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OBJECTIVE:  

1. Create a floorplan and interconnections. 

2. Cell design layouts (Magic). 

3. Pad design: input protection, output buffering.  

4. Types of BLCA:  4-bit, 8-bit, 16-bit, 32-bit.  

5. Simulation: functional verification (Esim); timing analysis (Crystal).  

DESIGN: 

1. Carry expression: Ci = Gi,      (Gi, Pi) = (gi, pi)…o…(Gi-1, Pi-1)      if  2 ≤  i  ≤ n 

                                                            = (gi, pi)                                if  i = 1, 

                            where (g, p) o (g', p') = (g + (p.g'), p.p') 

2. Floorplan generation: Used corrected and verified C program (appendix A). 

3. Theoretical equations:  time ~ log2(n),  area ~ n log2(n);  n = adder size.  

RESULT: 

1. Completed simulation of 4-, 8-, 16-, and 32-bit BCLA. 

2. Achieved reasonable propagation time (table 1), and showed that time delay 

closely followed log2(n).  

3. Chip area is ~ 2n log2(n) + n   (table 2).  

LEARNING: 

1. Proper layout. 

2. Complex gate layout using Magic. 

3. Practical use of design and verification tools. 

4. Cooperation and participation in a group project. 
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INTRODUCTION 

Parallel binary addition must normally allow time for ripple-through of the carry digits. 

To improve the speed of parallel addition, adders incorporating lookahead carry 

circuitry (e.g., TTL SN7483) are available. Special lookahead carry generators 

designed for use with specific adders are also available (e.g., TTL SN74182 for use 

with the SN74181 4-bit ALU, or CMOS CD40182 for use with the CD40181 4-bit 

ALU). 

Unfortunately, even though these methods can give a significant speed-up for 4 

bits, they become impractical for word sizes in the 16-, 32-, and 64-bit range. For an n-bit 

word, the carry bit Cn requires n + 1 gates for lookahead, two of these having n + l inputs. 

Resort is often made, therefore, to carry lookahead for blocks of 4 bits, with ripple carry 

between blocks. 

The ordinary ripple carry adder operates in time O(n). By using hierarchical 

carry lookahead circuitry, this can be reduced to O(log n). The main disadvantage 

with VLSI implementation of carry lookahead is that the complexity of the lookahead 

circuitry increases rapidly with the word size, making the layout of large adders difficult. 

The adder chosen for this project uses a binary tree method that allows systematic design 

of adders of any size. A few basic cells, numbering 4 to 12 transistors each, make the 

method well suited to VLSI implementation. The binary lookahead carry adder 

(BLCA) structure is implemented as a binary tree followed by an inverse binary tree. 

Carry propagation time is proportional to log2 of the size of the adder. For example, a 

32-bit BLCA has a theoretical propagation time of only ten (=2 log2 32) gate delays, 

compared to 32 for a 32-bit ripple adder. 
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CONVENTIONAL CARRY LOOKAHEAD 

Consider a full adder with the carry to each stage calculated using parallel logic. 

The i
th

 carry bit is given by, 

 1,                                i i i iC G P C  (1) 

where 

        (carry generate signal)  i i iG A B  (2) 

and 

 ,     (carry propagate signal)i i iP A B  (3) 

for i = 1,2,..., n. 

Similarly, 

 1 1 1 2,i i i iC G P C  etc. 

Hence, 

 
1 1 2

1 1 2 1 1 0

,  etc.

.

i i i i i i

i i i i i i i i

C G P G P C

G P G P P C P P P C
 

The i
th

 sum bit is 

 
1

1 for 1,2, , .

i i i i

i i

S C A B

C P i n
 (4) 

For four stages of lookahead (normally the maximum), 

 

1 1 1 0

2 2 2 1 2 1 0

3 3 3 2 3 2 1 3 2 1 0

4 4 4 3 4 3 2 4 3 2 1 4 3 2 1 0

C G P C

C G P G P P C

C G P G P P G P P P C

C G P G P P G P P P G P P P P C

 

These expressions may be simplified by factorization, for example, 

 4 4 4 3 3 2 2 1 1 0( ( ( ))).C G P G P G P G P C  (5) 
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BINARY LOOKAHEAD CARRY ADDER 

Considering equations (1), (2), (3), and (4), both Gi and Pi can be generated in constant 

time, so Ci is the only time critical variable. We now define a new operator  (Brent and 

Kung [1982]), defined as follows: 

 , , , ,g p g p g p g p p  

where g, p, g', p' are Boolean variables. Brent and Kung showed that this operator is 

associative, and the carry signals can be determined by 

 ,i iC G  

where, 

 
1 1

1 1 1 1 1 1 1 1

, 1
,

, , , , , 2
i i

i i i i i i

g p i
G P

g p G P g p g p g p i n
 

The associative property of the operator allows the carry block processing 

elements to be embedded in a binary tree structure of depth (log )O n . The detailed 

implementation requires a binary tree followed by an inverse binary tree. The carry 

propagation time is proportional to the logarithm of the adder word length. Simulation 

data for some of the binary lookahead carry adders (BLCA) we created are given in 

Table 1, where the essentially constant value of log2(n)/delay validates the logarithmic 

delay model. The delay data is presented graphically in figure 7. As shown in Table 2, 

the adder layout area is proportional to 22 log ( )n n n , i.e., ( log )O n n . Floorplan 

layouts annotated to show the tree structure of the BLCA are given in appendix C. One 

design, the 4-bit BLCA is shown complete with input ESD protection networks, and 

output buffers, together with bonding pads.  

