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The Experimental Unit for Education DC-DC Converters

By

Taweesak Chartsatjatham
Pattarakam Nisaijariyakun
Prapapan Modkham
Umnuay Kaewkham

Assoc. Prof. Dr. Werachet Khan-ngern  Advisor

ABSTRACT

This thesis proposes the power electronic education experimental unit involved with DC-
DC converter which includes Boost converter (step-up converter), Buck-Boost converter{step-up
{ step-down converter). The study shows how to convert dc input into controlled dc output at a
desired voltage level by switch-mode technique. DC-DC converters are designed at 100 W
using MOSFET as a switching device operating frequency at 70 kHz. Computer self leamning
unit for DC-DC converter is created by Macromedia Authorware 7, Macromedia Flash MX and
Microsoft Excel. This unit includes key learning feature such as theory, calculating program and

PSpice-simulation’s VDO clip.
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TL494
PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D - JANUARY 1983 — REVISED MAY 2002

® Complete PWM Power-Control Circuitry D, DB, N, NS, OR PW PACKAGE

® Uncommitted Outputs for 200-mA Sink or (TOP VIEW)
Source Current 31N+ : Ve ] 2N+

® Qutput Control Selects Single-Ended or 1IN-[} 2 15{] 2IN-
Push-Pull Operation FEEDBACK [] 3 14[] REF

@ Internal Circuitry Prohibits Double Pulse at DTC{] 4 13 g OUTPUT CTRL
Either Output ctlls  12]lvee

® Variable Dead Time Provides Contro§ Over RT[|6 1jlcz
Total Range eND[]7  10flE2

#® nternal Regulator Provides a Stable 5-V cills Ml E1

Reference Supply With §% Tolerance

¢ Circuit Architecture Allows Easy
Synchronization

description

The TL494 incorporates all the functions required in the construction of a pulse-width-modutation {PWM) control
circuit on a single chip. Designed primarily for power-supply control, this device offers the flexibility to taitor the
power-supply control circuitry to a specific application.

The TL494 contains two error amplifiers, an on-chip adjustable oscillator, a dead-time control {DTC)
comparator, a pulse-steering control flip-flop, a 5-V, 5%-precision regulator, and output-control circuits.

The error amplifiers exhibit a common-mode vottage range from —0.3 V to Vo — 2 V. The dead-time controt
comparator has a fixed offset that provides approximately 5% dead time. The on-chip oscillator can be bypassed
by terminating RT to the reference output and providing a sawtooth input to CT, or it can drive the common
circuits in synchronous multiple-rail power supplies.

The uncommitted output transistors provide either common-emitier or emitter-follower output capability. The
TL494 provides for push-pull or single-ended output operation, which can be selected through the
output-control function. The architecture of this device prohibits the possibitity of either output being puised twice
during push-pull operation.

The TL494C is characterized for operation from 0°C to 70°C. The TL494t is characterized for operation from

-40°C to 85°C.
AVAILABLE OPTIONS
PACKAGED DEVICES
Yt - | pLasTic NaL SHRINK | THIN SHRINK
a OUTLINE pIP OUTLINE SMALL SMALL
T~ o o OUTLINE OUTLINE
{DB) (PW)
0°Cto70°C | TL434CD | TLAG4CN | TLAGACNS | TL494CDB | TL494CPW
40°C1085°C | TL4%4ID | TLA%4IN - — —

The D, DB, NS, and PW packages are available taped and reeled. Add the suffix R to device type {e.g.,
TL494CDRY).

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

Copyright ® 2002, Texas Insiruments Incorporated

Prodsts nomtorm 1 .',.;“"'“"m'&%"m“p."::"... o Tores D
m;mp-mm ’ 9 doseot ke b TEXAS
INSTRUMENTS

POST OFFICE BOX 655307 ® DALLAS, TEXAS 75265 1
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FUNCTION TABLE
INPUT TO
OUTPUT CTRL OUTPUT FUNCTION
Vi=GND Single-ended or paraliel cutput
VI = Vet Normal push-pull operation
functional block diagram
OUTPUT CTRL
(see Function Table}
& 13
RT
cr.5 Osclllator al
1D c1
Dead-Time Control 9
=01V \Comparator £1
4
ore £ 1> :‘1>}D o
PWM Q2 4
Error Amplifler 1 | oot ’___—D_ c2
1IN+ 1 F3) 4 10
+ { [ 3]
1IN- 2 i Pulse-Steering
Flp-Flop
Error Amplifier 2 12
16 Vce
2IN+ + I
15 ;
ZIN- = Reference 14 REF
Regulator
7
—D GND
3
FEEDBACK 0.7 mA

*ﬁ’ TEXAS
INSTRUMENTS

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75285
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TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D - JANUARY 1983 — REVISED MAY 2002

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vo (see Note 1) ... . 41V
Amplifierinput voltage, V| ... ... .. Voo t03V
Collector output voltage, Vo . ... o i e 41V
Collectoroutputcurrent, lo . ... .o il e 250 mA
Package thermal impedance, 6)a {(seeNote2and 3): Dpackage ...............ocvvunenenn... 73°C/W
DBpackage ............. ... ...l 82°C/w
Npackage ..................ccoiiiina.. 67°C/w
NSpackage ......... ... ... viiiiinnn. 64°CW
PWpackage .......................... 168°CW
Lead temperature 1,6 mm (1/16 inch) from casefor10seconds ..........co oo, 260°C
Storage temperature range, Tl - - o i iaiiaanainas —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings® may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond these indicated under “recommended operating conditions™ is not
implied. Exposure to absolute-maximum-rated conditions for axtended periods may affect device reliability.

NOTES: 1. Allvoltage values are with respect to the network ground terminal.

2. Maximum power dissipation is a function of T j{max), 8, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T, )(max) — Ta)/6 ja. Operating at the abselute maximum T of 150°C can affect reliability.
3. The package thermal impedance is calcutated in accordance with JESD 51-7.

recommended operating conditions

MIN MAX | UNIT
Vee Supply voltage 7 40 v
Vi Amplifier input voitage 0.3 Vo2 v
Vo Collector output voltage 40 v
Collector output current {each transistor) 200 mA
Current into feedback terminal 03] mA
fosc Osclilator frequency 1 300 | kHz
Cr Timing capacitor 047 10000 nF
RT Timing resistor 1.8 500 | ki
Ta Operating free-air temperature o/ i 70 °C
TL494] 40 85

“2’ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 @ DALLAS, TEXAS 75265 3
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TL494

