ANALOG
DEVICES ECL 16 x 16-Bit Multiplier

ADSP-8018

FEATURES

16 x 16-bit Parailel Multiplication

15ns Max Multiplication Time

ECL 10KH Compatible

4.125W Max Power Dissipation

Independent Input and Output Latches which
Can Be Made Transparent

Unclocked, Single-, Double-, and Triple-Clock
Operation

Twos Complement, Unsigned Magnitude, and
Mixed Mode

Format Adjust and Rounding

Parallel Data Load and Passthrough from input Port

Full 32-Bit Product Output Port

Sign, Overflow, and Zero Status Flags

Pin-Compatible with B3018

1.20" Square 108-Pin Grid Array

APPLICATIONS The ADSP-8018 produces a 32-bit product that may be formut-
Digital Signal Processing ist ! ﬁgned fractional output format and for
Array Processors it 16-bit MSP. The MSP of the format-
Super-Minicomputers e ctéan be rounded with a control which
General-Purpose Computing PR ‘added to the Most Significant Bit (MSB) of the
% 3 fee status ,ﬂags indicate the presence of a zero, negat.ve,
GENERAL DESCRIPTION ult,;. The input operands can be loaded and

The ADSP-8018 is a high-speed 1 fedic “without multiplication, but with format

plier. The ADSP-8018 has two 1 &% ¢ juliient’ rounding, and setting of status flags.

32-bit output port. These 32-bit prg ) ADS{ -8018 is a pin-for-pin replacement for Bipolar Integrated

as independently enabled 16-bit Least Si @h&olﬁ%s B3018 ECL 16 x 16 Multiplier.

and 16-bit Most Significant Product (MSP
and MSP multiplexed to 2 single 16-bit port. T &;;QAD% %18 is avallable for Lommermal temperature ranges

of the product latch has its own output enable control.

Inputs can be represented in either twos-complement, unsi
magnitude, or mixed-mode formats. The input, instruction,
status, and output latches are all latches which can be enabled
10 be transparent. Inpur operands and output results are stored
in individually cnabled latches with separate clocks for input
and output. For unclocked flow-through operation, the latches
can be made transparent by holding clocks and enables active.
Tying clocks together as a single clock causes input and output
latches to operate in complementary fashion, simplifying syn-
chronous operation. The two clocks are fully independent, allowing
double clock operation. With both clock lines held active, the
three enable controls can function as three independent clock
lines for the two data input ports and the output port,
respectively.

This information applies to a product under development. Its characteristics and specifictions are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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SPECIFICATIONS'

ABSOLUTE MAXIMUM RATINGS

ADSP-8018

Parameter Min Max Unit
Vege  Supply Voltage (Ve =0) -80]| 0 v
Vin  InputVoltage (Vo =0) Vg 0 v
Io Output Source Current

Continuous 30 mA

Surge 100 mA
Tsr  Storage Temperature (Ambient) —55 +150 | °C
T Operating Junction Temperature +165 | °C

ADSP-8018
Parameter Min Nom | Max Unit
Vee  Supply Voltage (Ve =0) ~546| ~-520| —494 |V
Tamg Operating Temperature (Ambient)? 0 +70 | °C
Ry Output Termination to — 2.0V de 50 Q
b e ADSP-8018
Parameter 4 5 Test Conditions T eC 25°C 70°C
o , = o Min Max Min Max Min Max | Unit

Viu  High-Level Input Voltage @Vge =‘f'a'ma,x ' -~ 1.37 -1.13 -1.07 \Y%
Vi  Low-Level Input Voltage (@Vgg=min : —1.48 —1.48 ~-145]1 V
Von  High-Level Output Voltage i ;

(Terminated) @V = max -1.02 -0.98 -0.92 \Y%
Vor Low-Level Qutput Voltage

(Terminated) (@ Vi = max - 1.63 ~1.63 ~1.60| v
Parameter Test Conditions Min Max Unit
I High-Level Input Current,

All Inputs @ Vg =min & Vg = — 800mV 300 wA
T Low-Level Input Current,

All Inputs @Vgg=min& Vi, = - 1.8V 300 pA
Ige Supply Current (@ Vgg = min; ECL inputs 825 mA
SWITCHING CHARACTERISTICS?

