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Fast Carry Logic v.s. Ripple Carry Logic
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Carry Select Equation

Carry Select X

i Yi
the problem with a ripple carry structure is that l l
the computation of the Cout for bit position i :
cannot begin until after the computation has been Cell i
completed in bit positions 0 .. i-1 Clil 1 CO.

Fast Carry Logic

A carry select structure overcomes this limitation

the main observation is that Cout,
for any bit position,

the only information it received

from the previous bit positions is its Cin signal,

which can be either true or false. Cl=X+Y

co=X'Y

X Y cL co

— . . 0 0 0 0 XY

Cout,=(Cout,_, - C1.) + (Cout,_, - CO0,) S oo XY

True Cin False Cin 1 0 1 0 XY

1 1 1 1 XY

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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Carry Chain Adders

X Y X Y
OR AND OR AND

Coutl CoutO Coutl CoutO

= R

P — «— P P — - P

C1 CO C1 Co

— ) Fast Carry Logic

" 4 /a—0u Cin yLog
Cout
Cout «——4 Y
\J 5 < P
F l
F

Cout,=(Cout,_, - C1,) + (Cout,_,- C0.) Cout,=(Cout,_,-C1.)+(Cout,_,-CO,)

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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FPGA Carry Chain Cell

X, Y, X Y Z
'
cell | | "OR | AnD |
Cl CO
vy | \;\ Coutl | l Cout0
Fast Carry Logic T ﬁz
Cout, P—»_2 3 «— P
c1 co
\ 4 A 4

Fast Carry Logic

Couti  —

Cout,=(Cout,_, - C1.) +(Cout,_, - CO0,) f

|

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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Carry Chain Adders with Fast Carry Logic

delay of 2 delay of 2 delay of 3
X Y 7 X Y 7 X Y Z
OR AND OR AND OR AND
Coutl CoutO Coutl CoutO Coutl CoutO
P—s 2 3 «— P P— 2 3 «—p P—>_ 2 3 «— P
Ci Co Ci Co Ci Co
Fast Carry Logic Fast Carry Logic
Cout Cout Cout
T < = f < = f < =
F F F
(1 for mux1, 1 for mux2, 1 in mux4)
delay of 2n+2 for an n-bit ripple carry chain
High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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Fast Carry Logic using Carry Select Structure

Cell 6 Cell 5 Cell 4 Cell 3 Cell 2 Cell 1 Cell O

ci| |Jco, «ci1,| |co, c1,| |co, ci,| [co, «c1,| [co, 0111 lco1 C1, JcoO
N ‘
M2 M1
§§ vy Vv
M3
8 S e Wy
SM1I0A— M5 A W —
————————————————————————————————————————————————— ywrw—yy—v
Cout, Cout, Cout, Cout, Cout,

Cout,=(Cout,_, - C1,) + (Cout,_, - C0,)

1

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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Cout using C1, CO, Cin

X Y cL co Cl=X+Y ClL cCo Name
0 0 0 0 XY CcCo0=X'Y 0 0 0 il
0 1 1 0 XY 0 1 Cin Inverse Propagate
1 0 1 0 XY 1 0 Cin Propagate
1 1 1 1 XY 1 1 1 Generate
Cout=(Cin-C1) + (Cin-CO0)
Cell 1
(Cin-C1)=Cin-(XY+XY+XY) » propagate Cin C1 CO
__ _ Cin
(Cin-C0)=Cin- XY = generate a new carry M .
X Y Cin Cout
0 0 0 0
0 1 0 0 |
1 0 0 0
1 1 0 1 \
0 0 1 0 Cout
10 1 1 = (Cin-C1)
= H = = +(Cin-CO)

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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Ripple Carry Structure

A Carry Select carry chain structure
for use in FPGAs

for the first two cells is performed C1, co, Ci, Co, C1, CO, C1, COo,
with the simple ripple-carry structure

i mux1l Yy Vv  J

implemented by mu i N i

Cout=(Cin-C1) + (Cin - CO0)

Y \/ y \
Cout, Cout, Cout, Cout,

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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The 1** Carry Select Structure

A Carry Select carry chain structure N
for use in FPGAs ~

the carry computation Cell 3 Cell 2 | Cell 1 Cello | |
for the first two cells is performed Cl, co, Ci, Co, | C1i, Co, Ci, CO,
with the simple ripple-carry structure | | |
implemented by mux1 e vl J
A A |
M3

| T

Cout, Cout, Cout, Cout,

(C1,))Cout, + (CO,)Cout,

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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The 2™ Carry Select Structure (1)

A Carry Select carry chain structure
for use in FPGAs

Cell 1 Cell O
CO, C1, C1, CO, C1, CO,
For cell2 and cell3 we use _
two ripple carry adders, true Cin Il
with one adder (mux2) ' false Cin
assuming the Cin is true,
and the other (mux3) Cin
assuming the Cin is false
Y \J
Then mux4 and mux5 pick Cout, Cout,

between these two adders' outputs
based on the actual Cin coming from mux1.

