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** Profile: "SCHEMATI Cl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Rectifiers\rectifiers-...
Date/ Time run: 12/12/02 10: 54: 23 Tenperature: 27.0
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** Profile: "SCHEMATI C1l-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Rectifiers\full-wave r...
Date/ Time run: 12/12/02 10:57: 46 Tenperature: 27.0
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** Profile: "SCHEMATI C1l-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Recti fi er s\ 3- phase rec. ..
Date/ Time run: 12/12/02 11:41:45 Tenperature: 27.0

(A) 3-phase rectifier-SCHEMATI C1- Trans. dat (active)
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** Profile: "SCHEMATI C1- Trans"

Dat e/ Ti me run:
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** Profile: "SCHEMATI C1l-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Rectifiers\full-wave r...
Date/ Time run: 12/12/02 11:49: 29 Tenperature: 27.0
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** Profile: "SCHEMATI Cl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Recti fi er s\ 3- phase rec. ..
Date/ Time run: 12/12/02 11:55:45 Tenperature: 27.0
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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 @=T175C

* Peak Performance @ Elevated Temperature — 25 Amperes @
Tc=150C

* Low Cost

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

Mechanical Characteristics:
¢ Case: Epoxy, Molded

* Weight: 1.8 grams (approximately)

ON Semiconductor™

http://onsemi.com

MEDIUM—-CURRENT
SILICON RECTIFIERS
25 AMPERES
200-1000 VOLTS
DIFFUSED JUNCTION

* Finish: All External Surfaces Corrosion Resistant and Terminals are

Readily Solderable

* | ead 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

[0 Semiconductor Components Industries, LLC, 2000 1
October, 2000 — Rev. 3

S

N/

MICRODE BUTTON

CASE 193

MARKING DIAGRAM

MR25xx LYYWW

MR25xx = Device Code

XX
L
YY
WW

=02,04 or 10

= Location Code
= Year

= Work Week

ORDERING INFORMATION

Device Package Shipping
MR2502 Microde Button 5000 Units/Box
MR2504 Microde Button 5000 Units/Box
MR2510 Microde Button 5000 Units/Box

Preferred devices are recommended choices for future use

and best overall value.

Publication Order Number:
MR2500/D




MR2502, MR2504, MR2510

MAXIMUM RATINGS

Tc = 100°C

Characteristic Symbol MR2502 MR2504 MR2510 Unit
Peak Repetitive Reverse Voltage VRRM 200 400 1000 Volts
Working Peak Reverse Voltage VRwM
DC Blocking Voltage VR
Non-Repetitive Peak Reverse Voltage VRsMm 240 480 1200 Volts
(Halfwave, single phase, 60 Hz peak)
Average Rectified Forward Current lo 25 Amps
(Single phase, resistive load, 60 Hz, T¢ = 150°C)
Non—Repetitive Peak Surge Current IEsm 400 (for 1 cycle) Amps
(Surge applied at rated load conditions, halfwave,
single phase, 60 Hz)
Operating and Storage Junction Temperature Range T3, Tstg +65to +175 °C
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rejc 1.0 °CIW
(Single Side Cooled)
ELECTRICAL CHARACTERISTICS
Characteristics and Conditions Symbol Max Unit
Maximum Instantaneous Forward Voltage VE 1.18 Volts
(i = 78.5 Amps, T¢ = 25°C)
Maximum Reverse Current (rated dc voltage) Ir UA
Tc=25°C 100
500




Table 7 — General-Purpose Rectifiers (continued)

lo, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)(?)

25 30 40
193-04 1-07 42A-01
Plastic(10) (TO-204AA) (DO-203AB)
Cathode = Metal Metal
Polarity Band Styles 8 and 9 Style 1
VRRM
{Volts)

50 MR2500 1N1183A
100 MR2501 MR4422CT MR4422CTR 1N1184A
200 MR2502 1N1186A
400 MR2504 1N1188A
600 MR2506 1N1190A
800 MR2508

1000 MR2510
IESM 400 400 400 800
(Amps)
Ta @ Rated Ig
(°C)
Tc @ Rated Ig 150 150
(-C)
Ty (Max) 175 150 150 190
C

m I0y is total device output.

(10) Request data sheet for mounting information

Devices listed in bold. italic are Motorola preferred devices.
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** Profile: "SCHEMATI C1- Tr ans"

Dat e/ Ti me run:

12/ 12/ 02 12:33: 29

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ Rectifiers\rectifiers-...
Tenperature: 27.0

(A)

rectifiers- SCHEMATI C1- Trans. dat (active)

800A
IFSM=614.959 Amps
rd
600A—+
400A
200A
Peak Repetitive Current = 34.513 Amps
0A i\
Os 10ms 20nms 30ns 40ns 50ns 60ns
o | (D1)
Ti ne
Dat e: Decenber 12, 2002 Page 1 Tinme: 12:34:04



** Profile: "SCHEMATI C1- Tr ans"

Dat e/ Ti me run:

12/ 12/ 02 12:37: 04

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ Rectifiers\rectifiers-...

Tenperature: 27.0

(A rectifiers-SCHENMATI C1- Trans. dat (active)

40A
Peak Repetitive Current = 34.513 Amps
i
l
30A
20A
10A
0A
30ns 40ns 50ns 60ns 701mms 80ns 90rms 100ms
[o]1(D1)
Ti me
Al: (54.028m 34.513) A2:(29.996m -22.343u) DIFF(A):(24.032m 34.513)
Dat e: Decenber 12, 2002 Page 1 Tine: 12:37:57



** Profile: "SCHEMATI Cl-Trans"
Date/ Time run: 12/12/02 12: 39: 42

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ Rectifiers\rectifiers-...
Tenperature: 27.0

(A)

rectifiers- SCHEMATI C1- Trans. dat (active)

800A

400A ¢

OA-+

15V

fross™

10v

5V

SEL>> 1/

oV

Os 10ns
o V(VL)

20ns

30ns

Ti me

40ms

50ns

60ns

Dat e: Decenber 12, 2002

Page 1

Ti ne:

12: 40: 06



** Profile: "SCHEMATI Cl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Rectifiers\rectifiers-...
Date/ Time run: 12/12/02 12:39:42 Tenperature: 27.0

(A rectifiers-SCHENMATI C1- Trans. dat (active)

37.5A

==

25. 0A

12. 5A

SEL>> it — 1t
OA ] 8, V| L 4 Y
o | (D1)

15. 000V

14. 875V

- 4 o 1 N
P, g g, e,

B Y | ey

e ¥ T
i [ e,
e e,

B O ] i .

— i areten,

14. 750V —— { — =t

o,

14. 625V Capacitor Ripple Voltage = 0.139 volts (Less than 0.1%)

.725)

=
N

46

()1
(o)

14. 500V

20. Ons 25. 0ns 30. Ons 35. 0ns 40. Ons 45. Onrs 50. Ons 55. 0nms
o V(VL)

Ti ne
Dat e: Decenber 12, 2002 Page 1 Tine: 12:41:56
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** Profile: "SCHEMATI Cl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Rectifiers\off-line re...
Tenperature: 27.0

Date/ Time run: 12/16/02 09: 44: 18

(A) off-line regul ated power supply-SCHEMATI C1- Trans. dat (active)

40V
Vin Max = 33.214 Volts
VN 4 14%. 77, A
N‘ A o, V? “A""‘%. ) &'\4 ”»@%m
30V > ~ %Wm 1%,
:h‘\%“'v, AN e, ;
| . | %""«.'-.& ' ""%'o.»
o, %,_,‘( %r%‘
‘,,_‘ "-‘g_r "%% 1
X %’\:M Y ,:
20V
Vin Min = 20.387 Volts
10V
Delta Vin = 12.76 Volts
ov-
Os 10ns 20ns 30ns 40ns 50ns 60ns

o V(Vin) V(' Vout)

Ti me

Dat e: Decenber 16, 2002 Page 1

Time: 09:47:17



** Profile: "SCHEMATI Cl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Rectifiers\off-line re...

Date/ Time run: 12/16/02 09: 44: 18

Tenperature: 27.0

(A) off-line regul ated power supply-SCHEMATI C1- Trans. dat (active)

35V
3’&“ . ~ P
30V % : ™~
20V
o V(Vin)
o |
15. 106V Output Ripple =3 mV
15. 104V
15 102V Vout Max = 15.105 Volts
SEL>> RR=20*Log10(12.76V/.003 V) = 72.57 dB Vout Min = 15.102 Volts

15 lOOV i ! ! ! i ! ! ! i ! ! ! i l ‘ ‘ ‘ l ‘ ‘ ‘ l

29.11nms 32.00ns 36. 00ns 40. 00ns 44.00ns 48. 00ns 52. 00ns 56. 00ms 59. 87ns

V( Vout)

Ti me

Dat e: Decenber 16, 2002 Page 1

Tinme: 09:51:11



** Profile: "SCHEMATI C1- Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Rectifiers\off-line re..
Date/ Time run: 12/16/02 09: 44:18 Tenperature: 27.0

(B) off-line regul ated power supply-SCHEMATI C1-Trans. dat (active)

15A
C
a A
p
2 \ Cap Repetitive Peak Current = 10.839 A
it | | Cap Surge Current = 14.209 A

| : { i
(r) 10A Calculated 11.8 A
C
u
r
r
e
n
b sa
0A
\\
Cap Discharge Current = 1.1022 A, Calculated 1 A
-5A
Os 10ns 20ns 30ns 408 50ns 60ns
o I (CL)
Ti me

Dat e: Decenber 16, 2002 Page 1 Tine: 09:58:49



** Profile: "SCHEMATI C1- Tr ans"

Dat e/ Ti me run:

12/ 16/ 02 09: 44: 18

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ Rectifiers\off-line re...

Tenperature: 27.0

(C) off-line regul ated power supply-SCHEMATI C1- Trans. dat (active)

15A
[k )
Diode IFSM = 14.235, Calculated 14.24 A
Diode Peak Repetitive Current = 11.851 A
n (1 Calculated 12.8 Amps
10A
5A
0A
Os 10ns 20ns 30ns 40ns 50ns 60ns
o |1 (D1)
Ti me
Dat e: Decenber 16, 2002 Page 1 Tine: 10:02: 23
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PARAMETERS:
RL_val = TMEG

RS
Vin Vout
YWy
2.7
I
— Vin y
1 ) +
o Load
> {RL_Val}
=0

ure
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Simulation Settingz - DC Sweep

EDE Sween i|_ kL=

jufelel= el =

Primary Sweep paleml= ==
Secondany Sweep

oint
az Point

Sl

Simulation Settingz - DC Sweep

General Anass | |

DC Sweep

jufelel= el =

[+ Prirmary Sweep il l= = =
S econdary Sweep
[ IMonte Carlo/wiorst Case

i ATATELET Faries

shart wal e

S falies

| FIETEMERL:
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** Profile: "SCHEMATI C1- DC Sweep" [ C:\VEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Zener Regul at or\ zen. .
Date/ Time run: 12/16/02 10: 33: 48 Tenperature: 27.0

(A) zener regul at or- SCHEMATI C1- DC Sweep. dat (active)

15. 08V

15. 06V ’ Vin = 25 Volts

15. 04V

15.02v ‘ Vin = 18 Volts

15. 00V

14. 98V

14. 96V

10 100 1. 0K 10K 100K 1. 0M 10M
o V(Vout)
RL_val

Dat e: Decenber 16, 2002 Page 1 Tinme: 10:37:40
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RL_val = 1IMEG

RS
Vin

§ +

¢

+

V3

REQUENCY = 60
AMPLITUDE =7

— Vin

T pc=18

D1

Dx

Vout

§ Load

{RL_Val}

L

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

ECE556 Lecture Notes
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Simulation Settingz - TRans

Goneral  Anabss |

ETime O'omain [ Tranzient] i|_

General Settings
[ IMonte Carlo/wiorst Case

Sl

Simulation Settingz - TRans

airk
az Point

ECES556 Lecture Notes

kL=
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et = ==
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** Profile: "SCHEMATI Cl- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Zener Regul at or\ zener ...
Date/ Time run: 12/16/02 10: 44: 41 Tenperature: 27.0
(A) zener regul at or - SCHEMATI C1- TRans. dat (active)
25V
) ) , /
/ / / / /
/ / / / / /
/ / / / / /
v // / 4 // /
/ / / / / /
7 7
15V
o o V(Vin)
15. 10V
15 05V | -~ = / 5 S — (/,» = : ‘;«“"’« - = =
~ ’/’f A ,/ ey e A _ ,/“/ el
" P 7 7 . P P /’ P
s'/ d“’o{ f"f ;‘fJ "" ‘f
/ / / / / 7/
15. 00V s’j ,'f ‘f f ;’, i'i
] ¥ 1] ¥
SEL>>
14. 95V
Os 20ms 40nms 60ms 80ns 100ns
o o V(Vout)
Ti me
Dat e: Decenber 16, 2002 Page 1 Ti me: 10:46:51
Page 82 of 662
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* Profile: "SCHEMATI C1- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Zener Regul at or\zener ...
Date/ Time run: 12/16/02 10: 44: 41 Tenperature: 27.0

(A) zener regul at or - SCHEMATI C1- TRans. dat (active)

100W

o / / / /

60W ,/ / / / /

o] /] / / / /

2w / /

oW
Os 20ms 40ns 60mms 80ns 100ms
v o~ avg(l (Rs)*V(Vin)) o < I(Rs)*V(Vin)

Ti me
Dat e: Decenber 16, 2002 Page 1 Time: 11:02:26

ECEb556 Lecture Notes Page 83 of 662
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PARAMETERS:
RL_val = IMEG
D1 RS
Vout
> Wy =
D1N3890

~ AMPLITUDE 34
FREQUENCY =60

Transient
Analysis

’ZSI b2 § Load

‘[ 3300U Dx {RL_Val}

[0 Model = Dx D BV=15 RS=1m IBV=.3
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Simulation Settingz - TRans

Goneral  Anabss |

ETime O'omain [ Tranzient] i|_

General Settings
[ IMonte Carlo/wiorst Case

Sl

Simulation Settingz - TRans

airk
az Point

ECES556 Lecture Notes
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** Profile: "SCHEMATI CLl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Zener Regul ator\off-1i...
Date/ Time run: 12/16/02 11:21:32 Tenperature: 27.0

(A) off-line supply with zener regul at or- SCHEMATI C1- Tr ans. dat (acti ve)

40V

30V I \ [\ I i\\ I\

\ \ \ \ \ \
\ \ \ \ \ \
A\ A\ \ N\ \ \
20V \\ \ \ \\ \ \
N A N AN S
10V
oV
Os 20ms 40ns 60ms 80ns 100ns
o o V(Vin) v » V(Vout)
Ti
Dat e: Decenber 16, 2002 Page ima Time: 11:23:03
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** Profile: "SCHEMATI CLl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Zener Regul ator\off-1i...
Date/ Time run: 12/16/02 11:21:32 Tenperature: 27.0

(A) off-line supply with zener regul at or- SCHEMATI C1- Tr ans. dat (acti ve)
40V
a\ A\ N A\ a\ N\
! : \\\\\ AN { ™ { %\\\\ f N
20V ——f N ~ ] S ~.
ov-!
o V( Vi n)
15. 100V
AS . AN
NN N i IN
] AN ‘\__“\ N ;":\‘ \3* LN “‘%.%*:
| N, ™ o N “."’-:% :-;' A‘\\ “\ b
15. 050V~ N - N NN N
:' ., 5“ Q ‘h F «‘%‘ 1 -‘\'1‘“‘ L) 0& .
\1 \3 AN %5_.,_‘ ".y “\ 3
“ q;%\ \\ \-";?1 \
15. 000V !
SEL>>
14. 969V
Os 20. O 40. Ons 60. Ons 80. Onrs 99. 8
v » V(Vout)
Ti me
Dat e: Decenber 16, 2002 Page 1 Time: 11:24:27
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Zener Linear Regulator
Calculations

Specify the Regulator Parameters

Vo := 15wo0lt lo ;= 1>xamp
Vin_min = 18%/0lt Vin_max = 25%/0lt T := 1»eec

Define the input voltage waveform

Vin_max } Vin_min

Vin(t) = Vin_max - T

Vo
Calculate the equivalent load resistance  R| = N R = 15W
0

Choose a Zener Diode Vzk = 15wo0lt

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

Rg = 3XW
Given
e R 0
Vi inft————= = Vzk
in._min SRs + R
Rs := find(Rg) Rg = 3W

ECEb556 Lecture Notes Page 88 of 662
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Rs
—— =2.857Q
1.05
Choose the next smallest standard 5% resistor. Rg := 2.7-Q

Calculate the average power assuming no load current.

-
1 Vin(t) - Vzk
Pin_avg = T Vin(t)- Rs dt

0-sec

Pin_avg = 53272 watt

Calculate the Power dissipated in Rs

T

2
- 1 (Vin(t) — Vzk) i
R avg -= T Rs

0-sec

PR_avg - 1716 Watt

Calculate the power dissipated in the zener assuming no load

.
1 (Vin(t) — Vzk)

P == -‘Vzk dt
Z avg T Rs ZK

0-sec
PZ_avg = 36 111 Watt

ECEb556 Lecture Notes Page 89 of 662
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Tlansistocr Volvage Rea-o\q ‘o

e 0%  R&L Trang\s Tor Qeao\qw
+ | R
E D.C Soucee _'1:-.
\ r:\? ﬁm\c K
Wwweve \,D
-
'De_sica.,\ foc Yo = 1V @ | A
| 8v< g £28y
—~
SO\ Fion
- UsSe \NWULR 1tV Zener
Soomw = 3.1.5 mA capatity,
- VS q TedlA
Nee max = boV
FTemax = 3“
— “‘F’Em"\ = 25 @ lﬂ

REEmar =80 @ 3k
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Low level oxide passivated zener diodes for applications re-
quiring extremely low operating currents, low leakage, and

GENERAL DATA — 500 mW DO-35 GLASS

sharp breakdown voltage.

ELECTRICAL CHARACTERISTICS (Ta =25°C, VE = 1.5V Max at Ig = 100 mA for all types)

* Zener Voltage Specified @ IzT = 50 pA
e Maximum Delta Vz Given from 10 to 100 A

Zener Voltage Maximum Test Maximum Maximum
Type Vze I\ﬂ-t_ S0 A Reverlse C:rrent \>/0|t\f;1§1? Zener Current Voltage Change

Number o RH R VOIS Izm MA AVz Volts
(Note 1) Nom (Note 1) Min Max (Note 3) (Note 2) (Note 4)
1N4678 1.8 171 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 15 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 12 114 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 10.6 175 0.14
1N4702 15 14.25 15.75 0.05 11.4 16.3 0.15
1N4703 16 15.2 16.8 0.05 121 15.4 0.16
1N4704 17 16.15 17.85 0.05 12.9 145 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
1IN4711 27 25.65 28.35 0.01 204 8.8 0.27
1N4712 28 26.6 29.4 0.01 21.2 8.5 0.28
1N4713 30 28.5 315 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 (I zp1)

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 g)

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

NOTE 4. MAXIMUM VOLTAGE CHANGE (AVz)

Voltage change is equal to the difference between V7 at 100 pA and V7 at 10 pA.
NOTE 5. ZENER VOLTAGE (Vz) MEASUREMENT

temperature at 30°C +1°C and 3/8" lead length.

Nominal Zener voltage is measured with the device junction in thermal equilibrium at the lead

Motorola TVS/Zener Device Data

ECES556 Lecture Notes

500 mW DO-35 Glass Data Sheet
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Page 92 MWOROLA Order this document
SEMICONDUCTOR TECHNICAL DATA by TIP31A/D

NPN
TIP31A

Complementary Silicon Plastic TIP31B*

Power Transistors

*
. .. designed for use in general purpose amplifier and switching applications. TI P3 1 c
» Collector-Emitter Saturation Voltage — PNP

VCE(sat) = 1.2 Vdc (Max) @ Ic = 3.0 Adc TIP32A

Collector-Emitter Sustaining Voltage —
VCEO(sus) = 60 Vdc (Min) — TIP31A, TIP32A *
=80 Vdc (Min) — TIP31B, TIP32B TI P32B
=100 Vdc (Min) — TIP31C, TIP32C

« High Current Gain — Bandwidth Product TI P32c*

fT = 3.0 MHz (Min) @ Ic = 500 mAdc

. Compact TO-220 AB Package *Motorola Preferred Device
3 AMPERE
*MAXIMUM RATINGS POWER TRANSISTORS
COMPLEMENTARY
TIP31A | TIP318 | TIP31C SILICON
Rating Symbol TIP32A | TIP32B | TIP32C | Unit 60—80—100 VOLTS
Collector-Emitter Voltage VCEO 60 80 100 Vdc 40 WATTS
Collector-Base Voltage VcB 60 80 100 Vvdc
Emitter—Base Voltage VEB 5.0 Vvdc
Collector Current — Continuous Ic 3.0 Adc
Peak 5.0
Base Current IB 10 Adc
Total Power Dissipation PD )
@Tc=25°C 40 Watts
Derate above 25°C 0.32 W/°C /
Total Power Dissipation PD
@Tp=25°C 2.0 Watts
Derate above 25°C 0.016 W/°C CASE 221A-06
- TO-220AB
Unclamped Inductive E 32 mJ
Load Energy (1)
Operating and Storage Junction T3, Tstg —65to +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient ReiA 62.5 °C/W
Thermal Resistance, Junction to Case Rejc 3.125 °C/W

(1) Ic=1.8A,L=20mH, PR.F. =10 Hz, Vcc = 10 V, Rgg = 100 Q..

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

REV 1

@ MOTOROLA

[J Motorola, Inc. 1995
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Page 93;19p8%4 TIP31B TIP31C TIP32A TIP32B TIP32C

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

| Characteristic | Symbol | Min Max | Unit |
OFF CHARACTERISTICS
Collector—Emitter Sustaining Voltage (1) VCEO(sus) Vdc
(Ic =30 mAdc, Ig = 0) TIP31A, TIP32A 60 _
TIP31B, TIP32B 80 —
TIP31C, TIP32C 100 _
Collector Cutoff Current (Vcg = 30 Vdc, Ig = 0) TIP31A, TIP32A IcEO — 0.3 mAdc
(Vcge =60 Vdc, Ig = 0) TIP31B, TIP31C — 0.3
TIP32B, TIP32C — 0.3
Collector Cutoff Current ICES pAdc
(VCE = 60 Vdc, VEg = 0) TIP31A, TIP32A _ 200
(VCE = 80 Vdc, VEg = 0) TIP31B, TIP32B _ 200
(VcE = 100 Vdc, VER = 0) TIP31C, TIP32C _ 200
Emitter Cutoff Current (Vgg = 5.0 Vdc, Ic = 0) IEBO — 1.0 mAdc
ON CHARACTERISTICS (1)
DC Current Gain (Ic = 1.0 Adc, Vcg = 4.0 Vdc) hee 25 — —
(Ic = 3.0 Adc, VcE = 4.0 Vdc) 10 50
Collector-Emitter Saturation Voltage (Ic = 3.0 Adc, Ig = 375 mAdc) VCE(sat) — 1.2 Vvdc
Base—Emitter On Voltage (Ic = 3.0 Adc, Vcg = 4.0 Vdc) VBE(on) — ¢ 1.? Vdc
DYNAMIC CHARACTERISTICS
Current-Gain — Bandwidth Product (Ic = 500 mAdc, Vcg = 10 Vdc, fiest = 1.0 MHz) T 3.0 — MHz
Small-Signal Current Gain (Ic = 0.5 Adc, Vcg = 10 Vdc, f = 1.0 kHz) hte 20 — —
(1) Pulse Test: Pulse Width < 300 ps, Duty Cycle < 2.0%.
Tc Ta
40 4.0 \
AN
2)
= Tc
<
g 30 30
g
Q N
=
£ 20 20 AN
3 ' ™ N
[a]
S N
= TA SN \
© 10 10 AN
a
0 0
0 20 40 60 80 100 120 140 160
T, TEMPERATURE (°C)
Figure 1. Power Derating
TURN-ON PULSE
Vee o
APPROX ce VR\Q’ 20 M1
+11V Ic/lg=10 |
| L o L0 Ty=25°C o
: SCOPE
Vin0 [+F——— Vin 07 Lt @Vec=30V
| R 05 T~
VEB(off) ) N S
i g 03 t@Vee =10V
— tg b Cid << Ceb w N
APPROX = E N R
11V l t1<7.0ns -40v - 01 \‘\s
100 < tp < 500 ps ' ~ —
Vig — 4 — — JL 1 g<isns 0.07 tg @ VEB(offy =20V —]
| | 0.05
| | 0.03 5-\
—{ tp [“—DUTYCYCLE=2.0% :
APPROX -9.0V 002
TURN-OFF PULSE - 0.03 0.050.07 0.1 03 0507 10 30

Rp and Rc VARIED TO OBTAIN DESIRED CURRENT LEVELS.
Figure 2. Switching Time Equivalent Circuit

Ic, COLLECTOR CURRENT (AMP)
Figure 3. Turn—-On Time

3-2
ECES556 Lecture Notes

Motorola Bipolar Power Transistor Device Data
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BJT-Zener Linear
Regulator Calculations

Specify the Regulator Parameters

Vout := 15%0It lout == 1>amp

Vin_min = 18%/0lt Vin_max = 25%/0lt T := 1>ec

Define the input voltage waveform

Vin_max } Vin_min
T

Vin(t) = Vin_max -

Specify the BJT Parameters

Pmin = 25 Vg := 1wolt

Calculate the operation parameters seen by the Zener Regulator

— |
Vo:=Vout*+ VBE I 1= _out
Bmin +1
Vo = 16volt lo = 38.462mMA

The remaining design is just like the Zener regulator

Vo
Calculate the equivalent load resistance  R| = — R = 416 W

lo
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Choose a Zener Diode Vzk = 16wolt

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

Rg = 3XW

Given
e RL 0

Vin mint—=———+
—  @Rs+RLg

Rs = Find(Rg) Rg = 52W

Rs
— = = 49.524 WV
1.05

Choose the next smallest standard 5% resistor. Rg = 473N

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.

o' Vin(t) - Vv
15 in\t) - Vzk
Pin avg 7 = ?% Vin(t)>< Rs dt
O0ssec
P| n_avg_z = 2603 watt
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Calculate the Power dissipated in Rs

—

(

<
=

in(t) - VZK)2 g
Rs

t

o
|;U
2
©
¥
—
(@] O;<o> O

i

Calculate the power dissipated in the zener

—

(Vin(t) - Vzk)
Rs

N
3
i
—Al
0100

i

Calculated the power input to the pass-transistot portion

T

1
Pin avg pass == T Vin(t) Aoyt dt

0>eec

OO-

Pin_avg_pass = 21.5watt

ECES556 Lecture Notes
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The power to the output is Pout := Vout*out

Pout = 15watt

Calculated the power diddipated by the BJT

Pavg BJT := Pin_avg pass - Pout Pavg BJT = 6.5watt

Calculate the efficiency

Pin_tota *= Pin_avg pass * Pin_avg Z Pin_tota = 24.103wait
Pout
Eff = — Eff = 62.233%
P, n_total
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+
Load
{RL_Val}

PARAMETERS:
RL val = IMEG
Vin
.
§ RS
47
Qf
4
A — K TIP3t
— Vin ~
T pc=18 Dx Vout
.
R1
100k
=0

I:lModeI =Dx D BV=16 RS=1m IBV=.3
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Simulation Settingz - DC Sweep
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l

ED L Sween i|_

Primary Sweep
[ ]5econdary Sweep

oint
az Point

kL=

jufelel= el =

et = ==

Sl

Simulation Settingz - DC Sweep

l

DC Sweep

[#|Primary Sweep

[ 15 econdar

e [Sweep)

z Foint
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** Profile: "SCHEMATI C1- DC Sweep" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ BJT- Zener Regul ator. ..
Date/ Time run: 12/17/02 12:24:11 Tenperature: 27.0
(A) bjt-zener regul at or- SCHEMATI C1- DC Sweep. dat (active)

15. 6V
15. 5V
15. 4V
15. 3V
15. 2V
15 100 1.0K 10K 100K 1.0M
o V( Vout)
RL_Val
Dat e: Decenber 17, 2002 Page 1 Tine: 12:27:38
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** Profile: "SCHEMATI C1- DC Sweep" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ BJT- Zener Regul ator. ..
Date/ Time run: 12/17/02 12:24:11 Tenperature: 27.0

(A) bjt-zener regul at or- SCHEMATI C1- DC Sweep. dat (active)

750mv

700mv

650mv

600mv

550mv

500mv

450nV
15 100 1. 0K 10K 100K 1.0M

oo VB(QL) - VE(QL) AL Val
_Va

Dat e: Decenber 17, 2002 Page 1 Tinme: 12:29:07
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RL_val = IMEG
Vin
+
RS
+ [ V4 47
Y FREQUENCY =60
AMPLITUDE =7 % Q1
51 NTIP31
~
Dx Vout
il I
_— Vin * *
) DC=18 R1 Load
100k {RL_Val}
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Simulation Settingz - Trans

Goneral  Anabss |

ETime O'omain [ Tranzient] i|_

General Settings
[ IMonte Carlo/wiorst Case

Sl

Simulation Settingz - Trans

airk
az Point
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** Profile: "SCHEMATI CLl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ BJT- Zener Regul ator\bj. ..

Date/ Time run: 12/17/02 12:31:53 Tenperature: 27.0
(A) bjt-zener regul ator-SCHEMATI C1- Trans. dat (active)

25. 0V

, / / /

/ / / / / /
/ / / / / /
// // /'/ // // //
22.5V
/ / / / / /
/ / / /
/ / / /
/ / / / / /
20. OV / / / / / /
/ / / / / /
/ / / / / /
/ / 4 / / /
18. 0V
o o V(Vin)

15. 6V
15. 4V

— erw‘,\————* /"’”/‘w ] o s %WMWWM‘*"‘ """ _ | _ ]

SEL>> |~ | L~ LT L~ L~ L

15. 2V

Os 20ms 40ms 60ns 80ns 100ms

o o V(Vout)
Ti me
Dat e: Decenber 17, 2002 Page 1 Time: 12:33:36
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ON Semiconductor™ J
MC1403, B
Low Voltage Reference PRECISION LOW VOLTAGE
A precision band-gap voltage reference designed for critical REFERENCE
instrumentation and D/A converter applications. This unit is designed SEMICONDUCTOR
to work with D/A converters, up to 12 bits in accuracy, or as a TECHNICAL DATA

reference for power supply applications.
¢ Qutput Voltage: 2.5 V& 25 mV

* Input Voltage Range: 4.5V to 40 V P1 SUFFIX

. . PLASTIC PACKAGE
* Quiescent Current: 1.2 mA Typical CASE 626
¢ Output Current: 10 mA ’ 1 D SUFFEIX
* Temperature Coefficient: 10 ppt@ Typical PLASTIC PACKAGE
* Guaranteed Temperature Drift Specification C?‘SSOE_;?l

* Equivalent to AD580

¢ Standard 8-Pin DIP, and 8—Pin SOIC Package

i icati PIN CONNECTIONS
Typical Applications

U

* \oltage Reference for 8 to 12 Bit D/A Converters Vi, E ° E NG
* Low T¢ Zener Replacement

e P Vout 2] 7] Ne
* High Stability Current Reference
* \oltmeter System Reference G""E E NG

NC [4] 5] NC

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

Rating Symbol Value Unit
Storage Temperature Tstg —65 to 150 °C , Operating
Device Temperature Range Package
Junction Temperature Ty +175 °C MC1403D SO-8
- - Tp =0°to +70°C -
Operating Ambient Temperature Range Ta MC1403P1 Plastic DIP
MC1403B —40 to +85 °C MC1403BD _ . . SO-8
MC1403 0t +70 °C mciaosspL| A~ 0 C Mhsicop
Figure 1. A Reference for Monolithic D/A Converters
FulScale [~~~ ~— — ~— — — ~— T T T T T 7T |
1 5 25V 1.0k Adjust 500 Q I I
+50Y O——— MC1403 '\i; 1 O | |
3 R R2 Iret | iefel’.f."ce Monolithic D/A |
| mpirier Converter |
*0.1 uF 1.2k ! |
A l .
C1 T R3 - -
P *Caution: System stability may be affected if output capacitance
exceeds 1.0 pyF. Using higher capacitance values is not
Providing the Reference Current = recommended and should be carefully considered.
for ON Semiconductor Monolithic D/A Converters
The MC1403 makes an ideal reference for many mono- The resistor R3 improves temperature performance by
lithic D/A converters, requiring a stable current reference of matching the impedance on both inputs of the D/A reference
nominally 2.0 mA. This can be easily obtained from the amplifier. The capacitor decouples any noise present on the
MC1403 with the addition of a series resistor, R1. A variable reference line. It is essential if the D/A converter is located
resistor, R2, is recommended to provide means for full- any appreciable distance from the reference.
scale adjust on the D/A converter. A single MC1403 reference can provide the required

current input for up to five of the monolithic D/A converters.

0 Semiconductor Components Industries, LLC, 2001 1 Publication Order Number:
March, 2001 — Rev. 2 MC1403/D
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MC1403, B

ELECTRICAL CHARACTERISTICS (Vj, =15V, T = 25°C, unless otherwise noted.)

Characteristic

Symbol Min Typ Max Unit
Output Voltage @ 2.475 25 2525 v
(|o =0 mA)
Temperature Coefficient of Output Voltage* AV/AT - 10 40 ppm/°C
MC1403
Output Voltage Change* AVop mvV
(Over specified temperature range)
MC1403 0to +70°C - - 7.0
MC1403B -40to +85°C - - 12.5
Line Regulation (Io = 0 mA) Redjine mV
(15V <V, <40V) - 1.2 45
(45V <V, <15V) - 0.6 3.0
Load Regulation Regjoad - - 10 mV
(0mA<Ig<10mA)
Quiescent Current lo - 1.2 15 mA
(lo=0mA)
*Guaranteed but not tested.
Figure 2. MC1403, B Schematic
T Vin
2.0k 2.0k
. ol L
2.0k 2.0k 1.0k
32
N
O Vout
N 1.5k
~
“ 1L
-~ C1
30 pF
257k 173k §10k §1.483k
b
1.0k
5.61k
) L

ECES556 Lecture Notes

This device contains 15 active transistors.
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@ MOTOROLA

Micropower Voltage
Reference Diodes

The LM285/LM385 series are micropower two—terminal bandgap voltage
regulator diodes. Designed to operate over a wide current range of 10 YA 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 pA to 20 mA

® 1.0%, 1.5%, 2.0% and 3.0% Initial Tolerance Grades
® Low Temperature Coefficient

¢ 1.0 Q Dynamic Impedance

® Surface Mount Package Available

Representative Schematic Diagram

Q Cathode

360 k 10k

Open
for 1.235V

LA

I A

L
600 k
600 k
Open 1 K "K
for25v | 425K
600 k E‘fﬁ 5009% 100k

Q Anode

ECES556 Lecture Notes

Order this document by LM285/D

LM285
LM385, B

MICROPOWER VOLTAGE
REFERENCE DIODES

SEMICON

DUCTOR

TECHNICAL DATA

Z SUFFIX
PLASTIC PACKAGE
CASE 29
(Bottom View)
N.C.
Cathode
Anode
D SUFFIX
PLASTIC PACKAGE
CASE 751 v,
(SO-8) nc. [1] 8] cathode
N.C. [2] 7] N.C.
N.C. [3] 6] N.C.
Anode [4] 5] N.C.

Standard Application

1235V

LM385-1.2

ORDERING INFORMATION

Reverse
Operating Break—
Temperature | down
Device Range Voltage | Tolerance

LM285D-1.2 )
LM2857—1.2 Tp=—40° to 1.235V +1.0%
LM285D-2.5 +85°C 0
LM2857-2.5 2.500 vV +1.5%
LM385BD-1.2 )
LM385BZ—1.2 1235V +1.0%
LM385D-1.2 0
LM3852-12 | Ta=o0°to | 20V | *20%
LM385BD-2.5| +70°C 0
LM385BZ-2.5 2.500 v +1.5%
LM385D-2.5

2. \% +3.0%
LM385Z-2.5 500 3.0%

0 Motorola, Inc. 1996 Rev 2
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MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted)

Rating Symbol Value Unit
Reverse Current IR 30 mA
Forward Current IE 10 mA
Operating Ambient Temperature Range TA °C
LM285 —40to + 85
LM385 0to +70
Operating Junction Temperature T3 + 150 °C
Storage Temperature Range Tstg —65to+ 150 °C

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

LM285-1.2 LM385-1.2/LM385B-1.2
Characteristic Min Typ Max Min Typ Max Unit
Reverse Breakdown Voltage (IRmin < IR < 20 mA) V(BR)R \Y
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 = Tiow t0 Thigh (Note 1) - - - 1.192 - 1.273
Minimum Operating Current IRmin HA
Ta=25°C - 8.0 10 - 8.0 15
TA = Tiow 10 Thigh (Note 1) - - 20 - - 20
Reverse Breakdown Voltage Change with Current AV(BR)R mV
IRmin < IR < 1.0 mA, Tp = +25°C - - 1.0 - - 1.0
TA = Tiow t0 Thigh (Note 1) - - 15 - - 15
1.0mA < IR < 20mA, Tpa = +25°C - - 10 - - 20
TA = Tjow t0 Thigh (Note 1) - - 20 - - 25
Reverse Dynamic Impedance z 0.6 - - 0.6 - W
IR =100 pA, Tp = +25°C
Average Temperature Coefficient AV(BR)/AT - 80 - - 80 - ppm/°C
10 pA < IR < 20 mA, T = Tiow to Thigh (Note 1)
Wideband Noise (RMS) n - 60 - - 60 - pv
IR =100 pA, 10 Hz < f < 10 kHz
Long Term Stability S - 20 - - 20 - ppm/
IR = 100 pA, Tp =+25°C £ 0.1°C kHR
2 MOTOROLA ANALOG IC DEVICE DATA
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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 \Y
LM285-2.5/LM385B-2.5 2.462 25 2.538 | 2.462 25 2.538
TA = Tiow to Thigh (Note 1) 2.415 - 2.585 | 2.436 - 2.564
LM385-2.5 - - - 2.425 25 2.575
TA = Tlow t0 Thigh (Note 1) - - - 2.400 - 2.600
Minimum Operating Current IRmin HA
Ta =25°C - 13 20 - 13 20
TA = Tlow t0 Thigh (Note 1) - - 30 - - 30
Reverse Breakdown Voltage Change with Current AV(BR)R mV
IRmin < IR < 1.0mA, Tp =+25°C - - 1.0 - - 2.0
Ta = Tiow t0 Thigh (Note 1) - - 15 - - 25
1.0mA < IR < 20mA, Tp = +25°C - - 10 - - 20
TA = Tlow 10 Thigh (Note 1) - - 20 - - 25
Reverse Dynamic Impedance z 0.6 - - 0.6 - W
IR =100 pA, Tp = +25°C
Average Temperature Coefficient AV(BR)/AT - 80 - - 80 - ppm/°C
20 JA < IR < 20 mA, Ta = Tiow t0 Thigh (Note 1)
Wideband Noise (RMS) n - 120 - - 120 - puv
IR =100 pA, 10 Hz < f < 10 kHz
Long Term Stability S - 20 - - 20 - ppm/
IR =100 pA, Tp = +25°C £0.1°C kHR
NOTES: 1. T|gy =—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 +70°C for LM385-1.2, LM385B-1.2, LM385-2.5, LM385B-2.5

MOTOROLA ANALOG IC DEVICE DATA 3
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OPAMP-BJT-Zener
Linear Regulator
Calculations

Specify the Regulator Parameters

Vout := 15-volt lout := 1-amp

Vin_min = 18V0|t Vin_max = 25V0|t T := 1-sec

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

Bmin := 1000 VBEmax = 2.8-volt

Calculate the current supplied by the OP-AMP Output

lout

g = Ig = 0.999 MA

Bmin + 1

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

VZK = 1235V0|t Imax = 20-mA Imm = 22MA

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

. Vin_min - VzK

Rz = - Rz = 0.762 MQ
min

Choose a smaller standard resistor value.
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Ry = 470-kQ

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

I . Vin_max - VzK
Zmax -~ TR (0.95)

Iz_max = 53225 MA

I o Vin_min—VZK
Z.min = TR (1.05)

Next, calculate the voltage divider reference resistor.

Choose a standard value for R2. Ro := 0.909-kQ

R2:(Vout — Vzk
Ry = (Vou ) Ry = 10.131kQ
Vzk

Choose a standard 1% resistor for R1

Ry := 10.0-kQ
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Calculate the Power dissipated by the pass transistor

Define a function that models the input voltage.

1 Vin_max — Vin_min

T:= 120 Hz Vin(t) := Vin_max — T

Calculate the average power dissipated by the BJT at max output

current.
1 T
PBJT_an = ?J (Vm(t) - Vout)' Iout dt PBJT_avg = 65 watt
0-sec
The power to the output is Pout := Vout lout Pout = 15watt

Calculate the average input power

T
1
PIN_avg = —'J (Vin(t))'|out dt PIN_avg = 21.5watt

T 0-sec

Calculate the efficiency at full output power.

Pout

Eff = Eff = 69.767 %

P N_avg
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Vin

- T
PARAMETERS:
RL Val= 15
+
§ R3
10K
<
Vref 3 | UlA
t \ Q2N3904 Q2
A . o ouU 1
— Vin Q1
DC =18 ~ b1 2 | TIP31
LM385
o LM324
. Vout
— — ) + +
-0 -0 § R1 Load
1935V 10.0k {RL_Val}
! =
Reference ) 0
R2
909
=0
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Simulation Settings DE Sweep ﬂ

Page %
General -‘5"-ﬂ alyEIE Ennflguratlnn FI|ES] DDtIDﬂS] [rata Collection ] Probe Wlndnw]

Analyziz ype: Sweep variable

|DE Sweep j " Wolage source
_ " Current source
Options:

' Global pararmeter

" Model parameter

5 ecudary Sweep

bMante Carlafworst Caze " Temperature Parameter name: |RL_al
v Parametric Sweep

Temperature [Sweep] Sweep fype

Save Biaz Point e Start walue: 15
Load Bias Point - ErRme W
{* | ogarithmic |Decade =
Pointz/Decade; |100

" Walue ligt |

ECE556 Lecture Notes ok | cance | Rage 122 oip62 |




Simulation Settings DE Sweep : |

Page ?1
General -‘5"-ﬂ alYEIE Ennflguratlnn FI|ES] DDtIDﬂS] [rata Collection ] Probe Wlndnw]

Analyziz ype: Sweep variable
|D|: Sweep j o oltage source Mame: Jin

" Current source

" Logarithmic

I—
il " Global pararmeter I—_I
Primary Sweep e harracer I—
Secondary Sweep & I—
bonte Carloworst Caze Temperature
EFarametric Sweep
Temperature [Sweep] Sweep tupe
oad Bias Point =
li
li

&+ Walue ligt [19.25

ECE556 Lecture Notes ok | cance | Rage 123 oip62 |




Simulation Settings - DE Sweep ﬂ

Page, 124 of
General] Analysis Ennflguratlnn FI|ES] DDtIDﬂS] Data Collection  Probe Window l

[ Dizplay Probe window when profile is opened;

[+ Display Probe window:

" during simulation.

% after simulation has completed.

Show

" All markers on open schematics.
+ | ast plat.

" Mothing,
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REgulator\op. ..

10M

Temperature: 27.0

1near

1.0M

100K

te\Rose Classes\ECE556\Notes\Orcad\OPAMP-L

10K

25 Volts
=18 Volts

Vin

[ C:\Webs

1.0K

Vin

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

"SCHEMATIC1-DC Sweep™
12/07/03

100

|
|
T
|
- - | _d_____
|
|

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

14.841V

** Profile:
Date/Time run:

14.840V
14.839V
14.838V
14.837V
14.836V
14.835V
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16:45:33
Page 125 of 662

Time:

RL_Val

Page 1

o - V(Vout)

Date: December 07, 2003
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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.
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** Profile: "SCHEMATIC1-DC Sweep'™ [ C:\Website\Rose_Classes\ECE556\Notes\Orcad\OPAMP-Linear REgulator\op...
Date/Time run: 12/07/03 Temperature: 27.0

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

1.23605V ‘ ‘ ‘ ‘ ‘ ‘
,,,,,,,,, . W\Vin=25Volts { o+ o

1.23600V i i f f f 3
- {The voltage reference (Vref) changes as Vin changes. This is why |-
___|Vout changes slightly as the input voltage changes. ]

1.23595V i i i i i i

| i Vin=18 Volts | | |

1.23590V 1 1 1 1 1 |
10 100 1.0K 10K 100K 1.0M 10M

o o V(Vref)
RL_Val

Date: December 07, 2003 Page 1 Time: 16:53:25
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Text Box
The voltage reference (Vref) changes as Vin changes. This is why Vout changes slightly as the input voltage changes.
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Text Box
Vin=25 Volts

herniter
Text Box
Vin=18 Volts
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Input Voltage

Part
Vramp

+1Vv1

‘M FREQUENCY = 60
AMPLITUDE =7

ECE556 Lecture Notes

+

=

PARAMETERS:

RL_Val = 15
R3
10k

Vref

UlA

Q2N3904 Q2

R

Q1
TIP31

Vout

+
R1
10.0k
+
R2
909
-0

§ Load
{RL_Val}
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Simulation Settings - THans

Page

Analyziz ype:

Options:

B General Settingz
Monte CarloMworst Caze
w|Parametric Sweep
T emperature [Sweep]
Save Biaz Point
Load Biaz Point

General -&ﬂq}'SIS ?Eunflguratlnn FI|ES] DDtIDﬂS] [rata Collection ] Probe Wlndnw]

Start zaving data after; [0 gecondsz

Biun to time: 100m zecondz [TSTOF)

Tranzient optionz

M asimum step sizes |10u seconds

[ Skip the initial transient biaz point calculation [SEIPEF)

Output File Dptions. .
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Simulation Settings THans : |

Page q
General -‘5"-ﬂ alYEIE Ennflguratlnn FI|ES] DDtIDﬂS] [rata Collection ] Probe Wlndnw]

Analyziz ype: Sweep variable

|Time Liomain [Tranzient] j " Wolage source

" Current source

Dptions: ' Global pararmeter

General Settings

Monte CarloMworst Caze
.F' rametric !

T emperature [Sweep]

Save Bias Paint Sweep type

Load Biaz Paoint PR

" Logarithmic

" Model parameter

" Temperature Parameter name: |AL_Val

5 |.-'-.| [=1=]u]

m W

* Yalue ligt [15.1.5MEG
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REgulator\1\op-...
Temperature: 27.0

1near

te\Rose Classes\ECE556\Notes\Orcad\OPAMP-L

[ C:\Webs

"SCHEMATIC1-TRans"
12/07/03

** Profile:
Date/Time run:

)
£
o
o
o
o
—
)
£
o
o
o
@
)
=
o
o
o
©
~
S
. e
- e
S —
N
5
0
J 5
m S
o (@]
[ <
~
<C
<
)
5
~
o) <
o
@©
S N
o
V_
- ~
> -
o S
c o
-— >
v <
> >
<o <
O O
ALl
> > > > > > ANA>E
T} O © o o o ANod
N - O o o S mod
o o o S HO
© ) < ™ o
0 0 0 0 0
< < < < <
— — - - -

17:13:05

Time:

Page 1

Date: December 07, 2003
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Input Voltage

herniter
Text Box
Output Voltage

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

PARAMETERS:
RL Val=15
+
+|v1 R3
FREQUENCY = 60
@AMPLITUDE =7 10k
. b
<
Vref
Q2N3904 @2
fuall 1
— Vin Q1
T bc=18 D1 T TIP31
LM385
- Vout

+
;I; 0.1u
?0

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.
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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.


Page 132 of 662

REgulator\1\op-...
Temperature: 27.0

1near

te\Rose Classes\ECE556\Notes\Orcad\OPAMP-L

[ C:\Webs

"SCHEMATIC1-TRans"
12/07/03

** Profile:
Date/Time run:

(A) TRans.dat (active)

25V

[}
1=
o
o
o
o
—
[}
1=
o
o
o
00}
0
=
o
(@]
o
O
0
=
o
o
(@]
<
0
5
7~
o) ©
(@]
©
3 Y
(@]
>
-
>
o
C
o/
=
o>
O
A 0
> > > > > A>E
h © <) <) & Nodq
- O S o) S gud
S S o) S Ho .
(e} L0 < ™ AN O
o0 o0 [o0] [o0] [e0]
< < < < <
— — — — —

o o V(Vout)

imme

17:27:54

Time:

Page 1

Date: December 07, 2003
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Input Voltage

- T
: PARAMETERS:
Part Vtri AV

+

+|v1 § R3
FREQUENCY = 60
QV AMPLITUDE = 7 10k
<
Vref 3 UlA

t \F Q2N3904 Q2
+ | 1
— Vin o oY Q1

DC =18 ~ b1 2 | TIP31
LM385
N LM324
1 . Vout
— — ) + +
-0 -0 § R1 Load
10.0k (RL_Val}
P
+

What happens when the =
input voltage becomes too
small?
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Part Vtri
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What happens when the input voltage becomes too small?
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REgulator\1\op-...
Temperature: 27.0

1near

te\Rose Classes\ECE556\Notes\Orcad\OPAMP-L

[ C:\Webs

"SCHEMATIC1-TRans"
12/07/03

** Profile:
Date/Time run:

(A) TRans.dat (active)

ut voltage for regulator to function is 17.9 volts.

Minimum inp

10ms

> => > =
Lo o o o
N N — —

5V

50ms

40ms

30ms

20ms

Os

o o V(Input_Voltage) v » V(Vout)

ime

Page 1

17:34:43

Time:

Date: December 07, 2003
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Text Box
(16.615m,17.914)

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

ECE556 Lecture Notes

PARAMETERS:

RL_val = 15

=+

§ R3
10k

Vref

U1A
3 xl—

Q2N3904 2

Q2N3904

Q3

I/
Q1
TIP31

|

J—

+

§R4
1

| Vout

+

M\
s 8
o
o

§ Load
{RL_Val}
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Simulation Settings - Overload Current Test |

Page 136 of 662 _ : :
Gereral  Analwziz | Configuration FI|ES] DDtIDﬂS] [rata Collection ] Probe Wlndnw]

Analyziz ype: Sweep variable

IC Sweep " Wolage source
_ " Current source
Options:

{+ Global parameter
B Frimarny Sweep

" Model parameter
Secondary Sweep 23 |:|

bMante Carlafworst Caze " Temperature Parameter name: |RL_al
Parametric: Sweep
Temperature [Sweep] Sweep fype

Save Biaz Point e Start walue: 1.5
LazcRiachicht - Endivalie |1 5MEG
O | ogarithmic |Decads =
Pointz/Decade; |100

" Walue ligt |
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inear...

te\Rose_Classes\ECE556\Notes\Orcad\OPAMP-L

[ C:\Webs

""SCHEMATIC1-Overload Current Test"

** Profile
Date/Time run:

Temperature: 27.0

12/07/03

(A) Overload Current Test.dat (active)

| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
e O N A A [ R I I L e I I N
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
T T T T T T T T T T T T T T T T T T
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
e I ___L__1__4___ e L__r__1__
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
L L L L L L L L L L L L L L L L L L
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
-4t -—=—t-—"A-=—|-=—=F—-=F ==+t - = 5= = - (e el i i t-—"4-=—="l-==-—=-=F—-—=+t=-=+4 ==
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
t t t t t t t t t t t t t t
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
I e [ e N A A [ [ T N A [ N T
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
——d - - - - = B e et e R e e i et SRR |- — == — = — =+ — = B Tt I e S e |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
a | | T T A I I T | T | r T T
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
[l [l [l [l [l [l [l [l [l [l [l [l [l [l [l [l
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
| | [ L | | | | | | | | | | |
| | | | | I L | | | | | | | | |
| | | | | | | I | | | | | | |
| | | | | | | | | L | | | | | |
| | | | L | | L 1 | | L | L
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

4V

10M

1.0M

100K

10K

1.0K

100

1.0

RL_Val

o V(Vout)

Page 1

57

17:46

Time

Date: December 07, 2003
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inear...

te\Rose Classes\ECE556\Notes\Orcad\OPAMP-Li

""SCHEMATIC1-Overload Current Test"

** Profile
Date/Time run:

[ C:\Webs

Temperature: 27.0

12/07/03

(A) Overload Current Test.dat (active)

4V

100uA 1.0mA 10mA 100mA 1.0A 10A

o V(Vout)

10uA

I (Load)

Page 1

:20

17:49

Time

Date: December 07, 2003

Page 138 of 662

ECES556 Lecture Notes



Page 139 of 662

** Profile: "SCHEMATIC1-Overload Current Test"
Date/Time run: 12/07/03

[ C:\Website\Rose_Classes\ECE556\Notes\Orcad\OPAMP-Linear. ..

Temperature: 27.0

(A) Overload Current Test.dat (active)
16V
14v /////1\
12v
*********************************************** (2.4228,14.820) [\
10V
8V
6V
4V
1.0A 3.0A
o V(Vout)
1 (Load)
Date: December 07, 2003 Page 1 Time: 18:46:00
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ECE 456

Buck Regulator Design - Continuous Mode Operation

Define useful units for Electrical Engineering

ms° 10 Oseec

Specify Input Voltage Specify Output Voltage
Vp = 15w0lt Vo := 5xolt
Specify Switching Frequency  Fg:= 20%kHz

Tgi= — Tg = 50ns
Fs

Find on time assuming continuous mode operation.

Vo
ton = _>ZI_S ton = 167”8
Vb
Specify the Max output Current lo ;= 5Xamp

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

lo_min = 0.14¢ lo_min = 0.5amp
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Find L so that the buck regulator operates in continuous mode for
the min output current

Vp- Vo

L = Xon L = 167nH

2>*o_min

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

With chosen inductor, find min current for continuous operation

Vp - Vo
lo_min = T’ton lo_min = 249 mMA

For the Max output current, find 11 and 12

Il:: IO |2:: IO

Given

o+ 11 |

5~ o

| I = Vp - Vo

2- 11— L on
a10
c == f|nd(I1,I2)
el2g
> = 5.249 amp |1 = 4.751amp |2 - 11 = 498 MA
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For the Min output current, find 11 and 12

I1 = lo min I2 = lo min
Given

o +11 |

5 = lo_min

| | Vp - Vo

2 -1 = L on
a1 0
¢ =:=find(lq_,I2)
el2_g
lo = 498mA 1 = 0mA lo - 11 =498mA

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 = 106mV
\Y
ESR := RR ESR = 0.02W
(12- 1q)
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For all electrolytic caps, assume that ESR*C=80n%s

808

= — C = 3980nt+
ESR

Choose the next size std capacitor C := 4700nF

Calculate the new ESR with the chosen capacitor

ESR '= Q’OT”TB ESR = 0.017W

Find the ripple due to the capacitor charging and discharging:

(|2 - |1)>3|_S
8C

VRe = VRre = 0.662mV
FInd the ripple due to the ESR

VRR = (I2- 17)*ESR VRR = 8.468mV

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

Define an equation for the inductor current during t_..

(l2- 1) |

ton

ILa(t) =11+
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Define an equation for the inductor current during t .

toff := Ts- ton toff = 338

(12-12) |

ILa(t) =12+ "
off

Calculate the Capacitor RMS ripple current

1 Eééton 5 c,)toff 5 9
IRMS = T—Sxag (|L1(t)- lo) dt+8 (|L2(t)- lo)~ dt,;
&-0>sec 0 a

Irms = 143.619mA

Summary

Inductor

L = 0.335mH

Peak Current Rating |, = 5.249 amp

Avg Current Raiting lo = S5amp

Capacitor

C = 4700nt+

RMS Ripple Current Rating Irms = 0.144amp
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o Df=—o—x]

100 1meg
amp

+ V6
REQUENCY = 20k
AMPLITUDE =5

)
Control
3
Vce L1
T o YY)
e}
335U
+ IC=0
— V2
T bc=15 D2
MUR405
=0 =0

[IModel = Sx VSWITCH Roff=1e6 Ron=1m Voff=1 Von=4.0
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Simulation Settings - Trans %]

General Analyzis llnclude Filesl Lihraries] Stimuluz l Dptinns] Drata Collection ] Probe 'W'indn:uw]

Analysiz bppe:

B ko birne: Bl zecondz [TSTOR)

Dptians: Start zaving data after: |0 geconds

Tranzient optionz

B General Settings
tonte Carlo W orst Caze Marimurm step size: |1 u seconds
Farametric Sweep
Temperature [Sweep)
Save Biaz Point

[ Skip the initial transient biaz point calculation [SKIPER)

Load Biaz Paint Output File Optiarns. ..

a. Cancel | | Help

Simulation Settings - Trans %]

Generall Analysiz ] Inciude Filesl Lihraries] Stimuluz  Options lData Collection ] Frobe 'W'indn:uw]

Category: LOPTIOM)
nalon Simuiation Relative accuracy of VW's and I's: W (RELTOL)
Giate-level Simulation Best accuracy of voltages: [10u  wolts  [¥MTOL)
Output il Best accuracy of currents: |'I Op ampE [SBSTOL)
Best accuracy of charges: W coulombs [CHGETOL]
Minirurn conductance for ang branck:  [1T.0E12 14ahm  [GMIN)
DC and bias “blind" jteration limit: [150 (TL1]
DC and biaz "best guess" ikeration limit; [ITLZ)
Tranzient time point iteration limit; [ITLA]
Drefault nominal termperature: T [THOR]
@3& GMIMN stepping to improve convergence. [STEPGHMIN]
[ Usze preordering to reduce matrix fill-in. [PREORDER)
MOSFET Options... | Advanced Options. .. | Beset |
a. Cancel | | Help
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Simulation Settings - Trans

l | |

All but Internal Subcircuits

all but Internal Subcircuits

p
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" SCHEMATI C1- Tr ans”
11
(A) continuous node buck regul at or - SCHEMATI C1- Trans. dat (active)

[ C \WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck Regul ator\conti nu. ..

