SN74AS8839
32-Bit
Shuffle/Exchange Network

® High speed data manipulation

¢ Shuffles up to 32-Bit data streams

® Performs shuffle and exchange permutations on entire data
streams or substrings for implementing algorithms and/or
matrix operations

® 24 mA bus drivers

e 3.State outputs allow 32-bit and 16-bit bus interface

® 85-pin package

Texas Instruments quality and reliability
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Description
The SN74AS8839 is a high-speed 32-bit shuffle/

exchange network in an 85-pin ceramic pin-grid
array package. The device can perform data
permutations on 32-bit, 16-bit, and 8-bit or 4-bit
words in a single instruction cycle of under 25 ns.

The type of data permutation to be performed is
determined by an input decoder. Data manipula-
tion is not clock dependent and is restricted only
by internal propagation delays. The delay is the
same regardless of the number of positions to be
routed, resulting in a high-speed shuffle.

Three-state output controls allow the ‘AS8839 to
be interfaced with 32-bit or 16-bit data buses.

The shuffle/exchange network is designed for use
primarily in multiple processor applications. The
device can be used to implement single instruction
multiple data (SIMD) array processors. SIMD
processors are used in applications such as matrix
multiplication, parallel sorting, and parallel Fast
Fourier Transforms (FFTs). The shuffle/exchange
networks can also be used for fault tolerant
computer applications.

Data Permutations

The 'AS8839 performs five types of data permuta-
tions on one 32-bit, two 16-bit, and four 8-bit or
eight 4-bit data words:

1. Perfect shuffle

2. Inverse shuffle
3. Upper broadcast
4. Lower broadcast
5. Bit exchange

Hypothetical examples of these permutation types
for an 8-bit data word are given in Figure 2.

2

Data permutations are performed by a series of
multiplexers arranged in four levels:

1. A 32-bit multiplexer;

2. Two 16-bit multiplexers;

3. Four 8-bit multiplexers or eight 4-bit
multiplexers;

4. One 32-bit multiplexer.

Data can be shuffled at each of these levels in a
single pass through the chip or shifted at selected
levels and passed through the others without
alteration.

Data Flow

Data is input to the chip on the D port, which
passes data to a 32-bit multiplexer, where it is
shuffled or passed unaltered according to the
inputs on the SFT6-SFT5 pins (see Tables 1-5).
Output from the 32-bit multiplexer is input to two
16-bit multiplexers for permutation or pass opera-
tions as coded on SFT4-SFT3. Output from this
stage passes to four 8-bit multiplexers or eight 4-bit
multiplexers for parallel permutation operations,
according to the SFT2-SFT1 inputs. Output from
these processors passes to a 32-bit multiplexer
where it is permuted or passed according to the
SFTO input. The result is passed out of the chip
through the 32-bit Y port.

Instruction Set

Possible modes of operation at the device’s four
levels are shown in Tables 1-5. Mode selection is
controlled by seven SFT inputs, as shown in the
tables.
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PERFECT
SHUFFLE

INVERSE
SHUFFLE

UPPER
BROADCAST

LOWER
BROADCAST

EXCHANGE
BIT POSITIONS

D7 D6 D5 D4 D3 D2
Y7 Y6 Y5 Y4 Y3 Y2
D7 Dé D5 D4 D3 D2
Y7 Yé YS Y4 Y3 Y2
D7 Dé D5 D4 D3 D2
Y7 Y6 Y5 Y4 Y3 Y2
D7 D6 D5 D4 D3 D2
Y7 Y6 Y5 Y4 Y3 Y2
D7 D6 D5 D4 D3 D2
Y7 Y6 Y5 Y4 Y3 Y2

D1 DO
Y1 YO
D1 DO
Y1 YO
D1 DO
Y1 YO
D1 DO
Y1 YO
D1 DO
Y1 YO

4

Figure 2. Permutation Types, 8-Bit String
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Table 1. 32-Bit Multiplexer Operations

Signal
Multiplexer
Level SFT6 SFT5 Operation Notes
1 0 0 Pass data unaltered
0 1 Perfect shuffle
{One 32- 1 0 Inverse shuffle
bit word) 1 1 Upper broadcast
— — Lower broadcast Can be performed as lower broadcast
at 16-bit multiplexer level (see Table 2).
Table 2. 16-Bit Muitiplexer Operations
Signal
Multtiplexer
Level SFT4 SFT3 Operation Notes
2 0 0 Pass data unaltered
0 1 Perfect shuffle
(Two 16- 1 0 Inverse shuffle
bit words) — — Upper broadcast Can be performed as upper broadcast
at 32-bit multiplexer level (see Table 1).
1 1 Lower broadcast
Table 3. 8-Bit Multiplexer Operations
Signal
Multiplexer
Level SFT2 SFT1 Operation Notes
3 (o) 0 Pass data unaltered
0 1 Perfect shuffie
(Four 8- 1 0 Inverse shuffle
bit words) — — Lower broadcast Can be performed as lower broadcast
at 16-bit multiplexer level (see Table 2).
— — Upper broadcast Can be performed as upper broadcast
at 32-bit multiplexer level (see Table 1).
Table 4. 4-Bit Muiltiplexer Operations
Signal
Multiplexer
Level SFT2 SFT Operation Notes
3 (o) (o) Pass data unaltered
1 1 Perfect shuffle
(Eight 4- 1 1 Inverse shuffle
bit words) — - Lower broadcast Can be performed as lower broadcast

Upper broadcast

at 16-bit multiplexer level {(see Table 2).

