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NBCD ADDER

The MC 14560B adds two 4-bit numbers in NBCD (natural binary
coded decimat] format, resulting in sum and carry outputs in NBCD
code.

This device can also subtract when one set of inputs is compie-
mented with a 8's Complementer (MC 1456 1B).

ANl inputs and outputs are active high, The carry input for the
least significant digit is connected to V'gg for no carry in.

e Diode Protection on All inputs
e Supply Voltage Range = 3.0 Vdc to 18 Vdc

e Capable of Driving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Raled Temperature Range

MC145608

CMOS MmS!

(LOW-POWER COMPLEMENTARY MOS)

MAXIMUM RATINGS* (voltages Reterenced to Vgg)

NBCD ADDER
)
L .
L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 620 CASE 648

ORDERING INFORMATION

A Series: ~55°Cto +125°C
MC14XXXBAL (Ceramic Package QOnly)

C Series: —40°C to +85°C
MC14XXXBCP (Piastic Package)
MC14XXXBCL (Ceramic Package)

Symbol Farameter Value Unit
Vob DC Supply Voltage 05tc ~180 v
Vin. Yoyt | Input or Output Voitage (DC or Transient} ~-05tlovpp +05 v
. lout | Input ar Output Current (DC or Transient), per Pin =10 mA
Po Pawer Dissipation, per Packaget 500 mwW
Totg Storage Ternperature 6510 + 150 C
L Leaa Temperature (8-Second Soldenng) 260 'C
*Maximum Ratings are those values beyond wnich damage 10 the device may occur
tTemperature Derating Plastic ‘P Package - 12mwWi*C from 65°C to 85"C
Ceramic "L~ Package - 12mW:C from 100°C o 125°C
TRUTH TABLE*
INPUT QUTPUT
A4 ] a3 ] a2 | AT | Ba [ B3 | B2 [B1 |Cpy [Cour| 58 |83 | s2] st
Q T Q a Q [ o [} 0 Q 0 v o 0 0
o 0 0 G [+ o 0 3] 1 0 a (o] Q 1
) 1 o [ o Q \ 1 0 o 23 1 1 1
a 1 0 [ 4] 0 1 1 1 o 1 o 0 0
0 1 1 1 o 1 Q 0 1] 1 [ [ 0 h)
0 1 1 | 0 1 0 ] 1 1 o ¢} 1 ]
1 4 a a < 1 a 1 Q 1 0 o 1 ¥
0 1 1 0 1 o Q [+) 0 1 0 1 o] o
1 0 o] 1 1 o o 1 1 1 1 a o] 1

*Partal 1ruth tabie 10 show logic Gparauon tor representative ioput values

This device containg protection circuitry to guard against damage due to
high static voltages or electric fields. However, precautions must be taken
to avoid applications of any voitage higher than maximum rated voltages to
this high-impedance circuit. For proper operation, Vin and Vout should be
constrained to the range Vgg < (Vin 0 Vgut) < VDD-

Unused inputs must always be tied o an appropriate iogic voltage level
(e.g., either Vgg or Vpp). Unused outputs must be left open.

BLOCK DIAGRAM
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MC14560B

ELECTRICAL CHARACTERISTICS (Voitages Referenced to Vgg)