Tenper at ur e:

27.0

** Profile:
Date/ Time run: 01/03/03 12: 35:
40A
A
30A 14
20A-—
-
10A—+ ] .
{ Al g -is £
“ AARARARAAALARARAS AL A2 8 AMA A AAAMAAMAAAAAAAMAAAAA A
i AWRINEL T AL Al
0A- : [N
o (L)
10V
/\
7
I\
! \
5V :: \\/"V“v‘rv e R R M - -
[
]
|
SEL>> |/
ov-¢
Os 10ns 20ns 30ns 40ms 50ns
o V(Vo)
Ti me
Dat e: January 03, 2003 Page 1 Time: 12:49:57
Page 166 of 662
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** Profile: "SCHEMATI Cl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck Regul ator\ conti nu. .
Date/ Time run: 01/03/03 12:35:11 Tenperature: 27.0

(A) continuous node buck regul at or - SCHEMATI C1- Trans. dat (active)

(48.919m,5.2446)

5. 250A

5. 000A

4. 750A

SEL
4. 592>; (48.900m,4.6943)
0 1(LL)

4.984732V

4. 982500V

4. 980000V

4.978835V
48. 85ns 48. 90ns 48. 958 49. 00ns 49. 058 49. 10ns 49. 158
o V( Vo)
Ti me
Dat e: January 03, 2003 Page 1 Time: 13:10:23
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—O—D[

Vo

Vce

Error

o>/

1meg
amp

+ V6
FREQUENCY = 20k
AMPLITUDE =5

Control

Q

Add Cap ESR

IC=0
e P

—_— V2
DC=15

ECES56 Lecture Notes

MUR405

[OModel =

4700U

95m 335U
IC=0 ESR
17m +
§ Load
1

Sx VSWITCH Roff=1e6 Ron=1m Voff=1 Von=4.0
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** Profile: "SCHEMATI Cl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck Regul ator\ conti nu. .
Date/ Time run: 01/03/03 13:14:09

Tenperature: 27.0

(A) continuous node buck regul at or - SCHEMATI C1- Trans. dat (active)
40A
A
30A P
di \‘
ff XK
20A ’of “‘h
4 1Y
I *.\
/ AY
10A/ A
/ \
/ \ ol N . "
f '\’m r!
oAt A\ !
o | (L1)
8.0V
T
v N
f‘/ \‘\
{f \\\7 )
j
4.0V /
| /
7/
/
/
.@"'
/
.9"
SEL>>|
oV~
Os 2ns 4ms 6ns 8ms 10ms
o V(Vo)
Ti me
Dat e: January 03, 2003 Page 1 Tinme: 13:30:59
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** Profile: "SCHEMATI C1- Trans"

Date/ Time run: 01/03/03 13:14:09

[ C \WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck Regul ator\conti nu. ..

Tenperature: 27.0

(A) continuous node buck regul at or - SCHEMATI C1- Trans. dat (active)

5. 25A

5. 00A

4. 75A

SEL>>

4.98307V

4. 98000V

4. 97500V

4.97000V

o V(Vo)

7.562ms 7.600ns 7. 650ms 7. 700ms 7. 750ms 7.800nms 7.850ms

Ti me

7.900ns

7.950ms

Date: January 03, 2003 Page 1
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Philips Components

Electrolytic capacitors

General introduction

ELECTRICAL BEHAVIOUR
CHARACTERISTICS OF ELECTROLYTIC CAPACITORS VARY WITH TEMPERATURE, TIME AND APPLIED

VOLTAGE.

—»0

Tan O

cicq
zizg

ESR/
ESR0

-

Tan &
ESR

ripple
current
capability

f

\

—» frequency

—» frequency

—» life time

— temperature

MBC545 - 1

ripple
current
capability

f

leakage
current

f

leakage
current

!

leakage
current

!

failure
rate

f

failure
rate

f

—

—» frequency

_

—» temperature

L

—» load time

-

—» voltage

-

— temperature

e

—» % rated voltage

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

1998 Jan 29
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Large Can Aluminum Electrolytic Capacitors

TS-UP Series

two terminal snap-in

B Compact size for general purpose and industrial applications

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

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

B Can vent construction o
Rated Working Voltage: 16 ~ 250 VDC 350 ~ 500 VDC
Operating Temperature: -40 ~ +85°C -25 ~ +85°C

Nominal Capacitance:

120 ~ 68000pF (+20% tolerance)

33 ~ 680uF (+20% tolerance)

Dissipation Factor: Working Voltage [V]: 16 25 35 50 63 80 100 160 ~ 500
(120 Hz, +20°C) Max. D.F. (%): 50 | 40 | 35 30 | 25 ] 20 20 15
For capacitance values > 33000pF, add the value of: (rated cap. [uF] - 33000)
1000

Endurance:

3000 hours* at +85°C with maximum specified ripple current (see page 4)
*2000 hours for 20mm diameter or 20mm length sizes

Part Number System

(ellc]C L] [LJ01 [e]

1 O s Y

Common Code/ Voltage Series Capacitance Case " .
Terminal Type Code Code Di Suffix, Top Vinyl Plate
| 25 ~ 50mm lengths
A 20mm A ] With Plate
ECOS 6.3mm Length Terminal (Standard) B 22mm B | Without plate Ripple Current
ECEC 4.0mm Length "Short" Terminal C 25mm 20mm length Muiltipliers:
(See page 7) D 30mm L | With Plate Page 7
E 35mm G | Without plate
F 40mm Extended Capagitance Ratings
TS-UP Standard Ratings X With plate
Cap. |Size (mm)| Max 85°CR.C.(A,) | Max.20°C ESR (Q) Panasonic Cap. |Size (mm)| Max 85°CR.C. (A, | Max.20°C ESR (Q) Panasonic
(UF) | DxL | 120Hz [10k-100kHz 120Hz | 20kHz | Part Number (UF) | DxL | 120Hz [10k-100kHz 120Hz | 20kHz | Part Number
16 VDC Working, 20 VDC Surge 25 VDC Working, 32 VDC Surge
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 35 452 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 | 22x20 1.60 1.84 0.159 0.135 ECOS1CP472BL 3300 | 22 x25 1.68 1.93 0.161 0.129 ECOS1EP332BA
4700 | 22x25 1.77 2.04 0.159 0.135 ECOS1CP472BA 4700 | 22 x25 2.39 275 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 3.78 435 0.075 0.063 ECOS1CP103BA 8200 | 22 x 30 3.57 411 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 | 25x20 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 3.78 435 0.075 0.063 ECOS1CP103CA 8200 | 25 x25 3.57 411 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 x50 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 | 35x 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 x40 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

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
ECE8\556 LectureVi4eitever a doubt about safety arises from this product, please contact us immediately for technical consultationPage 188 of 662



Cap. |Size (mm)| Max 85°CR.C. (A, | Max.20°C ESR (Q) Panasonic
(uF) DxL | 120Hz [10k~100kHz 120Hz | 20kHz | Part Number
25 VDC Working, 32 VDC Surge
4700 20 x 25 3.05 3.51 0.113 0.090 ECOS1EP472AA
5600 20 x 30 3.36 3.86 0.095 0.076 ECOS1EP562AA
6800 20 x 35 347 3.99 0.078 0.062 ECOS1EP682AA
8200 20 x 40 3.57 4.1 0.065 0.052 ECOS1EP822AA




Page 189 of 662

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 detalil
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 (1a/Ir) is plotted on the vertical
axis and the ambient temperature (Tamp) 0N 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.

MBC579

Axial and radial 85 °C types.

and ripple current load.

1, 33
IA Axial and radial 85 OC - types.
R 3.2 I = actual ripple current at specified conditions.
\ I = rated ripple current, multiplied with the frequency correction
31 \ factor (see relevant tables in the detail specifications).
3.0
NEAN
2.8 \\ \\\
N
2o NN
N
\\ \\ \\\ \\ lifeti Itipli
N\ N \ ifetime multiplier
2.2
ANIANINE AN NEAN |
20 \\\\\ \\ \\‘Z ©
N -8
o ONONONN NN
' AN NC N X"?o AN N\
T N VA WA NEAN N A N AN
NN ANZ AN NN
14 TSN NN NN NN N
SN NN NANAND AN NHAY
4 L& I R
o \%\A%%%%%%%v
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40 50 60 70 80 90 100
Tamb(OC)

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

1998 Jan 29
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MBC579

|
lA Axial and radial 85 °C - types.
R 32 1o = actual ripple current at specified conditions.
\ Iz = rated ripple current, multiplied with the frequency correction
31 \ factor (see relevant tables in the detail specifications).
3.0
N
28 \\ \\\
N
N \\\ \\
AEANIANMNIAN
RN Y
S AN AN AN
N \\ N \\ \ \\ /Iifetime multiplier
EANANANEANNEA
2.0 -N\ \\ \‘ \ \ 7 2
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1.4 \\\ \ (O N \; \ \\ \\ \
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0.8 - S \ \\ \ \ \ \ \\
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Tamn (%0
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MBC580

| 3.8
|A N Axial and radial 105 OC - types.
R 37 14 = actual ripple current at specified conditions.
Iz = rated ripple current, multiplied with the frequency correction
3.6 factor (see relevant tables in the detail specifications).

35
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ECE 556

Boost Regulator Design - Continuous Mode Operation
us = 10 % sec

Specify Input Voltage  Vp := 5-volt

Specify Output Voltage V, := 10-volt

Specify Switching Frequency Fg := 20-kHz
1
Tg = — Tg = 50us
Fs
Specify the Assumed Efficiency Eff .= 100%

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

The output Power is Pout := ZOE\;\;att
. Pout
The output current is lg == VA lo = 2amp
0

ECEb556 Lecture Notes Page 192 of 662
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Find t,, and t

Toff = 1“5 Ton = 1“5
Given
Ton Vo - VD
= Ton+ Toff = T
Ts Vo on off S
Ton \ .
= Find(Ton, Toff) Ton=25us  Toff = 25uS
Toff
T
D= 2 D=05%
Ts

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 == 10 Imin = 0.2amp

L - VD'Ton VD
. 2:-lmin Vo

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

Choose the Inductor L := 335-uH  Pulse Engineering PE-51518
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Find the Min and max inductor currents

1 :=1-amp lo ;= 1-amp
Given
|1+ |2 Io Ton
= o= 11 = V- —
2 1-D 27 =YD
I1
2) == Find(1,12) I, = 3.813amp |, = 4.187 amp
2

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.

Specify the amount of ripple allowed Vg := 50-mV

lo: Ton
VCR

C:= CzlxlOBMF

Choose the next size standard cap  C := 1500-uF

Recalculate the ripple due to the cap being discharged

.
VCR = |o-% VcR = 33.333mV
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Choose the filter capacitor using ESR Calculations.
Assume that the major component of the ripple comes from the
capacitor ESR

Specify the ripple due to the ESR VcR = 100-mV

VCR
I

ESR := ESR = 0.024 Q

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

c .o 30ms C = 3.349 x 103 uF
ESR

Choose the next size std capacitor C := 4700-uF

- s
ESR := 80'6 ESR = 0.017Q

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

o — |
mo= —° IL() = 1o — m-t
Toff
1 Ton Toff
lims = —.J (—|0)2dt+f (IL() — 1) dt
Tg 0
-Sec 0-sec

Irms = 2.001 amp
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Summary

ECES556 Lecture Notes

L = 335uH

Ton =25 HS

Vp = 5volt

C = 4700 pF

Vo == 10 VOIt

o = 4.187 amp

1+ 1o
2

= 4amp

Toff = 25us

Vo == 10 VOIt

Vcr = 100mV

1 = 3.813amp
D =50%
lo = 2amp

Irms == 2001 amp
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Vo
IC=6 T
Vee L1 D4
(@] @ L =
i 335u
+ IC=0 Control
— V2
T bc=5 T S1
+[V5 - [ \
= - PULSE_WIDTH = 26u
0 PERIOD = 50u
=0
ECE556 Lecture Notes

Part
Sx

FALL_TIME = 1n

RISE_TIME = 1n

Sbreak

C1

)

2200u

.||

Ol
NN
-

[ e}
Q
Q.

0
|:|Model = Sx VSWITCH Roff=1e6 Ron=1m Voff=1 Von=4.0
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Simulation Settings - Transient

Geneal  Anabss |

ETime D'omain [Transient] §|_

eneral Settings

Simulation 5ettings - Transient

0.007

| Sirnulation
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Simulation 5ettings - Transient

[

MHone

MHione

|
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[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ Boost Converter\ bo. ..
Tenperature: 27.0

** Profile: "SCHEMATI Cl-Transient"”
Date/ Tinme run: 12/04/02 12:24: 24
(A) boost converter-SCHEMATI C1- Tr ansi ent . dat (active)
15V
(82.445m,10.002) —
N\
M\
/ N
SEL>>
5V
] V(VO)
12A ’\
8A
i
an ] Il
OA.
Os 20ms 40ns 60ms 80ns 100ms
o (L)
Ti me
04, 2002 Page 1 Ti me: 13:09: 38

Dat e: Decenber

ECES556 Lecture Notes
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** Profil e:

Dat e/ Ti me

" SCHEMATI C1- Tr ansi ent "

run: 12/04/02 12: 24: 24

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ Boost Converter\ bo. ..

Tenperature: 27.0

(A) boost converter-SCHEMATI C1- Transi ent.dat (active)
10. 05V | | | | |
(81.000m,10.007)
10. OOV
’ ¢ y
9. 95V
(81.126m,9.984)

SEL>> | | | | | | |

] V(VO)
4. 654A—

- (80.876m,4.3597)
4. 400A 7 - :
4. 000A v v

|
(81.050m,3.9720)
3.617A |
80. 82688 80. 9000ns 81. 0000mns 81.1000mns 81. 2000ms 81. 3000ns
o | (L1)
Ti me
Dat e: Decenber 04, 2002 Page 1 Tine: 13:12:28

ECES556 Lecture Notes
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** Profile: "SCHEMATI Cl-Transient” [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Boost Converter\ bo. .
Date/ Time run: 12/04/02 12:24: 24 Tenperature: 27.0

(A) boost converter-SCHEMATI C1- Transi ent.dat (active)
5.0V
2.5V
SEL>>
ov
o V( CONTRQL)
10. 0313V
10. 0000V
9. 9688V
9. 9375V
o v(vO)
(80.876m 4.3597)
4. 375A K
4. 063A
3. 750A
80. 82688 80. 9000ns 81. 0000mns 81. 1000ms 81. 2000ns 81. 3000ns
o | (L1)
Ti me
Dat e: Decenber 04, 2002 Page 1 Tinme: 13:14:35
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L1
T Y
O
335u
+ IC=0
— V2
DC=5
TO -

ECE556 Lecture Notes

Control

T S1

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

® .

Sx

)

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

o

&%

C1
2200u

0

PARAMETERS:
R val=5
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Simulation 5ettings - Transient

[ ]Load Biaz Fulnl

Simulation 5ettings - Transient

El=lii=s

ji[ea = et ej=s

plete =P ==

[ ]Load Biaz Po ||r|l arbart sl e
& = [ =

s ECan e
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** Profile: "SCHEMATI Cl-Transient” [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ Boost Converter\bo. ..
Date/ Time run: 12/04/02 13:25:32 Tenperature: 27.0

(A) boost converter-SCHEMATI C1- Tr ansi ent . dat (active)
12v
A
a’ ‘\ —~
IR\Y4
5, S

v
6V

o v v(vO
10A
5A

|

|
0A

SEL>>
-5A
Os 20ms 40ms 60ns 80mns 100ms
o o v (L)
Ti me
Dat e: Decenber 04, 2002 Page 1 Time: 13:28:31
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** Profile: "SCHEMATI Cl1-Transi ent"

Date/ Time run: 12/04/02 13:25: 32

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ Boost Converter\ bo. ..
Tenperature: 27.0

10. 555V

(A) boost

convert er - SCHEMATI C1- Transi ent . dat (active)

10. 400V

10. 200V

10. 000V

SEL>>

9. 832V

vO

4. 731A

3. 750A

2. 500A

1.557A

85.4811ns
O v 1 (

L1)

85. 520018

85. 5600ns

85. 6000mns

Ti me

85. 6400ns

85. 6800mns

Dat e: Decenber 04, 2002

ECES556 Lecture Notes

Page 1

Ti ne:

13: 30: 31
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Vce

L1
YY)

o

il

_— V2
DC=5

ECES556 Lecture Notes

[¢}

{L_val}
IC=0

Control

I

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

[IModel = Sx VSWITCH Roff=1e6 Ron=1m Voff=1 Von=4.0

=0

S1

Sx

o

v

|t

C1
2200u

PARAMETERS:
L_val = 300U
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Simulation 5ettings - Transient

[ ]Load Biaz Fulnl

Simulation 5ettings - Transient

El=lii=s

ji[ea = et ej=s

plete =P ==

[ ]Load Biaz Po ||r|l arbart sl e
& = [ =

AErEmERL:
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** Profile: "SCHEMATI Cl1-Transi ent"

Date/ Time run: 12/ 04/02 14:07: 46

[ C \WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Boost Converter\bo. ..

Tenperature: 27.0

12v

(A) boost

convert er - SCHEMATI C1- Transi ent . dat (acti ve)

VAN

D

WANEIAN

e

e

ov )

‘m\\

SEL>>

6V

12A

8A

vt e
S

4A

0A-

Os
o o v o I(L1)

20ms

40ns

Ti me

60ms

80ns

100ms

Dat e: Decenber 04, 2002

ECE556 Lecture Notes

Page 1

Ti me:

14:12: 14
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** Profile: "SCHEMATI Cl-Transient” [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ Boost Converter\bo. ..
Date/ Time run: 12/04/02 14:07: 46 Tenperature: 27.0

(A) boost converter-SCHEMATI C1- Transi ent.dat (active)

10. 04V

10. 02V

10. OOV

9. 98V

4. 978A

4. 500A

4. 000A

SEL>>
3. 458A

75. 20ms 75. 24 75. 28ms 75. 32ms 75. 36ms
0 v o 1 (L1)

Ti ne
Dat e: Decenber 04, 2002 Page 1 Tinme: 14:13:06
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ECE 556

Boost Regulator Design - Continuous Mode Operation
us = 10 % sec

Specify Input Voltage  Vp := 5-volt

Specify Output Voltage V, := 10-volt

Specify Switching Frequency Fg := 200-kHz
1
Tg:i= — Tg =5us
Fs
Specify the Assumed Efficiency Eff .= 100%

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

The output Power is Pout := 20I-Evf\;att
. Pout
The output current is lg == VA lo = 2amp
0
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Find t,, and t

TOff = 1HS Ton = 1“5
Given
Ton Vo - VD
= Ton+Torf = T
Ts Vo on off S
Ton 10 times smaller than
before
Ton \ ]
= Find(Ton, Toff) Ton=25us  Toff = 2.5us
Toff
-
D= D =05%
Ts

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 == 10 Imin = 0.2amp

L - VD'Ton VD
. 2:-lmin Vo

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

Choose the Inductor L := 33.5-uH

ECES56 Lecture Notes Inductor 10 times smaller than before b of 662
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Find the Min and max inductor currents

1 :=1-amp lo ;= 1-amp
Given
|1+ |2 Io Ton
= o= 11 = V- —
2 1-D 27 =YD
I1
2) == Find(1,12) I, = 3.813amp |, = 4.187 amp
2

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.

Specify the amount of ripple allowed Vg := 50-mV

lo: Ton
VCR

C:= C = 100 uF Cap 10 times smaller

than before

Choose the next size standard cap  C := 150-uF

Recalculate the ripple due to the cap being discharged

.
VCR = |o-% VcR = 33.333mV
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Choose the filter capacitor using ESR Calculations.
Assume that the major component of the ripple comes from the
capacitor ESR

Specify the ripple due to the ESR VcR = 100-mV

VCR
I

ESR := ESR = 0.024 Q

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

80-us 3
C:= = 3.349 x 10” uF
ESR C=3349%x10"pn

Choose the next size std capacitor C := 4700-uF

ESR = 80.%5 ESR = 0.017Q Cap same as
before.

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

lo—11
m := IL(t) =12 —m-t
Toff
1 Ton Toff
lims = | — J (~1o)* dt +J (IL() — 1) dt
Tg 0
-Sec 0-sec

Irms = 2.001 amp
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Summary

ECES556 Lecture Notes

L = 33.5uH

Ton =25 MS

Vp = 5volt

C = 4700 pF

Vo == 10 VOIt

o = 4.187 amp

1+ 1o
2

= 4amp

Toff = 2.5uS

Vo == 10 VOIt

Vcr = 100mV

1 = 3.813amp
D =50%
lo = 2amp

Irms == 2001 amp
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Vec L1 D4
o @ L -
33.5u
il IC=0 Control
2 .
T bc=5 T s1 + c1
+ V5 * - 2200u

b Sx

= PULSE_WIDTH = 2.6u |

0 PERIOD = 5.0u = _
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FALL_TIME = 1n
RISE_TIME = 1n

)

o

0
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[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ Boost Converter\ bo. ..
Tenper at ur e:

27.0

Page 217 of 662

** Profile: "SCHEMATI Cl-Transient"”
Date/ Tinme run: 12/04/02 14:21:04
(A) boost converter-SCHEMATI C1- Transi ent.dat (active)
12v
N
10V 5\
55
VA
6V
] V(VO)
15A
10A
(]
5A- ~
v
i
SEL>>
0A
Os 20ms 40ns 60ms 80ns 100ms
o (L)
Ti me
Dat e: Decenber 04, 2002 Page 1 Ti me: 14:29: 05
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** Profile: "SCHEMATI Cl-Transient” [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ Boost Converter\bo. ..
Date/ Time run: 12/04/02 14:21:04 Tenperature: 27.0

(A) boost converter-SCHEMATI C1- Transi ent.dat (active)

10. 00452V

10. 00250V

10. 00000V

9. 99750V

SEL>>
9. 99523V

4.547A

4. 400A

4. 200A

4. 000A

3. 839A

48. 680 48. 685ns 48. 690ns 48. 6958 48. 700ns 48. 705ns 48. 7108 48. 715ns
o | (L1)

Ti ne
Dat e: Decenber 04, 2002 Page 1 Tine: 14:30: 31
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Vee L1 R5 D5
5 s ™ ‘
3350 095 MUR420 +
il IC=0 Control ESR
— v 0.017 +
T DC=5 T 1 § Load
. | i .
+ [V5 [ + c
Sx 2200u
= - PULSE_WIDTH = 30u .
0 PERIOD = 50u =0 =0 e e
=, FALL TIME=1n =0 =0
RISE_TIME = 1n
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[IModel = Sx VSWITCH Roff=1e6 Ron=10m Voff=1 Von=4.0
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TOROIDAL INDUCTORS
HIGH CURRENT

© 606

©

e
— o—
[ —— S
— - -
— - -
—— - -
—

Cost-effective designs

Semi-encapsulated construction

Pulse

A TECHNITROL COMPANY

Maximum operation temperature of

130°C (Ambient + Rise)

A 2:1 inductance swing from zero to

maximum current

Electrical Specifications @ 25°C

REFERENCE OPERATING VALUES DEesIGN CONTROL VALUES
Inductance ETop! Energy Inductance 50 kHz . Lead
Ntf;ger Typical ( All\z;S) (V-pSec) Storage No DC (uH) Test mV (QDI\(/iEX) g‘;ﬁi Diameter
(uH)2 20 kHz | 40 kHz (ud 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 £,0.095Y 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. 3
This is not a saturation limit. Temperature rise of inductors is 40°C MAX at Mechanlcals
MAX current and rated ETop.
2. A 2:1 nominal inductance swing from no Ipc to operating Ipc gives improved
protection against current discontinuities at light loading. Inductance increases
with greater ETop. Reference values occur at Ipc and low flux density.
3. iz rating is the ability of the inductor to store energy. ;
2
E MIN

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

Size
Code

1.20/30,48

1.44/36,57

1.60/40,64

1.95/49,53

2.30/58,42

0.60/15,24

0.80/20,32

0.80/20,32

0.91/23,11

1.11/28,19

0.40/10,16

0.60/15,24

0.60/15,24

0.70/17,78

0.90/22,85

0.80/20,32

0.90/22,86

0.90/22,86

1.20/30,48

1.50/38,10

0.45/11,43

0.70/17,78

0.70/17,78

0.90/22,86

1.00/25,40

0.20/5,08

0.20/5,08

0.20/5,08

0.20/5,08

0.20/5,08

.015/0,381

0.03/0,76

0.03/0,76

0.03/0,76

0.03/0,76

IO MmMOoOoO >

1.20/30,48

1.44/36,57

1.72/43,68

2.00/50,80

2.30/58,42

'

DATE CODE
COUNTRY OF ORIGIN

e

G MAX

I

B MAX

l<—

D —
.010

—

F MIN

*
C +.010

v O

OCD

Lead Dia.
(3 PLCs)

O

2
3 0 No Internal
Connections

Dimensions: Inches
mm

<~— AMAX ——>

.010

Unless otherwise specified, all tolerances are + 025

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

ECEBSS LR /Y Wtes

36
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** Profile: "SCHEMATI Cl-Transient” [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Boost Converter\ bo. .
Date/ Time run: 12/04/02 14:38: 44 Tenperature: 27.0
(A) boost

convert er - SCHEMATI C1- Transi ent . dat (acti ve)

15v

SEL>>
5V
] V(VO)
10A
[
5A
0A
Os 20ns 40ms 60ns 80mns 100ns
o (L)
Ti me
Page 1 Tinme: 14:42:02

Dat e: Decenber 04, 2002
Page 221 of 662
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** Profile: "SCHEMATI Cl1-Transi ent"

Dat e/ Ti me run:

12/ 04/ 02 14:38: 44

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ Boost Converter\ bo. ..
Tenperature: 27.0

(A) boost

convert er - SCHEMATI C1- Transi ent . dat (active)

12. 39V

10. OOV

7.50V

SEL>>

5. 55V

5. 389A

5. 250A

5. 000A

4. 750A

48. 1151ns

48. 1500ns

o | (L1)

48. 2000ns

48. 2500ns

Ti me

48. 3000ns

48. 3500ns

Dat e: Decenber

ECES556 Lecture Notes

04, 2002

Page 1

Ti me:

14: 43: 07

Page 222 of 662



Page 223 of 662

** Profile: "SCHEMATI Cl1-Transi ent"

Date/ Time run: 12/ 04/ 02 14: 38: 44

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ Boost Converter\ bo. ..
Tenperature: 27.0

(A) boost

convert er - SCHEMATI C1- Transi ent . dat (active)

10. 298V

10. 200V

10. 000V

SEL>>

9. 783V

O V(VO)

5. 389A

5. 250A

5. 000A

4. 750A

o | (L1)

48. 1178ns 48. 1500ns

48. 2000ns

Ti me

48. 2500ns

48. 3000ns

Dat e: Decenber 04, 2002

ECES556 Lecture Notes

Page 1

Ti me:

14: 43: 35
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5

>

V Switch

V err
+
— Vi
_—— DC = 3 V ramp

ECES556 Lecture Notes

+ V2

gy FREQUENCY = 20k
AMPLITUDE =5

o

Part names;
Glimit, Diff
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Temperature: 27.0

\Website\Rose Classes\ECE556\Notes\Orcad\PWM Waveforms\PWM Waveforms-...

"SCHEMATIC1-Trans” [ C
01/08/04

** Profile
Date/Time run:

)
S
S
O
~
%)
S
S
T}
-
~
()
>
-
0 )
© > 2
/ o a
S =
- —
©
ke
%)
c
©
e
T
~
<C
~
)
S
S
T}
~
o
£
]
r_
>
<
>
.
~
-
|-
e_
>
<
>
n o
o

- 15:28:42

Time

Page 1

Date: January 08, 2004
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Temperature: 27.0

\Website\Rose Classes\ECE556\Notes\Orcad\PWM Waveforms\PWM Waveforms-...
(A) Trans.dat (active)

[ C

"SCHEMATIC1-Trans"
01/08/04

:01

200us
33

15

Page 228 of 662

Time

150us

ime

100us

Page 1

** Profile
Date/Time run:

R EEEEEE K RN EEE RN RN NEEREE
R I EEREEE P RN RN P R
R I EEREEE P RN RN P R
R I EEREEE P RN RN P R
R I L' EEEEEE N P A'BEE EREN P L IR
o S NEEE N S NN IEEEE Fefh e i
R I PR P TR RN PR
R I ) BEEEE N P L BN AR P I R
R I A YEEEE N P A NN EREN P I R
R I R RN N P R RN P I R
R I N N N P N o P B R o
T Frrrry g T rrrrel T rrhr S
R I RN RN N P RN RN P N N RN
R I EEL SN N [ R RN RN P N N SN
R I EEE YN N T EEE YRR P N INE YN
R I EEE T N P RN RN P N IR RN
Loc EEEREL Y N IR EEEEE EREEE | YN IR EEEEE N EREL YN
RN T B R RN T N RN N N T
R I RN N P EEE B P N R
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RN R 3R ERRREERE R e ERRREERE R BN e
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50us

o V(V_err)@3 < V(V_ramp)@3

Os

Date: January 08, 2004
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Calculation of Continuous Boost
Regulator Input Capacitor

Specify Currents From the Continuous Boost Regulator
Design

l{ :=4-amp Iy :=6-amp

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

o _(|1+|2) . _(|1+|2)
A~ 2 B-— 12 2
, -6
us := 10 ~-sec
Specify the frequency and on time
1
FS = 20-kHz TS =
Fs



Define a time dunction for the capacitor during the on
time. Assume that at t=0, the current is l5. At t=t,,,, the
current is |g.

I —Ia
ml =

ton
lcon(t) = 1a + mq-t

Define a time dunction for the capacitor during the off
time. Assume that at t=0, the current is Ig. At t=ty, the
current is |,.

o als
27 toff

lcoff () == 1g + Mot

Calculate the Capacitor RMS Ripple current

1 ton , Loff ,
lcrms = Te J ('Con(t)) d”J ('Coff(t)) dt
S 0-sec 0

lcrms = 0.577 A



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

Specify the ripple due to the ESR VR := 200-mV

VcR
I - 1A

ESR := ESR = 0.1Q

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

80-us
C = C = 800 uF
ESR K

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

C 3

Choose the next size std capacitor C := 1000-uF

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

80-us

ESR :=
C

ESR = 0.08Q

VCRact = ESR:(1g — 1) V(eRact = 160mV



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.
Specify the amount of ripple allowed Vg = 200-mV

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

Tslg
Ag = ——

Calculate the capacitor needed from q=CV.

Aq

e C = 625uF
VcR

C:

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

C

Choose the next size std capacitor C := 1000-uF

Calculate the ripple with the chosen capacitor.

AQ
VCRact = S VCRact = 12.5mV

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



PARAMETERS:

D=0.8

L1
Y Y Y\

VX

| +

— Vi
DC =12

O 10m
IC=0

L2

ESR
80m

T 1000u
IC=0

FALL TIME = {(1-d)*50U}
INITIAL_CURRENT = 4
PERIOD = 50U
PULSE_WIDTH = 1f
PULSED CURRENT =6
RISE_TIME = {D*50U}

O 10uH




** Profile:

"SCHEMATIC1-Trans"

Date/Time run: 01/13/05

[ C:\WEBSITE\ROSE_CLASSES\ECE556\Homework\Winter04-05\HW4\ece556 hw4-pspi...
Temperature: 27.0

(A) Trans.

dat (active)

TANAANANAAANAAAAAAAAAN/
W VVVVVVVVVVVVVVVV VY
2'22i\l,(rt)\;r\_\lJ(II\Z.)\J/\.\JI\.\JI\/\\J;\\JI\\JI\\JI\.\/\J/\.\J/\\J/\.\J/\I/\\/\.\\ﬂ

CNANNNNAN

ANNN N

ANANANN

ANTANAN

o V(VX)

Time

I ATAYAYAYAYANATASAYAYAYAYAANAYAVAYAY
o VVX,VyY)
IR N AN W WA W a WaWa N2 WaWaWa Ve WaWaWa WaWaWa
seoe VVVVVVVVVVVVVVVVVVN
o V(VY)
12.0625V
NN N NV NN NN NNV NNV NNV NN NN
1.9990128s 1.9992000s 1.9994000s 1.9996000s 1.9998000s

Date: January 13, 2005

Page 1

Time: 15:51:35



** Profile: "SCHEMATICl1-Trans™ [ C:\WEBSITE\ROSE_CLASSES\ECE556\Homework\Winter04-05\HW4\ece556 hw4-pspi...
Date/Time run: 01/13/05 Temperature: 27.0

(A) Trans.dat (active)

6.0A
5 OA <‘——”_,—————————\\\\

'\\\‘———‘__,——”’—"> Current into Boost _—
4 _0A Inductpr
o 1(11)
6.0A
Line Current
5.0A
(1.9994,5.0010)
4_0A

o oI(LY) o - 1(L2)

DK

1.0A
///--~"“ (1.9994,-1.0000) Cap Current
OA 1 \
«-........._-~il///’(1-9994,1-0010)
~1.0A
o 1(C1)
100mV
/,/‘--.__ (1-9994,—79-154m2///’ ESR Ripple = 159.236 mV
oV 4 \\ \
SEL>> -.-.::;,///;1-9994,80-082m) ,//,
~100mV
o V(VX,Vy)
Ry o
12..00000V L™ (1.9994,12.011) N\ o~ (Charge/Discharge ™~ | -~
- =" [ —— RTppIE =12 MV e
o V(Vy)
12.0625V | /——— f—  ——
12.0000v 7 -......"“=“-~ ,//’//'Tota;7;:;;:;..~‘.!=“--.-.._> ,/’;//' —
11.9375V ——— ~—<~
1.999346s 1.999360s 1.999380s 1.999400s 1.999420s 1.999440s 1.999460s
o V(VX)
Time

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



Page 229 of 662

%005-\- Re%\) \q ~“oC

—
o Dison twmuods node
o

—Ebr.ée,q& Towne

ECE556 Lachind Ritg00 Marc E. Herniter Page 229 of 662




Page 230 of 662

T

DoOC \.NG Ton wle \r\q\le.

wb
—t)

dt |
'tW\
Llgy= - LS\,MAt
oR
T, = Va town

t 2000 Marc E. Herniter

ECE556 Lecamd'Ritias Page 230 of 662




Page 231 of 662

Vot Toss we WNave

Ac )
| Y YY _ -
X - s T +
+ L Vi ) -
\)b — h L Uo
- ‘S ﬁ‘)’_’
-~ Dode \& ‘Weod
-D\y = on
~Vpi= Va-V, ¢ Vo <0 5 AL ¥

Tor Ahe wdoctor g VL = L S A
! ir

b

A=+ jvoit 41,

OR

~ OR I, = o —-V4

ECE556 Lachind Ritg00 Marc E. Herniter Page 231 of 662




Page 232 of 662

T ensure discwontwm vovs Mode

Chooge 1, = 0. Ty

= \,l_ton"'—to&g, $ 0.9 Ts‘(@

POUOQ(' \Qq\qnce_; Au& Pow £ delwvered

h% Soucee.

?b = \,é' CL\_>

Dutywa ‘tonéﬂtog-s, <?._): 2
Y
0 over T

<A = <> (fon+ to,,)
Ts

= 13 [‘Eo«\-\-'bngg

oR

®s = VaTa[ tons togg
—a <

t 2000 Marc E. Herniter

ECE556 Locta Ritias Page 232 of 662



herniter
Rectangle


Page 233 of 662 @

ANd - Fom @guation @ , Ta

{

Ooteot Puwer 3 = \p To

S0 b= Py

\Vp = N2t town |
X TO&:& @

51\&"8% \bq\q\t\ ce

- Ex\er%%. &\&S\Pq‘\'e.\. 4 Load B Entre
C«\&o\e

£ T\ T,

ECE556 Lachind Ritg00 Marc E. Herniter Page 233 of 662




Page 234 of 662

Vo NG Toss

)
k\_,(:t-)
— Fe

LOqA

~ = QDoocce Vo dolvers enely & ™ Lead
2
= 31T
_ Nyiton

== u

~ NOR - Fand Eneryy  deluered by the Soocee

Es =\ <Ta> tog,

ECE556 LeiMWiR{3900 Marc E. Hemiter

Page 234 of 662




Page 235 of 662 @

<Ta>= 32 - Naton

7 L
<0
E’\'> = \LL {TD Toy, = N, ? ton
5T toss
0 ®c emergy balance
EL ~ g& — g)
—~ \ 2
EI RS cAUAS S SRR 444
OR
\ 2
0 W ton | s+ ) = Vo To e
Same as ower walance

ECE556 Lachind Ritg00 Marc E. Herniter Page 235 of 662




Page 236 of 662

Sl
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\
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EE 456

Boost Regulator Design - Discontinuous Mode Operation

- 6
Specify Output Voltage Vo = 10%o0lt ng° 10 “eec
Specify Input Voltage Vp = 5wolt
Specify Switching Frequency Fs:= 20kHz
Tg:= !
> Fs Tg=5" 10 “sec

Specify the Max Output Power and Efficiency  Pg; := 20%vatt Eff := 100%

Calculated the power for the design

Pout
Pdesign = =73 Pdesign = 20wait

Calculate the output current

I:’de'sign
IOUt = V IOUt = 2amp
0
Find Ton and Toff
Toff = 1>$C Ton = 1>%C
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Ton Vo‘ VD
Toft Vb

Ton+ Toff = 0.8Xg

&lonb

g - .= F| nd(Ton,Toff)

eToff g

Ton = 1908 Toff = 19n6
Tdead = Ts- Ton- Toff Tdead = 1206

Find the range of Inductors that will operate in discontinuous mode

VD’Zron VD
L = Xx—
240t Vo
For Discontinuous Mode, We need L less than L =11.875nH

FInd the inductor Value

VD2>Z|_on
L =
Z’VO’er"out

XTon + Toff ) L = 9.025nH

L := 10nH
Coilcraft PCV-1-103-10

Choose a standard size inductor
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FInd the peak current

Ton
lo = VDxT o = 9.5amp

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 = 1000mV

VRR
2

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

-6
80X0 “»eec
C=z————

C = 7600nF
ESR
Choose the next size std capacitor C = 82004t
- 6
80%0 “sec
ESR = —c

Calculate the new ESR with the chosen capacitor

ESR = 9.756° 107 SW
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Calculate the Capacitor RMS Ripple Current

(&
L) =181 - —9
e Toffg
A, TontT T ¥
1 EQ on™ I dead Q off 5 H
lrms = T £ lout dt+ @ ('L(t) - Iout) dt,
S é00>sec Oossec O
lrms = 2.866amp
Summary
L =10nH o = 9.5amp
Ton = 19I’TS Toff = 19”8
Vp = 5volt Vo = 10volt lout = 2amp
C=82" 10°nF Vgg = 100mV lims = 2.866amp

ECES556 Lecture Notes
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** Profile: "SCHEMATI Cl- Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Boost Converter\boost ..
Date/ Time run: 12/11/02 12:32:07 Tenperature: 27.0

(A) boost converter discontinuous node- SCHEMATI C1- Trans. dat (active)

200A

“—T OO cCcaos —

100A

SO T CO

O0A

12v

R
[P |
B

o,

~coT " CcQ
B
I
{
|
!
|
1
§

[,

'\'&1

8V

=
%

5
£
®
%“w.

nQ®~—0 <L

SEL>>
4V
Os 2ns 4ns 6nms 8ns 10ms 12ms 14ms 15n8

o V(Vo)

Ti me
Dat e: Decenber 11, 2002 Page 1 Time: 12:32:57
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** Profile: "SCHEMATI Cl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ O cad\ Boost Converter\boost ...
Date/ Time run: 12/11/02 12:32:07 Tenperature: 27.0

(A) boost converter discontinuous node- SCHEMATI C1- Trans. dat (active)
| 200A
n
d e 2 8 813 23 5.
u DAV IAAAA
C }‘:;J;-’;V;{;j;'f YVPEvyvyevyyy ¥\
0 i
r A
100A N
c
J‘L
u Pl
r |
r /
e g
n :_:
0A
o | (L1)
o 12v
u
t / et ———
u A
¢ A
\Y,
o 8Vv p
I £
t }g*
a
g
e e
SEL>>
a4V
Os 1. 0ns 2.0ms 3. 0ms 4. Onrs 5. 0ns
o V(Vo)
Ti me
Dat e: Decenber 11, 2002 Page 1 Ti me: 12:33:43
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** Profile: "SCHEMATI C1- Trans"

Date/ Time run: 12/11/02 12: 32: 07

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Boost Converter\ boost

Tenper at ur e: é%fo

(A) boost converter discontinuous node- SCHEMATI C1- Trans. dat (active)

11. OA

8. 0A

T o0O—To0OcCco>s —

4. 0A

SO TSSO

OA-

o | (L1)

9. 98986V

9. 98500V

~coT ~CcQ

9. 98000V

PQY~—0<L

SEL>>

9. 97409V

14. 70ns

14. 75ms 14. 80ns 14. 85ns 14. 90ns 14. 95ns

o V(Vo)

Ti me

15. 00ns

Dat e: Decenber 11, 2002 Page 1
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** Profil e:

Dat e/ Ti me run:

" SCHEMATI C1- Tr ans™
12/11/02 12:32: 07

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Boost Converter\boost ...
Tenperature: 27.0

(A) boost converter discontinuous node- SCHEMATI C1- Trans. dat (active)

8.0V

4.0V

O

V( RAVP)

V( ERROR)

O

V(Control)

O

I (L1)

9. 980V

~coT ~CcQ

9. 975V

9. 985V

14. 70ns

o V(Vo)

14. 75ns

14. 80ns

14. 85ns

Ti me

14. 90ns

14. 95ns

15. 00ns

Dat e: Decenber

ECES556 Lecture Notes

11, 2002

Page 1

Ti ne:

12: 37: 15

Page 248 of 662



Page 249 of 662

** Profile: "SCHEMATI Cl- Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Boost Converter\boost ..
Date/ Time run: 12/11/02 12:32:07 Tenperature: 27.0

(A) boost converter discontinuous node- SCHEMATI C1- Trans. dat (active)
| 10. 93A
n N
d |
u |
c 8.00A (14 866m35245n
t | /
o | |
r 1 /
(H4771m-10-323)
S 4. 00A /
: |
r (14.791m 115. 259m /
e
; |
0A
o | (L1)
o 9. 98986V
u
t
P 14.771m 9. 979) ‘ |
t‘ 9. 98500V /
|
v |
0
L 9. 98000V ]
a : (1A Qo7r/r 0_Q09Rs)
g \J.'-r OorTrl 7. JUU)
e
SEL>>
9. 97409V
14. 76000ns 14. 78000ns 14. 80000ns 14.82000ns 14. 84000ns
o V(Vo)
Ti me
Dat e: Decenber 11, 2002 Page 1 Tine: 12:39:11
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SR + Vo
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~In Gontwupos mode T SO

ALt tosy = To
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I\JLL‘&-) cl,"(, el 0
Ts

OR

Ny Ton ¥ (Vo —LQS"A =0
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EE 456

Buck-Boost Regulator Design
Continuous Mode Operation

-6 W
=10 “eec W= ——
™ = 1000
Specify Input Voltage Specify Output Voltage
Vp = 12%o0lt Vg = - 12wo0lt

Specify Switching Frequency Fg:= 40%kHz

Tg:= 1 Tg = 25n8
Fs
Specify the Assumed Efficiency Eff .= 85%

Specify the Max output Current

The output Poweris Pyt = _50;\;att
. Pout
The output currentis |4 := VN lo = 4.902amp
(0]
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Find Ton
ton ;= 18
Given
Ve = Vpore fn_ 0
als- tong

ton := Find(ton)

ton = 125”8 toff = TS' ton toff = 125”8
ton

D= — D =50%
Ts

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 =

min 10
Vpi

L:= — 1. D)
24 min

For Continuous Mode, We need L greater than L = 76.5nH
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Pulse
Engineering
PE-51512

Choose the Inductor L := 90>nH

Find the Min and max inductor currents

|1 := 1xamp |2 := 1xamp
Given
li+1l2 o
2 1-D
ton
lo- 11 = VpX—
L
a10
¢, =:=Find(l1,12) l1 =8971lamp I = 10.637amp
el2g
1+ 12

Inductor Average Current is = 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 VR = 100omV
\Y
ESR = (l—CI; ESR = 9.401 mW
2

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

808

= — C = 8510nt+
ESR

Choose the next size std capacitor C := 10000>nF

Calculate the Capacitor RMS Ripple Current

(12-12) |

Define a function for the inductor current IL(t) =12+ toff

ms= |=¢0  (-lo)°dt+a  (IL(1) - 15)°ct,
Ts %0 0 ~
€ 0>sec O>sec u

lyms = 4.914amp
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Summary

L = 90nmH

ton = 125ns

Vp = 12volt

C = 10000 nt+

ECES556 Lecture Notes

> = 10.637amp

toff = 12.5n8

Vo = -12volt Io = 4902amp

VR = 100mV

o+ |
2 > 2 - 10.637amp
Irms = 4914 amp
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V_mon
FREQUENCY = 40k
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Simulation Settings - TRans

General Analyzis llnclude Filesl Lihraries] Stimuluz l Dptinns] Drata Collection ] Probe 'W'indn:uw]

Analysiz bppe:

Optiong:

B General Settingz
Mante CarloMforst Casze
Farametric Sweep
Temperature [Sweep)
Save Biaz Point
Load Biaz Point

B ko birne: A0 zecondz [TSTOR)
Start gaving data after: [0 geconds

Tranzient optionz

M arirum step zize: |1 L seconds

[ Skip the initial transient biaz point calculation [SKIPER)

CQutput Eile Options. ..

X

a. Cancel | | Help

Simulation Settings - TRans

Generall Analysiz ] Inciude Filesl Lihraries] Stimuluz  Options lData Collection ] Frobe 'W'indn:uw]

X

Categany: [LOPTIOMN]
t"i.'r'-'{é'l}f{-i"5§i'iﬁ-i'l'.i'l'é'r:iiii'r'-i """"""""" Relative accuracy of W's and I's: 0.001 (RELTOL]
gat3'|3‘f~fi3| Simulation Best accuracy of voltages: |'I M valts [WMTOL)
tpuit
S Best accuracy of currents: |'I Op ampE [SBSTOL)
Best accuracy of charges: |EI.EI1 p  coulombz [CHGETOL)
Minirurn conductance for ang branck:  [1T.0E12 14ahm  [GMIN)
OC and biaz "blind" iteration limit; |'| il [ITL1]
DC and biaz "best guess" iteration limit: |2|:| (ITLZ)
Tranzient time point iteration limit; |2DD [ITLA]
Drefault nominal termperature: |2?.EI C [THOR]
[v Lze GMIN stepping to improve convergence. [STEPGHMIN]
[ Usze preordering to reduce matrix fill-in. [PREORDER)
MOSFET Options... | Advanced Dptions. .. | Bezet |
a. Cancel | | Help
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Simulation Settings - TRans

l | |

All but Internal Subcircuits

all but Internal Subcircuits

p
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* %

Profile: "SCHEMATICl- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck- Boost Converter\b..
Date/ Time run: 01/09/03 12:19:55 Tenperature: 27.0
(A) buck-boost continuous node- SCHEMATI Cl1- TRans. dat (active)
400A
A\
a
200A :
/
/
SEL>>
-200A
o | (L1)
oV
RN
N\
\
¥
- 10V \
\- TS S A S S .
| P = = = =
I
/
- 20V —
//
i il
} /
\ 7
- 30V L~
Os 5ms 10ms 15ms 20ms 25ms 30ns 35nms 40mns
o V( Vo)
Ti me
Dat e: January 09, 2003 Page 1 Ti ne:
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12: 26: 06

Page 269 of 662



Converter\b...
27.0
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** Profile: "SCHEMATI Cl- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck- Boost
Date/ Time run: 01/09/03 12:19:55 Tenper at ur e:
(A) buck-boost continuous node- SCHEMATI Cl1- TRans. dat (active)
50. 0A
A A # ¢ 4
. A I = X
37. 5A a §i ;“ | ;?

H I

¥ # 2 #

; : ; 3 :

25. 0A : / /

12.5A 4 .. /

SEL>> .: ¢ a ; :

0A L& F ) { i K,

o | (L1)
-11. 000V
-12. 000V =TT T = T - \
gl ~ -~ el \
A= / % | ‘i‘ [
Nk o \ ] \ /-/ d " o
-13. 000V
-13. 525V
31.01ns 32. 00ns 33. 00ns 34. 00ns 35. 00ns 36. 00ns 37.00ns 38. 00ns 39. 00ns
o V(Vo)
Ti me
January 09, 2003 Page 1 Tinme: 12:26:58
Page 270 of 662
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100 1meg
Ramp
V_mon
+ V6
FREQUENCY = 40k
AMPLITUDE =5
)
Control
Q
Vce D1
o 1
N

+ o U MUR1505

— V2 90u
DC =12 IC=0

-0

AV
]

28m

|:F||C= 0
ESR
1

V_mon

E1

GAIN = -1

10000U

o

.
- )
9.4m § Load
2.88
C
4|‘:
~o
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** Profile: "SCHEMATI C1l- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck- Boost Converter\b. .
Date/ Time run: 01/09/03 12:28: 33 Tenperature: 27.0

(A) buck-boost continuous node- SCHEMATI C1- TRans. dat (active)

400A

200A

0A \ AAAANMMNALASPAPANNNANNNALAN AMAANAAAAN

SEL>>
- 200A

o | (L1)
10V

ov

-10V
—
-20V ‘
Os 5ns 10ms 15ms 20ms 25nms 30ns 35nms 40ns
o V( Vo)
Ti me
Dat e: January 09, 2003 Page 1 Tinme: 12:32:39
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** Profile: "SCHEMATI C1l- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck- Boost Converter\b. .
Date/ Time run: 01/09/03 12:28: 33 Tenperature: 27.0

(A) buck-boost continuous node- SCHEMATI C1- TRans. dat (active)
40A
20A gs-’#f:’“ 5# Y {;‘ % ,;-‘gi‘\ ‘,;"‘3,7 .5%",,
A S AR Pl A A
_‘s-é‘qA 2 “;.‘“ ‘,,;?‘; ?{ 2 ;” ;5 8 *y\ % f’i " LY A %
a ol —“, \rf %’ Q: a‘f‘? eav ie at’» * w*
OA ’*‘&ffr i“"’n a‘f’;yv :: &-é""g é‘, A, "l{;‘: LY .»-«‘3’ 3& {kf' .«?.«7);?&
- 20A
o | (L1)
-0. 65V
-5. 00V
-10. o0V
| A, 1 1 1 1
Jl | JU L | L il {111 11
-15. 00V
SEL>>
37.00ns 37.50ns 38. 00ns 38. 50ns 39. 00ns 39. 50ns 40. 00ns
o V( Vo)
Ti me
Dat e: January 09, 2003 Page 1 Tinme: 12:33:46

ECEb556 Lecture Notes Page 273 of 662



Page 274 of 662

** Profil e:

" SCHEMATI C1- TRans"

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck- Boost

Converter\b...

Date/ Time run: 01/09/03 12:28: 33 Tenperature: 27.0
(A) buck-boost continuous node- SCHEMATI Cl1- TRans. dat (active)
5.0V
2.5V
SEL>>
ov
o V(Control)
40A
0A -+ |
- 40A
o 1 (L1)
-7.5V
-10. 0V
I I
| |
-12.5V
38. 58 38. 68 38. 7nms 38. 8ms 38. 9 39. Ons
o V(Vo)
Ti me
Dat e: January 09, 2003 Page 1 Tinme: 12:35:30
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— V2
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o

Control
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N
o L1 MUR1505
90u
IC=0
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§ RS
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o
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E1

GAIN = -1

10000U
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.
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** Profile: "SCHEMATI C1l- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck- Boost Converter\b. .

Date/ Time run: 01/09/03 12:38:16 Tenperature: 27.0
(A) buck-boost continuous node- SCHEMATI Cl1- TRans. dat (active)
200A —
Zan
/
/"
100A
/ i
/ |
/ \
/ \ A /ﬁg /\ A
oAt \ /I / AN
SEL>>
-100A
o | (L1)
oV
-10V
— —— B
-
\ M"Mﬁ/‘w’/’
\///
-20V
Os 5ns 10ms 15ms 20ms 25ms
o V( Vo)
Ti me
Dat e: January 09, 2003 Page 1 Time: 12:40:59
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** Profile: "SCHEMATI C1l- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck- Boost Converter\b. .
Date/ Time run: 01/09/03 12:38:16 Temperature: 27.0

(A) buck-boost continuous node- SCHEMATI C1- TRans. dat (active)
5.0V
2.5V
SEL>>
oV
o V(Control)
40A p
wwx L
x*’ﬂﬂ' N r#fﬁﬂ” AN
I, Pl M,
OA \ P
- 40A
o (L)
-11. 408V
-11. 875V
[ o L | n "
1 ] [ | 1 ]
I " I Sl
l | .d'/ _l Il ]
LI UL
-12. 500V
21.102ms 21. 50018 22.000mns 22.500ms 23. 00018 23. 5008 24. 000ms
o -12 o V(Vo)
Ti me
Dat e: January 09, 2003 Page 1 Time: 12:45:59
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** Profil e:

" SCHEMATI C1- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck- Boost Converter\b..
Date/ Time run: 01/09/03 12:38: 16

Tenperature: 27.0

(A) buck-boost continuous node- SCHEMATI C1- TRans. dat (active)
4.0V
/ /
2.0Vl q
AL ttm
Wiva Il
o V(Error)
5.0V ::H
2.5V
ov II IE@ H
o V(Control)
40A — 1
e i i
- 40A
o | (L1)
-11. 875V
— -
I -
SEL>>
-12. 757V
22.5n8 22.6n8 22. 8ns 23. 0ns 23. 2ns 23. 4n823. 5nB
o -12 o V(Vo)
Ti me
Dat e: January 09, 2003 Page 1 Time: 12:47:40
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** Profil e:
Dat e/ Ti me run:

" SCHENVATI C1- TRans"
01/ 09/ 03 12:48: 35

[ C \WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck- Boost Converter\b. ..

Tenperature: 27.0

4.0V

(A buck-boost

conti nuous node- SCHEMATI C1- TRans. dat (active)

ov

-4.0V

5.0V

2.5V

o V(Error)

oV
o V(Control)
200A —
A \
v \
/ \
0A
- 200A
o | (L1)
0 |
-10
SEL>> A ———
-20
Os 5ns 10ms 15ms 20ms 25ms 30ns
o -12 < V(Vo)
Ti me
Dat e: January 09, 2003 Page 1 Time: 12:49:15
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** Profile: "SCHEMATI Cl- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ O cad\ Buck- Boost Converter\b. ..
Date/ Time run: 01/09/03 12:48: 35 Tenperature: 27.0

(A) buck-boost continuous node- SCHEMATI Cl1- TRans. dat (active)

4.0V

OV q‘-:‘ : | h J{ & - : | l!'" o '4 ¥ ’ I] '

-4.0V

m}

V(Error)

5.0V

2.5V

oV

m}

V(Control)

20A

10A

0A

m}

I (L1)

-11. 250

-11. 875

SEL>>
-12. 837

29. 50018 29. 60018 29. 70018 29. 800ms 29. 9001s 29. 966ME
5 -12 - V( Vo)

Ti me
Dat e: January 09, 2003 Page 1 Time: 12:50:15
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** Profil e:

Dat e/ Ti me run:

" SCHEMATI C1- TRans"
01/09/03 12:48:35

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck- Boost

Converter\b. ..
Tenperature: 27.0

(A buck-boost

conti nuous node- SCHEMATI Cl1- TRans. dat (active)

5.0V

2.5V

oV

o V( Ranp)

5.0V

2.5V

oV

o V(Control)

20A

10A

0A

o | (L1)

-11. 875

-12. 000

SEL>>

-12. 199

29. 53ns

o -12

29. 56ns

V( Vo)

29. 60ns

29. 64ns

29. 68ns

Ti me

29. 72ns

29. 76ns

29. 80ns

Date: January 09, 2003

ECES556 Lecture Notes

Page 1

Ti ne:

12: 52: 05
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** Profile: "SCHEMATI C1l- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck- Boost Converter\b. .
Date/ Time run: 01/09/03 12:48: 35 Tenperature: 27.0

(A) buck-boost continuous node- SCHEMATI Cl1- TRans. dat (active)
12. 50A
|
\ (129.1675m 5/ 9759)
10. 00A | /
| /
|
|
7. 50A - /
(29.595m 11.997) /
)
5. 29A
o | (L1)
-11.800 29./645m -11. 911
-12. 000
SEL>> (29.596m -12.027)
-12.199
29. 5307ns 29. 56008 29. 60008 29. 6400mns 29. 6800mns 29. 7200mns 29. 7600ns 29. 8000mns
V( Vo)
Ti me
Dat e: January 09, 2003 Page 1 Time: 12:54:54
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EE 456

Buck-Boost Regulator Design
Discontinuous Mode Operation

i -6
MW W0.001  mms:= secd0 © mJ:= joulex0
Specify Input Voltage Vp = 12wolt
Specify Output Voltage Vo= - 12x0lt
Specify Switching Frequency Fg:= 40%kHz
1
Tgi= — Tg = 25n8
Fs
Specify the Assumed Efficiency Eff .= 85%
The output Power is Pout := SOwvatt
Eff
. Pout
The output current is lo := VN lo = 4.902amp
(0]
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Find Ton and Toff

toff = 1>fTB ton = 1>¥TB
Given
ton ‘Vo‘
toff Vb

ton + toff = 0.8X's

adon O _
C == F nd (ton ) toff) ton = 10ns toff = 10ns
aloff g

Find the range of Inductors that will operate in discontinuous mode

D=— L :=
Ts 2%,

ton _ VD*on>(1_ D)

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

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

2 2
Vp ™%
L on

= L = 4.896nH
ZX‘Vo‘ >10>Z|_S
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FInd the peak current

ton
|5 = VDXT o = 24.51 amp

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

Some Pulse Engineering Specs PE-51509 L := 14xnH

Volt_Sec := 95w0ltns Energy_Storage := 700>mJ
Ipc = 10>amp
Vol
Imax = AL f_—sec lmax = 6.786amp

. /2>Energy_Storage s = 10aMp

L

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

on’ toff'

L = 7nH

Calculate the needed 12 to store the amount of energy needed
per cycle.

|, = 20.498amp

= 2>V0>10><TS
|5 = L
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TOROIDAL INDUCTORS
HIGH CURRENT

Pulse

e
— o—
D ~— G
— - -
— - -
—— - -
A TECHNITROL COMPANY

& 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

REFERENCE OPERATING VALUES DEesIGN CONTROL VALUES
Inductance ETop! Energy Inductance 50 kHz : Lead
Ntf;ger Typical ( All\z;S) (V-pSec) Storage No DC (uH) Test mV (QDI\(/iEX) g‘;‘i Diameter
(uH)2 20 kHz | 40 kHz (uJd MIN)3 (x20%) 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 95 200 28.5 73 0.009 1 0.057
-51510 23.0 11.0 170 20 1400 L.z o n T30 0.012 2 0.
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 Ipc to operating Ipc gives improved
protection against current discontinuities at light loading. Inductance increases
with greater ETop. Reference values occur at Ipc and low flux density.
3. iz rating is the ability of the inductor to store energy. H MAX
2 t === Pulse
) N . ) E MIN PE-515XX
4. Design control test voltage is critical. Inductance increases with voltage. DATE CODE
H/ vH ¢ vy | COUNTRY GF ORIGIT
G MAX T
Si — B MAX < ~— D —
ize
A | 1.20/30,48 | 1.44/36,57 | 1.60/40,64 | 1.95/49,53 | 2.30/58,42 Iy O ! 5
B | 0.60/15,24|0.80/20,32 | 0.80/20,32 | 0.91/23,11 | 1.11/28,19 C +.010 Lead Dia.
C | 0.40/10,16 | 0.60/15,24 | 0.60/15,24 | 0.70/17,78 | 0.90/22,85 ol 0| (@PLCs)
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 2 No Int | A MAX
3 0 No Interna
F 0.20/5,08 | 0.20/5,08 | 0.20/5,08 | 0.20/5,08 | 0.20/5,08 Connections
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: lnnc]rrl]es

.010

Unless otherwise specified, all tolerances are + 025

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

ECEBSS LR /Y Wtes
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Now calculate the value of t, and t . to get that peak current.

o3
ton = V— ton = 11.957ns
D
>3
toff = RV toff = 11.957n®
“ Vo

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

ton + loff

Ts

= 0.957

Calculate the dead time

tg:= Tg- ton- toff tg = 1.086 s

This dead time is too small. Try another inductor.
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EE 456

Buck-Boost Regulator Design
Discontinuous Mode Operation

i -6
MW W0.001  mms:= secd0 © mJ:= joulex0
Specify Input Voltage Vp = 12wolt
Specify Output Voltage Vo= - 12x0lt
Specify Switching Frequency Fg:= 40%kHz
1
Tgi= — Tg = 25n8
Fs
Specify the Assumed Efficiency Eff .= 85%
The output Power is Pout := SOwvatt
Eff
. Pout
The output current is lo := VN lo = 4.902amp
(0]
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Find Ton and Toff

toff = 1>fTB ton = 1>¥TB
Given
ton ‘Vo‘
toff Vb

ton + toff = 0.8X's

adon O _
C == F nd (ton ) toff) ton = 10ns toff = 10ns
aloff g

Find the range of Inductors that will operate in discontinuous mode

D=— L :=
Ts 2%,

ton _ VD*on>(1_ D)

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

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

2 2
Vp ™%
L on

= L = 4.896nH
ZX‘Vo‘ >10>Z|_S
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FInd the peak current

ton
|5 = VDXT o = 24.51 amp

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

Some Pulse Engineering Specs  PE-51590 L := 22>nH

Volt_Sec := 44x0lt1s Energy_Storage := 275xm)
Ipc = 5%amp
__Volt_Sec ~
|max - f Imax — 2amp

_ / 2>Energy_Storage | = Samp

| max = L

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

on’ toff'

Coil Craft Inductor PCV-0-103-20 L := 10>H
lsaT := 20%@mp
Use two of the coilcraft Parts in parallel.

