





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































propogate carry and continue addition bit serially un-

til all bits of image C have been processed.

5. Shift Operation. After executing line 1170 this time:

e |f |-
EW= |h|i |-

6. Save new image B (line 1470):

e |f |—
RAM(B :0)= |h |i |—

Third Iteration (i=0, j=2)

1.

358

Setdl = —dl = —1 (line 510), dx = 0 (line
520), dy = —1 (line 530), and k = 1 (line
540)

. Evaluate lines 780 and 790: s = 0, r =0

. Invert image B; then add inverted image B’
(i.e. the logical complement of B) to accu-
mulated value in image C. First, load cur-
rent image B into the EW registers, and set
the C registers to 1, and the NS registers to
0 (line 940):

EW =

>
|

. Put image B’ into EW registers (line 950):
elf'i—
EW=| h1i"| -

. Bit serially process each bit of the current
accumulated value within image C. Again,
looking point e only we have after executing
the instruction on line 980:

NS = LSB (Image C) = LSB (g + h)
(ix = 0)

We then proceed to add the contents of the
EW registers which, after executing instruc-

tion 990, yields:

RAM(C:0) = LSB(g + h + /')

We propagate the carry as we process each
bit of the accumulated result, image C until
all the bits have been processed.

. Shift Operation. This time it is slightly dif-

ferent. In this case, we load image B into the
NS registers and then execute line 1420:

bic|—
NS=|elf]—
hlij-

7. Save new image B (line 1470):

blc|—
RAM(B :0)=| e|f]|—
hii|-

Fourth Iteration (i = 1, j = 0)

1.

NCR Communications Products

Setdx =dl = —1,dy = 0, and k = 2 (lines
580, 590, and 600)

. Evaluating lines 780 and 790 gives us s = 0,

r=0

. Load current image B into EW registers and

invert image B as before (line 950):

e =
NS=|e’|f'|—
A=

. Bit serially process each bit of the accumula-

ted result in image C (line 980):

NS = LSB(Image C) = LSB(g + h + /)
(ix = 0)

After instruction 990:

RAM(C:0) = LSB(g + h + i' + f)

. Shift Operation. On this iteration we also

have a somewhat different shift procedure.
First, wesetx = dx = —1,andy = dy =
0. In this case we load image B into the NS
register as before (line 1090), but we then
put image B into the EW registers (instruc-
tion 1120) and execute line 1240:

alblc
EW=|d|e|f
glhls
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6. We save the above as the new image B (line 4. Shift operation. Setx = dx = 0,andy = dy = —1.
1470): Load image B into the NS register (line 1090), and
execute instruction 1420:

albjc
RAM(B :0) = {d]e|f —|{—]=
glhli NS = [—|a |b
—|d|e

Fifth Iteration (i=1, j=1)
S. Save the new image B (instruction 1470):
1. Setdx =dl = —1,dy =0,k =3

2. Evalute lines 780 and 790: s = 0, r=1 RAM(B : 0) = : ; :
3. Load current image B into EW registers and
add to accumulated correlation score (line Seventh Iteration (i = 2, j = 0)
870):
1. Setdx =dl =1,dy = 0, and k = 2 (lines
NS = LSB(g + h +i' + f) (ix = 0) 580 to 600)
After instruction 880: 2. Evaluates = 0, andr = 1
RAM(C:0) =LSB(@g+h+i" +f +e) 3. Load current image B into EW registers and
add to accumulated correlation score (line
4. Shift Operation. Set x = dx = —1,andy = 870):
dy = 0. Load image B into the NS register
as before (line 1090), and then put image B NS =LSB@+h+i +Ff +e+d)
into the EW register (instruction 1120) and
execute instruction 1240: After instruction 880: »
=
1o RAM(C:0) = LSB(g + h + " + f + e =)
EW=1[—[d]e +d + a) 33
—\lg h % g
4. Shift operation. Setx = dx = 1,andy = dy § £
5. Save the new image B (instruction 1470): = 0. Load image B into the NS register and S
then load image B into the EW register, and
—la|b execute line 1170.
RAM(B :0) = |—|d|e
—1g|h J B
EW=1{a|b]c
Sixth Iteration (i = 1, j = 2) die|f
1. Setdl = —dl = 1,dx = 0,dy = —1,and k = 1 5. Save new image B (instruction 1470):
(lines 510 through 540)
2. Evaluate lines 780 and 790: s = 0, r = 1 RAM(B : 0) = |a |b «;
dle

3. Load current image B into EW registers and add to
accumulated correlation score (line 870):

NS =LSB(g+h+i +f +e)
After executing statement 880:

RAM(C:0) =LSB@+h +i" +f +e +d)
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Eighth Iteration (i

2,j=1
.Setdx =dl =1,dy =0,andk =3
. Evaluates = 0,andr =1

. Load current image B into EW registers and
add to accumulated correlation score (line
870):

NS =LSBO+h+i"+f+e+d+
a)

After executing instruction 880:

RAM(C:0) =LSB(g+h +i" +f + e
+d+a+b)

. Shift Operation. Set x = dx = 1, andy =
dy = 0. Load image B into the NS register
and then load image B into the EW register,
and execute line 1170:

EW =

o
o
|

RAM(B : 0) = |b [c |-

Ninth Iteration

1. Setdl = —dl = —-1,dx =0,dy = —1,k

=1

. Evaluates = 0, andr =0

. Load current image B into EW and invert
image B (lines 940 and 950). Then add to

accumulated correlation score (line 980):

NS =LSBlg+h+i"+f +e+d+a
+ b)

After executing line 990:

RAMC:0) =LSB@+h+i" +f +e
+d+a+b+c)

[end of program]

Discussion

The results of the correlation algorithm given
the input shown in Figure 1 are displayed in Figure 2.
The program shown in Appendix A was able to derive
this output from the 3x3 binary correlation in 230 cycles.
At 10MHz per cycle the GAPP processor is able to per-
form this function in a mere 23us!

To expand on our discussion, let us raise four
issues worth mentioning concerning the program:

1. Specifying a Different Set of Mask Coeffi-
cients

2. Varying the Size of the Convolution Win-
dow

3. Using the “enable” Variable

4. Modifying the Order in which Coefficients
are used.

1. Changing the Mask Coefficients

The mask coefficients in this example were sta-
ted as a hexadecimal number. The value was determined
by the mask that we wished to implement and the method
of traversal that was used to slide the 3x3 window over
the input image. In our approach, we started with the
lower left hand corner coefficient, or position (3,1) us-
ing matrix notation, and moved to position (3,1) using
matrix notation, and moved to position (3,2) to (3,3), to
(2,3), to (2,2), to (2,1), to (1,1), to (1,2), and finally to
(1,3). Given our method of traversal about the 3x3 cor-
relation mask, we see that the specified input mask,
cmask, is a representation of the 3x3 coefficient mask
with mask coefficient (3,1) being the LSB of cmask, and
coefficient (1,3) being the leading bit of cmask. With
this knowledge, a different mask can be specified ac-
cording to the needs of the application. For instance, the
3x3 correlation mask:

0j1}0
01
0]11{0

-

can be represented by the hex word: cmask = OxOaa.
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2. Varying Correlation Mask Size

In this example we used a 3x3 mask of correla-
tion coefficients. This was dctermined on line 190 of the
program where we set n (the number of columns), and m
(the number of rows) to 3. Thus, the size of the correla-
tion mask is set by this declaration. One must be mindful
that if the coefficient array size is modified, the matrix
of coefficients may be altered. For instance, if our speci-
fied value for cmask, 0x0f3 is applied to a 4x3 coeffi-
cient mask we get:

JEY N BN POY
N N BN I
ojojo|o

However, for a 3x4 matrix, we get:

0j0|0|0
111
1111

p—
-

which may not be the desired correlation window.
3. Using the “Enable” Variable

You will notice a variable named ‘“‘enable” in
the program. This variable can be used to mask don’t
cares in the mxn window. This is particularly useful if
we wanted to use, for example, a diamond shaped corre-
lation mask:

x|1]|x
111 {1
x|1}x

where x indicates a don’t care. The enable flag could be
used to mask out any data within the correlation window
that we did not want to correlate with the image. For ex-
ample, the above correlation mask could be generated if
cmask = Ox1ff, and enable = 0x145. Using enable in
this situation saves processing time that would otherwise
be wasted evaluating meaningless mask coefficients.

NCR Communications Products 04/88

4. Modifying the Ordering of Coefficient
Evaluation

As mentioned in discussion module 1 above,
we followed a zig-zag pattern of traversal through the
3x3 correlation mask starting at mask location (3,1). The
program, however, is general enough to support any ar-
bitrary order of coefficient evaluation by changing dx,
d1, and dy. For instance, if we defined our initial starting
point to be the (1,3) position instead of the (3,1) posi-
tion, and changed our initial value of d1 from 1 to —1,
and further changed dy = —1 to dy = 1 on line 510,
then we would traverse the 3x3 correlation mask in the
opposite direction. As a consequence, with cmask as
given we would have the following correlation mask:

oj11
0j1j0
0}1]0

Using the same input image as in Figure 1, we
re-ran our correlation algorithm with the changes noted
above. The output is shown in Figure 3. Likewise, other
mask traversal patterns can also be accomodated.

Conclusion

The GAPP processor offers a high performance
alternative for processing sliding window functions such
as the 3x3 correlation that was treated in this application
note. In our treatment we were able to focus on a 3x3
neighborhood surrounding a defined center point, e. In
addition, the 3x3 correlation was computed for every
3x3 neighborhood in the entire image in 230 cycles or
23us. A full 21x21 binary correlation can be done in
1.1ms using the GAPP processor. From the program-
mers’ perspective, the ability to focus on a relevant
processing element neighborhood to the exclusion of the
overall processing element array decouples the program-
mer to a large extent from the specifics of the hardware
design. If we were to process a 48x48 pixel image using
32 GAPP devices, the same algorithm as used with our
12x12 processing element array could be used with only
modifications to the I/O drivers.
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Appendix A

100 image A :0:0, /* input image +/

110 B:1:1, /+ temporary value «/

120 T:2:2, /% scratch »/

130 C:3:11; /* output value =/

140 main ()

150 {

160 int cmask = 0x0f3;

170 int enable = 00; /x code values */

180 int x,y,i,ix,dx,dy,dl,rs,jk;

190 intn=3,m=3; /*size of correlation mask */

200 /* clear ram =/

210 c:=0;

220 for (i = 0; i<size(C)+2; i++)

230 i+ 1 ram:=C;

240 /% copy Ainto B =/

250 A: c:=ram;

260 B: ram:=c;

270

280 /+ Initial SHIFT operation */

290 x=n/2;

300 y=m/2;

310 {

320 B: NS:=RAM;

330 NS:=EW EW:=NS;

340 for (i=0; i<x; i++)

350 { EW:=w; }

360 NS:=EW EW:=NS; »
370 for (i=0; i<y; i++) Z
380 { NS:=S; } =2
390 C:=NS; S S
400 B: RAM:=C; ==
410 } 28
420 /+ Begin loop */ s
430 k=1; 8
440 dl=1;

450 for (i=0; i<m; i++)

460 {

470 for (j=0; i<n; j++)

480 {

490 if (k==n)

500 {

510 dl = —dl;

520 dx =0;

530 dy = —1;

540 k=1;

550 }

560 else

570 {

580 dx =dl;

590 dy =0;

600 k =k+1;

610 1

620 /+ convert mask code to value */

630 /+ represent mask code as single hex value in zig-zag pattern

640 represent enable code in same fashion for don‘t care */

650 if ( j==0) { cmask = 0x0f3;enable = 00; } /* code values */
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1160
1170
1180
1190
1200
1210
1220

if
if
if
if
if
if
if
if
if
if
if

(
(
(
(
(
(
(
(
(
(
(

wewononouon
| [ | 1}

]
n

wononon
wenowonon

cmask = 0x0f3; enable = 00;
cmask = 0x0f3; enable = 00;
cmask = 0x0f3; enable = 00;
cmask = 0x0f3; enable = 00;
cmask = 0x0f3; enable = 00;
cmask = 0x0f3; enable = 00;
cmask = 0x0f3; enable = 00;
cmask = 0x0f3; enable = 00;
cmask = 0x0f3; enable = 00;
cmask = 0x0f3; enable = 00;
cmask = 0x0f3; enable = 00;

/* code values */
/* code values */
/* code values =/
/* code values */
/* code values */
/* code values =/
/* code values */
/+ code values */
/+ code values =/
/* code values */
/* code values */

—_ = OO NDOO A WN =
mOm——- ==

o ey ey ey ey ey ey ey ey ey ey

e e Ve e e et e e e

s=1& (enable > > (j+mxi));
r=18& (cmask > > (j+m=i));

if (s==0)
{
if (r==1) /»add un-inverted B value */
{
B :0 ew:=ram c:=0;
for ( ix=0; ix<size(C)—1; ix++ )
{
C :ix ns:=ram;
C :ix ram:=sm c:=cy ew:=0;
}
C:ix ram:=c;
}
else /* add inverted B value =/
{
B :0 ew:=ram c:=1 ns:=0;
T:0 ew:=ram ram:=sm c:=0;
for (ix=0; ix<size (C)—1; ix++ )
{
c:ix ns:=ram;
c:ix ram:=sm c:=cy ew:=0;
}
c:ix ram:=c;
}
}
/* SHIFT operation */
x=dx;
y=dy;
if (j+3+*i < m*n—1)
{
B: NS:=RAM;
if (x1=0)
{
NS:=EW EW:=NS;
if (x > 0)
{
for ( ix=0; ix<x; ix++ )
{
EW:=E;
}
}
else
{

for ( ix=x; ix<0; ix++ )
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1230 {

1240 EW:=W;
1250 }

1260 }

1270 NS:=EW EW:=NS;
1280 }

1290 if (y!=0)

1300 {

1310 if (y>0)

1320 {

1330 for (ix=y; ix>0; ix—)
1340 {

1350 NS:=S;
1360 }

1370 1

1380 else

1390 {

1400 for ( ix=y; ix<0; ix++ )
1410 {

1420 NS:=N;
1430 }

1440 1

1450 }

1460 C:=NS;

1470 B: RAM:=C;

1480 }

1490 }

1500 }

1510 }

PRODUCTS

(2]
=
=
—
<T
e
=
=2
=
=
[=]
(=]
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GAPP APPLICATION NOTE NUMBER 5

Data Input/Output Techniques for
the Geometric Arithmetic Parallel
Processor (GAPP)

Introduction

One of the most important aspects of designing
with the GAPP paralle] array processor (NCR45CG72)
is the method of getting data into and out of the array of
GAPP processors. When designing a real time image
processing system, the system is generally required to
operate fast enough to accept 30 frames of data a second.
This rate allows the array of GAPP processors to exe-
cute 333,000 instructions to process the image during
the video time frame (the GAPP processor executes one
instruction every 100 nanoseconds). However, process-
ing a typical high resolution image (512 by 512 pixels
with 8 bits of gray-scale), imposes the requirement of
having to load over 60 million bits of data into the
processor array every second. The system designer must
be careful to use an I/0 method which is both fast
enough to satisfy the throughput requirements of the sys-
tem and is efficient enough so that the I/O method does
not interfere with the execution of the image processing
algorithm. Systems designed to do other types of numer-
ical processing may not be limited to a 33.3 millisecond
frame rate, but they will have similar requirements for
throughput and efficient I/O.

Data input to a system comprised of GAPP
processors will not be in the format required by the
GAPP processor array. Data from an analog-to-digital
converter, or a system bus, is usually a stream of values
(arranged word-serial, bit-parallel) with anywhere from
6 to 16 bits per value. The CMS inputs at the south edge

of the GAPP array provides an easy way to load data into
the array. The most efficient way is to present a row of
bit values to these inputs and use the “cm:=cms” in-
struction to shift the bits into the south edge of the array.
However, the GAPP array expects the data to be in a bit-
serial, word-parallel format. Therefore, some hardware
which is external to the array of GAPP processors must
be used to store a row of data values and serially present
each bit position to the CMS inputs of the array. The data
must physically make a 90 degree change of direction to
be reformatted from bit-parallel to bit-serial, therefore
the reformatting process is called ““corner-turning.”

One method of corner-turning uses a corner-
turn line buffer (also referred to as a “CTLB”) con-
structed of GAPP devices as the external I/O hardware.
The I/O process splits the corner-turn process between
the corner-turn line buffer and the main array of GAPP
processor elements (see next page). This method re-
quires that several instruction cycles be “stolen” from
the main array and be used for I/O rather than computa-
tion. For large arrays, and for data with a large number
of bits per value, use of this method can potentially inter-
fere with the main algorithm and may not allow the exe-
cution of complex algorithms at video frame rates.

A second method for higher performance 1/0,
called RAM-based corner-turning, is described in sec-
tion 3. This method of corner-turning uses a corner-turn
line buffer constructed of GAPP devices, as does the
first method, but it also makes use of the GAPP RAM in
the reformatting process. Almost all of the corner-turn
reformatting is done in the corner-turn line buffer, so the
number of instruction cycles “stolen” from the main ar-
ray is significantly reduced.

begin

end /* forj */

end /* fork */
end /* fori */
end /* begin */

for (i=1) to (i=number of rows in the main array) do
for (j=1) to (j=number of columns in the main array) do
Shift data value into corner-turn line buffer from east side.

Move data in corner-turn line buffer from EW registers to CM registers.
for (k=1) to (k=number of bits in a data value) do
(1) Move bit position k - 1 of data values already in the
main array from RAM to the CM registers.
(2) Shift the contents of the CM registers in both the
main array and corner-turn line buffer north one position.
(3) Move bit position ‘k-1’ of data in the main array from
the CM registers in the main array to RAM.

Figure 1. Descriptive Algorithm for Shift Register Corner-turning.
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Shift Register Corner-Turning

This corner-turning method is summarized by
the general algorithm in Figure 1. The corner-turn line
buffer and main array are assumed to be connected as
shown in Figure 2. A “row” is a set of processor ele-
ments which are in an east/west line, and a “column” is
a set of processor elements which are in a north/south
line. For data values with N-bits, bit position O is the
least significant bit, and bit position N-1 is the most sig-
nificant bit.

The size (in rows and columns of processor ele-
ments) of the main array and corner-turn buffer is deter-
mined as follows. The number of rows and columns in
the main array is arbitrary (as long as they are a multiple
of the number of rows and columns per chip), and is
generally dictated by the requirements of the algorithm
being executed in the main array, which we will call the
“main algorithm.” The number of columns in the
corner-turn line buffer must be the same as the number
of columns in the main array. The CM communication

bus lines of the main array and coner-turn line buffer are
connected in a ‘““cylindrical” fashion, which means that
each CMN (CM North) output of the main array is con-
nected to the CMS (CM South) input of the same column
in the corner-turn line buffer. Likewise, each CMN out-
put of the corner-turn line buffer is connected to the
CMS input of the same column in the main array. The
number of rows in the corner-turn line buffer must be
equal to, or greater than, the number of bits in a data
value. Usually, there are less than 12 bits per value, and
the corner-turn line buffer is a single east/west line of
chips, but more chips may be used for larger data values.

The corner-turn operation is shared between the
main array and the corner-turn line buffer. At any given
time in the corner-turn process, the lines of data which
have already been input are stored in the southmost rows
of the main array. After a new line of data is brought into
the corner-turn line buffer, it is shifted into the south-
most row of the main array, and the other lines of data
are shifted north one row.

Connected in cylindrical fashion to the
CMS inputs of the corner-turn line buffer

NN 0 0 0 O

CMN outputs

Main Array of GAPP™ chips
X columns by Y rows of PE’s

CMS inputs

i

Output data to
DAC, video display,
or 1/O bus

W outputs

T 111e

CMN outputs

Corner Turn Line Buffer
X columns by B rows of PE’s

CMS inputs

Input data from

E inputs ADC or I/O bus

TTTTTTTT

T I T T T T e T e e I e T I I e T eI e e

Connected in cylindrical fashion to the CMN outputs
of the main array

Figure 2. Corner-turning: Main Array and Corner-turn Line Buffer Arrangement.

Note: the N, S, E, and W I/O lines of the main array are
not shown. The N and S lines and the E and W lines can
be wrapped-around in any desired pattern as required by
the algorithm executing in the main array. If no wrap-
around is needed, these lines should be tied to ground or
the V{d rail through approximately 10KQ resistors to

368

prevent floating inputs and unnecessary power dissipa-
tion.

Note: the N and S I/O line of the corner-turn line buffer

are not shown. These should be grounded through ap-
proximately 10KQ resistors to prevent floating inputs.
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Since the main array must share part of the re-
formatting process, system performance is degraded.
Consider the operations marked (1), (2), and (3) in Fig-
ure 1. Each of these operations will require one instruc-
tion in an optimal implementation of a corner-turn
operation. Operation (2) only requires the CM register
control lines of the GAPP chip. The CM registers are
primarily used for I/O and should never be needed for
computation during execution of the main algorithm.
Accordingly, operation (2) of the corner-turn process
may be executed at the same time as an instruction of the
main algorithm. However, operations (1) and (3) require
the RAM control lines, which are almost always needed
during algorithm execution, and so two instruction cy-
cles must be ““stolen” from the main algorithm to per-
form these operations. For a 512 by 512 array with 8-bit
data values, this means that 8192 instruction cycles are
stolen from main algorithm execution, which is 2.5% of
the available processing time (assuming 30 video frames
per second). The degradation gets worse as the number
of bits in the data values gets larger.

Ram-Based Corner-Turning

High-performance 1/O is achieved by doing
most, if not all, of the corner-turn reformatting in the
corner-turn line buffer. Ram-based corner-turning uses
the same configuration for a main array and a corner-turn
line buffer as shown in Figure 2. A general algorithm for
RAM-based corner-turning is given in Figure 3.

The RAM in the GAPP processor elements is
used to do almost all of the reformatting in the corner-
turn line buffer. As each row of data is input to the
corner-turn line buffer, it is stored in the CTLB RAM in-
stead of being immediately shifted into the main array.
When all rows of data have been stored, the least signifi-
cant bit position is extracted from each row and shifted
into the CMS inputs of the main array, followed by the
next bit position, etc. For now, it is assumed that the
corner-turn line buffer has an unlimited number of RAM
addresses in which to store the rows of data. This is not
actually the case when the corner-turn line buffer is con-
structed with GAPP devices, and this restriction forces
some minor modifications of the basic algorithm which
is covered on page 372.

begin

for (i=1) to (i=number of rows in the main array) do
for (j=1) to (j=number of columns in the main array) do
Shift data value into corner-turn line buffer from east side.
end /* forj */
Store row of data in corner-turn RAM.
end /* fori */
for (k=1) to (k=number of bits in data value) do
for (i=1) to (i=number of rows in the main array) do
Read data row i in the corner-turn line buffer
from RAM into the CM registers.