Vpp Tiow" 25°C Thigh*
Characteristic Symbol Vdc Min Max Min Typ # Max Min Max Unit
Qutput Voltage “0" Level VoL 50 — 0.05 — Q 0.05 — 0.05 Vde
Vin = Vppor ¢ 10 — 0.05 — Q 0.05 — 0.05
15 — 0.05 — 0 0.05 — 0.05
‘1" Level VOH 5.0 4.95 — 4.95 50 — 4.95 — Vde
Vin = OorVpp 10 9.95 — 9.95 10 — 8.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0" Levet ViL Vdc
(VO = 4.5 0r 0.5 Vdc) 5.0 — 1.5 — 225 1.5 — 15
(Vo = 9.0 or 1.0 Vdc) 10 — 3.0 — 4.50 30 — 3.0
(Vo = 13.5 or 1.5 Vdc) 15 — 4.0 —_ 6.75 40 — 4.0
“1" Level ViH Vdc
(VO = 0.5 or 4.5 Vdc} 5.0 35 — 35 275 — 35 —
(VO = 1.0 0r 9.0 Vdc) 10 70 — 70 5.50 — 7.0 —
(VO = 1.5 0or 13.5 Vdc) 15 11.0 — 11.0 8.25 — 11.0 —
QOutput Drive Currerit (AL Device) OH mAdc
(VOoH = 2.5 Vdc) Source 5.0 -3.0 — ~24 ~4.2 — -1.7 —
{(VOH = 4.6 Vdc) 5.0 ~-0.64 — -0.51 —-0.88 — -0.36 —
(VO = 9.5 Vdc) 10 -1.6 — -13 -2.25 — -0.9 —
(Vo4 = 13.5 Vda) 15 -4.2 — -34 -8.8 — - 24 —
(VoL = 0.4 Vdc) Sink oL 5.0 0.64 — 0.51 0.88 — 0.36 — mAdc
(VoL = 0.5 Vdc) 10 16 — 1.3 2.25 — 09 —
(Vo = 1.5 Vde) 15 4.2 —_ 34 838 —_ 24 —
Qutput Drive Current (CL/CP Device} loH mAdc
(VOH = 2.5 Vdc) Source 5.0 -25 — -24 ~4.2 — - 1.7 —
(VOH = 4.6 Vdc) 50 -052 —_ ~0.44 ~0.88 — 036 | —
(VOM = 9.5 Vdc, 10 -13 — -1.1 -2.25 — -0.9 —
(VoM = 13.5 Vd3) 15 -386 — ~-3.0 ~8.8 — - 2.4 —
(VoL = 0.4 Vdc) Sink oL 5.0 0.62 — 0.44 088 — 0.36 — mAdc
(Vot. = 0.5 Vdc) 10 13 — 1.1 225 — 0.8 -
(VoL = 1.5 Vdc) 15 36 3.0 88 — 24 —
input Current (AL Device) i 15 — +0.1 — +0.00001 +0.1 — *1.0 | uAdc
Input Current (CL/CP Device) lin 15 — .3 — +0.00001 +03 — +1.0 | uAde
Input Capacitance Cin — —_ —_ — 50 75 - — pF
Vin = 0)
Quiescent Current (AL Device) DD 50 — 5.0 — 0.005 50 — 150 nhdc
(Per Package) 10 — 10 — 0.010 10 — 300
15 - 20 — 0.015 20 — 600
Quiescent Current \CL/CP Device) DD 50 — 20 — 0.005 20 — 150 pAde
{Per Package) 10 — 40 — 0.010 40 — 300
15 — 80 — 0.015 BO - 600
Total Supply Current™1+ Ir 50 IT = {1.68 uAkHZ)  + Ipp uAde
(Dynamic plus Quiescent, 10 iT = (3.35 uAkHzl f + Ipp
Per Package) 15 I = {5.03 pAKkHz} | + ipD
(CL = 50 pF an all outputs,
all buffers switching)
"Tiow = —~ 55°C for AL Device, —40°C tor CL/CP Device.
Thigh = + 125°C tor AL Device, +85°C for CL/CP Devica.
#Data labelled “Typ" is not to be used for design purposes but is PIN ASSIGNMENT
intended as an indication of the IC's potential performance. ~S
1 \' 16
**The formulas given are for the typical characteristics only at 25°C. =g A2 oo =
282 L) =R}
170 calculate total supply current at loads other than 50 pF: 3cq A3 Bi1j=—1e
I7{C) = IT(50 pF) + (C| -60) Vik 4c]83 R v B ]
where: I is in wA (per package), Cy in pF, V = {(Vpp ~Vgg) in volts, sC3 A4 s2p/12
{in kHz is input frequency, and k = 0.005. 6 ]84 S3[a11t
1qc¢y, S4[310
8 Y vgg Cout 9
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SWITCHING CHARACTERISTICS* (C|. = 50 pF, TA = 25°C)

