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HV-2405E

World-Wide
Single Chip Power Supply

Features

« Direct AC to DC Conversion )
* Wide Input Voltage Range..........15Vims-275Vrms
+ Dual Output Voltages Available

* Qutput Current..... tressneraenraennns upto50mA
* OutputVoltage ...........ecuuenn.. vaen. 5V 10 24V
* Line and Load Regulation................. .ra 2%

* UL Recognition, Flle # E130808

Applications

* Power Supply for Non-Isclated Applications

* Power SUpply; for Relay Control

* Dual Qutput Supply for OFF-LINE Motor Controls

* Housekeeping Supply for Switch-Mode Power
Supplies

Ordering Information

TEMPERATURE
PART NUMBER RANGE PACKAGE
HV3-2405E-5 0°Cto +75°C 8 Lead Plastic DIP
HV3-2405E-9 -40°C 10 +85°C | 8 Lead Pilastic DIP

CAUTION: This Product Does Not Provide Isolation From The AC line. See “General Precautions”, Fallure to use a properiy rated
fuse may cause R1 to reach dangerously High Temperature or Cause the HV-2405E to Crack or Explode.

Description

The HV-2405E is a single chip off fine power supply that con-
verts world wide AC line voltages to a regulated DC voltage.
The output voltage is ad]ustable from 5Vpg to 24Vp with an
output current of up to 50mA. The HV-2405E can operate
from input voltages between 15Vrms and 275Vrms as well
as input frequencies betwesn 47Hz to 200Hz (see Table 1 in
section titled *Minlmum Input Voltage vs Output Current” for
detalls).

The wide input voitage range makes the HV-2405E an excel-
tent choice for use in equipment which is required to operate
from sither 240V or 120V. Uniike competitive AC-DC conver-
tors, the HV-2405E can use the same external components
for operation from either voltage. This flexibility in input voit-
age, as well as frequency, enables a single design for a
world wide supply.

The HV-2405E has a safsty feature that monitors the incom-
ing AC line for large dv/dt (L.e. random noise spikes on AC
line, Initlal power applied at or near peak lins voltage). This
Inhibit functicn protects the HV-2405E, and subssquent cir-
cuitry, by turning off the HV-2405E during large dwidt tran-
sients.This feature is utilized to ensure operation within the
SOA (Safe Operating Area) of the HV-2405E.

The HV-2405E can be configured to work directly from an
electrical outlet {see Figure 1) or imbedded in a farger sys-
tem (sse Figure 7). Both application circuits have cOmpo-
nents that will vary based on input voltage, output current
and output voltage. It is important to undsrstand these val-
ues prior 1o beginning your design.

Pinout Functional Diagram
: SWITCHING LINEAR
vaégsiéw“” | PRE-REGULATOR | POST-REGULATOR |
. Ac } ] >l
Y HIGH Rt a1 is
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) '
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CAUTION: These devices are sensitive to elecisostatic discharge, Users should follow proper 1.C. Handling Procedures,
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Specifications HV-2405E

Absolute Maximum Ratings Thermal Information

Voitage Batwsen Pin 1 and 8, Peak Thermal Resistance Ba
Voltage Between Pin2and8........ . Plastic DIP ..o vveievssniennanesanesnenascenanan 150°CW
Input Current, PeaK ....ovvvunnnn . .. Maximum Junction Temperalure. . .. vovuseicrensesanss +150°C
Qutput Current .. ....... e renrarraereainaaa .. Storage Temperature Rangs. «.....cvevaarenas -65°C o +150°C
Lo o 7T T

CAUTION: Stresses above those Iisted in "Absciute Maximum Ratings® may cause permanent damage lo the device, This /s & siress only rating and operation
of the device at thess or any othar conditions abave those indk in the of ional ions of this spscification is not implied.

Electrical Specifications Unless Otherwise Specifisd: Vi = 264Vms at 50Hz, C1 = 0,054F, C2 = 470pF, C4 = 1pF, Your =5V,
loyt = 50mA, Source Impedance Ry = 150Q. Parameters are Guarantead at the Specific Vyy and
Fraquency Conditions, Unless Otherwise Specifled, See test circuit for Componant Location.

HV-2405E-5/-9
PARAMETER CONDITIONS TEMP MIN TYP MAX UNITS

Output Voltaga (At Preset 5V} Veer = 0Wpe +25°C 475 5.0 5.25

Fult 4.85 50 5.35
Output Voliags (At Preset 24V) Vaer = 18Vpe +25°C 228 24.0 252

Fult 22,32 24.0 25.88 v
Line Regulation 80Vrms to 264Vims +25°C B 10 20 mv

Full - 15 40 mvV
Load Regulation (lour = 5mA to S0mA) +25°C - - 20 mv

Full - - 40 mv
Output Current Full 50 - - mA
QOutput Ripple {Vp-p) Full - 24 - mv
Short Cireult Current Limit Full - 70 - mA
Cutput Voltags TC Fult - 0.02 - %LC
Quiescent Current Post Regulator | 11Vpg to 30Vpg on Pin 2 +25°C - 2 - mA

Test Circuit
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1504

AAA
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FILTER
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Application Information

c Rt
0.1pF 100Q rormonmmmerenon FUSE
OPERATING CONDITIONS i} —WA— A~0 AC HIGH
Vin = 50Vems TO 275Vims H
FREQUENCY = 50Hz to 60Hz ~ 3 ! cs - i
{our = OmA 1o 50mA ' >3 AC RETURN
Your=5V+ Vg 3 120pF a0k _—
¥ b
Hvadose [— = ... ‘
3 Vour