(1)  Shift the contents of the CM registers in both
the main array and corner-turn line buffer north
one position.
Store the shifted data for row ‘i’ in the corner-turn
line buffer from the CM registers to RAM.
end /* fori */
(2) Write the data for bit position ‘k-1’ to main array RAM
from the CM registers.
end /* fork */

end /* begin */

(2]
=
2
Ll =
T
S5
=20
o0
EE

o
=
(=]
(3]

Figure 3. Descriptive Algorithm for RAM-based Corner-turning.
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corner__turn (dest, X, Y, B)
image dest; *

~

/*

destination image variable */

int X, /* number of columns in main array */
Y, /* number of rows in main array *l
B; /* number of bits in input data */
{
int i, j, ks /* standard counter variables */

ARAARAAAA A AR AL ALY

/* Input Section: shift data values into corner-turn line buffer  */

*/

for(i=0i<YVY;i++)

{

ram (:i) :=sm;

J

for(j =0;j< X;j++)ew:=ens:=0c:=0;

AEAMAASALLEREALEA SR EAL LA A ARSI E iRl

" Output Section: shift data from corner-turn line buffer into main array */

" */
for(k = 0; k < B; k+ +)
[ for(i =0;i<YVY;i++)
[cm 1= ram(:i);
cm:= cms; /* (1) main array: cm := cms */
ram(:i) := cm;
nop;} /* (2) main array: ram(dest:k) := cm */
| J
Figure 4. GAL Program Code for RAM-based Corner-turning.
Implementation During the execution of the corner-turn routine

Figure 4 gives the program code used to imple-
ment the RAM-based corner-turn algorithm. The routine
is written in NCR-GAL™, the GAPP Algorithm Lan-
guage, which combines control statements similar to the
C programming language with GAPP instruction mne-
monics.

The routine in Figure 4 would be executed in
each of the processor elements in the corner-turn line
buffer. The image variable argument to the routine,
‘dest’, is an image variable which determines the RAM
addresses where the data frame is to be stored in the
main array. The other arguments to the routine are the
integer variables ‘X’, ‘Y’, and ‘B’, which are respec-
tively the number of columns in the main array, the num-
ber of rows in the main array, and the number of bits in
the input data.

370

in the corner-turn line buffer, the main array is free to
execute the main algorithm. The technical where the
corner-turn line buffer executes one program, while the
main array executes another, is reasonable simple to im-
plement in hardware.

Some complications arise due to the fact that
the main algorithm and the RAM-based I/0O routine are
not completely independent. During the operations
marked (1) and (2) in Figure 3, the main array must exe-
cute certain instructions under the control of the I/O rou-
tine, which are shown in comments in Figure 4.
Operation (1) requires the use of the main array’s CM
register control lines. It is an easy matter to have the I/O
routine always control the CM registers of the main ar-
ray. This effectively moves 2 bits from the main array
control store to the corner-turn line buffer control store.
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Since the main algorithm does not need the CM registers
for computation, this method of data input/output does
not interfere with the execution of the main algorithm.
The CM registers should only be used in the I/O routine.

Operation (2) requires the use of the main array
RAM control lines. If both the main algorithm and the
I/O routine try to simultaneously execute an instruction
which uses the RAM field, the conflict must be resolved
in the favor of the I/O routine. This is to allow the
corner-turn line buffer to keep up with the input data.
Rather than to try and detect such conflicts, and since al-
most all main algorithm instructions will make use of the
RAM field, it is a much simpler matter to “steal” an in-
struction cycle from the main algorithm every time oper-
ation (2) occurs in the I/O routine.

This must be done before the microcode is
loaded into the control store, and is most easily accom-
plished with a utility which takes the two files containing
the main algorithm and the I/O routine, and merges them
into one file which is the microcode for the single con-
trol store. Such a merge utility must know: 1) which in-
structions of the I/O routine are operation (2), 2) on
these instructions it must select the main array RAM ad-
dress and control bits from the I/O routine, and 3) insert
a NOP instruction into the main array EW, NS, and C re-
gister control bits.

Performance
Table 1 gives a summary of the performance of

the RAM-based corner-turning routine shown in Figure
4. The number of instruction cycles are shown as

a function of the ‘X’, ‘Y’, and ‘B’ arguments to the
‘corner-turn’ routine. To obtain the execution time, the
number of instructions is multiplied by the cycle time of
the GAPP chip (100ns is assumed in this application
note, corresponding to a system constructed of
NCR45CG72-1 chips with a 10 MHz clock rate). The to-
tal time, ‘Tt’, is the total number of instruction cycles
needed to input a frame of data into the main array
through the corner-turn buffer. This time is divided into
two components, the input time, ‘TI’, which is the
needed to shift the data into the corner-turn buffer and
store it in RAM, and the output time, “To’, which is the
time needed to shift the data out of the corner-turn buffer
and store it into the main array RAM. The interference
time, ‘Tr’, is the number of instruction cycles ‘““stolen”
from the algorithm executing in the main array (this is
typically less than 0.5% of ‘Tt’, for real-time video
frame rates).

Generally, input data to a GAPP system comes
from a mass storage device such as a video frame buffer.
In this case, the only important item from Table 1 is ‘Tt’.
This value will determine the maximum array size which
will allow the system to achieve its throughput require-
ments (usually one frame every 33.3 ms, corresponding
to real-time video input). It is also important that ‘Tt’ be
no greater than the execution time of the main algorithm,
otherwise there will be instruction cycles during which
the main array could be processing data, but is actually
idle while waiting for the I/O routine to complete. Due
to the limit of the size of the GAPP RAM in the corner-
turn buffer, a maximum value of 128 for ‘y’ is assumed.
Techniques for getting around this limit are in the next
section.
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Item Number of Instructions
Total Time: Tt = Y(X + 1) + B@3Y +1)
Input Time: Ti = Y(X +1)
Input Time per Line: Tt = X +1
Output Time: To = B@Y +1)
Main Array RAM Interference: T =8

Table 1. RAM-based Corner-Turning Performance
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Maodifications for Greater Than 128 Video

Lines

As mentioned on previous page, the routine some slight modifications. There are three options here,
shown in Figure 4 will not work if ‘Y’ is greater than giving the system designer a tradeoff between perform-
128. However, this restriction can be avoided by making ance and hardware complexity.

group__corner__turn (dest, X, Y, B)

image dest; /* destination image variable */
int X, /* number of columns in main array */
Y, /* number of rows in main array *l
B, /* number of bits in input data */
G; /* number of data lines in group *l
{
int i,j, k, m p; /* standard counter variables */

/* Do for each group of G data lines & for any “leftover” lines (Y mod G) */
I* */
form=0m<=Y/G m++)

{

IR AAAAARAA AL EALAARAAEL AL IS ARSI L SR AA LA AL R

" ‘p’= number of data lines in this group (usually ‘G’, but */
I* ‘p’= (Y mod G) if this is the last group of data lines */
I */

p=(M<Y/G)?2G: (Y %G)
R
" Input Section: shift data values into corner-turn line buffer */
* */
for(i=0;i<p;i++)
{
for (j =
ram (:i);
}

AAAAAAAAALASAR AL EAEE SRR AR E IR

0j< X;j++) ew:= ens:= 0c:=0;
= sm;

I Output Section: shift data from corner-turn line buffer */
" into main array. */
I* */
for(k = 0; (p !=0) && (k < B); k+ +)

{

for(i=0;i<p;i++)

{

cm:= ram(:i); /* (1) main array: cm: = ram (dest:k) */
cm:= cms; /* (2) main array: cm:= cms *!
ram(:i):= cm;
]

nop; /* (3) main array: ram(dest:k):= cm  */

J

Figure 5. GAL Program Code for RAM-based Corner-turning with Data Line Grouping.
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Item

Number of Instructions

Total Time:

Total Input Time:

Group Input Time:

Input Time per Line:

Total Output Time:

Group Output Time:

Main Array RAM Interference:

‘P

notes: ‘f' = 0if Y is a multiple of G, ‘' = 1 otherwise.
‘G’ = number of data lines per group
= integer part of Y divided by G

Tt =YX + 1) + B3 +P +f)
=YX + 1)

Tig = G(X + 1)

T =X+1

Tot = B@AY + 1)

Tog = B(3G + 1)

T =2(PB + f)

Table 2. RAM-based Corner-Turning Performance: Data Line Grouping

Ram-based Corner-turning with Data Line
Grouping

The first option is to repeat the RAM-based
corner-turning process for each group of 128 lines of
data. 128 lines of data are shifted into the corner-turn
line buffer (the maximum that it will hold in RAM),
which are then shifted into the main array and stored in
the bottom 128 rows. Then, the next group of 128 lines
is shifted in, stored in the corner-turn line buffer, and
shifted into the bottom 128 rows of the main array as the
first group is shifted up to the next 128 rows. Thus, we
have a method which employs the basic idea behind shift
register corner-turning, but operates on groups of data
lines to reduce the interference with the main algorithm
execution.

Figure 5 gives a GAL routine to implement
RAM-based corner-turning with data line grouping. Ta-
ble 2 gives a summary of the performance of the RAM-
based corner-turning routine shown in Figure 5. The
group input time, ‘Tlg’, is the time needed to input one
group of data lines, and the group output time, ‘Tog’, is
the time needed to output one group of data lines to the
main array. The corner-turn line buffer alternates be-
tween two phases: input of a group, and output of a
group. The total input and output time, ‘Tit’, and “Tot’,
show how much time is spent in each phase.

Ram-based Corner-turning with Line Buffer
Grouping

The second option for handling a main array
larger than 128 rows is to divide the main array into
groups of 128 (or less) rows and assign a corner-turn line
buffer to each group. Each line buffer is only responsi-
ble for data belonging to the rows of the main array in its
local group.

NCR Communications Products 04/88

There are two schemes for implementing this
option. The same implementation that was given on page
370 can be used for each group, with all of the corner-
turn line buffers under control of the same address se-
quencer and executing the same routine. The data to all
the line buffers arrives in parallel. This means that the
performance of the system will be the same as given in
Table 1, with ‘Y’ replaced by ‘H’, the number of main
array rows per group. The drawback to this scheme is
that a frame buffer must be designed which is large
enough to hold an entire frame of data, and present the
data in parallel to each corner-turn line buffer. If the data
acquisition time of the frame buffer is slow (such as for
real-time video data), then the frame buffer will be able
to present data to the corner-turn line buffers much faster
than it can acquire it. In this case the frame buffer will
likely be the bottleneck in the system, and the througput
will only be slightly better than the option given on this
page, with greatly increased hardware costs. Therefore,
this scheme is probably best suited for systems process-
ing very high speed input data, such as from infrared
sensors. The high data rates coming into the system al-
ready require a frame buffer to slow the data rate down
to what the GAPP array can accept.

The second scheme avoids the use of a frame
buffer by having each corner-turn line buffer accept its
input data as it is available. The line buffer for the first
group will begin inputing its data and storing it in RAM.
All other corner-turn line buffers will be inactive. When
the data for the first group has been input into the first
line buffer, that buffer becomes inactive and the second
line buffer begins inputing its data. This continues until
all line buffers have stored their data in RAM. Only one
corner-turn line buffer is active at any one time. After all
the corner-turn line buffers are full, each corner-turn
line buffer outputs its data into its section of the main ar-
ray in parallel with all the other corner-turn line buffers.
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The corner-turn routine needed to implement
this scheme is made up ot two parts of the ‘corner-turn
routine shown in Figure 4, with the variable ‘Y’ re-
placed by ‘H’, the number of main array rows per
group. The first part is the ‘Input Section’, which is exe-
cuted once for each corner-turn line buffer. The second
part is the ‘Output Section’, which is executed by all
corner-turn line buffers in parallel. The performance for

the scheme is summarized in Table 3. Note that the input
time and main array RAM interference is very similar to
the corresponding figures for RAM-based corner-
turning as shown in Tabel 1 (but this assumes that a
GAPP chip with more than 128 bits of RAM is availa-
ble). However, the output time is much less than shown
in Table 1, and is closer to the values for RAM-based
corner-turning with data line grouping.

Item

Number of Instructions

Total Time:

Total Input Time:

Group Input Time:

Input Time per Line:

Output Time:

Main Array RAM Interference:

Tt =YX + 1) + BGH + 1)

Tit = YX + 1)
Tig = HX + 1)
T =X+1
To = BBH + 1)
=8B

note: ‘H’ = number of main array rows per group

Table 3. Ram-based Corner-Turning Performance: Line Buffer Grouping
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45GDS1 - GAPP PC DEVELOPMENT SYSTEM

General Description

The GAPP PC Development System is com-
posed of two parts. The first is a hardware board which
is compatible with the IBM-PC I/O bus and contains a 12
by 12 array of processor elements implemented with two
GAPP devices. The second part is a software package
which allows the user to program the GAPP array in a
high-level language and interactively debug a program.

Hardware Features

® 12 by 12 array of GAPP Processor Elements
(PE).

® 12 byte reformatting/corner-turn array for
data input/output.

Interface to IBM standard bus with TTL cir-
cuitry.

® Three 8-bit registers for GAPP control and
address interface.

* Two I/0O ports for data down-load/up-load to
or from GAPP array.

Register and port addresses are switch se-
lected.

PE array clock is software controlled through
separate I/O port.

Printed circuit board plugs into bus connec-
tor of IBM compatible personal computers.

Cylindrical wrap: all East and West I/O lines
are horizontally connected at the left and
right edges of the array: all North and South
I/0 lines are vertically connected at the top
and bottom edges of the array.

Software Package Features
® Menu driven with screen oriented displays.

e GAL™ (GAPP Algorithm Language) com-
piler.

® Simple text editor for program corrections.
® Debug routines allow user to:

single step through GAPP instructions,

execute an entire block of GAL program
statements,

execute entire program,

stop at any time for program corrections/
re-compilation.

* GAPP PE editor allows user to:

up-load/change/down-load contents of
each PE RAM,

up-load/change/down-load contents of PE
registers,

store or load any of the above data to/from
a data file,

data files can be edited with the text editor.

® Runs under the VENIX/86™ (NCR45GDS1-
VX) operating system on any NCR Model 4
(with hard disk) or IBM PC-XT™ compati-
ble. Also available in an MS-DOS™ version
(NCR45GDS1-MS) for IBM compatible per-
sonal computers.

Features of GAL

The GAPP Algorithm Language is a subset of
the C programming language with several features
added to tailor the language to the GAPP. Features of the
C programming language which have been implemented
are:

o All arithmetic, logical, and assignment oper-
ators.

e Int variables, can contain the values from
—32768 to 32767.

e Variables defined inside of a block (within
{}’s) are automatic (storage space can be re-
used outside of the block).

NCR reserves the right to make any changes or discontinue altogether without notice with respect to any hardware or software product

or the technical content herein.
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® The if, if...else, for, and while program state-
ments are implemented.

® Support for sub-routines and int functions is
provided. Arguments to the subroutine are
the values of the variables which are used in
the sub-routine call. The values of these vari-
ables are not changed by the sub-routine.

Additional features have been added which are unique to

® A new type of variable is used to refer to
GAPP RAM addresses. An image variable is
used to refer to a set of adjacent RAM loca-
tions starting at address X, with n number of
bits. Image variables are declared by one of
the following program statements:

image SCRATCH:3:7;
image SCRATCH:5;

The first form defines an image named
“SCRATCH” which starts at RAM address
3 and ends at RAM address 7. The second
form also defines an image name
“SCRATCH,” but only specifies the number
of bits (5). The starting address of the image
is left up to the GAL compiler.

® [mage names can be used to specify the ad-
dress portion of a GAPP instruction. The
programmer must specify the name of the
image and an arithmetic expression which
gives the offset within the image. The com-
piler adds the starting address of the image to
the arithmetic expression to determine the
GAPP RAM address. An example is:

SCRATCH:i +3

Either the image name, or the arithmetic ex-
pression may be omitted, but not both. If the
expression is omitted, the compiler uses O for
the offset; if the image name is omitted, the
compiler uses the expression for the address.

® The function size() is built into the compiler;
the function accepts the name of an image as
an argument and returns the number of bits in
the image.

A legal GAL program statement is a GAPP
instruction made up of GAPP RAM address
and a list of GAPP assembler mnemonics.
Examples of GAPP instructions are:

X:lew: = cram: = cy;
ram (X:1): = ¢;
cw: = ram (:2);

® In addition to using int variables as argu-
ments to subroutine calls, the names of im-
ages may also be used. Both the starting
address and the size of the image are put on
the argument stack for the sub-routine to use.

The status of the Global Output pin can be
used as a criteria for conditional execution of
GAL program statements. This is accom-
plished by the program statements:

if(goset)
if(gocir)
if(goset)...else
if(gocir)...else
while(goset)

while(gocir)
for (...;giset;...)
for (...;gicir;...)

The term gocir is non-zero (true) if the
Global Output is low (one or more NS regis-
ter contains a 1). The term goset is non-zero
(true) if the Global Output is high (all NS re-
gisters contain 0).

™GAPP and GAL are trademarks of NCR Corporation.
™VENIX/86 is a trademark of VenturCom, Inc.
™MX-DOS is a trademark of Microsoft Corp.
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GAPSYS Interactive Menu Structure

C - Compile GAL™ Program

D - Debug/Execute GAL Program
P - Edit Program

I - Initialize (Clear) GAPP Array
S - System Configuration

“p** X - Temporary Exit to Execute g
System Command

Q - Exit GAPSYS™

o
/

Editor
Debug Sub-menu ) (Program File) |- Configuration Menu

E - Specify Editor Pathname

G - Execute Single GAPP lnstmc?ion - ity Maximum N of

B - Execute Program to Breakpoint Instruction Cycles (Designed

F - Execute to End of Program Timeout) for GAL Program

P - Edit Program pe Editor A- Aﬁ!nFile to Subroutine Library

(Program File) D - Delete File from Subroutine
Library List

U - Upload Data from GAPP RAM
R - Uploed Data from GAPP Register Q - Return to Main Menu
L - Load Data from File
D - Edit Data File “D* Editor

Q- Return to Main Menu (Data File)

"U","L” r-4d

Rogister Select

w
-
(=]
=
[=]
o
=
a.

Y C - Display C Register
M - Display CM Register
N - Display NS Register
E - Display EW Rogister )
A Display All Registers

n
=
e
[
<<
=
=
=2
=
=
[=]
(=]

;tn'l"n'nu o wE A"

\
~

Display Data Sub-menu

G - Exacute Single GAPP Instruction
B - Exscute Progrsm to Breekpoint
F - Exacute to End of Program

P« Gt Program L'P AN Editor
HJK L - Cursor Movement within (Program File)
Dets Display

.- Download Data to GAPP Array
$ - Seore Deta to File (Specify
Filename) -

C* Chengé Number Bass (Hex
Changeé N 1 or -
O-Rc'm‘mwm

NCR Communications Products 04/88 377



Block Diagram. GAPP PC Development System

[\/\

4

‘ / E/W WRAP AROUND

CONTROL REGISTER
N/S WRAP AROUND
—
(7] 7 7
D 7 -
m
.
< ADDRESS REGISTER 12X12
: GAPP™ PROCESSOR GLOBAL OUTPUT
a ARRAY
(2 GAPP CHIPS)
el . s
O
0. MUX
= INSTRUCTION REGISTER f t READD
m )
8 8 CORNER TURN LINE BUFFER
—f——ﬁ ——rf—3] {2 NCR45CT6 CHIPS) S
WRITE DATA REGISTER A
e/
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Using the GAPP PC Development System

a) Displaying the main menu...

( Copyright 1985 by NCR Corp. Dayton, Ohio, USA. All rights reserved. w

NCR GAPP PC Development System version 1.0
GAL release 2.0. Hardware module version 1.1.

Compile GAL program
Debug program
Execute program
GAPP RAM editor
Edit program (vi)

Initialize (clear) GAPP array

(2]
(]
[
K
[

Quit

\_ _J
b) Reading from GAPP RAM...

( Copyright 1985 by NCR Corp. Dayton, Ohio, USA. All rights reserved. W

NCR GAPP PC Development System version 1.0
GAL release 2.0. Hardware module version 1.1,

0 0 0 0 [ 0 0 0 0 0 0 0
0 0 0 0 [ 0 0 [ 0 0 0 0
0 0 0 0 0 0 0 0 0 [ 0 0
[ 0 0 0 0 0 0 0 0 0 0 0
0 0 [ [ 50 0 0 [] 0 [ 0 0
0 o 0 50 50 50 50 0 0 0 0 0
0 0 50 50 50 50 50 50 0 0 0 0
0 0 50 50 50 50 50 50 50 0 0 0
[ 0 50 50 50 50 50 50 50 50 0 0
0 0 0 50 50 50 50 50 50 0 [ [
o o 0 o 50 50 50 50 0 0 0 0
0 0 0 0 o 0 0 0 0 0 0 0

=2
Lo
£3
=
=]
=£
=

GAPP RAM addresses 16 to 23 unsigned decimal display
\El Download Change Store to file [M Display mode [§] Abort)

¢) Debugging a GAPP program...

( Copyright 1985 by NCR Corp. Dayton, Ohio, USA. All rights reserved. \

NCR GAPP PC Development System version 1.0
GAL release 2.0. Hardware module version 1.1.

16_ram := sm_C :: cy
k@ GAPP instr Block [F] Program [R] RAM edit [f] Edit (vi) [&] Abortj
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d) Flagging a program error...

"edge.gal" line 19: syntax error. \
"edge.gal" line 23: syntax error.
\_ Hit RETURN to continue J

e) Entering editor to correct program...

