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	Names

	Bill Hung

	Chih-Chieh (Dennis) Wang


	Parameter
	Value
	Units

	SRAM cell area
	13.0176

(904(2)
	µm2

	Decoder delay (estimate) 
	664.5
	ps

	Decoder delay (extracted)
	587.2
	ps

	Bitline delay
	82.14
	ps

	Total Memory Array area
	59.57k
	µm2


	Task
	Software

	Layout
	Cadence Layout

	Schematic
	Cadence Schematic

	Layout Versus Schematic (LVS)
	Cadence LVS

	Simulation
	HSPICE

	Text Editing for Reports
	Microsoft Office
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We calculated the path effort, and we found that the optimal stages is 6 with the schematic above. In the

layout we need to make the width and length to the closest multiple of lambdas. Therefore, the widths of

pmos and nmos become the widths for PMOS and NMOS are listed below (from left to right of the

schematic). Lengths are all minimum length 024um.

PMOS Width (um)= 0.72 2.64 1.5 5.4 1.44 5.34

NMOS Width (um)= 0.36 1.32 2.22 2.7 2.16 2.64
[image: image1.emf]

[image: image3.wmf]um

um

24

.

0

48

.

0


[image: image4.wmf]um

um

24

.

0

36

.

0

[image: image5.wmf]um

um

24

.

0

36

.

0

[image: image6.wmf]um

um

24

.

0

36

.

0


[image: image7.wmf]um

um

24

.

0

36

.

0


[image: image8.wmf]BL


[image: image9.wmf]Q

[image: image10.wmf]Q

[image: image11.png]oRAM _CE

Srd

m/sram_ce

2/layout



[image: image12.wmf][image: image13.wmf][image: image14.emf][image: image15.png]


[image: image16.png]


[image: image17.emf][image: image18.emf]

[image: image19.png]e
e I

sotoc310> @ggm—]
wid E - aut
i <ssncra 5 it &
3 & e T orse ored
s foncra 5 e st ° oo
res8> Yout<7> | _u 3 & wite i
g Bezan gne
Lo ¥ “a
ea e
& dntacs332> @by w—] dota
3 5 3 o w—{vdd.
3 3, e
s, y Ferioacro ] e aut
Pty O PRELE
z YL s | Bt Je— o
K 1 rondz. rond
. ¥ T % witez. | wite
s 1<50> @ vid @ ¥i<s30> @ W
nbar<sits @ 310 @ W<ITE> @ e




[image: image20.png]_* # file name: /home/aa/ugrad/billhung/cadence/simulation/submit

ATV (vprechage)) . I 5]
v ’—f [ Vo i \‘ i
P i I
[ [
lad g LT L) J
e e
Ty S - e name: Momelaatugradbilhung sadence'simlatonsubmit
3 oy
e e
s = - e name: Momelaaigradibilhung'eadence'simlatonsubmit
Er— =y T T S
Jowsstan: 2 ! [ ] o
ot : | o | i
b I | NS Ll
e e
rS— - e name: Momelaatugradsbilhungladence'simlatonsubmit
B BV,
Tt S DV cummtxyssezess
[RRE frebe)
HIRE =~ o et
Fe—— PPN |
e e
T - & e name: Momelastugradbilhungladence simiatonsubmic
S 2 tpe:
— P 1
3 sy

'ime ()




[image: image21.emf][image: image22.png]vdd

M2 M1
. recharge T
w=360.6n .q w=360.2n
=24 1=248.5
i i
precharge . out .
wi<31:0> outba [ .(\TT;—L. ®
read 4 dato G Bl
wiite € vdd € E8T
I
wi<31:9>
e
@ s
[as)
o ®m— bl blbar —&#—®
gnd "
vad an
——®—— vdd SRAM
1<31:@>
M7
read
. s
write tsme25dN
Wus
data tsmc25aN
m




