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feliminary TTL 16 x 16 Bit Fixed-Point Multiplier

B FEATURES

® [9ns worst case clocked multiply time

m Full 32-bit product output port

= | 6-bit output multiplexer

» Transparent input and/or output latches

= Unsigned, two’s complement or mixed mode operands

a Single, double or triple clock operation

= Separate negative sign, overflow and zero status flags

® Format adjust

® Rounding for both formats

® Parallel loading from input ports to output

® Separate most and least significant three-state output
enables

= Individually enabled input and output latches

= Small 1.20" square 108-pin pin grid array package

& | ow powver, 2.2 watts typical

EDESCRIPTION

The B2018 is a high-speed 16 x 16 bit fixed-point muitiplier for TTL
logic. Two 16-bit operands of unsigned, twa’s complement signed or
mixed mode are multiplied to preduce a 32-bit product. The full result
is available in parallel, as separately enabled three-state 16-bit least
and most significant portions, or multiplexed at a single 16-bit port. In-
put operands and output result are stored in individually enabled
latches with separate clocks for input and output for pipelines. The
latches can be made transparent by leaving clocks and enables active
for flow-through operation. Inverted clocks may be tied together for a
single-clock positive-edge-triggered-like function.

The 32-bit result may be format adjusted for a consistent signed frac-
tional output format and for maximurm precision in a 16-bit output.
Rounding for a 16-bit output may be selected and is correct for either
output format. Three status flags indicate the presence of a zero, nega-
tive or overflowed result. The input operands can be loaded directly to
the output without multiplication but with format adjustment, round-
ing and setting of status flags.
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N SIGNAL SUMMARY
LD Loads the intermediate result Z with the concatenated X

Data and Y operands when LD = 1. XM determines the sign

Inputs X0-15,Y0-15 32 mode of the result. When LD = 0 the intermediate result

Output TLSC-15, TMSO-15 32 Z is the product of the aperands X and Y. Rounding and
Format Adjust are always applied to the intermediate

Control e result Z and status flags are generated. See Figure 2.

Latch Enables XEN, YEN, WEN 3 » ) )

Mode XM, YM 2 RND The full precision format-adjusted W result is rounded to

Instructions 10-2: FA, LD, RND 3 the nearest most significant 16-bit portion.

Qﬁtg;)zt Select ?gg_‘ ZERO,NEG ? ZERC, OVFL, Qutput status flags generated from the intermediate result

Output Enables ‘ﬁu‘é, TLE 2 NEG Z. The ZERQO laich is set when the full 32-bit resuit is zero,
or ifRND = 1, when the rounded mast significant 16-bit

Clocks only result is zero. ZERO will not be set if an overflow con-

Inputs CK1 1 dition exists. The OVFL latch is set only on a two's comple-

Outputs CK2 1 ment number, when due to output format adjustmerit,
data has exceeded what can be represented in the output

Power format. The NEG latch is set only when the two's comple-

Logic Gnd GND 1 4 ment result is negative. A loaded format-adjusted nega-

Qutput Gnd GND 2 5 tive overflow number will set NEG as well as OVFL. Flag

Logic +5.0V vCC1 12 latches are enabled by WEN and clocked by CK2.

Output +5.0V vccz2 7 TSEL Input that selects the least or most significant 16-bits of re-
sult W for output through the TMS port. TSEL = 0 is the
most significant portion, TSEL = 1 is the least significant
portion. See Figure 4.

