECE556 Lecture Notes Page 293 of 662

Marc E Herniter




Now calculate the value of ton and toff to get that peak current.

ton
I2 L⋅

VD
:= ton 11.957 µs=

toff
I2 L⋅

Vo−
:= toff 11.957 µs=

If ton + toff > TS then the inductor is too big and the regulator will 
operate in the continuous mode.

ton toff+

TS
0.957=

Calculate the dead time

td TS ton− toff−:= td 1.086 µs=

This dead time is too small. Try another inductor.
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Io 4.902 amp=Io
Pout

Vo
:=The output current is

Pout
50 watt⋅

Eff
:=The output Power is

Eff 85%:=Specify the Assumed Efficiency

TS 25 µs=TS
1
FS

:=

FS 40 kHz⋅:=Specify Switching Frequency

Vo 12− volt⋅:=Specify Output Voltage

VD 12 volt⋅:=Specify Input Voltage

µs sec 10 6−⋅:=mΩ Ω 0.001⋅≡ µJ joule 10 6−⋅:=

Buck-Boost Regulator Design 
Discontinuous Mode Operation

EE 456
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L 4.896 µH=L
VD

2 ton
2⋅

2 Vo⋅ Io⋅ TS⋅
:=

Solve for the exact size inductor needed. Use the energy balance 
equation.

L 7.344 µH=For discontinuous Mode, We need L less than 

L
VD ton⋅

2 Io⋅
1 D−( )⋅:=D

ton

TS
:=

Find the range of Inductors that will operate in discontinuous mode

toff 10 µs=ton 10 µs=
ton

toff









Find ton toff,( ):=

ton toff+ 0.8 TS⋅=

ton

toff

Vo

VD
=

Given

ton 1 µs⋅:=toff 1 µs⋅:=

Find Ton and Toff
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L 5 µH⋅:=

Use two of the coilcraft Parts in parallel.

ISAT 20 amp⋅:=

L 10 µH⋅:=Coil Craft Inductor PCV-0-103-20

What is the saturation current of this inductor? I don't know. Use 4 
in parallel to get 5.5 µH. THis will give us a different I2, ton, toff.

Imax 5 amp=Imax
2 Energy_Storage⋅

L
:=

Imax 2 amp=Imax
Volt_Sec

L
:=

IDC 5 amp⋅:=

Volt_Sec 44 volt⋅ µs⋅:= Energy_Storage 275 µJ⋅:=

L 22 µH⋅:=PE-51590Some Pulse Engineering Specs

Now that we know the approximate values needed for the inductor, 
choose a standard size inductor and then resolve the problem.

I2 24.51 amp=I2 VD
ton

L
⋅:=

FInd the peak current
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PC503.A (11/96)

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA  92128 • TEL 619-674-8100 • FAX 619-674-8262 • http://www.pulseeng.com

4

Electrical Specifications @ 25°C — Operating Temperature -30°C to 130°C

Available in vertical, low profile and
Klipmount™

SMPS averaging filter

Characterized for general purpose use 
and ripple filters

Single-layer designs

Can be used as differential mode inductors in
EMI filters3

LOW COST INDUCTORS
Electrical Information

REFERENCE OPERATING VALUES DESIGN CONTROL VALUES

Vertical Low Profile Inductance Energy Inductance 20 KHz Coil Klip Lead
Part Part Typical IDC ETOP Storage No DC (µHy) Test mV DCR Size Mount Diameter

Number Number (µH)1
(AMPS) (V-µSec)

(µJ)4 ±20% No DC2 (Ω MAX)6 Code Package* (In) ±.003
PE-51591 PE-92421 20 2.0 52 40 32.8 33 .060 H — .020
PE-92100 — 25 2.6 30 85 20.7 22 .043 A KM1 .020
PE-92101 PE-92401 50 2.6 50 169 45.7 45 .071 B KM2 .020
PE-92102 PE-92402 100 2.6 90 338 94.1 90 .100 C KM3 .020
PE-92103 — 35 2.6 55 118 28.4 36 .037 B KM2 .025
PE-92104 PE-92404 70 3.0 85 315 61.0 73 .052 C KM3 .025
PE-92105 PE-92405 145 3.0 140 653 141.8 140 .087 D KM4 .025
PE-92106 — 285 3.0 300 1283 264.1 340 .140 E KM5 .025
PE-92107 — 450 3.0 425 2025 436.3 500 .200 F — .025
PE-92108 PE-92408 100 3.6 130 648 90.7 110 .045 D KM4 .032
PE-92109 — 165 4.0 240 1320 152.0 260 .070 E KM5 .032
PE-92110 — 270 4.0 350 2160 263.9 400 .100 F — .032
PE-92111 — 40 4.0 70 320 37.9 57 .027 C KM3 .032
PE-51590 PE-92420 22 5.0 44 275 20.3 37 .020 G — .032
PE-92112 PE-92412 100 5.0 200 1250 90.7 180 .034 E KM5 .042
PE-92113 — 170 5.0 300 2125 159.7 310 .050 F — .042
PE-92114 PE-92414 55 5.0 100 688 54.9 88 .023 D KM4 .042
PE-92115 — 95 7.0 225 2328 96.0 200 .025 F — .051
PE-92116 PE-92416 55 7.0 150 1348 49.1 100 .017 E KM5 .051
PE-92117 — 55 10.0 175 2750 55.9 120 .013 F — .064

*Parts available with KlipMount option can be ordered by adding a "K" suffix to the part number (i.e. PE-92100K).

Inductance vs. DC Current
(at reference ET)
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Max. Operating ET vs. Frequency
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Document 135-2

PCV-0Series – Continued
Part

Number
Inductance 1

(eH)
2Isat2

(Amps)
3Irms 3

(Amps)
DCR

Max (q)
A

Max
B

Max
C

± .015/0,38
D

± .004/0,10

PCV-0-103-20 10 ±10% 20 20 .006 .75/19,1 1.8/45,7 .60/15,2 .075/1,91
PCV-0-153-03 15 3 3 .025 .50/12,7 1.0/25,4 .42/10,7 .035/0,89
PCV-0-153-10 15 10 10 .020 .52/13,2 1.0/25,4 .42/10,7 .054/1,37
PCV-0-223-03 22 3 3 .035 .50/12,7 1.0/25,4 .42/10,7 .035/0,89
PCV-0-223-05 22 5 5 .023 .50/12,7 1.0/25,4 .42/10,7 .042/1,07

PCV-0-223-10 22 10 10 .015 .66/16,8 1.3/33,0 .42/10,7 .060/1,52
PCV-0-273-05 27 5 5 .024 .50/12,7 1.0/25,4 .49/12,5 .042/1,07
PCV-0-333-12 33 12 12 .017 .70/17,8 1.3/33,0 .55/14,0 .060/1,52
PCV-0-473-03 47 3 3 .050 .55/14,0 1.0/25,4 .42/10,7 .035/0,89
PCV-0-473-05 47 5 5 .035 .65/16,5 1.1/28,0 .70/17,8 .042/1,07

PCV-0-473-10 47 10 10 .022 .85/21,6 1.3/33,0 .70/17,8 .060/1,52
PCV-0-823-03 82 3 3 .110 .50/12,7 .65/16,5 .375/9,5 .028/0,71
PCV-0-104-01 100 1 1 .190 .40/10,2 .90/22,9 .30/7,6 .020/0,51
PCV-0-104-03 100 3 3 .072 .55/14,0 1.2/30,5 .70/17,8 .035/0,89
PCV-0-104-05 100 5 5 .055 .65/16,5 1.3/33,0 .70/17,8 .042/1,07

PCV-0-154-03 150 3 3 .140 .60/15,2 1.2/30,5 .43/10,9 .028/0,71
PCV-0-154-05 150 5 5 .065 .65/16,5 1.3/33,0 .70/17,8 .042/1,07
PCV-0-184-05 180 5 5 .110 .60/15,2 1.2/30,5 .43/10,9 .035/0,89
PCV-0-224-03 220 3 3 .210 .55/14,0 1.2/30,5 .42/10,7 .025/0,64
PCV-0-274-04 270 4 4 .250 .95/24,0 .72/18,3 .71/18,0 .030/0,76

PCV-0-274-10 270 10 10 .160 1.1/28,0 1.0/25,4 .72/18,3 .038/0,97
PCV-0-394-03 390 3 3 .250 1.1/28,0 1.0/25,4 .72/18,3 .035/0,89
PCV-0-394-05 390 5 5 .190 1.1/28,0 1.0/25,4 .72/18,3 .038/0,97

PCV-1Series
Part

Number
Inductance 1

(eH)
2Isat2

(Amps)
3Irms 3

(Amps)
DCR

Max (q)
A

Max
B

Max
C

± .015/0,38
D

± .004/0,10

PCV-1-152-15 1.5 ±15% 15 15 .003 .65/16,5 .90/22,9 .42/10,7 .068/1,73
PCV-1-182-10 1.8 10 10 .006 .65/16,5 1.1/27,9 .42/10,7 .054/1,37
PCV-1-182-15 1.8 15 15 .003 .65/16,5 1.1/27,9 .42/10,7 .068/1,73
PCV-1-472-03 4.7 3 3 .021 .62/15,7 .85/21,6 .42/10,7 .035/0,89
PCV-1-472-05 4.7 5 5 .012 .62/15,7 .85/21,6 .42/10,7 .042/1,07

PCV-1-472-10 4.7 10 10 .012 .62/15,7 1.1/27,9 .42/10,7 .054/1,37
PCV-1-103-03 10 ±10% 3 3 .026 .63/16,0 .85/21,6 .42/10,7 .035/0,89
PCV-1-103-05 10 5 5 .020 .62/15,7 .85/21,6 .42/10,7 .042/1,07
PCV-1-103-10 10 10 10 .013 .63/16,0 1.1/27,9 .42/10,7 .054/1,37
PCV-1-153-10 15 10 10 .020 .70/17,8 1.4/35,6 .42/10,7 .060/1,52

PCV-1-223-03 22 3 3 .035 .62/15,7 1.1/27,9 .42/10,7 .035/0,89
PCV-1-223-05 22 5 5 .023 .62/15,7 1.1/27,9 .42/10,7 .042/1,07
PCV-1-223-10 22 10 10 .018 .70/17,8 1.4/35,6 .42/10,7 .060/1,52
PCV-1-473-03 47 3 3 .050 .65/16,5 1.1/27,9 .42/10,7 .035/0,89
PCV-1-473-05 47 5 5 .033 .90/22,9 1.2/30,5 .70/17,8 .042/1,07

PCV-1-473-10 47 10 10 .022 .90/22,9 1.4/35,6 .70/17,8 .060/1,52
PCV-1-104-03 100 3 3 .072 .90/22,9 1.3/33,1 .70/17,8 .035/0,89
PCV-1-104-05 100 5 5 .055 .90/22,9 1.4/35,6 .70/17,8 .042/1,07
PCV-1-184-03 180 3 3 .150 .63/16,0 1.2/30,5 .42/10,7 .028/0,71
PCV-1-304-05 300 5 5 .160 1.1/27,9 1.0/25,4 .70/17,8 .038/0,97

PCV-1-394-05 390 5 5 .190 1.1/27,9 1.0/25,4 .70/17,8 .038/0,97

Specifications subject to change without notice. Document 135-2 Revised 7/31/00

1 Tested at 15.75 kHz, .1 Vrms, with DC bias applied up to the rated current.
2 Inductance drop = 10% typ. at Isat.
3 ∆T = 40°C rise typ. at Irms (85°C ambient).
Parts in bold type are included in Coilcraft Designer’s Kit No. P205.
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Calculate the needed I2 to store the amount of energy needed 
per cycle.

I2
2− Vo⋅ Io⋅ TS⋅

L
:= I2 24.254 amp=

Now calculate the value of ton and toff to get that peak current.

ton
I2 L⋅

VD
:= ton 10.106 µs=

toff
I2 L⋅

Vo−
:= toff 10.106 µs=

If ton + toff > TS then the inductor is too big and the regulator will 
operate in the continuous mode.

ton toff+

TS
0.808=

Calculate the dead time

td TS ton− toff−:= td 4.789 µs=

This dead time is OK.
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Choose the filter capacitor using the capacitor ESR.

Specify the ripple due to the ESR VCR 100 mV⋅:=

ESR
VCR

I2( ):= ESR 4.123 mΩ=

For all electrolytic caps, assume that ESR*C=80ms

C
80 µs⋅
ESR

:= C 19403 µF=

Choose the next size std capacitor C 22000 µF⋅:=

Calculate the Capacitor RMS Ripple Current

IL t( ) I2
I2( )

toff
t⋅−:=Define a function for the inductor current

Irms
1

TS 0 sec⋅

ton td+

tIo−( )2⌠

⌡

d
0 sec⋅

toff

tIL t( ) Io−( )2⌠

⌡

d+








⋅:=

Irms 7.432 amp=
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Summary

L 5 µH= I2 24.254 amp=

ton 10.106 µs= toff 10.106 µs=

VD 12 volt= Vo 12− volt= Io 4.902 amp=

C 22000 µF= VCR 100 mV=

Irms 7.432 amp=
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1 1Monday, January 13, 2003

ECE456Marc E. Herniter

12V to -25 Volt Buck-Boost Discontinuous Mode

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Error

Ramp

Vo

0

V_mon

0

Control

0

0Vcc

0

0

V_mon

+-

+-

Sx

S1

+

C1

22000U

+

-

V6
FREQUENCY = 40k
AMPLITUDE = 5

100

4

-1

+

Load

2.45

Model = Sx VSWITCH Roff=1e6 Ron=1m Voff=1 Von=4.0

+

-

V2
DC = 12

1meg

5

0
12

L1

5u
IC = 0

D1

MUR1505

IC= 0+

-
+

+
-

E1

GAIN = -1
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Date/Time run: 01/13/03 12:05:33
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 13, 2003 Page 1 Time: 12:06:48

(A) Buck-Boost Converter Discontinuous Mode-schematic1-trans.dat (active)

           Time

0s 5ms 10ms 15ms 20ms 25ms 30ms 35ms 40ms
V(Vo)

-20V

-10V

0V

SEL>>

(31.652m,-11.981)

I(L1)
-1.0KA

0A

1.0KA

2.0KA
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Date/Time run: 01/13/03 12:05:33
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 13, 2003 Page 1 Time: 12:08:29

(A) Buck-Boost Converter Discontinuous Mode-schematic1-trans.dat (active)

           Time

39.35000ms 39.40000ms 39.45000ms39.32101ms 39.48686ms
V(Vo)

-11.98250V

-11.98000V

-11.97750V

-11.98481V

I(L1)

0A

10.0A

20.0A

29.7A

SEL>>

(39.386m,25.096)
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Date/Time run: 01/13/03 12:05:33
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 13, 2003 Page 1 Time: 12:09:32

(A) Buck-Boost Converter Discontinuous Mode-schematic1-trans.dat (active)

           Time

38.0ms 38.2ms 38.4ms 38.6ms 38.8ms 39.0ms 39.2ms 39.4ms
V(Vo)

-12.5V

-12.0V

-11.5V

SEL>>

I(L1)

0A

10.0A

20.0A

29.7A
(39.386m,25.0
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5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

1A

1 1Monday, January 13, 2003

ECE456Marc E. Herniter

12V to -25 Volt Buck-Boost Discontinuous Mode

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Error

Ramp

Vo

0

V_mon

0

Control

0

0Vcc

0

0

V_mon

+-

+-

Sx

S1

+

C1

22000U

+

Rs

3m

+

-

V6
FREQUENCY = 40k
AMPLITUDE = 5

100

4

-1

+

Load

2.45

Model = Sx VSWITCH Roff=1e6 Ron=1m Voff=1 Von=4.0

+

-

V2
DC = 12

1meg

5

0
12

L1

5u
IC = 0

+
ESR

4m

D1

MUR1505

IC= 0+

-
+

+
-

E1

GAIN = -1
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Date/Time run: 01/13/03 12:13:04
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 13, 2003 Page 1 Time: 12:14:17

(A) Buck-Boost Converter Discontinuous Mode-schematic1-trans.dat (active)

           Time

0s 2ms 4ms 6ms 8ms 10ms
V(Vo)

-20V

-10V

0V

10V
I(L1)

-0.5KA

0A

0.5KA

1.0KA

SEL>>
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Date/Time run: 01/13/03 12:13:04
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Buck-Boost Converter\b...

Temperature: 27.0

Date: January 13, 2003 Page 1 Time: 12:16:32

(A) Buck-Boost Converter Discontinuous Mode-schematic1-trans.dat (active)

           Time

9.65000ms 9.70000ms 9.75000ms9.61074ms 9.78070ms
V(Vo)

-12.1000V

-12.0000V

-11.9282V

SEL>>
(9.662m,-12.078)

(9.660m,-11.979)

I(L1)

0A

10A

20A

30A
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Inverting Charge Pump
µs 10 6− sec⋅≡

Specify the driver specifications

ISink 400 mA⋅:= ISource 400 mA⋅:=

Specify Vcc and the output voltage

VCC 12 volt⋅:= Vo VCC 3 volt⋅−:=

Specify the ripple output voltage

Vripple 100 mV⋅:=

Specify the switching frequency FS 20 kHz⋅:=

TS
1

FS
:= TS 50 µs=
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Calculate the high and low times

tH 1 µs⋅:= tL 1 µs⋅:=

Given

tH
tL

ISink
ISource

= tH tL+ TS=

tL

tH







find tL tH,( ):= tL 25 µs= tH 25 µs=

Calculate the Maximum possible output current

Io_max ISource
tH
TS

⋅ 90⋅ %⋅:=

Calculate C1

C1
Io_max tH⋅

Vripple
:= C1 45 µF=

Choose the next largest standard value for C1

C1 50 µF⋅:=
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Vγ 1 volt⋅:=Specify the standard Diode drop

Calculate C2

C2
ISource tH⋅

VCC Vo− 2 Vγ⋅−
:=

C2 10 µF=

Choose the next largest standard value.

C2 10 µF⋅:=

Calculate the ripple across C1

∆VC1
Io_max tH⋅

C1
:= ∆VC1 90 mV=

Calculate the ripple across C2

∆VC2
ISource tH⋅

C2
:= ∆VC2 1 V=
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5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

0 to 12 V pulse
supply with
400 mA source/Sink
limitation

1A

1 1Tuesday, January 14, 2003

ECE456Marc E. Herniter

Inverting Charge Pump

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0 00

0 0
0

VoVin

+

C2

10u

Dbreak

D2

Dbreak
D4

I1

+

C1

50u

+

-

V1
DC = 0.7

PARAMETERS:
R_Load = 50

+

-

V2
DC = 11.3

+

R

{R_Load}

Dbreak

D1

Dbreak

D3 IC= 0+
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Date/Time run: 01/14/03 12:32:59
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Inverting Charge Pump\...

Temperature: 27.0

Date: January 14, 2003 Page 1 Time: 12:34:09

(B) inverting charge pump-SCHEMATIC1-Trans.dat (active)

           Time

0s 2ms 4ms 6ms 8ms 10ms 12ms 14ms 15ms
V(Vo)

-10V

-8V

-6V

-4V

-2V

0V

(14.121m,-9.559)
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Date/Time run: 01/14/03 12:32:59
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Inverting Charge Pump\...

Temperature: 27.0

Date: January 14, 2003 Page 1 Time: 12:35:02

(B) inverting charge pump-SCHEMATIC1-Trans.dat (active)

           Time

14.60ms 14.62ms 14.64ms 14.66ms 14.68ms 14.70ms 14.72ms
V(Vo)

-9.7000V

-9.6000V

-9.5000V

-9.4000V

-9.7654V

-9.3255V

(14.650m,-9.640)

(14.625m,-9.544)
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96 mV of ripple at Vo. Designed for 100 mV.



Date/Time run: 01/14/03 12:32:59
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Inverting Charge Pump\...

Temperature: 27.0

Date: January 14, 2003 Page 1 Time: 12:35:56

(C) inverting charge pump-SCHEMATIC1-Trans.dat (active)

           Time

0s 2ms 4ms 6ms 8ms 10ms 12ms 14ms 16ms
V(Vin,D4:1)

-4V

0V

4V

8V

12V

Voltage Across C2
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Date/Time run: 01/14/03 12:32:59
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Inverting Charge Pump\...

Temperature: 27.0

Date: January 14, 2003 Page 1 Time: 12:36:50

(C) inverting charge pump-SCHEMATIC1-Trans.dat (active)

           Time

14.3400ms 14.3600ms 14.3800ms 14.4000ms 14.4200ms 14.4400ms 14.4600ms 14.4800ms14.3214ms
V(Vin,D4:1)

10.000V

10.400V

10.800V

11.200V

11.600V

9.842V

(14.400m,10.340)

(14.375m,11.299)
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Date/Time run: 01/14/03 12:38:00
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Inverting Charge Pump\...

Temperature: 27.0

Date: January 14, 2003 Page 1 Time: 12:39:56

(A) inverting charge pump-SCHEMATIC1-Trans.dat (active)

           Time

0s 2ms 4ms 6ms 8ms 10ms 12ms 14ms 16ms
V(Vo)

-12V

-10V

-8V

-6V

-4V

-2V

-0V

RL=1000

RL=500 RL=100

RL=50
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Voltage Doubling Charge Pump

µs 10 6− sec⋅≡

Specify the driver specifications

ISink 200 mA⋅:= ISource 200 mA⋅:=

Specify Vcc and the output voltage

VCC 15 volt⋅:= Vo 24 volt⋅:=

Specify the ripple output voltage

Vripple 240 mV⋅:=

Specify the switching frequency FS 20 kHz⋅:=

TS
1

FS
:= TS 50 µs=
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Calculate the high and low times

tH 1 µs⋅:= tL 1 µs⋅:=

Given

tH
tL

ISink
ISource

= tH tL+ TS=

tL

tH







find tL tH,( ):= tL 25 µs= tH 25 µs=

Calculate the Maximum possible output current

Io_max ISource
tH
TS

⋅ 90⋅ %⋅:=

Calculate C1

C1
Io_max tL⋅

Vripple
:= C1 9.375 µF=

Choose the next largest standard value for C1

C1 10 µF⋅:=
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Vγ 1 volt⋅:=Specify the standard Diode drop

Calculate C2

C2
ISink tL⋅

2VCC Vo− 2 Vγ⋅−
:=

C2 1.25 µF=

Choose the next largest standard value.

C2 2 µF⋅:=

Calculate the ripple across C1

∆VC1
Io_max tH⋅

C1
:= ∆VC1 225 mV=

Calculate the ripple across C2

∆VC2
ISource tH⋅

C2
:= ∆VC2 2.5 V=
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4
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3
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2

1

1

D D

C C

B B

A A

0 to 15 V pulse
supply with
200 mA source/Sink
limitation

1A

1 1Thursday, January 16, 2003

ECE456Marc E. Herniter

Voltage Doubling Charge Pump

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0 00

0
0

VoVin
0

+

C2

1U

Dbreak

D2

Dbreak
D4

I1+

-

V1
DC = 0.7

+
C1

10U

PARAMETERS:
R_Load = 240

+

-

V2
DC = 14.3

+

-

V3
DC = 15

+

R

{R_Load}

Dbreak

D1

Dbreak

D3 IC= 0+
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Date/Time run: 01/16/03 12:50:25
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Voltage Doubling Charg...

Temperature: 27.0

Date: January 16, 2003 Page 1 Time: 12:50:58

(A) Voltage Doubling Charge Pump-schematic1-trans.dat (active)

           Time

0s 5ms 10ms 15ms 20ms
V(Vo)

0V

4V

8V

12V

16V

20V

24V

(15.867m,23.655)
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5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

0 to 15 V pulse
supply with
200 mA source/Sink
limitation

Changed C2 to 2UF to see if we are limited by the charge
transfer to C2 from VCC.

1A

1 1Thursday, January 16, 2003

ECE456Marc E. Herniter

Voltage Doubling Charge Pump

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0 00

0
0

VoVin
0

+

C2

2U

Dbreak

D2

Dbreak
D4

I1+

-

V1
DC = 0.7

+

C1

10U

PARAMETERS:
R_Load = 240

+

-

V2
DC = 14.3

+

-

V3
DC = 15

+

R

{R_Load}

Dbreak

D1

Dbreak

D3 IC= 0+
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Date/Time run: 01/16/03 12:52:54
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Voltage Doubling Charg...

Temperature: 27.0

Date: January 16, 2003 Page 1 Time: 12:53:58

(A) Voltage Doubling Charge Pump-schematic1-trans.dat (active)

           Time

0s 5ms 10ms 15ms 20ms
V(Vo)

0V

4V

8V

12V

16V

20V

24V

(19.909m,23.951)
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Date/Time run: 01/16/03 12:52:54
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Voltage Doubling Charg...

Temperature: 27.0

Date: January 16, 2003 Page 1 Time: 12:55:54

(A) Voltage Doubling Charge Pump-schematic1-trans.dat (active)

           Time

19.0ms 19.2ms 19.4ms 19.6ms 19.8ms 20.0ms
V(Vo)

23.8V

23.9V

24.0V

24.1V

24.2V

(19.475m,24.109)

(19.450m,23.859)
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Date/Time run: 01/16/03 12:57:36
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Voltage Doubling Charg...

Temperature: 27.0

Date: January 18, 2003 Page 1 Time: 15:07:35

(A) Voltage Doubling Charge Pump-schematic1-trans.dat (active)

           Time

19.2800ms 19.3200ms 19.3600ms 19.4000ms 19.4400ms 19.4800ms 19.5200ms19.2444ms
V(C2:2,Vin)

10.00V

11.00V

12.00V

9.37V

12.83V

(19.350m,12.441)

(19.325m,9.941)
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C C

B B

A A

0 to 15 V pulse
supply with
200 mA source/Sink
limitation

Changed C2 to 2UF to see if we are limited by the charge
transfer to C2 from VCC.

1A

1 1Thursday, January 16, 2003

ECE456Marc E. Herniter

Voltage Doubling Charge Pump

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0 00

0
0

VoVin
0

+

C2

2U

Dbreak

D2

Dbreak
D4

I1+

-

V1
DC = 0.7

+

C1

10U

PARAMETERS:
R_Load = 240

+

-

V2
DC = 14.3

+

-

V3
DC = 15

+

R

{R_Load}

Dbreak

D1

Dbreak

D3 IC= 0+
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Date/Time run: 01/16/03 12:57:36
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Voltage Doubling Charg...

Temperature: 27.0

Date: January 16, 2003 Page 1 Time: 12:59:35

(A) Voltage Doubling Charge Pump-schematic1-trans.dat (active)

           Time

0s 5ms 10ms 15ms 20ms
V(Vo)

0V

5V

10V

15V

20V

25V

30V

R_Load = 1 MOhm = No Load

R_Load = 480 Ohms

R_Load = 240 Ohms
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TS 50 µs=TS
1
FS

:=

FS 20 kHz⋅:=Specify Switching Frequency

IP 20 amp⋅:=Specify the peak switch current

Pin 62.5 watt=Pin
Pout

Eff
:=

Calculate the required input power

Eff 80 %⋅:=Specify the regulator efficiency

Io 0.1amp=Io
Pout

Vo
:=Output Current

Pout 50 watt⋅:=Specify the output power

Vo 500 volt⋅:=Specify Output Voltage

VDC 12 volt⋅:=Specify Input Voltage

µs 10 6− sec⋅≡

Discontinuous Mode Operation
Flyback Switching Power Supply Design

ECE 456
Page 374 of 662
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toff 13.958µs=toff TS ton− tdead−:=

Calculate Toff max

If ton is too big, we need to specify a new value for the peak
primary current IP.

TS 50µs=

Note that ton must be less than the switching period, TS

ton 26.042µs=ton
IP LP⋅

VDC
:=

Given the peak current, and max and min input voltages, find ton.

LP 15.625µH=LP Find LP( ):=

Pin 0.5 LP⋅ IP
2⋅ FS⋅=

Given

LP 100 µH⋅:=

Given the peak current, and required input power, find the
primary inductance.

tdead 10µs=tdead 0.2 TS⋅:=Specify the dead time



Choose the secondary inductance to use the full off time to 
discharge the core.

LS LP
toff Vo⋅

ton VDC⋅








2

⋅:= LS 7.793 mH=

Calculate the peak current at the output

N
LS

LP
:= N 22.333=

IS
LP

LS
IP⋅:= IS 0.896 amp=

Check the output Power

0.5 LS⋅ IS
2⋅ FS⋅ 62.5 watt=

Calculate the minimum voltage we will need for our snubber TVS.

Vsnub
LP

LS
Vo⋅:= Vsnub 22.388 volt=

Choose a standard TSV breakdown voltage VTVS 45 volt⋅:=
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w w w. l i t t e l f u s e . c o m
21

Designed specifically for the protection of sensitive electronics used in

automotive, heavy industrial environments, and against voltage transients

induced by lightning in other applications. Ideal for the protection of I/O

interfaces, Vcc bus, and other integrated circuits.

FEATURES

� Stand-off voltage range 5.0 to 180 Volts

� Uni-directional and Bi-directional

� Glass passivated junction

� Low clamping factor

� 100% surge tested

� UL recognised

MAXIMUM RATING

� Peak Pulse Power (Ppk): 5000 Watts (10 x 1000µs)@25°C

(see diagram on page 6 for wave form)

� 8 watt steady state

� Response time: 1 x 10-12 seconds (theoretical)

� Forward surge rating: 400 Amps, 8.3ms half sine wave, 

(uni-directional devices only)

� Operating & storage temperature: -55°C to +150°C

MECHANICAL CHARACTERISTICS

� Case: JEDEC R6; Moulded plastic over glass passivated junction 

� Terminals: Axial leads, solderable per MIL-STD-202 Method 208

� Solderable leads = 230°C for 10 seconds (1.59mm from case)

� Marking: cathode band, (positive terminal, uni-directional devices

only), device code, logo

� Weight: 2.0 grammes (approx)

1.2 - 1.3

7.8
8.2 

Min 25.4 

8.6
9.0

 Min 25.4

5KP C A

Voltage

Bi-Directional

5% Voltage Tolerance

Packaging Option

B = Bulk (500 pcs)

T = Tape and reeled (1000 pcs)

ORDERING INFORMATION

0.1µs 1.0µs 10µs 100µs 1.0ms 10ms

 Pulse Width (tp)                   

0.1

1.0

10

100

Pp
(kw)

100,000

40,000
20,000

10,000
6000
4000

2000

1000
500
200

100
1 2 5 10 20 50 100 200

V(BR), Reverse Voltage, Volts

TJ=25°�C
f=1.0MHz
Vsig=50mVp-p

Measured at
Stand-Off
Voltage (VMW)

Measured at
Zero Bias

Cj (pf)

Figure 2 - Peak Pulse Power vs. Pulse TimeFigure 1 - Capacitance vs. Stand-off Voltage

All dimensions in mm

5KP5.0 - 5KP180C series
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5KP5.0 - 5KP180C series

5KP5.0

5KP5.0A

5KP6.0

5KP6.0A

5KP6.5

5KP6.5A

5KP7.0

5KP7.0A

5KP7.5

5KP7.5A

5KP8.0

5KP8.0A

5KP8.5

5KP8.5A

5KP9.0

5KP9.0A

5KP10*

5KP10A*

5KP11

5KP11A

5KP12*

5KP12A*

5KP13

5KP13A

5KP14

5KP14A

5KP15

5KP15A

5KP16

5KP16A

5KP17

5KP17A

5KP18

5KP18A

5KP20

5KP20A

5KP22

5KP22A

5KP24*

5KP24A*

5KP26*

5KP26A*

5KP28

Part
Number

(Uni)

Part
Number

(Bi)

5KP5.0C*

N/A

5KP6.0C

5KP6.0CA

5KP6.5C

5KP6.5CA

5KP7.0C

5KP7.0CA

5KP7.5C

5KP7.5CA

5KP8.0C

5KP8.0CA

5KP8.5C

5KP8.5CA

5KP9.0C

5KP9.0CA

5KP10C

5KP10CA

5KP11C

5KP11CA

5KP12C

5KP12CA

5KP13C

5KP13CA

5KP14C

5KP14CA

5KP15C

5KP15CA

5KP16C

5KP16CA

5KP17C

5KP17CA

5KP18C

5KP18CA

5KP20C

5KP20CA

5KP22C*

5KP22CA*

5KP24C

5KP24CA

5KP26C

5KP26CA

5KP28C

Reverse
Stand off
Voltage

VR

(Volts)

5.0

5.0

6.0

6.0

6.5

6.5

7.0

7.0

7.5

7.5

8.0

8.0

8.5

8.5

9.0

9.0

10.0

10.0

11.0

11.0

12.0

12.0

13.0

13.0

14.0

14.0

15.0

15.0

16.0

16.0

17.0

17.0

18.0

18.0

20.0

20.0

22.0

22.0

24.0

24.0

26.0

26.0

28.0

Breakdown
Voltage

VBR (Volts) @ IT

MIN

6.40

6.40

6.67

6.67

7.22

7.22

7.78

7.78

8.33

8.33

8.89

8.89

9.44

9.44

10.00

10.00

11.10

11.10

12.20

12.20

13.30

13.30

14.40

14.40

15.60

15.60

16.70

16.70

17.80

17.80

18.90

18.90

20.00

20.00

22.20

22.20

24.40

24.40

26.70

26.70

28.90

28.90

31.10

MAX

7.30

7.00

8.15

7.37

8.82

7.98

9.51

8.60

10.20

9.21

10.90

9.83

11.50

10.40

12.20

11.10

13.60

12.30

14.90

13.50

16.30

14.70

17.60

15.90

19.10

17.20

20.40

18.50

21.80

19.70

23.10

20.90

24.40

22.10

27.10

24.50

29.80

26.90

32.60

29.50

35.30

31.90

39.00

(mA)

50.0

50.0

50.0

50.0

50.0

50.0

50.0

50.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

Maximum
Reverse
Leakage
IR @ VR

(µA)

5000.0

5000.0

5000.0

5000.0

2000.0

2000.0

1000.0

1000.0

250.0

250.0

150.0

150.0

50.0

50.0

20.0

20.0

15.0

15.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

Maximum
Clamping
Voltage
VC @ IPP

(Volts)

9.6

9.2

11.4

10.3

12.3

11.2

13.3

12.0

14.3

12.9

15.0

13.6

15.9

14.4

16.9

15.4

18.8

17.0

20.1

18.2

22.0

19.9

23.8

21.5

25.8

23.2

26.9

24.4

28.8

26.0

30.5

27.6

32.2

29.2

35.8

32.4

39.4

35.5

43.0

38.9

46.6

42.1

50.1

Maximum
Peak Pulse

Current
IPP

(A)

520.0

543.0

439.0

485.0

407.0

447.0

378.0

417.0

350.0

388.0

333.0

367.0

314.0

347.0

295.0

325.0

266.0

294.0

249.0

274.0

227.0

251.0

210.0

232.0

194.0

215.0

188.0

206.0

176.0

192.0

164.0

181.0

155.0

172.0

139.0

154.0

127.0

141.0

116.0

128.0

107.0

119.0

99.0

Suffix ‘C’ denotes Bi-directional device. Suffix ‘A’ denotes 5% tolerance device, no suffix denotes a 10% tolerance device.

1.  For Bi-directional devices having VR of 10 volts and below, the IR limit is doubled.

2.  VF = 3.5 Volts max. for devices of VR <100v, and VF = 5.0 Volts max for devices of VR >100V. IF = 100A, 300 µS square wave.

*  Preferred voltages.

Max
Voltage

Temperature
Variation

of VBR (mV/°C)

4.0

4.0

4.0

4.0

4.0

4.0

5.0

5.0

6.0

6.0

6.0

6.0

7.0

7.0

8.0

8.0

9.0

9.0

10.0

10.0

11.0

11.0

12.0

12.0

13.0

13.0

15.0

15.0

18.0

16.0

19.0

18.0

20.0

19.0

24.0

22.0

27.0

24.0

30.0

27.0

33.0

29.0

34.0

ELECTRICAL SPECIFICATION @ Tamb 25°C
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5KP28A

5KP30

5KP30A

5KP33

5KP33A

5KP36

5KP36A

5KP40

5KP40A

5KP43

5KP43A

5KP45

5KP45A

5KP48

5KP48A

5KP51

5KP51A

5KP54*

5KP54A*

5KP58

5KP58A

5KP60*

5KP60A*

5KP64

5KP64A

5KP70

5KP70A

5KP75

5KP75A

5KP78

5KP78A

5KP85

5KP85A

5KP90

5KP90A

5KP100

5KP110

5KP120

5KP150*

5KP180

Part
Number

(Uni)

Part
Number

(Bi)

5KP28CA

5KP30C

5KP30CA

5KP33C*

5KP33CA*

5KP36C

5KP36CA

5KP40C

5KP40CA

5KP43C

5KP43CA

5KP45C

5KP45CA

5KP48C

5KP48CA

5KP51C

5KP51CA

5KP54C

5KP54CA

5KP58C

5KP58CA

5KP60C

5KP60CA

5KP64C

5KP64CA

5KP70C

5KP70CA

5KP75C

5KP75CA

5KP78C

5KP78CA

5KP85C

5KP85CA

5KP90C*

5KP90CA*

5KP100C

5KP110C*

5KP120C

5KP150C

5KP180C

Reverse
Stand off
Voltage

VR

(Volts)

28.0

30.0

30.0

33.0

33.0

36.0

36.0

40.0

40.0

43.0

43.0

45.0

45.0

48.0

48.0

51.0

51.0

54.0

54.0

58.0

58.0

60.0

60.0

64.0

64.0

70.0

70.0

75.0

75.0

78.0

78.0

85.0

85.0

90.0

90.0

100.0

110.0

120.0

150.0

180.0

Breakdown
Voltage

VBR (Volts) @ IT

MIN

31.10

33.30

33.30

36.70

36.70

40.00

40.00

44.40

44.40

47.80

47.80

50.00

50.00

53.30

53.30

56.70

56.70

60.00

60.00

64.40

64.40

66.70

66.70

71.00

71.00

77.00

77.00

83.30

83.30

86.70

86.70

94.40

94.40

100.00

100.00

111.00

122.00

133.00

166.00

200.00

MAX

34.40

40.70

36.80

44.90

40.60

48.90

44.20

54.30

49.10

58.40

52.80

61.10

55.30

65.20

58.90

69.30

62.70

73.30

66.30

78.70

71.20

81.50

73.70

86.90

78.60

95.10

86.00

102.00

92.10

106.00

95.80

115.00

104.00

122.00

111.00

136.00

149.00

1603.0

204.00

244.00

(mA)

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

Maximum
Reverse
Leakage
IR @ VR

(µA)

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

10.0

Maximum
Clamping
Voltage
VC @ IPP

(Volts)

45.5

53.5

48.4

59.0

53.3

64.3

58.1

71.4

64.5

76.7

69.4

80.3

72.7

85.5

77.4

91.1

82.4

96.3

87.1

103.0

93.6

107.0

96.8

114.0

103.0

125.0

113.0

134.0

121.0

139.0

126.0

151.0

137.0

160.0

146.0

179.0

196.0

215.0

268.0

320.0

Maximum
Peak Pulse

Current
IPP

(A)

110.0

93.0

103.0

85.0

94.0

78.0

86.0

70.0

78.0

65.0

72.0

62.0

69.0

58.0

65.0

55.0

61.0

52.0

57.0

49.0

53.0

47.0

52.0

44.0

49.0

40.0

44.0

37.0

41.0

36.0

40.0

33.0

36.0

31.0

34.0

28.0

26.0

23.0

18.5

15.0

Max
Voltage

Temperature
Variation

of VBR (mV/°C)

30.0

38.0

35.0

41.0

38.0

45.0

40.0

50.0

45.0

54.0

49.0

57.0

51.0

62.0

55.0

65.0

60.0

70.0

64.0

77.0

69.0

79.0

70.0

85.0

75.0

93.0

84.0

100.0

90.0

104.0

94.0

113.0

102.0

120.0

109.0

134.0

147.0

158.0

200.0

240.0

Suffix ‘C’ denotes Bi-directional device. Suffix ‘A’ denotes 5% tolerance device, no suffix denotes a 10% tolerance device.

1.  For Bi-directional devices having VR of 10 volts and below, the IR limit is doubled.

2.  VF = 3.5 Volts max. for devices of VR <100v, and VF = 5.0 Volts max for devices of VR >100V. IF = 100A, 300 µS square wave.

*  Preferred voltages.

5KP5.0 - 5KP180C series

ELECTRICAL SPECIFICATION @ Tamb 25°C
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ESR 0.8Ω=ESR
80 µs⋅

C
:=

Calculate the new ESR with the chosen capacitor

C 100 µF⋅:=Choose the next size std capacitor

C 72 µF=C
80 µs⋅
ESR

:=

For all electrolytic caps, assume that ESR*C=80µs

ESR 1.117 Ω=ESR
VRR

IS( ):=

VRR 1000 mV⋅:=Specify the ripple due to the ESR

Assume that the major component of the ripple comes from the 
capacitor ESR

Choose the filter capacitor.

VR 768 volt=VR Vo
LS

LP
VDC⋅+:=

Calculate the Diode reverse voltage

VX 57 volt=VX VDC VTVS+:=

Calculate the switch maximum voltage stress
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Find the ripple due to the ESR with the chosen capacitor

VRR IS( ) ESR⋅:= VRR 716.418 mV=

Calculate the Capacitor RMS Ripple Current

Define a function for the Secondary inductor current

ILS t( ) IS
IS

toff
t⋅−:=

Irms
1

TS 0 sec⋅

ton

tIo−( )2⌠

⌡

d
0 sec⋅

toff

tILS t( ) Io−( )2⌠

⌡

d+








⋅:=

Irms 0.24 amp=
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VTVS 45 volt=TVS

VR 768 volt=IS 0.896 amp=Diode Specs

IS 0.896 amp=LS 7793 µH=Secondary

IP 20 amp=LP 15.625 µH=Primary

Transformer Specs

VX 57 volt=IP 20 amp=Switch Specs

VRR 716.4 mV=Vo 500 volt=Pout 50 watt=Output Specs

VDC 12 volt=Pin 62.5 watt=Input Specs

Summary
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5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

1A

1 1Thursday, January 23, 2003

ECE456Marc E. Herniter

12V to -25 Volt Buck-Boost Discontinuous Mode

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Error

Ramp

Vo

0

V_mon

0

Control

0

0

Vcc

0 0

V_mon

Control

0

Vsec

Vpri

+

R1

20k

+
-

+

-
Sx

S1

+

C1

100u

K1 COUPLING = .999
L_Primary  L_Secondary

+

-

V6
FREQUENCY = 20k
AMPLITUDE = 5

100

4

-1

+

R2

100

+

Load

5k

Model = Sx VSWITCH Roff=1e6 Ron=10m Voff=1 Von=4.0

+

-

V2
DC = 12

D7

MUR4100

PARAMETERS:
LS = 7793U
L_Leak = {0.1*LP}
LP = 15.6U

Primary

{LP}
IC = 0

10k

5

0
2.5

Secondary

{LS}

IC = 0

IC= 498+
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Date/Time run: 01/23/03 12:36:16
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Flyback Converter\flyb...

Temperature: 27.0

Date: January 23, 2003 Page 1 Time: 12:48:01

(A) Flyback in Discontinuous Mode-schematic1-trans.dat (active)

           Time

0s 10ms 20ms 30ms 40ms 50ms
V(Vo)

497.0V

497.2V

497.4V

497.6V

497.8V

498.0V
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Date/Time run: 01/23/03 12:36:16
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Flyback Converter\flyb...

Temperature: 27.0

Date: January 23, 2003 Page 1 Time: 12:49:26

(A) Flyback in Discontinuous Mode-schematic1-trans.dat (active)

           Time

44.4600ms 44.4800ms 44.5000ms 44.5200ms 44.5400ms 44.5600ms 44.5800ms 44.6049ms
V(Vo)

497.250V

497.275V

I(Primary)
-20A

0A

20A
V(Control)

0V

2.5V

5.0V
I(Secondary)

-1.0A

0A

1.0A

SEL>>

Page 385 of 662

ECE556 Lecture Notes Page 385 of 662



Date/Time run: 01/23/03 12:54:59
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Flyback Converter\flyb...

