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� ���� �	������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ 1C

D$7$� �����	���!� ���� �����	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ 1C

�



D$F ��������
	 
� ���� ;���
���	�� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ 11

�����	� & ��	����� ��������	�� �	�� �	���� �� % ��������(  	����	%
�	�� )'

6$*  	��
�����
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ E�

6$� ��!��� 
� )�������� ���������	� ,���
	� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ E*

6$C ;
������ ,������ �
	�������
	� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ ED

6$C$* ,���� ;
������ B�
������� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ EE

6$C$� 4�������5 ,������ ��	�
�� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *��

6$D ;�
�
����  ������	����
	� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *��

6$D$* �������
	 �	� 9!������
	 
�  � �
��
	�	�� $ $ $ $ $ $ $ $ $ $ $ $ *��

6$D$� ,����� �
�	��	� �	� ����	��	� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *�*

6$D$C ,������ 9	���� ��������
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *�C

6$D$D 9������ �	� �����!�� ���!� ��������� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *�6

6$D$6 ��	���
	
�� �������
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *�1

�����	� * ����� ��������� + ������� �')

7$*  	��
�����
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *�E

7$� ;���
�� G ���������	�� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *�E

7$C �&$ ;�
�
���� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ **�

7$C$*  	��
�����
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ **�

7$C$� 
�	���
	 ���	���
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ **�

7$C$C �������� ;���� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ **�

7$C$D  	����
		����
	 ������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ **C

7$C$6 ;��� �
�
�  	�������	� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ **C

7$C$7 ;��� �
�
� �
	��
� ������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ **6

7$C$F ���
����� ���� 
����	� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ **7

7$D �&$  ;�
�
���� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ **E

��



7$D$*  	��
�����
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ **E

7$D$� 
�	���
	 ���	���
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ **E

7$D$C �������� ;���� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *��

7$D$D �������� ����	�� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *��

7$D$6  	����
		����
	 ������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *�*

7$D$7 ;��� �
�
�  	�������	� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *�*

7$D$F 9����	�� B�� ;��� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *�C

7$D$1 ;������
	 B�� ����#
�
������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *�D

7$D$E 
�	��  	����
		����
	 ������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *�1

�����	� , -(��	� �����������  ��	� �"�

F$*  	��
�����
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *C*

F$� )�� ���������
	 �
��� �	� ���������
	 ;�
������ $ $ $ $ $ $ $ $ $ $ $ $ *C*

F$�$* ���� 
���
	  ����� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *CD

F$C �&$ ���������
	 �
��� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *C6

F$C$*  	����
����
	 
� ���������
	 ���� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *C7

F$D �&$  ���������
	 �
��� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *CE

�����	� . -(��	� ����	�	������� �$"

1$*  	��
�����
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *DC

1$� <������� ,!��!��� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *DC

1$C �&$ <������� ;�
�
���� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *DD

1$C$* �������� �
	���	��	� ���� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *DD

1$C$� )�������� ���������	� ������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *DD

1$C$C 
���� )��	��
�� �	� �
	��
� ������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *D6

1$C$D ����
�
	��
���� ������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *D6

1$C$6 
�	�� ������  ������	����
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *D7

1$D �&$  <������� ;�
�
���� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *D1

���



1$D$* �������� �
	���	��	� ���� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *D1

1$D$� )�������� ���������	� ������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *DE

1$D$C 
���� )��	��
�� �	� �
	��
� ������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *DE

1$D$D �	��
� 9�����
	��� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *DE

1$D$6 ������
	�� ��	��	� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *6�

1$D$7 ����
�
	��
���� ������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *6�

1$D$F 
�	�� ������  ������	����
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *6C

�����	� ) -�
����	 �	�	����	�� �&&

E$* �&$ ;�
�
���� �
������ G 
������� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *66

E$*$* �&$ <������� ;�
�
���� 
������� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *67

E$*$� �&$ ,J�	� ���������
	 �
������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *6F

E$*$C �&$ ��������
	 �
������ # �,� ��� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *61

E$� �&$  ;�
�
���� �
������ G 
������� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *7C

E$�$* ������ # ���!� �
���	�����
	� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *7D

E$�$� �&$  <������� ��
�
���� 
������� # B�	<�** $ $ $ $ $ $ $ $ $ *76

E$�$C �&$  <�** )����	� �
������ # <�**���� $ $ $ $ $ $ $ $ $ $ $ $ $ *71

E$C �&$  �
	��
� ;�
������� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *F�

E$C$* ������� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *F�

E$C$�  	����� ���������
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *FC

E$C$C ���������	� ����� �
	��
� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *FC

E$C$D ���������	� ���������
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *F6

E$C$6 .���  	������� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *F7

E$D ������
	�� �
������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *F7

E$6 �
������ /����	�� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *FF

�����	� �' -(��	� /	�
������	 �,.

*�$*  	��
�����
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *F1

����



*�$� �&$  	������	� ;���
���	�� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *FE

*�$�$* ���� ;���
���	�� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *FE

*�$�$� <������� ;���
���	�� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *1*

*�$�$C �
�����	� ;���
���	�� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *1�

*�$�$D ,���� 98���� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *1C

*�$�$6 ������� 
� /�������
	� 
� �&$  	������	� $ $ $ $ $ $ $ $ $ $ $ *1D

*�$C �&$   	������	� ;���
���	�� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *11

*�$C$* ���� ;���
���	�� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *1E

*�$C$� �
�#76� B��� ;��� # B�� ;����	� ;���
���	�� $ $ $ $ $ $ $ *E�

*�$C$C �
�#76� B��� ;��� # /��&��� ;���
���	�� $ $ $ $ $ $ $ $ $ $ $ *E*

*�$C$D �	��
��� 9�����
	��� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *E�

*�$C$6 <
���	� �����	� �
���� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ *ED