(C1,C1,+ C0,C1,)Cout, + (C1,CO0,+ C0,CO,)Cout,

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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The 2™ Carry Select Structure (2)

true Cin false Cin

(C1C1.+ C0,C1.)Cin (C1,C0_+ C0.CO0,)Cin
2 3 2 3 2 3 2

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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The 2™ Carry Select Structure (3)

true Cin false Cin

(C1C1.+ C0,C1.)Cin (C1,C0_+ C0.CO0,)Cin
2 3 2 3 2 3 2

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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The 3™ Carry Select Structure (1)

Similarly, cell4, cell5, cell6 have

two ripple carry adders

mux6 & mux7 for a Cin of 1 Cell 6 Cell 5 Cell 4
mux8 & mux9 for a Cin of O Cl, CO, C1l, CO, C1, Co,
with output muxes (mux10, mux11l, mux12) I I true Cin
deciding between the two Ll | "\ M6 fal :
based upon the actual Cin (from mux5). L Nl B Cin
- mlnm !
M11 M10,—
Cin
\ J  /
Cout, Cout; Cout,

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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The 3™ Carry Select Structure (2)

Cell 6 Cell 5 Cell 4 Cell 6 Cell 5 Cell 4
C1, CO, C1, CO, C1, : CO, C1, CO, C1, CO, C1, Co,
| | . I ,,,, [ \|I,

M7 WG \\\\‘M'ZJ,',',""' R """'E \\\\VMQJ/,: ........................................ ®

Yy VvV I_, v v : Yy v e + vy VY

|\/|9 ....................... M8 ................................ ° M9 M8

..... e ! ‘_l !

M11 \M10 :EI_IL M10,
\J \J \j Y
Cout, Cout; Cout, Cout, Cout; Cout,
true Cin false Cin

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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The 4™ Carry Select Structure

Subsequent stages will continue
to grow in length by one,

with cells7, cell8, cell9, cell10
in one block,

cellll, cell12, cell13, cell14, cell1l5
in another,
and so on.

Cell 10 Cell 9 Cell 8 Cell 7
Cl10 CO10 Cl9 CO9 Cl8 CO8 Cl7 CO7
| Wi | i | true Cin

M15 M14 M13

L 2 | |— 2 | I— v v false Cin

M18 M17 M1

— 4 - 4

M21 M20 M19
Cin
 / \ \j

Cout,, Cout, Cout, Cout,

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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The 5™ Carry Select Structure

Cell 15 Cell 14 Cell 13 Cell 12 Cell 11
C115 COlS C114 C014 C113 C013 C112 COlZ Clll Coll
| \ 1] | Wi | 7 | true Cin

M26 M25 M24 M23

| Yy v I—. 2 | |— L A | I— v v false Cin

M30 M29 M28 M27

l_, 1 'T_’ 1 'T_, 1 'T_,

M34 M33 M32 M31
Cin
 /  / \ \j

Cout Cout , Cout,, Cout,, Cout,,

Subsequent stages will continue
to grow in length by one,

cellll, cell12, cell13, cell14, cell1l5
in another,
and so on.

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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Carry Chain Resource

A carry chain resource may span

the entire height of a column in the FPGA,
but a mapping to the logic may use

only a small portion of this chain,

with the carry logic in the mapping
starting and ending

at arbitrary points in the column

Must consider
 the carry delay from the first
to the last position in a carry chain,
* the delay for a carry computation
beginning at any point within this column.

For example,

even though the FPGA architecture may
provide support for

carry chains of up to 32 bits,

it must also efficiently support

8 bit carry computations placed

at any point within this carry chain resource

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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Broken carry chains

can start simultaneously for two possible case of Cin

|

l

l

l

CL15| |[CL14| |CL13| |CL12| |CL11 |CL10 |CL9 |CL8||CL7||CL6||CL5 |CL4| CL3 |CL2 |CL1 |CLO
true Cin true Cin true Cin true Cin
false Cin false Cin false Cin false Cin
ClS C:14 C13 C12 Cll ClO C9 c:8 C7 CG C5 C:4 CS CZ

In a carry select adder
the carry chain is broken at a specific column,
and two separate adders are deployed

one assuming true Cin signal
the other assuming false Cin signal

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry

This splitting of the carry chain
can be done multiple times,
breaking the computation

into several pairs of short adders
with output muxes choosing
which adder's output to select

FPGA - Carry Select
Adder (1B)
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Broken carry chains