Temperature: 27.0

Date: January 23, 2003 Page 1 Time: 12:58:57

(A) Flyback in Discontinuous Mode-schematic1-trans.dat (active)

           Time

44.46ms 44.48ms 44.50ms 44.52ms 44.54ms 44.56ms 44.58ms 44.60ms
I(Primary)

0A

10A

20A
V(Vpri)

-40V

0V

40V
I(Secondary)

0A

0.5A

1.0A
V(Vsec)

-500V

0V

250V

500V

SEL>>
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5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

1A

1 1Thursday, January 23, 2003

ECE456Marc E. Herniter

12 V to 500 V Flyback Converter

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Error

Ramp

Vo

0

V_mon

0

Control

0

0

Vcc

0 0

V_mon

Control

0

Vsec

Vpri

+

R1

20k

Model = TVS45 D Is=1e-14 Cjo=.1pF Rs=10m BV=45 IBV=3

+
-

+

-
Sx

S1

+

C1

100u

K1 COUPLING = .999
L_Primary  L_Secondary

+

-

V6
FREQUENCY = 20k
AMPLITUDE = 5

Leakage

{L_Leak}

100

4

-1

+

R2

100

+

Load

5k

Model = Sx VSWITCH Roff=1e6 Ron=10m Voff=1 Von=4.0

+

-

V2
DC = 12

TVS45

D9

D7

MUR4100

PARAMETERS:
LS = 7793U
L_Leak = {0.1*LP}
LP = 15.6U

Primary

{LP-L_Leak}
IC = 0

10k

5

0
2.5

Secondary

{LS}

IC = 0

D8

MUR420

IC= 498+
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Date/Time run: 01/23/03 13:01:26
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Flyback Converter\flyb...

Temperature: 27.0

Date: January 23, 2003 Page 1 Time: 13:05:55

(B) Flyback in Discontinuous Mode-schematic1-trans.dat (active)

           Time

0s 10ms 20ms 30ms 40ms 50ms
V(Vo)

496.5V

497.0V

497.5V

498.0V
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Date/Time run: 01/23/03 13:01:26
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Flyback Converter\flyb...

Temperature: 27.0

Date: January 23, 2003 Page 1 Time: 13:06:21

(A) Flyback in Discontinuous Mode-schematic1-trans.dat (active)

           Time

46.7600ms 46.8000ms 46.8400ms 46.8800ms 46.9200ms46.7257ms
V(Vo)

496.6250V

496.7500V

496.8125V

SEL>>

I(Primary)

0A

20A

V(Control)
0V

2.5V

5.0V
I(Secondary)

-1.0A

0A

1.0A
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Date/Time run: 01/23/03 13:01:26
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Flyback Converter\flyb...

Temperature: 27.0

Date: January 23, 2003 Page 1 Time: 13:07:49

(A) Flyback in Discontinuous Mode-schematic1-trans.dat (active)

           Time

46.78000ms 46.78500ms 46.79000ms 46.79500ms 46.80000ms 46.80500ms 46.81000ms46.77549ms
V(Vpri)

-50V

0V

50V

SEL>>

I(Primary)

0A

20A

V(Control)
0V

2.5V

5.0V
I(Secondary)

-1.0A

0A

1.0A
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1 1Thursday, January 23, 2003

ECE456Marc E. Herniter

12 V to 500 V Flyback Converter

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Error

Ramp

Vo

0

V_mon

0

Control

0

0

Vcc

0 0

V_mon

Control

0

Vsec

Vpri

+

R1

20k

Model = TVS200 D Is=1e-14 Cjo=.1pF Rs=10m BV=200 IBV=3

+
-

+

-
Sx

S1

+

C1

100u

K1 COUPLING = .999
L_Primary  L_Secondary

+

-

V6
FREQUENCY = 20k
AMPLITUDE = 5

Leakage

{L_Leak}

100

4

-1

+

R2

100

+

Load

5k

Model = Sx VSWITCH Roff=1e6 Ron=10m Voff=1 Von=4.0

+

-

V2
DC = 12

TVS200

D9

D7

MUR4100

PARAMETERS:
LS = 7793U
L_Leak = {0.1*LP}
LP = 15.6U

Primary

{LP-L_Leak}
IC = 0

10k

5

0
2.5

Secondary

{LS}

IC = 0

D8

MUR420

IC= 498+
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Date/Time run: 01/23/03 13:08:59
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Flyback Converter\flyb...

Temperature: 27.0

Date: January 23, 2003 Page 1 Time: 13:13:14

(A) Flyback in Discontinuous Mode-schematic1-trans.dat (active)

           Time

44.7800ms 44.8000ms 44.8200ms 44.8400ms 44.8600ms 44.8800ms44.7644ms
V(Vpri)

-200V

0V

200V
I(Primary)

20.0A

-8.5A
SEL>>

V(Control)
0V

2.5V

5.0V
I(Secondary)

-1.0A

0A

1.0A
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Date/Time run: 01/23/03 13:08:59
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Flyback Converter\flyb...

Temperature: 27.0

Date: January 23, 2003 Page 1 Time: 13:14:14

(A) Flyback in Discontinuous Mode-schematic1-trans.dat (active)

           Time

44.774ms 44.776ms 44.778ms 44.780ms 44.782ms 44.784ms
V(Vpri)

-200V

0V

100V

200V

SEL>>

I(Primary)

0A

20A

V(Control)
0V

2.5V

5.0V
I(Secondary)

-1.0A

0A

1.0A
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Date/Time run: 01/23/03 15:29:05
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Flyback Converter\flyb...

Temperature: 27.0

Date: January 23, 2003 Page 1 Time: 15:58:51

(A) Flyback in Discontinuous Mode-schematic1-trans.dat (active)

           Time

13.84000ms 13.88000ms 13.92000ms 13.96000ms 14.00000ms13.81356ms
V(Vpri)

0V

200V

I(Primary)
0A

10A

20A

V(Control)
0V

2.5V

5.0V
I(Secondary)

0.5A

1.0A

-0.1A
SEL>>
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Date/Time run: 01/23/03 15:29:05
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Flyback Converter\flyb...

Temperature: 27.0

Date: January 23, 2003 Page 1 Time: 16:03:59

(A) Flyback in Discontinuous Mode-schematic1-trans.dat (active)

           Time

13.8800ms 13.8840ms 13.8880ms 13.8920ms 13.8960ms 13.9000ms13.8762ms
V(Vpri)

100V

200V

-72V
SEL>>

I(Primary)
0A

10A

20A

V(Control)
0V

2.5V

5.0V
I(Secondary)

0A

0.5A

1.0A
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1

D D

C C

B B

A A

TVS
Voltage
Changed
to 45 V

1A

1 1Thursday, January 23, 2003

ECE456Marc E. Herniter

12 V to 500 V Flyback Converter

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Error

Ramp

Vo

0

V_mon

0

Control

0

0

Vcc

0 0

V_mon

Control

0

Vsec

Vpri

+

R1

20k

Model = TVS45 D Is=1e-14 Cjo=.1pF Rs=10m BV=45 IBV=3

+
-

+

-
Sx

S1

+

C1

100u

K1 COUPLING = .999
L_Primary  L_Secondary

+

-

V6
FREQUENCY = 20k
AMPLITUDE = 5

100

4

-1

Leakage

{L_Leak}

+

R2

100

+

Load

5k

Model = Sx VSWITCH Roff=1e6 Ron=10m Voff=1 Von=4.0

+

-

V2
DC = 12

TVS45

D9

D7

MUR4100

PARAMETERS:
LS = 7793U
L_Leak = {0.1*LP}
LP = 15.6U

Primary

{LP-L_Leak}
IC = 0

10k

5

0
2.5

Secondary

{LS}

IC = 0

D8

MUR420

IC= 498+

Page 396 of 662

ECE556 Lecture Notes Page 396 of 662



Date/Time run: 01/23/03 16:06:47
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Flyback Converter\flyb...

Temperature: 27.0

Date: January 23, 2003 Page 1 Time: 16:14:47

(A) Flyback in Discontinuous Mode-schematic1-trans.dat (active)

           Time

14.2800ms 14.3000ms 14.3200ms 14.3400ms 14.3600ms 14.3800ms 14.4000ms
V(Vpri)

-50V

0V

50V

SEL>>

I(Primary)
0A

10A

20A

V(Control)
0V

2.5V

5.0V
I(Secondary)

0A

0.5A

1.0A
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Date/Time run: 01/23/03 16:06:47
** Profile: "SCHEMATIC1-TRans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Flyback Converter\flyb...

Temperature: 27.0

Date: January 23, 2003 Page 1 Time: 16:15:18

(A) Flyback in Discontinuous Mode-schematic1-trans.dat (active)

           Time

14.32500ms 14.33000ms 14.33500ms 14.34000ms 14.34500ms 14.35000ms 14.35500ms
V(Vpri)

0V

50V

SEL>>

I(Primary)
0A

10A

20A

V(Control)
0V

2.5V

5.0V
I(Secondary)

0A

0.5A

1.0A
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March 1995

LM2574/LM2574HV Series
SIMPLE SWITCHERTM 0.5A Step-Down Voltage Regulator

General Description
The LM2574 series of regulators are monolithic integrated

circuits that provide all the active functions for a step-down

(buck) switching regulator, capable of driving a 0.5A load

with excellent line and load regulation. These devices are

available in fixed output voltages of 3.3V, 5V, 12V, 15V, and

an adjustable output version.

Requiring a minimum number of external components,

these regulators are simple to use and include internal fre-

quency compensation and a fixed-frequency oscillator.

The LM2574 series offers a high-efficiency replacement for

popular three-terminal linear regulators. Because of its high

efficiency, the copper traces on the printed circuit board are

normally the only heat sinking needed.

A standard series of inductors optimized for use with the

LM2574 are available from several different manufacturers.

This feature greatly simplifies the design of switch-mode

power supplies.

Other features include a guaranteed g4% tolerance on out-

put voltage within specified input voltages and output load

conditions, and g10% on the oscillator frequency. External

shutdown is included, featuring 50 mA (typical) standby cur-

rent. The output switch includes cycle-by-cycle current limit-

ing, as well as thermal shutdown for full protection under

fault conditions.

Features
Y 3.3V, 5V, 12V, 15V, and adjustable output versions
Y Adjustable version output voltage range,

1.23V to 37V (57V for HV version) g4% max over line

and load conditions
Y Guaranteed 0.5A output current
Y Wide input voltage range, 40V, up to 60V

for HV version
Y Requires only 4 external components
Y 52 kHz fixed frequency internal oscillator
Y TTL shutdown capability, low power standby mode
Y High efficiency
Y Uses readily available standard inductors
Y Thermal shutdown and current limit protection

Applications
Y Simple high-efficiency step-down (buck) regulator
Y Efficient pre-regulator for linear regulators
Y On-card switching regulators
Y Positive to negative converter (Buck-Boost)

Typical Application (Fixed Output Voltage Versions)

TL/H/11394–1

Note: Pin numbers are for 8-pin DIP package.

Connection Diagrams

8-Lead DIP (N)

TL/H/11394–2

Top View

14-Lead Wide

Surface Mount (WM)

TL/H/11394–3

Top View

*No internal

connection, but

should be soldered

to PC board for

best heat transfer.

Order Number LM2574-3.3HVN, LM2574HVN-5.0,

LM2574HVN-12, LM2574HVN-15, LM2574HVN-ADJ,

LM2574N-3.3, LM2574N-5.0, LM2574N-12,

LM2574N-15 or LM2574N-ADJ

See NS Package Number N08A
Order Number LM2574HVM-3.3, LM2574HVM-5.0,

LM2574HVM-12, LM2574HVM-15, LM2574HVM-ADJ,

LM2574M-3.3 LM2574M-5.0, LM2574M-12,

LM2574M-15 or LM2574M-ADJ

See NS Package Number M14B
Patent Pending

SIMPLE SWITCHERTM is a trademark of National Semiconductor Corporation.

C1995 National Semiconductor Corporation RRD-B30M75/Printed in U. S. A.
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®

TOP221-227
TOPSwitch-II  Family
Three-terminal Off-line PWM Switch

Figure 1.  Typical Flyback Application.

easier.  The standard 8L PDIP package option reduces cost in
lower power, high efficiency applications.  The internal lead
frame of this package uses six of its pins to transfer heat from
the chip directly to the board, eliminating the cost of a heat sink.
TOPSwitch incorporates all functions necessary for a switched
mode control system into a three terminal monolithic IC: power
MOSFET, PWM controller, high voltage start up circuit, loop
compensation and fault protection circuitry.

Product Highlights
• Lowest cost, lowest component count switcher solution
• Cost competitive with linears above 5W
• Very low AC/DC losses – up to 90% efficiency
• Built-in Auto-restart and Current limiting
• Latching Thermal shutdown for system level protection
• Implements Flyback, Forward, Boost or Buck topology
• Works with primary or opto feedback
• Stable in discontinuous or continuous conduction mode
• Source connected tab for low EMI
• Circuit simplicity and Design Tools reduce time to market

Description
The second generation TOPSwitch-II family is more cost
effective and provides several enhancements over the first
generation TOPSwitch family.  The TOPSwitch-II family extends
the power range from 100W to 150W for 100/115/230 VAC
input and from 50W to 90W for 85-265 VAC universal input.
This brings TOPSwitch technology advantages to many new
applications, i.e. TV, Monitor, Audio amplifiers, etc.  Many
significant circuit enhancements that reduce the sensitivity to
board layout and line transients now make the design even

PI-1951-091996

AC
IN

D

S

C
CONTROL

TOPSwitch

®

6 W

10 W

15 W

20 W

TOP221Y

TOP222Y

TOP223Y

TOP224Y

TOP225Y

TOP226Y

TOP227Y

9 W

15 W

25 W

30 W

TOP221P or TOP221G

TOP222P or TOP222G

TOP223P or TOP223G

TOP224P or TOP224G

OUTPUT POWER TABLE

TO-220 (Y) Package 1 8L PDIP (P) or 8L SMD (G) Package 2

.

PMAX
5,6

PART
ORDER

NUMBER

Single Voltage Input
100/115/230 VAC ±15%

3 Wide Range Input
85 to 265 VAC

Single Voltage Input
100/115/230 VAC ±15%

3 Wide Range Input
85 to 265 VAC

PMAX
5,6

7 W

15 W

30 W

45 W

60 W

75 W

90 W

PMAX
4,6

12 W

25 W

50 W

75 W

100 W

125 W

150 W

PMAX
4,6

Notes: 1. Package outline: Y03A  2. Package Outline: P08A or G08A  3. 100/115 VAC with doubler input  4. Assumes appropriate heat
sinking to keep the maximum TOPSwitch junction temperature below 100˚ C.  5. Soldered to 1 sq. in.( 6.45 cm2), 2 oz. copper clad
(610 gm/m2)  6. P

MAX
 is the maximum practical continuous power output level for conditions shown.  The continuous power capability

in a given application depends on thermal environment, transformer design, efficiency required, minimum specified input voltage, input
storage capacitance, etc.  7. Refer to key application considerations section when using TOPSwitch-II in an existing TOPSwitch design.

PART
ORDER

NUMBER

December 1997
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TOP221-227

C
12/972

Figure 2.  Functional Block Diagram.

Pin Functional Description

DRAIN Pin:
Output MOSFET drain connection.  Provides internal bias
current during start-up operation via an internal switched high-
voltage current source.  Internal current sense point.

CONTROL Pin:
Error amplifier and feedback current input pin for duty cycle
control.  Internal shunt regulator connection to provide internal
bias current during normal operation.  It is also used as the
connection point for the supply bypass and auto-restart/
compensation capacitor.

SOURCE Pin:
Y package – Output MOSFET source connection for high

       voltage power return. Primary side circuit
       common and reference point.

P and G package – Primary side control circuit common and
                     reference point.

SOURCE (HV RTN) Pin: (P and G package only)
Output MOSFET source connection for high voltage power return.

PI-1935-091696

SHUTDOWN/
AUTO-RESTART

PWM
COMPARATOR

CLOCK

SAW

OSCILLATOR

CONTROLLED
TURN-ON

GATE
DRIVER

INTERNAL
SUPPLY

5.7 V
4.7 V

SOURCE

S

R

Q

Q

DMAX

-

+

CONTROL

-

+ 5.7 V

IFB

RE

ZC

VC

MINIMUM
ON-TIME
DELAY

+

- VILIMIT

LEADING
EDGE

BLANKING

POWER-UP
RESET

S

R

Q

Q

÷ 8

0

1

THERMAL
SHUTDOWN

SHUNT REGULATOR/
ERROR AMPLIFIER

+

-

DRAIN

PI-2084-052198

CONTROL

DRAIN

SOURCE

TO-220 (YO3A)

Tab Internally
Connected to Source Pin

CONTROL

8

5

7

6

DRAIN

SOURCE (HV RTN)

SOURCE

SOURCE

1

4

2

3

SOURCE (HV RTN)

SOURCE (HV RTN)SOURCE

DIP-8 (P08A)
SMD-8 (G08A)

Figure 3.  Pin Configuration.
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1

General Description
The Supertex HV9110 through HV9113 are a series of BiCMOS/
DMOS single-output, pulse width modulator ICs intended for use
in high-speed high-efficiency switchmode power supplies. They
provide all the functions necessary to implement a single-switch
current-mode PWM, in any topology, with a minimum of external
parts.

Because they utilize Supertex’s proprietary BiCMOS/DMOS tech-
nology, they require less than one tenth of the operating power of
conventional bipolar PWM ICs, and can operate at more than
twice their switching frequency. Dynamic range for regulation is
also increased, to approximately 8 times that of similar bipolar
parts. They start directly from any DC input voltages between 10
and 120VDC, requiring no external power resistor. The output
stage is push-pull CMOS and thus requires no clamping diodes
for protection, even when significant lead length exists between
the output and the external MOSFET. The clock frequency is set
with a single external resistor.

Accessory functions are included to permit fast remote shutdown
(latching or nonlatching) and undervoltage shutdown.

For similar ICs intended to operate directly from up to 450VDC
input, please consult the data sheet for the HV9120/9123.

Ordering Information
+VIN Feedback Max

Package Options

Min Max Accuracy Duty Cycle

10V 120V < ± 1% 49% HV9110P HV9110PJ HV9110NG HV9110X

9.0V   80V ± 2% 49% HV9112P HV9112PJ HV9112NG HV9112X

10V 120V < ± 1% 99% HV9113P HV9113PJ HV9113NG HV9113X

Standard temperature range for all parts is industrial (-40° to +85°C).

Absolute Maximum Ratings
+VIN, Input Voltage HV9110/9113 120V

HV9112 80V

VDD, Logic Voltage 15.5V

Logic Linear Input, FB and
Sense Input Voltage -0.3V to VDD+0.3V

Storage Temperature -65°C to 150°C
Power Dissipation, SOIC 750mW

Power Dissipation, Plastic DIP 1000mW

Power Dissipation PLCC 1400mW

High-Voltage Current-Mode PWM Controller

Features
❏ 10 to 120V input range

❏ Current-mode control

❏ High efficiency

❏ Up to 1.0MHz internal oscillator

❏ Internal start-up circuit

❏ Low internal noise

Applications
❏ DC/DC converters

❏ Distributed power systems

❏ ISDN equipment

❏ PBX systems

❏ Modems

14 Pin 20 Pin 14 Pin DiePlastic DIP Plastic PLCC Narrow Body SOIC

For detailed circuit and application information, please refer
to application notes AN-H13 and AN-H21 to AN-H24.

HV9110
HV9112
HV9113

11/12/01

Supertex Inc. does not recommend the use of its products in life support applications and will not knowingly sell its products for use in such applications unless it receives an adequate "products liability
indemnification insurance agreement." Supertex does not assume responsibility for use of devices described and limits its liability to the replacement of devices determined to be defective due to
workmanship. No responsibility is assumed for possible omissions or inaccuracies. Circuitry and specifications are subject to change without notice. For the latest product specifications, refer to the
Supertex website: http://www.supertex.com. For complete liability information on all Supertex products, refer to the most current databook or to the Legal/Disclaimer page on the Supertex website.
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UC1525A/27A
UC2525A/27A
UC3525A/27A

Regulating Pulse Width Modulators

FEATURES
• 8 to 35V Operation

• 5.1V Reference Trimmed to
±1%

• 100Hz to 500kHz Oscillator
Range

• Separate Oscillator Sync
Terminal

• Adjustable Deadtime Control

• Internal Soft-Start

• Pulse-by-Pulse Shutdown

• Input Undervoltage Lockout
with Hysteresis

• Latching PWM to Prevent
Multiple Pulses

• Dual Source/Sink Output
Drivers

DESCRIPTION
The UC1525A/1527A series of pulse width modulator integrated circuits are de-
signed to offer improved performance and lowered external parts count when used
in designing all types of switching power supplies. The on-chip +5.1V reference is
trimmed to ±1% and the input common-mode range of the error amplifier includes
the reference voltage, eliminating external resistors. A sync input to the oscillator
allows multiple units to be slaved or a single unit to be synchronized to an external
system clock. A single resistor between the CT and the discharge terminals pro-
vides a wide range of dead-time adjustment. These devices also feature built-in
soft-start circuitry with only an external timing capacitor required. A shutdown termi-
nal controls both the soft-start circuitry and the output stages, providing instantane-
ous turn off through the PWM latch with pulsed shutdown, as well as soft-start
recycle with longer shutdown commands. These functions are also controlled by
an undervoltage lockout which keeps the outputs off and the soft-start capacitor
discharged for sub-normal input voltages. This lockout circuitry includes approxi-
mately 500mV of hysteresis for jitter-free operation. Another feature of these PWM
circuits is a latch following the comparator. Once a PWM pulse has been termi-
nated for any reason, the outputs will remain off for the duration of the period. The
latch is reset with each clock pulse. The output stages are totem-pole designs ca-
pable of sourcing or sinking in excess of 200mA. The UC1525A output stage fea-
tures NOR logic, giving a LOW output for an OFF state. The UC1527A utilizes OR
logic which results in a HIGH output level when OFF.

BLOCK DIAGRAM

2/96
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SG2525A
SG3525A

REGULATING PULSE WIDTH MODULATORS

.8 TO 35 V OPERATION. 5.1 V REFERENCE TRIMMED TO ± 1 %. 100 Hz TO 500 KHz OSCILLATOR RANGE.SEPARATE OSCILLATORSYNC TERMINAL.ADJUSTABLE DEADTIME CONTROL. INTERNAL SOFT-START.PULSE-BY-PULSESHUTDOWN. INPUT UNDERVOLTAGE LOCKOUT WITH
HYSTERESIS. LATCHING PWM TO PREVENT MULTIPLE
PULSES.DUAL SOURCE/SINK OUTPUT DRIVERS

DESCRIPTION
The SG3525Aseries of pulse width modulator inte-
grated circuits are designed to offer improved per-
formance and lowered external parts count when
used in designing all types of switching power sup-
plies. The on-chip + 5.1 V reference is trimmed to ±
1 % andthe inputcommon-mode rangeof the error
amplifier includes the reference voltage eliminating
external resistors. A sync input to the oscillator al-
lows multiple units to beslaved or a single unit to be
synchronized to an external system clock. A single
resistorbetweentheCT andthe dischargeterminals
provide a wide range of dead time ad- justment.
Thesedevicesalso featurebuilt-insoft-startcircuitry
with only an external timing capacitor required. A
shutdownterminal controlsboth the soft-start circu-
ity and the output stages, providing instantaneous

turn off through the PWM latch with pulsed shut-
down, as well as soft-start recycle with longer shut-
down commands. These functionsare also control-
ledby an undervoltagelockoutwhich keepsthe out-
puts off and the soft-start capacitor discharged for
sub-normal input voltages. This lockout circuitry in-
cludesapproximately500 mV of hysteresisfor jitter-
free operation. Another feature of these PWM cir-
cuits is a latch following the comparator. Once a
PWM pulses has been terminated for any reason,
the outputswill remain off for the durationof the pe-
riod. The latch is reset with each clock pulse. The
output stages are totem-pole designs capable of
sourcing or sinking in excess of 200 mA. The
SG3525AoutputstagefeaturesNOR logic, givinga
LOW output for an OFF state.

DIP16 16(Narrow)

Type Plastic DIP SO16

SG2525A SG2525AN SG2525AP

SG3525A SG3525AN SG3525AP

PIN CONNECTIONS AND ORDERING NUMBERS (top view)

  

July 1998 1/12
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  Semiconductor Components Industries, LLC, 2001

July, 2001 – Rev. 3
1 Publication Order Number:

SG3525A/D

SG3525A

Pulse Width
Modulator Control Circuit

The SG3525A pulse width modulator control circuit offers
improved performance and lower external parts count when
implemented for controlling all types of switching power supplies.
The on–chip +5.1 V reference is trimmed to ±1% and the error
amplifier has an input common–mode voltage range that includes the
reference voltage, thus eliminating the need for external divider
resistors. A sync input to the oscillator enables multiple units to be
slaved or a single unit to be synchronized to an external system clock.
A wide range of deadtime can be programmed by a single resistor
connected between the CT and Discharge pins. This device also
features built–in soft–start circuitry, requiring only an external timing
capacitor. A shutdown pin controls both the soft–start circuitry and the
output stages, providing instantaneous turn off through the PWM latch
with pulsed shutdown, as well as soft–start recycle with longer
shutdown commands. The under voltage lockout inhibits the outputs
and the changing of the soft–start capacitor when VCC is below
nominal. The output stages are totem–pole design capable of sinking
and sourcing in excess of 200 mA. The output stage of the SG3525A
features NOR logic resulting in a low output for an off–state.

• 8.0 V to 35 V Operation
• 5.1 V ± 1.0% Trimmed Reference
• 100 Hz to 400 kHz Oscillator Range
• Separate Oscillator Sync Pin
• Adjustable Deadtime Control
• Input Undervoltage Lockout
• Latching PWM to Prevent Multiple Pulses
• Pulse–by–Pulse Shutdown
• Dual Source/Sink Outputs: ±400 mA Peak

Figure 1. Representative Block Diagram
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Parameter Max. Units
ID @ TC = 25°C Continuous Drain Current, VGS @ 10V 180
ID @ TC = 100°C Continuous Drain Current, VGS @ 10V 120 A
IDM Pulsed Drain Current � 720
PD @TC = 25°C Power Dissipation 480 W

Linear Derating Factor 2.7 W/°C
VGS Gate-to-Source Voltage  ± 20 V
EAS Single Pulse Avalanche Energy� 700 mJ
IAR Avalanche Current� 180 A
EAR Repetitive Avalanche Energy� 48 mJ
dv/dt Peak Diode Recovery dv/dt � 5.7 V/ns
TJ Operating Junction and -55  to + 150 °C
TSTG Storage Temperature Range
VISO Insulation Withstand Voltage (AC-RMS) 2.5 kV

Mounting torque,  M4 srew 1.3 N•m

FB180SA10
HEXFET® Power MOSFET

PD- 91651C

S

D

G

VDSS = 100V

RDS(on) = 0.0065W

ID = 180A

Fifth Generation, high current density HEXFETS are
paralled into a compact, high power module providing
the best combination of switching, ruggedized design,
very low ON resistance and cost effectiveness.

The isolated SOT-227 package is preferred for all
commercial  -  industr ial  appl icat ions at power
dissipation levels to approximately 500 watts.  The low
thermal resistance and easy connection to the SOT-
227 package contribute to its universal acceptance
throughout the industry.

2/1/99

Description

l Fully Isolated Package
l Easy to Use and Parallel
l Very Low On-Resistance
l Dynamic dv/dt Rating
l Fully Avalanche Rated
l Simple Drive Requirements
l Low Drain to Case Capacitance
l Low Internal Inductance

S O T-227

Absolute Maximum Ratings

Parameter Typ. Max. Units
RqJC Junction-to-Case ––– 0.26
RqCS Case-to-Sink, Flat, Greased Surface 0.05 ––– °C/W

Thermal Resistance

1 www.irf.com
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FB180SA10

2 www.irf.com

� Repetitive rating;  pulse width limited by
     max. junction temperature. ( See fig. 11 )

� ISD £ 180A, di/dt £83A/µs, VDD £ V(BR)DSS,
     TJ £ 150°C

Notes:

�  Starting TJ = 25°C, L =43µH
     RG = 25W, IAS = 180A. (See Figure 12)

� Pulse width £ 300µs; duty cycle £ 2%.

 Parameter Min. Typ. Max. Units        Conditions
IS Continuous Source Current MOSFET symbol

(Body Diode)
––– –––

showing  the
ISM Pulsed Source Current integral reverse

(Body Diode) �
––– –––

p-n junction diode.
VSD Diode Forward Voltage ––– ––– 1.3 V TJ = 25°C, IS = 180A, VGS = 0V �
trr Reverse Recovery Time –––   300    450       ns TJ = 25°C, IF = 180A
Qrr Reverse Recovery Charge ––– 2.6 3.9 µC di/dt = 100A/µs �

ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by LS+LD)

Source-Drain Ratings and Characteristics

A
180

720

Parameter Min. Typ. Max. Units         Conditions
V(BR)DSS Drain-to-Source Breakdown Voltage 100 ––– ––– V VGS = 0V, ID = 250µA
DV(BR)DSS/DTJ Breakdown Voltage Temp. Coefficient ––– 0.093 ––– V/°C Reference to 25°C, ID = 1mA
RDS(on) Static Drain-to-Source On-Resistance ––– ––– 0.0065 W VGS = 10V, ID = 108A �
VGS(th) Gate Threshold Voltage 2.0 ––– 4.0 V VDS = VGS, ID = 250µA
gfs Forward Transconductance 93 ––– ––– S VDS = 25V, ID = 108A

––– ––– 50
µA

VDS = 100V, VGS = 0V
––– ––– 500 VDS = 80V, VGS = 0V, TJ = 125°C

Gate-to-Source Forward Leakage ––– ––– 200 VGS = 20V
Gate-to-Source Reverse Leakage ––– ––– -200

nA
VGS = -20V

Qg Total Gate Charge ––– 250 380 ID = 180A
Qgs Gate-to-Source Charge ––– 40 60 nC VDS = 80V
Qgd Gate-to-Drain ("Miller") Charge ––– 110 165 VGS = 10.0V, See Fig. 6 and 13 �
td(on) Turn-On Delay Time ––– 45 ––– VDD = 50V
tr Rise Time ––– 351 ––– ID = 180A
td(off) Turn-Off Delay Time ––– 181 ––– RG = 2.0W (Internal)
tf Fall Time ––– 335 ––– RD = 0.27W, See Fig. 10 �
Ls Internal Source Inductance ––– 5.0 ––– nH Between lead,

and center of die contact
Ciss Input Capacitance ––– 10700 ––– VGS = 0V
Coss Output Capacitance ––– 2800 ––– pF VDS = 25V
Crss Reverse Transfer Capacitance ––– 1300 ––– ƒ = 1.0MHz, See Fig. 5

Electrical Characteristics @ T J = 25°C (unless otherwise specified)

IGSS

ns

IDSS Drain-to-Source Leakage Current
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Dual IGBTMOD™
H-Series Module
100 Amperes/600 Volts

CM100DY-12H

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272

Outline Drawing and Circuit Diagram

Dimensions Inches Millimeters

A 3.70 94.0

B 3.150±0.01 80.0±0.25

C 1.57 40.0

D 1.34 34.0

E 1.22 Max. 31.0 Max.

F 0.90 23.0

G 0.85 21.5

H 0.79 20.0

J 0.71 18.0

Description:
Powerex IGBTMOD™ Modules
are designed for use in switching
applications. Each module consists
of two IGBT Transistors in a half-
bridge configuration with each
transistor having a reverse-
connected super-fast recovery
free-wheel diode. All components
and interconnects are isolated
from the heat sinking baseplate,
offering simplified system assem-
bly and thermal management.

Features:
□ Low Drive Power
□ Low VCE(sat)
□ Discrete Super-Fast Recovery

(70ns) Free-Wheel Diode
□ High Frequency Operation

(20-25kHz)
□ Isolated Baseplate for Easy

Heat Sinking

Applications:
□ AC Motor Control
□ Motion/Servo Control
□ UPS
□ Welding Power Supplies
□ Laser Power Supplies

Ordering Information:
Example: Select the complete part
module number you desire from
the table below -i.e. CM100DY-12H
is a 600V (VCES), 100 Ampere
Dual IGBTMOD™ Power Module.

Type Current Rating VCES
Amperes Volts (x 50)

CM 100 12

Dimensions Inches Millimeters

K 0.67 17.0

L 0.63 16.0

M 0.51 13.0

N 0.47 12.0

P 0.28 7.0

Q 0.256 Dia. Dia. 6.5

R 0.16 4.0

S M5 Metric M5

B

FF

C

K

R

R
R

D

A

E
G

N

HH

J

P

M

C1

E
1

(3 TYP.)

 

 

(2 TYP.)

 

(3 TYP.)

E2C2E1

E
2

E1

C1

E2

.110 TAB

G1

E2

G2

C2E1

G
1

G
2

S - M5 THD

Q - DIA.

L
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CM100DY-12H
Dual IGBTMOD™ H-Series Module
100 Amperes/600 Volts

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272

Absolute Maximum Ratings, Tj = 25 °C unless otherwise specified
Ratings Symbol CM100DY-12H Units

Junction Temperature Tj –40 to 150 °C

Storage Temperature Tstg –40 to 125 °C

Collector-Emitter Voltage (G-E SHORT) VCES 600 Volts

Gate-Emitter Voltage VGES ±20 Volts

Collector Current IC 100 Amperes

Peak Collector Current ICM 200* Amperes

Diode Forward Current IF 100 Amperes

Diode Forward Surge Current IFM 200* Amperes

Power Dissipation Pd 400 Watts

Max. Mounting Torque M5 Terminal Screws – 17 in-lb

Max. Mounting Torque M6 Mounting Screws – 26 in-lb

Module Weight (Typical) – 190 Grams

V Isolation VRMS 2500 Volts
* Pulse width and repetition rate should be such that device junction temperature does not exceed the device rating.

Static Electrical Characteristics, Tj = 25 °C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units

Collector-Cutoff Current ICES VCE = VCES, VGE = 0V – – 1.0 mA

Gate Leakage Current IGES VGE = VGES, VCE = 0V – – 0.5 µA

Gate-Emitter Threshold Voltage VGE(th) IC = 10mA, VCE = 10V 4.5 6.0 7.5 Volts

Collector-Emitter Saturation Voltage VCE(sat) IC = 100A, VGE = 15V – 2.1 2.8** Volts

IC = 100A, VGE = 15V, Tj = 150°C – 2.15 – Volts

Total Gate Charge QG VCC = 300V, IC = 100A, VGS = 15V – 300 – nC

Diode Forward Voltage VFM IE = 100A, VGS = 0V – – 2.8 Volts

** Pulse width and repetition rate should be such that device junction temperature rise is negligible.

Dynamic Electrical Characteristics, Tj = 25 °C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units

Input Capacitance Cies – –   10 nF

Output Capacitance Coes VGE = 0, VCE = 10V, f = 1MHz – –        3.5 nF

Reverse Transfer Capacitance Cres – –     2 nF

Resistive Turn-on Delay Time td(on) VCC = 300V, IC = 100A, – – 120 ns

Load Rise Time tr VGE1 = VGE2 = 15V, RG = 6.3Ω – – 300 ns

Switch Turn-off Delay Time td(off) – – 200 ns

Times Fall Time tf – – 300 ns

Diode Reverse Recovery Time trr IE = 100A, diE/dt = –200A/µs – – 110 ns

Diode Reverse Recovery Charge Qrr IE = 100A, diE/dt = –200A/µs – 0.27 – µC

Thermal and Mechanical Characteristics, Tj = 25 °C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units

Thermal Resistance, Junction to Case Rth(j-c) Per IGBT – – 0.31 °C/W

Thermal Resistance, Junction to Case Rth(j-c) Per FWDi – – 0.70 °C/W

Contact Thermal Resistance Rth(c-f) Per Module, Thermal Grease Applied – –   0.075 °C/W
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Single IGBTMOD™
H-Series Module
600 Amperes/600 Volts

CM600HA-12H

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272

Outline Drawing and Circuit Diagram

Description:
Powerex IGBTMOD™ Modules
are designed for use in switching
applications. Each module consists
of one IGBT Transistor in a single
configuration with a reverse-
connected super-fast recovery
free-wheel diode. All components
and interconnects are isolated
from the heat sinking baseplate,
offering simplified system assem-
bly and thermal management.

Features:
□ Low Drive Power
□ Low VCE(sat)
□ Discrete Super-Fast Recovery

(70ns) Free-Wheel Diode
□ High Frequency Operation

(20-25kHz)
□ Isolated Baseplate for Easy

Heat Sinking

Applications:
□ AC Motor Control
□ Motion/Servo Control
□ UPS
□ Welding Power Supplies
□ Laser Power Supplies

Ordering Information:
Example: Select the complete part
module number you desire from
the table below -i.e. CM600HA-12H
is a 600V (VCES), 600 Ampere
Single IGBTMOD™ Power Module.

Type Current Rating VCES
Amperes Volts (x 50)

CM 600 12

W

H K
F

S

J J

Z

E C

E

G

U

M

C

A

R

P

B

T

ED

Q
L G N

Y - THD (2 TYP.)

 V - THD
(2 TYP.)

 X - DIA.
(4 TYP.)

E E C

G

Dimensions Inches Millimeters

A 4.33 110.0

B 3.15 80.0

C 3.66±0.008 93.0±0.25

D 2.44±0.008 62.0±0.25

E 1.57 40.0

F 1.42 Max. 36.0 Max.

G 1.14 29.0

H 1.00 Max. 25.5 Max.

J 0.96 25.0

K 0.94 24.5

L 0.83 21.0

M 0.71 18.0

Dimensions Inches Millimeters

N 0.69 17.5

P 0.61 15.5

Q 0.51 13.0

R 0.49 12.5

S 0.45 11.5

T 0.43 11.0

U 0.35 9.0

V M8 Metric  M8

W 0.28 7.0

X 0.256 Dia. Dia. 6.50

Y M4 Metric  M4

Z 0.12 3.04
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CM600HA-12H
Single IGBTMOD™ H-Series Module
600 Amperes/600 Volts

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272

Absolute Maximum Ratings, Tj = 25 °C unless otherwise specified
Ratings Symbol CM600HA-12H Units

Junction Temperature Tj –40 to 150 °C

Storage Temperature Tstg –40 to 125 °C

Collector-Emitter Voltage (G-E SHORT) VCES 600 Volts

Gate-Emitter Voltage VGES ±20 Volts

Collector Current IC 600 Amperes

Peak Collector Current ICM 1200* Amperes

Diode Forward Current IF 600 Amperes

Diode Forward Surge Current IFM 1200* Amperes

Power Dissipation Pd 2100 Watts

Max. Mounting Torque M8 Terminal Screws – 95 in-lb

Max. Mounting Torque M6 Mounting Screws – 26 in-lb

Module Weight (Typical) – 560 Grams

V Isolation VRMS 2500 Volts
* Pulse width and repetition rate should be such that device junction temperature does not exceed the device rating.

Static Electrical Characteristics, Tj = 25 °C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units

Collector-Cutoff Current ICES VCE = VCES, VGE = 0V – – 1.0 mA

Gate Leakage Current IGES VGE = VGES, VCE = 0V – – 0.5 µA

Gate-Emitter Threshold Voltage VGE(th) IC = 60mA, VCE = 10V 4.5 6.0 7.5 Volts

Collector-Emitter Saturation Voltage VCE(sat) IC = 600A, VGE = 15V – 2.1 2.8** Volts

IC = 600A, VGE = 15V, Tj = 150°C – 2.15  – Volts

Total Gate Charge QG VCC = 600V, IC = 600A, VGS = 15V – 1800 – nC

Diode Forward Voltage VFM IE = 600A, VGS = 0V – – 2.8 Volts

** Pulse width and repetition rate should be such that device junction temperature rise is negligible.

Dynamic Electrical Characteristics, Tj = 25 °C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units

Input Capacitance Cies – –   60 nF

Output Capacitance Coes VGE = 0V, VCE = 10V, f = 1MHz – –    21 nF

Reverse Transfer Capacitance Cres – –    12 nF

Resistive Turn-on Delay Time td(on) – – 350 ns

Load Rise Time tr VCC = 300V, IC = 600A, – – 700 ns

Switching Turn-off Delay Time td(off) VGE1 = VGE2 = 15V, RG = 1.0Ω – – 350 ns

Times Fall Time tf – – 300 ns

Diode Reverse Recovery Time trr IE = 600A, diE/dt = –1200A/µs – – 110 ns

Diode Reverse Recovery Charge Qrr IE = 600A, diE/dt = –1200A/µs – 1.62 – µC

Thermal and Mechanical Characteristics, Tj = 25 °C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units

Thermal Resistance, Junction to Case Rth(j-c) Per IGBT – – 0.06 °C/W

Thermal Resistance, Junction to Case Rth(j-c) Per FWDi – – 0.12 °C/W

Contact Thermal Resistance Rth(c-f) Per Module, Thermal Grease Applied – –   0.035 °C/W
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MITSUBISHI HVIGBT MODULES

CM1200HC-50H
HIGH POWER SWITCHING USE

INSULATED TYPE

● IC ................................................................ 1200A
● VCES ....................................................... 2500V
● Insulated Type
● 1-element in a pack

APPLICATION

Inverters, Converters, DC choppers, Induction heating, DC to DC converters.

CM1200HC-50H

OUTLINE DRAWING & CIRCUIT DIAGRAM Dimensions in mm

CIRCUIT DIAGRAM

E

C
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CC

E
G

C

LABEL

C E G

C

ECM E E

C C

29
.5

5

13
61.561.5

14
0

12
4

±0
.2

5

40

79.4

20.25

57±0.25

171
190

5.2
40

15

41.25

57±0.25 57±0.25

38

28

20

3 - M4 NUTS
8 - φ7MOUNTING HOLES

6 - M8 NUTS

HVIGBT (High Voltage Insulated Gate Bipolar Transistor) Modules

HVIGBT MODULES (High Voltage Insulated Gate Bipolar Transistor Modules)
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Oct 2002

MITSUBISHI HVIGBT MODULES

CM1200HC-50H
HIGH POWER SWITCHING USE

INSULATED TYPE

V

V

VCE = VCES, VGE = 0V

VGE = VGES, VCE = 0V
Tj = 25°C
Tj = 125°C

VCC = 1250V, IC = 1200A, VGE = 15V
VCC = 1250V, IC = 1200A

VGE1 = VGE2 = 15V
RG = 1.6Ω
Resistive load switching operation

IE = 1200A, VGE = 0V
IE = 1200A,
die / dt = –2400A / µs (Note 1)

Junction to case, IGBT part
Junction to case, FWDi part
Case to fin, conductive grease applied

IC = 120mA, VCE = 10V

IC = 1200A, VGE = 15V (Note 4)

VCE = 10V
VGE = 0V

Collector cutoff current
Gate-emitter
threshold voltage

Gate-leakage current
Collector-emitter
saturation voltage

Input capacitance
Output capacitance
Reverse transfer capacitance

Total gate charge
Turn-on delay time
Turn-on rise time

Turn-off delay time
Turn-off fall time
Emitter-collector voltage

Reverse recovery time
Reverse recovery charge

Thermal resistance

Contact thermal resistance

Collector-emitter voltage

Gate-emitter voltage

Maximum collector dissipation
Junction temperature
Storage temperature

Isolation voltage

Mounting torque

Mass

VGE = 0V

VCE = 0V
TC = 25°C
Pulse (Note 1)
TC = 25°C
Pulse (Note 1)
TC = 25°C, IGBT part

—
—

Charged part to base plate, rms, sinusoidal, AC 60Hz 1min.
Main terminals screw M8
Mounting screw M6
Auxiliary terminals screw M4

Typical value

Collector current

Emitter current

2500
±20

1200
2400
1200
2400

15600
–40 ~ +150
–40 ~ +125

6000
6.67 ~ 13.00

2.84 ~ 6.00
0.88 ~ 2.00

2.2

MAXIMUM RATINGS (Tj = 25°C)

Symbol  Item Conditions UnitRatings

V

V
A
A
A

A
W
°C
°C
V

N·m
N·m
N·m

kg

VCES

VGES

IC
ICM

IE  (Note 2)

IEM(Note 2)

PC (Note 3)

Tj

Tstg

Viso

—

—

Min Typ Max
15

0.5
3.64
—

—
—
—

—
1.60
2.00
2.50

1.00
3.25
1.20
—

0.010
0.020

—

mA

µA

nF
nF

nF
µC
µs

µs
µs
µs

V
µs
µC

K/W
K/W
K/W

—

—
2.80

3.15
180
13.5
6.0

8.1
—
—

—
—
2.50
—

350
—
—

0.008

—

—
—

—
—
—

—
—
—

—
—
—

—
—
—

—
—
—

ICES

IGES

Cies

Coes

Cres

QG

td (on)

tr
td (off)

tf

VEC(Note 2)

trr   (Note 2)

Qrr (Note 2)

Rth(j-c)Q

Rth(j-c)R

Rth(c-f)

ELECTRICAL CHARACTERISTICS (Tj = 25°C)

Symbol Item Conditions

VGE(th)

VCE(sat)

Limits
Unit

6.04.5

Note 1. Pulse width and repetition rate should be such that the device junction temp. (Tj) does not exceed Tjmax rating.
2. IE, VEC, trr, Qrr & die/dt represent characteristics of the anti-parallel, emitter to collector free-wheel diode.
3. Junction temperature (Tj) should not increase beyond 150°C.
4. Pulse width and repetition rate should be such as to cause negligible temperature rise.