*�$C$7 �������
	 
� :
	#������!� ,����� ;��������� $ $ $ $ $ $ $ $ $ $ $ *E6

*�$C$F 9����	���
	 
� ������!� ,������ ������������ $ $ $ $ $ $ $ $ $ $ ���

*�$C$1 )�������� 9!������
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ ��7

*�$C$E )�������� ���������	� 
� ������ ;����������
	 $ $ $ $ $ $ $ $ $ $ ��F

*�$C$*�)�������� ����� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ ��1

*�$C$**�����  	������� ,������ ����� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ ��1

*�$C$*�?������� 
�
������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �*�

*�$C$*C 9������!� 
�
������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �*�

*�$C$*D  	������	� ;���
���	�� ���� ������� �
 ���������
	 �
��� $ $ $ �*�

*�$C$*6,!�����  	������	� ����
���	�� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �*6

*�$C$*7 ������� 
� �&$  ;���
���	�� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ ��6

�����	� �� ���������� ��,

**$*  	��
�����
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ ��F

**$� ;�
�
����  	������	� ;���
���	�� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ ��F

��!



**$�$* ���
�!�	� )��� !����� �
��� �������� $ $ $ $ $ $ $ $ $ $ $ $ $ $ ��F

**$�$� )�����
�� /�!�� !����� �
��� �������� $ $ $ $ $ $ $ $ $ $ $ $ $ $ ��E

**$�$C ���� /��� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �C�

**$�$D ���������	� ������ /��� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �C*

**$C  ��	����� ������ /�������
	� G ;�
����� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �C�

**$C$* ���� �����	 G ����� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �C�

**$C$� ��
�� ������ �
	����	���
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �CC

**$C$C ����	�	� ���	� ��
�� �
	����	���
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �CC

**$C$D ������� ����
	��� �
	����	���
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �CD

**$C$6 ,������ ��	����!��� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �CD

**$C$7 ;��� ���&��� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �C6

**$C$F 9�����
	�� ������� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �C7

**$D 
����� %
�& $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �CF

**$D$* ���� �����	 G ,���������
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �CF

**$D$� �������� �����������
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �C1

**$D$C ��������#B�� ��	����!��� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �C1

**$D$D ��
��#��	����!��� �
 
���� ����� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �C1

**$D$6 )���������� �	� ,���� 98���� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �CE

**$D$7 
����IB�� )��	��
�� ������ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �CE

**$D$F B�� 
�
����� �
���	����
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �D*

**$D$1 ������!� ,����� )���	����� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �D*

**$D$E ;�
�
���� <������� �	� ���� �
	��
� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �DC

**$D$*�����  	�������	� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �DC

**$D$**����
�
	��
����  ������	����
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �DD

**$D$*���8���	���� ���������	� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �D7

**$D$*C  	������	����
	 ;��&��� ��+� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �DF

�!



**$D$*D  	������	����
	 ������ ��	����������
	 $ $ $ $ $ $ $ $ $ $ $ $ $ �DF

**$D$*6����
����� ��	��	� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �DE

**$6 �&$   # �
	������� �����	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �6�

�����	� �� ���������� �&$

*�$* ������� 
� �������� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �6D

*�$� �
	�����
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �6E

*�$C 
������ %
�& $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �6E

0	
	�	��	� �*'

���	���� � #�	������� +  	�������� �	���� ��
�������� �*)

�$* �������� �
	���	��	� ���� �����	 ����������
	� $ $ $ $ $ $ $ $ $ $ $ $ �7E

�$� �&$ # ��������� �	� ;�> ����
�& $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �FE

�$�$* ������
	�� ��������� �	� ;�> ����
�& $ $ $ $ $ $ $ $ $ $ $ $ $ �E�

�$C �&$  # ��������� �	� ;�> ����
�& $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ �E6

�$C$* ������
	�� ��������� �	� ;�> ����
�& $ $ $ $ $ $ $ $ $ $ $ $ $ C�C

�$D ����������
	� �
� ���������� �
��
	�	�� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ C�F

���	���� 1  ��	����� �
 ��	 ���	%��%���	����� ����������� ���� ""'

>$* )�� �&$ ;�
�
���� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ CC�

>$*$* 9��
	�	���� 
�	���
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ CC*

>$*$� ;
��	
���� 
�	���
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ CCF

>$*$C ;
��� 
�	���
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ CD*

>$*$D ����� ����	� 
�	���
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ CD�

>$*$6  	����
����� ')����#/

&��( ����� ����	� $ $ $ $ $ $ $ $ $ $ $ $ CDC

>$� )�� �&$  ;�
�
���� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ CDD

>$�$* 9��
	�	���� 
�	���
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ CDD

>$�$� ;
��� 
�	���
	 $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ CD7

�!�



>$�$C  	����
����� ')����#/

&��( ����� ����	� $ $ $ $ $ $ $ $ $ $ $ $ CDF

���	���� � -�
����	 "$.

���	���� � ��� /���	���	� +  	�������	 #2	��� "$)

�$* ����
	 ��
���� 
�	����	��� ;�
������� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ CDE

�$� �������� ������
	�  	!
�!�	� ��� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ C6�

�$�$* �������� ������
	� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ C6�

�$�$�  
	�� �
��
����
	� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ C6*

�$�$C �
�������� �
	���	��" ��� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ C6*

�$C 9�����
�������� ;�
������� 
� ������� <���
���� $ $ $ $ $ $ $ $ $ $ $ $ $ C6*

�$C$* )��
������� >���� $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ $ C6�

�$C$� ����
�
�
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For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800

_______________General Description
The MAX500 is a quad, 8-bit, voltage-output digital-to-
analog converter (DAC) with a cascadable serial inter-
face. The IC includes four output buffer amplifiers and
input logic for an easy-to-use, two- or three-wire serial
interface. In a system with several MAX500s, only one
serial data line is required to load all the DACs by cas-
cading them. The MAX500 contains double-buffered
logic and a 10-bit shift register that allows all four DACs
to be updated simultaneously using one control signal.
There are three reference inputs so the range of two of
the DACs can be independently set while the other two
DACs track each other. 

