PAF series

TDK-Lambda

DC/DC Module 400W-700W

o s P4

UL§0950 CSA950 (C-UL) ENG0950 LowValage Diretive 1 arranty

B Features

@ Full brick industry standard size (61X12.7X116.8mm)

@ High power density (industry-leading level in PAF700-
F48)

@ Broad range of baseplate operating temperatures: -40
to +100C (-20 to +85°C for PAF400F280)

@ High efficiency: 91% max (PAF700F48/PAF450F280/
PAF600F280)

@ Large output current applicable to low voltage model:
100A (PAF400F280-1.8/3.3)

@ Wide variety of functions
Remote sensing (+S/-S), ON/OFF control (CNT), Out-
put voltage trimming (TRM), Inverter operation monitor-
ing (10G), Parallel control (PC), Auxiliary power supply
(AUX), Over voltage protection (OVP), Over current
protection (OCP)

@ Internal capacitor: Ceramic capacitor only (high reli-
ability)

Bl Applications

LI

ComP CoMm F A SEMI

Bl Product Line up

B Model naming method
PAF500F 48 — 12/ []

Option
Blank: Standard
T: Through hole type

Nominal output voltage
Nominal input voltage
Function

F: Full function

Output power
400, 450, 500, 600, 700 (W)
Series name

Hl Conformity to RoHS Directive

This means that, in conformity with EU Directive 2002/95/
EC, lead, cadmium, mercury, hexavalent chromium, and
specific bromine-based flame retardants, PBB and PBDE,
have not been used, except for exempted applications.

PAF-F24 (DC24Vin) PAF-F48 (DC48Vin)
Output 500W 600W 500W 600W 700W
Voltage |Output Current Model Qutput Current Model Qutput Current Model QOutput Current Model Qutput Current Model
3.3V - - - - 80A | PAF500F48-3.3 - - - -
5V — — - — 80A PAF500F48-5 - - - -
12V 42A | PAF500F24-12 | 50A | PAF600F24-12 42A | PAF500F48-12 | 50A | PAF600F48-12 | 58.5A | PAF700F48-12
28V 18A | PAF500F24-28 | 21.5A | PAF600F24-28 18A | PAF500F48-28 | 21.5A | PAF600F48-28 | 25A | PAF700F48-28
PAF-F280 (DC280Vin)
Output 400W 450W 600W
Voltage |0utput Current Model QOutput Current Model QOutput Current Model
1.8V 100A |PAF400F280-1.8 — — — —
3.3V 100A |PAF400F280-3.3 — — — -
5V 80A PAF400F280-5 - - - -
12V — — 38A |PAF450F280-12| 50A |PAF600F280-12
24V — — 19A |PAF450F280-24| 25A |PAFE00F280-24 Note) The pin configuration differs depending on
28V - - 165A PAF450F280'28 215A PAF600F280'28 the product' Refer to the appearance dia-
48V — — 9.5A |PAF450F280-48| 12.5A |PAF600F280-48 gram for detail.

- All specifications are subject to change without notice.
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PAF500F24

PAF500F24

TDK-Lambda

Specifications

ITEMS/UNITS MODEL PAF500F24-12 PAF500F24-28
Voltage Range \ DC19 - 36 DC18 - 36
Input  |Efficiency (typ) *1)| % 89 90
Current (typ) *2)| A 24 23.8
Nominal Voltage VDC 12 28
Maximum Current A 42 18
Maximum Power w 504
Voltage Setting Accuracy *2)| % +1
Output |Maximum Line Regulation (*3)| mv 24 56
Maximum Load Regulation (*4)| mvV 24 56
Temperature Coefficient 0.02%/C
Maximum Ripple & Noise (*10)|mVp-p 200 280
Voltage Adjustable Range (*10) -40%, +10%
Over Current Protection (*5) 105% - 140%
Over Voltage Protection (*6) 115% - 135%
Remote Sensing *9) Possible
Function |[Remote ON/OFF Control (*9) Possible (SHORT: ON OPEN: OFF)
Parallel Operation (*9) Possible
Series Operation (*9) Possible
1.0.G. Signal (*9) Possible (Open collector output)
Operating Temperature (*7) C -40 to +100 (Baseplate) Ambient Temperature min=-40
Storage Temperature C -40 to +100
Operating Humidity %RH 20 - 95 (No dewdrop)
Envitomment Storage Humidity %RH 19 - 95 (No dewdrop) :
Vibration . At no operating, 10—$5Hz (sweep for 1min.)
Amplitude 0.825mm constant (maximum 49.0m/s2?) X, Y, Z 1 Hour each
Shock 196.1m/s?
Cooling (*8) Conduction cooled
. Input-Baseplate : 1.5kVDC, Input-Output : 1.5kVDC for 1min.
Isolation Withstand Voltage P pOutput-Br;lseplate ’:)SOOVDpC for 1min.
Isolation Resistance More than 100MQ at 25°C and 70%RH Output-Baseplate...500VDC
Standards |Safety Standards Approved by UL60950-1, CSA C22.2 N0.60950-1, EN60950-1
Mechanical Weight (typ) 9 250 - :
Size (W x H x D) mm 61 x 12.7 x 116.8 (Refer to outline drawing)

(*1) At 24VDC, 80% of maximum output current and baseplate tem-
perature = +25°C .

(*2) At 24VDC and maximum output current.

(*3) 19 - 36VDC, constant load. (PAF500F24-12)
18 - 36VDC, constant load. (PAF500F24-28)

(*4) No load - full load, constant input voltage.
(*5) Constant current limiting with automatic recovery.

(*6) Inverter shutdown method, manual reset.

(*7) Ratings - Refer to derating curve below.
- Load(%) is percent of maximum output current.

(*8) Heatsink has to be chosen according to instruction manual.
(*9) Refer to instruction manual.

(*10) External components are needed for operation.
(Refer to basic connection and instruction manual.)

Output Derating
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PAF600F24

TDK-Lambda

PAF600F24 Specifications
ITEMS/UNITS MODEL PAF600F24-12 PAF600F24-28
Voltage Range \ DC20 - 36 DC19 - 36
Input  |Efficiency (typ) ()| % 89
Current (typ) *2)| A 28.9
Nominal Voltage VDC 12 28
Maximum Current A 50 21.5
Maximum Power w 600 602
Voltage Setting Accuracy *2)| % +1
Output |[Maximum Line Regulation *3)| mVv 24 56
Maximum Load Regulation *4)| mv 24 56
Temperature Coefficient 0.02%/C
Maximum Ripple & Noise (*10) |mVp-p 200 280
Voltage Adjustable Range (*10) -40%, +10%
Over Current Protection (*5) 105% - 140%
Over Voltage Protection (*6) 115% - 135%
Remote Sensing (*9) Possible
Function |Remote ON/OFF Control (*9) Possible (SHORT: ON OPEN: OFF)
Parallel Operation (*9) Possible
Series Operation (*9) Possible
1.0.G. Signal (*9) Possible (Open collector output)
Operating Temperature (*7)] C -40 to +100 (Baseplate) Ambient Temperature min=-40
Storage Temperature C -40 to +100
Operating Humidity %RH 30 - 95 (No dewdrop)
Environment Storage Humidity %RH 19 - 95 (No dewdrop) :
Vibration ) At no operating, 10—§5Hz (sweep for 1min.)
Amplitude 0.825mm constant (maximum 49.0m/s2) X, Y, Z 1 Hour each
Shock 196.1m/s?
Cooling (*8) Conduction cooled
. Input-Baseplate : 1.5kVDC, Input-Output : 1.5kVDC for 1min.
Isolation Withstand Voltage P pOutput—BasepIate EJSOOVDpC for 1min.
Isolation Resistance More than 100MQ at 25°C and 70%RH Output-Baseplate...500VDC
Standards |Safety Standards Approved by UL60950-1, CSA C22.2 N0.60950-1, EN60950-1
Mechanical Weight (typ) 9 250 - -
Size (W x H x D) mm 61 x 12.7 x 116.8 (Refer to outline drawing)

(*1) At 24VDC, 80% of maximum output current and baseplate tempera-
ture = +25°C.

(*2) At 24vDC and maximum output current.

(*3) 20 - 36VDC, constant load. (PAF600F24-12)
19 - 36VDC, constant load. (PAF600F24-28)

(*4) No load - full load, constant input voltage.
(*5) Constant current limiting with automatic recovery.

Output Derating

100%

40 20 0 20 40 60 8085 100
Baseplate Temperature (C)

- All specifications are subject to change without notice.

(*6) Inverter shutdown method, manual reset.

(*7) Ratings - Refer to derating curve below.
- Load(%) is percent of maximum output current.

(*8) Heatsink has to be chosen according to instruction manual.
(*9) Refer to instruction manual.

(*10) External components are needed for operation.
(Refer to basic connection and instruction manual.)

Go!
@0utline Drawing-Basic Connection ([« B-99Page
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PAFs500F48 TDK-Lamkbaa

PAF500F48 Specifications

ITEMS/UNITS MODEL | pAF500F48-3.3 ‘ PAF500F48-5 ‘ PAF500F48-12 PAF500F48-28

Voltage Range \ DC36 - 76
Input | Efficiency (typ) (*1)| % 78 83 89 90

Current (typ) *2)] A 7.3 10.4 12.2 12.1
Nominal Voltage VDC 3.3 5 12 28
Maximum Current A 80 42 18
Maximum Power W 264 400 504
Voltage Setting Accuracy *2)| % +1

Output |[Maximum Line Regulation (*3)| mV 10 24 56
Maximum Load Regulation *4)| mv 10 24 56
Temperature Coefficient 0.02%/C
Maximum Ripple & Noise (*10)|mVp-p 100 200 280
Voltage Adjustable Range (*10) -40%, +20% -40%, +10%
Over Current Protection (*5) 105% - 140%
Over Voltage Protection (*6)(*9) 130% - 160% 125% - 145% ‘ 115% - 135%
Remote Sensing (*9) Possible

Function |Remote ON/OFF Control (*9) Possible (SHORT : ON OPEN : OFF)
Parallel Operation (*9) Possible
Series Operation (*9) Possible
1.0.G. Signal (*9) Possible (Open collector output)
Operating Temperature (*7)| C -40 to +100 (Baseplate) Ambient temperature min=-40
Storage Temperature C -40 to +100

Operating Humidity %RH 20 - 95 (No dewdrop)
) Storage Humidity %RH 10 - 95 (No dewdrop)

Environment - -

Vibration . At no operating, 10—55Hz (sweep for 1min.)
Amplitude 0.825mm constant (maximum 49.0m/s?) X, Y, Z 1 Hour each
Shock 196.1m/s?
Cooling (*8) Conduction cooled
. Input-Baseplate : 1.5kVDC, Input-Output : 1.5kVDC for 1min.

Isolation Withstand Voltage P pOutput—Bast—:‘pIate ’:JSOOVDpC for 1min.
Isolation Resistance More than 100M Q at 25°C and 70%RH Output-Baseplate...500VDC

Standards | Safety Standards Approved by UL60950-1, CSA C22.2 No.60950-1, EN60950-1

Mechanical Weight (yp) g 250 - -
Size (W x H x D) mm 61 x 12.7 x 116.8 (Refer to outline drawing)

(*1) At 48VDC, 80% of maximum output current and baseplate tem- (*6) Inverter shutdown method, manual reset.

perature = +25C . (*7) Ratings - Refer to derating curve below.

(*2) At 48VDC and maximum output current. - Load(%) is percent of maximum output current.
(*3) 36 - 76VDC, constant load. (*8) Heatsink has to be chosen according to instruction manual.
(*4) No load - full load, constant input voltage. (*9) Refer to instruction manual.

(*5) Constant current limiting with automatic recovery. (*10) External components are needed for operation.

(Refer to basic connection and instruction manual.)

Output Derating
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PAFe600F4s

TDK-Lambda

PAF

PAF600F48 Specifications
ITEMS/UNITS MODEL PAF600F48-12 ‘ PAF600F48-28
Voltage Range \% DC36 - 76
Input  |Efficiency (typ) (*1)| % 89 90

Current (typ) *2)| A 14.2 141

Nominal Voltage VDC 12 28

Maximum Current A 50 21.5

Maximum Power w 600 602

Voltage Setting Accuracy *2)| % +1

Output |[Maximum Line Regulation *3)| mVv 24 56

Maximum Load Regulation (*4)| mv 24 56

Temperature Coefficient 0.02%/C

Maximum Ripple & Noise (*10) |mVp-p 200 280

Voltage Adjustable Range (*10) -40%, +10%

Over Current Protection (*5) 105% - 140%

Over Voltage Protection (*6)(*9) 115% - 135%

Remote Sensing (*9) Possible
Function |Remote ON/OFF Control (*9) Possible (SHORT : ON OPEN : OFF)

Parallel Operation (*9) Possible

Series Operation *9) Possible

1.0.G. Signal (*9) Possible (Open collector output)

Operating Temperature (*7)] C -40 to +100 (Baseplate) Ambient Temperature min=-40

Storage Temperature C -40 to +100

Operating Humidity %RH 20 - 95 (No dewdrop)

Environment Storage Humidity %RH lFJ - 95 (No dewdrop) :

Vibration ) At no operating, 10—§5Hz (sweep for 1min.)

Amplitude 0.825mm constant (maximum 49.0m/s2) X, Y, Z 1 Hour each

Shock 196.1m/s?

Cooling (*8) Conduction cooled

. Input-Baseplate : 1.5kVDC, Input-Output : 1.5kVDC for 1min.
Isolation Withstand Voltage P pOutput-BasepIate ?SOOVDpC for 1min.

Isolation Resistance More than 100MQ at 25°C and 70%RH Output-Baseplate...500VDC
Standards |Safety Standards Approved by UL60950-1, CSA C22.2 N0.60950-1, EN60950-1
Mechanical Weight (typ) 9 250 - -

Size (W x H x D) mm 61 x 12.7 x 116.8 (Refer to outline drawing.)

(*1) At 48VDC, 80% of maximum output current and baseplate tempera-
ture = +25C.

(*2) At 48VDC and maximum output current.

(*3) 36 - 76VDC, constant load.

(*4) No load - full load, constant input voltage.

(*5) Constant current limiting with automatic recovery.

(*6) Inverter shutdown method, manual reset.

(*7) Ratings - Refer to derating curve below.
- Load(%) is percent of maximum output current.

(*8) Heatsink has to be chosen according to instruction manual.
(*9) Refer to instruction manual.

(*10) External components are needed for operation.
(Refer to basic connection and instruction manual.)

Output Derating
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-All specifications are subject to change without notice.
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PAF700F48 TDK-Lamida

PAF700F48 Specifications

ITEMS/UNITS MODEL PAF700F48-12 ‘ PAF700F48-28

Voltage Range \ DC36 - 76

Input  |Efficiency (typ) *1)| % 90 91

Current (typ) *2)| A 16.5 16.4

Nominal Voltage VDC 12 28

Maximum Current A 58.5 25

Maximum Power W 702 700

Voltage Setting Accuracy *2)| % +1

Output |Maximum Line Regulation (*3)| mv 24 56

Maximum Load Regulation *4)| mv 24 56

Temperature Coefficient 0.02%/C

Maximum Ripple & Noise (*10)|mVp-p 200 280

Voltage Adjustable Range (*10) -40%, +15%

Over Current Protection (*5) 105% - 140%

Over Voltage Protection (*6)(*9) 120% - 135%

Remote Sensing *9) Possible
Function [Remote ON/OFF Control (*9) Possible (SHORT : ON OPEN : OFF)

Parallel Operation (*9) Possible

Series Operation (*9) Possible

1.0.G. Signal (*9) Possible (Open collector output)

Operating Temperature (*7)| C -40 to +100 (Baseplate) Ambient temperature min=-40

Storage Temperature C -40 to +100

Operating Humidity %RH 20 - 95 (No dewdrop)

Environment Storage Humidity %RH 1.0 - 95 (No dewdrop) :

Vibration ) At no operating, 10 - §5Hz (sweep for 1min.)

Amplitude 0.825mm constant (maximum 49.0m/s2) X, Y, Z 1 hour each

Shock 196.1m/s?

Cooling (*8) Conduction cooled

. Input-Baseplate : 1.5kVDC, Input-Output : 1.5kVDC for 1min.
Isolation Withstand Voltage P pOutput—Baseplate PSOOVDpC for 1min.

Isolation Resistance More than 100MQ at 25°C and 70%RH Output-Baseplate...500VDC
Standards |Safety Standards Approved by UL60950-1, CSA C22.2 N0.60950-1, EN60950-1
Mechanical Weight (typ) 9 200 - :

Size (W x H x D) mm 61 x 12.7 x 116.8 (Refer to outline drawing)

(*1) At 48VDC, 80% of maximum output current and baseplate temperature = +25°C.
(*2) At 48VDC and maximum output current.

(*3) 36 - 76VDC, constant load.

(*4) No load - full load, constant input voltage.

(*5) Constant current limiting with automatic recovery.

(*6) Inverter shutdown method, manual reset.

(*7) Ratings - Refer to derating curve below.
- Load(%) is percent of maximum output current.

(*8) Heatsink has to be chosen according to instruction manual.
(*9) Refer to instruction manual.

(*10) External components are needed for operation.
(Refer to basic connection and instruction manual.)
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PAF500F24, 600F24, 500F48, 600F48, 700F48 TDK-Lambda

Outline Drawing
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Lot No. seal ‘
NOTES : (unit : mm)

A: Model name, input voltage range, nominal output voltage, maximum output current, country of manufacture and safety marking (C-UL-US, BSI & CE marking)
are shown here in accordance with the specifications.

B: M3 tapped holes 4 for customer chassis mounting (FG).