1eEmssnas sy

> R3
S 3.9K0

1

AA

COMPONENT LIST

FUSE = 1/ 4A
R1= 1002, 5W
R2= 220k, 1W
R3=3.9k0, 1/4W
R4 = 5.6k, 1/ 4W
RS=3.30, 1/ 4W
R6 = 5.6k, 1/4 W

Ct = 0.1uF, AC RATED

C2 = 470,F, 15V + Vouy, ELECTROLYTIC
C3 = 20pF, CERAMIC

C4 = 104F, Vour + 10V, ELECTROLYTIC
C5 = 0.0474F, 10V

21 = Voyy - 5Y, 1AW

Z2 = 5.1V, IN5231/A OR EQUIVALENT

Q1 = 2N2222 OR EQUIVALENT

FIGURE 1. OFF LINE WORLD-WIDE SUPPLY (lgyr 2 50mA)

Off line Worid Wide Supply {loyr <50mA)

Figure 1 shows the recommended application circuit for an
oft fine world wide supply. The circut will deliver an output
voltage of 5V to 24V and an output current from 0 to 50mA.
The value of C2 can be reduced for applications requiring
less output current (see section titled “Optimizing Dasign” for
details). For a basic understanding of the internal oparation
of the HV-2405E reference section titied “How the HV-2405E
Works”,

The following is a detailed explanation of this application cir-
cuit:

Basic Operation

When the input voltage goes positive an internal switch
connects pin 8 to pin 2 allowing current to fiow through R1 to
charge up C2. When the voltage on C2 reaches a
predstermined voltage the switch cpens and the charging of
C2 stops. R1 limits the Input cusrent and along with C1
provides a snubber for the internal switch. A linear regulator
takes current from G2 further regulfating the voltage and
limiting the ripple at pin 8. The voliage at pin 6 is equal to
Vzy +5V. The linsar regulator also provides cutput current
limiting. The capacitor C4 on pin 6 is required for stability of
the output.

Input Current Limiting Circult

The external componsnts in the shaded area of Figure 1 per-
form two functions. The first is to shut down the HV-2405E in
the presences of a large voltage transients and the second is
to provide nput current limiting.

Resistors R2, R3 and capacitor C3 monitor the Input voltage
and turn on Q1 which shuts down the HV-2405E when the
input voltage or the dv/dt is too large. This network antici-
pates the voltage applied to pin 8, since R1 and C1 add
several micro seconds dslay, and turns off the HV-2405E
when a predetermined input voltage is exceeded. The differ-
ence between R3/C3 and R1/C1 time constants ensures
that the HV-2405E internal switch opens bafore the voltage,
and thereby the input current, is allowed to riss to a danger-
ous levsl at pin 8.The input voltage at which the HV-2405E is
turned off, is dependent upon the voltage on C2. The higher
the voltage on C2 the farger the input current that the HV-
2405E can safoly turn off. For a destailed explanation of why
the voltage on C2 determines the maximum input current
that the HV-2405E can safely turn off, reference “Start-up” in
section titled “How the HV-2405E Works™.

Input current limiting is provided when the voltage at the
base of Q1 forward biases the base to emitter junction, turn-
ing off the internal switch. The voliage required at the base
to turn on Q1 increases as the voltage on C2 increases the
emitter voltage. When the voltage on C2 is >10V, the emitter
voltage is held constant by Z2 and the maximum input cur-
rent is set by resistors R2, R3, R4 and RS (see saction titled
“Design Equations” for more details).

Operation

The circuit in Figure 1 ensures operation within the SOA of
the HV-2405E by limiting the input current to <500mA whsn
the voltage on C2 equals zero and <2A when the voltage on
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HV-2405E

Application Information (Continued)

C2 is greater than 10V. The circuits operation is illustrated in
Figure 2 and Figure 3. In Figure 2 the initial current pulse is
approximately 400mA when Vg, = OV and gradually
increases to approximately 1.8A when €2 = 10V, Also notice
that after the 17th line cycle the input current s approxi-
mately 1.4A. At this point C2 is fully charged. Tha input cur-
rent required to maintain the voltage on C2 is less than the
current fo charge it and the circuit has reached steady state
operatlon. Since the steady state current is less than the
input current limit, the circuit in the shaded area Is off and no
fonger has any effect.

waaeeammm I

FIGURE 2, START UP CPERATION

Under short circuit operation the maximum voltage on pin 2

is less than 10V and the input current limiting circult is

invoked. Figure 3 shows that under output short circuit con-

ditions, the input current is limited to about 800mA. The

effects on the output current when the input current limiting
OFFLINE WORLD-WIDE SUPPLY

(s00VIDIV) A l i

wowreussr |11 EALL

lp~0.84 |

S

m

.

3

Vee e
novowy s s

Your |1}
{5VIDIV}

TIME {50ma/DIV)
FIGURE 3. SHORT CiRCUIT OPERATION

Design Equations for Input Current Limiting
Initlal Start-Up

Assume: Vg = 0V, R1 = 100Q2, R2 = 220kQ, R3 = 3.9k,
R4 = 5.6{(9, RS = 3.3'(.0, RG = 5.6kn, VBE = 0.54\/, [TRIG =
60uA, Va5 - Vi 2 = 3.5V at fow inputs currents, Vi, =

Voltage on AC high whsn input current limit circuit is invoked
(Voa =0V)

Ving - Veins - Veinz

UNtminy = a1 (EQ 1}
R2 +R3 R4 {R5 + R6)
Ving = % (Vg + YTl e} (EQ.2)
T Vg = 57.41 {0.54 4+ 3.437KE X BOpA) = 42.84V (EQ.3)
42.84-3.5
lingmin) = T 393mA {EQ. 4}

Equation 1 through Equation 4, for the given assumptions,
predict that the inltial input current will be limited to 393mA.

The following equations can be used to predict the maximum

input eurrent during start-up.