7.5

HVIGBT (High Voltage Insulated Gate Bipolar Transistor) Modules

HVIGBT MODULES (High Voltage Insulated Gate Bipolar Transistor Modules)
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International Rectifier 

EXISTING
Products

NEW
Products

UPCOMING
Products

POTENTIAL
Products

The IR IGBT Navigator
released to 

production in last 6-
9 months

to be released within 
next 3-4 months

no current plans...
see bus.mgmt.

Effective 6 October, 1999

Voltage Speed
Ic

@100C Change

D-Pak
Discrete

TO-220
Discrete
(CoPack)

D²Pak/TO-262
Discrete
(CoPack)

TO-220 Fullpak
TO-247
Discrete
(CoPack)

Super247
Discrete
(CoPack)

Highest-Efficiency:

250V
Low-Vceon 55 A

IRG4P254S
91591

.
high
effic. 0 ~ 10 kHz

~5A

Warp
Speed

6.5 A
IRG4BC20W

91652
IRGIBC20W

91785

60 ~ 150
kHz

12A
IRG4BC30W

91629
IRG4BC30W-S

91790
IRG4IBC30W

91791
IRG4PC30W

91628

20A
IRG4BC40W

91654
IRG4PC40W

91656 

27A
IRG4PC50W

91657 

5.0 A Y
IRG4RC10U

91572
IRG4BC10UD

91677
IRG4IBC10UD
2/99     10/99

6.5 A
IRG4BC20U(D)
92448 (92449)

IRG4IBC20UD
91752

Ultra-
Fast

12 A
IRG4BC30U(D)
91452 (91453)

IRG4BC30U-S
91803

IRG4IBC30UD
91753

IRG4PC30U(D)
91461(91462)

20 A
IRG4BC40U

91456 
IRG4PC40U(D)
91456 (91467)

approx.
27 A

IRG4PC50U(D)
91470 (91471)

8 ~ 60
kHz

50 A

600V
60 A Y

IRG4PSC71U(D)
91681 (91682)10/99

high
effic.

4.5 A

Fast
9.0 A

IRG4BC20F(D)
91602 (91601)

IRG4IBC20FD
91750

17 A
IRG4BC30F(D)
91450 (91451)

IRG4IBC30FD
91751

IRG4PC30F(D)
91459 (91460)

approx. 27 A
IRG4BC40F

91454
IRG4PC40F(D)
91463 (91464)

1 ~ 8
kHz

39 A
IRG4PC50F(D)
91468 (91469)

8.0 A
IRG4RC10S

91732
IRG4BC10S(D)
91786  91784

10 A
IRG4BC20S(D)
91597  (91793)

IRG4BC20SD-S
91794

Standard/
low Vceon

18 A
IRG4BC30S

91593
IRG4PC30S

91586

31 A
IRG4BC40S

(92-0065)
91455

IRG4PC40S
91465

approx. 41 A
IRG4PC50S

91581

0 ~ 1
kHz
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International Rectifier 

Voltage Speed
Ic

@100C Change

D-Pak
Discrete

TO-220
Discrete
(CoPack)

D²Pak/TO-262
Discrete
(CoPack)

TO-220 Fullpak
TO-247
Discrete
(CoPack)

Super247
Discrete
(CoPack)

900V Warp Speed

high
effic. 20 ~ 100

28 A
IRG4PF50W(D)
91710 (91788)

kHz

Ultra-
Fast

approx. 16 A
IRG4PH40U(D)
91612 (91621)

1200V
5 ~ 40 20 A Y

IRGP20B120UD-E
Now        11/99

high
effic.

kHz 24 A
IRG4PH50U(D)
91574 (91573)

42 A

Standard
(low sat)

0 ~ 1 kHz 33A
IRG4PH50S

91712

Short-Circuit-Rated:

5.0 A
IRG4BC10K(D)
91733  (91734)

9.0 A
IRG4BC20K(D)
91600 (91599)

IRG4BC20K(D)-S
91620 (91598)

IRG4IBC20KD
91689

600V
Ultra-
Fast

16 A
IRG4BC30K(D)
91596 (91595)

IRG4BC30K(D)-S
91619 (91594)

IRG4IBC30KD
91690

IRG4PC30K(D)
91588 (91587)

for
for

25 A
IRG4BC40K 

91592
IRG4PC40K(D)
91585 (91584)

Motor
Drives

8 ~
25 kHz

30 A
IRG4PC50K(D)
91583 (91582)

motors tbd

60 A Y
IRG4PSC71K(D)

91683 ( 91684)10/99

5 A Y
IRG4BH20K-S/L

5/99    10/99
IRG4PH20K(D)
91776  (91777)

1200V
Ultra-
Fast

10 A
IRG4PH30K(D)
91580 (91579)

1200V
Ultra-
Fast

15 A
IRG4PH40K(D)
91578 (91577)

for
for 4~20

kHz
24 A

IRG4PH50K(D)
91576 (91575)

Motor
Drives

motors 30 A Y
IRGP30B120KD-E

Now        11/99

42 A Y
IRG4PSH71K(D)
91687   (91688)
 7/99       10/99

Ignition IGBT:

400V
Low-Vceon 14 A Y

IRGS14C40L
Now     12/99

Part Number

KEY: FOD document # * = not recommended for new designs
Date for
SAMPLES

Date for
PROD'N
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International Rectifier

The IGBT SIP & HEXPak Navigator
Effective 8 September,                                                                    EXISTING

Products
NEW

Products
UPCOMING

Products
POTENTIAL

Products

released to 
production in last 

6-9 months

to be released 
within next 3-4 

months

no current plans...
see bus.mgmt.

IGBT SIP Module HEX-Pak Module

Voltage Speed
Ic @ 100 

degC
3 Phase Bridge Voltage Rds(on) Ic @ 25 degC Parallel Chip Half Bridge

Ultra-
Fast

4 A
CPV362M4U

50044
0.01 120 A

IRFK2D054
IRFK2F054

82790

approx.

7 A
CPV363M4U

50039
60 V 0.005 150 A

IRFK4H054
IRFK4J054

27103

600V
8 ~ 60
kHz

10 A
CPV364M4U

50041
0.003 350 A

IRFK6H054
IRFK6J054

27128

high
effic. Fast

5 A
CPV362M4F

50046
0.028 72 A

IRFK2D150
IRFK2F150

82791

approx. 9 A
CPV363M4F

50038 100 V
0.02 125 A

IRFK3D150
IRFK3F150

82797

1 ~ 8
kHz 15 A

CPV364M4F
50040

0.014 145 A
IRFK4H150
IRFK4J150

27104

600V
Ultra-
Fast

3 A
CPV362M4K

50045
0.01 150 A

IRFK6H150
IRFK6J150

27110

for

for

6 A
CPV363M4K

50043
0.043 54 A

IRFK2D250
IRFK2F250

82792

Motor
Drives

8 ~
25 kHz

13 A
CPV364M4K

50042 200 V
0.03 70 A

IRFK3D250
IRFK3F250

82798

0.021 108 A
IRFK4H250
IRFK4J250

27105

0.015 140 A
IRFK6H250
IRFK6J250

27111

0.15 25 A
IRFK2D350
IRFK2F350

82793

400 V
0.1 37 A

IRFK3D350
IRFK3F350

82799

0.075 50 A
IRFK4H350
IRFK4J350

27106

0.05 75 A
IRFK6H350
IRFK6J350

27112

0.2 22 A
IRFK2D450
IRFK2F450

82794

500 V
0.135 33 A

IRFK3D450
IRFK3F450

27100

0.1 44 A
IRFK4H450
IRFK4J450

27107

0.067 66 A
IRFK6H450
IRFK6J450

27113

0.35 18 A
IRFK2DC50
IRFK2FC50

82795

600V
0.23 24 A

IRFK3DC50
IRFK3FC50

27101

0.175 35 A
IRFK4HC50
IRFK4JC50

27108

0.1 48 A
IRFK6HC50
IRFK6JC50

27114

800 V
0.6 12 A

IRFK2DE50
IRFK2FE50

82796

0.3 26 A
IRFK4HE50
IRFK4JE50

27109
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cpv362m4u.pdf
cpv363m4u.pdf
cpv364m4u.pdf
cpv362m4f.pdf
cpv363m4f.pdf
cpv364m4f.pdf
cpv362m4k.pdf
cpv363m4k.pdf
cpv364m4k.pdf
irfk2d054.pdf
irfk4h054.pdf
irfk6h054.pdf
irfk2d150.pdf
irfk3d150.pdf
irfk4h150.pdf
irfk6h150.pdf
irfk2d250.pdf
irfk3d250.pdf
irfk4h250.pdf
irfk6h250.pdf
irfk2d350.pdf
irfk3d350.pdf
irfk4h350.pdf
irfk6h350.pdf
irfk2d450.pdf
irfk3d450.pdf
irfk4h450.pdf
irfk6h450.pdf
irfk2dc50.pdf
irfk3dc50.pdf
irfk4hc50.pdf
irfk6hc50.pdf
irfk2de50.pdf
irfk4he50.pdf


International Rectifier Confidential

COLOR
CODING:

EXISTING
Products

NEW
Products

UPCOMING
Products

POTENTIAL
Products

The Switch Module Navigator
released to 

production in last 
6-9 months

to be released 
within next 3-4 

months

no current plans...
see bus.mgmt.

Effective 29 August, 1997

SOT-227 Int-A-Pak Dual-Int-A-Pak

Voltage Ic Speed Change Single switch
Single switch, 

with diode Half-bridge H.S. Chopper L.S. Chopper Single switch Half-bridge H.S. Chopper L.S. Chopper

250V 600 A S
GA600GD25S

11/97

hi-eff. 400 A S
GA400TD25S 

50051

1000 A U GA1000DD60U

600 A U GA600DD60U

500 A U
GA500TD60U

50048
GA500KS60U

600V 400 A U
GA400TD60U 

50051
GA400KS60U

hi-eff.'y 300 A U
GA300TD60U 

50057
GA300KS60U

for power 250 A U
GA250TS60U

50047

conversion 200 A U
GA200TS60U

50058

150 A U
GA150TS60U

50056
GA150NS60U

100 A U
GA100TS60U

50055

75 A U
GA75TS60U

50050
GA75NS60U

500 A U GA500DD120U GA500ND120U GA500KD120U

500 A S GA500DD120S GA500ND120S GA500KD120S

400 A U GA400DD120U GA400ND120U GA400KD120U

400 A S GA400DD120S GA400ND120S GA400KD120S

300 A U GA300DD120U GA300ND120U GA300KD120U

300 A S GA300DD120S GA300ND120S GA300KD120S

250 A U
GA250TD120U

11/97
GA250ND120U GA250KD120U

250 A S GA250TD120S GA250ND120S GA250KD120S

200 A U GA200DD120U
GA200TD120U

11/97
GA200ND120U GA200KD120U

1200V 200 A S GA200DD120S GA200TD120S GA200ND120S GA200KD120S

hi-eff.'y 150 A U
GA150TD120U

11/97

for power 150 A S GA150TD120S

conversion 125 A U
GA125TS120U

11/97

125 A S GA125TS120S

100 A U
GA100TS120U

10/97

100A S GA100TS120S

75 A U
GA75TS120U

12/97

75 A S GA75TS120S

50 A U
GA50TS120U

12/97

50 A S GA50TS120S

100V 180A HEXFET
FA180SA10
7/97  10/97

500V 53A HEXFET Y
FA57SA50LC

7/97 10/97

38A HEXFET Y
FA38SA50LC

91615
6/97  10/97

200 A "S" IGBT
GA200SA60S

7/97  10/97

600V 200 A "U" IGBT
GA200SA60U

7/97  10/97

75 A "U" IGBT Y GA75DA60U
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International Rectifier

The HEXFET™ Through Hole Navigator
COLOR

CODING:
EXISTING
Products

NEW
Products

UPCOMING
Products

POTENTIAL
Products

released to 
production in 

last 6-9 months

to be released 
within next 3-4 

months

no current plans...
see bus.mgmt.

Effective 8 September, 1998

BVdss Rds(on) gate, spd Change I-Pak TO-262 TO-220
TO-220
FullPak

TO-247 /
TO-3P

Super247

0.020 LL Y
IRL3302L

91692
IRL3302
91696

0.016 LL Y
IRL3202L

91675
IRL3202
91695

20 V 0.013 LL Y
IRL3102L

91691
IRL3102
91694

0.008 LL Y
IRL3402L

91693
IRL3402
91697

0.006 LL Y
IRL3502L

91676
IRL3502
91698

0.040 L Y
IRLU2703

91335
IRL2703L

91360
IRL2703
91359

0.031 Y
IRFU3303

91642

0.026 - 0.031 L Y
IRLU3303

91316
IRL3303L

91323
IRL3303
91322

0.020 Y
IRFU3103
5/98  12/98

30 V 0.014 L Y
IRLU3103

91333
IRL3103L

91338
IRL3103
91337

0.007 L Y
IRL2203NL

91367
IRL2203N

91366
IRLI2203N

91378

0.006 L Y
IRL3803L

91319
IRL3803
91301

IRLI3803
91320

40 V 0.0090
IRF1104L IRF1104

91724

0.0080 L
IRL1104L IRL1104

0.0065 L
IRL1004L

91644
IRL1004
91702

0.200 L Y
IRLU014N
7/98  9/98

0.070 Y
IRFU024N

91336
IRFZ24NL

91355
IRFZ24N

91354
IRFIZ24N

91501

.060-.065 L Y
IRLU024N

91363
IRLZ24NL

91358
IRLZ24N

91357
IRLIZ24N

91344

0.040 Y
IRFU4105

91302
IRFZ34NL

91311
IRFZ34N

91276
IRFIZ34N

91489

0.035 L Y
IRLU2705

91317
IRLZ34NL

91308
IRLZ34N

91307
IRLIZ34N

91329

0.024 Y
IRFU1205

91318
IRFZ44NL

91315
IRFZ44N

91303
IRFIZ44N

91403

0.022 L Y
IRLU2905

91334
IRLZ44NL

91347
IRLZ44N

91346
IRLIZ44N

91498

55 V 0.020 Y
IRFZ46NL

91305
IRFZ46N

91277
IRFIZ46N

91306
IRFP044N

91410

0.016 Y
IRFZ48NL

91408
IRFZ48N

91406
IRFIZ48N

91407
IRFP048N

91409

0.012 Y
IRF1010NL

91372
IRF1010N

91278
IRFI1010N

91373
IRFP054N

91382

0.010 L Y
IRL3705NL

91502
IRL3705N

91370
IRLI3705N

91369

0.008 Y
IRF3205L

91304
IRF3205
91279

IRFI3205
91374

IRFP064N
91383

0.008 L Y
IRL2505L

91326
IRL2505
91325

IRLI2505
91327
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irl3302s.pdf
irl3302.pdf
irl3202s.pdf
irl3202.pdf
irl3102s.pdf
irl3102.pdf
irl3402s.pdf
irl3402.pdf
irl3502s.pdf
irl3502.pdf
irlr2703.pdf
irl2703s.pdf
irl2703.pdf
irfr3303.pdf
irlr3303.pdf
irl3303s.pdf
irl3303.pdf
irfr3103.pdf
irlr3103.pdf
irl3103s.pdf
irl3103.pdf
irl2203ns.pdf
irl2203n.pdf
irli2203n.pdf
irl3803s.pdf
irl3803.pdf
irli3803.pdf
irl1104s.pdf
irf1104.pdf
irl1104s.pdf
irl1104.pdf
irl1004s.pdf
irl1004.pdf
irlr014n.pdf
irfr024n.pdf
irfz24ns.pdf
irfz24n.pdf
irfiz24n.pdf
irlr024n.pdf
irlz24ns.pdf
irlz24n.pdf
irliz24n.pdf
irfr4105.pdf
irfz34ns.pdf
irfz34n.pdf
irfiz34n.pdf
irlr2705.pdf
irlz34ns.pdf
irlz34n.pdf
irliz34n.pdf
irfr1205.pdf
irfz44ns.pdf
irfz44n.pdf
irfiz44n.pdf
irlr2905.pdf
irlz44ns.pdf
irlz44n.pdf
irliz44n.pdf
irfz46ns.pdf
irfz46n.pdf
irfiz46n.pdf
irfp044n.pdf
irfz48ns.pdf
irfz48n.pdf
irfiz48n.pdf
irfp048n.pdf
irf1010ns.pdf
irf1010n.pdf
irfi1010n.pdf
irfp054n.pdf
irl3705ns.pdf
irl3705n.pdf
irli3705n.pdf
irf3205s.pdf
irf3205.pdf
irfi3205.pdf
irfp064n.pdf
irl2505s.pdf
irl2505.pdf
irli2505.pdf


International Rectifier

BVdss Rds(on) gate, spd Change I-Pak TO-262 TO-220
TO-220
FullPak

TO-247 /
TO-3P

Super247

0.175 Y
IRFU9024N

91506
IRF9Z24NL

91742
IRF9Z24N

91484

IRFI9Z24N
91501

10/97  TBD

-55 V
0.110 Y

IRFU5505
91610

IRF9Z34NL
91525

IRF9Z34N
91485

IRFI9Z34N
91489

10/97  TBD

0.060 Y
IRFU5305

91402
IRF5305L

91386
IRF5305
91385

0.020 Y
IRF4905L

91478
IRF4905
91280

IRFI4905
91526

10/97 TBD

0.200 Y
IRFU014*

90701
IRFZ14L*

90890
IRFZ14*
90507

IRFIZ14G*
90859

0.200 L Y
IRLU014*

90624
IRLZ14L*

90903
IRLZ14*
90556

IRLIZ14G*
90846

Y
IRFU024*

90702
IRFZ24L*

90891
IRFZ24*
90594

IRFIZ24G*
90751

Y
IRLU024*

90625
IRLZ24L*

90904
IRLZ24*
90557

IRLIZ24G*
90847

60 V 0.071 Y
IRFIZ24E

91673

0.040
IRFZ34E

91672
IRFIZ34E

91674

0.026 Y
IRFZ44EL

91714
IRFZ44E

91671

0.014 Y
IRF1010EL

91720
IRF1010E

91670

0.500 Y
IRFU9014*

90654
IRF9Z14L*

90911
IRF9Z14*

90736
IRFI9Z14G*

90840

-60V 0.280 Y
IRFU9024*

90655
IRF9Z24L*

90912
IRF9Z24*

90647
IRFI9Z24G*

90841

0.140 Y
IRF9Z34L*

90912
IRF9Z34*

90648
IRFI9Z34G*

90842

75 V 0.013 Y
IRF2807L

91518
IRF2807
91517

0.540 Y
IRFU110

90524
IRF/L510L
90895/907

IRF510
90325

IRFI510G
90829

.200-.210 Y
IRFU120N

91365
IRF520NL

91340
IRF520N

91339
IRFI520N

91362

0.180 L Y
IRLU120N

91541
IRL520NL

91494
IRL520N

91494
IRLI520N

91496

0.110 Y
IRFU3910

91364
IRF530NL

91352
IRF530N

91351
IRFI530N

91353

100 V 0.100 L Y
IRLU3410

91607
IRL530NL

91349
IRL530N

91348
IRLI530N

91350

0.052 Y
IRF540NL

91342
IRF540N

91341
IRFI540N

91361
IRFP140N

91343

0.044 L Y
IRL540NL

91495
IRL540N

91495
IRLI540N

91497

0.036 Y
IRF1310NL

91514
IRF1310N

91504
IRFI1310N

91611
IRFP150N

91503

0.028 Y
IRF3710L

91310
IRF3710
91309

IRFI3710
91387

7/97  TBD

IRFP3710
91490

0.026 L Y
IRL2910L

91376
IRL2910
91375

IRLI2910
91384                                                                                                     

7/97  TBD

0.480 Y
IRFU9120N

91507
IRF9520NL

91522
IRF9520N

91521
IRFI9520N
10/97  TBD

0.200 Y IRF9530NL
IRF9530N

91482
IRFI9530N
7/97   TBD

-100 V
0.117 Y

IRF9540NL
91483

IRF9540N
91437

IRFI9540N
91487

10/97   TBD

IRFP9140N
91492

0.060 Y
IRF5210L

91405
IRF5210
91434

IRFI5210
91404

10/97   TBD

150 V 0.082 Y
IRF3315L

91617
IRF3315
91623

0.042 Y
IRF3415L

91509
IRF3415
91477

-150 V 0.290 Y
IRFU6215

91749
6/98  12/98

IRF6215L
91643

IRF6215
91479
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irfr9024n.pdf
irfz24ns.pdf
irf9z24n.pdf
irfi9z24n.pdf
irfr5505.pdf
irf9z34ns.pdf
irf9z34n.pdf
irfi9z34n.pdf
irfr5305.pdf
irf5305s.pdf
irf5305.pdf
irf4905s.pdf
irf4905.pdf
irfi4905.pdf
irfr014.pdf
irfz14s.pdf
irfz14.pdf
irfiz14g.pdf
irlr014.pdf
irlz14s.pdf
irlz14.pdf
irliz14g.pdf
irfr024.pdf
irfz24s.pdf
irfz24.pdf
irfiz24g.pdf
irlr024.pdf
irlz24s.pdf
irlz24.pdf
irliz24g.pdf
irfiz24e.pdf
irfz34e.pdf
irfiz34e.pdf
irfz44es.pdf
irfz44e.pdf
irf1010es.pdf
irf1010e.pdf
irfr9014.pdf
irf9z14s.pdf
irf9z14.pdf
irfi9z14g.pdf
irfr9024.pdf
irf9z24s.pdf
irf9z24.pdf
irfi9z24g.pdf
irf9z34s.pdf
irf9z34.pdf
irfi9z34g.pdf
irf2807s.pdf
irf2807.pdf
irfr110.pdf
irf510s.pdf
irl510s.pdf
irf510.pdf
irfi510g.pdf
irfr120n.pdf
irf520ns.pdf
irf520n.pdf
irfi520n.pdf
irlr120n.pdf
irl520ns.pdf
irl520n.pdf
irli520n.pdf
irfr3910.pdf
irf530ns.pdf
irf530n.pdf
irfi530n.pdf
irlr3410.pdf
irl530ns.pdf
irl530n.pdf
irli530n.pdf
irf540ns.pdf
irf540n.pdf
irfi540n.pdf
irfp140n.pdf
irl540ns.pdf
irl540n.pdf
irli540n.pdf
irf1310ns.pdf
irf1310n.pdf
irfi1310n.pdf
irfp150n.pdf
irf3710s.pdf
irf3710.pdf
irfi3710.pdf
irfp3710.pdf
irl2910s.pdf
irl2910.pdf
irli2910.pdf
irfr9120n.pdf
irf9520ns.pdf
irf9520n.pdf
irf9530ns.pdf
irf9530n.pdf
irf9540ns.pdf
irf9540n.pdf
irfp9140n.pdf
irf5210s.pdf
irf5210.pdf
irf3315s.pdf
irf3315.pdf
irf3415s.pdf
irf3415.pdf
irfr6215.pdf
irf6215s.pdf
irf6215.pdf


International Rectifier

BVdss Rds(on) gate, spd Change I-Pak TO-262 TO-220
TO-220
FullPak

TO-247 /
TO-3P

Super247

1.500 Y
IRFU210

90526
IRF610L

90899
IRF610
90326

0.800 Y
IRFU220

90525
IRF620L/L620L

90900/91218
IRF620/L620
90317/91217

IRF/LI620G
90832/91235

0.400 Y
IRF630L/L630L

90901/91254
IRF630/L630
90309/91255

IRF/LI630G
90652/91236

200V 0.180 Y
IRF640L

90902
IRF/L640

90374/91089
IRF/LI640G
90649/91237

IRFP240
90444

0.085
IRFP250

90443

0.055
IRFP260

90755

0.500 Y
IRF9640L

90921
IRF9640
90422

IRFI9640G
90839

IRFP9240
90481

 

-200V 0.800 Y
IRF9630L

90920
IRF9630
90352

IRFI9630G
90838

1.500 Y
IRFU9220

90522
IRF9620L

90919
IRF9620
90351

IRFI9620G
90874

3.000 Y
IRFU9210

90521
IRF9610L

90918
IRF9610
90350

IRFI9610G

0.075
IRFP264

90756

0.140
IRFP254

90540

250V 0.280 Y
IRF644L

91006
IRF644
90527

IRFI644G
90739

IRFP244
90588

0.450 Y
IRF634L

91005
IRF634
90476

IRFI634G
90738

1.100 Y
IRFU224

90600
IRF624L

91004
IRF624
90472

IRFI624G
90833

2.000 Y
IRFU214

90703
IRF614L

91003
IRF614
90475

IRFI614G
90831

-250V 3.000 Y
IRFU9214

91658

1.000
IRFI9634G

91488

300 LC 0.750 Y IRF737LCL
IRF737LC

91314

0.200
IRFP360

90586

0.300
IRFP350

90445

400V 0.550 Y
IRF740L

91010
IRF740
90375

IRFI740G
90651

IRFP340
90456

1.000 Y
IRF730L

91009
IRF730
90308

IRFI730G
90650

1.800 Y
IRFU320

90598
IRF720L

91008
IRF720
90315

IRFI720G
90834

3.600 Y
IRFU310

90597
IRF710L

91007
IRF710
90327

0.200
IRFP360LC

91230

400 LC 0.300
IRFP350LC

91229

0.550
IRF740LC

91068

0.550
IRFI740GLC

91209

-400 V 6.400 Y
IRFU9310

91663

0.350
IRFP354

90995

450V 0.630
IRF744
91000

IRFI744G
91002

IRFP344
90998

1.200
IRF734
90999

IRFI734G
91001

 

0.270
IRFP460

90512

0.400
IRFP450

90458

500V 0.600
IRFP448

90595

0.850 Y
IRF840L

91013
IRF840
90376

IRFI840G
90642

IRFP440
90457

1.500 Y
IRF830L

91012
IRF830
90311

IRFI830G
90646

3.000 Y
IRFU420

90599
IRF820L

91011
IRF820
90324

IRFI820G
90641
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irfr210.pdf
irf610s.pdf
irf610.pdf
irfr220.pdf
irf620s.pdf
irl620s.pdf
irf620.pdf
irl620.pdf
irfi620g.pdf
irli620g.pdf
irf630s.pdf
irl630s.pdf
irf630.pdf
irl630.pdf
irfi630g.pdf
irli630g.pdf
irf640s.pdf
irf640.pdf
irl640.pdf
irfi640g.pdf
irli640g.pdf
irfp240.pdf
irfp250.pdf
irfp260.pdf
irf9640s.pdf
irf9640.pdf
irfi9640g.pdf
irfp9240.pdf
irf9630s.pdf
irf9630.pdf
irfi9630.pdf
irfr9220.pdf
irf9620s.pdf
irf9620.pdf
irfi9620g.pdf
irfr9210.pdf
irf9610s.pdf
irf9610.pdf
irfp264.pdf
irf644s.pdf
irf644.pdf
irfi644g.pdf
irfp244.pdf
irfp254.pdf
irf634s.pdf
irf634.pdf
irfi634g.pdf
irfr224.pdf
irf624s.pdf
irf624.pdf
irfi624g.pdf
irfr214.pdf
irf614s.pdf
irf614.pdf
irfi614g.pdf
irfr9214.pdf
irfi9634g.pdf
irf737lcs.pdf
irf737lc.pdf
irfp360.pdf
irfp350.pdf
irf740s.pdf
irf740.pdf
irf740g.pdf
irfp340.pdf
irf730s.pdf
irf730.pdf
irfi730g.pdf
irfr320.pdf
irf720s.pdf
irf720.pdf
irfi720g.pdf
irfr310.pdf
irf710s.pdf
irf710.pdf
irfp360lc.pdf
irfp350lc.pdf
irf740lc.pdf
irfi740glc.pdf
irfr9310.pdf
irfp354.pdf
irf744.pdf
irfi744g.pdf
irfp344.pdf
irf734.pdf
irfi734g.pdf
irfp460.pdf
irfp450.pdf
irfp448.pdf
irf840s.pdf
irf840.pdf
irfi840g.pdf
irfp440.pdf
irf830s.pdf
irf830.pdf
irfi830g.pdf
irfr420.pdf
irf820s.pdf
irf820.pdf
irfi820g.pdf


International Rectifier

BVdss Rds(on) gate, spd Change I-Pak TO-262 TO-220
TO-220
FullPak

TO-247 /
TO-3P

Super247

0.150 Y
IRFPS37N50A

4/98  11/98

500 LC 0.270
IRFP460LC

91232

0.400
IRFP450LC

91231

0.850 Y IRF840LCL
IRF840LC

91069
IRFI840GLC

91208

0.400
IRFPC60

90870

0.600
IRFPC50

90656

600V 0.820
IRFPC48

90996

1.200 Y
IRFBC40L

91016
IRFBC40

90506
IRFIBC40G

90852
IRFPC40

90511

2.200 Y
IRFBC30L

91015
IRFBC30

90482
IRFIBC30G

90851
IRFPC30

90596

4.400 Y
IRFUC20

90637
IRFBC20L

91014
IRFBC20

90623
IRFIBC20G

90850

0.400
IRFPC60LC

91234

600 LC 0.600
IRFPC50LC

91233

1.200 Y IRFBC40LCL
IRFBC40LC

91070
IRFIBC40GLC

91211

1.200
IRFPE50

90573

800V 2.000
IRFPE40

90578

3.000
IRFBE30

90613
IRFIBE30G

90854
IRFPE30

90612

6.500
IRFBE20

90610
IRFIBE20G

90853

1.600
IRFPF50

90542

900V 2.500
IRFPF40

90580

3.700
IRFBF30

90616
IRFIBF30G

90856
IRFPF30

90618

8.000 Y
IRFBF20L

91665
IRFBF20

90607
IRFIBF20G

90855

2.000
IRFPG50

90543

1000V 3.500
IRFPG40

90576

5.000
IRFBG30

90620
IRFPG30

90621

11.000
IRFBG20

90604

 

KEY: Part Number
FOD document # * = not recommended for new designs

Date for
SAMPLES

Date for
PROD'N
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irfp460lc.pdf
irfp450lc.pdf
irf840lcs.pdf
irf840lc.pdf
irfi840glc.pdf
irfpc60.pdf
irfpc50.pdf
irfpc48.pdf
irfbc40s.pdf
irfbc40.pdf
irfibc40g.pdf
irfpc40.pdf
irfbc30s.pdf
irfbc30.pdf
irfibc30g.pdf
irfpc30.pdf
irfrc20.pdf
irfbc20s.pdf
irfbc20.pdf
irfibc20g.pdf
irfpc60lc.pdf
irfpc50lc.pdf
irfbc40lcs.pdf
irfbc40lc.pdf
irfibc40glc.pdf
irfpe50.pdf
irfpe40.pdf
irfbe30.pdf
irfibe30g.pdf
irfpe30.pdf
irfbe20.pdf
irfibe20g.pdf
irfpf50.pdf
irfpf40.pdf
irfbf30.pdf
irfibf30g.pdf
irfpf30.pdf
irfbf20s.pdf
irfbf20.pdf
irfibf20g.pdf
irfpg50.pdf
irfpg40.pdf
irfbg30.pdf
irfpg30.pdf
irfbg20.pdf


New Fast Recovery Diodes in package D-Pak, D 2 Pak, TO-220 & TO-247

QUIETIR  Series  600V, 60ns

IF (AVG) 8A 10A 10A 20A 20A 20A 30A 40A 60A 60A 80A

Package Style

Voltage Grade D-Pak D2-Pak TO-220AC D2-Pak TO-220AC TO-220 Full Pak TO-247 3pins TO-247 TO-247 TO-247 3pins TO-247 3pins

200 8EWF02S 10ETF02S 10ETF02 20ETF02S 20ETF02 20ETF02FP 30CPF02 40EPF02 60EPF02 60CPF02 80EPF02

1,1V        60ns 1,1V        60ns 1,1V        60ns 1,3V        60ns 1,3V        60ns 1,3V        60ns 1,4V        60ns 1,25V        60ns 1,3V        70ns 1,3V        70ns 1,2V        70ns

400 8EWF04S 10ETF04S 10ETF04 20ETF04S 20ETF04 20ETF04FP 30CPF04 40EPF04 60EPF04 60CPF04 80EPF04

1,1V        60ns 1,1V        60ns 1,1V        60ns 1,3V        60ns 1,3V        60ns 1,3V        60ns 1,4V        60ns 1,25V        60ns 1,3V        70ns 1,3V        70ns 1,2V        70ns

600 8EWF06S 10ETF06S 10ETF06 20ETF06S 20ETF06 20ETF06FP 30CPF06 40EPF06 60EPF06 60CPF06 80EPF06

1,1V        60ns 1,1V        60ns 1,1V        60ns 1,3V        60ns 1,3V        60ns 1,3V        60ns 1,4V        60ns 1,25V        60ns 1,3V        70ns 1,3V        70ns 1,2V        70ns

Vf @ IF (AVG) , T J =25°C, trr @ IF = 1A, -di/dt = 100A/µs, Vr = -30V

Typical Reverse Recovery Waveform 

Vrr : 200V

QUIETIR   is a new family of power semiconductors developed to increase active noise immunity but maintain 
the "Fast" recovery characteristics and meet the new Electro-Magnetic Interference (EMI) regulations. During 
the electrical energy conversion process, some of the electrical energy is not applied to the load but rather 
transformed in some other disturbing form like heat or noise. These undesirable effects are similar in the way 
mechanical equipment creates acoustic noise and heat. Reduction of this noise improves energy efficiency and 
reduces electro-magnetic interference.       Typical application characteristics of QUIETIR  are: 

        · Soft recovery                                                                                         
        · Low forward voltage drops

Then Applications may include:

        · Welding output diodes
        · Low EMI Rectifiers for  Input Bridge
        · Low EMI Rotating Rectifiers for field winding in alternators

QUIET IR   italic
SMALLIR   underline
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TO-220 AND TO-247 PACKAGES
6A TO 12A 15A TO 20A 10 TO 20A 25A TO 30A 30A 40A/60A

VOLTAGE  
PROCESS

TO-220AC CENTER TAP TO-220AB CENTER TAP TO-247AC
15V OR'ING — 19TQ015 [20266] — — — —

30V — — — 32CTQ030 [20267] — —
STANDARD

45V 12TQ045 [20239] 20TQ045 [20056] 15CTQ045 [20240] 25CTQ045 [20242] 30CPQ045 [20297] 40CPQ045 [20307]

STANDARD MBR3045PT [20324]

6TQ045 [20283] 12TQ045 [20239]

45V HIGH 10TQ045 [20057] 18TQ045 [20178] 20CTQ045 [20056] 30CTQ045 [20332]

TEMP MBR745 [20325] MBR1645 [20319] MBR1545CT [20318] MBR2545CT — —
MBR1045 [20317] MBR2045CT [20320]

60V — — — 30CTQ060 [20300] 30CPQ060 [20298] 40CPQ060 [20308]

16CTQ100 [20192]

100V 8TQ100 [20238] — MBR20100CT [20321] — 30CPQ100 [20333] 40CPQ100 [20309]

150V — — 10CTQ150 [20291] — 30CPQ150 [20299] —

Legend: Part Number [FAX-On-Demad Number]
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Through Hole Schottky 

The Schottky Navigator
COLOR

CODING

Existing 
Products

New 
Product

s

Upcoming 
Products

Possible 
Products

Effective January 1, 1998 released to 
production 
in last year

released 
within next 6 

months

no current 
plans...see 
bus.mgmt.
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en
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DO-
204AL

DO-201AD
DO-

204AR
TO-220AC TO-220AB TO-247AC

D-61     (D-
61SM)

DO-
203AB      
(DO-5)

D-67               
(Half-
Pak)

TO-244AB 
(Non-

Isolated)

TO-244AB       
(Isolated)

15V 1A 11DQ015

3A 31DQ015

9A
95SQ015 

20273
9TQ015

19A
19TQ015 

20266

80A
85CNQ015 

20271

95A
95HQ015 

20272

120A
125NQ015 

20275

180A
185NQ015 

20279

220A
225CNQ015 

20294
225CMQ015

240A
245NQ015 

20296

440A 445CNQ015 445CNQ015 

20V 10A 10SQ02

20A 20TQ020

40A 47CTQ020 47CPQ020

60A 67CPQ020 67CNQ020

100A 87CNQ020

120A 127NQ020

180A 187NQ020

200A 227CNQ020 227CMQ020

240A 247NQ020

440A 447CNQ020 447CMQ020

30V 30A
32CTQ030 

20267

40A 42CTQ030

50A
1N6097 
20329

60A
62CNQ030 

20269
55HQ030 

20268

80A
82CNQ030 

20270

120A
122NQ030 

20274

180A
182NQ030 

20278

200A
220CNQ030 

20280
220CMQ030

240A
242NQ030 

20281

440A
440CNQ030 

20282
440CMQ030

40V 1A
11DQ04 
20287

3A
31DQ04 
20304

50A
1N6098 
20329
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Through Hole Schottky 
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DO-
204AL

DO-201AD
DO-

204AR
TO-220AC TO-220AB TO-247AC

D-61     (D-
61SM)

DO-
203AB      
(DO-5)

D-67               
(Half-
Pak)

TO-244AB 
(Non-

Isolated)

TO-244AB       
(Isolated)

45V 6A
6TQ045 
20283

8A
MBR745 

20325

8A
80SQ045 

20047

9A
90SQ045 

20222

10A
10TQ045 

20057

10A
MBR1045 

20317

12A
12CTQ045 

20054

15A
12TQ045 

20239
15CTQ045 

20240

15A
MBR1545C

T 20318

16A
MBR1645 

20319

18A
18TQ045 

20178

20A
20TQ045 

20241
MBR2045C

T 20320

20A
20CTQ045 

20056

30A
25CTQ045 

20242
30CPQ045 

20297

30A
MBR2545C

T 20322
MBR3045P

T 20324

30A
30CTQ045 

20332

40A 40CTQ045
40CPQ045 

20307

40A
MBR4045P

T 20343

60A
MBR6045
WT 20476

60CNQ045 
20195

51HQ045 
20021

60A
61CNQ045 

20248
1N6392 
20080

60A
50HQ045 

20032

75A
75HQ045 

20246

75A
MBR7545 

20325

80A
80CNQ045 

20216

80A
81CNQ045 

20237

85A
85HQ045 

20247

120A
120NQ045 

20224

120A
121NQ045 

20249

180A
180NQ045 

20227

180A
181NQ045 

20293

200A
200CNQ045 

20257
200CMQ045

200A
201CNQ045 

20258
201CMQ045

240A
240NQ045 

20230

240A
240NQ045 

20261

300A 300CNQ045 300CMQ045

300A
301CNQ045 

20177
301CMQ045

400A 400DMQ045

440A
400CNQ045 

20264
400CMQ045

440A
401CNQ045 

20263
401CMQ045

60V 1A
11DQ06 
20288

3A
31DQ06 
20305

30A
30CTQ060 

20300
30CPQ060 

20298

40A 48CTQ060
40CPQ060 

20308
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Through Hole Schottky 
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DO-
204AL

DO-201AD
DO-

204AR
TO-220AC TO-220AB TO-247AC

D-61     (D-
61SM)

DO-
203AB      
(DO-5)

D-67               
(Half-
Pak)

TO-244AB 
(Non-

Isolated)

TO-244AB       
(Isolated)

40A
MBR4060P

T 20344

80A
88CNQ060 

20494

120A 128NQ060

180A 188NQ060

200A 208CNQ060 208CMQ060

240A 248NQ060

400A 408CNQ060 408CMQ060

100V 1A
11DQ10 
20289

3A
31DQ10 
20306

5A
50SQ100 

20060

8A
8TQ100 
20238

16A
16CTQ100 

20192

20A
MBR20100C

T 20321

30A
30CPQ100 

20333

40A 43CTQ100
40CPQ100 

20309

60A
63CNQ100 

20223
60HQ100 

20055

80A
83CNQ100 

20221

120A
123NQ100 

20250

180A
183NQ100 

20256

200A 203DNQ100 203DMQ100

200A
203CNQ100 

20259
203CMQ100

240A
243NQ100 

20261

300A
303CNQ100 

20234
303CMQ100

400A
403CNQ100 

20214
403CMQ100

150V 10A
10CTQ150 

20198

30A
30CPQ150 

20299

80A
89CNQ150 

20495

120A 129NQ150

180A 189NQ150

200A 209DNQ150  209DMQ150

200A 209CNQ150 209CMQ150

240A 249NQ150

300A 309CNQ150 309CMQ100

400A 409CNQ150 409CMQ100

Note: Downgrades Not included - Contact Factory For Details
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_______________General Description
The MAX860/MAX861 charge-pump voltage converters
invert input voltages ranging from 1.5V to 5.5V, or dou-
ble input voltages ranging from 2.5V to 5.5V. Because
of their high switching frequencies, these devices use
only two small, low-cost capacitors. Their 50mA output
makes switching regulators unnecessary, eliminating
inductors and their associated cost, size, and EMI.
Greater than 90% efficiency over most of the load-cur-
rent range, combined with a typical operating current of
only 200µA (MAX860), provides ideal performance for
both battery-powered and board-level voltage-conver-
sion applications.
A frequency-control (FC) pin provides three switching-
frequencies to optimize capacitor size and quiescent
current and to prevent interference with sensitive cir-
cuitry. Each device has a unique set of three available
frequencies. A shutdown (S

—
H
—
D
—
N
–
) pin reduces current

consumption to less than 1µA.  The MAX860/MAX861
are suitable for use in applications where the ICL7660
and MAX660's switching frequencies are too low. The
MAX860/MAX861 are available in 8-pin µMAX and 
SO packages.

________________________Applications
Portable Computers
Medical Instruments
Interface Power Supplies
Hand-Held Instruments
Operational-Amplifier Power Supplies

____________________________Features
♦ 8-Pin, 1.11mm High µMAX Package

♦ Invert or Double the Input Supply Voltage

♦ Three Selectable Switching Frequencies

♦ High Frequency Reduces Capacitor Size

♦ 87% Efficiency at 50mA

♦ 200µA Quiescent Current (MAX860)

♦ 1µA Shutdown Supply Current

♦ 600mV Voltage Drop at 50mA Load

♦ 12Ω Output Resistance

______________Ordering Information

M
A

X
8

6
0

/M
A

X
8

6
1

50mA, Frequency-Selectable,
Switched-Capacitor Voltage Converters

________________________________________________________________ Maxim Integrated Products 1

1

2

3

4

8

7

6

5

VDD

SHDN

LV

OUTC1-

GND

C1+

FC

MAX860

MAX861

SO/µMAX

TOP VIEW

__________________Pin Configuration

1

2

3

4

8

7

6

5

FC

C1+

GND

C1- OUT

LV

SHDN

VDDMAX860

MAX861

1

2

3

4

8

7

6

5

FC

C1+

GND

C1- OUT

LV

SHDN

VDDMAX860

MAX861

INPUT

VOLTAGE

+1.5V TO +5.5V

INVERTED

NEGATIVE

OUTPUT

INPUT

VOLTAGE


+2.5V TO +5.5V
DOUBLED

POSITIVE

OUTPUT

10µF

10µF

10µF

10µF

C1

C1

C2

C2
VOLTAGE INVERTER

POSITIVE VOLTAGE DOUBLER

__________Typical Operating Circuit

Call toll free 1-800-998-8800 for free samples or literature.

19-0239; Rev 0; 7/94

PART

MAX860CSA

MAX860CUA 0°C to +70°C

0°C to +70°C

TEMP. RANGE PIN-PACKAGE

8 SO

8 µMAX

*  Dice are tested at TA = +25°C, DC parameters only.
† Contact factory for availability.