Characteristic Symbol Vpo Min Typ # Max Unit
Quiput Rise and Fall Time TLH: TTHL ns
TLH tTHL = (1.6 ns/pF) G + 25 ns 50 — 100 200
tTLH, tTHL = (0.75 ns/pF) G + 125 ns 10 — 50 100
tTLH, tTHL = (0.55 ns/pF) C) + 9.5 ns 15 — 40 80
Propagation Delay Time tPLH: IPHL ns
AorBto$S
tPLH. tPHL = (1.7 ns/pF) C + 665 ns 5.0 — 750 2100
tPLH, tPHL = (0.66 ns/ipF) C + 297 ns 10 — 330 900
tPLH. tPHL = (0.5 nsipF) C + 195 ns 15 — 220 675
Aor Bio Coyt ns
tPLH, tPHL = (1.7 ns/pF) Ci_ + 565 ns 50 -— 650 1800
tPLH. tPHL = (0.66 ns/pF) Ci_ + 197 ns 10 — 230 600
tPLHs tPHL = (3.5 ns/ipF) CL + 145 ns 15 — 170 450
Cin to Cout ns
tPLH. tPHL = (1.7 nsipF} C + 465 ns 5.0 — 550 1500
tPLH, tPHL = (2.66 ns/pF) C{ + 187 ns 10 -— 220 600
tPLH, tPHL = (2.5 ns/pF) C( + 135 ns 15 -— 160 450
Turn-Off Detay Time tPLH ns
Cinto §
tPLH = (1.7 nspF) CL + 715ns 5.0 -— 800 2250
tPLH = (0.66 ns/pF) CL + 197 ns 10 — 350 975
tPLH = (0.5 nspF) C + 215ns 15 — 240 750
Turn-On Delay Time tPHL ns
CntoS
tpHL = (1.7 ns/pF} Cp + 565 ns 50 — 650 1800
tPHL = (0.66 ns/pF) C + 197 ns 10 - 230 800
1PHL = (0.5 ns/pF) Ci_ + 145ns 15 — 170 450

*The formulas given are for the typical charactaristics only at 25°C.

#Data labetlad “Typ " is not to be used for desigr purposes but is
imendad as an indication of the IC’s potential parformance.

FIGURE 1 -~ POWER DISSIPATION WAVEFORMS
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FIGURE 2 - SWITCHING TIME WAVEFORMS
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MC14560B

FUNCTIONAL EQUIVALENT LOGIC DIAGRAM
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Vpp = Pin 16
Vgg = Pin8

FIGURE 3 — PARALLEL ADD/SUBTRACT CIRCUIT

Add/Subtract
MC145618
Al F1
MC145608
At A2
A3 F2 Cn  s1—
1YY 1 At
Comp F3 ‘1 A2 82 f—
_..rc Comp A3
Zero - z Fa A4 $3p——
I 81
B2  SA—
One MC 145608 and MC145618 permit a 8 83
BCD digit to be added to or subtracted from 84 Coun
a second digit, such as in this typical con-
figuration. A second MC14561B permits MC145618
either digit to be added to or subtracted a1l E3
from the other, or either word to appear un- a2 MC145608
modified at the output. A"’{ Az F2 e s1—o
—1A4 l Al
Comp F3 A2 S2 prem
_—0|Comp l—— A3
TRUTH TABLE = z e na 83—
2ero | Add/Subtract Result 81
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MC14560B

APPLICATIONS INFORMATION

INTRODUCTION

Frequently in small digital systems, simple decimal
arithmetic is performed. Decimal data enters and
leaves the system arithmetic unit in a binary coded
decimal (BCD) format. The adder/subtracter in the
airthmetic unit may be required to accept sign as well
as magnitude, and generate sign, magnitude, and
overflow. In the past, it has been cumbersome to build
sign and magnitude adder/subtracters. Now, using
Motaorola’s MS1 CMOS functions, the MC14560 NBCD
Adders and MC14561 9's Complementers, NBCD
adder/subtracters may be built economically, with sur-
prisingly low package count and moderate speed.

Some background information on BCD arithmetic is
presented here, followed by simple circuits for
unsigned adder/subtracters. The final circuit dis-
cussed is an adder/subtracter for signed numbers with
complete overflow and sign correction logic.

DECIMAL NUMBER REPRESENTATION

Because logic elements are binary or two-state de-
vices, decimal digits are generally represented as a
group of bits in a weighted format. There are many
possible binary codes which can be used to represent
a decimal number. One of the most popular codes
using 4 binary digits to represent 0 thu 9 is Natural
Binary Coded Decimal (NBCD or 8-4-2-1 code).

