
��������	
��
�����
��
�����������

�����
�

Gamma AK/BK60C

� ������������	
�����
��������
���
�
��������
�������
��
�
������������
��
�����	�
����� !�"��	�#��	$���	���	����
���	%�	���
�	
��&����
��
������#	��
��
���	
�������'	#��"�#�������(	����%�##��
���
���)*+,
� ����	��
�
��(�#���	���
�	
��,�-	���������
����	.
	
��
���-�	##	
��*��
��	
��'	���
�	
��/	���
	�����%		��*	#	��%���	���������
�

��
��������������

�����������
��
������

�� �� � �!"�
��
���	
��
#���!�����$�%�
�!�����!
��

Industry Standard
Series

High Efficiency



Rev. 02  Jan 00� ��������'	�	�	
�	�)�

�#

&!
	


�
�

�
��
��
!
	
�

	
��
�!
��


��
'�
��
�
�(
%%
��
��
!
�
�
)�
�
�

�
�
�  �!��!��

Introduction ............................................................................................................ 3
Key Requirements .................................................................................................. 3
Safety Requirements .............................................................................................. 3
Bellcore Specifications- .......................................................................................... 3
Related Products ..................................................................................................... 3
Product Range......................................................................................................... 4

Electrical Specifications ........................................................... 5
Absolute Maximum Ratings – all models............................................................. 5
Specifications........................................................................................................... 5
Definitions................................................................................................................ 5
Pin Connections ...................................................................................................... 6
Insulation - all models ............................................................................................ 7
Transient Response - all models ............................................................................ 7
Electrical Specifications ......................................................................................... 8

Functional Description ............................................................. 9
Remote Sense (+SENSE, -SENSE) ........................................................................ 9
Enable Control (ENABLE) .................................................................................... 9
Output Voltage Adjustment (V ADJ) .................................................................... 9

Design Considerations ............................................................ 10
Input Bulk Capacitors.......................................................................................... 10
Remote Load ......................................................................................................... 10
Input Undervoltage Protection............................................................................ 10
Conducted EMI .................................................................................................... 10
Output Ripple and Noise ..................................................................................... 10
Input Fusing .......................................................................................................... 10
Overtemperature Protection ............................................................................... 11
Break Regulation .................................................................................................. 11
MTBF..................................................................................................................... 11
Thermal Data ........................................................................................................ 11

Application Example .............................................................. 12

Mechanical Specifications ...................................................... 13
Heatsink Mounting Information ......................................................................... 14
Mechanical Requirements ................................................................................... 16



� Rev. 02 Jan 00��������'	�	�	
�	�)�

�#

�*+,*-� ������(%%����!�����
����� �� � �!"�
��
�

$�����	��
�	
���
,&*'���0����
��,&*'���01���)����#�	�2

&!�
�	
����!

*�	�34$+45�!������������	
���6	��	������

���#��	�7���
�#	��
��
��/!����/!���
(	��	��%��
#	7
���(���
��
�����������
��
�2�*�	��
�
����
6��
�������
��
���	��	����	��
�	���
##����	��
���#����
7�#���(�#���	����%�������	���
���#��
���
"��	�#��	���	����
���	%�	���
�	����
�������� !2

��%����$�.
�
���!��
*�	�%��
#	����##�"	����	��������(	�������	���##���
�
�����
������8

9&8 9&����
�9&8
*908 �:5����
!�8��������������!��)��;

*���$�.
�
���!��

< �����������	
���������������#

< �=� !������� !�"��	�#��	���	����
���	%�	���
�
�	�>
���	����
�?2

<����
�
��������
�������
��
�

< &����
��
������#	��
��
���	�>����%0�%�-��

�0?

< �������������(	�#����#�%����
�������
�

< '	%��	�6	
�	�!�%�	
�����


< '	#��"�#��������%�##��
���
���)*+,�%�
2������ !
�����"��	�#��	��	%�	���
�	

< �
��
��0�#���	�'	�
#����
����@	���#���

<����,�-	����	.
	
����������
��>A��4�@?

< �
��
��0�#���	�3�B
���C����1������
�%�
�#

< �
�"#	�>�����D�#��?

<���!��	���


,�����
�������%������!��
/!�/!���
(	��	�����
���%������	����
�����
�	����
�
��������	���
��#�	����
���
	���
���	�+	##���	
*	#	��%%