Can be performed as upper broadcast

at 32-bit multiplexer level (see Table 1).
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Table 5. Bit Exchange Multiplexer Operations

Signal
Multiplexer
Level SFT6 Operation Notes
4
(o] Pass data unaltered

(One 32- 1 Exchange bits

bit word)
Examples
The instruction set for the ‘AS8839 is further sum- through the other levels. In example 12, data is
marized in Examples 1-12. Examples 1-11 illustrate permuted at two multiplexer levels during a single
the data permutations possible at each multiplexer pass through the chip.

level, assuming that data is passed unaltered

Instruction

CONTROL INPUTS
SFT6 SFT5 SFT4 SFT3 SFT2 SFT1 SFTO

0 0 0 0

Example 1. Perform a perfect shuffle on a 32-bit
word and pass the result to the Y port. 0 1 0

RESULT

D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16 D15 D14 D13 D12 D11 D)0 DOS DO8 DO7 D06 DOS D04 DO3 D02 DO1 DOO

Y31 Y30 Y29 Y28 Y27 Y26 Y25 Y24 Y23 Y22 Y21 Y20 Y19 Y18 Y17 Y16 Y15 Y14 Y13 Y12 Y11 Y10 YO9 YO8 Y07 Y06 YO5 Y04 Y03 Y02 Y01 YOO

Instruction

CONTROL INPUTS
SFT6 SFT5 SFT4 SFT3 SFT2 SFT1 SFTO

0

Example 2. Perform an inverse shuffle on a 32-bit
word and pass the result to the Y port. 1 0 0 0 0 0

RESULT

D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16 D15 D14 D13 D12 D11 D10 D09 D@8 D07 DQ6 DO5 D04 DO3 DO2 D01 DOO

Y16 Y15 Y14 Y13 Y12 Y11 Y10 Y09 Y08 Y07 Y06 YO5 Y04 YO3 Y02 Y01 YOO

~

Y31 Y30 Y29 Y28 Y27 Y26 Y25 Y24 Y23 Y22 Y21 Y20 Y19 Y18 Y1

6
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Instruction

CONTROL INPUTS
SFT6 SFT5 SFT4 SFT3 SFT2 SFT1 SFTO

Example 3. Perform an upper broadcast on a 32-bit
word and pass the result to the Y port. 1 1 0 0 0 0 0

RESULT

31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16 D15 D14 D13 D12 D11 D10 D09 D08 D07 D06 DOS D04 D03 D02 DO1 DOO

Q

31 Y30 Y29 Y28 Y27 Y26 Y25 Y24 Y23 Y22 Y21 Y20 Y19 Y18 Y17 Y16 Y15 Y14 Y13 Y12 Y11 Y10 YO9 YO8 Y07 Y06 YO5 YO4 YO3 Y02 Y01 YOO

<

Instruction

CONTROL INPUTS

Example 4. Pass a 32-bit word through the '‘AS8839 SFT6 SFTS SFT4 SFT3 SFT2 SFT1 SFTO

without permutation. 0 0 0 0 0 0 0

RESULT
D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16 D15 D14 D13 D12 D11 D10 D09 D08 DO7 D06 DO5 D04 DO3 DO2 DO1 DOO

Y31 Y30 Y29 Y28 Y27 Y26 Y25 Y24 Y23 Y22 Y21 Y20 Y19 Y18 Y17 Y16 Y15Y14Y13Y12Y11 Y10 YO9 YO8 YO7 YO6 YO5 YO4 YO3 Y02 YO1 YOO

Instruction

CONTROL INPUTS
SFT6 SFT5 SFT4 SFT3 SFT2 SFT1 SFT0

Example 5. Perform a perfect shuffle on two 16-bit
words and pass the result to the Y port. o] 0 0 1 0 0 0

RESULT

16-bit Substring I I 16-bit Substring I

D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16 D15 D14 D13 D12 D11 D10 D09 DQ8 DO7 D06 DOS D04 DO3 DO2 D01 DOO

Y31 Y30 Y29 Y28 Y27 Y26 Y25 Y24 Y23 Y22 Y21 Y20 Y19 Y18 Y17 Y16 Y15 Y14 Y13 Y12Y11 Y10 Y09 YO8 YO7 YO6 Y05 YO4 YO3 YO2 YO1 YOO
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Instruction

CONTROL INPUTS
SFT6 SFT5 SFT4 SFT3 SFT2 SFT1 SFTO

Example 6. Perform an inverse shuffle on two

16-bit words and pass the result to the Y port. o 0 1 0 0 0 0
RESULT

[ 16-bit Substring l |7 16-bit Substring l

D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16 D15 D14 D13 D12 D11 D10 DO9 DOS DO7 DOE DOS DO4 DO3 DO2 DO1 DOO

Y31 Y30 Y29 Y28 Y27 Y26 Y25 Y24 Y23 Y22 Y21 Y20 Y19 Y18 Y17 Y16 Y15 Y14 Y13 Y12 Y11 Y10 Y09 YO8 Y07 Y06 YO5 YO4 YO3 YO2 YO1 YOO

Instruction

CONTROL INPUTS
SFT6 SFT5 SFT4 SFT3 SFT2 SFT1 SFTO

0 0 1 1 0 0 0

Example 7. Perform a lower broadcast on two
16-bit words and pass the result to the Y port.

