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A P P E N D I X  A

N U M E R I C A L  M E T H O D S

This appendix is the collections o f the useful numerical methods used to 

evaluate the many quantities in many part o f the thesis. The methods are applied in 

programs as listed in Appendix B.

Cubic Spine Interpolations

There are many method to approximate the values which do not appear in the 

collected data. The methods are collectively called the interpolation. One o f the best 

interpolations is the approximation by the spine function. The spine function is the 

collection o f the polynomial curve applying in each interval o f the missing data. The 

curves were connected by the conditions o f the continuity. The polynomial curves o f  

the third degree, called the cubic spine, are the most popular .

Let consider a set o f data (x, ,y t) , where i = 0, 1, 2, 3, .... ท. Hence, there are 

ท curves o f the third degree polynomial which suffice to fill with all interval o f the 

data. The function corresponding to the interval i may be written as

y  1 ( x )  =  a {(.X 3 +  b j X 2  +  c , x  +  d i ( A l . l )
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There are four unknown variables for each interval and the 4n unknown 

variables for all intervals. The variables are satisfy the conditions o f continuity as 

follows.

1 ) The function y t(x) give the corresponding value as the data at the terminals o f the 

interval i, say

T /(* m ) = T m

y i ( x i ) =  y i

( A  1.2)

2) The first order derivative at a connection of the consecutive functions have to be 

the same value, i.e.,

y ' i  ( x i  ) = y 'i+ \ ( x i ) = y ' i (A1.3)

3) The second order derivative a connections o f the consecutive functions have also 

the same value, i.e.,

y " ( x i ) =  y"+\(x i ) -  y " ( A  1 .4 )
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From the conditions, they form the 2n + (n-1) + (ท-1) (= 4n - 2)
equation system. There are two remain equations to suffice for solve these system. 

These conditions depend on the nature o f the measurement, but it is possible to 

assume that the second derivative o f the first and the last points are zero in general 
case. The conditions form the matrix equation of dimensions in order o f 4n. To 

solve this system directly, it consume a long time to accomplish. Fortunately, it is 

possible to modify the method. At first, we consider the first and second order 

derivatives o f the (A 1.1), we have

From the second derivative at X; and X;./, we can solve for a, and b„ which are

According to (A1.4), y "(x 1) can be written as y". Substitute a, and b, to the (A1.5), 

we have

y"(x) -  6a 1X + 2b 1 (A1.5)

M
a ‘ = 6(x,. -x ,_  1)

_  x,yï(x,_1) - x,_1y f a )  
, =  2 ( x , . - x m )

=  a ; ( x - x , _ 1) - p , . ( x - x , . ) ( A  1 .6 )
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where a, and (3, are constants depend on the interval. Integrating the (A1.6), we have

^ ( x )  = ^ ( x - x M )3 - | ( x - x , . ) 3 + 5,.x + yi (A 1.7)

The 5 ,  and Y i  can be solved from the first condition. Since the y, has to pass

the points 1 y t. i) and (x,, y i) , we have

y ,  =  ^ ( x , - x i _ l Ÿ  + d , x i + y i

Ti-1 = ^ -  ( * , -  x ,_ ,)3 +6'Xi + y i

From the above equations, we have

x 1y i -1  -  x  1- \y> . y ไ ,  , y ”- 1 ,T - =  - f l y ÿ - + ■i x-< - f  X, (* 1 -  « H  )

Then substitute ô; and Y i  to (A l.7), we obtain
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7, ( x )  = —  ----- - ( x - x , _ , ) 3 -  ' * ~ l— - ( x - x , ) 3
6( * , - * , - i )  6 ( x , - x , _ | ) _

-7 ,-1  . 7 , - 1 ,  , 1  , .โ y ,  y " i ,
[ V ^ x  6 * ' _ x '"‘ _ *'■  1 X. -  X- “  6 ' _ * X - *1. 1)

7,-1

(A l.8)

In (A 1.8), there are two unknown variables which are _y," and y ”_ 1. 

Differentiating (A1.8), we have

37," ,  ,2 37 ,- i X  2
7, (*) = ^ .. .. x ( * - * m ) ไ!  ̂(xc — ^1)6(x, -x ,_ 1) 6(*, - * ,_ , )

-7,-1 1 7,-1 , ,
■+ £ (*1- - * / - i )

.*«■ -  * M
^  - f  (* , -* , -< )

L X , - X , _ 1

Substitute the above equation by X, and X,_1 , then

., , - 2 7 ; ,  , 7 ,-1 , , 7 , - 7 , - 1
7 ;  ( * 1- ) =  g  ( * 1- -  * , _ 1  )  +  g  ( * ,  -  * M  )  +  x  

. , , y '+ i , , 2  >'1'' , . 7 , + 1 - 7 ,
7,+i (* i ) = g (*/+1 -  */ ) -  g (*,-+! -  */ ) + ^  ^

According to the second condition >'1'(x, ) = 7,'+i (x ,) , we equate the above equations

and arrange the equation, the result is
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0 /  +2(X/+1 - xm K + ( x,+i ~x 1)yl\ = x i+1 -*/
( y i+1 - ฬ — พ-!

(A1.9)

The equation (A1.9) form the equation system. There have n-1 equations since the 
index /’ ร are in the range [0,ท] . If we assume that the second derivatives of data at x 0 

and x n equal to zero. Hence, they form the matrix equation as follow.

Ap = q

where A = square matrix [dimension = (n-1) X (ท-1) ] 
p = column matrix [ dimension (n-1) ] 
q = column matrix [ dimension (n-1) ]

(A1.10)

The elements of the matrix A, p and q are

X ,  -  X  ;—J ; j  =  i - 1
1 2 ( x i + 1 -x,_ 1) ; j  = i

X /+I -  * 1- ; ;  =  '  +  !
0 ; elsewhere

Pi = y  ไ

q> = — - — (t ,+i -  y ,  ) - — —— ( y ,  -  y , - i  )x i +1 - X j  X  1. -  x , _ 1
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The matrix p can be solve by many method such as the gaussian elimination. 
Thus we have all y "  ‘ร which are the unknown variables in (A1.8) for all interval i .  By 
this way, we can interpolate the value in the interval i  by substitution the 
corresponding parameter to (A1.8).

2-Dimension Integration by Mid-Point Method
The numerical integration is commonly used in many fields of science. The 

simply mid-point integration is well-known in 1-dimensional case. It is rather rough 
approximation but it can be simply extended to the 2-dimension case.

Consider the integration I  is performed on the function F ( x , y )  in the range of
x 0 < x < x o and y 0 < y < y i  , we have

This integration coincide with the volume of solid confined by the xy plane and the 
surface F ( x , y )  . By the elementary calculus, the integration I can be written as

(A2.1)

1 =  lim limI -A£ - AyAy->0Ax->0y=0/=0 (A2.2)

*1 -X.where X i X o  + i A x  ; Ax = ท
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y j  =  y o + j A y  ; A y  = — ~ J °

It can be seen that the exact value can be obtained only when ท and m are 
approached to the infinity or the interval of X and y  are divided to the infinitesimal 
pieces. However, the approximation can be made for the equation. From (A2.2) it 
suggest that the integration is the summation of the small elements of the whole 
volume.

Let consider a small volume which confined by the area in xy plane which 
vertices are (x,Jÿ), ( X j j j + i ) ,  ( X i + i j j + i )  and ( X j + i j / j )  . As the concept of mid-point, the 
small volume is considered as the 3-dimensional bar of high as the value of the 
function F ( x , y )  at the middle point of that area, say

r,,xi +xM yj+yj+K AxF๙ =  F(x, +■  + ะf )

= F ( x 0 +  P i > y 0+ <ij)

where P j  =  (i +  }Ç)Ax and q j  = ( j  +  Y i ) A y . Hence the integration (A2.2) may be 

written as follow.

I = Y j Y , F { x 0 + p 1 , y 0 + q j ) - A x - A y  (A2.3)

The value of P i  and q j  can found by iteration, say
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Pt+1 = Pi+Ac ; Po=~Y 

q J + i = q J + A y  ; 4 0 = Y

The result is approached to the exact value when the range of X  and y are 
divided smallest. In practice, the value can be accurate in a certain level since the 
limitation of the resolution of bits in the numerical type in computer.

Nonlinear regression
Before the nonlinear regression will be considered, it is useful to understand 

the classic polynomial regression. Let consider a set of data (X j  1 y i )  where i  represent 
the order of data from 1 to N. If the data is predicted by the polynomial function of 
degree k, say

(A3.1)

The measured data are not exact the predicted value as (A3.1) but a small 
deviation may occur. It ‘ร interesting what is the curve of the polynomial which 
collective deviation from the data is minimum. Let we define the collective R e s i d u a l

V , which is
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^  =  Z b i  - y ( * / ) ) 2

= Z b  -  2Z>' ,>'U' ,  ) + Z b  (*1 )

To minimize the variance, we differentiate the variance with respect to the 
coefficient a m where 0 < m < k .  The result is

dV

The minimization condition is accomplished when dV
dam

then we have

« 0 ”
(A3.2)

The above equation form the k + 1  equation system. It can be represented by the 
matrix form as follow.

Ap=q

where A = squre matrix [dimension = (£+1) X  ( k + 1 )  ] 
p = column matrix [dimension = (&+1)] 
q = column matrix [dimension = (^+1)]
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The element of the matrix A, p and q can be written respectively as

a(m+l)(n+l) =

Pm+\ ~ am

tfm+1 = E t ,*"1

When the all an‘s are solve the curve which is the represented the data can be 
determined by substitute them to (A3.1).

In the most cases, the predicted function are not necessary to be polynomial 
function as indicate by (A3.1). However, it may be possible to induce the linear 
equation in some special cases. Let consider the predicted function as follow.

The abbve equation represent the exponential function of the quadratic 
equation. Take l o g  to this function we obtain

y ( x )  =  a k x 2 + *x (A3.3)

log_y = (log k ) x 2 + (piogÆ)x + loga
(A3.4)

Y  -  a 2 x 2 + a l x  +  a 0
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It is obviously seen that the (A3.4) is the quadratic equation for X and Y  which 
is corresponding to the second degree polynomial with coefficient Ü 2,  a \  and a 0 

respectively. The classic polynomial regression can be performed to the variables Y i  =  

log >’1rather than the y, and the yields coefficients a n where ท  = 0..2 . For this case the 
unknown parameters for (A3.3) are calculated by substitute d in  to the following 
equations.

a  = 10a" ; k  =  10ÛJ

Then, the represented curve of the data can be found by substitution the unknown
value to (A3.3).



A P P E N D I X  B

S O F T W A R E  C O N S I D E R A T I O N S

This Appendix is dedicated to complete the contents in software aspects. Since 
there are too many source codes to show in the thesis, the basic concepts and some 
essential commands which is the core of programming. The used program can be 
divided in two categories, which are the controller of the DAM and the routine using 
to analysis purposes. The first part is how to write the generic codes for interfacing the 
software to the hardware. The last is brief discussion on the analysis routine. All codes 
are written in PASCAL language and compiling by the Borland Pascal version 7.0, 
which have support the programming in both low level assembly routine and the 
Object Oriented Programming (OOP).

General Descriptions about Software Interfacing
The most fundamental and fastest way to communicate with the computer is 

via machine language. Since inefficiency and cumbersome, the more accessible 
assembly language is introduced. However, a certain assembly code is the one-by-one 
representation of machine code which is operated only the simple way such as the data 
transfer or simple logical arithmetic, so the development of the complex application 
will be difficult. However, the some critical routines which require the high speed 
operation or intensive hardware controlled have to be involved.
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To facilitate the more complex applications, high level languages are devised. 
The high level language offer the organized machine codes (or commands) and the 
abstract structure for development. The powerful programming can be accomplished 
by the appropriate combination of two level.

In Borland Pascal version 7.0, the assembly routine and direct machine code 
are available. The assembly routine can be identified by the a s s e m b l e r  directive 
behind the routine declaration, such as

P r o c e d u r e  A s s m b l y _ R o u t i n e  ะ a s s e m b le r  ;

The parameters for such procedure may be passing via the global variable or stacks. In 
contrast to function which the parameters is passing by CPU registers. The detail 
information can be seen in Demas, 1990.

To communicate with port, the Borland Pascal provide another way instead of 
directly program in assembly code. The virtual array variables P o r t  and P o r tw  are 
represented the ports of 8-bit and 16-bit devices, respectively. By this way the data 
transfer can be accomplished in the input and output mode as following examples ะ

X  := p o r tw  [Por tNum] ;

P o r tw  [PortNum] := X  ;

The first one is to transfer the 16-bit data from the port specified by PortNum 
to the memory allocated be variable X or vice versa in the second.
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The CPU registers are accessible from the record variable of type 
r e g i s t e r s .  The field of the variable of such type represent the specific register. For 
example,

v a r  r e g s  ะ r e g i s t e r s  

r e g s . a x  := $00FF  ; 

r e g s . a l  := $FF  ;

The interrupt routine is identified by the directive i n t e r r u p t  in the same 
way of assembly routine and implemented by the command S e t l n t V e c  which have 
the syntax as follow :

P r o c e d u r e  S e t l n t V e c t  (IntNum ะ b y t e  ; V e c t o r  ะ p o i n t e r )  ;

Where the IntNum and V e c t o r  represent the interrupt number and interrupt 
vector for the specific routine. This command have to declare before the interrupt 
routine will be used. There have two cautions for the usage of the interrupt routine. 
One is the old interrupt vector should be kept before the installation of the user- 
defined routine and restored after the usage to prevent the system crashing. The last is 
the interrupt routine cannot be accessed directly by routine software call as normal
subroutine.
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Subroutine for Numerical Analysis
The routines are arranged in Pascal units. The most is written as the object and 

partially functions or procedures. The objects can be considered as engines which 
operations are depend on a certain type of inputs. At first the engine have to install via 
constructors of the objects. The set of input data is sent to the engine by the individual 
way. The result is obtained from some method of the engines. This followings is the 
name and functions for each units.