ADSP-8018)

Parameter Min Max Unit
tg Input Setup Time 0.8 ns
th Input Hold Time 3.0 ns
e Clock and Latch Enable Pulse Duration 3.5 ns
tnem  Datato Clock Multiply Time 12 ns
tecn Clock to Clock Hold Time -1.5 ns
tecem  Clock to Clock Multiply Time 15 ns
wop Clocked Ouiput Delay 5.5 ns
tppm Data to Data Multiply Time 15.5 ns
tepm Clock to Data Multiply Time I8 ns
tpao  Output Disable Delay 5.5 ns
tewo  Output Enable Delay 5.5 ns
NOTES

! All min and max specifications are over power-supply and temperature range indicated.

*Input levels are ~ 1.8V and — 800mV . Rise times are 2ns typical. Inputand output
timing reference levelsare — 1.3V.

500 linear feet per minute ambient air flow See also Figure 3.

Specifications subject to change without notice.

This information applies to a product under development. its characteristics and specifictions are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture uniess otherwise agreed to in writing.
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NEG
16 16
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ASYNCHRONOUS
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& > FORMAT
ADJUST T ouTPUT
<& ZRESULT W RESULT

X-INPUT
LATCH

VEE

™S

B0#82Bit T Output
LSP of 32-Bit T Output

Enable X-Input Latch
Enable Y-Input Latch
Enable W Latch
X-Input Data Format
Y-Input Data Format
Format Adjust

Load Concatentated X and Y Operands

Round MSP

Enable TMS Output (Active LO) When TEN LO
Enable TLS Output (Active Hl) When TENLO
Enabie Both TMS and TLS Ouput (Active LO)

When TME LO and TLE HI

Zero
Overfiow
Negative

Input Latches Clock
Output Latches Clock

Most Positive Supply Voltage to
Internal Logic (Usually GND)
Most Positive Supply Voltage to
Output Circuits (Usually GND)
Most Negative Supply Voltage

This information applies to a product under development. Its characteristics and specifictions are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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METHOD OF OPERATION

The X-Input Latch holds its most recent contents unless CLK1
is LO (logic 0) when enabled (made transparent) by XEN also
LO. Similarly, the Y-Input Latch holds its most recent contents
uniess CLK1 is LO when enabled by YEN also LO. The state
of the CK1 input clock has no effect on each input latch unless
the input enable lines XEN and YEN are 1O, respectively.
When these enable lines are 1O, the respective latches will pass
data when the CK1 input is LO and hold data when the CK1
input is HI (logic 1).

The X and Y input data can be either in twos-complement,
unsigned-magnitude, or mixed-mode formats (Table I). Twos-
complement input data is indicated by HI levels on the XM line
for X input data and HI levels on the YM line for Y input data.
Unsigned-magnitude X and Y inputs are indicated by LO levels
on the XM and YM lines, respectively. Qutputs will be in the
same format as inputs unless the input formats are mixed, in
which case the outputs will be in twos~complement representation.
XM and YM are latched into the X-Input and Y-Input Latches
with the input operand data.

The Instruction Latch holds its most recent contents unless
CLK1 is LO when enabled by either XEN or YEN also LO.
When CK1 is HI, the contents of the Instruction Latch w lﬂ%

held. If both XEN and YEN are HI, the contents of the H)sm %
ist (ﬁ"ﬁ. and

g or a:egw h i&

Latch will also be held. Round (RND), forﬁﬂ ad
load (LD) are the three msnucumbfk ‘;132 3
held at the Instruction Latch.

The ADSP-8018’s W output is fietded into a L6+pit mep
product (MSP) and a 16-bit least signifi czﬁ pmgfuct
When the RND is HI, the MSP of the W gesult will be
by adding a binary 1 (with carry) to the most significant blt
(MSB) of the L.SP, consistently rounding toward positive gﬁmy
at mid-scale. Truncating the MSP (RND L.O) introduces a
large-sample statistical bias of — (21— 1)/2 LSBs of the LSP,
while rounding (RND HI) reduces the bias to +1/2 LSBs of
the LSP.

The FA control format adjusts the Z output from the multiplier
array. When FA is HI, the full 32-bit Z result is passed unmodified
to the W latch (Tables II and III). All possible products can be
represented without overflow, including twos-complement frac-
tonal (—1.0) x (—1.0). The binary point in the MSP of a
twos-complement fractional product will not align with the
binary point in the input operands. Thus, the numeric weighting
of data within a system using this format (with FA HI) will not
be uniform. Also, the two highest-order bits in a twos-complement
product are normally redundant. An additional bit of precision
in the MSP could be obtained by eliminating one of these redundant
bits.