RESULT

I 16-bit Substring I | 16-bit Substring I

D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16 D15 D14 D13 D12 D11 D10 D09 D08 DO7 D06 DOS DO4 DO3 D02 D01 DOO

Y31 Y30 Y29 Y28 Y27 Y26 Y25 Y24 Y23 Y22 Y21 Y20 Y19 Y18 Y17 Y16 Y15 Y14 Y13 Y12 Y11 Y10 Y09 Y08 Y07 YO6 YOS5 Y04 YO3 Y02 YO1 YOO

Instruction

CONTROL INPUTS
SFT6 SFT5 SFT4 SFT3 SFT2 SFT1 SFTO

Example 8. Perform a perfect shuffle on four 8-bit
words and pass the result to the Y port. 0 o 0 0 0 1 0

RESULT

I_— 8-bit Substring I I— 8-bit Substring —] |-— 8-bit Substring ——l |—— 8-bit Substring ——l

D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16 D15 D14 D13 D12 D11 D10 D09 D08 D07 D06 DO5 D04 DO3 DO2 DO1 DOO

<

31 Y30 Y29 Y28 Y27 Y26 Y25 Y24 Y23 Y22 Y21 Y20 Y19 Y18 Y17 Y16 Y15 Y14 Y13 Y12 Y11 Y10 Y09 YO8 YO7 Y06 YOS5 Y04 Y03 YO2 Y01 YOO

8
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Instruction

CONTROL INPUTS
SFT6é SFT5 SFT4 SFT3 SFT2 SFT1

SFTO

Example 9. Perform an inverse shuffle on four 8-bit
words and pass the result to the Y port.

0 (Y] 0o 0 1 0

0

RESULT

8-bit Sub

| | e ] ]

8-bit Substring

—

8-bit Substring

R

8-bit Substring

D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16 D15 D14 D13 D12 D11 D10 D09 D08 DO7 D06 D05 D04 DO3 D02 DO1 D00

Y31 Y30 Y29 Y28 Y27 Y26 Y25 Y24 Y23 Y22 Y21 Y20 Y19 Y18 Y17 Y16 Y15 Y14 Y13 Y12 Y11 Y10 Y09 YO8 Y

Instruction

D7 YO6 YO5 Y04 YO3 YO2 YO1 YOO

—

CONTROL INPUTS

Example 10. Perform a perfect shuffle on eight SFT6 SFTS SFT4 SFT3 SFT2 SFT1 SFTO
4-bit words and pass the result to the Y port. ) 0 o ) 1 1 o
RESULT
4-bit 4-bit 4-bit 4-bit 4-bit 4-bit 4-bit 4-bit
Substring Substring Substring Substring Substring Substring Substring_ Substring

Q

Y31 Y30 Y29 Y28 Y27 Y26 Y25 Y24 Y23 Y22 Y21 Y20 Y19 Y18 Y17 Y16 Y16 Y14 Y13 Y12Y

Instruction

31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16 D15 D14 D13 D12 D11 D10 D09 DO8 DO7 D06 DOS5 D04 DO3 D02 DO1 DOO

1 Y10 YO9 Y08 Y07 YO6 YO5 YO4 YO3 YO2 Y01 YOO

CONTROL INPUTS
SFT6 SFT5 SFT4 SFT3 SFT2 SFT1

SFTO

Example 11. Bit-exchange a 32-bit word and pass
the result to the Y port.

0 0 0 0 0 0

1

RESULT

D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16 D15 D14 D13 D12 D11 D10 D09 D08 D07 DO6 DOS DO4 DO3 DO2 DO1 DOO

Y31 Y30 Y29 Y28 Y27 Y26 Y25 Y24 Y23 Y22 Y21 Y20 Y19 Y18 Y17 Y16 Y15 Y14 Y13 Y12 Y11 Y10 Y09 YO8 Y07 Y06 YO5 Y04 Y03 Y02 Y01 YOO
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Instruction

) CONTROL INPUTS
Example 12. Perform a perfect shuffle on a 32-bit SFT6 SFTS SFT4 SFT3 SFT2 SFT1  SFTO
word, followed by a lower broadcast; pass the result
to the Y port. 0 1 1 1 o 0 01

RESULT
D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D18 D18 D17 D16 D15 D14 D13 D12 D11 D10 D09 D08 DO7 D06 DOS D04 DO3 DO2 DO1 DOO

oo O O W O G,
CSSISISISISISRSZSS

Ay,
RN N~

31 d15 d30 d14 d29 d13 d28 d12 d27 d11 d26 d10 d25 d09 d24 d08 d23 d07 d22 d06 d21 d05 d20 d04 d19 d03 d18 d02 d17 dO1 d16 dOOo

LA

d30 d30 d28 d28 d26 d26 d24 d24 d22 d22 d20 d20 di8 di8 d16 d16 d14 d14 di2 d12 d10 d10 d08 d08 d06 d06 d04 d04 d02 d02 d0O dOO

¢
!
&
X
|
X
/:
)

[-%

d30 d30 d28 d28 d26 d26 d24 d24 d22 d22 d20 d20 d18 d18 d16 d16 d14 d14 d12 d12 d10 d10 d08 d08 dO6 d06 d04 d04 d02 d02 d00 d0O

Y31 Y30 Y29 Y28 Y27 Y26 Y25 Y24 Y23 Y22 Y21 Y20 Y19 Y18 Y17 Y16 Y15 Y14 Y13 Y12 Y11 Y10 Y09 Y08 Y07 Y06 Y05 Y04 Y03 Y02 YO1 YOO

Fast Fourier Transforms
Using the 'AS8839

Figure 3 is a generalized representation of a single new vector to the next level of ‘AS8839s. Vector
instruction multiple data (SIMD) processor permutations for each stage of the FFT calculation
designed to perform the parallel Fast Fourier are shown in Figure 5.