High order bits Low order bits

CL15| |CL14| CL13| |CL12| |CL11 |CL10 CL9||CL8 CL7| CL6||CL5 |CL4 |CL3 CL2| CL1 CLO

true Cin true Cin true Cin true Cin

false Cin false Cin false Cin = false Cin

L % o S B IS

Short adders handle the low-order bits,
and the adder length is increased
further along the carry chain,

since later computations have more time
until their Cin signal is available

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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Two separate ripple carry adders

Time
Cin signal is used to determine
which adder's outputs should be used
if the Cin signal is true, true-Cin’-adder
the output (carries) are selected from :
false-Cin’-adder

the true-Cin-adder

. o . Cin
if the Cin signal is false,

the output (carries) are selected from true-Cin-adder

the false-Cin-adder
false-Cin-adder
redundant hardware removes

Cin data dependency
first start redundant computation Cin
later select the correct one

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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Timing in broken carry chains

Time

parallel processing «
no data dependency

| | ‘ at the expense of
| | redundant hardware

B >~ redundant hardware

- /

These computations can take place before
the completion of the previous columns,
since they do not depend on

the actual value of the Cin signal

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry

Time
Q: true Cin’
false Cin’
i <
Cin T2 < T1
true Cin
S

false Cin

-

—

2

the length of the adders and

the breakpoint are carefully chosen

such that the adders finish computations
just as their Cin become available

FPGA - Carry Select 24
Adder (1B)

Young Won Lim
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Carry Select Fast Carry Logic

Cl=X+Y
C0O=X'Y
o C3 - Cz - i =
g false Cin 4 0 ~ CO %
3 2 -
= = __Cin C_
% true CinN - g— Cl, ~ C1, "
3 | C,~C, = _ 5
g false Cin < o - CO 2
6 4 -
_Cin . C___ =
g true CiN - u— C110~ C1, @
= o G 3 false Cin 2
8 — Co,,~ CO, =
—Cin . C. = =
% true CiN g C1. ~C1 "
2 C15 ~C11 - false Ci = U §_
5 alse Cin
8 — C0,.~CO0,, =

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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Analysis of the carry equation

Cout, = (C1,C1,+ C0,C1,)Cout, + (C1,CO0,+ C0,CO,)Cout,

of the 2™ carry select structure

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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Two ripple carry structure

Cell 3 Cell 2 [ celln Cello |
Cli] 1%  ci=Xy+XY+XY CO=XY

Cl, CO, Cl, CO0, Cl, CO, 5 5
2 T  Cli=XY CO=XY+XY+XY

\ A A 1

M3
N
Cout, - Cout,
l y \/ Y
T Cout, i ©cou, Cout,
= (Cout, - C1,) = (Cout,-C1,) =(Cout,-C1,)

+(Cout,-C0,) + (COUto ' COl)

Cout, =(Cout,-(C1,-C1,+CO,- )
+(Cout, - (C1,-C0,+CO0;-CO,))  +(Cout,-(Cly- X,Y, +CO0; (X,Y,+X,Y,+X,Y,)))

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
_,,e,eeeeeeeeeeeeeeeeeeeeeeeeYeeYeeYeeYeeYeeeeYeeeeeYeeYeeYeeYeeeYeeYeeYeeYeeYeeYeeYeeYeeYeeeeeeeYeeeeeeeYeeYeeYeeeYeeYeeYeeeeeeYeeeeeeeeeeeeeeeeeeee e
Young Won Lim
5/22/21
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Cout, in terms of Cout,

| Cout, = (Cout, - C1,) + (Cout, - C0,)
Cell 3 Cell 2 Cout, = (Cout, - C1,) + (Cout, - C0,)
| C1, Cco, Ci, co, -
= (((Cout, - C1,) + (Cout, - C0,))- C1,)
Cl
| @ - + (((Cout, - C1,) + (Cout, - C0,)) - CO,)
v V CO 3
M3 s |
L e — (((Cout, - C1,) + (Cout, - C0,))- C1,)
Cout, | ~ Cout, -
l l 3 =(C1,C1,Cout, + C1,C0,Cout,)
ey oG (((Cout, - C1,) + (Cout, - C0,)) - CO,)
=(c0,C1,Cout, + C0,C0,Cout,)

(C1,C1,+ C0,C1,)Cout, + (C1,CO0,+ C0,C0,)Cout,

Cl=XY+XY+XY CO0=XY

1=XY CO=XY+XY+XY

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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Two mutually exclusive cases Cout, and Cout;

Cout, = (Cout, - C1,) + (Cout, - C0,)