‘PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D ~ JANUARY 1983 - REVISED MAY 2002

electrical characteristics over recommended operating free-air temperature range, Vgc = 15V,
f = 10 kHz (unless otherwise noted)

reference section

TL494C, TL494I
PARAMETER TEST CONDITIONST UNIT
MIN TYPE MAX
OCutput voitage {REF) lo=1mA 4.75 5 525 V'
Input regutation Vee=TViod0v 2 251 mv
Output regulation ig=1mAt 10 mA 1 15 mv
QOutput voltage change with temperature ATa = MIN to MAX 2 10| mwv
Shont-circuit output current§ REF =0V 25 mA
T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
1 All typical values, except for parameter changes with temperature, are at Ta, = 25°C.
§ Duration of the short circuit should not exceed one second.
oscillator section, Cy = 0.01 pF, Ry =12 k{2 {see Figure 1}
TL494, TL494i
PARAMETER TEST CONDITIONST UNIT
MIN TYPf MAX
Frequency 10 kHz
Standard deviation of frequencyﬂ All values of Voo, CT, RT, and Ta constant 100 Hz/kHz
Frequency change with voltage Yoc=7Vio 40V, Ta =25°C 1 Hz/kHz
Frequency change with temperature? ATA = MIN to MAX 10 | HzfkHz
1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
$ All typical values, except for parameter changes with temperature, are at Ta = 25°C.
Y standard deviation is a measure of the statistical distribution about the mean as derived from the formula:
g =
# Temperature coeflicient of timing capacitor and timing resistor are not taken into account.
error-amplifier section {see Figure 2)
TL494, TL4941
PARAMETER TEST CONDITIONS MIN_ TYPE  MAX UNIT
Input offset voltage V¢ (FEEDBACK) =25V 2 10| mv
Input offset current Vo (FEEDBACK) = 2.5V 25 250 nA
input bias cumrent Vo (FEEDBACK) = 2.5V 0.2 1 WA
Common-imode input voltage range | Ve =7V 10 40 ;g 2_:; v
Open-loop voltage amplification AVG =3V, Ry =2 ke, Vo=05V1035V 70 95 d8
Unity-gain bandwidth Vo=05VIo3b6V, Ry =2kQ 800 kHz
Common-mode rejection ratio AVp =40V, Ta=25°C 65 80 dB
Qutput sink current (FEEDBACK) Vip=-15mVto -5V, V (FEEDBACK} =0.7 V 0.3 0.7 mA
Output source current (FEEDBACK) [Vip=15mV o5V, V (FEEDBACK) =35V -2 mA

% Al typical values, except for parameter changes with temperature, are at Ta = 25°C.

Q?‘ TEXAS
INSTRUMENTS

4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS074D - JANUARY 1983 — REVISED MAY 2002

electrical characteristics over recommended operating free-air temperature range, Voo =15 V,
f = 10 kHz {unless otherwise noted)

output section

PARAMETER TEST CONDITIONS MIN TYPT MAX]| uNIT
Collector off.state current V=40V, Ve =40V 2 100 pA
Emitter off-state current Voo=Ve =40V, VE=0 100§ pA
Common emitter | VE=0, I = 200 mA 1.1 1.3
Collector-emitter saturation voltage - E L \'

’ Emitter follower | Vo1 or C2y=15V, IE=-200mA 15 25

Output control input current V| = Vief 35| ma
T Al typical values excepl for temperature coefficient are at Tp, = 25°C,
dead-time control section (see Figure 1)

PARAMETER TEST CONDITIONS MIN TYPT MAX]| UNIT
input bias current (DEAD-TIME CTRL) Vi=0t0525V -2 10| pA
Maxirmum duty cycle, each output V) (DEAD-FIME CTRL) = 0, CT = 0.01 pF, Ry = 12 kQ 45%,

Zero d e 3 3.3
input threshold voltage (DEAD-TIME CTRL) jo o0y &¥d v
Maximum duty cycle 0
T All typical values except for temperature coefficient are at Ta = 25°C.
PWM comparator section (see Figure 1)
PARAMETER TEST CONDITIONS MIN TYPT  MAX | uNIT
Input threshold voltage (FEEDBACK) Zero duty cycle 4 4.5 \
Input sink curent (FEEDBACK) V (FEEDBACK) = 0.7 V 0.3 07 mA
T Al typical values except for temperature coefficient are at Ta = 25°C.
total device
PARAMETER TEST CONDITIONS MIN TYPT MAX| UNIT
) Vee =15V 6 10
Standby supply current RT = Vpef, All other inputs and outputs open ma
Voo =40V 9 15
Average supply current V| (DEAD-TIMECTRL} =2V, See Figure 1 7.5 mA
T All typical values except for temperature coefficient are at Ta = 25°C.
switching characteristics, Ty = 25°C
PARAMETER TEST CONDITIONS MIN TYPt MAX| uNIT
Rise time . 100 200 ns
- Common-emitter configuration, See Figure 3
Falt time 25 100 ns
Rise time . 100 200 ns
- Emitter-follower configuration, See Figure 4
Fall time 40 100 ns
¥ Al typical values except for temperature coefficient are at Ta, = 25°C.
3 1,
EXAS
INSTRUMENTS
POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265 5
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. PULSE-WIDTH-MODULATION CONTROL CIRCUITS

SLVS0740 - JANUARY 1983 -- REVISED MAY 2002

PARAMETER MEASUREMENT INFORMATION

Vee=15V
12 ; 150 0 150 0
2 2W
Vee w
4 8
Test DTC c1 Qutput 1
Inputs 3 | FeeoBACK e1}2 1
12 kQ 6 1" -
RT C2] Output 2
— £2 jw
1L 0.01pF =
) d 1IN+
2
UN-{ Eror
J_ & 16 2IN+ [ Amplifiers
L 13 28
13| outPUT rEF |14
CTRL
GND

50k.Q§ _L"'

TEST CiRCUIT

“un | SR D AN A I T
e WERE LT = o
<& NNV NN

Threshold Voltage — — |

DTC [
|
ov [
I
| : Threshold Voltage - - — —
FEEDBACK | | ]
0.7V i l !
Duty Cycle 0% —j—p y > MAX — 0% —)
VOLTAGE WAVEFORMS

Figure 1. Operational Test Circuit and Waveforms

“-’;’ TEXAS
INSTRUMENTS

6 POST OFFICE BOX 655303 # DALLAS, TEXAS 75265
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TL494

PULSE-WIDTH-MODULATION CONTROL CIRCUITS

S5LVE074D ~ JANUARY 1983 — REVISED MAY 2002

PARAMETER MEASUREMENT INFORMATION

Amplifier Under Test

FEEDBACK

Other Amplifier

Figure 2. Amplifier Characteristics

15V

580
2W

{
Each Qutput I
|

| Circuit Output

g  r i: I CL=15pF

I {See Note A)
I

TEST CIRCUIT QUTPUT VOLTAGE WAVEFORM
NOTE A: €| includes probe and jig capacitance.