MAX860C/D 0°C to +70°C Dice*
MAX860ESA -40°C to +85°C 8 SO
MAX860MJA -55°C to +125°C 8 CERDIP†

MAX861CSA 0°C to +70°C 8 SO
MAX861CUA 0°C to +70°C 8 µMAX
MAX861C/D 0°C to +70°C Dice*
MAX861ESA -40°C to +85°C 8 SO
MAX861MJA -55°C to +125°C 8 CERDIP†
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_______________General Description
The MAX860/MAX861 charge-pump voltage converters
invert input voltages ranging from 1.5V to 5.5V, or dou-
ble input voltages ranging from 2.5V to 5.5V. Because
of their high switching frequencies, these devices use
only two small, low-cost capacitors. Their 50mA output
makes switching regulators unnecessary, eliminating
inductors and their associated cost, size, and EMI.
Greater than 90% efficiency over most of the load-cur-
rent range, combined with a typical operating current of
only 200µA (MAX860), provides ideal performance for
both battery-powered and board-level voltage-conver-
sion applications.
A frequency-control (FC) pin provides three switching-
frequencies to optimize capacitor size and quiescent
current and to prevent interference with sensitive cir-
cuitry. Each device has a unique set of three available
frequencies. A shutdown (S

—
H
—
D
—
N
–
) pin reduces current

consumption to less than 1µA.  The MAX860/MAX861
are suitable for use in applications where the ICL7660
and MAX660's switching frequencies are too low. The
MAX860/MAX861 are available in 8-pin µMAX and 
SO packages.

________________________Applications
Portable Computers
Medical Instruments
Interface Power Supplies
Hand-Held Instruments
Operational-Amplifier Power Supplies

____________________________Features
♦ 8-Pin, 1.11mm High µMAX Package

♦ Invert or Double the Input Supply Voltage

♦ Three Selectable Switching Frequencies

♦ High Frequency Reduces Capacitor Size

♦ 87% Efficiency at 50mA

♦ 200µA Quiescent Current (MAX860)

♦ 1µA Shutdown Supply Current

♦ 600mV Voltage Drop at 50mA Load

♦ 12Ω Output Resistance

______________Ordering Information

M
A

X
8

6
0

/M
A

X
8

6
1

50mA, Frequency-Selectable,
Switched-Capacitor Voltage Converters

________________________________________________________________ Maxim Integrated Products 1

1

2

3

4

8

7

6

5

VDD

SHDN

LV

OUTC1-

GND

C1+

FC

MAX860

MAX861

SO/µMAX

TOP VIEW

__________________Pin Configuration

1

2

3

4

8

7

6

5

FC

C1+

GND

C1- OUT

LV

SHDN

VDDMAX860

MAX861

1

2

3

4

8

7

6

5

FC

C1+

GND

C1- OUT

LV

SHDN

VDDMAX860

MAX861

INPUT

VOLTAGE

+1.5V TO +5.5V

INVERTED

NEGATIVE

OUTPUT

INPUT

VOLTAGE


+2.5V TO +5.5V
DOUBLED

POSITIVE

OUTPUT

10µF

10µF

10µF

10µF

C1

C1

C2

C2
VOLTAGE INVERTER

POSITIVE VOLTAGE DOUBLER

__________Typical Operating Circuit

Call toll free 1-800-998-8800 for free samples or literature.

19-0239; Rev 0; 7/94

PART

MAX860CSA

MAX860CUA 0°C to +70°C

0°C to +70°C

TEMP. RANGE PIN-PACKAGE

8 SO

8 µMAX

*  Dice are tested at TA = +25°C, DC parameters only.
† Contact factory for availability.

MAX860C/D 0°C to +70°C Dice*
MAX860ESA -40°C to +85°C 8 SO
MAX860MJA -55°C to +125°C 8 CERDIP†

MAX861CSA 0°C to +70°C 8 SO
MAX861CUA 0°C to +70°C 8 µMAX
MAX861C/D 0°C to +70°C Dice*
MAX861ESA -40°C to +85°C 8 SO
MAX861MJA -55°C to +125°C 8 CERDIP†
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_______________General Description
The MAX848/MAX849 boost converters set a new stan-
dard of high efficiency and high integration for noise-
sensitive power-supply applications, such as portable
phones and small systems with RF data links. The heart
of the these devices is a synchronous boost-topology
regulator that generates a fixed 3.3V output (or 2.7V to
5.5V adjustable output) from one to three NiCd/NiMH
cells or one Li-Ion cell. 

Synchronous rectification provides a 5% efficiency
improvement over similar nonsynchronous boost regu-
lators. In standby mode, pulse-skipping PFM operation
keeps the output voltage alive with only 150µW quies-
cent power consumption. Fixed-frequency PWM opera-
tion ensures that the switching noise spectrum is limited
to the 300kHz fundamental and its harmonics, allowing
easy post-filtering noise reduction. For even tighter
noise spectrum control, synchronize to a 200kHz to
400kHz external clock.

Battery monitoring is provided by a two-channel, volt-
age-to-frequency analog-to-digital converter (ADC).
One channel is intended for a single-cell battery input
(0.625V to 1.875V range), while the other channel is for
monitoring higher voltages (0V to 2.5V range).

Two control inputs are provided for push-on, push-off
control via a momentary pushbutton switch. Upon
power-up, an internal comparator monitors the output
voltage to generate a power-good output (POK).

The devices differ only in the current limit of the 
N-channel MOSFET power switch: 0.8A for the
MAX848, and 1.4A for the MAX849.

____________________________Features
♦ Up to 95% Efficiency

(see Typical Output Selector Guide below)

♦ 3.3V Dual Mode™ or 2.7V to 5.5V Adj. Output

♦ 0.7V to 5.5V Input Range

♦ 0.15mW Standby Mode

♦ 300kHz PWM Mode or Synchronizable

♦ Two-Channel ADC with Serial Output

♦ Power-Good Function

________________________Applications
Digital Cordless Phones PCS Phones

Cellular Phones Hand-Held Instruments

Palmtop Computers Personal Communicators

Local 3.3V to 5V Supplies

M
A

X
8

4
8

/M
A

X
8

4
9

1-Cell to 3-Cell, High-Power,
Low-Noise, Step-Up DC-DC Converters

________________________________________________________________ Maxim Integrated Products 1

AIN1

AIN2

AINSEL

DATA

ON1

ON2

CLK/SEL

POKIN

LX




OUT

POUT




POK




FB

MAX848

MAX849

OUTPUTA/D CHANNEL 1 IN

A/D CHANNEL 2 IN


A/D CHANNEL SELECT

A/D OUTPUT

ON/OFF CONTROL

SYNC INPUT

INPUT

0.8V TO 5.5V

VOLTAGE MONITOR

OUTPUT

REF GND PGND

__________Typical Operating Circuit

19-1095; Rev 1; 10/96

PART

MAX848ESE

MAX849ESE -40°C to +85°C

-40°C to +85°C

TEMP. RANGE PIN-PACKAGE

16 Narrow SO

16 Narrow SO

______________Ordering Information

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800

Pin Configuration at end of data sheet.
Dual Mode is a trademark of Maxim Integrated Products.

____Typical Output Selector Guide
VIN
(V)

VOUT
(V)

MAX849 IOUT
(mA)

MAX848 IOUT
(mA)

0.9
3.3 100 70
5 70 40

1.2
3.3 300 110
5 200 70

2.4
3.3 750 200
5 500 130

2.7
3.3 800 250
5 600 150

3.6 5 1000 300
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_______________General Description
The MAX848/MAX849 boost converters set a new stan-
dard of high efficiency and high integration for noise-
sensitive power-supply applications, such as portable
phones and small systems with RF data links. The heart
of the these devices is a synchronous boost-topology
regulator that generates a fixed 3.3V output (or 2.7V to
5.5V adjustable output) from one to three NiCd/NiMH
cells or one Li-Ion cell. 

Synchronous rectification provides a 5% efficiency
improvement over similar nonsynchronous boost regu-
lators. In standby mode, pulse-skipping PFM operation
keeps the output voltage alive with only 150µW quies-
cent power consumption. Fixed-frequency PWM opera-
tion ensures that the switching noise spectrum is limited
to the 300kHz fundamental and its harmonics, allowing
easy post-filtering noise reduction. For even tighter
noise spectrum control, synchronize to a 200kHz to
400kHz external clock.

Battery monitoring is provided by a two-channel, volt-
age-to-frequency analog-to-digital converter (ADC).
One channel is intended for a single-cell battery input
(0.625V to 1.875V range), while the other channel is for
monitoring higher voltages (0V to 2.5V range).

Two control inputs are provided for push-on, push-off
control via a momentary pushbutton switch. Upon
power-up, an internal comparator monitors the output
voltage to generate a power-good output (POK).

The devices differ only in the current limit of the 
N-channel MOSFET power switch: 0.8A for the
MAX848, and 1.4A for the MAX849.

____________________________Features
♦ Up to 95% Efficiency

(see Typical Output Selector Guide below)

♦ 3.3V Dual Mode™ or 2.7V to 5.5V Adj. Output

♦ 0.7V to 5.5V Input Range

♦ 0.15mW Standby Mode

♦ 300kHz PWM Mode or Synchronizable

♦ Two-Channel ADC with Serial Output

♦ Power-Good Function

________________________Applications
Digital Cordless Phones PCS Phones

Cellular Phones Hand-Held Instruments

Palmtop Computers Personal Communicators

Local 3.3V to 5V Supplies

M
A

X
8

4
8

/M
A

X
8

4
9

1-Cell to 3-Cell, High-Power,
Low-Noise, Step-Up DC-DC Converters

________________________________________________________________ Maxim Integrated Products 1

AIN1

AIN2

AINSEL

DATA

ON1

ON2

CLK/SEL

POKIN

LX




OUT

POUT




POK




FB

MAX848

MAX849

OUTPUTA/D CHANNEL 1 IN

A/D CHANNEL 2 IN


A/D CHANNEL SELECT

A/D OUTPUT

ON/OFF CONTROL

SYNC INPUT

INPUT

0.8V TO 5.5V

VOLTAGE MONITOR

OUTPUT

REF GND PGND

__________Typical Operating Circuit

19-1095; Rev 1; 10/96

PART

MAX848ESE

MAX849ESE -40°C to +85°C

-40°C to +85°C

TEMP. RANGE PIN-PACKAGE

16 Narrow SO

16 Narrow SO

______________Ordering Information

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800

Pin Configuration at end of data sheet.
Dual Mode is a trademark of Maxim Integrated Products.

____Typical Output Selector Guide
VIN
(V)

VOUT
(V)

MAX849 IOUT
(mA)

MAX848 IOUT
(mA)

0.9
3.3 100 70
5 70 40

1.2
3.3 300 110
5 200 70

2.4
3.3 750 200
5 500 130

2.7
3.3 800 250
5 600 150

3.6 5 1000 300
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_______________General Description
The MAX1642/MAX1643 are high-efficiency, low-voltage,
step-up DC-DC converters intended for devices pow-
ered by a single alkaline cell. They feature low quies-
cent supply currents and are supplied in the ultra-small
µMAX package, which is only 1.1mm high. The guaran-
teed start-up voltage is 0.88V.

Each device consists of an internal 1Ω, N-channel
MOSFET power switch; a built-in synchronous rectifier
that acts as the catch diode; an oscillator; a reference;
and pulse-frequency-modulation (PFM) control circuitry.
Both devices feature an independent undervoltage
comparator (PFI/PFO). The MAX1642 also includes a
2µA logic-controlled shutdown mode. The MAX1643
offers a dedicated low-battery detector (BATTLO) in
lieu of shutdown.

The output voltage for each device is preset to 3.3V
±4%, or can be adjusted from +2V to +5.2V using only
two resistors. 

________________________Applications
Pagers

Remote Controls

Pointing Devices

Personal Medical Monitors

Single-Cell Battery-Powered Devices

____________________________Features
♦ Built-In Synchronous Rectifier

♦ 0.88V Guaranteed Start-Up

♦ Ultra-Small µMAX Package: 1.1mm High

♦ 83% Efficiency

♦ 4µA Quiescent Supply Current into BATT Pin

♦ 2µA Logic-Controlled Shutdown (MAX1642)

♦ Two Undervoltage Detectors (MAX1643)

♦ 2V to 5.2V Output Range

♦ 20mA Output Current at 1.2V Input

♦ Reverse Battery Protection

M
A

X
1

6
4

2
/M

A
X

1
6

4
3

High-Efficiency, Step-Up
DC-DC Converters for 1V Inputs

________________________________________________________________ Maxim Integrated Products 1

GNDPFO

FBSHDN

1

2

8

7

OUT

LXPFI

BATT

MAX1642

µMAX

TOP VIEW

3

4

6

5

GNDBATTLO

FBPFO

1

2

8

7

OUT

LXPFI

BATT

MAX1643

µMAX

3

4

6

5

_________________Pin Configurations

OUT

OUTPUT
3.3V

INPUT
0.88V TO 1.65V 100µH

22µF 22µF

ON

LOW-BATTERY
DETECTOR INPUT

LOW-BATTERY
DETECTOR OUTPUT

OFF

PFO

BATT

LX

MAX1642

SHDN

PFI
GND FB

__________Typical Operating Circuit

______________Ordering Information
PART

MAX1642C/D

MAX1642EUA

MAX1643C/D 0°C to +70°C

-40°C to +85°C

0°C to +70°C

TEMP. RANGE PIN-PACKAGE

Dice*

8 µMAX

Dice*
MAX1643EUA -40°C to +85°C 8 µMAX

EVALUATION KIT MANUAL

FOLLOWS DATA SHEET

19-1183; Rev 0; 6/97

*Dice are tested at TA = +25°C.
Note:  To order these devices shipped in tape and reel, add a -T
to the part number.

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.
For small orders, phone 408-737-7600 ext. 3468.
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_______________General Description
The MAX1642/MAX1643 are high-efficiency, low-voltage,
step-up DC-DC converters intended for devices pow-
ered by a single alkaline cell. They feature low quies-
cent supply currents and are supplied in the ultra-small
µMAX package, which is only 1.1mm high. The guaran-
teed start-up voltage is 0.88V.

Each device consists of an internal 1Ω, N-channel
MOSFET power switch; a built-in synchronous rectifier
that acts as the catch diode; an oscillator; a reference;
and pulse-frequency-modulation (PFM) control circuitry.
Both devices feature an independent undervoltage
comparator (PFI/PFO). The MAX1642 also includes a
2µA logic-controlled shutdown mode. The MAX1643
offers a dedicated low-battery detector (BATTLO) in
lieu of shutdown.

The output voltage for each device is preset to 3.3V
±4%, or can be adjusted from +2V to +5.2V using only
two resistors. 

________________________Applications
Pagers

Remote Controls

Pointing Devices

Personal Medical Monitors

Single-Cell Battery-Powered Devices

____________________________Features
♦ Built-In Synchronous Rectifier

♦ 0.88V Guaranteed Start-Up

♦ Ultra-Small µMAX Package: 1.1mm High

♦ 83% Efficiency

♦ 4µA Quiescent Supply Current into BATT Pin

♦ 2µA Logic-Controlled Shutdown (MAX1642)

♦ Two Undervoltage Detectors (MAX1643)

♦ 2V to 5.2V Output Range

♦ 20mA Output Current at 1.2V Input

♦ Reverse Battery Protection
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High-Efficiency, Step-Up
DC-DC Converters for 1V Inputs

________________________________________________________________ Maxim Integrated Products 1

GNDPFO

FBSHDN

1

2

8

7

OUT

LXPFI

BATT

MAX1642

µMAX

TOP VIEW

3

4

6

5

GNDBATTLO

FBPFO

1

2

8

7

OUT

LXPFI

BATT

MAX1643

µMAX

3

4

6

5

_________________Pin Configurations

OUT

OUTPUT
3.3V

INPUT
0.88V TO 1.65V 100µH

22µF 22µF

ON

LOW-BATTERY
DETECTOR INPUT

LOW-BATTERY
DETECTOR OUTPUT

OFF

PFO

BATT

LX

MAX1642

SHDN

PFI
GND FB

__________Typical Operating Circuit

______________Ordering Information
PART

MAX1642C/D

MAX1642EUA

MAX1643C/D 0°C to +70°C

-40°C to +85°C

0°C to +70°C

TEMP. RANGE PIN-PACKAGE

Dice*

8 µMAX

Dice*
MAX1643EUA -40°C to +85°C 8 µMAX

EVALUATION KIT MANUAL

FOLLOWS DATA SHEET

19-1183; Rev 0; 6/97

*Dice are tested at TA = +25°C.
Note:  To order these devices shipped in tape and reel, add a -T
to the part number.

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800.
For small orders, phone 408-737-7600 ext. 3468.
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1

LTC1517-5

TYPICAL APPLICATION

U

Micropower, Regulated
5V Charge Pump in a
5-Pin SOT-23 Package

■ Ultralow Power: ICC = 6µA Typ
■ Short-Circuit/Thermal Protected
■ 5V ±4% Regulated Output
■ VIN Range: 2.7V to 5V
■ Output Current: 10mA (VIN ≥ 2.7V)

20mA (VIN ≥ 3V)
■ No Inductors
■ Ultrasmall Application Circuit (0.045in2)
■ 800kHz Switching Frequency
■ Available in 5-Pin SOT-23

FEATURES DESCRIPTION

U

The LTC®1517-5 is a micropower charge pump DC/DC
converter that produces a regulated 5V output. The input
voltage range is 2.7V to 5V. Extremely low operating current
(typically 6µA with no load) and low external parts count (one
0.1µF flying capacitor and two small bypass capacitors at VIN
and VOUT) make the part ideally suited for small, light load
battery-powered applications. The total printed circuit board
area of the application circuit shown below is only 0.045in2.
The part operates as a Burst ModeTM switched-capacitor
voltage doubler to produce a regulated output. The part has
thermal shutdown capability and can survive a continuous
short circuit from VOUT to GND. The device is available in a
5-pin SOT-23 package.

, LTC and LT are registered trademarks of Linear Technology Corporation.
Burst Mode is a trademark of Linear Technology Corporation.

OUTPUT CURRENT (mA)
0

OU
TP

UT
 V

OL
TA

GE
 (V

)

5.0

5.1

80

1517 TA02

4.9

4.8
20 40 60

5.2

VIN = 3.3VVIN = 3VVIN = 2.7V

TA = 25°C

C1 = 0.1µF

COUT = 6.8µF

Typical Output Voltage vs Output Current

3.3µF

1517 TA01

1 2 3

45

0.1µF

6.8µF

VOUT = 5V ± 4%

IOUT = 10mA (VIN ≥ 2.7V)

IOUT = 20mA (VIN ≥ 3V)

VIN

2.7V TO 5V

VIN GND

LTC1517-5

VOUT

C1+C1–

■ Cellular Telephones
■ Battery-Operated Equipment
■ Local Power Supplies
■ Handheld Instruments
■ PCMCIA Supplies

APPLICATIONS
U
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LTC1517-5

TYPICAL APPLICATION

U

Micropower, Regulated
5V Charge Pump in a
5-Pin SOT-23 Package

■ Ultralow Power: ICC = 6µA Typ
■ Short-Circuit/Thermal Protected
■ 5V ±4% Regulated Output
■ VIN Range: 2.7V to 5V
■ Output Current: 10mA (VIN ≥ 2.7V)

20mA (VIN ≥ 3V)
■ No Inductors
■ Ultrasmall Application Circuit (0.045in2)
■ 800kHz Switching Frequency
■ Available in 5-Pin SOT-23

FEATURES DESCRIPTION

U

The LTC®1517-5 is a micropower charge pump DC/DC
converter that produces a regulated 5V output. The input
voltage range is 2.7V to 5V. Extremely low operating current
(typically 6µA with no load) and low external parts count (one
0.1µF flying capacitor and two small bypass capacitors at VIN
and VOUT) make the part ideally suited for small, light load
battery-powered applications. The total printed circuit board
area of the application circuit shown below is only 0.045in2.
The part operates as a Burst ModeTM switched-capacitor
voltage doubler to produce a regulated output. The part has
thermal shutdown capability and can survive a continuous
short circuit from VOUT to GND. The device is available in a
5-pin SOT-23 package.

, LTC and LT are registered trademarks of Linear Technology Corporation.
Burst Mode is a trademark of Linear Technology Corporation.
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C1 = 0.1µF
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Typical Output Voltage vs Output Current
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IOUT = 10mA (VIN ≥ 2.7V)

IOUT = 20mA (VIN ≥ 3V)
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2.7V TO 5V
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VOUT

C1+C1–

■ Cellular Telephones
■ Battery-Operated Equipment
■ Local Power Supplies
■ Handheld Instruments
■ PCMCIA Supplies

APPLICATIONS
U
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Description
• Designed for high current, low voltage applications
• Low DCR, high efficiency
• Foil construction for higher frequency circuit designs
• Suited for IR and vapor reflow solder
• Frequency range 1kHz to 1MHz

Applications
• Next generation microprocessors
• High current DC-DC converters
• Computers

Environmental Data
• Storage temperature range: -40C to +125C
• Operating ambient temperature range: -40C to +85C

(range is application specific).
• Infrared reflow temperature: +260C for 10 seconds

maximum

Packaging
• Supplied in tape and reel packaging, 250 per reel

Part Rated OCL (1) Irms (2) Isat (3) DCR (Ω) Volt-µSec (4)
Number Inductance ± 15% Amperes Amperes Max. @ (VµS)

µH µH (Approx.) (Approx.) 20°C (ref.)
HC1-R22 0.22 0.218 51.42 40.5 0.00034 1.83
HC1-R30 0.30 0.291 51.42 31.8 0.00034 1.83
HC1-R57 0.57 0.572 37.83 33.4 0.00063 3.66
HC1-R87 0.87 0.866 28.01 31.0 0.00138 5.49
HC1-1R0 1.0 1.12 28.01 25.4 0.00138 5.49
HC1-1R7 1.7 1.66 22.30 22.2 0.0018 7.33
HC1-2R3 2.3 2.29 22.30 16.7 0.0018 7.33
HC1-3R6 3.6 3.59 16.76 13.4 0.0032 9.16
HC1-5R1 5.1 5.15 12.79 11.2 0.0054 10.99
HC1-7R8 7.8 7.85 12.79 6.7 0.0054 10.99
HC1-100 10 10.5 12.79 5.3 0.0054 10.99

1) OCL (Open Circuit Inductance) Test parameters: 300KHz, .25Vrms, 
0.0Adc & Isat.

2) Irms Amperes for approximately ∆T of 40°C. DC current for an approximate ∆T of
40°C without core loss. Derating is necessary for AC currents. It is recommended
that the temperature of the part not exceed 125°C under worst case operating
conditions verified in the end application.

3) Isat Amperes Peak for approximately 30% rolloff @ 20°C
4) Applied Volt-Time product (V-µS) across the inductor. This value represents the

applied V-µS at 200kHz necessary to generate a core loss equal to 10% of the
total losses for 40°C temperature rise. See Core Loss Graph.

Units supplied in tape & reel packaging; 250 parts on 13" diameter reel.

®

HIGH CURRENT 1 
Power Inductors

Mechanical Diagrams

Dimensions in Millimeters
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Description
• Compact footprint for high density, high current/low

voltage applications
• Foil technology that adds higher reliability factor over the

traditional magnet wire used for higher frequency circuit
designs

• Frequency range DC to 1MHz

Applications
• Next generation microprocessors
• Energy storage applications
• DC-DC converters
• Computers

Environmental Data
• Storage temperature range: -40C to +125C
• Operating ambient temperature range: -40C to +85C

(range is application specific).
• Infrared reflow temperature: +260C for 10 seconds

maximum

Packaging
• Supplied in bulk packaging

Part Rated OCL (1) Irms (2) Isat (3) DCR (4) Volts (5)
Number Inductance µH ± 20% Amperes Amperes Ohms µSec

µH (Typ.) (Typ.) (Max.)
HC2-R47 .47 .52 52.9 63.75 .0006 6.87
HC2-R68 .68 .63 52.9 50.00 .0006 6.87
HC2-1R0 1.0 1.15 33.0 42.50 .0013 10.31
HC2-2R2 2.2 2.00 24.3 31.90 .0023 13.75
HC2-4R7 4.7 4.55 17.0 21.25 .0046 20.62
HC2-6R0 6.0 6.00 17.0 16.50 .0046 20.62

1) Open Circuit Inductance Test Parameters: 300kHz, 0.250 Vrms, 0.0 Adc
2) DC current for an approximate temperature change of 40°C without core loss.

Derating is necessary for AC currents.
PCB layout, trace thickness and width, air-flow and proximity of other heat
generating components will affect the temperature rise.
It is recommended that the temperature of the part not exceed 125°C under
worst case operating conditions verified in the end application.

3) Peak current for approximately 30% roll-off
4) Values @ 20°C
5) Applied Volt-Time product (V-µS) across the inductor. This value represents the

applied V-µS at 300KHz necessary to generate a core loss equal to 10% of the
total losses for 40°C temperature rise.

Parts packaged in bulk. 45 pieces per tray.

®

HIGH CURRENT 2™
Power Inductors

Mechanical Diagrams

1

2

19.00

10.00

5.50 5.50

19.2
max

19.0
max

9.5
typ

12.7
max

3.5
typ

2.3
typ

FRONT VIEW

TOP VIEW

SCHEMATIC

2

RECOMMENDED PCB PAD LAYOUT

HC2 - XXX
wwllyy R

1

Dimensions in Millimeters
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Description
• Surface mount inductors designed for higher speed

switch mode applications requiring lower inductance,
low voltage and high current

• Inductance range from 0.22 uH to 4.81 uH
• Current range from 35.8 to 9.8 Amps
• Frequency range 1kHz to 500kHz

Applications
• Next generation microprocessors
• High current DC-DC converters
• VRM, multi-phase buck regulator
• PC, Workstations, Routers
• Telecom soft switches, Base Stations

Environmental Data
• Storage temperature range: -40°C to +125°C
• Operating ambient temperature range: -40°C to +85°C 
• Infrared reflow temperature: +260°C for 10 seconds

maximum

Part Rated OCL (1) Irms (2) Isat (3) Isat (4) DCR (mΩ) Volts (5)
Number Inductance nominal Amperes Amperes Amperes max. @ µSec

µH +/-20% µH (Typ.) 15% rolloff 30% rolloff 20°C (VµS)
HC7-R20 .20 0.220 35.80 45.8 86.5 0.67 2.27
HC7-R47 .47 0.534 23.40 27.5 51.9 1.60 3.83
HC7-1R0 1.0 1.05 20.30 19.6 37.1 2.10 5.36
HC7-1R5 1.5 1.73 14.20 15.3 28.8 4.30 6.90
HC7-2R2 2.2 2.58 13.00 12.5 23.6 5.20 8.40
HC7-3R9 3.9 3.61 10.40 10.6 20.0 7.90 10.0
HC7-4R7 4.7 4.81 9.80 9.2 17.3 9.00 12.6

1) Test Parameters: 100KHz, 1.0Vrms
2) Irms Amperes for approximately ∆T of 40°C above 85°C ambient
3) Isat Amperes Peak for approximately 15% rolloff (@20°C)
4) Isat Amperes Peak for approximately 30% rolloff (@20°C)
5) Applied Volt-Time product (V-µS) across the inductor. This value represents the

applied V-µS at operating frequency necessary to generate additional core loss
which contributes to the 40°C temperature rise. De-rating of the Irms is required
to prevent excessive temperature rise. The 100% V-uS rating is equivalent to a
ripple current Ip-p of 20% of Isat (30% rolloff option).

Units supplied in tape and reel packaging. 13" reels 610 parts per reel.
Carrier tape width = 24 mm. Meets EIA standard

Part number definition:
First 3 characters = Product code and size.
Last 3 characters = Inductance in µH. R = decimal point.
If no R is present third character = # of zeros.
wwllyy = (Date Code) 
R = (Revision level)

®

HC7 Series
HIGH CURRENT 7

Power Inductors

Mechanical Diagrams

Maximum Dimension

.
(

13.0
Max

L. Max

HC7-XXX
wwllyy-R

TOP VIEW
FRONT VIEW

H. Max

3.0 ± 0 25
2x)

SIDE VIEW RECOMMENDED PCB PAD LAYOUT

3.50 typ
2plcs

3.50 typ
2plcs

6.50 typ

Dimensions in Millimeters. All dimensions I+/- 0.2 mm unless otherwise specified. All soldering surfaces are coplanar within 0.15 mm.

Part Number Height mm Length mm
HC7-R20 6.0 14.25
HC7-R47 5.5 13.8
HC7-1R0 5.5 13.8
HC7-1R5 5.5 13.8
HC7-2R2 5.5 13.8
HC7-3R9 5.5 13.8
HC7-4R7 5.5 13.8
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M
P Premier

Magnetics Inc.
"INNOVATORS IN MAGNETICS TECHNOLOGY"

OFF-LINE
SWITCH MODE

TRANSFORMERS
Indicated parts are UL1950 & CSA-950 Recognized under UL File# E162344
REFER TO UL/CSA LISTING ON LAST PAGE OF THIS SPECIFICATION.

➊ Designed for use with Power Integrations IC's. ➌ Design Engineering Support Available.
➋ Designed to meet UL1950/IEC950 Safety Standards. ➍ Multiple Configurations.

Premier Magnetics' Off-Line Switch Mode Transformers have been designed for use with Power
Integrations, Inc. TOPXXX series of three terminal off-line PWM switching regulators in the Flyback Buck-
Boost circuit configuration. This conversion topology can provide isolated multiple outputs with
efficiencies up to 90%.  Premiers' Switching Transformers have been optimized to provide maximum power
throughput.

The TOPXXX series from Power Integrations, Inc. are self contained 100KHz three terminal voltage controlled
PWM switching regulators. This series contains all necessary functions for an off-line switched mode control
DC power source. These switching regulators provide a very simple solution to off-line designs. The
inductors and transformer used with the PWR-TOPXXX are critical to the performance of the circuit. They
define the overall efficiency, output power and overall physical size.

Below is a universal input high precision 15V @ 2 Amps (30 watt) application circuit utilizing Power
Integrations PWR-TOP226 switching regulator in the flyback buck-boost configuration. The component
values listed are intended for reference purposes only. The soft start capacitor Css is optional depending
on the specific application. Simpler topology is possible depending on the line/load regulation required.

GENERAL APPLICATION INFORMATION

SCHEMATIC

PREMIER MAGNETICS PART NUMBERS:
(REQUEST DATA SHEETS BY PART#)
L1 = PMCU-0330 33mHy EMI/RFI CMC
T1 = POL-15020  MAIN SWITCHING X-FORMER
L2 = VTP-01002  10uHy, 2.0Amp INDUCTOR

C1, 47.0 uF, 400V
Low Profile Type:
Nichicon # UVS2G470MRA, 85C
Nichicon # URT2G470MRA, 105C
Diameter=18mm (.708)
Length=25mm (.984)

T1
POL-15020

PRI

1

2

D1
MUR160

VR1
P6KE200A

R2
510

8
R

C

A

TL431

6

1 U2

R5
200
1/2W

 C9
0.1uF

C5
47uF+

R1
6.2

 C8
2.2nF

 C7
2.2nF

C7 & C8 = 250Vac
Y-SAFTEY CAPACITORS

KELVIN CONNECT

HIGH VOLTAGE RETURN

CLAMP
NETWORK

EMI FILTER

+ C2
1000uF
35V

RTN

+15Vdc
@ 2.0A

+C3
220uF
25V

6,7

9,10

R3
49.9K 1%

R4
10.0K 1%

SEC #1

L2
VTP-01002

10uH @ 2.0A

D2
1N4148

4

5

 C4
0.1uF

3

4

C

E

U3

NEC2501-H

BIAS

1

A

C

2

1/2 OF U3

1/2 OF U3

LINE

NEUT

85-265Vac
50/60Hz

  C6
0.1uF

 F1
3.1A
250v L1

PMCU-0330
33mHY

EMI FILTER

C6 = 0.1uF 250Vac
         X2-Saftey Cap

1 2

4 3

C1
47 uF
400V

HOT RAIL
+100 to 375Vdc

BR1
KBP06M

600V, 1.5A

+

~

~

+

-

+Css
4.7uF

SOFT 
START

D3
MUR610CT

PROPERLY SIZED
 HEAT SINK

DRAIN

SOURCE

CONTROL

U1
POWER INT.

TOP226Y
PROPERLY SIZED

 HEAT SINK
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M
P Premier

Magnetics Inc.
"INNOVATORS IN MAGNETICS TECHNOLOGY"

OFF-LINE
SWITCH MODE

TRANSFORMERS
GENERAL ELECTRICAL SPECIFICATIONS AT 25 OC - OPERATING TEMPERTURE RANGE  0 OC TO +70OC

PART
NUMBER

Recommended
Power Intgr.
Controller

APPLICATION DATA
 Output Voltages Output Currents Cont
  Vout Vdc Io_cont Amps Watt

HI-POT
Vrms
Min.

Recommended
 Output Filter Input Filter
 Inductor (L2)   CMC (L1)

Package
Schematic

PRIMARY
OCL µµµµµHY

Typ.

POL-050063 TOP210 5.0 0.60 3.0 8100 3000 VTP-01001 PMCU-0220 E16-Horz
TSD-816 TOP210 5.0 0.60 3.0 8100 3000 VTP-01001 PMCU-0220 E16-Horz
TSD-1185 TOP221 5.0 0.70 3.5 2450 3000 VTP-00301 PMCU-0220 E16-Vert
POL-050103 TOP200 5.0 1.00 5.0 4200 3000 VTP-01001 PMCU-0220 E16-Horz
POL-05012 TOP200 5.0 1.20 6.0 1500 3000 VTP-01001 PMCU-0330 E16-Horz
POL-05020 TOP223 5.0 2.00 10.0 500 3000 VTP-01002 PMCU-0330 E16-Vert
POL-05030 TOP202 5.0 3.00 15.0 700 3000 VTP-01002 PMCU-0330 E22/19/6
TSD-778 TOP201 5.0 x 2 1.20/0.80 6.4 700 3500 VTP-01001 PMCU-0330 E22,10pin
TSD-937 TOP204 5/+8/-8 3.0/+1.0 30.0 475 3000 VTP-01002 PMCE-0330 E28/11
TSD-1201 TOP225 5/+9/-9 6/+1.3/-0.13 43.0 810 3000 VTP-01005 PMCU-0330 EI33/29
TSD-1160 TOP225 5/+12/-12 6/+1.0/-0.10 43.0 810 3000 VTP-01005 PMCU-0330 EI33/29
TSD-1390 TOP226 5/12 5.0/3.0 61.0 810 3000 VTP-01005 PMCE-0330 EI33/29
TSD-877 TOP204 5x2 & 15 2.5/0.10 16.0 242 3000 VTP-01002 PMCU-0330 E28/11
TSD-1017 TOP209 5/15 0.02/0.10 1.7 10000 3000 N/A PMCU-0220 E16-Vert
TSD-1135 TOP209 5/15 0.05/0.12 2.1 10000 3000 N/A PMCU-0220 E22/19/6
TSD-13054 TOP209 5/15 0.05/0.12 2.1 10000 3000 N/A PMCU-0220 E22/19/6
TSD-1110 TOP224 5/+15/-15 2.2/+0.3 20.0 575 3000 VTP-01002 PMCU-0330 EEL19
TSD-893 TOP201 5/30/+12/-12 1.0/.05/.25/.25 14.0 2000 3000 VTP-01001 PMCU-0330 E30
TSD-876 TOP210 5/12 0.10/0.20 3.0 6000 3000 Bead PMCU-0220 E19-Horz
TSD-8151 TOP201 5/15 1.0/1.0 20.0 1390 3000 VTP-01001 PMCU-0330 E22/19/6
TSD-858 TOP210 5/24 0.30/0.08 3.4 3420 3000 VTP-01001 PMCU-0220 E19-Horz
TSD-779 TOP202 5/27 1.0/0.50 17.0 620 3000 VTP-01001 PMCU-0100 E22/19/6
TSD-988 TOP214 5/28 1.0/0.50 21.0 440 3000 VTP-01001 PMCU-0100 EEL22
TSD-983 TOP202 5/33 1.0/0.50 21.5 400 3000 VTP-01001 PMCU-0100 E22/19/6

TSD-979 TOP210 5.5/10 0.80/0.05 5.0 4500 3000 VTP-01001 PMCU-0220 E16-Horz

TSD-10463 TOP221 6/25 0.30/0.09 3.9 5760 3000 VTP-00301 PMCU-0220 E22/19/6
TSD-1370 TOP222 6/24 0.55/0.10 5.0 2200 3000 VTP-01001 PMCU-0220 E2425
TSD-11441 TOP223 6/ -38/ -60 1.2/0.30/.050 20.0 1000 3000 VTP-01001 PMCE-0330 E2425

TSD-940 TOP210 6.5 0.80 5.2 6000 1500 VTP-01001 PMCU-0220 E16-Horz

TSD-860 TOP224 6.9/2x15 0.30/0.60 20.0 1100 3000 VTP-01001 PMCU-0330 E28/11
TSD-1347 TOP224 6.9/24/-15 0.3/0.6/0.2 20.0 900 3000 VTP-01001 PMCU-0330 E28/11

Units are designed for a Universal AC Input of 85 to 265Vac, 47/440 Hz, Unless otherwise designated.
1 = Unit designed for Voltage Doubler input -or- PFC corrected front end.
2 = Unit designed for AC Input of 85 to135Vac, 47/440Hz.
3 = Minimum Parts Count Design (lowest cost). Designed for relatively constant load power.

Applications where load regulation of 5.0 % & Line Regulation of 3.0 % is acceptable.
4 = Faraday Shield between Primary + Bias & Secondaries. Connected to bias - pin.
* = Designed to power Echelon's PLT-20 Power Line Transceiver

CLICK ON THE RESPECTIVE PART NUMBER TO DISPLAY A DETAIL DATA SHEET
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P Premier

Magnetics Inc.
"INNOVATORS IN MAGNETICS TECHNOLOGY"

OFF-LINE
SWITCH MODE

TRANSFORMERS
GENERAL ELECTRICAL SPECIFICATIONS AT 25 OC - OPERATING TEMPERTURE RANGE  0 OC TO +70OC

PART
NUMBER

Recommended
Power Intgr.
Controller

APPLICATION DATA
 Output Voltages Output Currents Cont
  Vout Vdc Io_cont Amps Watt

HI-POT
Vrms
Min.

Recommended
 Output Filter Input Filter
 Inductor (L2)   CMC (L1)

Package
Schematic

PRIMARY
OCL µµµµµHY

Typ.

Units are designed for a Universal AC Input of 85 to 265Vac, 47/440 Hz, Unless otherwise designated.
1 = Unit designed for Voltage Doubler input -or- PFC corrected front end.
2 = Unit designed for AC Input of 85 to135Vac, 47/440Hz.
3 = Minimum Parts Count Design (lowest cost). Designed for relatively constant load power.

Applications where load regulation of 5.0 % & Line Regulation of 3.0 % is acceptable.
4 = Faraday Shield between Primary + Bias & Secondaries. Connected to bias - pin.
* = Designed to power Echelon's PLT-20 Power Line Transceiver

CLICK ON THE RESPECTIVE PART NUMBER TO DISPLAY A DETAIL DATA SHEET

POL-07050 TOP226 7.0 5.00 35.0 600 3000 VTP-01005 PMCE-0330 E28/11
POL-07003 TOP209P 7.5 0.26 2.0 10000 3000 VTP-01002 PMCU-0330 E16-Vert
TSD-10934 TOP209P 7.5 0.26 2.0 6000 1500 VTP-01002 PMCU-0330 E16-Vert
POL-07020 TOP202 7.5 2.00 15.0 620 3000 VTP-01002 PMCU-0330 E22/19/6
TSD-1024 TOP223P 7.5/15 1.0/0.25 11.3 700 3000 VTP-01002 PMCU-0330 E22/19/6

TSD-1195 TOP224 8/16/16 2.0/0.25/0.25 30.0 800 3000 VTP-01001 PMCE-0330 E30
TSD-7941 TOP202 8.5 4.00 34.0 1100 3000 VTP-01005 PMCU-2220 E28/11

TSD-880 TOP204 9/24 3.0/0.60 50.0 1000 1500 VTP-01002 PMCE-0330 E30
POL-97505 TOP221 9.75 0.50 4.9 4000 3000 VTP-01001 PMCU-0330 E16-Vert
*POL-97506 TOP221 9.75 0.60 5.8 4000 1500 Bead PMCU-0220 E19-Horz

TSD-8253 TOP221P 12.0 0.30 3.6 4000 3000 VTP-01001 PMCU-0220 E16-Horz
TSD-9353 TOP200 12.0 0.50 5.0 1280 3000 VTP-01001 PMCU-0220 E19-Horz
TSD-9903 TOP222P 12.0 0.67 8.0 1500 3000 VTP-01001 PMCU-0220 E19-Horz
POL-12012 TOP202 12.0 1.20 15.0 620 3000 VTP-01001 PMCU-0330 E22/19/6
POL-12017 TOP224P 12.0 1.70 20.4 650 3000 VTP-01002 PMCU-0220 E25-Vert
POL-15020 TOP226 12.0 2.50 30.0 628 3000 VTP-01002 PMCU-0330 E28/11
POL-15033 TOP226 12.0 3.00 36.0 600 3000 VTP-01002 PMCE-0330 E30
TSD-7622 TOP103 12.0 3.40 41.0 286 1500 VTP-01002 PMCE-0330 E28/11
TSD-7772 TOP104 12.0 5.00 60.0 298 1500 VTP-01005 PMCE-0330 E30
POL-12208 TOP223 12x2 0.50/0.30 9.6 750 3000 VTP-01001 PMCU-0330 E22/19/6
POL-12216 TOP224 12x2 0.80/0.80 21.5 650 3000 VTP-01001 PMCU-0330 EI25-Vert

POL-150332 TOP104 13.8 4.00 56.0 600 3000 VTP-01002 PMCE-0330 E30

TSD-9463 TOP210 14.0 0.20 3.0 4000 3000 VTP-01001 PMCU-0330 E16-Horz
TSD-1010 TOP210 14.0 0.43 4.5 5000 1500 VTP-01001 PMCU-0330 EFD20

TSD-10033 TOP210 15.0 0.20 3.0 4000 3000 VTP-01001 PMCU-0330 E16-Horz
TSD-13303 TOP210 15.0 0.20 3.0 4000 3000 VTP-01001 PMCU-0330 E16-Vert
TSD-7373 TOP223 15.0 1.00 15.0 1060 3000 VTP-01001 PMCU-0330 E22/19/6
POL-15020 TOP226 15.0 2.00 30.0 628 3000 VTP-01002 PMCU-0330 E28/11
POL-15033 TOP226 15.0 3.33 50.0 600 3000 VTP-01002 PMCE-0330 E30
TSD-812 TOP204 15.0 3.33 50.0 810 3000 VTP-01002 PMCE-0330 EER28L
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SWITCH MODE

TRANSFORMERS
GENERAL ELECTRICAL SPECIFICATIONS AT 25 OC - OPERATING TEMPERTURE RANGE  0 OC TO +70OC

PART
NUMBER

Recommended
Power Intgr.
Controller

APPLICATION DATA
 Output Voltages Output Currents Cont
  Vout Vdc Io_cont Amps Watt

HI-POT
Vrms
Min.

Recommended
 Output Filter Input Filter
 Inductor (L2)   CMC (L1)

Package
Schematic

PRIMARY
OCL µµµµµHY

Typ.

Units are designed for a Universal AC Input of 85 to 265Vac, 47/440 Hz, Unless otherwise designated.
1 = Unit designed for Voltage Doubler input -or- PFC corrected front end.
2 = Unit designed for AC Input of 85 to135Vac, 47/440Hz.
3 = Minimum Parts Count Design (lowest cost). Designed for relatively constant load power.