The MAX500 achieves 8-bit performance over the full
operating temperature range without external trimming. 

________________________Applications
Minimum Component Count Analog Systems

Digital Offset/Gain Adjustment

Industrial Process Control

Arbitrary Function Generators

Automatic Test Equipment

____________________________Features
♦ Buffered Voltage Outputs

♦ Double-Buffered Digital Inputs

♦ Microprocessor and TTL/CMOS Compatible

♦ Requires No External Adjustments

♦ Two- or Three-Wire Cascadable Serial Interface

♦ 16-Pin DIP/SO Package and 20-Pin LCC

♦ Operates from Single or Dual Supplies

______________Ordering Information

M
A

X
5

0
0

CMOS, Quad, Serial-Interface 
8-Bit DAC

________________________________________________________________ Maxim Integrated Products 1

TOP VIEW

16

15

14

13

12

11

10

9

1

2

3

4

5

6

7

8

VOUTC 

VOUTD

VDD

VREFCVREFA/B

VSS

VOUTA

VOUTB

MAX500

VREFD

SRO

SCL

LOADSDA

LDAC

DGND

AGND

DIP/SO

_________________Pin Configurations

MAX500

VOUTA

DAC A

DAC B

DAC C

DAC D

VREFC

VREFA/B

DAC
REG A

INPUT
REG A

DAC
REG B

INPUT
REG B

DAC
REG C

INPUT
REG C

DAC
REG D

INPUT
REG D

10/11-
BIT

SHIFT
REGISTER

CONTROL
LOGIC

LOAD
SCL

SDA

VOUTB

VOUTC

VOUTD

SRO VDDDGND VSS

AGND
VREFD

DA
TA

 B
US

LDAC

________________Functional Diagram

19-1016; Rev 2; 2/96

PART
MAX500ACPE

MAX500BCPE

MAX500ACWE 0°C to +70°C

0°C to +70°C

0°C to +70°C

TEMP. RANGE PIN-PACKAGE

16 Plastic DIP

16 Plastic DIP

16 Wide SO
MAX500BCWE 0°C to +70°C 16 Wide SO
MAX500BC/D 0°C to +70°C Dice*
MAX500AEPE -40°C to +85°C 16 Plastic DIP
MAX500BEPE -40°C to +85°C 16 Plastic DIP
MAX500AEWE -40°C to +85°C 16 Wide SO
MAX500BEWE -40°C to +85°C 16 Wide SO
MAX500AEJE -40°C to +85°C 16 CERDIP
MAX500BEJE -40°C to +85°C 16 CERDIP
MAX500AMJE -55°C to +125°C 16 CERDIP
MAX500BMJE -55°C to +125°C 16 CERDIP

ERROR (LSB)

±1

±2

±1
±2
±2
±1
±2
±1
±2
±1
±2
±1
±2

*Contact factory for dice specifications.

Pin Configurations continued on last page.

MAX500AMLP -55°C to +125°C 20 LCC ±1
MAX500BMLP -55°C to +125°C 20 LCC ±2

������ 
�(/	 -
R/44 5
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2 _______________________________________________________________________________________

ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS—Dual Supplies
(VDD = +11.4V to +16.5V, VSS = -5V ±10%, AGND = DGND = 0V, VREF = +2V to (VDD - 4V), TA = TMIN to TMAX, unless otherwise noted.)

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

Power Requirements
VDD to AGND...........................................................-0.3V, +17V
VDD to DGND ..........................................................-0.3V, +17V
VSS to DGND..................................................-7V, (VDD + 0.3V)
VDD to VSS ...............................................................-0.3V, +24V
Digital Input Voltage to DGND ....................-0.3V, (VDD + 0.3V)
VREF to AGND .............................................-0.3V, (VDD + 0.3V)
VOUT to AGND (Note 1)...............................-0.3V, (VDD + 0.3V)

Power Dissipation (TA= +70°C)
Plastic DIP (derate 10.53mW/°C above +70°C) ............842mW

Wide SO (derate 9.52mW/°C above +70°C)................762mW
CERDIP (derate 10.00mW/°C above +70°C)...............800mW
LCC (derate 9.09mW/°C above +70°C).......................727mW

Operating Temperature Ranges
MAX500_C_ _ ....................................................0°C to + 70°C
MAX500_E_ _...................................................-40°C to +85°C
MAX500_M_ _................................................-55°C to +125°C

Storage Temperature Range .............................-65°C to +150°C
Lead Temperature (soldering, 10sec) .............................+300°C

TA = +25°C (Notes 2, 3)
TA = +25°C, code dependent (Note 2) 

VREFC, VREFD

VREF = 10V

MAX500A

TA = TMIN to TMAX

Guaranteed monotonic

VDD = 15V ±5%,
VREF = 10V
MAX500A

TA = +25°C

CONDITIONS

dB-60Channel-to-Channel Isolation
pF100Reference Input Capacitance

kΩ
11

Reference Input Resistance

V2 VDD - 4Reference Input Range

µV/°C±30Zero-Code Tempco

mV
±20

Zero-Code Error

±15

Bits8Resolution

ppm/°C±5Full-Scale Tempco

LSB
±1/2

Full-Scale Error

LSB±1Differential Nonlinearity

LSB
±1

Total Unadjusted Error

LSB
±1/2

Relative Accuracy

UNITSMIN TYP MAXSYMBOLPARAMETER

AC Feedthrough TA = +25°C (Notes 2, 3) -70 dB

Digital Input High Voltage VIH 2.4 5.5
Digital Input Low Voltage VIL 0.8 V
Digital Output High Voltage VOH IOUT = -1mA, SRO only VDD - 1 V
Digital Output Low Voltage VOL IOUT = 1mA, SRO only 0.4 V

5.5

MAX500A

MAX500A

MAX500A
±20

±30

±1

±1

±2

V

STATIC PERFORMANCE

REFERENCE INPUT

DIGITAL INPUTS

MAX500B

MAX500B

MAX500B

MAX500B

MAX500B

Note 1: The outputs may be shorted to AGND, provided that the power dissipation of the package is not exceeded.
Typical short-circuit current to AGND is 25mA

VREFA/B

±1
µA

Digital Input Capacitance TA = +25°C (Note 2) 8 pF

Excluding LOAD
30

(Note 4)Digital Input Leakage Current
LOAD = 0V
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_______________________________________________________________________________________ 3

ELECTRICAL CHARACTERISTICS—Dual Supplies (continued)
(VDD = +11.4V to +16.5V, VSS = -5V ±10%, AGND = DGND = 0V, VREF = +2V to (VDD - 4V), TA = TMIN to TMAX, unless otherwise noted.)