EMATH ะ The extended mathematical functions which is not available in 
standard Pascal, e.g. the extended trigonometric functions, 
hyperbolic functions. The conversion between the various 
numerical formats is also provided.

MTX : The definition of the matrix object containing the fundamental
matrix operation such as assign elements, transpose, multiplication 
and the more advance operation such as solve linear equations.

ASTRON : The definition of data structure representing the position and time
notations including routine to interchange between them. Also the 
functions which is served for astronomical observation is provided 
and change automatically with the time base of computer.
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EGRAPH and GRAPHOBJ-.The enhancement of the GRAPH.TPU unit. The graphic 
object such as initiation of the graphic workspace, the numerous 
type of button, etc.

CUBIC : The engine for cubic spine interpolation, the set of input data is set
via the constructor in the forms of text file or link-list header 
pointer of the specific type. The result is obtained by call a specific 
method which is the function of X value.

DFILTER ะ The engine for digital filter. The current version is support only the 
low-pass filter with Lanczos' window but another type will be 
extended in the next version. The input have to be inserted to 
complete the k index of the filter.

BEAM ะ The definition of TBEAM Object representing the 3-D normalized
beam pattern of an antenna which the measured value for each 
plane is defined in the construction part of this object. The routines 
for calculation parameters for this antenna is also provide.

DAM ะ The control subroutines and the status flag for DAM controlling.
Some routine is written in assembly code to obtain the high speed 
acquisition. The initialization of DAM is also provided in the most 
flexible and simple way.
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RECEIVER : The conversion functions from the output voltage of the radio 
telescope receiver to the voltage and power at the antenna terminal. 
The functions are base on the assumption and calibration as 
described in this thesis.

The routines is distributed to many programs. The following is the descriptions 
of the importance programs which is written for this thesis.

BEAMANL : The program for analysis the antenna pattern. This program provide 
the 3-D plot for both linear and dB scale. The parameters of the 
antenna is calculated and the beam solid angle is estimated by mid­
point integration.

FILDEMO This is the demonstration program to test the digital filter. Graphic 
illustrations for the input and output signal is also support.

RATCON The core program to control the acquisition of the radio telescope 
system. This program provide the GUI's to display the current value 
of observation. The system can be operate with both free running 
mode or recording mode. In recording mode, the storage media
manager is handle.
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RADIOSKY The analysis program for the final result of the acquired data. The 
value is presented in the form of million Kelvin of system 
temperature and displayed graphically. By the aids of OOP, many 
set of data can be presented simultaneously with a tiny 
modification. The individual parameter such as the offset and gain 
can be defined in simple way.



A P P E N D I X  c

S C H E M A T I C  D I A G R A M S

This appendix is the collections of the schematic diagrams of the original 
hardware which is devised to serve the data acquisition system. The concepts and 
block diagrams for each equipment is shown in chapter IV. There are three equipment 
which is constructed ,i.e. AT prototype card, Data Acquisition Module-DAM 
(indicated by code Hx-7M ) and Signal Conditioner, respectively. Each equipment 
have many sheets corresponding to the modular design concept. The name of each
device and index of the sheet is indicated at the title block at the bottom of each sheet.
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A P P E N D I X  D

A D C 1 6 7 4  D A T A  S H E E T S

The following section is the data sheet for the 12-bit analog to digital converter 

ADI 674 since the IC is not common electronic component in Thailand although it is 

available from some dealers in our country. All sheets are copied from the Data 

converter reference manual volumn II o f Analog Devices Inc.

Since the information for other components is available in many reference 

books, the appendix need not to include.



a n a l o g

D E V I C E S
1 2 - B i t  1 0 0  k S P S  

A / D  C o n v e r t e r

: Ï features
‘ C o m p le t e  M o n o l i t h i c  1 2 - B i t  1 0  แ ร  S a m p l i n g  ADC 
: O n - B o a r d  S a m p l e - a n d - H o l d  A m p l i f i e r  

. I n d u s t r y  S t a n d a r d  P i n o u t  

8 -  a n d  1 6 - B i t  M i c r o p r o c e s s o r  I n t e r f a c e  

y\c a n d  DC S p e c i f i e d  a n d  T e s t e d  

U n i p o l a r  a n d  B i p o l a r  I n p u t s  

± 5  V ,  ± 1 0  V ,  0 - 1 0  V ,  0 - 2 0  V  I n p u t  R a n g e s  

/ C o m m e r c i a l ,  I n d u s t r i a l  a n d  M i l i t a r y  T e m p e r a t u r e  

■ R a n g e  G r a d e s

M I L - S T D - 8 8 3  C o m p l i a n t  V e r s i o n s  A v a i l a b l e

P R O D U C T  D E S C R I P T I O N

t Ï j c  A D 1 6 7 4  is  a  c o m p le t e ,  m u l t i p u r p o s e ,  1 2 - b i t  a n a lo g - t o -  

d ig i t a l  c o n v e r t e r ,  c o n s i s t in g  o f  a  u s e r - t r a n s p a r e n t  o n - b o a r d  

s a m p le - a n d - h o ld  a m p l i f i e r  ( S H A ) ,  1 0  v o l t  r e f e r e n c e ,  c l o c k  a n d  

th re e -s ta te  o u t p u t  b u f f e r s  f o r  m ic r o p r o c e s s o r  i n t e r f a c e .

T h e  A D 1 6 7 4  is  p i n  c o m p a t ib le  w i t h  t h e  i n d u s t r y  s t a n d a r d  

A D 5 7 4 A  a n d  A D 6 7 4 A ,  b u t  i n c lu d e s  a  s a m p l i n g  f u n c t i o n  w h i l e  

d e l iv e r in g  a f a s te r  c o n v e r s io n  r a te .  T h e  o n - c h i p  S H A  h a s  a  w id e  

in p u t  b a n d w id t h  s u p p o r t i n g  1 2 - b i t  a c c u r a c y  o v e r  t h e  f u l l  

N y q u is t  b a n d w id t h  o f  t h e  c o n v e r t e r .

T h e  A D  1 6 7 4  is  f u l l y  s p e c i f ie d  f o r  a c  p a r a m e t e r s  ( s u c h  a s  

ร / ( N  + D )  r a t io ,  T H D ,  a n d  I M D )  a n d  d c  p a r a m e t e r s  ( o f f s e t ,  

f u l l - s c a le  e r r o r ,  e t c . ) .  W i t h  b o t h  a c  a n d  d c  s p e c i f i c a t i o n s ,  t h e  

A D I 6 7 4  is  id e a l  f o r  u s e  i n  s ig n a l  p r o c e s s in g  a n d  t r a d i t io n a l  d c  

m e a s u r e m e n t  a p p l i c a t io n s .

T h e  A D  1 6 7 4  d e s ig n  i s  im p le m e n t e d  u s in g  A n a l o g  D e v i c e s ’  

B iM O S  I I  p r o c e s s  a l l o w in g  h ig h  p e r f o r m a n c e  b i p o l a r  a n a lo g  

c i r c u i t r y  t o  b e  c o m b in e d  o n  th e  s a m e  d ie  w i t h  d i g i t a l  C M O S  

lo g ic .

F iv e  d i f f e r e n t  g r a d e s  a r e  a v a i la b le .  T h e  A D 1 6 7 4 J  a n d  K  g r a d e s  

a re  s p e c i f ie d  f o r  o p e r a t io n  o v e r  t h e  0 ° c t o  +  70°c t e m p e r a t u r e  

r a n g e . T h e  A  a n d  B  g r a d e s  a r e  s p e c i f ie d  f r o m  - 4 0 ’ C  t o  + 8 5 ° C ;  

th e  A D 1 6 7 4 T  g r a d e  i s  s p e c i f ie d  f r o m  - 5 5 ° c  t o  +  1 2 5 ° c .  T h e  J  

a n d  K  g r a d e s  a r e  a v a i la b le  i n  a 2 8 - p in  p la s t i c  D I P  o r  2 8 - le a d  

S O I C .  A l i  o t h e r  g r a d e s  a r e  a v a i la b le  i n  a  2 8 - p in  h e r m e t ic a l l y  

s e a le d  c e r a m ic  D I P .

ted by บ. ร. Patent Nos. 4,9̂ 2,325; 4,250,445; 4,808.908; RE30586.

F U N C T I O N A L  B L O C K  D I A G R A M

E

P R O D U C T  H I G H L I G H T S

1. I n d u s t r y  S t a n d a r d  P in o u t :  T h e  A D 1 6 7 4  u t i l i z e s  t h e  p i n o u t  

e s t a b l i s h e d  b y  t h e  i n d u s t r y  s t a n d a r d  A D 5 7 4 A  a n d  A D 6 7 4 A .  

I n  s t a n d - a lo n e  m o d e ,  t h e  A D 1 6 7 4  h a s  i d e n t i c a l  in t e r f a c e  r e ­

q u i r e m e n t s  a s  t h e  A D 5 7 4 A  a n d  A D 6 7 4 A .  I n  f u l l  c o n t r o l  

m o d e ,  t h e  A D 1 6 7 4  r e q u i r e s  s l i g h t  c o n t r o l  t im i n g  m o d i f i c a t i o n .

2 .  I n t e g r a t e d  S H A :  T h e  À D 1 6 7 4  h a s  a n  in t e g r a t e d  S H A  w h i c h  

s u p p o r t s  t h e  f u l l  N y q u i s t  b a n d w id t h  o f  t h e  c o n v e r t e r .  T h e  

S H A  f u n c t i o n  is  t r a n s p a r e n t  t o  t h e  u s e r ;  n o  w a i t - s t a t e s  a r e  

n e e d e d  f o r  S H A  a c q u i s i t i o n .

3 .  D C  a n d  A C  S p e c i f ie d :  I n  a d d i t i o n  to  t r a d i t io n a l  d c  s p e c i f i c a ­

t io n s ,  t h e  A D 1 6 7 4  i s  a ls o  f u l l y  s p e c i f i e d  f o r  f r e q u e n c y  

d o m a in  a c  p a r a m e t e r s  s u c h  a s  t o t a l  h a r m o n i c  d i s t o r t i o n ,  

s ig n a l - t o - n o i s t  r a t io  a n d  i n p u t  b a n d w id t h .  T h e s e  p a r a m e t e r s  

c a n  b e  t e s t e d  a n d  g u a r a n t e e d  a s  a  r e s u l t  o f  t h e  o n - b o a r d  

S H A .

4 .  A n a lo g  O p e r a t io n :  T h e  p r e c i s io n ,  l a s e r - t r im m e d  s c a l i n g  a n d  

b i p o l a r  o f f s e t  r e s is t o r s  p r o v i d e  f o u r  c a l i b r a t e d  r a n g e s :  0  t o  

+  10  V  a n d  b  to  + 2 0  V  u n ip o l a r ,  - 5  V  t o  + 5  V  a n d  - 1 0  V  

to  + 1 0  V  b ip o la r .  T h e  A D 1 6 7 4  o p e r a t e s  o n  + 5  V  a n d  

± 1 2  V  o r  ± 1 5  V  p o w e r  s u p p l ie s .

F l e x i b l e  D i g i t a l  I n t e r f a c e :  O n - c h i p  m u l t i p l e - m o d e  t h r e e - s t a t e  

o u t p u t  b u f f e r s  a n d  in t e r f a c e  l o g i c  a l l o w  d i r e c t  c o n n e c t i o n  to  

m o s t  m ic r o p r o c e s s o r s .

