CPSC 466 Integrated Circuit Design

Lab 4

Circuit simulation using Hspice, Awave 
Purpose: 

· learn to use Synopsys Hspice, Awave tools for simulate circuit in terms of delay, power metrics

· learn to size transistor, understand how size affect the performance of the circuit

Required materials:

· Magic layout tool on Unix Server 

· Hspice, Avant Waves tools from Synopsys tools set

· Text editor(nedit on the Unix box or your favorite ASCII editor)

Tools introduction:

1. In magic layout window, suppose you have inverter layout file inv.mag, type
  magic –T SCN3ME_SUBM.30 inv (no extension .mag)
  In the layout, label input, D; output, Q.

  In Magic terminal, type 
  ext
  This will creat a . ext file(mask, geometry, connection)

2. In another command terminal, type
 
ext2spice –c0 inv

    This will extract the netlist of the circuit. Netlist describes the connection between the nodes in the circuit. This command creates a inv.spice file (Spice: simulation program with integrated circuit emphasis). If you have other design name like flipflip, adder, it will create yourDesignname.spice, same for other extensions you will use later.
    parameter -c0: extract all capacitance greater than 0.0 pf in the circuit. 

3. Then type:

   cat inv.spice   input  > inv.sp
   command:   cat : concatenate two files: inv.spice and in
   > : put output in a file named inv.sp

               input : HSPICE input file in the class webpage

The circuit is described in SPICE readable format in a text file called SPICE “deck”.

The deck contains sources(transistors, etc) in the circuit connections, desired type of analysis.

4.   hspice inv.sp
5. To read the output: delay:  t_hl is the delay when output switches from 1 to 0, t_lh: output switches 0->1
     cat inv.mt0
6. To view the waveform:

    awaves inv 
  In Results browser window, click Transient, in Types, select Votages, then in Curve box, double click the signal name like d, q, they will be shown. You can choose stack mode from Windows bar.
Lab steps:

1. In previous inverter layout from lab 1, set W=3 for both NMOS, PMOS, run HSPICE, record delay, power, check the waveform.
2. Add two inverters, cascade the three inverters, name it inv3-yourID.mag, 
· label the output of the 2nd inv Q, label its input D, label the input of the first inverter D_in, 

· run all the commands in previous section.  
· all the inv in the commands of previous section need change to inv3-yourID, in the future, if you have other design name, change accordingly

· change the input ‘VA d ….’ to ‘VA d_in …’ in input file

· measure the delay of the inverter in the middle(), check wave form of the output of the 2nd inverter. Compare with result from step 1, what are the difference and explain why.

3. Change the width W to 5 for the PMOS transistors, check the delay of the 2nd inverter, power. Compare with the result of step 2, what are the differences and explain the reason.

4. Change the voltage to 5v, check the delay and power, compare with step 3.(hint : change the  .param SP statement)
Lab report

Hand in a clear, concise report between 1.5- 3 pages 
· explaining the results to the above questions and analysis. 
· Print the magic layouts in step1, and 2 with grid 2 in layout, using PringScreen on keyboard to get the layout graph. 
· Hand in the waveform of step 1, and 2( In awaves, choose Window/ stack overlay mode )with  input as well as output, using PrintScreen to get the graph too.
· Describe any problems you encounter. Also hand in the Hspice input file.
Appendix 1:
 Some useful Magic commands/tips: 

· drc why , drc stands for design rule check, when you see white dots error message

· u redo

· .  dot is to repeat the previous command (compare in Unix: use up, down, left, right arrow )

· moving: select an area, type ‘a’, move that part using 4 arrows(up, down, left, right) on the right most part on the key board. 

· copy: select an area, move your cure to another point, press ‘c’ in your keyboard

· paint: draw a box, if you want to paint metal, move your cursor to metal that in already in your layout, and press middle button

· you need remove inv.sp before you re-run HSPICE: rm filename
  Some other useful tips:

· open nedit, copy the input from class webpage and save

· rm file : remove file

Appendix 2:

Explaination of hspice input file:input 

.model nfet NMOS 

.model pfet PMOS 

.lib  "/usr/users/ocf/zhao/m/mos05.hsp"  wcp   * 0.5um model
.param SP=3.3V
* parameter for power supply voltage
vdd Vdd 0 dc sp    * power supply Vdd
     * the following is the input signal, it is labeled ‘d’in the layout; + is used for new line
vA d  0 pwl 0n 0v, 0.01n sp,  36n sp , 36.01n 0v, 47n 0v, 47.01n sp ,

+56n sp ,   56.01n 0v, 67n 0v,67.01n sp ,87n sp ,87.01n 0v,107n

+0v,107.01n sp ,117n sp ,117.01n 0v          

.meas T_HL trig v(d) val='sp*0.5' td=38ns cross=1 

+targ v(q) val='sp*0.5' td=38ns cross=1

* delay: trig, targ measure the propagation delay between input, output nodes where the signals first cross(cross=1) the voltage value(sp*0.5, half of the supply voltage) after 38 ns
  T_HL: measurement name, signal 1->0 change; trig(d):input d;
.meas T_LH trig v(d) val='sp*0.5' td=48ns cross=1 

+targ v(q) val='sp*0.5' td=48ns cross=1

$.ic  v(q)  0v v(d) sp v(clear_n) 0v v(xi0.net37)  

* initialize internal node, used for flip-flops, etc
.measure tran avgpwr AVG power

         * power consumption
.tran 0.1ns 170ns UIC  


 * perform transient analysis of duration 170 ns at a time step of 0.1ns
.op 20ns

.option post


* used for graphic
.end  *  Don't forget to add a carriage return after the .END statement
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