Applications where load regulation of 5.0 % & Line Regulation of 3.0 % is acceptable.
4 = Faraday Shield between Primary + Bias & Secondaries. Connected to bias - pin.
* = Designed to power Echelon's PLT-20 Power Line Transceiver

CLICK ON THE RESPECTIVE PART NUMBER TO DISPLAY A DETAIL DATA SHEET

POL-150731 TOP204 15.0 7.33 110.0 1075 3000 VTP-02007 PMCE-3330 EER28L
POL-152043 TOP200 15x2 0.20/0.20 6.0 1520 3000 VTP-01001 PMCU-0220 E19-Horz
TSD-860 TOP202 +15/6.9 +0.60/0.30 20.0 1100 3000 VTP-01001 PMCU-0330 E28/11

TSD-8731 TOP210 17.0 0.10 1.7 1500 1000 Bead N/A EP10-SMD
TSD-1035 TOP221 17.0 0.20 3.5 2000 1500 Bead N/A EP10-SMD
TSD-1197 TOP227 17/21/17 2.0/0.25/0.25 90.0 700 3000 VTP-01002 PMCE-0330 E3I33/29

TSD-9683 TOP202 18x2 0.40/0.40 14.4 630 3000 VTP-01001 PMCU-0330 E22/19/6

POL-22007 TOP202 22.0 0.70 15.4 628 3000 VTP-01001 PMCU-0330 E22/19/6
TSD-9244 TOP202 22.0 0.70 15.4 628 3000 VTP-01001 PMCU-0330 E22/19/6
POL-24013 TOP204 22.0 1.50 33.0 628 3000 VTP-01002 PMCU-0330 E28/11
POL-24020 TOP226 22.0 2.00 44.0 600 3000 VTP-01002 PMCE-0330 E30

TSD-790 TOP200 24.0 0.15 3.6 2340 3000 VTP-01001 PMCU-0220 E22/19/6
POL-24013 TOP226 24.0 1.30 31.2 628 3000 VTP-01002 PMCU-0330 E28/11
TSD-10434 TOP204 24.0 1.30 31.2 628 3000 VTP-01002 PMCU-0330 E28/11
TSD-975 TOP214 24.0 1.30 31.2 657 3000 VTP-01001 PMCU-0330 EPC25
POL-24020 TOP226 24.0 2.00 48 600 3000 VTP-01002 PMCE-0330 E30
POL-24208 TOP226 24.0x2 0.80x2 38.4 650 3000 VTP-01001 PMCU-0330 E25-Vert
POL-24219 TOP227 24.0x2 1.875x2 90.0 750 3000 VTP-01001 PMCE-0330 E25-Vert

POL-28022 TOP204 28.0 2.20 61.6 548 3000 VTP-01002 PMCE-0330 E30
POL-300301 TOP227Y 28.0 4.00 112.0 500 3000 VTP-01005 PMCE-0160 EI33/29

TSD-10561 TOP227Y 29/9.5 3.50/0.25 104.0 1000 3000 VTP-01003 PMCE-0330 EI40

POL-30030 TOP227Y 30.0 3.00 90.0 500 3000 VTP-01002 PMCE-0160 EI33/29

POL-40020 TOP227Y 40.0 2.00 80.0 500 3000 VTP-01002 PMCE-0160 EI33/29

POL-45012 TOP204 45.0 1.20 54.0 950 3000 VTP-01002 PMCE-0330 E28/11

TSD-9745 TOP104 -118 -0.13 15.3 2000   500 VTP-01002 N/A EFD25
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REV. DESCRIPTION OF CHANGES

09/05/95 ORIGINAL RELEASE

09/19/95 UPDATED LEAKAGE IND. SPECS.

NOTE1:
INSULATION SYSTEM:
A)ALL MATERIALS TO MEET "UL", "CSA" & "IEC"

REQUIRMENTS
B)130 OC INSULATION SYSTEM.
C)MARGIN WOUND TO MEET 2.5mm CREEPAGE.
D)VARNISH FINISHED ASSEMBLY.

11,12

5

BIAS

6

SECONDARY

PRIMARY

2

7,8

1

SECONDARY PINS #12 & 11, #8 & 7 MUST 

BE RESPECTIVELY CONNECTED TOGETHER 

FOR PROPER OPERATION. 

I.E. CONNECTED AS ONE PARALLEL WINDING.

WHITE DOT ON

BOBBIN DENOTES PIN #1

TABLE 1:  ELECTRICAL SPECIFICATIONS AT 25 OC
SWITCHING TRANSFORMER DESIGNED FOR USE WITH POWER INTEGRATIONS
PWR-TOP104YAI. REFER TO APPLICATION CIRCUIT OF FIGURE 3.

FIGURE 1: SCHEMATIC DIAGRAM

         SPEC LIMITS
PARAMETER MIN.   TYP. MAX. UNITS

PRIMARY INDUCTANCE (2-1) 268  298 328 µHY
VOLTAGE = 0.250Vrms
FREQUENCY = 100 KHZ

TURN RATIO'S:
SEC (11,12-7,8) : PRIMARY (2-1) -------- 1:3.88 -------- + 3%
BIAS (5-6) : PRIMARY (2-1) -------- 1:3.88 -------- + 3%

PRI LEAKAGE IND. (SEC SHORTED) --------  9.00 12.00 µHY
VOLTAGE = 0.250Vrms
FREQUENCY = 100 KHZ

HIPOT:
PRIMARY TO SECONDARY 1500 -------- -------- Vrms
BIAS TO SECONDARY 1500 -------- -------- Vrms

APP CIRCUIT PARAMETERS: (1)
AC LINE VOLTAGE 47/400 Hz 85 -------- 135 Vac
OUTPUT VOLTAGE 12.0 Vdc
OUTPUT CURRENT CONTINUOUS 0.0 -------- 5.0 Amps
OUTPUT CURRENT PEAK -------- -------- 5.2 Amps
LINE REGULATION (85 TO 135Vac) -------- 0.20 -------- +%
LOAD REGULATION 0-100% -------- 0.20 -------- +%
RIPPLE -------- 50.0 -------- +mV

(1) REFER TO APPLICATION CIRCUIT OF FIGURE 3.

FIGURE 2:  PHYSICAL DIMENSIONS mm (INCHES)

P
M

TSD-777
   YYWW

EE30 (FEE30A) -OR- EI30(FEI30), 12-PIN VERTICAL BOBBIN
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TRANSFORMER CONTROL DRAWING

PREMIER P/N: TSD-777 REVISION: 09/19/95

DRAWN BY: TOM O'NEIL REF: XA-PROTO-60W

SCALE: NONE SHEET: 2 OF 4
M
P Premier

Magnetics Inc.

UNLESS OTHERWISE SPECIFIED
DIMENSIONS ARE IN MM
DIMENSIONAL TOLERANCES ARE:
DECIMALS ANGLES
.X + .25 +0 O   30'
.XX + .15
DO NOT SCALE DRAWING

APPLICATION NOTES
Premier Magnetics' TSD-777 Switch Mode Transformer was designed for use with Power Integrations, Inc. PWR-
TOP104YAI three terminal off-line PWM switching regulator in the Flyback Buck-Boost circuit configuration. This
conversion topology can provide isolated multiple outputs with efficiencies up to 90%.  Premiers' TSD-777
transformer has been optimized to provide maximum power throughput.

The PWR-TOPXXX series from Power Integrations, Inc. are self contained 100KHz three terminal voltage controlled
PWM switching regulators. This series contains all necessary functions for an off-line switched mode control DC
power source. These switching regulators provide a very simple solution to off-line designs. The inductors and
transformer used with the PWR-TOPXXX are critical to the performance of the circuit. They define the overall
efficiency, output power and overall physical size.

Below is a 110 volt input high precision 60 watt application circuit utilizing Power Integrations PWR-TOP104
switching regulator in the flyback buck-boost configuration. The component values listed are intended for
reference purposes only. The soft start capacitor Css is optional depending on the specific application. Simpler
topology is possible depending on the line/load regulation required.

FIGURE 3: TYPICAL APPLICATION CIRCUIT

  C1

150 uF

200V

+88 to190Vdc

LINE

NEUT

85-135Vac

50/60Hz
  C6

0.1uF

 F1

3.15A

BR1

Vrrm = 200V

Io = 1.5A

(FAGOR FBP02)

   D3
1N4148

+

D2

MBR10100

C2

2200uF

35V

RTN

+12.0Vdc

@ 5.0A

   T1

TSD-777

+C3

220uF

25V

PRI

1

2

7, 8

6

5

11, 12

   D1

MUR160

R4

38.3K 1%

R5

10.0K 1%

   VR1

P6KE100

 C4

0.1uF

R1

510

4

5

2

1

C

E

A

C

8

R

C

A

TL431

6

1 U2  C9

0.1uF

DRAIN

POWER INT.

PWR-TOP

104YAI

U1

SOURCE

CONTROL

C5

47uF

10V

+

R3

6.2

+

 C8

2.2nF

 C7

2.2nF

C7 & C8 = 250Vac

Y-SAFTEY CAPACITORS

KELVIN CONNECT

HIGH VOLTAGE RETURN

CLAMP

NETWORK

U3

MOC8101

SECONDARY

BIAS

EMI FILTER

C6 = 0.1uF 250Vac

      X2-Saftey Cap

PREMIER MAGNETICS PART NUMBERS:

(REQUEST DATA SHEETS BY PART#)

L1 = PMCE-0330 33mHy EMI/RFI COMMON MODE CHOKE

T1 = TSD-777  MAIN SWITCHING TRANSFORMER

L2 = VTK-01005 (-or- VTP-01005) 10uHy @ 5.0Amp

                   

    L1

PMCE-0330

  33mHY

EMI FILTER

L2

VTK-01005

10uH @ 5.0A

1 2

4 3

C1, 150 uF, 200V

Nichicon #UVX2D151MRAY, 85C

Diameter=20mm (0.787)

Length=31mm (1.220)
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In Circuit Operating Parameters 1
PackagePulse Pulse National

Nominal Rated Max2 Nominal
THT Part SMT Part Part 

Inductance Current ETOP
DCR

Through SurfaceNumber Number Number (µH) (Amps DC) (V-µSec)
(Ω)

Hole Mount

PE-53801 PE-53801S LM259X-L1 259 0.13 23.1 3.4 LP-25 LCI-20
PE-53802 PE-53802S LM259X-L2 178 0.16 16.5 2.8 LP-25 LCI-20
PE-53803 PE-53803S LM259X-L3 118 0.2 13.2 1.8 LP-25 LCI-20
PE-53804 PE-53804S LM259X-L4 79 0.25 9.9 1.5 LP-25 LCI-20
PE-53805 PE-53805S LM259X-L5 55 0.3 6.6 1.0 LP-25 LCI-20
PE-53806 PE-53806S LM259X-L6 39 0.34 6.6 .80 LP-25 LCI-20
PE-53807 PE-53807S LM259X-L7 26 0.45 6.6 .62 LP-25 LCI-20
PE-53808 PE-53808S LM259X-L8 374 0.2 75.9 2.7 LP-30 LCI-30
PE-53809 PE-53809S LM259X-L9 256 0.25 33 2.2 LP-30 LCI-30
PE-53810 PE-53810S LM259X-L10 176 0.3 26.4 1.4 LP-30 LCI-30
PE-53811 PE-53811S LM259X-L11 118 0.38 19.8 1.2 LP-30 LCI-30
PE-53812 PE-53812S LM259X-L12 78 0.46 16.5 0.8 LP-30 LCI-30
PE-53813 PE-53813S LM259X-L13 55 0.56 13.2 0.5 LP-30 LCI-30
PE-53814 PE-53814S LM259X-L14 39 0.68 9.9 0.3 LP-30 LCI-30
PE-53815 PE-53815S LM259X-L15 26 0.84 6.6 0.2 LP-30 LCI-30
PE-53816 PE-53816S LM259X-L16 17 1.02 6.6 0.1 LP-30 LCI-30
PE-53817 PE-53817S LM259X-L17 375 0.36 75.9 1.3 LP-37 LCI-37
PE-53818 PE-53818S LM259X-L18 252 0.44 49.5 0.9 LP-37 LCI-37
PE-53819 PE-53819S LM259X-L19 173 0.54 36.3 0.6 LP-37 LCI-37
PE-53820 PE-53820S LM259X-L20 115 0.67 29.7 0.4 LP-37 LCI-37
PE-53821 PE-53821S LM259X-L21 78 0.82 23.1 0.3 LP-37 LCI-37
PE-53822 PE-53822S LM259X-L22 54 1.0 16.5 0.2 LP-37 LCI-37
PE-53823 PE-53823S LM259X-L23 38 1.2 13.2 0.1 LP-37 LCI-37
PE-53824 PE-53824S LM259X-L24 26 1.48 9.9 0.1 LP-37 LCI-37
PE-53825 PE-53825S LM259X-L25 18 1.81 9.9 0.06 LP-37 LCI-37
PE-53826 PE-53826S LM259X-L26 377 0.68 75.9 1.0 LP-44 LCI-44
PE-53827 PE-53827S LM259X-L27 248 0.83 72.6 0.6 LP-44 LCI-44
PE-53828 PE-53828S LM259X-L28 168 1.02 56.1 0.4 LP-44 LCI-44
PE-53829 PE-53829S LM259X-L29 112 1.26 42.9 0.3 LP-44 LCI-44
PE-53830 PE-53830S LM259X-L30 77 1.54 33 0.2 LP-44 LCI-44
PE-53831 PE-53831S LM259X-L31 53 1.87 26.4 0.13 LP-44 LCI-44
PE-53932 PE-53932S LM259X-L32 37 2.24 19.8 0.10 LP-44 LCI-44
PE-53933 PE-53933S LM259X-L33 24 2.74 16.5 0.07 LP-44 LCI-44
PE-53934 PE-53934S LM259X-L34 17 3.0 13.2 0.05 KM-10 LCI-44
PE-53935 PE-53935S LM259X-L35 250 1.5 72.6 0.23 KM-30 HCI-68
PE-54036 PE-54036S LM259X-L36 168 1.81 75.9 0.18 KM-30 HCI-68
PE-54037 PE-54037S LM259X-L37 114 2.22 62.7 0.10 KM-30 HCI-68
PE-54038 PE-54038S LM259X-L38 77 2.7 52.8 0.09 KM-30 HCI-68
PE-54039 PE-54039S LM259X-L39 53 3.0 42.9 0.08 KM-30 HCI-68
PE-54040 PE-54040S LM259X-L40 38 3.0 29.7 0.05 KM-30 HCI-68
PE-54041 PE-54041S LM259X-L41 25 3.0 19.8 0.04 KM-20 LCI-50
PE-54042 — LM259X-L42 167 2.5 75.9 0.14 KM-40 —
PE-54043 — LM259X-L43 110 3.0 75.9 0.09 KM-40 —
PE-54044 PE-54044S LM259X-L44 77 3.0 59.4 0.08 KM-30 HCI-68
PE-53900 — LM258X-L 19 4.5 323 0.02 KM-30 —

INDUCTORS DESIGNED
FOR NATIONAL’S 150 KHz
SIMPLE SWITCHER ™

Electrical Specifications @ 25°C— Operating Temperature -30° to +130° C

Notes : 1.  Inductance values may vary ±20%.
2. ETop rated at 150 KHz except where designated.  

3. ETop rated at 100 KHz.
4.  SIMPLE SWITCHER™ is a trademark of National Semiconductor Corporation.

Tested and recommended by National
Semiconductor

Base material meets flammability
requirements of UL 94V-0

Available in surface mount and through
hole versions
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B MAX

.135  ± .010
3,43     0,25

C

A MAX

1

A MAXPE-XXXXX

 DATE CODE         CTRY  ORIGIN

2

SUGGESTED PAD LAYOUT

D

C

D

.035
0,89

.060
7,52

2X LEAD .020
                 0,51

D TYP

F

C MAX

E TYP

2E

 ± .020
    0,51

B± .005
0,13

PE-XXXXX
DATE CODE

COUNTRY OF ORIGIN

A ± .005
0,13

SUGGESTED PAD
LAYOUT

2E

.060
1,52

.035
0,89PKG A B C D

LP-25 .360 .310 .250 .250
9,14 7,87 6,35 6,35

LP-30 .400 .300 .300 .300
10,16 7,62 7,62 7,62

LP-37 .495 .375 .375 .375
12,57 9,52 9,52 9,52

LP-44 .635 .365 .500 .300
16,13 9,27 12,7 7,62

INDUCTORS DESIGNED
FOR NATIONAL’S 150 KHz
SIMPLE SWITCHER ™

LP Series

HCI-68

LCI Series

Mechanicals

PKG A B C D E F

KM-10 .340 .580 .650 .290 .110 .130
8,64 14,73 16,51 7,37 2,79 3,30

KM-20 .450 .650 .700 .325 .150 .130
11,43 16,51 17,73 8,26 3,81 3,30

KM-30 .450 830 .950 .415 .150 .130
11,43 21,08 24,13 10,54 3,81 3,30

KM-40 .600 .950 1.00 .475 .225 .130
15,24 24,13 25,4 12,07 5,72 3,30

 2 SURFACES

 .940  MAX
23,87

 .820   ± .015
 20,88    0,38

PE-XXXXX
DATE CODE

COUNTRY OF ORIGIN
U.S. PAT. 5309130

 .700   ±.005
17,78    0,13

 .830  ± .005
21,08    0,13

2X
 .080   ±.005
 2,03     0,13

R

 .400  MAX
10,16

 .005/0,13

SEATING PLANE

SUGGESTED PAD LAYOUT

 .940  MAX
23,87

E

F

R

2X.060
1,52

SUGGESTED PAD LAYOUT

PE-XXXXX
U.S. PAT 53091 30

DATE CODE
COUNTRY OF ORIGIN

SEATING
PLANE

C MAX

4 SURFACES
.005/0,13

D ±.015
      0,38
B MAX

A MAX

KM Series

Note:
Coil must clear seating plane by .010 

MIN0,25

Notes:
1. Dimension “D” is measured

across terminal blocks only.

2. Coil must clear seating plane by
.010  MIN.
0,25

PKG A B C D E F

LCI-20 .340 .340 .270 .260 .300 .270
8,64 8,64 6,86 6,60 7,62 6,86

LCI-30 .435 .440 .360 .350 .400 .360
11,05 11,18 9,14 8,89 10,16 9,14

LCI-37 .565 .570 .360 .450 .520 .460
14,35 14,48 9,14 11,43 13,21 11,68

LCI-44 .600 .620 .390 .500 .550 .510
15,24 15,75 9,91 12,7 13,97 12,95

LCI-50 .670 .700 .390 .580 .620 .590
17,02 17,78 9,91 14,73 15,75 14,99

Dimensions: Inches
mm

Unless otherwise specified, all tolerances are ± .010 
0,25
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NOTES:

1. Typical inductance occurs at the IDC and ETOP values shown.

2. The control value of inductance is measured at BOP equal to or
less than 10 gauss (10 mV @ 20 KHz) without DC current.

3. Inductance decreases with higher values of DC current and
increases with lower values of DC current.

4. Inductance increases with increase in BOP or ETOP.

5. SIMPLE SWITCHER™ is a trademark of National
Semiconductor Corporation.

INDUCTORS DESIGNED
FOR NATIONAL’S 50 KHz
SIMPLE SWITCHER ™

Electrical Specifications @ 25°C— Operating Temperature -30° to +130° C

Part Identification Reference Operating Values 1 Design Control Values

Inductance Inductance
Part Inductor Typical IDC ETOP No DC2 DCR Package Lead

Number Code
(µH)

(Amps) (V-µSec)
(µH ± 20%)

(Ω MAX) Style Diameter

PE-53112 L47 47 3.0 90 38 0.05 KM-2.0 .025

PE-92114K L68 68 3.0 90 55 0.02 KM-4.0 .040

PE-92108K L100 100 3.0 90 91 0.04 KM-4.0 .032

PE-53113 L150 150 2.0 90 130 0.10 KM-4.0 .025

PE-52626 L220 220 1.4 90 230 0.38 Low Profile .025 SQ.

PE-53145 L220 220 1.4 90 176 0.14 KM-3.0 .020

PE-52627 L330 330 0.9 90 302 0.74 Low Profile .025 SQ.

PE-53146 L330 330 0.9 90 267 0.18 KM-3.0 .020

PE-53114 L470 470 0.64 90 426 0.16 KM-4.0 .025

PE-52629 L680 680 .85 90 657 1.25 Low Profile .025 SQ.

PE-53115 H150 150 3.0 200 136 0.10 KM-4.0 .025

PE-53116 H220 220 3.0 200 167 0.07 KM-5.0 .032

PE-53117 H330 330 3.0 200 292 0.15 KM-5.0 .025

PE-53118 H470 470 2.0 200 369 0.17 KM-5.0 .025

PE-53119 H680 680 1.3 200 562 0.20 KM-5.0 .025

PE-53120 H1000 1000 0.95 200 762 0.24 KM-5.0 .025

PE-53121 H1500 1500 0.62 200 1150 1.00 Case .032

PE-53122 H220 2200 0.42 200 1730 1.80 Case .032

Designed for use with National’s device
numbers LM2574/LM2575/LM2576

Base material meets flammability 
requirements of UL 94V-0

Performance verified by National
Semiconductor
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PKG A B C D E F

KM-2.0 .450 .650 .700 .325 .150 .130
11,43 16,51 17,73 8,26 3,81 3,30

KM-3.0 .450 .830 .950 .415 .150 .130
11,43 21,08 24,13 10,54 3,81 3,30

KM-4.0 .600 .950 1.00 .475 .225 .130
15,24 24,13 25,4 12,07 5,72 3,30

KM-5.0 .700 1.30 1.40 .625 .250 .130
17,73 33,02 35,56 15,88 6,35 3,30

.600
15,24

1

2

(No Internal
Connections)

3

SCHEMATIC

.800 MAX
20,32

.900
22,86

1.44 MAX
36,57

PE-53121/2
DATE CODE

COUNTRY OF ORIGIN

 1.44  MAX
36,57

.900
22,86

.600
15,24

  .095
  2,41

  .055
   1,40

1

2

3

SUGGESTED PAD
LAYOUT

.020
5,08

D TYP

F

C MAX

E TYP

2E

 ± .020
    0,51

B± .005
0,13

PE-XXXXX
DATE CODE

COUNTRY OF ORIGIN

A ± .005
0,13

SUGGESTED PAD
LAYOUT

2E

.060
1,52

.035
0,89

Low Profile Series

Case Series

KlipMount Series

INDUCTORS DESIGNED
FOR NATIONAL’S 50 KHz
SIMPLE SWITCHER ™

Mechanicals

 .460  MAX
11,68

 .600 ±.010
15,24   0,25

  .710 MAX
18,03

  .710 MAX
18,03

 .400 ±.010
10,16  0,25

 .150 ±.020
 3,81    0,51

.400
10,16 .150

3,81
SQ. PIN2X

 .025

      0,63 710

2

1

SCHEMATIC

.400
10,16

.070
1,78

.045
1,14

SUGGESTED PAD LAYOUT

.600
15,24

Dimensions: Inches
mm

Unless otherwise specified, all tolerances are ± .010 
0,25

PE-XXXXX

Date Code
Country of Origin
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PC503.B (7/97) 2

Reliable self-leads

Very small size and cost-effective

High energy storage and low DC resistance

Ideal for DC/DC conversion in notebook computers,
PDAs, step-up or step-down converters

Electrical Specifications @ 25°C — Operating Temperature -30°C to +130°C

NEW!

Reference Values Control Values Calculation Data
L @ IDC L W/O DC DCRPulse IDC ±15% ET ±15% ±15% ET10 CoilCraft

Part Number (amp) (µH) (V-µsec) (µH) (mΩ) (V-µsec) Part Number

ROS 1
P0430T 2.00 0.6 0.8 0.7 14 476.2 DT1608C-102
P0431T 1.90 0.9 0.8 1.1 18 370.4 DT1608C-152
P0432T 1.50 1.0 1.2 1.1 18 370.4 DT1608C-222
P0433T 1.20 1.7 1.8 1.9 28 277.8 DT1608C-332
P0434T 1.20 2.2 1.8 2.6 34 238.1 DT1608C-472
P0435T 1.00 3.2 2.3 3.9 40 196.1 DT1608C-682
P0436T 0.70 5.1 3.1 6.0 73 158.7 DT1608C-103
P0437T 0.60 6.3 3.3 7.1 100 144.9 DT1608C-153
P0438T 0.50 10.4 4.4 12.2 140 111.1 DT1608C-223
P0439T 0.45 12.7 5.0 14.7 155 101.0 DT1608C-333
P0440T 0.34 20.7 6.5 23.8 250 79.4 DT1608C-473
P0441T 0.29 30 8.4 33.8 280 66.7 DT1608C-683
P0442T 0.24 42.2 9.8 49 440 55.6 DT1608C-194
P0443T 0.20 62 12 72 650 45.7 DT1608C-154
P0444T 0.17 93 14 110 1050 37.0 DT1608C-224
P0445T 0.16 104 15 122 1065 35.1 DT1608C-334
P0446T 0.14 150 18 179 1600 29.0 DT1608C-474

ROS 2
P0450T 5 0.6 3.0 0.64 7.6 181.8 DT3316P-102
P0451T 5 0.79 3.1 0.86 8.7 151.5 DT3316P-152
P0452T 5 1.29 0.5 1.5 11.4 113.6 DT3316P-222
P0453T 5 1.8 1.0 2.3 13 90.9 DT3316P-332
P0454T 3 2.1 7.5 2.3 13 90.9 DT3316P-472
P0455T 2.5 4.4 10.5 5.13 23 60.6 DT3316P-682
P0456T 2 5.6 13 6.3 26 56.8 DT3316P-103
P0457T 1.8 6.6 14 7.5 33 50.5 DT3316P-153
P0458T 1.5 10.7 15 13.2 70 39.5 DT3316P-223
P0459T 1.3 13.5 21 15.5 60 35.0 DT3316P-333
P0460T 1 27 31 34 90 24.6 DT3316P-473
P0461T 0.9 46 39 57.2 123 18.9 DT3316P-683
P0462T 0.8 48 35 62.5 240 18.2 DT3316P-194
P0463T 0.6 82 55 100 245 14.0 DT3316P-154
P0464T 0.5 90 54 103 305 14.2 DT3316P-224
P0465T 0.4 162 78 180 481 10.0 DT3316P-334
P0466T 0.35 215 87 254 682 8.7 DT3316P-474
P0467T 0.3 320 105 380 1030 7.0 DT3316P-684
P0468T 0.25 420 130 500 1200 6.1 DT3316P-105

MINIA TURE SURFACE MOUNT
POWER INDUCT ORS
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Reference Values Control Values Calculation Data

Part L @ DC Storage L W/O DC 100 Gauss 1 Amp DC
Number IDC LDC

ET Capacity L0 ±20% DCR MAX ET100 H1(amp) (µH) (V-µsec) (µJ) (µH) (mΩ) (V-µsec) (Orsted)

P0153 0.53 439 1.3 61.6 472 1520 17.83 80.37
P0152 0.65 305 1.6 64.4 331 972 14.94 67.34
P0151 0.81 200 1.9 65.6 220 673 12.17 54.85
P0150 0.99 137 2.4 67.0 152 425 10.12 45.61
P0149 1.23 90 3.0 67.8 100 285 8.19 36.93
P0148 1.35 75 3.2 67.9 83 220 7.47 33.67
P0147 1.65 50 4.0 68.6 56 135 6.15 27.69
P0146 2.43 23 5.8 66.9 25 74 4.10 18.46
P0145 3.13 13.3 7.5 64.9 14.6 46 3.13 14.12
P0144 3.80 9.4 9.1 67.7 10.4 32 2.65 11.95

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA  92128 • TEL 619-674-8100 • FAX 619-674-8262 • http://www.pulseeng.com

LOW PROFILE SELF-LEADED
SURFACE MOUNT INDUCT ORS

Electrical Specifications @ 25°C — Operating Temperature -30°C to +130°C

Notes: 1. The reference inductance is a typical value at the AC and DC excitation
listed.

2. Temperature rise is 50°C in typical buck or boost circuits at 250 KHz and
with the reference ET applied to the inductor.

3. Total loss in the inductor is 380 mWatts for 50°C temperature 
rise above ambient.

4. To estimate temperature rise in a given application, determine copper
and core losses, divide by 380 and multiply by 50.

Dimensions: Inches
mm

Unless otherwise specified all tolerances are ± .010
0,25

Mechanical Schematic

 .500  MAX12,70

R
Suggested Pad Layout

2X .060
     1,52

 .400
10,16

4 SURFACES
.005/0,13

.215  MAX5,46

 .500  MAX12,70

 .470
11,94

.390 ± .015
9,91 ± 0,38

1

2

5. For the copper loss (mW), calculate IDC
2 x RN with RN in mΩ.

6. The maximum DCR listed is approximately 17% over the nominal DCR (RN).
7. For core loss (mW), using frequency (f, Hertz) and operating flux density (B,

Gauss), calculate 6.11 x 10-18 x B2.7 x f2.04.
8. For flux density (B, Gauss), calculate ET (V-µsec) for the application, divide

by ET100 from the table, and multiply by 100.
9. Limit the DC bias (H) to 46 Orsteds. Calculate H (Orsted) by multiplying H1

from the table by IDC of the application.

Materials meet UL94V-0 rating

Suited for IR and vapor reflow solder

Fits in half inch high boards for use in lap-
top and notebook computers

Frequency range of up to 1 MHz

Patented, low profile, self-leaded design

NEW!

Weight  . . . . . . . . . . . . . .1.5 grams
Tape & Reel  . . . . . . . . . . . .500/reel
Tube  . . . . . . . . . . . . . . . . . .40/tube
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LOW PROFILE SELF-LEADED 
SMT DUAL INDUCT ORS

Materials meet UL94V-0 rating

Suited for IR and vapor reflow solder

Frequency range of up to 1 MHz

Can be used as a simple inductor, 1:1
coupled inductor, or 1:1 transformer

12

3 4

4X .060
1,52

4X .175
4,45

Suggested Pad Layout

 .500  MAX
12,70

.215 MAX
5,46

 .410
10,41

.330
8,38

 .410
10,41

R

 .500 MAX
12,70 P01XX

Date Code
Country of Origin

.005/0,13
4 SURFACES

.330
8,38

41

2 3
1:1 ±1%

Mechanical Schematic

ID Reference Values Control Values Calculation Data
L @ DC L W/O DC 100 Gauss 1 Amp DCPart Hookup IDC LDC

ET L0 ±20% DCR (MAX) ET100 H1Number (amp) (µH) (V-µsec) (µH) (mΩ) (V-µsec) (Orsted)
P0183 Series 0.61 336.7 92.43 364.0 1295 15.66 70.59
P0182 Series 0.74 245.3 81.70 270.2 897 13.50 60.82
P0181 Series 0.90 170.3 68.99 190.3 603 11.33 51.05
P0180 Series 1.08 117.3 57.00 131.0 424 9.40 42.36
P0183 Parallel 1.22 84.2 46.22 91.0 324 7.83 35.30
P0179 Series 1.32 79.0 46.90 88.2 265 7.71 34.75
P0182 Parallel 1.48 61.3 40.85 67.5 224 6.75 30.41
P0178 Series 1.56 56.2 39.46 62.8 181 6.51 29.32
P0181 Parallel 1.80 42.6 34.49 47.6 151 5.66 25.52
P0177 Series 1.92 37.3 32.25 41.7 119 5.30 23.89
P0180 Parallel 2.16 29.3 28.50 32.8 106 4.70 21.18
P0176 Series 2.60 20.0 23.43 22.1 76.0 3.86 17.38
P0179 Parallel 2.64 19.7 23.45 22.1 66.3 3.86 17.38
P0178 Parallel 3.12 14.1 19.73 15.7 45.3 3.25 14.66
P0175 Series 3.60 9.6 15.62 10.4 43.6 2.65 11.95
P0177 Parallel 3.84 9.3 16.12 10.4 29.8 2.65 11.95
P0174 Series 4.15 7.8 14.61 8.6 30.3 2.41 10.86
P0176 Parallel 5.20 5.0 11.72 5.5 19.0 1.93 8.69
P0175 Parallel 7.20 2.4 7.81 2.6 10.9 1.33 5.97
P0174 Parallel 8.30 2.0 7.31 2.2 7.6 1.20 5.43

Electrical Specifications @ 25°C — Operating Temperature -30°C to +130°C

NOTES:
1.  The reference inductance at rated DC current is a typical value.
2.  Temperature rise is 50°C in typical buck or boost circuits at 250 KHz and with the

reference ET applied to the inductor.
3.  Total loss in the inductor is 380 mWatts for a 50°C temperature rise above ambient.
4.  To estimate temperature rise in a given application, determine copper and core

losses, divide by 380 and multiply by 50.
5.  For the copper loss, calculate IDC

2X RN.

6.  For core loss, using frequency (f) and operating flux density (B), 
calculate 6.11 x 10-18 x B2.7 x f2.04.

7.  For flux density (B), calculate ET (V-µsec) for the application, divide by ET100 from
the table, and multiply by 100.

8.  Limit the DC bias (H) to 46 orsteds. Calculate H by multiplying H1 from the table by
IDC of the application.

9.  The maximum DCR listed is approximately 17% over the nominal DCR.
10. Add suffix "T" to part number for tape and reel package (i.e. P0183T).

Dimensions: Inches
mm

Unless otherwise specified,
all tolerances are ± .010

0,25

NEW!

Weight . . . . . . . . 1.5 grams
Tape & Reel . . . . . . 500/reel
Tube . . . . . . . . . . . . 40/tube

Page 466 of 662

ECE556 Lecture Notes Page 466 of 662



PC503.B (7/97) 6

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA  92128 • TEL 619-674-8100 • FAX 619-674-8262 • http://www.pulseeng.com

LOW PROFILE SELF-LEADED
POWER INDUCT ORS
Designed f or PCMCIA Applications

Small PCMCIA size (.38" X .43" X .098")

Frequency range: 100 KHz to 1 MHz

Up to 3 amps rated DC current

Surface mount, pick and placeable

6

Date Code
Country of

Origin

P01XX

 .430 MAX
10,92

1

2 5

3 4

 .300
 7,62

 .150
 3,81

 .380 MAX
 9,65

 .098 MAX
 2,49

4 SURFACES
 .004/0,10

1
3

4
6

.300
7,62

.150
3,81

.050
1,27

.335
8,51

.080
2,03

SUGGESTED PAD LAYOUT

Mechanical Schematic

Electrical Specifications @ 25°C — Operating Temperature -30°C to +130°C

1. The reference inductance at rated DC current is a typical value.
2. Temperature rise is 50°C in typical buck or boost circuits at 500 KHz and with the 

reference ET applied to the inductor.
3. Total loss in the inductor is 95 mWatts for 50°C temperature rise above ambient.
4. To estimate temperature rise in a given application, determine copper and core

losses, divide by 95 and multiply by 50.
5. For the copper loss, calculate IDC

2X RN.
6. For RN, multiply DCRMAX by 0.85.

7. For core loss, using frequency (f) and operating flux density (B), 
calculate 747 x 10-21 x B2.7 x f2.04.

8. For flux density (B), calculate ET (V-µsec) for the application, divide by
ET100 from the table, and multiply by 100.

9. Limit the DC bias (H) to 31 orsteds. Calculate H by multiplying H1 from
the table by IDC of the application.

10. Add suffix "T" to part number for tape and reel package (i.e. P0100T).

Weight .............0.25 grams
Tape & Reel .......1250/reel
Tube ......................55/tube

NEW!

NOTES:

ID Reference Values Control Values Calculation Data
L @ DC L W/O DC 100 Gauss 1 Amp DCPart Hookup IDC LDC

ET L0 ±20% DCR (MAX) ET100 H1Number (amp) (µH) (V-µsec) (µH) (mΩ) (V-µsec) (Orsted)

P0108 Series 0.27 122.6 16.55 137.8 1545 2.77 102.50
P0107 Series 0.33 88.5 14.60 100.5 1068 2.37 87.55
P0106 Series 0.40 60.1 12.03 69.1 720 1.96 72.60
P0116 Series 0.44 43.6 9.59 46.9 692 1.62 59.79
P0108 Parallel 0.54 30.7 8.28 34.4 382 1.38 51.25
P0105 Series 0.62 20.1 6.22 21.6 325 1.10 40.57
P0107 Parallel 0.66 22.1 7.30 25.1 267 1.18 43.77
P0104 Series 0.73 15.7 5.74 17.3 236 0.98 36.30
P0106 Parallel 0.80 15.0 6.01 17.3 180 0.98 36.30
P0103 Series 0.86 12.1 5.21 13.5 170 0.87 32.03
P0116 Parallel 0.88 10.9 4.80 11.7 173 0.81 29.89
P0102 Series 1.03 9.0 4.63 10.1 121 0.75 27.76
P0101 Series 1.23 6.4 3.92 7.2 86 0.63 23.49
P0105 Parallel 1.24 5.0 3.11 5.4 81 0.55 20.29
P0100 Series 1.41 5.2 3.67 6.0 66 0.58 21.35
P0104 Parallel 1.46 3.9 2.87 4.3 59 0.49 18.15
P0103 Parallel 1.72 3.0 2.60 3.4 42 0.43 16.01
P0102 Parallel 2.06 2.2 2.32 2.5 30 0.38 13.88
P0101 Parallel 2.46 1.6 1.96 1.8 22 0.32 11.74
P0100 Parallel 2.82 1.3 1.83 1.5 16 0.29 10.68

Dimensions: Inches
mm

Unless otherwise specified,
all tolerances are ± .010

0,25
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HIGH AND LO W CURRENT
COUPLED  INDUCT ORS

Self-leaded, surface mount

Suited for IR and vapor phase reflow 
soldering

Frequency range up to 1 MHz

Electrical Specifications @ 25°C — Operating Temperature -30°C to 130°C

Size Codes

Mechanicals

Schematics

F ± .005
,127

4X .300
7,62

E ± .005
,127

4X .080
2,03

 R

 A
MAX

D± .015
,381

 B MAX

 C
MAX

 .005/,127
 4 SURFACES

1

2

4

3

HCCI LCCI

HCCI LCCI

1

4

3

2

12

3 4

A
MAX4X .060

1,52 4X .175
4,45

E± .005
,127

F± .005
,127

R

D± .015
,381

B MAX

C
MAX

.005/,127
4 SURFACES

1

4

3

2

Part IDC Lw/DC ET Size Lw/oDC Max DCR
Number (Amps) (µH) (V-µ sec) Code (µH ± 20%) (mΩ)

PE-53361 23.8 .53 1.00 HCCI-44 .88 1.7
PE-53362 21.0 1.10 1.75 HCCI-50 2.10 3.0
PE-53363 22.4 2.10 3.25 HCCI-68 4.00 3.4
PE-53717 1.1 43.6 7.83 LCCI-37 77.0 309
PE-53718 2.7 21.9 6.90 LCCI-44 39.5 90.5
PE-53719 6.4 4.025 3.135 LCCI-50 6.575 23

Dimensions: Inches
mm

HCCI-44 HCCI-50 HCCI-68 LCCI-37 LCCI-44 LCCI-50

A .715/18,16 .800/20,32 1.000/25,40 .560/14,22 .590/14,99 .670/17,02
B .865/21,97 .910/23,11 1.110/28,19 .645/16,38 .715/18,16 .770/19,56
C .390/9,91 .390/9,91 .390/9,91 .350/8,89 .390/9,91 .390/9,91
D .760/10,30 .800/20,32 1.000/25,40 .520/13,21 .600/15,24 .650/16,51
E .360/9,14 .440/11,18 .620/15,75 .340/8,64 .370/9,40 .445/11,30
F .770/19,56 .810/20,57 1.010/25,65 .530/13,46 .610/15,49 .660/16,76
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8

SURFACE MOUNT INDUCT ORS
SELF-LEADED 
Electrical Inf ormation

Materials meet UL94V-0 rating

Suited for IR and vapor reflow solder

Fits in half inch high boards for use in lap-
top and notebook computers

Frequency range of up to 1 MHz

Patented, low profile, self-leaded design

Electrical Specifications @ 25°C — Operating Temperature -30°C to +130°C

REFERENCE VALUES1 CONTROL VALUES CALCULATION DATA

Pulse L with DC L w/o DC DCR 100 Gauss 1 Amp DC DCR
Part

IDC2
LDC ET Size Code LO RDC ET100 HI RN

Number
(Amps)

(µH) (µH ± 20%) (mΩ MAX) (V-µSec) (Orsted) (mΩ NOM)

PE-53600 1.40 6.20 1.33 LCI-20 7.0 70.0 0.94 21.9 60.3
PE-53601 1.00 17.6 2.40 LCI-20 22.7 125 1.68 39.3 109
PE-53602 1.40 29.7 4.60 LCI-30 35.3 166 4.12 23.2 141
PE-53604 1.30 58.1 7.83 LCI-37 73.0 290 7.09 28.8 233
PE-53606 0.94 114 10.0 LCI-30 167 380 8.97 50.5 330
PE-53608 0.90 192 15.7 LCI-37 292 560 14.2 57.7 472
PE-53611 0.72 383 23.5 LCI-37 672 862 21.3 86.5 750
PE-53613 0.74 645 36.5 LCI-44 1134 1250 37.2 84.4 1040
PE-53614 0.71 1070 54.4 LCI-50 1950 1700 56.9 95.7 1480
PE-53630 3.4 1.01 0.532 LCI-20 1.10 11.0 0.37 8.74 12.5
PE-53631 2.8 9.4 2.70 LCI-30 12.3 43.4 2.42 13.7 37.8
PE-53632 2.7 16.2 4.29 LCI-37 21.9 63.0 3.88 15.8 54.7
PE-53633 2.7 29.1 6.90 LCI-44 40.5 85.0 7.02 15.9 75.8
PE-53634 2.6 50.0 10.5 LCI-50 72.9 133 11.0 18.5 115
PE-53650 4.8 3.8 1.76 LCI-30 5.20 17.3 1.58 8.87 14.8
PE-53651 5.4 5.1 2.51 LCI-37 7.5 17.7 2.27 9.25 14.3
PE-53652 5.5 9.0 4.06 LCI-44 14.0 22.3 4.13 9.38 19.3
PE-53653 5.1 16.1 6.27 LCI-50 25.9 32.0 6.55 11.0 30.3
PE-53661 8.0 2.5 1.77 LCI-37 3.80 8.3 1.61 6.53 7.20
PE-53662 7.8 4.9 3.04 LCI-44 7.9 12.4 3.10 7.03 10.5
PE-53663 7.2 9.3 4.92 LCI-50 16.0 18.7 5.15 8.67 16.3
PE-53680 11.5 1.32 1.33 HCI-37 2.10 4.0 1.20 4.90 3.39
PE-53681 11.4 2.5 2.23 HCI-44 4.20 5.4 2.27 5.16 4.64
PE-53682 10.4 4.7 3.58 HCI-50 8.4 8.3 3.75 6.30 7.18
PE-53683 10.9 9.4 6.84 HCI-68 17.6 12.3 7.93 6.24 10.7
PE-53690 14.3 0.81 1.035 HCI-37* 1.25 2.5 0.94 381 2.16
PE-53691 13.9 1.68 1.83 HCI-44* 2.80 3.6 1.86 4.22 3.16
PE-53692 12.4 3.5 3.13 HCI-50* 6.5 6.6 3.28 5.52 5.75
PE-53700 15.4 5.2 5.21 HCI-68* 10.5 6.2 6.04 4.75 5.30

NOTES:

1. Reference values are for an inductor with a 55°C tem-
perature rise. The core loss is 10% of the copper loss at
the ET listed and 500 KHz.

2. Core does not saturate abruptly. The ET and DC 
current are limited by the desired inductance and
temperature rise.

3. The temperature rise is directly proportional to the total
watts loss (I2R plus core loss). The core loss (mW/cc) 

equals 9.07 x 10-10 f1.26 B2.11.  B is the operating flux
density (Gauss) due to ripple voltage and f is the oper-
ating frequency (Hertz) of the ripple current.