L := 5¥nH
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LOW COST INDUCTORS == Pulse

Electrical Information

A TECHNITROL COMPANY

& 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 filters®
Electrical Specifications @ 25°C — Operating Temperature -30°C to 130°C
REFERENCE OPERATING VALUES DesiGN CONTROL VALUES
Vertical Low Profile  Inductance Ioc ETop Energy Inductance 20 KHz DCR Coil Klip Lead
Part Part Typical (AMPS) | (V-uSec) Storage | No DC (pHy)| Test mV (Q MAX)6 Size Mount  [Diameter
Number Number (uH)1 (uJ)4 +20% No DC2 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 Z00 1250 90.7 180 .034 E RIS T
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).
Relationships Between Reference and Operating Conditions
Inductance vs. DC Current Inductance vs. Operating ET Max. Operating ET vs. Frequency
(at reference ET) (at reference Ipc) (at reference Ipc)
w
n
k=i 2.00 Sl 200 x| 200
O o4 o
z 175 S E S 115 = 175
= RS i
=8 150 = >40°C = E 1.50 e e — Sl 150
Wy \ Wwin olw
o) 9 12 ~ &Y 125 = 3|0 125 .
&€ 1o ™~ T 100 P %ﬁ 1.00 \'
& iy \“\ wly g ,/lr’ S ini \
g mj 75 Sl0 s = Ly s
4 : Zlz - — :
<|* <|< o|x ™~
5 50 = Bl5 50 Zl 50
2 212 <
g .25 > % .25 5 .25
B o 5
0 .25 .50 .75 1.00 1.25 1.50 0 .25 .50 .75 1.00 1.25 1.50 0O 20 30 40 50 60 70 80 90 100
OPERATING DC CURRENT OPERATING ET OPERATING FREQUENCY — KHz
REFERENCE Ipc REFERENCE ET

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA 92128 « TEL 619-674-8100 « FAX 619-674-8262 « http./fwww.pulseeng.com
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PCV-) Series — Continued

Part Inductance 1t Isat? Irms?3 DCR A B C D

Number (nH) (Amps) (Amps) Max (Q) Max Max +.015/0,38 +.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 1) 3 K 02D SOM R 1.0/2D, 4 .42/10,7 .?m_ag_,
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-1 Series
Part Inductance 1t Isat? Irms?3 DCR A B C D

Number (uH) (Amps) (Amps) Max (Q) Max Max +.015/0,38 +.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

1Tested at 15.75 kHz, .1 Vrms, with DC bias applied up to the rated current.
2 Inductance drop = 10% typ. at Isat.

3 AT = 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 135-2 Revised 7/31/00

1102 Silver Lake Road Cary, lllinois 60013  Phone 847/639-6400 Fax 847/639-1469
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Calculate the needed 12 to store the amount of energy needed
per cycle.

lo = 24.254amp

= 2>V0>10><TS
|5 = L

Now calculate the value of t, and t . to get that peak current.

o3
ton := V— ton = 10.106 s
D
>
toff = VA toff = 10.106 s
“ Vo

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

ton + loff
Ts

= 0.808

Calculate the dead time

tg:= Tg- ton- toff tg = 4.789 s

This dead time is OK.
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Page 30101662 choose the filter capacitor using the capacitor ESR.

Specify the ripple due to the ESR VR = 100>mV

ESR = W ESR = 4.123mW
2
For all electrolytic caps, assume that ESR*C=80ms

808
= — = 19403 nt-
C ESR C 9403

Choose the next size std capacitor C := 22000+

Calculate the Capacitor RMS Ripple Current

Loff
1 é 6 tontlg Loff u
Irms - >§Q ('Io)zdt+Q (IL(t) = Io)zdtll:
Ts 6%0ssec O0seec G

Irms = 7.432 amp
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Summary

L =5nH > = 24.254amp
ton = 10.106 ns toff = 10.106ns
Vp = 12volt Vo = - 12volt lo = 4.902amp

C = 22000nF Ver = 100mV

Irms = 7.432 amp
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Converter\b...

Page 304 of 662
** Profile: "SCHEMATI Cl- TRans" [ C:.\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck- Boost
Date/ Time run: 01/13/03 12:05: 33 Tenperature: 27.0
(A) Buck-Boost Converter Discontinuous Mbde-schenmaticl-trans.dat (active)
2. OKA
1. OKA
/
oal
-1. OKA
o | (L1)
ov
\
(31652m—=11.981)
-10V /
\ V
i — L
/MM‘//,aw‘»
it |
SEL>> U—
- 20V
Os 5ms 10ms 15ms 20ms 25ms 30ms 35nms 40nms
o V(Vo)
Ti me
Date: January 13, 2003 Page 1 Tinme: 12:06:48
Page 304 of 662
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** Profile: "SCHEMATI C1l- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck- Boost Converter\b. .
Date/ Time run: 01/13/03 12:05: 33 Tenperature: 27.0

(A) Buck-Boost Converter Discontinuous Mbde-schenmaticl-trans.dat (active)
29. 7A
(39 R86m P25 0O8)
/\/""' L B e V)
20. 0A
10. OA
0A
SEL>>
o | (L1)
-11. 97750V
-11. 98000V
!-;'”" ‘?4 f 4
'f :aﬁ ; f i/s ,55’ y ; 4
-11. 98250V \_ — S/
-11.98481V
39.32101ns 39. 35000ns 39. 40000ns 39. 45000ns 39. 48686ns
o V(Vo)
Ti me
Date: January 13, 2003 Page 1 Tinme: 12:08:29
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** Profile: "SCHEMATI Cl- TRans"

Date/ Time run: 01/13/03 12: 05: 33

[ C \WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck- Boost Converter\b. ..

Tenperature: 27.0

(A) Buck- Boost
29. 7A

Converter Discontinuous Mdde-schematicl-trans.dat (active)

w

o~
w

20. 0A+

10. OA

0A-

o | (L1)
-11. 5V

Ou

tput is stable.

-12. 0V

SEL>>
-12.5V

38. 08 38. 28
o V(Vo)

38. 4ns

38. 68 38. 8ns

Ti me

39. Ons

39. 28

39. 4ns

Date: January 13, 2003
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** Profile: "SCHEMATI C1l- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Buck- Boost Converter\b. .
Date/ Time run: 01/13/03 12:13:04 Tenperature: 27.0

(A) Buck-Boost Converter Discontinuous Mbde-schenmaticl-trans.dat (active)

1. OKA

V4
{

Ei
Fd

0. 5SKA

/
/
&
F
£
7
&
4
5
4

4

SEL>>
-0. 5KA

o | (L1)

10V

ov

-10V

- 20V
Os 2ns 4ms 6ns 8ns 10ns
o V(Vo)
Ti me
Date: January 13, 2003 Page 1 Tinme: 12:14:17
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** Profile: "SCHEMATI Cl- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ O cad\ Buck- Boost Converter\b. ..
Date/ Time run: 01/13/03 12:13:04 Tenperature: 27.0

(A) Buck-Boost Converter Discontinuous Mbde-schenmaticl-trans.dat (active)

30A

20A

10A

0A

o | (L1)
-11.9282V | | | |

(9. 660m - 11. p79) 100 mV of ripple

— —— e e T " P e

-12. 0000V

-12. 1000V ~9.662m -12. 078
SEL>>

9.61074ns 9. 65000ns 9. 70000ns 9. 75000 9. 78070ns
o V( Vo)

Ti me
Date: January 13, 2003 Page 1 Tinme: 12:16: 32
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Inverting Charge Pump

ms° 10 Oseec

Specify the driver specifications

Specify Vcc and the output voltage

VCC = 12%0It VO = VCC - 3wolt

Specify the ripple output voltage

Vripple = 100>mV

Specify the switching frequency Fg:= 20%kHz
1
TS = TS = 50ns
Fs

ECES556 Lecture Notes
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Calculate the high and low times

tH = 18 tL = 18
Given
'H = 'Sink ty+t =T
P H L= 'S
tL  Isource
ad 0
E = find(tL ’tH) tL = 25ns tH = 25ns
eHg

Calculate the Maximum possible output current

tH
lo_max = ISource"-l-_S 0000

Calculate C1

I by

0 maxH

Cl = Cl = 45nF
Vripple

Choose the next largest standard value for C1

Cq := 50nF
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Specify the standard Diode drop Vg = 1wolt
Calculate C2
I b
Cy: Source™H

Vee - Vo- 2V

C2 = 10nt

Choose the next largest standard value.

C2 = 100

Calculate the ripple across C1

I %
0_max™H B
DVq = C—l DV(q = 90mV
Calculate the ripple across C2
| SourceH

ECES556 Lecture Notes
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- IC=0
' ” >
Py + 1T N )
10u Dbreak
D1 D2
~ N
: ° c1 *
Dbreak Dbreak T R
R 50u §
. {R_Load}
i ; N Dbreak
— @ =
T DC=07 T DC=113
= =0 =
-0
= = = PARAMETERS:
R_Load = 50

Oto 12V pulse

supply with

400 mA source/Sink
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"i SCHEMATICA : PAGE1: 1
BiazValue Power
Color Diefault

DELAY_TIME 0

Designator

FaLL_TIME n

Graphic IPLIL=E Mormal
1]

Implementation

Implementation Path

Implementation Type

IHITIAL _CURREHT

Hame

Part Reference

PCB Footprint

PERIOD

Power Pin= Visible

Primitive

PSpiceOnly

PSpiceTemplate

PULSE_WIOTH

PULSED_CURREHT

Reference

RISE_TIME

Schematics' Source Librany

Source Library

Source Package

Source Part

Value
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** Profile: "SCHEMATI CLl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ | nverti ng Charge Punp\...
Date/ Time run: 01/14/03 12:32:59 Tenperature: 27.0

(B) inverting charge punp- SCHEMATI C1- Trans. dat (active)
‘:b
-2V LY
‘*,1
'Q;h
‘e
- 4V
%‘%
ki,
%%
"'*
N
Y, LY
¥
lb'ﬂ‘.
.
1‘*&5‘
&l
““s
(14 1D1 Q| E5EEQ)
% T T 11 T
-8V Mo
-10V
Os 2ns 4mrs 6N 8ns 10mns 12mns 14ms 15n8
o V(Vo)
Ti me
Date: January 14, 2003 Page 1 Tinme: 12:34:09
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** Profil e:

Dat e/ Ti me run:

" SCHEMATI C1- Tr ans™

01/ 14/ 03 12:32:59

[ C \WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ | nverti ng Charge Pump\. ..
Tenperature: 27.0

(B) inverting charge punp- SCHEMATI C1- Trans. dat (active)
-9. 3255V
9. 4000V 96 mV of ripple at Vo.
Designed for 100 mV.
-9. 5000V (14.625m - 9. 544)
-9. 6000V
-9. 7000V
(14.650m + 9. 640)

-9.7654V

14. 60ms 14. 628 14. 64ns 14. 66mB 14. 68ns 14. 70ms 14. 72ms

o V(Vo)

Ti me
Date: January 14, 2003 Page 1 Tinme: 12:35:02
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herniter
Text Box
96 mV of ripple at Vo. Designed for 100 mV.
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** Profil e: "SCHEMATI C1-Trans"
Date/ Time run: 01/14/03 12: 32:59

[ C \WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ | nverti ng Charge Pump\...
Tenperature: 27.0

12v

(O

i nverting charge punp- SCHEMATI C1- Tr ans. dat

(active)

8V

AV

ov
-4V
Os 21ms 4mrs 6mrs 8mrs 10ns 12ns 14ns 16ns
o V(Vin,D4:1)
Ti me
Dat e: January 14, 2003 Page 1 Time: 12:35:56

ECES56 Lecture Notes
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** Profile: "SCHEMATI C1- Trans"

Date/ Time run: 01/14/03 12: 32:59

[ C \WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ | nverti ng Charge Pump\. ..

Tenperature: 27.0

(© inverting charge punp- SCHEMATI C1- Trans. dat (active)
11. 600V
(14.375m 11. 299
11. 200V
10. 800V
10. 400V
14. 400m 10. 340 I
. 1959 mV of ripple.
10. 000V
Calculated 1000 mV.
9. 842V ! ! !
14. 3214 14. 3400ns 14. 3600ns 14. 3800nms 14. 4000nms 14.4200ns 14.4400ns 14. 4600nms 14. 4800mns
o V(Vin,D4:1)
Ti me
Date: January 14, 2003 Page 1 Tinme: 12:36:50
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herniter
Text Box
959 mV of ripple. Calculated 1000 mV.
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** Profil e: "SCHEMATI C1-Trans"

Date/ Time run: 01/14/03 12:38:00

[ C \WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ | nverti ng Charge Pump\. ..

Tenperature: 27.0

(A) inverting charge punp- SCHEMATI C1- Trans. dat (active)
-0V
-2V a
¥
:;fok‘
4V \
ALy,
6V ,\& y
g‘ %“"n. RL=500 RL=10
*:; "“n.h% RL=50
i
-8V % WM
%, - M %
b, = i e TR e e D e e e =
-10V 4
2%:&%, B T e T A St St EAS TN MPRPRE WENTPSSARGRPRREY DN 2 KRS s R
RL=1000 [ S A S—— e R Pl S g ey ey v,
-12v
Os 21s 4ns 6s 8mrs 10ns 12 14ns 16ns
0 v~ V(Vo)
Ti me
Date: January 14, 2003 Page 1 Tinme: 12:39:56
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- T Caﬁ;c e mostT  Chnarge wmey C2, wWany
Cucten '%\wiwa oc entire Twme T, Swee

Corrent  Always Flows, The dode AWaYS
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Ve '
1 ¥ %
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T ez VeV
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Voltage Doubling Charge Pump

ms° 10 Oseec

Specify the driver specifications

Specify Vcc and the output voltage

Ve = 15volt Vg = 24wolt

Specify the ripple output voltage

Vripple = 240>mV

Specify the switching frequency Fg:= 20%kHz
1
TS = TS = 50ns
Fs

ECEb556 Lecture Notes Page 344 of 662
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Calculate the high and low times

tH = 18 tL = 18
Given
'H = 'Sink ty+t =T
P H L= 'S
tL  Isource
ad 0
E = find(tL ’tH) tL = 25ns tH = 25ns
eHg

Calculate the Maximum possible output current

tH
lo_max = ISource"-l-_S 0000

Calculate C1

I b

0 max™L

CLi=—— Cq =9.375nF
Vripple

Choose the next largest standard value for C1

Cq := 100F

ECEb556 Lecture Notes Page 345 of 662
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Specify the standard Diode drop Vg = 1wolt
Calculate C2
| qj e 2
Cy: Sink *L

T Ve Vo 2¥

C, = 1.25nF

Choose the next largest standard value.

C2 = 20F

Calculate the ripple across C1

I %
0_max™H B
DVq = C—l DVq = 225mV
Calculate the ripple across C2
| SourceH

ECES556 Lecture Notes
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— V3
T bc=15
D4
?0 Dbreak
Vin Vo_
c2 D3 |:i_"—|IC= 0
|1 Nl
+ 11 1
1 Dbreak
D1 D2
Nl N
3 " +  c1 +
Dbreak Dbreak o R
10U §
{R_Load}
fall I I hull
— V1 @ — V2
T bc=o07 T DC=143
=0 =
-0
) ) ) PARAMETERS:
R_Load = 240

0to 15V pulse

supply with

200 mA source/Sink
ECEbbdtiesture Notes
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** Profile: "SCHEMATI Cl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Vol t age Doubl i ng Charg. ..
Date/ Time run: 01/16/03 12:50: 25 Tenperature: 27.0

(A) Vol tage Doubling Charge Punp-schematicl-trans.dat (active)

24V

20V d /

7 (15. 867m 23| 655)

16V 4

12v

8V

a4V

oV
Os 5ms 10ms 15ms 20ms
o V(Vo)
Ti me
Date: January 16, 2003 Page 1 Tinme: 12:50:58
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Changed C2 to 2UF to see if we are limited by the charge

transfer to C2 from VCC.
— V3
T pc=15
| Y D4
=0 Dbreak
Vin D3 c= 0 Vo_
Cc2 =
1 ) Y o
- F0 %] e
2 Dbreak
D1 D2
> >
Dbreak Dbreak

|
lw)
3=
1]
o
o
IE
<
N
| Lt
11
Q
+

R
oY § {R_Load}
T DC=14.3
?0 ==
-0
?0 =0 __0 PARAMETERS:
R_Load =240

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

ECESbfitatoture Notes
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** Profile: "SCHEMATI C1- Trans"
01/ 16/ 03 12:52:54

Dat e/ Ti me run:

[ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Vol t age Doubl i ng Charg. . .

Tenperature: 27.0

24V

(A) Vol tage Doubling Charge Punp-schematicl-trans. dat

(active)

20V

9.90¢

Im 23

16V

oy

[,

o~

951)
7

12v

8V

a4V

ov
Os
o V(Vo)

5ns 10ns

Ti me

15ms

20ns

Date: January 16, 2003 Page 1

ECES556 Lecture Notes

Ti me:

12: 53: 58
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** Profil e: "SCHEMATI C1-Trans"
Date/ Tine run: 01/16/03 12:52:54

[ C \WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ Vol t age Doubl i ng Charg. ..
Tenperature: 27.0

(A) Vol tage Doubling Charge Punp-schematicl-trans.dat (active)
24. 2V
Ripple on C1 = 250 mV
(19.475m 24.1109)
24. 1V | | | | | | | | | ( | | | I | | | |
24. 0V
23. 9V
(19. 450m 23. 859)
23. 8V
19. Ons 19. 2ns 19. 4ns 19. 6ns 19. 8ns 20. OB
o V(Vo)
Ti me
Date: January 16, 2003 Page 1 Time: 12:55:54
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** Profile: "SCHEMATI C1- Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Vol t age Doubl i ng Charg. .
Date/ Time run: 01/16/03 12:57: 36 Tenperature: 27.0

(A) Vol tage Doubling Charge Punp-schematicl-trans.dat (active)
12. 83V
(19, 350m 12. 441

12. 00V

11. 00V

10. OO0V ;i ' ' ' '

(19.325m 9, 941) Ripple on C2 = 2.5 volts
o 37y Ty
19. 2444nms  19. 28008 19. 3200ns 19. 3600ns 19. 4000ns 19. 4400ns 19. 4800ns 19. 52008
o V(C2:2,Vin)
Ti me
Date: January 18, 2003 Page 1 Time: 15:07: 35
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Changed C2 to 2UF to see if we are limited by the charge
transfer to C2 from VCC.

il

I DC =15

-0

V3

Y D4

§R

{R_Load}

Dbreak
Vin D3 c= o Vo
C2 =
|1 NIl ?
+ 1T 1
U Dbreak
D1 D2
D ™
Dbreak Dbreak t C1 +
T 10U
bl 1 hall B
— Vi @ — 2
T DC=07 [ DC=14.3
=0
-0 By =0 PARAMETERS:
R_Load = 240
0to 15V pulse
supply with
200 mA source/Sink
ECES5hmitgtieiure Notes
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General Ahalysis ]In-:luu:le Files1 Libraries] Stimuluz ] Dptiu:uns] [rata Collection ] Probe Windnw]

Analyziz type: - Sweep varniable -

Time Domain [Tranzient] __‘_'j " Yaltage source

S " Cument source
[{[u] gt
- * Global parameter

| General Settings
taonte Carlowforst Caze

" Model parameter

I Parametic Sweep " Temperature Parameter name; |R_Load
[T emperature [Sweep]
[ 15 ave Bias Paint Sweep ype -

Load Bias Paint .

" Logarithmic |0 ecad:

m

i+ alue list 240, 480, Tmeq

| ] 8 | Cancel Apply Help
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** Profile: "SCHEMATI C1l-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Vol t age Doubl i ng Charg. ..
Date/ Time run: 01/16/03 12:57: 36 Tenperature: 27.0

(A) Vol tage Doubling Charge Punp-schematicl-trans.dat (active)

30V

AT OB KRR S A AN : . AR O e o A . QR S e R e ot

D
Q

f \.
25V 1 i Rtoad—=48

20V

15v | LA

b A
? R_Load 5 1 Mdhm =|No Load
10V
5V
oV
Os 5ms 10ms 15ms 20ms
o v V(' Vo)
Ti me
Date: January 16, 2003 Page 1 Tinme: 12:59:35
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ECE 456

Flyback Switching Power Supply Design
Discontinuous Mode Operation

ms° 10" Oseec

Specify Input Voltage  Vpc := 12xo0lt
Specify Output Voltage V, := 500%0lt

Specify the output power Pout := 50vatt

Pout
Output Current lo = lo = 0.1amp

Vo
Specify the regulator efficiency Eff := 80%0

Calculate the required input power

Pout

Pin == — Pin = 62.5watt

Specify the peak switch current Ip := 20>amp

Specify Switching Frequency  Fg:= 20%kHz

Tgi= — Tg = 50ns
S
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Specify the dead time tgead := 0.2 Tg tgead = 10 us

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

Lp := 100-uH
Given

Pin = 0.5-Lp-1p*Fg

Lp := Find(Lp)  Lp = 15.625uH

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

Ip-Lp
ton = V— ton = 26.042 HS
DC

Note that ton must be less than the switching period, Tg
Tg = 50us

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

Calculate Toff max

toff := Ts — ton — tdead toff = 13.958 us
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Choose the secondary inductance to use the full off time to
discharge the core.

.2
aeloff Vo O
Ls:= Lpxt =
alon¥DC g

Ls = 7.793mH

Calculate the peak current at the output

Ls
N:= [— N = 22.333
Lp

Lp
ls:= L—ﬂp ls = 0.896 amp
S

Check the output Power

0.54 i s*Fs = 62.5walt

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

Lp
Vsnub = L_SNO Vsnub = 22388V0|t

Choose a standard TSV breakdown voltage VT1vs = 45%0lt
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5KP5.0 - 5KP180C series

Designed specifically for the protection of sensitive electronics used in 1.2-1.3
automotive, heavy industrial environments, and against voltage transients dis
induced by lightning in other applications. Ideal for the protection of /0

interfaces, Vcc bus, and other integrated circuits. 4 I
FEATURES Min 25.4

® Stand-off voltage range 5.0 to 180 Volts 7.8
® Uni-directional and Bi-directional - 8_2>
® Glass passivated junction | |
® Low clamping factor ‘

® 100% surge tested 8.6

® UL recognised 9.0

MAXIMUM RATING 1

® Peak Pulse Power (Ppk): 5000 Watts (10 x 1000us)@25°C
(see diagram on page 6 for wave form)

® 8 watt steady state Min 25.4

® Response time: 1 x 10712 seconds (theoretical)

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

(uni-directional devices only) y

® Operating & storage temperature: -55°C to +150°C
All dimensions in mm

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)
Figure 1 - Capacitance vs. Stand-off Voltage Figure 2 - Peak Pulse Power vs. Pulse Time ORDERING INFORMATION
100,000 100
40,000 %/I:rz;sglr:g & SKP LI JICIAI |
20,000 Voltage 4
10,000 10 o ,
6000 Bi-Directional
i (o) 4000 Measured at Pp
2000 | Vatags ) (kw) 5% Voltage Tolerance
1000 1.0 i i
500 — T=280 Packaging Option
200 Vsig=50mVp-p
100 1 _
1 2 5 10 20 50 100 200 0 0.1us 1.0us 10us 100us 1.0ms 10ms B = Bulk (500 pCS)
V(BR), Reverse Voltage, Volts Pulse Width (tp) T = Tape and reeled (1000 pcs)

www.littelfuse.com
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5KP5.0 - 5KP180C series
B 2 2 2

'
l

ELECTRICAL SPECIFICATION @ Tamb 25°C

TR

Part Part Reverse Breakdown Maximum Maximum Maximum Max
Number Number Stand off Voltage Reverse Clamping Peak Pulse Voltage
(Uni) (Bi) Voltage VBR (Volts) @ IT Leakage Voltage Current Temperature
VR IR @ VR Vc @ Ipp Ipp Variation
(Volts) MIN MAX (mA) (HA) (Volts) (A) of VBr (mV/°C)
5KP5.0 5KP5.0C* 5.0 6.40 7.30 50.0 5000.0 9.6 520.0 4.0
5KP5.0A N/A 5.0 6.40 7.00 50.0 5000.0 9.2 543.0 4.0
5KP6.0 5KP6.0C 6.0 6.67 8.15 50.0 5000.0 114 439.0 4.0
5KP6.0A 5KP6.0CA 6.0 6.67 7.37 50.0 5000.0 10.3 485.0 4.0
5KP6.5 5KP6.5C 6.5 7.22 8.82 50.0 2000.0 12.3 407.0 4.0
5KP6.5A 5KP6.5CA 6.5 7.22 7.98 50.0 2000.0 11.2 447.0 4.0
5KP7.0 5KP7.0C 7.0 7.78 9.51 50.0 1000.0 13.3 378.0 5.0
5KP7.0A 5KP7.0CA 7.0 7.78 8.60 50.0 1000.0 12.0 417.0 5.0
5KP7.5 5KP7.5C 7.5 8.33 10.20 5.0 250.0 14.3 350.0 6.0
5KP7.5A 5KP7.5CA 7.5 8.33 9.21 5.0 250.0 12.9 388.0 6.0
5KP8.0 5KP8.0C 8.0 8.89 10.90 5.0 150.0 15.0 333.0 6.0
5KP8.0A 5KP8.0CA 8.0 8.89 9.83 5.0 150.0 13.6 367.0 6.0
5KP8.5 5KP8.5C 8.5 9.44 11.50 5.0 50.0 15.9 314.0 7.0
5KP8.5A 5KP8.5CA 8.5 9.44 10.40 5.0 50.0 14.4 347.0 7.0
5KP9.0 5KP9.0C 9.0 10.00 12.20 5.0 20.0 16.9 295.0 8.0
5KP9.0A 5KP9.0CA 9.0 10.00 11.10 5.0 20.0 15.4 325.0 8.0
S5KP10* 5KP10C 10.0 11.10 13.60 5.0 15.0 18.8 266.0 9.0
S5KP10A* 5KP10CA 10.0 11.10 12.30 5.0 15.0 17.0 294.0 9.0
5KP11 5KP11C 11.0 12.20 14.90 5.0 10.0 20.1 249.0 10.0
5KP11A 5KP11CA 11.0 12.20 13.50 5.0 10.0 18.2 274.0 10.0
S5KP12* 5KP12C 12.0 13.30 16.30 5.0 10.0 22.0 227.0 11.0
5KP12A* 5KP12CA 12.0 13.30 14.70 5.0 10.0 19.9 251.0 11.0
5KP13 5KP13C 13.0 14.40 17.60 5.0 10.0 23.8 210.0 12.0
5KP13A 5KP13CA 13.0 14.40 15.90 5.0 10.0 21.5 232.0 12.0
5KP14 5KP14C 14.0 15.60 19.10 5.0 10.0 25.8 194.0 13.0
5KP14A 5KP14CA 14.0 15.60 17.20 5.0 10.0 23.2 215.0 13.0
5KP15 5KP15C 15.0 16.70 20.40 5.0 10.0 26.9 188.0 15.0
5KP15A 5KP15CA 15.0 16.70 18.50 5.0 10.0 24.4 206.0 15.0
5KP16 5KP16C 16.0 17.80 21.80 5.0 10.0 28.8 176.0 18.0
5KP16A 5KP16CA 16.0 17.80 19.70 5.0 10.0 26.0 192.0 16.0
5KP17 5KP17C 17.0 18.90 23.10 5.0 10.0 30.5 164.0 19.0
5KP17A 5KP17CA 17.0 18.90 20.90 5.0 10.0 27.6 181.0 18.0
5KP18 5KP18C 18.0 20.00 24.40 5.0 10.0 32.2 155.0 20.0
5KP18A 5KP18CA 18.0 20.00 22.10 5.0 10.0 29.2 172.0 19.0
5KP20 5KP20C 20.0 22.20 27.10 5.0 10.0 35.8 139.0 24.0
5KP20A 5KP20CA 20.0 22.20 24.50 5.0 10.0 32.4 154.0 22.0
5KP22 5KP22C* 22.0 24.40 29.80 5.0 10.0 39.4 127.0 27.0
5KP22A 5KP22CA* 22.0 24.40 26.90 5.0 10.0 35.5 141.0 24.0
S5KP24* 5KP24C 24.0 26.70 32.60 5.0 10.0 43.0 116.0 30.0
SKP24A* 5KP24CA 24.0 26.70 29.50 5.0 10.0 38.9 128.0 27.0
5KP26* 5KP26C 26.0 28.90 35.30 5.0 10.0 46.6 107.0 33.0
5KP26A* 5KP26CA 26.0 28.90 31.90 5.0 10.0 42.1 119.0 29.0
5KP28 5KP28C 28.0 31.10 39.00 5.0 10.0 50.1 99.0 34.0

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 Iz limit is doubled.
2. Vr = 3.5 Volts max. for devices of Vr <100v, and Vr = 5.0 Volts max for devices of Vr >100V. Ir = 100A, 300 uS square wave.

* Preferred voltages.
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ELECTRICAL SPECIFICATION @ Tamb 25°C

5KP5.0 - 5KP180C series

Part Part Reverse Breakdown Maximum Maximum Maximum Max
Number Number Stand off Voltage Reverse Clamping Peak Pulse Voltage
(Uni) (Bi) Voltage VBR (Volts) @ IT Leakage Voltage Current Temperature
VR IR @ VR Vc @ lep IpP Variation
(Volts) MIN MAX (mA) (HA) (Volts) (A) of Ver (mV/°C)
5KP28A 5KP28CA 28.0 31.10 34.40 5.0 10.0 45.5 110.0 30.0
5KP30 5KP30C 30.0 33.30 40.70 5.0 10.0 53.5 93.0 38.0
5KP30A 5KP30CA 30.0 33.30 36.80 5.0 10.0 48.4 103.0 35.0
5KP33 5KP33C* 33.0 36.70 44.90 5.0 10.0 59.0 85.0 41.0
5KP33A 5KP33CA* 33.0 36.70 40.60 5.0 10.0 53.3 94.0 38.0
5KP36 5KP36C 36.0 40.00 48.90 5.0 10.0 64.3 78.0 45.0
5KP36A 5KP36CA 36.0 40.00 44.20 5.0 10.0 58.1 86.0 40.0
5KP40 5KP40C 40.0 44.40 54.30 5.0 10.0 71.4 70.0 50.0
5KP40A 5KP40CA 40.0 44.40 49.10 5.0 10.0 64.5 78.0 45.0
5KP43 5KP43C 43.0 47.80 58.40 5.0 10.0 76.7 65.0 54.0
5KP43A 5KP43CA 43.0 47.80 52.80 5.0 10.0 69.4 72.0 49.0
5KP45 5KP45C 45.0 50.00 61.10 5.0 10.0 80.3 62.0 57.0
5KPA5A S5KPA5CA 45.0 50.00 55.30 5.0 10.0 72.7 69.0 51.0
5KP48 5KP48C 48.0 53.30 65.20 5.0 10.0 85.5 58.0 62.0
5KP48A S5KPA8CA 48.0 53.30 58.90 5.0 10.0 77.4 65.0 55.0
5KP51 5KP51C 51.0 56.70 69.30 5.0 10.0 91.1 55.0 65.0
5KP51A 5KP51CA 51.0 56.70 62.70 5.0 10.0 824 61.0 60.0
5KP54* 5KP54C 54.0 60.00 73.30 5.0 10.0 96.3 52.0 70.0
5KP54A* 5KP54CA 54.0 60.00 66.30 5.0 10.0 87.1 57.0 64.0
5KP58 5KP58C 58.0 64.40 78.70 5.0 10.0 103.0 49.0 77.0
5KP58A 5KP58CA 58.0 64.40 71.20 5.0 10.0 93.6 53.0 69.0
5KP60* 5KP60C 60.0 66.70 81.50 5.0 10.0 107.0 47.0 79.0
5KP60A* 5KP60CA 60.0 66.70 73.70 5.0 10.0 96.8 52.0 70.0
5KP64 5KP64C 64.0 71.00 86.90 5.0 10.0 114.0 44.0 85.0
5KP64A 5KP64CA 64.0 71.00 78.60 5.0 10.0 103.0 49.0 75.0
5KP70 5KP70C 70.0 77.00 95.10 5.0 10.0 125.0 40.0 93.0
5KP70A 5KP70CA 70.0 77.00 86.00 5.0 10.0 113.0 44.0 84.0
5KP75 5KP75C 75.0 83.30 102.00 5.0 10.0 134.0 37.0 100.0
5KP75A 5KP75CA 75.0 83.30 92.10 5.0 10.0 121.0 41.0 90.0
5KP78 5KP78C 78.0 86.70 106.00 5.0 10.0 139.0 36.0 104.0
5KP78A 5KP78CA 78.0 86.70 95.80 5.0 10.0 126.0 40.0 94.0
5KP85 5KP85C 85.0 94.40 115.00 5.0 10.0 151.0 33.0 113.0
5KP85A 5KP85CA 85.0 94.40 104.00 5.0 10.0 137.0 36.0 102.0
5KP90 5KP90C* 90.0 100.00 122.00 5.0 10.0 160.0 31.0 120.0
5KP90A 5KP90CA* 90.0 100.00 111.00 5.0 10.0 146.0 34.0 109.0
5KP100 5KP100C 100.0 111.00 136.00 5.0 10.0 179.0 28.0 134.0
5KP110 5KP110C* 110.0 122.00 149.00 5.0 10.0 196.0 26.0 147.0
5KP120 5KP120C 120.0 133.00 1603.0 5.0 10.0 215.0 23.0 158.0
5KP150* 5KP150C 150.0 166.00 204.00 5.0 10.0 268.0 18.5 200.0
5KP180 5KP180C 180.0 200.00 244.00 5.0 10.0 320.0 15.0 240.0

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. Vr = 3.5 Volts max. for devices of Vr <100v, and Ve = 5.0 Volts max for devices of Vr >100V. Ir = 100A, 300 uS square wave.
* Preferred voltages.
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Calculate the switch maximum voltage stress
Vx = Vpc + VT1vs Vx = 57volt
Calculate the Diode reverse voltage

Ls
VR =V + L—NDC VR = 768volt
P

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 := 1000>mV

ESR = —~ ESR = 1.11/W

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

.= 80ms C = 72nF
ESR
Choose the next size std capacitor C = 1000t

Calculate the new ESR with the chosen capacitor

ESR := 80%3 ESR = 0.8W
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Find the ripple due to the ESR with the chosen capacitor
VRR = (Ig)ESR VRR = 716.418 mV

Calculate the Capacitor RMS Ripple Current

Define a function for the Secondary inductor current

Is

ILs(t) = Is- ,[O?*
é . ton  toff U
_ |1 €9 2 Q 2 L
R SR

lyms = 0.24amp
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Summary

Input Specs Pin = 62.5watt Vpc = 12volt

Output Specs Pgt = 50waitt Vo = 500volt  VRRr = 716.4m\

Switch Specs |p = 20amp Vx = 57volt

Transformer Specs

Primary Lp = 15.625nH lp = 20amp
Secondary Ls = 7793nH s = 0.896 amp
Diode Specs Ig = 0.896amp VR = 768 volt
TVS VT1vs = 45volt
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PARAMETERS:
LS =7793U
L_Leak = {0.1*LP}
LP =15.6U
e Control b
2 o)
O— D F—=o— 15
-1 0
100 10k V_mon
amp T
V_mon
- + | V6 -
REQUENCY = 20k
'AMPLITUDE =5
=0
[IModel = Sx VSWITCH Roff=1e6 Ron=10m Voff=1 Von=4.0
c Vo c
Vsec
D7 |:i':||c= 498
= '|>'| =
Vce +
MUR4100 R1
20k
+
™ 1 Load I
— V2 Ol Primary Secondary +
I DC=12 5K R2
i IC=0 LS} L c1 100
{LP} IC=0 100u °
1 o 1
=0 = Y
B -0 B
Control ‘ Ve -0
S1
= K1 COUPLING = .999
L_Primary L_Secondary
Sx
Snubber & o
ECE Department
Lea kag e 5500 Wabash Avenue
A Terre Haute, IN 47803 A
Ph: (812) 877-8512
Inductance FAX: (253) 369-9536
Name: Marc E. Herniter Class: ECE456
Bize Document Name Rev
A 1
12V to -25 Volt Buck-Boost Discontinuous Mode
te: Thursday, January 23,2003 Bheet 1 of 1
5 4 3 2 | 1
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** Profile: "SCHEMATI Cl- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Fl yback Converter\flyb. ..

Date/ Time run: 01/23/03 12: 36: 16

Tenperature: 27.0

498. OV

(A Flyback in Discontinuous Mde-schematicl-trans. dat (active)

497. 8V

497. 6V

497. 4V

497. 2V

497. 0V
Os 10ns 20ns
o V(Vo)

Ti me

30ns 40ms 50ns

Date: January 23, 2003 Page 1

ECES556 Lecture Notes

Time: 12:48:01
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** Profile: "SCHEMATI Cl- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Fl yback Converter\flyb. ..
Date/ Time run: 01/23/03 12:36: 16 Tenperature: 27.0

(A Flyback in Discontinuous Mde-schematicl-trans. dat (active)
1. 0A -
0A
SEL>>
-1.0A
o | (Secondary)
5.0V
2.5V
ov
o V(Control)
20A . . s
0A
- 20A
o | (Primry)
497. 275V | T~ /
497. 250V
44. 4600ns 44. 4800ns 44.5000ns 44.5200ns 44.5400ns 44.5600ns 44.5800ns 44.6049ns
o V(Vo)
Ti me
Date: January 23, 2003 Page 1 Time: 12:49:26
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** Profile: "SCHEMATI Cl- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ O cad\ Fl yback Converter\flyb. ..
Date/ Time run: 01/23/03 12:54:59 Temperature: 27.0

(A) Flyback in Discontinuous Mdde-schematicl-trans.dat (active)
500V — ‘ Y ——

— — —
250V
oV

SEL>> \
-500V - : :
o V(Vsec)

1. 0A

0. 5A

0A AN AN

o | (Secondary)
40V R

ov

- 40V

o V(Vpri)
20A A

10A -

” 4
0A ¥ I

I
44. 468 44. 48 44. 508 44.52ms 44. 548 44. 568 44.58ms  44.60ns
o I (Primary)

Ti me
Date: January 23, 2003 Page 1 Time: 12:58:57
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PARAMETERS:
LS =7793U
L_Leak = {0.1*LP}
LP =15.6U
e Control b
2 o)
O— D F—=o— 15
-1 | 0
100 10k V_mon
amp T
V_mon
- + | V6 -
REQUENCY = 20k
AMPLITUDE = 5
0 [IModel = TVS45 D Is=1e-14 Cjo=.1pF Rs=10m BV=45 IBV=3
[IModel = Sx VSWITCH Roff=1e6 Ron=10m Voff=1 Von=4.0
c Vo c
Vsec
D7 |:i':||c= 498
= ™ =
Vee Leakage MUR4100 1o
O {L_Leak} . 20k
™ | g Load I
— o Primai Seconda +
=W X e ry ry 5K e
T bC=12 s Jd o
MUR420 IC=0 L 100
{LP-L_Leak} IC=0 100u ¢
D9 o
B o SL _?_0 o B
TVS45
) . —_—
Control ‘ Ve 0
S1
= K1 COUPLING = .999
L_Primary L_Secondary
Sx
Leakage o
I d t ECE Department
n U C a n Ce M 5500 Wabash Avenue
A INETITUTE OF TECHNOLOGY Terre Haute, IN 47803 A
Ad d ed Ph: (812) 877-8512
FAX: (253) 369-9536
Name: Marc E. Herniter Class: ECE456
Bize Document Name Rev
A 1
12 V to 500 V Flyback Converter
te: Thursday, January 23,2003 Bheet 1 of 1
5 4 3 2 | 1
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** Profile: "SCHEMATI Cl- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Fl yback Converter\flyb. ..
Date/ Time run: 01/23/03 13:01: 26 Tenperature: 27.0

(B) Flyback in Discontinuous Mde-schematicl-trans. dat (active)

498. 0V
497. 5V
497. 0V
496. 5V

Os 10ms 20ms 30ns 40nms 50ns

o V(Vo)
Ti me
Date: January 23, 2003 Page 1 Tinme: 13:05:55
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** Profile: "SCHEMATI Cl- TRans"
01/23/03 13:01: 26

Dat e/ Ti me run:

[ C \WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Fl yback Converter\flyb. ..
Tenperature: 27.0

(A Flyback in Discontinuous Mde-schematicl-trans. dat (active)

1.0A

e

f?’

0A

| (Secondary)

oV

V(Control)

20A

0A

I (Pri

y)

496. 8125V

—t o

496. 7500V

SEL>>

496. 6250V

46. 7257nms
o V( Vo)

46. 7600ns

46. 8000ns

46. 8400ns

Ti me

46. 8800ns

46. 9200ns

Date: January 23, 2003
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** Profile: "SCHEMATI Cl- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Fl yback Converter\flyb. ..
Date/ Time run: 01/23/03 13:01: 26 Tenperature: 27.0
(A Flyback in Discontinuous Mde-schematicl-trans. dat (active)

1.0A —
0A 5
-1. 0A
o | (Secondary)
5.0V
2.5V
oV
o V(Control)
20A
OA B i Ak
o | (Primry)
50V S
G im, ,
IA\. g e \s, -
oV e
SEL>>
-50V
46. 77549 46. 78000 46. 78500ms  46. 79000ns  46. 79500nms  46. 80000ns 46. 80500nms 46. 81000ns
o V(Vpri)
Ti me
Date: January 23, 2003 Page 1 Time: 13:07:49
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PARAMETERS:
LS =7793U
L_Leak = {0.1*LP}
LP =15.6U
e Control b
2 o)
O— D F—=o— 15
-1 | 0
100 10k V_mon
amp T
V_mon
- + | V6 -
REQUENCY = 20k
'AMPLITUDE =5
0 [JModel = TVS200 D Is=1e-14 Cjo=.1pF Rs=10m BV=200 IBV=3
[IModel = Sx VSWITCH Roff=1e6 Ron=10m Voff=1 Von=4.0
c Vo c
Vsec
D7 |:i':||c= 498
= ™ =
Vee Leakage MUR4100 1o
O {L_Leak} . 20k
™ | g Load I
— o Primai Seconda +
— V2 X D8 ry ry 5K R
. DC =12 s + o1
MUR420 IC=0 e 100
{LP-L_Leak} IC=0 100u ¢
D9 o
-0 >t = -0
B -0 B
Lvs2 L
Control ‘ Ve Y
S1
= K1 COUPLING = .999
L_Primary L_Secondary
Sx
=0 )
ECE Department
M 5500 Wabash Avenue
A INETITUTE OF TECHNOLOGY Terre Haute, IN 47803 A
Ph: (812) 877-8512
FAX: (253) 369-9536
Name: Marc E. Herniter Class: ECE456
Bize Document Name Rev
A 1
12 V to 500 V Flyback Converter
Date: Thursday, January 23,2003 Bheet 1 of 1
5 4 3 | 2 | 1

ECEb556 Lecture Notes Page 391 of 662


herniter
Pencil


Page 392 of 662

** Profile: "SCHEMATI Cl- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Fl yback Converter\flyb. ..
Date/ Time run: 01/23/03 13:08:59

Tenperature: 27.0

(A Flyback in Discontinuous Mbde-schenmaticl-trans. dat

(active)

1.0A

0A

a. <

o | (Secondary)

oV

20. OA

o V(Control)

SEL>>
-8.5A

200V

o | (Primry)

ov

=
4=

R W WS L

- 200V

44.7644ms  44.7800ns 44.8000ns 44.8200ns 44. 8400ns

o V(Vpri) -
e

44. 8600ns

44, 8800ns

Date: January 23, 2003 Page 1
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** Profil e:
Dat e/ Ti me run:

" SCHEMATI C1- TRans"
01/23/03 13:08:59

[ C \WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Fl yback Converter\flyb. ..

Tenperature: 27.0

1.0A

(A Flyback in Discontinuous Mde-schematicl-trans. dat (active)

0A

o | (Secondary)

oV

20A

o V(Control)

0A

200V

o | (Primry)

100V

ov

SEL>>

- 200V

44. 774

o V(Vpri)

44. 7768 44. 778mns 44.780ns 44.782mns

Ti me

44. 784ns

Date: January 23, 2003 Page 1
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** Profile: "SCHEMATI Cl- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Fl yback Converter\flyb. ..
Date/ Time run: 01/23/03 15:29: 05 Tenperature: 27.0

(A Flyback in Discontinuous Mde-schematicl-trans. dat (active)

1. 0A
LN LN .\ N
T\ A |
AY T\ \ \,
0. 5A \, AN AN TN
| X | AN AN |
\, \, N\ N\
SEL>> { Neaecne \
-0.1AAF'.”."' i S RIS P A e 8 R e P————
o | (Secondary)
5.0V
2.5V
oV
o V(Control)
\ \ \ \ \ \
20A IR < B E—
Lo Time Step =10 ns
. / /
o | (Primry)
200V }
oV HE e L
13.81356ns  13. 84000mns 13. 88000ns 13.92000ns 13. 96000mns 14. 00000mns
o V(Vpri)
Ti me
Date: January 23, 2003 Page 1 Tinme: 15:58:51
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** Profile: "SCHEMATI Cl- TRans"
Date/ Time run: 01/23/03 15:29: 05

[ C \WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Fl yback Converter\flyb. ..
Tenperature: 27.0

(A Flyback in Discontinuous Mbde-schenmaticl-trans. dat

(active)

1.0A

I

o

P,

Pty e

0. 5A

g g,

g,

gy,

OA —pomigns

R .

o | (Secondary)

5.0V

oV

o V(Control)

20 A hstie®l

10A

0A

"y,

o | (Primry)

200V

Turnoff Spike at Primary - Snubber limits this.

100V

SEL>>

-T2V

o V(Vpri)

13. 8762ns 13. 8800ns

13. 8840ns 13. 8880ns

Ti me

13. 8920ns

13.8960ms 13. 9000mns

Date: January 23, 2003
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Ti me:
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ge 396 of 662 4 3 5 -
PARAMETERS:
LS =7793U
L_Leak = {0.1*LP}
LP =15.6U
e Control b
2 o)
O— D F—=o— 15
-1 | 0
100 10k V_mon
amp T
V_mon
- + | V6 -
REQUENCY = 20k
AMPLITUDE = 5
0 [IModel = TVS45 D Is=1e-14 Cjo=.1pF Rs=10m BV=45 IBV=3
[IModel = Sx VSWITCH Roff=1e6 Ron=10m Voff=1 Von=4.0
c Vo c
Vsec
D7 |:I:|IC= 498
= ™ =
Vee Leakage MUR4100 1o
O {L_Leak} . 20K
g | g Load T
— o Primai Seconda +
=W X e ry ry 5K e
.| Dbc=12 {Ls) + c
MUR420 IC=0 L 100
{LP-L_Leak} IC=0 100u ¢
D9 o
-0 >t = -0
® TVS45 | 0 B
Control ‘ Ve Y
TVS : s
= K1 COUPLING = .999
VO I tag e - L_Primary L_Secondary
hanged )
to45V =0 =0
ECE Department
M 5500 Wabash Avenue
A INETITUTE OF TECHNOLOGY Terre Haute, IN 47803 A
Ph: (812) 877-8512
FAX: (253) 369-9536
Name: Marc E. Herniter Class: ECE456
Bize Document Name Rev
A 1
12 V to 500 V Flyback Converter
Date: Thursday, January 23,2003 Bheet 1 of 1
5 4 3 | 2 | 1
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[ C \WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Fl yback Converter\flyb. ..
27.0

** Profile: "SCHEMATI Cl- TRans"
Date/ Time run: 01/23/03 16: 06: 47 Tenper at ur e:
(A Flyback in Discontinuous Mde-schematicl-trans. dat (active)
1. 0A
AN EAY AN
FIAN N AN
0. 5A 3 | i N
[ | AN [ AN [ AN
: A H !
OA IS o BRSNS o SRR o TR

o | (Secondary)

5.0V

2.5V

oV
ol)

20A

10A

0A
o | (Primry)

50V — _

[T

]
SEL>> P i L
-50V ‘ ‘
14. 2800ns 14. 3000ns 14. 3200ns 14. 3400ns 14. 3600ns 14. 3800ns
o V(Vpri)
Ti me

Page 1

ov x

14. 4000ns

Ti me: 16: 14: 47

Date: January 23, 2003
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** Profile: "SCHEMATI Cl- TRans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Fl yback Converter\flyb. ..
Date/ Time run: 01/23/03 16: 06: 47 Tenperature: 27.0

(A Flyback in Discontinuous Mde-schematicl-trans. dat (active)

1.0A

oy,

rany |

0. 5A

Py,

T

ey
- e

e

OA_Bashetsassiacaial M, g - gl EEAN RN A ERA R AR AR AR R RN R RN G EA R St
PG b U i )

e o e e e e R R A A S S B U L SN A DAY PPN C TR BT R R OB

Ely

o |

oV

o V(Control)

X RAL

20A

10A

PP LA
ETY ? & V’?.Y a Yx'; Iy E
BPPITYY T L ke
) PYY 120 Lk
0A C ERRI T

o | (Primry)

S50V

ov ‘
SEL>>

14. 32500ns 14. 33000ns 14. 33500ns 14. 34000ns 14. 34500ns 14. 35000ns 14. 35500ns
o V(Vpri)

Ti me
Date: January 23, 2003 Page 1 Tine: 16:15:18
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LM2574/LM2574HV Series

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 +4% tolerance on out-
put voltage within specified input voltages and output load
conditions, and +10% on the oscillator frequency. External
shutdown is included, featuring 50 nA (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.

&National Semiconductor

SIMPLE SWITCHER™ 0.5A Step-Down Voltage Regulator

March 1995

Features
m 3.3V, 5V, 12V, 15V, and adjustable output versions
W Adjustable version output voltage range,
1.23V to 37V (57V for HV version) £4% max over line
and load conditions
m Guaranteed 0.5A output current
m Wide input voltage range, 40V, up to 60V
for HV version
B Requires only 4 external components
m 52 kHz fixed frequency internal oscillator
m TTL shutdown capability, low power standby mode
W High efficiency
W Uses readily available standard inductors
B Thermal shutdown and current limit protection

Applications

m Simple high-efficiency step-down (buck) regulator
m Efficient pre-regulator for linear regulators

m On-card switching regulators

B Positive to negative converter (Buck-Boost)

Typical Application (Fixed Output Voltage Versions)

LM2574HVN-12, LM2574HVN-15, LM2574HVN-ADJ,
LM2574N-3.3, LM2574N-5.0, LM2574N-12,
LM2574N-15 or LM2574N-ADJ
See NS Package Number NOSA

Patent Pending
SIMPLE SWITCHERTM is a trademark of National Semiconductor Corporation.

Feedback
60V Max +V,
IN 1
Unregulated LM2574/ Output L1 Regulated
DC Input 5| LM2574HV - P output
b gwg T — T » 330uH sl ¢y,  0-5A Load
| s Pwr |Sig |W/0ff 11006 | 220 uF
Gnd Gnd
- - - = - - TL/H/11394-1
Note: Pin numbers are for 8-pin DIP package.
Connection Diagrams
14-Lead Wide
8-Lead DIP (N) Surface Mount (WM)
1 -/ 8 *No internal
8 ; d 7 connection, but « ° 14 .
SIG GND = [— ouTPUT should be soldered + 2 13 .
3 6 . to PC board for 3 19
ON/FF 4 5 best heat transfer. FB— [—ouTPUT
PWR GND — = Vi sI6GND =Y N
T Vi TL/H/11394-2 ON/OFF—S' .ﬁvm
op View PWR GND—6 ERS
7 8
Order Number LM2574-3.3HVN, LM2574HVN-5.0, = —*
TL/H/11394-3

Top View

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

©1995 National Semiconductor Corporation TL/H/11394
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TOP221-227

TOPSwitch-1l Family
Three-terminal Off-line PWM Switch POWER

INTEGRATIONS, INC.

Product Highlights

» Lowest cost, lowest component count switcher solution AC
+ Cost competitive with linears above 5W IN
¢ []

» 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 D
» Works with primary or opto feedback CONTROL
« Stable in discontinuous or continuous conduction mode TOPSwitch | <
» Source connected tab for low EMI -L
* Circuit simplicity and Design Tools reduce time to market T

PI-1951-091996

Description Figure 1. Typical Flyback Application.

The second generatioROPSwitch-1l family is more cost  easier. The standard 8L PDIP package option reduces cost in
effective and provides several enhancements over the firstower power, high efficiency applications. The internal lead
generatiom OPSwitctiamily. TheTOPSwitch-Ifamily extends frame of this package uses six of its pins to transfer heat from
the power range from 100W to 150W for 100/115/230 VAC the chip directly to the board, eliminating the cost of a heat sink.
input and from 50W to 90W for 85-265 VAC universal input. TOPSwitchincorporates all functions necessary for a switched
This bringsTOPSwitchtechnology advantages to many new mode control system into a three terminal monolithic IC: power
applications, i.e. TV, Monitor, Audio amplifiers, etc. Many MOSFET, PWM controller, high voltage start up circuit, loop
significant circuit enhancements that reduce the sensitivity tocompensation and fault protection circuitry.

board layout and line transients now make the design even

OUTPUT POWER TABLE
TO-220 (Y) Package!? 8L PDIP (P) or 8L SMD (G) Package?
PART Single Voltage Input 3| Wide Range Input PART Single Voltage Input 2 | Wide Range Input

ORDER 100/115/230 VAC +15% 85 to 265 VAC ORDER 100/115/230 VAC +15% 85 to 265 VAC
NUMBER Py Puax*® NUMBER Puac’ Py
TOP221Y 12w W TOP221P or TOP221G 9w 6WwW
TOP222Y 25W 15w TOP222P or TOP222G 15W 10w
TOP223Y 50w 30W TOP223P or TOP223G 25W 15w
TOP224Y 75W 45 W TOP224P or TOP224G 30w 20w
TOP225Y 100 W 60 W
TOP226Y 125 W 75W
TOP227Y 150 W 90w

Notes:1. Package outline: YO3R. Package Outline: PO8A or GO8A100/115 VAC with doubler inpud. Assumes appropriate heat
sinking to keep the maximuOPSwitchunction temperature below 100° G. Soldered to 1 sq. in.( 6.45 &2 oz. copper clad

(610 gm/md) 6. B, 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 inpupudltage
storage capacitance, eft.Refer to key application considerations section when d&RSwitch-1in an existingrOPSwitchdesign.

December 1997
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TOP221-227

Ve
conTROL O 0
Sz S A INTERNAL OpDRAN
S$ C —O -
< by SUPPLY
SHUTDOWN/
SHUNT REGULATOR/ AUTO-RESTART
ERROR AMPLIFIER
P
—
57V
»
Vi
IFB THERMAL -1
SHUTDOWN
POWER-UP _
R Q CONTROLLED
RESET TURN-ON
GATE
DRIVER —
OSCILLATOR f—
3
Dumax 1] DC —
CLOCK
SAW AVAVAN - |— )
LEADING
R 5F EDGE
BLANKING
PWM
1 COMPARATOR
MINIMUM
ON-TIME
DELAY
I T
’ QO SOURCE
PI-1935-091696

Figure 2. Functional Block Diagram.

Pin Functional Description

Tab Internally
Connected to Source Pin

—
O

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.

D DRAIN
J SOURCE

[ 7 CONTROL

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/

TO-220 (YO3A)

. ) -/
compensation capacitor. SOURCE [ 1] 8] SOURCE (HV RTN)
SOURCE Pin: SOURCE [2]] [ 7] SOURCE (HV RTN)
Y package — Output MOSFET source connection for high
voltage power return. Primary side circuit SOURCE [3] 6] SOURCE (HV RTN)
common and reference point. CONTROL [1] 5] DRAIN
P and G package — Primary side control circuit common and DIP-8 (POSA)

reference point.

SOURCE (HV RTN) Pin: (P and G package only)

SMD-8 (G08A)

PI1-2084-052198

Output MOSFET source connection for high voltage power return. Figure 3. Pin Configuration.