C: Input and output terminal : 8-®2

D: Signal pin : 8-®1

E: Unless otherwise specified dimensional tolerance : 0.3

Basic connection

Measurement point of maximum ripple & noise
(based on JEITA RC-9141 probe)
Oscilloscope bandwidth: 100MHz

50mm
Input voltage +S
24‘\), input ¢ Fuse F1 (Note 1) b
PAF500F24-12: 19~36V ) +Vin +V O +
PAF500F24-28: 18~36V I o
PAF600F24-12: 20~36V _('[\‘Ote 2) b3 + g
PAF600F24-28: 19~36V. 2
) 7z x S(Note 4) PAF* F* —* ! f— Load
o !napsm 76VDC T S ] S| O
36~ Nof o
A ! -

—Vin -V
+ON/OFF s

Measurement point of output

—ON/OFF TRIM voltage/line regulation/output
regulation
PC 1
10G I (Note 5)
| (for 3.3V/5V types only)
_© AUX O ——~

— Base plate
Note 1: The PAF series is not equipped with a fuse. Be sure to set a fast-blow fuse for the enhancement of safety and to get approval for safety standards. When
using multiple units of the PAF series, set a fuse for each unit.
24V input: F1, 50A 48V input: F1, 30A
Note 2: Capacitor C1
Connect a low-impedance electrolytic capacitor C1 with the same or upper specifications shown in the table below, in order to reduce the effect of input line
Capacity of capacitor C1

Operating temperature 20°C - +100C -40°C - +100C
Input
PAF500/600F, 24V input 560uF x 2 units in parallel 560uF x 4 units in parallel
PAF500/600F, 48V input 100uF 100uF x 2 units in parallel
PAF700F48 220uF x 2 units in parallel 220uF x 2 units in parallel

Note 3: Capacitor C2
Connect a low-impedance electrolytic capacitor C2.

utput voltage
m\ 3.3V 5V 12v 28V

) 470 uF 220 uF
24V input model - - 2 units in parallel 2 units in parallel
. 5600 uF 5600 u F
48V input model 2 units in parallel 2 units in parallel 470uF 220 uF

When the 12V input types are used in a -20° C or lower ambient temperature, connect the following number of capacitors (in parallel).
PAF500F (500W): Two times the number in the table above PAFB00F (600W): Three times the number in the table above
PAF700F (700W): Four times the number in the table above

Note 4: Resistance R1
24V input: 15kQ (1/4W) 48V input: 30kQ (1/2W)

Note 5: Diode D1

Connect a diode D1 (50V, 100mA) for 3.3V/5V types only.
- All specifications are subject to change without notice. B'99



PAF400F280

TDK-Lambda

PAF400F280 Specifications

ITEMS/UNITS MODEL PAF400F280-1.8 ‘ PAF400F280-3.3 PAF400F280-5
Voltage Range \ DC200 - 400
Input  |Efficiency (typ) *1)| % 76 83 85
Current (typ) *1)| A 0.66 111 1.31
Nominal Voltage VDC 1.8 3.3 5
Maximum Current A 100 80
Maximum Power (*10)] W 240 390 450
Voltage Setting Accuracy *1)| % +2
Maximum Line Regulation (*2)| mv 6 10 15
Output Maximum Load Regulation (*3)| mv 6 10 15
Temperature Coefficient 0.01%/°C
Maximum Ripple Voltage (0 to +85C)(*9)(*11)|mVp-p 100
Maximum Ripple Voltage (=20 to 0°C) (*9)(*11)| mVp-p 200
Maximum Ripple & Noise (0 to +857) (*9)(*11)| mVp-p 200
Maximum Ripple & Noise (=20 to 0°C)(*9)(*11) | mVp-p 300
Voltage Adjustable Range (*10)| VvDC 1.0-2.6 2.2-4.2 ‘ 2.9-6.0
Over Current Protection (*4) 115% - 130%
Over Voltage Protection (*5,*8) 155- 185% 135% - 155% ‘ 125% - 145%
Over Voltage Protection (*5,*8) 120- 130% 115% - 125%
Over Voltage Protection (*5,*8)| VDC 1.0-2.8 25-45 3.3-6.3
Remote Sensing (*8) Possible
Function [Remote ON/OFF Control (*8) Possible (SHORT: ON OPEN: OFF)
Parallel Operation (*8) Possible
Series Operation (*8) Possible
OVP Alarm (*8) Possible
1.0.G. Signal (*8) Possible
Current Monitor (*1,*8) 2.5VE50mV
Operating Temperature (*6)| C -20 to +85 (Baseplate) Ambient temperature min=-20
Storage Temperature C -40to + 85
Operating Humidity %RH 20% - 95 (No dewdrop)
Emvironment Storage Humidity %RH 10% - 95 (No dewdrop)
Vibration ) At no operating, 10—55le (sweep for 1min)
Amplitude 0.825mm constant (maximum 49.0m/s?) X, Y, Z 1h each
Shock 196.1m/s?
Cooling (*7) Conduction cooled
: Input-Baseplate : 2.5kVAC, Input-Output : 3kVAC(20mA) for 1min
Isolation Withstand Voltage P P Output—BasepIa?e : 500'\)/DC for lmi(n )
Isolation Resistance More than 100MQ at 25°C and 70%RH Output-Baseplate...500VDC
Standards |Safety Standards Approved by UL60950-1, CSA C22.2 N0.60950-1, EN60950
Mechanical Weight (yp) g 250 - -
Size (W x H x D) mm 61 x 12.7 x 116.8 (Refer to outline drawing)

(*1) At 360VDC input voltage, nominal output voltage and maximum

output current.
(Baseplate temperature = +25C)

(*2) 200 - 400VDC input voltage, constant load.
(*3) No load - full load, constant input voltage.

(*7) Heatsink has to be chosen according to instruction manual.
(*8) Refer to instruction manual.

(*9) External components are needed for operation.
(Refer to basic connection and instruction manual.)

(*10) At 360VDC input voltage. Refer to instruction manual.

(*4) Constant current limiting with automatic recovery.
(*5) Inverter shutdown method, manual reset.

(*6) Ratings - Refer to derating curve on the right.
- Load(%) is percent of maximum output current.

(*11) At nominal output voltage.
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PAF400F280

TDK-Lambda

Outline Drawing

NOTES :
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Lot No.seal

(unit : mm)

A: Model name, input voltage range, nominal output voltage, maximum output current, country of manufacture and safety marking (C-UL-US, BSI & CE marking)

are shown here in accordance with the specifications.
B: M3 tapped holes 4 for customer chassis mounting (FG). Screws must not protrude into power module by more than 12.7mm. (Back side for heat sink.)
C: Input terminal and signal pin (SG, CNT) : 4-d1

D: Output terminal : 8-d2

E: Other. (OVPALM, OVTRM, PC, OVP, +S, AUX, IMON, 10G, TRIM, -S) : 10- [] 0.64
F: Unless otherwise specified dimensional tolerance : £0.3

Basic Connection

Fuse (Note 1)
NO ~
5]
Vin (Note ) | + =
—— Input voltage or (Note 3) s
200-400VDC 5 @
8 ™M

D +Vin

PAF40

Note 1:

—Vin
SG
CNT

©

Base plate

ovp
+S
+V

0F280 —*

-V

-5
TRIM
PC
IMON
10G
OVTRM
OVPALM
AUX

Measurement point of maximum ripple & noise

0
c5

50mm (based on JEITA RC-9141 probe)
Oscilloscope bandwidth: 100MHz
Measurement point of output voltage/
line regulation/output regulation
(Note 4)
+
[N

G

[ o —

= (Note 4) .__(_Note 5) +G

Iy -1 I Load

o © ~

)— v} O

safety standards. When using multiple units of the PAF series, set a fuse for each unit.

Note 2: Capacitor C1

The PAF400F280 series is not equipped with a fuse. Be sure to set a fast-blow fuse (5A or 6.3A) for the enhancement of safety and to get approval for

Connect a low-impedance electrolytic capacitor C1 (22uF or upper specifications) in order to reduce the effect of input line impedance.

Note 3: Capacitor C2/C3

Connect a ceramic capacitor with 330pF (3kVAC or higher).

Note 4: Capacitor C4/C5

Connect a film capacitor with 0.022uF (500VDC or higher).

Note 5: Capacitor C7/C11

Connect 5 units of electrolytic capacitors with 2,700uF (manufactured by Nippon Chemi-Con Corporation or the equivalent) in parallel.
Note 6: The measurement point of the output voltage for assessing efficiency is to be the output terminal.

- All specifications are subject to change without notice.
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PAF450F280 Specifications

ITEMS/UNITS MODEL | pAF450F280-12 ‘ PAF450F280-24 ‘ PAF450F280-28 | PAF450F280-48

Voltage Range \% DC200 - 400
Input  |Efficiency (typ) *1)| % 90 91
Current (typ) | A 1.81 1.79 1.81 1.79
Nominal Voltage VDC 12 24 28 48
Maximum Current A 38 19 16.5 9.5
Maximum Power w 456 462 456
Voltage Setting Accuracy *1)| % +/-1
Output |Maximum Line Regulation (*2)| mv 48 56 96

Maximum Load Regulation (*3)| mV 48 56 96
Temperature Coefficient 0.02%/C
Maximum Ripple & Noise (*9) | mVp-p 120 240 280 480
Voltage Adjustable Range *9) -40%/ +20%
Over Current Protection (*4) 105% - 140%
Over Voltage Protection (*5) 125% - 145%

Function Remote Sensing (*8) Possible
Remote ON/OFF Control (*8) Possible (SHORT: ON OPEN: OFF)
Parallel Operation (*8) Possible
Series Operation (*8) Possible
Operating Temperature (*6)| C -40 to +100(Baseplate) Ambient Temperature min=-40
Storage Temperature C -40 to +100
Operating Humidity %RH 5 - 95 (No dewdrop)

Storage Humidity %RH 5 - 95 (No dewdrop)

Environment - -

Vibration ) At no operating, 10-§5Hz (sweep for 1min.)
Amplitude 0.825mm constant (maximum 49.0m/s?) X, Y, Z 1 hour each
Shock 196.1m/s?
Cooling (*7) Conduction cooled
) Input-Output: 3.0kVAC, Input-Baseplate: 2.5kVAC(20mA) 1min

Isolation Withstand Voltage P P Output-BaspepIate: 5§OVDC 1min ( )
Isolation Resistance Output to Baseplate 500VDC more than 100MQ(25° C,70%RH)

Standards | Safety Standards Approved by UL60950-1, CSA C22.2 N0.60950-1, EN60950-1

Mechanical Weight (yp) 9 200 - :
Size (W x Hx D) mm 61 x 12.7 x 116.8 (Refer to outline drawing)

(*1) At 280VDC, nominal output voltage, maximum output current and baseplate temperature = +25C.
(*2) 200 - 400VDC, constant load.

(*3) No load - full load, constant input voltage.

(*4) Constant current limiting with automatic recovery.

(*5) Inverter shutdown method, manual reset.

(*6) Ratings - Refer to derating curve.
- Load(%) is percent of maximum output current.

(*7) Heatsink has to be chosen according to instruction manual.
(*8) Refer to instruction manual.

(*9) External components are needed for operation.
(Refer to basic connection and instruction manual.)

Output Derating

@PAF450F280-12, 24, 28 @PAF450F280-48
100 100 r
! .
80 80 !
E 6 E o |
g g
= 40 = 40
Vin=380V |
----- Vin>380V i
20 20 i
0 0 |
40 20 0 20 4 60 80 100 40 20 0 0 4 e 8 10
Baseplate Temperature ('C) Baseplate Temperature (‘C)

Go!!
@Outline Drawing+Basic Connection ([« B-104Page
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PAF600F280 Specifications

ITEMS/UNITS MODEL | pAF600F280-12 ‘ PAF600F280-24 ‘ PAF600F280-28 | PAF600F280-48

Voltage Range \ DC200 - 400

Input  |Efficiency (typ) ()| % 89 91

Current (typ) *1)| A 2.41 2.35 2.36 2.35

Nominal Voltage VDC 12 24 28 48

Maximum Current A 50 25 215 12.5

Maximum Power w 600 602 600

Voltage Setting Accuracy )| % +1

Output |Maximum Line Regulation (*2)| mv 48 56 96

Maximum Load Regulation (*2)| mVv 48 56 96

Temperature Coefficient 0.02%/°C

Maximum Ripple & Noise (*9)| mVp-p 120 240 280 480

Voltage Adjustable Range *9) -40%/ +20%

Over Current Protection (*4) 105% - 140%

Over Voltage Protection (*5) 125% - 145%

Function Remote Sensing (*8) Possible

Remote ON/OFF Control (*8) Possible (SHORT: ON OPEN: OFF)

Parallel Operation (*8) Possible

Series Operation (*8) Possible

Operating Temperature (*6)| C -40 to +100 (Baseplate) Ambient temperature min=-40

Storage Temperature C -40 to +100

Operating Humidity %RH 5-95 (No dewdrop)

. Storage Humidity %RH 5 - 95 (No dewdrop)
Environment - -

Vibration . At no operating, 10-55Hz (sweep for 1min.)

Amplitude 0.825mm constant (maximum 49.0m/s?) X, Y, Z 1 hour each

Shock 196.1m/s?

Cooling (*7) Conduction cooled

) Input-Output: 3.0kVAC, Input-Baseplate: 2.5kVAC(20mA) 1min
Isolation Withstand Voltage P P Output-Bas'()epIate: SC')JOVDC 1min ( )

Isolation Resistance Output to Baseplate 500VDC more than 100MQ(25°C,70%RH)
Standards |Safety Standards Approved by UL60950-1, CSA C22.2 N0.60950-1, EN60950-1
Mechanical Weight (typ) g 200 - :

Size (W x H x D) mm 61 x 12.7 x 116.8 (Refer to outline drawing)

(*1) At 280VDC, nominal output voltage, maximum output current and baseplate temperature = +25C.
(*2) 200 - 400VDC, constant load.

(*3) No load - full load, constant input voltage.

(*4) Constant current limiting with automatic recovery.

(*5) Inverter shutdown method, manual reset.

(*6) Ratings - Refer to derating curve.
- Load(%) is percent of maximum output current.

(*7) Heatsink has to be chosen according to instruction manual.
(*8) Refer to instruction manual.
(*9) External components are needed for operation. (refer to basic connection and instruction manual.)

Output Derating

@ PAF600F280-12, 24, 28 @ PAF600F280-48

100 100
| i
! PN
80 i 80 i
! N
—_ 1 — } \‘
X 60 X 60
5 3
S S w
i Vin=380V ;
N N I T Vin>380V |
20 i 20 i
! i
i
| |
0 ! 0
85 85
-40 -20 0 20 40 60 80 100 -40 20 0 20 40 60 80 100
Baseplate Temperature ('C) Baseplate Temperature (‘C)

Go!!
@0Outline Drawing+Basic Connection ([« B-104Page
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PAF 450F280, 600F280 TDK-Lambda

Outline Drawing

€
|
\ 3
| +l
‘ ™~
U | U i
‘ 381 | | ||| |76 0
1 1 o
See note C ‘ 3.81 3.81 +
1 3.81 o
| x = w0
‘ 28REYLY
& | bt _
| hiidll BN
-V @ o
,\/'
59 Q} n -V $
sl 93 -V |4
= 4| +Vin
s P2ERd o NAMEPLATE - & ||
~ z 8 < +V |
CNT +V @
2 \ +V |
ia 4€T
r —— ~—
106.7 +0.5
See note D 116.8+0.5
NOTES: ‘ See note A See note B
A: Model name, input voltage range, nominal I
output voltage, maximum output current, JI]L | ” ” ” ” ” ” Jl
country of manufacture and safety marking {
(C-UL-US, BSI & CE marking) are shown [ I \ ]
here in accordance with the specifications. |
. : | L
B: M3 tap_ped holes 4 for customer chassis Lot No. seal (unit : mm)
mounting (FG).
C: Input and Output pin : 8-¢2
D: Signal pin : 8-¢1
E: Unless otherwise specified dimensional
tolerance : £0.3mm
Measurement point of output voltage/ 50mm ("g::zgrg’r?ig_r_’zi’;COBT‘?:”;‘;”QG’;DNG & noise
line regulation/output regulation )
& putree Oscilloscope bandwidth: 100MHz
Fuse (Note 1)
No N +Vin = T +
(@] N NaNe] 5
. [V H
—l/llr;mut voltaégOte gr (NOte%: £ | PAP4507280 = S ote 4y Lo 3+
- —% - Load
200-400VDC 5 @ | PAF600F280 8ﬁ o ~
™ 52} o (&) o
O j o=
? —Vin -V -
SG _s
CNT TRM
Nominal output voltage Recommended value for C7
PC 12v 25V 1,000 u F, 2 units in parallel
10G 24V 50V 820 uF
@ 28V 50V 820 4 F
- Base plate AUX 48V 50V 1,000 u F, 2 units in series
FG (In Ta < -20°C, the above usage should be further doubled
in parallel.)
Note 1: The PAF450F280/PAF600F280 series is not equipped with a fuse. Be sure to set a fast-blow fuse (6.3A) for the enhancement of safety and to get approval for
safety standards. When using multiple units of the PAF series, set a fuse for each unit.
Note 2: Capacitor C1
Connect a low-impedance electrolytic capacitor C1 (22uF or upper specifications) in order to reduce the effect of input line impedance.
Note 3: Capacitor C2/C3
Connect a ceramic capacitor with 330pF (3kVAC or higher).
Note 4: Capacitor C4/C5
Connect a film capacitor with 0.022puF (500VDC or higher).
Note 5: Capacitor C7 (LXY manufactured by Nippon Chemi-Con Corporation or the equivalent)
Connect (aluminum) electrolytic capacitors indicated in the table at the lower right of the connection diagram (or their equivalent with the same capacity).
Note 6: The measurement point of output voltage for assessing efficiency is to be the output terminal.
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Block Diagram

PAF500F24, 600F24, 500F48, 600F48, 700F48
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5mA

=

I(ON/OFF)

=

c1mA
12V, 28V Model Only
7 - 10VDC

SHORT
*3 H Level

1

*2
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Block Diagram

PAF400F280
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0.8(V) or Short

35(V) or OPEN
11 - 14VDC
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H
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*2 H Level:

Level
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PAF450F280, 600F280

Block Diagram
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PAF500F24 SERIES Instruction Manual

Before using this product

Be sure to take note of precautions and warnings indicated in
this manual when using this product. Improper usage may lead
to electric shock or fire. Be sure to read this instruction manual
thoroughly before using this product

| A\ Precautions

@ Avoid touching the baseplate and the case of this product
because they get hot.