TME, TLE Inputs to enable the three-state outputs of the TMS and
M SIGNAL DESCRIPTION LS ports respectively
Data Clocks
X0-15 X operand input port. Bit G is least significant bit. CKT Clock input to all input latches X, XM, Y, YM and | {FA, LD,
Y0-15 Y operand input port. RND). Data is held in the enabled latch when_m =1,
TMS0-15 Most significant 16 bits of 32-bit output port T. the enabied latch follows input data when CKT = 0. The
L . . input latches are made transparent by holding CKT = 0
TLSO-15 Least significant 16 bits of 32-bit output port T. and their enables low.
Control _ K2 Clock input to all output latches W, ZERO, OVFL and NEG.
XEN, YEN, Enable input for data latches X and XM, Y and YM and W Data is held in the enabled latches when CK2 = 0, the
WEN respectively. enabled latches follow data when CK2 = 1. The output
XM, YM Inputs to XM and YM mode latches. Determine unsigned latches are made transparent by holding CK2 = 1 and
(XM, YM = 0) or two's complement {XM, YM = 1} mode WEN = 0.
of X and Y operands. See Figure 1. Latches enabled by
XEN and YEN respectively and clocked by CKT.
o - Power
i0-2 Instruction input port ta Format Adjust, Load and Round VCCT Positi v voltage to internal logic circuitr
instruction latches respectively. Latches enabled by XEN or OS', fve suppy 9 ) 9 ) ¥
YEN and clocked by TKT VICC2 Positive supply voitage to output circulitry.
FA Format Adjust pravides a choice of output data format in GNDI Negative supply voltage to internat logic circuitry.
result W depending on system requirements. See Figure 3. GND2 Negative supply voltage to output circuitry.

B FIGURE 1. Input Operand Formats and Sign Mode Operation

X MODE [ s T s o T Do [t [ T e o [ e [ %] x OPERAND
Y MODE o lnrlvolt [l 6 [N e e[k fu v {n]vwin] voperanp
Unsigned Integer
@ I2\51214I2131212|211|210!29|28l27]26|25|24|23]22|21lznl VALUE
BINARY POINT
Signed Integer
[_215'214[213]212|211lzlol29Izs]g7lzﬁ[25|24123|2212!|znl VALUE
BINARY POINT ©
Unsigned Fractional
m 12»1 |2-2 Iz-s I 94 lz-s I 26 12—7 lza |2»9 lz-mlz-n |242|2713Ig44lg45|2461 VALUE
" BINARY POINT
Signed Fractional
| .20124 |2~2 12—3 I2—4 ’275 l 26 I 27 [2-8 I 29 |2~1012—1112712[213Izrldlz-ml VALUE

" BINARY POINT
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N FIGURE 2. Result 2 Formats, Zero and Neg Status Flags, and Load Operatlon

FLAG ZRESULT
LOAD=1_ Z- x|v
XM=0 2] [ T Lo Do T [oee [t Dt [ [ D% % % [ [% [ [¥os T ¥oa [¥is Ttia Tt Do [ Yo [ [ [ [ e [t [t [0 [ e
XM=1|Z |z,
LOAD =0 Z=X-Y
Unsigned Integer (XM = YM = 0)
|Zln| |231|23D|229'228I227|226|225I224]223|222|22||220|219|218|217l2|5l215|214|2|3]212|211l?10]29|28|27|F|25|24|23I22]2‘]_201 VALUE
Signed or Mixed Mode Integer (XM = YM = 1.or XM # YM) BINARY POINT
lzlzml I_231|2m|229|228l227|225|225|224|223|222|221|2ml219|218|217|216|215|214|z13|212Ignl;m'plzaIz?lzshslylgalgzlpl201 VALUE
BINARY POINT

Unsigned Fractional (XM = YM = 0)
Z l 0 m 22 I 23 I 24 I 2—5[ 26 I 27 | 2-8] 29 |g1n[2—n |2-1212-13|2-|4|2»15|2-16 |2-11|2-1a|2-19|g20|2»z1 Ig-zzlg-zalz-u|2-25I2—25I2—z1lz»zs—lg»zglg»mlg-ml2-32| VALUE

BINARY POINT
Mixed Mode Fractional (XM # YM)
I Z ]Z31 l |—2012'1 | 2»2 I 2-3 l 2-4 | 2»5 | 26 I 2-7 | 2-8 | 2-9 l2-10|2-|1 l2~1212-13|2-14| 2-15 [2-16|2-17|2»1BI?19I2-20]2-21]2-22|2-23|2~24|225]’2—2612»27I2-28I2—29I2-301 2-31' VALUE
" BINARY POINT

Signed Fractional (XM = YM = 1)
l 7z szﬂ | I,21I 201271 12-2 | 23 I 24 | 25 | 2—5] 27 | 28 | 29 |gv1o|241 I2712‘2-13|2-14|2-15|2-16Iz-nlgwlzrwlg-zo] 921 |2-22|2—2:1|2—24|Q-25I2—25|227l2~28|2-29J2-_30| VALUE
" BINARY POINT