C
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HV9110
) HV9112
Supertexinc. HV9113

High-Voltage Current-Mode PWM Controller

Ordering Information

Package Options
+ Feedback | = Max 14 Pin 20 Pin 2Pin :
Min | Max | Accuracy | Duty Cycle | paqtic DIP | Plastic PLCC | Narrow Body SOIC Die
10V | 120V <+t1% 49% HV9110P HV9110PJ HV9110NG HV9110X
9.0V | 8oV +2% 49% HV9112P HV9112PJ HV9112NG HV9112X
10V | 120V <+t1% 99% HV9113P HV9113PJ HV9113NG HV9113X
Standard temperature range for all parts is industrial (-40° to +85°C).
Features General Description
O 10 to 120V input range The Sup_ertex HV9110 throug_h HV9113 area se_ries of BICMOS/
DMOS single-output, pulse width modulator ICs intended for use
Q  Current-mode control in high-speed high-efficiency switchmode power supplies. They
O High efficiency provide all the functions necessary to implement a single-switch
) . current-mode PWM, in any topology, with a minimum of external
1 Up to 1.0MHz internal oscillator parts.
- Internal start-up circuit Because they utilize Supertex’s proprietary BICMOS/DMOS tech-
O Low internal noise 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

Appllcatlons also increased, to approximately 8 times that of similar bipolar

parts. They start directly from any DC input voltages between 10

1 DC/DC converters and 120VDC, requiring no external power resistor. The output

O Distributed power systems stage is pl_Jsh-puII CMOS ar_wd Fhus requires no clamping diodes

] for protection, even when significant lead length exists between

0 ISDN equipment the output and the external MOSFET. The clock frequency is set
0 PBX systems with a single external resistor.

O Modems 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.
Absolute Maximum Ratings

+V |\, Input Voltage HV9110/9113 120V
HVIT112 80V
Vpp, Logic Voltage 15.5V
Logic Linear Input, FB and
Sense Input Voltage -0.3V to Vpp+0.3V
Storage Temperature -65°C to 150°C
Power Dissipation, SOIC 750mW
Power Dissipation, Plastic DIP 1000mwW
Power Dissipation PLCC 1400mwW

For detailed circuit and application information, please refer
to application notes AN-H13 and AN-H21 to AN-H24.

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

ECéngex ‘v_eésict:et:ﬁttrpé/wmvé%pee%ex.com. For complete liability information on all Supertex products, refer to the most current databook or to the Legal/Disclaimer page on ﬁeaSu émz-witéf 662
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INTEGRATED
CIRCUITS

= UNITRODE

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
VRer | 020 —_————————————
r 1
(1) | ——13)Ve |
u.v. | |—| |
+VIN @ Fé{eefgl:?ant%t? Lockout NOR }——@ :
[
Output A
Gnd @7 To Internal l \:L P :
—a Circuitry | — |
s Osc. Out : L — |
e @——) g w5 @ 1
4 Ly |
Rt (6)—— Flip | NoR (14) :
Osc Flop |
cr @ | l Qutput B :
| =
Disch @N :__US_15_2§A_Qut_p£t_St_age___=
| —+—13) vo '
J;j R | |
= s s
Comp @ Comp PWM | | | 'b >__@ !
1 S Latch | Output A |
Inv Input @— VREF I l :
Error | —
B =
N Input (2)——"> C*) : g :
5004 A
Soft-Start (8 = |
5 - 5D >—@ 1
Shutdown ————— | utput |
| al |
| =
5k L _UC1527A Output Stage _ |

2/96
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04

NOT RECOMMENDED FOR NEW DESIGNS| DE€SCRIPTION .

Contact Linear Technology for Potential Replacement The LT1525A and LT1527A are improved general pur-

pose switching regulator control circuits. Included on the
' chip are a trimmed 1% voltage subsurface zener refer-

FEATURES ence, oscillator, comparator and high current class B

totem pole output drivers. Included in the design of the
® Undervoltage Lockout with Hysteresis o
- Guaranreec? 1% 5.1V Reference LT1525A are easy synchronization to an external clock,

® Guaranteed 10mV/1000 Hr Long Term Stability ;slti]r?:lmsai?gt:gjtﬁl:oﬁ:: gﬁz?;:)n::nmntrol. A shutdown

LT/SC51525A LT/SG3525A

I_ l ’ \D LT/SG1527A, LT/SG3527A
TECHNOLOGY ~ Regulating Pulse Width
- Modulators

® Latching PWM

= 8V to 35V Operation The LT1525A and LT1527A differ only in their output

= 100Hz to 400kHz Oscillator logic phasing. The LT1525A has a low output during the

= 400mA Source and Sink Current “off’" state, while the LT1527A has a high output during
the “‘off’’ state. Both devices have undervoltage lockout

APPLICATIONS with about 0.5V hysteresis, giving reliable operation even

H h I » .
= Switching Power Supplies with slowly varying supplies.

= Motor Speed Control The combination of improved features and advanced

m Power Converters processing for high reliability make Linear Technology's
switching regulators a supreme choice. . E

BLOCK DIRGRAM

v
16 | L
REFERENCE w |
+VIN 15 REGULATOR Lockout [ »

=

|
| .
M s | LT1525A Start-Up
GROUND 12———i INTERNAL I .
1 CIRCUITRY | |
SYNC 3-———1 0SC OUTPUT | = | 10
4
(S Y— a
! OSCILLATOR l FIF '.__ : | I ! 8
Cr 5 a =) 1 |
DISCHARGE 7 ( UTRTE | _
o 6
£ || oS |5
- =]
- oy, peeebeen | e e e o o — >
COMPENSATION 9 - . PWM =31 LATCH |’_ "013 _l : ‘ ¥
W . OUTPUT 4
INV INPUT 1 I I 2 puTCHING =
ERROR | UTPUTA | 8
NI INPUT 2 +AMP I' Ak
| I 0 .
) e | I 0 2 4 6 8 10
SOFT-START > Vi = Vin (V)
s« | |
SHUTDOWN 10 |
OUTPUT B
* * : iy
1 T 1 |
| = oo |
L __OUTPUTSTAGE |

LY UINEAR 5-97
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1572

SG2525A
SG3525A

REGULATING PULSE WIDTH MODULATORS

8 TO 35V OPERATION

5.1V REFERENCE TRIMMED TO + 1%

100 Hz TO 500 KHz OSCILLATOR RANGE

SEPARATE OSCILLATOR SYNC TERMINAL

ADJUSTABLE DEADTIME CONTROL

INTERNAL SOFT-START

PULSE-BY-PULSE SHUTDOWN

INPUT UNDERVOLTAGE LOCKOUT WITH

HYSTERESIS

s LATCHING PWM TO PREVENT MULTIPLE
PULSES

s 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 + 5.1V reference is trimmed to +
1 % andthe inputcommon-mode range of the error
amplifier includes the reference voltage eliminating
external resistors. A sync input to the oscillator al-
lows multiple units to be slaved or a single unitto be
synchronizedto an external system clock. A single
resistor betweenthe Ct andthe dischargeterminals
provide a wide range of dead time ad-  justment.
Thesedevicesalsofeature built-insoft-start circuitry
with only an external timing capacitor required. A
shutdownterminal controls both 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 functions are also control-
led by an undervoltagelockoutwhich keepsthe out-
puts off and the soft-start capacitor discharged for
sub-normal input voltages. This lockout circuitry in-
cludesapproximately 500 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 outputs will remain off for the duration of 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
SG3525A0utputstage featuresNOR logic, giving a
LOW outputfor an OFF state.

PIN CONNECTIONS AND ORDERING NUMBERS (top view)

L
INV. INPUT 1 16 VREF
N.LINPUT 2 15 Wy
SYNC 3 ' 14]] outPuT B
' Type Plastic DIP S016
osc.outPut {]4 13 Ve
SG2525A SG2525AN SG2525AP
cr 5 12 GROUND
SG3525A SG3525AN SG3525AP
Ry 6 1]} outpur A
DISCHARGE || 7 10[] SHUTDOWN
SOFT - START || & 9 COMP
5-6414

July 1998

1/12
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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 #4% 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 therGind 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 theie
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 whejy 6 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

ON Semiconductor™

http://onsemi.com

PDIP-16
N SUFFIX
CASE 648
1
A = Assembly
WL = Wafer Lot
YY = Year

WW = Work Wee

PIN CONNECTI

—
Inv. Input | 1

MARKING
DIAGRAM
16
vttt

SG3525AN
C AWLYYWW
PRI RI R
1

Location

k

ONS

E Vet

. . Noninv. Input Vv
¢ Adjustable Deadtime Control L2 E ce
* Input Undervoltage Lockout Sync| 3 EOutputB
¢ Latching PWM to Prevent Multiple Pulses 0SC. Output | 4 EVC
L] — —
Pulse—by Puls.e Shutdown ol E Ground
¢ Dual Source/Sink Outputs400 mA Peak
Rr| 6 EOutputA
Discharge ‘I E Shutdown
r——————— |
Vet & To Internal | I Y?? | Soft-Start | 8 E Compensation
Veo 18—« Circuitry Under- : oupth l
Regulator Voltage |— .
12 op Vie
Ground O 2] Lockout o 1 J_I_ | (Top View)
0SCOouput O——— Tl :
3 =
SVF:'TC 6 Oscillator FF & I O “ : ORDERING INFORMATION
5 —
cT 07—<_7J.i | Ouiput B | Device Package Shipping
Discharge O— A R | = |
9 - | | SG3525AN PDIP-16 25 Units/Rail
Compensation 01 ’ :PWM I_Lalcu L_SES&\ ﬂtﬂ Stﬁ;e_ 3
INV. Input O——— S
2 50pA
Noninv. Input 08_ VRer
Csoft-Start

10 5.0k
Shutdown O——"V\V\——¢

Figure 1. Representative Block Diagram

[0 Semiconductor Components Industries, LLC, 2001

July, 2001 — Rev. 3
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o HEXF ET Power MOSFETs
FullPak

N-Channel

intemational
[zor|Rectifier

R

FullPak
Fully-isolated HEXFETs

. international Rectifier is proud to introduce its FullPak line of fully-
- . isolated power MOSFETS. Available in popular-sized package outlines,
these devices are designed to provide ease of use, lower costs of
e - an e 388MbIY, and high reliability.

If you have an application where your circuit enclosure andfor
heatsinks must be grounded (or your internal circuitry must be isolated
from the heatsink/enciosure), then the FullPak is for you. Until now,
semiconductors were insulated from grounded heatsinks with

b T insulating washers and nylon screws. Improper installation of
= N FullPak HEXFETs are fully-isolated versions of the popular . TO-220 insulating hardware caused failures which resulted in poor reliability
and TO-247 (“TO-3P") packages. The well-known benefits of HEXFET which in turn led to higher manufacturing and servicing costs.
power MOSFETs include voltage control, fast switching, temperature
stability, ease of paralleling, low on-state resistance, high FullPak HEXFETs allow you to mount directly to grounded metal work,
transconductance, superior dv/dt and avalanche ruggedness, and eliminating the need for insulating hardware and without a significant
a broad range of voltages and ratings. In addition, these devices change in thermal characteristics. The convenient TO-220 and TO-3P
provide the designer with a cost-saving applications in situations size packages provide the advantage for existing designs and
where electrical isolation is required. equipment to be retrofitted without modification! The TO-220 FullPak
provides 2000 Vdc isolation (1500Vac, 60Hz) while contributing only
FullPak HEXFETs are excellent for use in a wide array of commercial about 12pF (typ.) from drain to heatsink. The TO-3P FullPak provides
applications in consumer, automotive, telecommunications, computer 4000Vdc isolation (2000Vac, 60Hz)
and industrial circuits (switching power supplies, amplifiers, and high-
D S————— YY1 /¢ '8 011111 W o i See the tables below for the FullPak to fit your needs!
—Isolated T0-220
Vps Drain | Rps(on) | Ip Continuous | Ip Continuous | Rypyc Max | Pp Max Case
S Source On-State | Drain Current | Drain Current | Thermal Power Outline
Part Voitage | Resistance 25°C Case 100°C Case | Resistance | Dissipation | Number
Number (Voits) (Ohms) {Amps) (Amps) .(°CIW) (Watts) 2 Notes Case Style
IRFIZ24 60 0.10 14 97 4.1 ar HOA | (1) 1S0-T0-220
IRFIZ34 0.050 20 M 39 38 SIMILAR
IRFiZ44 0.028 30 C21) 3.1 48 1o
RFI530 | 100 0.16 97 69 39 39 T0-220A8
IRFI540 0.077 17 12 31 48
IRFI630 200 0.40 5.9 3.7 39 32
IRFI640 0.18 9.8 6.2 3.1 40
IRFI1634 250 0.45 5.6 3.5 39 32
IRFi644 0.28 7.9 5.0 3.1 40
T 1 mA730 | 400 1.0 35 2.2 39 32 H98B
1RFI740 0.5 5.4 3.4 3.1 40
IRFI820 500 3.0 21 1.3 41 30
IRFI830 1.5 3.1 20 39 32
IRFi840 0.85 4.6 29 3.1 40
Isolated TO-247
IRFIPO44 60 0.028 43 30 1.5 100 H10 | () 1S0-T0-3P
IRFIPO54 0.014 64 45 1.3 120 E‘IIMILAR
IRFIP140 100 0.077 23 , 15 100 0
IRFIP150 0.055 31 é 13 120 T0-247AC
1RFIP240 200 0.18 14 8.9 1.5 83
o IRFIP250 0.085 22 14 1.3 96
IRFIP244 250 0.28 11 6.9 1.5 83
IRFIP254 0.14 17 1 1.3 96
IRFIP340 400 0.55 8 5.1 1.5 83
IRFIP350 0.30 11 7.0 1.3 96
Y IRFIP440 500 0.85 6.4 40 1.5 83
IRFIP448 0.60 7.4 47 1.4 89
IRFIP450 0.40 10 6.5 1.3 96

. (1) For lead formed options see page 154. (2) For case outline

. 28
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drawing see page 152.
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HEXFET couer wosres

Logic Level
N-Channel

" omatonal

/‘\

Logic-Level HEXFETs "

International Rectifier has expanded its tine of Logic-Level HEXFETs
to include the popular HEXDIP (4-pin plastic Dual-In-ine) and surface-
mountable D-Pak packages, as well as the original, ever-popular
TO-220AB outline. i

a full 10V from gate to source to turn on, logic-level HEXFETs require t

only 5V to achieve full enhancement. This allows direct interface i

between power loads and logic-IC level output signais — hence the ;
name “logic-level.” This simplification of the gate drive requirement
- means significant cost savings, design simplification and higher

-..Logic-level HEXFETs feature the same basic characteristics as their reliability through the elimination of costly excess circuitry. i

well-established standard-gate counterparts — but instead of requiring H

RO T e ™ . "

SUI’fﬂCéMOhI’It 5¥Pak (G voit Gate to Source)

(1) For lead formed options see page 154.

(2) For tape and reel options see page 152.

(3) For case outline drawing see page 152.

29

Vpg Orain | Rps(on) | Ip Continuous | Ip Continuous | Ry Max | Pp Max | Case
Source On-State | Drain Current | Drain Current | Thermal Power Qutline .
Part Voltage | Resistance | 25°C Case 100°C Case | Resistance | Dissipation | Number
Number | (Vohts) | (Ohms) (Amps) (Amps) (°CW) |  (Wats) (3) | Notes Case Style ’
IRLRO14 60 0.20 85 6.0 5.0 30 H1 2 | T0-252AA ]
IRLRO24 | - - 0.10 16 " 3.0 50 D-Pak T
IRLR110 100 0.54 4.6 33 5.0 30 1 8
IRLR120 0.27 8.4 5.9 3.0 50 } a
- """HEXDIP (5 Voit Gate to Source) _ R
Vps Drain | Rps(on) | Ip Continuous | Ip Continuous | Rypyc Max | Pp Max | Case !
Source On-State | Drain Current | Drain Current | Thermal Power Outline i
Part Voitage | Resistance 25°C Case 100°C Case | Resistance | Dissipation | Number :
Number (Voits) - (Ohms) (Amps) {Amps) (°C/W) (Watts) ) Notes Case Style ¥
o -
IRLDO14 60 0.20 1.7 1.2 — 1 H4 HD-1 :
IRLD024 0.10 25 18 - 1 SIMILAR m : _
IRLD110 | 100 0.54 10 0.70 — 1 MO-001AN ;
IRLD120 0.27 1.3 0.94 - 1 3
TO-251 |-Pak (5 Voit Gate to Source)
Vps Drain | Rps(on) | Ip Continuous | ip Continuous | Rypyc Max | Pp Max Case
Source On-State | Drain Current | Drain Current | Thermal Power Outfine i
Part Voitage | Resistance | 25°C Case 100°C Case | Resistance | Dissipation | Number
Number | _ (Volts) . (Ohms) (Amps) (Amps) (°CW) (Watts) (k)] Notes Cass Style
IRLUO14 60 0.20 8.5 6.0 5.0 30 H2 TO-251AA
IRLU024 0.10 16 1 3.0 50 I-Pak
IRLU110 100 0.54 46 33 5.0 30
IRLU120 0.27 8.4 59 3.0 50 R
T0-220 (5 Volt Gate to Source)
Vg Drain | Rps(on) | Ip Continuous | Ip Continuous | Ryyyc Max | Pp Max Cass
- Sourcs On-State | Drain Current | Drain Current | Thermal Power Outiine o
Part Voitage | Resistance 25°C Case 100°C Case | Resistance | Dissipation | Number g
Number (Voits) (Ohms) (Amps) (Amps) (°C/'W) (Watts) 3) Notes Case Style v
IRLZ14 60 0.20 10 7.2 35 43 HS (1) | T0-220AB 3
_IRLZ24 0.10 17 12 25 60 .
IRLZ34 0.050 30 21 1.7 88 :
IRLZ44 0.028 50 36 1.0 150 -
IRL510 100 0.54 5.6 40 35 43 -
IRL520 0.27 9.2 6.5 2.5 60 .
-1 IRL530 0.16 15 1 1.7 88 :
7~ IRLS40 0.077 28 20 1.0 150 _'
;



Page {4EXPET power mosren

i

3r~ HEXSense Current Sensing N- Channel |14
Vpg Orain npm ip Continuous Pulse Pp Max Case
® ree On: nln cumm n ? Nominal | Outiine
Part Vollage Resistancs Current Dissipation Senne Number
Number (Voits) (Ohms) (Amn) (Amps) (Watts) Ratlo ® Case Style
. IRCZ24 80 0.10 17 12 2.5 780 Hé P
3 IRCZ34 0.050 30 21 1.7 1410 ﬂw
IRCZ44 0.028 80 7 1.0 2500 A R
IRCS30 100 0.1¢ 14 10 1.7 1485 R
IRC540 0.077 29 2 1.0 2680 lm 204AA
T IRCO30 - 200 0.40 9.0 87 1.7 1490
e 1 IRCO40 | 0.18 18 11 1.0 1485
M -1 1RO T80 0.45 8.1 5.1 1.7 2140 i
— i L IRCOMe ) T 0.28 14 8.8 1.0 21
' IRC730 400 1.0 8.6 35 1.7 1530
IRC740 0.56 10 8.3 1.0 2800
IRC830 500 1.5 45 3.0 1.7 1520
. IRC840 0.85 8.0 5.1 1.0 2805
{RCPO54 80 0.014 70 70 0.50 2310 H8 |5 PIN TO-3P
~ tS(:MILAR ‘
T0-247AC
:—;T—SUrfaEFMcunt Devices N-Channel 1
Vps Drain- |- Rps nn) p Continuous | Ip Continuous Max | Pp Max Cass
@ Source On- Dnln Current | Drain Current eormal Power Outline
Part Voltage Rnlmnn 25°C Case 100°C Cass | Resistance | Dissipation | Number
Number | (Volts) (Ohms) (Amps) (Amps) (°C/W) (Watts) 3) | Notes Case Style
r IRFS120 100 2.4 0.90 0.64 35 4 - H3 @ | T0-243AA
SOT-89
IRFRO14 60 0.20 8.4 6.0 5.0 30 H1 2) | T0-252AA
IRFRO24 0.10 16 1 3.0 50 D-Pak
IRFR110 100 0.54 47 a3 5.0 30
IRFR120 0.27 8.4 6.0 3.0 50
IRFR210 200 15 26 1.7 5.0 25
IRFR220 0.8 48 3.0 3.0 42
IRFR214 250 2.0 2.2 1.4 5.0 25
IRFR224 1.1 38 2.4 3.0 42
"IRFR310 400 | 36 1.7 1.1 5.0 .25
IRFR320 1.8 31 2.0 3.0 42 |
iRFR420 500 3.0 24 1.5 3.0 42
IRFRC20 600 4.4 20 1.3 3.0 42 |
. ]
Surface Mount Devices P-Channel
Vpg Draln | R Ip Continuous | Ip Continuous Max | Pp Max Case
(4 'um o:?-m rain Current | Drain Current "ﬁ"oeml r Outline
Purt Voltage | Resistance | 28°C Case 100°C Case | Resistance | Dissipation | Number
Number (Valits) (Ohms) (Amps) {Amps) (*C/W) (Watts) ()] Notes Cass Style
IRFR9014 -80 0.50 -5.8 -3.9 5.0 30 H1 2) | T0-252AA
IRFRO024 0.28 -9.6 -8.8 3.0 50 D-Pak
1RFRO110{ =100 1.2 - -3.4 =24 5.0 30
IRFR9120 0.60 -8.3 -4.5 3.0 50
IRFRE210 =200 3.0 -1.9 -1.2 5.0 25
IRFR9220 1.5 -3.8 =23 3.0 42
- (2) For tape and reel options see page 152.

(3) For case outline drawing see page 152..
(4) Additlonal HEXFET part numbers:are avaliable: Su numerical lndux page 181.
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intermational
Rectifier

H EXF ET Power MOSFETs

Plastic Insertable ge
>
HEXDIP N-Channel |
Vpg Drain | Rpg(on) | Ip Continuous | Ip Continuous | Renyc Max | Pp Max Case
@ Source On-State | Drain Current | Drain Current | Thermal Power Outline
Pait Voltage | Resistance 25°C Case 100°C Case | Resistance | Dissipation | Number
_— ~Number | (Voits) | (Ohms) (Amps) (Amps) | (°CW) | (Watts) | (1) |Notes|  Case Style
IRFDO14 60 0.20 1.7 1.2 - 13 H4. HD-1 B
IRFD024 0.10 25 1.80 - 1.3 tSIMILAR
IRFD120 100 2.4 0.50 0.36 - 1.3 0 .
IRFD110 0.54 10 0.71 - 13 MO-001AN
IRFD120 0.27 1.3 0.94 - 1.3
IRFD210 200 1.5 0.60 0.38 - 1.0
IRDD220 0.80 0.80 0.50 - 1.0
HEXDIP P-Channel
Vpg Drain | Rps(on) | Ip Continuous | Ip Continuous | Rypyc Max | Pp Max Cass
@ Source On-State | Drain Current | Drain Current | Thermai Power Outline
Part Voltage | Resistance 25°C Case 100°C Cass | Resistance | Dissipation | Number
Number | (Voits) (Obms) (Amps) (Amps) (°cw) (Watts) () |Notes | Case Style
IRFD9014 -60 0.50 -1.1 -0.80 - 13 H4 HD-1
IRFD9024 0.28 -1.6 -1.10 - 1.3 .t?.IMILAR
IRFD9110 | -100 12 -0.70 -0.49 - 13 0 -
IRFD9120 0.60 1.0 -0.70 - 13 MO-001AN m
IRFD9210 -200 3.0 -0.40 -0.25 — 1.0
IRFD9220 1.5 -0.56 -0.36 - 1.0
TO-251 N-Channel
Vps Drain | Rpg(on) | Ip Continuous | ip Continuous | Ripyc Max | Pp Max Case
(4] Source On-Stats | Drain Current | Drain Current | Thermal . Power Outline
Part Voltage | Resistance 25°C Cass 100°C Cass | Resistance | Dissipation | Number :
Number { (Voits) (Ohms) (Amps) (Amps) (°C/W) (Watts) (1) | Notes " Case Style
— . ...| irFuO14 60 0.20 84 6.0 50 30 H2 TO-251AA
) IRFUO24 0.10 16 BRI 30 © 50 e -1 {-Pak
= | IRFUL10 100 . 054 4.7 33 5.0 30 S o
IRFU120 0.27 8.4 6.0 30 50
IRFU210 200 15 26 1.7 5.0 25
: IRFU220 0.80 48 3.0 3.0 42
- IRFU214 250 20 2.2 1.4 5.0 25
IRFU224 1.1 38 24 3.0 42 -
' IRFU310 400 36 17 11 5.0 25 -
. IRFU320 18 31 2.0 3.0 42
¢ IRFU420 500 30 24 1.5 3.0 42
. IRFUC20 600 44 2.0 1.3 30 42
> TO- 251 P-Channel e
: T e
: Vps Drain | Rpg(on) | Ip Continucus | Ip Continwous Max | Pp Max Case .
; (2) Source On-Siate | Drain Current | Drain Current rmal Power Outline e all S
i Part Voltage | Resisiance | 25°C Case 100°C Cass | Resistance | Dissipation | Number
1 Number | (Volts) {Ohms) (Amps) {Amps) (°CW) (Watts) (1) | Notss Case Style
IRFU9014 -60 0.50 -5.6 -39 5.0 30 H2
IRFU9024 0.28 -9.6 -6.8 3.0 50
IRFUS110 |  -100 1.2 34 2.4 5.0 30
IRFU9120 0.60 -6.3 4.5 30 50
IRFUS210 | -200 3.0 =20 -1.2 50 25
Al IRFU9220 1.5 -3.6 -23 30 4

(1) For case outline drawing see page 152.

HCE556 Lecture Notes

(2) Additional HEXFET part numbers are available: See numerical index page 181.
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~ HEXFET eower mosren
Plastic Insertable Package

intemational
[zer|Rectifier

/“’\
T0-220 N-Channel \
Vpg Drain on) Continwous | ip Continuous Max | Pp Max Case
@) Source m Current l?ru-cmm %ﬂ Power Qutiine
Part Voitsge | Resistance | 25°C Case 100°C Case | Resistance | Dissipation | Number
Number | (Voits) (Ohms) {Amps) (Amps) (°C/W) (Watts) 9) | Notes Case Style
IRFZ14 60 0.20 10 7.2 35 43 H5 (1) | T0-220AB
IRFZ24 0.10 17 12 2.5 80
IRFZ34 0.050 30 21 1.7 88
~~ | -RFze4- § - - | —0.028 50 4 0.60 250
IRFZ48 | | o018 50 - 50 0.60 250
e RSO T 1007 0.54 5.6 4.0 s 43
oTdoIRES20 _-0.21 9.2 65 25 60
IRF530 0.16 14 10 17 88
IRF540 - 0.077 28 20 1.0 150
IRF610 200 1.5 33 2.1 35 36
IRF620 0.80 5.2 33 2.5 50
- IRF830 0.40 9.0 5.7 17 74
IRF640 0.18 18 11 1.0 125
IRF614 250 20 2.7 1.7 35 36
IRF624 1.1 44 28 2.5 50
IRF634 0.45 8.1 5.1 17 74
IRF644 0.28 14 8.8 1.0 125
TEORFA0-] 400 | 36 2.0 1.2 35 36
IRF720 18 3.3 2.1 25 50
IRF730 1.0 55 “35 17 74 .
IRF740 0.55 10 63 1.0 125
IRF820 500 3.0 25 1.6 25 50
| IRF830 15 45 2.9 1.7 74
1RF840 0.85 8.0 5.1 1.0 125
IRFBC20 600 44 2.2 1.4 25 50
IRFBC30 22 36 23 1.7 74
IRFBC40 1.2 6.2 3.9 1.0 125
IRFBE20 800 65 20 1.2 2.0 63
IRFBE30 3.0 5.2 3.3 0.60 210
IRFBF20 900 8.0 1.8 1.1 2.0 63
IRFBF30 37 47 3.0 0.60 210
IRFBG20 1000 1.5 1.3 0.800 25 50
IRFBG30 5.0 4.0 25 0.60 210
T0-220 P-Channel
IRFOZ14 -60 0.50 8.7 -4.7 35 43 HS 1) | T0-220AB
IRFOZ24 0.28 -11 -1.7 2.5 60
IRFOZ34 0.14 -18 -13 1.7 88
IRF9510 -100 1.21 -4.0 -2.8 35 43
1RFE520 |, 0.60 -6.8 -4.8 25 60
IRF9530 . 0.30 -12 -8.2 1.7 88
IRF9540 0.20 -19 -13 1.0 150
IRF610 ~200 3.0 -1.7 -1.0 35 20
IRF9620 1.51 -35 -2.0 31 40
IRFI630 0.80 -85 -4.0 1.7 75
- IRFO640 - |-——  ~—] -~ 0.50 -11 -6.8 1.0 125

(1) For lead formed options see page 154.
(2) For case outiine drawing see page 152.

/> (3) Additional HEXFET part numbers are available: See numerical Index page 181.
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fRRO

' —rtvood 27008y HEXFET pover mosren
lastic In ackage
— Rectifier * 22 6.3}S sertable Packag
70-247 N-Ch r/ 10 Weeh | juoo o steo- 1o
- -Chanpe
Vps Drain / Rpg(on) | Ip Continuous { ip Continuous | Rypyc Max | Pp Max Case
@) Source On-Stats | Drain Current | Drain Current | Thermal Power Outline
Part. .| Vo Resistance | - 25°C Case |- 100°C Caso | Resistance | Dissipation | Number | - | - .. .. .
Number | (Vo {Ohms) {Amps) (Amps) (°C/W) (Watts) 2) | Notes Case Style
IRFPO44 /so 0.028 57 40 0.83 180 H7 1) | T0-247AC
| 0.014 70 70 0.50 300 T10-3P
C IRF 0.009 70 70 0.30 500
IRFP140 100 0.077 31 22 0.83 180
IRFP150 0.055 47 33 0.50 300
IRFP240 200 0.18 20 12 0.83 150
IRFP250 0.085 34 21 0.50 250
IRFP260 0.070 38 24 0.50 250
IRFP244 250 0.28 15 9.7 0.83 150
| IRFP254 0.14 26 17 0.50 250
P IRFP264 0.095 . 32 20 0.50 250
. IRFP340 | 400 0.55 11 6.9 0.83 150 S...
IRFP350 0.30 18 1 0.50 250 — 48‘*
—ao| IRFP360 0.20 28 18 0.30 410 @——
IRFP440 500 0.85 8.8 5.6 0.83 150
IRFP448 0.60 1 6.6 0.70 180
IRFP450 0.40 16 9.9 0.50 250
IRFP460 0.27 25 16 0.30 410
IRFPC30 500 2.2 43 2.7 1.2 100
IRFPC40 1.2 6.8 43 0.83 150
IRFPC50 0.60 13 8.0 0.50 250
I IRFPE30 800 30 5.2 33 0.60 210
IRFPE40 2.0 6.9 4.4 0.50 250
IRFPES0 1.2 1 6.7 0.35 360
IRFPF30 900 37 47 3.0 0.60 210
IRFPF40 2.5 47 3.0 083 150
e IRFPFS0 | . .. 16 .} ..91 -.58 - 035 360
. IRFPG30 1000 5.0 40 25 0.60 210 : - S
o IRFPG40 | .. . |- 385 4.3 2.7 083 | 150 s
IRFPGS0 2.0 8.2 5.2 0.35 360
T0-247 P-Channel -
. Vps Drain | Rps(on) | Ip Continuous | Ip Continuous | Rpyc Max | Pp Max Case
. Source On-State | Drain Current | Drain Current | Thermai Power Outline
- Part Voitage | Resistance 25°C Case 100°C Cass | Resistance | Dissipation | Number s
: Number | (Volis) (Ohms) {Amps) (Amps) (°C/W) (Watts) (2) | Notes Case Style
: IRFP9140 | -100 0.20 -21 -15 0.83 180 H7 (1) [TO-247AC pumman
' IRFP9240 | 200 0.50 12 75 0.83 150 TO-3p- T -

(1) For lead formed options see page 154.
(2) For case outline drawing see page 152.

(3) Additional HEXFET part numbers are available: See numerical index page 191.
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HEXFET rower mosres iIntemational
HEX-Pak Modules zor]Rectifier

70-240 N-Channel |1

BVpgg Drain Aps(on) ip Continwous | Ipyy Puise Pp Max Cass
@) Source On- Drain Current Drain Pewer Outline
Part Voitage Resistance 25°C Case Current Dissipation | Nember
Number (Volts) (Ohms) {Amps) (Amps) (Watts) (1) Notes Cass Style
IRFK2D054 60 0.010 120 480 500 H12 @ | TO-240AA
IRFK2D150 100 0.028 72 288 Half Bridge
IRFK2D250 200 0.043 54 216
IRFK20350 400 0.15 25 100
- IRFK2D450...| ... 500 0.20 22 88
IRFK2DCS50 600 0.35 18 72
IRFK2DESO | 800 0.60 12 48 .
IRFK2F054 . 60 0.010 120 480 3
IRFK2F150 100 0.028 72 288
IRFK2F250 200 0.043 54 216 .
IRFK2F350 400 0.150 25 100
IRFK2F450 500 0.20 2 88
IRFK2FC50 600 0.35 16 72
IRFK2FES0 - | .- . 800 0.60 12 48 »
IRFK3D150 100 0.020 125 435 625 [¥4]
IRFK3D250 200 0.030 70 280
IRFK3D350 400 0.10 7 148
IRFK3D450 500 0.135 33 132
IRFK3DC50 600 0.23 24 % L
T TIRFKIFIS0 [ 100 0.020 125 435 @
IRFK3F250 200 0.030 70 280 o —_
IRFK3F350 400 0.10 37 148
IRFK3F450 500 0.135 33 132
IRFK3FC50 600 0.23 24 9
7 | IRFK4HO54 60 0.005 150 960 500 H11 (@ | TO-240AA
IRFK4H150 100 0.014 137 548 Parallel Chip
IRFK4H250 200 0.021 108 432
IRFK4H350 400 0.075 50 200
IRFK4H450 500 0.10 4 178
IRFK4HC50 - 600 0.175 35 140 -
IRFK4HESO 800 0.30 2 104
IRFK4J054 60 0.005 150 960 @3
IRFK4J150 100 0.014 137 548
IRFK4J250 200 0.021 108. 432
IRFK4J350 . 400 0.075 50 200
IRFK4J450 500 0.10 4 176
IRFK4JC50 | 600 0.175 3 140 -
IRFKAJESQ 800 0.30 26 104 -
IRFK6H150 100 0.010 150 720 625 @
IRFK6H250 200 0.015 140 560
IRFK6H350 400 0.050 75 300
IRFK6H450 500 0.067 66 264
IRFK6HCS50 600 0.10 48 192
IRFK6J150 100 0.010 150 720 3)
IRFK6J250 200 0.015 140 560
IRFK6.350 , 400 0.050 75 300
IRFK6J450 500 0.067 66 264
IRFK6JC50 600 0.10 48 192
(1) For case outline drawing see page 152.
(2) Standard parts. :
(3) Extra damped parts - . e - .

(4) Additional HEXFET part numbers au available: See numerical index page 191.
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Insulated Gate Bipolar Transistor

intermational
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& N KWz 117
Standard-Speed IGBTs Applications: High Voitage Motor Controls, UPS <|
Vaeqn) | VCE(on) Ic Eis typ —
BVCES Gate | Collector Continuous Total
; Collector | to Emitter |to Emitter Collector Switching | Pp
Part 1o Emitter | Threshold |Saturation Current Loss @ | Max. | Case
Number |Breakdown | Voltage | Voltage | @ Tc @ Tc | Yo = 150°C | Power | Outfine | Notes Casa Style
Voitage = 25°C | = 100°C | Voo = 480V | Dissip. | Number
Min  Max| Max
W vy, W W) N W |m) AN W {1
| IRGBC20S 2,0 19 10 4.1 10} s0 | IG1 T0-220AB
- |IRGBC30S| 600 |30 55| 1.9 34 18 71 18| 100
s IRGBCA0S |~ 18 50 3 13 31| 160
IRGPC40S 1.8 60 31 13 31 160 | 1G2 T0-247Ac %
IRGPC50S 16 70 4 16 41 ] 200
Fast-Speed IGBTs Applications: High Voltage UPS’s, Motor Control, Industrial 9‘ e
IRGBC20F 28 16 9 18 9| 60 | IG1 T0-220AB
IRGBC3OF | 600 |30 55| 21 3 17 25 17| 100
m—— L ———f - 20 49 27 44 .27 | 180 f
|meBFOF| 900 [35 55| 25 12 7 15 6| -
IRGPC4OF | 600 |30 55( 20 49 47 44 27} 160 | G2 T0-247AC
IRGPCSOF 1.7 70 39 60 39| 200 (TO-3P)
IRGPF30F | 900 |35 55| 25 24 13 3 12| -
e IRGPFAOF 25 42 23 5 2| - %
IRGPF50F 25 56 31 10 40
IRGPH4OF | 1200 [35 55| 22 40 7] 5 10
IRGPH50F 2.2 50 27 10 2] —
- . . OKnze
UltraFast™ IGBTs Applications: High Voltage SMPS's, Motor Controls, Robotics 2\ N
IRGBC20U 3.0 13 65 [035 65| 60 | IG1 T0-220AB %
IRGBC30U| 600 |30 55| 30 23 12 |05 12 ] 100
- -~ {1RGBCAOY |~ 3.0 40 20 15 20| 160 S
{RGPC40U 3.0 40 20 15 201} 160 | 1G2 T0-247AC
IRGPC50U 3.0 55 27 1.7 27| 200 (TO-3P) %
(1) For case outline drawing see page 149.
—~




LR

Page 415 of 662

International ‘ : .
TR Rectifier Insulated Gate Bipolar Transistor
r Fast-Speed IGBT Modules @

BVCES | Vi I Pp Max.
Collector cc?r:,':::" @ﬁim'z“)x Clamped Power
Part to Emitter c Inductive | Dissip. Max. Clrouit Case
4 Number | Breakdown Load | Per Switch | ETS/A Type Outine Case Style
T « e .| Voltage Tg = 25°C | Current | @25°C | - |.-. Number | e
)] A (Y] W) )
::g:m 52% g.a 130 179 IG3 | INT-A-Pak
1 2 240 268 .
IRGTI165F06 165 2.1 330 a7 Half Bridge
IRGTI200F06 200 2.0 400 500
IRGKIOB5F06 65 23 130 179 !
IRGKI120F06 120 2.2 240 208 | 30 | LowSue
IRGKI165F06 | 600 165 2.1 330 379 e
IRGKI200F06 200 20 400 500 hopper
IRGNIOGSF06 65 23 130 179 T v o
IRGNH20F06 120 22 240 298 High Side
IRGNI165F06 165 2.1 330 379 Chopoer
IRGNI200F06 200 2.0 400 500 ppe
} IRGTAG50F06 50 2.0 100 125 . IG4' [ADD-A-Pak —— T
IRGTAC90F06 9% 2.1 180 219 Half Bridge
IRGKAO50F06 . 50 2.0 100 125 Low Side
IRGKAO9OF06 | 600 90 2.1 180 219 30 | Switch
IRGKA120F06 120 2.0 240 278 Chopper
IRGNAO50F06 50 2.0 100 125 High Side
IRGNAO9OF06 90 2.1 180 219 Switch
IRGNA120F06 120 2.0 240 278 Chopper
S
UltraFast™ IGBT Modules
IRGTIO50U06 505 3.1 100 179 1G3 | INT-A-Pak
—  — -~ - | iRGTI090U06 90 3.0 180 28 Half Bridge | - )
IRGTH 15U06 115 28 230 379
- - |reTie0u06 : 140 27 280 . - -
IRGKI050U06 50 3.1 100 179 Low Sid
JRGKIO90U06 600 % 3.0 180 298 0.12 ng’t h' e
IRGKI115U06 115 2.8 230 379 Ch°° i
IRGKI140U06 140 27 280 500 ppe
IRGNIOS0U06 50 3.1 100 179 .
IRGNIO0UI0G % 3.0 180 298 Kioh Side
IRGNI115006 115 28 230 37 Chopper
IRGNI140U06 140 27 280 500
IRGTA035U06 35 3.0 70 125 . IG4 | ADD-A-Pak
. IRGTAOB5L06 65 2.9 130 202 Half Bridge
* IRGKAO35U06 35 3.0 70 125 Low Side
: IRGKAOB5U06 | 600 65 29 130 202 0.12 | Switch
IRGKA090U06 90 2.7 180 278 Chopper
IRGNAG35U06 35 3.0 70 125 High Side
IRGNAOG5U06 65 2.9 130 202 Switch
IRGNAO9OU06 90 27 180 278 Chopper

i
E (1) For case outline drawing see page 150.

P‘\— \’\) = 3.5 - Sb(a
\—:::;\_;—C_. = m— N
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Schottky Rectifiers ; \

SWITCHMODE™ Schottky power rectifiers with the high with higher T ratings can have significantly lower leakage
speed and low forward voltage drop characteristic of currents, but higher forward-voltage specifications. These
Schottky's metal/siticon junctions are produced with parameter tradeoffs should be considered when selecting
ruggedness and temperature performance comparable to devices for applications that can be satisfied by more than one
silicon-junction rectifiers. Ideal for use in low-voltage, device type number.
high-frequency power supplies, and as very fast clamping All devices are connected cathode-to-case or cathode-to-
diodes, these devices feature switching times less than 10 ns, heatsink, where applicable. Reverse polarity may be available
and are offered in current ranges from 1 to 600 amperes, and on some devices upon special request. Contact your Motorola
reverse voltages to 200 volts. representative for more information. .

In some current ranges, devices are available with junction :

" lemperature specifications of 125°C, 150°C, 175°C. Devices

Table 4 — Schottky Rectifiers

!0, AVERAGE RECTIFIED FORWARD CURRENT (Amperes)(1)
3

59-04 267-03 403-03 369A-11
Plastic Plastic SMC DPAK
Cathode = Cathode = Cathode = Style 3
Polarity Band Polarity Band Notch

® ®

20 1N5817 MBR320 MBRD620CT
25
30 IN5818 MBR330 MBRDB30CT
35
40 ( 1nse1s Y menasiaors MBR340 MBRD640CT
45 _ ,
50 MBR150 MBR350 MBRDBSOCT
60 MBR150 MBR360 ] MBRDE6OCT
70 MBR170 MBR370
80 MBR180 MBR380
0 MBR190 MBR390
100 MBR1100 | MBRS1100T3 MBA3100

lesm 25 40 80 80 80 75 75
(Amgeus)
Max Vg @ 0.6(2) 0.6(2) 0.525(2) 0.525(2) 0.45 0.85

IEM=lg TL=25°C Tc=25°C TL=25°C TL=25C | To=125°C Tc =125°C
Tj (Max) “C 125 125 125 : 125 150 150

(15 is total device output current.
Values are for 40 volt units, lower voltage parts exhibit lower VE.

ol

Devices listed in bold, italic are Motorola preferred devices,

ey e




Pace 4§etidttky Rectifiers

Surface Mount

IAM @ Case
A @ TC | yey @ Ipm Rated VRwm Outline
Part VRRM (1) Eas | AR () Max. Ty | Number
Namber | ) | W |0 v m) [ W (mA) €O | @ |WNotes Case Style e
10MQ040 40 | 11| 92 0.51 5 . J1 D-64
10MQ060 60 { 0.77] 110 0.57 - — 75 125 . 5)
10MQ090 9 | 077] 110 0.65 5.0 9
15MQ040 40 | 1.7 0.55 — — 50 . (1A)
30WQO3F 30 | 33 | 105 0.56 12 J5 ) | T0-252AA
30WQ04F 40 | 33 ] 105 0.56 12 (D-PAK)
30WQO5F 50 | 33 | 104 0.60 - - 20 125
30WQO06F 60 | 3.3 | 104 0.60 20
30WQO9F 9 ] 33 |103 0.74 2
30WQ10F 100 | 3.3 | 103 0.74 2 &
50WQ03F 30 | 55| 92 0.60 20
S0WQO4F 40 | 55 | 9 0.60 20 I
50WQO5F 50 | 55 | 89 0.66 - - 30 125
50WQ06F 60 | 55 |89 0.66 30
50WQO9F 9 | 55| 90 0.77 3
50WQ10F 100 | 55 | 90 0.77 3
6CWQO3F 30 ] 66 | 97 0.63 20 K1 5
6CWQO4F 40 | 66 | 97 0.63 20 1
6CWQOSF 50 | 66 | 92 0.67 - - 30 125
6CWQO6F 60 | 66 | 92 0.67 30
6CWQO9F 9 | 66 | 94 0.79 3
6CWQa10F 100 | 6.6 | 94 0.79 3 4
Discrete
Inm @ Case
— | ) @TC | Vem @ 1w | Eas | tan | Ratsd Vawm Outline
Part VRRAM (1) @] @ () Max. 15 | Number
Number V) (A) | (°C) V) mJ) | W (mA) (°C @ Notes Cass Style .
11DQ03 30 | 1.1 ] 58 0.50 6 J2 ) | DO-204AL
110004 40 | 11| s8 0.50 6 v (D0-41) i
11DQ05 50 | 1.1 | 40 0.53 - - bkl 125
11DQ06 60 | 11 | 40 0.53 11
11DQ09 9 | 11 | 48 0.68 1
11DQ10 100 1.1 48 0.68 1
310003 30 |33} 35 0.51 25 J3 5y | C-16
31DQ04 40 | 33 ] 35 0.51 25 &)
310Q05 50 3.3 19 0.53 - - 30 125
31DQ06 60 | 33| 19 0.53 30
310009 4 9 ]33 | 25 0.69 4
31DQ10 100 | 33 | 25 0.69 4
5050080 80 |5 |19 0.52 15 1 7 175 J4 DO-204AR
505Q100 100 | 5 119 0.52 7 175
8050035 35
8050040 40 | 8 119 0.44 10 1.6 15 175
8050045 45
9050035 35
90SQ040- 40 9 69 0.42 12 1.8 70 150
9050045 45
955Q015 15 1 9 55 0.25 45 1 348 100 (18)(34)]
(1) Ty = 125°C unless otherwise specified (see Notes column). (1A) For Vem: Ty = 25°C; for IRM: Ty = 125°C.
() Ty = 25°C, 1zg = IaR. (18) For VEM: Ty = 75°C; for Igy: Ty = 100°C. I
(3) Current decaying linearty to zero in 1 uSec. (1D) For VEy: Ty = 70°C; for Ipm: Ty = 125°C.
Frequency limited by T max. V4 = 1.5 x Vg typical (1E) For Vem: Ty = 25°C; for Ipy: Ty = 125°C.
unless otherwise specified (see Notes column). (1F) For Vey: Ty = 25°C; for IRM: Ty = 125°C.
(4) For case outling drawing see page 160. (16) Ve rated at 50A.
(5) For tape and ree! specifications see pages 164-166. (1H) VEu rated at 80A.
r (1J) Vry rated ata 160,
(3A) Current decaying linearly to. zero in 1. usec.
Frequency limited by T max. V4 = 3 x VR typical.
(38) Gurrent decaying linearly to zero in 2 pSec,
Frequency limited by Ty max. Vo = 1.5 x VR typical.
. 40
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xer|Rectifier

Schottky Rectifiers

Discrete (continu

IR @ Case o
IFAV) @TC | vem @ Ipm | Eas | AR | Rated Vawm Outiine ploy

Part VRRM " @ | ® ) Max. Ty | Number

Number v | w|eg ] m) | @ (mA) °c) @ | Notes Case Style
610035 3 J6 T0-22

6TQ040 40 6 | 163 0.51 8 | 12 7 175 OAC
670045 45

MBR735 . 35 [ 75120 0.57 — | 10 15 150 (38) —
MBR745 45

870080 80 8 [ 157 0.58 75 [ 05 7 175

8TQ100 100

MBR1035 35 | 10120 0.57 -1 10 15 150 (38)

MBR1045 45 “
10TQ035 35

1070040 4 | 10 ] 151 0.49 13| 2 15 175

1070045 45

1270035 35

1270040 0 | 15120 0.50 16 | 24 150

1270045 45

MBR1635 35 | 16[125 0.57 -1 10 150 (38)

MBR1645 45 ' .
18TQ035 35
1870040 40 | 18| 149 0.53 24 | 36 25 175

1870045 4

1970015 15 | 19] 80 0.32 675 | 15 522 100 (1B)(3A)

2070035 35

2070040 0 | 22|18 .51 7| 4 105 150

2070045 45 v

1N6391 45 | 25| 115 0.78 0| s 40 175 49 l16)06) DO-203AA
1N6095 30 | 25105 0.86 0| s 250 125 (10)(1Hy (DO-4)

1N6096 40 | 25]105 0.86 0| 6 250 125

SD41 35 | 30] 9% 0.58 -1 - 125 150 (1P

20F0035 35

20FQ040 4 | 30| 0.47 01| 6 150 150

20FQ045 45

21FQ035 35

21FQ040 40 | 30|07 051 0| 6 150 150

21FQ045 45 : . g

30FQ035 35

30FQ040 4 | 30|14 0.54 0| 6 35 175

30FQ045 45

1N6097 30 [ 50| 70 0.86 81 | 12 250 125 | J10 [0x19)| DO-203AB
1NG098 0 | 50| 70 0.86 81 | 12 250 125 (DO-5) - - -
SD51 35 | 60| % 0.66 -1 - 200 150 RG)

1N6392 45 | 60115 0.68 101 | 15 60 175 (1)

50HQ035 35 -
50H0040 40 | 60101 0.53 81 | 12 200 150

50H0045 45

51HQ035 35

51HQ040 40 | 60| 9% 0.58 81 | 12 200 150

51HQ045 45 -
55H0030 3 [ 60110 0.41 5 | 12 280 150

60HQ080 80 | 60118 0.70 15[ 1 20 175

80HQ100 100 | 60118 0.70 15 ] 1 20 175

75HQ035 35

75H0040 0 | 75|17 0.63 101 | 15 45 175

75HQ045 45

MBR7535 35 | 75| % 0.60 -1 - 150 150

MBR7545 5 | 75| %0 0.60 -1 - 150 150

85HQ035 35

85HQ040 ) 85 | 112 0.62 14 | 17 45 175

85H0045 45

95HQ015 15 | o5] 44 0.39 9| 2 1000 100
Notes: See page 40. 41
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international

~ Schottky Rectifiers

. [ror|Rectifier Center Ta
Inm @ Cese
FAM @TC [ vey @ 1pm | Eag | 1A | Rated Vawm Outline 9\0
Pant VRRM ) @ ® )} Max. Tj | Number
Number [\J] (A) | (°C) W) m) { W (mA) (°C) (4) | Notes Case Style
10CTQ150 150 | 10 | 145 0.86 6.75 | 0.30 7 175 K2 10-220A8B
- 12CTQ035 38 [ - - ® .
12CT0040 4 | 12 |17 0.63 8 12 7 175
12CT0045 45
15CTQ035 35
15CT0040 0 | 15 |12 0.65 10 | 15 32 150
15CT0045 45
MBR1535CT | 35 | 15 | 105 0.72 - 110 15 150 (38)
MBR1545CT | 45 | 15 | 105 0.72 - |10 15 150
16CT0080 80 | 16 | 145 0.69 75 | 05 7 175
16CTQ100 100 | 16 | 145 0.69 75 | 05 7 175
20CTQ035 35
20CT0040 40 | 20 | 145 0.68 13 2 15 175
20CTQ045 45
MBR2035CT 35 [ 20 |135 0.72 - | 10 15 150 (38)
MBR204SCT | 45 | 20 | 135 0.72 - | 10 16 150 _
MBR2080CT | 60 0.5
MBR200OCT | 90 | 10 | 133 0.70 - | 05 150 150
MBR20100CT | 100 0.5
MBR2535CT | 35 | 30 | 130 0.73 - | 10 40 150
MBR2545CT | 45 | 30 [ 130 0.73 - | 10 40 150
25CTQ035 35
25CTQ040 40 | 30 |102 0.84 20 3 70 150
25CTQ045 45
o~ 30CT0035 35
: 30CTQ040 4 | 30 |27 0.70 20 3 15 175
30CTQ045 45 '
30CT0050 50 |30 | o7 0.71 13 | 15 45 150
30CTQ080 60 |30 | o7 0.7 13 |15 45 150
o 326TQ0% | 30 [ 30 |1080 | 053 13 3 97 150
- ' 30CPQ035 3% ' K3 T0-247
- 30CPQ040 40 | 30 | 124 0.64 20 | 3 70 150 go.sp,éc-
30CPQ045 45 o R -
30CP0050 50 | 30 |112 0.70 13 | 15 45 150
30CP0060 60 | 30 |112 0.70 13 | 15 4 150
30CPQ0B0 80 | 30 | 140 0.81 75 | 05 7 175
, 30CPQ100 100 | 30 | 140 0.81 75 | 05 7 175
30CPQ150 150 | 30 | 131 0.93 12| 05 15 175
MBR3035PT | 35 | 30 | 105 0.72 - |20 100 150 (38)
MBR3045PT | 45 | 30 | 105 0.72 - | 20 100 150
40CPQ035 35
. 40CPQ040 40 | 40 |12 0.56 27 4 150 150
. 40CPQ045 45 L
: 40CPQOS0 50 | 40 | 120 0.64 18 2 9% 150 B
40CPQ060 60 | 40 |120 0.64 18 2 % 150
40CPQ030 80 | 40 | 145 0.75 11.25 | 0.75 15 175
40CPQ100 100 | 40 | 145 0.75 11.25 | 0.75 15 175
MBR3035CT | 35 | 30 | 105 0.72 — | 20 60 150 X9 | 38 |T70-
MBR045CT | 45 | 30 | 105 0.72 - - 60 150 (10-3) g
40CDQ035 35 u L !
40CDO040 40 | 40 |13 0.71 27 4 25 175 |\«
40CDQ045 45
SD241 35 | 60 | 120 0.92 - - 20 175 K10 | (10 | T0-204AE
S (163 woo) L")
60CDQ040 40 |60 | 112 0.80 40 | 6 25 175 N i,
60CD0045 45 . ==
Notes: See page 42.
43
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Ultra-Fast Recovery [zor|Rectifier

140 1 to 25 Amps

kanoTc | Vmeo 'Fsum Ryyc | Max. | case
; v, (AV)
; Part RWM ray | oS0 Hz e ' | Owtine | Notes Case Style
Number (L] AN | 9 (U] A (°cw) (ns) Number
100F1 100 1 -] 1.05 u 115 100 J2 @ DO-204AL
i 100F2 200 1 25 1.05 u 115 100 DO-41
( 100F4 400 1 25 1.20 34 15 100
100F6 600 1 25 1.20 u 115 100
10DF8 800 1 25 1.20 kY] 15 100
11DF1 100 1 63 0.98 314 115 35
- -1 “110F2 * 200 1 83 0.98 314 15 35
) 11DF3 300 1 63 1.25 314 115 30
SV N & 12" GO T+ I B | 63 1.25 314 15 30
— - T 300Ft---- - 100 3 40 1.05 % 80 200 J3 C-16
300F2 200 3 40 1.05 % 80 200
300F4 400 3 40 1.25 90 80 200
30DF6 600 3 40 1.25 90 80 200
310F1 100 3 57 0.98 62.8 80 35 ]
310F2 200 3 57 0.98 62.8 80 35
31DF3 - . 300 3 57 1.25 62.8 80 30
31DF4 400 3 57 1.25 62.8 80 30
10MF2 200 1 122 0.98 28 160 50 J )] D-64 ‘
i | sowrior 100 | 33 | 104 1.35 31.4 8 30 5 |0 T0-252
T 2000 33 | 104 1.35 314 8 30 D-PAK T
30WF30F 300 33 | 104 1.35 31.4 8 30
OWF4AO0F 400 33 | 104 1.35 314 8 30
Vs SOWF10F 100 5.5 104 1.1 47 6 40 &9
‘ SOWF20F 200 55 | 104 1.1 47 6 40
SOWFI0F 300 55 | 104 1.1 47 8§ 40
SOWF40F 400 55 | 104 1.1 47 6 40
BCWF10F 100 66 | 117 0.98 47 80 30
B6CWF20F 200 66 | 117 0.98 47 80 30
10CTF10 100 10 117 0.98 84 3 35 J7 (5) T0-220A8
10CTF20 200 10 17 0.98 84 3 35
10CTF30 300 10 112 1.25 84 3 45
10CTF40 400 10 12 1.25 84 3 45
“j00TF10 | 100 10 | 117 0.98 84 3 35 (s)
10JTF20 20Q 10 17 0.98 84 3 35
10JTF30 300 10 12 1.25 84 3 45
10JTF40 400 10 112 1.25 84 3 45
16CPF10 100 16 113 0.98 126 2 35 J8 T0-247AA
16CPF20 200 16 13 0.98 126 2 35
16CPF30 300 16 109 1.25 126 2 45
16CPF40 400 16 109 1.25 126 2 45
16JPF10 100 1% | 13 0.98 126 2 35 @) 9
16JPF20 200 16 13 0.98 126 2 35
16JPF30 300 16 109 1.25 126 2 45 {
16JPF40 400 16 109 1.25 126 2 45 )
25CPF10 100 25 93 0.98 157 2 50 9
25CPF20 200 25 93 0.98 157 2 50
25CPF30 300 25 85 1.25 183 2 60 { }
25CPF40 400 25 85 1.25 183 2 80 é
e
25JPF10 100 25 93 0.98 157 2 50 @
25JPF20 200 25 93 0.98 157 2 50
25JPF30 300 25 85 1.25 183 2 60
25JPF40 400 25 85 1.25 183 2 60
Notes: See page 49.
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Ultra-Fast Soft Recovery

(1) Following any rated load condition and with rated VRwa reapplied.
(2) Available on tape and reel. See pages 164-166.

(3) For ordering information on tape and reel see pages 164-166.

(4) Reverse polarity — common anode devices.

(5) For lead formed options see pages 167, 168.

(6) 100% VRRM reappied.

(7) VFM conditions: IFM = 30 Apk, TJ = 25°C.

~ (8) IF(AV) conditions: 180°C conduction, half sine.