������
���	���������
�2

1

2

3

4

5

6

7

8

9-INPUT

CASE

ENABLE

+INPUT

-OUTPUT

-SENSE

VADJ

+SENSE

+OUTPUTPWM
control
and
gating

+IN
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M o d e l  N u m b er IN PU T  VO L T A G E  (V) O U T PU T  VO L T A G E  (V)   O U T PU T  PO W ER  (W )
AK60C -048L -021F 20H 48 2 .1 42W  (20A)
AK60C -048L -033F 20H 48 3 .3 66W  (20A)
AK60C -048L -050F 20H 48 5 100W  (20A)
BK60C -048L -021F 30H 48 2 .1 63W  (30A)
BK60C -048L -033F 30H 48 3 .3 99W  (30A)
BK60C -048L -050F 30H 48 5 150W  (30A)
AK60C -048L -021F 20H P 48 2 .1 42W  (20A)
AK60C -048L -033F 20H P 48 3 .3 66W  (20A)
AK60C -048L -050F 20H P 48 5 100W  (20A)
BK60C -048L -021F 30H P 48 2 .1 63W  (30A)
BK60C -048L -033F 30H P 48 3 .3 99W  (30A)
BK60C -048L -050F 30H P 48 5 150W  (30A)
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Secondary Control Pins
+SENSE (Vo - 0.5) to (Vo + 0.5) VDC
-SENSE -0.5 to +0.5 VDC
V ADJ -0.5 to 7 VDC
ENABLE 0 to 20 VDC

Note : V o  = module nominal output voltage
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G e n e r a l 4 8 V I n p u t
C o n t i n u o u s  I n p u t  V o l t a g e  7 5 V
I n p u t  S u r g e  V o l t a g e  ( 1  s e c )  1 0 0 V
I s o l a t i o n ,  I n p u t  t o  O u t p u t 1 5 0 0 V D C
I s o l a t i o n  I n p u t  t o  B a s e p l a t e 1 5 0 0 V D C
I s o l a t i o n ,  O u t p u t  t o  B a s e p l a t e 5 0 0 V D C
O p e r a t i n g  T e m p e r a t u r e  ( B a s e p l a t e ) - 4 0  t o  1 0 0 ° C  
S t a r t - u p  T e m p e r a t u r e - 5 5 ° C  m i n
S t o r a g e  T e m p e r a t u r e - 5 5  t o  1 0 5 ° C
O p e r a t i n g  R e l a t i v e  H u m i d i t y  ( n o n - c o n d e n s i n g ) 1 0 %  t o  9 5 %
S t o r a g e  R e l a t i v e  H u m i d i t y  ( n o n - c o n d e n s i n g ) 9 5 %  M a x
A l t i t u d e  ( O p e r a t i n g ) <  3 0 0 0 m
A l t i t u d e  ( S t o r a g e ) <  9 0 0 0 m
L e a d  T e m p e r a t u r e  ( s o l d e r i n g  5  S e c o n d s ) 2 3 5 ° C
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INPUT/OUTPUT/CONTROL PINS 

Pin No Pin Name Type Description

1 + INPUT Input Power input - positive

2 ENABLE Input
Enables or disables the output 
of the module

3 CASE Connect to baseplate

4 - INPUT Input Power input - negative

5 + OUTPUT Output Power output - positive

6 + SENSE Input
Used for remote sense 
function to compensate for 
load bus resistance

7 V ADJ Input
Used to adjust module output 
voltage

8 - SENSE Input
Used for remote sense 
function to compensate for 
load bus resistance

9 - OUTPUT Output Power output - negative

1

2

3

4

5

6

7

8

9-INPUT

CASE

ENABLE

+INPUT

-OUTPUT

-SENSE

VADJ

+SENSE

+OUTPUT
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TRANSIENT CHARACTERISTICS 
Parameter Conditions Min Typ Max Units
Turn-on time VI = 0 to VIn o m 1 sec
Transient response Step-load excursion  
(25% to 75% load change @ All models 10 %Vo

0.1A/µS, recovery to 1% VO )
Step-load response 500 µS

CONTROL SIGNALS
Parameter Conditions Parameter Min Typ Max Units
V ADJ - voltage adjust Adjust using external resistor VO 80 120 %VO n o m

ENABLE - module enable Module enabled - H series VE N A B L E 0 0.8 V
(Signal reference to -input)

VE N A B L E  = 0.8V
ENABLE current 

source
100 450 µA

Module enabled - HP series VE N A B L E 4 5.2 V

VE N A B L E  = 5.2V
ENABLE leakage 

current
50 µA

&!�
�����!���������	���

INSUL AT IO N
Param eter Co n d itio n s Min T yp Max Un its
Input-output insu la t ion resistance  500VDC 10 MΩ

Input-baseplate insulat ion  
resistance

500VDC 10 MΩ

O utput-baseplate insulat ion  
resistance

500VDC 10 MΩ
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INPUT CHARACTERISTICS
Parameter Conditions Min Typ Max Units
Input voltage 36 48 75 V
Input low line power on voltage Module power on 32 34.3 V
Input low line power off voltage Module power off 27.6 30.5 V
No load input power VI = VIn o m 7 W
Input capacitance 8 µF

O U T PUT  C H AR A CT ER IST ICS
Param eter C o n d itio n s Min T yp Max U n its
N omina l (factory se t ) output  vo ltage 2.1 V

3.3 V
5.0 V

O utpu t vo ltage  se t  po in t  accuracy T C  = +25°C ,  VI  = VI n o m ,  IO  = IO ra t e d -1 1 % VO n o m

R emote sense compensat ion VI = VI m in 0 .5 V
O utpu t vo ltage  ad just  80 120 % VO n o m

