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Reducing EMI in Switch Mode Power Supply

Matthanee Ngoenvisut

Siriluck ~ Saeton -
Assoc.Prof.Dr.Yothin PREMPRANEERACH Advisor
2002

Abstract

This thesis is the study of reducing EMI in switch mode power supply of buck
converter.This is developing the switch mode power supply which has the problem about the
noise from the device in- the circuit when it actives at high frequency.It should be reduce noise in
switch mode power supply circuit before pass to the filter circuit. The other device help to reduce

noise are learned such as optocouplers, D coupling and adding the delay element at gate of

MOSFET.
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Capacitors Self-Resonant Frequencies of Ceramic

Self-resonant frequency

(MHz)
Capacitance 1/4-in 1/2-in
Value(pf) Leads Leads
10,000 12 -
1,000 35 32
500 70 65
100 150 120
50 220 200
10 500 350
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Total Noise
Noise
Component (dBULV)
Frequency
EMI AEMI | Avg AEMI
200 kHz 25 -
luifigunsal 2 MHz 56 - - -+
20 MHz 27 -
200 kHz 26 -1
lae0d1n
e 2 MHz 49 7 2 2%
20 MHz 27 0
200 kHz 24 2
ld Rg220 Q2 2 MHz 46 3 1.67 3%
20 MHz 27 0
200 kHz 23 1
d cg 1000 pF 2 MHz 47 0 1.33 4.67*
20 MHz 24 3
1d D Coupling | 200kHz 23 0
10 pF 71 1C 2 MHz 47 0 0.33 5%
UC 3844 20 MHz 23 I
200 kHz 25 >
aolvan 1 A 2 MHz 42 8 2.33 6*
20 MHz 23 1
200 kHz 29 -4
Ao lnan 2 A 2 MHz 43 -1 -5 2.67%
20 MHz 28 -5
200 kHz 20 9
@olran 0.2 A 2 MHz 40 3 5.67 8.33%
20 MHz 23 5
lineoellIn 200 kHz 25 -5
flnlaos 2 MHz 41 -1 -0.3 0%
aolvan 1 A 20 MHz 24 5
lisiooadIn 200 kHz 20 5
filaas 2 MHz 41 0 3 6.33%*
aolvan2 A 20 MHz 20 4
linesslIn 200 kHz 15 5
fnans 2 MHz 44 3 -1 -0.33%*
@al1an 02A | 20MHz 25 -5

Y ' 4
* ouivvae luligunssl

¢ fovTnaausazaivasiiool Taddalaesuas lutiood Indtilaos
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UC3844, UC3845, UC2844,
Upsods

High Performance
Current Mode Controllers

The UC3844, UC3845 series are high performance fixed frequency
current mode controllers. They are specifically designed for Off-Line
and de-to-de converter applications offering the designer a cost
effective solution with minimal external components. These
integrated circuits feature an oscillator, a temperature compensated
reference, high gain error amplifier, current sensing comparator, and a
high current totem pole output ideally suited for driving a power
MOSFET.

Also included are protective features consisting of input and
reference undervoltage lockouts each with hysteresis, cycle-by-cycle
current limiting, a latch for single pulse metering, and a flip-flop
which blanks the output off every other oscillator cycle, allowing
output dead times to be programmed for 50% to 70%.

These devices are available in an 8-pin dual-in-line plastic package
as well as the 14-pin plastic surface mount (SO-14). The SO-14
package has separate power and ground pins for the totem pole output
stage.

The UCX844 has UVLO thresholds of 16 V (on) and 10 V (off),
ideally suited for off-line converters. The UCX845 is tailored for
lower voltage applications having UVLO thresholds of 8.5 'V (on) and
7.6 V (off).

Current Mode Operation to 500 kHz Output Switching Frequency
Output Deadtime Adjustable from 50% to 70%

Automatic Feed Forward Compensation

Latching PWM for Cycle-By-Cycle Current Limiting

Internally Trimmed Reference with Undervoltage Lockout

High Current Totem Pole Output

Input Undervoltage Lockout with Hysteresis

Low Startup and Operating Current
Direct Interface with ON Semiconductor SENSEFET Products

Simplified Block Diagram

1
=5
o
i
|\n
|'m‘

________________ -2
Vg | 50V Voo I
8(14) Oi ’_g Reference Unﬁs;%ﬁge }
R
i ) i
i Vret Tve
| }_ R Undervoltage 7(11)
| = Lockout |
R{Cy = Qutput
47 l Osciliator FFlhp | 6(10)
op
&
Vottage | . | PwR GND
Feedback | " Latching 5(8)
PWM
2(3) | Current

I e Erfror t l Sens(e)
ier 3(5

101) oT———pﬁ——- 1 |

Output (e LS PR _l::‘i __________ 4

Comp. Gnd O 5

Pin numbers in parenthesis are for the D suffix SO-14 package.

©® Semiconductor Components Industries, LLC, 2003 1

February, 2003 - Rev. 2

ON Semiconductor

hitp://fonsemi.com

PDIP-8
N SUFFIX
CASE 626

$0-14
14 S = D SUFFIX
CASE 751A

PIN CONNECTIONS

Compensation E E Viet
Voltage Feedback IZ z‘ Vee
Current Sense E _?_I Output

RelCr E 5 | Gnd

(Top View)

Compensation E El Viref
NC E E NC
Voltage Feedback E E] Vee
ne [ 4] 1] ve
Current Sense E _1_11 Output
nG [ 6] o] 6na
Aricr [ 7 ] [ 5 ] Power Ground

(Top View)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 14 of this data sheet.

DEVICE MARKING INFORMATION
See general marking information in the device marking
section on page 14 of this data sheet.

Publication Order Number:
UC3844/D



UC3844, UC3845, UC2844, UC2845

MAXIMUM RATINGS

Rating Symbol Value Unit
Total Power Supply and Zener Current (lecc * 12) 30 mA
Qutput Current, Source or Sink (Note 1) lo 1.0 A
Output Energy (Capacitive Load per Cycle) w 5.0 ud
Current Sense and Voltage Feedback Inputs Vin -0.3to+5.5 v
Error Amp Output Sink Current lo 10 mA
Power Dissipation and Thermal Characteristics
D Suffix, Piastic Package, Case 751A
Maximum Power Dissipation @ Ta =25°C Pp 862 mw
Thermal Resistance Junction-to-Air Roga 145 °C/W
N Suffix, Plastic Package, Case 626
Maximum Power Dissipation @ T =25°C Pp 1.25 W
Thermal Resistance Junction-to-Air Raja 100 °C/W
\rOperating Junction Temperature T +150 °C
| Operating Ambient Temperature Ta °C
UC3844, UC3845 Oto+70
uC2844, UC2845 -25to + 85
Storage Temperature Range Tstg -65to + 150 °C J
ELECTRICAL CHARACTERISTICS
(Ve =15V, [Note 2], Rp =10k, Cy =3.3nF, Tp = Tiow t0 Thign [Note 3], unless otherwise noted.)
uc2g84x uCc384X
Characteristics Symbol Min ] Typ l Max Min I‘ Typ t Max Unit )
REFERENCE SECTION
Reference Output Voltage (Io = 1.0 mA, T, = 25°C) Vet 4.95 5.0 5.05 4.9 ‘ 510 51 Vv
Line Regulation (Vgc =12V t0 25 V) Regjine - 2.0 20 - 20 20 mV
Load Regulation (Io = 1.0 mA to 20 mA) Regioad $ 3.0 25 - 3.0 25 mvy
Temperature Stability Ts 23 0.2 4 = 0.2 - mv/°C
Total Output Variation over Line, Load, Temperature Vref 4.9 - O\ 4.82 - 5.18 \
Output Noise Voltage (f = 10 Hz to kHz, T; = 25°C) Vn > 50 - = 50 - inv
Long Term Stability (Ta = 125°C for 1000 Hours) S - 5.0 - - 5.0 - mvV
Output Short Circuit Current Isc - 30 - 85 - 180 --30 - 85 - 180 mA
OSCILLATOR SECTION
Frequency fose kHz
Ty=25°C 47 52 57 47 52 57
Ta = Tiow t0 Thigh 46 . 60 46 : 60
Frequency Change with Voltage (Ve = 12V 10 25V) | Afgsg/Ay - 0.2 1.0 - 0.2 1.0 %
Frequency Change with Temperature Afosc/AT - 5.0 - - 5.0 - %
Ta = Tiow t0 Thigh
Oscillator Voitage Swing (Peak-to-Peak) Viee B 1.6 - - 1.6 - Vv
Discharge Current (Vogc = 2.0V, T; =25°C) ldischg - 10.8 - - 10.8 - mA
ERROR AMPLIFIER SECTION
Voltage Feedback Input (Vo = 2.5 V) VEp 2.45 25 2.55 242 25 2.58 A
Input Bias Current (Vgg = 2.7 V) s - -0.1 -1.0 - -0.1 -2.0 pA

1
2
3

. Low duty cycle pulse techniques are used dur
Tiow = 0°C for UC3844, UC3845
-25°C for UC2844, UC2845

. Maximum Package power dissipation limits must be abserved.

Adijust Ve above the Startup threshold before setting to 15 V.
ing test to maintain junction temperature as close to ambient as possible.