(9) VFM conditions: IFM = 60 Apk, TJ = 25°C.
(10) Ty = 25°C, IF = 1A, -di/dt = 100 A/us, VR = 30V.
(11) Avallable with metric stud on request, to specify add ‘‘M"’ to end of part number (e.g., GOHFU-200M).
(12) For case outiine drawing see page 160 and/or 169.
(13) Cathode-to-stud. For anode-to-stud, add ‘R’ to basic part number (s.g., GOHFUR-400).
(4 IpgaM @ If = I}:}A , GiF/dt = 200A/us.
(15) t @ IF = 1A, diF/dt = 200A/us.
(16) Specifications are given per leg.

i ECE556 Lecture Notes
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R

id,

6 TO 50Amps
(14 (15) (12)
Fay @Tc| Vim@ | IR@ Typ Typ Case
Part .| VRWM IFav) | VRwm | Pigc | IRRM iy Outling | Notes Case Style
Number M lwleo ) WA |DegCw | @ (ns) | Number , o
HFA06SD60 600 6 | 100 - - - - - J5 TO252AA
' D-Pak &
HFA08TB60 600 8 90 - — - - - J6 T0220AC
HFA15TB60 600 |15 | 100 17 10 17 4 19 @
HFA25TB60 600 {25 | 100 - - - - -
HFA20TB120 | 1200 | 20 | 100 - - - - - %
HFA16TAGOC | 600 |16 | 100 - - - - - K2 | (5 (16) | TO220AB
HFA30TAGOC | 600 |30 | 100 | 1.7 10 0.85 4 19 %
v
HFAO8PB60 600 | 8 | 100 - - - - - J12 TO247AC MOD, - — -
HFA15PB60 600 |15 | 100 17 10 17 4 19 d
HFA25PB60 600 |25 | 100 - - . - _
HFA20PB120 | 1200 | 20 | 100 - - - - - %
HFA16PAGOC | 600 | 16 | 100 - - - - - K3 (16) | TO247AC
HFA30PA6OC | 600 |30 | 100 17 10 0.83 4 19
HEasoPAsoC | 600 |50 | 100 | — - i Z g %
Super-Fast Recovery
_ ..301t060Amps
m . ) 'F(AV) @ Tc ) IFSM (‘) I . [ |" m o Tl
Number | VRRM S0Hz |[60Hz| VPm RC OC | (10) | Number |  Notes Case Style
W A | (°0) L)) 1) W) (°cw) (n8) (12)
30HFU-100 100 30 [ ot | 400 | 420 1.45 0.60 60 8) (11
30HFU-200 200 30 | 91 | 400 | 420 1.45 0.60 60 RTA. | @ f&)‘ ) | DO-203AB (00-5)
30HFU-400 400 30 | o1 | 400 | 420 1.45 0.60 80
30HFU-600 600 30 | o1 | 400 | 420 1.45 0.60 60
60HFU-100 100 60 [ 8 [ 700 | 730 1.50 0.3 60 () (8 (11)
60HFU-200 200 60 | 8 | 700 | 730 1.50 0.3 80 (13) g
B60HFU-400 400 60 | 8 | 700 | 730 1.50 0.3 80
60HFU-600 600 60 82 700 | 730 1.50 0.3 60 =

Page 421 of 662




Page 422 of 662

International
TR Rectifier

PD-91651C

FB180SA10

HEXFET® Power MOSFET

Fully Isolated Package

Easy to Use and Parallel

Very Low On-Resistance
Dynamic dv/dt Rating

Fully Avalanche Rated

Simple Drive Requirements
Low Drain to Case Capacitance
Low Internal Inductance

VDSS =100V
Rps(on) = 0.0065W

Ip = 180A

Description

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 - industrial applications at power

dissipation levels to approximately 500 watts. The low SOT-227
thermal resistance and easy connection to the SOT-
227 package contribute to its universal acceptance
throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tc=25°C Continuous Drain Current, Vgs @ 10V 180
Ip @ Tc =100°C Continuous Drain Current, Vgs @ 10V 120 A
Iom Pulsed Drain Current ©® 720
Pp@Tc=25°C Power Dissipation 480 W
Linear Derating Factor 2.7 W/°C
Vas Gate-to-Source Voltage +20 \%
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 Vins
T, Operating Junction and -55 to + 150 °C
Tste Storage Temperature Range
Viso Insulation Withstand Voltage (AC-RMS) 25 kv
Mounting torque, M4 srew 1.3 Nem
Thermal Resistance
Parameter Typ. Max. Units
Rqic Junction-to-Case —_— 0.26
Rqcs Case-to-Sink, Flat, Greased Surface 0.05 —_— °C/IW
1 www.irf.com
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FB180SA10

International

TSR Rectifier
Electrical Characteristics @ T j = 25°C (unless otherwise specified)
Parameter Min. | Typ. [Max. [Units Conditions
V(BR)DSS Drain-to-Source Breakdown Voltage 100 | — | — \Y Vgs = 0V, Ip = 250pA
DV(@rypss/DTs| Breakdown Voltage Temp. Coefficient| — [0.093| — | V/°C | Reference to 25°C, Ip = 1ImA
Rps(on) Static Drain-to-Source On-Resistance | — | — 0.0065| W | Vgs =10V, Ip = 108A @
VGs(th) Gate Threshold Voltage 20 | — | 40 \ Vps = Vgs, Ip = 250pA
Ofs Forward Transconductance 93 | — | — S Vps = 25V, Ip = 108A
Ioss Drain-to-Source Leakage Current — | — 150 HA Vos = 100V, Vgs = OV
— | — | 500 Vps = 80V, Vgs =0V, T; = 125°C
loss Gate-to-Source Forward Leakage — | — | 200 nA Vgs = 20V
Gate-to-Source Reverse Leakage — | — | -200 Vgs = -20V
Qy Total Gate Charge —— | 250 | 380 Ip = 180A
Qgs Gate-to-Source Charge —_— 40 60 nC | Vps = 80V
Qud Gate-to-Drain ("Miller") Charge —— | 110 | 165 Vgs = 10.0V, See Fig. 6 and 13 @
taon) Turn-On Delay Time — | 45 | — Vpp = 50V
tr Rise Time — | 351 | — Ipo = 180A
ta(of) Turn-Off Delay Time — | 181 | — ns Rg = 2.0W(Internal)
t FallTime — | 335 | — Rp =0.27W See Fig. 10 ®
Ls Internal Source Inductance — | 5.0 | — nH | Between lead,
and center of die contact
Ciss Input Capacitance —— |10700 — Vgs = OV
Coss Qutput Capacitance —— | 2800 — pF | Vps = 25V
Crss Reverse Transfer Capacitance — | 1300 — f = 1.0MHz, See Fig. 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Conditions
Is Continuous Source Current |1 180 MOSFET symbol D
(Body Diode) A showing the
Ism Pulsed Source Current 1 —1 70 integral reverse 6
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage — | — 13 \% T3=25°C, Is =180A, Vgs =0V ®
ter Reverse Recovery Time —— [ 300 | 450 ns T;=25°C, I = 180A
Qrr Reverse Recovery Charge —1 26| 3.9 uC | di/dt = 100A/us ®
ton Forward Turn-On Time Intrinsic turn-on time is negligible (turn-on is dominated by Lg+Lp)
Notes:

@ Repetitive rating; pulse width limited by

max. junction temperature. ( See fig. 11)

@ Starting T;=25°C, L =43pH

Rg = 25W, Ips = 180A. (See Figure 12)

2
ECE556 Lecture Notes

® Isp £ 180A, di/dt £83A/IJS, Vpp £ V(BR)DSSv

T;£ 150°C

@ Pulse width £ 300us; duty cycle £ 2%.

www.irf.com
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2
T7AOWEREX CM100DY-12H

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272 DU a I IG B TMO D ™
H-Series Module
100 Amperes/600 Volts
A
c
~F F K= Q-DIA.
- / (2TYP)
v e HeHH e prdl
! Jikd ﬁ%\ hdlle4 BN
C2E1 E2 c1 =T ————r
—= ~—N LS - M5 THD R Description:
(3TYP) (3TYP.) Powerex IGBTMOD™ Modules

are designed for use in switching

R
R :110 TAB applications. Each module consists
’«— H L H~>‘ of two IGBT Transistors in a half-
_L bridge configuration with each
J H - L P transistor having a reverse-
f f connected super-fast recovery
G free-wheel diode. All components
‘ | l and interconnects are isolated
from the heat sinking baseplate,

offering simplified system assem-
bly and thermal management.

O G2 Features:
OE2 [] Low Drive Power
P [] Low VCE(sat)
7\ l [] Discrete Super-Fast Recovery
c2e1 O OE2 \ Oci (70ns) Free-Wheel Diode
< 1 [] High Frequency Operation
OE1 (20-25kHz)
L Ooa1 ] Isolated Baseplate for Easy
Heat Sinking
Outline Drawing and Circuit Diagram Applications:
[] AC Motor Control
Dimensions Inches Millimeters Dimensions Inches Millimeters [] Motion/Servo Control
A 3.70 94.0 K 0.67 17.0 []UPS _
B 3.150+0.01  80.0+0.25 L 0.63 16.0 [] Welding Power S“‘?p"es
[] Laser Power Supplies
C 1.57 40.0 M 0.51 13.0
D 134 340 N 047 12.0 Ordering Information:
” 310 Example: Select the complete part
E 1.22 Max. 1.0 Max. P 0.28 .0 module number you desire from
F 0.90 23.0 Q 0.256 Dia. Dia. 6.5 the table below -i.e. CM100DY-12H
G 0.85 215 R 0.16 4.0 is a 600V (VcEgs), 100 Ampere
™
H 079 200 S M5 Metric M5 Dual IGBTMOD™ Power Module.
J 0.71 18.0 Type Current Rating VeEs
Amperes Volts (x 50)
CM 100 12
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_____________________________________________________________________________________________________________________|
Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272

CM100DY-12H
Dual IGBTMOD™ H-Series Module
100 Amperes/600 Volts

Absolute Maximum Ratings, Tj=25 °C unless otherwise specified

Ratings Symbol CM100DY-12H Units
Junction Temperature T —40 to 150 °C
Storage Temperature Tstg —40to 125 °C
Collector-Emitter Voltage (G-E SHORT) VCcES 600 Volts
Gate-Emitter Voltage VGES +20 Volts
Collector Current Ic 100 Amperes
Peak Collector Current Icm 200* Amperes
Diode Forward Current IE 100 Amperes
Diode Forward Surge Current IEm 200* Amperes
Power Dissipation Pq 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: VG = 0V - - 1.0 mA
Gate Leakage Current IGES Ve =VGEs, Vcg = 0V - - 0.5 HA
Gate-Emitter Threshold Voltage VGE(th) Ic =10mA, Vcg = 10V 4.5 6.0 7.5 Volts
Collector-Emitter Saturation Voltage VCE(sat) Ic = 100A, Vg = 15V - 21 2.8** Volts
Ic = 100A, Vg = 15V, Tj = 150°C - 2.15 - Volts
Total Gate Charge Qg Vce =300V, Ic = 100A, Vgs = 15V - 300 - nC
Diode Forward Voltage VEM Ig = 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 = 1IMHz - - 35 nF
Reverse Transfer Capacitance Cres - - 2 nF
Resistive Turn-on Delay Time td(on) Ve =300V, Ic = 100A, - - 120 ns
Load Rise Time ty Vge1 =VgE2 = 15V, Rg =6.3Q - - 300 ns
Switch Turn-off Delay Time td(off) - - 200 ns
Times Fall Time tf - - 300 ns
Diode Reverse Recovery Time trr Ig = 100A, dig/dt = —200A/us - - 110 ns
Diode Reverse Recovery Charge Qrr Ie = 100A, dig/dt = —200A/us - 0.27 - uc
Thermal and Mechanical Characteristics,  Tj=25 °C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units
Thermal Resistance, Junction to Case Rith(-c) Per IGBT - - 0.31 °CIW
Thermal Resistance, Junction to Case Rih(j-c) Per FWDi - - 0.70 °C/IW
Contact Thermal Resistance Rth(c-f) Per Module, Thermal Grease Applied - - 0.075 °C/W
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T7AOWEREX CMB00HA-121

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272 S in gle IG B TMO D™
H-Series Module
600 Amperes/600 Volts
A

C

/—Y -THD @TYP) | 1 )

AE

E C

g

7z
N
I,
A
N

oD
A\

L]

[ONKO)

——

~—_v-THD Description:

(2TYP.) Powerex IGBTMOD™ Modules
are designed for use in switching
X - DIA. Q L G Nl applications. Each module consists
@4TYP) of one IGBT Transistor in a single
z configuration with a reverse-
J I connected super-fast recovery
S f=— free-wheel diode. All components

s and interconnects are isolated

| from the heat sinking baseplate,

©
=4
\

1 F offering simplified system assem-
i ‘ ' ’ II bly and thermal management.
f
w

[ T ——

Features:
[] Low Drive Power

[] Low VcE(sat)
[] Discrete Super-Fast Recovery
N (70ns) Free-Wheel Diode

£0 l Oc [] High Frequency Operation
5 / (20-25kHz)
EO ] Isolated Baseplate for Easy
GO I Heat Sinking
Applications:
[] AC Motor Control
[] Motion/Servo Control

Outline Drawing and Circuit Diagram

Dimensions Inches Millimeters Dimensions Inches Millimeters [] UPS

A 4.33 110.0 N 0.69 17.5 ] Welding Power Supplies

B 3.15 80.0 P 0.61 155 [] Laser Power Supplies

c 3.66+0.008  93.0+0.25 Q 0.51 13.0 Ordering Information:

D 2.44+0.008  62.0£0.25 R 0.49 1255 Example: Select the complete part

= 157 200 s 0.45 1S module number you desire from
the table below -i.e. CM600HA-12H

F 1.42Max.  36.0 Max. T 0.43 11.0 is a 600V (Vcgs), 600 Ampere

G 1.14 29.0 U 0.35 9.0 Single IGBTMOD™ Power Module.

H 1.00 Max. 25.5 Max. \ M8 Metric M8 Type Current Rating Vees

J 0.96 25.0 w 0.28 7.0 Amperes Volts (x 50)

K 0.94 24.5 X 0.256 Dia. Dia. 6.50 CM 600 12

L 0.83 21.0 Y M4 Metric M4

M 0.71 18.0 z 0.12 3.04
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Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272

CM600HA-12H
Single IGBTMOD™ H-Series Module
600 Amperes/600 Volts

Absolute Maximum Ratings, Tj=25 °C unless otherwise specified

Ratings Symbol CM600HA-12H Units
Junction Temperature T —40 to 150 °C
Storage Temperature Tstg —40to 125 °C
Collector-Emitter Voltage (G-E SHORT) VCcES 600 Volts
Gate-Emitter Voltage VGES +20 Volts
Collector Current Ic 600 Amperes
Peak Collector Current lcm 1200* Amperes
Diode Forward Current IE 600 Amperes
Diode Forward Surge Current IEM 1200* Amperes
Power Dissipation Py 2100 Watts
Max. Mounting Torque M8 Terminal Screws - 95 in-lb
Max. Mounting Torque M6 Mounting Screws - 26 in-Ib
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 Ve =VGES, Vcg = 0V - - 0.5 UA
Gate-Emitter Threshold Voltage VGE(th) Ic = 60mA, Vcg = 10V 4.5 6.0 7.5 Volts
Collector-Emitter Saturation Voltage VCE(sat) Ic = 600A, Vgg = 15V - 21 2.8** Volts
Ic = 600A, Vg = 15V, Tj = 150°C - 2.15 - Volts
Total Gate Charge Qg Vce = 600V, Ic = 600A, Vs = 15V - 1800 - nC
Diode Forward Voltage VEM Ig = 600A, Vgg = 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 Vg =0V, Vg = 10V, f = 1MHz - - 21 nF
Reverse Transfer Capacitance Cres - - 12 nF
Resistive Turn-on Delay Time td(on) - - 350 ns
Load Rise Time tr Ve =300V, I = 600A, - - 700 ns
Switching Turn-off Delay Time td(off) VgE1 = VeE2 = 15V, Rg = 1.0Q - - 350 ns
Times Fall Time tf - - 300 ns
Diode Reverse Recovery Time trr Ig = 600A, dig/dt = —1200A/us - - 110 ns
Diode Reverse Recovery Charge Qrr Ig = 600A, dig/dt = —1200A/us - 1.62 - uc
Thermal and Mechanical Characteristics,  Tj=25 °C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units
Thermal Resistance, Junction to Case Rih(j-c) Per IGBT - - 0.06 °C/IW
Thermal Resistance, Junction to Case Rih(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
HVIGBT (High Voltage Insulated Gate Bipolar Transistor) Modules INSULATED TYPE

CM1200HC-50H

VCES e 2500V
Insulated Type
1l-element in a pack

APPLICATION
Inverters, Converters, DC choppers, Induction heating, DC to DC converters.

OUTLINE DRAWING & CIRCUIT DIAGRAM Dimensions in mm

- M8 NUTS @

|
| PE ik
&

[<2]

o Go

’ R

\

|
il

|

|
I

[
40
124 +0.25
140

i
cM 7@}—— — ]E—— @ }E CIRCUIT DIAGRAM
|
i
ey ¢ ) ]
I Z N o) ——
120.25 '
41.25 8 - g7/MOUNTING HOLES
3 - M4 NUTS 79.4
| 61.5 | 615 J JIRNELT
13
«'_L T‘ 52 [T ’T‘ |
] T i | ' ]
| S—
‘ © H [ o
- S ; S — ‘ °
I
|
I
HVIGBT MODULES (High Voltage Insulated Gate Bipolar Transistor Modules)
Oct. 2002

z MITSUBISHI
ELECTRIC
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MITSUBISHI HVIGBT MODULES

CM1200HC-50H

HIGH POWER SWITCHING USE

HVIGBT (High Voltage Insulated Gate Bipolar Transistor) Modules

INSULATED TYPE

MAXIMUM RATINGS (Tj = 25°C)

Symbol Item Conditions Ratings Unit
VCES Collector-emitter voltage VGE = OV 2500 V
VGES Gate-emitter voltage VCE = 0V +20 \
Ic Tc=25°C 1200 A

Collector current
Icm Pulse (Note 1) 2400 A
IE (Note 2) Emitter current Tc=25°C 1200 A
|EM(Note 2) Pulse (Note 1) 2400 A
Pc (Note 3) | Maximum collector dissipation | Tc = 25°C, IGBT part 15600 W
Tj Junction temperature — —40 ~ +150 °C
Tstg Storage temperature — —40 ~ +125 °C
Viso Isolation voltage Charged part to base plate, rms, sinusoidal, AC 60Hz 1min. 6000 vV
Main terminals screw M8 6.67 ~ 13.00 N-m
— Mounting torque Mounting screw M6 2.84 ~ 6.00 N-m
Auxiliary terminals screw M4 0.88 ~ 2.00 N-m
— Mass Typical value 2.2 kg
ELECTRICAL CHARACTERISTICS (Tj = 25°C)
» Limits .

Symbol Item Conditions Min Ty Max Unit

ICES Collector cutoff current VCE = VCES, VGE = 0V — — 15 mA
Gate-emitter
VGE(th) threshold voltage Ic = 120mA, VCE = 10V 4.5 6.0 7.5 \%
IGES Gate-leakage current VGE = VGES, VCE = 0V — — 0.5
Collector-emitter Tj=25°C — 2.80 3.64
VCEG2) | saturation voltage Tj=125°C lc =1200A, VeE = 15V (Note 4) —— 3.15 — v
Cies Input capacna.\nce VCE = 10V — 180 — nF
Coes Output capacitance ' VGE = 0V — 13.5 — nF
Cres Reverse transfer capacitance — 6.0 — nF
QG Total gate charge Vcce = 1250V, Ic = 1200A, VGE = 15V — 8.1 — ucC
td (on) Turn-on delay time Vce = 1250V, Ic = 1200A — — 1.60 us
tr Turn-on rise time VGEL = VGE2 = 15V — — 2.00 ys
td (off) Turn-off delay time RG =1.6Q — — 2.50 us
tf Turn-off fall time Resistive load switching operation — — 1.00 us
VEC(Note 2) | Emitter-collector voltage IE = 1200A, VGE = OV — 2.50 3.25 \
trr  (Note 2) | Reverse recovery time IE = 1200A, — — 1.20 ps
Qrr (Note 2) | Reverse recovery charge die / dt = —2400A / ps (Note 1) — 350 — uC
Rth(-c)Q ) Junction to case, IGBT part — — 0.010 K/W
Rth(j-c)R Thermal resistance Junction to case, FWDi part — — 0.020 K/wW
Rth(c-f) Contact thermal resistance Case to fin, conductive grease applied — 0.008 — KIW
Note 1. Pulse width and repetition rate should be such that the device junction temp. (Tj) does not exceed Tjmax rating.

2. I, 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.

HVIGBT MODULES (High Voltage Insulated Gate Bipolar Transistor Modules)
Oct 2002
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Notes
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EXISTING I| NEW i UPCOMING | POTENTIAL
Products Products :____Er_o_dygt_s____: Products
released to to be released within no current plans...
H production in last 6- next 3-4 months see bus.mgmt.
The IR IGBT Navigator 9 months

Effective 6 October, 1999

@ S

D-Pak TO-220 D2Pak/TO-262 TO-247 Super247
Ic Discrete Discrete Discrete TO-220 Fullpak Discrete Discrete
Voltage Speed @100C Change (CoPack) (CoPack) (CoPack) (CoPack)
Highest-Efficiency:
IRG4P254S
250V Low-Vceon 55A 91501
high
effic. 0~ 10 kHz
~5A
Warp 65A IRG4BC20W IRGIBC20W
Speed : 91652 l 91785 ]
60 ~ 150 127 IRG4BC30W IRG4BC30W-S | IRG4IBC30W IRG4PC30W
kHz 91629 91790 91791 91628 l
20A IRG4BC40W IRG4PC40W
91654 | 91656 l
27 IRG4PC50W
91657 |
son v IRG4RC10U IRG4BC10UD " IRG4IBCI0UD |
" 91572 91677 | |__2/99 _10/99__!
65A IRG4BC20U(D) IRG4IBC20UD
’ 92448 (92449) 91752
Ultra- 12 IRG4BC30U(D) IRG4BC30U-S IRG4IBC30UD IRG4PC30U(D)
Fast 91452 (91453) 91803 91753 91461(91462)
20A IRG4BC40U IRG4PC40U(D)
91456 | 91456 (91467)
27 A IRG4PC50U(D)
approx. 91470 (91471)
8~ 60
kHz
50 A
60A v IRG4PSC71U(D)
600V 91681 (91682)10/99
high 45A
effic.
9.0A IRG4BC20F(D) |RGA4IBC20FD
Fast : 91602 (91601) l 91750 ]
A IRG4BC30F(D) IRG4IBC30FD IRG4PC30F(D)
91450 (91451) l 91751 91459 (91460)
approx 27A IRG4BC40F IRG4PC40F(D)
pproX. 91454 | 91463 (91464)
18 39A IRG4PC50F (D)
kHz 91468 (91469)
60A IRG4RC10S I| IRG4BC10S(D)
’ 91732 91786 91784
10A IRG4BC20S(D) IRG4BC20SD-S
91597 (91793) 91794
Standard/ 18A IRG4BC30S IRG4PC30S
low Vceon 91593 91586
IRG4BC40S
31A (92-0065) IR%‘;Z(G:;OS
91455
IRG4PC50S
approx. 41A 91581
0~1
kHz
Switch Technical Marketing Page 9 10/14/99
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D-Pak TO-220 D2Pak/TO-262 TO-247 Super247
Ic Discrete Discrete Discrete TO-220 Fullpak Discrete Discrete
Voltage Speed @100C Change (CoPack) (CoPack) (CoPack) (CoPack)
900V Warp Speed
high 8A IRG4PF50W/(D)
effic. 20 ~ 100 91710 (91788
kHz
Ultra-
Fast
IRG4PH40U(D)
. 16A
approx 6 91612 (91621
1
1
1200V 5~40 20A Y !
high . sin IRG4PH50U(D)
effic. 91574 (91573
42A
Standard
(low sat)
IRG4PH50S
~ 1KH: A
0 z 33 91712

Short-Circuit-Rated:

50A IRG4BC10K(D)
’ 91733 (91734
. IRG4BC20K(D)-S || IRG4IBC20KD
' 91620 (91598) 91689
Ultra- 16A IRG4BC30K(D)-S || IRG4IBC30KD IRG4PC30K (D)
600V Fast 91619 (91594) 91690 91588 (91587)
for 5A IRG4PC40K (D)
for 91585 (91584) |
Motor 8~ 0A IRG4PC50K (D)
Drives 25 kHz 91583 (91582)
motors thd
c0A v IRG4PSC71K(D)
91683 (91684)10/99
sa v " IRGABH20K-S/L ! IRG4PH20K (D)
| _5/99 _10/99 _ ! 91776 (91777) |
Ultra- 10A IRG4PH30K (D)
1200V Fast 91580 (91579 |
Ultra- 15 IRG4PHA40K (D)
1200V Fast 91578 (91577) |
for for 4~20 saA IRG4PH50K (D)
kHz 91576 (91575)
Motor " IRGP30B120KD-E |
Drives motors 30A Y :__1\19!\’____11/_99__i
" IRGAPSH7IK(D) |
2A Y | 91687 (91688) |
o799 __10/99 |
Ignition IGBT:
e
Low-Vceon 14A Y ! IRGS14CA40L :
400V - Now__12/99_ |
Part Number
KEY: | FOD document # * = not recommended for new designs
Date for Date for|
SAMPLES PROD'N
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Page 432 Of 662 International Rectifier

The IGBT SIP & HEXPak Navigator

Effective 8 September, EXISTING NEW { UPCOMING | POTENTIAL
Products Products {  Products ! Products
Teleased 0 to be released  no current plans.
production in last within next 3-4 see bus.mgmt.
6-9 months months

IGBT SIP Module HEX-Pak Module
Ic @ 100 .
Voltage Speed deaC 3 Phase Bridge Voltage Rds(on) Ic @25degC  Parallel Chip Half Bridge
IRFK2D054
Ultra- 4A Cp\éggizﬂdu 0.01 120 A IRFK2F054
Fast 82790
IRFK4H054
TA Cp\éggi;ﬂdu 60V 0.005 150 A IRFK4J054
approx 27103
CPV364M4U IRFK6HO54
8~60 10A 50041 0.003 350 A IRFK6J054
600V kHz 27128
IRFK2D150
high 5A cp\égging 0028 72A IRFK2F150
effic. Fast 82791
IRFK3D150
approx 9A Cp\éggiy“ 002 125A IRFK3F150
100V 82797
CPV364M4F IRFK4H150
P 15A 50040 0014 145 A IRFK4J150
27104
IRFK6H150
Ultra- 3A CP%ZAK 0.01 150 A IRFK6J150
600V Fast 27110
IRFK2D250
for 6A Cp\éggi’:"‘( 0.043 54 A IRFK2F250
for 82792
IRFK3D250
Motor 8~ 13A Cp\égg:l;‘“( 0.03 70A IRFK3F250
Drives 25 kHz 200V 82798
IRFK4H250
0.021 108 A IRFK4J250
27105
IRFK6H250
0.015 140 A IRFK6J250
27111
IRFK2D350
0.15 25A IRFK2F350
82793
IRFK3D350
01 37A IRFK3F350
400V 82799
IRFK4H350
0.075 50 A IRFK4J350
27106
IRFK6H350
0.05 75A IRFK6J350
27112
IRFK2D450
02 22A IRFK2F450
82794
IRFK3D450
0.135 33A IRFK3F450
500V 27100
IRFK4H450
0.1 44 A IRFK4J450
27107
IRFK6H450
0.067 66 A IRFK6J450
27113
IRFK2DC50
035 18 A IRFK2FC50
82795
IRFK3DC50
023 24A IRFK3FC50
600V 27101
IRFK4HC50
0175 35A IRFK4JC50
27108
IRFK6HC50
01 48 A IRFK6JC50
27114
IRFK2DES0
06 12A IRFK2FES0
800V 82796
IRFK4HES0
03 26 A IRFK4JES0
27109
Switch Technical Marketing Page 11 9/8/98
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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

Page 433 of 662

The Switch Module Navigator

Effective 29 August, 1997

Voltage Ic Speed Change
250V 600 A S
hi-eff. 400 A S
1000 A u
600 A U
500 A U
600V 400 A u
hi-eff.'y 300 A U
for power 250 A u
conversion 200 A U
150 A U
100 A U
75A u
500 A u
500 A S
400 A u
400 A S
300 A u
300 A S
250 A U
250 A S
200 A u
1200V 200 A S
hi-eff.'y 150 A u
for power 150 A S
conversion 125A U
125A S
100 A u
100A S
75A U
75A S
50 A u
50 A S
100v 180A HEXFET
500V 53A HEXFET Y
38A HEXFET Y
200 A "S" IGBT
600V 200 A "U"IGBT
75A "U"IGBT Y

Switch Advanced Products

ECE556 Lecture Notes

International Rectifier Confidential

COLOR NEW i
CODING: Products B
released to
production in last
6-9 months

POTENTIAL
Products
no current plans...
see bus.mgmt.

within next 3-4
months

SOT-227 Int-A-Pak
o o
| | %
5 o
Single switch,
Single switch with diode Half-bridge H.S. Chopper L.S. Chopper Single switch Half-bridge H.S. Chopper L.S. Chopper
GA400TD25S
500!
GA1000DD60U
GA600DD60U
GA500TD60U
50048 GA500KS60U
GA400TD60U
GA300TD60U
GA250TS60U
50047
GA200TS60U
50058
GA150TS60U
GA100TS60U
055
GAT75TS60U
50050 GAT75NS60U
GA500DD120U GAS00ND120U GAS500KD120U
GA500DD120S GA500ND120S GA500KD120S
GA400DD120U GA400ND120U GA400KD120U
GA400DD120S GA400ND120S GA400KD120S
GA300DD120U GA300ND120U GA300KD120U
GA300DD120S GA300ND120S GA300KD120S
GA250ND120U GA250KD120U
GA250ND120S GA250KD120S
GA200DD120U GA200ND120U GA200KD120U
GA200DD120S GA200ND120S GA200KD120S
GA150TD120S
| GA50TS120U |
oo 12097 4
GA50TS120S
| |
| |
i J
i TFAB7SAS0LC
70971097 ___1
i 3
| |
| 91615 ]
; 2
I GA200SAB0S |
! 7/97_10/97 2
"7 GA200SAB00"
L 7/97.10097___ 1
GA75DA60U
Page 1 9/16/97
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International Rectifier

The HEXFET™ Through Hole Navigator

Effective 8 September, 1998

Bvdss

Rds(on)

20V

0.020

0.016

0.013

0.008

0.006

30V

0.040

0.031

0.026 - 0.031

0.020

0.014

0.007

0.006

40V

0.0090

0.0080

0.0065

55V

0.200

0.070

.060-.065

0.040

0.035

0.024

0.022

0.020

0.016

0.012

0.010

0.008

0.008

ECE556 Lecture Notes

gate, spd

LL

LL

LL

LL

LL

Switch Technical Marketing

Change

COLOR
CODING:

| EXISTING ” NEW. " UPCOMING |
Products Products I _Products _|
released to to be released

o

w

production in
last 6-9 months

within next 3-4
months

POTENTIAL
Products
no current plans...
see bus.mgmt.

TO-220
10-220 ” FullPak |

I-Pak ” TO-262 ” TS;;;’ ” Super247 I
IRL3302L IRL3302
91692 91696 |
IRL3202L IRL3202
91675 | 91695 |
IRL3102L IRL3102
91691 | 91694 |
IRL3402L IRL3402
91693 | 91697 |
IRL3502L IRL3502
91676 91698
IRLU2703 IRL2703L IRL2703
91335 ‘ 91360 | ‘ 91359 |
IRFU3303
91642
IRLU3303 IRL3303L IRL3303
‘ 91316 ‘ 91323 | | 91322 |
i IRFU3108
1__5/98_12/98 _ i
IRLU3103 IRL3103L IRL3103
91333 | 91338 1 91337 |
IRL2203NL  |[ IRL2203N [ IRLI2203N
91367 91366 | 91378 |
‘ IRL3803L IRL3803 IRLI3803
91319 91301 91320
IRF1104L IRF1104
| 91724 |
IRL1104L IRL1104
IRL1004L IRL1004
‘ 91644 ‘ 91702
" TIRCU0I4N !
I__7/98 9/98 _ |
IRFU024N IRFZ24NL IRFZ24N IRFIZ24N
91336 | ‘ 91355 91354 91501
IRLU024N IRLZ24NL IRLZ24N IRLIZ24N
91363 ‘ 91358 91357 91344
IRFU4105 IRFZ34NL IRFZ34N IRFIZ34N
91302 91311 ‘ 91276 91489
IRLU2705 IRLZ34NL IRLZ34N IRLIZ34N
91317 | 91308 1 91307 91329
IRFU1205 IRFZ44NL  |[ IRFzaaN || IRFIz4aN |
91318 91315 ‘ 91303 91403
IRLU2905 IRLZ44NL IRLZ44N IRLIZ44N
91334 91347 . 91346 91498
IRFZ46NL IRFZ46N IRFIZ46N IRFP044N
91305 . 91277 91306 91410
[ IRFzasNL || IRFz48N || IRFiz4sN | IRFP048N
91408 91406 91407 91409
IRF1010NL IRF1010N IRFI1010N IRFP0O54N
91372 . 91278 91373 91382
IRL3705NL IRL3705N IRLI3705N
91502 91370 91369 |
IRF3205L IRF3205 IRFI3205 IRFPO64N
91304 . 91279 | 91374 |
IRL2505L IRL2505 IRLI2505
91326 91325 91327
Page 1
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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

F’age 435 of 662 International Rectifier

TO-220 | TO-247 1
BVdss Rds(on) gate, spd Change I-Pak | ‘ TO-262 || TO-220 || FullPak | TO-3P | ‘ Super247 ‘
"IRFi9Z24N T
0175 v IRFU9024N IRF9Z24NL IRFoz2aN |} ¢ 1950 L
’ 91506 91742 91484 ¢ 1
1 4
" TIRFI9Z34aN "]
IRFU5505 IRF9Z34NL IRF9z34N |1 b3 I
0.110 Y 91610 91525 91485 | OkED
S5V I_10/97_TBD_]
0,060 v IRFU5305 IRF5305L IRF5305
91402 91386 91385
IRF4905L IRFagos |1 'RF14905
0.020 Y 91478 91280 | Gl
1__10/97.TBD _!
0.200 v JRFU0L4* IRFZ14L* IRFZ14* IRFIZ14G*
’ 90701 90890 90507 90859
0.200 L v IRLUO14* IRLZ14L* IRLZ14* IRLIZ14G*
’ 90624 90903 90556 90846
v IRFU024* IRFZ24L* IRFZ24* IRFIZ24G*
90702 90891 90594 90751
v IRLU024* IRLZ24L* IRLZ24* IRLIZ24G*
90625 90904 90557 90847
IRFIZ24E
071 Y
60V 00 o1673 |
IRFZ34E IRFIZ34E
.04
0.040 91672 | 91674
IRFZ44EL IRFZ44E
.02 Y
0.026 91714 91671 |
0.014 v IRF1010EL IRF1010E
91720 91670
0.500 v IRFU9014* IRFOZ14L* ‘ RFOZ14* IRFI9Z14G*
’ 90654 90911 90736 90840 |
IRFU9024* IRFOZ24L* IRFOZ24* IRFI9Z24G*
- .2, Y
60v 0.280 90655 90912 ‘ 90647 o0841 |
0.140 v ‘ IRFOZ34L* ‘ IRFOZ34* IRFI9Z34G*
' 90912 90648 90842
0013 v | IRF2807L | | IRF2807 I
91518 91517
0.540 v IRFUL10 IRF/L510L IRF510 IRFI510G
’ 90524 ||__oos95/907 || 90325 |_ 90829
200-210 v IRFUI20N IRF520NL IRF520N IRFI520N
i 91365 | 91340 . 91339 | 91362
0.180 L v IRLU120N IRL520NL IRL520N IRLI520N
’ 91541 91494 91494 91496
0.110 v IRFU3910 IRF530NL IRF530N IRFI530N
’ ‘ 91364 1 91352 ‘ 91351 | 91353 |
IRLU3410 IRL530NL IRL530N IRLI530N
1 L Y
o0V 0.100 91607 91349 | 91348 91350
0.052 v IRF540NL IRF540N IRFI540N
’ 91342 ‘ 91341 | 91361 | 91343
IRL540NL IRL540N IRLI540N
044 L Y
00 91495 91495 91497
0,036 v IRF1310NL IRF1310N IRFI1310N IRFP150N
: 91514 91504 91611 91503
e Pt
0,028 v IRF3710L IRF3710 ! |R9F1|:;710 ! IRFP3710
’ 91310 91309 ! ! 91490
ST
1 1
IRL2910L RL2010 |1 'RL12910
0.026 L Y o o ! 91384 |
__7/97 TBD _}
0.480 v IRFU9120N IRF9520NL IRF9520N | i IRFI9520N 1
’ 91507 91522 | 91521 |_10/97_TBD_!
IRF9530N | |” IRFI9530N |
.2 Y ! !
0.200 IRF9530NL owas2 |\ 707 TBD_!
. I TIRFig540N |
100V 0117 v IRF9540NL IRF9540N  |! 9194270 l IRFP9140N
3 1 1
91483 91437 | 1007 TBD. | 91492
IRF5210L IRF5210 | (R
0.060 Y 91405 01434 | 91404 |
. i_10/97_TBD_ |
IRF3315L IRF3315
0.082 Y
150V o617 | 91623
0.042 v IRF3415L IRF3415
91509 91477
" TIRFUB215 |
1 1
-150 VvV 0.290 Y | 91749 | 'Rgf::; & 'R;';ii;s
i__698_12198 _ |
Switch Technical Marketing Page 2
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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

Page 436 of 662

Bvdss

200V

-200V

250V

-250V

400V

400LC

450V

500V

Rds(on)

1.500

0.800

0.400

0.180

0.085

0.055

0.500

0.800

1.500

3.000

0.075

0.140

0.280

0.450

1.100

2.000

3.000

1.000

0.750

0.200

0.300

0.550

1.000

1.800

3.600

0.200

0.300

0.550

0.550

6.400

0.350

0.630

1.200

0.270

0.400

0.600

0.850

1.500

3.000

gate, spd

Switch Technical Marketing
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Change

International Rectifier

T0-220 | TO-247
I-Pak ” TO-262 || TO-220 || FullPak | To-3P ” Super247 ‘
IRFU210 IRF610L IRF610
90526 90899 ‘ 90326
IRFU220 IRF620L/L620L |[ IRF620/L620 |[ IRF/LI620G
90525 90900/91218 90317/91217 90832/91235
[ IRF630L/L630L |[ IRF630/L630 |[ IRF/LI630G |
90901/91254 || _90309/91255 90652/91236
IRF640L IRF/L640 IRF/LI640G IRFP240
90902 90374/91089 90649/91237 90444
IRFP250
90443
IRFP260
90755
IRF9640L IRF9640 IRFI9640G IRFP9240
90921 ‘ 90422 90839 90481
[ IRF9e30L || IRF9630 |[ IRFI9630G
90920 ‘ 90352 90838
IRFU9220 J[ IRFo620L [ IRF9620 [ IRFI9620G
90522 90919 90351 90874
IRFU9210 IRF9610L IRF9610 IRFI9610G
90521 90918 90350
IRFP264
90756
IRFP254
90540
IRF644L IRF644 IRFI644G IRFP244
91006 . 90527 90739 90588
IRF634L IRF634 IRFI634G
91005 . 90476 90738
IRFU224 IRF624L IRF624 IRFI624G
90600 91004 . 90472 90833
IRFU214 IRF614L IRF614 IRFI614G
90703 91003 90475 90831
IRFI9634G
IRF737LC
IRF737LCL || b |
IRFP360
90586
IRFP350
90445
IRF740L IRF740 IRFI740G IRFP340
91010 90375 90651 90456
[ IRF730L | IRF730 IRFI730G
91009 . 90308 90650
IRFU320 IRF720L IRF720 IRFI720G
90598 91008 . 90315 90834
IRFU310 IRF710L IRF710
90597 91007 90327
IRFP360LC
91230
IRFP350LC
91229
IRF740LC |
91068
IRFI740GLC
91209 |
IRFP354
90995
IRF744 IRFI744G IRFP344
91000 | 91002 90998
IRF734 IRFI734G
90999 91001
TRFPA60
90512
IRFP450
90458
IRFP448
90595
IRF840L IRF840 IRFI840G IRFP440
91013 90376 90642 90457
[ IRFs30L | IRF830 [~ IRFI830G |
‘ 91012 90311 90646
IRFU420 I IRF820L IRF820 IRFI820G
90599 91011 90324 90641
Page 3 9/8/98
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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

F’age 437 of 662 International Rectifier

TO-220 | TO-247 /1
BVdss Rds(on) gate, spd Change I-Pak ” TO-262 || TO-220 || FullPak | To-3P ” Super247 ‘
IRFPS37N50A |
0.150 Y | {
L_4/98_11/98 |
IRFP460LC
500 LC 0.270 91232
IRFP450LC
.4
0.400 91231
IRF840LC IRFI840GLC
0.850 Y
INFNEL | | 91069 | ‘ 91208 |
IRFPC60
.4
0.400 90870
IRFPC50
0.600 90656
IRFPC48
.82
600V 0.820 90996
1.200 v IRFBC40L IRFBC40 IRFIBC40G IRFPC40
i 91016 | 90506 | 90852 90511
2200 v IRFBC30L IRFBC30 IRFIBC30G IRFPC30
i | 91015 | 90482 90851 90596
£.400 v IRFUC20 I IRFBC20L IRFBC20 IRFIBC20G
i 90637 91014 90623 90850

IRFPCE0LC
0.400 s .
IRFPC50LC
600 LC 0.600 s

IRFBC40LC | [IRFIBC40GLC
1.200 Y
‘ IRFBC40LCL ” ot ” o |
IRFPE50
1.2
0 90573
IRFPE40
2.
800V 000 90578
3.000 IRFBE30 IRFIBE30G IRFPE30
’ 90613 90854 90612
6.500 IRFBE20 IRFIBE20G
90610 90853
IRFPF50
1.
600 90542
IRFPF40
900V 2500 90580
3.700 IRFBF30 IRFIBF30G IRFPF30
' 90616 90856 90618
8.000 v IRFBF20L IRFBF20 IRFIBF20G
91665 90607 90855
IRFPG50
2.
000 90543
IRFPG40
1000V 3.500 90576
IRFBG30 IRFPG30
5.000 90620 90621
11.000 IRFBG20
90604
KEY: Part Number
FOD document # * = not recommended for new designs
Date for Date for|
SAMPLES PROD'N
Switch Technical Marketing Page 4 9/8/98
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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
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New Fast Recovery Diodes in package D-Pak, D 2Pak, TO-220 & TO-247
QUIETIR Series 600V, 60ns

IF (ave) 8A 10A 10A 20A 20A 20A 30A 40A 60A 60A 80A
g « ~- & 7 e & =
S NP N S <
Package Style & F & <Y \?Q// @ @ \?Q// \?#//
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 20ETFO2FP 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 S8EWF04S 10ETF04S 10ETF04 20ETF04S 20ETF04 20ETFO4FP 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 S8EWF06S 10ETFO06S 10ETFO06 20ETFO06S 20ETFO06 20ETFO6FP 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

VI @ IF o). T5=25°C, trr @ IF = 1A, -di/dt = 100A/s, Vr = -30V
Typical Reverse Recovery Waveform QUIETIR is a new family of power semiconductors developed to increase active noise immunity but maintain
14-May-97 STORE W’ FORMS

L5t IS the "Fast" recovery characteristics and meet the new Electro-Magnetic Interference (EMI) regulations. During
: ASCIT 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

e ) e nlr ”’St““j reduces electro-magnetic interference. Typical application characteristics of QUIETIR are:
“\\ o ™ . - Wrap Fill
N 0 sToRe - Soft recovery
(

A11->Flpw)
s - Low forward voltage drops
1 2
[

c D
11 displayed

Then Applications may include:

area(]) 17.0938 nVs
televel () 120.57 ns

mininun(R) 216m0 to - Welding output diodes
Sons B Folelch i Fiog - Low EMI Rectifiers for Input Bridge QUIETIR italic
1.1 v o . - Low EMI Rotating Rectifiers for field winding in alternators :
22V OCH Eng?z;%fvlw? Free 1101K SLOW TéIEEéR g g SMALLIR underline
Directory: LECROY_1.DIR ——— O NORMAL

ECEb556 Lecture Notes Page 438 of 662



Page 439 of 662

TO-220 AND TO-247 PACKAGES

6A TO 12A

15A TO 20A

P

10 TO 20A

25A TO 30A

30A

40A/60A

VOLTAGE
PROCESS
TO-220AC CENTER TAP TO-220AB CENTER TAP TO-247AC
15V OR'ING — 19TQO015 [20266] — — — —
30V — — — 32CTQO030 [20267] — —
STANDARD
45V 12TQ045 [20239] | 20TQ045 [20056] 15CTQO045 [20240] | 25CTQO045 [20242] | 30CPQO045 [20297] | 40CPQ045 [20307]
STANDARD MBR3045PT [20324]
6TQO045 [20283] 12TQ045 [20239]
45V HIGH | 10TQO045 [20057] | 18TQ045[20178] | 20CTQO045 [20056] | 30CTQO045 [20332]
TEMP MBR745 [20325] | MBR1645 [20319] | MBR1545CT [20318] MBR2545CT — —
MBR1045 [20317] MBR2045CT [20320]
60V — — — 30CTQO060 [20300] | 30CPQO060 [20298] | 40CPQO060 [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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The Schottky Navigator

Existing
Products

COLOR
CODING

Effective January 1, 1998

S ® &&@%i;ﬁ

Through Hole Schottky

New . .
Product HIaasa Possible
Products Products
S
released to released no current
production  withinnext6  plans...see
in last year months bus.mgmt.

® -
c D-67 TO-244AB
g O DO- DO- D-61 (D- TO-244AB
= = DO-201AD TO-220AC | | TO-220AB | | TO-247AC 203AB (Half- (Non-
o S | 204AL 204AR 61SM) (Isolated)
> O (DO-5) Pak) Isolated)
15v 1a 11DQO15
3A 31DQ015
| 955Q015 |
9A 20273 9TQO15
19TQ015
19A 20266
80A
95HQO15
95A 20272
125NQO15
120A 20275
185NQO15
180A 20279
225CNQO15
220A 20294 225CMQO15
| 245NQO15
240A 20296
440A | 445CNQO15 | 445CNQO15
20v 10A 20S002
20A 20TQ020
40A I._47CTQ020 47CPQ020
60A 67CPQ020 67CNQ020
100A § 57CNQ020 |
120A 127NQ020
180A 187NQ020
200A 227CNQ020 227CMQ020
240A 247NQ020
440A 447CNQ020 447CMQ020
32CTQ030
30v 30A 20267
40A 42CTQO30
1N6097
50A 20329
62CNQO30 | [ 55HQ030
60A 20269 20268
82CNQO30
80A 20270
122NQ030
120A 20274
182NQ030
180A 20278
220CNQO30 ” |
200A 20280 220CMQO30
| 242NQ030
240A 20281
440CNQ030 ” |
440A 20282 440CMQ030
11DQ04
40V 1Al 20287
3A
50A
Page 1
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® N4 ®

Through Hole Schottky

%@ iy

o -
= D-67 TO-244AB
g O DO- DO- D-61 (D- TO-244AB
= = DO-201AD TO-220AC | | TO-220AB | | TO-247AC 203AB (Half- (Non-
o 5 | 204AL 204AR 61SM) (Isolated)
> O (DO-5) Pak) Isolated)
61Q045
45v 6A 20283
MBR745
8A 20325
80SQ045
8A 20047
90SQ045
9A 20222
10TQ045
10A 20057
MBR1045
10A 20317
12CTQ045
12A 20054
| 12TQ045 | 15CTQ045
15A 20239 20240
MBR1545C
15A 120318
MBR1645
16A 20319
18TQ045
18A 20178
20TQ045 | [MBR2045C
20A 20241 120320
20CTQ045
20A 20056
25CTQ045 | [30CPQ045
30A 20242 20297
MBR2545C | [MBR3045P
30A 120322 120324
30CTQ045
30A 20332
40CPQ045
20A 40CTQ045 20307
MBR4045P
40A 120343
MBR6045 | [ 60CNQ045 | [ 51HQ045
60A WT 20476 20195 20021
61CNQO45 1N6392
60A 20248 20080
50HQ045
60A 20032
75HQ045
T5A 20246
MBR7545
75A 20325
8OCNQO45
80A 20216
81CNQO45
80A 20237
| 85HQ045
85A 20247
120NQ045
120A 20224
121NQ045
120A 20249
180NQ045
180A 20227
181NQ045
180A 20293
200CNQ045
200A s 200CMQ045
201CNQ045
200A 20258 201CMQO45
240NQ045
240A 20230
240NQ045
240A 20261
300A 300CNQ045 300CMQ045
301CNQ045
300A 20177 301CMQO045
200A 400DMQO45
400CNQ045
440A oo06n 400CMQ045
401CNQ045
440A 20263 401CMQ045
11DQ06
60V 1A] 20288
3A
30CTQ060 | [30CPQ060
30A 20300 20298
40CPQO060
20A 48CTQO060 20308
Page 2
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© P @ %@%W

Through Hole Schottky

o -
= D-67 TO-244AB
g O DO- DO- D-61 (D- TO-244AB
= = DO-201AD TO-220AC | | TO-220AB | | TO-247AC 203AB (Half- (Non-
S 5 | 204AL 204AR 61SM) (Isolated)
> O (DO-5) Pak) Isolated)
MBR4060P
40A T 20344
88CNQO60
80A 20494
120A 128NQ060
180A 188NQ060
200A | 208CNQO60 | | 208CMQO60 |
240A | 248NQO60 |
400A | 408CNQO60 | | 408CMQO60 |
11DQ10
100v 1Al 20289
3A
| 50SQ100 |
5A 20060
| 8TQ100
8A 20238
16CTQL00
16A 20192
MBR20100C
20A T20321
30CPQ100
30A 20333
| ! [40CPQ100
40A i 43CTQ100 § [ o
63CNQ100 | 60HQ100
60A 20223 20055
83CNQ100
80A 20221
123NQ100
120A 20250
183NQ100
180A 20256
200A 203DNQ100 203DMQ100
203CNQ100
200A 20259 203CMQ100
| 243NQ100
240A 20261
303CNQ100
300A 20234 303CMQ100
403CNQ100
400A 20214 403CMQ100
150V 10A
30CPQ150
30A 20299
{"89CNQ150 |
80A {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
Page 3
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19-0239; Rev 0; 7/94

N A X1/

50mA, Frequency-Selectable,
Switched-Capacitor Voltage Converters

General Description Features

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 200pA (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 (SHDN) pin reduces current

8-Pin, 1.11mm High pMAX Package
Invert or Double the Input Supply Voltage
Three Selectable Switching Frequencies
High Frequency Reduces Capacitor Size
87% Efficiency at 50mA

200pA Quiescent Current (MAX860)

1pA Shutdown Supply Current

600mV Voltage Drop at 50mA Load

12Q Output Resistance

* & & & O O o o o

L98XVIN/O98XVIN

Ordering Information

consumption to less than 1pA. The MAX860/MAX861
are suitable for use in applications where the ICL7660 PART TEMP. RANGE PIN-PACKAGE
and MAX660's switching frequencies are too low. The MAXB860CSA 0°Cto +70°C 8 SO
MAX860/MAX861 are available in 8-pin pMAX and MAX860CUA 0°C to +70°C 8 UMAX
SO packages. MAX860C/D 0°C to +70°C Dice*
App’,'cations MAX860ESA -40°C to +85°C 8 SO
Portable Computers MAX860MJA -55°C to +125°C 8 CERDIPT
. MAX861CSA 0°C to +70°C 8 SO
Medical Instruments
. MAX861CUA 0°C to +70°C 8 UMAX
Interface Power Supplies MAX861C/D 0°Cto +70°C _ Dice*
Hand-Held Instruments MAX861ESA -40°C to +85°C 8 SO
Operational-Amplifier Power Supplies MAX861MIA 55°C to +125°C 8 CERDIPT

Typical Operating Circuit

POSITIVE VOLTAGE DOUBL_ER

* Dice are tested at Ta = +25°C, DC parameters only.
T Contact factory for availability.

MAAM INPUT
L rc MAX860 i | & VOLTAGE
) Maxgel |, +L5VTO 455V . - -
l ci+ SHON T Pin Configuration
+ o lono w e INVERTED
o Thowe] 4 5 NEGATIVE
cl- out .
T o T TOP VIEW
T
VOLTAGE INVERTER ——
[ FC E E Voo
INPOT T
VOTAGE T~ | 4| smmam |, DOUBLED ci+ [2] MAXIM [ 7] stion
25vT055 = e— Fc MAX8E0 »— POSITIVE MAX660 Lv
| maxest |, L OUTPUT owfs]  yaxees [e]
J_ Cl+ SHON |— £ 40 Cl- E 5| out
+ 2o w S c2
Cl |10pF 4 o1 o SO/PUMAX

MAXIW

Call toll free 1-800-998-8800 for free samples or literature.
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Page 444 of61 2 M am |, NpUT
— m?ggg Voo VOLTAGE
) ; +15V7T0 455V
ci+ SHDN
INE o =
] cno 7 INVERTED
cl |1ouF| 4 5 NEGATIVE
T a Cl- out —$=— OUTPUT
104F
T
c2
VOLTAGE INVERTER ——
e ’ mmam
VOLTAGE T | 3 g DOUBLED
#25VT0+557 = e—] Fc MAX860 vy o—— POSITIVE
MAX861 7 OUTPUT
cl+ son | =

Ji I PV w8 e
¢l | 10uF 4 .
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19-1095; Rev 1; 10/96 /VI /JXI/VI
1-Cell to 3-Cell, High-Power,
Low-Noise, Step-Up DC-DC Converters

General Description Features
The MAX848/MAX849 boost converters set a new stan- ¢ Up to 95% Efficiency
dard of high efficiency and high integration for noise- (see Typical Output Selector Guide below)

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-lon cell.

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
Synchronous rectification provides a 5% efficiency i .
improvement over similar nonsynchronous boost regu- Two-Channel ADC with Serial Output
lators. In standby mode, pulse-skipping PFM operation
keeps the output voltage alive with only 150uW quies-
cent power consumption. Fixed-frequency PWM opera- . .
tion ensures that the switching noise spectrum is limited Applications
to the 300kHz fundamental and its harmonics, allowing Digital Cordless Phones PCS Phones

easy post-filtering noise reduction. For even tighter
noise spectrum control, synchronize to a 200kHz to Cellular Phones Hand-Held Instruments
400kHz external clock.

* & & o o o

Power-Good Function

6V8XVIN/8Y8XVIN

o . Palmtop Computers Personal Communicators
Battery monitoring is provided by a two-channel, volt-

age-to-frequency analog-to-digital converter (ADC). Local 3.3V to 5V Supplies
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 (QV to 2.5V range). Ordering Information
Two control inputs are provided for push-on, push-off

control via a momentary pushbutton switch. Upon PART TEMP. RANGE PIN-PACKAGE
power-up, an internal comparator monitors the output MAXB848ESE -40°C to +85°C 16 Narrow SO
voltage to generate a power-good output (POK). MAX849ESE -40°C to +85°C 16 Narrow SO
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. -'-yp,'ca’ Operating Circuit
INPUT _T_
Typical Output Selector Guide 08VTO S5V I+
— MAXIMV
VIN Vout MAX849 louT MAX848 louT = MAX848
v) V) (mA) (mA) MAX849
33 100 =5 A/D CHANNEL 1 IN —— AIN1 LX OUTPUT
0.9 . A/D CHANNEL 2 IN —— AIN2 +
5 0 40 A/D CHANNEL SELECT m——] AINSEL out I
1.2 3.3 300 110 A/D OUTPUT <——] DATA pPOUT =
> 200 70 onjore controL o | M
24 3.3 750 200 »——] oN2 POK |—® VOLTAGE MONITOR
' 5 500 130 SYNC INPUT »——] CLK/SEL OUTPUT
. 33 800 250 S POKIN B
' 5 600 150 REF  GND  PGND
3.6 5 1000 300 |
Pin Configuration at end of data sheet. =
Dual Mode is a trademark of Maxim Integrated Products.
X1V Maxim Integrated Products 1

For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800
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08vI055V |+

— MAXIM
MAX848
AID CHANNEL 1IN m—] ang MAXB49 OUTPUT
A/D CHANNEL 2 IN ——] AIN2 +
A/D CHANNEL SELECT —— AINSEL out T
A/D OUTPUT ~<e—] DATA POUT —
»—
ON/OFF CONTROL N1
| ON2 POK — vOLTAGE MONITOR
SYNC INPUT ——] CLK/SEL OUTPUT
—] POKIN FB—
REF GND PGND
A d
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19-1183; Rev 0; 6/97
MANUAL

TION KIT T
E\égh\igws pATA SHEE

AKXV

High-Efficiency, Step-Up
DC-DC Converters for 1V Inputs

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
MMAX package, which is only 1.1mm high. The guaran-
teed start-up voltage is 0.88V.

Each device consists of an internal 1Q, 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/PFQO). The MAX1642 also includes a
2pA 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
+49%, or can be adjusted from +2V to +5.2V using only

Features

0.88V Guaranteed

83% Efficiency

® & & & & O O o o o

Built-In Synchronous Rectifier

Start-Up

Reverse Battery Protection

Ultra-Small uMAX Package: 1.1mm High

4pA Quiescent Supply Current into BATT Pin
2uA Logic-Controlled Shutdown (MAX1642)
Two Undervoltage Detectors (MAX1643)

2V to 5.2V Output Range
20mA Output Current at 1.2V Input

Ordering Information

two resistors. PART TEMP. RANGE PIN-PACKAGE
MAX1642C/D 0°C to +70°C Dice*
MAX1642EUA -40°C to +85°C 8 UMAX
Applications MAX1643C/D 0°C to +70°C Dice*
Pagers MAX1643EUA -40°C to +85°C 8 UMAX

Remote Controls

Pointing Devices

Personal Medical Monitors
Single-Cell Battery-Powered Devices

*Dice are tested at Tp = +25°C.

Note: To order these devices shipped in tape and reel, add a -T

to the part number.

