L1017

TT@E HIGH SPEED 16 x 16-BI1; CMOS MULTIPLIER

FEATURES FUNCTIONAL BLOCK DIAGRAM
* 16x 16 MULTIPLIER — DOUBLE PRECISION W Kemhe o oY
PRODUCT ) 1 Y s
b HIGH SPEED MULTIPLY REGISTER REGISTER REGISTER
— 45 ns Max Clocked Multiply "ime LK )| ]
* LOW POWER CMOS TECHNOLOGY B 1 >
— 550 mW Max (active) - A
— 550 uW Max (CMOS Standby) !
e SIMPLE INTERFACE MUALF';'II:;LylER
— Single 5V + 10% Supply
— TTL Compatible Inputs and Outputs T
» ONE REGISTER CLOCK — SEPARATE ENABLES FA FORMAT ADJUST
s TWO’S COMPLEMENT AND UNSIGNED A REGISTER | REGISTER
MAGNITUDE MULTIPLICATION l Tre l Te
* PIN COMPATIBLE, HIGH PERFORMANCE ENe
REPLACEMENT FOR AMD 29517 AND IDT 7217L WSPSEL MULTIPLEXER
» AVAILABLE IN DIP OR LCC PACKAGES oFs
PRODUCT —
N S
AN S
The LATTICE L1017 devices are high performance — =
16 x 16 bit double precision multipliers. Designed with >~
high speed logic techniques and a modified Booth's al- .1 T ebh x -
gorithm, the devices feature 45 ns, 65 ns, and 90 ns g g? & g X = =
clocked multiply times. These devices offer a perfor- 3 61 0 Xs — =
mance upgrade and are pin compatible with industry e de g ol — <
standard multipliers like the AM29517A. %:E 4 pad g Q; =
UltraMos™, LATTICE’s high performance CMOS tech- ey ol T = =
nology, provide the multipliers with an active power dis- ‘;:: 1; g pod £ ’EL;;X =
sipation of 550 mW maximum and a low CMOS standby Pa.ve ] 13 52 0 AND —
power consumption of 550 yW maximum. S I Y =
P2 Y 1 49 V —_—
The L1017 multipliers generate a 32-bit product from two gz. ;; g1 L1017 G F Z%ED —
16-bit input busses. Internal registers feature separate prvie 3 1 % B ano —
enable controls with a single common clock. The input SR E 2 wh MSPSEL -
data on each port can be individually specified as un- Pis, ¥1s E 22 % g FA
signed magnitude or two’s complement, by controlling Pis, 1s O 24 a f ENe
the state of the Cx and Cy mode lines. The most signifi- SRS B ol S
cant half of the product (MSP) is available on the 16-bit Pa. Ps E 2 3 :I]I Pas. P1a
output port. The least significant half (LSP) is mul- Py, P20 [ 20 3 B Por Pt
tiplexed with the MSP and can be accessed at the 16-bit S B n B
output port and the Y operand input port. Pz, P2 [ 32 33 P Pas, Pg
- A =
000878 ks
e——
Copyright® August, 1984. This document contains information on 1 new praduct. The specitications and information contained herein &re subject to change withow . -
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L1017

HIGH SPEED 16 x 16-BIT MULTIPLIER

ABSOLUTE MAXIMUM RATINGS(")

RECOMMENDED DC OPERATING
CONDITIONS (TAo=0°C to +70°C)

SYMBOL RATING VALUE UNIT

SYMBOL PARAMETER

Terminal Voltage with

MIN | TYP [ MAX | UNIT

-051t 70| V -
Cream Respect to GND(@) o~ Veem Military Supply Voltage

45150 ] 55

Ta Operating Temperature Oto +70 °C Veee Commercial Supply Voltage

45150 ] 55

Temperature Under Bias [-55to +125] °C GND Supply Voltage

Tias

0 0 0

Storage Temperature -65tc +150| °C VIH Input High Voltage

Tst6

2.0

1.0 W Vi Input Low Voltage

Pr Power Dissipation

< I <l << <

0.8

50 mA

lout DC Qutput Current

Stresses greater than those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent dam.ige to the device. This is
a stress rating only and functional operztion of the device at these
or any other conditions above those indicated in the operational
sections of this specification is not impl ed. Exposure to absolute
maximum rating conditions for exter ded periods may affect
reliability.

DC ELECTRICAL CHARACTERISTICS

(Commercial: Ve =5V + 10%, Ta =0°C to 70°C; Military: Ve =5V + 10%, Ta= —55°C to 125°C)

COMMERCIAL

SYMBOL PARAMETER TEST CONDITIONS MIN. MAX.

