
 v 

       
      CONTENTS 

 
 
CHAPTER 1 Introduction ………………………………………………………………..1 

 
 

CHAPTER 2 Design of Basic MCML Gates 
2.1 MCML Basics ………………………………………………………………………………4 
2.2 The MCML Inverter/Buffer ………………………………………………………………...7 
2.3 Other MCML gates ………………………………………………………………………..10 
2.4 MCML Design Metrics ……………………………………………………………………15 

2.4.1 Gain ……………………………………………………………………………….……..15 
2.4.2 Voltage Swing Ration (VSR) ……………………………………………………..16 
2.4.3 Delay, Area and Power dissipation ……………………………………………....17 

2.5 Design Parameters …………………………………………………………………………17 
2.5.1 Supply Voltage (VDD) ……………………………………………………………18 
2.5.2 Input and Output Voltage Swings (

�
V) ……………………………………………18 

2.5.3 Current Source Current (ISC) …………………………………………………….19 
2.5.4 NMOS Logic Transistor Sizes (W, L) ……………………………………………..19 
2.5.5 Current Source NMOS Transistor Sizes (WRFN, LRFN) ………………………………20 
2.5.6 PMOS Load Transistor Sizes (WRFP, LRFP) ………………………………………...20 

       2.6 Summary …………………………………………………………………………….21 
 
 
CHAPTER 3 Design of High-Speed Multipliers 
       3.1 Binary Multiplication ………………………………………………………………..22 
       3.2 Array structures ……………………………………………………………………..26 
       3.3 Tree structures ………………………………………………………………………28 
       3.4 Multiplier Performance ……………………………………………………………...31 
       3.5 Summary …………………………………………………………………………...33 
 
 
CHAPTER 4 Architectures of Proposed High-Speed MCML Multipliers  
       4.1 Proposed 4-2 Tree MCML Multiplier architecture (using Ripple Carry Adder) ………..35 
             4.1.1 The partial product generator …………………………………………………...35 
             4.1.2 The 4-2 tree slice ……………………………………………………………… 37 
             4.1.3 The 14-bit ripple carry adder (RCA) and deskew registers ………………………39              
        4.2 Proposed 3-2 Tree MCML Multiplier Architecture …………………………………..42 
            4.2.1 The 3-2 tree slice ………………………………………………………………43 
            4.2.2 The 13-bit ripple carry adder (RCA) and deskew registers ………………………44 

4.3 Proposed 4-2 Tree MCML Multiplier architecture (using Carry Look-ahead Adder) ….46 
            4.3.1 The 4-bit Carry Look-ahead Adder (CLA) ………………………………………47 
       4.4 Summary …………………………………………………………………………..49 
             
 
 



 vi

CHAPTER 5 Optimization and Simulation Results 
       5.1 Experimental Simulation setup ………………………………………………………50 
       5.2 Gate optimization technique …………………………………………………………53 
       5.3 Simulation Results …………………………………………………………………..54 
             5.3.1 MCML gate library ……………………………………………………………..54 
    5.3.2 8-bit MCML multiplier architectures ……………………………………………...55 
       5.4 Comparison of performance of multiplier architectures 
       5.5 Summary 
 
CHAPTER 6 Conclusions ……………………………………………………………….61 
 
 
BIBLIOGRAPHY ……………………………………………………………………….63 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 vii

                                                LIST OF ILLUSTRATIONS 
 
Figure 2.1  Basic MCML Gate ……………………………………………………………………4 
 
Table 2.1  Expressions For Delay, PD, PDP And EDP For MCML & CMOS Logic Styles ……5 
 
Figure 2.2  The MCML Inverter/Buffer …………………………………………………………..7 
  
Figure 2.3  Simulation Results Of Inverter/Buffer. VDD=1.8V, V = 0.5 V, I=72 µA …………...9 
 
Figure 2.4 Inverter/Buffer: Waveform Showing Current Through Two Arms Of Gate …………9 
 
