
Lab 3
ELEC-4708: Advanced Digital Electronics

Automated Design, Synthesis, and Layout

In this lab you learnaboutdesigninganapplicationcircuit in CMOS,goingfrom a functionaldescription
to thefinal layout(tapeout). Youarealsogoingto verify thefunctionalityof thedesignat differentlevels
andmeasuretheperformanceandpower dissipationparametersthatareimportantin digital design.You
will beusingthemostadvancedIC technologyavailableto youandprofessionalCAD tools.Thisexperi-
mentmimicsthestepsin apracticalASIC design.Thetext in italic indicatesthedeliverables.

XY

En+
Sum

Carry

NM

M

M

Shift Register

Si

Z = X x Y

SoM Bits N Bits

Figure1: UnsignedSerialMultiplier

Youwill designaSignedSerialMultiplier. Figure1 illustratesthestructureof anunsignedserialmultiplier
circuit. It multiplies an N-bit multiplicant X with an M-bit multiplier Y andproducesthe

�
M � N � -bit

productZ. It requiresanMM-bit adderandan
�
M � N � -bit shift register. First, theshift registeris loaded

with X in the leastsignificantN bits andzerosin themostsignificantM bits.TheShift-In bit (Si) is also
resetedto 0. After thatandin eachcycle,theleastsignificantbit of theshift registeris checked.Thisbit is
indicatedasShift-Out(So) in thefigure. if So=1,thenthefull-adderis enabledanda copy of Y is added
to thecurrentmostsignificantM bits of theshift register. ThesumoccupiesthemostsignificantM bitsof
theshift registerandthecarry(1 or 0) goesto Si. If So=0,no additiontakesplace.In bothcases,theshift
register is shiftedright by onebit. This processis repeatedfor N clock cycles,whenall bits of X have
beencheckedandshiftedout. Now, theshift registercontainsthefinal productZ.



Theabove procedure,however, only works for multiplying unsignedintegers.To performsignedmulti-
plication, the following stepsmustbe added.First, take 2’s complementof X, if it is negative. Second,
take2’scomplementof Y, if it is negative. Obviouslyto find out thesignof avariable,onechecksits most
significantbit; 1 indicatesa negativesignand0 indicatesa positivesign. Finally, after themultiplication
is done,takes2’s complementof Z, if thesignsof X andY aredifferent.

X
Sx

Rst
Sz

Multiplier

Sy
Y

Fx

Fx

Clk

Multiplicant Serial Port
Scan−in X

Finished Scanning X

Multiplier Serial Port
Scan−in Y

Finished Scanning Y

Asynchronous Reset

Clock

Start Multiplying
Done Multiplying

Z

Fz

Product Serial Port
Scan−out Z
Finished Scanning Z

Signed
Serial

Mul
Don

Figure2: Pin Layoutof theUnsignedSerialMultiplier

Thepin layoutof themultiplier is depictedin Figure2. Themultiplicantandthemultiplier arescanned-in
in a serialfashionandtheproductis scannedout similarly afterthemultiplicationprocessis finished.

A: HDL Synthesis
UsinganHDL, codethebehaviour of thesignedserialmultiplier. Usethefollowing formulasfor obtaining
M andN.

M � Your ID’s 1stleastsignificantdigit � 8

N � Your ID’s 2ndleastsignificantdigit � 8

Makea testbenchandtry thefollowing testvectors.

1. 0 � 0

2. � 1 ��� 1

3. (largestpositiveX)/2 and(largestpositiveY)/2

4. (largestnegativeX)/2 and(largestnegativeY)/2

5. (largestpositiveX)/2 and(largestnegativeY)/2

6. (largestnegativeX)/2 and(largestpositiveY)/2

7. largestpositiveX andlargestpositiveY

8. largestnegativeX andlargestnegativeY
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9. largestpositiveX andlargestnegativeY

10. largestnegativeX andlargestpositiveY

Whenyouaresurethatthecodeis workingproperly, synthesizethecircuit.
1Print a workingcopyof thecodeincludingdetailedcomments.
2Print a workingcopyof thetestbench, testvectors andresults.
3Estimatethemaximumfrequencyof operationandthecorrespondingpowerdissipation.
4Print thesynthesisreport.
5Print thesynthesizedschematic.

B: Automatic Layout and Tape out
Now, usingtheautomatedprocedure,producethechip layout.
6Print thelayoutwill cell placementonly.
7Print thelayoutincludingcell placement,fill androuting.
8Print thefull summaryreport.
9Print theterminalwindowsshowingthat yourangeometryandconnectivityverifications.
10Print theverificationbrowseroutput.
11Print theterminalwindowoutputfor theGDS2file includingthelayernamesandnumbers. Whatlayers
aremissing?
12Whyis it importantto havea coreutilizationof lessthanonewhendesigningthechip floor plan?
13Whythepower-ring metallinesshouldbewide?
14Whydoyounormallyneeda clock tree?
15Whyfiller is addedto thedesign?
16Howmanystandard cellsareusedin yourchip?
17Make a tablethat clearly includesall theimportantspecificationsof your final designandcommenton
where theinformationwasfound.
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