Following Weste and Eshraghian [1985], complementary gates were used to 

implement the function as ( , ) ( , ) ( ( ), ).g p G P g p G p P  Alternate columns in the 
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layout use the inverse function ( , ) ( , ) ( ( ), ).g p G P g p G p P  Locations without  

processors contain buffers. These buffers help to ensure that signals propagate across the 

adder in the same time. Although the adders could have been implemented using 

straightforward non-inverting logic, the use of complementary logic gives a more efficient 

realization. The buffer cells, for example, become single inverter stages. 

One problem with the straightforward binary lookahead carry adder (BLCA) is that 

it does not implement C0, the carry input signal. The signal that is called C0 can only affect 

S1, the lsb of the sum, so is connected permanently to GND (positive logic) or Vdd 

(negative logic). The carry signals in our BLCA implementations are negative logic, so C0 

is connected to Vdd in all cases. 

The type of parallel adder normally used in a computer ALU has a carry flip-flop 

connected between C0 and Cn (carry-in and carry-out, respectively) to allow multi-precision 

arithmetic, among other things. If the present BLCA were to be used in this type of 

application, it would need to implement C0 properly. 

Fortunately, there is a way of doing this without modifying the adder design. The 

method is to construct an adder n + l bits long. If n is even, this entails simply adding an 

extra row of cells to the top of the adder; no other changes are required. Sample floor-plans 

layouts for n (even) and n + l are given in the appendices. All inputs are moved up one bit, 

and the lsb inputs (A1 and B1) are connected together, becoming the new carry input, C0. 

The various floor-plans are easily generated using the C program given in appendix A. Cell 

interface definitions appropriate to VLSI implementation of BLCAs of various sizes are 

given in appendix B. 
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CELL DESIGN AND TEST 

One of the major innovations in our project was a cell interface design that completely 

eliminated the need for wiring between cells. This greatly simplified the cell assembly 

process, particularly for the larger adder sizes. 

The layout for cells BA, BB, S0, and G0 was the basic horizontal cell layout style for 

an XNOR gate given on page 192 of Weste and Eshraghian [1985]. Note: The slightly more 

compact vertical style also given on page 192 was tried initially, but rejected when it was 

found difficult to adapt to the BB cell. In any case, the horizontal cell layout proved to be a 

much better choice because it lends itself more readily to a systematic design procedure, 

using Euler paths, as described on pages 189 to 193 of Weste and Eshraghian [1985]. 

The adder cells were tested individually and together. The tools used were MAGIC, 

ESIM, CRYSTAL, and SPICE. Most cells went through several design iterations before 

being frozen. A 4-bit adder was constructed first, but did not operate correctly. Following 

testing using ESIM, we traced the problem to a missing inverter, omitted from the cell logic 

diagrams in Weste and Eshraghian (cell G0). A further problem was that the floorplan 

layout program given in Weste and Eshraghian did not produce correct results. The 

debugged and verified program is given in appendix A. Other errors discovered in Weste 

and Eshraghian [1985] are listed in appendix E. BLCA reference schematics from Weste 

and Eshraghian [1985] are listed in appendix D. The final cell logic diagrams and layouts 

developed during this project are given in figures 1 through 6.  

Output buffer cell simulation was performed using SPICE. With a load of 5k ohms 

the voltage drop across an output transistor was 0.9 V, corresponding to a load current of 
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approximately 0.8 mA. At a load current of 0.25 mA, the voltage drop is approximately 0.3 

V, sufficient to drive one LS TTL input. 

LIST OF REFERENCES 

Neil Weste and Kamran Eshraghian [1985]. Principles of CMOS VLSI Design. AT&T Bell 

Laboratories, Incorporated. Addison-Wesley Publishing Company, Reading MA. 