Assume: Vg > 10V, R1 = 1000, R2 = 220k}, R3 = 3.9k0,

R4 = 5.6kQ1, R5 = 5.6k}, R6 = 3.3k}, Ve = 0.54V, lhgig =
80pA, V7 = 5.1V, Vpi, g - Vpy, 2 = 8V at high inputs currents,

VYpin2 - Ve s Ving = Voltage on AC high when input current

circuit Is Invoked {Vgg > 10V).

- Vinz - Vour - Vein s ~ Vpin 2) - (Vpin 2 - Vpins)
(max) T
m;sﬁs { B RF«:4+R:5 Xlmia + R4'14H5 V”] €as
Ving = 57.41[0.54+(2.076k0 x B0uA) + (0.6202x5.1)]  (EQ.7)
222-Vour-6-6
100
222 -VYour-6-6
100

(EQ.5)

Vie=

hingmaxy = = 2,054 at Voyr = 5V {(EQ.8)

INgmax) = = 1.86A at Vgyy = 24V (EQ.9)
Equation 5 through Equation 9 predict the maximum input

current will be limited to less than 2.05A. In practice at 5V

operation the current Is Jess than predicted due to the low

bias current through 22,

Setting The Output Voltage

The circuit shown In Figure 1 provides a regulated 5V to 24V
DC and is set by adjusting the value of Z1. The output volt-
age of the HV-2405E (pin 8) is set by fesedback to the sense
pin (pin 5). The output will rise to the voliage necessary to
keep the sense pin at 5V. The output voltage is equai to the
Zener voltage (Vz;} plus the 5V on the sense pin. For a 5V
output, pin 5 and pin 6 would be shorted together. The out-
put voltage has the accuracy and tolerance of both the Zener
diods and the band-gap of the HV-2405E (see Figure 16).
The maximum output voltage is limited by Zgs 10 ~ 34Vpg.
Z5, protects the output by ensuring that an overvoltage con-
dition does not exist. Note: the output voltage can also be set
by placing a resistor {1/4W) between pin 5 and pin 6. If a
resistor is placed between pin 5§ and pin 8 an additional 1V
per ka {10%) Is added to the 5 output,
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HV-2405E

Application Information (Continued)

Optimizing Design (Worid-Wide Supply)
Selecting the Storage Capacitor C2

For applications requiring less than 50mA or the fulf input
voltage range, the value of C2 can be reduced for a more
cost eifective solution. The minimum C2 capacitor value is
determined by the Intersection betwesn the maximum input
voitage and the output current curve In Figure 4. (Note, for
50Hz operation see Figure 19 in section titled “Typicat Per-
formance Curves™.) Advantages of making C2 as small as
possible are:

* Reduced total size and cost of the circuit.
* Reduced start up timse.

Consideration should be given to the tolerance and tempera-
ture coefficient of the C2 value selected. (Note; momentary
peak output current demands should be considered in the
sizing of C2. increasing the output capacitor C4 is another
way {o supply momentary peak current demands.)

s OFFLINE WORLD-WIDE SUPPLY
~~<—35mA
:412 —toma [/ /
E 180 / VAL

9 75100 220 470

339
C2uR

FIGURE 4. MINIMUM C2 VALUE vs INPUT VOLTAGE

The following example illustrates the method for determining
the minimum C2 value required: ’

EXAMPLE

Requirements: VOUT =5V to 24V, lou'r = 35mA, VIN(max) =
120Vims, 60Hz.

For the given conditions, the minimum C2 value {from Figure
4) is determined o be 220uF.

Determining the Power Dissipation in R1

Circuit efficiency is limited by the power dissipation in R1.
The power dissipation for 240Vrms and 120Vrms is shown in
Figure 5.

For input voltages other than 240Vrms or 120Vrms aquation
10 can be used {o determine the power dissipation in R1.

Pd=2.8 AT Vo (o (EQ. 10)

Example; Ry = 1000, input Voltage = 240Vims, Igyr =
50mA, Pp = 4.8W

NOTE: Under short circuit conditions the Pp In Ri
decreases to 1.2W Dus to fold back current limiting (loyy =
20mA, Reference Figure 6).

OFFLINE WORLD-WIDE SUPPLY (R1 = 10002)

4 240Vrms

pd
/;/ngm_

=

0 =

L 10

POWER DISSIPATION (W)
«

20 30 40 50
LOAD CURRENT {mA}

FIGURE 5. POWER DISSIPATION IN R1 vs LOAD CURRENT
Operation Information
Effects of Tomperature on Qutput Current:

Figure 8 shows the effects of temperalure on the output
current for the circult shown In Figure 1. Figure 6 illustrates
operation with the output configured for 5V. Temperature
effects on the output current for Voyr = 24V operation is
similar. The foldback current imiting Is the result of reduced
voltage on C2. The circult delivers 50mA output current
across the specified temperature range of -40°C to +85°C
for all output voltages betwaen 5V and 24V. The effect of
decreasing the value of C2 {470uF) reduces the maximum
output current {f.e. moves curve fo the left). For all C2 valuss
selected from Figure 4 (assuming tolerance and temperature
coefficient are taken into account) the circuit meets the
expected output current across the above mentioned
temperature range.

OFFLINE WORLD-WIDE SUPPLY
5
+85°C —»
L \
¢ 4 \
]
= 3 -
§ +2s‘:c—-, )
g 2 |
-40%C
1 /7 A
Y’
rany ]
C 10 20 30 40 50 60 70 83 90 100

QUTPUT CURRENT {mA}
FIGURE 8. OUTPUT CURRENT vs TEMPERATURE
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HV-2405E

Application Information (Continued)

Minimum Input Veltage vs lgyy

Table 1 shows the minimum input voltage range as a
function of output current. Notice that the HV-2405E can
deliver 5V at 10mA from a source voltage as liitle as 15Vrms
and requires a minimum of 50Vrms to deliver 24V at 50mA.