Pin Configurations

TOP VIEW
BATT [ 1| 5] our
Typical Operating Circuit o [2] Mmam [
MAX1642
P70 [ 3] 6] ono
SHDN [4] 5] rs
INPUT OUTPUT
0.88vTO 165V _ 100pH 33V
LX out - HMAX
+ MAXIMN 20F
20 MAX1642 T
TON BATT BATT [ 1] 5] our
"Lorrm— sron on [2] MAXIM 5]
LOW-BATTERY »———] PFI PFO |— LOW-BATTERY MAX1643
DETECTOR INPUT GND B DETECTOR OUTPUT BATTLO [ 3] 6] oo
—t_ pFo [ 4] 5] r8
HMAX

MAXIMN

Maxim Integrated Products 1

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.
ECEb556 Lecture Notes
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INPUT OUTPUT
0.88vTO165v _ 100uH 33V
LX out ~
+ MAXIM 2
UF
20 MAX1642 T
= BATT -

ON —
—LOFF »——{ SHDN

LOW-BATTERY »——— PFI PFO |— LOW-BATTERY
DETECTOR INPUT GND  FB DETECTOR OUTPUT

bl
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FEATURES

Ultralow Power: Igg = 6pA Typ

Short-Circuit/Thermal Protected

5V £4% Regulated Output

Vin Range: 2.7V to 5V

Output Current: 10mA (Vi =2.7V)
20mA (Viy =3V)

No Inductors

Ultrasmall Application Circuit (0.045in2)

800kHz Switching Frequency

Available in 5-Pin SOT-23

APPLICATIONS

Cellular Telephones
Battery-Operated Equipment
Local Power Supplies
Handheld Instruments
PCMCIA Supplies

| l ’ \D LTC1517-5

TECHNOLOGY

Micropower, Regulated
5V Charge Pump in a
5-Pin SOT-23 Package

DESCRIPTION

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 6pA with no load) and low external parts count (one
0.1pF flying capacitor and two small bypass capacitors at Vy
and Voyt) 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 0.045in?.

The part operates as a Burst Mode™ switched-capacitor
voltage doubler to produce a regulated output. The part has
thermal shutdown capability and can survive a continuous
short circuit from Vgyt to GND. The device is available in a
5-pin SOT-23 package.

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.
Burst Mode is a trademark of Linear Technology Corporation.

TYPICAL APPLICATION

0.1pF

.

C1™ c1*
LTC1517-5

Vi~ GND  Vour

v 1 2 3

)
N
<
—
o
3]
<=
1

33uF—— — _ 6.8uF

J I W

Vout =5V +4%
— oyt =10mA (V|y = 2.7V)
lout = 20mA (Vi 2 3V)

1517 TAO1

Typical Output Voltage vs Output Current

T
Tp = 25°C
C1=01pF
Cour = 6.8uF

'W‘\

Vin = 2.7V|V|N =3V |V|y=3.3V

OUTPUT VOLTAGE (V)
o
o

0 20 40 60 80
OUTPUT CURRENT (mA)

1517 TA02

ccesdiloblb s
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0.1pF
|5 | | |4
i~ ci*
LTC1517-5
Vi~ GND  Vour
v 1 2 3 VouT = 5V + 4%
27V T0 5'\“} — — lour = 10mA (Vy 2 2.7V)
' i 1 louT = 20mA (V) = 3V)
3-3HFL T 6.8uF
i 1517 TAO1

ECE556 Lecture Notes Page 450 of 662



Page 451 of 662

COOPER Bussmann

é_: COILTRONICS®

HIGH CURRENT 1
Power Inductors

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 1IMHz

Applications

* Next generation microprocessors
* High current DC-DC converters
e 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 (Q) Volt-uSec (4)
Number Inductance + 15% Amperes Amperes Max. @ (VuS)
uH uH (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 37.83 334 0.00063 3.66
HC1-R87 0.87 0.866 28.01 31.0 0.00138 5.49
HC1-1RO 1.0 1.12 28.01 25.4 0.00138 5.49
HC1-1R7 17 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 16.76 134 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 10 105 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 AT of 40°C. DC current for an approximate AT 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-pS) across the inductor. This value represents the
applied V-uS 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.

Mechanical Diagrams

RECOMMENDED PCB LAYOUT

TOP VIEW SIDE VIEW COMPONENT SIDE
_ 450 — | 1 t—4.50
— —
HC1-XXX 13.0 49 typ 10.00
wwllyy R || Max i
— 1
. - - ‘ 14.50 |
Mz;x4 P
FRONT VIEW SCHEMATIC
[ | [ |
L]
10.0
Max.
m—— z
1 2

Dimensions in Millimeters
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COOPER Bussmann

é_: COILTRONICS®

HIGH CURRENT 2™
Power Inductors

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

Packaging
* Supplied in bulk packaging

maximum

Part Rated OCL (2) Irms (2) Isat (3) DCR (4) \olts (5)
Number Inductance pH + 20% Amperes Amperes Ohms pSec

pH ayp.) (Typ.) (Max.)

HC2-R47 A7 .52 52.9 63.75 .0006 6.87
HC2-R68 .68 .63 52.9 50.00 .0006 6.87
HC2-1R0O 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
HC2-6R0O 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-uS) across the inductor. This value represents the
applied V-uS 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.

Mechanical Diagrams

TOP VIEW

I [ T

i
1 HC2 - XXX 2 190
wwlilyy R max
os | l
typ [ [
19.2
FRONT VIEW
1
J_ 12.7
vl

typ
Dimensions in Millimeters
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HC7 Series
HIGH CURRENT 7

COOPER Bussmann Power Inductors

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 (mQ) \olts (5)
Number Inductance nominal Amperes Amperes Amperes max. @ uSec
uH +/-20% uH (Typ.) 15% rolloff 30% rolloff 20°C (VuS)
HC7-R20 .20 0.220 35.80 45.8 86.5 0.67 2.27
HC7-R47 47 0.534 23.40 275 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 14.20 153 28.8 4.30 6.90
HC7-2R2 2.2 2.58 13.00 125 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 AT 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-pS) across the inductor. This value represents the
applied V-uS 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 pH. R = decimal point.
If no R is present third character = # of zeros.

wwilyy = (Date Code)

R = (Revision level)

Mechanical Diagrams

TOP VIEW
- FRONT VIEW
S || |
L. Max E j H. Max
HC7-XXX [ [ |
wwllyy-R
’%A?AO :

Maximum Dimension

Part Number | Height mm | Length mm
HC7-R20 6.0 14.25
HC7-R47 55 13.8
HC7-1R0 5.5 13.8
HC7-1R5 55 13.8
HC7-2R2 5.5 13.8
HC7-3R9 5.5 13.8
HC7-4R7 55 13.8

SIDE VIEW RECOMMENDED PCB PAD LAYOUT
'mlo.zs . 3%0typ
(2x) 2plcs

1
3.5 typ
2plcs

!

le— 6.50 typ —={

Dimensions in Millimeters. All dimensions I+/- 0.2 mm unless otherwise specified. All soldering surfaces are coplanar within 0.15 mm.
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=3 Premier N OFF-LINE

M| Magnetics Inc.t US swiTCH MODE
“INNOVATORS IN MAGNETICS TECHNOLOGY" T R AN S FO R M E R S
Indicated parts are UL1950 & CSA-950 Recognized under UL File# E162344

REFER TO UL/CSA LISTING ON LAST PAGE OF THIS SPECIFICATION. c“ US

O Designed for use with Power Integrations IC's. O Design Engineering Support Available.
O Designed to meet UL1950/IEC?50 Safety Standards. O Multiple Configurations.

GENERAL APPLICATION INFORMATION

Premier Magnetics' Off-Line Switch Mode Transformers have been designed for use with Power
Infegrations, 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 fo 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 utilizihg Power
Infegrations PWR-TOP226 switching regulator in the flyback buck-boost configuration. The component
values listed are intfended for reference purposes only. The soft start capacitor Css is optfional depending
on the specific application. Simpler topology is possible depending on the line/load regulation required.

BRI SCHEMATIC
3,F]]A - _EMIFLTER . KBPOSM HOT RAIL

L1 600V, 1.5A
‘ +100to 375vdc PREMIER MAGNETICS PART NUMBERS:

UNE PMCU-0330
I C1. 47.0uF, 400V (REQUEST DATA SHEETS BY PART#)
\ c o+ Low Profile Type: L1 = PMCU-0330 33mHy EMI/RFI CMC
85-265V P —— h # UVS2G470 85C
S0/60Hz TR i N G o e T1 = POL-15020 MAIN SWITCHING X-FORMER
V ' Diameter=18mm (.708) L2 = VTP-01002 10uHy, 2.0Amp INDUCTOR
NEUT —— f‘ 77777 Length=25mm (.984)
Cé =0.1uF 250Vac

X2-Saftey Cap

T

POL-15020
CLAMP
NETWORK_ ! D3 2
VRI1 MUR610CT VTP-01002
' P6KE200A PRI PR ZED 10UH @ 2.0A
9.10 s H15Vvdc
Dl ° @20A
mumeo A B o Lo R3
2 Al/20F U3, 499K 1% c3 .
D2 A AN W 2200F ——
1N4148 e R4 25v
us 2 100K 1%
'NEC2501-H | ORIN
,NEC2501 HC 67
ul ! ' R2
1/20FU3 E
POWERINT. | M2OFUs .
TOP226Y 3 510
PROPERLY SIZED R5
HEAT SINK
47UF 200
DRAIN 6 2 1/2W
SOFT
O SOURCE |—4 START =~
KELVIN CONNECT ST -
‘ ol U2 9
CONTROL C7 & C8 = 250Vac Css £ [danr
— Y-SAFTEY CAPACITORS ' 45 0 ——, 0.1uF
EMI FILTER s ) A R .
oo [ A 8
c7 ] .
' 2.2nF 2.2nF } 6
[ [ .
HIGH VOLTAGE RETURN A
Specifications subject to change without notice. pol 3/99
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=3 Premier OFF-LINE

¥l Magnetics Inc.‘:Nus SWITCH MODE
"INNOVATORS IN MAGNETICS TECHNOLOGY" T RAN S FO R M E R S

GENERAL ELECTRICAL SPECIFICATIONS AT 25 °C - OPERATING TEMPERTURE RANGE 0°C TO +70°C

UI’\ITS 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 RESPECTIVEPART NUMBERTO DISPLAY A DETAIL DATA SHEET

PART Recommended APPLICATIONDATA PRIMARY [HI-POT Repommended :
NUMBER Powerlntgr. |OutputVoltages ~ PutputCurrents [ Cont |OCL pHY | Vrms | Output Filter [ Input Filter Package
Controller Vout Vdc lo_contAmps Watt | Typ. Min. | Inductor (L2) | cmcC (L1) [Schematic

POL-05006% | TOP210 5.0 0.60 3.0[ 8100 |3000 [ VTP-01001 |PMCU-0220 | E16-Horz
1SD-816 TOP210 5.0 0.60 3.0] 8100 |3000 | VTP-01001 [PMCU-0220 | E16-Horz
T1SD-1185 TOP221 5.0 0.70 3.5 2450 |3000 [ VTP-00301 |PMCU-0220 | E16-Vert
POL-05010% | 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 15.00 700 [3000 | VTP-01002 |PMCU-0330 | E22/19/6
1SD-778 TOP201 50x2 1.20/0.80 6.4 700 |3500 | VTP-01001 |PMCU-0330 | E22,10pin
1SD-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
1SD-877 TOP204 5x2 & 15 2.5/0.10 16.0] 242 |3000 | VTP-01002 [PMCU-0330 | E28/11
1SD-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
1SD-1305* 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
1SD-893 TOP201 5/30/+12/-12| 1.0/.05/.25/.25 | 14.0] 2000 3000 | VTP-01001 |PMCU-0330 | E30

1SD-876 TOP210 5/12 0.10/0.20 3.0[ 6000 3000 | Bead PMCU-0220 | E19-Horz
1SD-815' TOP201 5/15 1.0/1.0 20.0] 1390 [3000 | VTP-01001 [PMCU-0330 | E22/19/6
1SD-858 TOP210 5/24 0.30/0.08 3.4] 3420 |3000 | VTP-01001 |PMCU-0220 | E19-Horz
1SD-779 TOP202 5/27 1.0/0.50 17.0f 620 |3000 | VTP-01001 |PMCU-0100 | E22/19/6
1SD-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
1SD-979 TOP210 5.5110 0.80/0.05 5.0 4500 3000 | VTP-01001 |PMCU-0220 | E16-Horz
TSD-1046° | 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-1144" | TOP223 6/ -38/ -60 1.2/0.30/.050[ 20.0] 1000 (3000 | VTP-01001 |[PMCE-0330 [ E2425

1SD-940 TOP210 6.5 0.80 5.2] 6000 [1500 | VTP-01001 [PMCU-0220 | E16-Horz

1SD-860 TOP224 6.9/2x15 0.30/0.60 20.0] 1100 [3000 | VvTP-01001 [PMCU-0330 | E28/11
1SD-1347 TOP224 6.9/24/-15 0.3/0.6/0.2 [ 20.0] 9200 [3000 | VTP-01001 [PMCU-0330 [ E28/11

Specifications subject to change without notice. pol 3/99
. ____________________________________________________________________________________________________________________________________________________|
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WITCH MODE

TRANSFORMERS

GENERAL ELECTRICAL SPECIFICATIONS AT 25 °C - OPERATING TEMPERTURE RANGE 0°C TO +70°C
UI’\ITS are designed for a Universal AC Input of 85 to 265Vac, 47/440 Hz, Unless otherwise designated.

1 =
2
3

Unit designed for Voltage Doubler input -or- PFC corrected front end.
Unit designed for AC Input of 85 to135Vac, 47/440Hz.
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 RESPECTIVEPART NUMBERTO DISPLAY A DETAIL DATA SHEET

PART Recommended APPLICATIONDATA PRIMARY [HI-POT Repommended :
NUMBER Powerlntgr. | OutputVoltages OutputCurrents | Cont |OCL pHY | Vrms | Output Filter [ Input Filter Package
Controller Vout Vdc lo_contAmps Watt | Typ. Min. | Inductor (L2) | cmcC (L1) [Schematic
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
T1SD-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
T1SD-1195 TOP224 8/16/16 2.0/0.25/0.25 | 30.0] 800 |3000 | VTP-01001 [PMCE-0330 | E30
T1SD-794' TOP202 8.5 4.00 34.0] 1100 |3000 | VTP-01005 | PMCU-2220 | E28/11
T1SD-880 TOP204 9/24 3.0/0.60 50.0f 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
T1SD-825°% TOP221P 12.0 0.30 3.6 4000 |3000 | VTP-01001 [PMCU-0220 [ E16-Horz
T1SD-935°% TOP200 12.0 0.50 5.0] 1280 |3000 | VTP-01001 | PMCU-0220| E19-Horz
T1SD-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
1SD-762? TOP103 12.0 3.40 41.0] 286 1500 | VTP-01002 |PMCE-0330 | E28/11
1SD-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-15033?| TOP104 13.8 4.00 56.0] 600 3000 | VTP-01002 [PMCE-0330 | E30
T1SD-946° TOP210 14.0 0.20 3.0] 4000 |[3000 | VTP-01001 | PMCU-0330| E16-Horz
1SD-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-1330° TOP210 15.0 0.20 3.0] 4000 |[3000 | VTP-01001 | PMCU-0330| E16-Vert
1SD-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
1SD-812 TOP204 15.0 3.33 50.0] 810 3000 | VTP-01002 |PMCE-0330 [ EER28L

Specifications subject to change without notice.
. ____________________________________________________________________________________________________________________________________________________|
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http://www.premiermag.com/pdf/tsd-0880.pdf
http://www.premiermag.com/pdf/tsd-0880.pdf
http://www.premiermag.com/pdf/pol-97505.pdf
http://www.premiermag.com/pdf/pol-97505.pdf
http://www.premiermag.com/pdf/tsd-0825.pdf
http://www.premiermag.com/pdf/tsd-0935.pdf
http://www.premiermag.com/pdf/tsd-0990.pdf
http://www.premiermag.com/pdf/pol-12012.pdf
http://www.premiermag.com/pdf/pol-12017.pdf
http://www.premiermag.com/pdf/pol-15020.pdf
http://www.premiermag.com/pdf/pol-15033.pdf
http://www.premiermag.com/pdf/tsd-0762.pdf
http://www.premiermag.com/pdf/tsd-0777.pdf
http://www.premiermag.com/pdf/pol-12208.pdf
http://www.premiermag.com/pdf/pol-12216.pdf
http://www.premiermag.com/pdf/pol-15033.pdf
http://www.premiermag.com/pdf/tsd-0946.pdf
http://www.premiermag.com/pdf/tsd-1010.pdf
http://www.premiermag.com/pdf/tsd-1003.pdf
http://www.premiermag.com/pdf/tsd-1330.pdf
http://www.premiermag.com/pdf/tsd-0737.pdf
http://www.premiermag.com/pdf/pol-15020.pdf
http://www.premiermag.com/pdf/pol-15033.pdf
http://www.premiermag.com/pdf/tsd-0812.pdf
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"INNOVATORS IN MAGNETICS TECHNOLOGY"

OFF-LINE

WITCH MODE

TRANSFORMERS

GENERAL ELECTRICAL SPECIFICATIONS AT 25 °C - OPERATING TEMPERTURE RANGE 0°C TO +70°C
Units are designed for a Universal AC Input of 85 to 265Vac, 47/440 Hz, Unless otherwise designated.

1
2
3

Unit designed for Voltage Doubler input -or- PFC corrected front end.
Unit designed for AC Input of 85 to135Vac, 47/440Hz.
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 RESPECTIVEPART NUMBERTO DISPLAY A DETAIL DATA SHEET

PART Recommended APPLICATIONDATA PRIMARY [HI-POT Recommended
NUMBER Powerintgr.  [OutputVoltages [utputCurrents | Cont |OCL puHY | Vrms | Output Filter [ Input Filter Package
Controller Vout Vdc lo_contAmps Watt | Typ. Min. | Inductor (L2) | cmcC (L1) [Schematic

POL-15073' | TOP204 15.0 7.33 110.0] 1075 [3000 | VTP-02007 |PMCE-3330 | EER28L
POL-15204% | TOP200 15x2 0.20/0.20 6.0l 1520 [3000 | VTP-01001 |PMCU-0220 | E19-Horz
TSD-860 TOP202 +15/6.9 +0.60/0.30 | 20.0f 1100 [3000 | VTP-01001 |PMCU-0330 | E28/11
T1SD-873' 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 [ E3133/29
T1SD-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
T1SD-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 2.00 440 600 |3000 | VTP-01002 [PMCE-0330 [ E30
1SD-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
1SD-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 38.4f 650 [3000 | VTP-01001 |PMCU-0330 | E25-Vert
POL-24219 | TOP227 24.0x2 1.875x2 90.0f 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-30030' | TOP227Y 28.0 4.00 112.0] 500 [3000 | VTP-01005 |PMCE-0160 | EI33/29
TSD-1056' TOP227Y 29/9.5 3.50/0.25 [104.0] 1000 |3000 [ VTP-01003 [PMCE-0330 | EI40
POL-30030 | TOP227Y 30.0 3.00 90.0f 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
T1SD-9745 TOP104 -118 -0.13 15.3] 2000 500 | VTP-01002 |N/A EFD25

Specifications subject to change without notice.
. ____________________________________________________________________________________________________________________________________________________|

27111 ALISO CREEK ROAD #175, ALISO VIEJO, CA 926BEL: 714-362-421% FAX: 714-362-4212 http://www.premiermag.com
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http://www.premiermag.com/pdf/tsd-0860.pdf
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ABLE 1: ELECTRICAL SPECIFICATIONS AT 25 °C FIGURE 1: SCHEMATIC DIAGRAM
SWITCHING TRANSFORMER DESIGNED FOR USE WITH POWER INTEGRATIONS
PWR-TOP104YAI. REFER TO APPLICATION CIRCUIT OF FIGURE 3.

SPEC LIMITS WHITE DOT ON
PARAMETER MIN. | TYP. | MAX. UNITS BOBBIN DENOTES PIN #1
1

PRIMARY INDUCTANCE (2-1) 268 | 208 | 328 WHY

VOLTAGE = 0.250Vrms 112

FREQUENCY = 100 KHZ PRIMARY

[ ] [ ]
L]
TURN RATIO'S:
SEC (11,12-7,.8): PRIMARY (2-1) | e 1388 | —m +3% 2 SECONDARY
BIAS (5-6): PRIMARY (2-1) | weemme 1388 | - +3% 5
L]

PRI LEAKAGE IND. (SEC SHORTED) | ---rrmmv 9.00 | 12.00 WHY BIAS 7.8

VOLTAGE = 0.250Vrms

FREQUENCY = 100 KHZ 6
HIPOT: SECONDARY PINS #12 & 11, #3 & 7 MUST
PRIMARY TO SECONDARY 1500 | <o | e Vims BE RESPECTIVELY CONNECTED TOGETHER
BIAS TO SECONDARY 1500 | <o | e Vims FOR PROPER OPERATION.

|.E. CONNECTED AS ONE PARALLEL WINDING.
APP CIRCUIT PARAMETERS: (1)
AC LINE VOLTAGE 47/400 Hz I [— 135 Vac NOTET:
OUTPUT VOLTAGE 12.0 vde :
INSULATION SYSTEM:
OUTPUT CURRENT CONTINUOUS | 00 | 50 Amps e
OUTPUT CURRENTPEAK | weeeee | ooeee 52 Amps A)gll_zlbl\dfgnfgrlﬁrl_ss TOMEET"UL", "CSA™ & "IEC
LINE REGULATION (85 TO 135Vac) | ---mrmmr 020 | woeeer +% 2
LOADREGULATION0-100% | —oecemme 020 | — +% B)130 °C INSULATION SYSTEM.
e T oo | o i C)MARGIN WOUND TO MEET 2.5mm CREEPAGE.
: D)VARNISH FINISHED ASSEMBLY.

(1) REFER TO APPLICATION CIRCUIT OF FIGURE 3.
FIGURE 2: PHYSICAL DIMENSIONS mm (INCHES)
12 1 10 9 8 7

PIN #1
WHITE DOT
26.50
(1.043)
MAX
0.8 DIA.
(.032)
<P | A0 ‘ 200 ‘
. 500 ‘ (I\J\ﬁj ) < Ga7)
(.197) 25.00
(.984) REV. DESCRIPTION OF CHANGES
09/05/95] ORIGINAL RELEASE
EE30 (FEE30A) -OR- EI30(FEI30), 12-PIN VERTICAL BOBBIN 09/19/95] UPDATED LEAKAGE IND. SPECS.
- UNLESS OTHERWISE SPECIFIED TRANSFORMER CONTROL DRAWING
P DIMENSIONS ARE IN MM
ﬁ/{ remier DIMENSIONAL TOLERANGES ARE: | PREMIER P/N: TSD-777 REVISION: 09/19/95
Magnetlcs Inc. :§X i fg $0° 30 DRAWN BY: TOM O'NEIL REF: XA-PROTO-60W
DO NOT SCALE DRAWING SCALE: NONE SHEET: 1 OF 4
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APPLICATION NOTES

Premier Magnetics' TSD-777 Switch Mode Transformer was designed for use with Power Integrations, Inc. PWR-
TOP104YAl 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%.
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-TOP 104
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 APP

+88 to190Vdc

Premiers' TSD-777

LICATION CIRCUIT

PREMIER MAGNETICS PART NUMBERS:

85-135Vac
50/60Hz

BR1

(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

- Cl1 +
NEUT ol 1?53\00\/ 150 UF _——_
CozoaFsovae (FAGOR FBPO2) 200 \ C1, 150 UF, 200V
Nichicon #UVX2D151MRAY, 85C
Xasaftey Cap AN Diameter=20mm (0.787)
Length=31mm (1.220)
¥
L2
D2 VTK-01005
MBR10100 10uH @ 5.0A
CLAMP 11,12
NETWORK g . +12.0vdc
© VR R4 @ 5.0A
" P6KET00 c2 + 38.3K 1% C3 4
‘ 2200UF —— 220uF ——
D1 35V R5 25V
- MURT6O = SECONDARY 10.0K 1%
e ¢ RTN
7,8
D3
1N4148
s U3 1
C5 MOC81OI
Ul 47UF
0V
DRAIN .
POWER INT.
T&SXPP SOURCE ™ KELVIN CONNECT
CONTROL
510
2 l
C7 & C8 = 250Vac 1 U c9
Y-SAFTEY CAPACITORS C|TL431 0.1uF
_ EMIFILTER R ®
7 (@] A
2.2nF 22nF 6
I N

HIGH VOLTAGE RETURN

Premier

UNLESS OTHERWISE SPECIFIED
DIMENSIONS ARE IN MM
DIMENSIONAL TOLERANCES ARE:

TRANSFORMER CONTROL DRAWING

Magnetics Inc.

DECIMALS
X +.25
XX+ .15

ANGLES

+0° 30'

DO NOT SCALE 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

ECEDHE Lecture Notes

Page 459 of 662



Page 460 of 662

INDUCT ORS DESIGNED
FOR NATIONAL'S 150 KHz
SIMPLE SWITCHER ™

©

©

©

(i

Pulse

A TECHNITROL COMPANY

Tested and recommended by National
Semiconductor

Base material meets flammability
requirements of UL 94V-0

Available in surface mount and through

hole versions

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

L . 1
Pulse Pulse National In Qr::wt Operating Parameters 5 Nominal Package
THT Part SMT Part Part Nominal Rated Max DCR
Number Number Number Inductance Current ETopr Q) Through Surface
(uH) (Amps DC) (V-pSec) 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 4.5 328 0.02 KM-30 —
Notes : 1. Inductance values may vary +20%. 3. ETop rated at 100 KHz.

2. ETop rated at 150 KHz except where designated.

4. SIMPLE SWITCHER™ is a trademark of National Semiconductor Corporation.

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA 92128 « TEL 619-674-8100  FAX 619-674-8262 « http://www.pulseeng.com
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INDUCT ORS DESIGNED =
FOR NATIONAL'S 150 KHz === Pulse

SIMPLE SWITCHER ™ A TECHNITROL COMPANY

Mechanicals

LP Series KM Series 060
152
.035
(PkG | A | B [ C | D] 0,89
2 s | 300 | 210 | 250 | 250 "
— <~ Db —] 914 | 787 | 635 | 635 ¥
= — 2E
= Pulse 060 7 T P30 | 400 | 300 | 300 | 300 { { } } !
o 00K A . ! 1016 | 7.62 | 762 | 762 U0 e ——
DATECODE ~ CTRY ORGIN 0,89 l Lpa7 | 495 | 375 | 375 | 375 SUGE/E\%E? PAD
12,57 | 9,52 9,52 9,52
; ’ Lp4q | B35 | 365 | .500 | .300 b
‘ 1 SUGGESTED PAD LAYOUT 16,13 9,27 12,7 7,62 —
[«——A MAX —>|
PE-XKXXX
DATE [CODE
COUNTRY F ORIGIN
B MAX F +:020
J 051
E TYP——>]
- DTYP |l F J¢
+ .005 2E
135 | 010 e pt005
343 70,25 0,13 leas .(;J(ig»
l«—pD —>] e ¢ — ] !
2% LEAD%
[pc | A ] B [ c]D ] E]F |
ko | 20 | 580 | 850 | 290 | 0 | 130
8,64 | 14,73 | 16,51 | 7,37 2,79 | 3,30
. awzo | 40 | 850 | 700 | 325 | as0 | as0
LCI Series Notes: 1143 | 1651 | 17,73 | 826 | 381 | 330
F 1. Dimension “D” is measured KM-30 ﬁ_sz‘f)3 zﬁi(())s 2'2_5103 181_1554 % 31%
- ;
A MAX ‘ > 060 across terminal blocks only. : . , \ , ,
‘ ‘ »‘« 2>('1—52 2. Coil must clear seating plane by KM-40 600 | .950 | 1.00 | 475 | 225 | .130
i | ‘ - .010 MIN. 15,24 | 2413 | 254 |12,07 | 572 | 3,30
0,25
PE-XXXXX
U.S. PAT 53091 30 I ! i
DATE CODE HCI-68
é COUNTRY OF ORIGIN
.940
! \ ! v < 5387 MAX —> 830 , 005 |
| ‘ \k | 21,08 0,13 | 080 005
+o
SUGGESTED PAD LAYOU [ X208 “013
il T YT
C MAX PUIse 040 1 | 700 ,.005
| D +-015 COUNTRY OF ORIGIN
SEATING <« Z T o ae U.S. PAT. 5309130
PLANE 0.38 -
[£21.005/0,13 <——B MAX—> TN | | |
4 SURFACES | |\;
R
SUGGESTED PAD LAYOUT
lpkc | A | 8 ] c |0 | E]F]
Lo | 20 | 30 | 20 | 20 | 30| 270 !
8,64 8,64 6,60 7,62 | 6,86 400
10,16
435 440 .360 .350 400 | .360
LCI-30 | — i g = i A ] |
105 | 11,18 | 914 | 889 | 1016| 914 P y
.565 570 .360 450 520 | .460 SEATING PLANE
LCI-37 | =— = = i il i
1435 | 1448 | 914 | 1143 | 1321|1168 Note: (] 0051013 |
LCla4 | 800 620 | .39 | 500 | .550 | 510 Coil must clear seating plane by :010 \ 2 SURFACES
1524 | 1575 | 991 | 127 | 1397|1295 e 0,25
i H . nches
Loiso | 670 | 700 [ 3% [ seo | ez | 590 Dimensions:  —om—
17,02 | 17,78 | 991 | 1473 | 1575|1499 Unless otherwise specified, all tolerances aret'g_lzos

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA 92128 « TEL 619-674-8100 « FAX 619-674-8262 « http://fwww.pulseeng.com
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INDUCT ORS DESIGNED
FOR NATIONAL'S 50 KHz
SIMPLE SWITCHER ™

©

©

©
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Pulse

A TECHNITROL COMPANY

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

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

Reference Operating Values 1

Part Identification

Design Control Values

Part Inductor In(;uctiiglce Ibc ETopr Inle:)ctDagge DCR Package Lead
Number Code {EH) (Amps) (V-puSec) (UH + 20%) (Q 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 14 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

NOTES:

1. Typical inductance occurs at the Ipc 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.
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INDUCT ORS DESIGNED =
FOR NATIONAL'S 50 KHz == Pulse

SIMPLE SWITCHER ™ A TECHNITROL COMPANY

Mechanicals
. . .070
Low Profile Series 178
710 710
e N 18,03 MAX 18,03 MAX _" .045 1 .
= 600 1,14
= Pulse T 15,24
PE-XXXXX 460 MAX 2
11,68 SCHEMATIC
Date Code l
Country of Origin U U 400
.400 |<_1OTS -
\ J 400 ,.010 10,16 | 150 '
e P N SUGGESTED PAD LAYOUT
10,16 025 150 020 600 ..010 381
iy, Sty i 2X 'OESQ PIN -
3,81 051 15,24" 0,25 063"
Case Series 1
Iy
N7
7%
N 2

= S 2 144 vax
= 5
= Pulse
PE-53121/2
DATE CODE
COUNTRY OF ORIGIN

Vo -
15,24 < .900
—»{ 800 MAX lk— 22,86 020

20,32 5,08

3 O (No Internal
Connections)

SCHEMATIC

SUGGESTED PAD
LAYOUT

©

KlipMount Series 10%
"
0,8
—
2E
v

pkg | A [ B8] Cc ] D] E[F |
k20 | 450 | 850 | 700 | 325 | 150 | 130
~ 11,43 | 1651 | 17,73 | 8,26 | 3,81 | 3,30 ®
450 | 830 | .950 | .415 | 150 | .130 SUGGESTED PAD
KM-30 | 1143 | 21,08 | 24,13 | 1054 | 381 | 330 LAYOUT
ka0 | 800 | 950 [ 100 | 475 | 225 [ 130 G N ——
' 15,24 | 24,13 | 254 |12,07 | 572 | 3,30 —1
avso | 290 [ 130 [ 140 | 625 | 250 | 130
117,73 | 33,02 | 3556 | 15,88 | 6,35 | 3,30 R C MAX
PE-XXXXX
DATE [CODE
TTI [T COUNTRY OF ORIGIN
l|J F +:020
Dimensions: 'nches -] 0,51
mm T |
Unlessotherwisespecified,aIItoIerancesaretg_lZ% —> D TYP |<— ETYP |<—2
' g+ 005 > E
0,13 lp+:005_ ]
0,13
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MINIA TURE SURFACE MOUNT =
POWER INDUCT ORS == Pulse

A TECHNITROL COMPANY

Reliable self-leads
Very small size and cost-effective

High energy storage and low DC resistance

© 60 6 6

Ideal for DC/DC conversion in hotebook computers,
PDAS, step-up or step-down converters

Electrical Specifications @ 25°C — Operating Temperature30°C to +130°C

Reference Values Control Values Calculation Data
Partpltlihsrﬁber Ioc L+(1@51|’}?)C ET - *lel%"I/Doc Pl%l;) ET10 Pe?rtoli\ll(L:Jﬁger
(amp) _(HH) (V-usec) —(“H) _(mQ) (V-usec)
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
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
PO467T 0.3 320 105 380 1030 7.0 DT3316P-684
P0468T 0.25 420 130 500 1200 6.1 DT3316P-105
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LOW PROFILE SELF-LEADED  =—— Pulse

SURFACE MOUNT INDUCT ORS =7

A TECHNITROL COMPANY

@ 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 Temperature30°C to +130°C

Reference Values Control Values Calculation Data
Part L@ DC Storage L wio DC 100 Gauss 1 Amp DC
Number (;ﬁf ) Loc (V_Elec) Capacity Lo £20% Dc(ﬁqg)AX ET100 Ha
P (HH) " (1) (UH) (V-pisec) (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
Notes: 1. The reference inductance is a typical value at the AC and DC excitation 5. For the copper loss (mW), calculate Ipc? X Ry with Ry in mQ.
listed. 6. The maximum DCR listed is approximately 17% over the nominal DCR (Ryy.
2. Temperature rise is 50°C in typical buck or boost circuits at 250 KHz and 7. For core loss (mW), using frequency (f, Hertz) and operating flux density (B,
with the reference ET applied to the inductor. Gauss), calculate 6.11 x 10718 x B27 x {204,
3. Total loss in the inductor is 380 mWatts for 50°C temperature 8. For flux density (B, Gauss), calculate ET (V-psec) for the application, divide
rise above ambient. by ET100 from the table, and multiply by 100.
4. To estimate temperature rise in a given application, determine copper 9. Limit the DC bias (H) to 46 Orsteds. Calculate H (Orsted) by multiplying Hy
and core losses, divide by 380 and multiply by 50. from the table by Ipc of the application.
Mechanical Schematic
.060

1,52

I

A0 W 4 | —
ites |t * i
- .400
10,16 . R
Suggested Pad Layout
)
215
546 MAX
390 + 015 A
5915038 [(ST005/0,13
500 yax—) RFACH
13,76 4 SURFACES

Weight .............. 1.5 grams
Tape & Reel ............ 500/reel
Tube ........ ... ... ... 40/tube
Dimensions; Inches
mm

Unless otherwise specified all tolerances are t_boi-g
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LOW PROFILE SELF-LEADED
SMT DUAL INDUCT ORS

w

Pulse

A TECHNITROL COMPANY

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

©0 6066

Electrical Specifications @ 25°C — Operating Temperature30°C to +130°C

ID Reference Values Control Values Calculation Data
Part H Inc L@DbC ET L wio DOC DCR (MAX) 100 Gauss 1 Amp DC
Number ookup (amp) Loc (V-psec) Lo +20% mQ) ET100 Ha
(uH) (uH) (V-psec) (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
NOTES: 6. For core loss, using frequency (f) and operating flux density (B),
1. The reference inductance at rated DC current is a typical value. calculate 6.11 x 1028 x B27 x 1204,
2. Temperature rise is 50°C in typical buck or boost circuits at 250 KHz and with the 7. For flux density (B), calculate ET (V-psec) for the application, divide by ETigo from
reference ET applied to the inductor. the table, and multiply by 100.
3. Total loss in the inductor is 380 mWatts for a 50°C temperature rise above ambient. 8. Limit the DC bias (H) to 46 orsteds. Calculate H by multiplying H; from the table by
4. To estimate temperature rise in a given application, determine copper and core Ioc of the application.
losses, divide by 380 and multiply by 50. 9. The maximum DCR listed is approximately 17% over the nominal DCR.
5. For the copper loss, calculate Ipc ?X Ry. 10. Add suffix “T" to part number for tape and reel package (i.e. P0183T).
Mechanical Schematic
50700 MAX 3 8330 1 o O 4
= { v
= 4X == | 1:1+1%
.500 ax Pulse e N 1)
12,70 Date Code 175 T 10,41
Country of Origin QX =25 <
3 4 4,45 ‘ | l
g] % (=2 N =p i A Weight ........ 1.5 grams
Suggested Pad Layout Tube o e
A
.215
5,46 MAX
(SR | He——oerre Dimensions: ”‘r;_zfs

005/0 13 ‘ 330 ‘ ‘ < 410 Unless otherwise specified,
4 SURFACES 8,38 all tolerances are + .010

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

ECE556 Lecture Notes S PCYRB 4664} 662



Page 467 of 662

LOW PROFILE SELF-LEADED

POWER INDUCT ORS

Designed f or PCMCIA Applications

e
m—
— o—
—-——-—
—-—-—
D — D — G—
——-—a-—
e
—

Pulse

A TECHNITROL COMPANY

% 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

Electrical Specifications @ 25°C — Operating Temperature30°C to +130°C

1D Reference Values Control Values Calculation Data
Part Hookup Ioc L @ DC ET I[WPZ(I)Df’? DCR (MAX) 100 Gauss 1 Amp DC
Number (amp) D] (V-psec) 0SeS70 (mQ) ET100 Hy

(uH) (uH) (V-psec) (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 141 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
NOTES: 1. The reference inductance at rated DC current is a typical value. 7. For core loss, using frequency (f) and operating flux density (B),

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.

calculate 747 x 10°%* x B>7 x %,

8. For flux density (B), calculate ET (V-psec) for the application, divide by

ET100 from the table, and multiply by 100.

4. To estimate temperature rise in a given application, determine copper and core 9. Limit the DC bias (H) to 31 orsteds. Calculate H by multiplying H; from
losses, divide by 95 and multiply by 50.
5. For the copper loss, calculate Ipc 2X Ry.

6. For Ry, multiply DCRuax by 0.85.

the table by Ipc of the application.
10. Add suffix "T" to part number for tape and reel package (i.e. PO100T).

Mechanical
< @MAX .050
10,92 — ‘ 197
6 | 8 q
.080 T
380 5 | .300 2,03 st
SesMAX 2] pouxx T M [+ 7.62
Date Code .150 150
Country of 381 381
Origin 47 ,
3 — i 0
| 335 |
| 8,51
.098
fﬂ a 229 " SUGGESTED PAD LAYOUT
(7 |.004/0,10 T
4 SURFACES

Sdchematic

.0.25 grams
1250/reel
...................... 55/tube

Dimensions: Inches
mm

Unless otherwise specified,
all tolerances are + .010

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

ECEBSEYREUH Ndtes

Page 467 of 662



Page 468 of 662

HIGH AND LO W CURRENT
COUPLED INDUCTORS

© 0

e
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— - -
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— - -
[ S S—
P
-

soldering

©

Pulse

A TECHNITROL COMPANY

Self-leaded, surface mount

Frequency range up to 1 MHz

Suited for IR and vapor phase reflow

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

Part Ibc Lw/pc ET Size Lw/oDC Max DCR
Number (Amps) (uH) (V-u sec) Code (UH £ 20%) (mQ)
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
Mechanicals
HCCI LCCI
080
l«— 4X 2= R
ﬂ ‘ 03 . 060 MAX
4X =—= 175
ax 29 |y 1 + ! - ‘
7,62 | |
—y | | f 005 } — A 12 1.
— T — ~Ffo7 T | Ei% L !
' | ’ . Z=Pulse |
—|t : | | v ‘o /
\ '3 4
<208 LN ; |
‘H c . 005 127
=127
C
X [[ MAX
C
MAX >> )} i - I NE
Y ‘( D 015 ﬂ
Oy 015 H‘ 381
[ 051327 | o R (] oosi27 |
2 SURFACES B MAX <~—— BMAX —> 4SURFACES . Inches
mm
Size Codes .
| SzeCodes Schematics
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 HCCI LCCI
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 2 5 4 > e
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 3 2

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

ECES556 Lecture Notes

PCRRB 4680} 662



Page 469 of 662

SURFACE MOUNT INDUCT ORS
SELF-LEADED

Pulse

A TECHNITROL COMPANY

(i

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

e Frequency range of up to 1 MHz

@ Patented, low profile, self-leaded design

Electrical Specifications @ 25°C — Operating Temperature30°C to +130°C

REFERENCE VALUES! CoNTROL VALUES CALCULATION DATA

Pulse Ipc2 L with DC L w/o DC DCR 100 Gauss 1 Amp DC DCR

Part (Amps) Lpc ET Size Code Lo Rpc ET100 Hi RN
Number (1H) (UH £ 20%) (mQ MAX) (V-uSec) (Orsted) (mQ 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 115 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 84 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 124 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:

equals 9.07 x 1010 f1.26 g2.11 B s the operating flux
density (Gauss) due to ripple voltage and f is the oper-
ating frequency (Hertz) of the ripple current.

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).

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 4.
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 (mWi/cc)
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INDUCT ORS DESIGNED
FOR NATIONAL'S 150 KHz
SIMPLE SWITCHER ™

©

©

©

(i

Pulse

A TECHNITROL COMPANY

Tested and recommended by National
Semiconductor

Base material meets flammability
requirements of UL 94V-0

Available in surface mount and through

hole versions

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

L . 1
Pulse Pulse National In Qr::wt Operating Parameters 5 Nominal Package
THT Part SMT Part Part Nominal Rated Max DCR
Number Number Number Inductance Current ETopr Q) Through Surface
(uH) (Amps DC) (V-pSec) 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 4.5 328 0.02 KM-30 —
Notes : 1. Inductance values may vary +20%. 3. ETop rated at 100 KHz.

2. ETop rated at 150 KHz except where designated.

4. SIMPLE SWITCHER™ is a trademark of National Semiconductor Corporation.
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INDUCT ORS DESIGNED
FOR NATIONAL'S 50 KHz
SIMPLE SWITCHER ™
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Pulse

A TECHNITROL COMPANY

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

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

Reference Operating Values 1

Part Identification

Design Control Values

Part Inductor In(;uctiiglce Ibc ETopr Inle:)ctDagge DCR Package Lead
Number Code {EH) (Amps) (V-puSec) (UH + 20%) (Q 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 14 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

NOTES:

1. Typical inductance occurs at the Ipc 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.

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA 92128 « TEL 619-674-8100  FAX 619-674-8262 « http://www.pulseeng.com
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INDUCT OR FOR HARRIS

SEMICONDUCT OR
Portable Power Converter HIP 5020 Eval 1

Pulse

A TECHNITROL COMPANY

(e

@ 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

Electrical Specifications @ 25°C — Operating Temperature30°C to +130°C

Reference Values Control Values Calculation Data
Pulse Ioc L@DC ET Storage L wio DC DCR 100 Gauss 1 Amp DC
Part Number (amp) Lbc (V-pisec) Capacity Lox20% MAX ET100 Hi
(uH) (nJoules) (uH) (mQ) (V-pusec) (Orsted)
P0119 4.96 7.4 14.34 90.43 12.7 18.2 1.20 7.42

NOTES:
1. The reference inductance is a typical value at the AC and DC excitation listed. 6. The maximum DCR listed is approximately 17% over the nominal DCR (Ry).
2. Temperature rise is 55° C in typical buck or boost circuits at 200 KHz and with the 7. For core loss in mWatts, using frequency (f, Hz) and operating flux density

reference ET applied to the inductor. (B, Gauss), calculate: 0.342 x 1012 x B213 x f1.52,
3. Total loss in the inductor is 423 mWatts for 55°C temperature rise above ambient. 8. For flux density (B, Gauss), calculate ET (V-usec) for the application, divide by
4. To estimate temperature rise in a given application, determine the total losses ET100 factor from the table and multiply by 100.

(copper losses + core losses), divide by 423 and multiply by 55. 9. For estimating L with DC current, calculate H by multiplying H; from the table by
5. To determine copper losses, calculate: Ipc of the application. Using H determine the DC perm Factor (Fupc). Multiply L

CopperLoss (MW) = Ipc? X Ry (with Ryin mQ). w/o DC by Fypc for L @ DC.
Mechanical Sdchemdic
—> |<— 2X .060/1,52
N & O_('Wm_o
1 2
; —[t|—— + ——[f| — E +.005/0,13
A MAX 1 Weight ........ 2.4 grams
Tube ............ 30/tube
G¢‘ . v
“—F +005/013 ™ \ R

Suggested PCB Layout

| A | Bl C D] E]F
@‘i‘@‘@‘@‘ﬂ
3 .

1435 | 14.48| 9,14 |11.43 | 13.21| 11.68

C mMAX Dimensions; !Nches
~ Unless otherwise specified, all tolerances are %
D +015/0,38 [27.005/0,13]
~— B MAX —| 4 SURFACES

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA 92128 « TEL 619-674-8100 * FAX 619-674-8262 « http.://www.pulseeng.com
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PGF POWER INDUCT ORS E——
High Current, Lo w Profile, % PUIse

High Frequenc y

A TECHNITROL COMPANY

15 AMP current capability

Surface mount

© 6 6

Heat sinkable

PGF Power Inductors (right) are designed for
use with PGF Power Transformers (left).

Electrical Specifications* @ 25°C — Operating Temperature 20°C to +85°C

Part Inductance + 30% Inductance +30% IDC ET MAX* FO DCR MAX.
Number at 0 ADC (uH) at IDC (uH) (MAX ADC at ET MAX) (V-uSec) (KHz) (milli Ohms)
PE-53974 3.2 1.75 15 6 200-750 4.3
PE-53975 6.7 35 10 9 150-750 8.4
Mechanical Footprint Sdchemaic
173
19,63
I <L
8,71
.753
ST 162 1
19,13 m% -~ o
336 |
- ra,sa S
: — + —
- NC o _(WYY\_O3
300 \1ax i
[ I ] 209,002
].006/0,15 T 531 0,05
3 SURFACES .162JA ‘ ‘ _ 452, .002
! 411 11,48 0,05 S
| [ 2
o
170 m | m
4,32 ; .« Inches
LEJ Dimensions: m_
9,58 Unless otherwise specified, all tolerances are * 8_1205
Application

and PE-53975 power inductors are designed to be used with the

These inductors are designed for high current at high ripple
PE-68471 and PE-68472 surface mount power transformers.

frequency. Overall height is 300 mils £10%. The PE-53974

Specifications are tabulated for 250 KHz operation at 45°C temperature rise with convection cooling only. Heatsinked applications provide

*NOTE:
higher current and Volt-Microsecond capability.

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA 92128 « TEL 619-674-8100 « FAX 619-674-8262 « http://fwww.pulseeng.com
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LOW PROFILE SELF-LEADED
CURRENT SENSE INDUCTORS

Pulse

e
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A TECHNITROL COMPANY

@® 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

Part | RT Droop Ls Rs Turns Hipot
Number (Amps) (Q) (%) (mH MIN) (Q 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
NOTES:

1. Inductance is measured at 100 KHz, 20 mVrms. *10KHz, 60 mVrms.
2. Hipot is 500 Vrms, measured at 60 Hz, 2 seconds.
3.1, Rt, and Droop are reference values only.

Mechanical
1 5 2
KNN—F=F=A
490 + .015
12,45 + 0,38

DA |
TN

4. Reference values are for the one turn winding connected in parallel
for unipolar operation at 200 KHz.

Footprint
2X Zl—gg —> <— 030
‘ J 2X ﬁ

3 6 4 —_— —@ 7t
| 1100
X 554
.040
\ ? —> ||| «— 4% m
4 280 \ax 410
7,11 10,41
410 £ .015 () |.005/0,13 .
—>| 1041+038 |« |<— ii% MAX —» 6 SURFACES Schemaic
.495 MAX
12,57 o
1 05
1TURN '3 2
2
3 Ns TURNS
. . [ ]
Unless otherwise specified, all tolerances are + 2:905 Dimensions; nches 1TURN 3
0,127 mm 4 o o 6

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA 92128 « TEL 619-674-8100  FAX 619-674-8262 « http://www.pulseeng.com
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THOUGH HOLE CURRENT
SENSE TRANSFORMERS
AND INDUCT ORS

Pulse

———
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DG

A TECHNITROL COMPANY

%@ VDE Approved

%@ Designed for switching power supply
applications

@ Transformer meets IEC950 insulation
requirements

% Frequency range from 20 KHz to 200 KHz

Part Number Part Number Part Number Secondary | Secondary Primary Primary
Transformer | Schem. | Transformer | Schem. Inductor Schem Turns Inductance | Inductance RS RT Unipolar Bipolar
with2-1T Figure with 1T Figure witho ut Figure Ns MH Test Voltage | (Q MAX) | (QNOM) | Amp p Sec. Amp p 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
NOTES:
1. Maximum ratings specified with rated secondary terminating resistance 3. Maximum operating temperature 105°C (ambient plus rise).
and 1 turn primary. 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.

2. Amp-microsecond (ApSec.) rating of primary equals volt microsecond
(VuSec.) 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.

Mechanicals Sdchematics
Transformer Inductor
1A 1B
? 1 D ® 3 1 D o
16 3 T 390\ A x
9,91
PE-XXXXX 4 | 700 y1ax v
DATE CODE 17,78 2 5
2 7 5 | 2 5
900
3355 MAX—>| 170
T a3MN 1C 1D
] 1 RIRQ 3 1 5
1o e T
2010 1441 = Pulse
528N W , l } 60— 6 83
|_| 1370 MIN |_| |_| |_| OO%SMIN—T ! ° ! >
250 l
200 _,].250| .500/.700
- 41 Ff’ 08 s 5‘ 835 35 12,7017, 78 VAXYMIN
4X 3 1,30%076 .700 zxé)?g 85?1 500 12 70 030 002 2A 2 B
(Leads: 1,2,6,7) w78 (Leads: 3,5) 12,70 0.76 *0.05 1 1
Solderable B P
Pin 2
3 3
Unless otherwise specified, all tolerances are + 005 Dimensions: Inches
0,13 mm

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA 92128 « TEL 619-674-8100 « FAX 619-674-8262 « http://fwww.pulseeng.com
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500 KHz CURRENT SENSE _
TRANSFORMERS & INDUCT ORS=—= Pulse

Through Hole P ackage

A TECHNITROL COMPANY

@ Frequency range from 200 to 500 KHz
@ 1250 VRrwms isolation
@ 20 Amp peak sense current

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

Part Part RT! Secondary Secondary DCR DCR Vs
Number Number 0 Turns 2 Inductance 2 Secondary Primary v
Inductor Transformer ©Q Ns (uH MIN) (Q MAX) Q) (mv)
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.+1turn
Mechanicals
Inductor Transformer
= Y .«
.380
1 &‘%4 a5 A
= E§ 4J:LL
O 580 A
7] '//‘ ‘\\ 1473 MAX gl
e =
PE-5287X -
l DATE 2 Efir
.120/.155 H
PE-6497X
3,05/3,94 1 4 i e
—»|:325 400 .120/.155
T 8,26 MAX % 1016 3,05/3,94 7H
550 325
220 ax—> —> 8.26 MAX [<— %7
' ' 400 5 3,81
Dimensions: Inches 10,16
mm «— 550 >
Unless otherwise specified, 13,97
all tolerances are + .010 H
0.25 Sdemaics
Inductor Transformer
g 1 - 1
USER
PROVIDES Ng TURNS 1 TURN i g 3 Ng TURNS
TURN
4 2
PE-52876, PE-52877, PE-52878 PE-64976, PE-64977, PE-64978

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

ECEBSE YR EH Notes 18 Page 476 of 662




Page 477 of 662

STANDARD LOW POWER
INDUCT ORS

Switc h Mode Power Converters
and Ripple Filter s

® 6

©

©

i1 Pulse

A TECHNITROL COMPANY

Designed for general purpose use

High inductance stability with varying
volt-seconds and load currents

Compact, standard packages

Low profile or vertical packages

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

REFERENCE OPERATING VALUES DesiGN CONTROL VALUES
Low Profile Vertical Inductance Ibc Maximum Energy Inductance 20 KHz DCR
Part Part Typical (AMPS)1 ETop? Storage No DC Test mV (Q MAX)

Number Number (uH) (V-uSec) (ud)? (UH £ 20%) No DC
PE-52625 PE-52645 150 17 80 215 145 110 A2
PE-52626 PE-52646 220 15 90 240 226 140 A2
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

NOTES: 1. Ioc rated for 40°C Temperature rise @ low ETop. 2. Derate current 20% at this ETop.

Mechanicals

Low Profile Package

710 MAX .710 MAX
18,03 18,03 600

Z=Pulse
PE-XXXXX

Date Code
Country of Origin

400
10,16
N

L 150
381

600 ,.010 8L o5

- le— ——

381 051 1524 0,25 | 2X 563 5Q-PIN

Vertical Package

710 pax 510 pax
18,03 12,95 r

‘ .400

~~1016
150 SUGGESTED PAD LAYOUT

Inductance

178 Characteristics
.045} 1 20

5 ‘ - 10 =
2 g ////
SCHEMATIC L 0
-10
0 250 500
V-usec.

Inductance Variance vs. E.T.

178
120
= 045 1 110 —
ZEPulse 600 114 ' o — |
TPE-XXXXX 178703 MAX 15,24 X 100
2
Date Cod 90
Couna;r;e/ ofoo‘reigin l SCHEMATIC
‘ 400 80
T ~~i0,16 0 25 50 75 100125
SUGGESTED PAD LAYOUT V-usec.
150 , .020 -600 ,.010 200 o1 \ 025 Induct Vari
381 051 15,247 0,25 fo16 0 2E 2X 53 SQ. PIN nauctance variance
- ‘ vs. Load Current
Unless otherwise specified, all tolerances are + :010 Dimensions: nches
0,25 mm

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA 92128 « TEL 619-674-8100 « FAX 619-674-8262 « http://fwww.pulseeng.com
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LOW COST INDUCTORS

Electrical Inf ormation

Pulse

A TECHNITROL COMPANY

(o

% 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 filters®
REFERENCE OPERATING VALUES DEesiGN CONTROL VALUES
Vertical Low Profile  |Inductance Ioc ETop Energy | Inductance | 20 KHz DCR Coll Klip Lead
Part Part Typical (AMPS) | (V-uSec) Storage | No DC (uHy)| Test mV (Q MAX)5 Size Mount | Diameter
Number Number (uH)1 (nJ)y4 +20% No DC2 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).
Relationships Between Reérence and Opeating Conditions
Inductance vs. DC Current Inductance vs. Operating ET Max. Operating ET vs. Frequency
(at reference ET) (at reference Ipc) (at reference Ipc)
L
9]
8 2.00 HID 200 x| 200
) o|u o
4 1.75 Tomp. Rise E g 115 = 175
E  Ris ;
=8 150 = 40°C S E 1.50 T e — Sl 1s0
Wy \ Wi ol
a0 125 &lW g5 <0 125
O|= ~~ Olx ,— x|Z Y
= (W \ = L —1 ol
<|@ 100 \\.\ E < 1.00 ./.," I|& 1.00 AN
L L
Ol 75 212 s ] — bE s
| |2 olx ™~
5 50 = 55 s0 Z 50
] Olo =
3 33 &
g .25 Z|2 .25 5 .25
- o &
0 .25 50 .75 1.00 1.25 1.50 0 25 50 .75 1.00 1.25 150 0 20 30 40 50 60 70 80 90 100
OPERATING DC CURRENT OPERATING ET OPERATING FREQUENCY — KHz
REFERENCE Ipc REFERENCE ET
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TOROIDAL INDUCT ORS
HIGH CURRENT
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Cost-effective designs
Semi-encapsulated construction
Maximum operation temperature of

130°C (Ambient + Rise)

©

maximum current

Electrical Specifications @ 25°C

REFERENCE OPERATING VALUES

DEsiGN CONTROL VALUES

Pulse

A TECHNITROL COMPANY

A 2:1 inductance swing from zero to

Inductance ETopl Energy Inductance 50 KHz : Lead
an?{)ter Typical ( All\zlgS) (V-pSec) Storage No DC (uH) Test mV (QD,\CA:EX) CS(')E‘Z Diameter
(uH)2 20 KHz |40 KHz (1J MIN)3 (£20%) No DCs (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: Mechanicals
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. \w i
e ) o A
. :1 nominal inductance swing from no Ipc to operating Ipc gives improved Qx\
protection against current discontinuities at light loading. Inductance increases §
with greater ETop. Reference values occur at Ipc and low flux density. H MAX
3. L2 rating is the ability of the inductor to store energy. A = Pulse
> G MIN = PE-515XX i
DATE CODE
) i . ) ) ¢ l COUNTRY OF ORIGIN
4. Design control test voltage is critical. Inductance increases with voltage. U/ w ? J [
E MAX T
Si —1 B MAX <~ <~ D —
ize
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 1 A O L g’)
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 +.010 Lead Dia.
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 3 Ol 0| (PLCs)
D | 0.80/20,320.90/22,86 | 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 2 A MAX
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 3 OCNO‘?]:{gCe{igﬁ's
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: nches
mm

010

Unless otherwise specified, all tolerances are 0_25

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA 92128 « TEL 619-674-8100  FAX 619-674-8262 « http://www.pulseeng.com
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TOROIDAL INDUCT ORS
HIGH INDUCT ANCE

Pulse

e

— o—
S ~m— G
— - -
— - -
—— - -
DG

A TECHNITROL COMPANY

& 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

REFERENCE OPERATING VALUES DEesIGN CONTROL VALUES
Inductance Maximum Energy Inductance :

Pakr)t Typical Ioc ETop Storage No DC (mHy) QDCR Slze
Number (MH) (AMPS) (V-pSec) (1 MIN)L (£20%)2 (QMAX) Code
PE-50500 0.5 .60 110 90 72 0.35 7
PE-50501 1.0 .35 160 60 151 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. L_I2 rating is the ability of the inductor to store energy. 2. Inductance measured at 0.4 Volts and 20KHz.

2
Mechanical

Inductance Variation
with Ipc Change

#20 (0.032 inches) AWG
LEADS (4 PLS) /

(]

9

]

g 1.30 D

= [

xle 1.15 5

&l — |

5|Q 100

i ) —
<X 85 e

u i ions:  Inches

8 i " Dimensions: Inches o E MIN
|<£ e : Unless otherwise specified,

Q all tolerances are + .010 l«— B —>—C

a 75 100 1.25 0,25 MAX MAX
b=

OPERATING CURRENT Ipc
REFERENCE Ipc

Schemaic

-ﬂ-ﬂ-
Code 1

754 | 400 | 500 | 625 | 0.03 °
18,92 | 1016 | 1270 | 15,87 | 0.76 ;
g | 1140 | 665 | 500 | 100 | 0.03
2895 | 1689 | 1270 | 25.40 | 076 30 OPEN
o | 1416 | 850 | 500 | 1.250 | 0.03
3596 | 2159 | 12,70 | 13.75 | 0.76 40O OPEN

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA 92128 « TEL 619-674-8100 « FAX 619-674-8262 « http://fwww.pulseeng.com
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COMMON MODE EMI

SUPPRESSION INDUCTORS

066

® 0

Pulse

e
A TECHNITROL COMPANY

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

LowPProfiIe vertical Réa’\t/lesd \Il_gzait Inductance | Test Level Inlaeu?:i::r?ge MaE.CeF;ch Package Llre;iﬁezlin.]g(;gr
art Mount Part Current ! RMS Line at 1KHz Volts RMS 130KHz WDG Number L Vertical
Number Number (mH MIN) 1.0KHz ow eruca
(Amps) 117V | 220V (UH MIN) Q) 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

NOTES: 1. Rated RMS current for 40°C rise at any input voltage. 2. Caution — do not exceed rated RMS current ratings.