4. Standard packaging is in tubes. Optional 13" Tape &
Reel packaging can be ordered by adding a “T” suffix to
the part number, (i.e. PE-53600T).
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In Circuit Operating Parameters 1
PackagePulse Pulse National

Nominal Rated Max2 Nominal
THT Part SMT Part Part 

Inductance Current ETOP
DCR

Through SurfaceNumber Number Number (µH) (Amps DC) (V-µSec)
(Ω)

Hole Mount

PE-53801 PE-53801S LM259X-L1 259 0.13 23.1 3.4 LP-25 LCI-20
PE-53802 PE-53802S LM259X-L2 178 0.16 16.5 2.8 LP-25 LCI-20
PE-53803 PE-53803S LM259X-L3 118 0.2 13.2 1.8 LP-25 LCI-20
PE-53804 PE-53804S LM259X-L4 79 0.25 9.9 1.5 LP-25 LCI-20
PE-53805 PE-53805S LM259X-L5 55 0.3 6.6 1.0 LP-25 LCI-20
PE-53806 PE-53806S LM259X-L6 39 0.34 6.6 .80 LP-25 LCI-20
PE-53807 PE-53807S LM259X-L7 26 0.45 6.6 .62 LP-25 LCI-20
PE-53808 PE-53808S LM259X-L8 374 0.2 75.9 2.7 LP-30 LCI-30
PE-53809 PE-53809S LM259X-L9 256 0.25 33 2.2 LP-30 LCI-30
PE-53810 PE-53810S LM259X-L10 176 0.3 26.4 1.4 LP-30 LCI-30
PE-53811 PE-53811S LM259X-L11 118 0.38 19.8 1.2 LP-30 LCI-30
PE-53812 PE-53812S LM259X-L12 78 0.46 16.5 0.8 LP-30 LCI-30
PE-53813 PE-53813S LM259X-L13 55 0.56 13.2 0.5 LP-30 LCI-30
PE-53814 PE-53814S LM259X-L14 39 0.68 9.9 0.3 LP-30 LCI-30
PE-53815 PE-53815S LM259X-L15 26 0.84 6.6 0.2 LP-30 LCI-30
PE-53816 PE-53816S LM259X-L16 17 1.02 6.6 0.1 LP-30 LCI-30
PE-53817 PE-53817S LM259X-L17 375 0.36 75.9 1.3 LP-37 LCI-37
PE-53818 PE-53818S LM259X-L18 252 0.44 49.5 0.9 LP-37 LCI-37
PE-53819 PE-53819S LM259X-L19 173 0.54 36.3 0.6 LP-37 LCI-37
PE-53820 PE-53820S LM259X-L20 115 0.67 29.7 0.4 LP-37 LCI-37
PE-53821 PE-53821S LM259X-L21 78 0.82 23.1 0.3 LP-37 LCI-37
PE-53822 PE-53822S LM259X-L22 54 1.0 16.5 0.2 LP-37 LCI-37
PE-53823 PE-53823S LM259X-L23 38 1.2 13.2 0.1 LP-37 LCI-37
PE-53824 PE-53824S LM259X-L24 26 1.48 9.9 0.1 LP-37 LCI-37
PE-53825 PE-53825S LM259X-L25 18 1.81 9.9 0.06 LP-37 LCI-37
PE-53826 PE-53826S LM259X-L26 377 0.68 75.9 1.0 LP-44 LCI-44
PE-53827 PE-53827S LM259X-L27 248 0.83 72.6 0.6 LP-44 LCI-44
PE-53828 PE-53828S LM259X-L28 168 1.02 56.1 0.4 LP-44 LCI-44
PE-53829 PE-53829S LM259X-L29 112 1.26 42.9 0.3 LP-44 LCI-44
PE-53830 PE-53830S LM259X-L30 77 1.54 33 0.2 LP-44 LCI-44
PE-53831 PE-53831S LM259X-L31 53 1.87 26.4 0.13 LP-44 LCI-44
PE-53932 PE-53932S LM259X-L32 37 2.24 19.8 0.10 LP-44 LCI-44
PE-53933 PE-53933S LM259X-L33 24 2.74 16.5 0.07 LP-44 LCI-44
PE-53934 PE-53934S LM259X-L34 17 3.0 13.2 0.05 KM-10 LCI-44
PE-53935 PE-53935S LM259X-L35 250 1.5 72.6 0.23 KM-30 HCI-68
PE-54036 PE-54036S LM259X-L36 168 1.81 75.9 0.18 KM-30 HCI-68
PE-54037 PE-54037S LM259X-L37 114 2.22 62.7 0.10 KM-30 HCI-68
PE-54038 PE-54038S LM259X-L38 77 2.7 52.8 0.09 KM-30 HCI-68
PE-54039 PE-54039S LM259X-L39 53 3.0 42.9 0.08 KM-30 HCI-68
PE-54040 PE-54040S LM259X-L40 38 3.0 29.7 0.05 KM-30 HCI-68
PE-54041 PE-54041S LM259X-L41 25 3.0 19.8 0.04 KM-20 LCI-50
PE-54042 — LM259X-L42 167 2.5 75.9 0.14 KM-40 —
PE-54043 — LM259X-L43 110 3.0 75.9 0.09 KM-40 —
PE-54044 PE-54044S LM259X-L44 77 3.0 59.4 0.08 KM-30 HCI-68
PE-53900 — LM258X-L 19 4.5 323 0.02 KM-30 —

INDUCTORS DESIGNED
FOR NATIONAL’S 150 KHz
SIMPLE SWITCHER ™

Electrical Specifications @ 25°C— Operating Temperature -30° to +130° C

Notes : 1.  Inductance values may vary ±20%.
2. ETop rated at 150 KHz except where designated.  

3. ETop rated at 100 KHz.
4.  SIMPLE SWITCHER™ is a trademark of National Semiconductor Corporation.

Tested and recommended by National
Semiconductor

Base material meets flammability
requirements of UL 94V-0

Available in surface mount and through
hole versions
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NOTES:

1. Typical inductance occurs at the IDC and ETOP values shown.

2. The control value of inductance is measured at BOP equal to or
less than 10 gauss (10 mV @ 20 KHz) without DC current.

3. Inductance decreases with higher values of DC current and
increases with lower values of DC current.

4. Inductance increases with increase in BOP or ETOP.

5. SIMPLE SWITCHER™ is a trademark of National
Semiconductor Corporation.

INDUCTORS DESIGNED
FOR NATIONAL’S 50 KHz
SIMPLE SWITCHER ™

Electrical Specifications @ 25°C— Operating Temperature -30° to +130° C

Part Identification Reference Operating Values 1 Design Control Values

Inductance Inductance
Part Inductor Typical IDC ETOP No DC2 DCR Package Lead

Number Code
(µH)

(Amps) (V-µSec)
(µH ± 20%)

(Ω MAX) Style Diameter

PE-53112 L47 47 3.0 90 38 0.05 KM-2.0 .025

PE-92114K L68 68 3.0 90 55 0.02 KM-4.0 .040

PE-92108K L100 100 3.0 90 91 0.04 KM-4.0 .032

PE-53113 L150 150 2.0 90 130 0.10 KM-4.0 .025

PE-52626 L220 220 1.4 90 230 0.38 Low Profile .025 SQ.

PE-53145 L220 220 1.4 90 176 0.14 KM-3.0 .020

PE-52627 L330 330 0.9 90 302 0.74 Low Profile .025 SQ.

PE-53146 L330 330 0.9 90 267 0.18 KM-3.0 .020

PE-53114 L470 470 0.64 90 426 0.16 KM-4.0 .025

PE-52629 L680 680 .85 90 657 1.25 Low Profile .025 SQ.

PE-53115 H150 150 3.0 200 136 0.10 KM-4.0 .025

PE-53116 H220 220 3.0 200 167 0.07 KM-5.0 .032

PE-53117 H330 330 3.0 200 292 0.15 KM-5.0 .025

PE-53118 H470 470 2.0 200 369 0.17 KM-5.0 .025

PE-53119 H680 680 1.3 200 562 0.20 KM-5.0 .025

PE-53120 H1000 1000 0.95 200 762 0.24 KM-5.0 .025

PE-53121 H1500 1500 0.62 200 1150 1.00 Case .032

PE-53122 H220 2200 0.42 200 1730 1.80 Case .032

Designed for use with National’s device
numbers LM2574/LM2575/LM2576

Base material meets flammability 
requirements of UL 94V-0

Performance verified by National
Semiconductor
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INDUCT OR FOR HARRIS 
SEMICONDUCT OR 
Por table Power Con ver ter HIP 5020 Ev al 1

Surface mount, self-leaded inductor

Solution based on efficiency, using Allied
Microlite core

Designed for Notebooks, portables and PCAs

Wide variety of other inductor sizes and 
values available

4 SURFACES
.005/0,13

C  MAX

A  MAX

F  ±.005/0,13 R

E ±.005/0,13

2X  .060/1,52

Suggested PCB Layout

D  ±.015/0,38

B  MAX

21

Mechanical Schematic

Weight . . . . . . . . 2.4 grams
Tube . . . . . . . . . . . . 30/tube

A B C D E F
.565 .570 .360 .450 .520 .460

14,35 14.48 9,14 11.43 13.21 11.68

Dimensions: Inches
mm

Unless otherwise specified, all tolerances are ± .010 
0,25

Electrical Specifications @ 25°C — Operating Temperature -30°C to +130°C

NOTES:
1. The reference inductance is a typical value at the AC and DC excitation listed.
2. Temperature rise is 55° C in typical buck or boost circuits at 200 KHz and with the

reference ET applied to the inductor.
3. Total loss in the inductor is 423 mWatts for 55°C temperature rise above ambient.
4. To estimate temperature rise in a given application, determine the total losses 

(copper losses + core losses), divide by 423 and multiply by 55.
5. To determine copper losses, calculate:

CopperLoss (mW) = IDC
2 x RN (with RN in mΩ).

6. The maximum DCR listed is approximately 17% over the nominal DCR (RN).
7. For core loss in mWatts, using frequency (f, Hz) and operating flux density 

(B, Gauss), calculate: 0.342 x 10-12 x B2.13 x f1.52.
8. For flux density (B, Gauss), calculate ET (V-µsec) for the application, divide by

ET100 factor from the table and multiply by 100.
9. For estimating L with DC current, calculate H by multiplying H1 from the table by

IDC of the application. Using H determine the DC perm Factor (FUDC). Multiply L
w/o DC by FUDC for L @ DC.

Reference Values Control Values Calculation Data
L @ DC Storage L W/O DC DCR 100 Gauss 1 Amp DCPulse IDC LDC

ET Capacity L0±20% MAX ET100 H1Part Number (amp) (µH) (V-µsec) (µJoules) (µH) (mΩ) (V-µsec) (Orsted)

P0119 4.96 7.4 14.34 90.43 12.7 18.2 1.20 7.42

NEW!
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*NOTE: Specifications are tabulated for 250 KHz operation at 45°C temperature rise with convection cooling only. Heatsinked applications provide
higher current and Volt-Microsecond capability.

Electrical Specifications* @ 25°C — Operating Temperature -20°C to +85°C

15 AMP current capability

Surface mount

Heat sinkable

Part Inductance ± 30% Inductance ±30% IDC ET MAX* F0 DCR MAX.
Number at 0 ADC (µH) at IDC (µH) (MAX ADC at ET MAX) (V-µSec) (KHz) (milli Ohms)

PE-53974 3.2 1.75 15 6 200-750 4.3

PE-53975 6.7 3.5 10 9 150-750 8.4

.300
7,62

.006/0,15
3 SURFACES

.753
19,13

.773
19,63

.375
9,58

.170
4,32

MAX

Application
These inductors are designed for high current at high ripple 
frequency. Overall height is 300 mils ±10%. The PE-53974 

and PE-53975 power inductors are designed to be used with the
PE-68471 and PE-68472 surface mount power transformers.

.343
8,71

.162
4,11

.162
4,11

.336
8,53

.452 ± .002
11,48 0,05

.209 ± .002
5,31 0,05

3

2

1

NC

PGF Power Inductors (right) are designed for 
use with PGF Power Transformers (left).

Mechanical Footprint Schematic

PGF POWER INDUCT ORS
High Current, Lo w Profile , 
High Frequenc y

Dimensions: Inches
mm

Unless otherwise specified, all tolerances are ± .010 
0,25
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Self-leaded, surface mount

Suited for IR and vapor phase reflow 
soldering

Designed for switching power supply
applications

Electrical Specifications @ 25°C — Operating Temperature -30°C to 130°C

LOW PROFILE SELF-LEADED
CURRENT SENSE INDUCTORS

.500
12,70

.400
10,16

.410
10,41

   4x   .100
2,54

   2X   .030
0,77

   2X   .100
2,54

   4x   .040
1,02

R

R

Part I RT Droop LS RS Turns Hipot
Number (Amps) (Ω) (%) (mH MIN) (Ω MAX) (NS) (VRMS)

PE-68210 15.3 25 1.3 3.8 .38 50 500

PE-68280 16.3 50 0.7 14.8 .93 100 500

PE-68383 16.4 100 0.3 59.2* 3.9 200 500

.490 ± .015
12,45 ± 0,38

.410 ± .015
10,41 ± 0,38

.495
12,57

.575
14,61

MAX

.280
7,11

MAX

.005/0,13
6 SURFACES

MAX

1 5 2

3

1

2
3

4

5

6

6 4

NS TURNS

1 TURN

1 TURN

NOTES:
1. Inductance is measured at 100 KHz, 20 mVrms. *10KHz, 60 mVrms.
2. Hipot is 500 Vrms, measured at 60 Hz, 2 seconds.
3. I, RT, and Droop are reference values only.

4. Reference values are for the one turn winding connected in parallel
for unipolar operation at 200 KHz.

Dimensions:Unless otherwise specified, all tolerances are ± 0.005
0,127

Inches
mm

Mechanical Footprint

Schematic
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THOUGH HOLE CURRENT
SENSE TRANSFORMERS 
AND INDUCT ORS

VDE Approved

Designed for switching power supply
applications

Transformer meets IEC950 insulation
requirements

Frequency range from 20 KHz to 200 KHz

Electrical Specifications @ 25°C — Operating Temperature -30°C to 130°C

Part Number Part Number Part Number Secondary Secondary Primary Primary
Transformer Schem. Transformer Schem. Inductor Schem. Turns Inductance Inductance RS RT Unipolar Bipolar

with 2-1 T Figure with 1T Figure witho ut Figure NS MH Test Voltage (Ω MAX) (Ω NOM) Amp µ Sec. Amp µ Sec.
Primaries Primary Primary (MIN) (15.75 KHz) Rating (MAX) Rating (MAX)

— 1C PE-63586 1A PE-51686 2A 50 5.0 0.5 0.7 50 150 300

PE-64487 1C PE-63587 1A PE-51687 2A 100 20.0 1.0 1.40 100 300 600

PE-64488 1C PE-63588 1A PE-51688 2A 200 80.0 2.0 4.50 200 600 1200

PE-64517 1D PE-63617 1B PE-51717 2B 50CT 5.0 0.5 0.7 50 150 300

PE-64518 1D PE-63618 1B PE-51718 2B 100CT 20.0 1.0 1.40 100 300 600

PE-64519 1D PE-63619 1B PE-51719 2B 200CT 80.0 2.0 4.50 200 600 1200
— — PE-63691 1B — — 300CT 180.0 3.0 11.0 300 900 1800

31

2 5

31
2

6
7 5

1

3

1 6 3

2 7 5

4PE-XXXXX
DATE CODE

 .900
22,86 MAX

 .700
17,78 MAX

 .700
17,78 MAX

.700
17,78

.200
5,08

 .500
12,70 MIN

 .500
12,70

.250
6,35

V
D E
1441.010

0,25 MIN

.051 ±.003
1,30 ,0764X

(Leads: 1,2,6,7)

.030 ±.002
0,76 ,0512X

(Leads: 3,5)

Dimensions:Unless otherwise specified, all tolerances are ± .005
0,13

Inches
mm

Transformer Inductor
1A

1C

2A 2B

1D

1B

NOTES:
1. Maximum ratings specified with rated secondary terminating resistance

and 1 turn primary.
2. Amp-microsecond (AµSec.) rating of primary equals volt microsecond

(VµSec.) rating of secondary when secondary is terminated in rated resis-
tance.  (Amp—microseconds is equal to the product of a square pulse of
current in amps, times the current pulse width in microseconds.

3. Maximum operating temperature 105°C (ambient plus rise).
4. When terminated with rated terminating resistance, the inductor scale fac-

tor is Vout = 1 volt per amp. for center tapped units terminating resistance
for each half of winding is listed value divided by two.

5. 1 turn primary peak sense current is 20 amps for all parts listed above. 

.030    .002
0,76 ± 0,05
Solderable

Pin

.390
9,91MAX

 .670
17,02MAX

.800
20,32

.500
12,70

.250
6,35

1457

.170
4,32MIN

.015
0,38MIN

.500/.700
12,70/17,78

MAX/MIN

31

2 5

4

31
2

4
6
7 5

1

3

2

Mechanicals Schematics
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500 KHZ CURRENT SENSE 
TRANSFORMERS & INDUCT ORS
Through Hole P ackage

Frequency range from 200 to 500 KHz

1250 VRMS isolation

20 Amp peak sense current

Electrical Specifications @ 25°C — Operating Temperature -30°C to 130°C

PE-52876, PE-52877, PE-52878

Inductor Transformer

PE-64976, PE-64977, PE-64978

Part Part 
RT1 Secondary Secondary DCR DCR

VSNumber Number
(Ω)

Turns 2 Inductance 3 Secondary Primary
(mV)Inductor Transformer NS (µH MIN) (Ω MAX) (Ω)

PE-52876 PE-64976 1.50 10 150 .055 .006 30

PE-52877 PE-64977 3.00 20 600 .097 .006 60

PE-52878 PE-64978 7.50 50 4000 .240 .006 160

NOTES: 1. Terminating resistance for .15 Volt/Amp 3. @ 100 KHz, @ VS
2. ± 1 turn

Inductor Transformer

PE-5287X
DATE

PE-6497X
DATE

.120/.155
3,05/3,94

.400
10,16

.550
13,97 MAX .100

2,54

.150
3,81

1

4

USER
PROVIDES

TURN
N

S
 TURNS

1
3
4

2

1 TURN N
S
 TURNS

.580
14,73 MAX

.580
14,73 MAX

.325
8,26 MAX

.380
9,65 MAX

.120/.155
3,05/3,94

.400
10,16

.550
13,97 MAX

.150
3,81

1 4

1 2 3 4

Mechanicals

Schematics

Dimensions: Inches
mm

Unless otherwise specified,
all tolerances are ± .010

0,25

.325
8,26 MAX
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REFERENCE OPERATING VALUES DESIGN CONTROL VALUES

Low Profile Vertical Inductance Maximum Energy Inductance 20 KHz
Part Part Typical IDC ETOP2 Storage No DC Test mV DCR

Number Number (µH)
(AMPS)1

(V-µSec) (µJ)1 (µH ± 20%) No DC
(Ω MAX)

PE-52625 PE-52645 150 1.7 80 215 145 110 .42

PE-52626 PE-52646 220 1.5 90 240 226 140 .42

PE-52627 PE-52647 330 1.0 100 165 316 170 .78

PE-52628 PE-52648 470 .90 120 190 480 210 1.26

PE-52629 PE-52649 680 .85 175 245 690 250 1.50

PE-52630 PE-52650 820 .75 175 230 780 270 2.40

PE-52631 PE-52651 1000 .50 175 125 975 300 2.60

Unless otherwise specified, all tolerances are ± .010
0,25

20

10

0

-10
0 250 500

V-µsec.

%
 ∆

 L

Mechanicals
Inductance

Characteristics

inches
mm

Dimensions:  

Inductance Variance vs. E.T.

Vertical Package

Low Profile Package

Electrical Specifications @ 25°C — Operating Temperature -30°C to 130°C

Designed for general purpose use

High inductance stability with varying
volt-seconds and load currents

Compact, standard packages

Low profile or vertical packages

STANDARD LOW POWER
INDUCT ORS
Switc h Mode Power Con ver ters 
and Ripple Filter s

NOTES: 1.  IDC rated for 40°C Temperature rise @ low ETOP. 2.  Derate current 20% at this ETOP.

PE-XXXXX

Date Code
Country of Origin

0 25 50 75 100 125

120

110

100

90

80

V-µsec.

%
 L

Inductance Variance
vs. Load Current

.400
10,16

.070
1,78

.045
1,14

SUGGESTED PAD LAYOUT

.600
15,24

2

1

SCHEMATIC

  .400  ±.010
 10,16   0,25

  .510 MAX
12,95

SQ. PIN2X
 .025

      0,63

PE-XXXXX

Date Code
Country of Origin

 .150 ± .020
 3,81    0,51

  .710 MAX
18,03

  .710 MAX
18,03

  .600  ±.010
 15,24    0,25

 .460  MAX
11,68

 .600 ±.010
15,24   0,25

  .710 MAX
18,03

  .710 MAX
18,03

 .400 ±.010
10,16  0,25

 .150 ±.020
 3,81    0,51

.400
10,16 .150

3,81
SQ. PIN2X

 .025

      0,63

2

1

SCHEMATIC

.400
10,16

.070
1,78

.045
1,14

SUGGESTED PAD LAYOUT

.600
15,24
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Electrical Specifications @ 25°C — Operating Temperature -30°C to 130°C

Available in vertical, low profile and
Klipmount™

SMPS averaging filter

Characterized for general purpose use 
and ripple filters

Single-layer designs

Can be used as differential mode inductors in
EMI filters3

LOW COST INDUCTORS
Electrical Inf ormation

REFERENCE OPERATING VALUES DESIGN CONTROL VALUES

Vertical Low Profile Inductance Energy Inductance 20 KHz Coil Klip Lead
Part Part Typical IDC ETOP Storage No DC (µHy) Test mV DCR Size Mount Diameter

Number Number (µH)1
(AMPS) (V-µSec)

(µJ)4 ±20% No DC2 (Ω MAX)5 Code Package* (In) ±.003
PE-51591 — 20 2.0 52 40 32.8 33 .060 H — .020
PE-92100 — 25 2.6 30 85 20.7 22 .043 A KM1 .020
PE-92101 PE-92401 50 2.6 50 169 45.7 45 .071 B KM2 .020
PE-92102 PE-92402 100 2.6 90 338 94.1 90 .100 C KM3 .020
PE-92103 — 35 2.6 55 118 28.4 36 .037 B KM2 .025
PE-92104 PE-92404 70 3.0 85 315 61.0 73 .052 C KM3 .025
PE-92105 PE-92405 145 3.0 140 653 141.8 140 .087 D KM4 .025
PE-92106 — 285 3.0 300 1283 264.1 340 .140 E KM5 .025
PE-92107 — 450 3.0 425 2025 436.3 500 .200 F — .025
PE-92108 PE-92408 100 3.6 130 648 90.7 110 .045 D KM4 .032
PE-92109 — 165 4.0 240 1320 152.0 260 .070 E KM5 .032
PE-92110 — 270 4.0 350 2160 263.9 400 .100 F — .032
PE-92111 — 40 4.0 70 320 37.9 57 .027 C KM3 .032
PE-51590 — 22 5.0 44 275 20.3 37 .020 G — .032
PE-92112 PE-92412 100 5.0 200 1250 90.7 180 .034 E KM5 .042
PE-92113 — 170 5.0 300 2125 159.7 310 .050 F — .042
PE-92114 PE-92414 55 5.0 100 688 54.9 88 .023 D KM4 .042
PE-92115 — 95 7.0 225 2328 96.0 200 .025 F — .051
PE-92116 PE-92416 55 7.0 150 1348 49.1 100 .017 E KM5 .051
PE-92117 — 55 10.0 175 2750 55.9 120 .013 F — .064

*Parts available with KlipMount option can be ordered by adding a "K" suffix to the part number (i.e. PE-92100K).

Inductance vs. DC Current
(at reference ET)

0 .25 .50 .75 1.00 1.25 1.50

2.00

1.75

1.50

1.25

1.00

.75

.50

.25

Temp. Rise
>40°C

Relationships Between Reference and Operating Conditions

OPERATING DC CURRENT
REFERENCE IDC

IN
D

U
C

T
A

N
C

E
 A

T
 O

P
E

R
A

T
IN

G
 I D

C
R

E
F

E
R

E
N

C
E

 I D
C

Inductance vs. Operating ET
(at reference IDC)

0 .25 .50 .75 1.00 1.25 1.50

2.00

1.75

1.50

1.25

1.00

.75

.50

.25

Temp. Rise
>40°C

OPERATING ET
REFERENCE ET
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Max. Operating ET vs. Frequency
(at reference IDC)

0 20 30 40 50 60 70 80 90 100

2.00

1.75

1.50

1.25

1.00

.75

.50

.25

OPERATING FREQUENCY — KHz
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REFERENCE OPERATING VALUES DESIGN CONTROL VALUES

Part Inductance IDC
ETOP

1 Energy Inductance 50 KHz DCR Size Lead

Number Typical (AMPS) (V-µSec) Storage No DC (µH) Test mV (Ω MAX) Code Diameter
(µH)2 20 KHz 40 KHz (µJ MIN)3 (±20%) No DC5 (in ±.003)

PE-51506 17.0 17.0 190 130 2460 40.0 140 0.0065 3 0.081
PE-51507 32.0 16.0 290 200 4100 70.7 270 0.0092 4 0.081
PE-51508 60.0 16.0 390 270 7700 120.0 470 0.012 5 0.081
PE-51509 14.0 10.0 135 95 700 28.5 73 0.009 1 0.057
PE-51510 23.0 11.0 170 120 1400 43.5 130 0.012 2 0.057
PE-51511 43.0 10.0 280 195 2150 85.5 210 0.018 3 0.057
PE-51512 90.0 10.0 430 300 4500 158.0 420 0.028 4 0.057
PE-51513 144.0 10.0 570 400 7200 262.0 700 0.032 5 0.057
PE-51514 32.0 6.6 200 140 700 60.5 110 0.025 1 0.040
PE-51515 52.0 7.0 230 160 1275 92.0 190 0.032 2 0.040
PE-51516 98.0 6.0 400 280 1765 188.0 310 0.048 3 0.040
PE-51517 175.0 6.0 620 425 3150 315.0 560 0.068 4 0.040
PE-51518 335.0 6.0 840 580 6030 571.0 1000 0.095 5 0.040
PE-51520 400 3.6 600 420 2700 688.0 640 0.130 3 0.036

Notes:

1. To prevent excessive temperature rise, limit ETOP to the rated ETOP specified.
This is not a saturation limit.  Temperature rise of inductors is 40°C MAX at
MAX current and rated ETOP.

2. A 2:1 nominal inductance swing from no IDC to operating IDC gives improved
protection against current discontinuities at light loading. Inductance increases
with greater ETOP.  Reference values occur at IDC and low flux density.

3. LI2 rating is the ability of the inductor to store energy.
2

4. Design control test voltage is critical.  Inductance increases with voltage.

Mechanicals

1

2

C ± .010

1

PE-515XX
DATE CODE

COUNTRY OF ORIGIN

A MAX

F MIN
D

± .010

H MAX

B MAX

Lead Dia.
(3 PLCs)

G MIN

E MAX

2

3

3 No Internal
Connections

TOROIDAL INDUCT ORS
HIGH CURRENT 

Cost-effective designs

Semi-encapsulated construction

Maximum operation temperature of 
130°C (Ambient + Rise)

A 2:1 inductance swing from  zero to 
maximum current

Electrical Specifications @ 25°C

Size 1 2 3 4 5 6Code

A 1.20/30,48 1.44/36,57 1.60/40,64 1.95/49,53 2.30/58,42 1.30/33,02
B 0.60/15,24 0.80/20,32 0.80/20,32 0.91/23,11 1.11/28,21 0.90/22,86
C 0.40/10,16 0.60/15,24 0.60/15,24 0.70/17,78 0.90/22,85 0.66/16,76
D 0.80/20,32 0.90/22,86 0.90/22,86 1.20/30,48 1.50/38,10 0.75/19,05
E 0.45/11,43 0.70/17,78 0.70/17,78 0.90/22,86 1.00/25,40 0.41/10,41
F 0.20/5,08 0.20/5,08 0.20/5,08 0.20/5,08 0.20/5,08 0.10/2,54
G .015/0,381 0.03/0,76 0.03/0,76 0.03/0,76 0.03/0,76 .015/0,381
H 1.20/30,48 1.44/36,57 1.72/43,68 2.00/50,80 2.30/58,42 1.40/35,56 Dimensions: Inches

mm
Unless otherwise specified, all tolerances are ± .010 

0,25
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23 PC503.B (7/97)

Mechanical

Schematic

TOROIDAL INDUCT ORS
HIGH INDUCT ANCE

High frequency, low loss operation 
(up to 100 KHz)

Encapsulated construction

Ambient temperature range of 
-55°C to +70°C

Good inductance stability with 
temperature

Electrical Specifications @ 25°C

B
MAX

C
MAX

E MIN

#20 (0.032 inches) AWG
LEADS (4 PLS)

90°
TYP

D ± .010
DIA ,25

1

3 2

4

PE-5050X

A
MAX

1

2

4

3 OPEN

OPEN

Inductance Variation 
with IDC Change

.75 100 1.25

1.30

1.15

1.00

.85

.70

OPERATING CURRENT IDC
REFERENCE IDC

IN
D

U
C

T
A

N
C

E
 A

T
 O

P
E

R
A

T
IN

G
 I D

C
R

E
F

E
R

E
N

C
E

 I D
C

REFERENCE OPERATING VALUES DESIGN CONTROL VALUES

Inductance Maximum Energy Inductance Part
Typical

IDC
ETOP Storage No DC (mHy)

DCR Size
Number (mH) (AMPS) (V-µSec) (µJ MIN)1 (±20%)2 (Ω MAX) Code

PE-50500 0.5 .60 110 90 .72 0.35 7

PE-50501 1.0 .35 160 60 1.51 0.75 7

PE-50502 2.0 .25 225 60 2.88 1.30 7

PE-50503 0.5 1.75 325 765 .72 0.35 8

PE-50506 0.5 2.75 650 1890 .75 0.25 9

PE-50508 2.0 1.50 1200 2250 2.70 0.75 9

NOTES: 1. LI2 rating is the ability of the inductor to store energy. 2.  Inductance measured at 0.4 Volts and 20KHz.
2

Size A B C D ECode

7 .754 .400 .500 .625 0.03
18,92 10,16 12,70 15,87 0,76

8 1.140 .665 .500 1.00 0.03
28,95 16,89 12,70 25,40 0,76

9 1.416 .850 .500 1.250 0.03
35,96 21,59 12,70 13,75 0,76

Dimensions: Inches
mm

Unless otherwise specified,
all tolerances are ± .010

0,25
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COMMON MODE EMI
SUPPRESSION INDUCTORS 

A MAX
3mm Creepage
Spacer

1 2
PE-6291X
DATE CODE

COUNTRY OF ORIGIN

43

G MAX

E
MAX

F
MAX

DC B MAX.200
5,08

MIN

NOTES: 1. Rated RMS current for 40°C rise at any input voltage.     2. Caution — do not exceed rated RMS current ratings.

Vertical P ackage Low Profile P ackage

D
MIN

1

2

3

4

PE-6289X
(DATE CODE)

A
MAX

C
E

C

B
MAX

A
MAX

.200
5,08

MIN

Low profile or vertical mounting available

Windings balanced within one percent

For use in switching power supply input 
filter circuits

Dielectric strength 1250 Vrms

Designed with 3.0 mm minimum creep 
distance between windings

Electrical Specifications @ 25°C— Operating Temperature -30° to +130° C

Rated Load Leakage DCR Lead DiameterLow Profile Vertical
RMS VA2 at

Inductance Test Level
Inductance Max. each Package Inches ± .003Part Mount Part

Current 1 RMS Line
at 1KHz Volts RMS

130KHz WDG Number Low VerticalNumber Number
(Amps) 117V 220V

(mH MIN) 1.0KHz
(µH MIN) (Ω) Profile Mount

PE-62891 PE-62911 1.8 210 420 10.0 0.50 130 0.240 1 0.032 0.032
PE-62892 PE-62912 3.5 400 800 3.0 0.20 35 0.060 1 0.032 0.032
PE-62893 PE-62913 6.0 700 1400 1.0 0.08 12 0.020 1 0.036 0.036
PE-62894 PE-62914 2.6 300 600 16.0 1.00 180 0.160 2 0.032 0.040
PE-62895 PE-62915 3.2 375 750 8.0 0.50 90 0.120 2 0.032 0.040
PE-62896 PE-62916 5.2 600 1200 4.0 0.20 45 0.040 2 0.036 0.036
PE-62897 PE-62917 7.5 875 1750 2.0 0.08 25 0.020 2 0.047 0.047

Unless otherwise specified, all tolerances are ± .010 
0,25

Dimensions: Inches
mm

Mechanicals

Package
A B C D ENumber

1 1.25 .600 1.00 .015 .900
31,75 15,24 25,40 0,38 22,86

2 1.50 .800 1.28 .010 1.083
38,10 20,32 32,51 0,25 27,50

Package
A B C D E F GNumber

1 1.15 .550 .400 .800 .45 .015 1.15
29,21 13,97 10,15 20,32 11,43 0,38 29,21

2 1.44 .800 .600 .900 .70 .030 1.50
36,57 20,32 15,24 22,86 17,78 0,76 38,10

Page 481 of 662

ECE556 Lecture Notes Page 481 of 662



12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA  92128 • TEL 619-674-8100 • FAX 619-674-8262 • http://www.pulseeng.com

25 PC503.B (7/97)

500 KHz COMMON MODE
EMI INDUCT ORS 

NOTES:1. Leads have .031/.039 diameter.
.700/.900

2.  Self-leaded: 96187 has .036 nom. diameter leads.
96188 and 96189 have .045 nom. diameter leads.
96190 has .051 nom. diameter leads.

Elect. Specs. @ 25°C— Operating Temp. -30° to +130° C

.650
16,50

(MAX)

31

2 4

Part Rated RMS Inductance DCR Case Leakage Self
Number Current mH Ohms Style Inductance Resonant

(A.Normal) (± 30%) (MAX) (MIN/MAX µH) (KHz MIN)

PE-96161 0.5 33 1.40 3 160/320 125

PE-96165 1.0 18 0.50 1 120/320 250

PE-96166 1.0 5.6 0.30 3 30/60 850

PE-96168 2.0 15 0.29 1 100/220 250

PE-96173 3.15 5.6 0.10 1 40/80 450

PE-96175 3.15 3.3 0.07 3 15/35 1000

PE-96177 3.15 2.2 0.06 3 10/20 1400

PE-96178 3.15 1.2 0.04 3 6/15 2100

PE-96179 3.15 1.2 0.04 4 5/14 1600

PE-96181 5.0 3.9 0.06 1 25/60 650

PE-96186 6.3 2.7 0.04 1 20/45 650

PE-96187 8.0 3.3 0.033 2 20/45 600

PE-96188 10.0 1.8 0.02 2 10/25 850

PE-96189 12.5 1.5 0.015 2 10/20 900

PE-96190 15.0 1.0 0.01 2 7/15 1000

3

42

PIN 1

LEVEL OF
ENCAPSULANT

4

31

2

3

42

PIN 1

LEVEL OF
ENCAPSULANT

4

31

2

3

42

PIN 1

LEVEL OF
ENCAPSULANT

4

31

2

CASE 11 CASE 22

CASE 31 CASE 41

.240/.270
6,10/6,87 

1.07
27,10 

(MAX)

.615
15,60

(MAX)

1.10
27,90

(MAX)

1.34
34,00

.720
18,20 

(MAX)

1.30
33,00

(MAX)

1.685
42,70

(MAX)

.910
23,10

(MAX)

.900 ± .008
22,80 ±0,20

.800 ± .008
20,30 ± 0,20

1.00  ± .008
25,40 ± 0,20

.600 ± .008
15,20 ± 0,20

.500 ±.008
12,70 ±0,20

1.00 ±.008
25,40 ±0,20

.750 ± .008
19,05 ± 0,20 .158/.197

4,00/5,00

.158/.197
4,00/5,00

.197/.237
5,00/6,00

1.03
26,00

.500 ± .008
12,70 ± 0,20

1.10
28,00 (MAX)

2

4
3

PIN 1

LEVEL OF
ENCAPSULANT

COIL

4

21

3

Common mode EMI Inductors

Designed for higher frequency power 
conversion

For use in SMPS input filtering circuits

Schematic

Mechanicals

Dimensions: Inches
mm

Unless otherwise specified, all tolerances are ± .010 
0,25
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PowerInductors – DC1012Series

Document 147 Revised 6/25/97

These power inductors are especially effective as DC-
DC converter boost or buck inductors and as output
ripple filter chokes in all types of downsized switching
power supplies.

They are ideal for applications requiring small size, cost
effective power inductors. The vertical style helps re-
duce power supply size by saving crucial printed circuit
board area. The large inductance available per size
makes these parts ideal for all sorts of energy storage,
smoothing, and EMI reduction applications.

The Coilcraft DC1012 Series includes a wide range of
EIA standard inductance values. Custom versions are
also available.

Coilcraft Designer’s Kit P210 contains three samples
of all the standard parts shown. To order, contact
Coilcraft.

1. Tested at 100 kHz, .1 Vrms.
2. Current rating is based on I2R loss = 3/8 Watt Max. Inductance drop is 10% typ. at the rated current.

Part
Number

Inductance 1

10% eH
DCR

Max (q)

Current
Rating 2

(Amps)

DC1012-103 10 .026 3.5
DC1012-123 12 .030 3.2
DC1012-153 15 .035 3.0
DC1012-183 18 .038 2.8
DC1012-223 22 .046 2.5

DC1012-273 27 .070 2.2
DC1012-333 33 .080 2.0
DC1012-393 39 .088 1.8
DC1012-473 47 .100 1.6
DC1012-563 56 .15 1.4

DC1012-683 68 .17 1.2
DC1012-823 82 .20 1.2
DC1012-104 100 .22 1.2
DC1012-124 120 .29 1.0
DC1012-154 150 .34 .9

DC1012-184 180 .38 .8
DC1012-224 220 .44 .7
DC1012-274 270 .62 .7
DC1012-334 330 .70 .6

Specifications

Document 147
Page 483 of 662
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PowerChokes – VerticalMount

Document 135-1

PCV-0Series PCV-1Series

The Coilcraft PCV-0-and PCV-1 Series are low cost
power inductors whose simple design provides rugged
reliability and performance.

The open core construction of both series provides the
highest saturation current available in a low cost power
choke. The PCV-1 Series also incorporates a plastic
mounting header for maximum lead protection and con-
sistency.

Coilcraft Designer’s Kit P205 contains samples of the
values shown in bold as well as values from our PCV-2
Series. To order, contact Coilcraft.

• Low cost
• Wide range of standard values
• All 130°C class insulation

.22/.28
5,6/7,1

A

B

C

D

.22/.28
5,6/7,1

A

B

C

D

PCV-0Series
Part

Number
Inductance 1

(eH)
2Isat2

(Amps)
3Irms 3

(Amps)
DCR

Max (q)
A

Max
B

Max
C

± .015/0,38
D

± .004/0,10

PCV-0-102-25 1.0 ±15% 25 25 .002 .60/15,2 .68/17,3 .42/10,7 .068/1,73
PCV-0-102-10 1.0 10 10 .002 .50/12,7 .75/19,1 .42/10,7 .054/1,37
PCV-0-332-10 3.3 10 10 .005 .50/12,7 1.0/25,4 .42/10,7 .054/1,37
PCV-0-472-03 4.7 3 3 .021 .51/13,0 .75/19,1 .42/10,7 .035/0,89
PCV-0-472-05 4.7 5 5 .012 .50/12,7 .75/19,1 .42/10,7 .042/1,07

PCV-0-472-10 4.7 10 10 .012 .50/12,7 1.0/25,4 .42/10,7 .054/1,37
PCV-0-472-20 4.7 20 20 .004 .53/13,5 1.2/30,5 .42/10,7 .068/1,73
PCV-0-103-03 10 ±10% 3 3 .023 .50/12,7 .75/19,1 .42/10,7 .035/0,89
PCV-0-103-05 10 5 5 .017 .50/12,7 .75/19,1 .42/10,7 .042/1,07
PCV-0-103-10 10 10 10 .015 .52/13,2 1.0/25,4 .42/10,7 .054/1,37

1 Tested at 15.75 kHz, .1 Vrms, with DC bias applied up to the rated current.
2 Inductance drop = 10% typ. at Isat.
3 ∆T = 40°C rise typ. at Irms (85°C ambient).
Parts in bold type are included in Coilcraft Designer’s Kit No. P205.

Specifications subject to change without notice. Document 135-1 Revised 7/31/00
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Document 135-2

PCV-0Series – Continued
Part

Number
Inductance 1

(eH)
2Isat2

(Amps)
3Irms 3

(Amps)
DCR

Max (q)
A

Max
B

Max
C

± .015/0,38
D

± .004/0,10

PCV-0-103-20 10 ±10% 20 20 .006 .75/19,1 1.8/45,7 .60/15,2 .075/1,91
PCV-0-153-03 15 3 3 .025 .50/12,7 1.0/25,4 .42/10,7 .035/0,89
PCV-0-153-10 15 10 10 .020 .52/13,2 1.0/25,4 .42/10,7 .054/1,37
PCV-0-223-03 22 3 3 .035 .50/12,7 1.0/25,4 .42/10,7 .035/0,89
PCV-0-223-05 22 5 5 .023 .50/12,7 1.0/25,4 .42/10,7 .042/1,07

PCV-0-223-10 22 10 10 .015 .66/16,8 1.3/33,0 .42/10,7 .060/1,52
PCV-0-273-05 27 5 5 .024 .50/12,7 1.0/25,4 .49/12,5 .042/1,07
PCV-0-333-12 33 12 12 .017 .70/17,8 1.3/33,0 .55/14,0 .060/1,52
PCV-0-473-03 47 3 3 .050 .55/14,0 1.0/25,4 .42/10,7 .035/0,89
PCV-0-473-05 47 5 5 .035 .65/16,5 1.1/28,0 .70/17,8 .042/1,07

PCV-0-473-10 47 10 10 .022 .85/21,6 1.3/33,0 .70/17,8 .060/1,52
PCV-0-823-03 82 3 3 .110 .50/12,7 .65/16,5 .375/9,5 .028/0,71
PCV-0-104-01 100 1 1 .190 .40/10,2 .90/22,9 .30/7,6 .020/0,51
PCV-0-104-03 100 3 3 .072 .55/14,0 1.2/30,5 .70/17,8 .035/0,89
PCV-0-104-05 100 5 5 .055 .65/16,5 1.3/33,0 .70/17,8 .042/1,07

PCV-0-154-03 150 3 3 .140 .60/15,2 1.2/30,5 .43/10,9 .028/0,71
PCV-0-154-05 150 5 5 .065 .65/16,5 1.3/33,0 .70/17,8 .042/1,07
PCV-0-184-05 180 5 5 .110 .60/15,2 1.2/30,5 .43/10,9 .035/0,89
PCV-0-224-03 220 3 3 .210 .55/14,0 1.2/30,5 .42/10,7 .025/0,64
PCV-0-274-04 270 4 4 .250 .95/24,0 .72/18,3 .71/18,0 .030/0,76

PCV-0-274-10 270 10 10 .160 1.1/28,0 1.0/25,4 .72/18,3 .038/0,97
PCV-0-394-03 390 3 3 .250 1.1/28,0 1.0/25,4 .72/18,3 .035/0,89
PCV-0-394-05 390 5 5 .190 1.1/28,0 1.0/25,4 .72/18,3 .038/0,97

PCV-1Series
Part

Number
Inductance 1

(eH)
2Isat2

(Amps)
3Irms 3

(Amps)
DCR

Max (q)
A

Max
B

Max
C

± .015/0,38
D

± .004/0,10

PCV-1-152-15 1.5 ±15% 15 15 .003 .65/16,5 .90/22,9 .42/10,7 .068/1,73
PCV-1-182-10 1.8 10 10 .006 .65/16,5 1.1/27,9 .42/10,7 .054/1,37
PCV-1-182-15 1.8 15 15 .003 .65/16,5 1.1/27,9 .42/10,7 .068/1,73
PCV-1-472-03 4.7 3 3 .021 .62/15,7 .85/21,6 .42/10,7 .035/0,89
PCV-1-472-05 4.7 5 5 .012 .62/15,7 .85/21,6 .42/10,7 .042/1,07

PCV-1-472-10 4.7 10 10 .012 .62/15,7 1.1/27,9 .42/10,7 .054/1,37
PCV-1-103-03 10 ±10% 3 3 .026 .63/16,0 .85/21,6 .42/10,7 .035/0,89
PCV-1-103-05 10 5 5 .020 .62/15,7 .85/21,6 .42/10,7 .042/1,07
PCV-1-103-10 10 10 10 .013 .63/16,0 1.1/27,9 .42/10,7 .054/1,37
PCV-1-153-10 15 10 10 .020 .70/17,8 1.4/35,6 .42/10,7 .060/1,52

PCV-1-223-03 22 3 3 .035 .62/15,7 1.1/27,9 .42/10,7 .035/0,89
PCV-1-223-05 22 5 5 .023 .62/15,7 1.1/27,9 .42/10,7 .042/1,07
PCV-1-223-10 22 10 10 .018 .70/17,8 1.4/35,6 .42/10,7 .060/1,52
PCV-1-473-03 47 3 3 .050 .65/16,5 1.1/27,9 .42/10,7 .035/0,89
PCV-1-473-05 47 5 5 .033 .90/22,9 1.2/30,5 .70/17,8 .042/1,07

PCV-1-473-10 47 10 10 .022 .90/22,9 1.4/35,6 .70/17,8 .060/1,52
PCV-1-104-03 100 3 3 .072 .90/22,9 1.3/33,1 .70/17,8 .035/0,89
PCV-1-104-05 100 5 5 .055 .90/22,9 1.4/35,6 .70/17,8 .042/1,07
PCV-1-184-03 180 3 3 .150 .63/16,0 1.2/30,5 .42/10,7 .028/0,71
PCV-1-304-05 300 5 5 .160 1.1/27,9 1.0/25,4 .70/17,8 .038/0,97

PCV-1-394-05 390 5 5 .190 1.1/27,9 1.0/25,4 .70/17,8 .038/0,97

Specifications subject to change without notice. Document 135-2 Revised 7/31/00

1 Tested at 15.75 kHz, .1 Vrms, with DC bias applied up to the rated current.
2 Inductance drop = 10% typ. at Isat.
3 ∆T = 40°C rise typ. at Irms (85°C ambient).
Parts in bold type are included in Coilcraft Designer’s Kit No. P205.
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AxialLeadPowerChokes–PCH-27, 45

Coilcraft’s horizontal mount power chokes provide a
wide range of inductance in a low profile design.