Thigh = +70°C for UC3844, UC3845

+85°C for UC2844, UC2845

: 'h'trtﬁzbllvonsemi.cdﬁi

2



UC3844, UC3845, UC2844, UC2845

ELECTRICAL CHARACTERISTICS

(Vcc =15V, [Note 4], Ry = 10 k, Cr=33nF Tp=Tyyto Thigh [Note 5], unless otherwise noted.)

uC284x uCasax |
Characteristics Symbol Min [ Typ , Max Min I Typ Max | Unit
ERROR AMPLIFIER SECTION (continued)
Open Loop Voitage Gain (Vg = 2.0 V to 4.0 V) AvoL 65 90 ~ 65 90 - dB T
Unity Gain Bandwidth (T = 25°C) BW 0.7 1.0 - 0.7 1.0 - MHz
Power Supply Rejection Ratio (Ve = 12 V to 25 V) PSRR 60 70 - 60 70 - dB
Output Current mA
Sink (Vo =11V, Vgg =27 V) Isink 2.0 12 - 20 12 =
Source (Vo =5.0V, Veg=2.3V) ISource -0.5 -1.0 - -0.5 -1.0 -
Output Voltage Swing ] \%
High State (R|_ = 15 k to ground, Vgg = 2.3 V) Vo 5.0 6.2 - 5.0 6.2 -
Low State (R =15k to Vier, VEg = 2.7 V) VoL - | 0.8 y o - 0.8 1.1
CURRENT SENSE SECTION
Current Sense Input Voltage Gain (Notes 6 & 7) Ay 2.85 3.0 3.15 2.85 3.0 J 315 VIV
Maximum Current Sense Input Threshold (Note 6) Vih 0.9 1.0 T8 0.9 1.0 1o \
Power Supply Rejection Ratio PSRR B dB
Vee =12V to 25 V (Note 6) - 70 . o 0 | -
| Input Bias Current s z 20 | -10 3 20 | 10 uA
@'opagation Delay (Current Sense Input to Output) tor HaN/oUT) - 150 300 - [ 150 ! 300 ns j
OUTPUT SECTION
Output Voltage I J v
Low State (Igin = 20 mA) VoL - 01| 04 p 01 ] 0.4
(Isink = 200 mA) - 1.6 202 Y | 1.6 22
High State (Isink = 20 mA) Voh 12 13.5 £ 13 | 135 2
(Isink = 200 mA) 12 13.4 - 12 ! 13.4 -
Output Voltage with UVLO Activated VoL uvio) ‘ v
Vee = 6.0V, lIging = 1.0 mA $ 0.1 1.1 ] 0.1 ] 1.1
Output Voltage Rise Time (C_ =1.0 nF, T, = 25°C) t . 50 | 150 =" %s0 [l 150 | ns
| Output Voltage Fali Time (C_ = 1.0nF, T 1=25°C) t - 50 150 - ‘ 50 f 150 ns
UNDERVOLTAGE LOCKOUT SECTION
Startup Threshold Vi | v
UCX844 15 16 17 14.5 16 17.5
UCX845 7.8 8.4 9.0 7.8 8.4 | 90
Minimum Operating Voltage After Turn-On Vee(min) f ( \%
UCx844 9.0 10 1 8.5 10 .5
UCX845 7.0 ’ 7.6 8.2 7.0 7.6 8.2
PWM SECTION
Duty Cycle %
Maximum DE Sy 46 48 50 47 48 50
Minimum DCiin - e 0 - s 0
TOTAL DEVICE
Power Supply Current (Note 4) lcc 1 y— mA
Startup:
(Vee = 6.5V for UCX845A, - 0.5 1.0 - 0.5 1.0
14 V for UCX844) Operating - 12 w7 - 12 17
Power Supply Zener Voltage (Icc = 25 mA) Vz 30 36 - 30 ' 36 - \

4. Adjust Ve above the Startup threshold before setting to 15 V.
5. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient as possible.
Tiow = 0°C for UC3844, UC3845 Thigh = +70°C for UC3844, UC3845
-25°C for UC2844, UC2845 +85°C for UC2844, UC2845
6. This parameter is measured at the latch trip point with Veg =0 V.

R AV Output Compensation
7. Comparator gain is defined as: Ay el -
AV Current Sense Input

http:/léh#erhi.cbm &
3
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UCc3844, UC

3845, UC2844, UC2845

~ T )
SRS ~ Vo=tV H ]
50 > Seclm L he 2t = tonF
= N N N P 5 70
g < = <% 2 2.00F /
z & E N (o J%ﬂ,o < i‘"\ 5 0nF I I /!
o & = 50n
5 \\ N “ ‘0& \ N E 65 N L /
Ri==s== > E oo A
: SIS g o, B A7
= B4 Z G ~EE R S & & T T
= % N ~ ‘ e / / A LA 4
= > i / i
& 20 \oTE Oupirsw SN 2 55 =
| : Output switches N = A " 100
at one-hall the oscillator N N . et oF
frequency. - A ® : 200 l I
1.0 OB T FHS OB (2t 2 1 | < - AV 50 o pE
10k 20k 50 k 100k 200k 50k 1.0M 10k 20k 50k 100k 200k 500k 1.0M
o, OSCILLATOR FREQUENCY (Hz) 55, OSGILLATOR FREQUENCY {Hz)
Figure 1. Timing Resistor versus Figure 2. Output Deadtime versus
Oscillator Frequency Oscillator Frequency
255 30V
> >
a =)
25V e [ LY z
8 g
245V 20V

AyoL, OPEN LOOP VOLTAGE GAIN (dB)

0.5 ps/DIV

Figure 3. Error Amp Small Signal
Transient Response

1.0 ps/DIV

Figure 4. Error Amp Large Signal
Transient Response

100 =12 T
\ Vee=15V = 1= Vc(;=15V
Vg =2.0Vi0 40V = =
. Ry - 100K 0 @ H A0 //_—:-‘-15
\ Gain (- Yy wom
\ Ta=25°C x = '//
8 00 3 F o8 4
N~ SR 1,5 L A/
o I /
40 - w0 2 = 06 ///é/
Phase a8 TA=125°C/ 7
w w A
20 120 B & 04 Ta=-55°C
g 777 ™
4 503 2 02 [/
e 77
-20 0 £ o Z
10 100 10k 10k 100k  10M  10M 0 20 40 6.0 8.0

f, FREQUENCY (H2)

Figure 5. Error Amp Open Loop Gain and
Phase versus Frequency

Vg, ERROR AMP OUTPUT VOLTAGE (V)

Figure 6. Current Sense Input Threshold
versus Error Amp Output Voltage

" nttpslionsemi.com

4



Z 0
w
g
= -40
=
o
& 80
< =Q.
o]
g
5 -12
&)
D
o -16
(Y
&
-~ -20
®
o
< -24

A Vg, OUTPUT VOLTAGE CHANGE (2.0 mV/DIV)

e
o o

|
i
o

Vgat, OUTPUT SATURATION VOLTAGE (V)
= n» w
o o £

o

UC3844, UC3845, UC2844, UC2845

[
Vog =15V —|
\\\ C
\
N
Ta=125°C
}_A =-55°C
Ta= 25‘|C
[ |
0 20 40 60 30 100 120

I,et, REFERENCE SOURCE CURRENT (mA)

Figure 7. Reference Voltage Change
versus Source Current

2.0 ms/DIV

Figure 9. Reference Load Regulation

L Ve A Source Saturation o), Voo S5V
(Load to Ground| 80 us Pulsed Load
] Ta=25°C 120 HzRate
II
| ok 550
A=-55°C
i (i |
L~ e
Ta= -55°C ///
Pea ] Ta=25°C
7
Sink Saturation
(Load to V) Gnd g
0 200 400 600 800

lo, QUTPUT LOAD CURRENT (mA)

Figure 11. Output Saturation Voitage
versus Load Current

Z 10
= Vog=15V _|
& RL<01Q
5
S 90 S
5
2 B
&) T~
% \
70
b
“ \
= ™
& ~N
T
o 50
D 55 25 0 25 50 75 100 125

Ta, AMBIENT TEMPERATURE (°C)

Figure 8. Reference Short Circuit Current
versus Temperature

S R B
Veg=12Vi0 25V

AV, OUTPUT VOLTAGE CHANGE (2.0 mV/DIV)

2.0 ms/DIV

Figure 10. Reference Line Regulation

50 ns/DIV

Figure 12. Output Waveform

" httpi/lonsemi.com

5



Ve, OUTPUT VOLTAGE

Ioc, SUPPLY CURRENT

Figure 13. Output Cross Conduction

UC3844, UC3845, UC2844, UC2845

2%
=
Q —_
S o
R =
! E 15
o I
i S r—"1
| 3 Ll 1
. Z 10 ﬂ— 1 Rr=10k __|
= |
: 5 e o * s ih Cy=33nF
5 @ sl Hy 3 Veg=0V
= 3 <1 U X
=) £ 3 _—8 H % Isense= 0V —]
= Tp = 255C
. 1] | |
0 10 20 30 40

Ve, SUPPLY VOLTAGE (V)

Figure 14. Supply Current versus
Supply Voltage

PIN FUNCTION DESCRIPTION

[ Pin ]
8-Pin 14-Pin Function Description
1 1 Compensation This pin is Error Amplifier output and is made available for loop compensation.
2 3 Voltage This is the inverting input of the Error Amplifier. It is normally connected to the switching pow-
Feedback er supply output through a resistor divider.

3 5 Current Sense | A voltage proportional to inductor current is connected to this input. The PWM uses this in-
formation to terminate the output switch conduction.

4 7 R1/Ct The Oscillator frequency and maximum Output duty cycle are programmed by connecting
resistor Ry to Vier and capacitor Ct to ground. Operation to 1.0 MHz is possible.

5 - Gnd This pin is combined control circuitry and power ground (8-pin package only).

6 10 Output This output directly drives the gate of a power MOSFET. Peak currents up to 1.0 A are
sourced and sunk by this pin. The output switches at one-half the oscillator frequency.

12 Veo This pin is the positive supply of the control IC.

8 14 Vief This is the reference output. It provides charging cyrrent for capacitor C1 through resistor Ry.

- 8 Power Ground | This pin is a separate power ground return (14-pin package only) thatis connected back to
the power source. It is used to reduce the effects of switching transient noise on the control
circuitry.

= 11 Ve The Output high state (Vop) is set by the voltage applied to this pin (14-pin package only).
With a separate power source connection, it can reduce the effects of switching transient
noise on the control circuitry.

= 9 Gnd This pin is the control circuitry ground return (14-pin package only) and is connected to back
to the power source ground.

- 24613 NC No connection (14-pin package only). These pins are not internally connected.

OPERATING DESCRIPTION

http[/onsem|com A, D P
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UC3844, UC3845, UC2844, UC2845

The UC3844, UC3845 series are high performance, fixed
frequency, current mode controllers. They are specifically
designed for Off-Line and de-to-de converter applications
offering the designer a cost effective solution with minimal
external components. A representative block diagram is
shown in Figure 15.

