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24Vdc Input, 28Vdc@12.5A Output Half-brick

DC-DC Converter AVE350-24S28

Description

The AVE350-24S28 is a single output DC-DC
converter with standard half-brick outline and
pin configuration. It delivers up to 12.5A output
current with 28V output voltage. Above 94%
ultra-high efficiency and excellent thermal
performance makes it an ideal choice to supply
power to a power amplifier in telecom and
datacom. Thanks to the aluminium baseplate it
can work under -40°C ~ +85°C without air
cooling.

Operational Features

Delivering up to 12.5A output current
Ultra-high efficiency 94% typ. at half load
Wide input range: 18V ~ 36V

Excellent thermal performance

No minimum load requirement

RoHS 6 compliant

Control Features

® Remote control function
positive logic optional)

® Remote output sense

®  Trim function: 50% ~ 118%

(negative or

Protection Features

Input under voltage lockout
Output over current protection
Output over voltage protection
Over temperature protection
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Mechanical Features

® Industry standard half-brick pin-out outline
® \With baseplate
® Pin length option: 3.8mm

Safety & EMC

® Meets safety standards UL 60950-1,

CSA-C22.2 NO. 60950-1, IEC/EN

60950-1 and GB4943

Approved by UL and TUV

® Meets 2006/95/EEC and 93/68/EEC
directives which facilitates CE marking in
user’s end product

® Meets conducted emission's requirements
of EN55022 Class A with external filter

Rev 1.1
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Electrical Characteristics

Full operating ambient temperature range is -40°C to +85°C.

Specifications are subject to change without notice.
Min.

Parameter

Typ.

Max. Unit

Absolute max. ratings

Notes & Conditions

Non-operating 50 \% 100ms
Input voltage
Operating 40 \% Continuous
Operating temperature -40 85 °C
Storage temperature -55 125 °C
Voltage at remote ON/OFF pin -0.3 15 \%
Input characteristics
Operating input voltage range 18 24 36 \%
Turn-on voltage
threshold 16 17 18 v
Input
under-voltage Turn-off voltage 15 16 17 \%
threshold
lockout
Lockout volta
vorage o5 v
hysteresis
Max. input current 22 18Vin, output 350W
No-load input current 0.25
Standby Input current 0.02 A Remote OFF
Through 12pH inductor; Figure 15
Input reflected ripple current 50 300 mMAms
24Vin, output:28V/12.5A
Fast bl t | f
Recommended input fuse 30 A ast blowex emé use
recommended; Figure 10
Input filter component values (C\L) 28/0.56 MF\uH | Internal values
Recommended external input 470 uF Low ESR capacitor

capacitance

recommended; Figure 10

Output characteristics

Output voltage set point (standard

) 2772 | 28 28.28 \% 24V, half load
option)
0.05 0.5 %
Output voltage line regulation
14 140 mV
0.1 0.5 %
Output voltage load regulation
28 140 mV
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Parameter Min. Typ. Max. | Unit Notes & Conditions
Output volt t t
utpu .vo age temperature 0.005 0.02 %/°C
regulation
le, line, load
Total output voltage range 2716 | 28 28.84 \Y Over sample, |r.16, oad,
temperature & life
Figure 2
Output voltage ripple and noise 100 300 mVpp
20MHz bandwidth; Figure 15
Modul k in 30V/13.3A
Operating output current range 0 12.5 A odule can workin
stably
Output DC current-limit inception 13.5 17.5 A Foldback: see Figure 9
High fi d low ESR i
Output capacitance 470 680 4000 uF 'gh frequency and low S
recommended

Dynamic characteristics

Figure 4
50% ~ 75% ~ 50%
Dynamic | 0.1A/s 480 mV Test condition: 25°C, nominal
0,maxs .
response input voltage, see Figure 10
Settling time 160 us Recovery to within 1% Vo nom
Rise time 60 100 ms Full load, Figure 5
Turn-on Turn-on delay time 20 40 ms
transient Output voltage
P g 0 1 %V,
overshoot
Efficiency
100% load 92.7 % Figure 1
50% load 94 % Figure 1

Electrical Characteristics (Continued)