TABLE 1. MINIMUM INPUT VOLTAGE v OUTPUT CURRENT

loyr
Vour 10mA 25mA I5mA S0mA
5V 15Vrms 21Vims 25Vims 30Vms
24v 31Vrms 38Vims Vs 50Vrms

Component List (World Wide Supply <50mA}
Fuse

Opens the connection to the power line.
Recommended value: 1/4AG

Rt Source Resistor

R1 iimits the input cumrent into the HV-2405E. Needs to be
large enough to limit inrush current when C2 is discharged
fully. The maximum inrush current needs to be limited to less
than 2A (V peak / R1 <2A). The equation for power dissipa-
tionin R1is:
Pd=2.8 +f R1 Vims {igy7)® (EQ. 10)

Wirewound resistors are recommended due to their superior
temperature characteristics.

R1 = 1000 {+10%)
R2, R3, R4, R5 and R6 Reslistors

R2, R3, R4, R5 and R6 set the bias level for Q1 that
establishes the minimum and maximum input current limit
during start-up.
Resistor values {:5%}:
R2= 220k, 1W
R3= 3.9k0, $/4W
R4 = 5.6kil, 1/4W

C1 Snubber Capacitor

C1 and R1 form a low pass filter that limits the voltage rate
of rise across SA1 (the main current carrying SCR of the
HV-2405E) and therefore its power dissipation.

C1 =0.1uF {+10%) AC rated, metaliized polyester.
€2 Pre-Regulator Capacitor

C2 is charged once each line cycle. The post regulator
section of the HV-2405E is powered by C2 for most of the
line cycle. If the application requires a smaller input voltage,
the value of C2 can be reduced from that shown in Figure 1
{see section on “Optimizing Design” for details). Note:
capacitors with high ESR may not store enough charge to
maintain full load current. The voltage rating of C2 should be
about 10V greater than the selected Yoy

A5 = 3.3k, 14W
A8 = 5.6k, 1/4W

Recommended value = 470uF electrolytic (:x20%), unless
otherwise specified.

C3 Fead Forward Capacitor

C3 is part of the input Current fimiting ¢ircuitry shown in
Figure 1. C3 dstects large voltage transients on the AC lins
and turns off the HV-2405E by turning Q1 on.

C3 = 20pF (20%), breakdown voltage >500V.
C4 Output Fiiter Capacitor

C4 is required to maintain the stability of the output stage.
Larger values may help In supplying short momentary
currant peaks {o the load and improve output ripple during
start-up.

C4 = 10pF (+20%)

Z1 Output Voltage Adjust

Z1 is used to sst the output voltage above the 5V reference
on pin 5 {ses section titled “Setting The Output Voltage” for
more details).

Z1= Vgyr - 5V, 1/4W, V2 valve at TmA.

Note, the wattage rating is different when configured as a
dual supply (see dual supply section for on how to determine
wattage).

Z2 Clamp Dlode

Z2 clamps the voltage on Q1s emitter when the voltage on
C2 >10V. This resuits in limiting the maximum input current
to lass than 2A.

22 = 5.1V, 1IN5231A or squivalent
Q1 Input Current Limiting Transistor

Q1 shuts down the HV-2405E whaen the input voltage or dv/dt
is too large.

Veeo = 40V min.
Q1 = 2N2222 or equivalent

Imbedded Supply (loyr s30ma)

—0 4
SE Pt g
FUSE Rt
1500 ] ;:} ol v Vout
FILTER
NETWORK D HV-2405E
ct - f‘,m
-t T 19
OIF T
dvidt < 10Vis =l I.‘J I.'i’.l T
2 m 1sapF
T 330[.1F
COMPONENT LIST
'FUSE = 1/4A ©2 = 330pF, 1BV + Vg7, ELECTROLYTIC
R1=1500, 3W C3 = 150pF, CERAMIC
A2= 270, 14W C4 = 104F, Yoyt + 10V, ELECTROLYTIC

C1 = 04pF, ACRATED 21 = Vour -6V, 14W
FIGURE 7. IMBEDDED SUPPLY Loy € 30mA
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HV-2405E

Application Information (Continued)

For applications requiring 30mA or jess and not directly off
line {i.e. filter network preceding supply), the external tran-
sistor and assoclated resistors in Figure 1 can be replaced
with a single 1/4W resistor R2 and capacitor C3 {Figure 7) if:
(1} The filter network reduces the input dv/dt to less than
10Vius {ensures sufficient pin 2 voltage. at tumn off), {2)
Source resistor R1 equals 150a (limits the maximum input
current) and {3) Inhibit Capacitor C3 equals 150pF (turns off
the HV-2405E during large voltage transients).

For applications where EMI {conductive interferencs) is a
design requirement, the circuit shown In Figure 8 is the rec-
ommendad application circuit. This circuit delivers an output
voltage of 5V to 24V with an output current from 0 {0 30mA
and passes VDE 0871 class “B” test requirements for con-
ductive interference with a resistive load,

oo ,
T A1
FUSE! 22mh 11500 = +
; WA o -
AC HiGH! : =
3 HV-2405E
Lo
col! el T 100F
0.33:F T10.AuF T
! L- o] |
’
FILTER )
NETWORK .
279 T 150pF
c2
i T asouF
ACRETURN ’
COMPONENT LIST
FUSE = 4/4A ©3= 150pF, CERAMIC
R1 = 15002, 3W Cd = 104F, Vouy + 10V,
R2 %270, 1AW ELECTROLYTIC

Ci = 0.1uF, AC RATED
C2 = 330uF, 15V + Vour, L1 = 22mh, p = 2000
ELECTROLYTIC €0 = 0.33uF, AC RATED