Oscillator

The oscillator frequency is programmed by the values
selected for the timing components Ry and Cr. Capacitor Ct
is charged from the 5.0V reference through resistor Rt to
approximately 2.8 V and discharged to 1.2 V by an internal
current sink. During the discharge of Cr, the oscillator
generates an internal blanking pulse that holds the center
input of the NOR gate high. This causes the Output to be in
a low state, thus producing a controlled amount of output
deadtime. An internal flip-flop has been incorporated in the
UCX844/5 which blanks the output off every other clock
cycle by holding one of the inputs of the NOR gate high. This
in combination with the Ct discharge period yields output
deadtimes programmable from 50% to 70%. Figure 1 shows
Ry versus Oscillator Frequency and Figure 2, Output
Deadtime versus Frequency, both for given values of Cr.
Note that many values of Ry and Ct will give the same
oscillator frequency but only one combination will yield a
specific output deadtime at a given frequency.

In many noise sensitive applications it may be desirable to
frequency-lock the converter to an external system clock.
This can be accomplished by applying a clock signal to the
circuit shown in Figure 17. For reliable locking, the
free-running oscillator frequency should be set about 10%
less than the clock frequency. A method for multi unit
synchronization is shown in Figure 18. By tailoring the
clock waveform, accurate Output duty cycle clamping can
be achieved to realize output deadtimes of greater than 70%.

Error Amplifier

A fully compensated Error Amplifier with access to the
inverting input and output is provided. 1t features a typical
de voltage gain of 90 dB, and a unity gain bandwidth of
1.0 MHz with 57 degrees of phase margin (Figure 5). The
noninverting input is internally biased at 2.5 V and is not
pinned out. The converter output voltage is typically divided
down and monitored by the inverting input. The maximum
input bias current is -2.0 uA which can cause an output
voltage error that is equal to the product of the input bias
current and the equivalent input divider source resistance.

The Error Amp Output (Pin 1) is provide for extemal loop
compensation (Figure 28). The output voltage is offset by
two diode drops (= 1.4 V) and divided by three before it
connects to the inverting input of the Current Sense
Comparator. This guarantees that no drive pulses appear at
the Output (Pin 6) when Pin 1 is at its lowest state (VoL)-

This occurs when the power supply is operating and the load
is removed, or at the beginning of a soft-start interval
(Figures 20, 21). The Error Amp minimum feedback
resistance is limited by the amplifier’s source current
(0.5 mA) and the required output voltage (Vou) to reach the
comparator’s 1.0 V clamp level:

3.01.0V)+1.4V_
05 mA = 8800 Q2

Re(min) =
Current Sense Comparator and PWM Latch
The UC3844, UC3845 operate as a current mode
controller, whereby output switch conduction is initiated by
the oscillator and terminated when the peak inductor current
reaches the threshold level established by the Error
Amplifier Output/Compensation (Pinl). Thus the error
signal controls the inductor current on a cycle-by-cycle
basis. The current Sense Comparator PWM Latch
configuration used ensures that only a single pulse appears
at the Output during any given oscillator cycle. The inductor
current is converted to.a voltage by inserting the ground
referenced sense Tesistor Rg in series with the source of
output switeh Q1. This voltage is monitored by the Current
Sense Input (Pin 3) and compared a level derived from the
Error Amp Output. The peak inductor current under normal
operating conditions is controlled by the voltage at pin 1
where:
o = Vipin 1) - 1.4V
3Rs

Abnormal operating conditions occur when the power
supply output is overloaded or if output voltage sensing is
lost. Under these conditions, the Current Sense Comparator
{hreshold will be internally clamped to 1.0 V. Therefore the
maximum peak switch current is:
1.0V

lok(max) = Rs

When designing a high power switching regulator it
becomes desirable to reduce the internal clamp voltage in
order to keep the power dissipation of Rg to a reasonable
level. A simple method to adjust this voltage is shown in
Figure 19. The two external diodes are used to compensate
the internal diodes yielding a constant clamp voltage over
temperature. Erratic operation due to noise pickup can result
if there is an excessive reduction of the Ipk(max) clamp
voltage.

A narrow spike on the leading edge of the current
waveform can usually be observed and may cause the power
supply to exhibit an instability when the output is lightly
loaded. This spike is due to the power transformer
interwinding capacitance and output rectifier recovery time.
The addition of an RC filter on the Current Sense Input with
a time constant that approximates the spike duration will
usually eliminate the instability; refer to Figure 23.
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UC3844, UC3845, UC2844, UC2845

v, Yi
g o
Vee o 7(12)
s i e e e s e = sy
| * |
36V
Vit ! Reference ﬁ i { % ‘ ‘
¥ Regulator i
B(14)] i v g Voo |
| Internal |
| 25V Bias |
Ré I R
| L H
I nn ||<— Qi
———O-l————{ Qscillator i =
gl A(7) | s
TP | T 10mA [
L S ruwer alounu
Voltage Feedback © R PWM S
Input 2(3)| E Latch :
rror Current Sense Input
Output Amplifier o
Compensation o Current Sense 3(5)
1t )L = Comparator _! iﬂs

_ Sink Only
= = Positive True Logic

Pin numbers in parenthesis are for the D suffix SO-14 package.

Figure 15. Representative Block Diagram

e\ B FSJigmmmmn DT B 11 |

Output/
cmestin—y, AT A D, eI
Current Sense/,

Input

e 1 NNZSE NORBAT TR 1
o L[ T NN A T LT LT LY

Large Ry/Small Cy Small Ry/Large Cy

Figure 16. Timing Diagram
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UC3844, UC3845, UC2844, UC2845

Undervoltage Lockout

Two undervoltage lockout comparators have been
incorporated to guarantee that the IC is fully functional
before the output stage is enabled. The positive power
supply terminal (V¢ and the reference output (Vier) are
ecach monitored by separate comparators. Each has built-in
hysteresis to prevent erratic output behavior as their
respective thresholds are crossed. The V¢ comparator
upper and lower thresholds are 16 V/10 V for the UCX844,
and 8.4 V/7.6 V for the UCX845. The Ve comparator upper
and lower thresholds are 3.6 V/3/4 V. The large hysteresis
and low startup current of the UCX844 makes it ideally
suited in off-line converter applications where efficient
bootstrap startup techniques later required (Figure 29). The
UCX845 is intended for lower voltage de-to-de converter
applications. A 36 V zener is connected as a shunt regulator
from Ve to ground. Its purpose is to protect the IC from
excessive voltage that can occur during system startup. The
minimum operating voltage for the UCX844 is 11 V. and
8.2V for the UCX845.

Qutput

These devices contain a single totem pole output stage that
was specifically designed for direct drive of powet
MOSFETs. It is capable of up to + 1.0 A peak drive current
and has a typical rise and fall time of 50 ns with a 1.0 nF load.
Additional internal circuitry has been added to keep the
Output in a sinking mode whenever and undervyoltage
lockout is active. This characteristic eliminates the need for
an external pull-down resistor.

The SO-14 surface mount package provides sepatate pins
for V¢ (output supply) and Power Ground. Proper
implementation will significantly reduce the level of
switching transient noise imposed on the control circuitry.
This becomes particularly useful when reducing the Tyk(max)
clamp level. The separate Ve supply input allows the

The diode clamp is required if the Sync amplitude is large enough to
cause the bottom side of CT to go more than 300 mV below ground.

Figure 17. External Clock Synchronization

designer added flexibility in tailoring the drive voltage
independent of V¢c. A zener clamp is typically connected
to this input when driving power MOSFETs in systems
where Ve is greater the 20 V. Figure 22 shows proper
power and control ground connections in a current sensing
power MOSFET application.

Reference

The 5.0 V bandgap reference is trimmed to £ 1.0%
tolerance at Ty = 25°C on the UC284X, and *+ 2.0% on the
UC384X. Its primary purpose is to supply charging current
to the oscillator timing capacitor. The reference has short
circuit protection and is capable of providing in excess of
20 mA for powering additional control system circuitry.

Design Considerations

Do mot attempt to construct the converter on
wire-wrap or plug-in prototype boards. High frequency
circuit layout techniques are imperative to prevent
pulsewidth jitter. This is usually caused by excessive noise
pick-up imposed on the Current Sense or Voltage Feedback
inputs. Noise immunity can be improved by lowering circuit
impedances at these points. The printed circuit layout should
contain a ground plane with low-current signal and
high-current switch and output grounds returning on
separate paths back to the input filter capacitor. Ceramic
bypass capacitors (0.1 uF) connected directly to Ve, Ve,
and Vier may be required depending upon circuit layout.
This provides a low impedance path for filtering the high
frequency noise. All high current loops should be kept as
short as possible using heavy copper runs to minimize
radiated EMI. The Error Amp compensation circuitry and
the converter output voltage divider should be located close
to the IC and as far as possible from the power switch and
other noise generating components.

50k wc14s5

= Faiogc  DmaxT

Additional =

1.44 Rs
UCXB4XA's

Ra+2Rp

Figure 18. External Duty Cycle Clamp and
Multi-Unit Synchronization
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UC3844, UC3845, UC2844, UC2845
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The addition of the RC filter will eliminate
instability caused by the leading edge spike on
the current waveform.
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UC3844, UC3845, UC2844, UC2845

|
0 Viy g Vin
+
0
3 ” Base ”
Charge
2 Removal
l_
e Q1
4 Q1

T

3(8)
Rs __.___.I %RS

Series gate resistor Ry will damp any high frequency parasitic oscillaions

caused by the MOSFET input capacitance and any series wiring inductance
in the gate-source circuit.

—AA

The totem-pole output can fumish negative base current for enhanced
transistor tumn-off, with the addition of capacitor
Figure 24. MOSFET Parasitic Oscillations

Figure 25. Bipolar Transistor Drive

Vgs Waveforms

1(1
i 0 e | N
A
50% DC 25% DC _ﬂ_ »L it
" Vg 14 Np 3903
pk= 3Rs

The MCR101 SCR must be selected for a halding of less than 0.5 mA at Tamin)

The simple two transistor circuit can be used in place of the SCR as shown. All
resistors are 10 k.

Figure 26. Isolated MOSFET Drive

Figure 27. Latched Shutdown

From Vg

Ri>8.8k

Error Amp compensation cireuit for stabifizing any current-made topology except Eror Amp compensation circuit for stabilizing current-mode beost and flyback
for boost and flyback converters operating with continuous inductor current topologies operating with continuous inductor current.