Figure 3. Common-Emitter Configuration

15V
Prr—
| Circuit [
]
: Output
.l.... _______ 680
CL=15pF = W
{See Note A)
TEST CIRCUIT QUTPUT VOLTAGE WAVEFORM

NOTE A: Cy includes probe and jig capacitance.

Figure 4. Emitter-Follower Configuration

‘{’? TEXAS
INSTRUMENTS

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265 7
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f — Osclllator Frequency and Frequency Varlation - Hz

T Frequency variation {4) is the change in oscillator frequency that occurs over the full temperature range.

A ~ Amplifier Voltage Amplification - dB

TYPICAL CHARACTERISTICS
OSCILLATOR FREQUENCY AND
FREQUENCY VARIATIONT
Vs
TIMING RESISTANCE
100k = F—f=FFFr,
Ve =15V
40 k 7 = Ta=25C 1
2% - —— -
10k 1% & N, 0.001uF ||
4k ' 0% TN} 0:010F ZENg
'y w8l
[ K N
1k J i 0.1 pF LU
e ]
400 ] ‘3
4 Df =1% [N
N Py =
100 : =+
Ct=1pF ~
40 - 4
\ '
4
10 T
1k 4k 10k 40k 100k 406k 1M

100
30
80
70
&0

40
30
20

10

Rt - Timing Reslstance - O

Figure 5

AMPLIFIER VOLTAGE AMPLIFICATION

V6
FREQUENCY
1
T Vec=15V
— AVo=3V T
\ Ta = 25°C
1 10 100 1k 10k 100k 1M

f - Frequency - Hz

Figure 6

s
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MOTOROLA . o
SEMICONDUCTOR TECHNICAL DATA O LD

@m@.®®®®® H11L1*

VDE v GCSA SETE | SEMKO | DEMKQ | NEMKO | BABT

[IF{an) = 1.6 mA Max]

6-Pin DIP Optoisolators H11L2

{IF{on) = 10 mA Max)

Logic Output Motorola Preferved Device

The H11L1 and H11L2 have a gallium arsenide IRED optically coupled to a
high-speed integrated detector with Schmitt trigger output. Designed for
applications requiring electrical isolation, fast response time, noise immunity STYLE 5 PLASTIC
and digital logic compatibility.

* Guaranteed Switching Times — tgp, boff < 4 ps
+ Buili-In On/Off Threshold Hysteresis

« High Data Rate, 1 MHz Typical (NR2)

+ Wide Supply Voltage Capability

» Microprocessor Compatible Drive STANDARD THRU HOLE

» To order devices that are tested and marked per VDE 0884 requirements, the CASE 730A-04
suffix "V" must be included at end of part number. VDE 0884 is a test option.

Applications

+ Interfacing Computer Terminals to Peripheral Equipment

+ Digital Control of Power Supplies

+ Line Receiver — Eliminates Noise

» Digital Controf of Motors and Other Servo Machine Applications
« Logic to Logic Isolator ~

+ Logic Leve! Shifter — Couples TTL to CMOS

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

SCHEMATIC

l Rating I Symbol I Value l Unit | AN B
INPUT LED 2. CATHODE
Reverse Voltage VR 6 Volts 3. NC
Forward Current — Continuous IE 60 mA & &F}E_SL?TOLLECTOR
— Peak 1.2 Amp
Putse Width = 300 ps, 2% Duty Cycle -’; SND
LED Power Dissipation @ T = 25°C Po 120 mw 13
Derate above 25°C 1.41 mwreC
OUTPUT DETECTOR
CQutput Voltage Range Vo 0-16 Volts
Supply Voltage Range Veo 3-16 Volts
Quiput Current Io 50 mA
Detector Power Dissipation @ Ta = 25°C Pp 150 mw
Derate above 25°C 1.76 mW/eC
TOTAL DEVICE
Total Device Dissipation @ Tp, = 25°C Pp 250 mwW
Derate above 25°C 2.94 mwWw/°C
Maximum Operating Temperature{2) TA —40to +85 °C
Storage Temperature Range{2) Tstg | ~55to+150 °C
Soldering Temperature (10 s) T 260 *C
Isolation Surge Voltage Viso 7500 Vac{pk)
{Pk ac Voltage, 60 Hz, 1 Second Durationf(1)
1. Isolation surge voltage is an internal device dielectric breakdown rating.
For this test, Pins 1 and 2 are common, and Pins 4, § and 6 are common.
2. Refer to Quality and Reliability Section In Opto Data Book for information on test conditions.
Preferred devices are Motorola recommended choices for future use and best overail value.
GlobalOptolsolatoris a trademark of Motorola, Ing,
REV 1 § 1
M) mororoLa

© Motorola, Inc. 1985



H11L1 H11L2
ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)(1)
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I Characteristic 1 Symbol Min J Typ(1) Max | Unit I
INPUT LED
Reverse Leakage Current (VR =3 V, R = 1 M) IR _ 0.05 10 A
Forward Voltage (Ip = 10 mA) Vg —_ 1.2 1.5 Volts
{iF = 0.3 mA) 0.75 0.95 —
Capacitance (VR =0V, =1 MHz) C — 18 -_ pF
OUTPUY DETECTOR
Operating Voitage Vee 3 —— 15 Volts
Supply Current ({(F = 0, V¢, o =5V) 1CCloM — 1 5 mA
Output Cument, High (IF =0, Vo =V, = 15V) loH — _ 100 A
COUPLED
Supply Current (I = IF(gn), Vec =5 V) lccion) — 1.6 5 mA
Output Voltage, Low (R =270 Q Voo =5V, g = IFton)) Voo — 0.2 04 Volts
Threshold Current, ON H11L1 IF(on) — 1.2 1.6 mA,
{RL=270Q, Vo =5V) H{L2 — - 10
Threshold Current, OFF Hi1L1 IF(om 0.3 Q.75 — mA
(RL=2T00Q, Voo =5V) H11L2 0.3 —_ —
Hysterasis Ratio (R|_=2700, Voo =5V} IE(of) 0.5 0.75 9
fF(on)
Isolation Voitage{2) 60 Hz, AC Peak, 1 second, Tp = 25°C Viso 7500 - — Vac{pk)
Turn~On Time ton — 1.2 4 us
Ry =270 0(3)
Fall Time ch': 5V, tf — 0.1 =
Turn—Off Time £ = F(on — 1.2 4
Ta= 2%"8 fors
Rige Time tr — 0.1 —
1. Always design to the specified minimum/maximum electrical limits (where applicable).
2. For this test, IRED Pins 1 and 2 are common and Output Gate Pins 4, 5, 6 are common.
3. R value effect on swilching time is negligible.
lce
-+—
I o 5V
F
B\ 6 RgIMOQ