( main()

{

int i
image X:8,
Y:8,
Z:8;
¢ iz 0;
for (i = 0; i < 8; i+4) |
X:i ns :=
Yii ew :
Z:i ram :- sm c :: cy;
+
Z:1 ew := ram ns = ¢ C

+ 1 ew := ram ¢ := cy
Z:1 ram := ¢ c:= 1;
b
}
"edge.gul" 24 lines, 378 characters J

/% Get bit from operand X */
/% Get bit from operand Y ¥/
/% Add bits and store in result */

380
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45GS4 GAPP SYSTEM SIMULATOR PACKAGE

Quick Fact Sheet

The Geometric Arithmetic Parallel Processor
(GAPP™) System Simulator Package (GSSP) is a soft-
ware package that runs on a PC-AT™ compatible and on
a VMS™ based VAX™ computer. The GAPP System
Simulator Package provides a complete low cost devel-
opment environment for writing, debugging and analyz-
ing GAPP system algorithms and for analyzing GAPP
related system parameters. It is comprised of four mod-
ules, the NCR GAL™ compiler, the GAPP microcode
generator, the GAPP hardware simulator, and a library
of coded routines. The GSSP can run solely on a main
array of GAPP chips or can include a cornerturn input/
output (I/0) array which properly reformats the I/O data
for the GAPP Main Array.

Write and Debug GAPP Cornerturn Algo-
rithms

Execute Algorithms on Array only or on Ar-
ray with Cornerturn

Inspect data in GAPP registers and GAPP
RAM directly (Main array and Cornerturn)

Variable I/O data path width (this can vary
from 1 to 32 bits)

Variable Array size (1-108 for N-S direction,
1-96 for E-W direction)

Choice of 3 different edge wraps in N-S and
E-W directions (Spiral Up, Cylindrical and
Spiral Down)

Load data files into GAPP Array

Features: o Store GAPP Array data to files
* Develop GAPP programs in C-like language, ® NCR GAL source files from the PC Devel-
NCR GAL opment system, NCR45GDS1 are upward
compatible to this system
® Write and Debug GAPP Main Array Algo-
rithms
GAPP Array Block Diagrams 2
=)
1%
: S8
CMN Bit £5
Pl
GAPP Array with Cornerturn GAPP Array D:l:e § T
Out 8

l CM Wrap

¢t

WC::':S:E:::::::::: b "
SAnmT s s s ss e .
L a

T

vy 1 GAPP E

V1 Main

«v Array

LAY

i

S & S
Bit Bit
a* b*c’ Plane a* b*c* Plane
Data Data
Std Data In
Out GAPP Std Data In CMS
— Cornerturn < (1-32 bits)
Array
A
Y Orri'ea:talion * a. Spiral Wrap Down
b. Cylindrical Wrap
c. Spiral Wrap Up
X

GAPP is a trademark of NCR Corporation, GAL is a trademake of NCR Corporation, PC-AT is a trademark of IBM Corporation,

VAX and VMS are trademarks of Digital Equipment Corporation
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Command Descriptions

Simulator Configuration Commands

ctysize - specifies the size of the cornerturn in y direction

xsize - specifies the horizontal size of the GAPP Main and Cornerturn Arrays

xwrap - specifies the horizontal (E-W) wrap
ysize - specifies the vertical size of the GAPP Main Array
ywrap - specifies the vertical (N-S) wrap

Simulator Directive Commands

brkpoint - halts execution of a “‘do” file at a break point
cont - resumes execution of a ““do” file or a microcode file

after breakpoint

do - executes a file comprised of simulator commands and GAPP instructions

execsys - initiates execution of a microcode file
gostate - displays current Global Output signal state
greg - displays contents of Global Output Register
startaddr - specifies starting address of program

Data I/O Commands

load - loads data to GAPP Main Array RAM

rdarin - read array data from file (array only mode)
rdctin - read cornerturn data from file

store - store frame from GAPP Main Array RAM to file
wrarout - write GAPP Main Array data to file

wrctout - write cornerturn data to file

Simulator System Commands

382

bye - ends simulation and returns to operating system
clear - initializes GAPP Main Array to zero

ctclear - initializes GAPP cornerturn to zero

ctpgrid - displays state of the cornerturn processors
ctrgrid - displays contents of cornerturn RAM

prgrid - displays state of the GAPP Main Array processors
rgrid - displays frame of GAPP Main Array RAM data

NCR Communications Products
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45SPDS - SIMD PROCESSOR DEVELOPMENT SYSTEM

System Features

¢ Provides a User-Friendly Development En-
vironment for Geometric Arithmetic Parallel
Processor (GAPP™) Based Image Processing
Systems.

® Window-Oriented Menu-Driven User Inter-
face

® NCR-GAL™ Compiler/Linker Allows
GAPP Devices to be Programmed ina “C”-
like Language

Compatible with NCR-GAL Source Code
from NCR’s GAPP Development System
(NCR45GDS1-MS)

Source Resident Breakpoints

GAPP RAM/Register Uploading-
Downloading-Editing

System Block Diagram

System Works in Conjunction with Industry
Standard Frame Grabber to Acquire and Dis-
play RS-170 Video Images

Direct Memory Access Connection between
Host and SIMD Development System Pro-
vides High-Speed Transfer of Image and Pro-
gram Data

10 Megahertz SIMD Controller with 64K In-
struction Control Store and 256K byte Input/
Output Buffer Memory

Accommodates 1, 2, or 4 GAPP Processor
Cards; Provides Processing Element Array
Sizes of 48 x48 to 108 X96

SIMD Controller Contains 256 bit Dynamic
Constant Memory to Facilitate Data-
Dependent, Adaptive Processing

SIMD PROCESSOR DEVELOPMENT SYSTEM

PROCESSING
ELECTRONICS

SIMD
CONTROL &
/O BUFFER

DATA OUT

GAPP
ARRAY
(60x48)

HIGH-
SPEED
HOST
INTERFACE

INDUSTRY
STANDARD
FRAME
GRABBER

PC/AT, NCR PC8,
OR COMPATIBLE
HOST COMPUTER

AT EXPANSION BUS
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Introduction

The SIMD Processor Development System
(SPDS) facilitates the development of operational and al-
gorithmic software for GAPP based systems. The SPDS
is comprised of a software package which runs on a PC-
AT™ compatible (host) computer such as the NCR PC8.

The software package contains the NCR GAPP
Algorithm Language (NCR-GAL) Compiler and the
GAPP Microcode Generator. These software tools are
presented to the user of the four different operational
modes customized for developing NCR-GAL software.
These operational modes are accessed through a simple
window oriented user interface. Also included is an on-
line ‘Help’ feature which provides the user with menu-
specific descriptions.

The SPDS hardware consists of one to four
GAPP Array cards, an SIMD Controller card, a High-
Speed Host Interface card and an optional frame grab-
ber*. The High-Speed Host Interface card and the frame
grabber reside in the host computer while the SIMD
Controller card and the GAPP Array card(s) reside in a
separate enclosure, the Processing Electronics station.
The host computer and the Processing Electronics sta-
tion are linked by a cable capable of transferring data at
DMA rates.

SPDS System Overview
The basic components of a GAPP system in-
clude the following:

® Main Array of GAPP Processing Elements

® Corner Turn Array of GAPP Processing Ele-
ments

Controller to provide instructions to the
GAPP Array and to coordinate timing with
other associated hardware.

* Host Computer to act as an interface between
the user and the GAPP based system.

The SIMD Processor Development System
(SPDS) provides a straight-forward, logical process
for developing GAPP algorithms. Four development
modes are structured to allow the user to focus on each

individual step of the GAPP code generation without
allowing concerns from other areas to interface.

The primary function of the SPDS system is to
simplify two tasks:

1. Development of the Main Array Algorithm
2. Development of the Corner Turn Algorithm

To expedite task 2, a generic Corner Turn Algo-
rithm is provided. (Thus task 2 may be skipped if de-
sired.)

Four development modes for the various steps
of designing NCR-GAL algorithms are presented in the
order they are most likely to be used. The four modes
are:

. Algorithm Development
. Image - No Corner Turn
. Corner Turn Development
. Image - With Corner Turn

B WLWN -

The first two modes focus on modifying and
testing the Main Array algorithm. The last two focus on
developing a Corner Turn algorithm. Corner turning is a
technique which properly reformats the data for the
GAPP Array. If the algorithms are to be run only on the
SPDS system, the development cycle may be concluded
early by using the generic corner turn program furnished
with the system.

Development Mode Descriptions
Features Common to all Modes

Source Resident Breakpoints - Breakpoints can be set at
any line in the source code. When a breakpoint is
encountered the sequencer halts and returns control
to the user interface. Additionally, all breakpoints
may be enabled or disabled without editing the
source file via a menu command.

Global Output Register Inspection - The Global Output
Register contains the last 16 samples of the GAPP
Array Global Output Signal. This register may be
inspected at any time. The current state of the
Global Output Signal may also be inspected at any
time.

*The optional industry standard frame buffer supported by the SIMD Processor Development Systems (SPDS) is the PG100-640/2 AT
Frame Grabber from Imaging Technology. FG100 is a trademark of Imaging Technology, Inc.
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Data Transfer - Data transfers are supported between the
following items:

- GAPP Array contents
- Main Array, Corner Turn RAM.
- Main Array, Corner Turn registers.
- Constant RAM.

- Frame Buffer

- Disk Files

- Windows

Image Display Control - The following image control
functions are supported by the SPDS Frame Grab-
ber interface.

- Canned and Camera Images

- Zooming

- Selection of a Region of Interest
- Look-Up Table Configuration

Window Control - The window-oriented user interface
supports the following features.

- Overlapping
- Resizing and Moving
- Outputting Contents to Printer or ASCII Disk File

Single Keystroke or Cursor Select Pull Down Menus -
Pull Down Menu items may be selected by pressing
the first letter of the item desired or positioning the
cursor over the item and pressing ““Enter.”

Operating System Access from within SPDS Software -
The user interface allows DOS commands to be exe-
cuted without exiting the SPDS user interface.

Mode Specific Descriptions
Algorithm Development

This mode allows the user to compile a Main
Array NCR-GAL program, and execute it over a single
array (one sub-image) of GAPP data. This is useful
when verifying algorithm operation and when testing al-
gorithms on several data sets.

Image - No Corner Turn

One or more compiled Main Array NCR-GAL
programs are executed to process an entire image (Sub-
imaging routines to split/join images are provided). This
mode allows the user to focus attention on evaluating the
final results of the Main Array algorithm without con-
cern for image data I/0. This mode also allows the user
to work with a “suite” of algorithms: the user has the
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option to run an entire set of algorithms (a suite) in se-
quence or to run any algorithm individually.

Corner Turn Development

In this mode the user runs all three key ele-
ments of an NCR-GAL program together. The three key
elements are the Main Array algorithm, the Corner Turn
algorithm, and the Takeover algorithm. Compiled ver-
sions of Main Array, Corner Turn, and Takeover NCR-
GAL programs may be merged and the resulting
program executed over a single GAPP array of data.

Image - With Corner Turn

A compiled Main Array NCR-GAL program
may be merged with a standard “Corner-Turn” program
provided with the SPDS to significantly increase execu-
tion speed. The resulting program may be executed to
process an entire image. (Sub-imaging routines pro-
vided).

Hardware Component Descriptions
Processing Electronics Station

Within the Processing Electronics station is a
card cage, a power supply and cooling fans. The SIMD
Controller card and 1, 2 or 4 GAPP Array cards reside
in the card cage.

GAPP Array

The GAPP Array consists of a two dimensional
array of processing elements (PEs). This array of PEs is
the computational heart of the system.

The SPDS GAPP Array consists of one or more
GAPP Array cards. Each GAPP Array Card contains 40
GAPP chips (60 X 48 PEs) and is clocked at 10 Mhz.

The SPDS supports configurations of 1, 2 or 4
GAPP Array cards. (Additional array cards increase the
overall throughput of the system by increasing the num-
ber of PEs.) Eight or twelve-bit I/O data is supported by
all configurations. The signals along the periphery of
each GAPP Array Card are brought out to connectors to
support interconnection of GAPP array cards.

A four card configuration provides a 108 X 96
processing element GAPP array and a 12 X 96 element
Corner Turn array. In the one and two GAPP array card
configurations, Main Array sizes of 48 X 48 and 48 X
96 are provided respectively. The respective Corner
Turn arrays are 12 X 48 and 12 X 96.
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SIMD Controller

The SIMD Controller is contained on a single
circuit card which resides in the Processing Electronics
station. It communicates with the host computer via the
High-Speed Host Interface board. The controller card
performs the following functions:

Main GAPP Array Control Functions - The
SIMD Controller card broadcasts commands and RAM
address signals to the Main GAPP Array. A run-time
adaptive Constant RAM and the SIMD Controller allows
the system to perform operations such as adaptive
thresholding and adaptive filtering.

Corner Turn GAPP Array Control Functions -
The SIMD Controller card broadcasts commands and
address signals to the Corner Turn array for data refor-
matting.

Data Transfer Functions - The SIMD Control-
ler card contains a pair of high-speed buffers that sup-
port the host’s DMA data transfer mode. Data may be
transferred to/from the host using one buffer while data
from the other buffer is simultaneously transferred to/
from the GAPP Array.

Program Download Functions - The writable
control store memory on the SIMD Controller card al-
lows the host to download compiled NCR-GAL pro-
grams to the SPDS.

System Control Functions - The host monitors
and controls the operation of the Processing Electronics
station by accessing the status and control registers of
the SIMD Controller card.

386

High-Speed Host Interface

The High-Speed Host Interface card is located
in a 16-bit slot on the AT Expansion Bus. The High-
Speed Host Interface provides a 16-bit direct memory
access path or an 8/16-bit programmed input/output path
between the host computer and the Processing Electron-
ics Station. The High-Speed Host Interface works in
conjunction with the host computer’s direct memory ac-
cess controller to achieve data transfers of approxi-
mately one million 16-bit words per second.

Frame Grabber

An Imaging Technology Series 100™ Frame
Grabber card is located in a slot on the AT Expansion
Bus. The Frame Grabber accommodates RS-170 video
devices, thereby allowing the SPDS to capture and dis-
play images. Captured image data is available for proc-
essing by the SPDS. Processed images may be
transferred back to the Frame Grabber for display. The
Frame Grabber supports block DMA transfers to accel-
erate sub-image transfers. The Frame Grabber also sup-
ports pseudocolor output to enhance the visual
appearance of processed images.
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GAL LIBRARY FUNCTIONS

The GAL programs included in this listing are
“library” functions which may be used in conjunction
with the GAPSYS software package of the GAPP PC
Development System (NCR45GDS1-MS). The intention
is to aid the user in developing GAL (GAPP Algorithm
Language) programs for the GAPP processor
(NCR45CG72). These programs serve two purposes:
they provide the user with some examples of how GAL
subroutine programs may be written and they provide a
collection of library functions which may be used for ap-
plications programming. Note that these programs have
been written as ‘“‘general purpose” routines. In many
cases, it is possible to optimize (modify) the code for a
specific application to obtain superior performance over
these standard functions.

The following functions have been
implemented as GAL sub-routines:

absval Find absolute value of 2’s complement
number

acctc Accumulate 2’s complement numbers

addsm Add signed magnitude numbers

addtc Add 2’s complement numbers

addum Add unsigned magnitude numbers

compare Compare unsigned or 2’s complement
numbers

dilate8 Dilate binary image in eight directions

dividesm Divide signed magnitude numbers

dividetc Divide 2’s complement numbers

divideum Divide unsigned magnitude numbers

edge Extract edge of gray scale image -

erode8 Erode binary image in eight directions

fswitch Conditional reversal of two inputs
(two output multiplexor)

median3 3 by 3 median filter

median31 3 by 3 median filter, line scan version

multsm Multiply signed magnitude numbers

multtc Multiply 2’s complement numbers

multum Multiply unsigned magnitude numbers

mux Conditional selection of two inputs
(multiplexor) using simple algorithm

mux2 Optimized multiplexor using “tricky”
algorithm

NCR Communications Products 04/88

sort Add data to a sorted list
shift Shift in any of 8 directions
skel Extract topological information from

an image of an object and produce a
skeleton that represents the original to-

pology

sm2tc Signed magnitude to 2’s complement
converter

subsm Subtract signed magnitude numbers

subtc Subtract 2’s complement numbers

tc2sm 2’s complement to signed magnitude
converter

thresh Flag all pixels above a given threshold

xsobel Find gradient in x direction using so-
bel xform

ysobel Find gradient in y direction using so-
bel xform

A more detailed description of a function may
be found in the header section of that functions’s source
listing. The header section will give a description of the
function, the parameters, additional GAPP memory re-
quired within the sub-routine, execution times (in GAPP
cycles), and any special notes about characteristics or
usage of the function.

Each of these functions is found in a file listing
which has the same name and a file extension of “.gal”.
For example, the “acctc” function is in a file named
“acctc.gal.”

Special Note:

All of the signed magnitude (sm) library func-
tions allow (and produce) both positive and negative
zero. If this is not desirable for a specific application, the
results of these functions may be checked for the nega-
tive zero condition at the end of the sm function. If the
result is negative zero, the sign bit should be inverted.

Only 5 mA while cycling through multiply/
accumulate operations at a 5 MHz pace.
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45CM16 CMOS 16 X 16 BIT SINGLE PORT MULTIPLIER/

ACCUMULATOR

Introduction

The NCR45CM16 multiplier/accumulator de-
vice is a small, low-power device which is compatible
with 16-bit microprocessor systems. Input/output data is
transferred through a 16-bit bi-directional data bus in
signed two’s complement form. The M16 is asynchro-
nous, therefore does not require a clock. It can be at-
tached to a system bus like a 16-bit wide static RAM
with little additional circuitry and little space. The sys-
tem sees it as a 200 nS, 16-bit wide static RAM.

It provides an inexpensive solution to multipli-
cation operations as opposed to alternatives like the addi-
tion of an array processor board or redesigning the
system.

The M16 is well suited to accelerating the
multiply/accumulate operations associated with 16-bit
controller or digital signal processing applications, re-
leaving the processor of those operations and speeding
up the system significantly.

The M16 is packaged in a 24-pin DIP as op-
posed to a conventional three-port multiplier/
accumulator device which comes in a 64-pin DIP
package. The M16 can easily be placed in existing sys-
tems because of its small size and small power require-
ments.

General Description

The NCR45CM16 is a 24 pin CMOS
multiplier/accumulator for use with 16-bit microproces-
sor systems. All input and output data are transferred
through a single 16-bit bidirectional data bus in signed
two’s complement format. This device is TTL/CMOS
compatible and requires no clock due to its total static
(asynchronous) operation. The device may be attached
to the system bus in the same way as a 16-bit wide static
RAM. A single 16x16 multiply and read 32-bit result re-
quires 5 cycles (write X, write Y, multiply, read high-
order result, read low-order result). Pipelined
multiply/accumulate operations require only 2 cycles
each.
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Features

® 24 Pin Package
—300 mil Ceramic “Skinny DIP”
—600 mil Plastic DIP

® 40 bit Accumulator
—Add Product to Accumulator
—Subtract Product from Accumulator

® Cycle Time 190 ns (typ)

® Low Power CMOS
—100pW Standby (max)
—10mA Operating (max)

Single 5 Volt+ 10% Supply

Fully Static Operation—No Clock Required

3-state Bus Compatible Outputs

Pin Configuration

— N ]
cs 1 b Vpp CS {:ﬁ_ 24 Jvpp
A3 2 A2 A3 2 23[ ] A2
WE 3 [ A1 WE[] 3 2277 A1
D8] 4 g A0 D8( 4 2117 A0
D9[] 5 D7 D9[] 5 20— D7
D10 6 [1D6 D10[]6 191 D6
D11 7 [JDs opn[]7 187) D5
p12(] 8 [Jo4a Dp12[]8 170 D4
D13 9 [(1p3 D13[]9 16/ ] D3
D14 (o 151 D2 D14 10 15[ ] D2
D15 11 141 D1 D15 11 141 D1
GND [J12 [ DO GND (12 137 DO
NCR45CM16-P NCR46CM16-C
Plastic DIP Ceramic DIP
Pin Names
AO - A3 Address Inputs
DO - D15 Data Inputs/Qutputs
[ Chip Select
‘WE Write Enable
Vbp 5V £ 10%
Supply Voltage
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Functional Block Diagram Absolute Maximum Ratings

Supply Voltage, VDD . . .-+ v v eeeeee i +7V
¢ Voltage on any pin with respect
toground ................. —0.3to Vpp +0.3V
16 I X-REGISTER J Storage temperature .. ............ —65°C to 150°C

!

_\ ] Stresses above ‘“‘absolute maximum ratings”
- may result in damage to the device. Functional operation
Q o« of devices at the “‘absolute maximum ratings” or above
5 16 | the recommended operation conditions stipulated else-
-Dis| & ] MULTIPLIER where in this specification is not implied.
-5 @ ] ARRAY
Q o«
= >
o)
% |
16 {
] [ ADDER |
-]
o
— 5 ACCUMULATOR |
| O
— 8
=k Te {© Jo

MULTIPLEXER

|

Recommended Operating Conditions

Symbol Parameter Min. Typ. Max. Units
Vpo Supply voltage 45 5.0 5.5 Volts
ViH Input high level voltage 2.0 Vop | Volts
ViL Input low level voltage 0 0.8 Volts
Ta Operating ambient temperature 0 70 °C

Static Electrical Characteristics Over Recommended Operating Conditions

Symbol Parameter Condition Min. Typ.* Max. Units

N Input leakage current Vin=0V to Vpp max 10 A

lo Output leakage current Vp=0.4 to Vpp max *10 MA

CS=1

Von Output high voltage current lon=400uA 24 Volts

Voo Output low voltage loL=2.1mA 0.4 Volts

Ipp Supply current — Active Outputs Open 5 15 mA
Supply current — Standby CS= 1, Vin =0V 0.01 0.1 mA

*Typical limits are Vpp = 5.0V, Ta = 25°C; typical parameters are not guaranteed
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Capacitance

Symbol Parameter Condition Min. Typ. Max. Units
Cin Input capacitance All pins except pin 5 pF
Ciro Input/Output capacitance under test are tied to 10 pF
ground
AC Test Load Circuit

O—
OUTPUT UNDER

TEST *100 pF 6k2 %E

*Includes jig capacitance.
All diodes 1N3064 or equivalent.
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1. CMOS Devices are damaged by high energy electrostatic discharge. Devices must be stored in con-
ductive foam or with all pins shunted.