Figure 28. Error Amplifier Compensation
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UC3844, UC3845, UC2844, UC2845

MBR1635 ——
4.7Q MDA % 250 4.7k%_—‘]: 3300pF | L 5.0V/4.0A
5% Y i = 56k 2005 1000 7R
: — 5.0V RTN
1N4935 s 12V/0.3A
i _L 1€ 10
) +12V RTN
100
RS 0 -12v/0.3A
1N4g37 A MURI0 =—
680pF L3
1L
(A8
Hoo2 % * 1N4g37
20Q e 1L
e =
MTP
kINSBI9 e
1
| 1.0k |
-
| T T0eF 0.59_%
T1 - Primary: 45 Tums # 26 AWG p
Secondary +12V: § Tums # 30 AWG Figure 29. 27 Watt Off-Line Flyback Regulator
(2 strands) Bifiliar Wound
Secondary 5.0 V: 4 Turns (six strands)
#26 Hexfiliar Wound
Secondary Feedback: 10 Turns #30 AWG
(2 strands) Bifiliar Wound Test [ Conditions Results
Core: Ferroxcube EC35-3C8
Babbin: Ferroxcube EC35PCB1 Line Regulation: 5.0V | Vi, =95 Vacto 130 Vac A=50mVor+0.5%
Gap = 0.01” for a primary inductance of 1.0mH +12V A=24mVor+0.1%
L2 |L_1 -15 p: at5.0 A, cC;oii!crafftt Z7156. Load Regulation: 5.0V | V;; =115Vac, oy = 1.0At04.0A A =300mV or+3.0%
,13-25 pHat 1.0 A, Coilcraft Z7157. +12V |V, = 115Vac, Iy = 100 mA t0. 300 mA | A = 60 mV or + 0.25%
Output Ripple: ~ 5.0V Vin =115 Vac 40 mVpp
+12V 80 mVyp
Efficiency Vijp =115 Vac 70%

All outputs are at nominal load currents, unless otherwise noted.
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UC3844, UC3845, UC2844, UC2845

T Vin =15V
o .
UC3845 7(12) 47 Output Load Regulation
———————————————————— P T I (open foop configuration)
l =
o I (mA] V
2 ] 34V I 0 ( ) 0 M
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l A RS & 1ov | 35)
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| Current Sense I _] Vo-a5 | 2% +1> R1
i = Comparator J =

The capacitor's equivalent series resistance must limit the Drive Outout current to 1.0 A. An additional series
resistor may be required when using tantalum or other low ESR capacitors. The converter's output can provide
excellent line and load regulation by connecting the R2/R1 resistor divider as shown.

Figure 30. Step-Up Charge Pump Converter

T Vin =15V
+
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B \ ALY = 1 N D
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i Regulator ) 1L e {
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L 7 47
i ey 05mA T
= | ! R Sy = =
Q
2(3) e |
— R PWM =
[_ l : Latch | Output Load Regulation
= i s X1ov I 351 bmA) | Vo)
i Current Sense II 1_ g —} gg
= Comparator G -13.
b . F Ll RO e e LT o 9 -125
5 18 -1z
= = 32 -10.6

The capacitor’s equivalent series resistance must limit the Drive Qutput current to 1.0 A.
An additional series resistor may be required when using tantalum or other low ESR capacitors.

Figure 31. Voltage-inverting Charge Pump Converter
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UC3844, UC3845, UC2844, UC2845

ORDERING INFORMATION

Operating
Device Temperature Range Package Shipping
uc3g44D SO-14 55 Units/Rail
UC3844DR2 SO-14 2500 Tape & Reel
UC3844N PDIP-8 50 Units/Rail
Ta=0°to+70°C
uC3845D SO-14 55 Units/Rail
UC3845DR2 SO-14 2500 Tape & Reel
UC3845N PDIP-8 50 Units/Rail
UC2844D SO-14 55 Units/Rail
UC2844DR2 S0O-14 2500 Tape & Reel
UC2844N PDIP-8 50 Units/Rail
Ta= -25° to +85°C -
uC2845D SO-14 55 Units/Rail
UC2845DR2 SO-14 2500 Tape & Reel
UC2845N PDIP-8 50 Units/Rail

MARKING DIAGRAMS

PDIP-8

N SUFFIX
CASE 626

8
R
UC384xN
D AWL
YYWW

T T

S0-14

8
LA
UC284xN
D AWL

YYWW

O
P
:

D SUFFIX
CASE 751A

14
ERARAR

UC384xD
o AWLYWW

IR EELE!
1

14
pAAAAR

UG284xD
o AWLYWW

FEOEHEEE
1

X 4orb

A Assembly Location
WL = Wafer Lot

YY,Y = Year

WW = Work Week
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UC3844, UC3845, UC2844, UC2845

PACKAGE DIMENSIONS

PDIP-8
N SUFFIX
CASE 626-05
ISSUE L

NOTES:
|'|_| rﬂ1 rn'x r“ 1. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL
8 5 2. PACKAGE CONTOUR OPTIONAL (ROUND OR
SQUARE CORNERS).
D 3. DIMENSIONING AND TOLERANCING PER ANS!
[B- Y14.5M, 1382.

MILLIMETERS INCHES
MIN_| MAX | MIN | MAX
9.40 | 1016 | 0370 | 0.400
510 | 660 | 0.240 | 0.260
394 | 445 | 0155 | 0175
038 | 051 | 0.015 | 0020
102 | _1.78 | 0.040 | 0070
254 BSC 0.100BSC
076 | 127 | 0.030 | 0.050
020 | 030 | 0.008 | 0012
292 | 343 | 0115 | 0135
7.62BSC 0300 BSC
S T e T
076 | 1.01 | 0030 [ 0.040

NOTE 2

— L

zg;—xo-:m-nunwra‘%’

SEATING N y
PLANE

_"H‘—D LK M >
G
[$]Z 0130005 @[T[2 ©[8®)

H—

S0-14
D SUFFIX
CASE 751A-03
ISSUE F

w

~

o

NOTES:
. DIMENSIONING AND TOLERANCING PER ANS!
-A- Y14.5M, 1982.
. CONTROLLING DIMENSION: MILLIMETER.
B HHH H H | " DIMENSIONS A AND B DO NOT INCLUDE
MOLD PROTRUSION.
1 MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.
E:l P7PL  DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
® @l 0.25(0.010) @) [ B @] PROTRUSION SHALL BE 0.127 {0.005) TOTAL
1 IN EXCESS OF THE D DIMENSION AT
B EH MAXIMUM MATERIAL CONDITION.
l<— _J L_ MILLIMETERS INCHES
—"G R X456 F MIN_| MAX | MIN | MAX
~C —" “_ 855 | 875 | 0337 | 0344
— ——J 380 | _4.00 | 0.150 | 0.157
= 3 e 135 | 175 | 0.064 | 0088
m ‘i Li 035 | 049 | 0014 | 0019
{ ~~ 4 040 | 125 | 0.016 | 0.049
SEATING Dt K M J 1.27 BSC 0.050BC

PLANE @0.25(0.010)®|T[B©|A@| 019 | 025 | 0,008 | 0009

010 | 025 | 0004 | 0009

il i R T
580 | 620 | 0208 | 0244
025 | 050 | 0010 [ 0019

:uvgxummcnw»‘g
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UC3844, UC3845, UC2844, UC2845

SENSEFET is a trademark of Semiconductor Components Industries, LLC.

ON Semiconductor and are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make
changes without further notice to any products herein, SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all
liability, including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical impiant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death
may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC
and its officers, employees, subsidiaries, affiliates, and distributors harmless against ali claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.

PUBLICATION ORDERING INFORMATION

Literature Fulfillment: JAPAN: ON Semiconductor, Japan Customer Focus Center
Literature Distribution Center for ON Semiconductor 2-9-1 Kamimeguro, Meguro-ku, Tokyo, Japan 153-0051
P.O. Box 5163, Denver, Colorado 80217 USA Phone: 81-3-5773-3850
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada Email: r14525@onsemi.com

Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada 2 i : :
Email: ONIit@hibbertco.com ON Semiconductor Website: http://onsemi.com
For additional information, please contact your local

N. American Technical Support: 800-282-9855 Toll Free USA/Canada Sales Representative.
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EAIRCHILD HIGH SPEED-10 MBit/s
LOGIC GATE OPTOCOUPLERS

SEMICONDUCTOR®

SINGLE-CHANNEL DUAL-CHANNEL
6N137 HCPL-2630
HCPL-2601 HCPL-2631
HCPL-2611

DESCRIPTION

The 6N137, HCPL-2601/2611 single-channel and HCPL-2630/2631 dual-channel
optocouplers consist of a 850 nm AlGaAS LED, optically coupled to a very high
speed integrated photodetector logic gate with a strobable output. This output
features an open coliector, thereby permitting wired OR outputs. The coupled
parameters are guaranteed over the temperature range of -40°C to +85°C. A
maximum input signal of 5 mA will provide a minimum output sink current of 13
mA (fan out of 8).

An internal noise shield provides superior common mode rejection of typically 10
kV/us. The HCPL- 2601 and HCPL- 2631 has a minimum CMR of 5 kV/us.

The HCPL-2611 has a minimum CMR of 10 kV/us.