5 .
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A D 1 6 7 4 - S P E C I F I C A T I O N S
no cnroirionTinuc <1- “ r— *% = +1S» 1 <»* » +n< * ร*. พ  = +s » ± u*. v„ » * 11* «บน ortUIrlUAIIUNo -12 V ± 5% unless otherwise indicated)

V
P a r a m e t e r  ; ^ M i n

A D 1 6 7 4 J  

T y p  M a x

A D 1 6 7 4 K

M i n  T y p  M a x U n i t s

R E S O L U T I O N  - - 12 12 B i t s

I N T E G R A L  N O N L I N E A R I T Y  ( I N L ) ±1 ±1/2 L S B

D I F F E R E N T I A L  N O N L I N E A R I T Y  ( D N L ) .. .i IV
( N o  M i s s i n g  C o d e s ) 12 12 B i t s

U N I P O L A R  O F F S E T *  @ 2 5 ° c ±3 ±2 L S B

B I P O L A R  O F F S E T *  @ 2 5 'C ±6 . ±4 ; /  L S B

F U L L - S C A L E  E R R O R ' 1. * (S' 2 5 ° c  y
( w i t h  F i x e d  5 0  ท  R e s i s t o r  f r o m  R E F  O U T  t o  R E F  I N 0 .1 0 .2 5 0 .1 0 .2 5 % o f  F S

T E M P E R A T U R E  R A N G E  . . . .  . 0 + 7 0 0 + 7 0 • c

T E M P E R A T U R E  D R I F T *

U n i p o l a r  O f f s e t 2 ±2 ±1 L S B

B ip o l a r  O f f s e t 2 ±2 ±1 L S B

F u l l - S c a l e  E r r o r 2 ±6 ±3 L S B

P O W E R  S U P P L Y  R E J E C T I O N

V ç c  = 15  V  ±  1 .5  V  o r  12  V  ±  0 .6  V ±2 ±1 L S B

Vloc.c -  5 V  £ 0 .5  V ±1/2 ± 1/2 .1 L S B

V E H  = - Î 5 V *  1 . 5  V  o r - 1 2  V  ± 0 .6  V  - • ±2 ±1 L S B

A N A L O G  I N P U T

I n p u t  R a n g e s

B ip o la r - 5 + 5 - 5 +  5 V o l t s

- 1 0 +  10 - 1 0 +  1 0 . V o l t s

U n i p o l a r 0 +  10 0 +  10 V o l t s

0 +  20 0 + 2 0 V o l t s

I n p u t  I m p e d a n c e

1 0  V o l t  S p a n 3 5 7 3 5 7  .. kn
2 0  V o l t  S p a n 6 10 14 6 10 14 k f l

P O W E R  S U P P L I E S  -

O p e r a t in g  V o lt a g e s

^  LOGIC + 4 .5 + 5 .5 + 4 .5 + 5 .5 V o l t s

ĈC +  1 1 .4 +  1 6 .5 + 1 1 .4 +  1 6 .5 V o l t s

Vee - 1 6 . 5 - 1 1 . 4 - 1 6 . 5 - 1 1 . 4 V o l t s

O p e r a t in g  C u r r e n t - Î.
Ilocic 5 8 5 8 m A

Icc 10 1 4  •- 1 0  - 1 4 m A

Iee 14 18 14 18 m A

P O W E R  D I S S I P A T I O N 3 8 5 5 7 5 3 85 5 7 5 m W

I N T E R N A L  R E F E R E N C E  V O L T A G E 9.9 1 0 .0 10.1 9.9 1 0 .0 10.1 V o l t s

O u t p u t  C u r r e n t  ( A v a i la b le  f o r  E x t e r n a l  L o a d s ) 2 .0 2 .0 m A

( E x t e r n a l  L o a d  S h o u ld  N o t  C h a n g e  D u r in g  C o n v e r s io n )

NOTES
’Adjustable to zero.
includes internal voltage reference error.
’Maximum change from 25*c value to the value at Tmm or T,̂ ,.
Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at T111i ,  1 25*c, and 1. Results from those tc 
are used to calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are tested.
Specifications subject to change without notice.
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fc-to;T  ̂ 1_____‘ ______________
ÎXln o n lin earity  (DNL) 

fliiiiiç r codes)
JL^ROFFSET1 <a 25-C

JLAR offset1 <5 25“C

50 n p^swr from RHF OUT to REF IN) 
pERATURE range_________________
JÉRATURE DRIFT» 

ÿyiupoür Offser2 
j; Bipolar Offset2

gpOWER SUPPLY rejection"

AD1674A
Min Typ Mai

±1
±1

±6

0.1 0.25
-40 +85

±2
±2
±8

AD1674B
Min Typ Max

±1/2
±1/2

±2
±3

0.1 0.125
-40 +85

±1
±1
±5

A D 1674

AD1674T
Min Typ Max

±1/2
±1

±2
±3

0.1 0.125
-55 + 125

±1
±2
±7

Units
Bits
LSB 
LS B

Bits
LSB
LSB

% of FSR

LSB
LSB
LSB

15 V ± 1.5 V or 12 V ะ 0.6 VY _ _  ■  1 )  y  I  I J  *  U l  

S P 0* VË ï?Vm - - 15 V ะ 15 v
s*ï»y*y rw. IMPirr.

or -12 V ะ 0.6 V
ร , % ร ,

LSB
LSB
LS3

® SnALOG INPUT 
l^ inpUt Ranges
P ^ .  ■
รร่?ะ;T, Unipolatvvji L:nipolar

^ £\'-tทุptit Impedance 
Sggÿ -ç / 10 Volt Span 

JO Volt Span
p l i  POWER SUPPLIES 
8 :^  Operating Voltages1"

ะ;.

0

3
6

+5 
+ io 
+ 10 
+20

ะ;.

0

3
6

5
10

+5 
+ 10 
+ 10 
+20

î,

ะ;.

0

3
6 ไ .

+ 5 
+ 10 
+ 10 
+20

Volts
Volts
Volts
Volts

kfl
kn

+4.5 
+ 11.4
-Ï6.5

|||||-<  POWER DISSIPATION 
INTERNAL REFER ENC

14

+5.5 
+ 16.5 
-11.4

8
14
18

+4.5 
+ 11.4 
-16.5

5
10
14

+5.5 
+16.5 
-11.4

8
14
18

+4.5 
+ 11.4 
-16.5

+5.5 
+ 16.5 
-11.4

14 18

Volts
Volts
Volts

mA 
mA 
mA ■-

385 575 385 575 385 575 mW
iMgepr : INTERNAL REFERENCE VOLTAGE

. Output Current (Available for External Loads)
"^■^0 •••(External Load Should Not Change During Conversion)

9.9 10.0 10.1 
2.0

9.9 10.0 10.1 
2.0

9.9 10.0 10.1
• 2.0

Volts
mA

WMi
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AD I 6 7 4 - AC  SPEC IF IC A T IO N S

(Tmi„toTMI with vcc = +15 V ± 10% or 
-15 V ± 10% or -12 V ± 5%, fjAHpu = 
unless otherwise noted)'

ร ,.น ? .V i ï ü T ü r

P a r a m e t e r

A D 1 6 7 4 J / A

M i n  T y p  M a x

A D 1 6 7 4 K / B / T  

M i n  T y p  M a x U n i t s

S ig n a l  t o  N o i s e  a n d  D i s t o r t io n  ( S / N + D )  R a t i o 2 , 1 6 9  7 0 7 0  71 d B

T o t a l  H a r m o n i c  D i s t o r t io n  ( T H D ) 4 - 9 0  - 8 2

N001ร
ุ d B

V 0 .0 0 8 0 .0 0 8 %

P e a k  S p u r io u s  o r  P e a k  H a r m o n i c  C o m p o n e n t - 9 2  - 8 2 - 9 2  - 8 2 d B

F u l l  P o w e r  B a n d w id t h 1 1 M H z

F u l l  L i n e a r  B a n d w id t h 5 0 0 5 0 0 k H z

I n t e r m o d u la t io n  D i s t o r t io n  ( I M D ) 5

S e c o n d  O r d e r  P r o d u c t s - 9 0  - 8 0 - 9 0 - 8 0 d B

T h i r d  O r d e r  P r o d u c t s - 9 0  - 8 0 - 9 0  - 8 0 d B

S H A  ( s p e c i f i c a t io n s  a r e  i n c lu d e d  in  o v e r a l l  t im in g  s p e c i f ic a t io n s )

A p e r t u r e  D e la y 15 15 n s

A p e r t u r e  J i t t e r 1 50 1 50 p s

A c q u i s i t i o n  T im e 1 1

DIGITAL SPEC IFICAT IO N S £ '= -" s v
with VM = +15 V ± 10% or +12 V ± 5%, Vumk = +5 V ± 10%, 

vu = -15 V ± 10% or -12 V ± 5%)
P a r a m e t e r T e s t  C o n d i t i o n s M i n M a x U n i t s

L O G I C  I N P U T S

V IH  H ig h  L e v e l  I n p u t  V o l t a g e +  2 .0 Vlogic + 0 . 5  V V

V , L  L o w  L e v e l  I n p u t  V o l t a g e - 0 . 5 + 0 . 8 VI,H H ig h  L e v e l  I n p u t  C u r r e n t  ( V IN  =  5  V ) V j N  =  V  l o g i c - 1 0 +  10

I , L  L o w  L e v e l  I n p u t  C u r r e n t  ( V , N  =  0  V ) v,N = ov - 1 0 +  1 0 pA
C , N  I n p u t  C a p a c i t a n c e 10 p F

L O G I C  O U T P U T S

V O H  H ig h  L e v e l  O u t p u t  V o l t a g e Iq j j  =  0 .5  m A + 2 . 4 V

V q l  L o w  L e v e l  O u t p u t  V o l t a g e Io l  =  L6mA + 0 . 4 V

I q z  H i g h - Z  L e a k a g e  C u r r e n t V IN  =  0  t o  V l o g i c - 1 0 + 1 0 pA
C o z  H i g h - Z  O u t p u t  C a p a c i t a n c e 10 p F

NOTES
'f|N ■mplitudc «■ -0.5 dB (9.44 V p-p) 10 V bipolar mode unless otherwise indicated. All measurements referred to -0 dB (9.997. V p-p) input signal unless 
otherwise indicated.
2Specified at worst case temperatures and supplies after one minute warm-up.
’See Figures 12 and 13 for other input frequencies and amplitudes.*Scc Figure 11.
5fa * 9โ08 kHz, fb «= 9.58 kHz with fSAMM_E * 100 kHz. See Definition of Specifications section and Figure 15.
Specifications shown in boldface are tested on all devices at final electrical test with worst case supply voltages at T̂ i1,, 25*c, and T__Results from those tests
are used to calculate outgoing quality levels. All min and max specifications arc guaranteed, although only those shown in boldface are tested.
Specifications subject to change without notice.
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A D I 674

SW ITCHING SPEC IFICAT IO N S  2 * “ ■ ~’ 5 v * ' k "  “ 12=v■ 5* ’ v* " " " *

C O N V E R T E R  S T A R T  T I M I N G  ( F i g u r e  1 )

P a r a m e t e r S y m b o l M i n  T y p  M a x U n i t s

C o n v e r s io n  T im e

8 - B i t  C y c le t c 7  8 M-S
1 2 - B i t  C y c le t c 9  10 M-SSTS D e la y  f r o m  CE (น ิ 25°c 1DSC 200 n sTmin t o  T max 2 S 0 n s

C E  P u ls e  W i d t h  (น ิ 25°c . tHEC 5 0 n sTmin t o  Tmax 75 n s

C S  to  C E  S e t u p t s s c 50 n s

ร ิ L o w  D u r in g  C E  H ig h  (น ิ 25°c lHSC 50 n sTmin t o  Tjnxx 75 n s

R / C  to  C E  S e t u p tsRC 5 0 n s

R / C  L o w  D u r in g  C E  H ig h  (นิ 25°c tHRC 50 n sTmift t o  TmaX 1 5 0 n s

A o  to  C E  S e t u p t s A C 0 n s

A c  V a l i d  D u r in g  C E  H ig h lHAC 50 n s

r e a d  t i m i n g  -  F U L L  C O N T R O L  M O D E  ( F i g u r e  2 )

P a r a m e t e r S y m b o l M i n  T y p  M a x U n i t s

A c c e s s  T im ecu =  1 00  p F tDD* 7 5  1 5 0 n s

D a t a  V a l i d  A f t e r  C E  L o w *HD 2 5 n s

O u t p u t  F lo a t  D e la y t H L 2 1 5 0 n s

C s  to  C E  S e t u p lSSR 5 0 n s

R / C  to  C E  S e t u p tsRR 0 n s

A o  to  C E  S e t u p lSAR 5 0 n s

C S  V a l i d  A f t e r  C E  L o w lHSR 0 n s

R / C  H ig h  A f t e r  C E  L o w *HRR 6 0 n s

A o  V a l i d  A f t e r  C E  L o w lHAR 5 0 n s

พ™*p'l00is pleasured with the load circuit of Figure 3 and is defined as the time 
rïqüiréd for an output to cross 0.4 V or 2.4 V.

น defined as the time required for the data lines to change 0.5 V when 
toaded with the circuit of Figure 3.

.̂ Specifications shown in boldface are tested on all devices at final electrical 
with worst case supply voltages at T*,11,, 25’C, and T^. Results from 

^  those tests are used to calculate outgoing quality levels. All min and max 
f.Jpéèifications are guaranteed, although only those shown in boldface are 
•; tested.