$=t=001ps
Z=500Q

J

1
i |
— - [t

Figursa 1. Switching Test Circuit

L—° VY0 (QPEN COLLECTOR OUTPUT)

Motorola Optoelectronics Device Data



Vou. OUTPUT VOLTAGE, LOW (VOLTS)

IF. THRESHOLD CURRENT (NORMALIZED)

13

1

H11L1 H11L2

TYPICAL CHARACTERISTICS
2
s |
W
g 4
& [ [
2 , F(off) F{on)
5 A Y R =2700Q
g2 Vog=5V —
3 TA=25°C
a1
> o VOL
0 075 1 2
I, INPUT CURRENT {mA)
Figure 2, Transfer Characteristics for H11L1
&
L
16 3
) s 18
s
14 Z 14
TURN ON THRESHOLD
12 B 1, e
. % "~
1 et b 1
S
\ (=]
08 L4+~ TURN OFF THRESHOLD = 08 ]
e vawiig ” @ L NORMALIZED TO
¥ UL E 06 Voo =5V
06 7 |ENORMALZEDTO +— F ch-:;s“c
Fon)ATVC=5V T  § L=
04 Ta=25°C T o
0o 2 4 6 & 10 12 1 & %0 -5 0 2 % 75 100

Voo, SUPPLY VOLTAGE (VOLTS)

Figure 3. Threshold Current versus Supply Voltage

]
y 4
¥
05
0.2 e Z
//
0.1 d
0.05
/
0.02
1 2 5 10 20 50 100

0. LOAD CURRENT (ma)

Figure 5. Output Voltage, Low versus Load Current

Ta, TEMPERATURE (°C)

Figure 4. Threshold Current versus Temperature

TA-'-O"C\

% 25°C N
i 70°C \‘\\,-
£ e
o I e
3 NP 5t Wl (P
b . g - L 4
g o2 WL o B I b\\s =
=2 B il WL il ey £
2 WS S et S B i

. Z2TT fmoma

0 2 4 6 g 1 12 14 16

Ve, SUPPLY VOLTAGE (VOLTS)

Figure 6. Supply Current versus Supply Voltage
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H11L1 H11L2

PACKAGE DIMENSIONS
<A NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
g Y oY Y14.5M, 1082,
] 4 2. CONTROLLING DIMENSION: INCH.
3. DIMENSION L TO CENTER OF LEAD WHEN
—B- STHES:
8- BT ANODE FORMED PARALLEL
On 2 4. CATHODE WCHES | MALLMETERS
LTl Tl 3 NG (O] MON | wAx | MNP OMAX
4. OUTPUT Ao |o3of Bin} 889
F 4 PL—sfet— N —C e L~ : ERDUND 0240 | 0260 | 6%
] 1 - ¥CC

BN
g;'ﬁ
(1]
ZEr @ MO m
; gce ;
R

K
G J’ ~slbe— JspL
M

[@]o0os®@]T]s ®[2 @]

EsPL

DePL

(@] 013 0005 ®[T] A ®]B @]

CASE 730A-04
ISSUE G

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982
2. CONTROLLING DIWENSION: INCH.

INCHES | MLLIMETERS |
INETEErMAETERTY
FapL —fa— H— l‘- _.l A | 0200 | 0350 | 813 ] 889 |
l B 10240 | 0260 | 610 t 660 |
c T ons [o20] 2051 608
&:w D] 0¢e [ 0020) 041} 050 |
J{ E | 0040 | 0070 | 102 | 477
| G P F | oo | 0014 | 0625 ¢ 036 |
I ! ssIms G |_ 010085C 254 BSC
PLANE W | ooee | 0035 [ 051 ] 063
EsPL Ke Pt J | oo [oot2 | 020] 630
K {0006 [ 0035 [ 016 oes
DsprL I@'lﬂ.ﬁ(ﬂ.ﬂﬂﬁ)@lf‘ B ®IA®] L 0. D0BSC .13 BSC
S | 03% [ 0250 | 843 ] 990 |

[dlo3 @[] ®]e @]

*Consult factory for leadform

option availability
CASE 730C-04
ISSUED

4 Motorola Oploelectronics Device Dala
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Ht1L1 H11L2

NOTES:
1. DIMENSIONING AMO TOLERANCING PER AMSL
Y4 54, 1082,
2. CONTROLLING DHMENSION: INCH.
3 DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.

INCHES MILLIWETERS
THETTE

uﬂ%_qzw_
148 | 0200 |

06
Q040 1 0 1,

001 |
0.1
0008 | 0012
Al 2190

aEET

..M,__EE

8=
S

ERERE

F apL—>p—

2Ha

[

Lt e [ e [y [0 JOR0 D [y 0 [

GERELE
:

—o— g

Esr—>| v [$]08005@[1]A @[E D]

*Consult factory for leadform
option availability

CASE 730D-05
ISSUED

Motorola Optoelectronics Device Data 5
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Data sheet acquired from Harris Semiconductor
SCHS0461

CMOS Hex Buffer!Converters

The CD4043UB and CD4050B devices are inverting and
non-inverting hex buffers, respectively, and feature logic-
levei conversion using only one supply voltage (Vec). The
input-signal high level (V|) can exceed the Vg supply
voltage when these devices are used for logic-evel
conversions. These devices are intended for use as CMOS
to DTUTTL converters and can drive directly two DTL/TTL
loads. (Vg = 5V, VoL s 0.4V, and 1o 2 3.3mA.)

The CD4049UB and CD40508 are designated as
replacements for CD400SUB and CD4010B, respectively.
Because the CD4049UB and CD40508 require only one
power supply, they are preferred over the CD4009UB and
CD4010B and should be used in place of the CD4000UR
and CD40108 in all inverter, curent driver, or logic-evel
conversion applications. In these applications the
CD4049UB and CD40508B are pin compatible with the
CD4009UB and CD40108 respectively, and can be
substituted for these devices in existing as well as in new
designs, Terminal No. 16 is not connected internally on the
CD4049UB or CD4050B, therefore, connection to this
terminal is of no consequence to circuit operation. For
applications not requiring high sink-current or voltage
conversion, the CD4063UB Hex Inverter is recommended.

Features

= CD40438UB inverting

+ CD4050B Non-Inverting

= High Sink Current for Driving 2 TTL Loads
= High-To-Low Level Logic Conversion

» 100% Tested for Quiescent Current at 20V

* Maximum Input Current of 1pA at 18V Over Full Package
Temperature Range; 100nA at 18V and 25°C

5V, 10V and 15V Parametric Ratings

134

CD4049UB, CD40508B

August 1938 - Revised May 2004

Applications

+« CMOS to DTUTTL Hex Converter
« CMOS Current “Sink” or “Source” Driver
» CMOS High-To-Low Logic Level Converter

Ordering Information

TEMP.