Outputs unloaded

VOUT = 10V

Outputs unloaded

(Note 5)

(Note 5)

TA = +25°C (Note 2)

To ±1/2LSB, VREF = 10V, VDD = +15V,
2kΩ in parallel with 100pF load (Note 2)

For specified performance

CONDITIONS

ns150tLDSLOAD Delay from SCL

ns150tLDWLOAD Pulse Width

ns350t2SCL Low Time

ns350t1SCL High Time

ns150tS1SDA Valid to SCL Setup

ns150tS1SDA Valid to SCL Setup

mA
-10

ISSNegative Supply Current
-9

mA
12

IDDPositive Supply Current
10

V11.4 16.5VDDPositive Supply Voltage

kΩ2Output Load Resistance

nV-s50Digital Crosstalk

nV-s50Digital Feedthrough

3 8Voltage Output Slew Rate

µs2.5 4.5VOUT Settling Time

UNITSMIN TYP MAXSYMBOLPARAMETER

LDAC Pulse Width tLDAC 150 ns

SRO Output Delay tD1 CLOAD = 50pF 150 ns

SCL High Time t1 350 ns

SDA Valid to SCL Hold tH 0 ns

LDAC Pulse Width tLDAC 150 ns

SCL Valid to SDA Setup tS1 Start condition 150 ns

SDA Valid to SCL Setup tS2 Stop condition 100 ns

TA = +25°C

TA = +25°C

V/µs

SDA Valid to Rising SCL tS3 125 ns

SRO Output Delay tD1 CLOAD = 50pF 150 ns

SCL High Time t1 350 ns

SCL Fall Time (Note 7) 50 µs

SCL Rise Time (Note 7) 50 µs

SCL Low Time t2 350 ns

TA = TMIN to TMAX

TA = TMIN to TMAX

For specified performance V11.4 16.5VDDPositive Supply Voltage

(Note 7) µs50SCL Rise Time

(Note 7) µs50SCL Fall Time

ns0tHSDA Valid to SCL Hold

DYNAMIC PERFORMANCE

POWER SUPPLIES

SWITCHING CHARACTERISTICS (TA = +25°C, Note 6)

3-Wire Mode

2-Wire Mode
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ELECTRICAL CHARACTERISTICS—Single Supply
(VDD = +15V ±5%, VSS = AGND = DGND = 0V, VREF = 10V, TA = TMIN to TMAX, unless otherwise noted.)

Outputs unloaded

For specified performance

Guaranteed monotonic

TA = TMIN to TMAX

VDD = 15V ±5%,
VREF = 10V

TA = +25°C

CONDITIONS

mA
12

IDDPositive Supply Current
10

V14.25 15.75VDDPositive Supply Voltage

µV/°C±30Zero-Code Tempco

mV

±30

Zero-Code Error
±20
±20
±15

Bits8Resolution

±1/2
LSB±1Differential Nonlinearity

LSB
±1

Relative Accuracy

±1
LSB

±2
Total Unadjusted Error

±1/2

UNITSMIN TYP MAXSYMBOLPARAMETER

Note 2: Guaranteed by design. Not production tested.
Note 3: TA = +25°C, VREF = 10kHz, 10V peak-to-peak sine wave.
Note 4: LOAD has a weak internal pull-up resistor to VDD.
Note 5: DAC switched from all 1s to all 0s, and all 0s to all 1s code.
Note 6: Sample tested at +25°C to ensure compliance.
Note 7: Slow rise and fall times are allowed on the digital inputs to facilitate the use of opto-couplers. Only timing for SCL is given

because the other digital inputs should be stable when SCL transitions.

MAX500A

MAX500A

TA = +25°C

MAX500A
MAX500B
MAX500A

VREF = 10V ppm/°C±5Full-Scale Tempco

LSB
±1

Full-Scale Error
MAX500A

MAX500B

MAX500B

MAX500B

MAX500B

TA = TMIN to TMAX

STATIC PERFORMANCE

REFERENCE INPUT—All specifications are the same as for dual supplies.
DIGITAL INPUTS—All specifications are the same as for dual supplies.
DYNAMIC PERFORMANCE—All specifications are the same as for dual supplies.
POWER SUPPLIES

SWITCHING CHARACTERISTICS—All specifications are the same as for dual supplies.
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RELATIVE ACCURACY vs. REFERENCE VOLTAGE

TA = +25°C, VSS = -5V
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ADVANCE INFORMATION
April 1995

LM50B�LM50C
Single-Supply Centigrade Temperature Sensor

General Description
The LM50 is a precision integrated-circuit temperature sen-

sor that can sense a b40�C to a125�C temperature range

using a single positive supply� The LM50’s output voltage is

linearly proportional to Celsius (Centigrade) temperature

(a10 mV��C) and has a DC offset of a500 mV� The offset

allows reading negative temperatures without the need for a

negative supply� The ideal output voltage of the LM50

ranges from a100 mV to a1�75V for a b40�C to a125�C
temperature range� The LM50 does not require any external

calibration or trimming to provide accuracies of g3�C at

room temperature and g4�C over the full b40�C to
a125�C temperature range� Trimming and calibration of the