MILITARY

MIN. MAX. [ UNIT

2

Iy Input Leakage Current Vee=Max, Viy=01o V¢ —

10 A

2

lol Output Leakage Current High Z, Voo =max., Voyr=0to Vgg -

10

uA

100

Operating Power Supply Cuirrent Output Open

lectn

120 mA

lecan Quiescent Power Supply Current Vinz Vi, VNSV 30

30 mA

Quiescent Power Supply Current Vin=Vec— 2V or <2V A

lccaz

A mA

Vcc= Min., |OH= -0.4mA 2.4 —_

VoH Output High Voltage

24

Output Low Voltage Vee=Min, lop=4.0 mA 0.5

VoL

0.5

1. lgc is measured at clock cycle=10 mtz and V= TTL voltages.

TEST LOADS

AC TEST CONDITIONS

GND to 3.0V
Lns
* .5V
Y

See Figures 1 and 2

Input Pulse Levels
Vce

Input Rise and Falil Times

Input Timing Reference Levels 8102 0

ouT
PIN

T0
QUTPUT
PIN

Output Reference Levels
Output Load

40pF
IN3062

CAPACITANCE (TA=25°C, f=1.0 MHZ)

MAX,
10
12

UNIT
pF
pF

CONDITIONS
Voyr =0V

ITEM

Input Capacitance

SYMBOL
Cin

Figure 1 A.C Output Test Load

Cour Output Capacitance

NOTE: This parameter is sampled and not 100% tested.

5000
VWA

PUT ©

40pF == = Vy

Figure 2 Output Three Stale
Delay Load

V=0V or 2.6V

: : " poRT :
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L1017

HIGH SPEED 16 x 16-BIT MULTIPLIER

AC ELECTRICAL CHARACTERISTICS
(Commercial: Vgc =5V + 10%, Tao=0°C to 70°C; Military: Vcc =5V +10%, Ta= - 55°C to 125°C)
L1017-45 L1017-65 L1017-90
SYMBOL PARAMETER MIN. MAX. MIN. MAX. MIN. MAX. UNITS
tmuc Unclocked Multiply Time — 65 — 95 — 120 ns
tme Clocked Multiply Tirre — 45 — 65 — 90 ns
tg X, Y, RND Setup Time 15 — 20 — 25 — ns
ty X, Y, RND Hold Time: 0 — 0 — —_— ns
tena 3 State Enable Time 20 0 30 30 ns
tois 3 State Disable Time 0 20 0 30 0 30 ns
tpw Clock Pulse Width 15 — 20 — 25 — ns
trp Output Clock to Valid Data — 20 — 30 —_ 30 ns
tPDSEL Output Control to Valid Data — 20 — 30 — 30 ns
tens Register Enable Set-up Time 10 — 15 — 20 — ns
tENH Register Enable Hold Time 0 — 0 — 0 — ns
TIMING DIAGRAM
o L
l—— tPw ——~|
tens | - tme
tENH
ENyx, ENy
ts p— 4
INPUTS
XN, Yn, RND
tens tENH
ENp
—] |«— tro
tMuc
OUTPUTS g :
— tois tENA
OF,, OEu
1
tPDSEL -— tPDSEL

.

—

1. A Transition of MSPSEL is not requirad during any cycle, and in some applications it can be grounded.
2. The order of appearance of the LSP and MSP on the output bus is determined by the logic level sequence of MSPSEL.
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LArTiCE

L1017

HIGH SPEED 16 x 16-BIT MULTIPLIER

SIGNAL DESCRIPTIONS

Xo — X45 The 16 muitipicand deta inputs.

Yo — Y15 The 16 multiplier data nputs. These inputs
are time-multiplexed with the leas significant product
(LSP) outputs.

Py — P15 The LSP output term These 16 bits are
time-multiplexed with the Yg — Y ; multiplier inputs or
can be accessed from the output port under control of
the MSPSEL line.

P, — P31 The most significant sroduct (MSP) term
output port, comprising the 16 most significant bits of the
output. The LSP term can also be accessed from this
output port under control of the MiSPSEL line.

Cx, Cy Mode controls for each Xy and Yy input. When
LOW, the controlled input is unsigined data, and when
HIGH, the input is 2's complemen .

RND This is the round control for the MSP. When ac-
tive, the L1017 adds 1 to the most significant bit of the
LSP, rounding the MSP upward.

CK This is the register clock that is directed to all in-
ternal registers. In addition to the inputs, the mode con-
trol bits (Cx, Cy), the RND bit and the output registers
are latched with this signal.