K  Specifications subject to change without notice.พ-.-.- . ..
T e s t V c p OUT
A c c e s s  T im e  H ig h  z t o  L o g i c  L o w 5 V 1 00  p F

F lo a t  T im e  L o g i c  H ig h  to  H ig h  z 0  V 10 p F

A c c e s s  T im e  H ig h  z t o  L o g i c  H ig h 0  V 1 00  p F

F lo a t  T im e  L o g i c  L o w  to  H ig h  z 5 V 10 p F

CE
c s

STS 
DB11 — DBO

) *— Ihec ~J\

พ,
\

— *MAC-i5(____A
■

*osc HICÎH IMPEDANCE -

Figure 1. Converter Start Timing

Figure 2. Read Timing

Figure 3. Load Circuit for Bus Timing Specifications
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A D I67 4

T I M I N G  -  S T A N D - A L O N E  M O D E  ( F i g u r e s  4 a  a n d  4 b )

P a r a m e t e r S y m b o l M i n  T y p  M a x U n i t s

D a t a  A c c e s s  T i n w *DDR 1 5 0 n s

L o w  R / C  P u ls e  W id t h fHRL 5 0 n s

S T S  D e la y  f r o m  W c  (tt 2 5 ° c *DS 2 0 0 n s

T „ i „  t o  T m „ 2 5 0 n s

D a t a  V a l i d  A f t e r  R / C  L o w 'hDR 2 5 n s

S T S  D e la y  A f t e r  D a t a  V a l i d 'แร 0 .6  0 .8  1 .2 แ ร
H ig h  R / C  P u ls e  W id t h 'hrh - 1 5 0 n s

NOTE
Specifications shown in boldface are tested on all devices at final electrical 
test with worst case supply voltages at Tm,„, 25“C, and T „1. Results from 
those tests are used to calculate outgoing quality levels. All min and max 
specifications are guaranteed, although only those shown in boldface are 
tested. - - -
Specifications subject to change without notice.

A B S O L U T E  M A X I M U M  R A T I N G S *vcc t o  D i g i t a l  C o m m o n .........................................................0  to  + 1 6 .

V g E  to  D ig i t a l  C o m m o n .........................................................0  to  - 1 6 .

V LOGIC 'O  D i g i t a l  C o m m o n  ................................................. 0  to  t

A n a lo g  C o m m o n  to  D i g i t a l  C o m m o n  ............................i

D i g i t a l  I n p u t s  t o  D ig i t a l  C o m m o n  . - 0 . 5  V  t o  V L O G lc  + 0 .

A n a lo g  I n p u t s  t o  A n a lo g  C o m m o n   ................................V E E  t o 1

2 0 V , ;  t o  A n a lo g  C o m m o n ..................................................... 7 .  ± 2

R E F  O U T  .................................................I n d e f in i t e  S h o r t  to  C o m r

........................................................M o m e n t a r y  S h o r t  to  *

J u n c t i o n  T e m p e r a t u r e .................................................................. ... . + 17 .

P o w e r  D i s s i p a t i o n ............................... ................................................ 8 2 5  ท้

L e a d  T e m p e r a t u r e ,  S o l d e r i n g ..........................................  3 0 0 ° c ,  10

S to r a g e  T e m p e r a t u r e .................................................... -65°c to  +15.
•Stresses above those listed under "Absolute Maximum Ratings” may ci 
permanent damage to the device. This is a stress rating only and functi. 
operation of the device at these or any other conditions above those indie 
in the operational section of this specification is not implied. Exposur 
absolute maximum rating conditions for extended periods may affect de 
reliability. - -V.

.' .'I

Figure 4a. Stand-Alone Mode Timing Low Pulse for R/C Figure 4b. Stand-Alone Mode Timing High Pulse for Rr

C A U T I O N :  ___________________________________;_______________ ___________________________________________________

E S D  ( e le c t r o s t a t ic  d is c h a r g e )  s e n s it iv e  d e v ic e .  T h e  d ig i t a l  c o n t r o l  in p u t s  a r e  d io d e  p ro te c te d ;  

h o w e v e r ,  p e r m a n e n t  d a m a g e  m a y  o c c u r  o n  u n c o n n e c t e d  d e v ic e s  s u b je c t  t o  h ig h  e n e r g y  e le c t r o ­

s t a t ic  f ie ld s .  U n u s e d  d e v ic e s  m u s t  b e  s to r e d  in  c o n d u c t iv e  f o a m  o r  s h u n t s .  T h e  p r o t e c t iv e  fo a m  

s h o u ld  b e  d is c h a r g e d  to  th e  d e s l in a t io n  s o c k e t  b e f o r e  d e v ic e s  a r e  in s e r t e d .

WARNING! ^ <

O R D E R I N G  G U I D E

M o d e l 1 T e m p e r a t u r e  R a n g e ( T „ 1 in  t o  T 01. , )

S / ( N + D )

Ĉ min ^  m̂ax)
P a c k a g e

O p t i o n 2

A D I  6 7 4 J N 0° c  t o  + 7 0 ° c ± 1  L S B 6 9  d B N - 2 8 A

A D 1 6 7 4 K N ( r c  t o  + 7 0 ° c ±  1/2 L S B 7 0  d B N - 2 8 A

A D 1 6 7 4 J R 0 ° c  to  +  7 0 ° c i l  L S B 6 9  d B R - 2 8

A D 1 6 7 4 K R 0° c  t o  + 7 0 ° c ± 1 / 2  L S B 7 0  d B R - 2 8

A D 1 6 7 4 A D - 4 0 ° c  t o  + 8 5 ° c ± 1  L S B 6 9  d B D - 2 8 A

A D 1 6 7 4 B D - 4 0 ° c  t o  + 8 5 ° c ± 1 / 2  L S B 7 0  d B D - 2 8 A

A D 1 6 7 4 T D - 5 5 - C t o  + 1 2 5 - C ± 1  L S B 7 0  d B D - 2 8 A

NOTES
‘For details on grade and package offerings screened in accordance with MIL-STD-883, refer to 
the Analog Devices Military Products Databook or current AD1674/883B data sheet.
2N ■= Plastic DIP; D *= Hermetic Ceramic DIP; R *= plastic SOIC. For outline information sec 
Package Information section.
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A D I  6 7 4

d ef in it io n  o f  spe c if ic a t io n s

i n t e g r a l  n o n l i n e a r i t y  ( I N L )

T h e  id e a l t r a n s f e r  f u n c t io n  f o r  a n  A D C  is  a  s t r a ig h t  l i n e  d r a w n  

b e tw e e n  “ z e r o "  a n d  “ f u l l  s c s j e . "  T h e  p o in t  u s e d  a s  “ z e r o "  

o c c u r s  1/2 L S B  b e fo r e  th e  f i r s t  c o d e  t r a n s i t i o n .  “ F u l l  s c a le "  is  

d e f in e d  a s  a  le v e l  1 1/2 L S B  b e y o n d  t h e  la s t  c o d e  t r a n s i t i o n .  I n ­

te g r a l n o n l in e a r i t y  is  t h e  w o r s t - c a s e  d e v ia t io n  o f  a  c o d e  f r o m  th e  

s t r a ig h t  l in e .  T h e  d e v ia t io n  o f  e a c h  c o d e  is  m e a s u r e d  f r o m  th e  

m id d le  o f  t h a t  c o d e .

d i f f e r e n t i a l  n o n l i n e a r i t y  ( D N L )

A  s p e c i f ic a t io n  w h ic h  g u a r a n te e s  n o  m is s in g  c o d e s  r e q u i r e s  th a t  

e v e r y  c o d e  c o m b in a t io n  a p p e a r  i n  a  m o n o t o n ie  in c r e a s in g  s e ­

q u e n c e  a s  th e  a n a lo g  in p u t  le v e l  is  in c r e a s e d .  T h u s  e v e r y  c o d e  

m u s t  h a v e  a  f in i t e  w id t h .  T h e  A D 1 6 7 4  g u a r a n t e e s  n o  m is s in g  

c o d e s  to  1 2 - b it  r e s o lu t io n ;  a l l  4 0 9 6  c o d e s  a r e  p r e s e n t  o v e r  th e  

e n t ir e  o p e r a t in g  ra n g e .

U N I P O L A R  O F F S E T

T h e  f i r s t  t r a n s i t io n  s h o u ld  o c c u r  a t  a  le v e l  1 /2  L S B  a b o v e  a n a lo g  

c o m m o n .  U n ip o la r  o f f s e t  i s  d e f in e d  a s  t h e  d e v ia t io n  o f  t h e  a c t u a l  

t r a n s i t io n  f r o m  th a t  p o in t  a t  2 5 ‘>c .  T h i s  o f f s e t  c a n  b e  a d ju s t e d  a s  

s h o w n  in  F ig u r e  6 .

B I P O L A R  O F F S E T

I n  th e  b ip o la r  m o d e  th e  m a j o r  c a r r y  t r a n s i t i o n  (0 1 1 1  1 11 1  1111  

to  1 0 0 0  0 0 0 0  0 0 0 0 )  s h o u ld  o c c u r  f o r  a n  a n a lo g  v a lu e  1/2 L S B  

b e lo w  a n a lo g  c o m m o n .  T h e  b i p o l a r  o f f s e t  e r r o r  s p e c i f ie s  t h e  d e ­

v ia t io n  o f  t h e  a c t u a l t r a n s i t io n  f r o m  t h a t  p o in t  a t  2 5 ”C .  T h i s  o f f ­

se t c a n  b e  a d ju s t e d  a s  s h o w n  in  F i g u r e  7 .

j  F U L L - S C A L E  E R R O R

T h e  la s t  t r a n s i t io n  ( f r o m  n i l  1 11 1  1 1 1 0  t o  n i l  n i l  n i l )

V. s h o u ld  o c c u r  f o r  a n  a n a lo g  v a lu e  1 1 /2  L S B . b e lo w  t h e  n o m in a l  

f u l l  s c a le  ( 9 .9 9 6 3  v o l t s  f o r  10  v o l t s  f u l l  s c a le ) .  T h e  f u l l - s c a le  e r -  

รุ tor is  t h e  d e v ia t io n  o f  t h e  a c t u a l  le v e l  o f  t h e  la s t  t r a n s i t i o n  f r o m  

S ’ th e  id e a l le v e l  a t  2 5 ° c .  T h e  f u l l - s c a le  e r r o r  c a n  b e  a d ju s t e d  to  

i z e ro  a s  s h o w n  in  F ig u r e s  6  a n d  7 .
I f  .... .

P E R A T U R E  D R I F T  . 1

‘ -T h e  t e m p e r a tu r e  d r i f t s  f o r  f u l l - s c a le  e r r o r ,  u n ip o la r  o f f s e t  a n d  

1. b ip o la r  o f f s e t  s p e c i f y  th e  m a x im u m  c h a n g e  f r o m  t h e  i n i t i a l  

fc| ( 2 5 ° C )  v a lu e  to  th e  v a lu e  a t  T m in  o r  T m 1, .

|  P O W E R  S U P P L Y  R E J E C T I O N

^i T h e  e f fe c t  o f  p o w e r  s u p p ly  e r r o r  o n  t h e  p e r f o r m a n c e  o f  t h e  d e -  

' v ic e  w i l l  b e  a s m a l l  c h a n g e  in  f u l l  s c a le .  T h e  s p e c i f i c a t io n s  s h o w  

«.(the m a x im u m  f u l l - s c a le  c h a n g e  f r o m  t h e  i n i t i a l  v a lu e  w i t h  th e  

'S u p p l i e s  a t  v a r io u s  l im i t s .

" f r e q u e n c y -d o m a i n  T E S T I N G

■gn* A D 1 6 7 4  is  te s te d  d y n a m ic a l l y  l i s i n g  à  s in e  w a v e  i n p u t  a n d  a 

Ë T 0 4 8  p o in t  F a s t  F o u r i e r  T r a n s f o r m  ( F F T )  t o  a n a ly z e  th e  r e s u l t -  

ฐ ! ! n g  o u t p u t .  C o h e r e n t  s a m p l in g  is  u s e d ,  w h e r e in  t h e  A D C  s a m -  

I J p l in g  f r e q u e n c y  a n d  t h e  a n a lo g  in p u t  f r e q u e n c y  a r e  r e la t e d  to  

£ * * c h  o t h e r  b y  a r a t io  o f  in t e g e r s .  T h i s  e n s u r e s  t h a t  a n  in t e g r a l  

'^ m u lt ip le  o f  in p u t  c y c le s  is  c a p t u r e d ,  a l l o w in g  d i r e c t  F F T  p r o -  

^ไe as in g  w i t h o u t  w in d o w in g  o r  d ig i t a l  f i l t e r i n g  w h i c h  c o u ld  m a s k  

. (Oute o f  th e  d y n a m ic  c h a r a c t e r is t ic s  o f  t h e  d e v ic e .  I n  a d d i t i o n ,  

the f r e q u e n c ie s  a re  c h o s e n  to  b e  “ r e l a t i v e l y  p r im e "  ( n o  c o m m o n  

A c to r s )  to  m a x im iz e  th e  n u m b e r  o f  d i f f e r e n t  A D C  c o d e s  t h a t

a r e  p r e s e n t  in  a  s a m p le  s e q u e n c e .  T h e  r e s u l t ,  c a l le d  P r im e  

C o h e r e n t  S a m p l in g ,  is  a  h ig h l y  a c c u r a t e  a n d  r e p e a t a b le  m e a s u r e  

o f  t h e  a c t u a l  f r e q u e n c y - d o m a in  r e s p o n s e  o f  t h e  c o n v e r t e r .

N Y Q U I S T  F R E Q U E N C Y

A n  im p l i c a t i o n  o f  t h e  N y q u i s t  s a m p l in g  t h e o r e m ,  t h e  “ N y q u is t  

F r e q u e n c y ”  o f  a  c o n v e r t e r  is  t h a t  i n p u t  f r e q u e n c y  w h i c h  is  o n e -  

h a l f  t h e  s a m p l in g  f r e q u e n c y  o f  t h e  c o n v e n e r .