2. Remove power before insertion or removal of this device.
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AC Characteristics

Read Cycle
NCR45CM16
SYMBOL PARAMETER Min. Max. Units
tre Read Cycle Time 220 ns
taa Address Access Time 120 ns
tco Chip Select to Output Data Valid 70 ns
twes Write Enable Set Up Before Select 0 ns
trRr Read Recovery Time 15 ns
teHz Chip Deselect to Output High-Z 60 ns
toHR Data Hold from Read Time 0 ns

Read Cycle Timing Waveforms

The read operation is performed with WE = high. The falling edge of CS latches the address and initiates the read process.

ADDRESS ADDRESS VALID x
tac !
WE 7/ 4
AN 74 NN
twes l | .
— (sl jo—too—= IRR!
= |
"\L___JL tonz: —
taa toHR :
DATAout Hi-z < z z )4 DATA VALID @-"“z—
Write Cycle
NCR4SCM16
SYMBOL PARAMETER Min. Max. Units
twe Write Cycle Time 220 ns
taw Address Valid to End of Write 170 ns
twes Write Enable Set Up Before Select 0 ns
twr Write Recovery Time 15 ns
twe Write Pulse Width 120 ns
tow Data Set Up to Write Time 70 ns
ton Data Hold From Write Time 30 ns
wz Write Enable to Output Hi-2 0 50 ns
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Write Cycle Timing Waveforms

I:o d:'r:l. operation is performed with WE = low. The falling edge of CS latches the address and the rising edge of C3 latches
n.

4
ADDRESS ><‘ ADDRESS VALID ‘><
7
m twe
AN NN\% Z
taw
— I~ twp S
|
cs \ b,
o] 124
DATAN DATA VALID
fo— twz —=
DATAQuT DATA UNDEFINED /L HeZ
Read Operations (WE = 1)
A3 A2 Aq Ag OPERATION
X 0 0 0 Read bits 0 through 15 of result from accumulator 2
o
X 0 0 1 Read bits 16 through 31 of result from accumulator E E
(==}
X 0 1 X Read bits 32 through 47 of result® from accumulator % g
: EE
=
S
(&)
Divide by 2 and Read (WE = 1)
A3 A2 A1 Ao OPERATION
X 1 0 0 Read bits 1 through 16 of result from accumulator
X 1 0 1 Read bits 17 through 32 of result from accumulator
X 1 1 X Read bits 33 through 48 of result from accumulator®

X = Don’t care
*NOTE: Accumulator accumulates to 40 bits. Thus bits 0 - 39 are valid, while bits 40 - 48 are a sign extension of bit 39.
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Write Operations (WE = 0)

A3 | A2 | A1| Ag| Operation A3 | A2 | A1 | Ao | Operation
0 0 0 0 Clear Accumulator 1 0 0 0 Retain Accumulator
Retain X and Y Retain X and Y (NOP)
0 0 0 1 Clear Accumulator 1 0 0 1 Retain Accumulator
Write new data to Y Write new data to Y
0 0 1 0 Clear Accumulator 1 0 1 0 Retain Accumulator
Write new data to X Write new data to X
0 0 1 1 Clear Accumulator 1 0 1 1 Retain Accumulator
Write new data to X and Y Write new datato X and Y
0 1 o O Add X Y to Accumulator 1 1 o| o Subtract X Y from Accum.
Retain X and Y Retain X and Y
0|1 0| 1 Invalid Operation 1 1 0] 1 Invalid Operation
0 1 1 0 Add X Y to Accumulator 1 1 1 0 Subtract X Y from Accum.
Write new data to X Write new data to X
0 1 1 1 Add X Y to Accumulator 1 1 1 1 Subtract X Y from Accum.
Write new data to X and Y Write new datato X and Y
Example Operations
1. Multiply two 16-bit numbers, read 32-bit result
Instruction WE Operation
0010 0 Clear A, Write X
0001 0 Clear A, Write Y
0100 0 Add X-Yto A
0000 1 Read low order result
0001 1 Read high order result
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2. Multiply two 16-bit numbers and accumulate, repeat five times (five point digital filter), read 40-bit result =
X1Y1 + X2Y2 + X3Y3 + X4Y4 + X5Y5

Instruction E Operation
0010 0 Clear A, Write X1
0001 0 Clear A, Write Y1
0110 0 A = X1 - Yq, Write X2
1001 0 Write Y2
0110 0 A = X1 Y1 + X2 Y2, Write X3
1001 0 Write Y3
0110 0 A =X1-Y1 + X2Y2 + X3 Y3, Write X4
1001 0 Write Y4
0110 0 A=X1"Y1 + X2Y2 + X3 Y3 + X4 Y4, Write X5
1001 0 Write Y5
0100 0 A=X1"Y1+X2Y2+ X3Y3 +X4Y4 + X5Y5
0010 1 Read most significant bits (32-47) of result
0001 1 Read bits 16-31 of result
0000 1 Read bits 0-15 of result

3. Half of sum of squares=1/2 (B12 + B22)

Instruction Operation
0011 0 Clear A, Write B1 to Registers X and Y
0111 0 A = B{2, Write Bo to Registers X and Y
0100 0 A = B12 + B2

1

0101 Divide A by 2 and read most significant 16 bits »
=
4. Scale a series of numbers by a constant g— 2
_ S3
Instruction E Operation 3 §
= a.
0001 0 Clear A, Write Constant to Y %
1010 0 NOP A, Write X1
0100 0 A=X1Y
0001 1 Read high order result
0000 1 Read low order resuit
0010 0 Clear A, Write X2
0100 0 A=Xo-Y
0001 1 Read high order result
0000 1 Read low order result
0010 0 Clear A, Write X3
0100 0 A=X3"Y
0001 1 Read high order result
0000 1 Read low order result
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45CM16 APPLICATION NOTE NUMBER 1

As many assembly language programmers can
attest, performing multiplication operations with a mi-
croprocessor can take a great amount of time. The un-
aided microprocessor is especially slowed down by
repeated multiply-accumulate operations that are com-
mon in process control or digital signal processing appli-
cations. This reduced performance limits the maximum
bandwidth signal that the general purpose microproces-
sor can handle.

The alternatives, however, for improving the
effective throughput of the processor are expensive. Pre-
viously the system designer could add a special purpose
array processor board to his system, or redesign his sys-
tem to use a special purpose DSP microprocessor. Both
of these options require high expense or extensive engi-
neering which may not be justified for many applica-
tions.

Another solution, that of adding an expensive
three port multiplier chip with the associated latches and
logic required to interface it to the system, can take up a
large amount of system board space and consume an in-
ordinate amount of power.

On the other hand, a small, low power multi-
plier chip that could be interfaced to the system with lit-
tle additional circuitry would be an attractive solution to
the throughput problem. NCR has developed a micro-
processor bus compatible, 16 x 16 multiplier
(NCR45CM16) which is designed specifically as a mi-
croprocessor ‘“‘multiplication accelerator.” It is packaged
in a small 24-pin DIP and typically consumes only SmA
while cycling through multiply-accumulate operations at
a 5 MHz pace. One important feature of the device is its
simple system interface. The NCR45CM16 attaches to
the microprocessor bus and appears to the system as a
200-ns, 16-bit wide static RAM. Figure 1 shows the size
of the NCR45CM16 package next to a conventional
three-port multiplier. The small size of the single port
device will allow its incorporation into many existing
microcomputer boards.

NCR Communications Products 04/88

Figure 1. Comparison between the NCR45CM16
(below) and conventional three-port
multiplier/accumulator chip (above)
clearly shows that the bulky three-port
does not size up for space limited micro-
processor board designs.
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Use in a System

The multiplier chip is most easily used if it is
mapped directly into the processor’s meémory space.
This is because the device has Chip enable (CE) and
Write enable (WE) pins that perform the same functions
as they would for a static RAM. When the device is not
enabled, the I/0 pins will go into a high impedance state
that effectively disconnects the multiplier from the sys-
tem bus. As shown in Figure 2, the chip has input regis-
ters X-REG and Y-REG that are written to through the
single port bus interface. The product of these registers
is then available for an accumulate operation on the next
cycle. This ‘product’ may be added to or subtracted
from the 40-bit accumulator while the X register is si-
multaneously updated. The result in the 40-bit accumu-
lator may be read 16-bits at a time: least significant 16,
most significant 16, or high significant 16. The latter is
produced only with repeated multiply-accumulates that
create a result greater than 32-bits. Figure 3 provides de-
tails of the multiplier operation. Control of the input re-
gisters, output registers and accumulator operation is
determined by bits of the address bus (Ag-A3).

For a series of multiply-accumulate operations
(such as an FIR filter computation), the device can oper-
ate as a two cycle pipeline (Write to X-REG and accumu-
late, Write to Y-REG). After the last arithmetic
operation, three read operations would be required to
obtain the full precision output. A multiplier-aided-
68000 or 8086 will be approximately three times faster
than an unaided 68000 or 8086 microprocessor using
only the internal multiply instruction.
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Figure 2. Functional Block Diagram
Microprocessor Interface

The NCR45CM16 is easily interfaced to both
the 68000 and 8086 microprocessors. Typical interface
circuitry for both micros can be seen in Figures 4a-4c.
Examples of 68000 and 8086 assembly code used with
the multiplier are included at the end of this application
note.
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Read Operations (WE = 1)

A3 A2 Aq Ao Operation

X 0 0 0 Read bits 0 through 15 of result from accumulator

X 0 0 1 Read bits 16 through 31 of result from accumulator
X 0 1 X Read bits 32 through 47 of result* from accumulator

*NOTE: Accumulator accumulates to 40 bits. Thus bits 0-39 are valid while bits 40-47 are a sign extension of

bit 39.
Divide By 2 and Read (WE = 1)
A3 Ao Aq Ao Operation
X 1 0 0 Read bits 1 through 16 of result from accumulator
X 1 0 1 Read bits 17 through 32 of result from accumulator
X 1 1 X Read bits 33 through 48 of result* from accumulator

X = Don’t care

NOTE: Accumulator accumulates to 40 bits. Thus bits 1-39 are valid, while bits 40-48 are a sign extension of
bit 39.

Figure 3a. Read operations of the NCR45CM16 are determined by 4 address pins (A(Q-A3)
and the write enable (WE) pin.
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Write Operations (WE = 0)

Y = Data latched into Y-register

400
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A3z | A2 | A1 | Ap | Operation A3 | A2 | A1 | Ap| Operation
ojJ]0]O0}O Clear Accumulator 1 o|o0foO Retain Accumulator
Retain X and Y Retain X and Y (NOP)
0o|j0f(0O 1 Clear Accumulator 1 o o0 1 Retain Accumulator
Write new datato Y Write new datato Y
0 0 1 0 Clear Accumulator 1 0 1 0 Retain Accumulator
Write new data to X Write new data to X
0 0 1 1 Clear Accumulator 1 0 1 1 Retain Accumulator
Write new data to X and Y Write new data to X and Y
0 1 0 0 Add X Y to Accumulator 1 1 0 0 Subtract X Y from Accum.
Retain X and Y Retain Xand Y
0|1 0 1 Invalid Operation 1 1 0| 1 Invalid Operation
0 1 1 0 Add X Y to Accumulator 1 1 1 0 Subtract X Y from Accum.
Write new data to X Write new data to X
0 1 1 1 Add X Y to Accumulator 1 1 1 1 Subtract X Y from Accum.
Write new datato X and Y Write new datato X and Y
Figure 3b. Write operations of the NCR45CM16 are
A = Accumulator h .
X = Data latched into X-register determined by 4 address pins (A-A3)

and the write enable (WE) pin.
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MC6800 to 45CM16 Interface

68000 45CM16
16
D0-D15 D0-D15
RIW d WE
4y
Al-A4 / AO-A3
7
DECODER
19
AS5-A23 / v P—1—9
7 pe—
s p——q N

| Fe
N

Figure 4a.
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8086

DO-D15

402

ALE

M/iD

OT/R

8086 to 45CM16 Interface

16
N
v
~
ADORESS
LATCHES
_] 4
N
Y
7
12| oecooen
i
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MINIMUM MODE

Figure 4b.

45CM16
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Example:

Using the NCR45CM16 for Assembly Language Multiplication/Addition - 68000 Application

The NCR45CM16 can speed up compute-
bound problems on 16 bit microprocessors. One applica-
tion that benefits from adding a 45CM16 is the
computation of the sum of products:

SUBROUTINE: Sum Products

AO points to the first element in the X list

Al points to the first element in the Y list

DO contains the number of products to be summed

NCRAREA EQU XXXX
Offsets for writes

WXYCLRA EQU $3
ADDXYWX EQU $6
WRITE_Y EQU #9
Offsets for reads

Result of product sum returned in low byte of D3 plus D2
Define memory mapping for relevant 45CM16 instructions:

A= (X1)* (YD) + (X2) *(Y2) +...+ (Xn) * (Yn).
Code for implementing this algorithm on the MC68000
is given below:

BASE ADDRESS FOR 45CM16 I/)

WRITE TO BOTH X, Y; CLEAR A
ADD X * Y TO A; PUT NEW DATA IN X
WRITE NEW DATA TO Y

A LOW EQU  $0 LOW WORD OF 40 BIT ACCUM.
A_MID EQU $1 BITSX 16-31 OF A
A_HIGH EQU $2 BITS 32-47 (40-47 EXTENDED)
Executable code:
START MOVE . W #NCRAREA, A2

CLR . W WXYCLRA *2 (A2) SEND 0’s TO X, Y, AND A
LOOP MOVE . W (A0) +, ADDXYWX * 2 (A2) MULTIPLY/ACCUMULATE, NEXT X

MOVE . W (A0) +, ADDXYWX * 2 (A2)
MOVE . W (Al) +, WRITE_Y *2 (A2)
DBF DO, LOOP

MOVE . W DO,ADDXYWX * 2 (A2)

WRITE NEXT Y

LST MULTIPLY/ACCUMULATE
FETCH LOW WORD IN ACCUMULATOR

[l
=
(]
>
[=]
(=]
o
o

MOVE . WA _LOW *2 (A2), D1

MOVE . W A_MID *2 (A2), D2

SWAP D2

MOVE . W D1, D2

MOVE . W A HIGH *2 (A2), D3
RTS

Of course, the sub-routine can be made to exe-
cute even faster by using separate address registers to
hold write and read locations instead of using offsets.
But even in the above, register-conserving approach it is
clear that using the 45CM16 to do the multiply-and-
accumulate loop greatly reduces the overhead and short-
ens the code of the corresponding loop for an unaided
68000. Without the 45CM16 a programmer would have
to use the 68000’s own signed multiply instruction and a
32 bit addition even to accumulate to just 32 bits. The re-
quires 82 machine cycles of execution time for the un-
aided 68000 versus either 24 or 32, depending on the

NCR Communications Products 04/88

FETCH BITS 16-31 IN A

MOVE MIDDLE A WORD TO HIGH D2
CONVERT TO SINGLE 32-BIT

FETCH HIGH ACCUMULATOR WORD

addressing mode, for the same operations done through
the 45CM16 in a loop.

The largest disadvantage to the unaided ap-
proach, however, is the overhead required to do accumu-
lation. With the 45CM 16 at least 256 products can safely
be added and the high byte of the 40 bit accumulator can
be fetched at the end by the 68000. Without the
45CM16, adding 32 bit quantities in succession requires
overflow checking and updating the bits in a second data
register on each addition. This results in still further de-
lay in the loop.
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In short, there is more code and more delay in
the unaided mutliply-and-accumulate loop than in a simi-
lar loop executed through the 45CM16. With the multi-
plication accelerator, much code becomes unnecessary
and the only additional code required for communicating
with the 45CM16 is that which fetches the result from
the accumulator at the end.

Using the NCR45CM16 For Assembly
Language Multiplication/Addition on the
8086

The NCR45CM16 MAC can be interfaced with
the Intel 8086 bus in two ways, memory mapped mode
or I/O mode. In the memory mapped mode, the 45CM16
acts as a 16-bit wide RAM device connected to the 8086
bus. Data transfer between the 8086 and the 45CM16 is
achieved by using one of the 23 different addressing
modes available with the MOV instruction. In the I/O
mapped mode, the 45CM16 acts as a 16 bit wide I/O de-
vice or peripheral connected to the 8086 bus. Data trans-
fer between the 8086 and the 45CM16 is achieved by
using only two I/O instructions, IN and OUT.

404

The advantage of connecting the 45CM16 in
the memory mapped mode is the availability of a large
number of addressing modes for data transfer. However,
all of these modes, except one, have higher execution
times than the simple IN and OUT instructions asso-
ciated multiply/accumulate operations on the 8086, the
1/0 interfacing mode is used in this example. Comparing
the unaided 8086 to the 45CM16 used in the I/o mode in-
dicates a speedup of approximately 3X for the multiply
operation.

The following assembly language subroutine is
used to calculate SUM as
SUM=XMD*Y1) +X2)*Y(2) +
X3 *Y@3) +....... +XMN)*Y N)

The 45CM16 and data arrays are mapped into
the memory space OO hex to FF hex. An Intel Intellec
IV development system was used to write the sub-
routine.
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04

SERIES-III 8086/8087/8088 MACRO ASSEMBLER V1.0 ASSEMBLY OF MODULE SUM <« OF <« PRODUCTS
OBJUECT MODULE PLACED IN : F1: NCR. OBJ
NO INVOCATION LINE CONTROLS

Loc 0OBJ LINE SOURCE

1 NAME SUM « OF « PRODUCTS

2 ;

3 3 THIS SUBROUTINE CALCULATES THE SUM OF PRODUCTS AS
[} ; SUM=X(1)* YC1D+X(2)*Y(2D)+. .. +XCND» YON:

5 3 IT ASSUMED THAT NO OVERFLOW OCCURES DURING THIS CONFIRMATION
6 3

7 ; THE CALLING PROGRAM SETS THE VALUE OF BP REGISTER TO THE BASE
8 ; ADDRESS OF THE DATA REQUIRED FOR THIS SUBROUTINE
9 ;

10 ; N = NUMBER OF MULTIPLICATIONS IN THE SUM

11 3 X AND Y = ARRAYS TO BE MULTIPLIED AND ADDED

12 ; SUM+ LOW, SUM<« MID, SUM<«HIGH = VARIABLES WHERE THE SUM IS STORED
13 ;

14 ;

15 ; oo 16 BITS~———==mmms >\

16 ;

17 3 ] S >\ N \ 2 BYTES
18 3

19 ; 1\ X ARRAY \

20 3 2\ \
21 3 \ \ 2N
22 ; A\ \ BYTES
23 H A\ \
24 3 \ \
25 ; N A \
26 3
27 ; 1\ Y ARRAY \

28 3 2\ \
29 3 \ \

30 3 \ \ 2N

31 ; \ \ BYTES
32 3 \ \

33 3 N\ \

34 ;

35 3 \ SUM « LOW \

36 ; \ SUM « MID \ 6 BYTES
37 ; \ SUM « HIGH \

38 H
39 ;

40 ASSUME CS: CODE

41 ;

COMMUNICATIONS

PRODUCTS
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Loc

0000

0oBJ

00EL
00E2
00EC
00F2
00E8
00EO0
00E2
00EL4

0000

0002
0004
0006
0008
0009

000A
00ocC

0005
0010
0012

0013
0014

0015
0017

8BF5

8B0C
8809
03DB
46
46

8BO4
E7E4

8800
E7E2
49

46
46

8804
E7EC

LINE

42
43
4l
45
46
u7
48
49
50
51
52
53
5L
55
56
57
58
59
60
61
62
63
Bl
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
8L
35
86
87

SOURCE

e % N Ne e e N

e ve Ne we

CODE

SUM

CLA <« WRX1
CLA+« WRY1
ACCXY « WRX
NOP « WRY
ADDXY « NOP
RD « LOW
RD « MID
RD « HIGH

SEGMENT

PROC

NEAR

111001008
111000108
111011008
111100108
111010008
111000008
111000108
111001008

THE 8 EQUATE STATEMENTS DEFINE THE ADDRESSES REQUIRED
FOR VARIOUS OPERATIONS OF NCR 45CM16. THESE ARE BASED ON
THE 1/0 DECODING SCHEME SHOWN IN THE ENCLOSED REPORT.

REPEAT

MOV
ouT

MOV

ouT

DEC

INC
INC

MoV
out

SI,BP

cx,[s1]
BX,CX
BX, BX
SI

3

AX, [SI]
CLA « WRX1, AX

AX, [SI+BX]
CLA < WRY1, AX
X

SI
SI

AX, [S1]
ADDXY « WRX, AX

; SI HOLDS THE
BASE ADDRESS

;3 CX=N

; BX=N

; BX=2N

;3 NOW SI1 POINTS TO
FIRST ELEMENT OF
X ARRAY

; TAKE X(1) TO AX

; CLEAR ACC OF 45CM16
AND WRITE X(1)

; TAKE Y(1) TO AX

; CLEAR ACC OF 45CM16

; AND WRITE Y(1)

5 CX=CX-1

SI=SI+2

~

TAKE NEXT X TO AX
MULTIPLY X AND Y
AND ADD TO ACC

WRITE X TO 45CM16

e Ne e e
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Loc
0019
001B

001D

001F

0021
0023
0026
0028
0028
002D

0030

oBJ
8800
E7F2

E2FL

E7ES8

E5EOQ
894002
ESE2
894004
ESEL
894006

c3

LINE

88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

ASSEMBLY COMPLETE: NO ERRORS FOUND

SOURCE

e Ne %o e %o %e Ne e N we

SUM

CODE

ouT

LOOP

out

RET

AX, [SI+RX]
NOP« WRY, AX

REPEAT

ADDXY « NOP, AX

AX, RD «LOW
[SI+BX+2], AX
AX, RD« MID
[ST+BX+4], AX
AX, RD<« HIGH
[SI+BX+6], AX

ENDP

ENDS

~

L S S Y

TAKE NEXT Y TO AX
WRITE NEXT Y TO 45CM16

DECREMENT CX AND
GOTO REPEAT IF

CX NOT EQUAL TO 0
DO XCND=YC(N) AND
ADD TO ACC

READ LOW 16 BITS
STORE AT SUM« LOW
READ MID 16 BITS
STORE AT SUM <« MID
READ HIGH 16 BITS
STORE AT SUM « HIGH

RETURN FROM SUBROUTINE

THIS SUBROUTINE IS WRITEN BY KAYLAN P. GOKHALE AT DEPARTMENT OF
ELECTRICAL AND COMPUTER ENGINEERING, UNIVERSITY OF MISSOURI,

COLUMBIA, MO 65211

COMMUNICATIONS
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45CF8 FINITE IMPULSE RESPONSE FILTER

Introduction

The NCR45CFS8 Finite Impulse Response Filter
is a directly cascadable device which is designed for the
implementation of video speed FIR filters with either
linear or non-linear phase characteristics. Each chip con-
tains four 9 X8 parallel multipliers, along with adders
and delays to implement a four-stage general FIR filter.