LM50 at the wafer level assure low cost and high accuracy�

The LM50’s linear output� a500 mV offset� and factory cali-

bration simplify circuitry required in a single supply environ-

ment where reading negative temperatures is required� Be-

cause the LM50’s quiescent current is less than 130 mA�

self-heating is limited to a very low 0�2�C in still air�

Applications
Y Computers
Y Disk Drives

Y Battery Management
Y Automotive
Y FAX Machines
Y Printers
Y Portable Medical Instruments
Y HVAC
Y Power Supply Modules

Features
Y Calibrated directly in � Celsius (Centigrade)
Y Linear a 10�0 mV��C scale factor
Y g2�C accuracy guaranteed at a25�C
Y Specified for full b40� to a125�C range
Y Suitable for remote applications
Y Low cost due to wafer-level trimming
Y Operates from 4�5V to 10V
Y Less than 130 mA current drain
Y Low self-heating� less than 0�2�C in still air
Y Nonlinearity less than 0�8�C over temp

Connection Diagrams

SOT-23

TL�H�12370–1

Top View

See NS Package Number M03B

(JEDEC Registration TO-236AB)

Order SOT-23
Supplied As

Number Device Marking

LM50BIM3 T5B 250 Units on Tape and Reel

LM50CIM3 T5C 250 Units on Tape and Reel

LM50BIM3X T5B 3000 Units on Tape and Reel

LM50CIM3X T5C 3000 Units on Tape and Reel

TO-92

Plastic Package

TL�H�12370–2

Order Number LM50BIZ

or LM50CIZ

See NS Package Number Z03A

Typical Applications

TL�H�12370–3

FIGURE 1� Full-Range Centigrade Temperature Sensor (b40�C to a125�C)

C1995 National Semiconductor Corporation RRD-B30M115�Printed in U� S� A�
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Physical Dimensions inches (millimeters)

SOT-23 Molded Small Outline Transistor Package (M3)

Order Number LM50BIM3 or LM50CIM3

NS Package Number M03B

(JEDEC Registration TO-236AB)

3
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Physical Dimensions inches (millimeters) (Continued)

TO-92 Plastic Package (Z)

Order Number LM50AIZ� LM50BIZ or LM50CIZ

NS Package Number Z03A

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION� As used herein�

1� Life support devices or systems are devices or 2� A critical component is any component of a life

systems which� (a) are intended for surgical implant support device or system whose failure to perform can

into the body� or (b) support or sustain life� and whose be reasonably expected to cause the failure of the life

failure to perform� when properly used in accordance support device or system� or to affect its safety or

with instructions for use provided in the labeling� can effectiveness�

be reasonably expected to result in a significant injury

to the user�

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Hong Kong Ltd� Japan Ltd�
1111 West Bardin Road Fax� (a49) 0-180-530 85 86 13th Floor� Straight Block� Tel� 81-043-299-2309
Arlington� TX 76017 Email� cnjwge� tevm2�nsc�com Ocean Centre� 5 Canton Rd� Fax� 81-043-299-2408
Tel� 1(800) 272-9959 Deutsch Tel� (a49) 0-180-530 85 85 Tsimshatsui� Kowloon
Fax� 1(800) 737-7018 English Tel� (a49) 0-180-532 78 32 Hong Kong

Fran�ais Tel� (a49) 0-180-532 93 58 Tel� (852) 2737-1600
Italiano Tel� (a49) 0-180-534 16 80 Fax� (852) 2736-9960

National does not assume any responsibility for use of any circuitry described� no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications�
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Airflow Sensors AWM3000 Series
Microbridge Mass Airflow/Amplified

56 Honeywell � MICRO SWITCH Sensing and Control For application help: call 1-800-537-6945.

FEATURES
� Laser trimmed for interchangeability
� Flow sensing up to 1.0 LPM

Two Wheatstone bridges control airflow
measurement – one provides closed loop
heater control, the other contains the twin
sensing elements. Figure 1 depicts the
heater control circuitry. It minimizes er-
rors due to ambient temperature changes
by providing an output proportional to
mass flow. The circuit keeps the heater
temperature at a constant differential
above ambient air temperature, despite
variations in airflow and temperature.

The heater circuitry, operational amplifier,
and precision thick-film resistors are lo-
cated on the ceramic substrate. Ambient
temperature is sensed by a similar heat-
sunk resistor on the chip.

This mode of heater operation also reduc-
es, but does not eliminate, the effects of
changes in air density or gas composi-
tion. These changes could alter thermal
conductance and otherwise change op-
erating characteristics of the heater and
sensing resistances.

The sensing bridge supply circuit in Fig-
ure 2 is a conventional Wheatstone
bridge circuit where dual sensing resis-
tors make up the two active arms of the
circuit. The ratiometric voltage output of
the device corresponds to the amplified
differential voltage across the Wheat-
stone bridge circuit.

The supply circuit, along with the differen-
tial instrumentation amplifier shown in
Figure 2 are designed into the sensor
package and are precision laser adjusted
during manufacture. Active laser trim-
ming, combined with short signal paths,
results in excellent noise resistance,
repeatability, and sensor interchange-
ability.

Dust contamination is possible in some
airflow applications, but can be mini-
mized. Dust particles in the airstream flow
past the chip parallel to its surface. In ad-
dition, the microstructure is kept clean by
a thermophoretic effect, which impels the
micrometer-sized dust particles away
from the structure. In an accelerated op-
erating life test, with less than 50 sccm
flow, a lifetime equivalent to over 20 years
in a typical industrial air environment was
achieved with no degradation of sensor
response.