FIGURE 8. IMBEDDED SUPPLY WIiTH EMI FILTER {lo,y7 < 30mA}
Baslc Operation

Z1 = Voyr -BY, 1/4W

When power is initially applied the filter network reduces the
magnitude of any transient noise spikes that might result in
operation outside the SOA of the HV-2405E (see Start-up in
section titled “How the HV-2405E Works” for and explanation
of the SOA). When the voltage on pin 8 goes positive an
Internal switch connects pin 8 to pin 2 and C2 starts to
charge through R1 and R2. When the voltage on pin 2
reaches a predetermined voltage the switch opens and the
charging of C2 stops. R1 limits the input current and along
with C1 provides a snubber for the internal switch. R2 also
has the effect of limiting the input current by increasing the
voltage on pin 2 sconer in the cycle. A linear regulator takes
current from C2 and provides a DC voltage at pin 6. The voit-
ags at pin 8 is equal to V,¢+ 5V. Ths inhibit capacitor (C3)
provides protection from large input voltage transients by
turning off the HV-2405E and the output capacitor C4 pro-
vides stabilization of the output stage.

Operation

The operation of the Imbedded supply is illustrated in Figure @
and Figure 10. Figure 9 shows operation with a 30mA load
and Figure 10 with the output short circuited. Notlce that In
both cases, the inhibit function of the HV-2405E prevents the
circuit from tuming on when the input voltage was applied
near the peak line voltage. Also notice the initial current pulse
{Figure 8) Is approximately 1.6A and decreased to 1A within
40ms. This decreass in the input current results when tha
charging current required to maintain the voliags on C2
decreased. The effact of the series resistor (R2) is Mustrated
by the small voltage spike on the Vpin 2 trace. This voltage
spika increases the voitage on pin 2 to the 10V tip point
sooner in the cycls, thereby limiting the input current.

JMBEDDED SUPPLY

wezsvmsl A AN A AL A A
{S00V/DIV) (PIN 8) ‘h VJV \ \/;‘\J V V v’\/\.\

INPUT CURRENT || - 1 1
(1ATDIVY
Ip=1.6A

e
—
-
m——
SN,

£
xS
Z
o
?.
z
G
‘

vP!N 2
(10V/DIV) T

Vour
{5V/DiV}

TIME Bomsio)
oyt = 30mA, Vou-r =5V

FIGURE 9. START UP OPERATION

IMBEDDED SUPPLY
lem"""'v P\ h A LB [ (\'
{500V/DIV} (PN 8) \) V 1\} T \f J V
weorevmne ) AL LU LI LL
lp=18A :
Yoz s A S s A
{10V/DIV} : :
: : i
Vour i z i
{5VDIV) TIME (20me/DIV)
CUTPUT SHORT CIRCUITED

FIGURE 10. SHORT CIRCUIT OPERATION
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HV-2405E

Application Information (Continued)

Setting The Output Voltage

The circuits shown in Figure 7 and Figure 8 provide a regu-
lated 5V to 24Vge output voltage that is set by adjusting the
valus of Z1. The output voltage of the HV-2405E (pin 6} is
set by feedback to the sense pin {pin 5). The output will rise
to the voltage necessary o keep the sense pin at 5V. The
output voltage is equal to the Zener voltage (Vz;) plus the 5V
on the sense pin. For a 5V ouiput, pin 5 and pin 6 would be
shorted togsther. The output voltage has the accuracy and
tolerance of both the Zener diode and the band-gap of the
HV-2405E (ses Figure 16). The maximum output voltage is
limited by Zg, to = 34Vpe. Zg, protects the output by ensur-
ing that an overvoltage condition does not exist. Note: the
output voltage can alsc be set by placing a resistor {1/4W)
between pin 5 and pin 8. if a resistor is placed between pin 5
and pin 6 an additional 1V per ka {£10%)} Is added to the 5V
output.

Optimizing Design (imbedded Supply)
Selecting the storage capacitor C2

For applications requiring less than 30maA, the value of C2
can be reduced for a more cost effective solution. The mini-
mum C2 capacitor value vs. oulput current is presented in
Table 2, Advantages of making C2 as small as possible are:

¢ Reduced tota! size and cost of the circuit.
» Reduced start up time.

Conslderation should bs given to the tolerance and tempera-
ture coefficient of the C2 value selected. {Note: momentary
peak output current demands should be considered in the
sizing of C2. increasing the output capacitor C4 is another
way to supply momentary peak current demands.)

TABLE 2, IMBEDDED SUPPLY

R1 - 1500 R2=270

Vin FREQ. c2 out
264Vrms 50Hz 330pF 30mA
220uF 24mA

1004F 14mA

50pF 8mA

264Vrms 60Hz 330pF 30mA
220uF 27mA

100uF 16mA

50uF 9mA
132Vims 50Hz 330uF 30mA
220uF 30mA
100uF 16mA

S50pF 8mA

132Vrms 80Hz 330uF 30mA
220pF 30mA

100pF 18mA

50pF 9mA

Determining the Power Dissipation in R1

Circuit efficiency is limited by the power dissipation in R1.
The power dissipation for 240Vrms and 120Vrms is shown in
Figure 11,

For input voltages other than 240Vrms or 120Vrms Equation
10 can be used to determine the power dissipation in R1.