@ There are high voltage and high temperature components
within this product. Refrain from disassembling this product or
touching its internal components as this may lead to electric
shock or burn.

@ To avoid unexpected accident from placing hands or face
near the unit during operation.

@ Confirm connections to input/output terminals and signal ter-
minals are correct as indicated in the instruction manual.

@ For acquisition of various Safety Standards and safety im-
provement, be sure to use an external fuse. This product is
designed for installation on electronic equipment.

@ For input terminals of 24V input models, apply an voltage
from a primary source with reinforced or double insulation.

@ Output voltage of this product is considered to have hazardous
energy level (voltage of 2V and above with power of 240W
and above) and must not have physical contact with operator.
Protection must be provided on this module when installed on
equipment to prevent physical contact with service technician
himself or accidentally dropped tools during repair. Before re-
pair, be sure to turn off the input source and confirm that input
and output voltage have dropped down to safe level.

@ Application circuit or component values described in this
instruction manual are for reference only. When designing cir-
cuit, be sure to verify actual circuit operation before determin-
ing final application circuit or component values. Contents of
this instruction manual are subject to change without notice.
When using this product, please refer to latest data sheet to
satisfy this product specification.

@ No part of this instruction manual may be reproduced, or
transmitted in any form or by any other means without prior
consent of Densei-Lambda, K.K.

1. Terminal Explanation

< =
O yFOW
2O EF |
(© beoeoof @]
© 0 0o 0o o o
-V |O
O|—=Vin _vl]o
) -V |O
O +Vin Name Plate
o| —ON/OFF +V |0
°| +ON/OFF +V |O
+V|O
© O |
[Input Side Terminals] [Output Side Terminals]
+Vin @ +Input Terminal +V: +Output Terminal
—Vin: —Input Terminal —V: —OQutput Terminal
+S: +Remote Sensing Terminal
[Control Terminals] —S: —Remote Sensing Terminal
+ON/OFF : +ON/OFF Control TRIM: Output Voltage Trimming Terminal
—ON/OFF : —ON/OFF Control PC: Output Current Balance Terminal
I0G: Inverter Operation Monitor terminal

AUX: Auxiliary Power Supply for External Signals

Baseplate can be connected to FG through M3 mounting tapped holes.
Connect +Vin, -Vin, +V, -V with consideration of contacting resistance.
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2. Explanations on Specifications

H Input Voltage Range

Input voltage range for PAF500F24 Series is indicated be-
low.

Input Voltage Range:

PAF500F24-12: 19 - 36VDC
PAF500F24-28: 18 - 36VDC

Basically, ripple voltage (Vrpl) which results from rectifica-
tion and filtering of commercial AC line is included within
the input voltage as shown in Fig.1-1. Ripple voltage must
be limited within the voltage described below.

Allowable input ripple voltage: 2Vp-p

When this value is exceeded, the output ripple voltage be-
comes large.

Note that abrupt input voltage change could cause the out-
put voltage to fluctuate excessively.

Also, input voltage waveform peak value for high and low
must not exceed above input voltage range.

Va

Input Voltage

Range

Input Voltage

Time

Fig.1-1 Ripple Voltage

@Basic Connection

Fuse

—

Baseplate

Fig.1-2 Basic Connection

Input Fuse

This power module has no built-in fuse. Use external fuse
to acquire various Safety Standards and to improve safety.
Also, use fast-blow type for every module.

Furthermore, fuse must be connected to the +Vin side if
-Vin side is used as ground, or fuse must be connected to
-Vin side if +Vin side is used as a ground.

Input Fuse recommended current rating: 50A

- All specifications are subject to change without notice.

C1:

To prevent the effect of input line inductance to the power
module, connect electrolytic capacitor or ceramic capaci-
tor between +Vin and -Vin terminals.

Furthermore, use electrolytic capacitor with small ESR
value. Especially take note that during line turn off at low
ambient temperature, power module output will not nor-
mally shut down due to unstable C1 voltage.

Also, ripple current flows across this capacitor. Therefore,
verify maximum allowable ripple current this capacitor
when selecting component. Verify actual ripple current
value by actual measurement.

Recommended capacitor value: 560uF X2 pcs and above
( parallel connect)
(voltage rating 50V and above)

Note) 1. Use low impedance electrolytic capacitor with excel-
lent temperature characteristics.
(Nippon Chemicon LXY Series or equivalent)

2. When input line inductance becomes excessively high
due to insertion of choke coil, operation of the power
module could become unstable. For this case, increase
C1 value more than the value indicated above.

3. When ambient temperature becomes lower than
-20 °C, connect 4 more and above capacitors indi-
cated above in parallel to reduce ESR.

C2: 10uF

To reduce spike noise voltage at the output, connect a ce-
ramic capacitor between +V and -V within 50mm distance
from the output terminals.

Also, take note that output spike noise voltage could vary
according to PCB wiring design.

C3:

For stable operation, connect an electrolytic capacitor be-
tween +V and -V within 50mm distance from the output
terminals.

Take note that output ripple and output shutdown could be
affected by electrolytic capacitor, equivalent impedance
and inductance characteristics of wiring.

Take note that output ripple voltage could vary according
to PCB wiring design.

For cases of abrupt changes in load current or input volt-
age, increasing capacitance value of the external capaci-
tors could reduce the voltage fluctuation.

Vout C3
12v 25V 470uF X 2 (% 1)
28V 50V 220uF X 2 (% 1)

*1 parallel connect

Table1-1 C3: Recommended Values of External
Output Capacitor
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Note) 1. Use low impedance electrolytic capacitor with ex-

cellent temperature characteristics.
(Nippon Chemicon LXY Series or equivalent)

2.Use 4 more and above capacitors indicated above
in parallel when ambient temperature becomes
lower than -20°C to reduce ESR.

3.Take note of the allowable ripple current of the
capacitor to be used. Especially, when load add-
ing capacitors for abrupt current changes, be sure
to verify that ripple current does not exceed allow-
able ripple current before use.

C4:

When switches or connectors are used between input
source and PAF500F24 Series input terminals, impulse
surge voltage is generated due to input throw-in by switch
on/off or due to inserting/removing of power module from
the active line. For this case, connect an additional elec-
trolytic capacitor C4 as shown in Fig.1-3 and Fig.1-4.

Recommended Capacitance Value: 560uF and above
(Voltage Rating 50V and above)

Also, in-rush current flows at line throw-in. Therefore, be
sure to verify capability of switch or fuse to withstand I’t at
line throw-in.

Fig.1-3 Input Filter with Input Switch

Switch Fuse

o +Vin

Fuse +Vin

—=Vin
Fig.1-4 Input Filter when Plural Power

Reverse input connections

Reverse input polarity would cause module damage. For
cases where reverse connections are possible, connect a
protective diode or fuse. Use protective diode with higher
voltage rating than the input voltage, and with higher surge
current rating than the fuse.

Fig.1-5 Protection for Reversed Connection of Input
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@Recommended input filer as EMI counter-measure
(conforms to VCCI Class 1, FCC class A)

Fuse L1 +Vin
I +
C5
[ T4 R
—Vin
Cé_— LC7
Baseplate

Fig.1-6 Recommended input filer as EMI
countermeasure

Recommended Values:
C1: 560uF (Electrolytic Capacitor) X2 pcs in parallel
C5: 2.2uF (Ceramic Capacitor)
C6,C7: 0.1uF (Ceramic Capacitor)
L1: 1 mH (Common mode choke coil)

Note) 1. For the power module output, connect output capaci-
tors described in the basic circuit connection.

2. VCCI Class 1, FCC Class A limits can be satisfied
with the above recommended filter at Densei-Lambda
measuring conditions. However, there are cases where
above limits might not be satisfied due to input and
output wiring method, as well as, peripheral circuits.
When selecting input filter, be sure to verify actual EMI
characteristics (CE and RE) before finalizing the filter.
Refer to PAF500F24- * Evaluation Data for details.

H Output Voltage Adjustment Range

Output voltage could be adjusted within the range de-
scribed below by external resistor or variable resistor, or
by applying external voltage. However, take note that OVP
might trigger when output voltage adjustment exceeds the
ranges indicated below.

Output Voltage Adjustment Range:
-40% to +10% of Nominal Output Voltage

Furthermore, when increasing the output voltage reduce
the output current so as not to exceed the maximum output
power.

Also, take note that when output voltage is increased, in-
put voltage range is limited as shown in Fig. 2-1.

With the external circuit below, remote sensing is possible
even when output voltage is varied. For details on remote
sensing function, please refer to 9. Remote Sensing”

L e :
28V Model /1 7 4
S Badilie ST, A
X I | | I i | i i
= | 12VModel} 4 1
LR B B
@ | I I I I | | |
= ! ! ! ! i ! ! |
- s s S
> | L
5 90 [----d-mmo]--oofoos
£ : e
3
o B R kot SEES
O R R R
|
T, P ‘
118 19 20 21 25

Input Voltage (VDC)
Fig.2-1 Limit of Input Voltage
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Output Voltage Adjustment by external resistor or by
variable resistor

Resistor values, as well as, connecting methods for ex-
ternal resistor (R2) and external variable resistor (VR) are
described below.

In this case, using VR as remote programming resistor, re-
mote programming of output voltage can be possible.
Output voltage rate of change versus VR resistor value is
approximately 1V/kQ. (Sensing current: about 1mA)

Also, be sure to connect remote programming resistor be-
tween +S terminal and +V terminal.

12V 28V
R2 6.8k 6.8 k
VR 20k 50k

Unit : [Q]

External Resistor: below*=5% Tolerance
Variable Resistor: below+20% Tolerance
below 1% Remain

Table2-1 Values of External Resistor and
Variable Resistor (—40% to +10% Variable)

12v 28V
R2 43k 43k
VR 5k 10k

Unit : [Q]
External Resistor: below=*+5% Tolerance
Variable Resistor: below+20% Tolerance
below 1% Remain

Table2-2 Values of External Resistor and
Variable Resistor (£10% Variable )

Load

D+

Fig.2-2 Example Connection of External Resistor

Output Voltage Adjustment by applying external
voltage

By applying external voltage at the TRIM terminal, output
voltage can be adjusted within the same output voltage
adjustment range as the output voltage adjustment by
external resistor or variable resistor. For this case, output
voltage can be determined by the formula shown below.

Output Voltage = TRIM Terminal Voltage
X Nominal Output Voltage

- All specifications are subject to change without notice.

TDK-Lambda

Load

External
Voltage

Fig.2-3 Output Voltage Adjustment by
applying external voltage

For applications other than the above, refer to the trim cir-
cuit below and determine external circuit and component
values.

Error Amplifier — ANW—0O+s
7.32kQ
o O TRIM
_ 1 1.225v
[ Reference 324k Q ®Q
Voltage
O -5

Fig.2-4 TRIM Circuit (For the Reference)

El Maximum Ripple and Noise

Measured value according to the specified methods based
on JEITA-9141 (Clause 7.12 and clause 7.13) which is
described in the following.

Connect according to Fig.3-1 and measure. Connect ca-
pacitors (C2: ceramic capacitor 10 uF, C3: refer to table
1-1 for electrolytic capacitor values) at 50mm distance
from the output terminals. Measure at ceramic capacitor
(C2) leads as shown in Fig.3-1 using coaxial cable with
JEITA attachment. Use oscilloscope with 100MHz fre-
quency bandwidth or equivalent.

Take note that output ripple voltage and output spike noise
may vary depending on PCB wiring design.

Generally, output ripple voltage and output spike noise can
be reduced by increasing capacitance value of external
capacitor.

Ty MAS shorlt as possible
D
C2 Z%: a3 Load
—v T
1.5m 50Q :
50mm Coaxial Cable R I Oscilloscope
| | JEITA Attachment
[ R:500
C:4700pF
|
—_———
Fig.3-1 Measurement of Maximum Output
Ripple & Noise

A Maximum Line Regulation

Maximum value of output voltage change when input volt-
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age is gradually varied (steady state) within specified input
voltage range.

H Maximum Load Regulation

Maximum value of output voltage change when output cur-
rent is gradually varied (steady state) within specified out-
put current range.

When using at dynamic load mode, audible noise could be
heard from the power module and output voltage fluctua-
tion might increase. A thorough pre-evaluation must be
performed before using this power module.

[@ Over Current Protection (OCP)

This power module has built-in OCP function.

Output will recover when short circuit or overload condi-
tions are released. OCP setting value is fixed and there-
fore, cannot be externally adjusted.

Also, take note that power module might be damaged con-
tinuing output short circuit or over load conditions depend-
ing on thermal conditions.

Over Voltage Protection (OVP)

This power module has built-in OVP function.

As this set point is fixed, so adjustment voltage from the
outside is impossible.

OVP set point is relative to the rated output voltage value.

When OVP is triggered, output can be recovered by turn-
ing input line off and then turning it on again after lowering
the input voltage below the voltage value indicated below,
or by manual reset of the control ON/OFF terminal. Reset
time for ON/OFF terminal is 100ms or longer.

OVP release input voltage value : 5VDC and below

When verifying OVP function by applying external voltage
at the output terminals, applied voltage value should not
exceed specified OVP maximum value. Refer to specifica-
tion table for OVP maximum value. Avoid applying external
voltage that exceeds OVP maximum value because this
will cause power module damage.

H Over Thermal Protection

This power module has built-in OTP function. This function
operates and shuts down the output when ambient temper-
ature or internal temperature of power module abnormally
rises. OTP operates at 105°C to 130°C baseplate tempera-
ture. Output shutdown due to OTP can be released when
baseplate temperature drops down approximately to within
80°C to 95°C. However, take note that OTP will operate
again unless the cause of abnormal heat of the power
module is eliminated.

El Remote Sensing (+S, -S terminal)

Remote sensing terminal is provided to compensate for
voltage drop across the wirings from the power module
output terminal to the load input terminal.
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When remote sensing function is not used (local sensing),
short +S terminal to +V terminal and, -S terminal to -V ter-
minal

Take note that voltage compensation range for line drop
(voltage drop due to wiring) is determined such that out-
put voltage at the output terminals is within output volt-
age range and that voltage between -V and -S terminals
is within 2V or less. Even for remote sensing case, use
power module such that output power is within specified
maximum output power. Furthermore, reduce noise effect
by using shielded wire, twisted pair, or parallel pattern.

Stabilize the output voltage at
load terminal Load

Fig.9-1 Remote Sensing at Use

Stabilize the output voltage at

output terminal
P Load

+

Fig.9-2 Remote Sensing Not in Use

1 ON/OFF Control(+ON/OFF, -ON/OFF terminal)

Output can also be turned ON/OFF even without turning
the input line ON/OFF. An ON/OFF control circuit is pro-
vided which is isolated from the input side, as well as, the
output side. (Isolation withstand voltage : 1.5kVDC).
Connection of ON/OFF terminal is as follows. As shown in
the figure below, output voltage turns ON when current is
made to flow through ON/OFF terminal. ON/OFF terminal
can be controlled by opening or closing connections (with
switch or relay), or by photo-coupler ON/OFF.

Maximum source current for ON/OFF terminal is 5mA.
Therefore, set current limiting resistor value such that this
maximum source current value is not exceeded. Also, the
allowable maximum reverse current flow is 10mA.

- All specifications are subject to change without notice.
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A. Controlling the ON/OFF terminal from the input side
Connect current limiting resistor R1 as shown in
Fig 10-1.

O
I(ON/OFF) | —ON/OFF

Fig.10-1 Connection of ON/OFF Control (A)
R1 Recommended Resistor value: 15k Q(1/4W)

B. Controlling the ON/OFF terminal from the output side
Connect the current limiting resistor R4 as shown in
Fig.10-2.

1(ON/OFF) —ON/OFF

Fig.10-2 Connection of ON/OFF Control (B)
R4 Recommended Resistor Value: 2k Q(1/6W)

C. Controlling the ON/OFF terminal by an external power supply
If necessary connect a current limiting resistor R5 as
shown in Fig.10-3.

RS +ON/OFF

M
Pt
14
4

_ |ex.5V
- I(ON/OFF)
<

—ON/OFF

Fig.10-3 Connection of ON/OFF Control (C)

Note) 1. When wiring becomes long, connect a capacitor of
about 0.1uF value between the +ON/OFF terminal
and -ON/OFF terminal at a nearest distance.

2. Current limiting resistor can also be connected to the
-ON/OFF terminal side.

ON/OFF Level Output StatL-JS
Standard Option (*1)
Open OFF ON
1TmMA=I|(ON/OFF) =5mA ON OFF

%1 For option models, inquire to Densei-Lambda.
Table10-1 ON/OFF Control Mode

til Parallel Operation (PC terminal)

By connecting the PC terminal of each power module,
output current can be equally drawn from each module. A
maximum of 11 units of the same model can be connect-
ed.

Furthermore, be sure that the output power of every mod-
ule does not exceed the maximum output power value.

- All specifications are subject to change without notice.
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By setting output voltage accuracy of each module in a
parallel operation to within =1 %, the maximum value of
the output current that can be drawn is 95 % of the total
rated output current.

Refer to “Parallel Operation” of the PH Application Notes
for details,.

il Series Operation

Series operation is possible for PAF500F24 series. Con-
nections shown Fig.12-1 and Fig.12-2 is possible.

Load

+S

+v ; +
Load

—v —

—S

+S

+Vv +

Load

Fig.12-2 £ Output Series Operation

Kl 1.0.G. signal (110G terminal)

Normal or abnormal operation of the power module can be
monitored by using the I0G terminal. Output of this signal
monitor is located at secondary side (output side) and is
an open collector output.
This signal is LOW when inverter is normally operating and
HIGH when inverter stops or when inverter is operating ab-
normally. (Maximum sink current is 5mA, maximum applied
voltage is 35V)
Ground for the 10G terminal is the -S terminal.
Also note that I0G becomes unstable for following condi-
tions:

@ Operation of Over Current Protection (OCP)

@ Light load conditions at parallel operation

@ Dynamic load operation

i Auxiliary power supply for
external signals (AUX terminal)

For AUX terminal, output voltage value is within 7-10
VDC range, maximum output current is 20mA. Ground for
the AUX terminal is -S terminal.