Figure 1
Heater control circuit

Figure 2
Sensing bridge supply circuit and differential instrumentation amplifier

Clogging due to dust adherence to chip
edges and channel surfaces can be sub-
stantially eliminated through the use of a
simple filter. The optimum filtering action
is obtained with a low impedance filter in
series with the small cross-section and
high flow impedance of the channel. This
permits a large accumulation of dust in
the filter without significant change in the
combined impedance. Where filtering is
desired, a disposable five-micron filter
may be used upstream of the flow sensor.
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Airflow Sensors AWM3000 Series
Microbridge Mass Airflow/Amplified

For application help: call 1-800-537-6945. Honeywell � MICRO SWITCH Sensing and Control 57

AWM3000 ORDER GUIDE

Catalog Listings AWM3100V AWM3150V AWM3200V AWM3300V

ACCURACY
SPECIFICATIONS
at 10.0± 0.01 VDC

Flow Range (Full Scale)/
Pressure Range (psi)

+200 sccm/+.2�
H2O (.5mBar)

30 sccm/+1� H2O
(.12mBar)

+2.0� H2O (5mBar) +1000 sccm/+1.3 ±.1�
H2O (3.2mBar)

Output Voltage @ Laser
Trim Point

5 VDC @ 200
sccm

1.5 VDC @ 5 sccm 5 VDC @ 2� H2O 5 VDC @ 1000 sccm

Null Voltage 1.00±.05 VDC 1.00±.10 VDC 1.00±.08 VDC 1.00±.10 VDC
Null Voltage Shift
+25 to +85°C ±25mV ±100mV ±25mV ±25mV
+25 to –25°C ±25 mV ±100 mV ±25 mV ±25 mV

Output Voltage Shift
25 to –25°C –4.0% Reading ±5% Reading +24.0% Reading –5.0% Reading (Note 4)
25 to 85°C +4.0% Reading ±5% Reading –24.0% Reading +5.0% Reading (Note 4)

Repeatability &
Hysteresis

±0.50% Reading
max.

±1% Reading ±0.50% Reading max. ±1% Reading max.

Min. Typ. Max.
Excitation (VDC) 8.0 10±.01 15 (Note 2)
Power Consumption
(mW) — 30 50
Response Time (msec) — 1.0 3.0 (Note 1)
Max. Common Mode
Pressure (psi) — — 25
Temperature Range
Operating –25 to +85°C (–13 to +185°F)
Storage –40 to +90°C (–40 to +194°F)

Termination (.100�
centers) 0.025� square
Weight (grams) 10.8
Shock Rating (5 drops, 6
axes) 100 g peak

Notes:
1. Initial warmup time for signal conditioned circuitry is 1 minute max.
2. Output Voltage is ratiometric to supply voltage.
3. Repeatability and Hysteresis tolerances reflect inherent inaccuracies of the measurement equipment.
4. Temperature shifts in differential pressure devices are mostly due to the density change of the gas over temperature. Temperature shifts in the

massflow devices are due to the change of the second order TCR coefficient of thin-film and thick-film resistors over temperature, plus shifts
in Op Amp.

OUTPUT FLOW VS. INTERCHANGEABILITY
AWM3100V AWM3150V * * AWM3200V AWM3300V
Flow Nominal Tol.(5) Flow Nominal Tol.(5) Press Nominal Tol.(5) Flow Nominal Tol.(5)

sccm VDC ±VDC sccm VDC ±VDC in. H2O VDC ±VDC sccm VDC ±VDC
200 5.00 0.15 30 3.75 .70 2.00 5.00 0.15 1000 5.00 0.15
175 4.80 0.16 20 2.90 .45 1.75 4.59 0.15 900 4.90 0.16
150 4.50 0.17 10 1.95 .20 1.50 4.16 0.16 800 4.80 0.17
125 4.17 0.18 5 1.50 .10 1.25 3.70 0.20 700 4.66 0.18
100 3.75 0.19 4 1.40 .08 1.00 3.25 0.22 600 4.42 0.19
75 3.27 0.19 3 1.30 .08 0.75 2.65 0.22 500 4.18 0.20
50 2.67 0.17 2 1.20 .07 0.50 2.15 0.19 400 3.82 0.21
25 1.90 0.13 1 1.10 .06 0.25 1.55 0.11 300 3.41 0.19
0 1.00 0.05 0 1.00 .05 0.00 1.00 0.08 200 2.96 0.17

100 2.30 0.14
0 1.00 0.10

5. The unique design of the microbridge mass airflow sensor accommodates your special requirements. Custom laser-trimming and flow channel
dimensioning can conform performance characteristics to specific applications.

A
irflow
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Airflow Sensors AWM3000 Series
Microbridge Mass Airflow/Amplified

58 Honeywell � MICRO SWITCH Sensing and Control For application help: call 1-800-537-6945.

OUTPUT CURVES

MOUNTING DIMENSIONS (For reference only)

OUTPUT CONNECTIONS
Pin 1 Output Voltage
Pin 2 + Supply Voltage
Pin 3 Ground

NOTE: Positive flow direction is defined
as proceeding into Port 1 (P1) and out of
Port 2 (P2), and results in positive output.
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LTC1286/LTC1298

Micropower Sampling
12-Bit A/D Converters In

S0-8 Packages

■ 12-Bit Resolution
■ 8-Pin SOIC Plastic Package
■ Low Cost
■ Low Supply Current: 250µA Typ.
■ Auto Shutdown to 1nA Typ.
■ Guaranteed ±3/4LSB Max DNL
■ Single Supply 5V to 9V Operation
■ On-Chip Sample-and-Hold
■ 60µs Conversion Time
■ Sampling Rates:

12.5 ksps (LTC1286)
11.1 ksps (LTC1298)

■ I/O Compatible with SPI, Microwire, etc.
■ Differential Inputs (LTC1286)
■ 2-Channel MUX (LTC1298)
■ 3V Versions Available: LTC1285/LTC1288

The LTC1286/LTC1298 are micropower, 12-bit, succes-
sive approximation sampling A/D converters. They typi-
cally draw only 250µA of supply current when converting
and automatically power down to a typical supply current
of 1nA whenever they are not performing conversions.
They are packaged in 8-pin SO packages and operate on
5V to 9V supplies. These 12-bit, switched-capacitor, suc-
cessive approximation ADCs include sample-and-holds.
The LTC1286 has a single differential analog input. The
LTC1298 offers a software selectable 2-channel MUX.