Mechanicals
Vertical P ackage Low Profile P ackage
<«—— AMAX ——>
3mm Creepage
Spacer || (P 1e e T T < © +
O O = Pulse| A ‘
35 o4 PE-6289X MAX 0 C 9 ?
(DATE CODE) l ‘
G MAX 2 4 l ——-o +
A £ Pulse
oo o, | v EE ezl A MIN |
p q \ ¢ COUNTRY OF ORIGIN - MAX C
L c J ! H H H \H B — < 200 miN
L%MIN ‘(*D‘){ «<— B MAX —> MAX 08
Package Package
Number A C E F G Number A c E
1 1.15 | .550 | .400 | .800 45 .015 | 1.15 1 1.25 .600 1.00 .015 900
29,21 | 13,97 10,15 | 20,32 | 11,43 | 0,38 | 29,21 31,75 15,24 25,40 0,38 22,86
2 1.44 | .800 | .600 | .900 .70 .030 | 1.50 2 1.50 .800 1.28 .010 1.083
36,57 | 20,32 | 15,24 | 22,86 | 17,78 | 0,76 | 38,10 38,10 20,32 32,51 0,25 27,50
Unless otherwise specified, all tolerances are * 8_1205 Dimensions: %

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA 92128 « TEL 619-674-8100  FAX 619-674-8262 « http://www.pulseeng.com
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200 KHz COMMON MODE
EMIINDUCT ORS

® 6

©

Elect. Specs. @ 25°C— Operating Temp. -30° to +130° C

part |Rated RMS| Inductance | DCR | case | Leakage Self
Number | Current mH Ohms | gtyle | Inductance | Resonant
(ANormal) |  (£30%) | (MAX) (MIN/MAX pH) | (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 33 0.07 3 15/35 1000
PE-96177| 3.15 2.2 0.06 3 10/20 1400
PE-96178| 3.15 12 0.04 | 3 6/15 2100
PE-96179| 3.15 12 004 | 4 5/14 1600
PE-96181| 5.0 39 0.06 1 25/60 650
PE-96186| 6.3 2.7 0.04 1 20/45 650
PE-96187| 8.0 33 0.033| 2 20/45 600
PE-96188| 10.0 1.8 0.02 2 10/25 850
PE-96189| 12.5 15 0.015| 2 10/20 900
PE-96190| 15.0 1.0 0.01 2 7/15 1000
Scemaic
1 Q 3
2 4
Dimensions; nches
mm

010

Unless otherwise specified, all tolerances are + 0_25

e
o
SED " m— S
— - -
— - -
— e e
DG
I

Pulse

A TECHNITROL COMPANY

Common mode EMI Inductors

Designed for higher frequency power

conversion

For use in SMPS input filtering circuits

Mechanicals

CASE 11

CASE 22

1.685
2089 (\ax
42,70( >

2

800 008 -
S EYAS 2030£0,20
S
PINL At ¥_ PINL
600 +.008 x
) 1520£020 100 +.008
-158; 197 P ) 25,40 0,20
o S’O&H | 1971237
' ) 5,00/6,00
LEvEL oF 134 ENCAPSULANT 1 I :
ENCAPSULANT I 34'00 i w
i 200
CASE 3! CASE 41
910
<219 (yax
‘ 2310
1.10 2 4 A
> = <
(MAX - 615
28,00 . EPulse| 154
1 3 v
1.07
207 (max
2 70" 500008
. = <
100+ OrL ﬂmo 0,20
25'40‘ 0,20 [N Y o —— S
PIN1[¥ 2y 12702020
_ 750 +.008 i J,
19.05£0.20 1581.197 X
- S A 0BE :
| x
240/.270 e on 4
BIOBBLY -y T AN L10 5
1Y il
A % (MAX) |
COIL- !
%

NOTES:1. Leads have 031/:039 o oter.

.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.

12220 WORLD TRADE DRIVE, SAN DIEGO, CALIFORNIA 92128 « TEL 619-674-8100 « FAX 619-674-8262 « http://fwww.pulseeng.com
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Power Inductors — DC1012 Series

Page 483 of 662

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.

Specifications 39 |
pe current m Max D|a.’———|

Part Inductance * DCR Rating 2 | |
Number 10% uH Max (Q) (Amps)
DC1012-103 10 .026 35
DC1012-123 12 1030 3.2 60
DC1012-153 15 .035 3.0 —— Max
DC1012-183 18 .038 2.8 15,2
DC1012-223 22 .046 2.5
DC1012-273 27 .070 2.2
DC1012-333 33 .080 2.0 J |_ +
DC1012-393 39 .088 1.8
DC1012-473 47 .100 1.6
DC1012-563 56 .15 1.4
DC1012-683 68 A7 1.2 024 _.
DC1012-823 82 .20 1.2 06 Dia. —= t=— 157 + 04
DC1012-104 100 .22 1.2 ’ =
DC1012-124 120 .29 1.0 40=x1,0
DC1012-154 150 .34 .9
DC1012-184 180 .38 .8 +
D8181%-§24 %28 gézl T o
DC1012-274 7 . T
DC1012-334 330 70 B A97+.02
50=x0,5

f O
1. Tested at 100 kHz, .1 Vrms.
2. Current rating is based on I?R loss = 3/8 Watt Max. Inductance drop is 10% typ. at the rated current.

Document 147 Revised 6/25/97

1102 Silver Lake Road Cary, lllinois 60013  Phone 847/639-6400 Fax 847/639-1469
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Power Chokes — Vertical Mount

The Coilcraft PCV-0-and PCV-1 Series are low cost
power inductors whose simple design provides rugged
reliability and performance.

Page 484 of 662

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

-y
values shown in bold as well as values from our PCV-2
Series. To order, contact Coilcraft.
_,—'-"r
® | ow cost
f ® Wide range of standard values
: I."

® All 130°C class insulation

PCVOSeies == Povises o

=
_—

DH__ o—f— |

5,6/7,1

PCVA) Series

Part Inductance * Isat? Irms? DCR A B C D

Number (uH) (Amps) (Amps) Max (Q) Max Max +.015/0,38 +.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 33 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 x10% 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

1Tested at 15.75 kHz, .1 Vrms, with DC bias applied up to the rated current.
2nductance drop = 10% typ. at Isat.

3 AT = 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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PCV-) Series — Continued

Part Inductance 1t Isat? Irms?3 DCR A B C D

Number (nH) (Amps) (Amps) Max (Q) Max Max +.015/0,38 +.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-1 Series
Part Inductance 1t Isat? Irms?3 DCR A B C D

Number (uH) (Amps) (Amps) Max (Q) Max Max +.015/0,38 +.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

1Tested at 15.75 kHz, .1 Vrms, with DC bias applied up to the rated current.
2 Inductance drop = 10% typ. at Isat.

3 AT = 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 135-2 Revised 7/31/00
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Axial Lead Power Chokes—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 ¢ Optional tape and reel packaging
* High saturation current—up to 14.3 Amps DC * Designer’s Kit of sample parts available
e Standard EIA or custom values * Most values shipped from stock
| 1.25 + 250 1.25 + .250 |

.585
14,85 85

PCH-27 SE |
CH-27 SERIES | /WM@:

20 AWG tinned copper 650
— Max.
277 Max. Dia. 16,51
7,04 clean lead
to clean lead

863 I 1.25 = 250 |
219 ¥ ‘ 31,75+6,35 ‘

|
PCH-45 SERIES a | 4 P
20 AWG tinned copper
453 938 Max. clean lead
T Max. Dia. 23,8 tocleanlead

‘ 31,75+ 6,35 | 31,75+6,35 ‘

| 1.25 + .250
| 31,756,385

Specifications subject to change without notice. Document 138-1 Revised7/8/97
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Document 138-2

PCH-27 SERIES POWER CHOKES

Page 487 of 662

Part Inductance =+ 10% SRF Typ DCR Max Sat. Current Rated Current

Number Nom (MHz) (Ohms) (DC Amps) (AC Amps)
PCH-27-392 3.9 pH 38 .017 7.01 17
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 13
PCH-27-153 15 12 .041 341 13
PCH-27-183 18 11 .045 3.09 13
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 A2 1.74 .84
PCH-27-683 68 7 .16 1.57 .67
PCH-27-823 82 4 .22 141 .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 A7 .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 AT72 21
PCH-27-824 820 1 2.14 427 .16
PCH-27-105 1.0mH 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 33 .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
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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 uH 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 21
PCH-45-104 100 3 .086 2.80 1.7
PCH-45-124 120 3 .095 2.55 17
PCH-45-154 150 3 14 2.30 1.3
PCH-45-184 180 2 .15 2.10 13
PCH-45-224 220 2 A7 1.90 1.3
PCH-45-274 270 2 .19 1.72 13
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 1.0mH 1 .69 .893 .67
PCH-45-125 1.2 1 .78 .817 .67
PCH-45-155 15 .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 A3
PCH-45-226 22 .20 16.8 .190 A3
PCH-45-276 27 .15 18.6 71 A3
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.

Specifications subject to change without notice. Document 138-3 Revised 11/14/97
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Power Chokes — Vertical Mount

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.

Page 489 of 662

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 Coilcratft.

— ]
B B ———
F A )
M%#{
5,6/7,1
Current
Part Inductance * Rating 2 DCR A B c D
Number +10% (uH) (Amps) Max (Q) Max Max +.015/0,38 +.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.

Document 136 Revised 6/25/97
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_-I IX ! S ADVANCED TECHNICAL INFORMATION

Trench Power MOSFET IXUC200N055 \Y; = 55V

DSS
™ —
ISOPLUS220 l,. = 200A
Electrically Isolated Back Surface RDS(On): 5.1 mQ
D
G ISOPLUS 220™
s \
Symbol Test Conditions Maximum Ratings G %,
b /
Vies T, =25°Cto 150°C 55 \" s /T\
Vs Continuous 20 \% Isolated back surface*
Ioss T, =25°C; Note 1 200 A G = Gate, D = Drain,
™ T, =90°C, Note 1 160 A 5= Source
lops T, =25°C;Note 1, 2 200 A " Patent pending
lsoo Tc =90°C, Note 1, 2 140 A Features
Iorms) Package lead current limit 45 A e Silicon chip on Direct-Copper-Bond
" substrate
As T, =25°C 500 mJ - High power dissipation
P, T, =25°C 300 W - Isolated mounting surface
- 2500V electrical isolation
T, -55 ... +175 °C e Trench MOSFET
o -verylow R ¢
Tow 175 C - fast switchDi?{g)
Teo -55 ... +150 °C - usable intrinsic reverse diode
- N e Low drain to tab capacitance(<15pF)
T, 1.6 mm (0.062 in.) from case for 10 s 300 C o Unclamped Inductive Switching (UIS)
VoL RMS leads-to-tab, 50/60 Hz, t = 1 minute 2500 Ve~ rated
F. Mounting force 11..65/2.4..11 N/b Applications
Weight 2 g e Automotive 42V and 12V systems
- electronic switches to replace relays
and fuses
- choppers to replace series dropping
resistors used for motors, heaters, etc.
o o - inverters for AC drives, e.g. starter
Symbol Test Conditions Characteristic Values generator
(T, =25°C, unless otherwise specified) - DC-DC converters, e.g. 12V to 42V, efc.
min. | typ. | max. o Power supplies
- DC - DC converters
Roston) Vgs =10V, 1, =100 A, Note 3 51 mQ - Solar inverters
Ve =10V, 1 =1, Note 3 4.0 mQ o Battery powered systems
- choppers or inverters for motor control
Vs Vs = Vger Ip =2 MA 2 4 vV in hand tools
- battery chargers
loss Vos = Viss T,=25°C 20 pA
V=0V T,=125°C 0.2 mA  Advantages
_ _ o Easy assembly: no screws or isolation
loss Vs =#20 V, Vg =0 1200 nA foils required
e Space savings
o High power density
© 2000 IXYS All rights reserved 98761 (11/00)
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_-l IXYS Advanced Technical Information

HiPerFET™ IXFN 340NO6 V,,, = 60 V

Power MOSFETs 025 = 34g g
Single Die MOSFET DS(on) m

o
nm mn

N-Channel Enhancement Mode
Avalanche Rated, High dv/dt, Low t_

Symbol Test Conditions miniBLOC,SOT-227 B (IXFN)
Viss T, =25°C to 150°C 60 \%
beR T, =25°C to 150°C; R, = 1 MQ 60 \Y,
Vs Continuous +20 \%
Visu Transient +30 \%
los T. =25°C, Chip capability 340 A
| ruis) Terminal currentlimit 100 A
lom T. =25°C, pulse width limited by T , 1360 A
ls T. =25°C 200 A G = Gate D = Drain
S = Source
(= T. =25°C 64 mJ
Either Source terminal at miniBLOC can be used
E,q T. =25°C 4 J as Main or Kelvin Source
dv/dt I, <I,,, di/dt <100 Alus, V_ <V ., 5 Vins
T, <150°C,R,=2Q
Features
P, . = 25°C 700 w
® |nternational standard packages
T, -55 ... +150 °C . . . -
T 150 oc ® MiniBLOC, with Aluminium nitride
M isolation
Too -55 ... +150 C  elowR, o HDMOS™ process
VisoL 50/60 Hz, RMS t=1min 2500 V-~ ® Rugged polysilicon gate cell structure
lso, <1 MA t=1s 3000 V~ e Unclamped Inductive Switching (UIS)
M, Mounting torque 1.5/13 Nm/lb.in. rated _
Terminal connection torque 1.5/13 Nm/lb.in.  ®Lowpackageinductance
. s .
Weight 30 9 Fastintrinsic Rectifier
Applications
Symbol Test Conditions Characteristic Values ® DC-DC converters

(T,=25°C, unle_ss otherwise specified) e Battery chargers

min. | typ. | max. ® Switched-mode and resonant-mode
Voo Vo =0V, I, =3mA 60 % power supplies
Ve Vs = Ve I, = 8 MA 2.0 40 v  *DC choppers
® Temperature and lighting controls

lsss Vg =220V, V=0 200 nA
lpss Ve = Voo T,= 25°C 100 pA

Ve =0V T, = 125°C 2 mA  Advantages
Rosion Vi =10V, I, = 100A 3 mQ e Easytomount

Pulse test, t<300 us, ) Space savings

duty cycle d<2 % ® High power density
© 2000 IXYS All rights reserved 98751 (10/00)
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[ |
I II >< 1 S Advanced Technical Information
]

CoolMOS Power MOSFET Vbss | lp2s | Rps(on)
IXKN 45N80C soov\ 44 A ‘ 74 mQ

N-Channel Enhancement Mode

Low Rpson High Vpss MOSFET D
. COOLMOSK
Power Semiconductors
S
S
MOSFET miniBLOC, SOT-227 B
ﬂ E72873
Symbol Conditions Maximum Ratings
Vpss Ty; = 25°C to 150°C 800 \
Vs +20 \Y
loas Tc=25°C 44 A
Iogo T, =90°C 30 A
dv/dt Vps < Vpss: e <17 A;Odi/dti2 100 Alus 6 V/ns
Ty, = 150°C G = Gate D = Drain
S = Source
EAS ID = 4 A; L=80 mH; TC =25°C 670 mJ Either source terminal at miniBLOC can be used
Eir lb=17A;L= 3puH; T,=25°C 0.5 mJ as main or kelvin source
- . Features
Symbol Conditions Characteristic Values _ u
(T,, = 25°C, unless otherwise specified) ~ * MiNIBLOC package
min. typ. | max. - Electrically isolated copper base
- Low coupling capacitance to the heatsink for
Roson Vs =10 Vi, = lpg 63 74 mQ reduced EMI
- International standard package SOT-227
Vesth Vs =20 V;lp =4 mA; 2 4 Vv - Easy screw assembly
lpss Voo = Voee Vas = oV;T,= 25°C 50 pA . fast. CooIMOS power M_O_SFET - 3¢ generation
Ty, = 125°C 20 HA - High blocking capability
- Low on resistance
|GSS VGS =420 V; VDS =0V 400 nA - Avalanche rated for unclamped
inductive switching (UIS)
Q, 332 nC - Low thermal resistance
Q,e V=10V V =640V; I ;=70 A 36 nC due to reduced chip thickness
Qg 168 NC . Enhanced total power density
t 25 ns o
tu(o ) Ves: 10V: VDS = 640 V: 15 ns Applications
t' |D =70 A; Re =180Q 75 ns + Switched mode power supplies (SMPS)
td‘°”) 10 ns « Uninterruptible power supplies (UPS)
f + Power factor correction (PFC)
Ve (reverse conduction) |_ = 37.5 A;Vgs =0V 10 | 1.2 v - Welding ,
+ Inductive heating
Risc 0.33 KIW

CooIMOS is a trademark of
Infineon Technologies AG.

145

IXYS reserves the right to change limits, test conditions and dimensions.

© 2001 IXYS All rights reserved 1-2
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DIXYS

I ™
HiPerFET VDSS | ID25 | RDS(on)
Power MOSFETs IXFH/IXFM10N100 1000V | 10 A [1.20 Q
IXFH/IXFM12N100 1000V | 12 A |1.05Q
N-Channel Enhancement Mode IXFH 13 NlOO 1000V 125 A 090 Q
. . D
High dv/dt, Low t , HDMOS™ Family t <250 ns
G
s
Symbol TestConditions Maximum Ratings TO-247 AD (IXFH)
Viss T, =25°Cto 150°C 1000 \Y
Vier T, =25°Ct0150°C; R, =1 MQ 1000 \Y
Ve Continuous +20 \Y
Veem Transient +30 \
Ios T. =25°C 10N100 10 A
12N100 12 A
13N100 125 A
lou T. =25°C, pulse width limited by T, 10N100 40 A TO-204 AA (IXFM)
12N100 48 A
13N100 50 A @
Le T. =25°C 10N100 10 A \i K
12N100 12 A | ]
13N100 12.5 A 7
E.x T. =25°C 30 mJ D G
dv/dt I, <1, di/dt<100 Alus, V<V ., 5 V/ins G = Gate, D= Drain,‘
T, < 150°C, R, = 2Q S = Source, TAB = Drain
P, T. =25°C 300 w
T, -55 ... +150 °C
O Features
Tom 150 OC * International standard packages
Teg -55... +150 € LowRy,, HDMOS™ process
T 1.6 mm (0.062 in.) from case for 10 s 300 °C * Rugged polysilicon gate cell structure
* Unclamped Inductive Switching (UIS)
M, Mountingtorque 1.13/10 Nm/lb.in. rated
Weight TO-204=18g,TO-247=6g -OWpackageinductance
- easy to drive and to protect
* Fastintrinsic Rectifier
Symbol Test Conditions Characteristic Values Applications
(T,=25°C, unless otherwise specified) * DC-DC converters
min. | typ. | max. * Synchronous rectification
° Battery chargers
Viss Ve =0V, I,=3mA 1000 \V * Switched-mode and resonant-mode
_ _ power supplies
Vesan Voo =V I, =4 mA 2.0 45 V - DC choppers
- - * AC motor control
I V.. =+20V_.,V_.=0 +100 nA
©ss s per s * Temperature and lighting controls
lpss V,s =0.8+V, T,= 25°C 250 pA * Low voltage relays
V=0V T,= 125°C 1 mA
Advantages
Roston) Ve =10V, 1,=0.5-1,,. 10N100 120 Q * Easy to mount with 1 screw (TO-247)
12N100 105 Q (isolated mounting screw hole)
13N100 090 Q * Space savings
Pulse test, t <300 ps, duty cycled <2 % * High power density
IXYS reserves the right to change limits, test conditions, and dimensions. 91531F(4/99)
© 2000 IXYS All rights reserved 1-4
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MITSUBISHI INSULATED GATE BIPOLAR TRANSISTOR

CT30SM-12

GENERAL INVERTER « UPS USE

CT30SM-12

® High Speed Switching
® | ow VCE Saturation Voltage

OUTLINE DRAWING Dimensions in mm
15.9MAX. 45
15
@ |
e\ o — 1
4 %% \ i@ ||
©3.2 g
N
N
-
@ ]
2 u”” | h 4.4
l | | z
‘ ‘ ‘ s
w ||| o
\ \ —
O @ (|®
5.45 5.45 0.6 2.8
BEE
LA
O@®
D GATE
@® (2 COLLECTOR
(3 EMITTER
(@ COLLECTOR
0®
TO-3P

APPLICATION
AC & DC motor controls, General purpose invert-
ers, UPS, Power supply switching, Servo controls,

etc.

MAXIMUM RATINGS (Tc = 25°C)

ECE556 Lecture Notes

A MITSUBISHI
ELECTRIC

Symbol Parameter Conditions Ratings Unit
VCES Collector-emitter voltage VGE = 0V 600 \%
VGES Gate-emitter voltage VCE = 0V +20 \%
VGEM Peak gate-emitter voltage VCE = 0V +30 \%
Ic Collector current 30 A
Icm Collector current (Pulsed) 60 A
Pc Maximum power dissipation 250 W
Tj Junction temperature —40 ~ +150 °C
Tstg Storage temperature —40 ~ +150 °C

— Weight Typical value 4.8 g
Feb.1999
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MITSUBISHI INSULATED GATE BIPOLAR TRANSISTOR
Gication- e.
L i CT15SM-24
“%%‘333"§§§memc et
GENERAL INVERTER « UPS USE
CT155M-24 OUTLINE DRAWING Dimensions in mm
15.9MAX. 45
15
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. z
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wll || E
O @ ||®
5.45 5.45 0.6 2.8
B EHE
A
@@
 GATE
LYo =1 1200V ® < (2 COLLECTOR
(3 EMITTER
O | s 15A @ COLLECTOR
® High Speed Switching
. | J©)
® | ow VCE Saturation Voltage TO-3P
APPLICATION
AC & DC motor controls, General purpose invert-
ers, UPS, Power supply switching, Servo controls,
etc.
MAXIMUM RATINGS (Tc = 25°C)

Symbol Parameter Conditions Ratings Unit
VCES Collector-emitter voltage VGE = 0V 1200 \%
VGES Gate-emitter voltage VCE = 0V +20 \%
VGEM Peak gate-emitter voltage VCE = 0V +30 \%
Ic Collector current 15 A
Icm Collector current (Pulsed) 30 A
Pc Maximum power dissipation 250 W
Tj Junction temperature —-40 ~ +150 °C
Tstg Storage temperature —40 ~ +150 °C

— Weight Typical value 4.8 g
Feb.1999
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Y
T7AOWEREX CMB00HA-5F

Powerex, Inc., 200 Hillis Street, Youngw ood, Pennsylv ania 15697-1800 (724) 925-7272 Tre nc h G ate De S Ig n
Single IGBTMOD ™
600 Amperes /250 Volts
l~—H G F E~| |=D

oy
I o
R

/ W - DIA. (4 TYP.)

-4‘@@[ CD¥—— =
i‘l_r% @_ Van VN, ’ ;DQ M L
TS IEERRTT T
— =R 0 6 =i

Description:
Powerex IGBTMOD™ Modules
are designed for use in switching
applications. Each module consists
V -THD. (UZ'TUF',D)- of one IGBT Transistor in a single
(2TYP) 1, < | ' configuration, with a reverse con-
1 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.

T

Features:
[] Low Drive Power

——-I—\ [] Low VCE(sat)
EO OcC

£ L/ [ ] Discrete Super-Fast
Recovery Free-Wheel
Diodes
co— T [] High Frequency Operation
(20-25 kHz)
[] Isolated Baseplate for Easy
Heat Sinking
Outline Drawing and Circuit Diagram Applications:
Dimensions Inches Millimeters Dimensions Inches Millimeters [] DC Chopper
[] Inverter
A 4.25 108.0 N 0.39 10.0 [] UPS
B 3.66 93.0 P 0.39 10.0 [] Forklift
C 0.63 16.0 Q 0.51 13.0 Ordering Information:
D 0.30 75 R 0.33 8.5 Example: Select the complete
E 0.69 175 P 142 36.0 nine digit module part numbe_r you
desire from the table below - i.e.
F 114 29.0 T 1.02 25.8 CM600HA-5F is a 250V (VCES),
G 0.79 20.0 u M6 Metric M6 600 Ampere Single IGBTMOD™
H 0.94 24.0 \Y M4 Metric M4 Power Module.
J 0.31 7.9 w 0.22 5.5 Current Rating VeEs
K 0.24 6.0 X 0.79 20.0 Type Amperes Volts (x 50)
L 2.44 62.0 Y 0.35 9.0 CM 600 5
M 1.89 48.0
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International

IR Rectitier

Data Sheet No. PD-6.017D

IR2125

CURRENT LIMITING SINGLE CHANNEL DRIVER

Features

B Floating channel designed for bootstrap operation
Fully operational to +500V
Tolerant to negative transient voltage
dv/dt immune

W Gate drive supply range from 12 to 18V

B Undervoltage lockout

MW Current detection and limiting loop to limit driven
power transistor current

M Error lead indicates fault conditions and programs
shutdown time

B 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-

Typical Connection

Product Summary

VOFFSET 500V max.
lo+/- 1A/ 2A
Vout 12 - 18V
Vcsth 230 mV

ton/off (typ.) 150 & 150 ns

Package

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.

up to 500V

|
21

P

Ayl
J1

P
Ve O Voo Vv,
INO IN ouT
ERR CS
coMm A

G

TO

'II—H}—‘

LOAD

CONTROL INTEGRATED CIRCUIT DESIGNERS’ MANUAL
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C:ADDOC:I< PRODUCT OVERVIEW
High Performance Film Resistors Page 1 of 2

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

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
m n Compact Design with Kelvin Terminals, Absolute tolerance of 1%,
P ors il J‘ iRl J‘ ‘ Power rating 1.5 Watts, Resistance Values 0.008 ohms to 1.00 ohm
oy 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
MopEL Ters2% | 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%

High Temperature Resistors, 275 °C
Type MM Precision Film Resistors
High Temperature Resistors for Geophysical, Aerospace
T and Industrial Requirements, Max. Temperature +275°C
E== 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, CADDOCK
Max. Temperature +275°C, Non-Inductive Design =

CADDOCK ELECTRONICS, INCORPORATED CADDOCK EUROPE BV This Product Overview was downloaded from the Caddock Web

1717 CHICAGO AVENUE JUPITERSTRAAT 2, POSTBUS 3018 site at: http://www.caddock.com. The 25th Edition of the Caddock
RIVERSIDE, CALIFORNIA 92507 6460 HA KERKRADE, THE NETHERLANDS General Catalog includes the complete specifications on over 250
PHONE: (909) 788-1700 « FAX: (909) 369-1151  PHONE: (31) 45 5463650 » FAX: (31) 45 5462860  models of high perfomance resistor products. Call for your copy
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SPU Molded Style

N __ A
VISHAY

Vishay Dale

Wirewound Resistors, Molded Style, Current Shunts,
Very Low Value, Four Terminal

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
Posec Q (Typical)

w +1% g

SPU-50 1 0.001 - 0.060 25

SPU-51 2 0.001 - 0.060 37

SPU-52 4 0.001 - 0.200 4.8

SPU-53 5 0.010 - 0.500 10.8

« 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.
*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 \Y (PXR)Y2

Insulation Resistance Q 10,000 Megohm minimum dry

ORDERING INFORMATION
SPU-52 200Q 5%
MODEL RESISTANCE TOLERANCE
Q +%
www.vishay.com For technical questions, contact ww2bresistors@vishay.com Document Number: 30220

128
ECES556 Lecture Notes

Revision 18-Oct-00

Page 511 of 662



Page 512 of 662
CPSL
Vishay Dale

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

SCHEMATIC
Sense
Leads

\ Current

Leads
STANDARD ELECTRICAL SPECIFICATIONS
MODEL POWER RATING RESISTANCE RANGE WEIGHT
Paoc Q (Typical)
w + 5% Standard, + 3% Available [¢]
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 \" (P x R)"2
Operating Temperature Range °C - 65/+ 275
Terminal Strength Ib 10 minimum
Dielectric Withstanding Voltage Vac 1000
ORDERING INFORMATION
CPSL-10-5 10002 10%
MODEL RESISTANCE TOLERANCE
Q +%
www.vishay.com For technical questions, contact ww2aresistors@vishay.com Document Number 30217
38 Revision 04-Sep-02
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Infernational

IR2125 TR Rectifier

IN 10KF6
ImF IO'F1 I 200 3
R Loy 100 wF
. =
cs
2 [\ 7
l V I o HO dVS
L 10ss | —5p S50vis
ERR R2125 OUTPUT )
MONITOR
4 by JL
” |_| J_ mrezo \ L5
HO = 1 L
Figure 1. Input/Output Timing Diagram Figure 2. Floating Supply V oltage Transient Test Circuit
50%
Cs
tes
90% ouT 00%
Figure 3. Switc hing Time Wavef orm Definitions Figure 4. ERR Shutdown Waveform Definitions
50%
50%
CS
fes
HO 90% : :
“— g —»
av 1.8V
dt=Cx—=Cx——
lerm 100 uA
Figure 5. CS Shutdown Waveform Definitions Figure 6. CS to ERR Waveform Definitions

B-112 CONTROL INTEGRATED CIRCUIT DESIGNERS’ MANUAL
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HEWLETT®
PACKARD

O

2.0 Amp Output Current IGBT
Gate Drive Optocoupler

Technical Data

Features

* 2.0 A Minimum Peak Output
Current
* 15 kV/us Minimum Common
Mode Rejection (CMR) at
* 0.5 aximum Low Level
Output Voltage (Vo1)
Eliminates Need for
Negative Gate Drive

* Icc = 5 mA Maximum Supply
Current

* Under Voltage Lock-Out
Protection (UVLO) with
Hysteresis

* Wide Operating V¢ 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
XIIORM = 630 Vpeak
(Option 060 only)

Applications
¢ Isolated IGBT/MOSFET
Gate Drive

¢ AC and Brushless DC Motor
Drives

A 0.1 UF bypass capacitor must be connected between pins 5 and 8.

¢ 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 MOSFETSs used in

Functional Diagram

HCPL-3120

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.

NC 1]
ANODE |Z
CATHODE E}Z

N/C E

SHIELD

TRUTH TABLE

Vi \Y

Vee

V

“POSITIVE GOING” |“NEGATIVE GOING”
LED | (i.e., TURN-ON) (i.e., TURN-OFF) Vo
OFF 0-30V 0-30V LOW
ON 0-11V 0-95V LOW
ON 11-135V 95-12V TRANSITION
ON 135-30V 12-30V HIGH

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.
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Z M57958L

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272 G a te D rive r

Hybrid Integrated Circuit
Block Diagram 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
L modules and provides the required
electrical isolation between the

® input and output with an opto-
coupler.

1850

QOutline Drawin
9 Features:

N — Di i i o .
M [10_0 et (] Builtin high CMRR opto-
— coupler (Vg - Typical
} oL3 MAX l 30kV/us, Min. 15kV/u.s)

[] Electrical Isolation between
M57956L % input and output with opto-
M couplers (V.. = 2500,

R

[] TTL compatible input interface

Viws for 1 min.)

“ 0.35+0.2

|
I [] Two supply drive topology

[~ 10.0 MAX

- [~254+01 —<055+0.1

254 x7=

| 17.78 £ 0.2 | 19 MAX | . .
s wax ks e N [] Short differential of propa-
o ' gation time (tp| .y, tppy, to Max.
Test Circuit 1.5us, Typical 1.0us)

V,

ext

> MsTeseL PonT Application:
D @ ® ©® @ ®/ . ”J Voyr T« *T To drive IGBT modules for inverter,
0%
10%

N AC Servo systems, UPS, CVCF
}16ma nil - 18v%% inverter, and welding applications.
C,, = 47TUF 0 _/
e 7 ‘Whh ] Recommended Modules:

=15V =10v

PLH tore VCES = GOOV Serles
(up to 400A Class)

Vces = 1200V Series

Precaution:
(up to 200A Class)

The value of “Reyt” should be selected according to the guidelines in

Section 4.6.2 of Application Notes. )
VcEes = 1400V Series

Also, the value of “Reyt” should be selected so that maximum limits, Ioygp (up to 200A Class)

and g p are not exceeded.
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d

_____________________________________________________________________________________________________________________|
Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272

M57958L
Hybrid IC for IGBT Gate Driver

Absolute Maximum Ratings, Ta~20°C to 70°C
Item Symbol Ta (°C) Test Conditions Limit Units
Supply Voltage Vee 25 DC 18 Volts
VEE 25 DC -12 Volts
Input Voltage \ 25 Between Terminal 1 and 2 1~7 Volts
Output Voltage Vo 25 Qutput Voltage “H” Vce Volts
Output Current lonp 25 Pulse Width 2ps, f = 30kHz (_5“ Amperes
loLp 25 Pulse Width 2ps, f = 30kHz \.,5_) Amperes
Output Current lou! 25 f = 30kHz, DF = 50% 0.8 Amperes
Isolation Voltage Viso 25 Sinewave Voltage 60kHz, 1 min. 2500 Vrms
Junction Temperature T — 100 °C
Operating Temperature Topg — -20~70 °C
Storage Temperature tstg — *-25 ~100 °C
*But differs from H/C condition.
Electrical Characteristics, Tz =25°C, Vg =25V
VecVee Ta
Characteristics Symbol (°C) (°C) Test Conditions Min. Typ. Max Units
Supply Voltage Vce — 25 Recommended Range 14 15 — \olts
VEE — 25 Recommended Range -9 -10 — Volts
Pull-up Voltage on Input Side VN — 25 Recommended Range 4.75 5.00 5.25 Volts
“H” Input Current (I 15/-10 25 VIN =5V, R =185Q — 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 Pp 15/-10 25 f = 30kHz, DF = 50%, — 1.2 — Watts
Module 200A, 600V IGBT
“L-H” Propagation Time tPLH 15/-10 — V=010 4V, Tj+ 100°C — 1.0 15 Hs
“L-H" Rise Time tr 15/-10 — V=010 4V, Tj+ 100°C — 0.6 1.0 ps
“H-L” Propagation Time tPHL 15/-10 — V=510 0V, Tj £ 100°C — 1.0 15 ps
Fall Time tf 15/-10 — Vi=5to 0V, Tj + 100°C — 0.4 1.0 us
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P&yeck38iof 652 1 2 3
EE IR SR I R R I R S R R R I R I I I R I A
* Model Generated by MODPEX *
*Copyright(c) Symetry Design Systens*
* Al Rights Reserved *
* UNPUBLI SHED LI CENSED SOFTWARE

* Contains Proprietary Information
* Wi ch is The Property of

* SYMVETRY OR | TS LI CENSORS
*Commrercial Use or Resale Restricted
* by Symretry License Agreenent

khkhkkhhdxdkxdxdrdrdrdrdrdxdrdxdxdxdxdx*k

* % kX % * *

* Mbdel generated on Dec 17, 96
MODEL FORMAT: SPI CE3

Ext ernal Node Desi gnati ons
Node 1 -> Drain

Node 2 -> Gate

Node 3 -> Source

ML 9 7 8 8 MM L=100u W£100u
* Default val ues used in Mu

* % %k X X *

* The vol t age- dependent capacitances are
* not included. Gther default val ues are:

* RS=0 RD=0 LD=0 CBD=0 CBS=0 CGBO=0
. MODEL MM NMOS LEVEL=1 | S=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 31 M

.MODEL MD D | S=2. 01865e-09 RS=0. 11592 N=1.5 BV=100

+1 BVv=0. 001 EG=1 XTI =1 TT=1e-07

+CJ0=3. 28974e- 09 VJ=4.39387 M=0.659734 FC=0.1

RDS 3 1 3.2e+06

RD 9 1 0.00224103

RG2 7 12.1

D2 4 5 MD1

* Default val ues used in MD1:
* RS=0 EG=1.11 XT1=3.0 TT=0
* BV=infinite | BV=1mA
.MODEL MD1 D | S=1e-32 N=50

+CJ0O=3. 78329e- 09 VJ=0. 607074 M=0.893797 FC=1e-08

D3 0 5 MD2

* Default val ues used in NMD2:
* EG=1.11 XTI =3.0 TT=0 CJIC=0
* BV=infinite | BV=1mA

.MODEL MD2 D | S=1e-10 N=0. 402271 RS=3. 00001e-06

RL 5 10 1

Fl2 7 9 VFI2 -1

VFI2 400

EVie 10 0 9 7 1

CAP 11 10 3.78329e-09

FI17 9 VFI1 -1

VFI1 11 6 O

RCAP 6 10 1

D4 0 6 MD3

* Default val ues used in NMD3:
* EG=1.11 XTI =3.0 TT=0 CJIC=0
* RS=0 BV=infinite | BVv=1mA
.MODEL MD3 D | S=1e-10 N=0. 402271
.ENDS irf 150
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** Profile: "SCHEMATI CLl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Swi t chi ng Losses\ buck ...
Date/ Time run: 02/04/03 13:22:52 Tenperature: 27.0

(B) Buck Regul ator Switching Losses-schenmaticl-trans.dat (active)
40A
jw/"a
f' %
20A 7 AN
& A
!', \‘a
/ N\, . _— N
0A j ‘a’\ ,:f’
SEL>>
- 20A
o | (L1)
8.0V
T N%\b
7 ™~
i;‘ ..
‘1\_'%;
f
4.0V #
4
ri
/
7
oV~
Os 2ns 4ms 6ns 8ms 10ms
o V(Vo)
Ti me
Dat e: February 04, 2003 Page 1 Tinme: 13:26:17
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Si:nulatlﬁn Seting: - Trans

Gemeral  Analyziz | |nelude Files] Lihraries] Stimuluz ] Elptin:nns] Drata Collection ] Frabe Windn:nw]

Analyziz bype:

Optiornz;

B General Settings
bonte CarloSsforst Casze
Farametric Sweep
T emperature [Sweep)
Save Biaz Point
Load Biaz Point

Bur to time:

Tranzient optiohz

M awirnum step size: [1n seconds

[ Skip the initial transient bias point calculation [SKIPEF)

10m zecondz [TSTOP]
Stark zaving data after: |9.8m geconds

Output File Options...

Cancel

Help
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** Profil e:
Dat e/ Ti me run:

" SCHEMATI C1- Tr ans™
02/ 04/ 03 13:37:22

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ Swi t chi ng Losses\ buck ...

Tenperature: 27.0

40A

(A) Buck Regul ator Switching Losses-schenmaticl-trans.dat (active)

20A

SO TS W

O0A

SEL>>
- 20A

| (X1: d)

20V

SO~ Ts W,

10v

nQ®~—0 <L

%

ov

9. 80ns

9. 85ns 9. 90ns 9. 95ns

o V(Vcce) - V(W)

Ti me

10. 00ns

Dat e: February 04, 2003 Page 1

ECES556 Lecture Notes
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15: 46: 57
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** Profile: "SCHEMATI Cl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Swi t chi ng Losses\ buck ..
Date/ Time run: 02/04/03 13:37:22 Tenperature: 27.0

(A) Buck Regul ator Switching Losses-schenmaticl-trans.dat (active)
S 39. 44A
W
[
t Turin On Transi ent
c
h 20.00A
C
u
r
r
e 0A
n
t
SEL>>
-17. 78A
I (X1:d)
S
}’V15v )
t
c
h -
10V
\Y
0
I
t
a 5V
g I
e
OV = | — : : o i
9. 849928 9. 849968 9. 8500018 9. 85004ns 9. 850088 9. 850128
o V(Vcce) - V(Vx)
Ti me
Dat e: February 04, 2003 Page 1 Ti me: 15:48: 33
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** Profile: "SCHEMATI CLl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Swi t chi ng Losses\ buck ...
Date/ Time run: 02/04/03 13:37:22 Tenperature: 27.0

(A) Buck Regul ator Switching Losses-schenmaticl-trans.dat (active)

500W i Power i ssi pated ike

A

250W

SEL>> o —
OV\vI + — B M

Dummwww&wwn

39. 4A

Turin On Transi ent

20. OA

STo~*—s W

0

| (X1: d)

ov ——
9. 849928 9. 849968 9. 85000ms 9. 85004ns 9. 850088
o V(Vcce) - V(W)

9. 85012ns

Ti me
Dat e: February 04, 2003 Page 1 Ti me: 15:50: 23
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** Profile: "SCHEMATI CLl-Trans" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ Swi t chi ng Losses\ buck ...
Date/ Time run: 02/04/03 13:37:22 Tenperature: 27.0

(A) Buck Regul ator Switching Losses-schenmaticl-trans.dat (active)

100W

Power Di ssi pat ed

S50W

SEL>>
OV\vI"' - i r—— e
o 1 (X1:d)*(V(Vce)-V(Vx))

10A

Tulrn f Transient

5A

SO~ Ts W,

c 0

0A
| (X1: d)

=

=
o
<

SO ~+—=s W
=
(6]
<

v 5V
(0]

OV 1L ! g S i
9. 8699ns 9. 8700ns 9. 8701ns 9. 8702ns 9. 8703ns
o V(Vcce) - V(W)

Ti me
Dat e: February 04, 2003 Page 1 Time: 15:52:29
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International
TSR Rectifier

PD 9.1309B

IRF3710

PRELIMINARY

HEXFET® Power MOSFET
e Advanced Process Technology 5 L~
e Dynamic dv/dt Rating Vpss = 100V
e 175°C Operating Temperature Ii
e Fast Switching < _
e Fully Avalanche Rated G A Rpson) = 0.0250Q
Description Ip = 49A
Fifth Generation HEXFETSs from International Rectifier S /

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

. ) . TO-220AB
contribute to its wide acceptance throughout the
industry.
Absolute Maximum Ratings
Parameter Max. Units
Ip @ Tc = 25°C Continuous Drain Current, Vgg @ 10V 49
Ip @ Tc =100°C| Continuous Drain Current, Vgs @ 10V 35 A
Iom Pulsed Drain Current ©® 180
Pp @Tc = 25°C Power Dissipation 150 w
Linear Derating Factor 1.0 wi/°C
Vas Gate-to-Source Voltage +20 \
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 Vins
T, Operating Junction and -55 to + 175
Tste Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case )
Mounting torque, 6-32 or M3 srew 10 Ibfein (1.1Nem)
Thermal Resistance
Parameter Typ. rl\-/laﬁ Units
Rosc Junction-to-Case . \1.0 £
Rocs Case-to-Sink, Flat, Greased Surface (os0 ) — °CIW
Rasa Junction-to-Ambient g 62

ECES556 Lecture Notes
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Thermal Resistance

Page 550 of 662 Parameter Typ. Max. Units
Reic Junction-to-Case —_— 1.0

Recs Case-to-Sink, Flat, Greased Surface 0.50 —_— °CIW
AnCES56 Ldctureiblatasbient — Page 550 of 662
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Internationall
T<2R Recﬂfier PRELIMINARY

PD - 9.1490A

IRFP3710

HEXFET® Power MOSFET

e Advanced Process Technology 5 P A
e Dynamic dv/dt Rating Vpss = 100V

e 175°C Operating Temperature |7

e Fast SWItChIng < R =0.0250Q
e Fully Avalanche Rated G A DS(on) =+
Description S Ip = 49A

Fifth Generation HEXFETSs 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 TO-247AC
because of its isolated mounting hole.

Absolute Maximum Ratings

Parameter Max. Units

Ip @ Tc =25°C Continuous Drain Current, Vgs @ 10V ® 49
Ip @ Tc = 100°C| Continuous Drain Current, Vgg @ 10V ® 35 A
Iom Pulsed Drain Current ©® 180
Pp @Tc =25°C Power Dissipation 180 w

Linear Derating Factor 1.2 wi/°C
Ves Gate-to-Source Voltage +20 \%
Eas Single Pulse Avalanche Energy@® 530 mJ
AR Avalanche Current® ® 28 A
Ear Repetitive Avalanche Energy ©® 18 mJ
dv/dt Peak Diode Recovery dv/dt ®@® 5.0 Vins
T; Operating Junction and -55 to + 175
Tste Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 (1.6mm from case )

Mounting torque, 6-32 or M3 srew 10 Ibfein (1.1Nem)
Thermal Resistance

Parameter Typ. fVax™\_ | Units

Rosc Junction-to-Case P \083
Rocs Case-to-Sink, Flat, Greased Surface 2\ 0.24 S’ | cCIW
Resa Junction-to-Ambient — 40

ECE556 Lecture Notes Page 551 of 662 -


Marc E Herniter



Thermal Resistance

Page 552 of 662 Parameter Typ. Max. Units
Reic Junction-to-Case —_— 0.83
RacSAa e 4 Case-to-Sink, Flat, Greased Surface 0.24 N eea] G
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International
TR Rectifier

PD-91651C

FB180SA10

HEXFET® Power MOSFET

e Fully Isolated Package
o Easy to Use and Parallel D Vpss = 100V
e Very Low On-Resistance
e Dynamic dv/dt Rating A R — 0.0065W
e Fully Avalanche Rated A DS(on) = -
G
e Simple Drive Requirements
e Low Drain to Case Capacitance Ip = 180A
e Low Internal Inductance S
Description
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 - industrial applications at power
dissipation levels to approximately 500 watts. The low SOT-227
thermal resistance and easy connection to the SOT-
227 package contribute to its universal acceptance
throughout the industry.
Absolute Maximum Ratings
Parameter Max. Units

Ip @ Tc=25°C Continuous Drain Current, Vgs @ 10V 180
Ip @ Tc =100°C Continuous Drain Current, Vgs @ 10V 120 A
Iom Pulsed Drain Current ©® 720
Pp@Tc=25°C Power Dissipation 480 W

Linear Derating Factor 2.7 W/°C
Vas Gate-to-Source Voltage +20 \%
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 Vins
T, Operating Junction and -55 to + 150 °C
Tste Storage Temperature Range
Viso Insulation Withstand Voltage (AC-RMS) 25 kv

Mounting torque, M4 srew 1.3 Nem
Thermal Resistance R

Parameter Typ. Max. \ Units
Raic Junction-to-Case P \ 026 J
Rqcs Case-to-Sink, Flat, Greased Surface \ 0.05 ] N~ °CIW
—

1
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Thermal Resistance

Page 554|of 662 Parameter Typ. Max. Units
Rqic Junction-to-Case —_— 0.26
R CE556 Le ATFONBidLt Creased Surface 0.05 Page 554 of 862
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Aluminum
Extrusion Profiles

Torequest quote (click here)

5079 NORMALLY Click to check current inventory
STOCKED

Tt

2.000
En (508)

-

Click on extrusion to enlarge

-

Per. 39.77 in.
WT 2.66 Ibfft

Osa1.50 °c/\wW/3
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Extrusion Online

6270
!
iries i%igsg
I 14

4‘ Tr
‘L‘ 5 |k '}'?5? xa

1235
314

Click on extrusion to enlarge

Per. 850 in.
WT 0.25 |b/ft

6sa12.00 °c/w/3
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Extrusion Online

0062 (6) _, 0,188 (5]
1B 7 (4.8)
1
0750
[14.1)
M i
v
i
1.310
{33.3) 0.128
(32

Click on extrusion to enlarge

Per. 10.37in.
WT 0.48 Ibfft

©sa6.80 °C/\W/3
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Extrusion Online

0250 _ o
(E.4)
i [
T
0.090 (28] — i Q070 (28
12.3) & (1.8
: | 2327
fél.:f F e {58.1)
2718
(6.0}

- 1550 - 0.250
134.3) (G4}

Click on extrusion to enlarge

Per. 38.93in.
WT 2.29 |bfft

BOsa1.90 °C/\W/3
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Extrusion Online

1703 NORMALLY Click to check current inventory

STOCKED
0.285 T
' {333
¥ ; T
-__J |, 0375 J
{5.5)
L_ __ baTs =l .
{250.8)
Click on extrusion to enlarge
Per. 78.03in.
WT 6.15 |b/ft

©sa091 °c/w/3
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WAKEF IELD ENGINEERING TELEPHONE (637)248 $900

60 AUDUBON ROAD
WAKEFIELD, MA 01880

The figure below illustrates the volum i

' € required for several heat
?mks for a range of thermal resistances, for both natural and
orced convection applications. Typically to reduce the thermal
resistance by 50%, the heat sink volume must be approkimately

(617)248-0874

Quadrupled.
THERMAL RESISTANCE VS, HEAT SINK VOLUME.
o‘.’" AND FORCED CONVECTION E-NATURAL
10.0 =
= —T
:E S
% S \\. h'\
O
b4 F\\\ N'\
& N 4.
g 1o NGNS \“'i’é
< —> S
, o — o ,
. = s N
x I % R \J‘-"@m
. Y :u,“
> NN N\
g 0.1 \ \\ P l\_\
‘_(‘ : \;\L - {\ Swy
1
E nh N N
g.'.J \h h N
Py N \'N i
‘N\
0.011 N | WP 'v-” ) NT..
10 00 ! 1000 10,000

HEAT SINK VOLUME (IN.3)

KEEPIT SympLL |
Yokume = L XwxH
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DFC series

DEC

SERIES

2 X FAN 125XR/DH SERIES

v I I

Z0.08 | FINREF=S4 H=118

§g2008

%Eo.os —

= =

2004 s

2002 :

m% 0

EG 0 1 23 4 5

AIR VELOCITY (m/s)

R SOURCE AREA
"~ BASEAREA

R1=0.01 R2=0.6

132 —=] - 368
le—25
— 127
32 ——1 159
i
[: r——=—"
i l_ ! SOURCE !
251 [— : AREA :
1 E Lo 76
; =t
f
le—127
69

fo—— 305

BASE PLATE
TECHNICAL DATA
MODELNO. | DFC305T23754B
FINSTYLE SERRATED (54)

. WITHOUTFAN|  12.6 kg
BASE AREA 78,385 | mm’
TOTAL CSA 13,699 mm’

TOTAL PERIMETER | 9,246 mm

ECES56 Lecture Notes

ORDERING INFORMATION FOR DFC FABFIN® HEATSINKS

0.10
0.08
0.06
0.04
0.02

SINK TO AMBIENT (°C/W)
(=]

THERMAL RESISTANCE

3 X FAN 125XR/DH SERIES

I I

FINREF=S4 H=118

I
K

(=]

2

3 4

AIR VELOCITY (m/s)

R SOURCE AREA
= BASE AREA

R1=0.01 R2=0.6

132 lo—— 368 ——f
] |e-25
5 ] I 127
I
- ke 159
TL
=
D
-
457 394 lt: : e :
l t——-4
= E 76
. e L >
L i
3Ls 127
BASE PLATE 69
s
TECHNICAL DATA
MODEL NO. DFC305T257S4B
FINSTYLE | SERRATED (54)
[WTWITHOUTFAN| 189 kg
BASE AREA 120,170 mm
TOTAL CSA 21,079 mm’
TOTAL PERIMETER 14,240 mm

MBIENT (°C/W)

<

THERMAL RESISTANCE

0.10
0.08
0.06
0.04 —
£0.02 —

SINK
=3

4 X FAN 125XR/DH SERIES

T T 11

FINREF=S4 H=118

0 1 2

3 4 5

AIR VELOCITY (m/s)

SOURCE AREA

BASE AREA

R1=0.01 R2=0.6

@ THE STANDARD FINISH IS BLACK ANODIZE. TO SELECT AN AITERNATE FINISH, REFER TO THE FOLD OUT BACK COVER STEP 6 AND
REPLACE THE "B" IN THE MODEL NO. WITH THE ALTERNATIVE SELECTION.

@ MOUNTING SURFACE FLATNESS IS 0.03mm MAX. /25mm AND SURFACE ROUGHNESS IS '\7 MAX.

@ TO CHANGE THE LENGTH OF THE HEATSINK, CHANGE THE LENGTH DESIGNATOR (305) TO THE mm LENGTH REQUIRED. NON STANDARD LENGTHS
WILL ATTRACT A SEPARATE SET-UP CHARGE..

® THE MOUNTING LEGS ARE ATTACHED T0 THE HEATSINK BASE PLATE BY 3 X M5X16 PAN HEAD SCREWS PER SIDE AS SHOWN.

® THE DIAMETER OF THE FAN PORT IS 114mm AND 4 X 6-32 SELF-CLINCHING NUTS ARE PROVIDED ON 105mm CENTERS
FOR FAN MOUNTING. FANS ARE NOT INCLUDED WITH THE BASIC ASSEMBLY AND MAY BE ORDERED SEPARATELY.

@ SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT PRIOR NOTICE.

132+ l—— 368
— ’—- 25
—] fo 127
5 ——1 s 159
)
H r==-1
o1 s |
587 524 H | AR
| I
P |
u R
b 76
: L
- — l-—lz; : ﬂ_*_
315 BASEPLATE 69
le— 305 ——l
TECHNICAL DATA
MODELNO. | DFC305T27654B
FINSTYLE | SERRATED (54)
[WT.WITHOUTFAN|  24.7 | kg
BASE AREA 160,125 | mm
TOTAL CSA 28,101 mm’
TOTAL PERIMETER 18,986 mm
23
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ISR

hational
Rectifier

PD-9.373H

IRF540

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

® Repetitive Avalanche Rated

® 175°C Operating Temperature
® Fast Switching

® Ease of Paralleling

® Simple Drive Requirements

Description

Third Generation HEXFETSs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low

VDSS = 1OOV
RDS(on) = 00779
Ip = 28A

on-resistance and cost-effectiveness.

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

acceptance throughout the industry.

Absolute Maximum Ratings

TO-220AB

Parameter Max. Units

lp @ Tc=25°C Continuous Drain Current, Vgs @ 10V 28
lo @ Tc=100°C | Continuous Drain Current, Ves @ 10V 20 A
oM Pulsed Drain Current © 110
Pp @ Tc=25°C | Power Dissipation 150 W

Linear Derating Factor i.0 W/°C
Vas Gate-to-Source Voltage +20 \
Eas Single Pulse Avalanche Energy @ 230 mdJ
lar Avalanche Current ® 28 A
Ear Repstitive Avalanche Energy © 15 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.5 Vins
Tu Operating Junction and @
Tsta Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 (1.6mm from case)

Mounting Torque, 6-32 or M3 screw 10 Ibfein (1.1 Nem)
Thermal Resistance

Parameter Min. Typ ' : Units
Raic Junction-to-Case — ey %
Recs Case-to-Sink, Flat, Greased Surface — (os0 )] = | -ow
Rasa Junction-to-Ambient - — 62
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2
T7AOWEREX CMB00HA-121

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272 S in gle IG B TMO D™
H-Series Module
600 Amperes/600 Volts
A

C

/—Y -THD @TYP) | 1 )

AE

E C

g

7z
N
I,
A
N

oD
A\

L]

[ONKO)

——

~—_v-THD Description:

(2TYP.) Powerex IGBTMOD™ Modules
are designed for use in switching
X - DIA. Q L G Nl applications. Each module consists
@4TYP) of one IGBT Transistor in a single
z configuration with a reverse-
J I connected super-fast recovery
S f=— free-wheel diode. All components

s and interconnects are isolated

| from the heat sinking baseplate,

©
=4
\

1 F offering simplified system assem-
i ‘ ' ’ II bly and thermal management.
f
w

[ T ——

Features:
[] Low Drive Power

[] Low VcE(sat)
[] Discrete Super-Fast Recovery
N (70ns) Free-Wheel Diode

£0 l Oc [] High Frequency Operation
5 / (20-25kHz)
EO ] Isolated Baseplate for Easy
GO I Heat Sinking
Applications:
[] AC Motor Control
[] Motion/Servo Control

Outline Drawing and Circuit Diagram

Dimensions Inches Millimeters Dimensions Inches Millimeters [] UPS

A 4.33 110.0 N 0.69 17.5 ] Welding Power Supplies

B 3.15 80.0 P 0.61 155 [] Laser Power Supplies

c 3.66+0.008  93.0+0.25 Q 0.51 13.0 Ordering Information:

D 2.44+0.008  62.0£0.25 R 0.49 1255 Example: Select the complete part

= 157 200 s 0.45 1S module number you desire from
the table below -i.e. CM600HA-12H

F 1.42Max.  36.0 Max. T 0.43 11.0 is a 600V (Vcgs), 600 Ampere

G 1.14 29.0 U 0.35 9.0 Single IGBTMOD™ Power Module.

