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SN54LS681, SN74LS681

4-Bit Parallel Binary Accumulators

These low-power Schottky IC’s integrate a high-speed arithmetic logic unit (ALU) complete with word
A and word B registers on a single chip. The ALU performs 16 arithmetic and 16 logic functions. Full
carry look-ahead is provided for fast carry of four-bit words. The carry input (C,) and propagate and
generate outputs (P and G) are provided for direct use with SN54S182/SN74S182 carry look-ahead
generators for optimum performance with longer words.
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SN54LS681, SN74LS681
4-BIT PARALLEL BINARY ACCUMULATORS

D2422, JANUARY 1981 — REVISED MARCH 1988

SN54LS681 ... J OR W PACKAGE
SN74LS681 .. . DW OR N PACKAGE

(TOP VIEW}

¢ Full 4-Bit Binary Accumulator in a Single 20-Pin
Package

= Contains Two Synchronous Registers:
Word A
Word B Shift/Accumulator

¢ 16 Arithmetic Operations Including
B Minus A and A Minus B

* 16 Logic-Mode Operations

* Expandable to Handle N-Bit Words
with Full Carry Look-Ahead

¢ Bus Driving |/0 Ports

description
SNB4LS881 . . . FK PACKAGE

These low-powsr Schottky IC’'s integrate a high-speed (TOP VIEW)
arithmetic logic unit (ALU) complete with word A and

N

(=]
word B registers on a single chip. The ALU performs 16 ] ¥ 94
arithmetic and 16 logic functions (see Tables 1 and 2). oo >ac »
M -
Full carry look-ahead is provided for fast carry of four-bit 3 2 120 @
words. The carry input (Cp) and propagate and generate rsolla . 18 [] Aso O
outputs (P and G) are provided for direct use L/RO[ S 17 AST g
with SN54S182/SN748182 carry look-ahead ca 6 16 (] AS2 a
generators for optimum performance with longer words. Gll7 15 [Am
; : Cn+4[l8 14 (1700 et
The A and B registers are controlled by three inputs n -
(RSO, RS1, and RS2). These pins define eight distinct 10 111213 =
register modes (see Table 3). The A register is a simple 1a. % 8 83
storage register while the B register is a combination 0O===

storage/shift/accumulator register. The contents of the
A and B registers provide the A and B words for the
ALU.

Four 1/0 ports (1/0 0 thru 1/0 3) are provided for parallel loading of word A and/or word B into their respective registers.
These same ports also serve as bus driving outputs for the ALU/accumulator results (Fj). Two additional 1/0 ports (RI/LO and
LI/RO) are provided to allow expansion of the accumulator for words greater than four bits in length.

The A or B register can be paraliel loaded from the four I/0 ports. The B register can aiso be parallel loaded from the ALU as
an accumulator register and in addition, the B register can be serially loaded from either the RI/LO or the LI/RO ports.

The SN64LS681 is characterized for operation over the full military temperature range from —~55°C to 125°C. The
SN74L5S681 is characterized for operation from 0°C to 70°C,
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SN54LS681, SN74LS681
4.BIT PARALLEL BINARY ACCUMULATORS

functional block diagram (positive logic)
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SN54L5681, SN74LS681
4-BIT PARALLEL BINARY ACCUMULATORS