A unique architecture allows the NCR45CFS8 to
be cascaded to any number of stages in either the linear
or nonlinear phase modes. For example, a 24-tap filter
requires only three NCR45CF8 devices.

Multiple coefficients of each chip can be
changed during each clock cycle. Two’s complement or
unsigned magnitude format is selected independently for
each coefficient and each data input. Input data is nine
bits and the coefficients are eight bits, with multiplica-
tion results rounded to 14 bits. The output is summed to
18 bits.

Two versions of the NCR45CF8 have been de-
signed to allow implementation of FIR digital filters with
both even and odd numbers of taps. In the linear phase
mode, port B is connected to port C, which wraps
around the partial sums. The NCR45CF8E (even) re-
peats the center coefficient while the NCR45CF80 (odd)
does not repeat the center coefficient.

General Description

The NCR45CF8 is a directly cascadable finite
impulse response (FIR) filter chip designed for the im-
plementation of video speed FIR filters with either linear
or non-linear phase characteristics. Each chip contains
four 9 X 8 parallel multipliers, along with adders and de-
lays, to implement either a four stage general FIR filter
(with non-symmetric coefficients) or an eight stage lin-
ear phase FIR filter (with symmetric coefficients). A
unique architecture allows the NCR45CF8 to be cas-
caded to any number of stages in either the linear or non-
linear phase modes. For example, a 24-tap linear phase
FIR filter requirs only three NCR45CF8 devices.

NCR Communications Products 04/88

For maximum versatility, one coefficient of
each chip can be changed during each clock cycle. Two’s
complement or unsigned magnitude format is selected
independently for each coefficient and each data input.
Data inputs are nine bits and coefficients are eight bits.
Multiplication results are rounded to fourteen bits and
the output is summed to eighteen bits.

Features

® Directly cascadable with no external compo-
nents

® 14.5 Mhz throughput rate
® Linear or non-linear phase operation
® 4 stages per chip in non-linear phase mode
® 8 stages per chip in linear phase mode
® TTL compatible
® Low power CMOS
Applications
® Digital Video Filters
¢ 2-D Filtering
® Multi-bit Correlation

® Adaptive Filters
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NCR45CF8E Block Diagram

Xin(0-8) ,D/ S

D2/0 »

8
Coeff (0-7) »—F

c2/U »——>
2

Caddioi) )—j).—]—V

CWE

Clock p—3»
Reset »——>»

Port C (0-17)

NCR45CF80 Block Diagram

9
Xin(0-8) yf 12

Port D (0-17)

D2/U >

8
Coeft (0-7) »—.

c2/g »——>

2
Cadd (0-1) >
CWE >—r_>

Clock »——3
Reset »——>»

Port C (0-17)

18

Two versions of the NCR45CF8 are available.
This is to allow linear phase digital filters with either an
even or an odd number of taps to be implemented. In the
linear phase mode, port B is connected to port C to wrap

410

Port D (0-17)

NCR Communications Products

Port A (0-17)

Port A (0-17)

around the partial sums. The NCR45CF8E (even) re-
peats the center coefficient while the NCR45CF80 (odd)
does not repeat the center coefficient.
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Logic Diagram

Xin(0-8) ——nd

D20 —3»

Port C (0-17) w3

Port B (0-17) «—

NCR45CF8

j«— Coeff (0-7)
le— Cadd (0-1)
t— C2/0
le— CVE

l—» Port D (0-17)

l€— Port A (0-17)

Clock

PIN NAME
Data

D2/V
Coeff
Cadd
C2/U
CWE

Port A, C
Port B, D

|

Reset

FUNCTION

Data Input

Data Format Select
Coefficient Input
Coefficient Tap Address
Coefficient Format Select
Coefficient Write Enable
Input Ports

Output Ports

NOTE: BIT 0 of the Input Ports, Output Ports, Data In-
put Bus and Coefficient Input Bus is the Least

Significant bit.

The individual coefficients and data values can
be input to the NCR45CF8 in either unsigned magnitude
or two’s complement format. For coefficient input, the
C2/U input is held high for two’s complement and low
for unsigned magnitude format. For data value input, the
D2/U input is held high for two’s complement and low
for unsigned magnitude format. These control lines may
be changed independently for every clock cycle as a data
value or a coefficient is input. Coefficients are updated
by placing the new value on the coefficient input lines
with the appropriate tap address on the Cadd lines and
taking the CWE line low. One coefficient may be

NCR Communications Products 04/88

updated during each cycle. Coefficient storage is fully
static, so the coefficients can be loaded once and will re-
main stable as long as the power is on. A reset line is
provided to insure complete device initialization in a
known state. When the reset line is pulled low, all inter-
nal registers, including data and coefficient registers, are
initialized to zero. This assures proper filter output dur-
ing the first few cycles of operation when data has not
yet propagated the full length of the filter. A four cycle
latency exists from data input to sum output due to inter-
nal pipelining.
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The canonical FIR filter structure shown in fig- filter are implemented in each chip. In many instances, a

ure la is equivalent to the structure of figure 1b. The linear phase FIR filter is desired. Linear phase is
second structure has the advantage of regularity and is achieved by using coefficients which are symmetric
easily cascaded. When used with non-symmetric coeffi- about the center tap, or taps, of the filter. Figure 2 shows
cients, two NCR45CF8 chips will implement the struc- a linear phase filter.

ture shown in figure 1b. Four taps, or stages, of such a

Y

Figure 1a. Direct form (canonical) FIR filter structure.

Figure 1b. Equivalent FIR filter structure.

Figure 2. Linear phase FIR filter.

412 NCR Communications Products 04/88



A significant savings in hardware can be real-
ized by sharing the multipliers with the same coeffi-
cients. This reduces the number of multipliers required
for a length-N filter from N to N/2. A structure that

takes advantage of the symmetric coefficient characteris-
tic of the linear phase mode, while maintaining casca-
deability, is shown in figure 3.

Figure 3. Linear phase FIR architecture using N/2 multipliers.

The NCR45CF8 device can be used as a four
stage or tap, section of a FIR filter with arbitrary coeffi-
cients, such as previously shown in figure 1b. It can also
be used to implement eight stages, or taps, of a linear
phase FIR filter by externally connecting port B to port
C. Multiple NCR45CF8 devices can be cascaded in

either the linear or non-linear phase mode to create
longer filters. This is shown in figure 4. Any number of
NCR45CF8 devices can be cascaded electrically, but
caution must be exercised to scale the coefficients so that
overflow does not occur in the adder strings.

NCR45CF8E

NCR45CF8E

Figure 4. Cascading two NCR45CF8 chips to form a length-16 linear phase FIR filter.

NCR Communications Products 04/88
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System requirements can dictate a filter design
to have either an odd or an even number of taps. For an
odd tap filter with non-symmetric coefficients, the
NCR45CF8E can be used with the coefficient of the first
(leftmost) tap of the first (leftmost) chip set to zero. This
neutralizes the effect of that tap since it will produce a
zero product that will have no impact on the overall filter
output. Doing this effectively cuts one tap off the filter,
resulting in a filter with an odd number of taps.

0Odd tap FIR filters with symmetric coefficients
are implemented with a unique (non-repeated) center .co-
efficient. This structure is shown in figure 5. The
NCR45CF8E (even) is used for even tap filters and for
cascaded sections of odd tap filters, while the
NCR45CF80 (odd) is used for the leftmost device in an
odd tap linear phase filter. Figure 6 shows both devices
cascaded to form a 15-tap linear phase FIR filter. Note
that the leftmost device must be the odd tap version since
the center coefficient is not repeated in this filter.

NCR45CF80

NCR45CF8E

Figure 6. Cascading two NCR45CF8 chips to form a length-15 linear phase FIR filter.

414
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Interleaving for Higher Speed Operation

By interleaving two (or more) filters the effec-
tive data rate can be doubled. The 8-tap FIR filter of fig-
ure 7 is limited to 14.5 Mhz operation. The same filter,
implemented in four sections using twice the hardware,
is shown in figure 8. The proper addition of the output of

.
|
i
I
VAN |
I
!
!
|

e HO—{=F

the four sections will cause a filter with 29 Mhz
throughput to result. Figure 9 shows the interleave oper-
ation. Essentially, this scheme doubles the filter
throughput by distributing computation between two sets
of hardware.

Figure 7. Eight tap filter using two NCR45CF8 devices (non-linear phase mode 14.5 MHz data rate).

X (even)

YAO = Xohg

Ya, = Xghy + X, ho

A Yap = Xghy +X3 hy + X, hy

Yoo = Xy
Yg, = Xohy + X,y

Yg, = Xghg + Xphy + X, h,

Yc° = Xy hy
Yc1 =Xy hy + X3hy

Yo, = Xy hg + Xghy + Xghy

Yoo = X, hy
Yp, = X, hy + X3h,

Yo, = X; hg + X3hy + Xz h,

Figure 8. Four section equivalent FIR filter showing distribution of data and coefficients (14.5 MHz operation

within sections).

NCR Communications Products 04/88
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X (even) @

FIR
Section A

FIR
Section B

X (odd)

FIR
Section C

FIR
Section D

Ya

Y (even)
+

A
Yo Y

Y (0dd)

Y0=Xoh0=YAo
Y1=X‘ho+Xoh1=Y¢0-|»YB0
Y2=X2ho+X‘h1 + Xoh,‘,=YA1 +YD°

Y3 = Xghg + Xy hy + X hy + Xghy = Ye, + Yo,

Figure 9. 29 MHz throughput interleaved FIR filter (14.5 MHz components).

Another application of the double throughput
system is for interpolating FIR filters. A filter like the
one shown in figure 10, where every other coefficient is
zero, is often desired. By distributing the computation

between two NCR45CF8 filter sections, a 29 Mhz inter-
polating FIR filter can be constructed. Figure 11 shows
such a system.

Figure 10. Interpolating FIR filter.

X (even)

X (0dd)

FIR
Section A

Y (even)

FIR
Section C

Y (odd)

Figure 11. 29 MHz interpolating FIR filter using interleaved filter sections (14.5 MHz components).
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AC Characteristics over Recommended Operating Conditions

Symbol Parameter Min. Max. Units
t o clock period 69 n$
tph clock high time 29 ns
t clock lot time 29 ns
t reset time 50 ns
tw reset pulse width 30 ns
tn data hold time 125 ns
e data setup time 5 ns
toww coefficient write pulse width 125 ns
teas coefficient address setup time 0 ns
tean coefficient address hold time 15 ns
tots coefficient setup time 5 ns
tem coefficient hold time 125 ns
towr coefficient write recovery time 25 ns
toout clock to Port D valid 55 ns
ton clock to Port D invalid 20 ns
taout clock to Port B valid 55 ns
tan clock to Port B invalid 20 ns
tas Port A setup time 0 ns
tan Port A hold time 15 ns
tes Port C setup time 0 ns
ten Port C hold time 15 ns
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Timing Diagram | - Coefficient Initialization Sequence

! | | ]
| | | |
! | | l |
! | | |
' L | 1
- | | |
l

W__/
VALID COEFF. VALID COEFF. \LID COEFF.
ADDRESS )@( ADDRESS ADDRESS
JALID

VA VALID
COEFFICIENT COEFFICIENT COEFFIC!ENT COEFFICIENT

" WWM =
I | | | l

Coeti(0-7)
ca2u
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Timing Diagram Il - Free Running Mode with Stable Coefficients

t t, t,

'n+2 thea thes taes

= N N )

| | | | |
Xin(0-8) T + t
020 | Data, |3< Data,, | x Data,, L X Data,, 5 | X Data,, , IX Data, ¢
—t— {
! |
1

n e

T T T

-~ toou —»| H'D', \ N
+

I + )

- toou —>| L] ten I T f

|
P | xsoulumaou(m m Bout,, m Bout,., m aom"'maomm
f t v T 1 t

This shows the filter in a free-running mode with coelfficients already loaded and stable. Dout, and Bout, are the first outputs using the Data,,. Thus, a latency of four
cycles is present in this filter. Both CWE and RESET are assumed to be held high (inactive) in this mode. The C2/U and Coeff (0-7) inputs are don't cares.

Timing Diagram Il - Free Running Mode with Changing Coefficients
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Timing diagram III shows the latency effects on filter output from changing the coefficients while the filter is
running. One coefficient can be changed during each cycle. It should be noted that a four cycle latency exists between a
coefficient update and output data effected by the update. This latency is due to internal delays in the multipliers. The
sequence of the coefficient update is arbitrary and is controlled by the Cadd0 and Cadd1 lines. The M3, M2, M1, MO
notation on the Coeff(0-7) inputs and the Port B and Port D outputs shows how the output data is effected by this particu-
lar sequence of coefficient updates. It should also be noted that with this sequence of coefficient updates (M3, M2, M1,
MO), Port D sees the effect on output one at a time, while Port B sees the effect all at once.

Timing Diagram IV - Input Port Timing

Timing diagram IV shows the relationship of the Port B and Port D outputs to the filter inputs: Xin, Port A, and
Port C. At time ty, Datan is input through Xin, while A and Cpy are input through Ports A anc C, respectively. The four
cycle latency discussed previously is evident since the Port B and D outputs do not depend on Datay, until ty +4. Ap, and
Cm both experience a five cycle latency before contributing to the Port B and D outputs, respectively, at tp +5. This dia-
gram shows a FIR filter used as a “non-end” chip in a cascaded, multi-chip linear phase configuration. If it was the lead
chip, Port A would be grounded. If it was the left end chip (Port B tied to Port C of the same NCR45CF8E), then an input
Am at ty would not contribute to the Port D output unitl ty +9.
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Absolute Maximum Ratings

Supply Voltage, VDD . ... ... vviiii +7V Stresses above ‘‘absolute maximum ratings”’
may result in damage to the device. Functional operation

Voltage on any pin with respect of devices at the “‘absolute maximum ratings” or above
toground ................ -0.3to VDD + 0.3V the recommended operation conditions stipulated else-

where in this specification is not implied.
Storage temperature .............. —65°C to 150°C

Recommended Operating Conditions

Symbol Parameter Min. Max. Units
Voo Supply voltage 4.75 525 Volts
Vin Input high level voltage (All inputs except Input Ports) 20 Voo Volts
Vine™ Input high level voitage, Parts A and C. 7 Vpp Voo Volts
Vi Input low level voltage 0 08 Volts
Ta Operating ambient temperature 0 70 °C

*Port A and Port C use CMOS Input levels, all other pins use TTL levels.

Static Electrical Characteristics Over Recommended Operating Conditions

Symbol Parameter Condition Min. Max. Units
In Input leakage current Viy=0V to Vppmax +10 A
lo Output leakage current Vo =04 to Vppmax +10 pA
Vou Output high voltage lon=40mA 24 Volts
VoL Output low voltage loL =4.0mA 08 Volts S
Iop Supply current — Active Outputs Loaded 130 mA ,% ©»
Supply current — Standby Clock Inactive 10 mA ; g
lsc Short circuit Output current + | One Output Shorted = =
to ground or power 75 mA § s
[e=]
(=]

1 Operating the device with Outputs Shorted to power or ground may result in permanent damage to the chip.

Capacitance TA = 25°C, f = 1 MHz

Symbol Parameter Condition Min. Max. Units

Cin Input capacitance All pins except pin 5 pF

Co Output capacitance under test are tied to 10 pF
ground
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Table of Pin Numbers vs. Signal Labels for Plastic Pin Grid Array Package

PIN # LABEL PIN # LABEL PIN # LABEL
Al cn E1 c3 M1 B8
A2 c13 E2 c4 M2 B5
A3 C14 E12 D13 M3 B3

A4 c16 E13 D14 M4 B1

A5 Xin5 F1 co M5 CWE
A6 Xin8 F2 Ct M6 c2/U
A7 D2/0 F3 c2 M7 Coeff6
A8 Xin3 F11 D15 M8 Coeff3
A9 Xin0 F12 D16 M9 Coeffo
A10 D1 F13 D17 M10 A16
At D3 Gt B17 M11 A13
A12 D5 G2 Reset M12 A1
A13 D7 G3 Vss M13 A10
B1 c9 Gn Vss N1 B6

B2 c10 G12 AO N2 B4

B3 ci2 G13 Clock N3 B2

B4 cis H1 B16 N4 BO

B5 c17 H2 Bi5 N5 Cadd0
B6 Xin7 H3 Bi4 N6 Coeff7
B7 Xin4 H11 A3 N7 Coeff5
B8 Xin2 H12 A2 N8 Coeff4
B9 DO H13 Al N9 Coeff1
B10 D2 J B13 N10 A17
B11 D4 J2 B12 N1t A15
B12 D6 J12 A5 N12 Al4
B13 D9 J13 A4 N13 A12
c1 c7 K1 B11

c2 c8 K2 B10

c3 K12 A7

cé Xin6 K13 A6

c7 vdd L B9

c8 Xin1 L2 B7

c12 D8 L6 Cadd1

C13 D10 L7 vdd

D1 C5 L8 Coeff2

D2 c6 L2 A9

D12 D1 L13 A8

D13 D12

*** PIN NUMBER C3 is for ORIENTATION PURPOSES ONLY. This PIN is electrically floating.

NCR Communications Products

04/88

423

w
=
2,
= -
< o
25
=0
>0
=X
=
o
(=1




Table of Signal Names vs. Pin Numbers for Plastic Pin Grid Array Package

SIGNAL SIGNAL SIGNAL SIGNAL
LABEL PIN # LABEL PIN # LABEL PIN # LABEL PIN #
A0 G12 B7 L2 C14 A3 Coeff3 M8
Al H13 B8 M1 C15 B4 Coeft4 N8
A2 H12 B9 L1 Cc16 Ad Coeffs N7
A3 H11 B10 K2 Ci17 B5 Coeff6 M7
A4 J13 B11 K1 Do B9 Coefi7 N6
AS J12 B12 J2 D1 A10 Xin0 A9
A6 K13 B13 J1 D2 B10 Xin1 cs
A7 K12 B14 H3 D3 A1 Xin2 B8
A8 L13 B15 H2 D4 B11 Xin3 A8
A9 L12 B16 H1 D5 A12 Xind B7
A10 M13 B17 G1 D6 B12 Xin5 A5
Al M12 co F1 D7 A13 Xin6 cé
A12 N13 C1 F2 D8 Ci12 Xin7 B6
A3 M11 c2 F3 D9 B13 Xin8 A6
A4 N12 C3 E1 D10 C13 Caddo NS
A5 N11 Cc4 E2 D11 D12 Cadd1 L6
A16 M10 C5 D1 D12 D13 Ca/J M6
A7 N10 Cé D2 D13 E12 D2/U A7
BO N4 c7 ct D14 E13 CWE M5
B1 M4 [e:} (o7 D15 F11 Clockin G13
B2 N3 [oi:] B1 D16 F12 Reset G2
B3 M3 C10 B2 D17 F13 vdd c7
B4 N2 cn1 Al Coeft0 M9 vdd L7
BS M2 C12 B3 Coeff1 N9 Vss G3
B6 N1 C13 A2 Coeff2 L8 Vss G11
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Ceramic Pin Grid Array Package

Bottom View
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Table of Pin Numbers vs. Signal Labels for Ceramic Pin Grid Array Package

PIN # LABEL PIN # LABEL PIN # LABEL
Al D1 E1 Xin4 J1 Xin7
A2 D16 E2 Xin3 J2 c12
A3 D17 E3 Xin2 J3 (o3:]
A4 Clock E4 Xin1 J4 c5
A5 D14 E5 Do Js Co
A6 A0 E6 A5 J6 B14
A7 A4 E7 Al4 J7 B12
A8 A8 E8 Vdd Js BN
A9 A12 E9 Coeff2 Jo B7
A10 A16 E10 Coefft J10 B6
B1 D7 F1 Xin5 K1 C15
B2 D8 F2 Xin6 K2 cn
B3 D12 F3 Vdd K3 c7
B4 D13 Fa4 C13 K4 C3
B5 D15 F5 c4 K5 Reset
B6 Al F6 CWE K6 B13
B7 A6 F7 Cadd?1 K7 B17
B8 A9 F8 c2/U K8 B16
B9 A13 Fo Coeft7 K9 B15
B10 Coeff3 F10 Coeft6 K10 B10
C1 D3 G1 02/U

c2 D4 G2 c17

C3 D6 G3 C14

ca D10 G4 C9

C5 Vss G5 (07]

cé A2 G6 B8

c7 A7 G7 B4

cs8 AN G8 B1

c9 A17 G9 BO

c10 Coefts G10 Caddo

D1 Xin0 H1 Xin8

D2 D1 H2 C16

D3 D2 H3 C10

D4 D5 H4 C6

D5 D9 H5 C1

D6 A3 Hé Ves

D7 A10 H7 B9

D8 A15 H8 BS

D9 Coeffo H9 B3

D10 Coefts H10 B2
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NCR45CF8 Finite Impulse Response Filter

Table of Pin Numbers vs. Signal Labels for Ceramic Pin Grid Array Package

SIGNAL SIGNAL SIGNAL SIGNAL
LABEL PIN # LABEL PIN # LABEL PIN # LABEL PIN #
A0 A6 B7 J9 C14 G3 Coeff3 B10
A1 B6 B8 G6 C15 K1 Coeffd Cc10
A2 Ccé B9 H7 C16 H2 Coefts D10
A3 Dé B10 K10 C17 G2 Coeff6é F10
Ad A7 B11 J8 Do ES5 Coeft7 F9
A5 E6 B12 J7 D1 D2 XinO D1
A6 B7 B13 K6 D2 D3 Xint E4
A7 Cc7 B14 J6 D3 C1 Xin2 E3
A8 A8 B15 K9 D4 c2 Xin3 E2
A9 B8 B16 K8 D5 D4 Xin4 E1
A10 D7 B17 K7 D6 C3 Xin5 F1
ANl cs Co J5 D7 B1 Xin6 F2
A12 A9 C1 H5 D8 B2 Xin7 J1
A13 B9 Cc2 G5 D9 D5 Xin8 H1
Al4 E7 C3 K4 D10 C4 Caddo G10
A15 D8 C4 F5 D11 Al Cadd1 F7
A16 A10 C5 Ja D12 B3 c2/0 F8
A17 co C6 H4 D13 B4 D2/0 G1
BO G9 c7 K3 D14 A5 CWE F6
B1 G8 C8 J3 D15 B5 Clock A4
B2 H10 C9 G4 D16 A2 Reset K5
B3 H9 Cc10 H3 D17 A3 Vdd E8
B4 G7 C11 K2 Coeff0 D9 Vdd F3
B5 H8 c12 J2 Coeff1 E10 Ves C5
B6 J10 c13 Fa Coeff2 E9 Vss Hé
AC Test Load Circuit
Vad
8200 CAUTION
OUTPUT 1. CMOS Devices are damaged by high
UNDER energy electrostatic discharge. Devices
TEST must be stored in conductive foam or with
all pins shunted.
40pF
2. Remove power before insertion or removal
_I of this device.
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Application Notes

The ground pins (Vss) of the NCR45CF8 are
not connected internally. In all applications, both ground
pins must be connected externally to ground. We also
recommend connecting both power pins (Vdd) exter-
nally to power in all applications. The NCR45CF8 de-
vice is a high speed CMOS integrated circuit, which will
dissipate very little static power but will also consume

428

significant dynamic current. We recommend the use of
at least one 01.uf deglitching capacitor per NCR45CF8
chip to reduce switching noise on the system power
buss. To prevent ringing, care should be taken to follow
standard engineering practice for minimizing power and
ground lead inductance.
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45CF8 CMOS FIR FILTER CHIP

Quick Fact Sheet

The NCR45CF8 is a high speed digital FIR fil-
ter optimized for real time video and image processing
applications. It’s unique architecture allows linear and
nonlinear phase operation for noise reduction filtering,
anti-aliasing/reconstruction filtering, 2-D filtering, and
chroma/luminance separation. In addition, the design of
the NCR45CF8 allows multiple chips to be cascaded to
form arbitrary length FIR filters, without external com-
ponents or “glue” logic. Even and odd tap versions are
available (NCR45CF8E and NCR45CF80) for imple-
mentation of even or odd length linear phase FIR filters.