PART NUMBER RANGE (°C) PACKAGE
CD4043UBF3A -5510 125 16 Ld CERDIP
CD4050BF3A -5510 125 16 Ld CERDIP
CD4049UBD -25 10 125 16 Ld SQIC
CD4045UBDR -55 to 125 16 Ld SOIC
CD4049UBDT -55to 125 16 Ld SOIC
CD404guUBDW -5510 126 16 Ld SOIC
CD4049UBDWR -651t0 125 16 Ld SOIC
CD4049UBE -5510 125 16 Ld PDIP
CD4049UBNSR -55 1o 125 16 Ld SOP
CD4049UBPW -55to 125 16 Ld TSSOP
CD4049UBPWR 5510125 16 Ld TSSOP
CD40508D -5510 125 161Ld S0IC
CD4050BDR -5510 125 16 Ld SOIC
CD4050UBDT -55 to 128 16 Ld S0IC
CD4050BDW : 5510 125 16 Ld SOIC
CD4050BDWR -65 to 125 16 Ld SOIC
CD4050BE -55 to 125 16 Ld PDIP
CD4050NSR 55 10125 16 Ld SOP
CD4050BPW -55t0 125 16 Ld TSSOP
CD4050BPWR -5510125 16 Ld TSSOP

NOTE: When ordering, use the entire part number. The suffix R denotes tape
and reel. The suffix T denotes a small-quantity reel of 250.

Pinouts
CD4043UB (PDIF, CERDIP, SOIC, SOP, TSSOP) CD4050B (PDIP, CERDIP, S0IC, SOP)
TOP VIEW TOP VIEW
vee [1] e 1] NC vee [ hd 6] NC
G=X[7] [5]L=F c=A[z] 5] L=F
A 3] [12] F A[3] 4] F
H=E [4] [13] N H=8 [4] 3] NC
B 5] [12] K = E e 5] [12] k=€
1=T [5] i1 e 1=¢ [6] 11 &
¢ [7] 10] 4= D cl7] [19] + =D
vss [] 9]0 Vss [2] 9]0
1 l CAUTION: These devices are sensitive to electrostatic discharge: foliow proper IC Handling Procedures.

Copyright © 2004, Texas instruments Incarporated
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CD4049UB, CD40508B

Functional Block Diagrams
cp4o49uB CD40508

Ve Vee

8 8
Vs Vss
NC =13 NC= 13
NC = 1§ NC =186

Schematic Diagrams

Vee

<
O—bg
p—

i
1,

= Vss

FIGURE 1A. SCHEMATIC DIAGRAM OF CD4043UB, 1 OF 6 FIGURE 1B. SCHEMATIC DIAGRAM OF CD4G50B,10F &
IDENTICAL UNITS IDENTICAL UNITS
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CD4043UB, CD4050B

Absolute Maximum Ratings

Supply Voltage [M+ta V=), .. ...l -0.5v to 20V
DC Input Current, Any Onelnput. ... .................. +10mA
Operating Conditions

Temperature Range .. .. ..................... -55°C 1o 125°C

Thermal Information
Package Thermal Impedance, 8, (sae Note1):

E(PDIP)Package ........ooviirmnnneinnnnnnnn.. 67°C/wW
D(SOIC) PACKAYE - . o vevee e eeee e 739C/W
DW{SOIC)Package .. ..........ccooeeevuieeno.n 579CAW
NS(SOP)Packagh ............cciiiniiiiinnnnn B84°C/wW
PW(TSSOP)Package. . ... ... oeviiiinnnanans 108°C/W
Maximum Junction Temperature (Plastic Package). .. ... ... 150°C
Maximum Storage Temperature Range........... 65°C to 150°C
Maximum Lead Temperature (Soldering 10s) . ............ 265°C

SOIC - Lead Tips Only

CAUTION: Stresses above those listed in “Absoiute Maximum Ratings” may cause permanent damage lo the device, This is & stress only rating and operation of lhe

device st these or any other conditions above those indicated in the aperational sections of this spacification is nal implied.

NOTE:

1. The package thermal impedance is calculated in accordance with JESD 51-7.

DC Etectrical Specifications

LIMITS AT INDICATED TEMPERATURE (°C)
TEST CONDITIONS 25
Vo Vin
PARAMETER V) V) {Vee)| -55 | 40 | a5 | 125 | miN | TYP | mAX | UNITS
Quiescent Device Current = 0,5 5 1 1 30 | 30 - o2 1 A
‘oo {Max) - 0.10 10 2 2 60 | 60 - ooz | 2 RA
¥ 0,15 15 4 4 | 120 | 120 - ooz | a4 pA
5 020 20 20 | 20 | 600 [ 600 | - | 004 ] 20 BA
Output Low (Sink) Current 0.4 05 45 33 | 31 | 21 | 1.8 | 26 | 52 - mA
lot. (Min) 0.4 05 5 4 | 38 | 20 | 24 | 32 | 64 - mA
0.5 0,10 10 10 | 96 | 66 | 586 8 16 - mA
15 0.15 15 % | 25 | 20 18 | 24 | 48 . mA
Output High (Source) Current 45 05 5 081 | 073 | 058 | 048 [ 065 | -1.2 - mA
on (Min) 25 05 5 26 | 24 | 18 | 185 | 21 | -39 - mA
9.5 0,10 10 20 | 18 | -135 | 118 | 165 | -30 - mA
135 | 015 15 52 | 48 | 35 | 31 | 43 | 80 - mA
Out Voltage Low Level - 0,5 5 0.05 0.05 0.05 0.05 - 0 0.05 \Y
Vo (Mex) [ 0,10 10 | 005 | oos | 005 | 005 | - o loos | v
i 0,15 15 1§ 005 | 0.05 | 005 { 0.05 { - o | oos v
Output Voltage High Level - 0,5 5 495 495 | 4.95 4.95 4,95 5 - Vv
Vo (Min) . 0,10 10 995 | 995 | 9.95 | 995 | 995 | 10 . v
. 0,15 15 | 14.95 | 1495 | 14.95 | 14.95 | 1495 | 15 . v
Input Low Veitage, V| (Max) 4.5 - 5 1 1 1 1 - - 1 v
CDanasuB 9 - 10 2 2 2 2 - - 2 v
13.5 . 15 25 | 25 | 25 | 25 - - 25 v
Input Low Voltage, Vi, (Max) 05 - 5 15 | 15 | 15 | 15 . - 15 v
040508 1 - 10 3 | 3 | 31 3 - - 3 v
15 - 15 4 . . 4 v
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DC Electrical Specifications  (Continued)
LIMITS AT INDICATED TEMPERATURE (°C)
TEST CONDITIONS 25
Vo Vin
PARAMETER v) v |veetwy| .55 | 40 | 85 | 125 | MIN | TYP | MAX | UNITS
Input High Voltage, V4 Min 0.5 - 5 4 4 4 4 4 - -
CD4BasUB 1 - 10 8 8 8 8 8 - - v
1.5 - 15 125 125 125 12.5 12.5 - - v
Input High Voltage, Vi Min 4.5 - 5 35 35 3.5 3.5 35 - - A
CD40508 9 - 10 7 7 7 7 7 - - \
135 - 15 11 " 1" " 11 - - v
input Current, Iy Max - 0,18 18 0.1 | 204 | 2 41 - #1079 | 01 yA
AC Electrical Specifications T =25°C, Input t,, 4 = 20ns, € = 50pF, R = 200kQ
TEST CONDITIONS LIMITS (ALL PACKAGES)
PARAMETER Vin Vee TYP MAX UNITS
Propagat_ion Delay Time 5 5 60 120 ns
o teLH 10 10 32 65 ns
10 5 45 80 ns
15 15 25 50 ns
15 8 45 80 ns
Propagat.ion Delay Time 5 70 140 ns
Low o b (P 10 10 40 80 ns
10 s 45 80 ns
15 15 30 60 ns
15 40 a0 ns
Propagation Delay Time 5 5 a2 65 ns
e eaus T 10 10 20 40 ns
10 5 15 30 ns
15 15 15 30 ns
15 10 20 ns
Prapagaticn Delay Time 5 5 55 110 ns
oo oL 10 10 22 55 ns
10 5 50 100 ns
15 15 15 30 ns
15 5 50 100 ns
Transition Time, Low to High, ty 5 5 80 160 ns
19 10 40 80 ns
15 15 30 60 ns
Transition Time, High to Low, try 5 5 30 60 ns
10 10 20 40 ns
15 15 15 a0 ns
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AC Electrical Specifications T, =25%C, Inputt,, & = 20ns, C|_ = 50pF, R, = 200k©2 {Continued)