Avoid short circuit of AUX terminal with other terminals as
this would lead to power module damage.

PAF
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tH Operating ambient temperature

There is no restriction on mounting direction but there
should be enough consideration for airflow so that heat
does not accumulate around the power module vicinity.
Determine external components configuration and mount-
ing direction on PCB such that air could flow through the
heatsink at forced cooling and conventional cooling.

By maintaining actual baseplate temperature below 100°C,
operation is possible.

For details on thermal design, refer to Application Notes
“Thermal Design”.

Note) Maximum baseplate temperature is 100°C. For worst case
operating condition, verify baseplate temperature at mea-
surement point indicated in Fig. 15-1.

Baseplate View

Input Side A2mm

Output Side

[ 20m m\ Temperature

— Measuring Point
Of Baseplate

Fig.15-1 Temperature Measurement
Point of Baseplate

For better improvement of power module reliability, derat-
ing of baseplate temperature when using is recommended.

i@ Operating Ambient Humidity

Take note that moisture could lead to power module abnor-
mal operation or damage.

Storage Ambient Temperature

Abrupt temperature change would cause moisture forma-
tion that leads to poor solderability of each terminal of the
power module.

] Storage Ambient Humidity

Take enough care when storing the power module because
rust which causes poor solderability would form in each
terminal when stored in high temperature, high humidity
environment.

tf] Cooling Method

Operating temperature range is specified by the baseplate
temperature. Therefore, several method of heat dissipation
is possible.

For details on thermal design, refer to ApplicationNotes
“Thermal Design”.

A Baseplate Temperature vs.
Output Voltage Drift

Output voltage drift is defined as the rate of voltage
change when baseplate temperature only is changed dur-
ing operation.
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Hl Withstand Voltage

This power module is designed to have a withstand voltage
of 1.5kVDC between input to baseplate, 1.5kVDC between
input to output, 1.5kVDC between the control terminals to
input/output and 500VDC between output to baseplate for
1 minute. When conducting withstand voltage test during
incoming inspection, be sure to apply DC voltage. Also,
set the current limit value of the withstand voltage testing
equipment to 10maA.

Be sure to avoid conducting test with AC voltage because
this would cause power module damage.

Furthermore, avoid throw in or shut off of the testing equip-
ment when applying or when shutting down the test volt-
age. Instead, gradually increase or decrease the applied
voltage. Take note especially not to use the timer of the
test equipment because when the timer switches the ap-
plied voltage off, impulse voltage which has several times
the magnitude of the applied voltage is generated causing
damage to the power module.

Short the output side as shown in the diagram below.

Withstand

@@

1.5kVDC 1minute (10mA)
Fig.21-1 Withstand Voltage Tester for
Input-Baseplate

BasePlate
©

Withstand
Voltage Tester

Baseplate
©

1.5kVDC 1minute (10mA)
Fig.21-2 Withstand Voltage Tester for
Input-Output

Withstand
Voltage tester

1.5kVDC 1minute (10mA)
Fig.21-3 Withstand Voltage Tester for ON/
OFF-Input/Output

- All specifications are subject to change without notice.
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Withstand
Voltage tester
v

o6

500VDC 1minute (10mA)
Fig.21-4 Withstand Voltage Tester for
Output-Baseplate

Baseplate
©

7] Insulation Resistance

Use DC insulation tester (MAX 500V) between output
and baseplate. Insulation resistance value is 100MQ and
above at 500VDC applied voltage. Also take note that de-
pending on the insulation tester used, some testers gener-
ate high voltage pulse. Discharge the power module after
test using a resistor, etc.

.. +ON/OFF
(O —ON/OFF

Isolation Tester

Baseplate
©

Over 100MQ at 500VDC
Fig.22-1 Isolation Test

TDK-Lambda

PE] Withstand Vibration

Refer to Application Notes “Mounting Method” section.

Pzl Withstand Shock

Withstand shock value is defined to be the value at Densei
Lambda shipment and packaging conditions.

FH Others

The performance of a system with Power Module is in-
fluenced according to various conditions -- PCBs, chas-
sis, mechanics, heat dissipation. Please evaluate actual
products, and confirm its performance. (For details, please
refer Power Module Application Note.)

4. Before concluding power module damage

Verify following items before concluding power module
damage.

1) No output voltage

@ Is specified input voltage applied?

@ Are the ON/OFF control terminal (+ON/OFF, -ON/
OFF), remote sensing terminal (+S, -S), output volt-
age trimming terminal (TRIM) correctly connected?

@ Is output current of the auxiliary power supply for
external signals terminal (AUX) within the specified
value ?

@ For cases where output voltage adjustment is used,
is the resistor or variable resistor setting, connec-
tions correctly done?

@ Are there no abnormalities in the output load used?

@ Is the baseplate temperature within the specified
temperature range?

2) Output voltage is high
@ Are the remote sensing terminals (+S, -S) correctly
connected?
@ Is the measurement done at the sensing points?
@ For cases where output voltage adjustment is used,
is the resistor or volume setting, conections cor-
rectly done?

- All specifications are subject to change without notice.

3) Output voltage is low

@ Is specified input voltage applied?

@ Are the remote sensing terminals (+S, -S) correctly
connected?

@ Is the measurement done at the sensing points?

@ For cases where output voltage adjustment is used,
is the resistor or variable resistor setting, connec-
tions correctly done?

@ Are there no abnormalities in the output load used?

4) Load regulation and line regulation is large
@ Is specified input voltage applied?
@ Are the input terminals and the output terminals firmly
connected?
@ Is the measurement done at the sensing points?
@ Is the input or output wire too thin?

5) Output ripple voltage is large
@ Is the measuring method used the same or equiva-
lent with the specified method in the Application
Notes?
@ Is the input ripple voltage value within the specified
value?

PAF
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PAF600F24 SERIES Instruction Manual

@ PAF400F280 Instruction Manual [[%D B-126Page

@ PAF450F280, 600F280 Instruction Manual ([ <>~ B-136Page

Before using this product

Be sure to take note of precautions and warnings indicated in
this manual when using this product. Improper usage may lead
to electric shock or fire. Be sure to read this instruction manual
thoroughly before using this product

\ /\ Precautions

@ Avoid touching the baseplate and the case of this product
because they get hot.

@ There are high voltage and high temperature components
within this product. Refrain from disassembling this product or
touching its internal components as this may lead to electric
shock or burn.

@ To avoid unexpected accident from placing hands or face
near the unit during operation.

@ Confirm connections to input/output terminals and signal ter-
minals are correct as indicated in the instruction manual.

@ For acquisition of various safety standards and safety im-
provement, be sure to use an external fuse. This product is
designed for installation on electronic equipment.

@ For input terminals of 24V input models, apply an voltage

from a primary source with reinforced or double insulation.

@ Output voltage of this product is considered to have hazardous
energy level (voltage of 2V and above with power of 240W
and above) and must not have physical contact with operator.
Protection must be provided on this module when installed on
equipment to prevent physical contact with service technician
himself or accidentally dropped tools during repair. Before re-
pair, be sure to turn off the input source and confirm that input
and output voltage have drop down to a safe level.

@ Application circuit or component values described in this
instruction manual are for reference only. When designing cir-
cuit, be sure to verify actual circuit operation before determin-
ing final application circuit or component values. Contents of
this instruction manual are subject to change without notice.
When using this product, please refer to latest data sheet to
satisfy this product specification.

@ No part of this instruction manual may be reproduced, or
transmitted in any form or by any other means without prior
consent of Densei-Lambda, K.K.

1.Explanations

on Specifications

*Please refer to PAF500F24 instruction manu-
al for other specifications.

K Input Voltage Range

Input voltage range for PAF600F24 Series is indicated be-
low.

Input Voltage Range:
PAF600F24-12 20-36VDC
PAF600F24-28 19-36VDC

H Output Voltage Adjustment Range

Output voltage could be adjusted within the range de-
scribed below by external resistor or variable resistor, or
by applying external voltage. However, take note that OVP
might trigger when output voltage adjustment exceeds the
ranges indicated below.

Output Voltage Adjustment Range
-40% to +10% of nominal output voltage

B-116

Furthermore, when increasing the output voltage reduce
the output current so as not to exceed the maximum output
power.

Also, take note that when output voltage is increased,
input voltage range is limited as shown in Fig. 2-1.

With the external circuit below, remote sensing is possible
even when output voltage is varied.

"
o

12V Model ! ! !
00 B e (e e e e e

-

©
o

Output Voltage (%)

80 [ [ o e R I

! ! ! ! ! !

18 19 20 21 25
Input Voltage (VDC)

Fig.2-1 Limit of Input Voltage

- All specifications are subject to change without notice.
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PAF500, 600, 700F48 SERIES Instruction Manual

Before using this product

Be sure to take note of precautions and warnings indicated in
this manual when using this product. Improper usage may lead
to electric shock or fire. Be sure to read this instruction manual
thoroughly before using this product

| A\ Precautions

@ Avoid touching the baseplate and the case of this product
because they get hot.

@ There are high voltage and high temperature components
within this product. Refrain from disassembling this product or
touching its internal components as this may lead to electric
shock or burn.

@ To avoid unexpected accident from placing hands or face
near the unit during operation.

@ Confirm connections to input/output terminals and signal ter-
minals are correct as indicated in the instruction manual.

@ For acquisition of various Safety Standards and safety im-
provement, be sure to use an external fuse. This product is
designed for installation on electronic equipment.

@ For input terminals of 48V input models, apply a voltage from
a primary source with reinforced or double insulation.

@ Output voltage of this product is considered to have hazardous
energy level (voltage of 2V and above with power of 240W
and above) and must not have physical contact with operator.
Protection must be provided on this module when installed on
equipment to prevent physical contact with service technician
himself or accidentally dropped tools during repair. Before re-
pair, be sure to turn off the input source and confirm that input
and output voltage have dropped down to a safe level.

@ Application circuit or component values described in this
instruction manual are for reference only. When designing cir-
cuit, be sure to verify actual circuit operation before determin-
ing final application circuit or component values. Contents of
this instruction manual are subject to change without notice.
When using this product, please refer to latest data sheet to
satisfy this product specification.

@ No part of this instruction manual may be reproduced, or
transmitted in any form or by any other means without prior
consent of Densei-Lambda, K.K.

Note : CE Marking

CE Marking, when applied to a product covered by instruction
manual, indicates compliance with the low voltage directive
which complies with EN60950

1. Terminal Explanation

©

-

*1
o
3
XN =
(O] =N N}
ZO0FE+
0 booo-o @]
O 0 0 0 o o
—v[o
O|=Vin —vl|o
. _v|o
ol +vin Name Plate
o| —ON/OFF V|0
o| +ON/OFF +v|o
+v|o
@)

[Input Side Terminals]
+Vin: +Input Terminal
—Vin: —Input Terminal

[Control Terminals]
+ON/OFF: +ON/OFF Control
—ON/OFF: —ON/OFF Control

[Output Side Terminals]

+V: +Output Terminal

—V: —Output Terminal

+S: +Remote Sensing

—S: —Remote Sensing

TRIM: Output Voltage Trimming Terminal
PC: Output Current Balance Terminal
I0OG/OVP: Inverter Operation Good

(10G; 12V, 28V Model)*1
Over Voltage Protection Operating Voltage Trim-
ming Terminal
(OVP; 3.3V, 5V Model) *1
AUX: Aucxiliary Power Supply for External Signals

*1 Depending on the model, this terminal is IOG terminal or OVP terminal.

Baseplate can be connected to FG trough M3 mounting tapped holes.
Connect +Vin, -Vin, +V, -V with consideration of contacting resistance.

- All specifications are subject to change without notice.
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2. Explanations on Specifications

K Input Voltage Range

Input voltage range for PAF500, 600, 700F48 Series is
indicated below.

Input Voltage Range: 36 ~ 76VDC

Basically, ripple voltage (Vrpl) which results from rectifica-
tion and filtering of commercial AC line is included within
the input voltage as shown in Fig.1-1. Ripple voltage must
be limited within the voltage described below.

Allowable input ripple voltage: 4Vp-p

When this value is exceeded, the output ripple voltage be-
comes large.

Note that sudden input voltage change may cause varia-
tion of output voltage transitionally.

Also, input voltage waveform peak value must not exceed
above input voltage range.

Vrpl Input Voltage
below 4v | Range

Input Voltage

Time

Fig.1-1 Ripple Voltage

@Basic Connection

Fuse

—

Baseplate

Fig.1-2 Basic Connection

Input Fuse

This power module has no built-in fuse. Use external fuse
to acquire various Safety Standards and to improve safety.
Also, use fast-blow type for every module.

Furthermore, fuse must be connected to the +Vin side if
-Vin side is used as ground, or fuse must be connected to
-Vin side if +Vin side is used as a ground.

Input Fuse recommended current rating : 30A
(F30AH, 100/250V)

B-118

C1:

To prevent the effect of input line inductance to the power
module, connect electrolytic capacitor or ceramic capaci-
tor between +Vin and -Vin terminals.

Furthermore, use electrolytic capacitor with small ESR
value. Especially take note that during line turn off at low
ambient temperature, power module output will not nor-
mally shut down due to unstable C1 voltage.

Also, ripple current flows across this capacitor. Therefore,
verify maximum allowable ripple current this capacitor
when selecting component. Verify actual ripple current
value by actual measurement.

Recommended capacitor value

PAF500, 600F48: 100uF and above
(voltage rating 100V and above)
PAF700F48: 220uF X 2 and above
(voltage rating 100V and above)

Note) 1. Use low impedance electrolytic capacitor with excel-
lent temperature characteristics.
(Nippon Chemicon LXV Series or equivalent)

2. When input line inductance becomes excessively high
due to insertion of choke coil, operation of the power
module could become unstable. For this case, in-
crease C1 value more than the value indicated above.

3. For PAF500, 600F48 series, when ambient tempera-
ture becomes lower than -20°C , connect two capaci-
tors indicated above in parallel to reduce ESR.

C2: 10uF

To reduce spike noise voltage at the output, connect a ce-
ramic capacitor between +V and -V within 50mm distance
from the output terminals.

Also, take note that output spike noise voltage could vary
according to PCB wiring design.

C3:

For stable operation, connect an electrolytic capacitor be-
tween +V and -V at 50mm distance from the output termi-
nals.

Take note that output ripple and output shutdown could be
affected by electrolytic capacitor, equivalent impedance
and inductance characteristics of wiring.

Take note that output ripple voltage could vary according
to PCB wiring design.

For cases of abrupt changes in load current or input volt-
age, increasing capacitance value of the external capaci-
tors could reduce the voltage fluctuation.

Vout C3

3.3V 10V 5600uF X 2 (*1)
5v 10V 5600 uF X 2 (*1)
12v 25V 470 uF

28V 50V 220 uF

*1 parallel connect
Table1-1 C3: Recommended Values of External
Output Capacitor

- All specifications are subject to change without notice.
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Note) 1. Use low impedance electrolytic capacitor with
excellent temperature characteristics.
(Nippon Chemicon LXY Series or equivalent)

2. For 12V, 28V models, use capacitors indicated
above in parallel when ambient temperature be-
comes lower than -20°C to reduce ESR.
Quantity for capacitors are as follows.

PAF500F48: 2pcs
PAF600F48: 3pcs
PAF700F48: 4pcs

3. Take note of the allowable ripple current of the
capacitor to be used. Especially, when load
adding capacitors for abrupt current changes,
be sure to verify that ripple current does not ex-
ceed allowable ripple current before use.

C4:

When switches or connectors are used between input
source and PAF500, 600, 700F48 Series input terminals,
impulse surge voltage is generated due to input throw-
in by switch on/off or due to inserting/removing of power
module from the active line. For this case, connect an ad-
ditional electrolytic capacitor C4 as shown in fig.1-3 and
fig.1-4.

Recommended Capacitance Value: 100 u F and above
(Voltage Rating 100V and above)

Also, in-rush current flows at line throw-in. Therefore, be
sure to verify capability of switch or fuse to withstand It at
line throw-in.

Swich

Fig.1-3 Input Filter with Input Switch

Switch Fuse

o +Vin

Fuse +Vin

—Vin

Fig.1-4 Input Filter when Plural Power
D1:
Only for 3.3V and 5V models, for stable output operation
at momentary input voltage line-drop, connect small VF
value schottky barrier diode D1.

Recommended reverse voltage rating: 30V and above
Recommended current rating: 100mA and above

Reverse input connections

Reverse input polarity would cause module damage. For
cases where reverse connections are possible, connect a
protective diode or fuse. Use protective diode with higher
voltage rating than the input voltage, and with higher surge
current rating than the fuse.

- All specifications are subject to change without notice.
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Fig.1-5 Protection for Reversed Connection of Input

@ Recommended input filer as EMI counter-measure
(conforms to VCCI Class 1, FCC class A)

Fuse L1

[ P A

Cc6_— LC7
e
Baseplate

Fig.1-6 Recommended input filer as EMI countermeasure

Recommended Values:

C1: 470uF (Electrolytic Capacitor)

C5: 2.2uF (Ceramic Capacitor)

C6,C7: PAF500F48 - 0.1uF

C6,C7: PAF600, 700F48 - 0.15uF (Ceramic Capacitor)

L1: 1 mH (Common mode choke coil)

Note) 1. For the power module output, connect output capaci-
tors described in the basic circuit connection.

2. VCCI Class 1, FCC Class A limits can be satisfied
with the above recommended filter at Densei-Lambda
measuring conditions. However, there are cases where
above limits might not be satisfied due to input and
output wiring method, as well as, peripheral circuits.
When selecting input filter, be sure to verify actual
EMI characteristics (CE and RE) before finalizing the
filter. Refer to PAF500F48-% or PAF600F48-% or
PAF700F48-* Evaluation Data for details.