Figure 2.5 (A) An MCML AND/NAND Gate (B) And Its Binary Decision Diagram(BDD) ….11 
 
Figure 2.6 MCML XOR3 Gate ………………………………………………………………….12 
 
Figure 2.7 DCVSL Structure For A General N-Input XOR Gate [1] …………………………..13 
 
Figure 2.8 The MCML D-Latch ………………………………………………………………..13 
 
Figure 2.9  The MCML Full Adder (Or 3x2 Compressor) ……………………………………...14 
 
Table 2.2 MCML Design Parameters ………………………………………………………….17 
 
Figure 3.1  Dot Diagram Showing 8x8 Multiplication ………………………………………….23 
 
Figure 3.2  Two Rows Of An Array Multiplier ………………………………………………....26 
 
Figure 3.3 Design Of A 5 X 5 Array Multiplier Using Full Adder Blocks …………………….27 
 
Figure 3.4 A (3, 2) Counter And A [4:2] Compressor ………………………………………….28 
 
Figure 3.5 Parallel Connection Of Counters In Trees ………………………………………….29 
 
Figure 3.6 Dataflow Through A 4 X 4 Wallace Tree Multiplier ……………………………….30 
 
Figure 3.7 Array Versus Tree Multipliers ………………………………………………………32 
 
Figure 3.8 Comparison Of Architectures ……………………………………………………….32 
 
Figure 4.1  Architecture Of An 8-Bit MCML Multiplier Using 4x2-Trees & Ripple Carry  

         Adders ………………………………………………………………………………35 
 
Figure 4.2 Snapshot Of Schematic Of 64-Partial Product Generator (Cadence-Composer) …..36 
 
Figure 4.3 A Single 4-2 Tree Slice With Two Stage Pipelining ……………………………….37 
 
Figure 4.4  A Three Dimensional View Of The 13 4-2 Tree Slices Used For Partial Product  

         Reduction …………………………………………………………………………..38 
 



 viii

Figure 4.5  Two Adjacent 4-2 Tree Slices Showing Carry Interconnections ……………………39 
 
Figure 4.6  A 14-Bit Ripple Carry Adder ………………………………………………………..40 
 
Figure 4.7  Dot-Diagram Indicating Dataflow In Multiplication Process Using 4-2 Trees ……..41 
 
Figure 4.8  Top-Level Schematic (Cadence-Composer) Of 8x8 MCML 4-2 Tree Multiplier …..42 
 
Figure 4.9 Architecture Of An 8-Bit MCML Multiplier Using 3-2 Trees And Ripple Carry  

         Adder ………………………………………………………………………………...43 
 
Figure 4.10 A Snapshot Of Schematic (Cadence-Composer) Of A 3-2 Tree Slice ………………44 
 
Figure 4.11 Block Diagram Of A 13-Bit Ripple Carry Adder ……………………………………45 
 
Figure 4.12 Architecture Of 8-Bit MCML Multiplier Using 4-2 Trees And Carry Look-    

Ahead Adder …………………………………………………………………………46 
 
Figure 4.13 Block Diagram Of A 4-Bit Carry Look-Ahead Adder ………………………………48 
 
Figure 4.14 (A) MCML OR Gate (B) Carry Generator Gate (Ci = Gi + Pi X Ci-1) ……………….48 
 
Figure 5.1  MCML Inverter/Buffer Simulation Waveform Showing Delay Measurements …….51 
 
Table 5.1 MCML Gate Library Performance Metrics ………………………………………….55 
 
Table 5.2  Performance Metrics Of MCML Multiplier Architectures ………………………….55 
 
Figure 5.2  Graph Showing Tradeoff Between Multiplier Throughput And Latency …………..57 
 
Figure 5.3  Graph Showing Area And Power Estimates For MCML Multiplier 

Architectures ………………………………………………………………………..58 
 
Table 5.3 Comparison Of Multiplier Architectures …………………………………………...59 
 
 
 