S I G N A L - T O - N O I S E  A N D  D I S T O R T I O N  ( S / N + D )  R A T I O  

S / ( N  +  D )  is  t h e  r a t io  o f  t h e  r m s  v a lu e  o f  t h e  m e a s u r e d  in p u t  

s ig n a l  t o  t h e  r m s  s u m  o f  a l l  o t h e r  s p e c t r a l  c o m p o n e n t s  b e lo w  th e  

N y q u i s t  f r e q u e n c y ,  i n c l u d in g  h a r m o n ic s  b u t  e x c lu d in g  d c .  T h e  

v a lu e  f o r  S / ( N + D )  is  e x p r e s s e d  i n  d e c ib e ls .

T O T A L  H A R M O N I C  D I S T O R T I O N  ( T H D )

T H D  is  t h e  r a t io  o f  t h e  r m s  s u m  o f  t h e  f i r s t  s ix  h a r m o n ic  c o m ­

p o n e n t s  t o  t h e  r m s  v a lu e  o f  a  f u l l - s c a le  i n p u t  s ig n a l  a n d  is  e x ­

p r e s s e d  a s  a  p e r c e n t a g e  o r  i n  d e c ib e l s .  F o r  i n p u t  s ig n a ls  o r  

h a r m o n ic s  t h a t  a r e ’ a b o v e  t h e  N y q u i s t  f r e q u e n c y ,  t h e  a l ia s e d  • 
c o m p o n e n t  is  u s e d .

I N T E R M O D U L A T I O N  D I S T O R T I O N  ( I M D )

W i t h  in p u t s  c o n s i s t in g  o f  s in e  w a v e s  a t  tw o  f r e q u e n c ie s ,  fa  a n d  

f b ,  a n y  d e v ic e  w i t h  n o n l in e a r i t i e s  w i l l  c r e a t e  d i s t o r t i o n  p r o d u c t s ,  

o f  o r d e r  ( m + n ) ,  a t  s u m  a n d  d i f f e r e n c e  f r e q u e n c ie s  o f  m f a  ะ: n f b ,  

w h e r e  m , ท =  0 , 1 , 2 , 3 . . .  I n t e r m o d u la t io n  t e r m s  a r e  t h o s e  f o r  

w h i c h  m  o r  ท is  n o t  e q u a l  t o  z e r o .  F o r  e x a m p le ,  t h e  s e c o n d  o r ­

d e r  t e r m s  a r e  ( f a  +  f b )  a n d  ( fa  -  f b )  a n d  th e  t h i r d  o r d e r  t e r m s  

a r e  ( 2 f a  +  f b ) ,  ( 2 fa  -  f b ) ,  ( f a  +  2 fb )  a n d  ( fa  -  2 fb ) .  T h e  I M D  

p r o d u c t s  a r e  e x p r e s s e d  a s  t h e  d e c ib e l  r a t io  o f  t h e  r m s  s u m  o f  th e  

m e a s u r e d  in p u t  s ig n a ls  t o  t h e  r m s  s u m  o f  t h e  d i s t o r t i o n  t e r m s .  

T h e  tw o  s ig n a ls  a r e  o f  e q u a l  a m p l i t u d e  a n d  th e  p e a k  v a lu e  o f  

t h e i r  s u m s  is  - 0 . 5  d B  f r o m  f u l l - s c a le .  T h e  I M D  p r o d u c t s  a r e  

n o r m a l i z e d  t o  a  0  d B  in p u t  s ig n a l .

F U L L - P O W E R  B A N D W I D T H

T h e  f u l l - p o w e r  b a n d w id t h  i s  t h a t  i n p u t  f r e q u e n c y  a t  w h i c h  th e  

a m p l i t u d e  o f  t h e  r e c o n s t r u c t e d  f u n d a m e n t a l  i s  r e d u c e d  b y  3  d B  

f o r  a  f u l l - s c a le  i n p u t .

F U L L - L I N E A R  B A N D W I D T H

T h e  f u l l - l i n e a r  b a n d w id t h  is  t h e  i n p u t  f r e q u e n c y  a t  w h i c h  th e  

s le w  r a te  l i m i t  o f  t h e  s a m p t e - h o ld - a m p l i f i c r  ( S H A )  is  r e a c h e d .

A t  t h i s  p o in t ,  t h e  a m p l i t u d e  o f  t h e  r e c o n s t r u c t e d  f u n d a m e n t a l  

h a s  d e g r a d e d  b y  le s s  t h a n  - 0 . 1  d B .  B e y o n d  t h i s  f r e q u e n c y ,  d i s ­

t o r t io n  o f  t h e  s a m p le d  in p u t  s ig n a l  in c r e a s e s  s ig n i f i c a n t l y .

A P E R T U R E  D E L A Y

A p e r t u r e  d e la y  is  a m e a s u r e  o f  t h e  S H A ’ s  p e r f o r m a n c e  a n d  is  

m e a s u r e d  f r o m  t h e  f a l l i n g  e d g e  o f  R e a d / C o n v e r t  ( R / C )  t o  w h e n  

th e  in p u t  s ig n a l  is  h e ld  f o r  c o n v e r s io n .

A P E R T U R E  J I T T E R

A p e r t u r e  j i t t e r  i s  th e  v a r ia t io n  in  a p e r t u r e  d e la y  f o r  s u c c e s s iv e  

s a m p le s  a n d  is  m a n i f e s t e d  a s  n o is e  o n  th e  in p u t  to  th e  A / D .

K
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P I N  D E S C R I P T I O N

S y m b o l P i n  N o . T y p e N a m e  a n d  F u n c t i o n

A G N D 9  จ P A n a lo g  G r o u n d  ( C o m m o n ) .

A o 4  -r D I B y t e  A d d r e s s / S h o r t  C y c le .  I f  a  c o n v e r s io n  is  s t a r t e d  w i t h  A 0 A c t iv e  L O W ,  a  f u l l  1 2 - b it  c o n v e r s io n  

c y c le  is  in i t i a t e d .  I f  A o  is  A c t i v e  H I G H  d u r in g  a  c o n v e r t  s t a r t ,  a  s h o r t e r  8 - b i t  c o n v e r s io n  c y c le  

r e s u l t s .  D u r in g  R e a d  ( R / C  =  1 ) w i t h  1 2 /8  L O W ,  A 0 =  L O W  e n a b le s  t h e  8  m o s t  s ig n if i c a n t  b i t s  

( D B 4 - D B 1 1 ) ,  a n d  A 0 =  H I G H  e n a b le s  D B 3 - D B 0  a n d  s e t s  D B 7 - D B 4  =  0 .

B I P  O F F 12 A I B ip o la r  O f f s e t .  C o n n e c t  t h r o u g h  a  5 0  ก  r e s is t o r  t o  R E F  O U T  f o r  b ip o la r  o p e r a t io n  o r  t o  A n a lo g  

C o m m o n  f o r  u n ip o la r  o p e r a t io n .

C E 6 D I C h i p  E n a b le .  C h i p  E n a b le  is  A c t iv e  H I G H  a n d  is  u s e d  t o  in i t i a t e  a  c o n v e r t  o r  r e a d  o p e r a t io n .

cs 3 D I C h i p  S e le c t .  C h i p  S e le c t  i s  A c t iv e  L O W .

D B 1 1 - D B 8 2 7 - 2 4 D O D a t a  B i t s  11 t h r o u g h  8 . I n  t h e  1 2 - b it  f o r m a t  (s e e  12 /8  a n d  A o  p in s ) ,  th e s e  p in s  p r o v id e  th e  u p p e r  

4  b i t s  o f  d a ta .  I n  t h e  8 - b i t  f o r m a t ,  t h e y  p r o v id e  t h e  u p p e r  4  b i t s  w h e n  A o  is  L O W  a n d  a re  

d is a b le d  w h e n  A o  is  H I G H .  -

D B 7 - D B 4 2 3 - 2 0 D O D a t a  B i t s  7  t h r o u g h  4 .  I n  th e  1 2 - b it  f o r m a t  th e s e  p in s  p r o v id e  t h e  m id d le  4  b i t s  o f  d a ta .  I n  th e  

8 - b i t  f o r m a t  t h e y  p r o v id e  th e  m id d le  4  b i t s  w h e n  A 0 !S L O W  a n d  a l l  z e r o e s  w h e n  A o  is  H I G H .

D B 3 - D B 0 1 9 - 1 6 D O D a t a  B i t s  3  t h r o u g h  0 .  I n  b o t h  t h e  1 2 - b i t  a n d  8 - b i t  f o r m a t  th e s e  p in s  p r o v id e  t h e  lo w e r  4  b i t s  o f  

d a t a  w h e n  A o  is  H I G H ;  t h e y  a r e  d i s a b le d  w h e n  A 0 is  L O W .

D G N D 15 p D ig i t a l  G r o u n d  ( C o m m o n ) .

R E F  O U T 8 A O + 1 0  V  R e f e r e n c e  O u t p u t .

R / C 5 D I R e a d / C o n v e r t .  I n  t h e  f u l l  c o n t r o l  m o d e  R / C  is  A c t iv e  H I G H  f o r  a  r e a d  o p e r a t io n  a n d  A c t iv e  L O W  

f o r  a  c o n v e r t  o p e r a t io n .  I n  th e  s t a n d - a lo n e  m o d e ,  t h e  f a l l i n g  e d g e  o f  R / C  in i t ia t e s  a  c o n v e r s io n .

R E F  IN 10 A I R e f e r e n c e  I n p u t  is  c o n n e c t e d  t h r o u g h  a  5 0  ท  r e s is t o r  t o  + 1 0  V  R e f e r e n c e  f o r  n o r m a l  o p e r a t io n .

S T S 2 8 D O S ta tu s  is  A c t iv e  H I G H  w h e n  a  c o n v e r s io n  is  in  p r o g r e s s  a n d  g o e s  L O W  w h e n  t h e  c o n v e r s io n  is  

c o m p le t e d .

^cc 7 p + 12  V / + 15 V  A n a lo g  S u p p ly .

Vee 11 p - 1 2  V / - 15  V  A n a lo g  S u p p ly .

Vlocic 1 p +  5 V  L o g i c  S u p p ly .

10  V 1N 13 A I 10  V  S p a n  I n p u t ,  0  t o  + 1 0  V  u n ip o la r  m o d e  o r  - 5  V  to  + 5  V  b ip o la r  m o d e .  W h e n  u s in g  th e  

A D 1 6 7 4  in  th e  2 0  V  S p a n  10 V | N  s h o u ld  n o t  b e  c o n n e c t e d .

20V,n 14 A I 2 0  V  S p a n  I n p u t ,  0  t o  + 2 0  V  u n ip o la r  m o d e  o r  - 1 0  V  t o  + 1 0  V  b ip o la r  m o d e .  W h e n  u s in g  th e .  

A D  1 6 7 4  in  th e  1 0  V  S p a n  2 0  V IN  s h o u ld  n o t  b e  c o n n e c t e d .

1 2/8 2 D I T h e  12/8  p in  d e t e r m in e s  w h e t h e r  t h e  d ig i t a l  o u t p u t  d a t a  i s  t o  b e  o r g a n iz e d  a s  t w o  8 - b i t  w o r d s  

(1 2 /8  L O W )  o r  a  s in g le  1 2 - b it  w o r d  (1 2 / 8  H I G H ) .

T Y P E :  A I =  A n a lo g  I n p u t

A O =  A n a lo g  O u t p u t

D I =  D ig i t a l  I n p u t

D O =  D ig i t a l  O u t p u t

p =  P o w e r

F U N C T I O N A L  B L O C K  D I A G R A M

P I N  C O N F I G U R A T I O N

V LOGC [ T 55] STS
12/6 [ 7 27เ DB11 (MSB)

C S  [ 7 iS J o B IO
A 0 ร ิ? ] DBS

R/C u 24] DBS

C E  [ 7 ร ุ่ร ิ] OB7

v cc 1 1
A D 1 6 7 4  
TOP VIEW 5 ]  DBS

R EF  OUT [ T (Not to Scalo) 57] DB5
AGNO  [ T 2Ô] DB4

R E F  IN [77 75] OB3

VM  Q T 7 5 ]d b z

BIP O FF  [7£ 7 7 ]d b i

10 V *  [77 โร ิ] DB0 (LSB)
» v ,  [77 75] DGND
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1' g e n e r a l  c i r c u i t  o p e r a t i o n

: T h e  A D I 6 7 4  is  a c o m p le t e  1 2 - b it ,  10  (IS s a m p l in g  a n a lo g - t o -  

■ d ig i t a l  c o n v e r t e r .  A  b l o c k  d ia g r a m  o f  th e  A D  1 6 7 4  is  s h o w n  o n  

r  th e  p r e v io u s  p a g e . ^

-  W h e n  th e  c o n t r o l  s e c t io n  is t c o m m a n d e d  to  i n i t i a t e  a  c o n v e r s io n  

; (a s  d e s c r ib e d  la t e r ) ,  i t  p la c e s  th e  s a m p le - a n d - h o ld  a m p l i f i e r  

. ( S H A )  i n  th e  h o ld  m o d e ,  e n a b le s  t h e  c l o c k ,  a n d  r e s e ts  t h e  s u c ­

c e s s iv e  a p p r o x im a t io n  r e g is t e r  ( S A R ) .  O n c e  a  c o n v e r s io n  c y c le  

h a s  b e g u n ,  i t  c a n n o t  b e  s t o p p e d  o r  r e s t a r t e d  a n d  d a ta  is  n o t  

a v a i la b le  f r o m  th e  o u t p u t  b u f f e r s .  T h e  S A R ,  t im e d  b y  th e  c lo c k ,  

w i l l  s e q u e n c e  t h r o u g h  th e  c o n v e r s io n  c y c le  a n d  r e t u r n  a n  e n d -  

o f - c o n v e r t  f la g  to  th e  c o n t r o l  s e c t io n  w h e n  t h e  c o n v e r s io n  h a s  

b e e n  c o m p le t e d .  T h e  c o n t r o l  s e c t io n  w i l l  t h e n  d i s a b le  t h e  c lo c k ,  

s w it c h  th e  S H A  to  s a m p le  m o d e ,  a n d  d e la y  t h e  S T S  L O W  g o ­

in g  e d g e  to  a l lo w  f o r  a c q u is i t io n  to  1 2 - b it  a c c u r a c y .  T h e  c o n t r o l  

s e c t io n  w i l l  a l lo w  d a t a  r e a d  f u n c t io n s  b y  e x t e r n a l  c o m m a n d  a n y -  

. t im e  d u r in g  th e  S H A  a c q u is i t io n  in t e r v a l .