K Output Voltage Adjustment Range

Output voltage could be adjusted within the range de-
scribed below by external resistor or variable resistor, or
by applying external voltage. However, take note that OVP
might trigger when output voltage adjustment exceeds the
ranges indicated below.

Output Voltage Adjustment Range

3.3V, 5V:
12V, 28V
PAF500-600F48: -40% to +10% of Nominal Output Voltage
PAF700F48: -40% to +15% of Nominal Output Voltage

-40% to +20% of Nominal Output Voltage

Furthermore, when increasing the output voltage reduce
the output current so as not to exceed the maximum output
power.

Also, take note that when output voltage is increased, in-
put voltage range is limited as shown in fig. 2-1.

With the external circuit below, remote sensing is possible
even when output voltage is varied. For details on remote
sensing function, please refer to ”9. Remote Sensing”
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| 3.3V, 5V Model
| PAF700F48-12V, 28V Model |

120 [---a----4 [
1 i I

PAF500 - 600F48-12V, 28V Mode! |

Output Voltage (%)

40 45 50 55
Input Voltage (VDC)

Fig.2-1 Limit of Input Voltage

Output Voltage Adjustment by external resistor or by
variable resistor

Resistor values, as well as, connecting methods for ex-
ternal resistor (R2) and external variable resistor (VR) are
described below.

In this case, using VR as remote programming resistor, re-
mote programming of output voltage can be possible.

Also, be sure to connect remote programming resistor be-
tween +S terminal and +V terminal.

3.3V 5V 12V 28V

R2 3.9k 6.8k 6.8k 6.8 k

VR 10k 10k 20k 50k
Unit : [Q]

External Resistor: below=*+5% Tolerance
Variable Resistor: below+20% Tolerance
below 1% Remain
Table2-1 Values of External Resistor and Variable Resistor

3.3V, 5V: -40% to +20% Variable
12V, 28V
PAF500-600F48 : -40% to +10% Variable
PAF700F48 : -40% to +15% Variable
3.3V 5V 12V 28V
R2 20k 43k 43k 43k
VR 2k 2k 5k 10k
Unit: [Q]

External Resistor: below=®5% Tolerance
Variable Resistor: below+20% Tolerance

below 1% Remain
Table2-2 Values of External Resistor and
Variable Resistor (=10% Variable )

Load

Fig.2-2 Example Connection of External Resistor

B-120

TDK-Lambda

Output Voltage Adjustment by applying external voltage

By applying external voltage at the TRIM terminal, output

voltage can be adjusted within the same output voltage

adjustment range as the output voltage adjustment by

external resistor or variable resistor. For this case, output

voltage can be determined by the formula shown below.
Output Voltage = TRIM Terminal Voltage

X Nominal Output Voltage
Load

+

1

External
Voltage

Fig.2-3 Output Voltage Adjustment by applying external voltage

For applications other than the above, refer to the trim cir-
cuit below and determine external circuit and component
values.

Error Amplifier — NW—0O 45
7.32kQ
O TRIM
_ 1 1.225v
[ Reference 324k Q %®Q
Voltage
O]

Fig.2-4 TRIM Circuit (For the Reference)

El Maximum Ripple and Noise

Measured value according to the specified methods based
on JEITA-9141 (Clause 7.12 and clause 7.13) which is
described in the following.

Connect according to fig.3-1and measure. Connect capaci-
tors (C2: ceramic capacitor 10uF, C3: refer to table 1-1
for electrolytic capacitor values) at 50mm distance from
the output terminals. Measure at ceramic capacitor (C2)
leads as shown in fig. 3-1using coaxial cable with JEITA
attachment. Use oscilloscope with 100MHz frequency
bandwidth or equivalent.

Take note that output ripple voltage and output spike noise
may vary depending on PCB wiring design.

Generally, output ripple voltage and output spike noise can
be reduced by increasing capacitance value of external
capacitor.

As short as possible
+v n— ,
+
Cc2 Z%: a3 Load
v T

1.5m 50Q R

Oscilloscope

Coaxial Cable

C JEITA Attachment
R:50Q

C:4700pF
L
Fig.3-1 Measurement of Maximum Output
Ripple & Noise

- All specifications are subject to change without notice.
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I Maximum Line Regulation

Maximum value of output voltage change when input volt-
age is gradually varied (steady state) within specified input
voltage range.

H Maximum Load Regulation

Maximum value of output voltage change when output cur-
rent is gradually varied (steady state) within specified out-
put current range.

When using at dynamic load mode, audible noise could be
heard from the power module and output voltage fluctua-
tion might increase. A thorough pre-evaluation must be
performed before using this power module.

[@ Over Current Protection (OCP)

This power module has built-in OCP function.

Output will recover when short circuit or overload condi-
tions are released. OCP setting value is fixed and there-
fore, cannot be externally adjusted.

Also, take note that power module might be damaged con-
tinuing output short circuit or over load conditions depend-
ing on thermal conditions.

Over Voltage Protection (OVP; OVP terminal)

This power module has built-in OVP function.

OVP set point is relative to the rated output voltage value.
When OVP is triggered, output can be recovered by turn-
ing input line off and then turning it on again after lowering
the input voltage below the voltage value indicated below,
or by manual reset of the control ON/OFF terminal. Reset
time for ON/OFF terminal is 100ms or longer.

OVP release input voltage value: 24VDC and below

When verifying OVP function by applying external voltage
at the output terminals, applied voltage value should not
exceed specified OVP maximum value. Refer to specifica-
tion table for OVP maximum value. Avoid applying external
voltage that exceeds OVP maximum value because this
will cause power module damage.

For 3.3V, 5V models, OVP setting value could be adjusted
as described below by external resistor connections. OVP
setting value for 12V, 28V models is fixed and cannot be
adjusted externally.

OVP setting adjustment method (for 3.3V, 5V models only)
For 3.3V, 5V models, when output voltage is set lower
than the typical output voltage rating, OVP setting value
can be adjusted by connecting external resistor (R3) be-
tween OVP terminal and -V terminal. When connecting
external resistor (R3) to the -V terminal, wiring should be
made such that the effect of voltage drop due to load cur-
rent is eliminated.

When there is no need to change OVP setting value, be
sure to leave the OVP terminal open.

OVP setting adjustment range is shown below.

- All specifications are subject to change without notice.
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OVP Setting Adjustment Range
3.3V: 2.60V - 4.785V (78.8% - 145% )
5V: 3.50V -6.75V  (70% - 135% )

N

\

Load

-

Fig.7-1 Example Connection of External Resistor

Formula for determining OVP setting value (Vovp: TYP
value) by external resistor (R3) connection is shown below.

R3+100  r1+r2

R3+1100 r2

Vovp: OVP Setting Value

Vref: Internal Reference Voltage (TYP 1.225V)

r1, r2: Internal Output Voltage Detecting resistor
(Refer to below table)

Vovp=Vref -

3.3V 5V
r 8.2k 6.8k
r2 2.7k 1.5k
Unit : [Q]

Table7-1 r1, r2 Resistor Value (TYP Value)

Also, formula for determining external resistor (R3) value
(TYP value) to set OVP voltage value (Vovp) arbitrarily
within the above range is shown below.

Vref - 100 - (r1+4r2) —Vovp - r2 - 1100
Vovp * r2— (r1+r2) - Vref

Graph representation of the above formulae is shown in fig.
7-2.

Resistor value calculated from this formula is a typical
value. When using this function verify that OVP functions
properly triggers at setting value by raising output voltage
using TRIM terminal, or by applying external voltage.

R3=

7

sy
6 A
p
4
s’ /
< ] 33V
>
3 /. /
> /
4 /
/
7/
//
7/
3 7
2
102 10° 104 10° 108

R3 (Q)

Fig.7-2 OVP Setting Voltage - R3 Resistor Value
(TYP Value)

When using the remote sensing function, output voltage
at the output terminals of the power module generally be-
comes higher than the voltage at the load input terminals.
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OVP circuit monitors output voltage from the output termi-
nals. Therefore, for cases where remote sensing function
is used together, consider voltage drop from the power
module output terminals to the load input terminals when
setting OVP value.

Output voltage of the power module transitionally changes
when output load or input voltage suddenly change. For
this case, set enough margin for output voltage peak when
setting OVP value.

Be sure to verify beforehand that OVP does not falsely
trigger at actual evaluation for worst output load or input
voltage conditions

HE Over Thermal Protection

This power module has built-in OTP function. This function
operates and shuts down the output when ambient temper-
ature or internal temperature of power module abnormally
rises. OTP operates at 105°C to 130°C baseplate tempera-
ture. Output shutdown due to OTP can be released when
baseplate temperature drops down approximately to within
80°C to 95°C . However, take note that OTP will operate
again unless the cause of abnormal heat of the power
module is eliminated.

El Remote Sensing (+S, -S terminal)

Remote sensing terminal is provided to compensate for
voltage drop across the wirings from the power module
output terminal to the load input terminal.

When remote sensing function is not used (local sensing),
short +S terminal to +V terminal and, -S terminal to -V ter-
minal.

Take note that voltage compensation range for line drop
(voltage drop due to wiring) is determined such that out-
put voltage at the output terminals is within output volt-
age range and that voltage between -V and -S terminals
is within 2V or less. Even for remote sensing case, use
power module such that output power is within specified
maximum output power. Furthermore, reduce noise effect
by using shielded wire, twisted pair, or parallel pattern.

Stabilize the output voltage at

load terminal \ =
+
z%{ } (

Fig.9-1 Remote Sensing at Use

+V

Stabilize the output voltage at

output terminal
P Load

Fig.9-2 Remote Sensing Not in Use
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1 ON/OFF Control(+ON/OFF, -ON/OFF terminal)

Output can also be turned ON/OFF even without turning
the input line ON/OFF. An ON/OFF control circuit is pro-
vided which is isolated from the input side as well as the
output side. (Isolation withstand voltage: 1.5kVDC).
Connection of ON/OFF terminal is as follows. As shown in
the figure below, output voltage turns ON when current is
made to flow through ON/OFF terminal. ON/OFF terminal
can be controlled by opening or closing connections (with
switch or relay), or by photo-coupler ON/OFF.

Maximum source current for ON/OFF terminal is SmA.
Therefore, set current limiting resistor value such that this
maximum source current value is not exceeded. Also, the
allowable maximum reverse current flow is 10mA.

A.Controlling the ON/OFF terminal from the input side
Connect current limiting resistor R1 as shown in fig
10-1.

O
—ON/OFF

1(ON/OFF)

Fig.10-1 Connection of ON/OFF Control (A)
R1 Recommended Resistor Value: 30k Q(1/2W)

B.Controlling the ON/OFF terminal from the output side
Connect the current limiting resistor R4 as shown in fig.
10-2.

R4

I

1(ON/OFF) —ON/OFF

Fig.10-2 Connection of ON/OFF Control (B)
R4 Recommended Resistor Value: 2k Q(1/6W)

C. Controlling the ON/OFF terminal by an external power
supply

If necessary connect a current limiting resistor R5 as

shown in fig.10-3.

RS TON/OFF

M
»

1€
D

_lexsv
- I(ON/OFF)
D

—ON/OFF

Fig.10-3 Connection of ON/OFF Control (C)

Note) 1. When wiring becomes long, connect a capacitor of
about 0.1uF value between the +ON/OFF terminal

and -ON/OFF terminal at a nearest distance, )
- All specifications are subject to change without notice.
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2. Current limiting resistor can also be connected to the
-ON/OFF terminal side.

Output Status
ON/OFF Level Standard Option (*1)
Open OFF ON
1mA=|(ON/OFF) =5mA ON OFF

*1 For option models, inquire to Densei-Lambda.
Table10-1 ON/OFF Control Mode

fi] Parallel Operation (PC terminal)

By connecting the PC terminal of each power module,
output current can be equally drawn from each module. A
maximum of 11 units of the same model can be connect-
ed.

Furthermore, be sure that the output power of every mod-
ule does not exceed the maximum output power value.

By setting output voltage accuracy of each module in a
parallel operation to within 1%, the maximum value of
the output current that can be drawn is 95 % of the total
rated output current.

Refer to “Parallel Operation” of the PH-Series Application
Notes for details,

tHl Series Operation

Series operation is possible for PAF500, 600, 700F48 se-
ries. Connections shown fig.12-1and fig.12-2 are possible.

Load

Fig.12-1 Series Operation in High Output Voltage

+S

+V n +
Load

—v _

—S

+S

+Vv +

Load

Fig.12-2 £ Output Series Operation

K 1.0.G. signal (I0G terminal)

This function is built-in for 12V, 28V models.

Normal or abnormal operation of the power module can be
monitored by using the I0G terminal. Output of this signal
monitor is located at secondary side (output side) and is
an open collector output.

This signal is LOW when inverter is normally operating and
HIGH when inverter stops or when inverter is operating ab-
normally. (Maximum sink current is 5mA, maximum applied
voltage is 35V.)

- All specifications are subject to change without notice.
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Ground for the I0G terminal is the -S terminal.
Also note that I0G becomes unstable for following condi-
tions:

@ Operation of Over Current Protection (OCP)

@ Light load conditions at parallel operation

@ Dynamic load operation
Also take note that this function cannot be used for3.3V
and 5V models.

i Auxiliary power supply for external signals (AUX terminal)

For AUX terminal, output voltage value is within 7~
10VDC range, maximum output current is 20mA. Ground
for the AUX terminal is -S terminal.

Avoid short circuit of AUX terminal with other terminals as
this would lead to power module damage.

f Operating ambient temperature

There is no restriction on mounting direction but there
should be enough consideration for airflow so that heat
does not accumulate around the power module vicinity.
Determine external components configuration and mount-
ing direction on PCB such that air could flow through the
heatsink at forced cooling and conventional cooling.

By maintaining actual baseplate temperature below 100°C,
operation is possible.

For details on thermal design, refer to Application Notes
“Thermal Design” .

Note) 1. Maximum baseplate temperature is 100°C. For worst
case operating condition, verify baseplate temperature
at measurement point indicated in fig. 15-1.

Input Side | 42mm l Output Side

\ Temperature

[~ Measuring Point
of Baseplate

Fig.15-1 Temperature Measurement
Point of Baseplate

2. There is limitation on baseplate temperature range for
PAF700F48 as shown in fig.15-2.

120

100 \
86 [ A B R SR =

80

60

Load (%)

40

20

|
|
e
|
I
|
|
|
I
1
|
|
|
|
|
|
|
r
|
|
|
I
I

40 20 0 20 60 80 100 120
Baseplate Temperature (°C)

Fig.15-2 PAF700F48 Derating curve

For better improvement of power module reliability, derat-
ing of baseplate temperature when using is recommended.

i@ Operating Ambient Humidity

Take note that moisture could lead to power module abnor-
mal operation or damage.
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Storage Ambient Temperature

Abrupt temperature change would cause moisture forma-
tion that leads to poor solderability of each terminal of the
power module.

] Storage Ambient Humidity

Take enough care when storing the power module because
rust which causes poor solderability would form in each
terminal when stored in high temperature, high humidity
environment.

] Cooling Method

Operating temperature range is specified by the baseplate
temperature. Therefore, several method of heat dissipation
is possible.

For details on thermal design, refer to Application Notes
“Thermal Design”.

Pi) Baseplate Temperature vs. Output Voltage Drift

Output voltage drift is defined as the rate of voltage
change when baseplate temperature only is changed dur-
ing operation.

Al Withstand Voltage

This power module is designed to have a withstand voltage
of 1.5kVDC between input to baseplate, 1.5kVDC between
input to output, 1.5kVDC between the control terminals to
input/output and 500VDC between output to baseplate for
1 minute. When conducting withstand voltage test during
incoming inspection, be sure to apply DC voltage. Also,
set the current limit value of the withstand voltage testing
equipment to 10maA.

Be sure to avoid conducting test with AC voltage because
this would cause power module damage.

Furthermore, avoid throw in or shut off of the testing equip-
ment when applying or when shutting down the test volt-
age. Instead, gradually increase or decrease the applied
voltage. Take note especially not to use the timer of the
test equipment because when the timer switches the ap-
plied voltage off, impulse voltage which has several times
the magnitude of the applied voltage is generated causing
damage to the power module.

Short the output side as shown in the diagram below.

Withstand

@@

1.5kVDC 1minute (10mA)
Fig.21-1 Withstand Voltage Tester for
Input-Baseplate

Withstand
Voltage Tester

Baseplate
©
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1.5kVDC 1minute (10mA)
Fig.21-2 Withstand Voltage Tester for
Input-Output

Withstand
Voltage tester

Baseplate
©

1.5kVDC 1minute (10mA)
Fig.21-3 Withstand Voltage Tester for
ON/OFF-Input/Output

Withstand
Voltage tester

o

500VDC 1minute (10mA)
Fig.21-4 Withstand Voltage Tester for
Output-Baseplate

PF Insulation Resistance

Use DC insulation tester (MAX 500V) between output
and baseplate. Insulation resistance value is 100MQ and
above at 500VDC applied voltage. Also take note that de-
pending on the insulation tester used, some testers gener-
ate high voltage pulse. Discharge the power module after
test using a resistor, etc.

Baseplate
©

Isolation Tester | Baseplate
! ©
®¢

Over 100MQ at 500VDC
Fig.22-1 Isolation Test

PE] Withstand Vibration

Refer to Application Notes “Mounting Method” section.

1 Withstand Shock

Withstand shock value is defined to be the value at Densei
Lambda shipment and packaging conditions.

FH Others

The performance of a system with Power Module is in-
fluenced according to various conditions -- PCBs, chas-
sis, mechanics, heat dissipation. Please evaluate actual
products, and confirm its performance. (For details, please
refer Power Module Application Note.)

- All specifications are subject to change without notice.
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4. Before concluding power module damage

Verify following items before concluding power module
damage.
1) No output voltage

@ Is specified input voltage applied?

@® Are the ON/OFF control terminal (+ON/OFF,
-ON/OFF), remote sensing terminal (+S, -S), output
voltage trimming terminal (TRIM), Over Voltage Pro-
tection operating voltage trimming terminal (OVP)
correctly connected?