Pd=2.8 \/R{Vims lourP {EQ. 10)

IMBEDDED SUPPLY {R1 = 1500}

24nvy

POWER IXSSIPATION (W)
» -~

14— P
/ 120Vims
0 -4
o 10 20 30
LOAD CURRENT (mA)

FIGURE 11. POWER DISSIPATION IN R1 vs LOAD CURRENT
Operation Information
Effects of Temperature on Output Current

Figure 12 and Figurs 13 show the efiects of temperature on
the output current for the imbedded supply (R2 = 2.70). Fig-
ure 12 illustrates Voyy = 5V operation and Figure 13 illus-
trates Vot = 24V operation. The imbedded supply (R2 =
2.70) dslivers 30mA output current across the spacified tern-
perature range of -40°C o +85°C for all output voltages
bstwsen 5V and 24V. The effect of decreasing the value of
C2 (330pF) reduces the maximum output current {l.e. moves
curve {o the left). For all C2 values selected from Table 2
{assurning tolerance and temperature coefficient are taken
into account) the circuit meets the expected output current
across the above mentioned temperature range.

IMBEDDED SUPPLY
4
5
§ ;
= +85°C —H
+25°C /
2
z -40°C
1 y
° S
Q 10 % 30 40 S0 60 70 8D
QUTPUT CURRENT (mA}

FIGURE 12. OUTPUT CURRENT vs TEMPERATURE (R1 = 1500,
R2 = 2.70, C2 = 3304F)
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Application Information (Continued)
IMBEDDED SUPPLY

30
25 % 1
gzo I e =
-1
2 +85°C § 425°C J-40°C
g et
10
3 i /
5 4 /1
Aé/

0
O 10 20 30 40 50 S0 O 80 90 100
OUTPUT CURRENT (mA)
FIGURE 13. OUTPUT CURRENT vs TEMPERATURE (R1=150Q,
R2 = 2.7Q, C2 = 330yF)
Component List (imbedded Supply <30mA)
Fuse

Opens the connection to the power line should the sysiem fail.
Rscommended value: 1/4AG
R1 Source Resistor

R1 limits the input current into the HV-2405E. Needs to be
large ancugh to limit inrush current when C2 is discharged
fully. The maximum inrush current needs to be limited to less
than 2A (Vpeak / R1 < 2A). The equation for power dissipa-
tion in R1is:

Pd=28 [R1Vrms lour)®

Wirewound resistors are recommendad due to their superior
tempserature characteristics.

R1 = 1500 (+10%)
R2 Seriss Resistor

R2 limits the input current by boosting the voltage on pin 2
sooner in the cycle.

R2 = 2.701 (5%), 1/4W
C1 Snubber Capacitor

C1 and R1 form a low pass filter that limits the voltage rate of
rise across SA1 {the main current carrying SCR of the HV-
2405E) and therefore its power dissipation.

C1 =0.1uF (x10%) AC rated, metaliized polyester.
C2 Pre-Regulator Capacitor

C2 is charged once each line cycle. The post regulator sec-
tion of the HV-2405E is powered by C2 for most of the line
cycle. If the application requires a smaller input voltage, the
value of C2 can be reduced from that shown in Figure 7 or
Figure 8 {see saction on “Optimizing Design” for details.
Note; capacitors with high ESR may not store enough
charge to maintain full load current. The voltage rating of C2
should be about 10V greater than the selected Vigyy.

Recommended value = 330uF electrolytic (:20%),unless
otherwise specified.

C3 Inhibit Capacitor

C3 keeps the HV-2405E from turning on during fargs input
voltage transients.

C3 = 150pF (10%)
C4 Output Fliter Capacitor

C4 is required to maintain the stability of the output stage.
Larger values may help In supplying short momentary
current peaks to the load and improves output ripple during
start-up.

C4 = 10pF {+20%)
Z1 Output Voltage Adjust

Z1 is used to set the output voltage above the 5V reference
on pin 5 (see saction titled “Setting The Qutput Voltage” for
more details}.

Z1 = VOUT' 5\/’.1/4W

Note, the wattage rating is different when configured as a
dual supply {see dual supply section for on how to determine
waitage).

Low Input Voltage Supply (oyy <50mA)

An ideal application, taking advantage of the low voltage
operation, would be thermostat controls were 28Vrms is sup-
plied via a transformer. In this application the HV-2405E
could deliver a regulated 5V at 40mA with a power dissipa-
tion in R1 (R1= 200} equal to 530mw. The current limiting
components, in Figure 1, are not required at this low input
voltage level. See Figure 23 and Figure 24 for output vs tem-

peraturs.
—2 +
ac FUSE
HIGH "—I‘J ) 21
D HV-2405E
Les
L T or
= ECIRC lf
4 cs
150pF
c2
Ac
RETURN T 3a0eF
COMPONENT LIST
FUSE = 1/4A, OPTIONAL G2 = 3304F, 15V + Voyy, ELECTROLYTIC
R1 =200, W €3 x 150pF, CERAMIC

C1 = 0.05uF, AC RATED C4 = 104F, VoyT + 10V, ELECTROLYTIC

Z1 = Vour -6Y; 1/4W
FIGURE 14. LOW INPUT VOLTAGE SUPPLY
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Application Information (Continued)

0.1uF 1000 FUSE .
§!‘ Wy A0 AC HIGH
4
COMPONENT LIST : Y j—J !
‘—'| 1 [ c3 < Rz
FUSE =1/2A — o 20pF T $220K0 —l- AC RETURN
A1 = 1002, 5W 3 ¥
B2 = 220k, 1W lec ] mvasesE | .
RS = 3.9k02, 1W _I.m},; _L——E 0 T Vour=5Y + Vg3
R = 5.8K02, 1/ AW L i 21 = O
A5 =230, # 4W = = 14 5 LioF 1 acreruan
RS = 5.6k, 14 W = L
C1 = B.1uF, AC RATED a
€2 x 4704F, 15V + Voyr, ELECTROLYTIC o222 © Vour=sv
€3 = 20pF, CERAMIC Re rs o
C4 = 10pF, Yoyt + 10V, ELECTROLYTIC 56KQ  3.3KQ —T_ AC RETURN
CE = 0,047yF, 10V W WA im _L
i :"‘é"ﬁ:&iﬁf OR EQUIVALENT z i 3R o8 3 saka
=51V, ¢ >
G1 = 2N2222 OR EGUIVALENT sV ] _]_-_is—x-n—T 0.047¢F L
FIGURE 15. DUAL SUPPLY
Dual Supply (loyy <50mA)

Dual output voltages are available by making use of the 5V
reference at pin 5. The sum of both supply currents must not
exceed maximum output current fimit of S50mA. The output
current for the 5V supply is dslivered from the output {pin 8)
through the Zener diode. The wattage calculation for the
Zener diode is given in Equation 11.