FUNCTION TABLES

TABLE 1 — ARITHMETIC FUNCTIONS TABLE 2 - LOGIC FUNCTIONS
Mode Control (M) = Low Mode Control (M) = High
ALU ACTIVE-HIGH DATA ALU ACTIVE-HIGH DATA
SELECTION Ch=H Ch=L SELECTION Ch=H Ch=L
AS2 AS1 ASO (with carry) {no carry) AS2 AS1 ASO {with carry) (no carry)
L L L |Ff=L Fj=H L L L | Fo=H,Fy=Fp=Fg=L |Fj=L
L L H |F =B MINUS A F =B MINUS A MINUS 1 L L H Fj=Aj ® 8j PLUS 1 Fi = A @ B;
L H L |F=AMINUSB F=A MINUS B MINUS 1 L H L Fi=Aj E Bj PLUS 1 szA} @ Bj
L H H|F=APLUSBPLUS1|F=APLUSE L H  H|F=L Fi=H
H L L [F=BPLUSI Fj =B H L L |Fj=ABjPLUS1 Fj= AjBj
H L H [F=BPLUS1 Fj=Bj H L H Fi=;j+"g‘i PLUS 1 pi.,qj'+_gj
H H L |F=APLUS1 Fj = Aj H H L Fi=Ai§j PLUS 1 Fi=AjB;
H H H|F=APLUSIT Fi=% H H H|Fj=A+BjPLUST Fj = Aj + Bj
TABLE 3 ~ REGISTER FUNCTIONS Lrd
INPUTS BEFORE L TO H CLOCK TRANSITION INTERNAL OUTPUTS AFTER L TO H CLOCK TRANSITION 8
REGISTER i
FUNCTION| o on DATA INPUTS A REGISTER B SHIFT REGISTER ALY S
RS2 RS1 RSO{LI/RO 1/03 1/02 1/01 /OO RILO| QA3 0A2 QA1 QA0 fLI/RO GB3 0Bz QB1 QB0 RULO|F3 F2 F1FO <]
ACCUM L L L| z Fa F2 Ft Fo 2 |QA3g QA2 DAlg QADg| 2 F3, F2, Fi, FO, 2 |Fa Fz F1 Fo ()
LOAD B L L HI 7 b3 bz bl_bd___Z |OAlg OAZg GAlg QAGG|] Z 53 B2 &1 B0 2 |2 2 2 2
LEFT ool
SHIFT L H L] i F3 F2 F1 FO QBO [QA3p DAZp QAlp QAOg | i i QB3, QB2, OB1, GB1, [F3 F2 F1 FoO o
LOGICAL |
LEFT
SHIFT L H H li F3 F2 F1  FO QB0 |QA3p QA25 QAlg QACy| i QB3, i QB2, QB1, QBI,[F3 F2 F1 FO
ARITH
RIGHT
SHIFT H L L |@3 f3 F2 F1 FO n |QA3; QAZg QAlp QA |QB2, QB2, QB1, QBO, ri i |F3 F2 F1 Fo
LOGICAL
[RIGAT
SHIFT H L H|aez F F2 F1 FO i [QA3p QAZp QAlg OADp |QB1, QB3, QB1, QBO, ri i |F3 F2 F1 fo
ARITH
HOLD H H L Z __F3 F2 F1 _FO Z |QA3g OA2 OAlg QAOp| 2 0B3y QB2 QB QBOg Z |F3p F2g Flg FOp
LOADA J W W M] 7 a3 w2 a1 o0 _Z | 83 a2 o1 20 | 7 QB3 OB2; OBl O8Oy 2 | Z F Z 7|

H = high level (steady state)

L = low level (steady state)

Z = high impedance (output off}

80...83, b0...Db3 = tha lavel of steady - state condition at /0 O thru I/O 3, respectivaly and intended as A or B input data

FQ...F3 =internal ALU results

OAOD e osun, FD‘j aan Fao = the lavel of QAD thru QB3 and FO thru F3, respectively, before the indicated steady-state input conditions were
sstablished

QAD. . QB3 = the level of QAD thru QB3 before the most recent T transition of the clock

ri, 1l = the level of stesdy-state conditions at RI/LO or LI/RO, respectivaly

TeExas Q 2-1125
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SN5415681, SN74LS681
4-BIT PARALLEL BINARY ACCUMULATORS

L
logic symbol?
(18)
ASQ (17) 9 - (9)
A M (ALY (0...71CP 7) |4
as2 18| 15 0...7)CG ) 7
(15) (8)
M e 3 0...7)C0 p— Cn+4
Cpn =i Cl| (1l
RSO -——:;: 0 46
RSl — EN —
(2) 27
oo {1) 4
CLK > C28
E D> 22 4/ 24-p[abed logical]
El234425-b[abc,arithmaticl -
2 REG4 ALU
> 4 3027.280 pry P
-+ 31,27,28D P(2] R (14}
0
|-" £32.27.280 praj M 21'2;32 T e
w) +33,27,28D P8l
?: (19) SRG4 — (13)
= RI/LO (24/25)28D (212127 1/01
o [a] Qafltl
3 Vv 22/23 Z31
4 30{(20/21)28D (12)
+ 31(20/21)28D b] jal2l (312127 Vv :To- 1/02
+ 32(20/21)28D 232
23,28D el |lal (1)
(5) 25 (417137 :Ico- 1/03
LI/RO L7
V 24 233
22,28D [d1 jalsl
-+ 33(20/21)28D
tThis symbol is in accordance with ANSI/IEEE Std. 91-1984 and IEC Publication 617-12.
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply voltage, VO (se NOte 1) ... evvviinnn it m s nn TS 7V
IO VOIEARE: . i o i e sveimin wa emsae vie mmeas Be spmepAs SEeRE e CUSEL S va st 7V
Operating free-air temperature range: SNBALSEBT  ...........ooeooeaneneneneres —55°C 10 125°C
SNTZALGBRY: . iiiais svipain GEERRET S e S 0°C to 70°C
Storage tEMPErBtUrE TANGE . .. ..o s e assoascsnssasssssssaoenaunser srsseres: —65°C 1o 160°C
NOTE 1: Voltage values are with respect to the network ground terminal.
21126 Texas ]@
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SN54LS681, SN74LS681
4-BIT PARALLEL BINARY ACCUMULATORS