@ Is output current of the auxiliary power supply for
external signals terminal (AUX) within the specified
value ?

@ For cases where output voltage adjustment is used,
is the resistor or variable resistor setting, connec-
tions correctly done?

@ Are there no abnormalities in the output load used?

@ Is the baseplate temperature within the specified
temperature range?

2) Output voltage is high
@ Are the remote sensing terminals (+S, -S) correctly
connected?
@ Is the measurement done at the sensing points?
@ For cases where output voltage adjustment is used,
is the resistor or volume setting, connections cor-
rectly done?

- All specifications are subject to change without notice.

3)

5)

Output voltage is low

@ Is specified input voltage applied?

@ Are the remote sensing terminals (+S, -S) correctly
connected?

@ Is the measurement done at the sensing points?

@ For cases where output voltage adjustment is used,
is the resistor or variable resistor setting, connec-
tions correctly done?

@ Are there no abnormalities in the output load used?

Load regulation and line regulation is large

@ Is specified input voltage applied?

@ Are the input terminals and the output terminals firmly
connected?

@ Is the measurement done at the sensing points?

@ Is the input or output wire too thin?

Output ripple voltage is large

@ Is the measuring method used the same or equiva-
lent with the specified method in the Application
Notes?

@ Is the input ripple voltage value within the specified
value?
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PAF400F280 SERIES Instruction Manual

@ PAF-F24, -F48 Instruction Manual [ <5~ B-108Page

@ PAF450F280, 600F280 Instruction Manual ([ <>~ B-136Page

Before using this product

Be sure to take note of precautions and warnings indicated in
this manual when using this product. Improper usage may lead
to electric shock or fire. Be sure to read this instruction manual
thoroughly before using this product

| A\ Caution |

@ Avoid touching the baseplate and the case of this product
because they get hot.

@ There are high voltage and high temperature components
within this product. Refrain from disassembling this product or
touching its internal components as this may lead to electric
shock or burn.

@ When the unit is operating, keep your hands and face away
from the unit. You may get injured by accident.

@ Confirm connections to input/output terminals and signal ter-
minals are correct as indicated in the instruction manual.

@ Attach a fast blow type external fuse to each module to en-
sure safety operation and compliance to each safety standard
approval.

@ This power module is designed for professional installation
within the end user equipment.

@ Output voltage of this product is considered to have hazard-
ous energy level (voltage of 2V and above with power of
240W and above) and must not have physical contact with
operator. Protection must be provided on this module when
installed on equipment to prevent physical contact with ser-
vice technician himself or accidentally dropped tools during
repair. Before repair, be sure to turn off the input source and
confirm that input and output voltage have dropped down to a
safe level.

@ The application circuits and their parameter are for reference
only. Be sure to verify effectiveness of application circuits
and their parameters before finalizing circuit design.

@ The information in this document is subject to change with-
out prior notice. For actual design-in, please refer to the lat-
est publications of data sheet, etc., for the most up-to date
specifications of the unit.

@ No part of this document may be copied or reproduced in any
for, or by any mean without prior written consent of Densei-Lambda.

1. Terminal Explanation

J

OVPALM @ BAUX

OVIRM@ @IMON
PCO OIOG

oven @TRIM

©

G

-Vv|O

o[—Vin —=V[O
—V[O

o|+Vin —-V|{O
Name Plate +lo

o|SG +vio
O ENT +v|o
+v|o

G

[Input Terminals]
+Vin @ +Input Terminal
—Vin ! —Input Terminal

[Control Terminals]

CNT : ON/OFF Control Terminals

SG: ON/OFF Control (ground side)
terminal

[Output Terminals]

+V: +Output Terminal

—V: —Output Terminal

+S: +Remote Sensing

—S: —Remote Sensing

TRIM : Output Voltage Trimming Terminal

PC: Output Current Balance Terminal

10G : Inverter Operation Good

OVP : Remote Over Voltage Protection Sensing terminal

OVPALM : Over Voltage Protection Operating Monitor Termi-
nal

OVTRM :  Over Voltage Protection trip Voltage Trimming ter-
minal

IMON : Output Current Monitor Terminal

AUX : Aucxiliary Power Supply for External Signals

Baseplate can be connected to FG through M3 mounting tapped holes.
Consider contact resistance, when connecting +Vin, -Vin, +V, -V.
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2. Explanations on Specifications

H Input Voltage Range

Input voltage range for PAF400F280 Series is indicated
below.

Input Voltage Range : 200 - 400VDC

Basically, ripple voltage (Vrpl) which results from rectifica-
tion and filtering of commercial AC line is included within
the input voltage as shown in Fig.1-1. Ripple voltage must
be limited within the voltage described below.

Allowable input ripple voltage : 20Vp-p

When this value is exceeded, the output ripple voltage be-
comes large.

Note that abrupt input voltage change could cause the out-
put voltage to fluctuate during transition.

Also, input voltage waveform peak value must not exceed
above input voltage range.

y

Vrpl Input Voltage
Below 20V | Range

Input Voltage

time

Fig.1-1 Ripple Voltage

@Basic Connection

50mm and below

T 9c7 e

Load

OVPALM
Base OVTRM

IMON
©
© AUX

Fig.1-2 Basic Connection

Input Fuse

PAF400F280 Series module is not internally fused. To
ensure safe operation and to receive each Safety Standard
approval, please connect an external fuse (fast-blow type)
as shown in Fig.1-2.

Recommended input fuse current rating : 5A or 6.3A

C1:

Input capacitor C1 is recommended to stabilize the mod-
ule when the module is powered from a high impedance
source.

Select electrolytic capacitor with low ESR and sufficient
allowable ripple current.

- All specifications are subject to change without notice.

Verify actual ripple current value by actual measurement.
Recommended capacitor value : 22uF and above

Note)  When input line inductance becomes excessively

high due to insertion of choke coil, operation of
the power module could become unstable. For
this case, increase C1 value more than the value
indicated above.

C2, C3: 330pF

To reduce spike noise voltage at the output, connect the
high withstand voltage ceramic capacitor from + Vin termi-
nal, -Vin terminal to the baseplate.

Withstand Voltage of C2, C3 : 3KVAC and above
Connect the C2 between +Vin terminal and baseplate, and
the C3 between -Vin terminal and baseplate with the short
connections as possible.

C4,C5:0.022uF
To reduce spike noise voltage at the output, connect a film
capacitor.

Withstand voltage of C4, C5 : 500VDC and above

Connect the C4 between +Vin terminal and baseplate, and
the C5 between -Vin terminal and baseplate with the short
connections as possible.

C6:10uF

To reduce spike noise voltage at the output, connect a ce-
ramic capacitor between +V and -V within 50mm distance
from the output terminals.

Also, take note that output spike noise voltage could vary
according to PCB wiring design.

Note) When ambient temperature become lower than 0°C, con-
nect ceramic capacitor with excellent temperature Char-
acteristics.

(TEMPERATURE CHARACTERISTICS CODE B)

C7-C11:2700uF * 5 (Parallel connection)

For stable operation, connect an electrolytic capacitor be-
tween +V and -V at 50mm distance from the output termi-
nals.

Take note that output ripple and output fall characteristics
could be affected by the electrolytic capacitor, equivalent
impedance and inductance characteristics of wiring.

Take note that output ripple voltage could vary according
to PCB wiring design.

For cases of abrupt changes in load current or input volt-
age, increasing capacitance value of the external capaci-
tors could reduce the voltage fluctuation.

Note) 1. Use low impedance electrolytic capacitor with excel-
lent temperature characteristics.
(Nippon Chemi-con LXV Series or equivalent)
2 . Take note of the allowable ripple current of the ca-

PAF
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pacitor to be used. Especially, for abrupt load current
changes, be sure to verify that ripple current does not
exceed allowable ripple current before use.

c12:
When switches or connectors are used between input
source and PAF400F280 Series input terminals, impulse
surge voltage is generated due to input throw-in by switch
on/off or due to inserting/removing of power module from
the active line. For this case, connect an additional elec-
trolytic capacitor C12 as shown in Fig.1-3 and Fig. 1-4.
Recommended Capacitance Value : 10 - 47uF and above
(Voltage Rating 400V and above)
Also, in-rush current flows at line throw-in. Therefore, be
sure to verify capability of switch or fuse to withstand 12t at
line throw-in.

Switch Fuse

fe d-\p +Vin

T c12
—Vin

Fig.1-3 Input Filter with Input Switch

Ny

Switch Fuse

opVe +Vin

]

Fuse +Vin

—Vin

Fig.1-4 Input Filter when Plural Power

Reverse input connections

Reverse input polarity would cause module damage. For
cases where reverse connections are possible, connect a
protective diode or fuse. Use protective diode with higher
voltage rating than the input voltage, and with higher surge
current rating than the fuse.

Fuse
+Vin

—Vin

Fig.1-5 Protection for Reversed Input Connection

H Output Voltage Adjustment Range

Output voltage could be adjusted within the range de-
scribed below by external resistor , variable resistor, or by
applying external voltage. However when OVP trip point is
adjusted by over voltage protection operating voltage trim-
ming terminal or remote over voltage protection monitor
terminal, as description in “8. Over Voltage Protection” ,
adjust output voltage under OVP trip point.
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Output Voltage Adjustment Range

1.8V : 1.0V -26V

3.3V: 22V -4.2V

5V : 29V -6.0V
When increasing the output voltage , reduce the output
current accordingly so as not to exceed the maximum out-
put power.
Also, take note that when output voltage is increased, in-
put voltage range is limited as shown in Fig.2-1. - Fig. 2-3.
Remote sensing is possible even when output voltage is
varied. For details on remote sensing function, please refer
to” 10. Remote Sensing”

w
1
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i
|
I
I
|
T
|
|
I
|
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|
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4
|
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I
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i
I
I
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1
|
I
|
I
|
i
I
|
|
|
T
I
I
I
I

T

Output Voltage(Vo)

Input Voltage(vVDC)
Fig.2-1 Limit of Input Voltage Range for Vo=1.8V

[

$ »
W s
T

Output Voltage(Vo)
w
N

Input Voltage(vVDC)
Fig.2-2 Limit of Input Voltage Range for Vo=3.3V

Output Voltage(Vo)

200 210 220 230 240
Input Voltage(vVDC)

Fig.2-3 Limit of Input Voltage Range for Vo=5V

Output Voltage Adjustment by external resistor or by
variable resistor

Resistor values, as well as, connecting methods for ex-
ternal resistor (R1) and external variable resistor (VR) are
shown in Table 2-1 and Fig 2-4 respectively.

Remote programming of output voltage can be achieved by
using VR.

1.8V 3.3V 5V
R1 5.6k 8.2k 6.8k
VR 5k 10k 20k
Unit : [Q]

External Resistor : below +/- 5% Tolerance
Variable Resistor : below +/-20% Tolerance
with end resistance below 1%
Table 2-1Values of External Resistor and Variable Resistor

- All specifications are subject to change without notice.
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Load

Fig.2-4 Example Connection of External Resistor

Output Voltage Adjustment by applying external
voltage

By applying external voltage at the TRIM terminal, output
voltage can be adjusted within the same output voltage
adjustment range as the output voltage adjustment by
external resistor or variable resistor. For this case, output
voltage can be determined by the formula shown below.

Output Voltage =
TRIM Terminal Voltage X Nominal Output Voltage

Load

—+

External
. Voltage .
Fig.2-5 Output Voltage Adjustment by

applying external voltage
For applications other than the above, refer to the trim circuit

below and determine external circuit and component values.

Error Amplifier /\/\/\,—Q +S
r
| OTRIM
7.32kQ

1.225V
'|' Reference§32‘4ko % 1kQ

Voltage

O-S
1.8V 3.3V 5v
r1 0.8k 2.3k 4.0k

Fig.2-6 TRIM Circuit (For the Reference)
Kl Maximum Output Power

Maximum output power for each output voltage is as fol-
lows.
Maximum Output Power

1.8V : 240W
3.3V : 390W
5V : 450W

When output voltage is adjusted, output power can be sup-
plied within maximum rated output current.

Reference : 1.8V output voltage module.
If adjust to 2.4V, 100A (240W) can be drawn.

If output voltage is more than above value, need
to derate the output current accordingly.

- All specifications are subject to change without notice.

TDK-Lambda

I Maximum Ripple and Noise

Measure according to the specified methods based on
JEITA RC-9141 (Clause 7.12 and clause 7.13) which is
described in the following.

Connect according to Fig.4-1 and measure. Connect
capacitors (C6: ceramic capacitor, C7-C11: electrolytic
capacitor) at 50mm distance from the output terminals.
Measure at ceramic capacitor (C6) leads as shown in
Fig.4-1 using coaxial cable with JEITA attachment. Use
oscilloscope with 100MHz frequency bandwidth or equivalent.
Take note that output ripple voltage and output spike noise
may vary depending on PCB wiring design.

Generally, output ripple voltage and output spike noise can be
reduced by increasing capacitance value of external capacitor.

As short as possible
+v n— :
+
C6 % C7/A’\/ Load
1.5m 50Q :
Coaxial Cable Oscilloscope

JEITA
Attachment
R:500Q
C:4700pF

50mm

[ ——

Fig.4-1 Measurement of Maximum Output Ripple & Noise

H Maximum Line Regulation

Maximum value of output voltage change when input voltage
is gradually varied (steady state) within specified input voltage
range.

[@ Maximum Load Regulation

Maximum value of output voltage change when output cur-
rent is gradually varied (steady state) within specified out-
put current range.

When using at dynamic load mode, audible noise may be
heard from the power module and output voltage fluctua-
tion might increase. A thorough pre-evaluation must be
performed before using this power module.

Over Current Protection (OCP)

This power module has built-in OCP function.

Output will recover when short circuit or overload condi-
tions are released. OCP setting value is fixed and there-
fore, cannot be externally adjusted.

Also, take note that power module might be damaged at
continuous output short circuit or over load conditions de-
pending on thermal conditions.

E3 Over Voltage Protection(OVP , OVPALM, OVTRM terminal)

This power module has built-in OVP function.
OVP set point is relative to the rated output voltage value.
When OVP is triggered, output can be recovered by turning
input line off and then turning it on again after lowering the
input voltage below the voltage value indicated below.

OVP release input voltage value: 40VDC and below
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To verify OVP function, use output voltage trimming function
to increase the output voltage.

Do not apply external voltage to output terminals to verify
the OVP function. This might cause power module damage.

Remote sensing function

OVP function has remote sensing function. With connect-
ing the OVP terminal as shown in Fig.8-1

C13 0.47uF

i

Fig.8-1 connection

C13:047uF
For stable operation, connect film capacitor between +V
and +S at 50mm distance from the output terminals.

OVP value at sensing point (OVP, -S) in connecting the
OVP terminal.

1.8V: 2,16V - 2.34V
3.3V: 3.795V - 4.125V
5vV:  5.75V - 6.25V

OVP setting adjustment method
By connecting the external resistor or applying external

voltage, OVP setting value can be adjusted within the
range described in below table.

OVP terminal OVP terminal
OPEN CONNECT
(*At Output Terminal) (*At Sensing Terminal)
1.8V 1.0V-2.8V 1.0V-2.2V
3.3V 2.5V-4.5V 2.5V-3.8V
5V 3.3V-6.3V 3.3vV-5.8V

Table 8-1 OVP Setting Value  “OVP trip point

When OVP setting value is not changed, be sure to open
OVTRM terminal

The external resistor is connected between OVTRM and
-S as shown in Fig.8-2

+s
+v , O+

Load

—v > O-
=S
OVTRM

R2

Fig.8-2 Example Connection of External Resistor

Formula for determining OVP setting value (Vovp : TYP
value) by external resistor (R3) connection is shown below.

Vovp=Vref - R2 . (r3+r4+15)
r2+R2 r5
Vovp: OVP Setting Value
Vref: Internal Reference Voltage (TYP 1.225V)
r2 - r5: Internal Output Voltage Detecting resistor
(Refer to below table)
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1.8V 3.3V 5V
2 1k 1k 1k
r3 6.8k 6.8k 6.8k
r4 8.2k 22k 39k
15 10k 10k 10k
Unit : [Q]

Table 8-2 r1 ~ r4 Resistor Value (TYP Value)

When OVP setting value is adjusted by the OVP terminal,
calculate OVP setting value with r3=0.
Also, equation for determining external resistor (R2) value
(TYP value) to set OVP voltage value (Vovp) arbitrarily
within the above range is shown below.
_ r2 - r5 - Vovp

Vref « (r3+r4+r5) —Vovp - 5
Graph representation of the above formulae is shown in
Fig.8-3 - Fig.8-5.
Resistor value calculated from this formula is a typical
value. When using this function, verify that OVP functions
properly triggered at the setting value by raising output
voltage using TRIM terminal.

R2

010z — :110’ — 10° : 1:05 : 10°
R2 (Q)

Fig.8-3 OVP Setting Voltage - R2 Resistor Value in

1.8V(TYP Value)

S
(=X
§3.5 | Connect
, |
25
2102 1(;‘
R2 (Q)
Fig.8-4 OVP Setting Voltage - R2 Resistor Value in 3.3V
(TYPValue)
6.5
6
55 —
— :| Connect
s °® i [
S
Sas
4
35

R2 (Q)
Fig.8-5 5 OVP Setting Voltage - R2 Resistor Value in
5V(TYP Value)

- All specifications are subject to change without notice.
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When using the remote sensing function, output voltage
at the output terminals of the power module generally be-
comes higher than the voltage at the load input terminals.
OVP circuit monitors output voltage from the output termi-
nals. Therefore, for cases where remote sensing function
is used together, consider voltage drop from the power
module output terminals to the load input terminals when
setting OVP value.

Output voltage of the power module excessively changes
when output load or input voltage abruptly change. For this
case, set enough margins for output voltage peak when
setting OVP value.

Be sure to verify beforehand that OVP does not falsely
trigger at actual evaluation for worst output load or input
voltage conditions

El Over Thermal Protection

This power module has built-in OTP function. This function
operates and shuts down the output when ambient temper-
ature or internal temperature of power module abnormally
rises. OTP operates at 95C to 115°C baseplate tempera-
ture.