[image: image23.wmf][image: image24.png]Trrrnnn

L

e

b

g










� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





Q





Cbit





Cbit





Q





M6





M5





M4





M3





M2





M1





BL





BL





VDD





WL





(Figure 5) The predecoder is a 3-input AND, which consists of two inverters, one 3-input NAND and one inverter. The postdecoder is also a 3-input AND, which consists of one 3-input NAND and one inverter. The logic gates are sized according to optimal stage effor 4.  (Figure 6) The worst case delay is the one that has the largest capacitance between the predecoder and postdecoder. It is measured from the inputs of the critical path  are asserted to the time wordline goes high. The delay is 587.2ps, less than the estimated 664.5ps delay from Phase I. This is because the  hand calculated gate capacitances of transistors were larger than the simulation gate capacitance. The extra capacitance introduced extra delay in hand calculations. (Figure 7) Since the size of the postdecoder is larger, in order to pitch match the postdecoder and SRAM cell, we put two postdecoders side by side, to share two pitches.
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Figure 4: HSPICE Read and Write Simulation





Figure 3: HSPICE Static Noise Margin





Figure 2: Cadence SRAM Cell Layout





Figure 1: SRAM Cell Schematic





(left) The pull-up transistors and the access transistors are minimum sized (W/L=0.36/0.24) to give a pull-up ratio of 1(<1.5). The pull-down transistors are sized W/L=0.48/0.24 to meet the 0.4V read margin. The cell ratio is 1.33(>1.2). (right) The goal of the layout is to minimumize the size. The size of the sram cell was further reduced after Phase I, and the gound wires were rewired for less resistance and capacitance.





(left) Voltage Transfer Curve (VTC) of an inverter and a half cell taken from the SRAM cell. The read margin of 0.4V is met at the right hand side of the VTC plot. (right) A write simulation wrote a zero into the SRAM cell, followed by a read simulation shows the read margin is below 0.4V at the bottom plot. Note that when the word line is low initially, Q and � EMBED Equation.3  ��� have don’t care values.





Read and Write Operations





(Simulation of read and write operations of the memory.  When computing the delay assume that the sense amplifier is firing when the voltage difference between the bitlines is larger than 100mV.)





Figure 9: Bitline Delay Simulation





Complete Memory Array
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Figure 7: Cadence Decoder Layout





Figure 8: HSPICE Bitline and Sense Amp Simulation





Figure 5: Bitline Schematic 		Figure 6: Sense Amp Schematic





(top) Three read and two write operations demonstrating the correct memory operations. The time the output drops from 90% to 10% is 175ps (<200ps). The output is shown at the bottom plot. At the first read operation, the output was zero, after writing a zero, the output is zero. Then writing a one, the output becomes one.


(left)The bitline delay was measured from when the voltage difference between the bitlines equals 100mV to when the output of the sense amp drops to 10% of Vdd (0.25V). The bitline delay was 320.9ps, which is the time from the sense amp fired off to the time output drop to 10% of vdd. If the bitline delay is the period between the wordline going high and the bitlines develop a 100mV voltage difference. The delay is 82.14ps.








Figure 10: Complete Memory Array Schematic





Figure 11: Complete Memory Array Layout
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Figure 6. Worst Case Decoder Delay








Figure 5: Decoder Schematic





(Figure 5) The bitline schematic connects to the sense amp by the out and out-bar lines. The data line inverter is sized to the 2:1 PMOS-to-NMOS ratio, and the bitline pull-down NMOS are sized 4 times as large for a fanout of 4. (Figure 6) The nmos of the sense-amp is sized 24 times the minimum sized to improve the pull-down time, and the pmos is 4 times the minimum size. (Figure 7) The worst case decoder delay is measured from the inputs of the critical path  are asserted to the time wordline goes high. The delay is 587.2ps, less than the estimated 664.5ps delay from Phase I. This is because the  hand calculated gate capacitances of transistors were larger than the simulation gate capacitance. The extra capacitance introduced extra delay in hand calculations. (Figure 8) The layout of one bitline column with peripheral circuitry.
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