D u r in g  th e  c o n v e r s io n  c y c le ,  t h e  in t e r n a l  1 2 - b i t ,  1 m A  f u l l - s c a le  

c u r r e n t  o u t p u t  D A C  is  s e q u e n c e d  b y  t h e  S A R  f r o m  th e  m o s t  

s ig n if i c a n t  b i t  ( M S B )  to  th e  le a s t  s ig n i f i c a n t  b i t  ( L S B )  t o  p r o v id e  

a n  o u t p u t  th a t  a c c u r a t e ly  b a la n c e s  t h e  c u r r e n t  t h r o u g h  th e  ร  k n  

r e s is t o r  f r o m  th e  i n p u t  s ig n a l  v o lt a g e  h e ld  b y  t h e  S H A .  T h e  

S H A ’ s  i n p u t  s c a l in g  r e s is t o r s  d i v id e  th e  i n p u t  v o lt a g e  b y  2  f o r  

th e  10  V  in p u t  s p a n  a n d  b y  4  f o r  t h e  2 0  V  in p u t  s p a n ,  m a in t a in ­

in g  a 1 m A  f u l l - s c a le  o u t p u t  c u r r e n t  t h r o u g h  t h e  ร  k n  r e s is t o r  

f o r  b o th  ra n g e s .  T h e  c o m p a r a t o r  d e t e r m in e s  w h e t h e r  th e  a d d i ­

c t io n  o f  e a c h  s u c c e s s iv e ly  w e ig h t e d  b i t  c u r r e n t  c a u s e s  th e  D A C

c u r r e n t  s u m  t o  b e  g r e a t e r  t h a n  o r  le s s  t h a n  t h e  i n p u t  c u r r e n t .  I f  

t h e  s u m  is  le s s ,  t h e  b i t  is  le f t  o n ;  i f  m o r e ,  t h e  b i t  i s  t u r n e d  o f f .  

A f t e r  t e s t in g  a l l  t h e  b i t s ,  t h e  S A R  c o n t a in s  a  1 2 - b i t  b in a r y  c o d e  

w h ic h  a c c u r a t e ly  r e p r e s e n t s  th e  in p u t  s ig n a l  to  w i t h i n  

ะ: 1/2 L S B .

C O N T R O L  L O G I C

T h e  A D 1 6 7 4  m a y  b e  o p e r a t e d  in  o n e  o f  tw o  m o d e s ,  t h e  f u l l -  

c o n t r o l  m o d e  a n d  t h e  s t a n d - a lo n e  m o d e .  T h e  f u l l - c o n t r o l  m o d e  

u t i l i z e s  a l l  t h e  A D  1 6 7 4  c o n t r o l  s ig n a ls  a n d  is  u s e f u l  i n  s y s t e m s  

th a t  a d d r e s s  d e c o d e  m u l t i p l e  d e v ic e s  o n  a  s in g le  d a t a  b u s .  T h e  

s t a n d - a lo n e  m o d e  is  u s e f u l  in  s y s t e m s  w i t h  d e d ic a t e d  in p u t  p o r t s  

a v a i la b le  a n d  t h u s  n o t  r e q u i r in g  f u l l  b u s  in t e r f a c e  c a p a b i l i t y "  

T a b le  I  i s  a  t r u t h  t a b le  f o r  t h e  A D 1 6 7 4 ,  a n d  F i g u r e  5  i l lu s t r a t e s  

th e  in t e r n a l  l o g i c  c i r c u i t r y .

I
C E c ร ิ R / C 1 2 /8 A u O p e r a t io n

0 X X X X N o n e

X 1 X X X N o n e

1 0 0 X 0 I n i t ia t e  1 2 - B i t  C o n v e r s io n

1 0 0 X 1 I n i t ia t e  8 - B i t  C o n v e r s io n

1 0 1 1 X E n a b le  1 2 - B i t  P a r a l l e l  O u t p u t

1 0 1 0 0 E n a b le  8  M o s t  S i g n i f i c a n t  B i t s

1 0 1 0 1 E n a b le  4  L S B s  + 4  T r a i l i n g  Z e r o e s

Table I. AD1674A Truth Table

- Tv :
s fg >
B lร ? ; : ;

VALUE Of A , AT LAST CONVERT COMUANO

f l ; !

W m
K-

S i r ,

/;• •

I2 i -{>-

'.1 Figure ร. Equivalent Internal Logic Circuitry
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F U L L - C O N T R O L  M O D E

I n  f u l l - c o n t r o l  m o d e ,  th e  A D 1 6 7 4  d e p a r t s  s l i g h t l y  f r o m  th e  

A D 6 7 4 A  t im in g  r e q u ir e m e n t s .  T h e s e  d i f f e r e n c e s  a r c  d is c u s s e d  

in  T a b l e  I I .  I n  f u l l - c o n t r o l  m o d e ,  A D 1 6 7 4  l im in g  s h o u ld  b e  r e ­

v ie w e d  f o r  c o m p l ia n c y  w i t h  A D 6 7 4 A  a p p l ic a t io n s .

A D I  6 7 4

•»
S p e c i f i c a t i o n A D 6 7 4 A A D 1 6 7 4

-. lHRC 5 0  n s  ( m in ) 5 0  n s  f it  2 5 ° c  

1 50  n s  T m in  to  T „ „

(HRR 0  n s  ( m in ) 6 0  n s

*DSC 2 0 0  n s  ( m a x ) 2 0 0  n s  (Tl 2 5 ° c  

2 5 0  n s  T m in t o  T m . x

f i t s 6 0 0  n s  ( m a x ) 1 p s

Table II.

C h i p  E n a b le  ( C E ) , ' C h i p  S e le c t  ( C S )  a n d  R e a d / C o n v e r t  ( R / C )  a r e  

u s e d  t o  c o n t r o l  C o n v e r t  o r  R e a d  m o d e s  o f  o p e r a t io n .  E i t h e r  C E  

o r  C S  m a y  b e  u s e d  to  in i t i a t e  a c o n v e r s io n .  N o t e j h a t  t h e  s h o r t -  ' 

e s t  d e la y  p a th  t o  th e  S H A  c o n t r o l  i s  f r o m  th e  R / C  in p u t  (s e e  

F i g u r e  5 ) . S H A  a c c u r a c y  h a s  b e e n  o p t im iz e d  f o r  u s e  i n  s t a n d ­

a lo n e  m o d e  a n d  c o n s e q u e n t ly  r e s u l t s  i n  th e  T a b le  I I  d i f f e r e n c e s  

f o r  t h e  f u l l - c o n t r o l  m o d e  o f  o p e r a t io n .  T h e  s ta te  o f  R / C  w h e n  

C E  a n d  C S  a r e  b o t h  a s s e r t e d  d e t e r m in e s  w h e t h e r  a  d a t a  R e a d  

( R / C  =  1) o r  a  C o n v e r t  ( R / C  -  0 )  is  i n  p r o g r e s s ._ R / C  s h o u ld  b e  

L O W  b e f o r e  b o t h  C E  a n d  C S  a r e  a s s e r t e d ;  i f  R / C  is  H I G H ,  a 

R e a d  o p e r a t io n  w i l l  m o m e n t a r i l y  o c c u r ,  p o s s ib ly  r e s u l t i n g  in  

s y s t e m  b u s  c o n t e n t io n .

S T A N D - A L O N E  M O D E

T h e  A D  1 67 4  c a n  b e  u s e d  in  a “ s t a n d - a lo n e ”  m o d e ,  w h i c h  is  

u s e f u l  i n  s y s t e m s  w i t h  d e d ic a t e d  in p u t  p o r t s  a v a i la b le  a n d  th u s  

n o t  r e q u i r in g  f u l l  b u s  in t e r f a c e  c a p a b i l i t y .  S t a n d - a lo n e  m o d e  

a p p l i c a t io n s  a r e  g e n e r a l ly  a b le  t o  is s u e  c o n v e r s io n  s t a r t  c o m -  ■ 

m a n d s  m o r e  p r e c i s e ly  th a n  f u l l - c o n t r o l  m o d e .  T h i s  im p r o v e s  a c  

p e r f o r m a n c e  b y  r e d u c in g  t h e  a m o u n t  o f  c o n t r o l - in d u c e d  a p e r ­

t u r e  j i t t e r .

I n  s t a n d - a lo n e  m o d e ,  th e  c o n t r o l  in t e r f a c e  f o r  t h e  A D  1 6 7 4  a n d  

A D 6 7 4 A  a r e  id e n t i c a l .  C E  a n d  12/8  a r e  w ir e d  H I G H _ ,  C S  a n d  A 0 

a r e  w i r e d  L O W ,  a n d  c o n v e r s io n  is  c o n t r o l le d  b y  R / C .  T h e  . 

t h r e e - s t a t e  b u f f e r s  a r e  e n a b le d  w h e n  R / C  is  H I G H  a n d  a  c o r n ie r -  ' 

s io n  s t a r t s  w h e n  R / C  g o e s  L O W .  T h i s  g iv e s  r is e  t o  t w o  p o s s ib le  

c o n t r o l  s ig n a ls  —  a  h ig h  p u ls e  o r  a  lo w  p u ls e .  O p e r a t io n  w i t h  a 

lo w  p u ls e  is  s h o w n  in  F ig u r e  4 a . I n  t h is  c a s e ,  t h e  o u t p u t s  a r e  

f o r c e d  in t o j t h e  h ig h - im p e d a n c e  s ta te  in  r e s p o n s e  t o  t h e  f a l l i n g  

e d g e  o f  R / C  a n d  r e t u r n  to  v a l id  lo g ic  le v e ls  a f t e r  t h e  c o n v e r s io n  

c y c le  is  c o m p le t e d .  T h e  S T S  l in e  g o e s  H I G H  2 0 0  n s  a f t e r  R / C  

g o e s  L O W  a n d  r e t u r n s  lo w  1 (IS a f t e r  d a ta  is  v a l i d .

I f  c o n v e r s io n  is  in i t i a t e d  b y  a h ig h  p u ls e  as s h o w n  in  F i g u r e  4 b , . . -  

th e  d a ta  l in e s  a r e  e n a b le d  d u r in g  th e  t im e  w h e n  R / C  is  H I G H .  

T h e  f a l l i n g  e d g e  o f  R / C  s ta r t s  t h e  n e x t  c o n v e r s io n  a n d  th e  d a ta  

l in e s  r e t u r n  to  th r e e - s t a t e  ( a n d  r e m a in  th r e e - s t a t e )  u n t i l  t h e  n e x t  

h ig h  p u ls e  o f  R / C .

C O N V E R S I O N  T I M I N G

O n c e  a c o n v e r s io n  is  s t a r t e d ,  t h e  S T S  l in e  g o e s  H I G H .  C o n v e r t  

S t a n  c o m m a n d s  w i l l  b e  ig n o r e d  u n t i l  t h e  c o n v e r s io n  c y c le  is  

c o m p le t e .  T h e  o u t p u t  d a ta  b u f f e r s  c a n  b e  e n a b le d  u p  to  1 .2  (J.S 
p r i o r  t o  S T S  g o in g  L O W .  T h e  S T S  l in e  w i l l  r e t u r n  L O W  a t  th e  

e n d  o f  t h e  c o n v e r s io n  c y c le .

T h e  r e g is t e r  c o n t r o l  in p u t s ,  A o  a n d  1 2 /8 , c o n t r o l  c o n v e r s io n

le n g t h  a n d  d a t a  f o r m a t .  I f  a  c o n v e r s io n  i s  s t a r t e d  w i t h  A ,  

a f u l l  1 2 - b it  c o n v e r s io n  c y c le  is  i n i t i a t e d .  I f  A 0 is  H I G H  d  

a  c o n v e r t  s t a r t ,  a  s h o r t e r  8 - b i t  c o n v e r s io n  c y c le  r e s u lt s .