(
Cout, = (Cout, - C1,) + (Cout, - C0,)
=

((Cout, - C1,) + (Cout, - C0,)) means
((Cout, - C1,) + (Cout, - C0,)) is false

((Cout, - C1,) + (Cout, - C0,)) - C1;) ((Cout,-C1,))=F A ((Cout,-CO0,))=

+(((Cout, - C1,) + (Cout, - C0,)) - CO;) Two mutually exclusive cases

-

when Cout, is true
(C1,Cout, + C0,Cout,)-C1,
_ o C1, must be false
=(C1,Cout, + C0,Cout,)- CO,

because (Cout, - C1,) must be false

m) herefore (C1,Cout,)
when Cout, is true

C0, must be false

because (Cout, - C0,) must be false

=) herefore (CO,Cout,)

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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When Cout, and Cout;

ci,| [co, «c1,| ico, ci,| [co, «c1,i [co,
i \|I‘l« C12
M2 LT 4
Yy v Co0,
M3
@5’— Ma—
Cout, Cout, - Cout,
o tewh, coll,
when Cout, is true when Cout, is true
(C1,C1+ COSﬁZ)Coutl (C1,CO+ CO3@2)Cout1
High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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When C1,-CO,and C1,-CO,

Ci,| ico, C1, Co, ci,i |co, cCi1, Co,
CELLLLEELEEED .’
1 6,
M2 2
L CO0,
M3
N 4 —
M4/~ 3 M4 ~——
Cout, l Cout, - Cout,
\J \J
Cout, Cout, Cout,
when C1,- CO, when C1,-CO,
(C1,C1,)Cout, + (C1,C0,)Cout, (C0,C1,)Cout, + (C0,CO0,)Cout,
(C1,C1,+ C0,C1,)Cout, + (C1,C0,+ C0,CO,)Cout,
High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
FPGA - Carry Select 31 Young Won Lim
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When Coutl =1

Cl, CO, Ci,| icCo,
Cout, Cout, Cout,
+ — |
................................. o
\ M4 — Cout
out,
\
Cout,

C13'C12‘C0ut1 P=Xa®Y SR s s S

when Cout, is true (C1,C1+ CO0,C1)Cout,

P P G=X-Y
P G
G P
¢ ¢c cLepee XY cL_co
C0=G 0 0 0 0 XY
BG 1 0 1 0 XY
¢ i 1 1 1 1 XY
Cl=X+Y co0=XY
High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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When Coutl =0

Cl, CO0, Cl, CO0,
Cout, Cout, Cout, \[le A . -
—l_ - —l_ | Yy VY CO :
M3 s
SN~ A
Cout, - Cout,
| l \/
S Coult, Coult,
C13'CO2'COUt1 P=X®Y
p G G=X.Y when Cout, is true
G G -
Cl1=P+G (Cls CO,+ C03C02)C0ut1
P PG
P P

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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Generate and Kill conditions

C1l,-C1, - Cout, C1l,-CQO, - Cout, P=X®Y
G=X-Y
c b eog
& |o
Cl=P+G
Cco=G
COFCTECeE  Co, T, Cout .
: 2 1 P = C1CO0
G P PG |Kill
P P Propagate G=Co0

(C1,C1,+ C0,C1,)Cout, + (C1,CO0,+ C0,CO,)Cout,

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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Propagate, Generate, and Kill conditions

-
|
e
!

Cl=XY
Cl=XY+XY+XY

Cl=XY+XY+XY

CO=XY+XV+XY

Co0=XY

CO=XY+XY+XY

Co0=XY

o TvoT

QO O Q@

@
oo

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry

FPGA - Carry Select

Adder (1B)
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RPORFL,OO

P
i

XY+XY

XY

0

Name
Kill

Cin Inverse Propagate
Cin Propagate

1

Generate

Propagate
Generate.

Young Won Lim
5/22/21



Generate conditions

when C1,- CO,
(C1,C1,))Cout, + (C1,C0,)Cout,

| | | I
Cout P Cout G = Cout P Cout G Cout, =
1 e fis = U =1 1] e——gfe—2] | e 0
y
| | | |
| I | | | | | I
Cout G Cout G Cout.. = Cout G Cout G Cout, =
1 . e : e 1 +——py g je— 0
v y v
| | | |
P+G=C1 G=Co  Cout, P+G=Cl G=C0 Cout,

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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Propagate conditions

when C1,- CO,

(C1,C1,)Cout, + (C0,C0,)Cout,

Cout P Cout = Cout P Cout Cout, =
L 3 ) Cout 1 1 3 . =0

| |

| | P = C1C0 P=C1C0  Cout,

. Cout, j Cout, Cout,. =1

v
|

P+G=C1 P =C1C0 Cout,.

High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry

FPGA - Carry Select 37 Young Won Lim
Adder (1B) 5/22/21



Kill conditions

when C1,-CO,

SIS - (<o.%,Cor,

Cout G Cout Cout, =
1 -— _I_ -3 -1 0
G=Co PG=CI  Cout, P = C1C0 PG=CL  Cout,
High Performance Carry Chains for FPGAs, S. Hauck, M. M. Hosler, T. W. Fry
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