Parameter Min. Typ. Max. Unit Notes & Conditions
Isolation characteristics
1500 v Basw insulation, pollution degree 2,
input to output
Isolation voltage (conditions: Basic | lati llution d 5
1mA for 60s, slew rate of 1500 Vv inasulft:f):saelolr;’t:o ution degree <,
1500V/10s) P P
500 v Basic insulation, pollution degree 2,
output to baseplate
Feature characteristics
Switching frequency 200 220 240 kHz

http://www.emersonnetworkpower.com.cn
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Parameter Min. Typ. Max. Unit Notes & Conditions
Remote Off-state 03 0.8 v
ON/OFF voltage ,
control See Figure 11
On-state
(positive logic) 2.4 15 v
P 9 voltage
Remote Off-state
24 1 \Y
ON/OFF voltage 5
control See Figure 11
(negative On-State 03 0.8 v
logic) Voltage
. See Trim Characteristics of
Output voltage trim range 14 33 \% Application Note
Output volt t
utput voltage remote sense 05 v
range
Outout over-voltage Latch: remain latched after OVP
P . g 125 135 150 %Vo,nom shutdown untill power on or remote
protection
ON
Auto recovery;
Over-temperature shutdown | 105 110 °C
Test point: see Figure 18
Over-temperature hysteresis | 5 °C
Reliability characteristics
6 Board@25°C, normal input/output
Calculated MTBF (telcordia) 1.0 10°h
Bellcore, TR332 method 1, case 3

Qualification Testing

Parameter Unit (pcs) Test condition

Halt test 4~5 Tamin-10°C to Tamaxt10°C, 5°C step, Vi, = min to max, 0 ~ 105% load
Frequency range: 5Hz ~ 20Hz, 20Hz ~ 200Hz, A.S.D: 1.0m2/53, -3db/oct,

Vibration 3 axes of vibration: X/Y/Z
Time: 30min/axis

Mechanical shock | 3 30g, 6ms, 3axes, 6directions, 3time/direction

Thermal shock 3 -40°C to 100°C, unit temperature 20cycles

Thermal cycling 3 -40°C to 85°C, temperature change rate: 1°C/min, cycles: 2cycles

Humidity 3 40°C, 95%RH, 48h

Solder ability 15 IPC J-STD-002C-2007

http://www.emersonnetworkpower.com.cn
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Characteristic Curves
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Figure 1 Efficiency vs. output current, T,=25°C, T,<40°C ,V,=28V
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Figure 3 Input reflected ripple current (5us/div ,

Figure 2 Output ripple & noise (10us/div, 100mV/div),
10mA/div), see Figure 15 for test configuration

see Figure 15 for test configuration
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Figure 4 Dynamic response for 25% load step (50% Figure 5 Output voltage startup by power on,

~ 75% ~ 50%) and 0.1A/us slew rate, (2ms/div), see (50ms/div), see Figure 10 for test configuration;
Figure 10 for test configuration; CH1-output voltage CH1-output voltage (10V/div); CHZ-intput voltage

(200mV/div); CH2-output current (10A/div) (10V/div)
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2 2

Figure 7 Output voltage startup by remote ON,
(50ms/div), see Figure 10 for test configuration;
CH1-output voltage (10V/div); CH2-remote ON (2V/div)

Figure 6 Output voltage shut down by power off,
(50ms/div), see Figure 10 for test configuration;
CH1-output voltage (10V/div); CH2-input voltage

(10Vv/div)
V\ vo
\ 28V
o \
/ 14v
f
/
| ov
Figure 8 Output voltage shutdown by remote OFF, Figure 9 Over-current protection characteristics

(10ms/div), see Figure 10 for test configuration;
CH1-output voltage (10V/div); CH2-remote OFF
voltage (2V/div)

http://www.emersonnetworkpower.com.cn
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Application Note

Typical Application

AVE350

Fuse EMIfilter
IEFIM Out+—9o— Vin+ Vo+ ”—eo
S+
— £1LCZ CNT  Trim icsim
| W T4 ]e =11
In- Out-|— : i Vin- Vo- > —o

Figure 10 Typical application

C1: 470uF/100V electrolytic capacitor, P/N: UPW2A471MHD (Nichicon) or equivalent caps

C2, C3: 1uF/100V X7R ceramic capacitor, P/N: C3225X7R2A105KTOLOU (TDK) or equivalent caps
C4: 680uF/63V electrolytic capacitor, P/N: UPW1J681MHD(Nichicon) or equivalent caps

Note: If ambient temperature is below -5°C, additional 680uF electrolytic capacitor (Low ESR) is
needed for output.