% = NOR Z,-Zs; when RND = 0
Z = NOR 216-231 when RND = 1,FA =1
% — NOR Z,5-Z5, when RND = 1, FA = 0

B FIGURE 3. Result W Formats, Overflow Status Flag and Format Adjust Operation
FLAG [o] W] W0 W [ W [ o o [ 1 W | W | W W W W W D o s [ 1 s o (9 i e [ [ [ [ o W [w]  WRESULLT

FORMAT ADJUST = 1

[0] o [0 [ Too | T | Lr | o | s | T | s | oo [ 2 |2 | | | oz L [ [ e [ s [ 2 2 [ 20| 0 [ 3 [ & (%6 [ {2 {2 2 [ [ %]

Signed Fractional (XM = YM = 1)

| _21 I 20 121 I 2-2 | 2-3 I 2—4 | 2-5 l 2—6 | 2-1 ‘ 249 ‘ 2-9 IZ»IO I2-1‘ |2-12 |2-13|2-14 [2-15 |2-16 Iz-"iz-ﬂ! |2—19 |2-20 |2,21 I2422]2~23|2»24 IQ-ZS |2—25 Iz»Z? ]2»28 IQZQIZ.’&ﬂ VALUE
* BINARY POINT
Signed or Mixed Mode Integer (XM = YM = 1 or XM # YM)

Bmlgw |229|223|227 Izzslzas Izznlgza |222 |221 Igzolpglzmlzwlzw Iz1s|214 Igm |212 Ign |21o I » I 2 | 9 | 2% |25 | o4 I 2 Izg |21 znl VALUE
FORMAT ADJUST = 0 BINARY POINT

oo [ oo [ o | o [ T [ s [ B | o | B | | | T | T | 2 [t s [ i [ 2 L2 2 [0 [ 3 2 [ 2 [ s (3 |2 [ ws [ % [0 [w [ 0] VALUE

Signed Fractional (XM = YM = 1)
I 20121 | 22123 I 24 | 2-5 l 25 I 27 I 28]29 [210|211 Iz12l213’214|215[2‘6|217|218[219[220'221 |222|223I224]225[2261227[228]&29]2%]231J VALUE
BINARY
Signed or Mixed Mode Integer (XM YM = 10or XM # YM)

|230|229I228|227I2261225l224|223]222]221 I220|219]2|8|2|7|216|215[214|213|212‘211]21DI » | pil | 7 | % I 2% |24 IZS I22 [21 |20121] VALUE

BINARY POINT

V = Z3, XOR Z4

N FIGURE 4. Output Multiplexer

TPORT

TSEL = 0 (W] o[ W] o [ [T [ V| W [ W [ W W [ e W [ Wz [ [ s W [ (e [ oo [ [ [ [ [ [ T T, T, [ ]

TSEL =1 |W15IWMIW|3|W,2|W“|Wm| W, | ng W7IWSIW5|w4|WaIW2 | W, lwo ]w1slwulw1alw\2|wﬂIWWIWS le IW7 st |w5 |W4 |W: |Wz ‘W1 |Wo|
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N FUNCTIONAL DESCRIPTION

Format Adjust.

The Format Adjust instruction provides the systern designer with a
choice of output data format and status flags. This is desirable with the
fractional two's complement input data format shown in figure 1.

When FA = | the full 32-bit intermediate result Z is available including
the most significant sign and unity bits as shown in Figure 3. All possi-
ble products can be represented including —1.0x —1.0 = + 1.0 with-
out overflow. The binary point in this result does not align with the
binary point in the input operands. Thus the numeric weighting of
data bits within a system is not uniform. A further effect exists when
only the most significant 16-bits are retained; one whole bit the unity
bit} is used to indicate the presence of one unique set of operands
(—1.0and — 1.0) rather than adding an additional bit of resolution to
all other results.

Setting FA = 0 provides the left shift and higher order truncation of
the result Z so that the binary point of the result W aligns with that of
the input operands. All data bits now have a uniform weighting. The
unique + 1.0 product is sensed and sets the OVFL flag latch so this
condition does not go undetected. A zero is shifted into the least sig-
nificant bit position to maintain a correct full 32-bit result. Note in com-
parison to when FA = 1, an additional bit of lower order resolution
(2**-15) exists when only the most significant 16-bits are output.

l SPECIFICATIONS

Absolute Maximum Ratings
Permanent damage may occur if any one absolute maximum rating is
exceeded. Functional operation is not implied and device reliability

Load.