Features:
® 14.5 MHz data throughput rate
® 9 bit data words
® 8 bit coefficients
® 8 stages/chip in linear phase mode
® 4 stages/chip in nonlinear phase mode
® Maximum 750mW power dissipation

® 100 pin PGA package

NCR45CF80

NCR Communications Products 04/88

Applications:
® Broadcast video equipment
® Machine/robot vision systems
e Factory automation systems
® Image processing
® Video teleconferencing
® Medical imaging systems

Currrently available in plastic or ceramic pin
grid array packages, the NCR45CF8 replaces board
level FIR filters, reducing component cost, power dissi-
pation.and required board space. The 9 bit data and 8 bit
coefficient widths provide the resolution needed for
video and image processing applications. For applica-
tions requiring higher resolution such as medical imag-
ing, NCR45CF8’s can be used in parallel to obtain 14 bit
data width. Designed for ease of use, the NCR45CF8 re-
quires a minimum of support logic. A simulator
(NCR45FSM) is also available, enabling the system de-
signer to simulate the filters internal bit - widths and
roundoff characteristics.

NCR45CF8E

429

7]
3
=
= -
<T o
=3=]
58
=)
ED’:
o
=3
o
S




The NCR45FSM simulator runs on MS-DOS ® The NCR45CF8 Replaces board level FIR

personal computers with graphics capability. (CGA and filters

Hercules standards are supported.) Your NCR field ap-

plications engineer or sales representative can arrange a Reducing chip count
demonstration.

Reducing power dissipation
Key Points to Remember about the

NCR45CF8 Reducing board space requirements
e High Speed for Rea 1 Time Video/Image Increasing reliability
Processing

. All while still providing performance for
e Easy to Use real time processing!

® Directly Cascadable to form Arbitrary
Length FIR Filters
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MEMORY PRODUCTS

NMOS ROMS . .ottt e e e e e 433
2316-16K (2K X8) ROM .. ittt e e e e e e e e e 435
2332/33-32K (AKX 8) ROM . .. ittt e e e e e e 439
2364/65-64K (BKX8) ROM .. ..ottt e e e et e 443
23128-128K (16K X 8) ROM . ... ittt it e e et e e e e ettt e 447
23256/57-256K (32K X8) ROM . .. ..ttt e e 451
CMOS ROME S . ittt e e e e e e 455
23C64/65-64K (BKX8) CMOS ROM. . ... it e e e e e 457
23C128-128K (16K X8) CMOS ROM . ... ittt it e et e e e e e 461
23C256-256K (32K X 8) CMOS ROM . ...ttt it e e et e et e 465
23C512-512K (64K X 8) CMOS ROM .. ..ot e e e e e e 469
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NMOS ROMS

Introduction

NCR offers NMOS ROMs ranging in sizes
from 16K to 256K fabricated in a 2.75u technology.
ROM patterns are accepted in EPROM. If additional in-
formation is needed contact: NCR - Fort Collins, C.O.T.
Department.

NCR Memory Products 04/88
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16K (2K X 8) ROM 2316

Fully Static Operation e 3-State Outputs
¢ Silicon Gate NMOS Technology Fully TTL Compatible
® Programmable Chip Selects Single +10% 5 Volt Supply

* Maximum Access Time ¢ Pin Compatible with 2716 and 2516 EPROM’s and
2316-20 ...t i i 200ns 2316 Type ROM’s.
2316-25 ..t 250ns e 0°C to 70°C Operating Range.
2316-30 ottt it 300ns

The NCR2316 is a mask programmable read-only-memory with a 2K word by 8-bit organization. Designed for ease of
use, this device requires only a 5 volt supply, is TTL compatible, and because of its totally static (asynchronous) opera-
tion requires no clock. The active level of the three-chip select inputs are programmable and are defined by the user.
These ROMs are available in a 24 pin package and are pin compatible with industry standard EPROMs and ROMs.

PIN FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
NS Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
a7 1 24[Jvee Ve ——
ud: =D wo—  ftitftrt
As] 3 2] A9 *CS1 1
A 4 21 ) CS3* > CHIP OUTPUT BUFFERS
Al s 20 [} cst1* :ggg — 5| SELECT
A2[] s 19[] A10 ]
a7 18 E cs2*
AC] 8 17[3Jar -
0l s 16 e COLUMN DECODE
a1 10 15[ Qs i
Q2 1 14 D Q4 A10 ————}
GND [] 12 13[] a3 A9 ———» 2 ]
A8 ———| O
* Active Level (Hi, Low or Don't Care) 2
of chip selects are defined by user. A7 ———— %
PIN NAMES jom— - W
AS "2 MEMORY
s _ ﬁ Q ARRAY
A0 - A10 Address Inputs @ 8 s
A3 ]
m
Qo0 -Q7 Data Outputs A2
Al >
CS1-CS3 Programmable A0 > L
Chip Selects
Vee 5V = 10% . MASK P "
Supply Voltage SK PROGRAMMABLE

NCR Memory Products 04/88 435

w
>=
=65
(=]
=0
=2
En.




ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect to ground —.5to +7V
Storage temperature . ............. —65°C to 150°C

2316

Stresses above “‘absolute maximum ratings” may result
in damage to the device. Functional operation of devices

at the ‘““absolute maximum ratings”’ or above the recom-
mended operating conditions stipulated elsewhere in this

specification is not implied.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min. Typ. Max. Units
Vee Supply voltage * 45 5.0 55 Volts
VIH Input high level voltage 20 Vece Volts
ViL Input low level voltage -05 08 Volts
TA Operating ambient temperature 0 70 °C
* Ve must be applied at least 100us before proper device operation is achieved:
STATIC ELECTRICAL CHARACTERISTICS
OVER RECOMMENDED OPERATING CONDITIONS
Symbol Parameter Condition Min. Typ. Max. Units
N Input leakage current ViN= OV to Vo max 10 HA
lo Output leakage current Vo = 0.2to Vg max, +10 uA
Chip Deselected
VOH Output high voltage loH=—160xA 2.4 Volts
VoL Output low voltage loL=1.6mA 0.4 Volts
lec Supply current Outputs Open 75 mA
CAPACITANCE, TA = 25°C, f=1 MHZ
Symbol Parameter Condition Min. Typ. Max. Units
CiN Input capacitance All pins except pin under 7 pF
Co Output capacitance test are tied to ground 125 pF
436 NCR Memory Products 04/88



2316

AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS

2316-20 2316-25 2316-30
Symbol | Parameter Min. Max. Min. Max, Min. Max. Units
tcy Cycle time 200 250 300 ns
tA Address access time 200 250 300 ns
tco Chip select access time 100 125 150 ns
toFF Chip select to data off (Hi 2) 100 125 150 ns
tcSH Chip select to data hold 0 0 0 ns
tAH Address to data hold 0 0 0 ns
1
re tey >
! 1
'
X 4
ADDRESS | f
! — A e—
cst, ! 1 !
cs2, T !
Cs3 : \ J{:— toFF —»-4
! ' [ [ ' 1
; re—tco—= —>ltcsHie— |
|= ta / > 1 U
ATA e N e <
The chip select lines are assumed to be active low.

AC TEST LOAD CIRCUIT A.C. CONDITION OF TESTS

Input Pulse Levels ............ 0.8 Volts to 2.0 Volts

+5V
Inputs Rise & Fall Times . ................... 10 ns
2.5kQ Output Timing Levels.......... 0.8 Volts to 2.0 Volts
O—
ouTPUT _L
NDER
UTEST j[*ﬂ)o pF 11.7k Q

[
>

3]
(==}
==
=
E|:.

* Includes jig capacitance.
All diodes 1N3064 or equivalent.
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2316

MECHANICAL DATA 24 PIN
CERAMIC DEVICES 1.170-1.230
{4~ Length of Package ————s]
Pin 1
nonn onn I{
O
.560-.620
q Width of Package
uuuay guu
.075-.175
Top of Package
.015-.075 to Standoff .120-.160
Bottom of Package Length of Lead
to Standoff from Standoff
.008-.015
Lead
Thickness
l‘_;:'a"‘dy_.{ L%’Soceﬁrcs) 030-.070 —.l T wan
.580-.695 Lead Shoulder .012-.025
Width
All dimensions are inches.
PLASTIC DEVICES 1.230-1.270
Length of Package ~————=
Pin 1
annn ann I{
0
( .520- .560
Width of Package
du guud
.150-.250
Top of Package
.015-.075 to Standoff 120-.160
Bottom of Package Length of Lead
(o Standoft

.008-.015
Lead
Thickness

Lead
Splay

.580- .695

from Standoff

—-.l IA— Lead
.030-.070 Width

Lead Shoulder .012-.025
Width All dimensions are inches.

Lead Centers I‘
.090-.110

438
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32K (4K X 8) ROM

¢ Fully Static Operation

¢ Silicon Gate NMOS Technology
¢ Programmable Chip Selects

* Maximum Access Time

2332/33

¢ 3-State Outputs

¢ Fully TTL Compatible

e Single + 10% 5 Volt Supply

e 2332 Pin Compatible with 2532 EPROM’s.

2332/33-20...... Cereeteeieeriiareeeaas 200ns e 2333 Pin Compatible with 2732 EPROM’s.
2332/33-25. i ittt 250ns e 0°C to 70°C Operating Range.
2332/33-30. .. iiiiiniiiiiena Ceeeaes 300ns

The NCR2332 and 2333 are mask programmable read-only-memories with 4K word by 8-bit organizations. Designed for
ease of use, these devices require only a 5 volt supply, are TTL compatible, and because of their totally static (asynchro-
nous) operation require no clock. The active level of the two chip select inputs are programmable and are defined by the
user. These ROMs are available in a 24 pin package with industry standard byte-wide JEDEC pin-outs. The NCR 2332 is
pin compatible with 2532 EPROM’s and the NCR 2333 is pin compatible with 2732 EPROMS’s.

PIN
FUNCTIONAL
NCR 2332 NCR 2333
N/ [ " |
a1 2uPvee  arC] | 24P ves VoG e Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
as] 2 23[a8  As[] 2 23[ ] A8 GND ———»> T T T T T T T r
As[] 3 22[J A9 As[] 3 22[J A9 *CS1 —p]
a4 21[]cs2x Ad[] 4 2 [An st OUTPUT BUFFERS J
s 20 Scsw A s 20csts 2 T
A2[] 6 19[JA10  A2[] 6 19[ ] A10
a7 18[J A1 A 7 18] cs2* ——-—L COLUMN DECODE
A 8 173a7 A0 8 17[3JaQ7 Al ———
a9 16[J]Qs Q[ 9 16 J Qs A10 ————] J
Qi1 10 1571Q5 Q110 15[J Qs A —— )
Q[ 14[] Q4 Q1 14[] Q4 A8 ———> §
GND []12 13[Ja3 GND[]12 13[]a3 A7 —— T
Py y— 2
* Active Level (Hi, Low or Don’t Care) A5 ———] i. > 2 [ MEMORY
of chip selects are defined by user. Ad o ? ARRAY
™ 2 8 4K X 8 .z
A3 ———> o 0@ o
PlN NAMES A2 ] m g =
Al ——— § g
A0 - A1 Address Inputs AQ ———» a
Qo - Q7 Data Outputs
*MASK PROGRAMMABLE
CS1-CS2 Programmable
Chip Selects
Vcc 5V = 10%
Supply Voltage
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2332/33

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect to ground —.5 to +7V Stresses above ““‘absolute maximum ratings” may result
Storage temperature . ............. —65°C to 150°C in damage to the device. Functional operation of devices

at the “absolute maximum ratings” or above the recom-
mended operating conditions stipulated elsewhere in this
specification is not implied.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min. Typ. Max. Units
Vee Supply voltage * 4.5 5.0 55 Volts
VIH Input high level voltage 2.0 Vee Volts
ViL Input low level voltage -05 0.8 Volts
TA Operating ambient temperature 0 70 °C

*Vcc must be applied at least 100us before proper device operation is achieved.

STATIC ELECTRICAL CHARACTERISTICS
OVER RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Condition Min. Typ. Max. Units
N Input leakage current VIN=0V to Vo max 10 HA
lo Output leakage current Vo=0.2to Vg max, +10 HA
Chip Deselected
"VoH Output high voltage loH=—160uA 24 Volts
VoL Output low voltage loL=1.6mA 0.4 Volts
lec Supply current Outputs Open 75 mA

CAPACITANCE, TA = 25°C, f=1 MHZ

Symbol Parameter Condition Min. Typ. Max. Units

CiN Input capacitance All pins except pin under 7 pF

Co Output capacitance test are tied to ground 125 pF
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2332/33
AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS

2332/33-20 2332/33-25 2332/33-30
Symbol | Parameter Min. | Max. | Min. Max. | Min. | Max. Units
toy Cycle time 200 250 300 ns
ta Address access time 200 250 300 ns
tco Chip select access time 100 125 150 ns
tOFF Chip select to data off (Hi Z) 100 125 150 ns
tcsH Chip select to data hold 0 0 0 ns
tAH Address to data hold 0 0 0 ns
t >!
CY >

VALID }(

ADDRESS

pYa

CS1,
Cs2

\
5
A

v
N
!

|
DATA — W / )i VALID Wﬁu—z

The chip select lines are assumed to be active low.

AC TEST LOAD CIRCUIT A.C. CONDITION OF TESTS
T8V Input Pulse Levels. .......... 0.8 Volts to 2.0 Volts =g
Inputs Rise & Fall Times . ................. 10 ns €3
2.5ka Output Timing Levels . ....... 0.8 Volts to 2.0 Volts o E%

oO— L1 %
OUTPUT ™
UNDER l

TEST :lj*wo pF 1.7k Q

* Includes jig capacitance.
All diodes 1N3064 or equivalent.
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2332/33

MECHANICAL DATA 24 PIN
CERAMIC DEVICES 1.170-1.230
Length of Package ———
Pin 1
annn nnn l{
°
c .560-.620
Width of Package
guay uguuu
.075-.175
Top of Package
.015-.075 to Standoff .120-.160
Bottom of Package Length of Lead
to Standoff from Standoff
.008-.015
Lead
Thickness

Lead
Splay

Lead Cemers

“_ —.l |-_ Width
.030-.070 i
Lead Shoulder .012-.025

.090-.110
.580-.695 90-
Width
All dimensions are inches.
PLASTIC DEVICES 1.230-1.270 '
}«———— Length of Package ————»]
Pin 1
ann ann [{
[ ]
( .520-.560
Width of Package
guuy aguuu
.150-.250
Top of Package

.015-.075 to Standoff 420-.160

Bottom of Package Length of Lead

to Standoff from Standoff

.008-.015 —l—
Lead
Thickness
e “3;&‘*:‘7'3 F w000~
-580- 695 Lead Shouider .012-.025
Width

All dimensions are inches.
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64K (8K X 8) ROM

® 2364/65........... veesssess, Non-Power Down
® 2364S/65S ... .cvuvennnn Automatic Power Down
¢ Fully Static Operation

¢ Silicon Gate NMOS Technology

o Maximum Access Time

2364/65

¢ Programmable Chip Selects

e 3-State Outputs

* Fully TTL Compatible

¢ Single + 10% 5 Volt Supply

¢ Pin Compatible with 2564 EPROM’s

2364/65-20.....c.000neiannnn Cereeseinaes 200ns ¢ Available in 3 Temperature Ranges

2364/65-25......000n. tesennassee cevens 250ns 2364/65 (Commercial) . ............ 0°C to 70°C

2364/65-30......... eeennanes Cereeeeees 300ns 23641/651 (Industrial)........... —40°C to 85°C
2364HR/65HR (Military)....... —55°C to 125°C

The NCR 2364 and 2365 are mask programmable read-only-memories with 8K word by 8 bit organizations. Designed
for ease of use, these devices require only a 5-volt supply, are TTL compatible, and because of their totally static (asy-
nchronous) operation require no clock. These memory devices are available in two versions. The 2364 and 2365 are non-
power down versions where the active level of chip selects CS1 (on the 2364), and CS2 and CS3 (on the 2365) are
programmable and defined by the user to facilitate system memory expansion. The 2364S and 2365S are standby ver-
sions offering an automatic power-down feature controlled by the chip enable CE input. When CE goes high, the device
automatically powers down and remains in a low power standby mode as long as CE remains high. Also to provide easier
system implementation, the active level of chip enable CE (on the 2364S), and chip selects CS2 and CS3 (on the 2365S)
is programmable. The NCR 2364 is packaged in a 24 pin DIP, and the 2365 is packaged in a 28 pin DIP, both with indus-
try standard byte-wide JEDEC pin-outs. Optionally, the 2365 is available in a space saving 28 pin surface mounted plastic
leaded chip carrier.

PIN CONFIGURATION

NCR 2364/S NCR 2365/S

. NC §2z9232

2 A 1110 9 87 6 6

. A7 Q112 4

4 A o213 3

5 I ves 414 2

6 :; Q315 1

7 a2 Q4 [}16 28

e At /e as 17 27
) s Q18 26
Pt 1920 21 2223 24 25

Q

Slyeecee
|ﬁ
O

88

%)
= =
e o
(==}
=
zg
Er.L

PIN NAMES * Active Level (Hi, Low or Don't Care)
i defined by user.
AD-A12 Address Inputs
Q0-Q7 Data Outputs
CS$1,CS1 Programmable
CS2,CS3 | Chip Select
CE,CE Chip Enable
OE Output Enable
Vee 5V = 10%
Supply Voltage
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2364/65

ABSOLUTE MAXIMUM RATINGS FUNCTIONAL
BLOCK DIAGRAM
Voltage on any pin with respect
toground ....... ... il —-0.5to0 +7V Vog = Qo arcz a3 Q4 G5 8 Q7
GND ——
Storage temperature . ............. —65°C to 150°C I T T T t T I 1
OF, €S2, CS3——p{
cs1.CE CONTROL OUTPUT BUFFERS ]
« : N : Loaic
Stresses above “absolute maximum ratings” may result
in damage to the device. Functional operation of devices T
at the ““absolute maximum ratings” or above the recom- A12 ] —.{ COLUMN DECODE ' I
mended operating conditions stipulated elsewhere in this AN
specification is not implied. A0 ———> 1
A9 —————] ]
A8 il §
A7 | ﬁ
A6 ]| P =
s— e e
A § 8 8K X8
A3 ——— ©
A2 et} m
Al i}
RECOMMENDED 0o——= | [
OPERATING CONDITIONS
2364/65 23641/651 2364HR/65HR
Symbol Parameter Min. | Typ. | Max. | Min. | Typ. { Max | Min. | Typ. { Max | Units
Vee Supply voltage* 45 | 50 | 55 | 45 | 50 | 55 | 45 | 50| 55 | Volts
ViH Input high level voltage 2.0 Vec | 20 Ve | 22 Vee | Volts
ViL Input low level voltage -0.5 08 |-05 08 |-05 0.8 | Volts
TA Operating ambient temperature 0 70 -40 85 -55 125 °C

* Ve must be applied at least 100us before proper device operation is achieved.