Transform (FFT) algorithm of Figure 4. ‘AS8839

shuffle/exchange networks are used to perform all Figure 6 shows the FFT algorithm in flow chart

of the necessary vector permutations and present form. At certain points in the flow chart, the data
the resultant permuted vector to the processing flow has been broken into two paths to indicate
elements (PEs). The PEs perform the required shuffle/exchange operations that can be carried out

multiply and accumulate functions and present the
10
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simultaneously if parallel banks of 'AS8839s are
provided in the SIMD processor design. Figure 8
traces data flow through a system based on this
option. The X7-X0 inputs in these figures
represent vectors. Figure 7 shows how to intercon-
nect Stage 1 of an eight-point, 4-bit precision FFT.

Each of the eight vectors in the Figure 3 illustra-
tion is N bits wide, where N = 2x and X=0). The
formula for calculating the number of shuffle/
exchange devices necessary for a two-pass shuffle
exchange network is V X N / 32, where V =
number of vectors and N = width of vector in
bits. Figure 8 shows the connections required for

one level of 'AS8839s for 8 vectors of 22 bits. This

example uses one ‘AS8839 for each level (8 x
4 / 32). If the 8 vectors were 2 bits wide, four
‘AS8839s would be necessary for each level

8 x 16 / 32).

The flow diagrams that are shown for 8-point FFT
calculations throughout this application are valid
for 8 vectors of up to 32-bit precision. The flow
diagrams and required premutations for an FFT
calculation on more than 8 data points will differ,
but the overall idea is the same. In order to use
the ‘AS8839 for FFT calculation as described here,
the number of points must be a radix of 2 (2%, 23,
2+...), and the number of processing elements
must equal the number of data points.

X7 X6 X5 X4 X3 X2 X1 X0
* n * n * n * n * n * n //I'I * n
'AS8839 (Q)*
l
>
)
m
‘AS8839 (Q)* -
t
*Q = NUMBER OF PED GE; PEs)  (PE4, EE; 69 QEP GED
‘AS8839s REQUIRED
Q=N+n
32 ‘AS8839 (Q)*
N = NUMBER OF POINTS
IN CALCULATION. :
MUST BE RADIX OF 2. ]
>
n = DATA PRECISION. ‘AS8839 (Q)* ]
MUST BE RADIX OF 2. N
tPE = PROCESSING
FLEENTS. ® 66 6 G 6 ©
‘AS8839 (Q)*
(7]
-
>
PE; PEg PE PE, @ PE PE, PE, a
w
n n n n n n n n
Y7 Y6 Y5 Ya Y3 Y2 Y1 YO

Figure 3. Generalized Architecture for N =8 Point FFT Computations

11
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STAGE 1

X7 X6 X5 X4 X3 X2 X1 X0 X7 X6 X5 X4 X3 X2 X1 X0
X7 X6 X5 X4 X7 X6 X5 X4 X3 X2 X1 X0 X3 X2 X1 X0
..‘.

SSISSSISIS
S EOEOESES

STAGE 2

A7 A6 A5 A4 A3 A2 A1 A0 A7 A6 A5 A4 A3 A2 A1 A0

w2 ~
w6 | wé ’ wé \ wo\ wo

A7 A6 A3 A2 A7 A6 A3 A2 A5 A4 A1 A0 A5 A4 A1 AO
<>
P,
SIS
S O OS> >
SIS
B7 B6 B5 B4 B3 B2 B1 BO

STAGE 3
B7 B6 B5 B4 B3 B2 B1 BO B7 B6 B5 B4 B3 B2 B1 BO
w7?7| wé/ ws w2\ wt\wo
wé
B7 B5 B3 B1 B7 B5 B3 B1 B6 B4 B2 BO B6 B4 B2 BO

Figure 5. Permutations to be Performed for Figure 3 FFT Computation
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PERFORM 8-BIT SHUFFLE
ON VECTORS X7-X0
PERFORM UPPER PERFORM LOWER
BROADCAST BROADCAST
AND 8-BIT INVERSE AND 8-BIT INVERSE
- SHUFFLE ON RESULT SHUFFLE ON RESULT
|
-
» an|
MULTIPLY RESULT BY W
in=0,
COMPUTE NEW VECTORS
A7-A0*
PERFORM 8-BIT SHUFFLE
ON VECTORS A7-A0
PERFORM UPPER PERFORM LOWER
BROADCAST BROADCAST
o AND 8-BIT INVERSE AND 8-BIT INVERSE
4y SHUFFLE ON RESULT SHUFFLE ON RESULT
i I
[
2n
MULTIPLY RESULT BY W
in=0,1,23)
COMPUTE NEW VECTORS
87-80**
P ROADCAST P ROABCAST an
BROAD
AND 8-BIT wvense IS\NDF&BEITOINVER;‘I)E *A7-A4 = Xn*W + Xn-4,n =17,6,56,4
SHUFFLE ON B7-BO HUFFLE ON B7- ALAOG = Xn * Xn-a.n = 7. 6. 5. 4
m l 2n
& N «*B7B4 = Xn*W + Xn-4,n=7,6,5,4
= MULT(':IPI._Y :RE?ULT 3\7! w B4-BO = Xn + Xn-4,n = 7,6, 5,4
n
I *A7-A4 = Xn*W + Xn-4,n=17,6,5,4
A4-A0O = Xn + Xn-4,n =7,6,5, 4
COMPUTE RESULT
Y7-YO***