Wattage = {V pin 6 - V pin 5} {lgyy pin 5} (EQ. 11)

General Precautions

CAUTION: This preduct doas not provide isolation from the
AC line. Failure to use a properly rated fuse may cause R1 to
reach dangerously high temperatures or cause the HV-
2405E to crack or explode.

Instrumentation Effects
Background:

Input to output parasitic exist in most test equipment power
supplies. The inter-winding capacitance of the transformer
may result In substantial current flow {mA) from the
equipment ground wire to the AC and DC ground of the HV-
2405E. This current can induce instability in the inhibit circuit
of the HV-2405E resulting in erratic operation.

Recommendations for evaluation of the HV-2405E in the lab:

a). The use of battery powered DVMs and scopes will
siiminate ground loops.

b). When connecting test equipment, locate grounds as
close to pin 1 as possible.

¢}. Current measurements on the AC side of the HV-2405E
{Pin 8, Pin 1 and Pin 2} should be mads with a non-con-
tact current probe.

if AC powered test equipment is used, then the use of an
isolated plug is recommendsd. The isolated plug sliminates
any voitage difference between earth ground and AC
ground. However, even though the earth ground Is
disconnected, ground loop currents can still flow through

transformer of the test equipment. Ground loops can be
minimized by connscting the test equipment ground probe
as close to pin 1 as possible.

Caution: Dangerous voltages may appear on exposed metal
surfaces of AC powerad test equipment.

AC Source Effects
Background:

Laboratory AC sources (such as VARIACs, step-up trans-
formers etc.) contaln large inductances that can generate
damaging high voltage transients any time they are switched
on or off. Switch arcing can further aggravate the effects of
source inductance.

Recommendation:

Adesquate protection means (such as MOV, avalanche diods,
surgector, etc.} may be needed to clamp transients to within
the 500V input limit of the HV-2405E.

Output Short Circuited

For output voltages greater than 5V the maximum voltage
rating from pin 2 to pin 6 (15V) could be exceeded. For a
24V output the voltage on pin 2 could be as high as 32V.
Under normal operating conditions the voltage differential
between pin 2 and pin 6 Is maintained by DA3, DA4, DAS
and ZA1 {Figure 8) to about 6V. However, if the output {pin 8)
is shorted to ground the potential difference would equal the
voltage on C2 which would exceed the 15V max limit. {Note:
if the output Is shortad prior to initial power up, the voltage on
C2 only reaches about 6.8V and thersfore is not a problem.)

Recommendation:

If the possibility of the output being shorted to ground during
normal operation exist, a 10V zener diode (cathode pin 2,
anode pin 6) Is recommended from pin 2 to pin 6.
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Safe Operating Area

Ensure operation Is within the SOA of the HV-2405E. Refor-
ence “Start-Up” in sectlon titled “How the HV-2405E Works".

How The HV-2405E Works
Steady State Operation

The HV-2405E converts an AC voltage into a regulated DC
voitage. This is accomplished in two functional sections (1)
Switching Pre-Regulator and {2) Linear Voltage Regulator.
Refer to HV-2405E schematic Figure 16.

The purpose of the Switching Pre-Regulator circuit is to cap-
ture energy from an incoming AC power line, 1/8 of every
positive half cycle and store this energy in an electrolytic
capacitor (C2). This energy is then transferred to the Linear
Voltage Regulator.The current path for charging C2 is
through DA1, SA1 and DA2. When the voltage level on C2
reaches approximatsly 6.8V above the output voltage, SA2
turns on turning off SA1 and the charging of C2 stops until
the next positive half cycle on AC high. SA2 is triggered on
when current flows out of SA2s anode gate and through the
Zener diode stack {ZA1, DA3, DA4, DA5). This resuits in a
feedback circuit that limits the peak voltage on pin 2.

The input voltage and current wave forms at pin 8 are illus-
trated in Photo 1. The operation of the HV-2405E is easily
confirmed by noticing the clamping of the input voltage dur-
ing the charging of C2. Photo 2 shows the voltage on C2
{bottem trace), along with the voltage on pin 8 as a refer-
ence. The test conditions for the wave forms are listed at the
end of this section.

The Linear Voltage Regulator performs two functions. The
first is to provide a reference voltage at pin & that is tempera-
ture independent and the second is to provide an output voit-
age on pin 6 that is adjustable from 5V to 24V, The band-gap
(NB1, NB2, RB3 and RB4} provides a temperature indepan-
dent reference voltage on the base of NBS. This reference
voltage {1.21V) results in approximately 1mA through RB10
when the feedback foop from pin 6 is closed. The output volt-
age is adjusted by placing a Zener diode between pin 5 and
pin 6. The output voltage on pin 6 is adjusted above the 5V
refsrence on pin 5 by a value equal to the Zener voltage. The
maximum output voltage Is fimited to ~ 34V by the internal
Zener diode Zg,. Zg, protects the output by ensuring that an
overvoltage condition does not exist. The bottom trace of
Photo 3 shows the output voltage ripple {worst case condi-
tions), along with the voltage on pin 8 as a reference.