STATIC ELECTRICAL4CHARACTERISTICS
OVER RECOMMENDED OPERATING CONDITIONS' (UNLESS OTHERWISE NOTED)

Symbol Parameter Condition Min. Typ. Max. Units
IIN Input leakage current Vin= 0V to Ve max 10 uA
lo Output leakage current Vo =0.2to Vg max, +10 RA
Chip Deselected

VoH Output high voltage loH =-2004A 24 Volts
VoL Output low voltage loL=3-2mA 0.4 Volts
lec Supply current - active Outputs Open 60 mA
Isg” Supply current - standby Chip Deselected l 10 mA

* Applies to 23645/65S power down versions only

CAPACITANCE,' Tp = 25°C, f = 1 MHz
Symbol Parameter Condition Min. Typ. Max. Units
CIN Input capacitance All pins except pin under 7 B pF
Co Output capacitance test are tied to ground 125 pF
Note: 1. Characteristics are the same for all operating temperature ranges.
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2364/65

AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS

2364/65-20, 23641/651-20. 2364/65-25, 23641/651-25, | 2364/65-30, 23641/651-30,
2364HR/65HR-20 2364HR/65HR-25 2364HR/65HR-30
Symbol | Parameter Min. Typ. Max. Min. Typ. Max. | Min. Typ. Max. Units
tcy Cycle time 200 250 300 ns
ta Address access time 200 250 300 ns
tce Chip enable access time 200 250 300 ns
tcs Chip select access time 100 120 150 ns
torr Chip select to data off (Hi Z) 100 120 150 ns
tCH Data hold time from control 0 0 0 ns
taH Data hold time from address 0 0 0 ns
AC WAVEFORMS
- tcy >
ADDRESS X VALID ><
P <——
CS1,CE tce taH
OE, CSs2,CS3 tcs
\L toE . /*——'OFF
tCH—|
| SR §
DATA S @< VALID H‘_z
The chip select line is assumed to be active low.
AC TEST LOAD CIRCUIT A.C. CONDITION OF TESTS
+5V Input Pulse Levels ............ 0.8 Volts to 2.0 Volts
Inputs Rise & Fall Times.................... 10 ns
1.2kQ Output Timing Levels.......... 0.8 Volts to 2.0 Volts
O L1
ouTPUT l ™
INDER
UTEST I *100 pF 1.7k Q
* Includes jig capacitance.
All diodes 1N3064 or equivalent.
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MECHANICAL DATA

2364/65

CERAMIC DUAL IN LINE (DIP)
(24 PIN)

1.170-1.230

fa—— Length of Package s
e elree LPm 1
nna nn
d
q .560-.620
Width of Package
auog ogau
.075-.175
Top of Package
015-.075 to Standoft .120-.160
Bottom of Package Length of Lead
to Standot from Standotf
.008-.015
Lead. fe
hekness U
I | EE B
.090-.110 A 070 ’
.580-.695 Lead Shoulder -012-.025
=

.008-.015
Lead —afle—
Thekness
soad Lead Centers ‘—I |.- —-u—
Spiay
.090-.110 .030-.070 w'm'
580- 695 Lead Shouder

PLASTIC DUAL IN LINE (DIP)

(24 ) 1.230-1.270
|a———Length of Package ——mni Pin1
nooo onn
g
q s20-s60
Width of Package
uuuy ouuug
.150-.250
vmeu:w
.015-075 Standoft - 120-.160
Bvlmmwi‘lcw Ltﬂvﬂ\oll.em

m Standoft

CERAMIC DUAL IN LINE (DIP)
(28 PIN) aro1450

e Length of Package ]

r( Pin1
nnon nnn

.

Widih of Package
ToTT
075-175
015-075 TP et .120-160
Bottom of Package Length of Lead
from

Lead.
Spiay

e 1
e I TW [

PLASTIC DUAL IN LINE (DIP)

1.430-1.480

(28 PIN)

.008-.015

PLASTIC LEADED CHIP CARRIER (PLCC)
(28 PIN)

.042-.056 ——1

.410,430—-'

All dimensions are in inches.
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128K (16K X 8) ROM

23128

© 23128, ..ttt Non-Power Down e Fully TTL Compatible

©23128S......iiiinnnnn Automatic Power Down ® 5 Volt Only Operation

¢ Fully Static Operation ¢ Byte-Wide Industry Standard

¢ Silicon Gate NMOS Technology JEDEC Pin-Out

e Maximum Access Times e Available in Three Temperature Ranges
23128/23128S-15 ..viiiiiiiiiiiiieennn 150ns 23128 (Commercial). . ooovueevennn. 0°C to 70°C
23128/23128S-20 ..viiiiiiiiiiiiiiaeannn 200ns 231281 (Industrial) ............. —40°C to 85°C
23128/23128S-25 c.viiiiiiiiiiiiiiiiennn 250ns 23128HR (Military) .......o0ee —55°C to 125°C

The NCR 23128 is a mask programmable read-only-memory with a 16K word by 8 bit organization. Designed for ease of
use, this device requires only a 5 volt supply, is TTL compatible, and because of its totally static (asynchronous) opera-
tion, requires no clock. This memory device is available in two versions. The NCR 23128 is a non-power down version
where the active level of chip selects CS2 and CS3 is programmable and is defined by the user to facilitate system mem-
ory expansion. The NCR 23128S offers an automatic power down feature (standby) controlled by the chip enable CE
input. When CE goes high, the device automatically powers down and remains in a low power standby mode as long as
CE remains high. Also, on the 23128S, the active level of chip select CS and output enable OE is programmable, thereby
providing easier system implementation. The NCR 23128 is packaged in a 28 pin DIP with an industry standard byte-
wide JEDEC pin-out. Optionally, this device is available in a space saving 28 pin surface mounted plastic leaded chip
carrier.

NCR 23128/S Qo-Q7
Ve ——
NCE 1 vee GND e ‘fa
a2 2 cs3*ics* cs:a:rcs? _ C§> p——
a7 3 A13 082 10E* —————» §,, “l l
As[] 4 A8 CS1ICE _____I < '
as[] s A9
¥ A1 —-l COLUMN DECODE I
a7 cs2*/0E* T
a2 e A10 —
Ao CS1ICE 3
a0 [0 a7 rgﬁ
o 1 Q6 2
a1 2 as a0-A13 —F—»| & | § - MEMORY
o ARRAY
@[] Q4 1 g 3 16K X8
vss []14 a3 §
* Programmable Active High or Low
NOTE:" _ ] L
23128 Only: Chip Selects CS1, CS2
and CS3 are normally AND'd, ie, PIN NAMES
(CS1eCS2eCS3). At the option of -
the user, CS1 and CS2 may be in- Ag-Aq3 Address Inputs CE Chip Enable
ternally OR'd and then AND'd with
CS3 e, [(CS1 + CS2)sCS3] Q-0 Data Outputs OE Output Enable
— V, 5 Volt = 10%
CS1,CS2,CS3,CS | Chip Selects cc Power Supply
NC No Connection Vss Ground
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ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect to

-0.5t0 +7V
—65°C to 150°C

23128

Stresses above ‘‘absolute maximum ratings” may result

in damage to the device. Functional operation of devices
at the ‘““absolute maximum ratings”’ or above the recom-

mended operating conditions stipulated elsewhere in this
specification is not implied.

RECOMMENDED OPERATING CONDITIONS

23128 231281 23128HR
Symbol Parameter Min. | Typ. | Max. | Min. | Typ. | Max | Min. [ Typ. | Max | Units
Vee Supply voltage* 4.5 5.0 5.5 45 5.0 5.5 45 5.0 5.5 | Volts
ViH Input high level voltage 2.0 Vee | 20 Vce 22 Vee| Volts
ViL Input low level voltage -0.5 08 |-05 08 |-05 0.8 | Volts
TA Operating ambient temperature 0 70 -40 85 -55 125 °C
* Vo must be applied at least 100 us before proper device operation is achieved.
STATIC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED
1
OPERATING CONDITIONS' (UNLESS OTHERWISE NOTED)
Symbol Parameter Condition Min Typ Max Units
IN Input leakage current VIN = OV to Vg max 10 nA
lo Output leakage current Vo = 0.2to Vg max, +10 HA
Chip Deselected
VoH Output high voltage loH =-200pA 24 Volts
VoL Output low voltage loL = 3.2mA 0.4 Volts
lcc Supply current — Active Outputs Open 75 mA
Isg* Supply current — Standby Chip Deselected 10 mA
* Applies to 23128S Power Down Version only.
1
CAPACITANCE, Tp = 25°C, f = 1 MHZ
Symbol Parameter Condition Min Typ Max Units
CIN Input capacitance All p{ns except pin under test 7.0 pF
Co Output capacitance are tied to ground 125 pF
Note: 1. Characteristics are the same for all Operating Temperature Ranges.
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23128

AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS

23128-15, 23128-20, 23128-25, 231281-25,
231281-15 231281-20 23128HR-25
Symbol | Parameter Min. | Max. | Min. | Max. Min. | Max. Units
ta Address access time 150 200 250 ns
tce Chip enable access time 150 200 250 ns
tcs Chip select access time 75 100 120 ns
toe Output enable access time 75 100 120 ns
tpH Data hold time 0 0 0 ns
toFF CS active to data high 75 100 120 ns
Impedance

AC WAVEFORMS

ADDRESS m{ VALID

o tA DH J—
CSi/CE
CS2*0E* o
CS3*CS* /

tce

lcs —=

0

Hi-Z
DATA @{ VALID
.
e——1OFF

*Programmable Chip Selects CS, CS2 and CS3 and Output Enable OE are assumed to be active low for this example.

w
AC CONDITIONS OF TEST AC TEST LOAD CIRCUIT £5
=2
==
Input Pulse Levels ............ 0.8 Volts to 2.0 Volts +5V ==
Inputs Rise & Fall Times. .. ................. 10 ns &

Output Timing Levels. ......... 0.8 Volts to 2.0 Volts 1.2kQ

O-
?}:,L’;‘Q *100pF 17k Q
TEST

* Includes jig capacitance.
All diodes 1N3064 or equivalent.
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MECHANICAL DATA  28PIN

23128

PLASTIC DUAL IN LINE (DIP)

.008-.015
Lead
Thickness

H

|

.580- .695

1.430-1.480
le——— Length of Package ——a|
Pin1
nannn nond]
- g
( :520- 560
Width of Package
ooy ouuu
.150-.250
.015-.075 Topol Package  120. 160
Bottom of Package fo Standol | ongih of Lead
!o Standotf from Standoff

a“gm,
.030-.070 W ""‘

Leaﬂ Shoulder

All dmensions are inches.

CERAMIC DUAL IN LINE (DIP)

.008-.015
Lead
Thickness

—

Lead.

r_so‘av

.580- .695

1.370-1.430
|a——— Length of Package ——»-
F— Pin1
nonn nnnd]
0
c .550-.620
Width of Package
aaug aguu
.075-.175
T
015-075 P S .120-160
Bottom of Package Length of Lead
W Standoff from Standoff
Lead Cen!eu |- 070 —.II.— w;fn
.090-.1 .030-.07(
+— Lead Shouider .012-.025

Width
All dimensions are inches.

PLASTIC LEADED CHIP CARRIER (PLCC)

042-048
|

.485-.495

i

T 047.053
Pin1

1042-.056 —~

0
_L;zro— |-— .410-.430 —-|

T
.042-.056

All dimensions are inches.
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256K (32K X 8) ROM

® 23256/57 c0iiiiiiiiniiinnnnnns Non-Power Down
e 23256S/57S ............ Automatic Power Down
¢ Fully Static Operation

e Silicon Gate NMOS Technology

e Maximum Access Time

23256/57

¢ Pin compatible with 27256 EPROMS

Fully TTL Compatible

® 5 Volt Only Operation
¢ Byte-Wide Industry Standard JEDEC Pin-Out . .
® Available in three temperature ranges ’

23256/57-15. e iviniiiiiiiiiiiiii i 150ns 23256/57 (Commercial) ........... . 0°C to 70°C
23256/57-20. ... Cetreeiieieaa Ceeeeeaas 200ns 232561/571 (Industrial). ...... .. —40°C to 85°C
23256/57-25. ¢ i viieiiiiiiiiiiiiiiieiaa 250ns 23256HR/5THR (Military). ..... —55°C to 125°C

The NCR 23256 and 23257 are mask programmable read-only-memories with 32K word by 8 bit organizations. De-
signed for ease of use, these devices require only a 5 volt supply, are TTL compatible, and because of their totally static
(asynchronous) operation, require no clock. These memory devices are available in two versions. The NCR 23256 and
23257 are non-power down versions where the active level of chip select CS2 is programmable and is defined by the user
to facilitate system memory expansion. The NCR 23256S and 232578 are standby versions offering an automatic power
down feature controlled by the chip enable CE input. When CE goes high, the device automatically powers down and
remains in a low power standby mode as long as CE remains high. Also, on the 23256S and 232578S, the active level of
output enable OE is programmable, thereby providing easier system implementation. The NCR 23256 is packaged in a
28 pin DIP with an industry standard byte-wide JEDEC pin-out. The 23257 is packaged in a 28 pin DIP with an alternate
pin-out where pin 1 = A14 and pin 27 = NC. Optionally these devices are available in a space saving 28 pin surface
mounted plastic leaded chip carrier.

NCR 23256/S NCR 23257/S
Nc[f 1 28 Jvee 3222232 aa] 1 28 vee
a2 ] 2 27[J Ata 8 A12 z 27[J NC
a7 [] 3 26[ ) A13 A7 3 26[ ] A13
ae [ 4 25[J A8 A6 4 25[J A8
as ] s 24 A9 AS 5 24[J A9
a6 23[J A A4 6 23] At
A3 E 7 22 cs2*oe* A3 7 22 [ cs2*i0e*
A2 s 2 ar0 A2 s 213 Ao 19 20 2122 23 24 25
am e 20 [ ] CS1/CE Al 9 20 cSifcE
a0 10 19[Jar A0 [Jar
oo 1 18[J a6 Qo [ as
o1 [ 17[Jas Q1 Jos
@2 []13 16[ ] 4 Q2 o
ves []14 15[ ] a3 Vss F] Q3
*Programmable Active High, Low or Don’t Care *Programmable Active High, Low or Don’t Care
NOTE:
23256/57 Only. Chip Selects CS1 PIN NAMES
and CS2 are normally AND’d, but n
may be internally OR’d at the op- o~ A1g Address Inputs ?__E Output Enable
tion of the user. Qp- Q7 Data Outputs CE Chip Enable
CS1,CS2 | Chip Selects Veo 5 Voit = 10%
NC No Connection Power Supply
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ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect to

Stresses above “‘absolute maximum ratings” may result

—-0.5t0 +7V
—65°C to 150°C

Cs2*/0E ¥ —————————

23256/57

FUNCTIONAL BLOCK DIAGRAM

Qo0-Q7

8

Vg =
GND ———»

8
~
g2
63

Q

CS1ICE -—————T>

OUTPUT BUFFERS

]

T

in damage to the device. Functional operation of devices ————-———{ COLUMN DECODE
at the ““absolute maximum ratings” or above the recom- I
mended operating conditions stipulated elsewhere in this _
specification is not implied. 3
2
a P
A0-A14 ——» g —y MEMORY
15 ] Q ARRAY
a 9 32K X8
=
RECOMMENDED
OPERATING CONDITIONS L
23256/57 232561/57I 23256HR/57HR
Symbol Parameter Min. | Typ. | Max. | Min. | Typ. [ Max | Min. | Typ. | Max | Units
Vce Supply voltage* 4.5 5.0 5.5 4.5 5.0 5.5 4.5 5.0 5.5 Volts
VIH Input high level voltage 20 vce 2.0 Vee | 22 Vce | Volts
ViL Input low level voltage -05 0.8 |-05 08 |-05 0.8 Volts
TA Operating ambient temperature 0 70 -40 85 -55 125 °C
*Vcc must be applied at least 100 us before proper device operation is achieved.
STATIC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED
OPERATING CONDITIONS' (UNLESS OTHERWISE NOTED)
Symbol Parameter Condition Min Typ Max Units
N Input leakage current VIN = 0V to Vg max, 10 HA
lo Output leakage current Vo = 0.2to Vg max, +10 MA
Chip Deselected
VOH Output high voltage IoH = —200 A 24 Volts
VoL Output low voltage loL = 3.2mA 04 Volts
Icc Supply current — Active Outputs Open 75 mA
Isg* Supply current — Standby Chip Deselected 10 mA
*Applies to 23256S/57S Power Down Versions Only
CAPACITANCE', Tp= 25°C, f = 1 MHZ
Symbol Parameter Condition Min Typ Max Units
CIN Input capacitance Al pins except pin under test 7.0 pF
Co Output capacitance are tied to ground 12.5 pF
Note: 1. Characteristics are the same for all Operating Temperature Ranges.
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23256/57

AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS

23256/57-15 23256/57-20 23256/57-25 23256HR-27
232561/571-15 | 232561/571-20 | 232561/57I-25 23257HR-27
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Units
tA Address access time 150 200 250 275 ns
tCE Chip enable access time 150 200 250 275 ns
tcs Chip select access time 80 100 120 135 ns
toE Output enable access time 80 100 120 135 ns
tDH Data hold time 0 0 0 0 ns
toFF CS active to data high 80 100 120 135 ns
Impedance
K
ADDRESS W VALID
tA tOH =
CSiICE
CS2*/0E* /[
toE
Ics —»
'ce
- -
DATA Hz W VALID
1
le——1OFF
*Programmable Chip Select CS2 and Output Enable OE are assumed to be active low for this example.

(7]
AC CONDITIONS OF TEST AC TEST LOAD CIRCUIT Eb
=)
=a
Input Pulse Levels ............ 0.8 Volts to 2.0 Volts = 2
Inputs Rise and Fall Times. . ................. 10 ns +5V &
Output Timing Levels.......... 0.8 Volts to 2.0 Volts
1.2k Q
G
%%BPEURT *100pF 1.7k Q
TEST
* Includes jig capacitance.
All diodes 1N3064 or equivalent.
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MECHANICALDATA  28PIN

23256/57

1.430-1.480

PLASTIC DUAL IN LINE (DIP)

oo aou
.150-.2!
.015-.075 Top of Pack;
Bottom of Package to Star
o vmxm

.008-.015 ﬂ ._: “
Lead
Thickness

5

Lead Ce m . l' —-”—Laad
.030-.070 Widih
Lad Shouier 01

|+ Lengh of Package — |
Pin1
nnnon n nnﬁ'
0 T

< .520- .560
‘Width of Package

50
kage 120-.160

Length of Lead
from Standoft

2-.025

580- 695
All dimensions are inches.
1.370-1.430
CERAMIC DUAL IN LINE (DIP) e Longmof Pacage __.F_ o
nonno nond] T
5
Width of Package
sgageg sgagegs
075-.175
015-075 TP St 120-160
i"??ni';-ckase o Sondot
.ooe-msH
Lead
Thickness
Lead
e L
o5 ~| l——g?? e vt;:;.ozs
All dimensions are inches.
PLASTIC LEADED CHIP CARRIER 435
(PLCC) h—— .450-.456 —{| .042-.048
dulsinialiaialisl

H4

BT

=)
042-086 —~| |-
f
A72 T
{ 042056

.020 |-— .410-.430 —‘i

All dimensions are inches.
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CMOS ROMS

introduction

NCR offers CMOS ROMs ranging in sizes
from 64K to 512K fabricated in a 2.75u technology.
ROM patterns are accepted in EPROM. If additional in-
formation is needed contact: NCR - Fort Collins, C.O.T.
Department.
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64K (8K X 8) CMOS ROM

¢ Fully Static Operation
e Silicon Gate CMOS Technology
® Maximum Access Time

23C64/65-15 ............ cereerececnaa.. 150ns
23C64/65-20 .....covvveiiiiaiiiinneee.. 2000
23C64/65-25 ....ovviiinnnnnnn cesisenens 250ns

/
23C64/65

* 5 Volt Only Operation

* Byte-Wide Industry Standard
JEDEC Pin-Out

® Available in Two Temperature Ranges
23C64/65 (Commercial) ........... 0°C to 70°C
23C64/651 (Industrial).......... —40°C to 85°C

The NCR 23C64 and 23C65 are mask programmable read-only memories with 8K word by 8 bit organizations. Designed
for ease of use, these devices require only a 5-volt supply, are TTL compatible, and because of their totally static (asy-
nchronous) operation, require no clock. These CMOS ROMS offer very low power dissipation in the operational mode
and have an automatic power down feature that significantly reduces power consumption in the standby mode. The NCR
23C64 is packaged in a 24-pin DIP and the 23C65 is packaged in a 28-pin DIP, both with industry standard byte-wide
JEDEC pin-outs. Optionally, the 23C65 is available in a space saving 28-pin surface mounted plastic leaded chip carrier.

PIN
CONFIGURATION
23C64 23C65
N/
P Ve NC 1 28] Vec
0 A8 A12 2 27%(;32’
[ A9 a7 3 26 csax
0 a2 as ] 4 25 A8
0 ce* asl s 24 A9
A ] s 233 an
H Ao a7 22 GE
0 an A s 213 a0
0 o ao 203 ©E
H o a0 1o 193 a7
o0 14 18] os
D os a1 12 173 os
0 o4 Q2 13 163 04
0 o3 Vss (14 150 @3

*Programmable High, Low or Don’t Care

Copyright © 1984 and 1986 by NCR Corporation, Dayton, Ohio, U.S.A.
All Rights Reserved. Printed in U.S.A.

NCR Memory Products 04/88

FUNCTIONAL
BLOCK DIAGRAM
o ——
GND———» 8
OF, csz.c83 é% __{ OUTPUT BUFFERS ]
Lt t
[ COLUMN DECODE
A0-A12 —F é —ﬂ § Ba MEMORY
13 m 2 ARRAY
2 Q 8K X8
IR
I
PIN NAMES
AO-A12 Address Inputs
Qo0-Q7 Data Outputs
CE Chip Enable
Vece 5V @ 10% Supply Voltage
Vss Ground
CS2,CS3 Chip Selects
OE Output Enable
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ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect

to ground

Storage temperature ..............

23C64/65

Stresses above “absolute maximum ratings” may result

in damage to the device. Functional operation of devices
at the “‘absolute maximum ratings” or above the recom-

mended operating conditions stipulated elsewhere in this
specification is not implied.

RECOMMENDED OPERATING CONDITIONS

23C64/65 23C641/651
Symbol Parameter Min Typ Max Min Typ Max Units
Vee Supply voltage* 4.5 5.0 5.5 45 5.0 5.5 Volts
ViH Input high level voltage 2.0 Vee 20 Vee Volts
ViL Input low level voltage -0.3 0.8 -0.3 0.8 Volts
Ta Operating ambient temperature 0 70 -40 85 °C
*Vgc must be applied at least 100 us before proper device operation is achieved.
STATIC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED
1
OPERATING CONDITIONS '(UNLESS OTHERWISE NOTED)
Symbol Parameter Condition Min Typ Max Units
IN Input leakage current VIN = 0V to Voc max 10 uA
lo Output leakage current Vo = 0.2to Vg max +10 WA
Chip Deselected
VOH Output high voltage IoH = -200pA 2.4 Volts
VoL Output low voltage loL = 3.2mA 0.4 Volts
loc? Supply current—active Outputs Open 25 mA
Isg® Supply current—standby Chip Deselected 10 uA
1
CAPACITANCE, TA = 25°C, f=1 MHZ
Symbol Parameter Condition Min Typ Max Units
CiN Input capacitance All pins except pin under test 10.0 pF
Co Output capacitance are tied to ground 125 pF
NOTES: 1. Characteristics are the same for both Commercial and Industrial Operating Temperature Ranges.
2. Current is proportional to cycle rate. Icc is measured at the specified minimum cycle time. Data outputs open.
_ ViL=Vss: Vi =Vcc
3. CE=> VCC-O.SV orCE < VSS + 0.3V
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23C64/65

AC CHARACTERISTICS OVER RECOMMENDED
OPERATING CONDITIONS'

23C64/65-15 23C64/65-20 23C64/65-25
Symbol Parameter Min Max Min Max Min Max Units
tA Address Access Time 150 200 250 ns
tce Chip Enable Access Time 150 200 250 ns
tDH Data Hold Time 0 0 0 ns
tOFF CS Active to Data High Impedance 80 80 80 ns
AC WAVEFORMS
RESS \\ i O
ADDI
tA tDH =
CE*,OE
CS2,Cs3 /[
tCE —>
QA )
VALID
DATA Hi-Z e A

re— tOFF —

*Programmable Chip Enable is assumed to be active low for this example.