Figure 6. Flow Chart for Figure 3 FFT Computation
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CONTROL DATA

ALGORITHM SFT6-SFTO
INPUT DATA

8-BIT SHUFFLE 0000010
32-BIT UPPER

BROADCAST/ 1100000
32-BIT LOWER

BROADCAST 0011000
8-BIT INVERSE

SHUFFLE 0000100
MULTIPLY

COMPUTE A7-A0

INPUT DATA

4-BIT SHUFFLE 0000110
32-BIT UPPER

BROADCAST/ 0000100
32-BIT LOWER
BROADCAST 0011000
8-BIT INVERSE

SHUFFLE 0000100
MULTIPLY

COMPUTE B7-BO

X7 X6 X5 X4 X7 X6 X5 X4

A7 A6 A5 A4 A3 A2 A1 AD

A7 A5 A6 A4 A

3 A1 A2

A7 A7 A6 A6 A3 A3 A2 A2

A7 A6 A3 A2 A7 A6 A3 A2

A7A6A3'A'2A7 A6 A3 A2

RESULT
X7 X6 X5 X4 X3 X2 X1 X0 X7 X6 X5 X
X7 X3 X6 X2 X5 X1 X4 X0 X7 X3 X6 X
X7 X7 X6 X6 X5 X5 X4 X4 X3 X3 X2 X
X7 X6 X5 X4 X7 X6 X5 X4 X3 X2 X1 X

A7 A6 A5 A

AO A7 A5 A6 A

4 X3 X2 X1 X0

2 X5 X1 X4 X0

2 X1 X1 X0 X0

0 X3 X2 X1 X0

4 A3 A2 A1 A0

4 A3 A1 A2 A0

A5 A5 A4 A

A5 A4 A1 A

4 A1 A1 A0 A0

0 A5 A4 A1 A0

DEVICE

‘AS8839s

‘AS8839s

PEs

PEs

‘AS8839s

‘AS8839s

PEs

PEs

I 39V1S

C 39V1S

16
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CONTROL DATA ) RESULT DEVICE
ALGORITHM SFT6-SFTO —
INPUT DATA B7 B6 B5 B4 B3 B2 B1 BO B7 B6 B5 B4 B3 B2 B1 BO
32-BIT UPPER /\ /l /\ /

BROADCAST 0000100 87 B7 B5 B5 B3 B3 B1 B1 B6 B6 B4 B4 B2 B2 BO BO ‘AS8839s
32-BIT LOWER
BROADCAST/ 0011000
8-BIT INVERSE ‘f.
SHUFFLE 87 B5 B3 B1 B7 B5 B3 B1 B6 B4 B2 BO B6 B4 B2 BO ‘l;
m
w
MULTIPLY B7_BS5 B3 B1 B7 B5 B3 B PEs
COMPUTE RESULT Y7-YO Y7 Y6 Y5 Y4Y3Y2Y1Y0 PEs
Figure 8. Data Flow for Figure 3 FFT Computation (Cont.)
S ofo *
pecifications
Table 6. Absolute Maximum Ratings Over Operating
Temperature Range (unless otherwise noted)
Supply voltage, VCC1 7V
Supply voltage, Vcc2 3V
Input voltage 7V
Operating free-air temperature
range: SN74AS8838 0°C to 70°C
Storage temperature range -65°C to 150°C
Table 7. Recommended Operating Conditions
SN74AS8838
PARAMETER MIN NOM MAX UNIT
vee1 _ 1/0 supply voltage 4.5 5 5.5 v
Vce2 STL internal logic supply voltage 1.9 2 2.1 A\
VIH High-level input voltage 2 \"
ViL Low-level input voltage 0.8 \
loH High-level output current -2.6 mA
loL Low-level output current 24 mA
Tc Operating case temperature °C
TA Operating free-air temperature 0 70 °C
17
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Table 8. Electrical Characteristics Over Recommended Operating Free-Air Temperature Range
{unless otherwise noted)

SN74AS8839

PARAMETER TEST CONDITIONS MIN MAX UNIT
VIK Vcecl = 45V, Il = —18 mA -1.2 \"

Vcecr = 45Vtobby, lio = 0.4 mA Vee -2
VOH Vcetl = 45V, IoH = -1 mA \'

Vecer = 4.5V, IoH = -2.6 mA 2.4

Vcct1 =45V, loH = 12 mA 0.4
VoL Veet = 4.5V, loL = 24 mA 0.5 v
lozH Vcetl = 5.5V, Vo = 2.7V 20 pA
lozL Veel = 5.5V, V| = 0.4V -0.4 mA
] Vecel = 6.5V, Vi=7V 0.1 mA
H Vecelr = 6.5V, V=27V 20 uA
I Vcct, = 5.5V V| =04V -0.4 mA
lot Vecer = 6.5V, Vo = 2.25V -30 -112 mA
Icc Vcelr = 6.5V 150 mA
Ilcc2 Veez = 21V 145 mA

tThe output conditions have been chosen to produce a current that closely approximates one-half the true short-circuit current, Ios.