D u r in g  d a ta  r e a d  o p e r a t io n s ,  A o  d e t e r m in e s  w h e t h e r  th e  c  

s t a te  b u f f e r s  c o n t a in in g  th e  8  M S B s  o f  t h e  c o n v e r s io n  rest. 

( A 0 =  0 )  o r  t h e  4  L S B s  ( A o  =  1 ) a r e  e n a b le d .  T h e  12/8  p i  

t e r m in e s  w h e t h e r  th e  o u t p u t  d a t a  is  t o  b e  o r g a n iz e d  a s  tw e  

w o r d s  (1 2 /8  t ie d  L O W )  o r  a  s in g le  1 2 - b i t  w o r d  (1 2 /8  t ie d  

H I G H ) .  I n  th e  8 - b i t  m o d e ,  th e  b y t e  a d d r e s s e d  w h e n  A o  is  

c o n t a in s  th e  4  L S B s  f r o m  th e  c o n v e r s io n  f o l lo w e d  b y  f o u r  

in g  z e r o e s .  T h i s  o r g a n iz a t io n  a l lo w s  th e  d a t a  l in e s  t o  b é  o v  

la p p e d  f o r  d i r e c t  in t e r f a c e  to  8 - b i t  b u s e s  w i t h o u t  th e  n e e d  

e x t e r n a l  t h r e e - s t a t e  b u f f e r s .  .1 ..

I N P U T  C O N N E C T I O N S  A N D  C A L I B R A T I O N  > ,'f '
T h e  10  V  p - p  a n d  2 0  V  p - p  f u l l - s c a le  i n p u t  r a n g e s  o f  th e  . 

A D I 6 7 4  a c c e p t  t h e  m a j o r i t y  o f  s ig n a l  v o lt a g e s  w i t h o u t  th e  

f o r  e x t e r n a l  v o lt a g e  d i v i d e r  n e t w o r k s  w h i c h  c o u ld  d é té r io r a  

a c c u r a c y  o f  t h e  A D C .

T h e  A D 1 6 7 4  is  f a c t o r y  t r im m e d  to  m in im i z e  o f f s e t ,  l in e a r i  

a n d  f u l l - s c a le  e r r o r s .  I n  m a n y  a p p l i c a t io n s ,  n o  c a l ib r a t io n  L  

m in g  w i l l  b e  r e q u i r e d  a n d  th e  A D 1 6 7 4  w i l l  e x h i b i t  t h e  a c c i 

l im i t s  l i s t e d  in  th e  s p e c i f i c a t io n  t a b le s .  . ,-. .

I n  s o m e  a p p l i c a t io n s ,  o f f s e t  a n d  f u l l - s c a le  e r r o r s  n e e d  to  b e  

t r im m e d  o u t  c o m p le t e ly .  T h e  f o l l o w in g  s e c t io n s  d e s c r ib e  t l  

c o r r e c t  p r o c e d u r e  f o r  th e s e  v a r io u s  s i t u a t io n s .

U N I P O L A R  R A N G E  I N P U T S

F ig u r e  6  i l lu s t r a t e s  t h e  e x t e r n a l  c o n n e c t io n s  f o r  t h e  A D 1 6 7 -  

u n ip o la r - i n p u t  m o d e .  T h e  f i r s t  o u t p u t - c o d e  t r a n s i t io n  (fro tr. 

0 0 0 0  0 0 0 0  0 0 0 0  t c  0 0 0 0  0 0 0 0  0 0 0 1 )  s h o u ld  n o m in a l l y  o c c u r  

a n  in p u t  le v e l  o f  + 1 / 2  L S B  ( 1 .2 2  m V  a b o v e  g r o u n d  f o r  a  1 

r a n g e ;  2 .4 4  m V  f o r  a  2 0  V  r a n g e ) .  T o  t r im  u n ip o la r  o f f s e t  t  

t h i s  n o m in a l  v a lu e ,  a p p ly  a  +  i / 2  L S B  s ig n a l  b e tw e e n  P in  1 

g r o u n d  ( 1 0  V  r a n g e )  o r  P i n  14  a n d  g r o u n d  ( 2 0  V  r a n g e )  anc 

ju s t  R Î  u n t i l  t h e  f i r s t  t r a n s i t io n  i s  lo c a t e d .  I f  t h e  o f f s e t  t r im  

n o t  r e q u i r e d ,  P i n  12 c a n  b e  c o n n e c t e d  d i r e c t l y  t o  P i n  9 ;  th e  

r e s is t o r s  a n d  t r im m e r  f o r  P i n  12  a r e  t h e n  n o t  n e e d e d .

Figure 6. บทipolar Input Connections with Gain and c 
_• Trims

T h e  f u l l - s c a le  t r im  is  d o n e  b y  a p p ly in g  a  s ig n a l  1 1/2 L S B  b  

t h e  n o m in a l  f u l l  s c a le  ( 9 .9 9 6 3  V ' f o r  a 10  V  r a n g e )  a n d  a d ju s  

R 2  u n t i l  t h e  la s t  t r a n s i t io n  is  lo c a te d  ( 1 1 1 1  1111  1 1 1 0  t o  i l l  

1 1 1 1  111 1 ) .  I f  f u l l - s c a le  a d ju s t m e n t  is  n o t  r e q u i r e d ,  R 2  s h o u  

b e  r e p la c e d  w i t h  a f i x e d  5 0  11 *  1%  m e ta l  f i lm  r e s is t o r .  I f  R  

O U T  is  c o n n e c t e d  d i r e c t l y  t o  R E F  I N ,  t h e  a d d i t io n a l  f u l l - s c  

e r r o r  w i l l  b e  a p p r o x im a t e ly  1% .
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T o  t r im  b ip o la r  o f f s e t  t o  i t s  n o m in a l  v a lu e ,  a p p ly  a s ig n a l  1/2 

L S B  b e lo w  m id r a n g e  ( - 1 . 2 2  m V  f o r  a  ± 5  V  r a n g e )  a n d  a d ju s t  

R l  u n t i l  th e  m a jo r  c a r r y  t r a n s i t io n  is  lo c a t e d  (0 1 1 1  n i l  n i l  t o  

1000 0 00 0  0 0 0 0 ) . T o  t r im  th e  f u l l - s c a le  e r r o r ,  a p p ly  a  s ig n a l  1 

1/2 L S B  b e lo w  f u l l  s c a le  ( + 4 . 9 9 6 3  V  f o r  a  ± 5  V  r a n g e )  a n d  a d -  

1*1*1 R 2  to  g iv e  th e  la s t  p o s i t i v e  t r a n s i t io n  ( 1 1 1 1  n i l  1 1 1 0  t o  

1111 n i l  n i l ) .  T h e s e  t r im s  a r e  in t e r a c t iv e  s o  s e v e r a l  i t e r a t io n s  

w a y  b e  n e c e s s a ry  f o r  c o n v e r g e n c e .  -

£  t in g le - p a »  c a l ib r a t io n  c a n  b e  d o n e  b y  s u b s t i t u t i n g  a n e g a t iv e  

fu ll- s c a le  t r im  f o r  t h e  b ip o la r  o f f s e t  t r im  ( e r r o r  a t  m id s c a le ) ,  u s ­

in g  th e  s am e  c i r c u i t .  F i r s t ,  a p p l y  a  s ig n a l  1/2 L S B  a b o v e  m in u s  

fu ll  s ca le  ( - 4 . 9 9 8 8  V  f o r  a  î 5  V  r a n g e )  a n d  a d ju s t  R l  u n t i l  t h e  

' ^ *  fu l l - s c a le  t r a n s i t io n  i s  lo c a t e d  ( 0 0 0 0  0 0 0 0  0 0 0 1  to  0 0 0 0  

0000  0 0 0 0 ) . T h e n  p e r f o r m  th e  g a in  e r r o r  t r im  a s  o u t l in e d  a b o v e .

R E F E R E N C E  D E C O U P L I N G

I I I *  r e c o m m e n d e d  t h a t  a  10  ( i F  t a n t a lu m  c a p a c it o r  b e  c o n -  

n w e d  b e tw e e n  R E F  I N  ( P i n  1 0 )  a n d  g r o u n d .  T h i s  h a s  t h e  e f-  

« o f m p r o v i n g  th e  ร / ( N  +  D )  r a t io  t h r o u g h  f i l t e r i n g  p o s s ib le  

b ro a d -b a n d  n o is e  c o n t r ib u t io n s  f r o m  th e  v o l t a g e  r e f e r e n c e .

R O A R D  L A Y O U T

f e i g n i n g  w i t h  h ig h  r e s o lu t io n  d a ta  c o n v e r t e r s  r e q u i r e s  c a r e f u l  

Ï Ï * »  t0  b o a r d  la y o u t .  T r a c e  im p e d a n c e  is  a  s ig n i f i c a n t  is s u e ,  

d * . I *2 " k '1 l £ V e l> a - m A  c u r r e n t  t h r o u g h  a 0 .5  ก  t r a c e  w i l l

f u lU ^ P! 1 VO ltage,  d r 0 p  ๙  2 5  m V ’  w h i c h  is  1 L S B  f o r  a  10  v  
r a n g e . I n  a d d i t io n  to  g r o u n d  d r o p s ,  i n d u c t iv e  a n d  c a -

p ^ l t b re c o u p l in g  n e e d  t o  b e  c o n s id e r e d ,  e s p e c ia l ly  w h e n  h ig h  

เ ^ ,^ '  a n a lo g  s ig n a ls  s h a r e  th e  s a m e  b o a r d  w i t h  d ig i t a l  s ig -  

ท . 5 F in a l , y> p o w e r  s u p p l ie s  s h o u ld  b e  d e c o u p le d  in  o r d e r  t o  
Ic r  o u t  a c  n o is e .

A D 1 6 7 4  h a s  a w id e  b a n d w id t h  s a m p l in g  f r o n t  e n d .  T h i s  

'b a t  th e  A D 1 6 7 4  w i l l  “ s e e ”  h ig h  f r e q u e n c y  n o is e  a t t h e  

w b lc b  n o n s a m p l in g  ( o r  l im i t e d - b a n d w id t h  s a m p l in g )  

b 'C s  w o u ld  ig n o r e .  T h e r e f o r e ,  i t ’ s  im p o r t a n t  t o  m a k e  a n  e f f o r t

A D 1 6 7 4  ■

to  e l im in a t e  s u c h  h ig h  f r e q u e n c y  n o is e  t h r o u g h  d e c o u p l i n g  o r  b y  

u s in g  a n  a n t i - a l i a s in g  f i l t e r  a t  t h e  a n a lo g  i n p u t  o f  t h e  A D  1 6 7 4 .  ,

A n a lo g  a n d  d i g i t a l  s ig n a ls  s h o u ld  n o t  s h a r e  a  c o m m o n  p a t h .  c  - 

E a c h  s ig n a l  s h o u ld  h a v e  a n  a p p r o p r i a t e  a n a lo g  o r  d i g i t a l  r e t u r n  

r o u t e d  c lo s e  to  i t .  U s i n g  t h i s  a p p r o a c h ,  s ig n a l  lo o p s  e n c lo s e  a  . 

s m a l l  a r e a ,  m i n im i z i n g  t h e  i n d u c t i v e  c o u p l i n g  o f  n o is e .  W i d e  P C  

t r a c k s ,  la r g e  g a u g e  w i r e ,  a n d  g r o u n d  p la n e s  a r e  h i g h l y  r e c o m - .  

m e n d e d  t o  p r o v i d e  l o w  im p e d a n c e  s ig n a l  p a t h s .  S e p a r a t e  a n a lo g  .. 

a n d  d ig i t a l  g r o u n d  p la n e s  a r e  a ls o  d e s i r a b le ,  w i t h  a  s in g le  i n t e r -  . 

c o n n e c t io n  p o in t  t o  m i n im i z e  g r o u n d  l o o p s .  A n a l o g  s ig n a ls  

s h o u ld  b e  r o u t e d  a s  f a r  a s  p o s s ib l e  f r o m  d i g i t a l  s ig n a ls  a n d  

s h o u ld  c r o s s  t h e m  ( i f  n e c e s s a r y )  o n l y  a t  r i g h t  a n g le s .