Output can be recovered by turning input line off and then
turning it on again after temperature sufficiently decreased.

1 Remote Sensing (+S, -S terminal)

Remote sensing terminal is provided to compensate for
voltage drop across the wiring from the power module out-
put terminal to the load’ s input terminal.

When remote sensing function is not used (local sensing),
short +S terminal to +V terminal and, -S terminal to -V ter-
minal

Take note that voltage compensation range for line drop
(voltage drop due to wiring) should be kept such that out-
put voltage at the output terminals is within output voltage
range, and voltage between -V and -S terminals is within
2V or less. And the maximum power is not exceeded. Use
shielded wire, twist pair, or parallel pattern to reduce noise
effect.

Also take care of the inductance of the line load. Maintain
total inductance value under 200nH.

When this value is exceeded, characteristics of power
module might be unstable.

Stabilize the output voltage at

load Ierm\na\\ Load

Twisted
(example)

Stabilize the output voltage at
Output terminal

Load

Fig.10-2 Remote Sensing Not in Use

- All specifications are subject to change without notice.
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il ON/OFF Control (CNT, SG terminal)

Without turning the input supply on and off, the output can
be enabled and disabled using this function.

ON/OFF control circuit is on the input side (the primary
side), CNT terminal. Use the SG terminal as ground for
CNT terminal.

If this function is not used, short the CNT terminal and the
SG terminal.

1) The maximum allowable applied voltage for the CNT
terminal is 35V and the maximum reverse voltage
value is 0.7V. Also the source current for CNT terminal
is about 0.1mA.

When wiring becomes long, connect a capacitor about
0.1uF value between the CNT and the SG terminal at
a nearest distance.

2) ON/OFF terminal can be controlled by opening or closing
connections (with switch or relay), or by photo-coupler
ON/OFF.

Also for the secondary control, isolation can be
achieved through the use of a photo-coupler or
equivalent.

*When using photo-coupler, connect between the CNT and

the SG terminal to make transistor side shortest.

Fuse )
+Vin

T O —Vin

SG
!!\Ni
CNT

Fig.11-1 CNT, SG terminal connection

CNT Level Output Status
H (4V and above ) or Open OFF
L (0.8V and below )or short ON

Table 11-1 ON/OFF Control Mode

{A Parallel Operation (PC terminal)

By connecting the PC terminal of each power module and
adding the external circuit, output current can be equally
drawn from each module. A maximum of 20 units of the
same model can be connected.

Be sure that the output power of every module does not
exceed the maximum output power value.

By setting output voltage accuracy of each module in
a parallel operation to within £1% , the maximum value
of the output current can be drawn in the rated output
current..

Refer to “Parallel Operation” of the PAF400F280 series
Application Notes for details.

k] Series Operation

Series operation is possible for PAF400F280 series.
Connections shown Fig.13-1and Fig.13-2 is possible.

+s
+v +

N
Ny

Load

N
N+

—v —

Fig.13-1 Series Operation for High Output Voltage
Application
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Load

Fig.13-2 £ Output Series Operation

@ 1.0.G. signal (110G terminal)

Normal or abnormal operation of the power module can be
monitored by using the I0G terminal. Output of this signal
monitor is located at secondary side (output side) and is
an open collector output.

This signal is LOW when inverter is normally operating and
HIGH when inverter stops or when inverter is operating ab-
normally. (Maximum sink current is 5mA, maximum applied
voltage is 35V)

Ground for the 10G terminal is the-S terminal.

t8 Auxiliary power supply for externalsignals (AUX terminal)

For AUX terminal, output voltage value is within 11-
14VDC ranges, maximum output current is 20mA. Ground
for the AUX terminal is -S terminal.

Avoid short circuit of AUX terminal with other terminals as
this would lead to power module damage.

I3 Output Current Monitor Signals (IMON terminal)

By using the IMON terminals, output current condition can
be monitored.

Output generates OV in no load and 2.5V(typ value) in full
load.

Operating Ambient temperature

There is no restriction on mounting direction but there
should be enough consideration for airflow so that heat
does not accumulate around the power module vicinity.
Determine external components configuration and mount-
ing direction on PCB such that air could flow through the
heatsink at forced cooling and convection cooling.

By maintaining actual baseplate temperature below 85C,

operation is possible.

For details on thermal design, refer to power module Ap-

plication Notes “Thermal Design” .

Note) Maximum baseplate temperature is 85°C. For worst case
operating condition, verify baseplate temperature at mea-
surement point indicated in Fig. 17-1.

Input Side
Output Side

T
Temperature
Measuring Point
of Baseplate

Fig.17-1 Temperature Measurement

is

For better reliability, derating of baseplate temperature
recommended.
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tf] Operating Ambient Humidity

Take note that moisture could lead to power module abnor-
mal operation or damage.

[f] Storage Ambient Temperature

Abrupt temperature change would cause condensation
build-up that leads to poor solderability of terminals of the
power module.

Hi] Storage Ambient Humidity

High temperature and high humidity change would cause
the terminals on the module to oxidize. The quality of the
solder will become worse.

Hl Cooling Method

Operating temperature range is specified by the baseplate
temperature. Therefore, several method of heat dissipation
is possible.

For details on thermal design, refer to power module Appli-
cation Notes “Thermal Design”.

P7] Baseplate Temperature vs. Output Voltage Drift

Output voltage drift is defined as the rate of voltage
change when baseplate temperature only is changed dur-
ing operation.

PX] Withstand Voltage

This power module is designed to have a withstand volt-
age of 2.5kVAC between input and baseplate, and 3kVAC
between input and output for 1 minute.

When conducting withstand voltage test during incoming
inspection, be sure to set the current limit value of the
withstand voltage testing equipment to 20mA.

This power module is designed to have a withstand value
of 500VDC between output and baseplate for 1 minute.
When conducting withstand voltage test during incoming
inspection, be sure to apply DC voltage.

Be sure to avoid conducting test with AC voltage because
this would cause power module damage.

Furthermore, avoid throw in or shut off of the testing equip-
ment when applying or when shutting down the test volt-
age. Instead, gradually increase or decrease the applied
voltage. Take note especially not to use the timer of the
test equipment because when the timer switches the ap-
plied voltage off, impulse voltage which has several times
the magnitude of the applied voltage is generated causing
damage to the power module.

Short the output side as shown in the diagram below.

Withstand
Voltage tester

OVPALM
OVTRM
IMON
AUX

Base plate
O

2.5kVAC 1minute (20mA)
Fig.23-1 Withstand Voltage Test for Input-Baseplate

- All specifications are subject to change without notice.
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Withstand
Voltage tester

3kVAC 1minute (20mA)
Fig.23-2 Withstand Voltage Test for Input-Output

Withstand
Voltage tester

@

500VDC 1minute
Fig.23-3 Withstand Voltage Test for Output-Baseplate

PZl Insulation Resistance

Use DC insulation tester (MAX 500V) between output
and baseplate. Insulation resistance value is 100MQ and
above at 500VDC applied voltage. Make sure that during
testing, the isolation testers does not produce a high pulse

TDK-Lambda

when the applied voltage is varied. Ensure that the tester
is fully discharged after the test.

Isolation Tester

@@

Over 100MQ at 500VDC
Fig.24-1 Isolation Test
P Vibration

Refer to PAF400F280 series Application Notes “Mounting
Method” section.

3 Shock

Withstand shock value is defined to be the value at Den-
sei-Lambda shipment and packaging conditions.

Others

The performance of a system with Power Module is influ-
enced according to various conditions -- PCBs, chassis,
mechanics, heat dissipation. Please evaluate actual prod-
ucts, and confirm its performance. (For details, please refer
Power Module Application Note.)

3. Parallel Operation

E INTRODUCTION

PAF400F280 series equally shares current by connecting
each PC terminal and attaching a diode at output of each
power module in parallel.

When load current can not be supplied by only a unit of
power module, the output can be enhanced. Also, the reli-
ability of the system can be improved by reduction of out-
put power.

For power supply system requiring high reliability, it is pos-
sible to improve the reliability of the system by using N+1
units for load of N units.

- All specifications are subject to change without notice.

A PRECAUTION IN PARALLEL OPERATION

Basic cautions and warnings in parallel operation are as

follows.

@ Attach a diode at output of each power module.

@ Available to use 20 units maximum in identical model
(same output voltage).

@ Accuracy of output voltage adjustment shall be within
+1%.

@ Ground of PC terminal (signal ground) is -S terminal.
Avoid using power line as return ground.

@ Before restart, the output should be discharged suffi-
ciently after line or control is turned off. (For brown-out
at light loads, add discharging resistor at output.)

@ Use same length and size of output load wire between
power modules in parallel operation and loads.

@ For 10G, AUX and OVPALM usage, refer to explanation
in the manual.
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E PARALLEL OPERATION

(a) Basic connection of parallel operation

Load

»l

£

+s
+v -
-V
—S
PC
+s
+v
-V
—S
PC
Fig. 3-1

Basic connection

(b) Parallel operation programmed output voltage

Fig. 3-2 Programmed output voltage

(c) Parallel operation with adjustable output voltage

+s
+v

-V
—S
TRIM

Load

Fig. 3-3 Parallel operation with adjustable voltage

(d) Parallel operation when the output voltage is adjusted
by applying voltage externally

Load

Fig. 3-4 Parallel operation which is possible to adjust
output voltage by external applied voltage
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(e) Parallel operation when using OVP terminal

ovpP
+s
+v

-V

Load

Fig. 3-5 Parallel operation when using OVP terminal

(f) Parallel operation with programmed OVP trigger point

Fig. 3-6 Parallel operation with programmed OVP

trigger point

(g) Parallel connection for remote sensing

+S
+V

Load

Even if applying remote sensing, output voltage adjust-
ment is possible by the connections (b), (c), and (d).
Moreover, the OVP setting value can be changed by

connecting (e).

(h) Parallel connection with OVP remote sensing

Note) Please do sufficient evaluation on actual products
when applying N+1 redundant or parallel operation.

- All specifications are subject to change without notice.
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5. Before concluding power module damage

Verify following items before concluding power module
damage.

1) No output voltage

@ Is specified input voltage applied?

@ Are the ON/OFF control terminal (CNT, SG), remote
sensing terminal (+S, -S), output voltage trimming
terminal (TRIM), Over Voltage Protection operating
voltage trimming terminal (OVP) correctly connect-
ed?

@ Is output current of the auxiliary power supply for
external signals terminal (AUX) within the specified
value ?

@ For cases where output voltage adjustment is used,
is the resistor or variable resistor setting, connec-
tions correctly done?

@ Are there no abnormalities in the output load used?

@ Is the baseplate temperature within the specified
temperature range?

2) Output voltage is high
@ Are the remote sensing terminals (+S, -S) correctly
connected?
@ Is the measurement done at the sensing points?
@ For cases where output voltage adjustment is used,
is the resistor or volume setting, connections cor-
rectly done?

- All specifications are subject to change without notice.

3)

5)

Output voltage is low

@ Is specified input voltage applied?

@ Are the remote sensing terminals (+S, -S) correctly
connected?

@ Is the measurement done at the sensing points?

@ For cases where output voltage adjustment is used,
is the resistor or variable resistor setting, connec-
tions correctly done?

@ Are there no abnormalities in the output load used?

Load regulation and line regulation is large

@ Is specified input voltage applied?

@ Are the input terminals and the output terminals firmly
connected?

@ Is the measurement done at the sensing points?

@ Is the input or output wire too thin?

Output ripple voltage is large

@ Is the measuring method used the same or equivalent
with the specified method in the Application Notes?

@ Is the input ripple voltage value within the specified
value?
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PAF450F280, PAF600F280 SERIES Instruction Manual

@ PAF-F24, -F48 Instruction Manual [ <5~ B-108Page

@ PAF400F280 Instruction Manual [ 5= B-126Page

Before using this product

Be sure to take note of precautions and warnings indicated in
this manual when using this product. Improper usage may lead
to electric shock or fire. Be sure to read this instruction manual
thoroughly before using this product

| A\ Precautions

@ Avoid touching the baseplate and the case of this product
because they get hot.

@ There are high voltage and high temperature components
within this product. Refrain from disassembling this product
or touching its internal components as this may lead to elec-
tric shock or burn.

@ To avoid unexpected accident from placing hands or face
near the unit during operation.

@ Confirm connections to input/output terminals and signal ter-
minals are correct as indicated in the instruction manual.

@ Attach a fast blow type external fuse to each module to
ensure safety operation and compliance to each safety stan-
dard approval.

@ This power module is designed for professional installation
within the end user equipment.

@ Output voltage of this product is considered to have hazard-
ous energy level (voltage of 2V and above with power of

240W and above) and must not have physical contact with
operator. Protection must be provided on this module when
installed on equipment to prevent physical contact with ser-
vice technician himself or accidentally dropped tools during
repair. Before repair, be sure to turn off the input source and
confirm that input and output voltage have dropped down to
a safe level.

@ The application circuits and their parameter are for reference
only. Be sure to verify effectiveness of application circuits
and their parameters before finalizing circuit design.

@ The information in this document is subject to change with-
out prior notice. For actual design-in, please refer to the lat-
est publications of data sheet, etc., for the most up-to date
specifications of the unit.

@ No part of this document may be copied or reproduced in
any for, or by any mean without prior written consent of Den-
sei-Lambda.

Note : CE Marking

CE Marking, when applied to a product covered by instruction
manual, indicates compliance with the low voltage directive in
which complies with EN60950.

1. Terminal Explanation

-

389Ee?
e R
(3 (3 (3 (3 (3 o
© Q\ ©
-V
O [—Vin —V
-V | O
O |+Vin
Name Plate
.| sG +V | O
o CNT +V | O
+V |O
© ) ’ ©

J

[Input Side Terminals]
+Vin: +Input Terminal
—Vin: —Input Terminal

[Control Terminals]
CNT: ON/OFF Control terminal

SG: ON/OFF Control (ground side) terminal

[Output Side Terminals]
+V: +Output Terminal
—V: —Output Terminal

+S: +Remote Sensing

—S: —Remote Sensing

TRIM: Output Voltage Trimming Terminal

PC: Output Current Balance Terminal

I0G: Inverter Operation Good

AUX: Auxiliary Power Supply for External Signals

Baseplate can be connected to FG through M3 mounting tapped holes.
Connect +Vin, -Vin, +V, -V with consideration of contacting resistance.
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2. Explanations on Specifications

H Input Voltage Range

Input voltage range for PAF450F280 and PAF600F280
Series is indicated below.
Input voltage range: 200 - 400VDC

Basically, ripple voltage (Vrpl) which results from rectifica-
tion and filtering of commercial AC line is included within
the input voltage as shown in Fig.1-1. Ripple voltage must
be limited within the voltage described below.

Allowable input ripple voltage: 20Vp-p
When this value is exceeded, the output ripple voltage be-
comes large.
Note that sudden input voltage change may cause variation
of output voltage transitionally.
Also, input voltage waveform peak value must not exceed
above input voltage range.

Vipl Input Voltage
below 20V | Range

Input Voltage

Time

Fig.1-1 Ripple Voltage

@ Basic Connection

50mmELTF

Fig.1-2 Basic Connection

Input Fuse
This power module has no built-in fuse. Use external fuse
to acquire various Safety Standards and to improve safety.
Also, use fast-blow type for every module.
Input fuse recommended current rating: 6.3A
(400vDC)

Ci1:
To prevent the effect of input line inductance to the power
module, connect electrolytic capacitor or ceramic capaci-
tor between +Vin and -Vin terminals.
Furthermore, use electrolytic capacitor with small ESR
value. Especially take note that during line turn off at low
ambient temperature, power module output will not nor-
mally shut down due to unstable C1 voltage.
Also, ripple current flows across this capacitor. Therefore,
verify maximum allowable ripple current this capacitor
when selecting component. Verify actual ripple current
value by actual measurement.
Recommended capacitor value: 22 uF and above

(voltage rating 400V and above)

- All specifications are subject to change without notice.

Note) 1. Use low impedance electrolytic capacitor with excellent
temperature characteristics.

2.When input line inductance becomes excessively high
due to insertion of choke coil, operation of the power
module could become unstable. For this case, increase
C1 value more than the value indicated above.

3. When ambient temperature becomes lower than -20°C ,
connect four capacitors indicated above in parallel be-
cause output fall characteristics could be affected by
ESR.

C2, C3: 330pF

To reduce spike noise voltage at the output, connect the
high withstand voltage ceramic capacitor from +Vin termi-
nal, -Vin terminal to the baseplate.

Withstand Voltage of C2,C3: 3kVac and above

Note) 1. Connect the C2 between +Vin terminal and baseplate,
and the C3 between -Vin terminal and baseplate with
the short connections as possible.

2.There are cases where output ripple voltage could vary
according to input wiring method or peripheral circuits.
For this case, increase C2 and C3 value or connect
common mode choke coil before C1.

C4, C5: 0.022uF
To reduce spike noise voltage at the output, connect a ce-
ramic capacitor.

Withstand voltage of C4, C5: 500VDC and above
Connect the C4 between +V terminal and baseplate, and
the C5 between -V terminal and baseplate with the short
connections as possible.

C6: 2.2uF

To reduce spike noise voltage at the output, connect a ce-
ramic capacitor between +V and -V within 50mm distance
from the output terminals.

Also, take note that output spike noise voltage could vary
according to PCB wiring design.

CT:

For stable operation, connect an electrolytic capacitor be-
tween +V and -V at 50mm distance from the output termi-
nals.

Take note that output ripple and output fall characteristics
could be affected by electrolytic capacitor, equivalent im-
pedance and inductance characteristics of wiring.

Take note that output ripple voltage could vary according
to PCB wiring design.

For cases of abrupt changes in load current or input volt-
age, increasing capacitance value of the external capaci-
tors could reduce the voltage fluctuation.