ENX, ENY, ENP These are the register enable signals.
ENX enables the multipicand (X) input register and it’s
input mode control bit. ENY does the same for the mui-
tiplier (Y) inputs. Either ENX or ENY enable the RND
register. ENP enables the output register. Once a
register is enabled, it will updated on the next rising edge
of the clock (CK).

FT Flow-through control. When active (HIGH), the out-
put registers of the LSP and MSP are in transparent or
flow-through mode.

OE_, OEm Three-state output enable controls for the
LSP and MSP.

MSPSEL Controls the output multipiexer which pre-
sents either MSP or LSP terms to the Py — P3p output
port.

FA Format adjust control. In 2’s complement arithmetic,
if FA is HIGH, a full 32-bit product is produced with a sign
bit in the MSP. tf FA is LOW, the sign value of the
product is replicated in the most significant bits of the
LSP and MSP. In integer or mixed mode, FA must be
HIGH to get a valid product, and the most significant bit
of the product contains the sign bit if the output is in 2’s
complement.

DATA FORMATS

FRACTIONAL TWO'S COMPLEMENT NOTATION

BINARY POINT (BP) BP
[
SIGNAL | Xq5 | X14 lees| X5 | Xo ‘V15 Yig [seel Y1 | Yo
!
DIGIT VALUE | -20 | 2-7 Jesel2-14|2-15 1-20 2-1 [suef2-14]2-15

BP

P31 | P3g [seef P17 | P1g | P15 | Pra [seef Py | Po | SIGNAL

20| 2-1 [ewsl2-1a]2-15|2-0|2-16]e e s|2-29[2-30| DIGIT VALUE

MSP LSP

BP

P31 | Pag [*ee P17 | P1s | P15 | P1s [e e Py Py | SIGNAL

@

=21 20 |eee|2-13|2-14(2-15{2~16]e e o] 229 2-30| DIGIT VALUE FA=1

MSP LSP

FRACTIONAL UNSIGNED MAGNITUDE NOTATION

BP B® ap
1
SIGNAL | Xq5 | X1a Jees| X1 | Xo Yis | Yia |ess| Y1 | Yo Par | Pao [ees| P17 | P1s | Pys | Pia |ees] Pi | Po | SIGNAL
DIGIT VALUE | 2-1(2-2 [ees|2-15[2-16 2-1|2-2[cedf2-15]2-18 2-1]2-2 [oes|2-18[2-18]2-17{2-18[ o o[ 2-31]2-32| DIGIT VALUE FAZ1
MSP LSP MANDATORY
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@TTI@E HIGH SPEED 16 x 16-BIT CMOS IEITJ-LlTIOPI..'IE7R

BP
INTEGER TWO'S COMPLEMENT NOTATION Par | Pag [seel P17 | Pis | Pis | Pra feee| P1 | Po | SIGNAL
Bp BP _230| 229 [ses] 216 | 215 |- 230} 214 [eusf 21 [ 20 | DIGIT VALUE
MSP LSP MANDATORY
SIGNAL | Xig | X1a [see] X1 | Xo Yis | Yia |ese| Y1 | Yo _ o
DIGIT VALUE |- 215| 213 [ses| 21 | 20 X _215| 218 Jees| 21 | 20 -

P31 | Pag leesf P17 Pig| Pis | Prafooe Pi [ Po | SIGNAL

_231| 230 [see| 217 | 216 | 215 | 214 [e s e 21 20 | DIGIT VALUE

MSP LSP MANDATORY
INTEGER UNSIGNED MAGNITUDE NOTATION
BP BP BP
SIGNAL | Xy5 | X44 [see] X4 Xp Yis | Yia Jsee| Y4 Yo P3y | P3p jese P17 | Pyg | Pis | Pra [ees| Py Pp | SIGNAL
DIGIT VALUE | 2's 214 (mee| 21 20 215 214 {see| 20 20 231 230 lewsl 217} 216 | 215 214 jeee| 21 20 DIGIT VALUE
MSP LSP MANDATORY
INTEGER MIXED MODE NOTATION
BP BP BP
(TWO'S COMPLEMENT) (UNSIGNED MAGNITUDE)
SIGNAL | X145 | Kyg [eee| X4 Xo Yis | Yiga [seee] Y3 Yo P31 | Pap [ees| P17 | P1g | Pis | P1g [eeef Py Pg | SIGNAL

DIGIT VALUE |—215] 214 |eeal 21 | 20 215 | 214 [ees| 21 | 20 _231| 230 |a s} 217 | 216 [ 215 | 214 {eusf 20 [ 20 | DIGIT VALUE