Test conditions for waveforms: T = +25°C, Vg = 240Vrms,
f=50Hz, R1 = 1500, C1=0.1pF, C2 = 470uF, C3 = 150pF.
Cd = 1uF, Vour = 5V at 50mA.

Start-up

Start up opsration is similar to that described above. Since
the storage capacitor connected fo pin 2 is discharged, the
main SCR, SA1, has to pass more current than for steady
state.

The ability of the second SCR, SA2, to turn off SA1 is a function
of the voltage on C2. Due to the impedances of SA1 and SA2,
the maximum input current that can be safely turned off

decreases for C2 voltages below 5V. To understand why the
voltage on C2 determinss the maximum input curent that the
HV-2405E can safely turn off, its Important to understand the
electrical connection between SA1, SA2 and the storage
capacitor C2. Figure 17(A) is a schematic representation of
both SCRs and is prasented to explain how SA2 turns off SA1.

Top Trace: Input Voltage at Pin 8, AC High (200V/Div)
Bottom Trace: Current into Pin 8, {0.5A/Dlv}

PHOTO 1
Top Trace: Input Voltage at Pin 8, AC High (200V/Div)
Bottom Trace: Pre-Regulator Capaciior Voltage, €2
(5V/Div) at Approximately 10Vpg

PHOTO 2
Top Trace: Input Voltage at Pin 8, AC High (200V/Div)
Bottom Trace: Ripple or Switch Spike on Regulator 5Vpg
Qutput (80mV/Div} This is Worst Case
Ripple {High Lins Voltage, Maximum {7}

PHOTO 3
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RB17 RBi1S
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NA1

NB2 NB5 NB 29V

, 2y SENSE [
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RB1Y
RE3 379K —
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RETURN SWITCHING PRE-REGULATOR LINEAR VOLTAGE REGULATOR |

FIGURE 16. HV-2405E SCHEMATIC DIAGRAM
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Assume that SA1 is on and the current path is from pin 8 to
pin 2. if a small current is pulled out of the base of SA2s pnp
{point 1, Figure 17A) SA2 wil turn on. When SA2 turns on
the collector current of SAts pnp no longer provides base
drive to its npn and SA1 turns off. Figure 17(B) shows the
current relationships for both SCRs.

2A

RA4

PING o - SA1

....-..--.
b
2
geg
e 3
S
£z
m~
=

T

i PIN

i

4

*

H

L8821 4 o002 ] L
= PiN& SA2

OUTPUT
54v TURN OFF

A {B)

FIGURE 17 (A) {B]. SCHEMATIC REPRESENTATION OF SCRs

In order for current to be pulled out of the base of SA2s pnp
the voltage on the pnps emitter will have to be mora posttive
than the voltage on the base. The voltage on the bass is rof-
erenced 7.5V abovs the oulput voltage by the zener diode
stack between pin 4 and pin 8, When ths voltage on pin 2
reaches 6.8V (7.5V-1Vbe) above the output voltage, current
flows and SA2 is gated on. With 8.8V above the output volt-
age on C2, thera is a sufficient voltage across SA2 to turn off
SA1 by sinking 100% of SA1s anode current.

SA2 could be triggered on before C2s voitage is sufficient to
ensure that SA2 can sink 100% of SA1s current, by noise on
pin 8. In this case SAT goes into a high Impedance state but
daes not turn off. This condition can exist if switch arcing trig-
gers enough current through the inhibit capacitor to prema-
turely furn on SA2,

The Safe Operating Area (SOA) of the HV-2405E Is defined
by the voltage on C2 and the magnitude of the input current.
Figure 18 shows the safe operating area of the HV-2405E.

Under normal operating conditions the HV-2405E does not
turn off the input current until the voltage on C2 is well above
SV. Input currents larger than the safe turn off valus in Figure
10 do not present any problems asglong as the HV-2405E
does not attempt to interrupt them.

During start up operation, power fine noise, typically genar-
ated by switch bounce/arcing, may accidently initiate input
current turn off before C2 is charged. The application circuit
shown in Figure 1 never permits the HV-2405E to operate
outside the safe turn off current region so any false turn off
signals have no effact. Also, once the capacitor is charged,
nolse causes no problems.

For applications whore thers is little noise during start up, the
external transistor and assoclated resistors are not nesded.
A 150pF capacitor connected to pin 4 hslps keep the HV-
2405E turned off until any switching noise dies out. Also the
input resistor R1 may have 1o be increased to limit the input
current to the allowable maximum,

Some applications inherently have little start-up noise. EMI
filters between the power switch and the HV-2405E greatly
attenuate swilch bounce nolse. Likewise, the presences of
large capacitors connected through bridge rectifiers act as
filters. Solid-state relays that close at the line zero crossing
generate little noise. Also, there is no problem if power is
applied during the negative part of the line ¢ycle. [The user is
cautioned to verify the suitability of his application circuit.
Contact Harrls Applications for specific questions.]

If the safe turn off current is exceeded, SAT will fall as a
short circuit. However, SA2 will continue to act, temporarily,
as shunt regulator to keep the voltage on pin 2 from exceed-
ing the safe limit of the post regulator. The voltage at pin 8
will not changs. Faliure to use a properly rated fuse may
cause R1 to reach dangerously high temperatures or causa
the HV-2405E to crack or explode.

P T f
L ELECTRICAL
OVERSTRESS
<2
Ve
: =
3
1 SAFE AREA —
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4
0 1 2 3 4 -1 8 7 ] 30
PIN2(V)

FIGURE 18. HV-2405E SAFE INTERRUPT CURRENT vs PIN 2
VOLTAGE
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Typical Performance Curves
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FIGURE 23. QUTPUT CURRENT LIMIT (5Vgyy) 50Hz FIGURE 24. OUTPUT CURRENT LIMIT (24Vgyy) 50Hz
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