N

Format adjust (FA LO) shifts the Z result left by one bit position
and right-fills a binary zero {Table III). Thus, format adjust
eliminates redundant high-order bits in twos-complement prod-
ucts. The MSPs of fractional twos-complement products also
receive proper weighting relative to input data. However, an
overflow on format adjust will occur when full-scale negative is
multiplied by itself, yielding full-scale negative instead of the
correct positive product (which is not representable in format-
adjusted twos-complement format). This special condition is
monitored by the OVFL flag so that it does not go undetected.

mu%de %}

The Load (LD) instruction determines whether the multiplier
array is active or put into a pass-through mode. When LD is
LO, the multiplier array is active and produces the product of
the X and Y input values as Z result. When LD is HI, the
multiplier array is put in the pass-through mode and the X and
Y input values are concatenated to form a Z result with the X
input in the most significant position (Table II). XM determines
the sign mode of the complete 32-bit Z result. ZERO, OVFL
and NEG are set depending on the value of this Z result. RND
and FA can also be used in this mode. Load allows any 32-bit
number loaded through the input ports to be rounded, tested
for zero and sign, and to have fractional binary points aligned
while testing for overflow. It is also valuable for system testing
by providing a direct path through the multiplier and greater
access to latches within the ADSP-8018.

Output flags ZERO, OVFL, and NEG are generated from the
intermediate Z result. When not rounding (RND LO), ZERO
is driven LO when the full 32-bit result is zero. When rounding
(RND HI), ZERO is driven LO when the format-ad;usted MSP
in the W result Wllh?e?ero That is, when rounding, ZERO is
i f é%xals zero when FA HI but ZERO is
rivgn L, 1iis edhals zero when FA LO. Zero will not be
driyen if #h'overflow condition exists.

ﬁ is dl‘l\ﬁﬂ L0 only for twos-complement multiplications

lvﬁwxes full-scale negative when format ad-

is drlvcn L.O only when a twos-complement or mixed-mode

tz resu{y negative. A loaded, previously overflowed result

llowed by all zeros) will drive NEG LO as well as
T.,5f loaded with XM HI.

%e output latches for data and flags ZERO, OVFL and NEG
hold their most recent contents unless CL.LK2 is HI when enabled
by WEN LO. With WEN LO, the output latches are transparent
when CK2 is HI and data is held when CK2is LO. The ADSP-8018
can be made a totally asynchronous device by holding all enables
active (XEN, YEN, and WEN all LO) and CLK1 LO and
CLK?2 HI. Note that the clock definitions are complementary; if
CLK1 and CLK2 are tied together and enable lines asserted,
input latches will be transparent when output latches are latched
and vice versa. CLK1 and CLLK2 are fully independent, allowing
double-clock operation. For triple-clock operation, the two
clock lines can be held active, which causes the three latch
enable controls to behave like independent clock lines.

The T output is fielded into two 16-bit portions, TMS and
TLS. The three output enable controls, TEN, TME, and TLE,
allow either independent control of TMS and TLS separately or
control of all 32 bits together. For independent control of the
16-bit fields, TEN should be held LO, thereby enabling the
other pair of output enable controls. TME LO then will enable
the TLS output and TLE HI will enable the TMS output. For
control of the entire 32-bit T output, TME should be held

LO and TLE held HI. TEN LO then will enable the entire

T output.

This information applies to a product under development. Its characteristics and specifictions are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture uniess otherwise agreed to in writing.
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ECL 16 x 16-BIT FIXED-POINT MULTIPLIER
CLOCKED AND UNCLOCKED TIMING
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Figure 1. ADSP-8018 Timing Diagram

500

300

MINIMUM
REQUIRED .
AIR FLOW Vee= -5.2

{FT/MIN}
200

//
Ve = —5.46— /
100 . / /’/4 Vee= —4.94
7

20 30 40 50 60 70 80 90
AMBIENT TEMPERATURE (°C)

Air Flow Versus Ambient Temperature

This information applies to a product under development. Its characteristics and specifictions are subject to change without notice.
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XMODE

E Ll J_l [ 'Lﬂx‘hl"‘l"’["zl"'l"ﬂ]""'e"“""
VMODE } I ] ]_r Lw JV_FVI ] ]vopsamn

UNSIGNED INTEGER

L] [ [ [ [ [ [ [ [ [ = ] Jomee
K

Twos COMPLEMENT INTEGER BINARY POINT

Tl e o o [ [ [ [P [ [ 7w

BINARY POINT

UNSIGNED FRACTIONAL

1 5 e e o

PINARY FONT TWOS-COMPLEMENT FRACTIONAL

R 5 o ) 5 0 ) e e e S e

BINARY POINT

Table |. ADSP-8018 Input Data Formats

FLAG [ZERO{NEGJ 250 | Zo Lzﬁ[ln[z Zos | Zos | 2o [ 223 | Z s l 2, [ z, [ 2 [ 2, [ . [ zjzz I Lz l