AC TEST LOAD CIRCUIT AC CONDITIONS OF TEST
+5V Input Pulse Levels ............ 0.8 Volts to 2.0 Volts = E
Inputs Rise & Fall Times.................... 10 ns 23
% Output Timing Levels.......... 0.8 Volts to 2.0 Volts & 2
OUTPUT 1.2k Q o
UNDER
TEST

o T J[<}
*100 DFI 1.7k Q %

* Includes jig capacitance.
All diodes 1N3064 or equivalent.
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23C64/65

MECHANICAL. DATA
1.230-1.270
PLASTIC DUAL IN LINE (DIP) e —|
nnnn non I{

(24 PIN) -
q .520-.560
Width of Package
ouagu agagsgeg
.150-.250
015-075 Top of Package .
Bottom of Package 1o Standch Llfg?n .:!?.(e)ad
to Slandon from Standott
.008-.015 ﬂz :: ‘h
Lead
Thickness
Lead
smay"{ Lead Centers l—-— ——-»“ Lead
10 30-.070 Width
580- .695 090-1 Lga., rouiser 012-025
All dimensions are inches.
.430-1.
PLASTIC DUAL IN LINE (DIP g P
— Pin1
(28 PIN) nnnn nﬂﬂ{_T_
4 0O
( .520- .560
Width of Package
uguug jagegupey
.150-.250
015- Top of Package
ot o vt e S'a"?}" g
from Standoft

to Standot!

Lead Shoulder
Width
All dimensions are inches.

e %
LG

Lead
pr ‘y—'! Leau Ce«levs wmn
.580- .695

}o—— .485-.495 ——

PLASTIC LEADED CHIP CARRIER (PLCC) [

.485-.495 R
4

.042-.048

T 047.053

Pin1

042056+ |-

A72 T
4 .042-.056

i_:gl—— 410430 —]

All dimensions are inches.
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128K (16K X 8) CMOS ROM 23C128

¢ Fully Static Operation ¢ Fully TTL Compatible

¢ Silicon Gate CMOS Technology ® 5 Volt Only Operation

e Maximum Access Time e Byte-Wide industry Standard JEDEC Pin-Out
23C128-15. ..ttt ittt 150ns ® Available in Two Temperature Ranges
23C128-20. .. iiiiiieninennnennannanans 200ns 23C128 (Commercial), .......... .. 0°Cto70°C
23C128-25.cciiineeninnnnennnnns veseees 250ns 23C128I (Industrial)............ —40°C to 85°C

The NCR 23C128 is a mask programmable read-only-memory with a 16K word by 8 bit organization. Designed for ease
of use, this device requires only a 5 volt power supply, is TTL compatible, and because of its totally static (asynchronous)
operation, requires no clock. This CMOS ROM offers very low power dissipation in the operational mode and has an
automatie power down feature that significantly reduces power consumption in the standby mode. The active level of out-
put enable OE and chip select CS is programmable, thereby providing easier system implementation. The NCR 23C128
is packaged in a 28 pin DIP with an industry standard byte-wide JEDEC pin-out. Optionally, this device is available in a
space saving 28 pin surface mounted plastic leaded chip carrier.

PIN FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM 00.a7
Veg ——>
~N®M YW GND ee——p 8

ne . 1 \J/ 283 vee 8§2z:9232 ]
a2 2 27 [J cs* 8765 CS* —— 6§

= 21413 e —»{ 83 OUTPUT BUFFERS

as ] 4 25 [ a8 CE | © Q

as ] s 24 ] A9 T

A s 23 [ ] A1t

w7 22 oe* COLUMN DECODE

Al s 21 ] A0 3

ar e 20 [ CE

A0 10 19[Ja7 s r-

Qo (11 18 :] Q6 g

ar (12 17[Jas m

a2 []13 16 [ a4 § b -
vgs [ 14 15 ] a3 A0-A13 ——/—-» S > 2 - MEMORY =5

14 5};0 ﬁ Asnrw % §
*Programmable Output Enable and Chip Select » [o] 16K X8 =
High, Low or Don’t Care r? *
PIN NAMES
A0-A13 Address Inputs CE Chip Enable
Qo-Q7 Data Outputs vce 8V + 10% Supply Voltage
CS Chip Select Vvss Ground
OE Output Enable NC No Connection
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ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect to ground —0.5 to +7V
Storage temperature . ............. —65°C to 150°C

23C128

Stresses above ““absolute maximum ratings” may result
in damage to the device. Functional operation of devices

at the “absolute maximum ratings” or above the recom-
mended operating conditions stipulated elsewhere in this
specification is not implied.

RECOMMENDED OPERATING CONDITIONS

23C128 23C1281
Symbol Parameter Min Typ Max Min Typ Max Units
Vee Supply voltage* 45 5.0 55 45 5.0 5.5 Volts
ViH Input high level voltage 2.0 Vee 2.0 Vee Volts
ViL Input low level voltage -0.3 0.8 -0.3 0.8 Voits
Ta Operating ambient temperature 0 70 -40 85 °C
'Vcc must be applied at least 100 us before proper device operation is achieved.
STATIC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED
OPERATING CONDITIONS'(UNLESS OTHERWISE NOTED)
Symbol Parameter Condition Min Typ Max Units
IN Input leakage current VIN = OV to Vo¢ max 10 uA
lo Output leakage current Vo = 0.2to V¢ max +10 WA
Chip Deselected
VOH Output high voltage loH = -200uA 24 Volts
VoL Output low voltage loL = 3.2mA 0.4 Volts
loc? Supply current—active Outputs Open 35 mA
lsg? Supply current—standby Chip Deselected 40 uA
1
CAPACITANCE, TA = 25°C, f=1 MHZ
Symbol Parameter Condition Min Typ Max Units
CiN Input capacitance All pins except pin under test 10.0 pF
Co Output capacitance are tied to ground 125 pF
NOTES: 1. Characteristics are the same for both Commercial and Industrial Operating Temperature Ranges.
2. Current is proportional to cycle rate. Igc is measured at the specified minimum cycle time. Data outputs open.
ViL = Vss: ViH = Vce
3. CE = Vg -0.3Vor CE = Vgg + 0.3V
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23C128

AC CHARACTERISTICS OVER RECOMMENDED
OPERATING CONDITIONS'

23C128-15 23C128-20 23C128-25
Symbol Parameter Min Max Min Max Min Max Units

tA Address Access Time 150 200 250 ns
tce Chip Enable Access Time 150 200 250 ns
tcs Chip Select Access Time 75 100 125 ns
toE Output Enable Access Time 75 100 125 ns
toH Data Hold Time 0 0 0 ns
toFF CS Active to Date High Impedance 80 80 80 ns

AC WAVEFORMS

Q
X
§
W

« I
N I
e —
o e L
I I t“_-'—tom:—’:
| | e
DATA I:
|

1
5

*Programmable Output Enable and Chip Select are assumed to be active low.

AC TEST LOAD CIRCUIT AC CONDITIONS OF TEST x e
+5V g é
Input Pulse Levels............. 0.8 volts to 2.0 volts = <
Inputs Rise & Fall Times ... ................. 10 ns
OUTPUT 1.2k Q Output Timing Levels. ......... 0.8 Volts to 2.0 Volts
UNDER
TEST

1

T
*100 F’Fjlt 11.7k 0

* Includes jig capacitance.
All diodes 1N3064 or equivalent.

Il
L N N
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MECHANICAL DATA 28 Pin

23C128

.008-.015
Lead
Thickness

Lead
Splay

.580- .695

Lead Centers
.090-.110

PLASTIC DUAL IN LINE (DIP) 1.430-1.480
Length of Package
Pin1
annn an ['l‘-
0
c .520- .560
Width of Package
uuadyu guay
.150-.250
.015-.075 Topof Package  120..160
Bottom of Package v Standciﬂ Length of Lead
to Standoft | from Standoff

L
ik

]
.030-.070 _."‘_ '\ﬁﬁ'

- Lead Shoulder .012-.025

Width

All dimensions are inches.

PLASTIC LEADED CHIP CARRIER (PLCC)

le——.485-.495 ———»

.042-.048

.485-.495 J

i

i-—— .450-.456 ——»|

!

T
.047-.053
Pin1

[oXN

.450-
.456

T
A72

020 l- .410-.430 44

.042-,056 —-| |‘3
|

.
.042-.056

All dimensions are inches.
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256K (32K X 8) CMOS ROM 23C256

o Fully Static Operation * 5 Volt Only Operation

e Silicon Gate CMOS Technology ¢ Byte-Wide Industry Standard

¢ Maximum Access Time JEDEC Pin-Out
23C256-15.....c0iviiinnnnnn. ceeeseess. 150ns e Available in Two Temperature Ranges
23C256-20.....ccciiviieeennerneenaan.. 200ns 23C256 (Commercial) ............. 0°C to 70°C
23C256-25. .. ccviininnnnns [ .A 1) 11 23C2561 (Industrial). ...... vees. —40°C to 85°C

e Fully TTL Compatible

The NCR 23C256 is a mask programmable read-only-memory with a 32K word by 8 bit organization. Designed for ease
of use, this device requires only a 5 volt power supply, is TTL compatible, and because of its totally static (asynchronous)
operation, requires no clock. This CMOS ROM offers very low power dissipation in the operational mode and has an
automatic power down feature that significantly reduces power consumption in the standby mode. The active level of out-
put enable OE is programmable, thereby providing easier system implementation. The NCR 23C256 is packaged in a 28
pin DIP with an industry standard byte-wide JEDEC pin-out. Optionally, this device is available in a space saving 28 pin
surface mounted plastic leaded chip carrier.

PIN FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
Qo-Q7
T — 6
—_—
Y
NC E 1 28 [ vee 8
a2 2 277 ata 62 OUTPUT BUFFERS
ar (] s 26 [ ] A13 %‘ %5‘ |
A 4 25 (] A8 CE —;" Q
A5 [: 5 24 ] A9
Al s 23 7] An — COLUMN DECODE
a7 22 [] OE*
a2l] s 21 73 at0
At e 20 [J CE
Ao 10 19 [ a7 6 r—
Qo 1 18 ] Q6 %
a1 12 17 1 Qs @ [}
Q2 [ 16 [Jas 3 2 x5
vss s 15 as A0 - A14—r,—>] = > 2 — MEMORY 23
15 m R AR L2
p ] o 32K X8 o
* Programmable Output Enable High, Low or Don't Care. @ 8
m
PIN NAMES
—J

AO0-A14 Address Inputs
Qo-Q7 Data Outputs
OE Output Enable
CE Chip Enable
vVce 5V +10% Supply Voltage
Vss Ground
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ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect

to ground

—-0.5to +7V
Storage temperature .. ............ —65°C to 150°C

23C256

Stresses above “absolute maximum ratings” may result
in damage to the device. Functional operation of devices
at the “absolute maximum ratings”’ or above the recom-
mended operating conditions stipulated elsewhere in this
specification is not implied.

RECOMMENDED OPERATING CONDITIONS

23C256 23C2561
Symbol Parameter Min Typ Max Min Typ Max Units
Voo Supply voltage* 4.5 5.0 5.5 4.5 5.0 5.5 Volts
ViH Input high level voltage 2.0 Vee 2.0 Vee Volts
ViL Input low level voltage -0.3 0.8 -0.3 0.8 Volts
TA Operating ambient temperature 0 70 -40 85 °C

"Vcc must be applied at least 100 us before proper device operation is achieved.

STATIC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED
OPERATING CONDITIONS' (UNLESS OTHERWISE NOTED)

Symbol Parameter Condition Min Typ Max Units
IN Input leakage current VIN = 0V to Voc max 10 uA
lo Output leakage current Vo = 0.2to Vgc max +10 A
Chip Deselected
VOH Output high voltage IoH = -200pA 2.4 Volts
VoL Output low voltage loL = 3.2mA 0.4 Volts
lcc? Supply current—active Outputs Open 35 mA
Isg® Supply current—standby Chip Deselected 40 uA
CAPACITANCE', TA = 25°C, f=1 MHZ
Symbol Parameter Condition Min Typ Max Units
CIN Input capacitance All pins except pin under test 10.0 pF
Co Output capacitance are tied to ground 12.5 pF

NOTES: 1. Characteristics are the same for both Commercial and Industrial Operating Temperature Ranges.
2. Current is proportional to cycle rate. |5 is measured at the specified minimum cycle time. Data outputs open.

ViL = Vss: Vi = Vee

3. CE = Vg - 0.3V or CE = Vgg + 0.3V

466

NCR Memory Products 04/88




23C256

AC CHARACTERISTICS OVER RECOMMENDED
OPERATING CONDITIONS'

23C256-15 23C256-20 23C256-25
Symbol Parameter Min Max Min Max Min Max Units

ta Address Access Time 150 200 250 ns
tce Chip Enable Access Time 150 200 250 ns
tOE Output Enable Access Time 75 100 125 ns
tbH Data Hold Time 0 0 0 ns
toFF CS Active to Date High Impedance 80 80 80 ns

AC WAVEFORMS

OE* t i
| NCE TV
! | "_——I—'OFF_’:
| : | DH | :
| L

DATA :
!
I

*Programmable Output Enable is assumed to be active low.

AC TEST LOAD CIRCUIT

(2]
+5V AC CONDITIONS OF TEST EG
=a
Input Pulse Levels ............ 0.8 Volts to 2.0 Volts 22
o:ggg; 1.2k 0 Inputs Rise & Fall Times . . ... .o.vvvvvnenn... 10 ns &
TEST Output Timing Levels.......... 0.8 Volts to 2.0 Volts
<3

L1
™~
*100 pF== 1.7k Q

* Includes jig capacitance.
All diodes 1N3064 or equivalent.
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MECHANICAL DATA 28 Pin

23C256

PLASTIC DUAL IN LINE (DIP) 1.430-1.480
Length of Package ————-{
Pin 1
annn 0nn {
)
.520- .560
q Width of Package
auuau aoud
.150-.250
.015-.075 Topof Package  120. 160
Bottom of Package o Standoft Length of Lead
to Standoﬂ I from Standoff

.008-.015
Lead
Thickness

}__ Lead __.'
Splay

.580- .695

Lead Centers
.090-.110

i

JL

Lead
Width

.012-.025

.030-.070 —_"_

Lead Shoulder

All dimensions are inches.

PLASTIC LEADED CHIP CARRIER (PLCC)

le——.485-.495

je——.450-.456 ——{ | .042-.048

!

1

.485-.495

.456

.450-

1t

1047053
Pin1

b

o 1

.042—.056——, [D_

!
A72

.020 L—- .410-.430——*‘

-
.042-.056

All dimensions are inches.
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512K (64K X 8) CMOS ROM 23C512

¢ Fully Static Operation ® 5 Volt Only Operation

e Silicon Gate CMOS Technology ¢ Byte-Wide Industry Standard

® Maximum Access Time JEDEC Pin-Out
23C512-15. oo vviiiiii ittt 150 ns ® Available in Two Temperature Ranges
23C512-20. .0 iiiiiiiiiiti it 200 ns 23C512 (Commercial) ............. 0°C to 70°C
23C512-25. ittt 250 ns 23C5121 (Industrial). .. ......... —40°C to 85°C

Fully TTL Compatible

The NCR 23C512 is a mask programmable read-only-memory with a 64K word by 8 bit organization. Designed for ease
of use, this device requires only a 5 volt power supply, is TTL compatible, and because of its totally static (asynchronous)
operation, requires no clock. This CMOS ROM offers very low power dissipation in the operational mode and has an
automatic power down feature that significantly reduces power consumption in the standby mode. The active level of out-
put enable OE is programmable, thereby providing easier system implementation. The NCR 23C512 is packaged in a 28
pin DIP with an industry standard byte-wide JEDEC pin-out. Optionally, this device is available in a space saving 32 pin
surface mounted plastic leaded chip carrier.

PIN FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM .07
Vg ——— ]
" GND ————p 8

A15 1 28 [ Voo o

a2 2 27 [ Ata o ég ] OUTPUT BUFFERS

a7 s 26 [] A13 oE ) '8 [

As ] 4 25 (] A8 ‘

As[] s 24 ] A9

COLUMN DECODE

v m il 23 [] A11

Al 7 22 [ OE*

Al s 21 A_10 . —

al] e 20 [ CE S

Ao 10 19 [1a7 o

(] - [7¢]

Qo 11 18[J 06 ] ) gy

a1 17 [Jas A0 -A15—— g sk MEMORY %§

Q2 s 16 J 4 16 m 8 ARRAY =c

P, o 64K X 8 8-
vgg (] 14 15 [J @3 o S
m
*Programmable Output Enable High, Low or Don’t Care
PIN NAMES
S—

A0-A15 Address Inputs
Qo0-Q7 Data Outputs
OE Output Enable
CE Chip Enable
vece 5V + 10% Supply Voltage
Vss Ground
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ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect

to ground

Storage temperature ..............

—65°C to 150°C

23C512

Stresses above ‘‘absolute maximum ratings” may result

—0.5to +7V

in damage to the device. Functional operation of devices
at the ““absolute maximum ratings’’ or above the recom-

mended operating conditions stipulated elsewhere in this
specification is not implied.

RECOMMENDED OPERATING CONDITIONS

23C512 23C5121
Symbol Parameter Min Typ Max Min Typ Max Units
Vee Supply voltage* 4.5 5.0 5.5 4.5 5.0 5.5 Volts
ViH Input high level voltage 2.0 Vee 2.0 Vee Volts
ViL Input low level voltage -0.3 0.8 -0.3 0.8 Volts
Ta Operating ambient temperature 0 70 -40 85 °C
“Vcc must be applied at least 100 ps before proper device operation is achieved.
STATIC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED
OPERATING CONDITIONS' (UNLESS OTHERWISE NOTED)
Symbol Parameter Condition Min Typ Max Units
IN Input leakage current VIN = OV to Vg max 10 WA
lo Output leakage current Vo = 0.2to Vg max +10 uA
Chip Deselected
VOH Output high voltage loH = -200uA 2.4 Volts
VoL Output low voltage loL = 3.2mA 0.4 Volts
lcc? Supply current—active Outputs Open 40 mA
Isg® Supply current—standby Chip Deselected 40 uA
CAPACITANCE', TA = 25°C, f=1 MHZ
Symbol Parameter Condition Min Typ Max Units
CIN Input capacitance All pins except pin under test 10.0 pF
Co Output capacitance are tied to ground 12.5 pF
NOTES: 1. Characteristics are the same for both Commercial and Industrial Operating Temperature Ranges.
2. Current is proportional o cycle rate. ¢ is measured at the specified minimum cycle time. Data outputs open.
ViL =Vss:ViH = Vce
3. CE = V- 0.3V or CE < Vgg + 0.3V
470 NCR Memory Products 04/88




23C512

AC CHARACTERISTICS OVER RECOMMENDED
OPERATING CONDITIONS'

23C512-15 23C512-20 23C512-25
Symbol | Parameter Min | Max | Min | Max | Min ]| Max | Units
ta Address Access Time 150 200 250 ns
tcE Chip Enable Access Time 150 200 250 ns
toE Output Enable Access Time 75 100 125 ns
toH Data Hold Time 0 0 0 ns
toFF CS Active to Date High Impedance 80 80 80 ns

OE*

DATA

*Programmable Output Enable is assumed to be active low.

AC TEST LOAD CIRCUIT AC CONDITIONS OF TEST

w

> b=

+5V Input Pulse Levels............. 0.8 volts to 2.0 volts g8

Inputs Rise & Fall Times . ................... 10 ns E =

OUTPUT kg Output Timing Levels.......... 0.8 volts to 2.0 volts =g
UNDER

TEST

O-

*100 p’:}: 1.7k Q

* includes jig capacitance. —
All diodes 1N3064 or equivalent.
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23C512
MECHANICAL DATA

PLASTIC DUAL IN LINE 1.430-1.480
(28 Pln) <—.—Ler;gth of P.ackage [E——
Pin 1
onao ann [5’ T
0
( .520- .560
Width of Package
uuuyg uuau
.150-.250
.015-.075 Topof Package 40 1
Bottom of Package to Standoft Length of Lgad
to Standoft I from Standoff
.008-.015
Lead
Thickness

I‘; Lead —“' Lead Centers t.— ——) '4— Lead
Selay .090-.110 .030-.070 Width l

-580- .695 Lead Shoulder .012-.025
Width
All dimensions are inches.

PLASTIC LEADED CHIP CARRIER

(32 Pin) -590
.550 045
{
2t
40 o OB, - .049-051
l Pin 1

* ‘045—-—1 !——‘
04 (000000000 &

.520 FOR 9 PIN SIDE ‘__!
021 .420 FOR7PIN SIDE

All dimensions are in inches with +.005 tolerance.
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MILITARY PRODUCTS REFERENCE

NCR’s full line of memory products is available For further information regarding NCR mili-
in military temperature ranges. Information regarding tary products, please call or write the following source.
these products can be found in the Memory Products
section in this data book. NCR Military Products

1635 Aeroplaza Drive

In addition to NCR memory products, our mili- Colorado Springs, Colorado 80916

tary business unit plans to offer the 53C80, 53C81 and 1-800-543-5618

53C90 SCSI products screened to military specifica-
tions. Commercial versions of these products are in-
cluded in the SCSI Products section in this data book.
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name and mark of

NCR Corporation.

© 1988 NCR Corporation
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