Vout Cc7

12V 25V 1,000uF x 2 parallel
24V 50V 820uF

28V 50V 820uF

48V 50V 1,000uF x 2 series

Table1-1 C7: Recommended Values of External
Output Capacitor
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Note ) 1. Use low impedance electrolytic capacitor with excel-
lent temperature characteristics.
(Nippon Chemicon LXY Series or equivalent)

2. Use capacitors indicated in table 1-1 in parallel when
ambient temperature becomes lower than -20°C
because output ripple voltage could be affected by
ESR.Quantities for capacitors are as follows.

Vout Cc7

12V 25V 1,000uF X 4 parallel

24V 50V 820uF X 2 parallel

28V 50V 820uF X 2 parallel

48V 50V 1,000uF X 2 series, x 2 parallel

Table1-2 C7: Recommended Values of External
Output Capacitor (Ta<-20C)

3. Take note of the allowable ripple current of the capac-
itor to be used. Especially, when load adding capaci-
tors for abrupt current changes, be sure to verify that
ripple current does not exceed allowable ripple current
before use.

C8:

When switches or connectors are used between input
source and PAF450F280/PAF600F280 Series input
terminals, impulse surge voltage is generated at input due to
input throw-in by switch on/off or due to inserting/removing
of power module from the active line. For this case, connect
an additional electrolytic capacitor C8 as shown in fig.1-3
and fig. 1-4.

Recommended Capacitance Value: 10 - 47uF and above
(Voltage Rating 400V and above)

Also, in-rush current flows at line throw-in. Therefore, be
sure to verify capability of switch or fuse to withstand 1t at
line throw-in.

Switch Fuse

fe m +Vin

Z
T cs
—Vin

Fig.1-3 Input Filter with Input Switch

Switch Fuse "
6! m +Vin
+
'|' cs
—Vin

Fuse +Vin

—Vin

Fig.1-4 Input Filter when Plural Power

Reverse input connections

Reverse input polarity would cause module damage. For
cases where reverse connections are possible, connect a
protective diode and fuse. Use protective diode with higher
voltage rating than the input voltage, and with higher surge
current rating than the fuse.

Fuse
+Vin

—Vin

Fig.1-5 Protection for Reversed Connection of Input
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@ Recommended input filer as EMI countermeasure
(conforms to VCCI Class A, FCC class A)

Fuse

L1

;C10

—Vin

©)
77 Baseplate

Fig.1-6 Recommended input filer as EMI countermeasure

Recommended Values:
C1: 22 u F (Electrolytic Capacitor)
C2, C3, C11, C12: 680pF (Ceramic Capacitor)

C9,C10,C13: 0.68 u F (Film Capacitor)

L1: 5 mH (Common mode choke coil)

L2: 3.8 mH (Common mode choke coil)
Note) 1. For the power module output, connect output capaci-

tors described in the basic circuit connection.

2. VCCI Class A, FCC Class A limits can be satisfied
with the above recommended filter at Densei-Lambda
measuring conditions. However, there are cases where
above limits might not be satisfied due to input and
output wiring method, as well as, peripheral circuits.
When selecting input filter, be sure to verify actual EMI
characteristics (CE and RE) before finalizing the filter.
Refer to PAF450F280- sk /PAF600F280- * evalua-
tion data for details.

H Output Voltage Adjustment Range
Output voltage could be adjusted within the range de-
scribed below by external resistor or variable resistor, or
by applying external voltage. However, take note that OVP
might trigger when output voltage adjustment exceeds the
ranges indicated below.

Output Voltage Adjustment Range:
—40% to +20% of Nominal Output Voltage

Furthermore, when increasing the output voltage, reduce the
output current so as not to exceed the maximum output power.
Also, take note that when output voltage is increased, in-
put voltage range is limited as shown in fig. 2-1.

With the external circuit as shown in fig.2-2, remote sens-
ing is possible even when output voltage is varied. For
details on remote sensing function, please refer to ” 9.
Remote Sensing”

120 [—

8 110 (—
3

%.

g
x

Output Voltage (

©
=}

I

200 240 280 320 360
Input Voltage (VDC)

Fig.2-1 Limit of Input Voltage

Output Voltage Adjustment by external resistor or
by variable resistor

Resistor values, as well as, connecting methods for ex-
ternal resistor (R1) and external variable resistor (VR) are
described below.

In this case, using VR as remote programming resistor, re-
mote programming of output voltage can be possible.

Also, be sure to connect remote programming resistor be-
tween +S terminal and +V terminal.

- All specifications are subject to change without notice.
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12V 24V 28V 48V

R1 6.8k 6.8k 6.8k 6.8k

VR 20k 50k 50k 100k
Unit : [Q]

External Resistor: Below=*=5% Tolerance
Variable Resistor: Below=20% Tolerance below 1% Remain
Table2-1 Values of External Resistor and Variable Resistor
—40% ~ +20% Variable

12V 24V 28V 48V

R1 43k 43k 43k 43k

VR 5k 10k 10k 20k
Unit : [Q]

External Resistor : Below=®5% Tolerance
Variable Resistor : Below=x20% Tolerance
Below 1% Remain
Table2-2 Values of External Resistor and Variable Resistor
+10% Variable

Load

Fig.2-2 Example Connection of External Resistor

Output Voltage Adjustment by applying external voltage
By applying external voltage at the TRIM terminal, output
voltage can be adjusted within the same output voltage
adjustment range as the output voltage adjustment by
external resistor or variable resistor. For this case, output
voltage can be determined by the formula shown below.

Output Voltage = TRIM Terminal Voltage X Nominal Output
Voltage

Load

External
Voltage

Fig.2-3 Output Voltage Adjustment by
applying external voltage

For applications other than the above, refer to the trim cir-
cuit as shown in fig.2-4 and determine external circuit and
component values.

Error Amplifier
7.32kQ

If\/\/\/—l O TRIM
1.225V
Reference 32.4kQ 1kQ
T Voltage
O-S

Fig.2-4 TRIM Circuit (For the Reference)

M\ —0+s

- All specifications are subject to change without notice.
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El Maximum Output Ripple and Noise

Measured value according to the specified methods based
on JEITA-9141 (Clause 7.12 and clause 7.13) which is de-
scribed in the following.

Measure according to fig.3-1 connection, based on the ba-
sic connection of fig.1-2. Connect capacitors (C6: ceramic
capacitor 2.2uF, C7: refer to table 1-1 for electrolytic
capacitor values) at 50mm distance from the output termi-
nals. Measure at ceramic capacitor (C6) leads as shown
in fig.3-1 using coaxial cable with JEITA attachment. Use
oscilloscope with 100MHz frequency bandwidth or equiva-
lent.

Take note that output ripple voltage and output spike noise
may vary depending on PCB wiring design.

Generally, output ripple voltage and output spike noise can
be reduced by increasing capacitance value of external
capacitor.

As short as possible
iy n— ! P
+
06% c7 Load
—V |
: Oscilloscope
| R
| JEITA Attachment
50mmELT R:50Q
C C:4700pF
N

Fig.3-1 Measurement of Maximum Output Ripple & Noise

I Maximum Line Regulation

Maximum value of output voltage change when input volt-
age is gradually varied (steady state) within specified input
voltage range.

H Maximum Load Regulation

Maximum value of output voltage change when output
current is gradually varied (steady state) within specified
output current range.

When using at dynamic load mode, audible noise could be
heard from the power module and output voltage fluctua-
tion might increase. A thorough pre-evaluation must be
performed before using this power module.

[@ Over Current Protection (OCP)

This power module has built-in OCP function.

Output will recover when short circuit or overload condi-
tions are released. OCP setting value is fixed and there-
fore, cannot be externally adjusted.

Also, take note that power module might be damaged con-
tinuing output short circuit or over load conditions depend-
ing on thermal conditions.

Over Voltage Protection (OVP)

This power module has built-in OVP function.

OVP set point is relative to the rated output voltage value.
When OVP is triggered, output can be recovered by turning
input line off and then turning it on again after input voltage
drops down to OV, or by manual reset of the control ON/OFF
terminal. Reset time for ON/OFF terminal is 100ms or longer.
When verifying OVP function by applying external voltage at
the output terminals, applied voltage value should not exceed
specified OVP maximum value. Refer to specification table
for OVP maximum value. Avoid applying external voltage that
exceeds OVP maximum value because this will cause power
module damage.

OVP setting value is fixed and cannot be adjusted externally.
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E1 Over Thermal Protection (OTP)

This power module has built-in OTP function. This func-
tion operates and shuts down the output when ambient
temperature or internal temperature of power module ab-
normally rises. OTP operates at 105°C to 130°C baseplate
temperature..

When OTP is triggered, output can be recovered by turning
input line off and then turning it on again after input volt-
age drops down to OV, or by manual reset of the control
ON/OFF terminal, after temperature sufficiently decreased.
Reset time for ON/OFF terminal is 100ms or longer.

El Remote Sensing (+S, -S terminal)

Remote sensing terminal is provided to compensate for
voltage drop across the wirings from the power module
output terminal to the load input terminal.

When remote sensing function is not used (local sensing),
short +S terminal to +V terminal and, -S terminal to -V ter-
minal.

Take note that voltage compensation range for line drop
(voltage drop due to wiring) is determined such that out-
put voltage at the output terminals is within output volt-
age range and that voltage between -V and -S terminals
is within 2V or less. Even for remote sensing case, use
power module such that output power is within specified
maximum output power. Furthermore, reduce noise effect
by using shield wire, twist pair, or parallel pattern.

Stabilize the output voltage at

load terminal
\ Load

+

Fig.9-1 Remote Sensing at Use

Stabilize the output voltage at
output terminal

Load

Fig.9-2 Remote Sensing Not in Use

1 ON/OFF Control (CNT, SG terminal)

Without turning the input supply on and off, the output can
be enable and disabled using this function.

ON/OFF control circuit is on the input side (the primary
side), and CNT terminal pin is used. Use the SG terminal
as ground for CNT terminal.

If this function is not used, short the CNT terminal and the
SG terminal.

1) The maximum impressed voltage for the CNT terminal
is 35V and the maximum reverse voltage is 0.7V. Also
the source current for CNT terminal is about 1TmA.
When wiring becomes long, connect a capacitor about
0.1uF value between the CNT and the SG terminal at a
nearest distance.

2) ON/OFF terminal can be controlled by opening or clos-
ing connections (with switch or relay), or by photo-
coupler ON/OFF.

Also for the secondary control, isolation can be
achieved through the use of a photo-coupler or equiva-
lent.
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* When using photo-coupler, connect between the CNT
and the SG terminal to make transistor side shortest.

Fuse
+Vin

O —Vin
SG
CNT

Fig.10-1 CNT, SG terminal connection

CNT Level Output Status
H (4V and above) or Open OFF
L (0.8V and below)or short ON

Table 10-1 ON/OFF Control Mode

fil Parallel Operation (PC terminal)

By connecting the PC terminal of each power module,
output current can be equally drawn from each module.
A maximum of 11 units of the same model can be con-
nected.

Furthermore, be sure that the output power of every mod-
ule does not exceed the maximum output power value.

By setting output voltage accuracy of each module in a
parallel operation to within £1 % , the maximum value of
the output current that can be drawn is 95% of the total
rated output current.

Refer to “Parallel Operation” of the PH-Series Application
Notes for details,

A Series Operation

Series operation is possible for PAF450F280, PAF600F280
series. Connections shown fig.12-1 and fig.12-2 is possible

Load

Fig.12-1 Series Operation in High Output Voltage

+S

+V " +
Load

—v _

-S

+S

+v +

T
y//4 Load

-S

Fig.12-2 £Output Series Operation

K 1.0.G. signal (I0G terminal)

Normal or abnormal operation of the power module can be
monitored by using the I0G terminal. Output of this signal
monitor is located at secondary side (output side) and is
an open collector output.

This signal is LOW when inverter is normally operating and
HIGH when inverter stops or when inverter is operating ab-
normally. (Maximum sink current is 5mA, maximum applied
voltage is 35V.)

Ground for the IOG terminal is the S terminal.

Also note that IOG becomes unstable for following

- All specifications are subject to change without notice.
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conditions:
@ Operation of Over Current Protection (OCP)
@ Light load conditions at parallel operation
@ Dynamic load operation

] Auxiliary power supply for external signals (AUX terminal)

For AUX terminal, output voltage value is within 10 - 14
VDC range, maximum output current is 20mA. Ground for
the AUX terminal is -S terminal.

Avoid short circuit of AUX terminal with other terminals as
this would lead to power module damage.

td Operating Ambient Temperature

There is no restriction on mounting direction but there

should be enough consideration for airflow so that heat

does not accumulate around the power module vicinity.

Determine external components configuration and mount-

ing direction on PCB such that air could flow through the

heatsink at forced cooling and conventional cooling.

By maintaining actual baseplate temperature below 100°C,

operation is possible.

For details on thermal design, refer to Application Notes

“Thermal Design”.

Note) 1. Maximum baseplate temperature is 100°C. For worst
case operating condition, verify baseplate temperature
at measurement point indicated in fig. 15-1.

et
- \ Temperature
N Measuring Point
-] of Baseplate

Fig.15-1 Temperature Measurement Point of Baseplate

2. There is limitation on baseplate temperature range for
as shown in fig.15-2 and Fig.15-3.

100

80

60

Load (%)

40

20

Vo: 12V, 24V, 28V, 48V (Vin=380V)
------- Vo: 48V (Vin>380V)

0 ; 92,
-40 -20 0 20 40 60 80 100
Baseplate Temperature (‘C)

Fig.15-2 PAF450F280 Derating Curve

100

80

60

Load (%)

40

20

Vo: 12V, 24V, 28V, 48V (Vin=380V
------- Vo: 48V (Vin>380V)

0

40 20 80%° 100

0 20 40 60
Baseplate Temperature (‘C)

Fig.15-3 PAF600F280 Derating Curve

For better improvement of power module reliability, derat-
ing of baseplate temperature when using is recommended.

- All specifications are subject to change without notice.
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i Operating Ambient Humidity

Take note that moisture could lead to power module ab-
normal operation or damage.

Storage Ambient Temperature

Abrupt temperature change would cause moisture forma-
tion that leads to poor solderability of each terminal of the
power module.

] Storage Ambient Humidity

Take enough care when storing the power module be-
cause rust which causes poor solderability would form in
each terminal when stored in high temperature, high hu-
midity environment.

tf] Cooling Method

Operating temperature range is specified by the baseplate
temperature. Therefore, several method of heat dissipation
is possible.

For details on thermal design, refer to Application Notes
“Thermal Design”.

P Baseplate Temperature vs. Output Voltage Drift

Output voltage drift is defined as the rate of voltage
change when baseplate temperature only is changed dur-
ing operation.

Hl Withstand Voltage

This power module is designed to have a withstand volt-
age of 2.5kVAC between input and baseplate, and 3kVAC
between input and output for 1 minute.

When conducting withstand voltage test during incoming
inspection, be sure to set the current limit value of the
withstand voltage testing equipment to 20mA.

This power module is designed to have a withstand value
of 500VDC between output and baseplate for 1 minute.
When conducting withstand voltage test during incoming
inspection, be sure to apply DC voltage.

Be sure to avoid conducting test with AC voltage because
this would cause power module damage.

Furthermore, avoid throw in or shut off of the testing equip-
ment when applying or when shutting down the test volt-
age. Instead, gradually increase or decrease the applied
voltage. Take note especially not to use the timer of the
test equipment because when the timer switches the ap-
plied voltage off, impulse voltage which has several times
the magnitude of the applied voltage is generated causing
damage to the power module.

Connect the terminals as shown in fig.21-1, fig.21-2 and
fig.21-3.

When conducting test by the basic connection shown in
fig.1-2, connect the terminals similarly.
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Withstand
Voltage Tester

2.5kVAC 1minute (20mA)
Fig.21-1 Withstand Voltage Tester for Input-Baseplate

Withstand
Voltage Tester

3kVAC 1minute (20mA)
Fig.21-2 Withstand Voltage Tester for Input-Output

Withstand
Voltage Tester

@

500VDC 1minute

Fig.21-3 Withstand Voltage Tester for Output-Baseplate

TDK-Lambda

A Insulation Resistance

Use DC insulation tester (MAX 500V) between output
and baseplate. Insulation resistance value is 100MQ and
above at 500VDC applied voltage. Also take note that de-
pending on the insulation tester used, some testers gener-
ate high voltage pulse. Discharge the power module after
test using a resistor, etc.

Isolation Tester | Baseplate
©

®®

Over 100MQ at 500VDC
Fig.22-1 Isolation Test

PX] Withstand Vibration

Refer to Application Notes “Mounting Method” section.

Pl Withstand Shock

Withstand shock value is defined to be the value at Den-
sei Lambda shipment and packaging conditions.

3. Before concluding power module damage

Verify following items before concluding power module
damage.

1)
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No output voltage

@ Is specified input voltage applied?

@ Are the ON/OFF control terminal (CNT, SG), remote
sensing terminal (+S, -S), output voltage trimming
terminal (TRIM) correctly connected?

@ Is output current of the auxiliary power supply for
external signals terminal (AUX) within the specified
value ?

@ For cases where output voltage adjustment is used,
is the resistor or variable resistor setting, connec-
tions correctly done?

@ Are there no abnormalities in the output load used?

@ Is the baseplate temperature within the specified
temperature range?

Output voltage is high

@ Are the remote sensing terminals (+S, -S) correctly
connected?

@ Is the measurement done at the sensing points?

@ For cases where output voltage adjustment is used,
is the resistor or volume setting, connections cor-
rectly done?

3) Output voltage is low

@ Is specified input voltage applied?

@ Are the remote sensing terminals (+S, -S) correctly
connected?

@ Is the measurement done at the sensing points?

@ For cases where output voltage adjustment is used,
is the resistor or variable resistor setting, connec-
tions correctly done?

@ Are there no abnormalities in the output load used?

4) Load regulation and line regulation is large
@ Is specified input voltage applied?
@® Are the input terminals and the output terminals
firmly connected?
@ Is the measurement done at the sensing points?
@ Is the input or output wire too thin?

5) Output ripple voltage is large
@ Is the measuring method used the same or equiva-
lent with the specified method in the Application
Notes?
@ Is the input ripple voltage value within the specified
value?

- All specifications are subject to change without notice.
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