Fuse: External fast blow fuse with a rating of 30A. The recommended fuse model is 314030 from
LITTLEFUSE.

Load

Remote ON/OFF

Either positive or negative remote ON/OFF logic is available in AVE350-24S28. The logic is CMOS
and TTL compatible.
The following figure is the detailed internal circuit and reference in AVE350-24528.

10V

Remote 12.4K
ON/OFF

PWM
Controller PWM
Controller
Negaﬁve logic Positive logic

Figure 11 Remote ON/OFF internal diagram

http://www.emersonnetworkpower.com.cn
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Trim Characteristics

Connecting an external resistor between Trim pin and V,- pin will decrease the output voltage.
While connecting it between Trim and V.+ will increase the output voltage. The following equations
determine the external resistance to obtain the trimmed output voltage.

100%
adj _down _( A%

—2)kQ

~ (V0(100%+A%) 100%+2x A%
adj_up 1.225x A% A%

A% Output voltage rate against nominal output voltage.

YO

V norm : Nominal output voltage.
For example, to get 33V output, the trimming resistor is

o —
R, = 33 100%+2x(33 28)/28):143.261@
w1225 (33-28)/28 (33-28)/28
Vo+ e Vo+ »
se| se|
Load Load

Trim

1 Q> Trim Trim down . Q>
Trimup  |Cout Cout
S- S-
Vo- \ Vo- \s?

Figure 12 Trim up Figure 13 Trim down

The output voltage can also be trimmed by potential applied at the Trim pin.
V. =1143xV_ +14

trim

Where V, .. is the potential applied at the Trim pin, and ¥, is the desired output voltage.

When trimming up, the output current should be decreased accordingly so as not to exceed the
maximum output power and the minimum input voltage should be increased as shown in figure14.

A

330 ——

30.8 /

output trim voltage(V)

>

18 20 36
Input voltage (V)

Figure 14 Output trim voltage vs. input voltage

http://www.emersonnetworkpower.com.cn
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Sense Characteristics

If the load is far from the unit, connect S+ and S- to the terminal of the load respectively to
compensate the voltage drop on the transmission line. See Figure 10.
If the sense compensate function is not necessary, connect S+ to V,+ and S- to V,- directly.

Input Ripple & Inrush Current And Output Ripple & Noise Test

Configuration
Probe
Current Probe
mme
Vin+ Vo+ , .
ITW . Tos Jon

AVE350

T T 11

Figure 15 Input ripple & inrush current, ripple & noise test configuration

Load

Vdc: DC power supply

L1: 12uH

Cin: 220uF/100V typical

C1 ~ C4: See Figure 10

Note: Using a coaxial cable with series 50Q resistor and 0.68uF ceramic capacitor or a ground ring
of probe to test output ripple & noise is recommended.

EMC Filter Configuration

u1

Vin+ Vo+
J_C10 C11

L1 L2
c1| C2| c3
el sl BRSO Lol cejer c12
B — O — PE DC/DC
473uH C8 [C9™= 473uH case
Vin- T T Vin- Vo-

= Resitive load
PE

Vin+

Figure 16 EMC test configuration

U1: Module to test, AVE350-24S28

C1 ~ C5: 1uF/100V X7R ceramic capacitor, P/N: C3225X7R2A105KT (TDK) or equivalent caps
C6:0.1uF/100V X7R ceramic capacitor, P/N: 12101C104JAT2A (AVX) or equivalent caps

C8 ~ C11: 0.22uF/630V X7R ceramic capacitor, P/N: 2220CC224KA11A (AVX) or equivalent caps
C7: 470uF/100V electrolytic capacitor, P/N: UPW2A471MHD (Nichicon) or equivalent caps
C12:680uF/63V electrolytic capacitor, P/N: UPW1J681MHD(Nichicon) or equivalent caps