FEATURES
* Very high speed-10 MBit/s
* Superior CMR-10 kV/us
* Double working voltage-480V :
» Fan-out of 8 over -40°C to +85°C I\ T, /il
* Logic gate output i ’
» Strobable output +E ) l v,
* Wired OR-open collector 0 }»jz.rl "
* U.L. recognized (File # E90700) s ] ‘ ot
72k
N’CE gl E]GND
APPLICATIONS
¢ Ground foop elimination
e LSTTL to TTL, LSTTL or 5-volt CMOS
» Line receiver, data transmission B6N137 HCPL-2630
» Data multiplexing HCPL-2601 HCPL-2631
* Switching power supplies HCPL-2611
* Pulse transformer replacement
e Computer-peripheral interface
TRUTH TABLE
(Positive Logic)
Input Enable Output

H H k

L H H

H I H

L L H

H NC L

L NC H

A 0.1 UF bypass capacitor must be connected between pins 8 and 5.
(See note 1)

A T e e e e T o S 2 e e S R T

© 2001 Fairchild Semiconductor Corporation
DS300202 7/9/01 10F11 www.fairchildsemi.com



EAIRCHILD HIGH SPEED-10 MBit/s
LOGIC GATE OPTOCOUPLERS

SEMICONDUCTOR®

SINGLE-CHANNEL DUAL-CHANNEL
6N137 HCPL-2630
HCPL-2601 HCPL-2631
HCPL-2611

ABSOLUTE MAXIMUM RATINGS (No derating required up to 85°C)

Parameter Symbol Value Units

Storage Temperature Tste -55 to +125 °C

Operating Temperature Torr -40 to +85 °C

Lead Solder Temperature TsoL 260 for 10 sec °C
EMITTER

DC/Average Forward Single channel I N mA

Input Current Dual channel (Each channel) 30

Enable Input Voltage Single channel

Not to exceed V¢ by more than 500 mV Ve - E

Reverse Input Voltage Each channel Vg 5.0 \

Power Dissipation Single channel 100

Dual channel {Each channel) % 45 ik

DETECTOR

Supply Voltage ¥ mir:{ﬁg - 7.0 v

Output Current Single channel I 50 o

Dual channel (Each channel) o 50

Output Voltage Each channel Vo 7.0 Vv

Collector Output Single channel 85

Power Dissipation Dual channel (Each channel) Po 60 il

RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Min Max Units

Input Current, Low Level gL 0 250 uA

Input Current, High Level ey 6.3 15 mA

Supply Voltage, Output Vee 4.5 5.5 \

Enable Voltage, Low Level VEL 0 0.8 \

Enable Voltage, High Level VeR 2.0 Vee vV

Low Level Supply Current Ta -40 +85 °C

Fan Out (TTL load) N 8

* 6.3 mA is a guard banded value which allows for at least 20 % CTR degradation. Initial input current threshold value is 5.0 mA or less

www.fairchildsemi.com 20F 11 7/9/01 DS300202



EAIRCHILD HIGH SPEED-10 MBit/s
LOGIC GATE OPTOCOUPLERS
SEMICONDUCTOR®

“

SINGLE-CHANNEL DUAL-CHANNEL
6N137 HCPL-2630
HCPL-2601 HCPL-2631
HCPL-2611

h

ELECTRICAL CHARACTERISTICS (1, =-40°C to +85°C Unless otherwise specified.)
INDIVIDUAL COMPONENT CHARACTERISTICS

Parameter Test Conditions | Symbol Min Typ** Max Unit
EMITTER (I = 10 mA) 1.8
Input Forward Voltage Ta=25°C g 14 1.75 Y
Input Reverse Breakdown Voltage (lr = 10 pA) Byr 5.0 \
Input Capacitance (Ve =0, f= 1 MHz) Cin 60 pF
Input Diode Temperature Coefficient (lr = 10mA) | AVE/ATA -1.4 mV/°C
DETECTOR
High Level Supply Current _Single Channel | (Vog = 5.5V, Ir = 0 mA) \==n € 10 mA
Dual Channel (VE=0.5V) 10 15
Low Level Supply Current = Single Channel | {Vec =5.5V, if =10 mA) 9 13
Dual Channel | (Ve =0.5V) lect 14 21 L,
Low Level Enable Current (Vcc =5.5V, VE=0.5V) gL -0.8 -1.6 mA
High Level Enable Current (Vcc =5.5V, VE=2.0V) leH -0.6 -1.6 mA
High Level Enable Voltage (Vec =5.5V, I = 10 mA) Ve 2.0 Vv
Low Level Enable Voltage (Vcc =5.5Y, Ip= 10 mA) (Note 3) VEL 0.8 \

SWITCHING CHARACTERISTICS (T, = -40°C to +85°C, Ve = 5 V, I = 7.5 mA Unless otherwise specified.)

AC Characteristics Test Conditions Symbol Min Typ** Max Unit
Propagation Delay Time {Note 4)|(Ta =25°C) 20 45 75
to Output High Level (R, = 350 O, C, = 15 pF) (Fig. 12) TpLn 100 e
Propagation Delay Time (Note 5) (T =25°C) 25 45 75
to Output Low Level (RL =350 0, Ci = 15 pF) (Fig. 12) TPHL 100 e
Pulse Width Distortion (R =350 9, C,= 15 pF) (Fig. 12) | [Tpui-Teunl 3 35 ns
Output Rise Time (10-90%) Gy= 35&3;% ?F:; ';’2 t 50 ns
Output Fall Time (90-10%) s 35(%?1;% (.FTQS ? 2 t 12 ns
Enable Propagation Delay Time (lr =7.5mA, Ve =3.5V)
to Output High Level (R, = 350 ), C = 15 pF) (Note 8) (Fig. 13) teLH 20 =
Enable Propagation Delay Time (ie=7.5mA, Vey =3.5V)
to Output Low Level (R, =350 &, G, = 15 pF) (Note 9) (Fig. 13) tErL £l e
Common Mode Transient Immunity (Ta =25°C) [Vem| =50V, (Peak)
(at Output High Level) (Ir =0 mA, Voy (Min.) =2.0 V)
B6N137, HCPL-2630  (Ry = 350 ) (Note 10) [CMH| 10,000 Vi
HCPL-2601, HCPL-2631 (Fig. 14) 5000 | 10,000
g HCPL-2611 Vol = 400 V 10,000 | 15,000
(RL =350 0) (Ir = 7.5 mA, Vo (Max.) = 0.8 V)
Common Mode  6N137, HCPL-2630 Ve = 50 V (Peak) o
Transient Immunity HCPL-2601, HCPL-2631 (Ta =25°C) oM vills
(at Output Low Level) (Note 11) (Fig. 14) 5000 | 10,000
HCPL-2611 (Ta =25°C) Vel = 400 V 10,000 | 15,000

R B e s e
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EAIRCHILD HIGH SPEED-10 MBit/s
LOGIC GATE OPTOCOUPLERS

SEMICONDUCTOR®

SINGLE-CHANNEL DUAL-CHANNEL
6N137 HCPL-2630
HCPL-2601 HCPL-2631
HCPL-2611

h

TRANSFER CHARACTERISTICS (Ta= -40°C to +85°C Unless otherwise specified.)

DC Characteristics Test Conditions Symbol Min Typ** Max Unit
High Level Output Current (Vec=55V,V5=55V)
b 100 pA
(lr = 250 pA, Vg = 2.0 V) (Note 2)
Low Level Output Current Ve =5.5V, le=5mA
p (Vee F ) - e 0B V

(Ve =2.0V, Ig,= 13 mA) (Note 2)
(VCC 5.5 V, VO = 06 V,
VE =20V, lo =13 mA)

Input Threshold Current

ISOLATION CHARACTERISTICS (T, = -40°C to +85°C Unless otherwise specified.)
Characteristics Test Conditions Symbol Min Typ** Max Unit
Input-Output (Relative humidity = 45%)
Insulation Leakage Current PAsA00E, 125 9)
.o i.0* pA
(V.o = 3000 VDC)
{Note 12)
Withstand Insulation Test Voltage (RH < 50%, T, =25°C) < 0 v
(Note 12) ( t =1 min.) o RS
" Resistance (Input to Output) (Vi.0o=500V) (Note 12) Ri.o 1012 Q
Capacitance (Input to Output) (f =1 MHz) (Note 12) Cio 0.6 pF

** All typical values are at Vg =5V, Ty = 25°C

NOTES

1. The V¢ supply to each optoisolator must be bypassed by a 0.1uF capacitor or larger. This can be either a ceramic or solid tantalum
capacitor with good high frequency characteristic and should be connected as close as possible to the package Ve and GND pins
of each device.

2. Each channel.

3. Enable Input - No pull up resistor required as the device has an internal pull up resistor.

4. tpuy - Propagation delay is measured from the 3.75 mA level on the HIGH to LOW transition of the input current pulse to the 1.5 V
level on the LOW to HIGH transition of the output voltage pulse.

5. tpy - Propagation delay is measured from the 3.75 mA level on the LOW to HIGH transition of the input current pulse to the 1.5V
level on the HIGH to LOW transition of the output voltage pulse.

6. 1, - Rise time is measured from the 90% to the 10% levels on the LOW to HIGH transition of the output pulse.

7. 1 -Fall time is measured from the 10% to the 90% levels on the HIGH to LOW transition of the output pulse.

8.t - Enable input propagation delay is measured from the 1.5 V level on the HIGH to LOW transition of the input voltage pulse
to the 1.5 V level on the LOW to HIGH transition of the output voltage pulse.

9. gy - Enable input propagation delay is measured from the 1.5 V level on the LOW to HIGH transition of the input voltage pulse
to the 1.5 V level on the HIGH to LOW transition of the output voltage pulse.

10. CMy,; - The maximum tolerable rate of rise of the common mode voltage to ensure the output will remain in the high state
(i.e., Voyt > 2.0 V). Measured in volts per microsecond (V/us).

11. CM_ - The maximum tolerable rate of rise of the common mode voltage to ensure the output will remain in the low output state
(i.e., Vour < 0.8 V). Measured in volts per microsecond (V/us).