Two sizes are available; the compact PCH-27 Series,
and the larger PCH-45 Series with higher current
ratings.

They’re ideal for use as output chokes in low power,
downsized switching power supplies, DC/DC convert-
ers and inverters, EMI/RFI noise suppression, and
smoothing choke applications.

Coilcraft Designer’s Kit No. P209 contains samples of
30 standard parts (2 pieces each) from both series. To
order, please contact Coilcraft.

• Wide inductance range in a low profile part

• High saturation current—up to 14.3 Amps DC

• Standard EIA or custom values

• Optional tape and reel packaging

• Designer’s Kit of sample parts available

• Most values shipped from stock

PCH-27SERIES

PCH-45SERIES

Specifications subject to change without notice. Document 138-1 Revised7/8/97

Document 138-1
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PCH-27SERIESPOWERCHOKES
Part Inductance ± 10% SRF Typ DCR Max Sat. Current Rated Current

Number Nom (MHz) (Ohms) (DC Amps) (AC Amps)

PCH-27-392 3.9 µH 38 .017 7.01 1.7
PCH-27-472 4.7 26 .024 6.16 1.3
PCH-27-562 5.6 25 .025 5.79 1.3
PCH-27-682 6.8 25 .028 5.20 1.3
PCH-27-822 8.2 22 .030 4.70 1.3

PCH-27-103 10 17 .033 4.30 1.3
PCH-27-123 12 16 .037 3.80 1.3
PCH-27-153 15 12 .041 3.41 1.3
PCH-27-183 18 11 .045 3.09 1.3
PCH-27-223 22 10 .064 2.82 1.0

PCH-27-273 27 7 .071 2.53 1.0
PCH-27-333 33 7 .078 2.29 1.0
PCH-27-393 39 7 .085 2.09 1.0
PCH-27-473 47 6 .094 1.88 1.0
PCH-27-563 56 6 .12 1.74 .84

PCH-27-683 68 7 .16 1.57 .67
PCH-27-823 82 4 .22 1.41 .52
PCH-27-104 100 3 .25 1.28 .52
PCH-27-124 120 3 .35 1.17 .42
PCH-27-154 150 3 .39 1.04 .42

PCH-27-184 180 3 .43 .943 .42
PCH-27-224 220 3 .47 .848 .42
PCH-27-274 270 2 .65 .764 .33
PCH-27-334 330 2 .72 .690 .33
PCH-27-394 390 2 .78 .632 .33

PCH-27-474 470 2 1.04 .573 .26
PCH-27-564 560 1 1.14 .520 .26
PCH-27-684 680 1 1.49 .472 .21
PCH-27-824 820 1 2.14 .427 .16
PCH-27-105 1.0 mH 1 2.36 .385 .16

PCH-27-125 1.2 1 2.59 .350 .16
PCH-27-155 1.5 .85 3.57 .312 .13
PCH-27-225 2.2 .65 4.33 .255 .13
PCH-27-275 2.7 .65 5.91 .229 .10
PCH-27-335 3.3 .60 8.63 .207 .083

PCH-27-395 3.9 .60 9.38 .189 .083
PCH-27-475 4.7 .50 10.3 .172 .083
PCH-27-565 5.6 .60 11.2 .157 .083
PCH-27-685 6.8 .40 15.0 .142 .067
PCH-27-825 8.2 .35 21.7 .128 .052

PCH-27-106 10 .30 24.0 .116 .052
PCH-27-126 12 .25 33.2 .105 .040
PCH-27-156 15 .30 47.2 .094 .031
PCH-27-186 18 .30 51.7 .085 .031

Parts in bold type are included in Coilcraft Designer’s Kit P209.

Specifications subject to change without notice. Document 138-2 Revised 11/14/97

Document 138-2
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Part Inductance ± 10% SRF Typ DCR Max Sat. Current Rated Current
Number Nom (MHz) (Ohms) (DC Amps) (AC Amps)

PCH-45-392 3.90 eH 34 .008 14.3 4.3
PCH-45-472 4.70 31 .009 13.0 4.3
PCH-45-562 5.60 29 .009 11.9 4.3
PCH-45-682 6.80 26 .010 11.0 4.3
PCH-45-822 8.20 23 .011 9.50 4.3
PCH-45-103 10.0 20 .012 8.93 4.3
PCH-45-123 12.0 17 .013 7.94 4.3
PCH-45-153 15.0 14 .015 7.15 4.3
PCH-45-183 18.0 11 .016 6.50 4.3
PCH-45-223 22.0 10 .017 5.95 4.3
PCH-45-273 27.0 9 .019 5.50 4.3
PCH-45-333 33.0 9 .021 4.93 4.3
PCH-45-393 39.0 8 .025 4.46 4.3
PCH-45-473 47.0 7 .035 4.08 3.4
PCH-45-563 56.0 6 .037 3.76 3.4
PCH-45-683 68.0 5 .044 3.40 2.7
PCH-45-823 82.0 4 .060 3.10 2.1
PCH-45-104 100 3 .086 2.80 1.7
PCH-45-124 120 3 .095 2.55 1.7
PCH-45-154 150 3 .14 2.30 1.3
PCH-45-184 180 2 .15 2.10 1.3
PCH-45-224 220 2 .17 1.90 1.3
PCH-45-274 270 2 .19 1.72 1.3
PCH-45-334 330 2 .21 1.55 1.3
PCH-45-394 390 2 .26 1.43 1.0
PCH-45-474 470 1 .32 1.30 1.0
PCH-45-564 560 1 .38 1.19 .84
PCH-45-684 680 1 .51 1.08 .67
PCH-45-824 820 1 .59 .986 .67
PCH-45-105 1.0 mH 1 .69 .893 .67
PCH-45-125 1.2 1 .78 .817 .67
PCH-45-155 1.5 .75 .92 .729 .67
PCH-45-225 2.2 .70 1.67 .600 .42
PCH-45-275 2.7 .65 2.28 .543 .33
PCH-45-335 3.3 .60 2.59 .491 .33
PCH-45-395 3.9 .55 2.87 .452 .33
PCH-45-475 4.7 .50 3.22 .412 .33
PCH-45-565 5.6 .40 4.25 .377 .26
PCH-45-685 6.8 .35 5.88 .342 .21
PCH-45-825 8.2 .30 6.46 .311 .21
PCH-45-106 10 .30 9.10 .282 .16
PCH-45-126 12 .30 9.99 .257 .16
PCH-45-156 15 .30 11.2 .230 .16
PCH-45-186 18 .20 15.2 .210 .13
PCH-45-226 22 .20 16.8 .190 .13
PCH-45-276 27 .15 18.6 .171 .13
PCH-45-336 33 .15 26.7 .155 .10
PCH-45-396 39 .15 29.0 .143 .10
PCH-45-476 47 .10 31.8 .131 .10
PCH-45-566 56 .10 42.6 .119 .083
PCH-45-686 68 .10 46.9 .108 .083
PCH-45-826 82 .10 64.9 .098 .067
PCH-45-107 100 .10 71.7 .099 .067

Parts in bold type are included in Coilcraft Designer’s Kit P209.

PCH-45SERIESPOWERCHOKES

Specifications subject to change without notice. Document 138-3 Revised 11/14/97
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PowerChokes – VerticalMount

Document 136

Document 136 Revised 6/25/97

The PCV-2 Series uses a ferrite bobbin core to provide
the highest possible inductance at the lowest cost. It
features 130°C class insulation and comes in a wide
range of standard values.

Coilcraft Designer’s Kit P205 contains samples of the
parts shown in bold as well as values from our PCV-0
Series. To order, contact Coilcraft.

Part
Number

Inductance 1

±10% (eH)

Current
Rating 2

(Amps)
DCR

Max (q)
A

Max
B

Max
C

±.015/0,38
D

±.004/0,10

PCV-2-103-05 10 5 .015 .61/15,49 .83/21,08 .42/10,67 .042/1,07
PCV-2-103-10 10 10 .010 .61/15,49 .83/21,08 .50/12,70 .054/1,37
PCV-2-223-05 22 5 .020 .61/15,49 .83/21,08 .42/10,67 .042/1,07
PCV-2-223-10 22 10 .015 .86/21,84 .83/21,08 .58/14,73 .054/1,37
PCV-2-473-05 47 5 .035 .70/17,78 .83/21,08 .48/12,19 .038/0,97

PCV-2-473-10 47 10 .020 1.00/25,40 .83/21,08 .70/17,78 .054/1,37
PCV-2-104-03 100 3 .080 .84/21,34 .83/21,08 .58/14,73 .031/0,79
PCV-2-104-05 100 5 .045 .84/21,34 .83/21,08 .70/17,78 .042/1,07
PCV-2-104-10 100 10 .032 1.05/26,67 1.10/27,94 .88/22,35 .054/1,37
PCV-2-184-05 180 5 .092 .80/20,32 .90/22,86 .58/14,73 .035/0,89

PCV-2-184-10 180 10 .048 1.44/36,58 1.10/27,94 1.05/26,67 .054/1,37
PCV-2-224-05 220 5 .075 1.05/26,67 1.10/27,94 .75/19,05 .042/1,07
PCV-2-274-03 270 3 .13 1.00/25,40 .83/21,08 .75/19,05 .035/0,89
PCV-2-274-05 270 5 .080 1.05/26,67 1.05/26,67 .80/20,32 .042/1,07
PCV-2-274-10 270 10 .060 1.50/38,10 1.10/27,94 1.08/27,43 .054/1,37

PCV-2-394-05 390 5 .13 1.10/29,34 .83/21,08 .85/21,59 .038/0,97
PCV-2-564-02 560 2 .27 .80/20,32 .90/22,86 .57/14,48 .028/0,71
PCV-2-564-06 560 6 .17 1.21/30,73 1.10/27,94 .90/22,86 .038/0,97
PCV-2-564-08 560 8 .090 1.50/38,10 1.43/36,32 1.08/27,43 .054/1,37
PCV-2-684-01 680 1 .70 .70/17,78 .83/21,08 .50/12,70 .018/0,46

PCV-2-105-02 1000 2 .37 1.00/25,40 .83/21,08 .72/18,29 .028/0,71

1 Tested at 15.75 kHz, .1 Vrms, with DC bias applied up to the rated current.
2 Parts are designed for 40°C Max temperature rise at the rated current.
Parts in bold type are included in Coilcraft Designer’s Kit No. P205.
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Symbol Test Conditions                                          Maximum Ratings

VDSS T
J

= 25°C to 150°C 55 V

VGS Continuous ±20 V

ID25 T
C

= 25°C; Note 1 200 A

ID90 T
C

= 90°C, Note 1 160 A

IS25 T
C

= 25°C; Note 1, 2 200 A

IS90 T
C

= 90°C, Note 1, 2 140 A

ID(RMS) Package lead current limit 45 A

EAS T
C

= 25°C 500 mJ

PD T
C

= 25°C 300 W

TJ -55 ... +175 °C

TJM 175 °C

Tstg -55 ... +150 °C

TL 1.6 mm (0.062 in.) from case for 10 s 300 °C

VISOL RMS leads-to-tab, 50/60 Hz, t = 1 minute 2500 V~

FC Mounting force 11 ... 65 / 2.4 ...11 N/lb

Weight 2 g

Symbol Test Conditions Characteristic Values
(T

J
 = 25°C, unless otherwise specified)

min. typ. max.

RDS(on) V
GS

= 10 V, I
D
 = 100 A, Note 3 5.1 mΩ

V
GS

= 10 V, I
D
 = I

D90
, Note 3 4.0 mΩ

VGS(th) V
DS

= V
GS

, I
D
 = 2 mA 2 4 V

IDSS V
DS

= V
DSS

T
J
 = 25°C 20 µA

 V
GS

= 0 V T
J
 = 125°C 0.2 mA

IGSS V
GS

= ±20 V
DC

, V
DS

 = 0 ±200 nA

G = Gate, D = Drain,
S = Source

* Patent pending

Trench Power MOSFET IXUC200N055 V
DSS

=  55 V
ISOPLUS220TM I

D25
=  200 A

Electrically Isolated Back Surface R
DS(on)

=  5.1 mΩΩΩΩΩ

98761 (11/00)

ADVANCED TECHNICAL INFORMATION

ISOPLUS 220TM

Features

� Silicon chip on Direct-Copper-Bond
substrate

- High power dissipation
- Isolated mounting surface
- 2500V electrical isolation

� Trench MOSFET
- very low R

DS(on)

-  fast switching
- usable intrinsic reverse diode

� Low drain to tab capacitance(<15pF)
� Unclamped Inductive Switching (UIS)

rated

Applications

� Automotive 42V and 12V systems
- electronic switches to replace relays

and fuses
- choppers to replace series dropping

resistors used for motors, heaters, etc.
- inverters for AC drives, e.g. starter

generator

- DC-DC converters, e.g. 12V to 42V, etc.
� Power supplies

- DC - DC converters

- Solar inverters
� Battery powered systems

- choppers or inverters for motor control
in hand tools

- battery chargers

Advantages

� Easy assembly: no screws or isolation
foils required

� Space savings
� High power density

G
D

S

Isolated back surface*
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Features

� International standard packages

�miniBLOC,  with Aluminium nitride
isolation
�Low RDS (on) HDMOSTM process

�Rugged polysilicon gate cell structure

�Unclamped Inductive Switching (UIS)
rated
�Low package inductance

�Fast intrinsic Rectifier

Applications

� DC-DC converters

� Battery chargers

� Switched-mode and resonant-mode
power supplies
� DC choppers

� Temperature and lighting controls

Advantages

� Easy to mount

� Space savings

� High power density

Symbol Test Conditions Characteristic Values
(TJ = 25�C, unless otherwise specified)

min. typ. max.

VDSS VGS = 0 V, ID = 3 mA 60 V

VGH(th) VDS = VGS, ID = 8 mA 2.0 4.0 V

IGSS VGS = �20 VDC, VDS = 0 �200 nA

IDSS VDS =  VDSS TJ =   25�C 100 �A
VGS = 0 V TJ = 125�C 2 mA

RDS(on) VGS = 10 V, ID = 100A 3 m�
Pulse test, t � 300 �s,
duty cycle d�� 2 %

Symbol Test Conditions Maximum Ratings

VDSS TJ = 25�C to 150�C 60 V

VDGR TJ = 25�C to 150�C; RGS = 1 M� 60 V

VGS Continuous �20 V

VGSM Transient �30 V

ID25 TC  = 25�C, Chip capability 340 A

IL(RMS) Terminal current limit 100 A

IDM TC  = 25�C, pulse width limited by TJM 1360 A

IAR TC  = 25�C 200 A

EAR TC   = 25�C 64 mJ

EAS TC   = 25�C 4 J

dv/dt IS ���� IDM, di/dt � 100 A/�s, VDD � VDSS, 5 V/ns
TJ ��� 150�C, RG = 2 �

PD TC = 25�C 700 W

TJ             -55 ... +150 �C

TJM 150 �C

Tstg -55 ... +150 �C

VISOL 50/60 Hz, RMS t = 1 min 2500 V~
IISOL � 1 mA t = 1 s 3000 V~

Md Mounting torque 1.5/13 Nm/lb.in.
Terminal connection torque 1.5/13 Nm/lb.in.

Weight 30 g

HiPerFETTM

Power MOSFETs
Single Die MOSFET

N-Channel Enhancement Mode
Avalanche Rated, High dv/dt, Low trr

98751 (10/00)

�

�

�

�

�

�

�

�

���������	
���

�	�	������
											������


�������� �������	

������
���

Either Source terminal at miniBLOC can be used
as Main or Kelvin Source

Advanced Technical Information

IXFN  340N06 �
���

� ���� ����
�
���

� ��� ���	


������

� ����� m�

t
rr
���250 ns
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VDSS ID25 RDS(on)

800 V 44 A 74 mΩΩΩΩΩ
CoolMOS Power MOSFET

N-Channel Enhancement Mode
Low RDSon, High VDSS  MOSFET

IXKN 45N80C

Features

● miniBLOC package
- Electrically isolated copper base
- Low coupling capacitance to the heatsink for

reduced EMI
- International standard package SOT-227
- Easy screw assembly

● fast CoolMOS power MOSFET - 3rd generation
- High blocking capability
- Low on resistance
- Avalanche rated for unclamped

inductive switching (UIS)
- Low thermal resistance

due to reduced chip thickness

● Enhanced total power density

Applications

● Switched mode power supplies (SMPS)
● Uninterruptible power supplies (UPS)
● Power factor correction (PFC)
● Welding
● Inductive heating

G = Gate D = Drain
S = Source

Either source terminal at miniBLOC can be used
as main or kelvin source

G

S

D

S

miniBLOC, SOT-227 B
 E72873

CoolMOS is a trademark of

Infineon Technologies AG.

IXYS reserves the right to change limits, test conditions and dimensions.

 MOSFET

Symbol Conditions Maximum Ratings

VDSS TVJ = 25°C to 150°C 800 V

VGS ±20 V

ID25 TC = 25°C 44 A
ID90 TC = 90°C 30 A

dv/dt VDS < VDSS; IF ≤ 17 A; diF/dt≤ 100 A/µs 6 V/ns
TVJ = 150°C

EAS ID =   4 A; L = 80 mH; TC = 25°C 670 mJ
EAR ID = 17 A; L =   3 µH;  TC = 25°C 0.5 mJ

Symbol Conditions Characteristic Values
(TVJ = 25°C, unless otherwise specified)

 min. typ. max.

RDSon VGS = 10 V; ID = ID90 63 74 mΩ

VGSth VDS = 20 V; ID = 4 mA; 2 4 V

IDSS VDS = VDSS; VGS = 0 V; TVJ =   25°C 50 µA
          TVJ = 125°C 20 µA

IGSS VGS = ±20 V; VDS = 0 V 400 nA

Qg 332 nC
Qgs 36 nC
Qgd 168 nC

td(on) 25 ns
tr 15 ns
td(off) 75 ns
tf 10 ns

VF (reverse conduction) IF = 37.5 A; VGS = 0 V 1.0 1.2 V

RthJC 0.33 K/W

VGS= 10 V; VDS = 640 V; ID = 70 A

VGS= 10 V; VDS = 640 V;
ID = 70 A; RG = 1.8 Ω

1
4

5

Advanced Technical Information

Page 499 of 662

ECE556 Lecture Notes Page 499 of 662



1 - 4© 2000 IXYS All rights reserved

Symbol Test Conditions Maximum Ratings

VDSS TJ = 25�C to 150�C 1000 V
VDGR TJ = 25�C to 150�C; RGS = 1 M� 1000 V

VGS Continuous �20 V
VGSM Transient �30 V

ID25 TC = 25�C 10N100 10 A
12N100 12 A
13N100 12.5 A

IDM TC = 25�C, pulse width limited by TJM 10N100 40 A
12N100 48 A
13N100 50 A

IAR TC = 25�C 10N100 10 A
12N100 12 A
13N100 12.5 A

EAR TC = 25�C 30 mJ

dv/dt IS  � IDM, di/dt � 100 A/�s, VDD � VDSS, 5 V/ns
TJ � 150�C, RG = 2 �

PD TC = 25�C 300 W

TJ -55 ... +150 �C

TJM 150 �C
Tstg -55 ... +150 �C

TL 1.6 mm (0.062 in.) from case for 10 s 300 �C

Md Mounting torque  1.13/10   Nm/lb.in.

Weight TO-204 = 18 g, TO-247 = 6 g

Symbol Test Conditions Characteristic Values
(TJ = 25�C, unless otherwise specified)

min. typ. max.

VDSS VGS = 0 V, ID = 3 mA 1000 V

VGS(th) VDS = VGS, ID = 4 mA 2.0 4.5 V

IGSS VGS = �20 VDC, VDS = 0 �100 nA

IDSS VDS = 0.8 • VDSS TJ = 25�C 250 �A
 VGS = 0 V TJ = 125�C 1 mA

RDS(on) VGS = 10 V, ID = 0.5 • ID25 10N100 1.20 �
12N100 1.05 �
13N100 0.90 �

Pulse test, t � 300 �s, duty cycle d�� 2 %

N-Channel Enhancement Mode
High dv/dt, Low trr, HDMOSTM Family

TO-247 AD (IXFH)

TO-204 AA (IXFM)

G = Gate, D = Drain,
S = Source, TAB = Drain

Features
● International standard packages
● Low RDS (on) HDMOSTM process
● Rugged polysilicon gate cell structure
● Unclamped Inductive Switching (UIS)

rated
● Low package inductance

- easy to drive and to protect
● Fast intrinsic Rectifier

Applications
● DC-DC converters
● Synchronous rectification
● Battery chargers
● Switched-mode and resonant-mode

power supplies
● DC choppers
● AC motor control
● Temperature and lighting controls
● Low voltage relays

Advantages
● Easy to mount with 1 screw (TO-247)

(isolated mounting screw hole)
● Space savings
● High power density

D
G

VDSS ID25 RDS(on)

IXFH/IXFM 10 N100 1000 V 10 A 1.20 �
IXFH/IXFM 12 N100 1000 V 12 A 1.05 �
IXFH 13 N100 1000 V  12.5 A 0.90 �

trr ��250 ns

HiPerFETTM

Power MOSFETs

91531F(4/99)IXYS reserves the right to change limits, test conditions, and  dimensions.
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CT30SM-12
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°C
g

¡VCES ................................................................................600V
¡IC ......................................................................................... 30A
¡High Speed Switching
¡Low VCE Saturation Voltage

15.9MAX. 4.5

1.5

φ 3.2

5.
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M
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w r

q
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VGEM
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ICM

PC

Tj

Tstg

—

OUTLINE DRAWING Dimensions in mm

MITSUBISHI INSULATED GATE BIPOLAR TRANSISTOR

CT30SM-12
GENERAL INVERTER • UPS USE

APPLICATION

AC & DC motor controls, General purpose invert-

ers, UPS, Power supply switching, Servo controls,

etc.

TO-3P

ConditionsSymbol

Collector-emitter voltage

Gate-emitter voltage

Peak gate-emitter voltage

Collector current

Collector current (Pulsed)

Maximum power dissipation

Junction temperature

Storage temperature

Weight

MAXIMUM RATINGS (Tc = 25°C)

Parameter Ratings Unit

VGE = 0V

VCE = 0V

VCE = 0V

Typical value
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Notice: This is not a final specification.

Some parametric limits are subject to change.

Feb.1999

CT15SM-24
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V
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A
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¡VCES ............................................................................. 1200V
¡IC ......................................................................................... 15A
¡High Speed Switching
¡Low VCE Saturation Voltage
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OUTLINE DRAWING Dimensions in mm

MITSUBISHI INSULATED GATE BIPOLAR TRANSISTOR

CT15SM-24
GENERAL INVERTER • UPS USE

APPLICATION

AC & DC motor controls, General purpose invert-

ers, UPS, Power supply switching, Servo controls,

etc.

TO-3P

ConditionsSymbol

Collector-emitter voltage

Gate-emitter voltage

Peak gate-emitter voltage

Collector current

Collector current (Pulsed)

Maximum power dissipation

Junction temperature

Storage temperature

Weight

MAXIMUM RATINGS (Tc = 25°C)

Parameter Ratings Unit

VGE = 0V

VCE = 0V

VCE = 0V

Typical value
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Trenc h Gate Design
Single IGBTMOD™
600 Amperes /250 Volts

CM600HA-5F

Powerex, Inc., 200 Hillis Street,  Youngw ood,  Pennsylv ania 15697-1800 (724) 925-7272

Outline Drawing and Circuit Diagram

Dimensions Inches Millimeters

A 4.25 108.0

B 3.66 93.0

C 0.63 16.0

D 0.30 7.5

E 0.69 17.5

F 1.14 29.0

G 0.79 20.0

H 0.94 24.0

J 0.31 7.9

K 0.24 6.0

L 2.44 62.0

M 1.89 48.0

Dimensions Inches Millimeters

N 0.39 10.0

P 0.39 10.0

Q 0.51 13.0

R 0.33 8.5

S 1.42 36.0

T 1.02 25.8

U M6 Metric M6

V M4 Metric M4

W 0.22 5.5

X 0.79 20.0

Y 0.35 9.0

Description:
Powerex IGBTMOD™ Modules
are designed for use in switching
applications. Each module consists
of one IGBT Transistor in a single
configuration, with a reverse con-
nected super-fast recovery free-
wheel diode. All components and
interconnects are isolated from the
heat sinking baseplate, offering
simplified system assembly and
thermal management.

Features:
□ Low Drive Power
□ Low VCE(sat)
□ Discrete Super-Fast

Recovery Free-Wheel 
Diodes

□ High Frequency Operation
(20-25 kHz)

□ Isolated Baseplate for Easy
Heat Sinking

Applications:
□ DC Chopper
□ Inverter
□ UPS
□ Forklift

Ordering Information:
Example: Select the complete
nine digit module part number you
desire from the table below - i.e.
CM600HA-5F is a 250V (VCES),
600 Ampere Single IGBTMOD™
Power Module.

Current Rating VCES
Type Amperes Volts (x 50)

CM 600 5

C
 

G

E
 

E
 

E
 

E
 

G
 

C
 

A

B

C

F

K

J

E D

M
N

P Q

R

S

U - THD.
(2 TYP.)

V -THD.
(2 TYP.)

W - DIA. (4 TYP.)

y

x

T

L

H G
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VCC VB

CS

OUT

VSCOM

IN

ERR

VCC

IN

TO
LOAD

up to 500V

Features
n Floating channel designed for bootstrap operation

Fully operational to +500V
Tolerant to negative transient voltage
dV/dt immune

n Gate drive supply range from 12 to 18V
n Undervoltage lockout
n Current detection and limiting loop to limit driven

power transistor current
n Error lead indicates fault conditions and programs

shutdown time
n Output in phase with input

Description
   The IR2125 is a high voltage, high speed power
MOSFET and IGBT driver with over-current limit-
ing protection circuitry. Proprietary HVIC and latch
immune CMOS technologies enable ruggedized
monolithic construction. Logic inputs are compat-
ible with standard CMOS or LSTTL outputs. The
output driver features a high pulse current buffer
stage designed for minimum driver cross-conduc-
tion. The protection circuitry detects over-current
in the driven power transistor and limits the gate
drive voltage. Cycle by cycle shutdown is pro-
grammed by an external capacitor which directly
controls the time interval between detection of the
over-current limiting conditions and latched shut-

Data Sheet No. PD-6.017D

IR2125
CURRENT LIMITING SINGLE CHANNEL DRIVER

Product Summary

VOFFSET 500V max.

IO+/- 1A / 2A

VOUT 12 - 18V

VCSth 230 mV

ton/off  (typ.) 150 & 150 ns

Package

Typical Connection

down. The floating channel can be used to drive an
N-channel power MOSFET or IGBT in the high or
low side configuration which operates up to 500
volts.

CONTROL INTEGRATED CIRCUIT DESIGNERS� MANUAL    B-107
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High Temperature Resistors, 275 °C
Type MM Precision Film Resistors

High Temperature Resistors for Geophysical, Aerospace
and Industrial Requirements, Max. Temperature +275°C

Type MS Power Film Resistors
Power Rating to 15 Watts, Max. Temperature +275°C,
Non-Inductive Design, 17 Models

Type MV Low Resistance Power Film Resistors
Resistance from 0.1 ohm to 50 ohms, Power Rating to 10 Watts,
Max. Temperature +275°C, Non-Inductive Design

Power Resistors, Axial Leads and Radial Leads with Non-Inductive Designs
Type MS Power Film Resistors

Power Rating to 15 Watts, Voltage Rating to 6000 Volts,
Max. Temperature +275°C, Non-Inductive Design, 17 Models

Type MV Low Resistance Power Film Resistors
Resistance from 0.1 ohm to 50 ohms, Power Rating to 10 Watts
Max. Temperature +275°C, Non-Inductive Design

MK132 and MK120 Precision Power Film Resistors with Non-Inductive Design
3/4 Watt at 400 Volts Max. and 1/2 Watt at 200 Volts Max. at +125°C,
Resistance 1 ohm to as high as 5 Megohms

Current Sense, Low Resistance with Non-Inductive Designs
Type SR Precision Current Sense Resistors

Compact Design with Kelvin Terminals, Absolute tolerance of 1%,
Power rating 1.5 Watts, Resistance Values 0.008 ohms to 1.00 ohm

MP915, MP916 and MP930 Power Film Resistors
Model MP915, 15 Watts, TO-126 All Molded Package, Resistance Down to 0.02 ohm
Model MP916, 16 Watts, TO-220 All Molded Package, Resistance Down to 0.01 ohm
Model MP930, 30 Watts, TO-220 All Molded Package, Resistance Down to 0.02 ohm

MP808 and MP825 Power Film Resistors, TO-126 Style Power Package
Model MP808, 8 Watts, All Molded Package, Resistance as low as 0.02 ohm
Model MP825, 25 Watts, Integral Copper Heat Sink, Resistance as low as  0.02 ohm

MP821 Power Film Resistors in the TO-220 Power Package
20 Watt Power Resistor, Power Package with Metal Mounting Tab
Resistance as low as 0.02 ohm

MK132 and MK120 Precision Power Film Resistors
3/4 and 1/2 Watt Ratings at +125°C, Resistance as low as 1 ohm

Type MV Low Resistance Power Film Resistors
Resistance as low as 0.1 ohm, Power Rating to 10 Watts,
Max. Temperature +275°C

Type 1787 Precision Current Sense Resistor Networks
3 and 4-step Current Sense Resistor Networks for Current Sensing in
Multi-Range Instumentation, Absolute Tolerance of 0.25% to 0.05%

Power Resistors, Heat Sink Mountable with Non-Inductive Designs
MP915, MP916, MP925 and MP930 Power Film Resistors

Model MP915, 15 Watts, TO-126 All Molded Package, Resistance Down to 0.02 ohm
Model MP916, 16 Watts, TO-220 All Molded Package, Resistance Down to 0.01 ohm
Model MP925, 25 Watts, TO-220 All Molded Package, Resistance From 5K to 100K
Model MP930, 30 Watts, TO-220 All Molded Package, Resistance Down to 0.02 ohm

MP820 and MP821 Power Film Resistors in the TO-220 Power Package
20 Watt Power Resistor, Power Package with Metal Mounting Tab
Resistance 0.02 ohm to 10K

MP808 and  MP825 Power Film Resistors, TO-126 Style Power Package
Model MP808, 8 Watts, All Molded Package, Resistance 0.02 ohm to 10K
Model MP825, 25 Watts, Integral Copper Heat Sink, Resistance 0.02 ohm to 10K

MP816 and MP850 Power Film Resistors, TO-220 Style Power Package
Model MP816, 16 Watts, All Molded Package, Resistance 0.1 ohm to 10 K
Model MP850, 50 Watts, Integral Copper Heat Sink, Resistance 0.2 ohm to 10K

MP312 and MP330 Power Film Resistors
15 Watt and 30 Watt Ratings with Center Screw Chassis Mounting

CAD KDOC PRODUCT OVERVIEW
Page 1 of 2High Performance Film Resistors

CADDOCK ELECTRONICS, INCORPORATED
1717 CHICAGO AVENUE
RIVERSIDE, CALIFORNIA 92507
PHONE: (909) 788-1700  •  FAX: (909) 369-1151

This Product Overview was downloaded from the Caddock Web
site at: http://www.caddock.com.  The 25th Edition of the Caddock
General Catalog includes the complete specifications on over 250
models of high perfomance resistor products.   Call for your copy .

CADDOCK EUROPE BV
JUPITERSTRAAT 2, POSTBUS 3018
6460 HA KERKRADE, THE NETHERLANDS
PHONE: (31) 45 5463650 • FAX: (31) 45 5462860
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SPU Molded Style
Vishay Dale

For technical questions, contact ww2bresistors@vishay.com

Wirewound Resistors, Molded Style, Current Shunts,
Very Low Value, Four Terminal

ORDERING INFORMATION

FEATURES

• Molded four-terminal resistors for specialized

applications

• Extremely low resistance values for current sensing

applications

• Precision resistance tolerance

• Low temperature coefficients

• Complete welded construction

STANDARD ELECTRICAL SPECIFICATIONS

MODEL POWER RATING * RESISTANCE RANGE WEIGHT
P25°C Ω (Typical)

W ± 1% g

SPU-50 1 0.001 - 0.060 2.5

SPU-51 2 0.001 - 0.060 3.7

SPU-52 4 0.001 - 0.200 4.8

SPU-53 5 0.010 - 0.500 10.8

*Wattage rating is limited to 25 amperes maximum.

TECHNICAL SPECIFICATIONS
PARAMETER UNIT SPU MOLDED STYLE RESISTOR CHARACTERISTICS

Temperature Coefficient ppm/°C - 100 (- 10°C to + 80°C)

Dielectric Withstanding Voltage VAC 500 minimum

Short Time Overload - 5 x power for 5 seconds, limited to 25 amperes maximum

Maximum Working Voltage V (PxR)1/2

Insulation Resistance Ω 10,000 Megohm minimum dry

SPU-52 200Ω 5%

MODEL RESISTANCE TOLERANCE

Ω ± %

• Resistance tolerance available is 0.1%, 0.25%, 0.5%, 1.0%, 3.0% and 5.0% depending on resistor physical design and
resistance value.
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CPSL
Vishay Dale

www.vishay.com
38

Document Number 30217
Revision 04-Sep-02

For technical questions, contact ww2aresistors@vishay.com

Wirewound Resistors, Commercial Power,
Four Terminal, Low Value

FEATURES
• Low Inductance
• Extremely low resistance values
• Current sensing
• Low temperature coefficients
• High power to size ratio
• Ceramic cases are available with circuit board stand-offs

(designated with a -3 model ending)
• Superior surge capability
• Complete welded construction
• Special inorganic potting compound and ceramic case

provide high thermal conductivity in a fireproof package

STANDARD ELECTRICAL SPECIFICATIONS

MODEL POWER RATING RESISTANCE RANGE WEIGHT
P40°C Ω (Typical)
W ± 5% Standard, ± 3% Available g

CPSL-3-5 3 0.01 - 0.10 4.0

CPSL-3-3 3 0.01 - 0.10 4.2

CPSL-5-5 5 0.01 - 0.10 5.2

CPSL-5-3 5 0.01 - 0.10 5.4

CPSL-7-5 7 0.01 - 0.10 7.6

CPSL-10-5 10 0.01 - 0.10 10.2

CPSL-15-5 15 0.01 - 0.10 18.9

TECHNICAL SPECIFICATIONS

PARAMETER UNIT CPSL RESISTOR CHARACTERISTICS

Temperature Coefficient ppm/°C ± 100 maximum

Short Time Overload - 5 x rated power for 5 seconds

Maximum Working Voltage V (P x R)1/2

Operating Temperature Range °C - 65/+ 275

Terminal Strength lb 10 minimum

Dielectric Withstanding Voltage VAC 1000

ORDERING INFORMATION

CPSL-10-5
MODEL

10%
TOLERANCE

± %

100Ω
RESISTANCE

Ω

SCHEMATIC
Sense
Leads

Current
Leads
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IR2125

B-112 CONTROL INTEGRATED CIRCUIT DESIGNERS� MANUAL

Figure 3. Switc hing Time Wavef orm Definitions Figure 4. ERR Shutdown Waveform Definitions

Figure 1. Input/Output Timing Diagram Figure 2. Floating Supply V oltage Transient Test Circuit

Figure 5. CS Shutdown Waveform Definitions Figure 6. CS to ERR Waveform Definitions

4

HV = 10 to 500V

≤ 50 V/ns

CS

tcs

HO

50%

90%

CS

terr

ERR

50%

50%

1.8V

dt

dt C
dV
I

C
1.8V

100 uAERR

= × = ×

CS

tcs

OUT

50%

90%

IN

trton tftoff

HO

50% 50%

90% 90%

10% 10%

ERR

CS

IN

HO
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1-182 5965-4779E

H

2.0 Amp Output Current IGBT
Gate Drive Optocoupler

Technical Data

HCPL-3120

Features
• 2.0 A Minimum Peak Output

Current
• 15 kV/µs Minimum Common

Mode Rejection (CMR) at
VCM = 1500 V

• 0.5 V Maximum Low Level
Output Voltage (VOL)
Eliminates Need for
Negative Gate Drive

• ICC = 5 mA Maximum Supply
Current

• Under Voltage Lock-Out
Protection (UVLO) with
Hysteresis

• Wide Operating VCC Range:
15 to 30 Volts

• 500 ns Maximum Switching
Speeds

• Industrial Temperature
Range: -40°C to 100°C

• Safety Approval
UL Recognized - 2500 V rms

for 1 minute per UL1577
CSA Approval
VDE 0884 Approved with

VIORM = 630 V peak

(Option 060 only)

Applications
• Isolated IGBT/MOSFET

Gate Drive
• AC and Brushless DC Motor

Drives

• Industrial Inverters
• Switch Mode Power Supplies

(SMPS)

Description
The HCPL-3120 consists of a
GaAsP LED optically coupled to
an integrated circuit with a power
output stage. This optocoupler is
ideally suited for driving power
IGBTs and MOSFETs used in

motor control inverter applica-
tions. The high operating voltage
range of the output stage pro-
vides the drive voltages required
by gate controlled devices. The
voltage and current supplied by
this optocoupler makes it ideally
suited for directly driving IGBTs
with ratings up to 1200 V/100 A.
For IGBTs with higher ratings,
the HCPL-3120 can be used to
drive a discrete power stage
which drives the IGBT gate.

A 0.1 µF bypass capacitor must be connected between pins 5 and 8.

CAUTION:  It is advised that normal static precautions be taken in handling and assembly of this component
to prevent damage and/or degradation which may be induced by ESD.

Functional Diagram

1

3

SHIELD

2

4

8

6

7

5

	N/C

CATHODE

ANODE

N/C

VCC

VO

VO

VEE

TRUTH TABLE

VCC - VEE VCC - VEE
“POSITIVE GOING” “NEGATIVE GOING”

LED (i.e., TURN-ON) (i.e., TURN-OFF) VO

OFF 0 - 30 V 0 - 30 V LOW

ON 0 - 11 V 0 - 9.5 V LOW

ON 11 - 13.5 V 9.5 - 12 V TRANSITION

ON 13.5 - 30 V 12 - 30 V HIGH
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Gate Driver

M57958L

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272

Hybrid Integrated Circuit
For Driving IGBT Modules

Description:
M57958L is a hybrid integrated
circuit designed for driving n-channel
IGBT modules in any gate amplifier
application. This device operates
as an isolation amplifier for these
modules and provides the required
electrical isolation between the
input and output with an opto-
coupler.

Features:
□ Built in high CMRR opto-

coupler (VCMR : Typical
30kV/ms, Min. 15kV/ms)

□ Electrical Isolation between
input and output with opto-
couplers (Viso = 2500,
VRMS for 1 min.)

□ TTL compatible input interface

□ Two supply drive topology

□ Short differential of propa-
gation time (tPLH, tPHL to Max.
1.5ms, Typical 1.0ms)

Application:
To drive IGBT modules for inverter,
AC Servo systems, UPS, CVCF
inverter, and welding applications.

Recommended Modules:
VCES = 600V Series
              (up to 400A Class)

VCES = 1200V Series
              (up to 200A Class)

VCES = 1400V Series
              (up to 200A Class)

Block Diagram

Dimensions in mm

Test Circuit
VIN

VOUT

0

tr tf
90%

10%

tPLH tPHL

Outline Drawing

51.3 MAX

15.5 MAX

2.54 ± 0.1 0.55 ± 0.1

2.54 × 7 =
17.78 ± 0.2

1.8 MAX

29 MAX

4.5 ± 1.5

8.5 MAX

10.0 MAX

0.35 ± 0.2

81

M57958L

10.0 MAX

19 MAX

1

VIN

47µF

2 5 6 7 8

TTL, etc.

VCC

= 15V
VEE

= 10V

Rext 

Cext = 47µF
18V

M57958L MEASUREMENT
POINT

16mA

2

1 8

7

6

5

185V

Precaution:
The value of “Rext” should be selected according to the guidelines in
Section 4.6.2 of Application Notes.

Also, the value of “Rext” should be selected so that maximum limits, IOHP
and IOLP are not exceeded.
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M57958L
Hybrid IC for IGBT Gate Driver

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272

Absolute Maximum Ratings, Ta ~ 20°C to 70°C
Item Symbol Ta (°C) Test Conditions Limit Units

Supply Voltage VCC 25 DC  18 Volts

VEE 25 DC -12 Volts

 Input Voltage VI 25 Between Terminal 1 and 2 -1 ~ 7 Volts

Output Voltage VO 25 Output Voltage “H” VCC Volts

Output Current IOHP 25 Pulse Width 2µs, f = 30kHz  -5 Amperes

IOLP 25 Pulse Width 2µs, f = 30kHz 5 Amperes

Output Current IOHI 25 f = 30kHz, DF = 50% 0.8 Amperes

Isolation Voltage Viso 25 Sinewave Voltage 60kHz, 1 min. 2500 Vrms

Junction Temperature Tj — 100 °C

Operating Temperature Topg — -20 ~ 70 °C

Storage Temperature tstg — *-25 ~ 100 °C
*But differs from H/C condition.

Electrical Characteristics, Ta = 25°C, VCC = 25V
VCC/VEE Ta

Characteristics Symbol (°C) (°C) Test Conditions Min. Typ. Max. Units

Supply Voltage VCC — 25 Recommended Range 14  15 — Volts

VEE — 25 Recommended Range  -9 -10 — Volts

Pull-up Voltage on Input Side VIN — 25 Recommended Range 4.75 5.00 5.25 Volts

“H” Input Current IIH 15/-10 25 VIN = 5V, R = 185Ω — 16 — mA

“H” Output Voltage VOH 15/-10 25 13 14 — Volts

“L” Output Voltage VOL 15/-10 25 -8 -9 — Volts

Internal Power Dissipation PD 15/-10 25 f = 30kHz, DF = 50%, — 1.2 — Watts

Module 200A, 600V IGBT

“L-H” Propagation Time tPLH 15/-10 — VI = 0 to 4V, Tj ± 100°C — 1.0 1.5 µs

“L-H” Rise Time tr 15/-10 — VI = 0 to 4V, Tj ± 100°C — 0.6 1.0 µs

“H-L” Propagation Time tPHL 15/-10 — VI = 5 to 0V, Tj ± 100°C — 1.0 1.5 µs

Fall Time tf 15/-10 — VI = 5 to 0V, Tj ± 100°C — 0.4 1.0 µs
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4

3

3

2

2

1

1

D D

C C

B B

A A

1A

1 1Tuesday, February 04, 2003

ECE456Marc E. Herniter

Continuous Mode Buck Regulator - Switching Losses

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Ramp

Error

Vx

Vcc

0

0

0

Control

Vo

Vo

0

0

0

+

ESR
17m

+

C1

4700U

+

-

V6
FREQUENCY = 20k
AMPLITUDE = 5

100

4

0

X1

irf150

+

Rs

95m

+

Load

1

+

-

V2
DC = 15 D2

MUR405

1meg

5

0

+

R1

15

5

L1

335U
IC = 0

-
+

+
-

E1

GAIN = 3

IC= 0+
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.SUBCKT irf150 1 2 3
**************************************
*      Model Generated by MODPEX     *
*Copyright(c) Symmetry Design Systems*
*         All Rights Reserved        *
*    UNPUBLISHED LICENSED SOFTWARE   *
*   Contains Proprietary Information *
*      Which is The Property of      *
*     SYMMETRY OR ITS LICENSORS      *
*Commercial Use or Resale Restricted *
*   by Symmetry License Agreement    *
**************************************
* Model generated on Dec 17, 96
* MODEL FORMAT: SPICE3
* Symmetry POWER MOS Model (Version 1.0)
* External Node Designations
* Node 1 -> Drain
* Node 2 -> Gate
* Node 3 -> Source
M1 9 7 8 8 MM L=100u W=100u
* Default values used in MM:
* The voltage-dependent capacitances are
* not included. Other default values are:
*   RS=0 RD=0 LD=0 CBD=0 CBS=0 CGBO=0
.MODEL MM NMOS LEVEL=1 IS=1e-32
+VTO=4.07861 LAMBDA=0.000761669 KP=19.0218
+CGSO=3.57784e-05 CGDO=4.96221e-07
RS 8 3 0.0216597
D1 3 1 MD
.MODEL MD D IS=2.01865e-09 RS=0.11592 N=1.5 BV=100
+IBV=0.001 EG=1 XTI=1 TT=1e-07
+CJO=3.28974e-09 VJ=4.39387 M=0.659734 FC=0.1
RDS 3 1 3.2e+06
RD 9 1 0.00224103
RG 2 7 12.1
D2 4 5 MD1
* Default values used in MD1:
*   RS=0 EG=1.11 XTI=3.0 TT=0
*   BV=infinite IBV=1mA
.MODEL MD1 D IS=1e-32 N=50
+CJO=3.78329e-09 VJ=0.607074 M=0.893797 FC=1e-08
D3 0 5 MD2
* Default values used in MD2:
*   EG=1.11 XTI=3.0 TT=0 CJO=0
*   BV=infinite IBV=1mA
.MODEL MD2 D IS=1e-10 N=0.402271 RS=3.00001e-06
RL 5 10 1
FI2 7 9 VFI2 -1
VFI2 4 0 0
EV16 10 0 9 7 1
CAP 11 10 3.78329e-09
FI1 7 9 VFI1 -1
VFI1 11 6 0
RCAP 6 10 1
D4 0 6 MD3
* Default values used in MD3:
*   EG=1.11 XTI=3.0 TT=0 CJO=0
*   RS=0 BV=infinite IBV=1mA
.MODEL MD3 D IS=1e-10 N=0.402271
.ENDS irf150
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Date/Time run: 02/04/03 13:22:52
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Switching Losses\buck ...