PE: Connect to Vo-

Case: Not connected

http://www.emersonnetworkpower.com.cn
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Mechanical Diagram

4 57.9 [2.280] .
L 48.26 [1.900] o
|
A !
1 | A
+4 Bottdm view 5@
1 i A
— =y o = +3 | + =) 1<) o
g 8 sl | "Ta8§ 8
ol o8z 4L - = N
S = 8 §‘ - M LD 8 |«
5 8 8 w12 } 8 + 68 |8
Y & \ |
! \ | \Y
4-M3/ 3.4
Side view
<Y ! )
%_ \!\ | \!\
=) \‘\ ‘ m
S L] ! L
- i !
‘47@1.0);0.1// 2-02,0£0.1
Load board
Unit: mmlinch] Bottom view: pin on upside

Tolerance: X.Xmm=0.5mm[X.X in.£0.02in.]
X XXmmz0.25mm[X.XX in.+£0.01in.]

Figure 17 Mechanical diagram

Pin length option

Device code suffix L

-4 4.8mm0.2mm
-6 3.8mmz0.2mm
-8 2.8mmz0.2mm
None 5.8mm=0.2mm
Pin Designations
Pin NO. Name Function

1 Vint Positive input voltage

2 CNT Remote control

3 Case Pin connected to baseplate

4 Vin- Negative input voltage

5 Vo- Negative output voltage

6 S- Negative sense

7 Trim Output voltage trim

8 S+ Positive sense

9 Vot Positive output voltage

http://www.emersonnetworkpower.com.cn
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Soldering

The product is intended for standard manual or wave soldering.

When wave soldering is used, the temperature on pins is specified to maximum 260°C for
maximum 75s.

When soldering by hand, the iron temperature should be maintained at 300°C ~ 380°C and applied
to the converter pins for less than 10s. Longer exposure can cause internal damage to the
converter.

Cleaning of solder joint can be performed with cleaning solvent IPA or similative.

Thermal Considerations

Figure 18 Temperature test point on baseplate

A

12.5A

Tc 100°C >

Figure 19 Output power derating, 24V,

T.: temperature test point on baseplate, see Figure 18 for test configuration

http://www.emersonnetworkpower.com.cn
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Ordering Information

AVE350
) @ ® @ ® ® @
@ Model series AVE: high efficiency half brick series, 350: output power 350W
@) Input voltage 24: 18V ~ 36V input range, rated input voltage 24V
® Output number S: single output
@ Rated output voltage 28: 28V output
® Remote ON/OFF logic Default: negative; P: positive logic
® Pin length -6: 3.8mm
@ RoHS status L: RoHS, R6
Structure Default: through hole; M: screw thread

Model number Description

AVE350-24S28-6L i(.)ir]r;)rl?ailtn length; negative on/off logic; without thread inside mounting hole; R6

3.8mm pin length; positive on/off logic; without thread inside mounting hole; R6

AVE350-24S28P-6L .
compliant

AVE350-24S28-6L/M 3.8mm pin length; negative on/off logic; with thread inside mounting hole; R6 compliant

AVE350-24S28P-6L/M | 3.8mm pin length; positive on/off logic; with thread inside mounting hole; R6 compliant

3.8mm pin length; negative on/off logic; without thread inside mounting hole; R5

AVE350-24528-6Y .
compliant

http://www.emersonnetworkpower.com.cn
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Hazardous Substances Announcement (RoHS Of China)

Hazardous substances

cd cré*

AVE350-24S528 o o o o o o

o: Means the content of the hazardous substances in all the average quality materials of the part is within the limits
specified in SJ/T-11363-2006

\: Means the content of the hazardous substances in at least one of the average quality materials of the part is
outside the limits specified in SJ/T11363-2006

Emerson Network Power Co., Ltd. has been committed to the design and manufacturing of environment-friendly
products. It will reduce and eventually eliminate the hazardous substances in the products through unremitting
efforts in research. However, limited by the current technical level, the following parts still contain hazardous
substances due to the lack of reliable substitute or mature solution:

1. Solders (including high-temperature solder in parts) contain plumbum.
2. Glass of electric parts contains plumbum.
3. Copper alloy of pins contains plumbum

http://www.emersonnetworkpower.com.cn
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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