12. Device considered a two-terminal device: Pins 1,2,3 and 4 shorted together, and Pins 5,6,7 and 8 shorted together.

www.fairchildsemi.com 40F 11 7/9/01  DS300202



EAIRCHILD HIGH SPEED-10 MBit/s
LOGIC GATE OPTOCOUPLERS

SEMICONDUCTOR®

SINGLE-CHANNEL DUAL-CHANNEL
6N137 HCPL-2630
HCPL-2601 HCPL-2631
HCPL-2611

TYPICAL PERFORMANCE CURVES

Fig.1 Low Level Output Voltage vs. Ambient Temperature Fig. 2 Input Diode Forward Voltage
vs. Forward Current
08 T
Conditions:
F=5mA 30
07f
Vg=2V y 16
e Vo= 5.5V "(L‘ 16m 10 -
2 06
s lo= 128 mA \ gl
g \ <
3 05 g /1
= \ 5
& 04" : =
3 = 8 o
3 03 A B
> 1 @
i) 4\ / 3 /
g 62 f / € oot v
- / lou= 9.6 mA i;
S o1 1
lo,=64 vr;A 0,001
0.0
-0 -20 0 20 40 60 80 0.9 1.0 11 12 13 14 15 1.6
Ta - Ambient Temperature (C) Vg - Forward Voltage (V)
Fig.3 Switching Time vs. Forward Current Fig. 4 Low Level Output Current
vs. Ambient Temperature
120 50
Vge =5V Ip=15mA
Y IR —
100 T 45 e
- I = ig=10mA
: i 3 ~
> o ™~
I 80 e
2 3 |
RL=4k (Tpu) < I =5mA
5 60 . A /
k= = 35
5 3 N
g ™ 2
r ()
e Mg = £ CTonditions:
a Vee=5V
- Rl Wy 3 <
20 = — : VoL=06V
ATk Ru= 1k (Tow e oL
Ri=4kQ Tod)
R =350t (Tmy)  R_=350kQ
0 1 1 1 20
5 7 9 1 13 15 -40 -20 0 20 40 60 80
Ir - Forward Current (mA) Ta - Ambient Temperatura ('C)
Fig.5 Input Threshold Current Fig. 6 Output Voltage vs. Input Forward Current
vs. Ambient Temperature s
4
[
Conditions:
V=50V
Vo= 06V RL=350100 % -
A =350
z / i NN
=iy s ¢
<
g l___,.// B % R, =4k 0t \ A= 1k
M SN 8
2 /'/ § 3 = T
] =
e s 074
] r‘— 5 2
SR o
= o
3 F >
£ 1
i Ro=1kQ \ K\
d Ry =4k o
-40 -20 0 20 40 60 80 0 1 2 3 4 5 6
T, - Ambient Temperature (‘C) I - Forward Current (mA)
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FAIRCHILD

HIGH SPEED-10 MBit/s
LOGIC GATE OPTOCOUPLERS

SEMICONDUCTOR®
SINGLE-CHANNEL DUAL-CHANNEL

6N137
HCPL-2601

HCPL-2630
HCPL-2631

HCPL-2611
\

Fig.7 Pulse Width Distortion vs. Temperature

Fig. 8 Rise and Fall Time vs. Temperature

80 }_ j 600
L”‘]”‘ 500
60 — itions:
I Conditions: ’?\ Conditians:
£ 1;:7.5;3;\ © 400 |—IF=7.5mA
cc= =4k =5
& ; i ‘4 gl E yees oy AL =4k (tr)
2 bt L=‘E 300 1 |
o ALE 1 KO = RL= 1 k€Y (tr)
= c
£ RL=350 0 @,
g 5o " / | | g 200 RL = 350 O (tr)
® / — @
3 - 100
I U -~ E Va
¥y =
fa
= 0 RL= 1kt
a RL=4ka )
RL=350 O
-60 -40 20 0 20 40 60 80 100 =60 -40 -20 0 20 40 60 80 100
Ta - Temperature ("C) Ta - Temperaturs ('C)
Fig. 8 Enable Propagation Delay vs.Temperature Fig. 10 Switching Time vs. Temperature
120 T T 120
AL =4k Q(TELH) —! L, —’
2|
g
100 .- Lt
\
% g p
£ .3
F 80 — S
8 2 b0
& c AL=4kQTPLH
L 60 p)——0 ' 9 RL=1k QTPLH |
= RL=1k Q(TELH) = " Mg
E RL = 350 O (TELH) g’ 60 AL =350 O TPLH
g 40 / £
o \ | L a LT
@ a
35 =
3 \ " =
& & = = =
3 1 =350 Q1
RL=1kQ
w RL=1k | (TEHL) AL=4k JTPHL
2 At=4k | R AL =350
60 -40 -20 0 20 40 60 80 100 -60 -40 -20 0 20 40 60 80 100
TA-Temperature ("C) TA-Temperature ('C)
Fig. 11 High Level Output Current
vs. Temperature
20 ’ l
Conditions:
= Vec =55V
< Vo=55V
k=gl VE=20V |
] B IF = 250 A
=
s
[&]
3 \
o
5 10
@] ]
2
©
-
=
S5
I
o
0
-60 -40 -20 o0 20 40 80 80 100

Ta-Temperature ("C)

e

www.fairchildsemi.com 6 OF 11 7/9/01 DS300202



EAIRCHILD HIGH SPEED-10 MBit/s
LOGIC GATE OPTOCOUPLERS
SEMICONDUCTOR®

E

SINGLE-CHANNEL DUAL-CHANNEL
6N137 HCPL-2630
HCPL-2601 HCPL-2631
HCPL-2611

Pulse

Generator

Zo-300 =y

Output
(Vo)

.

Monitor
470 4 GND
£ [4]

(ig)

Fig. 12 Test Circuit and Waveforms for tp y, tpyy t, and t.

Pulse

Generator Input
tr=5ns Monitor
Zo=500 (Ve)

o]
2| e e

bypass

E E Guo'}

Fig. 13 Test Circuit tgy;, and tg .
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HIGH SPEED-10 MBit/s

FAIRCHILD
LOGIC GATE OPTOCOUPLERS

SEMICONDUCTOR®

SINGLE-CHANNEL DUAL-CHANNEL
6N137 HCPL-2630
HCPL-2601 HCPL-2631
HCPL-2611

CMH

--------- Vo (Max)
¥ /\Switching Pos. (B),1 =7.5 mA
T CML

Fig. 14 Test Circuit Common Mode Transient Immunity
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HIGH SPEED-10 MBit/s

FAIRCHILD
LOGIC GATE OPTOCOUPLERS

SEMICONDUCTOR®

DUAL-CHANNEL
HCPL-2630
HCPL-2631

SINGLE-CHANNEL
6N137

HCPL-2601
HCPL-2611

Package Dimensions (Surface Mount)

Package Dimensions (Through Hole)

0.390 (9.91
b— dmess —
B 5 PIN1 PIN 1
rn1 rﬂ.‘ /" ID /7D
4 3 2 (1), / T
0.270 (6.86) g
0.270 (6.86) 0.270 (6.86)
0250 (8.35) 0.250 (6.35)
shiiig |
!

L—LBJ

L;,“LJ

0.154(3.90)

> RUAVAS

0.390(9.91)
0.370 (9.40)
w A 0.070 (4.7 | 0.300 (7 62) |
0070 (178 0.070 (1.78) (7.62)
z 'ﬂ—_(_l
;_ 0.045 (1.14) “'l " 0,045 (1.14) TP
g 0200 (5.08) ’ Q| \
55 0.140(355) - 0.020(0.51)
ri MN 0.016(0.41)
« . 0.008 ( 020)
0020 (0.51) MIN

'29(3 05) [ 0043[\
u B 0022 (0.56)
0022 (0.56) = 0018(0 41) 03 5 (8.00)
o.msmmf" “" 0016040) // | 15 MAX“—I - o8
0.008 (0.20) "~ °‘°°(25") 0.405 wmo
0.100 (254) TYP q 0300062).,_.1 ( )

Lead Coplanarity : 0.004 (0.10) MAX

Ihrﬁéﬁrﬂ,;m

0270 (6:86)
0.250 (6.35)

e

0.022 (0.56)

0.016 (0.41)

k-

AL

0.390 (8.81)
D 370 (9.40)

=—0.100 (2.54) TYP

015¢ (200 #f1 hi
0. 'znuos) ] r’r
i

4[ [

0.016 (0.40) .
Y 0.400(10.16) __j
TYP

0.008 (D 20)

%‘ {1, 0070(1.78)
5 0.045 (1.14)
o
2
E 0.200 {5.08)
0.140 (3.55)
@bl sacils NOTE
A e 0.004 (0.10) MiN

All dimensions are in inches (millimeters)

—
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HIGH SPEED-10 MBit/s

FAIRCHILD
LOGIC GATE OPTOCOUPLERS

SEMICONDUCTOR®

SINGLE-CHANNEL DUAL-CHANNEL
6N137 HCPL-2630
HCPL-2601 HCPL-2631
HCPL-2611

ORDERING INFORMATION

Order- —
- Entry s e e
Identifier Description-
S i) Surface Mount Lead Bend
SD Sb Surface Mount; Tape and reel
w W 0.4” Lead Spacing

12.0+ 0.1

' oo’o—————-f—-

TF 010\ CAL ¥ OSBGOSl

— 4.90 £ 0.20
4.0+ 0.1~ @1.55 + 0.05
0.30 £ 0.05 4.0+ 0.1 ol / 1.75+0.10
/ T T r
o]

752.0.1
fo tlldo plldo 1 o
1305020 iRl 0 i o s p 16.0+ 03
! i o0 10.30 = 0.20
il | i
~N -
‘ i \\
0.1 MAX 10.30 + 0.20 \, @1.6+0.1

User Direction of Feed

o S B e P T e i =t
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EAIRCHILD HIGH SPEED-10 MBit/s
LOGIC GATE OPTOCOUPLERS
SEMICONDUCTOR®

e e B T B e T T e Y Y o By

SINGLE-CHANNEL DUAL-CHANNEL
6N137 HCPL-2630
HCPL-2601 HCPL-2631
HCPL-2611
e
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO
ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME
ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HERE-
IN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component in any component of a life support
systems which, (a) are intended for surgical device or system whose failure to perform can be
implant into the body,or (b) support or sustain life, reasonably expected to cause the failure of the life
and (c) whose failure to perform when properly support device or system, or to affect its safety or
used in accordance with instructions for use provided effectiveness.

in labeling, can be reasonably expected to result in a
significant injury of the user.

“
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Power Field Effect Transistor

N-Channel Enhancement-Mode
Silicon Gate

This TMOS Power FET is designed for low
voltage, high speed power switching applications
such as switching regulators, converters, solenoid
and relay drivers.

® Silicon Gate for Fast Switching Speeds

¢ Low Rps{on) to Minimize On-Losses. Specified at
Elevated Temperature

e Rugged — SOA is Power Dissipation Limited

& Source-to-Orain Diode Characterized for Use With
Inductive Loads

f’l

3

0

iRF640

TMOS POWER FET

18 AMPERES
Rps(on) = 0.18 OHM

An LINe TO
LUV YULIOD

CASE 221A-06
{TO-220AB)

G
o5
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain-Source Volitage Vpss 200 Vde
Drain-Gate Voltage VDGR 200 Vdc
{Rgs = 20 k()
Gate-Source Voltage Vs =20 Vde
Drain Current Adc
Continuous, Tg = 25°C D 18
Tc = 100°C 11
Peak, Tc = 25°C 72
Total Power Dissipation @ Tp = 25°C Pp 125 Watts
Derate above 25°C 1 wrec
Operating and Storage Temperature Range TJ Tstg —-55t0 150 A
THERMAL CHARACTERISTICS
Thermal Resistance — Junction to Case Reuc 1 ‘CW
— Junction to Ambient RaJa 62.5
Maximum Lead Temp. for Soldering Purposes, T 260 C
1/8” from Case for 10 Seconds

See the MTP20N20E Designer's Data Sheet for a complete set of design curves for the product on this data sheet.