NBCD is a weighted code. If a value of 0" or “1" is
assigned to each of the bit positions, where the
rightmost position is 2° and the leftmost is 2%, and the
values are surmmed for a given code, the result is
equal to the decimai digit represented by the code.
Thus, 0110 equals 0-2% + 122 + 12" + 02° = 4 +
2 = 6. The 1010, 1011, 1100, 1101, 1110, and 1111
binary codes are not used. Because of these illegal
states, the addition and subtraction of NBCD numbers
is more complex than similar calculations on straight
binary numbers.

ADDITION OF UNSIGNED NBCD NUMBERS

When 2 NBCD digits, A and B, and a possible carry,
C, are added, a total of 20 digit sums (A + B + C) are
possible as shown in Table 1.

The binary representations for the digit sums 10
thru 19 are offset by 6, the number of unused binary
states, and are not correct. An algorithm for obtaining
the correct sum is shown in Figure 1. A conventionail
method of implementing the BCD addition algorithm is
shown in Figure 2(a). The NBCD digits, A and B, are
summed by a 4 bit binary full adder. The resultant
{sum and carry) is input to a binary/BCD code con-
verter which generates the correct BCD code and
carry.

An NBCD adder block which performs the above
function is available in a single CMOS package
(MC14560). Figure 2(b) shows n decades cascaded
for addition of n digit unsigned NBCD numbers. Add
time is typically 0.1 + 0.2n s for n decades. When
the carry out of the most significant decade is a logical
17, an overflow is indicated.

COMPLEMENT ARITHMETIC

Comptlement arithmetic is used in NBCD subtrac-
tion. That is, the “complement” of the subtrahend is
added to the minuend. The complementing process
amounts to biasing the subtrahend such that ali possi-
ble sums are positive. Consider the subtraction of the
NBCD numbers, A and B:

R=A-B

where R is the result. Now bias both sides of the
equation by 10N — 1 where N is the number of digits
in A and B. .

R+ 10N -1 =A-B+ 10N — 1
Rearranging,
R+ 10N — 1 =A+ (10N — 1 - B)

The term (10N — 1 — B), — B biased by 10N — 1, is
known as the 9's complement of B. When A>B,
R + 10N — 1 > 10M — 1; thus R is a positive number.
To obtain R, 1 is added to R + 10N — 1, and the carry
term, 10V, is dropped. The addition of 1 is calied End
Around Carry (EAC).

When A < B, R + 10N - 1 < 10N —-1, no EAC
results and R is a negative number biased by
10N — 1;thus R + 10N — 1 is the 9's complement of
R.

SUBTRACTION OF UNSIGNED NBCD NUMBERS

Nine's complement arithmetic requires an element
to perform the complementing function. An NBCD 9's
complementer may be implemented using a 4 bit bi-
nary adder and 4 inverters, or with combinatorial
logic. The Motorola MC14561 9's complementer is
available in a single package. It has true and inverted
complement disable, which allow straight-through or
complement modes of operation. A “zero” line forces
the output to “0"". Figure 3 shows an NBCD subtracter
block using the MC14560 and MC14561. Also shown
are n cascaded bilocks for subtraction of n digit
unsigned numbers. Subtract time is 0.6 + 0.4n us for
n stages. Underflow (borrow) is indicated by a logical
“0” on the carry output of the most significant digit. A
"0" carry also indicates that the difference is a nega-
tive number 'n 9's complement form. If the resuit is
input to a 9's complementer, as shown, and its mode
controlled by the carry out of the most significant digit,
the output of the complementer will be the correct
negative magnitude. Note that the carry out of the
most significant digit (MSD) is the input to carry in of
the least significant digit (LSD). This End Around
Carry is required because subtraction is done in 9's
complement arithmetic.