recommended operating conditions

SNB4LSE81 SN74L5881 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Vee 45 5 55| 4,75 5 526 \'
S . LI/RO, I/O, RI/LO -1 —-26] mA
igh-level output current, Igy i 5' Cota — 04 —04] WA
o 12 24
Cn+4., LI/RO, RI/LO 4 8
Low-level output current, I _nH mA
P B 8
G 16 16
Clock frequency, felock 1] 20 0 20| MHz
Width of clock pulse, tyy{clock) 25 25 ns
- ) RSO-RS2 to CLK? 356 30
n
VRN Jau Data 1/0 to CLKT 25 25 i
Hold time, tp o 0 ns
Operating free-air temperature, Tp —585 125 0 701 °¢
electrical characteristics over recommended operating free-air temperature range (uniess otherwise noted)
SNG4L.S681 SN74L8681
PARAMETER TEST cCONDITIONST UNIT 2
MIN TYP* MAX |MIN TYP¥ MAX
ViH High-level input voltage 2 T v
Low-level C; 0.7 0.7 0
ViL . v ]
input voltage All others 0.7 0.8 (T}
Vik  Inputciamp voltage Vee=MIN, Ij=—18 mA —15 15 V ';
v High-level All 1/O Veoe=MIN, Viy=2V, V| =V|Lmax,|] 24 3.1 24 3.2 v @
OH  utputvoltage |P, G, Cneg IloH=MAX 25 34 27 34 Q
lgL=12 mA 0.25 0.4 0.26 04
1gL=24 mA 035 08 fom
Low-level Vee=MAKX, ViH=2V, | lgp=4 mA 0.25 0.4 025 04 b=
VoL e LI/RO, RI/LO, Cnsq | . CC IH or=m v
output voltage VL=V L max loL=B mA 035 05
P 1o0L=8 mA 035 05 035 05
G lgL=16 mA 0.35 05 035 05
f1-
Offwtate ?utput Voo=MAX, ViH=2V, VL=V |L max,
lozH current, high-level] 1/0, LI/RO, RI/LO Va=2.7V 40 40| A
voltage applied O
ff-stat %
DEIRIE QUi /O, LI/RO Vee=MAX, Vig=2 V. ViL=V|L max, - 0.8 -08
lpzL current, low-level Vas0.4 V 0.4 04 mA
voltage applied RI/LO 0 : :
Input current Al 1/O Vi=5.5V 0.1 0.1
1 at maximim Cn Vee=MAX VisIV 0.5 0.5| mA
input voltage All others I 0.1 0.1
. Cn 100 100
High-level
T All 1/ Veo=MAX, Vj=2.7 V 40 40| wpA
input current
All others 20 20
Ch —4 —4
Low-level 1/0, LI/RO —038 —0.8
hL i AT VeosMAX, V=04 V maA,
input current CLK -0.2 ~0.2
All others 04 —0.4
o 1o —30 —-130| =30 -130
| Shorteireuit KRG, RILO Vee=MAX mA
05 Lutputcurrent§ | £ : cc —20 —100| —20 -100
P, G, Chea
Veoe=MAX, RS0 at45V, .
1 Supp! t 100 150 100 150
GG -SURPlycurren All other 1/0 at 0 V mA
tFor conditions shown as MIN or MA X, usa the appropriate value specified under recommended operations.
+All typical values are at Voo = 5 V, Ta = 25°C.
SNot more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
TEXAS Q 2.1127

INSTRUMENTS

POST OFFICE BOX 655012 * DALLAS, TEXAS 75265



S9JIAD

SN54L5681, SN74LS681
4-BIT PARALLEL BINARY ACCUMULATORS

#
switching characteristics, VCC = 6V, Ta = 25°C, see note 2

(uisE N

FROM TO
P ETER TEST CONDITIONS MIN TYP MAX | UNIT
AR (INPUT) (OUTPUT)
= 40
PLH P 28 3 ns
tPHL 30
PLH = 2% 40
G Ry =667 2, Cp =45pF ns
tPHL L 27 40
27 40
IPLH 110 —
TPHL cLOCKt % 5
tPLH Cytd LT
PHL
25 40
PLH LI/RO R =2k%, CL=15pF ns
tpHL 23 38
19
IPLH RI/LO = ;’g ns
1PHL
IPLH P ::: :: ns
tPHL
= 27 3
1PLH G RL =667 Q, Cy = 45 pF — ™
tEHL ASD-AS2 e
:”-” 110 ] ™
PHL
PLH 39 86
Cota RL=2kS, CL=16pF ns
1PHL 34 80
tPLH ? 9 25 -
20
: :"""- RL = 667 2, CL=45pF 1: s
PLH Ca 10 — ™
PHL
PLH 20 30
Cqtd Ry =2k%, CL=15pF ns
tPHL " - k- P 16 25
tPLH 7 28 40 3
PHL 2 40
= 21 30
-PLH G Ry =667 0, CL =45 pF e
e MOoDE 30 45
tPLH 110 - o -
PHL
t 40
L Cotd RL =2k, CL=15pF = 652 ns
PHL
1 28 45
tPZH CL=45pF 28 B ns
tPZL 10 R =667 Q e
tPHz L 3 65 |
PLZ
1 25 40
1PZH CpL=15pF = 0 ns
thL RS1-RS2 LI/RO RL=2kS2 a0
PHZ Cp=5pF ns
pLZ 4 60
2 40
:PZH C_=15pF e 0 ns
tPZL RI/LO RL=2k0 " 30
PHZ Cp=5pF ns
tpLZ 16 40

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

M
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