MSP LSP
FRACTIONAL MIXED MODE NOTATION
8P BP BP
(TWO'S COMPLEMENT) (UNSIGNED MAGNITUDE)
SIGNAL | Xq5 [ X14 [se¢] X1 | Xo Yi5 | Yia [see] Y1 | Yo P31 | Pag [ses| P1g | P17 | P1g | P1s |ees| P1 [ Po [ SIGNAL
DIGITAL VALUE {~20 | 2-1 Jesei2-14]2-15 ’ 2-1]| 2-2|ses|2-15|2-16 _20|2-1]ees[2-13|2-14{2-15[2-16]e e e} 2-30| 2-31] DIGIT VALUE
mse LSP MANDATORY

5
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LATTICE

L1017

HIGH SPEED 16 x 16-BIT CMOS MULTIPLIER

PACKAGE INFORMATION

64-PIN HERMETICALLY SEALED
DUAL IN-LINE PACKAGE
Dimensions shown in inc 1es and {(mm).

i
L 3.200 10.030

{ (81.28 £0.76) 7 >

| |

Jonanooaoooooaooaoagaonnaaoanooann

PIN 1 INDICATORS
0.910 £+0.010
(23.11 £ 0.25)

OO O O U U O U U OO O U T O OIS T

0.125 MIN
(3.18)
i |

0.05 +0.01
0.100 10.005 0.018 1¢.002 (1.27 10.25)

{2.54 20127) (0.457 ¢ 1.05)

0.097 3 0.01
(2.46 1 0.254)

I'r_=

P

0.010 0002 _ |,
{0.254 10.051)

-1

“_U 510 MAX (15, QQ)——‘

(Alilililstilstatitinatinitititilsnl,

68-TERMINAL LEADLESS CHIP CARRIER
Dimensions shown in inches and (mm).

‘«— —

0040
02

REF « 45 TYP

0950 + 0015- 0010 SQ
12413 + 039-0.26) >
0050 » 0008 0.75 3 0010
127 4 02 (1914 026

NO 1 PIN INDEX

BOTTOM VIEW

©.511
a050
—| f— 127}

TYP

NOTE
1 CONTACTS ARE GOLD PLATED

ORDERING INFORMATION

XXXXH A 999 A A
OEVICE TYPE ~ POWER  SPEED  PACKAGE  PROCESS/TEMPEA/ TURE
RANGE .
HLANK  COMMERCIAL 0°C 10 70°C
SCREENED TO MIL-STD-883
METHOD 5004 CLASS C
INDUSTRIAL  40°C to «85°C
SCREENED TQ MIL.STD.8B3
METHOD 5004 CLASS C

a MILITARY  55°C 10 « 125°C
SCREENED TQ MIL-STD-883
METHOD 5004 CLASS B

c MILITARY  55°C 1O + 125°C

SCREENED TO MiL STD-883
METHOD 5004 CLASS C

< SIDEBRAZE
o CERDIP

& BLASTIC

L

x

LEADLESS CHIF CARRIER
3

ol
SPECIAL

SPEED IN NANOSECONDS.
— Ne e

Is STANDARD POWER
LS LOW POWER

PIN FUNCTION PIN FUNCTION
1 Ve 35 P7, Y7
2 GND 36 Pg, Yo
3 GND 37 Ps, Y5
4 MSPSEL 38 P4, Ya
5 FT 39 Pa, Y3
6 FA 40 Ps, Y2
7 OEm 41 P, Y4
8 ENp 42 Po. Yo
9 N/C 43 N/C
10 P31, P15 44 ENvy
11 P30 P1a 45 cK
12 P2, Pya 46 OF,
13 Pag. P12 47 Xo
14 P27, P11 48 Xq
15 P26, P1o 9 X2
16 P2s. Pg 50 X3
17 Poa. Pg 51 Xa
18 Paa, P7 52 Xs
19 P22 Pe 53 Xs
20 P21, Ps 54 X7
21 P20, Pa 55 Xg
22 P1g, P3 56 Xg
23 Pqs, P2 57 X490
24 P17, Py 58 X11
25 P1s. Py 59 Xt2
26 NC 60 NC
27 Pis, Y15 61 X13
28 P1g, Y14 62 X1a
29 P13, Y13 63 X5
30 P2, Y12 64 ENx
31 P, Y1y 65 RND
32 Pio, Y10 66 Cx
33 Pg, Yg 67 Cy
34 Psg, Yg 68 Vee

oneress

085+ 0010
1216 + 026
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