By controlling the complement and overflow logic
with an add/subtract line, both addition and subtrac-
tion are performed using the basic subtracter blocks
(Figure 4).
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TABLE 1 --Sum=A+B+C

MC14560B

ADDITION AND SUBTRACTION OF SIGNED NBCD

Decimal | Corrected NUMBERS
Binary Sums Number Binary Sums Using MC14560 NBCD Adders and MC14561 9's
0000 ) 0000 Complementers, a sign and magnitude adder/sub-
0001 1 0001 tracter can be configured (Figure 5). Inputs A and B
0010 2 0010 are signed positive (Ag, Bg = "0"') or negative (Ag,
o011 3 o011 Bs = “1”). B is added to or subtracted from A under
o100 4 0100 .
0101 s 0101 control of an Add/Sub line (subtraction = *1"). The
o110 6 0110 result, R, of the operation is positive signed, positive
0111 7 0111 signed with overflow, negative signed, or negative
1000 8 :gg? signed with overflow. Add/subtract time is typically 0.6
:g?:) 190 0000 + Carry + 0.4n ps for n decades.
1011 11 0001 + Carry An exclusive-OR of Add/Sub line and Bg produces
1100 Non vaiid 12 0010 + Carry B’, which controls the B complementers. If Bg, the
1101 8CcOD 13 0011 + Carry sign of B, is a logical “1” ( B is negative) and the
1110 | representation :; g:g‘: : g""’ Add/Sub line is a “0” (add B to A), then the output of
;;;;‘ Carry 16 0110 + c:::: the exclusive-OR (Bg’) is a logical “1” and B is com-
0001 + Carry 17 0111 + Carry plemented. If Bg = “1” and Add/Sub = "1", B is not
0010 + Carry 18 1000 + Carry compliemented since subtracting a negative number is
0011 + Carry 19 1001 + Carry the same as adding a positive number. When Add/Sub
isa"“1" and Bg = “0”, Bg' is a “1” and B is comple-
mented. The A complementer is controlled by the A
sign bit, Ag. When Ag = “1", A is complemented.
Thousands Hundreds Tans Units
. 6,941 — o110 1001 0100 0001
5,870 i 2101 1000 0111 0000
< < V4 \V4
Adder Adder Adder Adder
4 8it 8inary Adders—{ Cin‘l Cin ‘l Cinf"g
Digit Binary Sums i ‘§1}1 1 0001 y ilz
Bunary Sumswith 1100 1 0010 1011 0001

carry from converters

Cade Converterg-——;

Corrected Sum
12811

TR TIY,

Cin —om

4 Bit Binsry Full Adder

1YYYY

Binasry to NBCD
Code Canverter

1)

Aesult, R

{a}) MC14560 Block Disgram

Cout

cout Cout

i

i

~

1

FIGURE 4 — Unsigned NBCD Additlon Algorithm

—Cout

Al 81 A2 B2 An 8n
Cin Cout 4 Cin Coutp —— J Cin Cout
MC14560 MC14560 MC14560

‘ ‘ ‘ Qverflow

Rt R2 An
Typicel Add Time = 0.1 + 0.2n us
whers n = Number of Decades

{b) n-Decads Adder
FIGURE 5 — Addition of U NBCD N (
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The truth table and Karnaugh maps for sign, over-
flow, and End Around Carry are shown in Figures 6
and 7. Note the use of Bg’ from the exclusive-OR of
Add/Sub and Bg. Bg’ eliminates Add/Sub as a vari-
able in the truth table. As an example of truth table
generation, consider an n decade adder/subtracter
where Ag = 0", Bg = “1”, and Add/Sub = "0". B is
in @’s complement form, 10N — 1 — B, Thus A + (10N
~1 —B) = 10N - 1 + (A — B). There is no carry
when A = B, and the sign is negative (sign “17).
When Ag and Bg are opposite states and Add/Sub is
a 0" (add mode), no overflow can occur (overflow
= "0"). The other output states are determined in a
simitar manner (see Figure 6).

From the Karnaugh maps it is apparent that End
Around Carry is composed of the two symmetrical
functions S2 and S3 of three variables with Ag Bg’
Cout as the center of symmetry. This is the definition
of the majority logic function M3(ABC). Similarly the
Sign is composed of the symmetrical functions S2(3)
and S3(3) but with the center of symmetry translated

to AgBg’ Coyut. This is equivalent 1o the majority
function M3(AgBs’ Cout). Further evaluation of the
maps and truth table reveal that Overflow can be
generated by the exclusive-OR function of End
Around Carry and Carry Out. This analysis results in
a minimum device count consisting of one exclusive-
OR package and one dual Majority Logic package to
implement Bg', EAC, Sign and Overfiow. The logic
connections of these devices are shown in Figure 5.