N omina l (factory se t ) output  2 .1V outpu t 3 .3 3.7 V
overvo ltage pro tect ion t rip  po in t 3 .3V outpu t 4 .7 5 V

5V output 6 .7 7 V
Line regu la t ion VI m in  to  VI m a x  ,  a ll modules 2 10 mV
Load regu la t ion IO m in  to  IO m a x  ,  a ll modules 2 10 mV
N oise and  ripp le  (D if fe rent ia l) * 20Mhz bandw id th

All modules 150 mV
O utpu t Power See product  range tab le  
Steady Sta te  O utput  cu rren t  lim it  VO  fa lls to  90%  of  VO n o m 105 115 125 % IO m a x

Short  circu it  cu rren t  170 % IO m a x

T emperature  coef f icient Pe r  °C  Basep la te  temperature 0.02 % VO /°C
O vertempera tu re  shutdow n Basep la te  tempera tu re 103 110 115  °C
Ef f iciency* VO =VO n o m ,   V I=V I n o m ,  I O =IO ra t e d

AK60A-048L-021F 20H/H P 83 .4 83 .8 %
AK60A-048L-033F 20H/H P 87 .8 88 .2 %
AK60A-048L-050F 20H/H P 90 90 .5 %
BK60A-048L-021F 30H/H P 81 81 .5 %
BK60A-048L-033F 30H/H P 85 .8 86 .2 %
BK60A-048L-050F 30H/H P 88 .5 89 %

* Please  re fe r to  f igu re1 for the  output  ripp le ,  step  load  set  up and  f igure  2  for the e f f iciency se t up

Scope Load

Copper strip

M

M

10µ1µ

2 inch

+Vo

-Vo

  FIGURE 1 - OUTPUT RIPPLE AND STEP LOAD SETUP

       Use a 1.0µ ceramic capacitor and a 10µ tan capacitor at the measuring points.
       Scope use average mode to eliminate ripple component.

M

Load

2mm max

FIGURE 2 - EFFICIENCY TEST SET UP

Output voltage measuring points (M) should be 
within 2mm from the cover.
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Load

-SENSE

+SENSE

-O/P

+O/P

56

87

0.5V
max

Voltage at load

Module output voltage

Load current

Volts

Radj-down

1

2

3

4

5

6

7

8

9-INPUT

CASE

ENABLE

+INPUT

-OUTPUT

-SENSE

VADJ

+SENSE

+OUTPUT

RLOAD

Circuit Configuration to Decrease Output Voltage

R adj-up

1

2

3

4

5

6

7

8

9-INPUT

CASE

ENABLE

+INPUT

-OUTPUT

-SENSE

VADJ

+SENSE

+OUTPUT

RLOAD

Circuit Configuration to Increase Output Voltage

Radj-down = ( 1000

D%
- 11) Kohm

Radj-up = (
Vonom ( 1 +        ) - 1.235

1.235 x D%
1000 - 11 )Kohm

D%
100

-SENSE

+SENSE

-O/P

+O/P

Enable (H series - close to enable
              HP series - open to enable)

- INPUT

+ INPUT
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Forced Convection for 
APA501-60-002 at 100W Output
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HOLE SIZE FOR PCB 
DIRECT SOLDERING

HOLE SIZE FOR M3.0
MACHINE SCREW

A

∅ 3.5+0.08/-0
(∅ 0.177+0.0031/-0)
FOR M3.0

B

∅ 2.4+0.15/-0
(∅ 0.095+0.006/-0)

C

∅ 1.3+0.15/-0
(∅ 0.051+0.006/-0)

RECOMMENDED HOLE SIZE TABLE: -

VIEW FROM PCB COMPONENT SIDE

NOTES:
1. PCB COMPONENT SIDE VIEW IS SHOWN.
2. ALL DIMENSIONS IN mm AND (INCHES).
3. GENERAL TOLERANCE: .XX± 0.1(0.006).

C

6

7

8

5

3

2

10.16
(0.400)
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Description Model Number Dimensions Free air thermal
inches mm resistance

Heatsink, "60" size, vertical fin. APA501-60-001 2.26x2.32x0.6 57.5x59x15 3.8°C/W
Heatsink, "60" size, horizontal fin APA501-60-002 2.26x2.32x0.6 57.5x59x15 3.9°C/W
Heatsink, "60" size, vertical fin. APA501-60-003 2.26x2.32x0.9 57.5x59x22.5 3.3°C/W
Heatsink, "60" size, horizontal fin APA501-60-004 2.26x2.32x0.9 57.5x59x22.5 3.7°C/W
Heatsink, "60" size, vertical fin. APA501-60-005 2.26x2.32x1.5 57.5x59x37 2.8°C/W
Heatsink, "60" size, horizontal fin APA501-60-006 2.26x2.32x1.5 57.5x59x37 2.8°C/W
Heatsink, "60" size, low profile APA501-60-007 2.25x3.50x0.5 57.2x89x12 3.6°C/W
Thermal Pad, "60" size APA502-60-001
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Heatsink Torque Sequence
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Screw size Torque
M3 4-6kg-cm (3.5-5.2 lb-in)
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