On-chip serial ports allow efficient data transfer to a wide
range of microprocessors and microcontrollers over three
wires. This, coupled with micropower consumption, makes
remote location possible and facilitates transmitting data
through isolation barriers.

These circuits can be used in ratiometric applications or
with an external reference. The high impedance analog
inputs and the ability to operate with reduced spans (to
1.5V full scale) allow direct connection to sensors and
transducers in many applications, eliminating the need for
gain stages.

5V4.7µF

ANALOG INPUT

–IN

GND

VCC

CLK

DOUT

VREF

LTC1286

MPU
(e.g., 8051)

P1.4

P1.3

P1.2

+IN

0V TO 5V RANGE

LTC1286/98 • TA01

CS/SHDN

6

5

8

7

3

4

1

2

SERIAL DATA LINK

■ Battery-Operated Systems
■ Remote Data Acquisition
■ Battery Monitoring
■ Handheld Terminal Interface
■ Temperature Measurement
■ Isolated Data Acquisition

 SAMPLE FREQUENCY (Hz)
0.1k

1

SU
PP

LY
 C

UR
RE

NT
 (µ

A)

10

100

1000

1k 10k 100k

LTC1286/98 • TA02

TA = 25°C
VCC = VREF = 5V
fCLK = 200kHz 

DESCRIPTION

U

25µW, S0-8 Package, 12-Bit ADC
Samples at 200Hz and Runs Off a 5V Supply

Supply Current vs Sample Rate

FEATURES

APPLICATIONS

U

TYPICAL APPLICATIONS N 

U

������ 
�(#	 ?�6��$2 5
���������� ������ . 
���� �� �.'



����
�	" �� �'����	��' . �����
	��' ��#	)
 	
*�����	�
 C�*

2

LTC1286/LTC1298

1298C
1298I

ORDER PART
NUMBER

LTC1286CN8
LTC1286IN8

TJMAX = 150°C,  θJA = 130°C/W TJMAX = 150°C,  θJA = 175°C/W

ORDER PART
NUMBER

PACKAGE/ORDER INFORMATION

W UU

ABSOLUTE MAXIMUM RATINGS

W WW

(Notes 1 and 2)

Power Dissipation .............................................. 500mW
Operating Temperature Range

LTC1286C/LTC1298C............................. 0°C to 70°C
LTC1286I/LTC1298I ........................... –40°C to 85°C

Storage Temperature Range ................. –65°C to 150°C
Lead Temperature (Soldering, 10 sec.) ................ 300°C

Supply Voltage (VCC) to GND................................... 12V
Voltage

Analog and Reference ................ –0.3V to VCC + 0.3V
Digital Inputs ......................................... –0.3V to 12V
Digital Output ............................. –0.3V to VCC + 0.3V

PART MARKING

1286C
1286I

ORDER PART
NUMBER

LTC1298CN8
LTC1298IN8

ORDER PART
NUMBER

PART MARKING

LTC1298CS8
LTC1298IS8

LTC1286CS8
LTC1286IS8

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

VCC Supply Voltage (Note 3) LTC1286 4.5 9.0 V
LTC1298 4.5 5.5 V

fCLK Clock Frequency VCC = 5V (Note 4) 200 kHz

tCYC Total Cycle Time LTC1286, fCLK = 200kHz 80 µs
LTC1298, fCLK = 200kHz 90 µs

thDI Hold Time, DIN After CLK↑ VCC = 5V 150 ns

tsuCS Setup Time CS↓ Before First CLK↑ (See Operating Sequence) LTC1286, VCC = 5V 2 µs
LTC1298, VCC = 5V 2 µs

tsuDI Setup Time, DIN Stable Before CLK↑ VCC = 5V 400 ns

tWHCLK CLK High Time VCC = 5V 2 µs

tWLCLK CLK Low Time VCC = 5V 2 µs

tWHCS CS High Time Between Data Transfer Cycles VCC = 5V 2 µs

tWLCS CS Low Time During Data Transfer LTC1286, fCLK = 200kHz 75 µs
LTC1298, fCLK = 200kHz 85 µs

RECOM   ENDED OPERATING CONDITIONS

U U U UWW

Consult factory for military grade parts.

1

2

3

4

8

7

6

5

TOP VIEW

VREF

+IN 

–IN 

GND

VCC  

CLK

DOUT

N8 PACKAGE
8-LEAD PLASTIC DIP

CS/SHDN

1

2

3

4

8

7

6

5

TOP VIEW

CH0

CH1

GND

VCC (VREF)  

CLK

DOUT

DIN

N8 PACKAGE
8-LEAD PLASTIC DIP

CS/SHDN 1

2

3

4
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TOP VIEW

VCC (VREF)

CLK

DOUT

DIN

CH0

CH1

GND

S8 PACKAGE
8-LEAD PLASTIC SOIC

CS/SHDN
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TOP VIEW

VCC

CLK

DOUT

   

VREF

+IN 

–IN

GND

S8 PACKAGE
8-LEAD PLASTIC SOIC

CS/SHDN

TJMAX = 150°C,  θJA = 130°C/W TJMAX = 150°C,  θJA = 175°C/W
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LTC1286/LTC1298

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

S/(N +D) Signal-to-Noise Plus Distortion Ratio 1kHz/7kHz Input Signal 71/68 dB

THD Total Harmonic Distortion (Up to 5th Harmonic) 1kHz/7kHz Input Signal –84/–80 dB