Table 9. Switching Characteristics (see Note 1)

vee = 5 V. Vec=45Vto55V.
CL = 50 pF. CL = 50 pF.
R1 = 500 Q R1 = 500 Q.
FROM TO
PARAMETER R2 = 500 Q. R2 = 500 Q.
(INPUT) (OUTPUT) Ta = 25°C Ta = 0°C to 70°C UNIT
SN74AS8839 SN74AS8839
MIN TYP MAX MIN MAX
tpd SFT6-SFTO Y31-YO 18 23 25 ns
D31-DO Y31-YO 18 23 25
ten YOEL Y15-YO 12 16 17 ns
YOEM Y31-Y16 12 16 17
tdis YOEL Y15-YO 6 8 10 ns
YOEM Y31-Y16 6 8 10

NOTE 1: For load circuit and voltage waveforms, see page 1-12 of The TTL Data Book Volume 3, 1984.

18
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Table 10. Pin Functional Description

Pin Pin
110 Name | No. | Description 110 Name | No. | Description
DO K7 VCC1 | B10 5-Volt supply for TTL-compatible
D1 L7 1/0
D2 J6é VCC1 | K1
D3 K6 .
D4 L6 VCC2 | A2 2-Volt supply for internal
D5 LS Schottky Transistor Logic (STL)
D6 K5 VCC2 | L10
D7 Y8 Yo |J10
D8 L4
Y1 J11
D9 K4 Y2 H1
D10 | L3 0
D11 | K3 Y3 H11
D12 | L2 va G9
D13 | K2 Y5 G10
D14 |J2 [ Input data bits 0-31 Y6 F11
D15 | J1 Y7 F10
D16 | H2 Y8 E11
D17 H1 Y9 E10
D18 G3 Y10 E9
D19 G2 Y11 D11
D20 G1 Y12 D10
D21 F3 Y13 C11
D22 F2 Y14 Cc10
D23 F1 Y15 B11
D24 | E1 Y16 A10
D25 | E2 Y17 |B9 O | Output data bits O through 31
D26 | E3 Y18 | A9
D27 | D1 Y19 |B8
D28 D2
Y20 A8
D29 c1
Y21 C7
D30 Cc2
D31 | B1 Y22 | B7
Y23 A6
GND | A1 Y24 B6
GND | A7 Y25 Ab
GND | A11 Y26 B5
GND B2 Ground (All ground pins must be Y27 C5
GND | G11 used) Y28 A4
GND K8 Y29 B4
GND L1 Y30 A3
NC J8 Mechanical orientation pin Y31 B3
sFTo | K11 YOEL | F9 | Control input for the Y15-YO
SFT1 | K10 output port. When YOEL is low,
SFT2 | L11 Y15-YO are enabled.
SFT3 | L9 | Instruction inputs (See Tables 1-5) [ _—__—_ .
SFT4 | K8 YOEM | C6 | Control input for the Y31-Y16
SFT5 | L8 output port. When YOEM is low,
SFT6 | J7 Y31-Y16 are enabled.

This Materi al
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Table 11. Pinout Table 12. SN74AS8838
GB Pin-Grid-Array Package

PIN PIN PIN (Top View)
NO. NAME | NO. NAME | NO. NAME
1 2 3 4 5 6 7 8

A1 GND D1 D27 J6 D2
A2 vee2 | D2 D28 J7 SFT6 Ale o o o o o o o
A3 Y30 D10 Y12 Js N/C n
A4 Y28 D11 Y1 J10 YO Bl ® o o o o o o
A5 Y25 E1 D24 J11 Y1 cle o e o o
A6 Y23 E2 D25 K1 vVeer
A7 GND E3 D26 K2 D13 D| ® e
A8 Y20 E9 Y10 K3 D11 El e o o
A9 Y18 E10 Y9 K4 D9
A10 Y16 E11 Y8 K5 D6 Fle e o
A1 GND F1 D23 K6 D3 Gle o o
B1 D31 F2 D22 K7 DO
B2 GND F3 D21 K8 SFT4 Hj ® e
B3 Y31 F9 YOEL K9 GND e o . o o o
B4 Y29 F10 Y7 - K10 SFT1
B5 Y26 F11 Y6 K11 SFTO K|le ® e o e o o o
B6 Y24 G1 D20 L1 GND

L|l®@ e e e e e o o
B7 Y22 G2 D19 L2 D12
B8 Y19 G3 D18 L3 D10
B9 Y17 G9 Y4 L4 D8
B10 Vecer | G100 Y5 L5 D5
B11 Y156 G11 GND L6 D4
c1 D29 H1 D17 L7 D1
c2 D30 H2 D16 L8 SFT5
(o] Y27 H10 Y2 L9 SFT3
(o] YOEM | H11 Y3 L10 vee?2
c7 Y21 J1 D15 L11 SFT2
cC10 Y14 J2 D14
c11 Y13 J5 D7
20
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This Materia

ALABAMA: Huntsvllle (205) 837-7530.

ARIZONA: Phoenix (602) 995-1007;
Tucson (602) 624-3276.

CALIFORNIA: Irvine (714) 660-8187;
Sacramento (916) 929-1521;

San Di (619) 278-9601;

Santa Clara (408) 980-9000;
Torrance (2132 217-7010;

Woodland Hills (818) 704-7759.