Temperature: 27.0

Date: February 04, 2003 Page 1 Time: 13:26:17

(B) Buck Regulator Switching Losses-schematic1-trans.dat (active)

           Time

0s 2ms 4ms 6ms 8ms 10ms
V(Vo)

0V

4.0V

8.0V
I(L1)

-20A

0A

20A

40A

SEL>>
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Date/Time run: 02/04/03 13:37:22
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Switching Losses\buck ...

Temperature: 27.0

Date: February 04, 2003 Page 1 Time: 15:46:57

(A) Buck Regulator Switching Losses-schematic1-trans.dat (active)

           Time
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Date/Time run: 02/04/03 13:37:22
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Switching Losses\buck ...

Temperature: 27.0

Date: February 04, 2003 Page 1 Time: 15:48:33

(A) Buck Regulator Switching Losses-schematic1-trans.dat (active)

           Time
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Turn On Transient
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Date/Time run: 02/04/03 13:37:22
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Switching Losses\buck ...

Temperature: 27.0

Date: February 04, 2003 Page 1 Time: 15:50:23

(A) Buck Regulator Switching Losses-schematic1-trans.dat (active)

           Time

9.84992ms 9.84996ms 9.85000ms 9.85004ms 9.85008ms 9.85012ms
V(Vcc)-V(Vx)
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Turn On Transient

I(X1:d)*(V(Vcc)-V(Vx))
0W
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SEL>>

Power Dissipated Spike
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Date/Time run: 02/04/03 13:37:22
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Switching Losses\buck ...

Temperature: 27.0

Date: February 04, 2003 Page 1 Time: 15:52:29

(A) Buck Regulator Switching Losses-schematic1-trans.dat (active)

           Time

9.8699ms 9.8700ms 9.8701ms 9.8702ms 9.8703ms
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Turn Off Transient
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IRF3710
PRELIMINARY

HEXFET® Power MOSFET

PD 9.1309B

Fifth Generation HEXFETs from International Rectifier
utilize advanced processing techniques to achieve
extremely low  on-resistance per silicon area.  This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETs are well known for, provides the designer
with an extremely efficient and reliable device for use
in a wide variety of applications.

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

S

D

G

Parameter Max. Units
ID @ TC = 25°C Continuous Drain Current, VGS @ 10V 49
ID @ TC = 100°C Continuous Drain Current, VGS @ 10V 35 A
IDM Pulsed Drain Current � 180
PD @TC = 25°C Power Dissipation 150 W

Linear Derating Factor 1.0 W/°C
VGS Gate-to-Source Voltage  ± 20 V
EAS Single Pulse Avalanche Energy� 530 mJ
IAR Avalanche Current� 28 A
EAR Repetitive Avalanche Energy� 15 mJ
dv/dt Peak Diode Recovery dv/dt � 5.0 V/ns
TJ Operating Junction and -55  to + 175
TSTG Storage Temperature Range

Soldering Temperature, for 10 seconds 300 (1.6mm from case )
°C

Mounting torque, 6-32 or M3 srew 10 lbf•in (1.1N•m)

Absolute Maximum Ratings

Parameter Typ. Max. Units
RθJC Junction-to-Case ––– 1.0
RθCS Case-to-Sink, Flat, Greased Surface 0.50 ––– °C/W
RθJA Junction-to-Ambient ––– 62

Thermal Resistance

VDSS = 100V

RDS(on) = 0.025Ω

ID = 49A

TO-220AB

l Advanced Process Technology
l Dynamic dv/dt Rating
l 175°C Operating Temperature
l Fast Switching
l Fully Avalanche Rated

Description

7/15/97
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IRF3710
PRELIMINARY

HEXFET® Power MOSFET

PD 9.1309B

Fifth Generation HEXFETs from International Rectifier
utilize advanced processing techniques to achieve
extremely low  on-resistance per silicon area.  This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETs are well known for, provides the designer
with an extremely efficient and reliable device for use
in a wide variety of applications.

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

S

D

G

Parameter Max. Units
ID @ TC = 25°C Continuous Drain Current, VGS @ 10V 49
ID @ TC = 100°C Continuous Drain Current, VGS @ 10V 35 A
IDM Pulsed Drain Current � 180
PD @TC = 25°C Power Dissipation 150 W

Linear Derating Factor 1.0 W/°C
VGS Gate-to-Source Voltage  ± 20 V
EAS Single Pulse Avalanche Energy� 530 mJ
IAR Avalanche Current� 28 A
EAR Repetitive Avalanche Energy� 15 mJ
dv/dt Peak Diode Recovery dv/dt � 5.0 V/ns
TJ Operating Junction and -55  to + 175
TSTG Storage Temperature Range

Soldering Temperature, for 10 seconds 300 (1.6mm from case )
°C

Mounting torque, 6-32 or M3 srew 10 lbf•in (1.1N•m)

Absolute Maximum Ratings

Parameter Typ. Max. Units
RθJC Junction-to-Case ––– 1.0
RθCS Case-to-Sink, Flat, Greased Surface 0.50 ––– °C/W
RθJA Junction-to-Ambient ––– 62

Thermal Resistance

VDSS = 100V

RDS(on) = 0.025Ω

ID = 49A

TO-220AB

l Advanced Process Technology
l Dynamic dv/dt Rating
l 175°C Operating Temperature
l Fast Switching
l Fully Avalanche Rated

Description

7/15/97
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IRFP3710
PRELIMINARY

HEXFET® Power MOSFET

PD - 9.1490A

Fifth Generation HEXFETs from International Rectifier
utilize advanced processing techniques to achieve
extremely low  on-resistance per silicon area.  This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETs are well known for, provides the designer
with an extremely efficient and reliable device for use
in a wide variety of applications.

The TO-247 package is preferred for commercial-
industrial applications where higher power levels
preclude the use of TO-220 devices.  The TO-247 is
similar but superior to the earlier TO-218 package
because of its isolated mounting hole.

S

D

G

VDSS = 100V

RDS(on) = 0.025Ω

ID = 49A

l Advanced Process Technology
l Dynamic dv/dt Rating
l 175°C Operating Temperature
l Fast Switching
l Fully Avalanche Rated

Description

TO-247AC

Parameter Max. Units
ID @ TC = 25°C Continuous Drain Current, VGS @ 10V � 49
ID @ TC = 100°C Continuous Drain Current, VGS @ 10V � 35 A
IDM Pulsed Drain Current �� 180
PD @TC = 25°C Power Dissipation 180 W

Linear Derating Factor 1.2 W/°C
VGS Gate-to-Source Voltage  ± 20 V
EAS Single Pulse Avalanche Energy�� 530 mJ
IAR Avalanche Current�� 28 A
EAR Repetitive Avalanche Energy� 18 mJ
dv/dt Peak Diode Recovery dv/dt �� 5.0 V/ns
TJ Operating Junction and -55  to + 175
TSTG Storage Temperature Range

Soldering Temperature, for 10 seconds 300 (1.6mm from case )
°C

Mounting torque, 6-32 or M3 srew 10 lbf•in (1.1N•m)

Absolute Maximum Ratings

Parameter Typ. Max. Units
RθJC Junction-to-Case ––– 0.83
RθCS Case-to-Sink, Flat, Greased Surface 0.24 ––– °C/W
RθJA Junction-to-Ambient ––– 40

Thermal Resistance

7/15/97
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IRFP3710
PRELIMINARY

HEXFET® Power MOSFET

PD - 9.1490A

Fifth Generation HEXFETs from International Rectifier
utilize advanced processing techniques to achieve
extremely low  on-resistance per silicon area.  This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETs are well known for, provides the designer
with an extremely efficient and reliable device for use
in a wide variety of applications.

The TO-247 package is preferred for commercial-
industrial applications where higher power levels
preclude the use of TO-220 devices.  The TO-247 is
similar but superior to the earlier TO-218 package
because of its isolated mounting hole.

S

D

G

VDSS = 100V

RDS(on) = 0.025Ω

ID = 49A

l Advanced Process Technology
l Dynamic dv/dt Rating
l 175°C Operating Temperature
l Fast Switching
l Fully Avalanche Rated

Description

TO-247AC

Parameter Max. Units
ID @ TC = 25°C Continuous Drain Current, VGS @ 10V � 49
ID @ TC = 100°C Continuous Drain Current, VGS @ 10V � 35 A
IDM Pulsed Drain Current �� 180
PD @TC = 25°C Power Dissipation 180 W

Linear Derating Factor 1.2 W/°C
VGS Gate-to-Source Voltage  ± 20 V
EAS Single Pulse Avalanche Energy�� 530 mJ
IAR Avalanche Current�� 28 A
EAR Repetitive Avalanche Energy� 18 mJ
dv/dt Peak Diode Recovery dv/dt �� 5.0 V/ns
TJ Operating Junction and -55  to + 175
TSTG Storage Temperature Range

Soldering Temperature, for 10 seconds 300 (1.6mm from case )
°C

Mounting torque, 6-32 or M3 srew 10 lbf•in (1.1N•m)

Absolute Maximum Ratings

Parameter Typ. Max. Units
RθJC Junction-to-Case ––– 0.83
RθCS Case-to-Sink, Flat, Greased Surface 0.24 ––– °C/W
RθJA Junction-to-Ambient ––– 40

Thermal Resistance

7/15/97
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Parameter Max. Units
ID @ TC = 25°C Continuous Drain Current, VGS @ 10V 180
ID @ TC = 100°C Continuous Drain Current, VGS @ 10V 120 A
IDM Pulsed Drain Current � 720
PD @TC = 25°C Power Dissipation 480 W

Linear Derating Factor 2.7 W/°C
VGS Gate-to-Source Voltage  ± 20 V
EAS Single Pulse Avalanche Energy� 700 mJ
IAR Avalanche Current� 180 A
EAR Repetitive Avalanche Energy� 48 mJ
dv/dt Peak Diode Recovery dv/dt � 5.7 V/ns
TJ Operating Junction and -55  to + 150 °C
TSTG Storage Temperature Range
VISO Insulation Withstand Voltage (AC-RMS) 2.5 kV

Mounting torque,  M4 srew 1.3 N•m

FB180SA10
HEXFET® Power MOSFET

PD- 91651C

S

D

G

VDSS = 100V

RDS(on) = 0.0065W

ID = 180A

Fifth Generation, high current density HEXFETS are
paralled into a compact, high power module providing
the best combination of switching, ruggedized design,
very low ON resistance and cost effectiveness.

The isolated SOT-227 package is preferred for all
commercial  -  industr ial  appl icat ions at power
dissipation levels to approximately 500 watts.  The low
thermal resistance and easy connection to the SOT-
227 package contribute to its universal acceptance
throughout the industry.

2/1/99

Description

l Fully Isolated Package
l Easy to Use and Parallel
l Very Low On-Resistance
l Dynamic dv/dt Rating
l Fully Avalanche Rated
l Simple Drive Requirements
l Low Drain to Case Capacitance
l Low Internal Inductance

S O T-227

Absolute Maximum Ratings

Parameter Typ. Max. Units
RqJC Junction-to-Case ––– 0.26
RqCS Case-to-Sink, Flat, Greased Surface 0.05 ––– °C/W

Thermal Resistance

1 www.irf.com
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Parameter Max. Units
ID @ TC = 25°C Continuous Drain Current, VGS @ 10V 180
ID @ TC = 100°C Continuous Drain Current, VGS @ 10V 120 A
IDM Pulsed Drain Current � 720
PD @TC = 25°C Power Dissipation 480 W

Linear Derating Factor 2.7 W/°C
VGS Gate-to-Source Voltage  ± 20 V
EAS Single Pulse Avalanche Energy� 700 mJ
IAR Avalanche Current� 180 A
EAR Repetitive Avalanche Energy� 48 mJ
dv/dt Peak Diode Recovery dv/dt � 5.7 V/ns
TJ Operating Junction and -55  to + 150 °C
TSTG Storage Temperature Range
VISO Insulation Withstand Voltage (AC-RMS) 2.5 kV

Mounting torque,  M4 srew 1.3 N•m

FB180SA10
HEXFET® Power MOSFET

PD- 91651C

S

D

G

VDSS = 100V

RDS(on) = 0.0065W

ID = 180A

Fifth Generation, high current density HEXFETS are
paralled into a compact, high power module providing
the best combination of switching, ruggedized design,
very low ON resistance and cost effectiveness.

The isolated SOT-227 package is preferred for all
commercial  -  industr ial  appl icat ions at power
dissipation levels to approximately 500 watts.  The low
thermal resistance and easy connection to the SOT-
227 package contribute to its universal acceptance
throughout the industry.

2/1/99

Description

l Fully Isolated Package
l Easy to Use and Parallel
l Very Low On-Resistance
l Dynamic dv/dt Rating
l Fully Avalanche Rated
l Simple Drive Requirements
l Low Drain to Case Capacitance
l Low Internal Inductance

S O T-227

Absolute Maximum Ratings

Parameter Typ. Max. Units
RqJC Junction-to-Case ––– 0.26
RqCS Case-to-Sink, Flat, Greased Surface 0.05 ––– °C/W

Thermal Resistance

1 www.irf.com
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To request quote (click here) 

 

 

5079  Click to check current inventory

 
Click on extrusion to enlarge 

Per. 39.77 in.
WT 2.66 lb/ft

sa 1.50 oC/W/3

 
Wakefield Engineering, Inc.  
Telephone: (781) 406-3000 
Copyright© 2000  

Page 1 of 1Wakefield Engineering Extrusions

2/6/2003file://C:\Website\Rose_Classes\ECE456\Handouts\Wakefield%20Engineering%20Extrusions%205079.htm
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6270 

 
Click on extrusion to enlarge 

Per. 8.50 in.
WT 0.25 lb/ft

sa 12.00 oC/W/3

Page 1 of 1Wakefield Engineering Extrusions

2/6/2003http://www.wakefield.com/extrusions/index1.cfm?index3=yes&ext_id=30&c_row=1&ext_ref_num=6270&ext_type=0&ext_wid...
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2158 

 
Click on extrusion to enlarge 

Per. 10.37 in.
WT 0.48 lb/ft

sa 6.80 oC/W/3

Page 1 of 1Wakefield Engineering Extrusions

2/6/2003http://www.wakefield.com/extrusions/index1.cfm?index3=yes&ext_id=34&c_row=1&ext_ref_num=2158&ext_type=0&ext_wid...

Page 557 of 662

ECE556 Lecture Notes Page 557 of 662



 

 
 

 

4228 

 
Click on extrusion to enlarge 

Per. 38.93 in.
WT 2.29 lb/ft

sa 1.90 oC/W/3

Page 1 of 1Wakefield Engineering Extrusions

2/6/2003http://www.wakefield.com/extrusions/index1.cfm?index3=yes&ext_id=35&c_row=1&ext_ref_num=4228&ext_type=0&ext_wid...
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1703  Click to check current inventory

 
Click on extrusion to enlarge 

Per. 78.03 in.
WT 6.15 lb/ft

sa 0.91 oC/W/3

Page 1 of 1Wakefield Engineering Extrusions

2/6/2003http://www.wakefield.com/extrusions/index1.cfm?index3=yes&ext_id=244&c_row=1&ext_ref_num=1703&ext_type=0&ext_wi...
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177

Single IGBTMOD™
H-Series Module
600 Amperes/600 Volts

CM600HA-12H

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272

Outline Drawing and Circuit Diagram

Description:
Powerex IGBTMOD™ Modules
are designed for use in switching
applications. Each module consists
of one IGBT Transistor in a single
configuration with a reverse-
connected super-fast recovery
free-wheel diode. All components
and interconnects are isolated
from the heat sinking baseplate,
offering simplified system assem-
bly and thermal management.

Features:
□ Low Drive Power
□ Low VCE(sat)
□ Discrete Super-Fast Recovery

(70ns) Free-Wheel Diode
□ High Frequency Operation

(20-25kHz)
□ Isolated Baseplate for Easy

Heat Sinking

Applications:
□ AC Motor Control
□ Motion/Servo Control
□ UPS
□ Welding Power Supplies
□ Laser Power Supplies

Ordering Information:
Example: Select the complete part
module number you desire from
the table below -i.e. CM600HA-12H
is a 600V (VCES), 600 Ampere
Single IGBTMOD™ Power Module.

Type Current Rating VCES
Amperes Volts (x 50)

CM 600 12

W

H K
F

S

J J

Z

E C

E

G

U

M

C

A

R

P

B

T

ED

Q
L G N

Y - THD (2 TYP.)

 V - THD
(2 TYP.)

 X - DIA.
(4 TYP.)

E E C

G

Dimensions Inches Millimeters

A 4.33 110.0

B 3.15 80.0

C 3.66±0.008 93.0±0.25

D 2.44±0.008 62.0±0.25

E 1.57 40.0

F 1.42 Max. 36.0 Max.

G 1.14 29.0

H 1.00 Max. 25.5 Max.

J 0.96 25.0

K 0.94 24.5

L 0.83 21.0

M 0.71 18.0

Dimensions Inches Millimeters

N 0.69 17.5

P 0.61 15.5

Q 0.51 13.0

R 0.49 12.5

S 0.45 11.5

T 0.43 11.0

U 0.35 9.0

V M8 Metric  M8

W 0.28 7.0

X 0.256 Dia. Dia. 6.50

Y M4 Metric  M4

Z 0.12 3.04
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CM600HA-12H
Single IGBTMOD™ H-Series Module
600 Amperes/600 Volts

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272

Absolute Maximum Ratings, Tj = 25 °C unless otherwise specified
Ratings Symbol CM600HA-12H Units

Junction Temperature Tj –40 to 150 °C

Storage Temperature Tstg –40 to 125 °C

Collector-Emitter Voltage (G-E SHORT) VCES 600 Volts

Gate-Emitter Voltage VGES ±20 Volts

Collector Current IC 600 Amperes

Peak Collector Current ICM 1200* Amperes

Diode Forward Current IF 600 Amperes

Diode Forward Surge Current IFM 1200* Amperes

Power Dissipation Pd 2100 Watts

Max. Mounting Torque M8 Terminal Screws – 95 in-lb

Max. Mounting Torque M6 Mounting Screws – 26 in-lb

Module Weight (Typical) – 560 Grams

V Isolation VRMS 2500 Volts
* Pulse width and repetition rate should be such that device junction temperature does not exceed the device rating.

Static Electrical Characteristics, Tj = 25 °C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units

Collector-Cutoff Current ICES VCE = VCES, VGE = 0V – – 1.0 mA

Gate Leakage Current IGES VGE = VGES, VCE = 0V – – 0.5 µA

Gate-Emitter Threshold Voltage VGE(th) IC = 60mA, VCE = 10V 4.5 6.0 7.5 Volts

Collector-Emitter Saturation Voltage VCE(sat) IC = 600A, VGE = 15V – 2.1 2.8** Volts

IC = 600A, VGE = 15V, Tj = 150°C – 2.15  – Volts

Total Gate Charge QG VCC = 600V, IC = 600A, VGS = 15V – 1800 – nC

Diode Forward Voltage VFM IE = 600A, VGS = 0V – – 2.8 Volts

** Pulse width and repetition rate should be such that device junction temperature rise is negligible.

Dynamic Electrical Characteristics, Tj = 25 °C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units

Input Capacitance Cies – –   60 nF

Output Capacitance Coes VGE = 0V, VCE = 10V, f = 1MHz – –    21 nF

Reverse Transfer Capacitance Cres – –    12 nF

Resistive Turn-on Delay Time td(on) – – 350 ns

Load Rise Time tr VCC = 300V, IC = 600A, – – 700 ns

Switching Turn-off Delay Time td(off) VGE1 = VGE2 = 15V, RG = 1.0Ω – – 350 ns

Times Fall Time tf – – 300 ns

Diode Reverse Recovery Time trr IE = 600A, diE/dt = –1200A/µs – – 110 ns

Diode Reverse Recovery Charge Qrr IE = 600A, diE/dt = –1200A/µs – 1.62 – µC

Thermal and Mechanical Characteristics, Tj = 25 °C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units

Thermal Resistance, Junction to Case Rth(j-c) Per IGBT – – 0.06 °C/W

Thermal Resistance, Junction to Case Rth(j-c) Per FWDi – – 0.12 °C/W

Contact Thermal Resistance Rth(c-f) Per Module, Thermal Grease Applied – –   0.035 °C/W
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1 1Tuesday, February 11, 2003

ECE456Marc E. Herniter

Continuous Mode Buck Regulator

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Ramp

Error

Vcc

0

0

0

Control

Vo

0

Vo

0

0

+

ESR
24m

+-

+-

Sx

S1

+

C1

3300U

+

-

V6
FREQUENCY = 20k
AMPLITUDE = 5

10k

4

0

+

Load

{5/3}

Model = Sx VSWITCH Roff=1e5 Ron=10m Voff=1 Von=4.0

+

-

V2
DC = 15 D2

MUR405

1meg

5

0
5

L1

450u
IC = 0

IC= 0+
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Date/Time run: 02/11/03 10:38:34
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Compensation\buck regu...

Temperature: 27.0

Date: February 11, 2003 Page 1 Time: 10:40:24

(A) Buck Regulator Compensation-schematic1-trans.dat (active)

           Time

0s 2ms 4ms 6ms 8ms 10ms
V(Vo)

0V

5V

10V

SEL>>

I(L1)
-20A

0A

20A

40A
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Date/Time run: 02/11/03 10:41:28
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Compensation\buck regu...

Temperature: 27.0

Date: February 11, 2003 Page 1 Time: 10:42:26

(A) Buck Regulator Compensation-schematic1-trans.dat (active)

           Time

0s 2ms 4ms 6ms 8ms 10ms
V(Vo)

0V

5V

10V

SEL>>

I(L1)
-20A

0A

20A

40A
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Size Document Name Rev
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ECE Department
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Date/Time run: 02/12/03 09:56:31
** Profile: "SCHEMATIC1-AC Sweep"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Compensation\uncomp...

Temperature: 27.0

Date: February 12, 2003 Page 1 Time: 10:01:59

(A) uncompensated open loop plots-SCHEMATIC1-AC Sweep.dat (active)

           Frequency

1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz
DB(V(Vs)/V(Vx))

50

100

-10
SEL>>

(579.429,63.812)

VP(Vs)-VP(Vx)
-200d

-100d

0d

(579.429,-180.069)

Page 602 of 662

ECE556 Lecture Notes Page 602 of 662



Page 603 of 662

ECE556 Lecture Notes Page 603 of 662



Page 604 of 662

ECE556 Lecture Notes Page 604 of 662



Page 605 of 662

ECE556 Lecture Notes Page 605 of 662



Page 606 of 662

ECE556 Lecture Notes Page 606 of 662



Page 607 of 662

ECE556 Lecture Notes Page 607 of 662



Page 608 of 662

ECE556 Lecture Notes Page 608 of 662



Page 609 of 662

ECE556 Lecture Notes Page 609 of 662



5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

Error Amp Gain Gm

Hf(S)

F(S)

1A

1 1Wednesday, February 12, 2003

ECE 456Marc E. Herniter

Uncompensated Loop Gain

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0

0

0

0

Vx

Vs

Vo

0

L1

450u

+

C3

122n

+

C2

0.1u

+

C1

3300u

3

Sweep

+

-

AC

Vx
Magnitude = 1
Phase = 0

+

ESR

24m

+

R4

10k

+

Load

{5/3}

+

-

U4

Ideal_OPAMP

10k

+

R3

1k

Page 610 of 662

ECE556 Lecture Notes Page 610 of 662



Date/Time run: 02/12/03 11:10:24
** Profile: "SCHEMATIC1-AC Sweep"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Compensation\uncomp...

Temperature: 27.0

Date: February 12, 2003 Page 1 Time: 11:40:17

(I) uncompensated open loop plots-SCHEMATIC1-AC Sweep.dat

           Frequency

1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz
DB(V(Vs)/V(Vx))
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50

100
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SEL>>
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Date/Time run: 02/12/03 11:42:32
** Profile: "SCHEMATIC1-AC Sweep"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Compensation\uncomp...

Temperature: 27.0

Date: February 12, 2003 Page 1 Time: 11:43:34

(J) uncompensated open loop plots-SCHEMATIC1-AC Sweep.dat (active)

           Frequency

1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz
DB(V(Vs)/V(Vx))
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50

100
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1 1Wednesday, February 12, 2003

ECE 456Marc E. Herniter

Uncompensated Loop Gain

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0

0

0

0

Vx

Vs

Vo

0

Vcc

Vcc

Vee

Vee

0

L1

450u

+

C3

122n

+

-

V4
DC = 15

+

C2

0.1u

+

C1

3300u

3

+

-

V5
DC = 15

Sweep

+

-

AC

Vx
Magnitude = 1
Phase = 0

+

ESR

24m

U6

LF411

3

2

7
4

6

1

5 +

-

V
+

V
-

OUT

B1

B2

+

R4

10k

+

Load

{5/3}

10k

+

R3

1k

Page 614 of 662

ECE556 Lecture Notes Page 614 of 662



Date/Time run: 02/12/03 11:44:15
** Profile: "SCHEMATIC1-AC Sweep"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Compensation\uncomp...

Temperature: 27.0

Date: February 12, 2003 Page 1 Time: 11:45:46

(K) uncompensated open loop plots-SCHEMATIC1-AC Sweep.dat (active)

           Frequency

1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz
DB(V(Vs)/V(Vx))

0

50

100

VP(Vs)-VP(Vx)
-200d

-100d

0d

100d

SEL>>
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Compensated
system now
stable.

I V

V

1A

1 1Wednesday, February 12, 2003

ECE456Marc E. Herniter

Continuous Mode Buck Regulator

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Ramp

Error

Vcc

0

0

0

Control

Vo

0

Vo_Sig

0

0

0

Vo_Sig

0

0

Vcc

+-

+-

Sx

S1

+

ESR
24m

+

C4

122n

+

C1

3300U

+

R2

1k

+

-

V6
FREQUENCY = 20k
AMPLITUDE = 5

10k

4

0

+

C3

0.1u

+

Load

{5/3}

Model = Sx VSWITCH Roff=1e5 Ron=10m Voff=1 Von=4.0

+

-

VD
DC = 15 D2

MUR405

U2A

LM324

1

3

2

4
11

OUT

+

-

V
+

V
-

1meg

5

0

+

R4

10k

5

L1

450u
IC = 0

IC= 0+
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Date/Time run: 02/12/03 11:46:55
** Profile: "SCHEMATIC1-Trans"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\Notes\Orcad\Compensation\Compensta...

Temperature: 27.0

Date: February 12, 2003 Page 1 Time: 11:55:57

(B) Compenstated Buck Regulator-schematic1-trans.dat (active)

           Time

0s 10ms 20ms 30ms 40ms 50ms
V(Vo)

0V

2.0V

4.0V

6.0V

SEL>>

I(L1)
0A

5A

10A

15A
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Hf(S)

F(S)

1A

1 1Wednesday, February 12, 2003

ECE 456Marc E. Herniter

Uncompensated Loop Gain

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0

0

0

0

Vx

Vs

Vo
L1

450u

10k

+

C2

10n

+

C1

3300u

3

Sweep

+

-

AC

Vx
Magnitude = 1
Phase = 0

+

ESR

24m

+

Load

{5/3}

+

R3

1k
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Date/Time run: 02/12/03 18:45:58
** Profile: "SCHEMATIC1-AC Sweep"  [ C:\Website\Rose_Classes\ECE456\Notes\Orcad\Compensation\compen...

Temperature: 27.0

Date: February 12, 2003 Page 1 Time: 18:48:59

(A) Compensated Loop Gain PLot 2-schematic1-ac sweep.dat (active)

           Frequency

1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz
db( V(Vs)/ V(Vx))

50

100

-10
SEL>>

(60.771K,400.000m)

VP(Vs)
-200d

-100d

0d

(60.771K,-167.184)
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1 1Wednesday, February 12, 2003

ECE456Marc E. Herniter

Continuous Mode Buck Regulator

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Ramp

Error

Vcc

0

0

0

Control

Vo

0

Vo_Sig

0

0

0

Vo_Sig

+-

+-

Sx

S1

+

ESR
24m

+

C1

3300U

+

R2

1k

+

-

V6
FREQUENCY = 20k
AMPLITUDE = 5

10k

4

0

+

C3

10n

+

Load

{5/3}

Model = Sx VSWITCH Roff=1e5 Ron=10m Voff=1 Von=4.0

+

-

VD
DC = 15 D2

MUR405

1meg

5

0
5

L1

450u
IC = 0

IC= 0+
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Date/Time run: 02/12/03 19:02:40
** Profile: "SCHEMATIC1-Trans"  [ C:\Website\Rose_Classes\ECE456\Notes\Orcad\Compensation\buck regu...

Temperature: 27.0

Date: February 12, 2003 Page 1 Time: 19:03:28

(B) Buck Regulator Compensation-schematic1-trans.dat (active)

           Time

0s 5ms 10ms 15ms 20ms
V(Vo)

0V

5V

10V

SEL>>

I(L1)
-20A

0A

20A

40A
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5
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This filter causes the the system to
become unstable.

1A

1 1Wednesday, February 12, 2003

ECE456Marc E. Herniter

Continuous Mode Buck Regulator

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Ramp

Error

Vcc

0

0

0

Control

Vo

0

Vo_Sig

0

0

0

Vo_Sig
+

ESR
24m

+-

+-

Sx

S1

+

C1

3300U

+

R2

1k

+

-

V6
FREQUENCY = 20k
AMPLITUDE = 5

10k

4

0

+

C3

100n

+

Load

{5/3}

Model = Sx VSWITCH Roff=1e5 Ron=10m Voff=1 Von=4.0

+

-

VD
DC = 15 D2

MUR405

1meg

5

0
5

L1

450u
IC = 0

IC= 0+
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A A
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Hf(S)

F(S)

1A

1 1Tuesday, February 18, 2003

ECE 456Marc E. Herniter

Uncompensated Loop Gain

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0

0

0

0

Vx

Vs

Vo
L1

450u

+

C2

100n

+

C1

3300u

3

Sweep

+

-

AC

Vx
Magnitude = 1
Phase = 0

+

ESR

24m

+

Load

{5/3}

10k

+

R3

1k
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Date/Time run: 02/18/03 09:14:35
** Profile: "SCHEMATIC1-AC Sweep"  [ C:\Website\Rose_Classes\ECE456\Notes\Orcad\Compensation\uncomp...

Temperature: 27.0

Date: February 18, 2003 Page 1 Time: 09:18:44

(A) uncompensated open loop plots-SCHEMATIC1-AC Sweep.dat (active)

           Frequency

1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz
DB(V(Vs)/V(Vx))

50

100

-10
SEL>>

(577.969,63.817)

VP(Vs)
-200d

-100d

0d

(577.969,-180.067)

Page 625 of 662

ECE556 Lecture Notes Page 625 of 662



5

5

4

4

3

3

2

2

1

1

D D

C C

B B

A A

Gm

Hf(S)

1A

1 1Tuesday, February 18, 2003

ECE 456Marc E. Herniter

Uncompensated Loop Gain

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0

0

0

Vx
Vo

L1

450u

+

C1

3300u

3

Sweep

+

-

AC

Vx
Magnitude = 1
Phase = 0

+

ESR

24m

+

Load

{5/3}

10k
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Date/Time run: 02/18/03 09:19:15
** Profile: "SCHEMATIC1-AC Sweep"  [ C:\Website\Rose_Classes\ECE456\Notes\Orcad\Compensation\uncomp...

Temperature: 27.0

Date: February 18, 2003 Page 1 Time: 09:21:37

(A) uncompensated open loop plots-SCHEMATIC1-AC Sweep.dat (active)

           Frequency

1.0Hz 10Hz 100Hz 1.0KHz 10KHz 100KHz 1.0MHz
DB(V(Vo)/V(Vx))

0

50

100

VP(Vo)
-200d

-100d

0d

SEL>>

(338.844,-163.159)
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1 1Tuesday, February 18, 2003

ECE 456Marc E. Herniter

Uncompensated Loop Gain

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0

0

0

Vx
Vo

L1

450u

+

C1

3300u

3

Sweep

+

-

AC

Vx
Magnitude = 1
Phase = 0

+

ESR

24m

+

Load

{5/3}
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Date/Time run: 02/18/03 10:05:42
** Profile: "SCHEMATIC1-AC Sweep"  [ C:\Website\Rose_Classes\ECE456\Notes\Orcad\Compensation\uncomp...

Temperature: 27.0

Date: February 18, 2003 Page 1 Time: 10:07:37

(A) uncompensated open loop plots-SCHEMATIC1-AC Sweep.dat (active)

           Frequency

1.0Hz 10Hz 100Hz 1.0KHz 10KHz
DB(V(Vo)/V(Vx))

-50

-25

0

25

(4.0340K,-43.142)

VP(Vo)
-200d

-100d

0d

SEL>>

(4.0340K,-115.956)
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Phase_Needed 180 Phase_Margin− Measured_Phase−:=

Phase_Margin 45:=

From PSpiceMeasured_Phase 116:=

R2 141.254 kΩ=R2 Amp_Gain R1⋅:=

R1 1 kΩ⋅:=Choose R1

Amp_Gain 141.254=Amp_Gain 10

Cross_Over_Gain−
20:=

Cross_Over_Gain 43−:=Measured from PSpice

FCO 4 kHz=FCO
FS
5

:=Cutoff Frequency

FS 20 kHz⋅:=Switching Frequency

Buck Regulator Crossover Example
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C2 47.137 pF=C2
1

2 π⋅ R2⋅ FP⋅
:=

C1 1.683 nF=C1
1

2 π⋅ R2⋅ FZ⋅
:=

Solve for C1 and C2

FP 23.903 kHz=FP FCO K⋅:=

FZ 669.37 Hz=FZ
FCO

K
:=

Find the ploe and zero

K 5.976=

K find K( ):=

Phase_Needed
π

180
⋅

π
2

atan K( )− atan
1
K







+=

Given

K 1:=Solve for K

Phase_Needed 19=
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Note that we get 180 degrees from the  inverting
configuration of the OP AMP.

1A

1 1Tuesday, February 18, 2003

ECE 456Marc E. Herniter

Uncompensated Loop Gain

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0

0

0

Vx
Vo

0

+

R2

1k

+

-

U12

Ideal_OPAMP

L1

450u

+

C3

47p

+

C1

3300u

3

Sweep

+

-

AC

Vx
Magnitude = 1
Phase = 0

+

ESR

24m

+

Load

{5/3}

+

R1

141k
+

C2

1.68n
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Date/Time run: 02/18/03 10:55:12
** Profile: "SCHEMATIC1-AC Sweep"  [ C:\Website\Rose_Classes\ECE456\Notes\Orcad\Compensation\uncomp...

Temperature: 27.0

Date: February 18, 2003 Page 1 Time: 11:00:41

(A) uncompensated open loop plots-SCHEMATIC1-AC Sweep.dat (active)

           Frequency

1.0Hz 10Hz 100Hz 1.0KHz 10KHz
DB(V(Vo)/V(Vx))

0

50

100

150

SEL>>

(4.0256K,-370.654m)

VP(Vo)-180
-300d

-200d

-100d

-0d

(4.0256K,-134.752)
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1 1Tuesday, February 18, 2003

ECE456Marc E. Herniter

Continuous Mode Buck Regulator

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

Ramp

Error

Vcc

0

0

0

Control

Vo

0

Vo

0

0

+
C2 47p

+

ESR
24m

+-

+-

Sx

S1

+

C1

3300U

+

-

U1

Ideal_OPAMP

+

C3

1.68n

+

-

V6
FREQUENCY = 20k
AMPLITUDE = 5

+

R1

141k
+

Load

{5/3}

Model = Sx VSWITCH Roff=1e5 Ron=10m Voff=1 Von=4.0

+

-

VD
DC = 15 D2

MUR405

+

R2
1k

100k

5

0
5

L1

450u
IC = 0

IC= 6+
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Date/Time run: 02/18/03 11:08:28
** Profile: "SCHEMATIC1-Trans"  [ C:\Website\Rose_Classes\ECE456\Notes\Orcad\Compensation\buck regu...

Temperature: 27.0

Date: February 18, 2003 Page 1 Time: 11:09:44

(B) Buck Regulator Compensation-schematic1-trans.dat (active)

           Time

0s 2ms 4ms 6ms 8ms 10ms
V(Vo)

4.8V

5.2V

5.6V

6.0V

SEL>>

I(L1)
-4.0A

0A

4.0A

8.0A
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ECE456Marc E. Herniter

Sine Wave Inverter

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

0

0

PWMVin

-

+

Tr
an

si
en

t 
An

al
ys

is V1
AMPLITUDE = 2.5
FREQUENCY = 1k

+

-

V3
FREQUENCY = 20k
AMPLITUDE = 5

+

-

V2
DC = 2.5

1meg

5

0

Page 642 of 662

ECE556 Lecture Notes Page 642 of 662

herniter
Text Box
Switching Amplifiers



Date/Time run: 12/09/03 16:01:48
** Profile: "SCHEMATIC1-Test"  [ C:\Website\Rose_Classes\ECE556\Notes\Orcad\Inverter\sine wave inverter-s...

Temperature: 27.0

Date: December 09, 2003 Page 1 Time: 16:03:07

(A) sine wave inverter-SCHEMATIC1-Test.dat (active)

           Time

0s 100us 200us 300us 400us 500us
V(PWM)

0V

2.5V

5.0V

SEL>>

V(Vin) V(Ramp)
0V

2.5V

5.0V
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Date/Time run: 02/19/03 19:56:19
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Inverter\sine wave...

Temperature: 27.0

Date: February 19, 2003 Page 1 Time: 19:57:39

(A) sine wave inverter-SCHEMATIC1-Transient.dat (active)

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms
V(Vin) V(PWM)

0V

1.0V

2.0V

3.0V

4.0V

5.0V
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Date/Time run: 02/19/03 20:08:40
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Inverter\sine wave...

Temperature: 27.0

Date: February 19, 2003 Page 1 Time: 20:11:12

(A) sine wave inverter-SCHEMATIC1-Transient.dat (active)

           Time

0s 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms
V(Vin) V(PWM)

0V

1.0V

2.0V

3.0V

4.0V

5.0V
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ECE456Marc E. Herniter

Sine Wave Inverter

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

PWM PWM_BAR

PWM
PWM_BAR

0

0

PWMVin

PWM_BAR

0

0

Vop Von 0

0
0

0

+
-

+

-
Sx

S1A

+

R1

1k

+
-

+

-
Sx

S2B

-

+
Tr

an
si

en
t 

An
al

ys
is V1

AMPLITUDE = 2.5
FREQUENCY = 1k

+

-

V3
FREQUENCY = 20k
AMPLITUDE = 5

+
-

+

-
Sx

S2A

Model = Sx VSWITCH Roff=1e6 Ron=1.0m  Voff=1.0 Von=4.0

+

-

V2
DC = 2.5

+

-

High_Power
DC = 28

+
-

+

-
Sx

S1B

1meg

5

0

U1A

7404

1 2
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1 1Wednesday, February 19, 2003

ECE456Marc E. Herniter

Sine Wave Inverter

Size Document Name Rev

Date: Sheet of

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803
Ph: (812) 877-8512
FAX: (253) 369-9536

Name: Class:

PWM PWM_BAR

PWM
PWM_BAR

0

0

PWMVin

PWM_BAR

0

0

Vop Von 0

0
0

0

+
-

+

-
Sx

S1A

+

R1

1k

+
-

+

-
Sx

S2B

-

+

Tr
an

si
en

t 
An

al
ys

is V1
AMPLITUDE = 2.5
FREQUENCY = 1k

+

-

V3
FREQUENCY = 20k
AMPLITUDE = 5

+
-

+

-
Sx

S2A

Model = Sx VSWITCH Roff=1e6 Ron=1.0m  Voff=1.0 Von=4.0

+

-

V2
DC = 2.5

+

-

High_Power
DC = 28

+
-

+

-
Sx

S1B

1meg

5

0

U1A

7404

1 2
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Date/Time run: 02/19/03 20:08:40
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Inverter\sine wave...

Temperature: 27.0

Date: February 19, 2003 Page 1 Time: 20:10:24

(A) sine wave inverter-SCHEMATIC1-Transient.dat (active)

           Time

0s 0.5ms 1.0ms 1.5ms 2.0ms
V(Vin) V(PWM)

0V

2.5V

5.0V
V(Vop,Von)

-40V

0V

40V

SEL>>
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Date/Time run: 02/19/03 20:08:40
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Inverter\sine wave...

Temperature: 27.0

Date: February 19, 2003 Page 1 Time: 20:12:49

(A) sine wave inverter-SCHEMATIC1-Transient.dat (active)

           Time

0s 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms
(V(Vin)-2.5)*10 V(Vop,Von)

-30V

-20V

-10V

0V

10V

20V

30V
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Date/Time run: 02/19/03 20:13:54
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Inverter\sine wave...

Temperature: 27.0

Date: February 19, 2003 Page 1 Time: 20:14:31

(A) sine wave inverter-SCHEMATIC1-Transient.dat (active)

           Time

0s 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms
(V(Vin)-2.5)*35 V(Vop,Von)

-100V

-50V

0V

50V

100V
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Date/Time run: 02/19/03 20:45:03
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Inverter\sine wave...

Temperature: 27.0

Date: February 19, 2003 Page 1 Time: 20:45:58

(A) sine wave inverter-SCHEMATIC1-Transient.dat (active)

           Time

0s 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms
V(Vop,Von)

-30V

-20V

-10V

0V

10V

20V

30V
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Date/Time run: 02/19/03 20:46:46
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Inverter\sine wave...

Temperature: 27.0

Date: February 19, 2003 Page 1 Time: 20:47:18

(A) sine wave inverter-SCHEMATIC1-Transient.dat (active)

           Time

0s 0.2ms 0.4ms 0.6ms 0.8ms 1.0ms
V(Vop,Von)

-30V

-20V

-10V

0V

10V

20V

30V
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Date/Time run: 02/19/03 20:47:53
** Profile: "SCHEMATIC1-Transient"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Inverter\sine wave...

Temperature: 27.0

Date: February 19, 2003 Page 1 Time: 20:50:15

(A) sine wave inverter-SCHEMATIC1-Transient.dat (active)

           Time

1.0ms 1.5ms 2.0ms 2.5ms 3.0ms
1  V(Vop,Von) 2  V(Vin)-2.5

-30V

-20V

-10V

0V

10V

20V

30V1
 

-3.0V

-2.0V

-1.0V

-0.0V

1.0V

2.0V

3.0V2
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Date/Time run: 02/19/03 21:00:57
** Profile: "SCHEMATIC1-Transient"  [ C:\Website\Rose_Classes\ECE456\Notes\Orcad\Inverter\sine wave...

Temperature: 27.0

Date: February 19, 2003 Page 1 Time: 21:10:24

(A) sine wave inverter-SCHEMATIC1-Transient.dat (active)

           Time

1.0ms 1.5ms 2.0ms 2.5ms 3.0ms
V(Vop,Von)

-100V

-50V

0V

50V

100V
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Date/Time run: 02/19/03 21:22:59
** Profile: "SCHEMATIC1-Test"  [ C:\WEBSITE\ROSE_CLASSES\ECE456\NOTES\ORCAD\Inverter\sine wave inve...

Temperature: 27.0

Date: February 19, 2003 Page 1 Time: 21:25:31

(A) sine wave inverter-SCHEMATIC1-Test.dat (active)

           Time

1.0ms 1.2ms 1.4ms 1.6ms 1.8ms 2.0ms
V(Vop,Von)

-100V

-50V

0V

50V

100V
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