L0AD = 1 Z=x[Y

g A 8 A N

xM=1} & | Zy

ARARANHEEN

"5 e R o
(] EEEEET e et T e el e e e T e T e e e[ T o]
0 5 o o e e o o e
IR O o e e e e e

18 5 5 o o s o

BINARY POINT

# = NOR Zy-Z;, WHEN RND = 0
Z = NOR Z,5-25; WHEN RND = 1, FA = 1
# = NOR Z,5-23, WHEN RND = 1, FA = 0

Table Il. ADSP-8018 Z Result Formats, ZERO and NEG
Flags, and Load Operation

This information applies to a product under development. Its characteristics and specifictions are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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fLaG [ovrL [w,. [Wﬂwn [ lwn]wu|w,5[w,. [wn lwulwn [wm|wu Iw.. [w, w..lw,slwv. lwu W, [w" [ww W, IW. Tw, [w, | W, |W. I w, |wz ] W, Iwo] WRESULT

FORMAT ADJUST = 1 PASS UNSHIFTED
[ EEEREEEEEEEEEEEE R e
TWOS-COMPLEMENT FRACTIONAL (XM = YM = 1)
123 oo o o o o ) i e 0
SiARy FowT TWOS-COMPLEMENT OR MIXED MODE INTEGER (XM = YM = 1 OR XM # YM}
EFFFEFRI T Pl [ L [ [ [ [ [ [T [T ]
FORMAT ADJUST = 0 FORMAT ADJUST LEFT SHIFT SINARY FOINT
[ EEEEEEEEE e e e e e [ e ] e
TWOS-COMPLEMENT FRACTIONAL (XM = YM = 1)
LR 2 o o o e
BINARY POINT

TWOS-COMPLEMENT OR MIXED MODE INTEGER (XM = YM = 1 QR XM # YM}

Il 0 2 O 1 e O O ) R )

27

R EE

2" l 2° 12" I VALUE

BINARY POINT

EICIGE [ [ [ T

- Flag, and

Table lll. ADSP-8018 L: 7
Format Adjust @%ﬂ

: e L e T e [ T o
N 1 2 A A A ok FRE T R R B
D R E D E DR .o E R R R A R DD

Table IV. ADSP-8018 Output Multiplexer

|T.n Tao | Tas | Tiw | Tar

ESD SENSITIVITY

The ADSP-8018 features input protection circuitry consisting of large “distributed” diodes and
polysilicon series resistors to dissipate both high-energy discharges (Human Body Model) and fast,
low-energy pulses (Charged Device Model). Per Method 3015.2 of MIL-STD-883C, the ADSP-8018 WARNING'
has been classified as a Category A device.

J
Proper ESD precautions are strongly recommended to avoid functional damage or performance W ’w -
degradation. Charges as high as 4000 volts readily accumulate on the human body and test equipment :
and discharge without detection. Unused devices must be stored in conductive foam or shunts,
and the foam should be discharged to the destination socket before devices are removed. For
further information on ESD precautions, refer to Analog Devices’ ESD Prevention Manual.

T

ORDERING INFORMATION
Part Number Temperature Range  Package Package Outline

ADSP-8018]G  0Oto +70°C 108-Pin Grid Array G-108A

This information applies to a product under development. its characteristics and specifictions are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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ADSP-8018 PIN CONFIGURATION

Veer | Veer | Vear Vecz | TMS5 | TMS? | Ve | Veor | Ve | Voo |OVFL | Ve | M

Veer | TLS14 | TMS0 | TMS2 | TMS3 | Vecy | TMS9 [TMS10 |[TMS13 [ TMS 14 | NEG Veer L

Ver | TLS13 | TLS15 | TMS1 | TMS4 | TMSE | TMS8 | TMS11 | TMS12 | TMS15 | ZERO| Y15 | K

Veer | TLSTY | TLS12 Y™ Y14 viz | J
Ve | TLS9 | TLS10 vi2 | vy | vio [H
Vee | TLS8 | vee \%] Vee | Ve |G
BOTTOM
VIEW
Veer | TLS7 | TLSE Y6 Y7 vs |F
vs |E
vz |D
Ve | ©
xm |B
x5 JA

NOTE R
ALL Vec, PINS MUST BE TIED TO ALL V5 PINS.

This information applies to a product under development. Its characteristics and specifictions are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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