The output sign, Rg, complements the result of
the add/subtract operation when Rg = “1". This is
required because the adder performs 9's compie-
ment arithmetic. Compiementing, when Rg indicates
the result is negative, restores sign and magnitude
convention.

Several variations of the adder/subtracter are pos-
sible. For example, 9's complement is available at
the output of the NBCD adders, and output
complementers are eliminated if sign and magnitude
output is not required.

A -]
YYYY YYYY
A1 A2 A3 A4 (a)
Vpbp O—{¢c Basic
Subtracter
€ MC14561 Block
z
F1 F2 F3 Fa
Al A2 A3 A4 B1 82 B3 B4
Cn) Cin MC 14560 Coutf—®=Cn+ 1
St S2 S3 s4
Al A2 A3 a4
Voo QO—{c
From Chyt _
of Most Significant >— c MC14561
Decade
z
I 1 F2 F3 F4
Result, R
Al 81 A2 B2 An €n
Lesst Most *
Significant Significant {b}
Dacade Decade n-Decade
Cin Basic Cout Cin Couth— — — _.lcin Subtracter
Subtract _ Cour
€  Block P €
R1
R1 R2 Rp 0" Indicates
_ - Underflow
Typical Subtract Time = 0.6 + 0.4n us where n = Numbaer of Decades (Negative Resuit)
FIGURE 6 — Sub ot U NBCD N s
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SUMMARY REFERENCES

The concepts of binary code representations for 1. Chu, Y.. Digital Computer Design Funda-
decimal numbers, addition, and complement sub- mentals, New York, McGraw-Hill, 1962.
traction were discussed in detail. Using the basic 2. McMOS Handbook, Motorola Inc., 1st Edition.
Adder and Complementer MSI blocks, adder/sub- 3. Beuscher, H.: Electronic Switching Theory and
tracters for both signed and unsigned numbers were Circuits, New York, Van Nostrand Reinhoid,
illustrated with examples. 1971.

4. Garrett, L.: CMOS May Help Majority Logic Win
Designer's Vote, Electronics, July 19, 1973.

5. Richards, R.: Digital Design, New York, Wiley-
Interscience, 1971.

A1 81 A2 82 An T
L350 MSD
Cin Basic Cout - Ciry Couth — —’1 Cin
Subtract ~ _ Cout
c Block (= C —t C
R1 A2 Rn

1/6 MC14572

Add/Subtract o
(1'/0") D_’ Overtiow = 1"

1/6 MC14572

Undertlow = **1*"
(Negative Rasuit)

Typical Add/Subtract Time = 0.6 + 0.4n us
whare n = Number of Decades

FIGURE 7 — Adder/Subtracter for Unsigned NBCD Numbers
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TRUTH TABLE

INPUTS OQUTPUTS
As | Bs" ] Cout | EAC|SGN | OVF
Q 0 [¢] o] 0
1 [} 0 1 e}
0 0 v} 1 o}
1 1 0 1 1 1
o] Q 1 1] 4] 1
0 1 1 o] Q
1 o] 1 1 o] o]
1 1 1 1 1 o]

Bg’ = (Add/Sub)®Bg

Ag = Sign of A (1" = Negative)
Bg =Signat B (1" = Negative)

Cout = Adder Carry Qut

MC14560B

KARNAUGH MAPS

End Around Carry Sign (SGN) Qverflow (QVF)
As Ag As
0 1 ) 1 1 ) 0 1 ,
Bg Bg B8g
c 1 c (o} 1 c o [}
t
ou 9 1 out 9* o out 1 )
0" o] 0 0 0
* = Center of Symmetry
EAC = 52 (AgBg’ Coyy) + S3 (AgBg Cour)
= M3 (AgBg' Couy)
SGN =52 {AgBg’ Cguy) + S3 (AgBg' Cour)
= M3 (AsBs' COU‘!’
EAC @ Cout - OVF
o] 1 0 o] 0 i
1 1 @ 1 1 o] o]
1 1 1 1 0
o] 1] 0 [¢] 0 o]

FIGURE 10 — Mapping of EAC, Sign and Overfiow Loglc
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