The Load instruction concentrates the X and Y input operands into the
intermediate result Z rather than multiply them. X becomes the most
significant portion of Z and Y the least as shown in Figure 2. XM deter-
mines the sign mode for the complete 32-bit result. Condition codes
ZERO, OVFL and NEG are set as though the concatenated operands
are a full 32-bit product. For a two’s complement number the format-
adjust operation is the same. Round reduces the loaded 32-bit input to
the rounded most significant 16-bit portion. This instruction allows
any 32-bit number, including previously generated products, to be
rounded, tested for zero and sign, and to have fractional binary points
aligned while testing for overflow. In addition it is valuable for system
testing by providing a direct path through the muitiplier and greater
access to the individual operations and latches within the muitiptier.

Round.
The Round instruction causes a one to be added to what will be the
most significant bit of the least significant 16-bits of the result W. The

* most significant 16-bits of result W are then correctly rounded to the

nearest 16-bit value.

may be impaired by exposure 1o higher than recommended voltages
for extended periods of time.

Supply Voltage
(GND = 0)

Input Voltage
(GND = 0)

Output Source Current
Continuous
Surge

Storage Temperature

Operating Junction
Temperature

Ve, ~0.5t0 +7.0 Vg
—0.5t0V, +0.5 Ve
30 mA
100 mAS.
—5510 150 °C
165 °C
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Recommended Operating and Test Conditions

SupinOltage » B Vee

(GND = 0)

Ambient Temperature T." 0 70 °C
Input Voltage High Vin 2.0 Ve
Input Voltage Low Vi 0.8 Ve
Output Current High lon -04 mA,.
Output Current Low lot 4.0 mA .
Input Setup Time ts 4 ns
Input Hoid Time t, : 3 ns
Clock and Latch Enable t. 5.5 ns
Pulse Duration

*500 Linear Feet per Minute Ambient Air Flow

Electrical Characteristics

Supply Current lee 440 800 mAgc
(Ve = Max)

Input Current High lin 0.2 mAg.
(Vec = Max, V;,, = 2.4)

input Current Low I; -0.2 mAy
(V.. = Max, V, = 0.4) ! o
Output Voltage High Von 24 Ve
(Ve = Min, l,,, = Max)

Output Voltage Low Vo 0.4 Ve
(V.. = Min, I, = Max)

High Impedance lozn 40 pAge

Output Current
(V.. = Max,V_, = 2.4)

High Impedance loai -40 RAGe
QOutput Current
(V.. = Max, V, = 0.4)

Data to Clock Multiply Time | S 14 ns
Clock to Clock Hold Time tech -15 ns
Clock to Clock Multiply Time teem 19 ns
Clocked Output Delay Time teod 12 ns
Data to Data Multiply Time tagm 25 ns
Clock to Data Multiply Time tegm 26 ns
OQutput Disable Time H—2Z tonz 7 ns
L—Z to 7 ns

Output Enable Time Z—H tozh 12 ns
Z-L toz 1 ns

*V, = 5.0 volts, T, = 25°C



F {4
Bipolar
K Integrated
Technology, Inc.

B LOAD TEST CIRCUIT

FROM OUTPUT

0O +Vcc

UNDER TEST
’ l
C. R2
40pF 667R
C. INCLUDES
PROBE AND JIG CAPACITANCE

H TIMING DIAGRAMS
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NPINOUT

BOTTOM
VIEW

NOTES:
| 1) Al VCCI pins must be tied to all VCC2 pins.
2) All GNDI pins must be tied to all GNDZ pins.




BPACKAGING DRAWING AND DIMENSIONS
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B ORDERING INFORMATION

108 Pin Pin Grid Array
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1050 N.W. Compton Drive
Beaverton, OR 97006
503 629-5490

The infarmation in this document has been carefully checked and is believed 1o be accurate. BIT does not assume any responsibility far its use, nor for any infrigements of patents or rights of third parties which may
result rom its use. No circuit patent rights are implied. BIT reserves the right to make changes to the specifications in order Lo improve design or peiformance characterisiics
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