TEST CONDITIONS LINMITS {ALL PACKAGES)
PARAMETER Vin Vee Tve MAX UNITS
Input Capacitance, Ciy - - 15 225 pF
CD4049UB
input Capacitance, Ciy - - 5 7.5 pF
CD40508
Typical Performance Curves
Ta=25°C | ‘ Ta=25% | l
| SUPPLY VOLTAGE (Vcc) =5V SUPPLY VOLTAGE wcc) =5y

) £

ItuD 5 J I g 5 i

& = MINIMUM MAXIMUM

4 a’ 4 —

g MINIMUM MAXIMUM :

g 3 g @

= =

2 =]

2 2 %2

£ 3

1 1
o 1 2 3 4 o 1 2 3 4

¥, INPUT VOLTAGE (V)

FIGURE 2. MINIMUM AND MAXIMUM VOLTAGE TRANSFER
CHARACTERISTICS FOR CD4049UB

Ta = 25°C
Fid

|
soL 15v_J__ A

3

/10\0"
/|

k]

GATE TO SOURCE VOLTAGE (Vgs} = 5V

20

loL. OUTPUT LOW (SINK) GURRENT (mA)
B

L] 1 2 3 4 5 6 7 8
Vps. DRAIN TO SCURCE YOLTAGE (V)

FIGURE 4. TYPICAL OUTPUT LOW (SINK) CURRENT
CHARACTERISTICS

Vi, INPUT VOLTAGE (V)

FIGURE 3. MIKIMUM AND MAXIMUM VOLTAGE TRANSFER
CHARACTERISTICS FOR CD4050B
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E 7 15v 10V
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B W V/

E 30 V.
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= 20
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o 10

=

3

0 1 2 3 4 5 & 7 8
Vps, DRAIN TO SOURCE VOLTAGE (V)

FIGURE 5. MINIMUM OUTPUT LOW (SINK) CURRENT DRAIN
CHARACTERISTICS
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CD4049UB, CD40508

Typical Performance Curves (Continued)

Vps, DRAIN TC SOURCE VOLTAGE (V)
4 7 6 5 4 3 2 a4 0

Ta=25°C

N sy A
- O
|— GATE TO SOURCE VOLTAGE /A L
Vgg = -5V £x
had ,/ A5Q W
/ 3

I

20 O
z/ /| f 25 c 5

R
AV T y/ EZ
/ 503 &
4 3

asv -4 35

FIGURE 6. TYPICAL OUTPUT HIGH {SOURCE) CURRENT

CHARACTERISTICS
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FIGURE B. TYPICAL VOLTAGE TRANSFER CHARACTERISTICS
AS A FUNCTION OF TEMPERATURE FOR CD4g4sUB
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CD4049UB, CD40508B

ypical Performance Curves (continued)
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Test Circuits (Continued)
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International
Rectifier

PD-9.4430

IRFP250

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

® Repetitive Avalanche Rated

* [solated Central Mounting Hole
® Fast Switching

® Ease of Paralleling
¢ Simple Drive Requirements

Description

Third Genaration HEXFETs from Intemational Rectitier provide the designer
with the best combination of fast switching, ruggedized device design, low

Vpss = 200V
RDS(OH) = 0.0859
Ip=380A

on-resistance and cost-effectiveness.

The TO-247 package Is preferred for commerclal-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
1s simifar but superor to the earliar TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to

meet the raguirements of most safety specifications.

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units

ip® Tc=25°C Continuoius Drain Current, Vas 8 10V 30
Ip® Tc=100°C | Cortinucus Dvain Current, Vgs @ 10V 18 A
lom Pulsed Drain Current @ 120
Pp & Tc=25°C | Power Dissipation 180 w

Linear Derating Factor 1.5 WrC
Vas Gate-to-Source Voltage +20 v
Eas Singla Pulse Avalanche Energy @ 410 mJ
fan Avalanche Current © 30 A
Ean Repetitive Avalanche Energy © 18 mJ
dvidt Peak Diode Recovery dvidt @ 5.0 Vins
Ty Operating Junction and -55ta +150
Tsta Storage Temperature Range G

Soldering Temperature, for 10 seconds 300 (1.6mm from case)

Mounting Torque, 6-32 or M3 screw 10 ofsin {1.1 Nem)

Thermal Resistance
Parameter Min. Typ. Max. Units

Raxc Junction-lo-Case — _ 0.65
Racs Case-10-5ink, Flal, Greased Surface —_ 024 —_— Crw
Raia Jurestion-to-Amblent — — 40