SFDR Spurious-Free Dynamic Range 1kHz/7kHz Input Signal 90/86 dB

Peak Harmonic or Spurious Noise 1kHz/7kHz Input Signal –90/–86 dB

fSMPL = 12.5kHz (LTC1286), fSMPL = 11.1kHz (LTC1298) (Note 5)

CONVERTER AND MULTIPLEXER CHARACTERISTICS

U WU

(Note 5)

DYNAMIC ACCURACY

U W

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

VIH High Level Input Voltage VCC = 5.25V ● 2 V

VIL Low Level Input Voltage VCC = 4.75V ● 0.8 V

IIH High Level Input Current VIN = VCC ● 2.5 µA

IIL Low Level Input Current VIN = 0V ● – 2.5 µA

VOH High Level Output Voltage VCC = 4.75V, IO = 10µA ● 4.0 4.64 V
VCC = 4.75V, IO = 360µA ● 2.4 4.62 V

VOL Low Level Output Voltage VCC = 4.75V, IO = 1.6mA ● 0.4 V

IOZ Hi-Z Output Leakage CS = High ● ±3 µA

ISOURCE Output Source Current VOUT = 0V –25 mA

ISINK Output Sink Current VOUT = VCC 45 mA

RREF Reference Input Resistance CS = VCC 5000 MΩ
(LTC1286) CS = GND 55 kΩ

IREF Reference Current (LTC1286) CS = VCC ● 0.001 2.5 µA
tCYC ≥ 640µs, fCLK ≤ 25kHz ● 90 140 µA
tCYC = 80µs, fCLK = 200kHz ● 90 140 µA

ICC Supply Current CS = VCC ● 0.001 ±3.0 µA

LTC1286, tCYC ≥ 640µs, fCLK ≤ 25kHz ● 200 400 µA
LTC1286, tCYC = 80µs, fCLK = 200kHz ● 250 500 µA

LTC1298, tCYC ≥ 720µs, fCLK ≤ 25kHz ● 290 490 µA
LTC1298, tCYC = 90µs, fCLK = 200kHz ● 340 640 µA

(Note 5)

1.5V to VCC + 0.05V
1.5V to 5.55V

–0.05V to VCC + 0.05V

LTC1286 LTC1298
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

Resolution (No Missing Codes) ● 12 12 Bits

Integral Linearity Error (Note 6) ● ±3/4 ±2 ±3/4 ±2 LSB

Differential Linearity Error ● ±1/4 ±3/4 ±1/4 ±3/4 LSB

Offset Error ● 3/4 ±3 3/4 ±3 LSB

Gain Error ● ±2 ±8 ±2 ±8 LSB

Analog Input Range (Note 7 and 8) ● V

REF Input Range (LTC1286) 4.5 ≤ VCC ≤ 5.5V V
     (Notes 7, 8, and 9) 5.5V < VCC ≤ 9V V

Analog Input Leakage Current (Note 10) ● ±1 ±1 µA

DIGITAL AND DC ELECTRICAL CHARACTERISTICS

U
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LTC1286/LTC1298

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

tSMPL Analog Input Sample Time See Operating Sequence 1.5 CLK Cycles

fSMPL (MAX) Maximum Sampling Frequency LTC1286 ● 12.5 kHz
LTC1298 ● 11.1 kHz

tCONV Conversion Time See Operating Sequence 12 CLK Cycles

tdDO Delay Time, CLK↓ to DOUT Data Valid See Test Circuits ● 250 600 ns

tdis Delay Time, CS↑ to DOUT Hi-Z See Test Circuits ● 135 300 ns

ten Delay Time, CLK↓ to DOUT Enable See Test Circuits ● 75 200 ns

thDO Time Output Data Remains Valid After CLK↓ CLOAD = 100pF 230 ns

tf DOUT Fall Time See Test Circuits ● 20 75 ns

tr DOUT Rise Time See Test Circuits ● 20 75 ns

CIN Input Capacitance Analog Inputs, On Channel 20 pF
Analog Inputs, Off Channel 5 pF
Digital Input 5 pF

AC CHARACTERISTICS (Note 5)

The ● denotes specifications which apply over the full operating
temperature range.
Note 1: Absolute maximum ratings are those values beyond which the life
of a device may be impaired.
Note 2: All voltage values are with respect to GND.
Note 3: These devices are specified at 5V. For 3V specified devices, see
LTC1285 and LTC1288.
Note 4: Increased leakage currents at elevated temperatures cause the S/H
to droop, therefore it is recommended that fCLK ≥ 120kHz at 85°C, fCLK ≥
75kHz at 70° and fCLK ≥ 1kHz at 25°C.
Note 5: VCC = 5V, VREF = 5V and CLK = 200kHz unless otherwise specified.
Note 6: Linearity error is specified between the actual end points of the
A/D transfer curve.

Note 7: Two on-chip diodes are tied to each reference and analog input
which will conduct for reference or analog input voltages one diode drop
below GND or one diode drop above VCC. This spec allows 50mV forward
bias of either diode for 4.5V ≤ VCC ≤ 5.5V. This means that as long as the
reference or analog input does not exceed the supply voltage by more than
50mV the output code will be correct. To achieve an absolute 0V to 5V
input voltage range will therefore require a minimum supply voltage of
4.950V over initial tolerance, temperature variations and loading. For 5.5V
< VCC ≤ 9V, reference and analog input range cannot exceed 5.55V. If
reference and analog input range are greater than 5.55V, the output code
will not be guaranteed to be correct.
Note 8: The supply voltage range for the LTC1286 is from 4.5V to 9V, but
the supply voltage range for the LTC1298 is only from 4.5V to 5.5V.
Note 9: Recommended operating conditions
Note 10: Channel leakage current is measured after the channel selection.

TYPICAL PERFORMANCE CHARACTERISTICS  

UW

Shutdown Supply Current vs Clock
Rate with CS High and CS LowSupply Current vs Sample Rate
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Calibration Curves. Flowmeter 3227-20
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Calibration Curves. Flowmeter 3229-13
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