Richard Brent and H.T. Kung [1982]. “A regular layout for parallel adders,” IEEE 

Transactions on Computers, vol. C-31, No. 3, March 1982, pp. 260 - 264. 
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TABLE 1 

 

CMOS BLCA SIMULATION DATA 

n 
log2(n)/delay 

(times 1000) 
# transistors 

Longest delay 

(ns) 

4 23.6 176 84.5 

8 25.9 434 115.7 

16 24.2 1020 165.4 

32 23.3 2326 214.2 

 

 

 

 

TABLE 2 

 

CMOS BLCA LAYOUT DATA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

n 
# cells 

2n log2(n) + n 
Aspect Ratio 

4 20 7 11 

8 56 7 8 

16 144 7 5 

32 352 7 4 
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Fig. 5. Routing Cell WA 
 

 

 

 

 

 

 
 

Fig. 6. Routing Cell WB 
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/*                           APPENDIX A                               */ 

/* FLOORPLAN DESIGN PROGRAM FOR n-BIT BINARY LOOKAHEAD CARRY ADDER  */ 

/* Adapted by Alastair Roxburgh from pp. 330-331 of Principles of CMOS */ 

/* VLSI design by N. Weste and K. Eshraghian, Addison-Wesley, MA, 1985 */ 

main ( ) /* VERSION 7/20/88 (WB,WA code debugged by AJR). */ 

{ 

int a,d,i,n,imod; 

d = 2; a = ~0; /* TRUE */ 

printf("How many bits?  :  "); scanf("%d",&n); 

printf("\n\n%d - bit BLC ADDER\n\n",n); 

printf(" ---- LH Side of Floorplan ---- >\n\n"); 

do { /* normal tree portion */ 

for ( i = 1; i <= n; i++ ) /* one column */ 

{ 

if ((i%d) == 0) 

{ 

if (a) printf ("BA") 

else printf("BB"); 

} 

else if ((i%d) <= (d/2)) printf("WB"); 

else printf("WA"); 

printf(" "); 

} 

printf("\n\n"); 

d *= 2; a = ~a; 

} 

while (d <= n); 

d = 4; 

if ((3*d) > n)  d/=2; 

do /* inverse tree portion */ 

for (i = 1; i <= n; i ++ ) 

{ 

imod i%(2*d); 

if (i < (2*d)) 

{ 

if (i%2) printf("WB"); 

else printf("WA"); 

} 

else if (imod == d) 

{ 

if (a) printf ("BA"); 

else printf("BB"); 

} 

else if (imod == 0) printf("WB"); 

else if (imod < d) printf ("WA"); 

else 

{ 

if (i%2) printf("WB"); 

else printf("WA"); 

} 

printf(" 

} 

printf("\n\n"); 

d / = 2; a = ~a; 

} while (d >=1); 

} 



BINARY LOOKAHEAD CARRY ADDER   15 

 

 

APPENDIX B 
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APPENDIX C 
 

 

4-BIT BLC ADDER FLOORPLAN AND LAYOUT
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8-BIT BLC ADDER LAYOUT 
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32-BIT BLC ADDER (RAW OUTPUT FROM FLOORPLAN PROGRAM) 

 

 

LOWER HALF OF 32-BIT BLC ADDER FLOORPLAN AND LAYOUT 

(UNDER CONSTRUCTION) 

 

  



BINARY LOOKAHEAD CARRY ADDER   21 

 

 

4-BIT BLC ADDER COMPLETE LAYOUT 

 

 

INPUT ESD PROTECTION AND OUTPUT BUFFERING CELLS FOR 4-BIT BLC ADDER 

       

  



22 BINARY LOOKAHEAD CARRY ADDER 

 

 
  



BINARY LOOKAHEAD CARRY ADDER   23 

 

APPENDIX E 

 

ERRORS IN WESTE AND ESHRAGHIAN 

 

p.192, Fig.5.29.   There should be a bar over A XOR B, 

i.e., the circuit shown is an XNOR. 

 

pp.326, 327, 3rd-to-last-line.  Change [BrKu80] to [BrKu82]. 

Fig.8.17. Labels P2,G2,Pn,Gn are missing. 

Label B1 missing from the P1 XOR. 

AND G2 has an extraneous input line. 

The grounded input to XOR S1 should 

not generally be grounded, and 

should be labeled C0. 

 

p.328, Fig.8.19.   Note that carry-in and carry-out 

(CO and C4) are negative logic, and 

therefore should be written with a 

bar. CO bar is not a true carry-in 

and must be permanently tied to Vdd. 

Cell SO ignores the P signal from 

p. 329, Fig. 8.20. 

 

pp. 330, 331.    an adjacent BA or BB cell, and likewise for the 

p_bar signal from an adjacent WA or WB cell. 

Cell GO requires an extra inverter to produce signal  

P from pi, i.e., P is the XOR of Ai and Bi. 

The inputs to cell SO are both negative logic and  

should be written with a bar. 

The given C program does not conform to the 

language specifications given in The C  

Programming Language by Kernighan and Ritchie.  

The major errors are lack of type declarations, and a  

surprising lack of semicolons. TRUE can  

conveniently be defined as -0. Errors in the code  

given for the WA and WB cells can be fixed by  

replacing lines 13 - 17 by: 

 

else if ((i%d) <= (d/2)) plot cell WB and lines 43 - 47 by: 

else if (imod == 0) plot cell WB 

 

p. 332, Fig. 8.21.   Interchange the p' and g' labels at the top of the 

 DYNAMIC 'o' CELL block. 