COLORADO: Aurora (303) 368-8000.
CONNECTICUT: Wallingford (203) 269-0074.

FLORIDA: Ft. Lauderdale (305) 973-8502;
Maitland (305) 660-4600; Tampa (813) 870-6420.

GEORGIA: Norcross (404) 662-7900.
ILLINOIS: Arfington Heights (312) 640-2925.

INDIANA: Ft. Wayne (219) 424-5174;
Indianapolis (317) 248-8555.

IOWA: Cedar Raplids (319) 395-9550.
MARYLAND: Baltimore (301) 944-8600.
MASSACHUSETTS: Waltham (617) 895-9100.

MICHIGAN: Farmington Hills (313) 553-1500;
Grand Rapids (616) 957-4200.

MINNESOTA: Eden Prairie (612) 828-9300.

MISSOURI: Kansas Clty (816) 523-2500;
St. Louis (314) 569-7600.

NEW JERSEY: Iselin (201) 750-1050.
NEW MEXICO: Albuquerque (505) 345-2555.

NEW YORK: East Syracuse (315) 463-9291;
Endicott (607) 754-3900; Melville (516) 454-6600;
Pittsford (716) 385-6770;

Poughkeepsle (914) 473-2900.

NORTH CAROLINA: Charlotte (704) 527-0930;
Raleigh (919) 876-2725.

OHIO: Beachwood (216) 464-6100;
Dayton (513) 258-3877.

OKLAHOMA: Tulsa (918) 250-0633.
OREGON: Beaverton (503) 643-6758.

PENNSYLVANIA: Ft. Washington (215) 643-6450;
Coraopolis (412) 771-8550.

PUERTO RICO: Hato Rey (809) 753-8700.

TEXAS: Austin (512) 250-7655;
Houston (713) 778-6592; Richardson (214) 680-5082;
San Antonio (512) 496-1779.

UTAH: Murray (801) 266-8972.
VIRGINIA: Falrfax (703) 849-1400.
WASHINGTON: Redmond (206) 881-3080.
WISCONSIN: Brookfield (414) 785-7140.

CANADA: Nepean, Ontario (613) 726-1970;
Richmond Hill, Ontarlo (416) 884-9181;
St. Laurent, Quebec (514) 334-3635.

TI Regional
Technology Centers

CALIFORNIA: Irvine (714) 660-8140;
Santa Clara (408) 748-2220.

GEORGIA: Norcross (404) 662-7945.
ILLINOIS: Arlington Heights (312) 640-2909.
MASSACHUSETTS: Waltham (617) 895-9197.
TEXAS: Richardson (214) 680-5066.
CANADA: Nepean, Ontario (613) 726-1970.

Customer
Response Center

TOLL FREE: (800) 232-3200

QUTSIDE USA: (214) 995-6611
8:00 a.m. — 5:00 p.m. CST)

TI Sales Offices

TI Distributors

LISQUTHORIZED DISTRIBUTORS IN

Arrow Electronics
Diplomat Electronics
General Radio Supply Company
Graham Electronics
Harrison Equipment Co.
International Electronics
JACO Electronics
Kierulff Electronics
LCOMP, Incorporated
Marshall Industries
Milgray Electronics
Newark Electronics
Time Electronics

R.V. Weatherford Co.
Wyle Laboratories

TI AUTHORIZED DISTRIBUTORS IN
CANADA

Arrow Electronics Canada
Future Electronics

ITT Multicomponents

L..A. Varah, Lid.

LIS;:UTHORIZED DISTRIBUTORS IN

—OBSOLETE PRODUCT ONLY—
Rochester Electronics, Inc.
Wakefield, Massachusetts

(617) 245-2941

ALABAMA: Arrow (205) 882-2730;
Kierulff (205) 883-6070; Marshall (205) 881-9235.

ARIZONA: Arrow (602) 968-4800;
Kierulff (602) 243-4101; Marshall (602) 968-6181;
Wyle (602) 866-2888.

CALIFORNIA: Los Angelelerange County:

Arrow (818) 701-7500, (714) 838-!

Kierulff (213} 725-0325, (714) 731-5711 {714) 220-8300;

Marshall (818) 999-5001, (818) 442- 7204

(714) 660-0951; RV. Weatherford (714) 634-9600,

(213) 849-3451 Wyle (213) 322-8100, (818) 880-9001,

(714) 863-9953; Sacramento: Arrow (916) 925-7456;

Marshall 916) 635—9700

Wyle (916) 638-5282; San Diego: Arrow

ﬁ 9) 565-4800; Kierulff (619) 278-2112;
arshall (619) 578-9600 o (619) 565-9171;

San Francisco Bay Area: Arrow (408) 745-6600;

(415) 487-4600; Kierulff (408) 971-2600;

Marshall (408) 943-4600; Wyle (408) 727-2500.

COLORADO: Arrow (303) 696-1111;
Kierulff (303) 790-4444; Wyle (303) 457-9953.

CONNECTICUT: Arrow (203) 265-7741;
Diplomat (203) 797-9674; Kierulff (203) 265-1115;
Marshall (203) 265-3822 Milgray (203) 795-0714.

FLORIDA: Ft. Lauderdale: Arrow (305) 429-8200;
Diplomat (305) 974-8700; Kierulff (305) 486-4004;
Orlando: Arrow )725-1480.