REV 1

8-24

Motorola TMOS Power MOSFET Transistor Device Data




ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted)

IRF840

| Characteristic Symbol | Min | Max | Unt |
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage V(BRIDSS 200 —_ Vdc
Vgs = 0. Ip = 0.25 mA}
Zero Gate Voltage Drain Current ipss mAdc
{Vps = Rated Vpgs, Vgs = O == 0.2
(Vpg = 0.8 Rated Vpss. Vas = 0. Ty = 125°C) — 1
Gate-Body Leakage Current, Forward IGSSF — 100 nAdc
(Vgsg = 20 Vdc, Vps = 0}
Gate-Body Leakage Current, Reverse IGSSR - 100 nAdc
(Vgsr = 20 Vdc, Vps = 0}
ON CHARACTERISTICS*
Gate Threshold Voltage VGS(th) 2 4 Vdc
(Vps = Vgs: Ip = 0.25 mA)
Static Drain-Source On-Resistance Rps(on) — 0.18 Ohm
{Vgs = 10 Vde, Ip = 10 Adc)
On-State Drain Current (Vgs = 10 V) D{on) 18 — Adc
{Vps = 3.2 Vdc)
Forward Transconductance OFS 6 — mhos
(Vpg = 3.2 V,Ip = 10 A)
DYNARMIC CHARACTERISTICS
Input Capacitance Ciss — 1600 pF
: IVps = 25V.Vgs = Q. [~
Qutput Capacitance = 1 MHz) Coss 750
Reverse Transfer Capacitance Crss 3 300
SWITCHING CHARACTERISTICS®
Turn-On Delay Time td(on) — 3¢ ns
Rise Time {Vpp = 30 V. Ip = 15 Apk, tr 3 60
Turn-Off Delay Time Rgen = 4.7 Ohms) ta(off) — 80
Fall Time t — 60
Total Gate Charge QQ 36 (Typ} 60 nC
7 (Vps = 0.8 Rated Vpss. &
Gate-Source Charge Vs = 10 Vde, ip = Rated Ip) Qgs 16 (Typ)
Gate-Drain Charge Qgd 22 {Typ) —
SOURCE DRAIN DIODE CHARACTERISTICS®
Forward On-Voltage (ig = Rated Ip, Vsp 1.8 (Typ) l 2.0 I Vdc
Forward Turmn-On Time Vgs = 0 ton Limited by stray inductance
Reversa Recovery Time trr 450 (Typ) I — | ns
INTERNAL PACKAGE INDUCTANCE
Internal Drain inductance Ld nH
{Measured from the contact screw on tab to center of die} 3.5 {Typ}) —
{Measured from the drain lead 0.25" from package 1o center of die} 4.5 {Typ) —_
Internal Source Inductance Ls 7.5 {Typ} —
(Measured from the source lead 0.25" from package to source bond pad)
*pulse Tast: Pulse Width < 300 us, Duty Cycte < 2%.
Motorola TMOS Power MOSFET Transistor Device Data 8-25



PACKAGE OUTLINE DIMENSIONS AND FOOTPRINTS {continued)

NOTES:

1. DIMENSIONING AND TOLERANCING PER ANS!

Y14.5M, 1982,

ISSUE D

_T-| SEATWNG 2. CONTROLLING DIMENSION: INCH,
PLANE 3. DIMENSION Z DEFINES A ZONE WHERE ALL
o B F 1 C BODY AND LEAD IRREGULARITIES ARE
T— ALLOWED.
! =2
3 W
_@‘TL —T i | Om | M | Max | i | Bax
T y A [ 0570 | 0620 | 74.45 | 15.75
a " A B_| 0300 | 0405 | 866 1 1028
T C_| 0160 0190 | 407 | 48
23 u 0 {06025 | 0035 | 064 | 028 |
& F
— — s pefeet
f PIN1. GATE W] 0410 | 0.155 | 280 1 sa3
K 2. DRAN : : -
b e J_ 10016 {0625 | 046 | 054
N—i =+ K| 0500 | 0562 | 1270 | 1427
- L 70045 | 0060 | 115 | 163 ]
N_ 10190 | 0210 | 483 | 533
L — R 0 ] 0100 | 0120 | 254 | 304
% R_| 0080 ] 010 | 204 | 279
J S 100850055 1 1.15 | 139 ]
T | 0235 | 6255 | 597 | 647
U | 0000 10080 | Gog | 127
D Wios | — [ 1151 —
Z a0 — | 2m
CASE 221A-06
{10-220AB)
ISSUE Y
(7] SEAme
PLANE
NOTES:
Hiy— 1. DIMENSIONING AND TOLERANCING PER ANS!
S Y145, 1082,
2. CONTROLLING DIMENSIGN: INCH,
u MCHES | MILUMETERS
LD MEN | MAX | BN | WAX
A | 0621 F 0620 ] 1578 1 1597
8 | 0394 | 0402 | 1601 ] 102]
STYLE1: C | 0181 [ 0383 | 4601 480
P'N;- gSLEN 0.0% | 06034 | 067 | o085
¢ F 10121 ] 0120 | 308 ] 327
3. SOURCE & 0.100 BSC 254B5C
H 0123 [ 0129 ] 313 ] 357
0018 | 0, 046 | 084
K | 0500 | o582 | 1270 | 1427
j__ J t | 0045 | 0080 | 14| 152
N | 0200BSC 508 BSC
— R Q| 0126 [013¢} 321 ] 3
R | 8.107 0.1 272 281
s [ o 0164 | 244 | 264
U 10259 | 0267 | 658 | 678
|€b| 0.25{0.010) @ | B®| Y[
CASE 221D-02
{ISOLATE TO-220 TYPE)
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MBR1635, MBR1645

SWITCHMODE™
Power Rectifiers

... using the Schottky Barrier principle with a platinum barrier

metal. These state—of-the—art devices have the following features:

e Guardring for Stress Protection

e Low Forward Voltage

e 150°C Operating Junction Temperature

Mechanical Characteristics:

e (Case: Epoxy, Molded

e Weight: 1.9 grams (approximately)

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

® Lead Temperature for Soldering Purposes:
260°C Max. for 10 Seconds

e Shipped 50 units per plastic tube

@ Marking: B1635, B1645

MAXIMUM RATINGS

Rating Symbol Value Unit
Peak Repetitive Reverse Voltage VRRM Y
Working Peak Reverse Voltage VerwM
DC Blocking Voltage MBR1635 Vg 35
MBR1645 45
Average Rectified Forward Current Ir(av) 16 A

(Rated Vg, Tg = 125°C)

Peak Repetitive Forward Current, IERM 32 A
(Rated VR, Square Wave,
20 kHz, T¢ = 125°C)

Non-Repetitive Peak Surge Current IFsm 150 A
(Surge Applied at Rated Load
Conditions Halfwave, Single

Phase, 60 Hz)

Peak Repetitive Reverse Surge IRRM 1.0 A
Current (2.0 us, 1.0 kHz)

Storage Temperature Range Tstg —65t0 +175 °C

Operating Junction Temperature Ty -65 to +150 °C

Voltage Rate of Change dv/dt Vius
(Rated VR) 10,000

® Semioén&ué:tor (.:”ompcnents vlndrustries, L.LC.V2(.)OO ‘ 1

October, 2000 - Rev. 2

ON Semiconducior
http://onsemi.com
SCHOTTKY BARRIER
RECTIFIERS

16 AMPERES
35 and 45 VOLTS

3 o—Ppl——o 1,4

4

0

3

TO-220AC
CASE 221B
PLASTIC

MARKING DIAGRAM

B16x5

U

B16x5 = Device Code
X =3or4d

ORDERING INFORMATION

Device Package Shipping
MBR1635 TO-220 50 Units/Rail
MBR1645 TO-220 50 Units/Rail

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

Publication Ol.'derrr N.uhbe.r:.
MBR1635/D




MBR1635, MBR1645

THERMAL CHARACTERISTICS

( Characteristic ’ Symbol Value Unit
'—Maximum Thermal Resistance, Junction to Case ! Rasc 1.5 °CIwW
ELECTRICAL CHARACTERISTICS
Maximum Instantaneous Forward Voltage (Note 1.) Vg Volts
(iF =16 Amps, T¢ = 125°C) 0.57
(ir = 16 Amps, Te = 25°C) 0.63
Maximum Instantaneous Reverse Current (Note 1.) iR mA
(Rated dc Voltage, T¢ = 125°C) 40
(Rated dc Voltage, T¢ = 25°C) 0.2

1. Pulse Test: Pulse Width = 300 us, Duty Cycle <2.0%.

& 100 . 200 T
R (! 100
E P 40 Ty=150°C :
uz.t o = 20 I
?E: 30 TJ=125°C /// E 10 125°C
3 4 S 40
= 2 1000 77~ ) & M 100°C !
= 25° :
= n - o
o 77 © =
=} 7 w04
g A @ [lgo ]
3 50 777 g oof
i
e L/ < 004 =i S
£ / £ 0 25°C
= 74 7 0.01
<] 1 1 1 i 1 1 1 1 1
= 10 1] 8883 S R e i A e S |
S 0 0.2 04 06 08 1.0 0 10 20 30 40 50
v, INSTANTANEOUS FORWARD VOLTAGE {VOLTS) Vg, REVERSE VOLTAGE {VOLTS)
Figure 1. Typical Forward Voltage Figure 2. Typical Reverse Current

hﬁp:/léhéénii.com
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If(Av), AVERAGE FORWARD CURRENT (AMPS)

MBR1635, MBR1645

a 16 T T T
a RATED Vg APPLIED
z u = ; } .
— \
= e ———— Rya= 16°C/W
de oooq2 < (With TO-220 Heat Sink)
I \ 5 N N, —— — Raua=60C/W
SQUARE WAVE N 2010 <J \ (No Heat Sink) ]
\ T 4o | SQUAREWAVEN, N
N % = N e
™ 2 60 P N
RATED VOLTAGE APPLIED \ w OV P ~N
— & 1G] ~ C \
Rayc = 1.5°C/W \ \ £ 40 . 550 £ <
W ~ \
NAEN | = L et ==
=02 % ~
Z AREWAVE ~~F
_E:-: (] SQUi 1 \\.‘ \\k
110 120 130 140 150 160 0 20 40 60 80 100 120 140 160
Tg, CASE TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
Figure 3. Current Derating, Case Figure 4. Current Derating, Ambient

c’é 16 . . T T T

= ok SQUARE WAVE

Y 7 (RESISTIVE LOAD) 7= =

5 AV

Eq 12

& |

2 1ol (capaciaTivE tor) FK = 50 \od do |

= - M/, -

= o LA A

a 6.0 |/ p.