965
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IRFP250

Electrical Characteristics @ Ty = 25°C {(unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
| Viermoss Drain-to-Scurce Breakdown Voltage 200 ¢ — — VvV [Vas=0V, ip= 250pA
AViross/AT )| Breakdown Voltage Temp. Coefficient | — | 027 | — | vA°C | Reference to 25°C, Ip= tmA
Rosyon Static Drain-i0-Source On-Resistance — — |06.085] Q |Ves=10V,Ip=18A @
| Vosm Gate Threshoid Voltage 20 | — | 40 | V ]Vos=Vss, Ip= 250uA
Forward Transconductance 12 — — 5 | Vos=bOV, lp=18A @
. — i & 25 Vog=200V, Vas=0V
loss Oraigf P 0 Luckage Sugehn = 250 | *® [Vos160V. Vas0V, To125C
loss Gate-1o-Source Forward Leakage o — | 100 nA Ves=20V
Gate-io-Source Reverse Loakage — | — |-100 Vs=-20V
Total Gate Charge — | — [ 140 lo=304
Gate-lo-Source Charge — | — | 28 | nC |Vpg=160V
Q, Gate-10-Drain ("Miller”) Charge — | — | 74 Vas=10V Sea Fig. 6 and 13 @
on) Tum-On Delay Time — 16 | — Voo=100V
t Rise Time — B | — . Ig=30A
) Tum-Off Delay Time — | 70 { — Rg=6.202
¥ Fall Time — | 82 | — Hp=3.20 Ses Figure 10D
Lo Interral Drain Inductance — |80 — o e @"
nH | from
Ls Internal Source Inductance XA Ley (\LL g{f &’I':gt“f v
Cix Input Capacitance — |28001 — Vias=0V
Cous Quiput Capacitance — [ 780 | — | pF }Vpg=25V
Cre Reverse Transfer Capacitance — | 280 § = f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max, | Units _ Test Conditions
ls Continuous Source Cuirent W _ a0 MOSFET symbol 4
{Body Diade) 4 |showing the
lsm Pulsed Source Current S (RS infegral reverse &
{Body Diode} © p-n junction diode. s
Vsp Diode Forward Voltage — — | 20 V | T&=25°C, Iz=30A, Vgs=0V @
tee Reverse Recovery Time w360 | 540 [ ns | Tu=25°C, [=30A
Qr Reverse Recovery Charge — | 46 [ 68 | pC |didi=100Afus @
ton Forward Tum-On Time Intrinsic lum-on time is neglegible {lum-on is dominated by Ls+Lo}
Motes:

D Repetitive rating; pulse width limited by
max. junction temperatura (See Figure 11)

@ Vpo=50V, starting Ty=25°C, |.~683uH

Ra=2511, 1as=30A (See Figure 12}

@ Igps30A, diddis190A/us, VODSVBR)DSS,
Tsi50°C

@ Putse width < 300 ps; duty cycle s29%.
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Ip, Drain Current {Amps)

ip, Drain Current (Amps)
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Capacitance {pF)

lsp, Reversa Drain Current {Amps)
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{p, Drain Current (Amps)
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IRFP250 (IOR]
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Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendlx A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Qutline Mechanical Drawing — See page 1511

Appendix C: Part Marking information - See page 1517 'ntemational
Rectifier
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Intemational
[xer] Rectifier

PD-5.422B

IRF9640

HEXFET® Power MOSFET

* Dynamic dv/dt Rating

® Hepetitive Avalanche Rated
& P-Channe!

* Fast Switching

® Ease of Paralleling

* Simple Drive Requirements

Description

Third Generation HEXFETs from Intemational Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low

° Vpgs = -200V
RDS{OI’\) = O.SOQ
Z Ip=-11A

on-resistance and cost-eflectiveness.

The TO-220 package is universally preferred for all commercialindustrial
applications at power dissipation levels lo approximately 50 watts. The low
thermal resistance and low package cost of the TO-220 contribute to its wide

acceptance throughout the industry.

Absolute Maximum Ratings

Soldering Temparature, for 10 seconds

300 (1.6mm from case) 1

Pamarneter Max. Units

Ip@ Tc=25°C | Centinuous Drain Cumrent, Ves @ -10V =11
I @ Tc=100°C | Continuous Dmin Current, Vas @ -10 V 64 A
lom Pulsed Drain Gumrent @ -44
Pp @ Te = 25°C | Power Dissipation 125 w

Linear Derating Factor 10 WrG
Vas Gate-o-Source Vollage +20 v
Eas Single Pulse Avalanche Energy @ 700 mJg
lan Avalancha Current @ =11 A
Ear Repetitive Avalanche Energy @ 13 m.}
dvidt Paak Diode Recovery dvidt @ 50 Vins
Ts Operating Junction and -55 1o +150
Ts1a Storage Yemperature Range G

Mounting Torque, 6-32 or M3 screw

10 fofein (1.1 Nem}

Thermal Resistance

Parameter Min. TYyR. May. Units
Rauc Junction-l0-Case —_ — 1.0
Recs Case-to-Sink, Fiat, Greased Surace — 0.50 — *Cw
Flais Junction-to-Ambient -_— — 62 ]
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Electrical Characteristics @ Ty = 25°C {unless otherwlise specified)

@ Repetitive rating; pulse width limited by

max. junction temperature (See Figure 11)

@ Vpp=-50V, starting Ty=25°C, L=8.7mH

RG=2541, las=-11A {See Figure 12)

Tus180°C

Parameter Min. | Typ. | Max. | Units Tes! Conditions
Viaross Drain-to-Source Breakdown Voitage 2001 — — V| Vas=OV, lp=-250uA
AV, AT,| Breakdown Voltage Temp. Coefficient | =~ [0.20 [ = | v/ C |Reterence to 25°C, Ip=-1mA
Rpsion Static Drain-o-Source On-Resisiance — § — 10501 O [Vas=10V,lp=66A @
Vaswy Gate Threshold Voitaga 20| — | 40| V |VosaVas, lp=-250uA
|G Forward Transconductance 4.1 — — § | Vpe=-50V, lp=66A @
" — — 1 -100 Vog=-200V, Vies=0V
loss Dran-to-Source Leakage Current T T 500 HA Vo160V VgtV T125°C
lass Gate-to-Source Forward Leakage — | — |]-100 ik Vag=-20V
Gate-to-Source Reverse Leakage — — | 100 Vogu20V
Qp Total Gate Charge - ] = | 44 lp=-11A
( Qe Gate-to-Source Charge — 1 =1 71| nC |vps=180v
Qoo Gate-to-Drain ("Miller”) Charge — | = | 27 Vog=-10V Sea Fig. 6and 13 @
 togons Tum-On Delay Time — | ] ~ Voo=-100V
1% Risa Time — | 43 - = lpw-11A
tatom Tum-Off Delay Time — | 38 | — ReeB.10
t -| Fall Time — | 38 | — Ro=8.6Q See Figure 10 @
Lo Intemal Drain inductance A SR i oy i @
trom package <
Ls Intermnal Source {nductance — | 75 | — ;‘fm’t of '
Cias Input Capacitance — [1200 | — Vas=0V
Cota QOutput Capacitance — | 870 | — [ PF |Vos=-25V
Cos Reverse Transfer Capacitance — | Bl — f=1.0MHz See Figuce 5
Source-Draln Ratings and Characteristics
Parameter Min. | Typ. ; Max. | Units Tast Conditions
Is Continuous Source Cutrent = I MOSfET symbol °
{Body Diods) A showing the
Igas Pulsad Source Current s — | 44 integral revarse R
(Body Diode} @ p-n Junction dicde. s
Vsg Diode Forward Veftage —_— — | 5.0 V. T=25°C, Is=-11A Ves=OV @
Ly Reverse Recovary Time — | 250 1 300 | ns |Tme25°C, I=-11A
Qe Reverse Recovery Charge — | 29 | 36 j pC {difdt=100AMs @
Lon Forward Tum-On Time Intrinsic tum-on time is neglogible {turn-on is dominated by Ls+Lo}
Notas:

@ lsps-11A, dildts150Aus, VoosVierDss.

@ Pulse width < 300 us; duty cycle <2%.
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IRF9640
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Appendlx A: Figure 14, Peak Diode Recovery dw/di Test Circuit — Ses page 1506
Appendix B: Package Outline Mechanical Drawing - See page 1509

Appendix C: Part Marking Information — See page 1516
Appendix E: Optional Leadforms — See page 1525
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

154
Qrder this document

by MURSB20/D
SWITCHMODE™ Power Rectifiers MURS20
. . . designed for use in switching power supplies, inverters and as MU R84o
free wheeling diodes, these state—of-the-art devices have the
following features: M U R860
= Uttrafast 25, 50 and 75 Nanosecond Recovery Time Motoroia Preferred Devices
» 175°C Operating Junction Temperature
+ Popular TO-220 Package
» Epoxy Meetls UL84, Vo @ 1/8” ULTRAFAST
+ Low Forward Voltage RECTIFIERS
¢ Lontane e o e

» High Temperature Glass Passivated Junction
¢ Reverse Voltage to 600 Volts

Mechanical Characteristics:

= Case: Epoxy, Molded

+ Weight: 1.9 grams (approximately)

+ Finish: All External Surfaces Corrosion Resistant and Temminal
Leads are Readily Solderable

» Lead Temperature for Soidering Purposes: 260°C Max. for
10 Seconds

+ Shipped 50 units per plastic tube Cm e CASE 221B-03
+ Marking: U820, Ug40, U860 TO-220AC
MAXIMUM RATINGS
MUR
Rating Symbol 820 840 860 Unit
Peak Repetitive Reverse Voltage VRRM 200 400 600 Volts
Working Peak Reverse Voitage VRWM
DC Blocking Voltage VR
Average Rectified Forward Current IF(av) 8.0 Amps
Total Device, (Rated VR), T = 150°C :
Peak Repetitive Forward Current Fm 16 Amps
{Rated VR, Square Wave, 20 kMHz}, T¢ = 150°C
Nonrepetitive Peak Surge Current IESM 160 Amps
{Surge applied at rated load conditions halfwave, single phase, 60 Hz)
Operating Junction Temperature and Storage Temperature T Tstg -65t0+175 °C
THERMAL CHARACTERISTICS
Maximum Thermal Resistance, Junction to Case l Rgic | 3.0 [ 20 [ °Ciw [
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage (1) vE Volts
(iF = 8.0 Amps, T¢z = 150°C) 0.895 1.00 1.20
(i = 8.0 Amps, T¢ = 25°C) 0.975 1.30 1.50
Maximum Instantaneous Reverse Current (1) -3 wA
{Rated dc Voltage, T = 150°C) 250 500
{Rated dc Voltage, T = 25°C) 5.0 10
Maximum Reverse Recovery Time tr ns
{IF = 1.0 Amp, di/dt = 50 Amps/ps) 35 60
{Ir = 0.5 Amp, Ig = 1.0 Amp, IREg = 0.25 Amp) 25 50

(1) Pulse Test: Pulse Width = 300 ps, Duty Cycle <2.0%.

SWITCHMODE is a trademark of Motorola, Inc.
Preferred devices are Motorola recommended choites for future use and best overall value.

Rev 3

2 Motorola, Inc. 1996
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PACKAGE DIMENSIONS
NOTES:
C je— 1. DIMENSIONING AND TOLERANGING PER ANSI
B8 Y14.5M, 1962,
[~ /‘ F T — 8 2. CONTROLLING DIMENSION: INCH.
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r B 20300t Q405 | 985 1 1029
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u f b1 05 064 1089 |
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CASE 221B-03
(TO-220AC)
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Motorola reserves the right to make changes without further notice to any products herein. Motarala makes no warranty, representation or guarantee regarding |
the suitability of its products for any particutar purpose, nor does Motorola assume any fiability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liabitity, including without imitation consequential or incidental damages. "Typical’ parameters which may be provided in Motorota
datasheets and/or specifications can and do vary in different applications and actual performance may vary over time. Alloperating parameters, including “Typicals”
must be validated for each customer application by cusiomer's technical experis. Motorola does not convey any license under its patent rights nor the rights of
others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain fife, or for any other application in which the faiture of the Motorola product could create a situation where persanal injury
or death may occur. Shauld Buyer purchase of use Motorola products for any such unintended or unauthorized application, Buyer shallindemnify and hald Motorala
and its officars, employees, subsidiaries, affiliates, and distributors harmless against alt claims, costs, damages, and expenses, and reasonable atiorney fees
arising out of, directty or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
Moatarola was negligent regarding the design or manufacture of the part. Motorola and (i) are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal
Opportunity/Affirmative Action Employer.

Miax is a trademark of Matorola, Inc.
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COLOR CODE

-2 Red/Clear .
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Part No. nHN? Infmm mm infrsms e e cm®
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T130-8/50 350
T130-14 130
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141;'50 1.300133.0 640516 3 437M14 7.72 835 684
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—— o 1.4156/359 880722 4 4120108 314 74 516
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T150-18 5.0
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T150-62 B5.0
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74.5 1.510/35.4 24521 s 3250625 538 557 .16
P50
140 :
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le_S?-‘M 17.5
T15718 730
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T157-26 100.0
T157-30 315 15701359 950124.1 5I145 191 106 107
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T157-38 T12.0
[TiEr40 86.0
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LT ; non Bt R TR et 5 A T e D
F1752 150 1.750/44.5 1.070027.2 BSOMES 112
T175-8/80 480
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