Milgray (305) 647-5747, Tampa:

Arrow 4 576-8995; Diplomat (813) 443-4514;
Kierulff (813) 576-1966.

TEXAS
INSTRUMENTS

Creating useful products
and services for you.

GEORGIA: Arrow (404) 44!
Kierulff (404) 447-5252; Marstaat (404) 923-5750.

ILLINOIS: Arrow (312) 397-3440;
Diplomat (312) 595-1000; Kierulff (312) 250-0500;
Marshall (312) 490-0155; Newark (312) 784-5100.

INDIANA: Indiai lis: Arrow (317) 243-9353;
Graham (317& 202 Marshall (317) 297-0483;
Ft. Wayne: Graham (219) 423-3422.

IOWA: Arrow (319) 395-7230.

KANSAS: Kansas City: Marshall (913) 492-3121;
Wichita: LCOMP (316) 265-95

MARYLAND: Arrow (301) 995-0003;
Diplomat (301) 995-1226; Kierulff (301) 636-5800;
Milgray (301) 793-3993; Marshall (301) 840-9450.

MASSACHUSETTS: Arrow (617) 933-8130;
Diplomat (617) 935-6611; Kierulff 561 667-8331;
Marshall (617) 272-8200; Time (617) -6200.

MICHIGAN: Detroit: Arrow (313) 971-8220;
Marshall (313) 525-5850; Newark (313) 967-0600;
Grand Rapids: Arrow (616) 243-0912.

MINNESOTA: Arrow 612 830-1800
Kierulff (612) 941- rshall (612) 559-2211.

MISSOURI: Kansas CI'y LCOMP (816) 221-2400;
St. Louis: Arrow (314) 567-6888;
Kierulff (314) 739-0855.

NEW HAMPSHIRE: Arrow (603) 668-6968.

NEW JERSEY: Arrow (201) 575-5300, (609) 596-8000;
Diplomat (201) 785-1830;

General Radio (609) 964-8560; Kierulff (201) 575-6750,
{ 235-1444; Marshati (201) 882-0320,

609) 234-9100; Milgray (609) 983-5010.

NEW MEXICO: Arrow (505) 243-4566;
International Electronics (505) 345-8127.

NEW YORK: Long Island: Arrow (516) 231-1000;
Diplomat (516) 454-6400; JACO (5 & 273-5500;
Marshall (516) 273-2053; Mllgray (516) 420-9800;
Rochester: (716) 427-0300;

Marshall (716) 235-7620;

Syracuse: Arrow (315) 652-1000;

Diplomat (315) 652-5000; Marshall (607) 798-1611.

NORTH CAROLINA: Arrow (919) 876-3132,
(919) 725-8711; Kierulff (919) 872-8410;
Marshall (919) 878-9882.

OHIO: Cincinnati: Graham (513) 772-1661;

Cleveland: Arrow (216) 248-3990;

Kierulff (216) 587-8558; Marshall (216) 248-1788;

gdum/: Am(qugeaass“) 8856583366 aham (513) 435-8660
ayton: Arrow (5 raham (51 H

Kierulff (513) ; Marshall (513) M

OKLAHOMA: Arrow (918) 665-7700;
Kierulff (918) 252-7537.

OREGON: Arrow (503) 684-16!
Kierulff fsoa) 641-9153; Wyle (503) 640-6000;
Marshall (503) 644-

PENNSYLVANIA: Arrow (412) 856-7000,
(215) 928-1800; General Radio (215) 922-7037.

RHODE ISLAND: Arrow (401) 431-0980.

TEXAS: Austin: Arrow (512) 835-4180;

Kierulff (512) 835-2090; Marshall (512) 837-1991;
Wyle (512) 834-9957; Dallas: Arrow (214)
international Electronics (214) 233-!

Kierulff (2142 343-2400 arshall (214) 233-5200

Wyle (214?
nternatlonal Electronics (915) 598-3406;
Hounon Arrow (713) 530-4700;

Marshall (713) 789-6600;

Harrison Equipment

Kierulft (713) 530-m3g1\f)¢yle ™3) 879-995&
UTAH: Arrow (801) 486-4134;

Kierulff (801) 973-6913; Wyle (801) 974-9953.

WASHINGTON: Arrow (206) 643-4800;
Kierulff (206) 575-4420; (206) 453-8300;
Marshall (206) 747-9100.

WISCONSIN: Arrow (414) 792-0150; Kierulff
(414) 784-8160.

CANADA: c.lga : Future (403) 235—5325 Varah
(403) 255-9550, dmonton: Future (403) 486-097:
Varah 403)4372755 Montreal: Arrow Canada
(514) 5511; Future (514) 694-7710; ITT
Multicomponenls (514) 7351177, Nova Scotia: Varah
902) 465-2322; Ottawa: Arrow ‘Canada (613) 226—6903
uture (613) 820-8313; ITT Mutticomponents
(613) 225-7406; Varah (6112 726-8884; Quebec City:
Arrow Canada (418) 687-4231; Toronto: Arrow Canada
sw) 661-0220; Future (416) 638-4771 1T
uluoomponents (416) 736-1144; Varah
842-8484; Vancouver: Future (604) 438-5545;
Varah (604) 873-3211 Winnipeg: Varah (204) 633-619(‘)B N

PRODUCT PREVIEW documents contain informa-
tion on products in the formative or design phase
of development. Characteristic data and other
specifications are design goals. Texas instruments
reserves the right to change or discontinue these
products without notice.
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