H 1.00 Max. 25.5 Max. \ M8 Metric M8 Type Current Rating Vees

J 0.96 25.0 w 0.28 7.0 Amperes Volts (x 50)

K 0.94 24.5 X 0.256 Dia. Dia. 6.50 CM 600 12

L 0.83 21.0 Y M4 Metric M4

M 0.71 18.0 z 0.12 3.04
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d

Powerex, Inc., 200 Hillis Street, Youngwood, Pennsylvania 15697-1800 (724) 925-7272

CM600HA-12H
Single IGBTMOD™ H-Series Module
600 Amperes/600 Volts

Absolute Maximum Ratings, Tj=25 °C unless otherwise specified [

Ratings Symhol JCMB00HA-12Y Units
Junction Temperature T wto 150_; °C
Storage Temperature Tstg —40to 125 °C
Collector-Emitter Voltage (G-E SHORT) VCcES 600 Volts
Gate-Emitter Voltage VGES +20 Volts
Collector Current Ic 600 Amperes
Peak Collector Current lcm 1200* Amperes
Diode Forward Current IE 600 Amperes
Diode Forward Surge Current IEM 1200* Amperes
Power Dissipation Py 2100 Watts
Max. Mounting Torque M8 Terminal Screws - 95 in-lb
Max. Mounting Torque M6 Mounting Screws - 26 in-Ib
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 Ve =VGES, Vcg = 0V - - 0.5 UA
Gate-Emitter Threshold Voltage VGE(th) Ic = 60mA, Vcg = 10V 4.5 6.0 7.5 Volts
Collector-Emitter Saturation Voltage VCE(sat) Ic = 600A, Vgg = 15V - 21 2.8** Volts
Ic = 600A, Vg = 15V, Tj = 150°C - 2.15 - Volts
Total Gate Charge Qg Vce = 600V, Ic = 600A, Vs = 15V - 1800 - nC
Diode Forward Voltage VEM Ig = 600A, Vgg = 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 Vg =0V, Vg = 10V, f = 1MHz - - 21 nF
Reverse Transfer Capacitance Cres - - 12 nF
Resistive Turn-on Delay Time td(on) - - 350 ns
Load Rise Time tr Ve =300V, I = 600A, - - 700 ns
Switching Turn-off Delay Time td(off) VgE1 = VeE2 = 15V, Rg = 1.0Q - - 350 ns
Times Fall Time tf - - 300 ns
Diode Reverse Recovery Time trr Ig = 600A, dig/dt = —1200A/us - - 110 ns
Diode Reverse Recovery Charge Qrr Ig = 600A, dig/dt = —1200A/us - 1.62 - uc

Thermal and Mechanical Characteristics,  Tj=25 °C unless otherwise specified

Characteristics Symbol Test Conditions Min. Typ. (_IVI%.\\ Units

Thermal Resistance, Junction to Case Rih(j-c) Per IGBT - - 0.06 °C/IW

Thermal Resistance, Junction to Case Rih(j-c) Per FWDi - - 0.12 °C/W

Contact Thermal Resistance Rth(c-f) Per Module, Thermal Grease Applied - - /0.035} °C/W
| — o
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FFC series

FFC SERIES WITH SIDE FASTENED LEGS AND FAN BRACKET

1] [l
g oo } FNTHICKNESS O 010 H FNTHICKNESs | 9P 010 it FIN THICKNESS
ZE 081 ® i 15 ZE 008 ! 15 2 008 : 715
!
55 0.06 ot A AINREFC4 28 00620t FIN REF C4 EE 0062 FIN REF C4
LAITI 1IN LAY = 75338 . 73!
2150104_ g2 24 ;550-04: L A | 24 ;:150-04 7474 AZAZA 24
2 0.0 - FIN REF $4 %8 0.02 i —=F=F5" FIN REF 84 200 AL A FIN REF S4
%0 E¥ o )
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AIR VELOCITY (m/s) AIR VELOCITY (m/s) AIR VELOCITY (m/s)
SOURCE AREA/ SOURCE AREA SOURCE AREA/
=semie  R1=0.01 R2=0.6 R=Simir  R1=0.01R2=0.6 =i R1=001R2=0.6
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i T L I S ©
E ot 127 315 127 | - 127 I
BASE PLATE 69 BASE PLATE 69 315  BASEPLATE oo
le— 305 ——‘ l— 305 ——l l— 305 ——‘
TECHNICAL DATA TECHNICAL DATA TECHNICAL DATA
MODEL NO. FFC305T230S4B | FFC305T230C4B MODEL NO. FFC305T246S4B | FFC305T246C4B MODEL NO. FFC305T261S4B | FFC305T261C4B
FINSTYLE SERRATED (54) CORRUGATED (C4) FIN STYLE SERRATED (54) CORRUGATED (C4) FINSTYLE SERRATED (54) CORRUGATED (C4)
WT. WITHOUTFAN | 104 ke 8.8 kg WT.WITHOUTFAN | 15.5 kg 132 kg WT. WITHOUTFAN | 20.7 kg 17.6 kg
BASE AREA 78,387 mm? 78387 | mm BASE AREA 119,365 mm? TI9.865 mm BASE AREA 18710 | mm? 158,710 mm
TOTAL CSA 10,889 mm? 8,081 mm TOTAL CSA 16574 mm? 13,766 mm TOTAL CSA 208 | mm? 18,35 mm
TOTAL PERIMETER | 7,800 mm 7,929 mm TOTAL PERIMETER | 11,991 mm 12578 mm TOTAL PERIMETER | 15,989 | mm 16,251 mm

ORDERING INFORMATION FOR FFC FABFIN® HEATSINKS

@ THE STANDARD FINISH IS BLACK ANODIZE. TO SELECT AN ALTERNATE FINISH, REFER TO THE FOLD OUT BACK COVER STEP 6 AND
REPLACE THE "B" IN THE MODEL NO. WITH THE ALTERNATIVE SELECTION.

® MOUNTING SURFACE FLATNESS IS 0.03mm MAX. /25mm AND SURFACE ROUGHNESS 1S {7 MAX.

® TO CHANGE THE LENGTH OF THE HFATSINK. CHANGE THE LENGTH DESIGNATOR (305)TO THE mm LENGTH REQUIRED. NON STANDARD LENGTHS
WILL ATTRACT A SEPARATE SET-UP CHARGE.

THE MOUNTING LEGS ARE ATTACHED T0 THE HEATSINK BASE PLATE BY 3 X M5X16 PAN HEAD SCREWS PER SIDE AS SHOWN.

® THE DIAMETER OF THE FAN PORT IS 114mm AND 4 X 6-32 SELF-CLINCHING NUTS ARE PROVIDED ON 105mm CENTERS
FOR FAN MOUNTING. FANS ARE NOT INCLUDED WITH THE BASIC ASSEMBLY AND MAY BE ORDERED SEPARATELY.

@ SPECIFICATIONS ARE SUBJECT TO CHANGE WITHOUT PRIOR NOTICE.
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Serl Lee ith the increase in heat dissipation from microelectronic

devices and the reduction in cveral] form factors, thermal
Aavid Thermal TeCh nO|OgIeS management becom.cs a2 more and more important element of
electronic product design.

Both the performance reliability and life expectancy of electronic
equipment are inversely telated to the component temperature of the
equipment. The relationship between the reliability and the operating
temperature of a typical silicon semi-conductor device shows that a
reductien in the temperature corresponds to an exponential increase
in the reliability and life expectancy of the device. Therefore, long life
and reliable performance of 2 component may be achieved by effec-
tgvely controlling the device operating temperature within the limits
set by the device design enginsers.

Heat sinks are devices that enhance heat dissipation from a hot
surface, usually the case of a heat generating component, to a cooler
ambient, usually air. For the following discussions, air is assumed ta be
the cooling fluid. In most sitvations, heat tansfer across the interface
berween the solid surface and the coolant air is the lesst efficient
within the system, and the solid-air interface represents the greatest
barrier for heat dissipation. A heat sink lowers this barrier mainly by
increasing the surface area that is in direct contact with the coolant.
This allows more heat to be dissipated and/or lowers the device oper-
ating temperature. The primary purpaose of a heat sink is to maineain

AT e W—vw-—w- PP T TR TR, T A3

ElsctronicsCooling, volume 1, no. 1, Juna 1995
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the device temperature below the maximum allowable temperature
specified by the device manufacrurer,

Thermal Circuit

Before discussing the heat sink selection process, it is necessary ta

define common terms and establish the concept of a thermal circui.

The objective is to provide basic fundamentals of heat transfer for

those readers who are not familiar with the subject. Notations and

definitions of the terms are as follows:

Q :towal power or rate of hear dissipation in W, represents the rate of
heat dissipated by the electronic component during operation.
For the purpose of selecting a heat sink, the maximum operating
power dissipation is used.

T, : maximum junction temperature of the device in °C. Allowable T;

values range from 115°C in typical microelectronic applications

to as high as 180°C for some electronic control devices. In special
and military applications, 63°C o 80°C are not uncommon.

:case temperature of the device in °C. Since the case temperature

of a device depends on the location of measurement, it usually

represents the maximum local temperature of the case,

:sink temperature in “C, Again, this represents the maximum tem-

perature of 2 heat sink at the location closest to the device,

T :ambient air temperature in °C.

T

T

Using temperatures and the rate of heat dissipation, a quantdirative
measure of heat transfer efficiency across two locations of a thermal
component can be expressed in terms of thermal resistance R,

defined as

- AT
R_
Q

where AT is the temperature difference between the two locations.
The unit of thermal resistance is in °C/W, indicating the temperature
rise per unit rate of heat dissipation. This thermal resisrance is anal-
ogous o the electrical resistance R., given by Ohm’s law:
R.=4Y
I

with A¥ being the voltage difference and I the current.

Consider a simple case where a heat sink is mounted on a device
package as shown in Fig. 1. Using the concept of thermal resistance, 2
simplifted thermal circuit of this system can be drawn, as also shown
in the figure. In this simplified model, heat flows serially from the
junction to the case then across the interface into the heat sink, and is

finally dissipated from the hear sink to the air stream.
The thermal resistance between the junction and the case of a
device is defined as

ch:m =IJ._I.I:"
Q Q

This resistance Is specified by the device manufacturer. Although
the R value of a given device depends on how and where the cooling
mechanism is employed over the package, it is usually given as a con-
stant value. It is also accepted that R, is beyond the user’s abiliry to
alter or control.

Similarly, case-to-sink and sink-to-ambient resistances are defined

as
Al _I-T
Re=2" "7 q
_AT. - L-To
R.=4Ls =
Q" Q

respectively. Here, R represents the thermal resistance across the
interface between the case and the heat sink and is often called the
interface resistance, This value can be improved substantally depend-
ing on the quality of mating surface finish and/or the choice of
interface material. R, is the heat sink thermal resistance.

Obviously, the total junction-to-ambient resistance is the sum of
all chree resistances:

R, =Ry +Ra+Ra =Ia'§a

Required Heat-Sink Thermal Reslistance

To begin the heat sink selection, the first step is to determine the heat
sink thermal resistance required ro satisfy the thermal criteria of the
component. By rearranging the previcus equation, the heat sink resis-
tance can be easily obtained as

RSI=I‘Q__'T‘-Rj€'R&l

In this expression, T;, Q and R are provided by the device manu-
facturer, and T, and R are the user defined parameters.

The ambient air temperature T, for cooling electronic equipment
depends on the operating environment in which the component is
expected to be used. Typically, it ranges from 35 to 45°C, if the exter-
nal air is used, and from 50 to 60°C, if the component is enclosed or is

High Performance”
“Thesmal Compound %

gD Ty, L) AT T
| i Yoiumetri Ralstance £ 0
i 1G/W i

Table 2: Range of volumetric thermal resistance

placed in a wake of another heat generating equipment.

The interface resistance R depends on the surface finish, flamess,
applied mounting pressure, contact area and,,of course, the type of
interface materizl and its thickness, Precise value of this resistance,
even for a given cype of material and thickness, is difficult to obtain,
since it may vary widely with the mounting pressure and other case
dependent parameters. However, more reliable data can be obrained
directly from material manufacturers or from heat sink manufaceur-
ers. Typical values for common interface materials are tabulated in
Table 1.
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Figure 2: Cost versus required thermal resistance

Wich all the paramecers on the right side of the R. expression
identified, it becomes the required maximum thermal resistance of a
heat sink for the application. In other words, the thermal resistance
value of a chosen heat sink for the application has to be equal to or
less than the R,, value for the junceion temperature to be maintained
at or below the specified T,.

Heat-Sink Selection
In selecting an appropriate heat sink that meets the required thermal
criteria, one needs to examine various parameters that affect not only
the heat sink performance itself,
but also the overall performance of

fan or blower, There is no clear distinction on the flow velocity that
separates the mixed and forced flow regimes. It is generally accepted
in applications that the effect of buoyant force en the overall heat
transfer diminishes to a negligible level (under 5%) when the induced
air flow velocity exceeds ! to 2 m/s (200 to 400 lim).

The next step is 1o determine the required volume of a heat sink.
Table 2 shows approximate ranges of volumetric thermal resistance of
a typical heat sink under different ow conditions.

The volume of a heat sink for a given flow condition can be
obtained by dividing the volumetric thermal resistance by the

required thermal resistance. Table 2

the system. The choice of a partic-
ular type of heat sink depends
largely on the thermal budget

is to be used only as a guide for
estimation purposes in the begin-
ning of the selection process. The
actual resiscance values may vary

allowed for the heat sink and excer-
nal conditions surrcunding the

outside the above range depending
on many additional parameters,

heat sink. It is to be emphasized
that there can never be a single

such as actual dimensions of the
heat sink, type of the hear sink,

value of thermal resistance assigned
to a given heat sink, since the ther-

flow configumtion, orientation,
surface finish, altitude, etc. The

mal resistance vartes with external
cooling conditions.

smaller values shown above corre-
spond to, a heat sink volume of

When selecting a heat sink, it is
necessary to classify the air flow as
natural, low fow mixed, or high
flow forced convection. Natural convection occurs when there is no
externally induced flow and hear transfer relies solely on the free
buoyant flow of air surrounding the heat sink. Forced convection
occurs when the flow of air is induced by mechanical means, usually a

L’Zectu reEINreﬂré(‘golu voluma 1, 1o, 1, June 1995

Table 3: Fin spacing {in mm/inches) versus flow and fin length

approximately 100 te 200 cm’
(5 to 10 in¥) and the larger ones to
roughly 1000 cm’ (60 in’).

The above tabulated ranges assume that the design has been opu-
mized for the given flow condidon. Although there are many
parameters to be considered in optimizing a heac sink, one of the
most critical parameters is the fin density. In a planar fin heat sink,
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Figure 3: Typical performance graphs

optimum fin spacing is strengly related to cwo parameters: flow veloc-
ity and fin length in the direction of the low. Table 3 may be used asa
guide for determining the optimum fin spacing of a planar fin heat
sink in typical applications.

The average performance of a typical hear sink is linearly propor-
tional to the width of the hear sink in the direction perpendicular to
the Alow,and approximately proportional to the square root of the fin
length in the direcrion parallel te the fow. For example, an inerease in
the width of a heat sink by a factor of two would increase the heat
dissipation capability by a factor of two, whereas an increase in the
length of the heat sink by a factor of two would only increase the heat
dissipation capabiliry by a factor of 1.4, Therefore, if the choice is
available, it is beneficial to increase the width of a heat sink rather than
the length of the heat sink. Also, the effect of radiation heat transfer is
very important in natural convection, as it can be responsible of up to
25% of the total heat dissipation. Unless the component is facing a
hoteer surface nearby, it is imperative to have the heat sink surfaces
painted or anodized to enhance radiation. )

Heat Sink Types

Heat sinks can be classified in terms of manufacturing methods and
their final form shapes, The most common types of air-cooled heat
sinks include:

1. Stampings: Copper or aluminum sheet metals are stamped into
desired shapes. They are used in traditional air cooling of electronic
components and offer a low cost solution to low density thermal
problems. They are suitable for high velume production, because
advanced tooling with high speed stamping would lower costs.
Additional labor-saving options, such as taps, clips, and interface
materials, can be factory applied to help to reduce the board assembly
costs,

Sl

oy P
t sinks

Table 4: Range of heat transfer efficiencies

2. Extrusions; These allow the formation of elaborate two-dimen-
sional shapes capable of dissipating large heat loads. They may be cur,
machined, and options added, A cross-curting will produce omni-
directional, rectangular pin fin heat sinks, and incorporating serrated
fins improves the performance by approximately 10 to 20%, but with
a slower extrusion rate. Extrusion limits, such as the fin height-to-gap
aspect ratio, minimum fin thickness-to-height and maximum base to
fin thicknesses, usually dictave the flexibility in design options. Typical
fin height-to-gap aspect ratio of up to 6 and a minimum fin thickness
of 1.3mm, are attainable with a standard exrrusion. A 10 to | aspect
ratio and a fin thickness of 0.8" can be achieved with special die
design features. However, as the aspect rafio increases, the extrusion
tolerance is compromised.

3. Bonded/Fabricated Fins: Most air cooled heat sinks are con-
vection limited, and the overall thermal performance of an air cooled
heat sink can often be improved significantly if more surface area can
be exposed to the air stream. These high pertormance heat sinks uri-
lize thermally conductive aluminum-filled epoxy to bond planar fins
onto a grooved extrusion base plate. This process allows for a much
greater fin height-to-gap aspect ratio of 20 to 40, greatly increasing
the cooling capacity without increasing volume requirements.

4, Castings: Sand, lost core and die casting processes are available
with or withour vacuum assistance, in aluminum or copper/bronze.
This technology is used in high density pin fin heat sinks which pro-
vide maximum performance when using impingement cooling.

5. Folded Fins: Corrugated sheet meral in either aluminum or cop-
per increases surface area and, hence, the volumetric performance.
The heat sink is then attached to either a base plate or directly to the
heating surface via epoxying or brazing. It is not suitable for high pro-
file heat sinks on account of the availability and fin efficiency. Hence,
it allows high performance heat sinks to be fabricated for applications
where it is impractical or impossible to use extrusions or bonded fins.

Figure 2 shows the typical range of cost functions for different
types of heat sinks in terms of the required thermal resistance.

The performance of different heat sink rypes varies dramatically
with the air Aow through the heat sink, To quantify the effectiveness
of different types of heat sinks, the volumetric hear transfer efficiency
can be defined as

m=_Q_
thcATa

where, tit is the mass flow rate through the heat sink, ¢ is the heat
capacity of the fluid, and AT.. is the average temperature difference
becween the heat sink and the ambient air. The heat transfer efficien-
cies have been measured for a wide range of heat sink configurations,
and their ranges are listed in Table 4,

The improved thermal performance is generally associated with
additional costs in either material or manufacturing, or both.

Thermal Performance Graph

Performance graphs typical of those published by heat sink vendors
are shown in Fig. 3. The graphs are a composite of two separate curves
which have been combined into a single figure. [t is assumed that the
device to be cooled is properly mounted, and the heat sink is in its
normally used mounting orientation with respect to the direction of
air flow. The first plot traveling from the lower left to the upper right
is the natural convection curve of the heat sink temperature rise, AT,
versus Q.The natural convection curves also assume that the heatsink
is painted oc anodized black. The curve from the upper left to lower
right is the forced convection curve of thermal resistance versus air
veloeity, In forced convection, AT. is linearly proportionat to Q,
hence R.. is independent of Q and becomes a function only of the

BectonicsCaoling, volume 1, no, 1, June 1895 13—
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Table 5: Altitude derating factors

total heat sink resistanice, and can be estimated by using the
simple analytical expression developed in Reference 4.
Another design criterion that needs to be considered in
the selection of a heat sink, is the altitude effect. While the
air temperature of an indoor environment is normaily con-
trelled and is not affected by the altitude change, the indoor
air pressure does change with the altitude. Since many elec-
tronic systems are installed at an elevated altitude, it is
necessary to derate the heat sink performance mainly due
to the lower air density caused by the lower air pressure at
higher aititude. Table 5 shows the performance derating
factors for typical heat sinks ac high altitudes. For example,
in order to determine the actual thermal performance of a
“heat sink at altitudes other than the sea level, the thermal
resistance values read off from the performance graphs
should be divided by the derating factor before the values
are compared with the required thermal resistance,

Seri Lee,

Director, Advanced Thermal Engineering, Aavid Thermal
Technologies, Inc. Laconia, New Hampshire 03247

Tel: +1(603) 527-2339 Fax: +1(603) 528-1478

flow velocity. However, the natural convection phenomenon is non-
linear, making it necessary to present AT, 23 a function of Q.

One can use the performance graphs to identify the heat sink and,
for forced convection applications, to determine the minimum flow
velocity that satisfy the thermal requirements. If the required thermal
resistance in a forced convection application is 8°C/W, for example,
the above sample thermal resistance versus flow velocity curve indi-
cates that the velocity needs to be at or greater than 2.4 m/s (470
lfim). For natural convection applications, the required thermal resis-
tance R. can be multipiied by Q to yield the maximum allowable
4T, The temperature rise of 2 chosen heat sink must be equal to or
less than the maximum allowable AT, at the same .

The readers are reminded that the natural convection curves
assurme an optimal orientation of the heat sink with respect to the
gravity. Also, the Aow velocity in the forced convection graph repre-
sents the approach flow velocity without accounting for the effect of
flow bypass. There have been a limited number of investigations™ on
the subject of low bypass. These studies show that flow bypass may
reduce the performance of a heat sink by as much as 50% for the same
upstream flow velocity. For further consultation on this subject, read-
ers are referred to the cited references,

When a device is substantially smaller than the base plate of a heat
sink, there is an additional thermal resistance, called the spreading
resistance, that needs to be considered in the selection process,
Performance graphs genersily assume that the heat is evenly distrib-
uted over the entire base area of the heat sink and, therefore, do not
account for the additional temperature rise caused by a smaller heat
source. This spreading resistance could typically be 5 to 30% of the

14 ElectroicsCoeling, volume 1, no. 1, June 1955
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Vo_Sig
= 20k
] 5 1
Control
Q vo Vo_Sig
° R2
C C
Vee 2 |:1+:||c 0 =YW
J_ \ Ic=0 ESR v 4 c3
_|\3/g=15 X 02 24m § Load T oAu
N . MUR405 {5/3} e N
e 3300U )
= = I
[IModel = Sx VSWITCH Roff=1e5 Ron=10m Voff=1 Von=4.0 ? ?_0
Low pass
B . B
filter
added. The
Systemi s
| now ||
unst abl e.

ECE Department
5500 Wabash Avenue

g mslure OF TEGCHNOLGGY Terre Haute, IN 47803 A

Ph: (812) 877-8512

FAX: (253) 369-9536
Name: Marc E. Herniter Class: ECE456
Bize Document Name Rev
A 1
Continuous Mode Buck Regulator
Date: JTuesday, February 11,2003 Bheet 1 of 1
5 4 3 | 2 | 1
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D D
, Gm
Vi Error Amp Gain Vo
L1
| | 3 Y YY) *
O  450u
| | 10k | B
VX + ci

|
I
+

ac \Magnitude = 1
"**/Phase = 0

®

3300u Load
{5/3}

Hf(S)

o
.||
o

N |
Vs
R3
VW
1k
c2
B - B
0.1u F(S)
=0

ECE Department
M 5500 Wabash Avenue
A INGTITUTE OF TECHNOLOGY Terre Haute, IN 47803 A

Ph: (812) 877-8512

FAX: (253) 369-9536
Name: Marc E. Herniter Class: ECE 456
Bize Document Name Rev
A 1
Uncompensated Loop Gain
te: Wednesday, February 12,2003 Bheet 1 of 1
5 4 3 2 | 1
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** Profile: "SCHEMATI C1- AC Sweep" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ O cad\ Conpensat i on\ unconp. ..

Date/ Time run: 02/12/03 09: 56: 31 Tenperature: 27.0
(A) unconpensat ed open | oop pl ot s- SCHEMATI C1- AC Sweep. dat (active)
Od - - A FIIe T )"l***’“*t’w_”
ﬂ%
-100d

| (579.429,-180.069)

%,
'\““’"‘i@«p. A
=X

RIS e

-200d
o VP(Vs) - VP( Vx)
100 e

i .%""“"ﬁ'. ‘%%‘ ‘ ‘

. ((579.429,63.812)

%‘QQQQ //'
‘a%e //
2Q¢""%
.
50 ’*'-%_ﬁ.’
0,,,‘&-%
?Qb'a
[
%%,.
v,\%
P,
R,
eth;%
SEL>> o
-10 Y,
1. 0Hz 10Hz 100Hz 1. OKHz 10KHz 100KHz 1. 0MHz
o DB(V(Vs)/V(WX))
Frequency
Dat e: February 12, 2003 Page 1 Time: 10:01:59
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PARAMETERS:
| L val 1
! C_val 1°
k 1
Vin | Vo
O Lo C
5 f\bur\‘r\‘ °
{L_wval}
V1 | +
e - Co Load
) AC=1 | {C_ val} {K*sqrt(L_val/C_val)}
Phase=0 |
0

0 ' 0

- SM\)\Q"\;CN\ W \au4 £SR

— E\\req CYhaca te wY¥ie wyvkhoot £

— Lok of e ProPer-ies of
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* C:\TESTDRIV\FILES\XX.SCH

lte/Time run: 11/09/95 13:16:36 Temperature: 27.0
| . (A) C:\TESTDRIV\FILES\XX.DAT
l.
1 |— ———————————————————————————————————————————————————————————————————————— —|
| |
k=10 @ ge' - |
| _ -4 Lacge Resgy anee,, !
l A WO Load |
: : - - I
,,A :
0 g Tt o o= e = -.-- N :
|
= |
|
|
. } I
k=0.1 :
% - i
- "‘\-;_: f
-40 sSwnall N |
. |
Resistance :
Ldr%z Lo d E
* ]
f
. :
k=1 ig c¢ritically damped {
-80 _ -
|
|
|
|
|
I
b T——— = ————— = — = — - fm e e e — e e — = I____-_J
1.0mHz 10mHz 100mHz 1.0Hz 10Hz
o ¢ v & o + x A vdB(Vo)
Frequency
Date: November 09, 1995 Page 1 Time: 13:19:19
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. Gm
Vi Error Amp Gain Vo
| | L1
3 YY) s
O  450u
= 10k
VX + ci
ac \Magnitude = 1 - -
S*ee Jopase = 0 3300u Load
' HA(S) o
TO . TO
c ESR
24m
=0
_’
Vs
U R3
+
W
1k
< C2
B Ideal_OPAMP =
0.1u F(S)
R4 Y
WV
10k
= + C3
] 122n
ECE Department
M 5500 Wabash Avenue
A INETITUTE OF TECHNOLOGY Terre Haute, IN 47803
Ph: (812) 877-8512
1 FAX: (253) 369-9536
0 Name: Marc E. Herniter Class: ECE 456
Bize Document Name Rev
A 1
Uncompensated Loop Gain
te: Wednesday, February 12,2003 Bheet 1 of 1
5 4 3 2 | 1
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** Profile: "SCHEMATI C1- AC Sweep" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ O cad\ Conpensat i on\ unconp. ..
Date/ Time run: 02/12/03 11:10: 24 Tenperature: 27.0

(1) unconpensated open | oop pl ot s- SCHEMATI C1- AC Sweep. dat
100d
B e e e e - *\Qé&
0d == . 3 _:’
(250. 035, - 107. 983)
) lOOd "3%, A g - B e e = e ———
SEL>>
-200d
o VP(Vs) - VP( Vx)
100 P
= ~—\+’.‘Vr\’°‘*/§’ '%%
- Ny
P %‘%NM
s
50 ‘%*wh,%‘ _—
—
Q”@'a""&,ﬁ'
#f‘“’*m,‘%
o
1‘—'*7"’..
0
1. 0Hz 10Hz 100Hz 1. OKHz 10KHz 100KHz 1. OMHz
o DB(V(Vs)/V(Vx))
Fr equency
Dat e: February 12, 2003 Page 1 Tinme: 11:40:17
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. Gm
Vi Error Amp Gain Vo
| | L1
3 YY) s
O  450u
= 10k =
VX + ci
ac \Magnitude = 1 - -
S*ee Jopase = 0 3300u Load
' HA(S) o
TO . TO
c ESR c
24m
=0
Vce
o |
Vs U
g R3
W
uT 1k
2
< Cc2
B LM324 = B
0.1u
Vee 1 F(S)
Vee R4 Y
WV
+ | 10k
u — V4 Hocs u
T DC=15 n 122n
+ -0
e ECE Department
i I\D/g 5 M 5500 Wabash Avenue
A - B INSTITUTE OF TECHNGLOGY Terre Haute, IN 47803 A
Ph: (812) 877-8512
1 FAX: (253) 369-9536
“Vee 0 Name: Marc E. Herniter Class: ECE 456
Bize Document Name Rev
A 1
Uncompensated Loop Gain
te: Wednesday, February 12,2003 Bheet 1 of 1
5 4 3 2 | 1
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** Profile: "SCHEMATI C1- AC Sweep" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ O cad\ Conpensat i on\ unconp. ..
Date/ Time run: 02/12/03 11:42:32 Tenperature: 27.0

(J) unconpensated open | oop pl ot s- SCHEMATI C1- AC Sweep. dat (active)
180d
_Od =+ - s D et **MM‘?“‘
":.%
AN -
B P - — i
-193d
%/ 1 . ==v ****“'L”*cm
SEL>>
-400d
o VP(Vs) - VP( Vx)
100 Vs
" ,«-ﬂ—%“"/ - %
%"%,‘,

D 1

‘w@,&'v'* ‘:‘- _1

R, ik

Wrar i ‘@J

50 »% A
’e_,'%‘
v,.,%t
AN
0 e
"
1. 0Hz 10Hz 100Hz 1. OKHz 10KHz 100KHz 1. 0MHz
o DB(V(Vs)/V(WX))
Frequency
Dat e: February 12, 2003 Page 1 Tinme: 11:43:34
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. Gm
Vi Error Amp Gain Vo
| | L1
3 Y Y Y =
O  450u
= 10k -
VX + ci
ac \Magnitude = 1 - -
S*ee Jopase = 0 3300u Load
' HA(S) o
TO . TO
c ESR c
24m
=0
Vce
o |
Vs ue
g R3
W
uT 1k
2
1 2 c2
B LF411 - °
0.1u
Vee 1 F(S)
Vee R4 Y
WV
+ | 10k
u — V4 Hocs u
T DC=15 ] 122n
+ -0
e ECE Department
— V5 5500 Wabash Avenue
A | st INETITUTE OF TECHNOLOGY Terre Haute, IN 47803 A
Ph: (812) 877-8512
1 FAX: (253) 369-9536
“Vee 0 Name: Marc E. Herniter Class: ECE 456
Bize Document Name Rev
A 1
Uncompensated Loop Gain
te: Wednesday, February 12,2003 Bheet 1 of 1
5 4 3 2 | 1
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** Profile: "SCHEMATI C1- AC Sweep" [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ O cad\ Conpensat i on\ unconp. ..
Date/ Time run: 02/12/03 11:44:15 Tenperature: 27.0

(K) unconpensated open | oop pl ot s- SCHEMATI C1- AC Sweep. dat (active)
100d
Vg I < + e » = /77.')_1'**"‘*”“'.,
i s B #_\Qé‘g‘

Od = . — _:’
-100d %’%.w ISR s R — —
SEL>>
-200d

o VP(Vs) - VP( Vx)
Pa
1 0 O — 44#»’*‘-/‘” 4"%
T !Q'x
'.k'v;
~a
\w~‘m
~—
S i
50 i VA
R l‘;é
;a"’a,,
\
&3’;%%
,%%
0 S
N
1. 0Hz 10Hz 100Hz 1. OKHz 10KHz 100KHz 1. 0MHz
o DB(V(Vs)/V(Vx))
Frequency
Dat e: February 12, 2003 Page 1 Tinme: 11:45:46
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~ Vce
Vo_Sig
U
1 3
uT
L2
D © °
rRa O
) WV
Vo_Sig 10k
+ C4
] T 122n ]
Control 0
3 vo
- R2
c c
Vece L1 IC=0 WV
1k
O
450u v
+ ic=0 ESR + c3
—— VD 24m -
DG = 15 N D2 Load 0.1u
i ) MUR405 {5/3} I
3300U -0
=0 )
[IModel = Sx VSWITCH Roff=1e5 Ron=10m Voff=1 Von=4.0 =0 ?_
B tI B
ECE Department
5500 Wabash Avenue
A BT TUTE GF TECHRGLOGY Terre Haute, IN 47803 A
Ph: (812) 877-8512
FAX: (253) 369-9536
Name: Marc E. Herniter Class: ECE456
Bize Document Name Rev
A 1
Continuous Mode Buck Regulator
Date: Wednesday, February 12,2003 Bheet 1 of 1
5 4 3 | 2 | 1
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" SCHEMATI C1- Tr ans™

Tenper at ur e:

[ C \WEBSI TE\ ROSE_CLASSES\ ECE456\ Not es\ Or cad\ Conpensat i on\ Conpensta. . .
27.0

** Profile:
Date/ Time run: 02/12/03 11:46:55
(B) Conpenstated Buck Regul ator-schematicl-trans.dat (active)
15A
!
A
10A- 3
) &
I A
5A—¢
0A
o | (L1)
6. 0V
//"'\\ —
4.0V /
f
i
2.0V
/
/
|
/
SEL>>
ov
Os 10ms 20ms 30ns 40nms 50ns
o V(Vo)
Ti me
Page 1 Tinme: 11:55:57

ECES556 Lecture Notes

Dat e: February 12, 2003
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D Error Amp Gain D
Gm
Vx_ Vo
| | L1
3 Y Y Y -
| | O 450u
+ Vx 10k +  c1
ac \Magnitude = 1 - +
S’W”)Phase =0 3300u Load
| {513}
Hf(S)
=0 . =0
c ESR c
24m
~o

> Vs [
R3
WV
1k
+ Cc2
B =+ B
10n F(S)
=0

B Just reducing the filter time constant makes the system stable. u

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

A ITUTE OF TECHNOLOGY

Name: Marc E. Herniter Class: ECE 456
Bize Document Name Rev
A 1
Uncompensated Loop Gain

te: Wednesday, February 12,2003 Bheet 1 of 1

5 4 3 2 [ 1
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** Profile: "SCHEMATI C1- AC Sweep" [ C:\Website\Rose_C asses\ ECE456\ Not es\ O cad\ Conpensat i on\ conpen. ..

Date/ Time run: 02/12/03 18:45:58 Tenperature: 27.0
(A) Conpensated Loop Gain PLot 2-schematicl-ac sweep.dat (active)
Od - = 7 EARE F LS P
MQQ#’%JW
N
-100d
| — (160. 771K, - 167. 184)
%*1@ 1,,4’”’&3 %%\&Q ,//
%‘wm o A = = #&%0" R
-200d
o VP(Vs)
1 0 O - .‘\JKM"H‘.‘;"’%‘%‘;‘P
¥,
.
.
‘b%‘h
50 ”"“”"'%.%
e,
#'.\"‘Mk
e S (/60. 771K, 400. 000mM
m%\‘&
~
SEL>> ""%4%
-10 e
1. 0Hz 10Hz 100Hz 1. OKHz 10KHz 100KHz 1. OMHz
o db( V(Vs)/! V(Wx))
Frequency
Dat e: February 12, 2003 Page 1 Ti me: 18:48:59
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Vo_Sig
=20k
— 5 —
Control
Q Vo Vo_Sig
v R2
C (o}
Vee L1 |:41_-—||Cz 0 T /\1Ak/\/
~Y Y 1 .
0
450u + v
+ ic=0 ESR + c3
_— VD 24m + T
DG = 15 N D2 Load 10n
i ) MUR405 + c {5/3} e I
3300U =0
=0 =0
[IModel = Sx VSWITCH Roff=1e5 Ron=10m Voff=1 Von=4.0 =0 _:_0
B B

ECE Department
5500 Wabash Avenue

g !HEIIJTE OF TEGCHNOLGGY Terre Haute, IN 47803 A

Ph: (812) 877-8512

FAX: (253) 369-9536
Name: Marc E. Herniter Class: ECE456
Bize Document Name Rev
A 1
Continuous Mode Buck Regulator
Date: Wednesday, February 12,2003 Bheet 1 of 1
5 4 3 | 2 | 1
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** Profile: "SCHEMATI Cl-Trans" [ C:\Website\Rose_C asses\ ECE456\ Not es\ O cad\ Conpensati on\ buck regu. ..
Date/ Time run: 02/12/03 19:02: 40 Tenperature: 27.0
(B) Buck Regul at or Conpensati on-schematicl-trans.dat (active)
40A
A
AN
20A 7\
A\
J \
0A \ /
- 20A
o | (L1)
10V
AN
1/ N\

§

sy / N
/
;
f
< Vi

EL>>
o/
Os 5ms 10ms 15ms 20ms
o V(Vo)
Ti me
Dat e: February 12, 2003 Page 1 Tinme: 19:03:28
Page 621 of 662
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Vo_Sig

o)

>

1meg

FREQUENCY = 20k
AMPLITUDE =5

This filter causes the the system to

become unstable.

0
Control
2 Vo Vo_Sig
v R2
C
Vee L1 |:ij|cz 0 + '\4\k/\'
. Y I
[9)
450u +
+] IC=0 ESR + c3
_— VD 24m + -
100n
»—— DC=15 D2 Load
MUR405 + ¢ {5/3} | m
T  3300U )
=0 =0

[Model = Sx VSWITCH Roff=1e5 Ron=10m Voff=1 Von=4.0 =

OF TECHMNOLOGY

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

Name: Marc E. Herniter Class: ECE456
Bize Document Name Rev
A 1
Continuous Mode Buck Reguator
Wednesday, Februarny 12,2003 Bhoet ] Q]
4 3 2 [ 1
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P D
Gm
Vo
VX | | L1
10K 3 Y Y ,
| | O 450u
+ c1
+ Vx - +
SAC)Magnitude =1 3300u Load
weep -
- Phase =0 Hf(s) (515)
= . =0
c 0 ESR c
24m
=0

> -
Vs R3
' WV
1k
i c2
B B
l100n F(S)

o

ECE Department
5500 Wabash Avenue

A ME OF TECHNOLOGY Terre Haute, IN 47803 A

Ph: (812) 877-8512

FAX: (253) 369-9536
Name: Marc E. Herniter Class: ECE 456
Bize Document Name Rev
A 1
Uncompensated Loop Gain
Juesdav, February 18,2003 Br@t 1 of 1
5 4 3 2 | 1
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** Profile: "SCHEMATI C1- AC Sweep"

Date/ Time run: 02/18/ 03 09: 14: 35

[ C\Websitel Rose_Cl asses\ ECE456\ Not es\ Or cad\ Conpensat i on\ unconp. . .

Tenperature: 27.0

(A) unconpensat ed open | oop pl ot s- SCHEMATI C1- AC Sweep. dat (active)
0d — e
-100d
(577.969,-180.067)
-200d
o VP(Vs)
100
577.969,63.817)
50
SEL>>
-10
1. 0Hz 10Hz 100Hz 1. OKHz 10KHz 100KHz 1. OMHz
o DB(V(Vs)/V(Vx))
Frequency
Dat e: February 18, 2003 Page 1 Tinme: 09:18:44
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P D
Gm
Vo
VX | | L1
10k 3 Y Y Y\
| | O 450u
+ c1
+ Vx - +
SAC)Magnitude =1 3300u Load
weep -
- Phase =0 Hf(s) (515)
= . =0
c 0 ESR c
24m
=0

Removing the filter makes the system stable.

ECE Department
5500 Wabash Avenue
Terre Haute, IN 47803 A

A ITUTE OF TECHNOLOGY
Ph: (812) 877-8512
FAX: (253) 369-9536
Name: Marc E. Herniter Class: ECE 456
Bize Document Name Rev
A 1
Uncompensated Loop Gain
Juesdav, February 18,2003 Br@t 1 of 1
5 4 3 2 | 1
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** Profile: "SCHEMATI C1- AC Sweep" [ C: \Website\Rose_C asses\ ECE456\ Not es\ O cad\ Conpensat i on\ unconp. .
Date/ Time run: 02/18/03 09:19: 15 Tenperature: 27.0
(A) unconpensat ed open | oop pl ot s- SCHEMATI C1- AC Sweep. dat (active)

od S N—
-100d
(338.]844,-163| 159)
SEL>>
-200d
o VP( Vo)
100 =\
50
0
1. 0Hz 10Hz 100Hz 1. OKHz 10KHz 100KHz 1. OMHz
o DB(V(Vo)/V(Vx))
Frequency

Dat e: February 18, 2003

ECES556 Lecture Notes

Page 1

Tine: 09:21: 37
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P D
Gm
Vo
Vx_ | L1
3 Y Y Y\
| O 450u
e
+ Vx - +
SAC)Magnitude =1 3300u Load
weep —
- Phase =0 Hf(s) (515)
= . =0
c 0 ESR c
24m
=0
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* %

Profile: "SCHEMATICl- AC Sweep” [ C:\Website\Rose_C asses\ ECE456\ Not es\ Or cad\ Conpensat i on\ unconp. . .
Date/ Time run: 02/18/03 10: 05: 42 Tenperature: 27.0
(A) unconpensat ed open | oop pl ot s- SCHEMATI C1- AC Sweep. dat (active)
0d : — —
—
\\
\
N
\‘&
\
i (4.0340K -115.956)
-100d —
>
-f_%a& o o
-
\st“r = et “M»J‘//
SEL>>
-200d
o VP( Vo)
25
r ‘-’\k
N\
N
\\\‘
0 N
N (4.0340K,|-43. 142)
‘o\\
‘“\,‘_ \
- 25 *"\ \
\‘\ \
. |
\~ \
~.
T
-50 T
1. 0Hz 10Hz 100Hz 1. OKHz 10KHz
o DB(V(Vo)/V(Vx))
Frequency
Dat e: February 18, 2003 Page 1 Ti ne:
ECES56 Lecture Notes
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Page 632 of 662



T s, the quin b 03 0b, owe @

—

Want Fhe gawm OF OF ck+ to ke FHILY

A 43l = 4l

=D EZ—. =14} = (hovse Rizl¥
Re R, = I\ K

~ Crom~ =+he Plotr wve ohey sa thet ot

AKH2, 4\ Phose 1§ ~Mb7.

— For a phasr margn of 497, we wold Like

Q. Hdo~+al h e @6' - 1352, S0 00o€ £ cvor

Gm Pl iFrer C\ch;‘;\*’ Can  add I17° % Phoae LQ-%

ECEb556 Lecture Notes Page 633 of 662



Page 634 of 662

e Wl plese tle Role n the

fo Nowo \;\JG ACCaN G ent

_sl afe WReresHel  \nw wwak 19

Cié_ée,é, o 3 _\,\,\*\S C'\\“(e.( a}: {Z('eti:ueN C-ﬁ

- Of Mmole € CtC&\‘G , W

P, A
T\)\f\c{gg‘I w\/\em 6\“0‘3\&

@(FB': 40 - "_q“ﬁ‘(“g;} + Tcm-\( B

t

Pole ot
20

ECES556 Lecture Notes

e Na.e& —+to q&& lTa ot

‘P\&/QQ r\::,g_ C{f\.d F?

Page 634 of 662




Page 635 of 662 @

—_— we" afe WWwXeces~ed {v-s —t\l\e. P\\QSe a4

£ = feo

—_ ° _ T A Co Ceo
O ()= T0° - Tan (&3 « Tan( Y

?301 Ff“o - E&. - % <6
F} Ft.o

O (7)) = J07 = Tan(x) + Taw' (k)
= \1°
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Buck Regulator Crossover Example

Switching Frequency Fg = 20kHz

F

Cutoff Frequency Fco = ?S Fco = 4kHz
Measured from PSpice Cross Over_Gain ;= - 43

- Cross Over_Gain
Amp_Gain := 10 20 Amp_Gain = 141.254
Choose R1 R1 = 1kW
Rp := Amp_GainRy Ry = 141.254kW
Measured Phase := 116 From PSpice

Phase Margin := 45

Phase Needed := 180 - Phase Margin - Measured Phase
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Phase Needed = 19

Solve for K K:==1
Given
Phase Needed><L =P atan(K) + atanr—g
- 180 2 eKg
K := find(K)
K = 5.976
Find the ploe and zero
F
F7 = % F> = 669.37Hz
Fp:= FcoX Fp = 23.903kHz
Solve for C1 and C2
1
Cq:= Cq = 1.683nF
2>p>Rz>FZ
1
Co=——— Co = 47.137pF
20 RyFp
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D D
Gm
u12 Vo
Vx_ | L1
3 Y Y Y\
) | O 450u
+ C1
4 vx + '\{\k/\' Ideal_OPAMP - *
SAc)Magnitude =1 3300u Load
"**/Phase = 0
N {5/3}
Hf(S)
R C2 R1 —
=0 — . °
¢ 1680 © 141k ESR ¢
24m
?0
C3
1
FA0
47p
ag I
Note that we get 180 degrees from the inverting
configuration of the OP AMP.
B B
ECE Department
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Name: Marc E. Herniter Class: ECE 456
Bize Document Name Rev
A 1
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** Profile: "SCHEMATI C1- AC Sweep" [ C: \Website\Rose_C asses\ ECE456\ Not es\ O cad\ Conpensat i on\ unconp. .
Date/ Time run: 02/18/03 10:55:12 Tenperature: 27.0

(A) unconpensat ed open | oop pl ot s- SCHEMATI C1- AC Sweep. dat (active)
-0d
(/4. 0256K, - 134. 752)
_ lood — e . - — v . - « e R e <
A
\ A.>‘””’"WMM -
3 il
\ -
- 200d \ T
AN "
- 300d
o VP(Vo) -180
150
100 m—
e ranm. e MW‘A“ -
e —— (4. 0256K, - 370. 654m
\\\\
50 \m\\w
S,
\*\
\‘b
\\,,%
0 D .

SEL>> —

1. 0Hz 10Hz 100Hz 1. OKHz 10KHz

o DB(V(Vo)/V(Vx))
Frequency
Dat e: February 18, 2003 Page 1 Tinme: 11:00:41
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U1
n 9]
D Error AR D D
= 0
- 100k
Ideal_OPAMP amp
c3 R1
J Oy
¥ ¥ FREQUENCY = 20k
B 1 § 1.68n 141k AMPLITUDE = 5 i
R2 -
M =l -0
c2 47p
Control
1 . vo
C C
Vcc

L1 |:ij|cz 6
YY)

. = l
450u + v

+| IC=0 ESR

— VD 24m +

T pc=15 D2 Load
> MUR405 + ¢ {5/3} e

T 3300V
=0

[OModel = Sx VSWITCH Roff=1e5 Ron=10m Voff=1 Von=4.0 =P =

ECE Department
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A 1
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** Profile: "SCHEMATI Cl-Trans" [ C:\Website\Rose_C asses\ ECE456\ Not es\ O cad\ Conpensati on\ buck regu. ..
Date/ Time run: 02/18/03 11:08: 28 Tenperature: 27.0

(B) Buck Regul at or Conpensati on-schematicl-trans.dat (active)

8. 0A

4. 0A ;\

¥

W'\‘*M

"’\\

0A

-4. 0A

o | (L1)

6. 0V

5.6V \\

5.2V \\

SEL>> ~
4.8V
Os 2ns 4mrs 6ns 8ns 10ns
o V( Vo)
Ti me
Dat e: February 18, 2003 Page 1 Tinme: 11:09:44
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Vin
N~

N 5 PWM
Y DOJ——I

P A 1meg
2 2(~)AMPLITUDE =2.5
EE FREQUENCY = 1k
- +]v3
“AA)FREQUENCY = 20k
AMPLITUDE = 5
+ -
— V2
DC=25
-0
-0

LSwitching Amplifiers
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herniter
Text Box
Switching Amplifiers
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27.0
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Temperature
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** Profile: "SCHEMATI Cl-Transient” [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ | nverter\si ne wave. ..
Date/ Time run: 02/19/03 19:56: 19 Tenperature: 27.0

(A) sine wave inverter-SCHEMATI C1- Transi ent. dat (active)

5.0V

4.0V

3.0V i

\
2.0V / /‘

1.0V

Os 0. 5ns 1. 0ns 1. 5n8 2. 0ns
o V(Vin) V( PVWM)

Ti me
Dat e: February 19, 2003 Page 1 Tinme: 19:57: 39
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** Profil e:
Dat e/ Ti me run:

" SCHEMATI C1- Tr ansi ent "
02/ 19/ 03 20:08: 40

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ | nverter\si ne wave. ..

Tenperature: 27.0

5.0V

4.0V

3.0V

2.0V

1.0V

ov

(A) sine wave inverter-SCHEMATI C1- Transi ent. dat (active)

)

Os

o V(Vin)

0. 2ms 0. 4ns 0. 6ms

o V(PW) .

Ti me

0. 8ns

1. 0ns

Dat e: February 19, 2003 Page 1
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Vin 5 PWM
T AR D
P N 0
IR 1meg
2 2(~ ) AMPLITUDE = 2.5
g2 FREQUENCY = 1k
_ +]v3
@ REQUENCY = 20k
/AMPLITUDE =5
L . )
— V2
T bc=25
=0
)
C
PWM  —— —— PWM_BAR
A T
— Sx
= 0 =0
_— High_Power Vo Von
T bc=28 Ri
WV
= Tk
-0
B
S2B
PWM_BAR . S1B
N L
Sx * / .
|| ?0 Sx L
-0
=0

U1A

7404

[IModel = Sx VSWITCH Roff=1e6 Ron=1.0m Voff=1.0 Von=4.0

PWM_BAR
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S1A S2A
PWM  —— —— PWM BAR
= s
o 0 =
— High_Power Vo Von 0
T bpc=28 Ri1
q T b
= Tk
-0
S2B
PWM BAR S1B
E _mw
/

?o i 1
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** Profil e:

" SCHEMATI C1- Tr ansi ent "

[ C:\VEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ | nverter\si ne wave. ..

Date/ Time run: 02/19/03 20: 08: 40 Temperature: 27.0
(A) sine wave inverter-SCHEMATI C1- Transi ent. dat (active)
40V
oV
SEL>>
-40V
o V(Vop, Von)
5.0V — \ /, —
2.5V
Os 0. 5ns 1.0ns 1.5ms 2.0ns
o V(Vin) - V(PW)
Ti me
Dat e: February 19, 2003 Page 1 Time: 20:10: 24
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** Profile: "SCHEMATI Cl1-Transi ent"

Date/ Time run: 02/19/03

20: 08: 40

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ | nverter\si ne wave. ..

Tenperature: 27.0

30V

(A) sine wave inverter-SCHEMATI C1- Transi ent. dat (active)

20V

10V

oV

-10V

- 20V

-30V
Os

0. 2ms 0. 4ns 0. 6ms

o (V(Vin)-2.5)*10 v V(Vop, Von)

Ti me

0. 8ns

1. 0ns

Dat e: February 19, 2003

ECES556 Lecture Notes

Page 1

Ti me: 20:12: 49
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Vin 5 PWM
T VAR D
D ’H‘/ 0 D
» V1 1meg U1A PWM_BAR
~U)AMPLITUDE = 2.5
FREQUENCY = 1k

Transient
Analysis

V3 7404
REQUENCY = 20k
AMPLITUDE =5

(D)

—_— V2
T bc=25
)
=0
c c
[IModel = Sx VSWITCH Roff=1e6 Ron=1.0m Voff=1.0 Von=4.0
PWM —— >  PWM BAR
N s Eal A
— Sx
= 0 =0
_—_High_Power Vo Von
T bc=100 R1
— W\,
= Tk
-0
B B
S2B
PWM_BAR _ S1B
N L
Sx |/_|
?0 Sx
— TO ]
)

ECE Department
5500 Wabash Avenue
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herniter
Text Box
Rail Voltage Changed to 100 Volts.
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** Profile: "SCHEMATI Cl1-Transi ent"

Date/ Time run: 02/19/03

20: 13: 54

[ C\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ | nverter\si ne wave. ..

Tenperature: 27.0

(A) sine wave inverter-SCHEMATI C1- Transi ent. dat (active)
100V
50V ]
V
\
,
\Y
oV
\ y
y
/
\
) 4
- 50V .
|
-100Vv
Os 0. 2ms 0. 4ms 0. 6ms 0. 8ms 1. 0ns
o (V(Vin)-2.5)*35 < V(Vop, Von)
Ti me
Dat e: February 19, 2003 Page 1 Tinme: 20:14:31
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Vin 5 PWM
| OB
D ’H‘/ 0 D
=4 10k U1A PWM_BAR
b 1;@ AMPLITUDE 2.5
g2 FREQUENCY = 1k
+ V3 7404
@ REQUENCY = 100k
AMPLITUDE =5 =
L + ) . . L
= Switching Frequency
DC=25
=0 Changed to 100 KHZ
o
C C
[IModel = Sx VSWITCH Roff=1e6 Ron=10.0m Voff=1.0 Von=4.0
PWM ——m _ _ —— PWM BAR
_I__M_ D12 -
™ = D14 Sx o
4 0 — Vo
o q -0
——_ High_Power s L1 f
IC=0 +
_ -:_ C1
) [~ 2.2u
B ‘ L2 IC=0 Von B
b YN ) Q
S2B D15 O 15u
PWM_BAR E D13 S1B IC=0
PWM
- Sx +—|—/ + Fc=20kHz
n ~o

T

Anti-Parallel Diodes
Added.
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Marc E Herniter


herniter
Text Box
Switching Frequency Changed to 100 KHZ

herniter
Text Box
Anti-Parallel Diodes Added.
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** Profile: "SCHEMATI Cl-Transient” [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ | nverter\si ne wave. ..
Date/ Time run: 02/19/03 20: 45: 03 Tenperature: 27.0

(A sine wave inverter-SCHEMATI C1- Transi ent.dat (active)

30V

20V Y A

10V L W-

O V V 1'

-10V

-20V 0

-30V
Os 0. 2ms 0. 4ns 0. 6ms 0. 8ns 1. 0ns
o V(Vop, Von)

Ti me
Dat e: February 19, 2003 Page 1 Ti me: 20:45:58
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D O— B[

+[ v 10k U1A PWM_BAR
~U)AMPLITUDE = 2.5
FREQUENCY = 1k

Transient
Analysis

+]vs 7404
@AMPLITUDE =5
- + - T FREQUENCY = 200k . . -
= S Switching Frequency
DC=25
=0 Changed to 200 KHZ
o
C C
[IModel = Sx VSWITCH Roff=1e6 Ron=10.0m Voff=1.0 Von=4.0
PWM _ _ o— _ PWM_BAR
_I__M_ D12 -

™ = D14 Sx I

4 0 — Vo

= q -0

——_ High_Power s L1 f

Ic=0 +
L 4 ci R2
=0 T 22u 8
B ‘ Lo IC=0 Von B
p YN Q
S28 D15 O 15u

PWM_BAR . D13 S1B - IC=0
sh ] i — Fc=20kHz

| =0 l S J:— |

ECE Department
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Marc E Herniter


herniter
Text Box
Switching Frequency Changed to 200 KHZ
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** Profile: "SCHEMATI Cl-Transient” [ C:\WEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ CRCAD\ | nverter\si ne wave. ..
Date/ Time run: 02/19/03 20: 46: 46 Tenperature: 27.0

(A sine wave inverter-SCHEMATI C1- Transi ent.dat (active)

30V

20V £

10V / 5

WO %

ov-L

-10V 4

- 20V

-30V
Os 0. 2ms 0. 4ns 0. 6ms 0. 8ns 1. 0ns
o V(Vop, Von)

Ti me
Dat e: February 19, 2003 Page 1 Tinme: 20:47:18
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* %

Profil e:

" SCHEVATI C1- Transient” [ C:\VEBSI TE\ ROSE_CLASSES\ ECE456\ NOTES\ ORCAD\ | nverter\si ne wave. ..
Date/ Time run: 02/19/03 20:47:53 Tenperature: 27.0
(A sine wave inverter-SCHEMATI C1- Transi ent.dat (active)
1 30V > 3.0V
‘J,if TN . ) ry“" %’%m
PR *é.a ;‘: . %’,
Input and
20V 2.0V / Output Voltage #/ \
\  |Waveforms
10V- 1.0v—f f
ov.  -0.0vf f L
." 3' ii' 3‘
~10vV|  -1.0V \ ‘ 7
\ f ! ‘
20V -2.0V - 77
>> Ny Mo
- 30V- -3.0V
1. Ons 1. 5nms 2.0 2.5 3. 0ns
o V(Vop, Von) V(Vin)-2.5
Ti me
Dat e: February 19, 2003 Page 1 Ti me: 20:50: 15
ECES56 Lecture Notes
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Text Box
Input and Output Voltage Waveforms
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Simulation Settings - Transient

General Analysiz |Ir‘u:|uu:|e Filesl Lihrariesl Stimuils I Dptinnsl Drata Collection I Frobe Windnwl
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ITime Cromain [Tranzient) j

Options:

General Settings
[ Monte Carlo 4 orst Caze
Parametric Sweep

— Sweep varable

& Voltage source
& Current zource
™ Global parameter
™ Model parameter

™ Temperature

Hame: IHigh_F'-:uwer
fadel e I j
f el manme: I

Earameter names I

[]T ermperature [Sweep]

[ 15Save Bias Paint ~ SweEp type
[ Load Bias Point © Linear Eibarh walie: I
B sralie: I
™ Logarithmic IDecade 'I b
|RErEmemt: I
* Value st [25.50,75.100
atk. Cancel Apply Help
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vin. ~ 5 PWM
D ’H‘/ DOJ D

» V1 10k U1A PWM_BAR
@ AMPLITUDE = 2.5

Transient
Analysis

FREQUENCY = 1k

+ V3 7404
@AMPLITUDE =5
— | - T FREQUENCY = 200k -
— V2
T bc=25
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)
C C
[IModel = Sx VSWITCH Roff=1e6 Ron=10.0m Voff=1.0 Von=4.0
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™ = D14 Sx o

+ 0 p— VO

il q -0

_—_ High_Power s L1 f

T = /YY)
.| pbe=28 O 15u
— IC=0 +
L +H 1 R2
) T 22u 8
B ‘ L2 IC=0 Von B
b Y'Y Q
S2B D15 O 15u
PWM BAR . D13 S1B IC=0
o PWM _
Sx /. FC_20kHZ
s s
1 TO — | |
-0

.|||—.
o

w

x

Main Input Voltage
.| |stepped from 25, 50, 75,

ECE Department
5500 Wabash Avenue

ETITUTE OF TECHNOLOGY Terre Haute, IN 47803 A

Ph: (812) 877-8512
to 100 VOItS FAX: (253) 369-9536
: Name: Marc E. Herniter Class: ECE456
Bize Document Name Rev
A 1
Sine Wave Inverter
——\ednesday, Febuary 10,2003 Rheg 1 o ]
5 4 3 2 | 1

ECEb556 Lecture Notes Page 658 of 662


Marc E Herniter


herniter
Text Box
Main Input Voltage stepped from 25, 50, 75, to 100 Volts.


Page 659 of 662

* %

Profil e:

" SCHEVATI C1- Transient” [ C:\Website\Rose_Cl asses\ ECE456\ Not es\ Or cad\ | nverter\si ne wave. ..
Date/ Time run: 02/19/03 21:00: 57 Tenperature: 27.0
(A) sine wave inverter-SCHEMATI C1- Transi ent. dat (active)
100V N
,"P‘ ‘VL‘“.
50V
i
[ Sy  fur—
Is .."i Pl
v
Yl
oV

LU

ﬁ"‘} Yo,

PG

- 50V A
- 100V S
1. 0ns 1. 5nms 2.0 2. 3. 0ns
o v » V(Vop, Von)
Ti me
Dat e: February 19, 2003 Page 1 Tinme: 21:10:24
ECES56 Lecture Notes

Page 659 of 662



ge 060 of 662

PWM_BAR D13
Sx o

=0

- - |
Sx
=0

‘l|\We can also change the properties
of the input source to control the

Vin 5 PWM
P i 0
o H V1 10k U1A PWM_BAR
32 AMPLITUP
g2 @ FREQUE
- +]v3 7404
@AMPLITUDE =5
— +] - [ FREQUENCY = 200k
— V2
DC=25 PARAMETERS:
- ’ 1 V_Amp =25
)
=0
C
[IModel = Sx VSWITCH Roff=1e6 Ron=10.0m Voff=1.0 Von=4.0
PWM _ —q " N — PWM_BAR
_I__M_ D12 -
™ = D14 Sx
+ 0 — Vo
o q -0
_—_ High_Power s L1 f
T DC=100 AR
- p—— u
IC=0 +
1 +H c1 R2
=0 2.2u 8
8 ) L2 IC=0 Von
» ~A Q
S2B D15 s1B O 15u
IC=0

Fc=20kHz

UTE OF TECHNOLOGY

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

Name: Marc E. Herniter Class: ECE456
Bize Document Name Rev
A 1
Sine Wave Inverter

Bheet ] o 1

Wednceday, Fbruary 10,2003
2 |

ECES556 Lecture Notes

Page 660 of 662



Marc E Herniter


Marc E Herniter


herniter
Text Box
We can also change the properties of the input source to control the output signal.
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