L o 4

(O]

2 2 {

040 >

= /- 1 T,=125°C

T, &l —

'

o

020 40 60,780 10 12 14 16 18" 20
Ir vy, AVERAGE FORWARD CURRENT (AMPS)

Figure 5. Forward Power Dissipation
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MBR1635, MBR1645

PACKAGE DIMENSIONS

TO-220
PLASTIC
CASE 221B-04
ISSUE D
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS!
c Y14.5M, 1982,
B F - & 2. CONTROLLING DIMENSION: INCH.
Q 1 r— INCHES | MILLIMETERS
pm|{ MIN | MAX | MIN | MAX
Cd L) O L —
.D_ 1 A | 0535 | 0620 | 1541 | 1575
f 4 B | 0380 | 0405 | 965 | 1029
A C | 0160 | 0190 | 4.06 | 482
U } D | 0025 | 0035 | 064 | 089
1 3 L F | 0442 | 0447 | 361 ] 373
G 0.190 | 0.210 4.83 5.33
H ? H | 0110 | 0130 | 279 | 330
T“ = 1 | 0.018 | 0025 | 046 | 06¢
K K | 0500 | 0562 | 12.70 | 14.27
L | 0045 | 0060 | 114 | 152
Q | 0100 | 0120 | 254 | 304
L | R | 0080 | 0110 | 204 | 279
D R S 0.045 | 0.055 1.14 1.39
l T | 0235 | 0255 | 597 | 648
e J w | 0000 | 0050 | 0000 | 127

SWITCHMODE is a trademark of Semiconductor Components Industries, LLC.

ON Semiconductor and

“ are trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make changes
without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any particular
purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability,
including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC 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 life, or for any other application inwhich the failure of the SCILLC product could create a situation where personal injury or
death may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold
SCILLC and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable
attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim
alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.

PUBLICATION ORDERING INFORMATION
NORTH AMERICA Literature Fulfillment:
Literature Distribution Center for ON Semiconductor
P.O. Box 5163, Denver, Colorado 80217 USA
Phone: 303—675-2175 or 800-344-3860 Toll Free USA/Canada
Eax: 303-675-2176 or 800-344—3867 Toll Free USA/Canada
Email: ONlit@hibbertco.com
Fax Response Line: 303-675-2167 or 800-344-3810 Toll Free USA/Canada

N. American Technical Support: 800-282-9855 Toll Free USA/Canada

EUROPE: LDC for ON Semiconductor — European Support
German Phone: (+1) 303-308-7140 (Mon-Fri 2:30pm to 7:00pm CET)
Email: ONlit-german@hibbertco.com
French Phone: (+1) 303-308-7141 (Mon—Fri 2:00pm fo 7:00pm CET)
Email: ONlit-french@hibbertco.com
English Phone: (+1) 303-308-7142 (Mon—Fri 12:00pm to 5:00pm GMT)
Email: ONlit@hibbertco.com

EUROPEAN TOLL-FREE ACCESS*: 00-800-4422-3781
*Available from Germany, France, ltaly, UK, Ireland

CENTRAL/SOUTH AMERICA:
Spanish Phone: 303-308-7143 (Mon-Fri 8:00am to 5:00pm MST)
Email: ONlit-spanish@hibbertco.com
Toll-Free from Mexico: Dial 01-800-288-2872 far Access ~
then Dial 866-297-9322

ASIA/PACIFIC: LDC for ON Semiconductor — Asia Support
Phone: 303-675-2121 (Tue-Fri 9:00am to 1:00pm, Hong Kong Time)
Toll Free from Hong Kong & Singapore:
001-800-4422-3781
Email: ONlit-asia@hibbertco.com

JAPAN: ON Semiconductor, Japan Customer Focus Center
4-32_1 Nishi-Gotanda, Shinagawa—ku, Tokyo, Japan 141-0031
Phone: 81-3-5740-2700
Email: r14525@onsemi.com

ON Semiconductor Website: http://onsemi.com
For additional information, please contact your local

Sales Representative.

MBR1635/D
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DIOTEC ELECTRONICS CORP.

nIf" 18020 Hobart Blvd., Unit B Data Sheet No. FSDP-301-1B

Gardena, CA 90248 U.S.A
Tel.: (310) 767-1052 Fax: (310) 767-7958

3 AMP FAST RECOVERY SILICON DIODES

FEATURES MECHANICAL SPECIFICATION
ACTUAL SIZE OF SERIES RP300 - RP310
DO-27 PACKAGE
e Low cost
& DO - 27 ———
o Low leakage
LL
® |ow forward voltage drop BD (Dia)—-| ’._
e High current capacity i
BL
® Fast switching for high efficiency a Color Band
Denotes
Cathode
MECHANICAL DATA
LL
® Case: JEDEC DO-27 molded plastic (U/L Flammability Rating 94V-0) i
® Terminals: Plated axial leads LD (Dia) —I '——
® Soldering: Per MIL-STD 202 Method 208 guaranteed | Minimum Maximum
m
\ In mm In mm
® Polarity: Color band denotes cathode BL 0.365 | 9.28
e Mounting Position: Any o 2.20501§5.2
LL 1.00 254
® Weight: 0.02 Ounces (0.7 Grams) LD 0.048 1.2 0.052 1.3
MAXIMUM RATINGS & ELECTRICAL CHARACTERISTICS
Ratings at 25 °C ambient temperature unless otherwise specified.
Single phase, half wave, 60Hz, resistive or inductive load.
For capacitive loads, derate current by 20%.
PARAMETER (TEST CONDITIONS) SYMBOL RATINGS UNITS

Series Number -RP300|RP301 RP302 | RP304 | RP306 | RP308 | RP310

Maximum DC Blocking Voltage VRM 50 100 | 200 1000
Maximum RMS Voltage VRMS 35 70 140 | 280 420 560 700 | VOLTS
Maximum Peak Recurrent Reverse Voltage VRRM 50 100 200 400 600 800 1000

Average Forward Re_ctified Current @ TA =55 °C, o 3

Lead length = 0.375 in. (9.5 mm) AMPS
Peak Forward Surge Current ( 8.3 mSec single half sine wave lesm

superimposed on rated load) 200

Maximum Forward Voltage at 3 Amps DC : VFm 1.3 VOLTS
Maximum Reverse Recovery Time (IF=0.5A, IR=1A, IRR=0.25A) TRR 150 I 250 I 500 (Note 2) nS
Maximum Average_DC Reverse Current @Ta= 25:C P 10 LA
At Rated DC Blocking Voltage @ Ta=100°C 150

Typical Junction Capacitance (Note 1) Cy 60 pF
Operating and Storage Temperature Range Ty, TsTG -65 to +175 °C

43THedp30t

NOTES: (1) Messimadtat= MIB2Rimpisl@trayerse voltage of 4 volts
(2) smhebrevais MHznspitileithdaetoeyoltage of 4 volts

H31



DIOTEC ELECTRONICS CORP. Data Sheet No. FSDP-301-2B
18020 Hobart Blvd., UnitB

Gardena, CA 90248 U.S.A

Tel.: (310) 767-1052 Fax: (310) 767-7958

3 AMP FAST RECOVERY SILICON DIODES

Average Forward Current, lo
(Amperes)

H32

RATING & CHARACTERISTIC CURVES FOR SERIES RP300 - RP310

4.50 500
3.75 €
2 JEDEC Method
3.00 8 8.3 mS Single
& N Half Sine Wave
\\ o \\\ Ty=55°C
N =93 100 I~
2.25 N S
\ 0o e~
=%
Single Phase, Half wave, 60 Hz \\ E £
1.80 |— Resistive and Inductive Loads N S < <
Lead Length = 0.375" (9.5 mm) N g ~
\\ w
0.75 N X
N g
0 \\ 7
o 50 100 150 180
Ambient Temperature, °C 101 Y et
FIGURE 1. FORWARD CURRENT DERATING CURVE NumBEP of CyMe\ at 60 Hz
v FIGURE 2. MAXIMUM NON-REPETITIVE SURGE CURRENT
10 // 100
7 —
£ 5 4 L = W
g 1/ T
S / Ty=25°C
O L
- 1.0 / a f=1MHz
&% g
4] 7 o
g g // & o
Lo =
wE g
3< a
s ]
e / )
s 0.1 v
= ¥ Ty=25°C
ha-d ] Pulse Width = 300 uS
g l’ 1% Duty Cycle
0.01 I ot
“o4 0.6 0.8 1.0 1.2 14 1.6 18 o ! 10
Instantaneous Forward Voltage (Volts) Reverse Voltage, (Volts)
FIGURE 3. TYPICAL FORWARD CHARACTERISTIC FIGURE 4. TYPICAL JUNCTION CAPACITANCE
50 Q 10 Q
noninductive noninductive
AAA AAA- l_ TRR —|
0.5
(+) () 0.0
= 25vnC PULSE /
T (APPROX) GENERATOR
(Note 2) 0.5
i b * [
] OSCILLOSCOPE
ln;\?(;ive (Note 1)
-1.0
Set time base _l 1 |_
NOTES: for 10nS/cm cm

(1) Rise time = 7nS max., input impedance = 1 Megohm, 22 pF [ —
(2) Rise time = 10nS max., source impedance = 50 ohms

FIGURE 5. REVERSE RECOVERY TEST SETUP AND TIME CHARACTERISTIC

437bisdp301





