
520.216 1 1 

Andreas G. Andreou 
Pedro Julian 
 
Electrical and Computer Engineering 
Johns Hopkins University 
 
http://andreoulab.net 

State Holding and 
Sequential Circuit Design 

Lecture Notes adapted from Lecture 05 in 
MIT 6.004 Computation Structures 
http://6004.csail.mit.edu/ 
 
and from Pedro Julian’s VLSI class notes 



Progress so far: all about levels of abstraction and 
representation 

Introduction to VLSI Systems 2 



Something we can’t build (yet) 
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Digital machine model 
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Needed: storage 
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t Storage 



Dynamic Storage: using capacitors 
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“store” a charge on a capacitor! 
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e-DRAM cell 
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Need cell with big capacitance !




Dynamic Storage: using capacitors 
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Static Storage: using feedback 
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Settable storage element 
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If G=1    Q follows D 





If G=0    Q’ = Q (stable)








New device: “transparent” D latch 
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Transparent mode
G 

Q 



•  Switches implemented 
using transmission gates


•  Switches are 
complementary

–  L1 passes input to output in 

transparent mode

–  L2 closes loop and keeps the 

state


Latch: CMOS realization 



CMOS latches: types 

}  Positive 

 
 
Negative




Let’s try it out! 
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Combinational cycles 
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Edge-triggered Flip-Flop 
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Edge-triggered Flip-Flop 
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Flip-Flop waveforms 
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Negative latch + positive latch
 Rising edge FF




•  Positive (rising) edge FF

–  Master negative, slave positive


Edge triggered FF 



•  Falling (negative) edge FF

–  Master positive, slave negative 


Edge triggered FF 



Single-clock synchronous circuits 
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Model: Discrete Time 
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Summary 
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Computer Aided Design Tools 
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MICROWIND Tool Design Flow 
 
 
 

 
 

Contact: 
 
Sales   : sales@microwind.net 
 
Support  : support@microwind.net 
 

SPICE Simulator 
(3rd Party)

Schematic Modeling 
Analog & digital Library models 

Digital Simulation SPICE 
Extraction 

DSCH 3 

Tape out to FAB. 
CIF 

Functional 
Simulation 

Floorplanning 

Place & Route 

Programming 
File 

.bit or .jed

IO Cards 
Traffic Light 
Controller, 
Key Pad, 
Display  
(LCD, 7 segs) 

Synthesis 

ModelSim 
/ other 

ProTHUMB 
Advance post layout

simulator 

Analysis 
DRC, ERC 

Delay Analyzer  
Crosstalk Analyzer 
2D Cross section 

3D Analyzer 

Layout Conversion 
SPICE, CIF 

Constraints 

Technology rule 
files

MICROWIND 3 

Verilog 
Extraction 

Verilog File 

nanoLambda 
Layout Editor 

Verilog Compiler 

Place & Route 

Layout Extraction 

FPGA / CPLD Boards 

FPGA Tools 

MICROWIND Tool

3rd Party Tools

LTSpice 
WindSpice 

http://www.microwind.net 