T h e  A D  1 6 7 4  in c o r p o r a t e s  s e v e r a l  f e a t u r e s  t o  h e lp  t h e  u s e r ’ s  l a y ­

o u t .  A n a lo g  p in s  a r e  a d ja c e n t  t o  h e lp  is o la t e  a n a lo g  f r o m  d i g i t a l  .! 

s ig n a ls .  G r o u n d  c u r r e n t s  h a v e  b e e n  m in im i z e d  b y  c a r e f u l  c i r c u i t . 

a r c h i t e c t u r e .  C u r r e n t  t h r o u g h  A G N D  i s  2 . 2  m A ,  w i t h  l i t t l e  

c o d e - d e p e n d e n t  v a r i a t i o n .  T h e  c u r r e n t  t h r o u g h  D G N D  i s  d o m i- C  

n a t e d  b y  t h e  r e t u r n  c u r r e n t  f o r  D B 1 1 - D B 0 .  '  ะ.. ._1;

S U P P L Y  D E C O U P L I N G  . ■. 1

T h e  A D 1 6 7 4  p o w e r  s u p p l i e s  s h o u ld  b e  w e l l  f i l t e r e d ,  w e l l  r e g u -  

la t e d ,  a n d  f r e e  f r o m  h ig h  f r e q u e n c y  n o is e .  S w i t c h i n g  p o w e r  s u p ­

p l ie s  a r e  n o t  r e c o m m e n d e d  d u e  to  t h e i r  t e n d e n c y  t o  g e n e r a t e  • 

s p ik e s  w h i c h  c a n  in d u c e  n o is e  i n  t h e  a n a lo g  s y s t e m .  -

D e c o u p l i n g  c a p a c i t o r s  s h o u ld  b e  u s e d  i n  v e r y  c lo s e  l a y o u t  p r o x ­

im i t y  b e tw e e n  a l l  p o w e r  s u p p ly  p i n s  a n d  g r o u n d .  A  1 0  p F  t a n ­

t a lu m  c a p a c i t o r  i n  p a r a l l e l  w i t h  a  0 .1  (J .F  d i s c  c e r a m ic  c a p a c i t o r  

p r o v id e s  a d e q u a t e  d e c o u p l i n g  o v e r  a  w id e  r a n g e  o f  f r e q u e n c ie s .

A n  e f f o r t  s h o u ld  b e  m a d e  to  m in im i z e  t h e  t r a c e  le n g t h  b e tw e e n  

t h e  c a p a c it o r  le a d s  a n d  t h e  r e s p e c t iv e  c o n v e r t e r  p o w e r  s u p p l y  

a n d  c o m m o n  p in s .  T h e  c i r c u i t  l a y o u t  s h o u ld  a t t e m p t  t o  lo c a t e  

th e  A D 1 6 7 4 ,  a s s o c ia t e d  a n a lo g  i n p u t  c i r c u i t r y ,  a n d  i n t e r c o n n e c t  

t io n s  as  f a r  a s  p o s s ib le  f r o m  l o g i c  c i r c u i t r y .  A  s o l i d  a n a lo g  

g r o u n d  p la n e  a r o u n d  t h e  A D 1 6 7 4  w i l l  i s o la t e  la r g e  s w i t c h in g  

g r o u n d  c u r r e n t s .  F o r  th e s e  r e a s o n s ,  t h e  u s e  o f  w i r e - w r a p  c i r c u i t  

c o n s t r u c t io n  is  n o t  r e c o m m e n d e d ;  c a r e f u l  p r i n t e d - c i r c u i t  c o n - .  . 

s t r u c t io n  is  p r e f e r r e d .

G R O U N D I N G

I f  a  s in g le  A D 1 6 7 4  is  u s e d  w i t h  s e p a r a t e  a n a lo g  a n d  d ig i t a l  

g r o u n d  p la n e s ,  c o n n e c t  t h e  a n a lo g  g r o u n d  p la n e  t o  A G N D  a n d  

th e  d ig i t a l  g r o u n d  p la n e  t o  D G N D  k e e p in g  le a d  l e n g t h s  a s  s h o r t  

a s  p o s s ib le .  T h e n  c o n n e c t  A G N D  a n d  D G N D  t o g e t h e r  a t  t h e  

A D 1 6 7 4 .  I f  m u l t i p l e  A D 1 6 7 4 S  a r e  u s e d  o r  t h e  A D 1 6 7 4  s h a r e s  

a n a lo g  s u p p l ie s  w i t h  o t h e r  c o m p o n e n t s ,  c o n n e c t  t h e  a n a lo g  a n d  

d ig i t a l  r e t u r n s  t o g e t h e r  o n c e  a t  t h e  p o w e r  s u p p l i e s  r a t h e r  t h a n  a t  

e a c h  c h ip .  T h i s  p r e v e n t s  la r g e  g r o u n d  lo o p s  w h i c h  i n d u c t i v e ly  

c o u p le  n o is e  a n d  a l l o w  d ig i t a l  c u r r e n t s  t o  f l o w  t h r o u g h  t h e  a n a ­

lo g  s y s t e m .

G E N E R A L  M I C R O P R O C E S S O R  I N T E R F A C E  

C O N S I D E R A T I O N S  โ

A  t y p ic a l  A / D  c o n v e r t e r  in t e r f a c e  r o u t in e  in v o l v e s  s e v e r a l  o p e r a ­

t io n s .  F i r s t ,  a w r i t e  t o  t h e  A D C  a d d r e s s  i n i t i a t e s  a  c o n v e r s io n .  

T h e  p r o c e s s o r  m u s t  t h e n  w a i t  f o r  t h e  c o n v e r s io n  c y c le  t o  c o m ­

p le t e ,  s in c e  m o s t  A D C s  t a k e  lo n g e r  t h a n  o n e  in s t r u c t i o n  c y c le  t o  

c o m p le t e  a c o n v e r s io n .  V a l i d  d a t a  c a n ,  o f  c o u r s e ,  o n l y  b e  r e a d  

a f t e r  th e  c o n v e r s io n  is  c o m p le t e .  T h e  A D 1 6 7 4  p r o v id e s  a n  o u t ­

p u t  s ig n a l  ( S T S )  w h i c h  in d ic a t e s  w h e n  a  c o n v e r s io n  is  i n  p r o g r e s s .  

T h i s  s ig n a l  c a n  b e  p o l l e d  b y  t h e  p r o c e s s o r  b y  r e a d in g  i t  t h r o u g h
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A D 16 74
a n  e x t e r n a l  t h r e e - s t a t e  b u f f e r  ( o r  o t h e r  i n p u t  p o r t ) .  T h e  S T S  

s ig n a l  c a n  a ls o  b e  u s e d  to  g e n e r a t e  a n  in t e r r u p t  u p o n  c o m p le t io n  

o f  a  c o n v e r s io n ,  i f  t h e  s y s t e m  t im in g  r e q u i r e m e n t s  a r e  c r i t i c a l  

( b e a r  i n  m in d  t h a t  t h e  m a x im u m  c o n v e r s io n  t im e  o f  t h e  A D  1 67 4  

is  o n l y  1 0  m ic r o s e c o n d s )  a n d  t h e  p r o c e s s o r  h a s  o t h e r  t a s k s  to  

p e r f o r a i  d u r i n g  t h e  A D C  c o n v e r s io n  c y c le .  A n o t h e r  p o s s ib le  

t im e - o u t  m e t h o d  is  t o  a s s u m e  t h a t  t h e  A D C  w i l l  t a k e  10  m ic r o ­

s e c o n d s  t o  c o n v e r t ,  a n d  in s e n  a  s u f f i c i e n t  n u m b e r  o f  “ n o - o p ”  

i n s t r u c t i o n s  t o  e n s u r e  t h a t  10  m ic r o s e c o n d s  o f  p r o c e s s o r  t im e  is  

c o n s u m e d .

O n c e  i t  i s  e s t a b l i s h e d  t h a t  t h e  c o n v e r s io n  is  f in i s h e d ,  t h e  d a ta  

c a n  b e  r e a d .  I n  t h e  c a s e  o f  a n  A D C  o f  8 - b i t  r e s o lu t io n  ( o r  le s s ) ,  

a s in g le  d a t a  r e a d  o p e r a t io n  i s  s u f f i c i e n t .  I n  t h e  c a s e  o f  c o n v e r t ­

e r s  w i t h  m o r e  d a t a  b i t s  t h a n  a r e  a v a i la b le  o n  t h e  b u s , '  a  c h o ic e  o f  

d a t a  f o r m a t s  i s  r e q u i r e d ,  a n d  m u l t i p l e  r e a d  o p e r a t io n s  a r e  

n e e d e d .  T h e  A D  1 6 7 4  in c lu d e s  i n t e r n a l  l o g i c  t o  p e r m i t  d i r e c t  

i n t e r f a c e  t o  8 - b i t  o r  1 6 - b i t  d a t a  b u s e s ,  s e le c te d  b y  t h e  1 2 /8  in ­

p u t .  I n  1 6 - b it  b u s  a p p l i c a t i o n s  ( 1 2 / 8  H I G H )  t h e  d a ta  l in e s  

( D B 1 1  t h r o u g h  D B O )  m a y  b e  c o n n e c t e d  to  e i t h e r  t h e  12  m o s t  

s ig n i f i c a n t  o r  12  le a s t  s ig n i f i c a n t  b i t s  o f  t h e  d a t a  b u s .  T h e  r e ­

m a in in g  f o u r  b i t s  s h o u ld  b e  m a s k e d  in  s o f tw a r e .  T h e  in t e r f a c e  

to  a n  8 - b i t  d a t a  b u s  ( 1 2 / 8  L O W )  c o n t a in s  th e  8  M S B s  ( D B i r  

t h r o u g h  D B 4 ) .  T h e  o d d  a d d r e s s  ( A o  H I G H )  c o n t a in s  th e  

4  L S B s  ( D B 3  t h r o u g h  D B O )  i n  t h e  u p p e r  h a l f  o f  t h e  b y t e ,  

f o l l o w e d  b y  f o u r  t r a i l i n g  z e r o e s ,  t h u s  e l im in a t in g  b i t  m a s k in g  

i n s t r u c t i o n s .

D? MXXXOICVCN ADM»:
XXXI 1๐00 ADOftl:

AD1674 Data Format for 8-Bit Bus 

8 0 8 5 A  I N T E R F A C E

F ig u r e  8  i l l u s t r a t e s  t h e  u s e  o f  t h e  A D 1 6 7 4  o p e r a t in g  in  f u l l -  

c o n t r o l  m o d e  f r o m  t h e  8 0 8 5 A .  T h i s  p r o v id e s  a n  e x a m p le  o f  th e  

im p le m e n t a t i o n  o f  t h e  t im in g  m o d i f i c a t i o n s  n e c e s s a r y  w h e n  u s ­

in g  t h e  A D 1 6 7 4  i n  p la c e  o f  a n  e x i s t i n g  A D 6 7 4 A  a p p l i c a t io n ,  

d i s c u s s e d  in  T a b l e  I I  a n d  a s s o c ia t e d  t e x t .  F i g u r e  9  s h o w s  th e  

c o n v e r t  s t a r t  t im in g  d ia g r a m ;  F i g u r e  1 0  p r o v id e s  in f o r m a t io n  o n  

r e a d  t im in g .

M11 M16 MS MS M7 MS MS M4

Figure 8. 8085A -  AD1674 with R/C-De!ayed Control 
Interface

[ ฯ 2

/ — Y _ โ ๆ

r .
STS --------- /

Figure 9. 8085A Convert Start

T h e  c o n v e r t  s t a r t  c y c le  S t a n s  w h e n  th e  W R  s ig n a l  g o e s  L O W ,  

f o r c in g  C E  to  g o  H I G H .  W i t h  C L R  s ig n a l  L O W  p r i o r  t o  th is ,  

R / C  i s  s e t L O W .  W h e n  C L R  g o e s  H I G H ,  R / C  w i l l  r e m a in  

L O W  u n t i l  t h e  n e x t  r i s in g  e d g e  o f  C L K .

------- G S D ------ G S D -
Figure พ. 8085A Read

T h e  H ig h  B y t e  is  r e a d  f i r s t .  T h e  R e a d  c y c le  S t a n s  w h e n  R D  

g o e s  L O W , c a u s in g  C E  to  g o  H I G H ,  cs i s  a l r e a d y  LO _ พ ,  m a k ­

in g  C L R  a n d  P R  H I G H  o n  th e  D - f l o p .  T h i s  c a u s e s  R / C  t o  g o  

H I G H  o n  th e  r i s in g  e d g e  o f  C L K .  R / C  w i l l  n o t  g o  L O W  u n t i l  

C S  g o e s  H I G H ,  f o r c in g  C L R  to  g o  L O W  t h u s  p u t t i n g  t h e  D -  ' 

f l o p  i n  a  s te a d y  s ta te  o f  Q  L O W .  T h e  c y c le  r e p e a t s  f o r  t h e  L o w  

B y t e  r e a d .
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Figure 11. Harmonic Distortion vs. Input Frequency Figure 12. S/IN+D) vs. Input Frequency and Amplitude
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Figure 13. S/(N+D) vs. Input Amplitude
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Figure 14. Nonaveraged 2048 Point FFT at 100 kSPS, 
fZ =  25.049 kHz
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Figure 15. IMD Plot for fIN =  9.08 kHz (fa), ร.58 kHz (fb)

ANALOG-TO-DIGITAL CONVERTERS 2-281



C U R R IC U L U M  V IT A E

Mr. Umnart Sathanon bom in 26 April 1971. Graduate for Bachelor Degree o f 

Science (Physics) from Department o f Physics, Faculty o f Science Chulalongkom 

University in 1992. After he obtain the degree he applied for study in this graduate 

school for Master's Degree o f Science since 1993.


	REFERENCES
	APPENDIX A NUMERICAL METHODS
	APPENDIX B SOFTWARE CONSIDERATIONS
	APPENDIX C SCHEMATIC DIAGRAMS
	APPENDIX D AD1674 DATA SHEETS
	CURRICULUM VITAE

